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ABSTRACT

In this study, the optimized experimental condgitmobtain the partial trans- esterification ofrglower and palm
kernel oil with methanol, using KOH and NaOH asakaline catalyst, for biodiesel producing (metlagters)
were performed. The effect of various parametechuding reaction temperature (40-60°C), reaction time (ID-6
min), quantity of catalyst (0.5-1.25 %wt.), and naetol on oil ratio (1:3-1:6) on the efficiency ofoliesel
production were tested. Maximum biodiesel (98.12%3 produced by KOH catalyst at reaction time ofm&0
temperature 60 °C and methanol to oil ratio of 4The optimum conditions for biodiesel productiorn dxodiesel
properties for the both catalysts were determinadeldl on 14214EN and ASTM D6751 methods. Resukgedho
that the best amount of catalysts to produce tbdibsel using sunflower oil and palm kernel oil vedgained 0.75
wt. %. inboth catalysts.
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INTRODUCTION

The great portion of the world desires energy loasif sources (oil, coal and natural gases) withesdifficulties

like their limited resources and type of pollutiofi§. Biodiesels can produce from renewable soumgsh as
vegetable oils, animal fats and waste [@]s In comparison to fuel oil, they are typicalypn-toxic, non-flammable,
domestic, and biodegradable with high fat, low wukind aromatics contents, as well as very low eshgas
emissions and energy equivalent to the energy rg6é¢ Biodiesel in pure form or as a mixture wikesel fuel

can be used to reduce air pollutants [7].

Biodiesel fuel from renewable sources such as abigbils and animal fats are produced in the m@sef alcohol
and catalyst. It can be produced from primary sesi(oil and fats) such as soybean [8, 9], cruds pabtton seed
[10], jatropha [11], sesame [12,13] oils, the faats [14], chicken fat or fat obtained from chickeathers [15-17],
and waste edible oils [18]. Most biodiesels aredpoed during the process of methyl ester (tran®riésation).
The biodiesel is a chemical reaction between véfetail methyl esters (mainly tri glycerides) arfibg-chain
alcohols (methanol and ethanol) [19]. Methyl esterscess for the production of biodiesel is perfednin the
presence of various catalysts. The catalyst uséakirsterification process can be base-catall€$i(and NaOH)
[19, 20], acid-catalysts (#$0,, HCI) [21, 22], and enzymes [23-26]. Amongst, tinee and cost of the alkaline and
acid catalyst esterification reaction are less tti@nenzyme catalyst [27]. Several studies have Iseewed the
biodiesel production process affected by same pebems such as type and amount of catalyst, temperaind
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reaction time as well as the ratio of methanolitg28, 29]. In current study, the production obbdiesel from palm
kernel and sunflower oils with a mix ratio of 1:¥ hsing base-catalyst and methanol esterificatimtgss was
carried out. Furthermore, the effect of variousalges on the production of biodiesel, such asybe and amount
of catalyst, temperature and reaction time, anddtie of methanol to oil were considered.

EXPERIMENTAL SECTION

Chemicals
All chemicals and solvents and the standards ugee@xXtraction and analysis of plant were analytig@de and
purchased from Sigma (MO, USA) and Merck (Germalygmical Companies, USA.

Sample collection and oil extraction

Date palm fruit was purchased from farmers fromHhgis province in southern Iran. Sunflower oil wédndained
from local markets. The date seed was initiallyasafed from 1 kg date palm fruit and then washet distilled
water to remove any adhering flesh. Palm kernelsevgein dried under ambient air during 12 hours. dted
masses were powdered after grinding, and kept lyefitylene bags and stored at 4°C until analydie @xtraction
using a Suxhelet apparatus and FAME of oil wasgoeréd according to Akbari et al., [30]. The exteacbil was
putted into the evaporator rotating at 80°C fomd@ until n-hexane possible within it evaporated #men oil into
polyethylene bottles, stored at room temperaturéifadiesel production.

Methods

The biodiesel characteristics including densityetsfic gravity), kinematic viscosity, acid valuegtane number,
cloud point, pour point, and flame point as welldistillation temperature were determined uskig14214and
ASTM D6751standards. Gas chromatography (GC-FID (Varian, 38R0) was used for measurement of fatty acids
in oils.

GC analysis of sunflower and palm kernel oils

Fatty acid composition of palm kernel oil and sawnéér oil was determined by using Gas Chromatogragjuypped
with a FID (Varian CP-3800) with 30m capillary coin. Helium (as the carrier gas), nitrogen (as aengk gas),
hydrogen and air flows, were 30, 30 and 300 ml/meénpectively. Initially, the column temperatureea0 sec was
raised from 150°C to 220°C at a rate of 10 °C/mih l@mained at this temperature for 2 min, thenéheperature
was reached to 235°C at a rate of 7°C/min and resda? min at this temperature. After that, it waached to
255°C with the same speed and remained 1 minstehiperature. At the end it was reached to 268tzaate of
10 °C/min and maintained at this temperature fom80[30].

Biodiesel production

The palm oil extraction was placed on the heat858€ to evaporate water of the oil. Then palnaai sunflower
oil were mixed with ratio of 1:1 and transferredoirthe flask and then located on a heater to réfaetdesired
temperature. The mixture of methanol and catalyst added to the blend of date seed and sunflowandithe
esterification reaction was carried out at the rdelstemperature (6Q). After the compellation of reaction, the
resulting solution was poured into a separatingnéiiand remained at room temperature for 24h totble biphasic.
Biodiesel in the up phase (supernatant), and ghjcexcess methanol and catalyst were observebterottom
phase.

Filtration and washing of biodiesel

After separation of glycerol, biodiesel was wastsederal times with 70°C-distilled water to remoesidual
catalyst and methanol. Then, about 15gr sodiunatlivas added and stirred for 20 min. As a finahtpdhe
biodiesel was filtered by Whatman filter under vacuconditions and kept in plastic bottle caps totHer analysis.

Determination of optimal conditions for biodiesel poduction

Temperature and time of the reaction, type and disthe catalyst and methanol to oil ratio are intgat
parameters in biodiesel production. Many studieshzeen conducted on the revealed parameters §22In2this
study, temperature of 60°C, time 60 min, amountaialyst 1% wt. for both catalysts of sodium hyddexand
potassium hydroxide (base oil), and the ratio ofhaeol to oil (m/o) (1:3, 1:4, 1:5 and 1:6) wasfpemed. After
determining the optimal m/o and catalyst KOH and®Nathe reaction towards optimum temperature o€6fitne
of 60 min and different amounts of catalyst (0.5/5) 1 and 1.25wt. %) for both catalyst was carried.
correspondingly, the optimum temperature (40, 8D,a6d 70°C) and time (30, 40, 50 and 60 min) wése a
determined. In current work, all reactions at atpmesic pressure and heat and stirring the solutifotihe heater
were equipped with a stirrer, mechanical modelldyeIMAG HS 7) in stirring around 1500 rpm. all exjments
were done duplicate.
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RESULTS AND DISCUSSION
Fatty acid composition of date seed and sunfloweiils
The fatty acid compositions of date seed and swaftooils were analyzed by GC method and their eelaesults
was shown in table (1).

Tablel: Fatty acid compositions of date seed and sflower oils (%), as primary materials for production of biodiesel

Fatty acid composition Date seed oil (%) Sunflower oil (%)

Palmitic acid (C16:0) 37.71+0.17 8.30+0.2
Stearic acid (C18:0) 4.30+0.3 3.95+0.1
Oleic acid (C18:1) 42.44+0.75 34.33+0.85
Linoleic acid (C18:2) 13.71+0.15 57.86+1.13
Linolenic acid (C18:3) - 0.11+0.68
Myristic acid (C14:0) 0.95+0.04 0.07+0.04

The optimum composition for the production of biodesel from sunflower and palm oils
The Parameters of reaction time, reaction temperatiose and type of catalyst and the ratio of exathto oil were
optimized and examined for production of biodigeghe presence of the both catalysts KOH and N&Cithle 2).

Table 2: Optimum conditions for the production of hodiesel using two catalysts of KOH and NaOH

Parameters __Catalysts
KOH NaOH
methanol to oil ratio 1:4 1:4
reaction temperature (°C) 60 60
reaction time (min) 60 60
amount of catalyst (%) 0.75 0.75
yield (%) 98.12 97.3

The effect of methanol to oil ratio (m/0)

One of the imperative parameters in the productibbiodiesel is the ratio of methanol to oil. Insttstudy, the
different m/o of 3:1, 4:1, 5:1 and 6:1 for both agsts (KOH and NaOH) as well as the optimum valere
measured. To evaluation of the optimum m/o, theapaters of reaction temperature, amount of catapsit

reaction time were 66C, 1wt. % and 60 min, respectively. Maximum proétiof biodiesel was attained at ratio
of 1:4 for both types of catalysts (Figure 1).
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Fig. 1: the effect of methanol to oil ratio on bio@sel yield (T = 60 °C, t = 60 min, the volume oftalyst=0.75% wt.)

The effect of the catalyst

two important factors on producing biodiesel yielee the amount and type of catalyst, due to ailterah the
reaction rate by hydrolysis and saponification naeisms [31].

For attaining the optimal amount of catalyst, the-D.25 wt. % values, were used. As defined in &g, the
production of the biodiesel was improved with irasiag the catalyst amount; conversely, for the arhoficatalyst
higher than 0.75 wt. %, the biodiesel productiors wacreased with increasing catalyst percent. Tdrexethe best

amount of catalysts to produce the biodiesel usintflower oil and date seed oil was obtained 0.Z34v(Figure
2).
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Fig. 2: Effect of type and amount of catalyst on ta production of biodiesel (m/o=4:1, T = 60 °C, t 60 min)

The effect of temperature and time

Esterification process can be affected by readtior, temperature and the rate of esterificati@ctien to produce
biodiesel [32]. The effects of temperature, reactime on the production of biodiesel were showrrigures (3)
and (4), respectively. The temperature and timeeattion were studied in the range of 40-70°C e min.

Biodiesel production was low at 40°C and greatanthefore with increasing the temperature. Maxinfiodiesel

production was obtain in 60°C, which amount forlK@nd NaOH catalysts were 98.12% and 97.3%, réspbc
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Fig.3: The effect of temperature on biodiesel yiel@m/o= 4:1, t = 60 min, the catalyst: 0.75% wt.)

The further operative parameter in the biodiesetipction is the reaction time, but, with slightefluence than the
other parameters. Correspondingly, several reatio@s in the range of 30 to 60 minutes were usedetermine
the optimum time. To do so, the m/o, temperature #ie amount of catalyst were 4:1, ‘60and 0.75 wt. %,

respectively as a condition to produce biodieske hcreasing of biodiesel production was a direlettion with the
reaction time (Figure 4).
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Fig. 4: Effect of reaction time on biodiesel yieldm/o= 4:1, T= 60 min, the catalyst =0.75% wt.)
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Measurement and characterization of biodiesel

Subsequently, biodiesel properties such as denlsitgmatic viscosity, acid value, cetane numbestiltiition
temperature, pour point, cloud point, and flamenpaiere performed. Density is one of the most irtguar
characteristics of the fuel, the injection systéhe pumps are ideal for burning the ideal amourfuef ready to
release [33]. Density is the ratio of the mass afeaain volume of liquid at a temperature of 1§80°F) to
equivalent mass volume of pure water at the samgpeeature. Hydrometer was used to measure thetgensi
according to standarBN14214 The density of the produced biodiesel was obthi®4 Kg/ni. Several studies
have been reported the biodiesel densities abdd#986 Kg/ni [34, 35]. Kinematic viscosity was determined by
Oswald viscometer according ASTM-D445 Kinematic viscosity measurement is the time ioosels to cross a
certain volume of the sample in the capillary viseter calibrated weights on the pressure at thefdipe column
specimens.

Acid value was measured accordingA®®TM-D664andEN. The potentiometric method to test the reactioaastic

acid and toluene solvent ratio of 1:1 with KOH Jahd a specific weight of sample was done. Endpafingéaction
indicated acid value that according of indicateahdtrd is 0.5 (mg KOH/g). Several studies have beparted the
acid number of less than 0.5 [3&§N14214andASTM-D6751standards were used for measure of cetane number.
Equation (1) was used to measure the cetane nysitjer

CN = ZXme(wt%).CNme (Equation 1)

Where CN, is the cetane number of the biodiesgg; iX the weight percentage of each methyl esteiGivigk is the
cetane number of individual methyl ester.

To measure cloud point of the sample, the analysis performed according WSTM-D2500 First, a certain
volume of the sample is cooled with a certain spa®tistudied at a certain temperature interval.t€hgperature in
which a cloud is observed at the bottom of the @ioet for the first time recorded as the point dloAccording to
ASTM-D2500 minimum and maximum values of the Cloud pointvéhaot been reported, but in many studies that
have been used to produce biodiesel from variousces Cloud point value reported about 15-21.643B- Pour
point ASTM-D675landEN14214biodiesel standard values have been reportednme studies based ¢80 3016
[42]. In this study theASTM-D6751and EN14214methods were used for measure the flame and gtidladion
temperature. Tables (3) and (4) show the propesfitise produced biodiesel using KOH and NaOH.

Table 3: Properties of biodiesel production using IOH

Properties Biodiesel production EN- ASTM-
(value) 14214 D6751
Density at 15 °C (Kg/m 874 860-900 -
Viscosity at 40 °C (mAts) 4.3 3.5-5 1.9-6
Acid value (mg KOH/qg) 0.14 0.50 max 0.50 max
Cetane number 56 51min 47 min
Cloud point (°C) 8 - -
Poure point 4 - -
Flash point (°C) 171 101min 93.0 min
Distillation temperature (°C) 345 - 360 max

The properties of biodiesel production using NaQ@ithtyst were very similar to the catalyst KOH.

Table 4: Properties of biodiesel production using BOH

Property Biodiesel production EN-14214 ASTM-D6751

Density at 15 °C (Kg/m 877 860-900 -
Viscosity at 40 °C (mfis) 4.7 3.5-5 1.9-6
Acid value (mg KOH/g) 0.15 0.50 max 0.50 max
Cetane number 58 51min 47 min
Cloud point (°C) 7 - -
Poure point 5 - -

Flash point (°C) 178 101min 93.0 min
Distillation temperature (°C) 350 - 360 max

Eman and his colleagues [38] in their similar gtudere conducted the optimum conditions for thedpction of
biodiesel from palm oil; they found that the optlmatio of methanol to oil 6:1, reaction temperatéO °C, time of
reaction 60 min, the catalyst used is KOH 1% antihopm conditions for biodiesel production were 88%hile

the yield of biodiesel production from palm oil asuhflower oil blend in optimal condition using KGithd catalyst
NaOH were 98.12 and 97.3%, respectively.

1191



Samad Akbarzadehet al J. Chem. Pharm. Res,, 2015, 7(4):1187-1193

According to Saleh et al., [43] to produce biodidsEm sunflower oil using a catalyst concentratafrii% of KOH
the maximum efficiency was of 96% that this yields lower than concurrent study.

CONCLUSION

Due to the limited and non-renewable petroleum ussss, the production of biodiesel from renewalelsources
such as vegetable oils and animal fats are takencionsideration. Date seed and sunflower oils usquroduce
biodiesel, which are abundant in southern Irarthis survey, biodiesel was produced from the coritiposof the
sunflower oil and date seed oil with the ratio df,.IKOH and NaOH as catalyst and methanol. Theystond that
the combination of date seed oil and sunflowerfail biodiesel production is more efficient thanheit of them
alone. In conclusion, Analysis of biodiesel accogdio ASTM-D675landEN14214can be used as a desirable fuel
source in its pure form or mixed with other fuels.
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