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ABSTRACT

The aim of this study was to determine the optinwemditions of the biodiesel production from refinadd
unrefined olive pomace oil. The refined olive poenad had an acid value of 2.34 mg KOH / g-oil. i@fere,
transesterification reaction could be directly ajgpble due to the low free fatty acids contentimiprove the yield
of the transesterification reaction, some parameterere optimized: the catalyst and solvent conediom, the
temperature and the reaction time. The biodieseldyieached 100% with the following combination: 180 ml
(v/v) methanol to oil volume ratio, 1g of potassilmydroxide, at 50 °C during 60 min. The stirringteawas
maintained constant (400 rpm). The unrefined ofisenace oil had an acid value of 44 mg KOH / g-Bile to its
high free fatty acids content, a pretreatment stepesterification reaction, was required to deedhe percentage
of free fatty acids to the limit allowing the readtion of the transesterification reaction. Theioptm conditions of
the pretreatment process which provided the lowegt value were as follows, 65:100ml (v/v) methaanad 1.25
ml of sulfuric acid to oil volume ratio, at 50°C rihg 60 min and at a stirring rate of 400 rpm. Catwhs already
optimized with the refined olive pomace oil for ttensesterification process were preserved forgtetreated one.
The yield of the produced biodiesel in that casehed 99 %.
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INTRODUCTION

Tunisia is occupying the fourth ranking in the vdodlive oil producers [1]. Despite its economicahbfits, Olive
oil production is generating a huge amount of olp@mace which is containing a highly toxic compouhd
Tunisia, the valorization of this waste into renblgaenergy constitutes new trends. The valorizatiaa many
environmental contributions in addition to the emaical assets [2-5]. The virgin olive oil is extred from the
olive fruit whereas the residual oil which remainsthe olive fruit pulp is well, the olive pomacd.drhe olive
pomace oil which is a by-product of the olive pomas considered as a potential feedstock for theligsel
production [5, 6]. The crude olive pomace oil igragted directly by impregnation in an organic solty usually
hexane; however the refined pomace oil is obtamethe refining of the crude one [7]. Due to itevlorganoleptic
properties and the high concentrations of the palyc aromatic hydrocarbons (PAH), the crude olpgmace oil is
not comestible; furthermore it can have a negatiygact on the human health and on the environntentThere is
a need for further valorization of this oil as agudial source for biodiesel production with highatity [8]. The
interest of the agricultural investors in the casi@n of agricultural residues in biodiesel is mgftmore and more
important. It comes from the fact that they arertiosvn suppliers of raw material. Biodiesel is antaxic and
biodegradable fuel which can be produced from \agjetoils and animals fats containing essentiaighftcerides.
Biodiesel production could be summarized in twomsteps, esterification and transesterification tii@none hand,
the esterification reaction converts the free fafyids into triglycerides in the presence of honmogs or
heterogeneous acidic catalyst [9, 10, 11]. On therchand, the transesterification reaction comsviire triglycerides
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into biodiesel and glycerol in the presence of hgemmus or heterogeneous base or acidic catalystaleohol [11-
18]. The methanol has been commonly used, bec#asgheaper than the other alcohols [19]. Also pbéassium
hydroxide and sodium hydroxide have been typicafigd, since they are less expensive and easy tiputse in
storage and transport [20, 21, 22]. Usually, thedigisel is obtained from the refined vegetable bisthe
transesterification reaction. This process is sgtithlly the most widely used in the industrialldie But, the
production cost is higher than petroleum-basededigZ3-26]. To overcome that problem, acids oilghwiigh
content of free fatty acids, such as the unrefiolde pomace oil, could be used instead; they avehmmore
cheaper. Due to its high free fatty acids, the rpetiment step of these oils was required to achibee
transesterification reaction and to avoid the sfmamation [27, 28]. The pretreated unrefined olp@mace oil
obtained by the esterification reaction in the pneg of an acidic catalyst and methanol will beveoted after the
transesterification into biodiesel and glycerol.

In the current work we tried to optimize the trasteeification reaction parameters: solvent voluragor basic
catalyst mass, temperature and reaction time.l\inse intended to determine the optimum combinmatichich
gives the best biodiesel yield proceeding with ttensesterification reaction of the refined olivemace oil.
Subsequently, this optimum combination will be &ublfor the pretreated unrefined olive pomace Wile
investigated the gain when using the unrefinedeopemace oil in comparison to the refined one. Wdied the
combination of sulfuric acid and methanol and thedfect on the free fatty acids in the pretreatacefined olive
pomace oil at a fixed temperature, fixed reactioretand fixed stirring rate. Then, we determinesl dptimum free
fatty acids conditions of the pretreated unrefioéde pomace oil which will be preserved in thensasterification
reaction. In each optimum condition we evaluatedghality of biodiesel derived from refined andefimed olive
pomace oil.
EXPERIMENTAL SECTION

2.1Materials

In the present study two kinds of oil have beerdiuee the biodiesel production, the refined anduhesfined olive
pomace oil. Both of them were provided by a Tumisiéive oil company. The potassium hydroxide, matiand
sulfuric acid were used in our processes. Experialignwe used a round bottom flask (reactor), agiate with a
magnetic stirrer and a rotary evaporator to rentheehexane excess which remains in the unrefinethpe oil.

2.2 Experimental procedure

The production of biodiesel was performed througb processes: the first one is direct, the tramiisegion

reaction of the refined olive pomace oil. In them® one, the case of unrefined olive pomace ail,had to
proceed firstly with a step of pretreatment (Efiteation reaction) prior the transesterificatiormcgon. Where the
effect of various methanol and sulfuric acid corraions on the acid value was studied, to detezntire most
effective combination which gave the lowest acidugaat fixed reaction time, temperature and stiriiate.

Characteristics of the oils are summarized in dtdet 1.

Tablel. Characterization of the studied oils

Unit Refined olive pomace oil Unrefined olive pace oil
Acid value mg KOH/g-oil 2.34 44
Viscosity at 40°C mits 13.61 23.79
Density at 15°C g/cm 0.91 0.92
Water content ppm 500 500
Cost per liter $ 25 0.81

2.2.1 Biodiesel Production from refined olive pomaz oil

The biodiesel production from refined olive pomadecan be achieved directly by the transestefificareaction
due to the low acid value. The production was cetetliat various methanol volume ratios (10-20nd)jous mass
ratios of potassium hydroxide (0.25-1g), variousgeratures (50-60°C) and various reaction times6(@fin)
maintaining the same stirring rate (400rpm). Albesiments were performed using100ml of the oil.

The effects of those parameters on the biodiesdd yirere determined. In each experiment, 100mefified olive
pomace oil was poured in the flask and heated be#alding the liquid solution of methanol and pdtass
hydroxide with different ratios. Then the mixtur@asvheated to temperatures within the range preyioudicated.
The mixture was kept to settle for two hours in separating funnel. After separation the voluméheftop layer
containing methyl ester (Biodiesel) was measurden] the biodiesel was purified by successive singith hot
distilled water and dried after that at 110°C fonin to eliminate water traces. With the optimunmbination, the
yield of the biodiesel after the purification amyidg was about 100%.
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2.2.2 Biodiesel production from unrefined olive porace oll

Due to the high free fatty acid content in the finesl olive pomace oil, the pretreatment of this oy the
esterification reaction with different dosages wific acid in the presence of methanol was remlito avoid the
soap formation during the transesterification sdpe aim of the pretreatment step is to reducdréeefatty (FFA)
to the limit required to achieve the transesteatfin reaction, by its conversion into triglycerde

Different dosages of sulfuric acids (0.5-1.25ml)vdnd different methanol to oil volume ratios wesed, 40 ml, 45
ml, 50 ml, 55 ml, 60 ml, 65 ml and 70 ml (v/v),50°C, during 60 min and at 400 rpm as a stirrirtg.réhis was to
track the influence of these parameters on the aalide of the unrefined olive pomace oil and toed®ine the
optimum combination which gave the maximum conwrspercentage of FFA to FAME, accordingly to the
maximum biodiesel yield.

We performed as follows; 100 ml of unrefined pomaitavas poured in the flask and heated at 50°Gfarin. the
preheated oil was mixed with different combinatadrsulfuric acid and methanol concentration. Aftee hour, the
mixture obtained from the first step was kept tttledor two hours in separating funnel. When tledtlsg is
complete the excess of methanol in the top was vethdThe acid value of the bottom phase was meddiefore
the transesterification reaction. After that, thretpeated unrefined olive pomace oil with the optimand non
optimum FFA conditions were converted into biodiesmed glycerol by the transesterification procélse same
optimum combination of the transesterification teac of the refined olive pomace oil was presentedbe
applied:(15: 100 ml (v/v) methanol to oil volumeioa 1% w/v of potassium hydroxide, at 50 °C, dgr0 min and
using 400 rpm stirrer speed). When the reaction eaamplete, the solution was allowed to settle feo thours
resulting in two distinct liquid phases: biodiepélase at the top and the glycerol phase at therhotVith this
combination we got a maximum yield about 99% gftification and drying.

2.3 Physicochemical properties of biodiesel derivefdtom refined and unrefined olive pomace oil:

The physicochemical properties of biodiesel derifredn refined and unrefined olive pomace oil arenpatible
with the European norms of biodiesel. The physieotical properties of biodiesel obtained from unredi olive
pomace oil in the optimum FFA conditions were clésethose of biodiesel derived from refined oil.blea 2
summarized these properties in comparison wittstaedard properties of European norms biodiesel.

Table 2. Physicochemical properties of biodiesel deed from refined and unrefined olive pomace oil

- ) L ) Biodiesel
. Biodiesel from Refined Biodiesel from Unrefined
Parameters Units olive pomace oil olive pomace oil (E.Nl4214)
Min | Max

Acid value mg KOH/g-oil 0.31 0.36 - 0.5
Viscosity at 40°C mris 4.18 4.51 3.5 5
Density at 15°C gl/ch 0.87 0.88 0.8 0.9
Water content ppm 410 450 - 500
Flash point °C 128 163 11 -
Pour point °C 13 17 -
Ester conversion % 100 99 965

RESULTS AND DISCUSSION

3.1 Biodiesel production from refined olive pomaceil by transesterification process

Parameters affecting the biodiesel yield duringtthasesterification process of the refined olieenpace oil such as
methanol to oil volume ratio, potassium hydroxidassiratio, reaction temperature and reaction time wtudied
to determine the optimum combination which gaverttaximum methyl ester (Biodiesel) yield.

3.1.1 Effect of reaction temperature on the yieldfabiodiesel

The results revealed that at 45°C, we obtainedlatively weak biodiesel yield (89%). For all comaiions,
biodiesel yield increased with an increasing terapee ranging from 45°C to 60 °C, despite a reductf 2% of
yield was noticed at 50-55°C. The highest tempeeaivas 60°C because there was a risk that theamaithvill be
evaporated (the boiling point of methanol is 64°8ls0, to avoid the saponification reaction. Theules indicated
that 50°C was sufficient to accomplish the trares#fgtation process, when the volume ratio of matiao oil was
15:100ml (v/v), the mass ratio of potassium hydiex{tKOH) was 1g during 60min at stirring rate oD4@m. The
maximum biodiesel yield reached 100% ester contétfit 0.31 mg KOH/g-oil at 50°C and 0.78 mg KOH/d-at
60°C. But the properties of the biodiesel obtaiae80°C were not compatible with European normsliesel (max
0.5 mg KOH/g-oil). Moreover, at 50°C the separatimiween the glycerol and biodiesel was clearlyeolable.
However, at 60°C the biodiesel color went dark. Bloaliesel yield variation is shows in the fig.1.
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Fig.1. Effect of reaction temperature on the biodisel yield using 15:100ml (v/v) methanol to oil volme ratio, 1g of potassium hydroxide
in 60min

3.1.2 Effect of reaction time on the biodiesel yiél

In this experiment the reaction time was variedrfr20 to 60 min. The transesterification reactiors \warformed
using 1g of KOH, 50 °C and 15:100ml (v/v) methatmloil volume ratio at a constant stirring rate 400. The
results indicated that 20min was insufficient tdniage a perfect contact between the triglyceridethe refined
olive pomace oil and the solution of methanol anthgsium hydroxide. Fig.2. shows that when thetiea time
increased from 20 to 60 min, the biodiesel yielttéased from 81% to 100%. The results obtained tie present
experiments with the refined olive pomace oil régdathat 60min was sufficient to make the transéitation
reaction taking place till the end. The physicocluamproperties of the biodiesel obtained after GOmwere
compatible with the European norms biodiesel (EN#32However, within a range of 20-45min these préps
are not. For example, the acid value of the bialiebtained after 20min was 0.93mg KOH/g-oil, aB®@min was
0.73mg KOH/g-oil and after 45min was 0.67 mgKOHIG-but within 60min, the acid value decreased 3a0mg
KOH/g-oil. In addition, the viscosities of biodiéseobtained in the same range of duration were drighan
5mnf/s, the maximum allowed in the European norms leiseli (EN14214). The viscosity of biodiesel obtained
after 60min was 4.18 mfits. Hence, the reaction time 60min was considesetiebest duration for the normal and
ideal progress of the transesterification reaction.

100 -
80 -
60 -
40 -
20 -
20 30 45 60

Time (min)

Biodiesel yield (%)

Fig.2.Effect of reaction time on the biodiesel yiel (15:100ml v/v methanol to oil volume ratio, 1g opotassium hydroxide at 50°C and
400rpm)
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3.1.3 Effect of methanol/oil volume ratio on the ludiesel yield

The amount of methanol to oil volume ratios usethim process was varied as follows; 10 ml, 12.51%Iml and
20:100 ml (v/v) methanol-to-oil. The experimentsr&vearried using the following combinations: In legotassium
hydroxide mass ratio, reaction time of 60 min, @t°& and stirring rate of 400rpm. Results indidatieat the
biodiesel yield was affected by the combinationsvieen the methanol volume and the potassium hydeoxiass.

With 10 ml of methanol and 0.25g of potassium hydte, the tranesterification reaction did not ocand there
was not a clear separation between the biodiesegbrerol phases. Furthermore, the viscosity effthal product
was close to the viscosity of the pomace oil. Igimibe due to the deficiency of the methanol tausmgrom the
normal progress of the transesterification reactiéig.3. shows that as the methanol to oil voluratorwas
increased from 10 to 20 ml, as the biodiesel yietdteased from 83 to 89% at 0.25g; from 81 to 95%.%g and
from 85 to 96% at 0.75g of potassium hydroxide, ibuvas still lower than the biodiesel obtained whibe
potassium hydroxide mass was fixed at 1g. 1g ohgsitim hydroxide was sufficient to make biodieseldy
enhanced from 88% to 100% while the methanol tov@iime ratio was increased from 10 to 15:100mi)(VI his
yield decreased slightly when the methanol to ollmne ratio was above than 15:100 ml. It was cateduthat the
excess of methanol did not improve the methyl estatent. The experiments indicated that 15 ml efiranol was
sufficient to reach 100 % of methyl ester. Howevidy ml of methanol with 0.25¢g of potassium hyddmxiwas
insufficient for the accomplishment of the transefitation reaction.

105
-0—0.25g of KOH

~ 100
E’\i
% 95 -0~-0.5g of KOH
= 9
3 0.75¢g of KOH
S 85 J
je
0

80 —5¢1g of KOH

75

8 9 1011 12 13 14 15 16 17 18 19 20 21 22
Volume of methanol (ml)

Fig.3. Effect of methanol/oil volume ratio on the indiesel yield in the four hydroxide potassium masgatio, reaction temperature 50°C,
reaction time 60min and 400rpm

3.1.4 Effect of mass ratio of potassium hydroxideotoil on the biodiesel yield

Without catalyst the transesterification reactidd dot take place. But, the amount of the cataltsbuld be
optimized to avoid the soap formation, which causaily two problems: the reduction of the biodiageld and a
problem of a separation between the two phasedititkesel and glycerol. The biodiesel producticerevrealized
with different mass ratios of potassium hydroxi@e26-1g), at 50°C, during 60min a stirring rate460rpm and
with the four volume ratios of methanol to oil (1I2.5, 15 and 20ml (v/v). The effect of potassiwydroxide mass
ratios to oil on the biodiesel yields is shownim4.

The results indicated that, with each methanolitovalume ratio the biodiesel yield increased width increasing
potassium hydroxide mass ratio. When increasingptitassium hydroxide mass ratio to oil from 0.25d 4, yields
were increased from 81% to 88% at a fixed methemoll volume ratio, (10 ml). Samely for 15 ml Hiesel yields
were increased from 87% to 100%. It was observat thith 0.5, 0.75 and 1g of potassium hydroxidd@nml of
methanol, the separation between biodiesel andggiyevas a bit difficult due to the phenomenon wilésification.

However, with 0.25¢g of potassium hydroxide theradsseparation between biodiesel and glycerol héismay be
due to the catalyst quantity insufficient to make transesterification reaction progressing. Fnalle can confirm
that the mass ratio of the base catalyst has #isant effect on the biodiesel yield.
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Fig.4. Effect of mass ratio of potassium hydroxidéo oil on the yield of biodiesel in the fourth metanol volume ratio to oil, reaction
temperature 50°C, reaction time 60min and 400rpm

3.2Biodiesel production from unrefined olive pomace diby two steps process

In order to reduce the content of free fatty acidthie unrefined olive pomace oil, the pretreatmeith the
esterification reaction using sulfuric acid wasuiegd prior the transesterification reaction. Diffat dosages of
sulfuric acid and methanol to volume ratios weredugh the esterification. A two-step process wadized to
convert the high free fatty acids content in theefined olive pomace oil into biodiesel. The fiss¢p (esterification
reaction) reduced the FFA content of this oil frag% to 2%. The product obtained in the first Setreated oil)
was converted by transesterification in the presesfcan alkaline catalyst into biodiesel and glptén optimum
conditions (15: 100 ml (v/v) methanol to oil volunatio, 1% w/v of potassium hydroxide, at 50 °Cridg 60 min
and 400 rpm as a stirring rate). Results showettttlmdosage of the sulfuric acid and the amounmnethanol
concentration had significant effects on the reidacdf the acid value during the pretreatment stefhe unrefined
olive pomace oil. The optimum combination in thstfistep which gives 2% of FFA was as follows: 508C min,
65 ml of methanol to oil volume ratio and 1.25 rhbkalfuric acid and 400 rpm.

3.2.1 Characterization of unrefined olive pomace bi

The determination of the components in the unrefiobve pomace oil was performed by gas chromafagra
coupled to mass spectrometry (GCMS). The tabld@vs the free fatty acid composition of unrefindive

pomace oil. The results revealed that the higlast cids were oleic, stearic, palmitic acid. &ated fatty acids in
the unrefined olive pomace oil represented 41.98t#te unsaturated fatty acids represented 58.068%e0Mmixture.

The results depicted that the unrefined olive par@tcould be considered as good raw materialshfebiodiesel
production due to the high level of the Oleic a(34.68%). However, the high percentage of satdréee fatty

acids in oil gives a high cetane number and thasoless prone to the oxidation. Even, this typed=BA has a
tendency to give a high cetane number and a bstbility to the oxidation of the biodieseBut, that can give a
high cloud point and pour point of the biodiesalidkd from this oil, which are considered as disadages [27, 28,
29].

Table 3. Fatty acids compositions of the unrefinedlive pomace oil

Fatty acids Formulal Common Acronymm  Acid composition
Palmitic acid GeH3.0; C16:0 15,23%
Palmitoleic acid| &GH3cO, C16:1 2,04%

Stearic acid GH360, C18:.0 26,42%
Oliec acid GgH340; C18:1 54,68%
Linoleic acid GeH320; C18:2 0,84%
Linolenic acid GgH3002 C18:3 0,50%
Arachidic acid GeH4O; C20:0 0,28%
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3.2.2 Effect of sulfuric acid dosage

The hexane excess that remained in the unrefined pbmace oil blocked the pretreatment step inptiesence of
sulfuric acid and methanol; it prevented the normragress of the esterification reaction. Thisesscwill be
removed by distillation using a rotary evapora@nce removed, the pretreatment of the unrefinag glbmace oil
was studied by changing the catalyst concentrgtaliuric acid) over the range 0.5-1.25% at 50d@@jng 60 min
and at different methanol to oil volume ratios njmé0, 45, 50, 55, 60, 65 and 70:100 ml (v/v). Magiation of
the acid value during the esterification reactibdiierent catalyst concentrations is shown in.Fig

It was noticed that the acid value decreased witlinareasing catalyst concentration, from 0.5 #251% in all
methanol to oil volume ratios. The results dispthyleat from 0.5 to 0.75% of sulfuric acid in all tinenol to oil
volume ratios, the acid was unable to convert #h& to triglyceride because its low concentration.

Indeed, the high free fatty acid deactivated thalghc activity of the sulfuric acid. With 0.5 ar@75% of sulfuric
acid to oil volume ratio and all the volume ratios methanol (40, 45, 50, 55, 60, 65, 70ml) the @vswn

percentages of the FFA to FAME were still low. #shbeen demonstrated that at low sulfuric acid eatnations,
the percentage of FFA in the pretreated oil wakdtighan the limit of 2% required to achieve tlangesterification
reaction. Samely, when used 1% of sulfuric aciditwolume ratio at low methanol to oil volume @i(40, 45, 50
and 55ml). For example, at 55 ml of methanol, thieversion percentage of the FFA to FAME was 46%weéler,

with 1% of sulfuric acid to oil volume ratio at ligamount of methanol the conversion percentagd-éfte FAME

increased from 53% at 40 ml of methanol to oil weduratio, to 80% at 65 ml of methanol to oil volunagio. It

was found that when using 1.25% of sulfuric aciditorolume ratio, the acid value decreased fronmttKOH/g-

oil to 4.16 mg KOH/g-oil with 65ml of methanol tal @olume ratio, giving the lowest percentage ofA&nd the
highest conversion percentage of FFA to free fattigls methyl ester (FAME), 90.54%. The results stthwhat
with 1.25% of sulfuric acid to oil volume ratio aafl methanol volume ratios the conversion peragegaof FFA to
FAME increased compared to 0.5, 0.75 and 1% ofisal&cid to oil volume ratio.

However, 1.25% v/v of sulfuric acid to oil volumatio was sufficient for the pretreatment step dolya specific
volume ratio of methanol. It has been observedhkgbnd 1.25% v/v of sulfuric acid to oil volumdica the color
of the pretreated unrefined olive pomace oil turdatk. It may be due to the excessive additiomefsulfuric acid.

>0 =o—AV in 40:100
45 i methanol-to-oil

40 —a—AV in 45:100
% 35 methanol-to-oil

> AV in 55:100
g 30 methanol-to-oil

X 25 =>=AV in 55:100
g’ 20 methanol-to-oil

B’ =#=AV in 60:100
c_3U 15 methanol-to-oil
; 10 AV in 65:100 _
‘5 methanol-to-oil

< AV in 70:100
methanol-to-oll

0 0.25 0.5 0.75 1 1.25
Vomue of sulfuric acid (ml)

Fig.5. Effect of sulfuric acid dosage on the acidalue (AV) in the all methanol to oil volume ratios40, 45, 50, 55, 60, 65 and 70:100 ml

3.2.3 Effect of methanol to oil volume ratio

The methanol to oil volume ratio is one of the impot factors that affect the conversion of FFArtglycerides.
The effect of methanol to oil volume ratio on theédavalue during the pretreatment step is showthénFig 6. This
effect was studied in order to determine the optimuolume ratio of methanol which gives the lowestiavalue.
During the first step, the methanol to oil volunaia varied from 40 to 70 ml with 0.5, 0.75, 1 ah@5% of
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sulfuric acid to oil volume ratios. The experimentsre realized with the following combination: réan time of
60 min, at 50 °C and stirring rate of 400 rpm. Thsults indicated that the residual content of fadty acid in
unrefined olive pomace oil was influenced by theoant of methanol. Fig.6 shows that in range 0.5%% 70of
sulfuric acid and in the all methanol to oil volumaios the content of the FFA required to achigaeesecond step
is always higher than 2%. For example, when usibgof sulfuric acid at 70 ml of methanol the acadue was
about 32.98mg KOH/g of oil, whereas, with 0.75%saoffuric acid to oil volume ratio at the same vokimof
methanol, the acid value was 16.83 mg KOH/g of dildeed, at low sulfuric acid concentration (0.35%) the
enhancement of methanol to oil volume ratio haitle keffect on the reduction of the acid valueowéver, with
1% and 1.25% of sulfuric acid, the increasing othmaol to oil volume ratios has more effect on théuction of
the acid value and the conversion of FFA to trighjde. The lowest acid values were observed fopexific
volume of methanol like 60, 65 and 70 ml.

It has been noticed that at 65 ml of methanol Wi#56% of sulfuric acid to oil volume ratio was sci#nt to reduce
the acid value from 44 to 4.16 mg KOH/g of oil, einigave the lowest percentage of FFA 2.08%, cooredipg to
the highest conversion percentage of FFA to FAMES8%. A neglectable effect on the decrease ot value
was observed with 70 ml of methanol to oil voluragas when using 1 and 1.25% of sulfuric acid. Tibjslue to
the excess of methanol concentration which mayetilthe system and increased the occurrence of watecules
which prevents the normal progress of the estatifio reaction.

45 =0—Acid value in 0.5%
~ 40 of sulfuric acid
g 35
T 30 —o— Acid value in 0.75%
S 25 of sulfuric acid
(@)]
E 20 . Acid value in1% of
g 15 ’ : sulfuric acid
g 10 - e D
% 5 . - Acid value in 1.25%
<

of sulfuric acid

35 40 45 50 55 60 65 70 75

Volume of methanol (ml)

Fig.6. Effect of the methanol amount on the acid \ae during the esterification reaction using 0.5, @5, 1 and 1.25% of sulfuric acid to
oil volume ratio

3.2.4Effect of methanol and sulfuric acid combination orthe biodiesel yield

The biodiesel yield derived from unrefined pomadenas affected by the combination of methanol antfuric

acid concentration. The pretreated oil with théropt and non-optimum FFA conditions was carrieth®second
step transesterification reaction, they gave eedfiit biodiesel yields. It has been observed thahe range 0.5-
0.75% of sulfuric acid and the all volume ratiosmeéthanol the transesterification reaction didgmbn due to the
high FFA content in the pretreated oil, which coallise the soap formation, after reacting withithee catalyst.

In this range, even at high amount of methanolilteaume ratio (70:100 ml) the conversion percge of FFA to
FAME were low, 21.88% in 0.5% of sulfuric acid aBd.75% in 0.75%. This happened because of the low
resistance of the catalyst uncapable to providegmaatalytic activity during the pretreatment step

The biodiesel yield improved with 1-1.25% of suiéuacid only at high amount of methanol. On theeotside, at
lowest amount of methanol to oil volume ratio (48, 50ml) the FFA percentages in the pretreatedfinad olive
pomace oil were higher than the limit required ¢biave the transesterification reaction. The restdinfirmed that
the transesterification reaction could be appliely avith 1 and 1.25% of sulfuric acid at high ambohmethanol.
The conversion percentages of FFA to FAME were drighan 70%. From these results we can concludetiba
pretreated unrefined pomace olive pomace oil withdptimum and non optimum of FFA condition waswested
into biodiesel only with 55, 60, 65 and 70ml of heatol. Besides, with 1 and 1.25% of sulfuric aditiigh amount
of methanol the biodiesel yields were not consttrgty increased with an increasing methanol tovaliime ratios.
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The biodiesel yield obtained with the optimum FFéndition (1.25% of sulfuric acid and 65 ml of matb§
reached the highest value 99%, with the lowest galde 0.36 mg KOH/g-oil. Furthermore, the phystuemical
properties of biodiesel obtained in this conditisare compatible with the European norms biodieE&14214).
However, with the non-optimum FFA condition the diesel yields were lower than those obtained witd t
optimum FFA condition. Also, the acid value and thiscosity of the produced biodiesel were not cafibye with
the European norms biodiesel (EN14214). As an el@mwith the non-optimum FFA conditions the acadues of
the biodiesel were always higher than 0.36 mg KG#if@nd 0.50 mg KOH/g-oil representing the maximaaid
values allowed in the European norms biodiesel @&EN#). We can get that the best experimental cordigpn
was obtained with 1.25% of sulfuric acid in 65 nmfl methanol, giving a maximum vyield with the best
physicochemical properties. Table 4 shows the ghgsiemical properties of the biodiesel derived framefined
olive pomace oil in the optimum and non-optimum FeeAditions.

Table 4. Physicochemical properties of the biodiekderived from 100 ml of the unrefined olive pomaceil in the optimum and non-
optimum FFA conditions

Pretreatment step After pretreatment step After transesterificatieaation
Volume of Volume of Acid value of the Conversion Density Viscosity at Acid value -
sulfuric acid methanol pretreated oil percentages a} 40°C of the biodiesel B_lodlesel
(ml) (ml) (mg KOH/g-oil) Of FFAto 15°C miéls (mg KOH/g-oil) yield (%)
FAME (%) glent

1 40 20.43 53.56 -

1 45 17.74 59.68

1 50 14.76 66.45 - - - -

1 55 9.89 77.52 0.90 5.94 0.71 83

1 60 9.64 78.09 0.90 5.98 0.64 82

1 65 8.65 80.34 0.89 5.81 0.61 85

1 70 9.13 79.25 0.90 5.89 0.67 84
1.25 40 15.43 64.93 - - - -
1.25 45 15.91 63.84 - - -
1.25 50 12.43 71.75 - - - -
1.25 55 10.71 75.65 0.90 5.84 0.68 79
1.25 60 8.93 79.70 0.90 5.86 0.63 84
1.25 65 4.16 90.54 0.88 4.51 0.36 99
1.25 70 8.24 81.27 0. 89 5.63 0.58 89

CONCLUSION

The refined olive pomace oil is an edible oil arebpite of that it is used for the biofuel produetiti was found
that the unrefined olive pomace oil could be comsid as potential and an economical source fobibeiesel
production. The physicochemical properties of tlegliesel derived from the refined and unrefinede@lpomace oil
are similar and compatible to those indicated & Buropean norms biodiesel. The refined olive p@r@kwith
low acid value was firstly used to determine théiropm combination of methanol to oil volume ratpmtassium
hydroxide mass ratio, reaction temperature andti;ratime to accomplish the transesterificationctem. The
effects of these parameters on the biodiesel yiedde studied. The optimum condition which gave 106P6
biodiesel yield was obtained with the following daimation, 15:100 ml (v/v) methanol: oil, 1g of pssaum
hydroxide, at 50°C, during 60min and a stirringeraf 400 rpm. The same optimum combination wasiegpb the
pretreated unrefined olive pomace oil (after etation reaction). The transesterification reactaf the unrefined
olive pomace oil did not occur that is due couldabeesult to the high content of free fatty acitieTpretreatment
process of the unrefined olive pomace oil was meguio reduce the acid value and to avoid the sorapation. We
begun by studying, the effects of the dosage duolfgid and the methanol to oil volume ratio on déoéd value. It
has been observed that the free fatty acid coitetiite unrefined olive pomace oil was influencedthg sulfuric
acid but for a specific volume of methanol. Thety@atment step reduced the percentage of FFA fratn B
2.08% in 1.25% of sulfuric acid and 65 ml of metblato oil volume ratio. It was observed that beydnd5% of
sulfuric acid, the color of the pretreated oil ®dndark. The transesterification reaction of thetrpated unrefined
olive pomace oil with 2% of FFA gave 99% of metlegter (biodiesel). The results revealed that twhe steps
process improved the biodiesel yield produced fram materials which is relatively cheap.

To sum up, valorization of the unrefined olive pa@mail as a source of renewable energy has two athiantages:
one environmental connected to the pollution cdraad human health, and the other one industriaklation with
the cost of the production of the biodiesel whidh e reduced.

914



Ridha Bananiet al J. Chem. Pharm. Res,, 2014, 6(12): 906-915

Acknowledgments

The authors would like to thank the ANPR (Natio#alency for the Promotion of Scientific Researchiedis
research and innovations are performed within taséwork of the MOBIDOC thesis, financed by the &tdler
the program PASRI.

REFERENCES

[1] A M Angulo; N Mtimet; B Dhehibi; M Atwi; O BerYoussef; J M Gil; M B Sailnvestigaciones Regionales
2011 21, 225-239.

[2] C Franklin; | Sarantopoulos; T Tsoutsos; V Gelgiomass.Bioenerg2012 36, 427-431.

[3] M H Ahmed-Qasem; E Barrajon-Catalan; V MicolAXarcel; J V Garcia-Perei. Food. Eng 2013 119, 516—
524.

[4] N Yasar; M EmineBioresour.Techno|2009 100, 2375-2380.

[5] Y Yasin.Bioresour.Techno) 2011, 102, 3977-3980.

[6] Y Yasin.Fuel. Process.Technpk012 99, 97-102.

[7] J L Quiles; M C Ramirez-Tortosa; P Yaqoob.v@Iobil and health American,7th edition, Americ2006 45-
50.

[8] M D Redel-Macias; S Pinzi; M F Ruz; M P Cubektienza; M P Doradoruel., 2012 97, 751-756.

[9]1 Y Wang; S Ou; P Liu; F Xue; S Tand. Mol. Catal. A-Chem?2006 252, 107-112.

[10] G Corro; N Tellez; E Ayala; A Marinez-Ayalguel.,, 201Q 89, 2815-2821.

[11] M K Lam; K T Lee; A R Mohamediotechnol.Ady, 201Q 28 (4), 518-518.

[12] M Canakci; J V Gerpend. Trans. ASAE200], 44 (6), 1429-1436.

[13] J M Marchetti; A F ErraziBiomass.Bioenerg2008 32 (9), 892-895.

[14] D Ayhan.Energ.Convers.Mangj2006 47, 2271-2282.

[15] J M Marchetti. Renew.Sustain.Energy.Re€2007, 11, 1300-1311.

[16] A S Ramadhas; S Jayaraj; C Muraleedhdaraml., 2005 84, 335-340.

[17] S Chongkhong; C Tongurai; P ChetpattananoRgmew.Energy.Int.,J2009 34, 1059-1063.

[18] M D Serio; R Tesser; M Dimiccoli; F Cammarotd Nastasi; E SantacesariaMol.Catal A. Chem 2005
239, 111-115.

[19] Y Zhang; M A Dube; D D McLean; M KateBioresour.Techno]2003 89 (1), 1-16.

[20] I M Atadashi; M K Aroua; A R Abdul Aziz; N M NsulaimanRenew.Sustain.Energy.Re2012 16, 3275—
3285.

[21] M Hanumanth; Dr O D Hebbal; M C Navindgi. IdtAdv.Sci.Res.Technat012 2, 242-250.

[22] F Xiaohu; W Xi; C FengThe.Open.Fuels& Energy. Sci.201Q 3, 23-27.

[23] N Pourvosoghi; A M Nikbakht; S Jafarmadent.J.Eng.Trans G 2013 26, 1545-1550.

[24] M Hassani; G Aminia; G D Najafpour; M Rabieétt.J.Eng.Trans G 2013 26, 563-570.

[25] V G Shashikant; H RahemaBiomass.Bioeng2005 28 (6), 601-605.

[26] V G Shashikant; H Rahemaioresour.Technal2006 97, 379-384.

[27] M Canakci; J Van Gerpeiirans ASAE 2003 46, 945-954.

[28] H Adeeb; M A Zahangir; M E S Mohamed; A K Nassldeen; | N M H Noor; M S Yosri; T Shawaluddin.
Bioresour.Technol201Q 101, 7804—7811.

[29] A Hayyanl; F S Mjalli; M A Hashim; M Hayyan;M AlNashef.Bulg.Chem.Commur2013 45, 394 — 399.

915



