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Abstract: The effects of the transesterification parameters on the yield and qua-
lity of the methyl esters (MES) produced from waste frying oil (WFO) were in-
vestigated. A two-step alkali transesterification reaction followed by silica gel
purification step was applied. The investigated reaction parameters were the
methanol/oil molar ratio (6:1 and 9:1), the catalyst/oil weight ratio (1.0 and 1.5
mass %) and the type of catalyst (NaOH and KOH). The physical and chemical
properties of the employed feedstock and the obtained biodiesel were deter-
mined in order to investigate the effects of both the properties of the WFO and
the reaction parameters on the characteristics and yields of the product. It was
found that the properties of the feedstock had a determinant effect on the phy-
sical and chemical properties of the MEs, as the mgjority of them did not differ
significantly under the studied reaction parameters. However, the reaction para-
meters influenced the yields of the product. Higher yields were obtained with a
1.0 than with a 1.5 mass % catalyst to oil ratio. The increasing yield with de-
creasing catalyst/oil ratio was more pronounced with NaOH (9.15-14.35 %)
than with KOH (2.84—6.45 %). When KOH was used as the catalyst, the yields
were always higher (the mean yield was 94.86 %) in comparison to those ob-
tained with NaOH (the mean was 84.28 %). Furthermore, the efficiency of KOH
in conversion of WFO to purified MEs in comparison to NaOH was even more
pronounced in the case of the higher methanol/oil ratio, i.e., for the 9:1 me-
thanol/oil ratio, the yield increase with KOH was about 2 times higher than the
yield with NaOH, regardless of the applied catalyst/oil ratio.
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INTRODUCTION
Biodiesel is a non-petroleum-based fuel used in diesel engines and heating
systems; hence, this fuel could be regarded as a mineral diesel substitute with the
advantage of reducing greenhouse emissions because it is a renewable resource.!
Sharmer et al.2 estimated that CO, production could be reduced by 3.2 kg by
using 1 kg of pure biodiesel instead of the same amount of fossil fuel. Although
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994 PREDOJEVIC and SKRBIC

the amount of biofuels produced in the EU is growing, the quantities remain small
compared to the total volume of mineral-based transport fuels. There are few ob-
stacles that have hindered the wider use of biodiesel. The most important of
which is that the selling price of biofuels is higher than that of mineral oil fuels.
The biodiesel produced from vegetable oil or animal fat is usually more expen-
sive than petroleum-based diesel fuel by 10 to 50 %.3 Compared to neat vege-
table oils, waste frying oils (WFOs) are lower cost feedstocks, making biodiesel
production more competitive to that of petroleum-based diesel fuel. In addition,
as WFOs are regularly poured down the drain, resulting in problems for waste-
water treatment plants and energy loss, or integrated into the food chain as ani-
mal fodder, causing human health problems, the use of waste frying oils in bio-
diesel production offers a solution to the growing global problem of increased oil
waste from households and industrial sources.

Biodiesel is a product of transesterification of triglycerides (the main consti-
tuents of vegetable oils or animal fats) with a short chain alcohol (primarily, me-
thanol) in the presence of a suitable catalyst; chemically, it represents a mixture
of fatty acid akyl (primarily methyl) esters. Alkali catalysts, such as sodium or
potassium hydroxide, and sodium or potassium methoxide, are most commonly
employed in the transesterification. These catalysts are also preferred due to the
resulting high yields. The methylate salts are more reactive than the correspond-
ing hydroxides, but are expensive, cause the formation of various by-products
and require high quality oils and water-free methanol.! Contrary to the numerous
references concerning base catalyzed one step transesterification reactions, only a
limited number were found for two-step base catalyzed transesterification reac-
tions: two studies were based on experiments with refined oils*® while waste
cooking oil was used in another two.6:7 In a two-stage alkali transesterification
process, the majority of mono-, di-, and triglycerides are removed in the first sta-
ge and those remaining in the second stage, resulting in a more purified product.
Cayh and Kusefoglu® concluded that two-step transesterification of used cooking
oil had superiority over a one step method, especialy in terms of the high yields
obtained. They suggested that the removal of glycerol at the end of the first step
may be one of the main reasons why the equilibrium is shifted to the products.

The purpose of this study was to characterize biodiesels (methyl esters) pro-
duced from WFO by two-step akali transesterification with varying parameters
in order to examine the influence of the feedstock properties and the reaction
conditions on the yield and properties of the obtained product. The varied reac-
tion parameters were the ratio of methanol to ail, the type of catalyst and its
amount relative to the amount of feedstock.
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BIODIESEL FROM WASTE FRYING OILS 995

EXPERIMENTAL
Materials and methods

Waste frying sunflower oils were collected from loca restaurants and were used as
feedstocks. Prior to transesterification, the WFO samples were dried over calcium chloride
(CaCl,) and filtered through a cellulose filter to remove any suspended matter and CaCl,
crystals. Chromatographic grade methanol (99.5 %), phosphoric acid, potassium hydroxide,
sodium hydroxide, anhydrous sodium sulfate and calcium chloride were supplied by Lachema
(Neratovice, Czech Republic), silica gel from Fluka (Buchs, Switzerland), while the reference
standard for the gas chromatographic determination of fatty acid methyl esters was obtained
from Supelco (Bellefonte, USA).

Transesterification procedure

Methyl esters (biodiesel) were synthesized in a batch type reactor using alkali catalysts.
The ester preparation involved a two-step transesterification followed by purification and
drying. The amount of WFO used in the reaction was 200 g, which was placed in a dry two-
necked flask equipped with a thermometer and a reflux condenser. Dryness was absolutely
necessary as water in the reactor would consume some of the catalyst, thereby slowing the
reaction. The methanol and catalyst were added into the flask in the quantities to obtain the
desired ratios relative to the oil. Namely, the study was realized using a mole ratio of me-
thanol to WFO of 6:1 and of 9:1, whereas the catalyst (either NaOH or KOH) was added in
quantities equivalent to 1 and 1.5 mass % of WFO. In the first step, the mixture was stirred for
30 min at 30 °C and 400 rpm, and then it was poured into a separation funnel. After one hour
separation, glycerol was removed from the bottom of the flask, while the top esters layer was
transferred into second two-necked flask, heated to 60 °C and mixed with a second me-
thanol/catalyst solution. After stirring the mixture for 30 min at 400 rpm, it was poured into a
separation funnel and allowed to separate for 12 h. The glycerol was removed by gravity set-
tling and the methanol was removed from the thus-obtained crude esters layer by rotary eva-
poration at 65 °C and 20 kPa. The obtained crude methyl esters were weighed and further
purified by passing them through a bed of silica gel with atop layer of anhydrous sodium sul-
fate in order to remove the remaining salts and glyceral, as it was shown previously that high
yields could be obtained in this manner from acidic feedstocks, such as WFOs.” The obtained
dried methyl esters were then bottled and kept for characterization studies.

Characterization of feedstocks and methyl esters

The feedstock WFO was characterized after drying and filtering (i.e., prior to trans-
esterification) in a series of tests. Furthermore, the physical and chemical properties of the
methy! esters (ME) obtained by two-step alkali transesterification after purification on silica
gel were determined by the methods listed in the JUS EN 14214:2004 standard.8 This standard
is equivalent to EN 14214: 2004 and defines the requirements and test methods for fatty acid
methy! esters (FAME) to be used in diesel engines. The procedures employed for characte-
rization are summarized in Table |I. Even though it is not required by JUS EN 14214:2004, the
saponification value (Sv) was aso determined using the titration method described in 1SO
3657:2002. The iodine value (Iv) and Sv were also calculated based on the fatty acid (methyl
ester) composition determined by gas chromatography and using the equations (given in Table
I) proposed by Kalayasiri et al.f In this way, an attempt was made to see if the calculated
values could predict satisfactorily these two properties and be aternatively employed instead
of the corresponding experimental procedures for their determination. A method for an esti-
mation of the cetane index (Cl) based on Sv and |v was previously described,!0 as a simpler
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996 PREDOJEVIC and SKRBIC

and more convenient method than the experimental procedure, for the determination of the
cetane number utilizing a cetane engine (EN 1SO 5165:1998). In this work, the experimentally
obtained values of Sv and Iv were used for calculating Cl. However, the proposed equation for
Cl is not recommended for feedstock characterization as it has been previously documented
that the cetane indexes of oils are generally much lower than those of methyl ester derivates,
despite the fact that they have similar Sy and Iv values.10 Thus, the CI of the WFO will not be
discussed.

TABLE |. Methods used to characterize the feedstocks and the methyl esters

Property Method

Density at 15 °C?, JUSEN IS0 3675:2005

plkg m> Crude petroleum and liquid petroleum products — laboratory
determination of density — hydrometer method

Kinematic viscosity at 40 °C?, JUS SO 3104:2003

v/imm?st Petroleum products — transparent and opaque liquids —

determination of kinematic viscosity and
calculation of dynamic viscosity

Acid value (Av)?, EN 14104:2003
mg KOH/g ail Fatty and oil derivates —fatty acid methyl esters—
determination of the acid value
lodine value (1v)?, EN 14111: 2003
g J/100 g (experimental) Fatty and oil derivates — fatty acid methyl esters —
determination of theiodine value
lodine value (1v), Azametal.;’
g 3,/100 g (cal culated) Iv = £(254DA)/MW,
Cold filter plugging point EN 116: 1981
(CFPP)? Determination of the cold filter plugging point
of diesel and domestic heating fuels
Saponification value (), SO 3657: 2002

mg KOH/g oil (experimental)  Animal and vegetable fats and oils — determination of the
saponification value

Saponification value (SV), Azametal.;’
mg KOH/g oil (calcul ated) S = 3(560A)/ MW,
Cetane index (Cl) Krisnangkura Equation:*
Cl = 46.3 + 5458/S/ - 0.2251v
Fatty acid methyl ester Capillary gas chromatography (GC) with
composition, mass % flame ionization detection
Mean molecular mass of Calculated according to the fatty acid profile obtained by GC
WEFOs, kg mol ™t

aPropenieﬁand respective test methodsb required for characterization of methyl esters to be used as fuel in diesel
engine by SRPS EN 14214 standard; A isin %, D is the number of double bonds and MW is the molecular
mass of each component

The methyl ester composition was obtained using a gas chromatograph equipped with a
DB-WAX 52 column (Supelco) and a flame ionization detector.

All the properties were determined in two replicates and the final results are given as
average values.
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RESULTS AND DISCUSSION
Feedstock properties

The physical and chemical properties of the waste frying oil, WFO, used as
the feedstock for the two-step akali transesterification are given in Table 11. The
WFO had an acid value higher than 2.0 mg KOH/g (Table II), which has often
been recommended as the limit acid value for an efficient transesterification.11
Namely, the base catalyzed reaction was reported to be very sensitive to the
content of free fatty acids, which should not exceed the recommended limit to
avoid deactivation of the catalyst, and the formation of soaps and emulsion.11,12-14
An elevated content of free fatty acids, expressed as the acid value, is not surpri-
sing for waste frying oils, asit is known that during the frying process under high
temperatures in the presence of air and moisture, a variety of degradation reac-
tions can occur, leading eventually to changes in the properties of the oil, inclu-
ding an increase in the viscosity and in the content of free fatty acids.1®

TABLE Il. The characteristics of waste frying oil used as the feedstock

Characterization test Waste frying oil from restaurant (WFOR)

Density, p, at 15 °C, g/lem® 0.933

Kinematic viscosity, v, at 40 °C, mm?/s 44,85

Acid value, mg KOH/g ail 2.58

Saponification value, Sv, mg KOH/g ail Experimental Calculated
197 198

lodine value, g J,/100 g oil Experimental Calculated
119 124

Fatty acid composition, mass %

C12:.0 -

C14:0 0.25

C16:.0 9.44

Cl6:1 1.02

C18:.0 571

Cc18:1 28.19

C18:2 53.50

C18:3 0.34

C20:0 0.44

Total unsaturated 83.05

Total saturated 15.84

Considering the fatty acid composition of the WFO used in this study, it con-
sisted mainly of methyl esters of linoleic (C18:2) > oleic (C18:1) > pamitic
(C16:0) > stearic (C18:0) acids. The contents of the other evidenced acids were
about 1 mass % or less. Such a composition reflects the sunflower origin of the
WFO. The iodine value of the feedstock, which is a measure of the degree of un-
saturation, was approximately 120 mg 1/100 g. The calculated iodine values were
about 4 % higher than the experimentally determined ones. The iodine value of
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the WFO was lower than the values (120 and 140 mg 1,/100 g) reported for
frying sunflower oils used in Portugal.1 However, the used oils have a variety of
qualities as a consequence of the different frying conditions and the periods of
use. Comparing sunflower oils with other vegetable ails, it iswell known that, ty-
picaly, the former have higher iodine values because of their higher levels of un-
saturated fatty acids, primarily linoleic acid (two double bonds), than other vege-
table oils.®> Considering the saponification value, good agreement between the
experimental and calculated values was obtained.

Influence of the transesterification parameters on methyl ester yields

The product yield considering either crude or purified estersis defined as the
mass percentage of the final product relative to the initial mass of WFO intro-
duced into the transesterification. The yields of methyl esters (MES) obtained by
two-step alkali transesterification of the WFO under varying reaction conditions
are given in Table l1l. The obtained yields coincide with the previous findings of
Predojevi¢’ that a two-step alkali transesterification with a silica gel purification
treatment could be recommended for obtaining high biodiesel yields from waste
frying oils, despite the elevated acid values. Namely, it is known that the more
acidic the feedstock is, the lower yield that could be obtained by base transeste-
rification because of the more pronounced deactivation of the catalyst and soap
formation by the free fatty acids in the feedstock.! It was previously reported”
that a two-step transesterification procedure, also applied in this study, could be
satisfactorily employed for biodiesel production from waste frying oils with acid
values up to = 2.5 mg KOH/g, without a significant decrease in the MEs yields.

TABLE Ill. Comparison of methyl esters (MES) yields (%) obtained with varying reaction
parameters during the employed two-step alkali transesterification

Methanol/oil mole ration

Catayst Catalny]/:ssal;lount 6:1 6:1 9:1 9:1
Crude MEs  Purified MEs CrudeMEs  Purified MEs
NaOH 1.0 92.95 86.81 96.04 79.53
15 82.85 79.53 86.98 69.55
KOH 1.0 97.33 96.17 98.15 95.84
15 92.94 90.34 95.44 92.66

In order to compare the yields obtained under different reaction conditions,
the relative yields are shown in Figs. 1 and 2. It can be seen that the yields were
always higher with the lower quantity of catalyst, i.e., higher yields were ob-
tained with 1.0 mass % than with 1.5 mass % catalyst to oil (Table Il1; Fig. 1).
The yield increase with decreasing catalyst/oil ration was more pronounced for
NaOH (9.15-14.35 %) than for KOH (2.84-6.45 %, Fig. 1). In other words, the
mass ratios of KOH studied here had a similar influence on the methyl ester con-
version, whereas the higher ratio of NaOH (i.e., 1.5 mass % of oil) suppressed
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BIODIESEL FROM WASTE FRYING OILS 999

the conversion in comparison to the lower ratio (i.e., 1.0 mass %). Furthermore,
the bar diagram shown in Fig. 2 shows that yields were always higher when
KOH was used as the catalyst (the mean yield was 94.86 %) in comparison to the
yields obtained with NaOH (the mean yield was 84.28 %), which coincides with
the findings of other authors.116.17 Sharma et al.1! reported a better yield with
NaOH as the catalyst than with KOH when a magnetic stirrer was used, while
when a mechanical gtirrer was employed, the yield was same with an equa amount
of NaOH and KOH (0.50 mass %). These authors also observed that during the
separation of the final products from glycerol, KOH was more convenient. Po-
tassium soaps, being softer than sodium soaps, did not block the bottom of sepa-
ration funnel, unlike the later, and were easily removed. Hence, KOH as the ca-
talyst is preferred over NaOH on the industrial level of application.1!

1% catalyst/oil

B 1.5% catalyst oil
= 50.00
:g 45,00 | 6:1 methanol/oil | 6:1 methanol/oil 9:1 methanol/oil  9:1 methanol/oil
Z  40.00
3 35.00 33.23
=
g 30.00
g 25.00 20.51
2 2000
= 13.59
= 15.00 12.18
g 10.78 973
Z 10.00 471
3 500 2.20
=
= 0.00 : — = =

Crude MEs Purified MEs Crude MEs Purified MEs

Fig. 1. Comparison of methyl esters yields obtained with different transesterification
parameters: the percentage increase of the yield with 1.0 mass % of catalyst
to ail relative to the yield with 1.5 mass %.

It can be also seen that the efficiency of KOH the in conversion of the WFO
to purified MEs in comparison to NaOH was even more pronounced in the case
of the higher methanol/oil ratio, i.e., for the 9:1 methanol/oil ratio, the yield in-
crease with KOH was about 2 times higher than the yield with NaOH, regardiess
of the catalyst/oil ratio applied (Fig. 2). The methanol/WFO ratio is one of the
most important variables because of its influence on the separation of the methyl
esters from the glycerol layer and, consequently, on the yield of biodiesel. Stoi-
chiometrically, three moles of alcohol are required for each mole of triglyceride
but, in general, a higher molar ratio is often employed for maximum ester pro-
duction, depending on the type of feedstock, amount of catalyst, temperature,
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1000 PREDOJEVIC and SKRBIC

etc.11 The presence of a sufficient amount of methanol during the transesterifi-
cation reaction is essential to break the glycerin-fatty acid linkages.1! However, a
large excess of alcohol should be avoided as it aggravates the separation of gly-
cerol by increasing its solubility in acohol, causing the reaction equilibrium to be
shifted in the direction that favors the product decomposition reaction, with a
consequential decrease in the yield of methyl esters. Leung and Guol8 suggested
that the hydroxyl group of methanol can act as an emulsifier and cause emulsifi-
cation, making the separation of the ester layer from the aqueous layer difficult.
Hence, it could be concluded that the KOH-catalyzed two-step transesterification
was less sensitive to the excess of alcohol than the reaction with NaOH, further
indication that KOH is more appropriate for practical employment.

NaOH
mKOH

20.00
18.00 6:1 methanol/oil | 6:1 methanol/oil | 9:1 methanol/oil | 9:1 methanol/oil

16.00 14.35
14.00

12.00 10.42
10.00 9.15

8.00

6.45

6.00 472

4.00 284 "
2.00 I . .
0.00 -——— ! - | .

Crude MEs Purified MEs Crude MEs Purified MEs

Fig. 2. Comparison of methyl esters yields obtained with different transesterification parame-
ters: the percentage increase of the yield with KOH relative to the yield with NaOH.

((Yield(1.0%)-Yield(1.5%))/Yield(1.5%), %

Properties of the methyl ester

The physical and chemical properties of the methyl esters obtained by two-
-step alkali transesterification of the WFO after applying different experimental
conditions are shown in Table V. The properties are compared with the quality
of biodiesal required for use in diesel engine in accordance to the JUS EN 14214
standard.8 In general, very little differences could be observed in the properties of
the methy! esters obtained by application of different reaction parameters.

The overal relative standard deviation (RSDgyeral) 8 a measure of the dis-
persion of the results was used to detect if there were major differences in the
studied properties. RSDgyerg) Was calculated by dividing the standard deviation
of al values obtained for a particular property, regardless of the reaction con-
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BIODIESEL FROM WASTE FRYING OILS 1001

ditions applied, with their mean value and then multiplied with 100 to obtain per-
centage. Considering that the RDgyerg fOr density, saponification value (experi-
mental), iodine value (experimental), cetane index and the content of total unsa-
turated acids were estimated to be 0.37, 0.66, 0.67, 0.82 and 0.68 %, respectively,
it could be concluded that the reaction parameters examined in this study did not
significantly influence these properties of the produced methyl esters. The R gyerall
for the kinematic viscosities and the total saturated fatty acid content were slight-
ly elevated (2.18 and 3.09 %, respectively), while it was significantly higher
(14.67 %) for the acid value, suggesting that the later was influenced by the reac-
tion parameters investigated here.

TABLE IV. The characteristics of the methyl esters obtained with different reaction parame-
ters during the employed two-step alkali transesterification of waste frying oils

MeOH/oil mole ratio
6:1 9:1 6:1 9.1
Property Catalyst amount, mass %
NaOH KOH
1 15 1 15 1 15 1 15
p, 15°C, g/cm’ 0.891 0889 0890 0889 0.893 0891 0.892 0.898
v, 40 °C, mm?/s 4.75 4.56 4.63 4.59 477 4.70 4.81 4.75
Av, mg KOH/g 0.38 0.39 0.39 0.27 0.39 0.36 0.43 0.41

Iv, gJ/100g 119 119 118 118 119 120 119 118
(Experimental)
Iv, gJ/100g 119 118 117 117 119 119 119 118
(Calculated)
PP, °C 0 0 0 0 +1 0 0 +1
CFPP, °C -1 +0 -3 —4 -2 -2 —4 -5
Sv, mg KOH/g 193 193 193 191 191 192 192 190
(Experimental)
Sv, mg KOH/g 192 192 192 191 192 191 191 190
(Calculated)
Cl 47.7 47.9 48.1 484 48.1 47.8 47.9 48.8
Fatty acid composition, mass %
C12:.0 0.10 0.05 - - 0.29 - - -
C14.0 0.33 0.29 0.37 0.62 0.35 0.29 0.29 0.66
C16:.0 9.61 995 1060 1017 961 9.59 9.55 9.53
Cl6:1 1.16 1.09 114 1.05 1.10 117 116 1.03
C18:.0 6.29 6.30 6.23 6.44 5.87 5.77 5.87 5.79
C18:1 2826 2874 2844 2834 2832 2833 2822 2832
C18:2 5394 5313 5322 5286 53.66 54.23 5418 5375
C18:3 0.19 031 - 0.41 0.29 0.20 0.32 0.37
C20:0 0.12 0.14 0.11 0.50 0.42 0.42 0.55

Total unsaturated 8355 8327 828 8266 8337 8393 8387 8347
Total saturated 1645 1673 172 1734 16.63 16.0/ 16.13 16.53
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Density at 15 °C. This property is important mainly in airless combustion
systems because it influences the efficiency of atomization of the fuel.1 The re-
sults obtained (Table 1V) showed that all the methyl ester produced in this study
had a density in the range 0.86-0.90 g/cm3, specified according to the standard
JUS EN 14214.8 The mean value (+standard deviation) of the densities calcul ated
for the MEs obtained with NaOH was 0.890+0.001 g/cm3, while the MEs pro-
duced with KOH had dightly higher densities with a mean value 0.893+0.003 g/cm3.

Kinematic viscosity at 40 °C. Even more than the density, the kinematic vis-
cosity at 40 °C is an important property regarding fuel atomization and distribu-
tion. The higher isthe viscosity, the greater is the tendency of the fuel to form en-
gine deposits. The viscosities of the MEs (Table IV) were much lower than that
of the feedstock oil (about 10 times) and they met the required values that must
be between 3.5-5.0 mm?/s.8 As in the case of the densities, the values of kine-
matic viscosities were slightly higher for the MEs obtained with KOH (4.76+0.05
mm?2/s) than those obtained with NaOH (4.63+0.08 mm?2/s). It is known that vis-
cosity increases with chain length and with increasing degree of saturation (i.e.,
with decreasing degree of unsaturation).1® However, this could not be observed
in this study, as the differences in the iodine value, as a measure of the unsatura-
tion, were negligible (the RSDgyerg) Was 0.67 %). Additionaly, it was observed
that when the methanol/WFO or the catayst/WFO ratios were increased, the
viscosity of the methyl esters decreased (see Table 1V).

Acid value. The acid value is defined as the milligrams of potassium hydro-
xide required to neutralize the free acids in 1 g of sample. The acid values of the
MEs varied from low 0.266 to 0.429 mg KOH/g and they were less than the 0.5
mg KOH/g specified as the maximum value according to JUS EN 14214.8 As
was previously mentioned, the greatest dispersion of the results was obtained for
this property of the MEs produced under varying conditions (the RSDgyera Was
14.67 %). Again, the mean acid value of the MEs obtained with NaOH (0.354+
+ 0.060 mg KOH/g) was lower than the mean of that obtained by transesterifica-
tion with KOH (0.400+0.029 mg KOH/g). However, the greatest differences in
the acid values were only observed for the higher methanol/oil ratio (9:1), where-
as in the case of the lower ratio (6:1), acid values were almost the same regard-
less of the catalyst type or the catalyst/ail ratio.

lodine value. The iodine value is an important measure for the determination
of the unsaturation in fatty acids, which is only dependent on the vegetable ail.
This property greatly influences fuel oxidation and the deposits formed in the in-
jector of diesel engines.! With increasing iodine value of unsaturated fatty acids,
the effect of polymerization is stronger. According to JUS EN 14214,8 MEs used
as diesel fuel must have an iodine value of lessthan 120 g 1> per 100 g of sample.
The MEs obtained in this study had an iodine value in the very narrow range of
118-120 g 1,/100 g. The mean iodine value of the MEs produced using NaOH
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BIODIESEL FROM WASTE FRYING OILS 1003

was 118+1 g 1,/100 g and of those using KOH was 119+1 g 1,/100 g. The calcul-
ated iodine values were in a very good agreement with those experimentally ob-
tained.

Saponification value. The saponification value represents the milligrams of
potassium hydroxide required to saponify one gram of fat or oil. The saponifi-
cation value is not a property of biodiesel restricted according to EU or Serbian
standards, which is the reason why it was not regularly determined in the relevant
literature studies.

The difference in the saponification values of the MEs produced in this study
was negligible, with a mean value for the MEs obtained using NaOH of 192+1
mg NaOH/g, and for those using KOH of 191+1 mg KOH/g. There was no sig-
nificant difference in the calculated and experimenta saponification values. The
values were only slightly lower than that of the WFO (197 mg KOH/g). It is ge-
neraly expected that an oil and the corresponding MEs have the same saponi-
fication value, as it is known that a triglyceride has 3 associated fatty acid chains
and that each triglyceride will give three methyl esters; hence, stoichiometrically,
it is to be expected that the same amount of fatty acid carbon chain in the neat
feedstock oil and the biodiesel will react with the same amount of KOH giving
soaps. However, is this assumption applicable to waste frying oils knowing that
their properties differ significantly from the neat oils as a consequence of poly-
merization and degradation of the triglycerides that occur during frying.1®

Cold flow properties. Compared with fossil diesel fuel, one of the major pro-
blems with the employment of biodiesal is its poor low temperature properties,
such as cloud point (CP), pour point (PP) and cold filter plugging point (CFPP).
The CP isthe temperature at which aliquid is cloudy due to formation of crystals
of size up to 1 mm, which make the suspension cloudy or hazy.20 The PP is the
lowest temperature at which a material will still flow due to crystal agglome-
ration. The PP is useful for characterizing the suitability of a fuel for large sto-
rage and pipeline distribution.2021 The CFPP is defined as the lowest tempe-
rature at which 20 ml of oil safely passes through a filter within 60 s. The cold
flow properties of methyl esters such as the PP and CFPP depend on the struc-
ture of the fatty acids. In general, biodiesel made from feedstocks containing
higher concentration of high melting point saturated long-chain fatty acids have
relatively poor cold flow properties.19.22 |t was previously found that the diffe-
rence between the CP and PP of methyl esters is relatively small20 so that the
filterability test, i.e., CFPP, could better a better indication of engine performance
during low temperature operation.

The experimentally determined values of the CFPP and PP for the methyl es-
ters samples were in the range from —5-0 °C and around 0 °C, respectively (Tab-
le 1V), implying that the obtained biodiesels could be suitable for use in summer
time. The low temperature properties of a biodiesel depend on the quality and
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composition of the raw material, but they can be improved by blending with
diesal fuel D2 or with polymer additives.19

Cetane index. This property could be regarded as an indicator of the cetane
number, which is a property that reflects the ignition quality of biodiesel. The ce-
tane number is related to the time that passes between injection of the fuel into
the cylinder and the onset of ignition. It is known that the exhaust emission of
nitrogen oxides (NOy) is lower with increasing time. The reduction of NOy ex-
haust emissions is an important problem facing biodiesel as it is known that it is
dightly increased when using biodiesel in comparison to fossil diesel.23 The
structure of fatty esters can aso influence emissions, with the NOy emissions be-
ing lower with increasing saturation. Saturated compounds have higher cetane
numbers (i.e., cetane index) than unsaturated compounds. For instance, Freedman
and Bagby?24 reported cetane numbers for methyl palmitate (C16:0) and methyl
stearate (C18:0) as 74.3 and 75.6, while Klopfenstein2® reported 74.5 and 86.9,
respectively. Unsaturated methyl oleate (C18:1) and methyl linoleate (C18:2)
have much lower cetane numbers, i.e., 47.2 and 28.5 , respectively.26 Contrary to
the determination of the cetane number that requires tedious experimental proce-
dure, the cetane index can be obtained by simple calculation.

The mean cetane index, Cl, obtained for the MEs produced with NaOH was
48.03+0.29 and 48.15+0.44 for the MEs obtained using KOH. Siler-Marinkovi¢
and Tomaseviél6 aso used the Krisnangkura equation to calculate the Cl for the
characterization of MEs produced from crude sunflower oils and the estimated va
lues were very similar to the values obtained in this study, ranging from 49.7 to 50.9.

Fatty acid composition. As can be observed from Table IV, the fatty acid
methyl ester profiles of the produced biodiesels reflected the fatty acid com-
position of feedstock. A typical gas chromatogram of the obtained methyl esters
is shown in Fig. 3. The biodiesels consisted mainly of methyl esters of palmitic
(C16:0), stearic (C18:0), oleic (C18:1), and linoleic (C18:2) acids, which also oc-
curred in large amounts in the feedstock. Mittelbach?” proposed to limit the con-
tent of unsaturated fatty acidsin biodiesel, especialy unsaturated fatty acids such
as linolenic acid (C18:3). The maximum content of linolenic acid in the MEs
obtained in this study was less than 0.4 mass %.

CONCLUSIONS

The production of biodiesel by alkali two-step transesterification of waste
frying oil (WFO) with an acid value higher than 2 mg KOH/g is feasible without
any previous treatment under the conditions applied in this study. On varying the
type of the catalyst (NaOH or KOH), the methanol/oil mole ratio (6:1 or 9:1) and
the catalyst/oil mass ratio (1 mass % and 1.5 mass %) it was found that the
investigated characteristics of the methyl esters (MES) were not influenced sig-
nificantly by the transesterification parameters. The exception was the acid va-
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Fig. 3. Typica gas chromatogram of the investigated methyl esters obtained by
transesterification of waste frying oil.
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lues obtained with the higher methanol/ail ratio, but further investigations are re-
quired in order to elucidate the found deviations. Good agreement was observed
between the experimental and calculated iodine and saponification values of
MESs, suggesting that the results of gas chromatographic analysis of the com-
position of the fatty acid methyl esters could be satisfactory used for the predict-
tion of these properties as an aternative to the experimental procedures. The re-
action conditions influenced the yields of the produced biodiesel in a following
way: KOH induced a more efficient conversion of WFO to MEs than NaOH;
higher yields were obtained with the lower catalyst/oil ratio (1.0 mass%) than
with the higher (1.5 mass %). In the case of KOH, the methanol/oil mole ratio
had no marked influence on the yield of MEs.

Acknowledgement. This work was supported by the Ministry of Science and Techno-
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U3BOA

JOBUJABE BUOJU3EJIA U3 OTITAJITHOI" YJbA BA3HO-KATAJIN30BAHOM
TPAHCECTEPUOUKALIMIOM

3JIATULA J. IPEJOJEBWH n BUJbAHA /1. IKPBU'h
Texnonowxu gakyaitieini, Ynueepauitieii y Hosom Caoy, byaesap Llapa Jlasapa 1, Hosu Cad

WcnuTHBaH je yTulaj napamerapa TpaHcecTepH(HUKaIMje Ha IPUHOC ¥ KBAJIMTET METHJ €C-
1pa, ME, nobujenor n3 xopumheHor, oTnaaHOT yjba. AJKaiHa TpaHcecTepuduKanuja je BoheHa y
JIBa CTEIEHa, a 3a npeuninhaBamke CHPOBOI METWII ecTpa KopuiiheH je cuinka rei. Bapupanu cy
PEaKIHOHU TapaMeTpH: ojaHoc ankoxon/yise (6:1 u 9:1), macenu oxHoc Katanuzarop/ysee (1 u 1,5
Mass %) u tun katanusaropa (NaOH u KOH). Oxapelene cy dusnuko-xeMujcke KapakTepHUCTHKE
xopunthene cupoBUHE M JoOHjeHOr Omoxusena, a OM ce MCIMTAao yTUIAj M CHPOBHUHE M Hapame-
Tapa peaklyje Ha KapaKTepUCTHKE U IPHHOC MPOJyKTa. YOUCHO je J1a KapaKTePHUCTHKE CHPOBHHE
nMajy omrydyjyhu yTunaj Ha QU3NIKO-XEeMHjCKe KapaKTepUCTHKE METII ecTapa. BehnHa ox oxpe-
heHux xapakTepHCTHKa Ce 3Ha4ajHO HE Pa3iMKyjy 3a MCIHMTHBAHE mapaMerpe peakiuje. Mehyrum,
PeakLHOHN MapaMeTpy NMajy YTHIa] Ha NpUHOC mpou3Boaa. Behu npuHoc ce gobuja mpu ogHOCy
katanuzatop/ysbe 1,0 y ognocy Ha 1,5 mass %. Tpunoc ce nosehaBa cMamemeM 0jHOCA KaTali3a-
toplysse u To uspazutuje 3a NaOH (9,15-14,35 %) y oanocy Ha KOH (2,84-6,45 %). TIputoc je
yBek Behin npu kopunthery KOH katanusaropa (cpenta BpeaHoct npuHoca je 94,86 %) y mopehe-
wy ca npurocom nobujernm ca NaOH (cpenma Bpeanoct npunoca je 84,28 %). Illtasuie, ehu-
xacHoct KOH y creneny konBepsuje cuposune y npeunnthern ME je uzpasutuja npu Behem oxnto-
cy MeraHod/yJbe, OHOCHO TIpu ojHOCy MetaHou/ysbe 9:1, octBapeH npunoc ca KOH je Behin y on-
Hocy Ha mpuHoc ca NaOH, 6e3 063upa Ha ofHOC KaTnu3atop/ysbe. PenatusHo nmosehame mpuHoca
ca KOH je nBa myra Behe y oqnocy nHa NaOH.

(TTpumsbero 18. pebpyapa, pesumuparo 8. anpuia 2009)
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