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ABSTRACT

ATIK MUTFAK YAGLARININ ALTERNATIF DiZEL YAKITI OLARAK

Converting waste cooking oils from restaurants and households to fatty acid esters
for use as an alternative diesel fuel has important advantages for human health and
environmental standpoints. So far, only very small percentage of these oils have
been collected and used for soap production in Turkey. Using waste cooking oils
in diesel engines without any modification necessities the fuel properties must be
similar with those of petroleum diesel fuel. This requires a chemical process to be
meeting the diesel fuel’s properties. In converting process, the method commonly
used is transesterification. The transesterification reaction of waste cooking oils is
affected by free fatty acids and water content of oils and fats, chemical structure of
alcohol, type of catalyst, reaction temperature and reaction time. In this paper,
utilization of fatty acid esters of waste cooking oils is discussed as an alternative
diesel fuel.
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DEGERLENDIRILMESI

OZET

Restaurant ve evsel atik yaglari, yag asidi esterlerine donistiiriilmek suretiyle
alternatif bir dizel yakiti olarak dizel motorlarinda kullanimi, hem insan sagligi
hem de cevresel acidan onemli bir avantajdir. Simdiye kadar Tiirkiye’de bu
yaglarin sadece kiigiik bir yiizdesi toplanarak sabun iiretiminde kullanilmistir. Atik
mutfak yaglarinin, dizel motorlarinda herhangi bir degisiklik yapilmadan
kullanilabilmesi i¢in motorine yakin degerlere sahip bir yakita doniistiiriilmesi
gerekmektedir.  DoOniistiirilme  isleminde en genel kullanilan  metot
transesterifikasyon reaksiyonudur. Atik mutfak yaglarmin transesterifikasyon
reaksiyonu; serbest yag asidi orani ve su igerigi, kullanilan alkoliin kimyasal yapisi,
katalizor tipi, reaksiyon sicakligi ve reaksiyon siiresi gibi fonksiyonlardan
etkilenmektedir. Bu ¢aligmada atik mutfak yaglarnin yag asidi esterlerine
doniistiiriilerek alternatif dizel yakit1 olarak kullanabilirligi incelenmektedir.

Anahtar Kelimeler: Atik mutfak yaglari, transesterifikasyon , biyodizel

1. GIRiS

Ev veya restaurant at1f1 yaglardan yag asidi esterleri
iretimi, alternatif yakitlar konusuna farkli bir yaklagim
getirmistir. Atik mutfak yaglar1 yiiksek oranda serbest yag
asidi ve su igerir. Hatta rafine edilmis bitkisel yaglarda bile
cok az da olsa serbest yag asidi ve su vardir. Hayvansal
yaglar ise yiiksek oranda doymus yag asitleri icermektedir.
Bu nedenle oda sicakliginda katidirlar (1). Hem bitkisel
hem de hayvansal yaglar dizel motorunda herhangi bir
degisiklik yapilmadan kullanilabilmesi i¢in petrol kokenli
dizel yakitina (motorin) yakin dzelliklere sahip bir yakita
donistiriilmesi  gerekmektedir. Bitkisel ve hayvansal
yaglarin dizel yakitina donistiiriilmesinde dort metot
vardir. Bunlar, bitkisel ve hayvansal yagm motorin ile
seyreltilmesi, termal  kraking (pyrolysis), mikro

1. INTRODUCTION

Production of fatty acids esters from waste cooking oils
from restaurants and households has provided a new
concept to the subject of alternative fuels. Waste cooking
oils contain higher levels of free fatty acids and water.
Even refined vegetable oils contain small amounts of free
fatty acids and water. Animal fats contain higher level of
saturated fatty acids. Therefore, they are solid at room
temperature (1). To use vegetable oils and animal fats in
diesel engines, without any modification, necessities their
fuel properties must be similar to petroleum-based diesel
fuel. There are four methods to make biodiesel from
vegetable oils and animal fats. They are dilution of
vegetable oils and animal fats with petroleum diesel fuel,
thermal cracking (pyrolysis), microemulsions and
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emiilsiyonlama ve esterlestirme prosesidir
(Transesterification). Esterlestirme islemi son
zamanlardaki aragtirmalarda tizerinde en c¢ok durulan
metottur. Ilk esterlestirme prosesini Haller ve Youssoufin
(2), hindistancevizi yagini esterlestirmek suretiyle
gerceklestirmistir. Bunlar %2 hidrojen kloriir katalizorlii
metanol ile hindistancevizi yagin esterlestirerek, yag asidi
metil esterlerinin (oleik asit, palmitik asit vb. gibi) bir
karisimini elde etmislerdir.

The American Society for Testing and Materials
(ASTM) biodizeli, bitkisel veya hayvansal yaglardan
tiiretilen yag asidi zincirinin mono alkil esteri olarak
tanimlamaktadir. Bastaki “Bio” kelimesi yakitin
yenilenebilir ve biyolojik oldugu, “Diesel” kelimesi ise
dizel motorlarinda kullanimini ifade etmektedir. Cizelge
1’de ASTM dizel yakit standardlart gosterilmektedir.

Table 1. ASTM Standards for biodiesel fuel (3)
Cizelge 1. Biyodizel yakit1 icin ASTM Standardlari (3)

transesterification. The most common method used is
transesterification. The first transesterification was carried
out by Haller and Youssoufin using coconut oil (2). The
coconut oil was transesterified with methanol containing
2% hydrogen chloride. They obtained a mixture of fatty
acid (oleic, palmitic, etc.) methyl esters.

According to the American Society for Testing and
Materials (ASTM), biodiesel can be defined as monoalkyl
esters of long chain fatty acids derived from vegetable oils
and animal fat. "Bio" represents its biological and
renewable source, and "diesel" implies its use as a fuel on
diesel engines. ASTM Standards for biodiesel fuel are
showed in Table 1.

Property/ Ozellikler ASTM Method/ ASTM | Limits/ Limitler Units/ Birimler
Metot

Flash point / D93 130.0 min. °C
Alevlenme noktasi
Water & Sediment / D 2709 0.050 max. % vol.
Su ve tortu miktar1 % hacimsel
Kinematic viscosity, 40°C / D 445 1.9-6.0 mm?*/s
Kinematik viskozite, 40°C
Sulfated ash / D 874 0.020 max. % wt.
Siilfat kiilii % kiitlesel
Sulfur / D 5453 0.05 max. % wt.
Siilfiir % kiitlesel
Copper strip corrosion / D 130 No. 3 max. -
Bakir ¢cubuk korozyonu
Cetane number / D613 47 min. -
Setan sayis1
Cloud point / o
Bulutlanma noktasi D2500 By customer ¢
Carbon residue, 100% sample / D 4530 0.050 max. % wt.
Karbon ¢okeltisi, 100% numune % kiitlesel
Acid number / D 664 0.80 max. mg KOH/g
Asit miktar1
Free glycerin / D 6584 0.020 max. % wt.
Serbest gliserin % kiitlesel
Total glycerin / D 6584 0.240 max. % wt.
Toplam gliserin % kiitlesel
Phosphorus content / D 4951 0.001 max. % wt.
Fosfor icerigi % kiitlesel
Distillation temperature / D 1160 360 max. °C
Damitma sicakhigi

Diinyada 28 iilkede biyodizel iiretimi ve bu yakitlarin
dizel motorlarinda kullanimu ile ilgili ¢alismalar yogun
olarak siirmektedir. Fransa ve Almanya, bu {ilkeler
arasinda Avrupa’daki en biiyiik iireticilerdir. 2000 yilinda
Fransa’da 2,5x10° ton, Almanya’da 2,3x10° ton’un
tizerinde biyodizel iiretimi gerceklestirilmistir. National
Biodiesel Board’in 2002 yilindaki raporuna gére Amerika
Birlesik Devletlerinde sadece yellow grease’den 2,4x10*

The studies related to biodiesel production and its use
in diesel engines as alternative diesel fuel have been
continued intensely in 28 countries in the world. Among
these countries, France and Germany are the largest
producers of biodiesel in Europe. In 2000, France and
Germany produced 2.5x10° and 2.3x10° t of biodiesel,
respectively. According to the National Biodiesel Board, in
2002, it was estimated to be produced between 2.4x10* and
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ton ile 3,2x10* ton arasinda biyodizel iiretimi
gergeklestirildigi  tahmin edilmektedir. INE (Spanish
National Institute of Statistic)’in 2001 raporuna gore,
ispanya’da her yil yaklagik 7,4x10* ton atik zeytin yag
toplanmakta, bu degerden ¢ok daha fazlasi da kanalizasyon
sebekesine atik olarak dokiilmektedir (4). Yine ayni rapora
gore 2001 yilinda Ispanya’daki 2 Numarali dizel yakit
tiiketimi yaklasik 2,4x10” ton dur. Japonya’da yapilan bir
calismada (5), Japonya’nmn yillik 4x10° ile 6x10° ton
arasinda atik mutfak yagina sahip oldugu belirtilmistir. Bu
miktarin yaklagik 2,5~2,6x10° tonu endiistri vb. gibi
kisimlarda, 1,5~1,8x10° tonu hayvan yemlerine katki
olarak, 5~6x10* tonu yag asitlerine déniistiiriilerek
kullanilmistir.

Bu atik kaynaginin harekete gegirilmesi hem
alternatif yakit kaynaklari agisindan hem de c¢evresel
acidan Onemli bir avantajdir. Bu nedenle, atitk mutfak
yaglarindan iretilen biyodizelin, Avrupa ve Amerika’daki
yakit istasyonlarinda dizel motorlar1 i¢in alternatif yakit
olarak satilmak suretiyle ticarilesmesi saglanmistir.

Biyodizel motorin ile yanma sonu emisyonlari
acisindan  karsilagtinlldiginda; daha  diisik  karbon
monoksit, partikiil emisyonu ve yanmamis hidrokarbonlara
sahiptir. Biyodizelin yenilenebilir olmasi, yanma sonu
irtinlerindeki karbon dioksitin tekrar fotosentez ¢evrimine
katilimint saglar. Boylece, biyodizel dizel yakitinin sera
gazlari lizerine etkisini minimize etmektedir (6).

2. ATIK MUTFAK YAGLARININ
BiYODIZELE DONUSTURULMESI

Transesterifikasyon, gliserol ve ester olugturmak iizere
bitkisel veya hayvansal yagm bir alkol ile tepkimeye

sokulma islemidir. Transesterifikasyon reaksiyonun
stokiyometrik olarak tamamlanabilmesi i¢in alkol-
trigliserid molar orani 3:1 olmalidir. Pratikte ise

maksimum {iriiniin elde edilebilmesi i¢in bu oranin daha
yiiksek olmasi gerekmektedir. Reaksiyon hizini ve iriinleri
iyilestirmek icin genelde bir katalizor kullanilir. Reaksiyon
alkaliler, asitler veya enzimler tarafindan katalize
edilebilir. Reaksiyon Sekil 1°de  gosterilmektedir.
Transesterifikasyon reaksiyonu ile biyodizel iiretimi bir
defalilk veya siirekli olabilir.  Transesterifikasyon
reaksiyonunda, bir ester baska bir estere doniisiir. Pratikte,
sodyum hidroksit gibi bazik bir katalizor, bitkisel ve
hayvansal yaglardan hazirlanan gliserin tabanli tri-esteri
metil estere doniistiirmek igin kullanilir ve tiriinlerden biri
de serbest gliserindir (7).

3.2x10* t (only from yellow grease) in USA. The INE
(Spanish National Institute of Statistics) reports, in Spain,
about 7.4x10* t of waste olive oil is collected per year,
more than this value is thrown out to the drainage (4).
According to the same report, in 2001, the consumption of
No.2 diesel fuel in Spain was about 2.4x107 t. A study
from Japan shows that the country has waste kitchen oils
between 4x10° to 6x10° t per year. Of this amount, about
2.5~2.6x10° t was used in industrial area, 1.5~1.8x10° t as
additive for fodder, 5~6x10" t to be converted to fatty acid.

Reactivated of this waste source has an important
advantage for both alternative fuel source and
environmental. Therefore, biodiesel derived from waste
cooking oils has taken a commercial patent as an
alternative fuel to petroleum diesel for diesel engines in the
markets of Europe and USA.

Compared to petroleum-based diesel fuel, biodiesel has a
more favorable combustion emission profile. To be
renewable fuel; carbon dioxide produced by combustion of
biodiesel contributes to the photosynthesis, thereby
minimizing the impact of biodiesel combustion on the
greenhouse effect (6).

2. CONVERTING OF WASTE COOKING OIL
TO BIODIESEL

Transesterification is the reaction of vegetable oil or fat
with an alcohol to form esters and glycerol. To complete a
transesterification reaction, stoichiometrically, a 3:1 molar
ratio of alcohol to triglycerides is needed. In practice, to a
maximum ester yields, this ratio needs to be higher than
the stoichiometric ratio. A catalyst is usually used to
improve the reaction rate and yield. The reaction can be
catalyzed by alkalis, acids, or enzymes. The reaction is
shown in Fig.1. Biodiesel may be produced in batch or
continuous systems by  transesterification. In
transesterification, one ester is converted to another. In
practice, alkali catalyst such as sodium hydroxide is used
the tri-ester based glycerol that is prepared vegetable oils
or animal fats to convert the methyl ester, and yielding free
glycerol as a byproduct (7).
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Figure 1. The transesterification reaction (7)
Sekil 1. Transesterifikasyon Reaksiyonu (Transesterification) (7)

Alkali katalizor ile transesterifikasyon reaksiyonu igin
trigliserid ve alkol sudan arinmis olmalidir. Ciinkii su
reaksiyonu Onleyici etkiye sahiptir. Ayrica reaksiyonda
olusan sabun, ester {iriinlerini azalttig1 gibi, esterin
gliserinin ve suyun ayrstirtlmasint  da  zorlastirir.
Trigliseridde diisiik serbest yag asidi igerigi varsa alkali
katalizorlii transesterifikasyon reaksiyonu daha verimlidir.
Eger trigliseridde daha fazla su ve serbest yag asidi varsa
asidik katalizorlii transesterifikasyon reaksiyonu kullanilir.
Asidik katalizorli reaksiyon trigliseridleri
sadelestirebileceginden daha sonra bir alkali katalizorle
transesterifikasyon  yapilabilir.  Asidik  katalizorlii
transesterifikasyon reaksiyonunda alkol-trigliserid molar
orant daha yiiksek, reaksiyon siiresi daha uzundur (1, 8).

Bitkisel ve hayvansal yaglar mutfakta kullanildiktan
sonra ham veya rafine edilmis 6zelliklerinden daha farkli
bir yapiya sahip olurlar. Is1 ve su, trigliseridlerin hidrolizini
hizlandirir ve yagdaki serbest yag asitlerinin artmasina
sebep olur. Serbest yag asidi ve su Transesterifikasyon
reaksiyonunu 6nemli 6l¢iide olumsuz yonde etkiler. Ayni
zamanda reaksiyon sonu {iriinlerinden gliserol ile yag asidi
esterinin ayristirilmas:  zorlasir. Ozellikle atik mutfak
yaglarinda polimerik, dimerik asitlerin ve gliserinin
olusmasi yagi daha viskoz hale getirir. Yagmn molekiiler
agirhgr ve iyot degeri azalirken, sabunlagsmasi ve
yogunlugu artar. Sabunlasma reaksiyonu Sekil 2’de
gosterilmektedir (1, 9).

Cormaming high 7 Yiksek oranda
free fatty acids  serbest yag asudi iceren
maste cooking oils  atik muitak vag

For an alkali-catalyzed transesterification, the
glycerides and alcohol must be substantially anhydrous,
because water affects negatively the reaction. Also forming
the soap in reaction lowers the yield of esters, renders the
separation of ester and glycerol and the water washing
difficult. Low free fatty acid content in triglycerides is
required for alkali-catalyzed transesterification. If more
water and free fatty acids are in the triglycerides, acid-
catalyzed transesterification can be used. The triglycerides
can be purified by saponification and then transesterified
using an alkali catalyst. The molar ratio (alcohol-
triglycerid) in acid-catalyzed transesterification is much
higher than alkali-catalyzed transesterification, and
reaction time is much longer (1, 8).

After vegetable oils and animal fats are used in the
kitchen, they have different properties from those of
refined and crude oils. The presence of heat and water
accelerates the hydrolysis of triglycerides and increases
content of free fatty acids in oil. The free fatty acid and
water content have significant effects on the
transesterification reaction negatively. They also interfere
with the separation of fatty acid esters and glycerol.
Especially, viscosity of oil increases considerably, because
of the formation of dimeric and polymeric acids and
glycerides in waste kitchen oils. Molecular mass of oil and
iodine value decreases, and saponification value and
density increases. The saponification of reaction is shown
in Figure 2. (1, 9)

H : H
i l ”
||
H—C—0-'—f—g, H—t—oH  R—bF—oNae
v O 0
H—é—ﬂ-i-&—ﬁ, + CHyon MOH o e oH + Ry—l—oONa
L 0 0

H—t—o—i-f— R,

P
H i Fatty acid /Yag asidi
..... sessscssass portion  lasmi

Figure 2. The saponification of reaction (9)
Sekil 2. Transesterifikasyon reaksiyonunda sabunlagma (9)
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Atik bitkisel yaglarm analizi sonucunda kullanilmamig
bitkisel yaglar ile arasinda 6nemli bir fark olmadigi
goriilmiistiir. Bir ¢cok durumda, 1sitma ve kat1 pargaciklarin

Analysis of waste vegetable oils shows that the differences
between used and unused fats are not very great. In most
cases, heating and removal by filtration of solid particles
suffices for subsequent transesterification (10). The
transesterification process of waste cooking oils is shown
in Fig. 3.

Methanol/ Metanol NaOH

filtrelenmesi, transesterifikasyon reaksiyonuna gegiste
yeterlidir (10). Sekil 3°’de mutfak yaglarindan iiretilen
biyodizelin  genel bir transesterifikasyon  prosesi
gosterilmektedir.
Waste Cooking Oils/
Atik Bitkisel Yag
Filtration and Separation/ n

Filtreleme ve Ayristirma

Neutralization of Filtered
P Waste Oils/ Filtrelenmis Atik

Yagm Notrlestirilmesi

b

Sodium Methoxide/
Sodyum Metil oksit

BEE

Methyl Ester Methyl Ester /Glycerine Stirring Tank Reactor for
Pur}ﬁcatlon/ Metil Separation/ Metil Ester ile < Transesterlﬁcatloq/ Esterle§tlrme islemi
Esterin Saflastirilmast igin
f Gliserinin Ayristirilmasi karistirma tanki

Effluents/ l l
Atiklar
Biodiesel/
Biodizel

Glycerine/

Gliserin

Figure 3. The transesterification process of waste cooking oils
Sekil 3. Atik Mutfak Yaglarinin Transesterifikasyon prosesi (11)

Genellikle atik mutfak yaglarinda serbest yag asidi
seviyesi %2 kiitlesel oranindan daha fazladir. Siilfiirik asit
katalizorlii metanollu 6n iyilestirme reaksiyonu ile serbest
yag asidi seviyesinin %0,5’lerin altina ¢ekilmesi
gerekmektedir (12). Reed ve arkadaglari, yagm
kizdirilmasi esnasinda serbest hale gecen yag asitleri ile
birlikte kizartma yaginda ¢ok fazla miktarda serbest yag
asidi bulundugundan, bu yaglardan ester iiretilmesi i¢in bir
metot tanimlamistir. Bu metodun, diger reaksiyonlar ile
arasindaki Onemli fark: Sabuna doniigmiis serbest yag
asitlerini  kostik  ekleyerek, reaksiyondan  Once
notrlestirilmesidir. Bu sabunlar son islemde yikama ile
biyodizel’den ayristirilir (13).

Basta da belirtildigi gibi, transesterifikasyon reaksiyonu
bir alkali veya asidik katalizér kullanilarak oda
sicakliklarinda  gergeklestirilebilir.  Oda  sicakliginin
iizerindeki sicakliklarda, igerisinde asir1 metanol olan
reaksiyonda %90-97 oraninda bir degisim goriiliir. Geri
kalan %3-10 mono-di-trigliserin ve serbest yag asididir.
Serbest yag asidinin ¢ogunlugu sabuna ve suya donisiir.
Yagdaki serbest asitler miimkiin oldugunca alinmali ve
bunun  yerine bir alkol bilesime  girmelidir.
Transesterifikasyon reaksiyonu sirasinda metil ester
tabakasi ile gliserin tabakasi arasinda ayrigmalar goziikiir.
Bu farkli tabakalardan metanol ve sabunun ayristirilmasi
gereklidir (5).

2.1. Serbest Yag Asidi Oraninin ve Suyun Etkisi

Atik mutfak yaglarmin igeriginde bulunan yiiksek
oranda serbest yag asidi ve su, transesterifikasyon
reaksiyonunda her zaman negatif bir etkiye sahiptir.
Reaksiyonda suyun varligi, serbest yag asidinin

!

Heating/
Isitma

Methanol Recovery/
Metanol’iin Geri Kazanilmasi

Generally, the amounts of free fatty acid in waste
cooking oils are excess 2% wt. Therefore, the level of free
fatty acid should be kept below 0.5% by the preliminary
reaction with acid-catalyzed reaction (sulfuric acid
etc.)(12). Reed et al. describe one method for producing
esters from waste cooking oils containing significant
quantities of free fatty acids liberated during the cooking
process. The significant difference compared to
conventional transesterification is that additional caustic is
neutralized prior to transesterification. These soaps
separate from the biodiesel in final washing (13).

As mentioned earlier, transesterification can be carried out

using an alkali-catalyzed or acid-catalyzed at room
temperature. In above room temperature, in the reaction
containing excessive methanol can be seen a conversion of
90-97%. The remaining 3-10% is glycerol, mono-di-
triglycerides, and free fatty acids. Much of free fatty acids
are converted to soap and water. The free fatty acid in the
fat should be removed as much as possible by placing it in
direct contact with methanol. The layer of oil where
transesterification has taken place separates into a methyl
ester layer and a glycerin layer. After such a treatment it is
necessary to recover methanol and soap from both of these
layers (5).

2.1. The Effect of Free Fatty Acids and Water

The presence higher level of free fatty acids and water
in waste cooking oils has always negative effect on the
reaction process. The presence water has a greater negative
effect than that of the free fatty acids. Free fatty acids and
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varligindan ¢ok daha bilylk negatif bir etki gosterir.
Yagdaki serbest yag asidi ve su, reaksiyonun
sabunlagmasimna neden olur ve katalizoriin etkinligini
azaltir. Ayrica atik yaglar1 notrlestirmek ic¢in de katalizor
kullanilmas1 gerekmektedir. Bu etkenler atik mutfak
yaglarinin transesterifikasyon reaksiyonunda normal bir
reaksiyondan ¢ok daha fazla katalizér gereksinimine, daha
uzun reaksiyon siiresine ve elde edilen {irliniin azalmasina
yol agar (1, 7, 12).

2.2. Alkoliin Etkisi

Genellikle transesterifikasyon reaksiyonunda metil, etil,
propanol ve biitanol gibi kisa zincirli alkoller kullanilir. Bu
alkoller arasinda kinetik ve reaksiyon sonu firlinler
acisindan bazi farkliliklar vardir. Freedman ve ark., soya
yaginin ester doniisiim reaksiyonunda methanol, ethanol ve
biitanol kullanarak alkollerin reaksiyona etkisini inceledi. 1
saatlik reaksiyonun sonunda yaklasik %96-98 oraninda
soya metil esteri elde ettiler (14).

Canakci ve Van Gerpen (15), asidik katalizorlii
reaksiyonlarda alkollerin etkisini incelemek i¢in oda
sicakliginda metil alkollii siilfiirik asit (%3) ¢ozeltisi
hazirladilar. Cozelti soya yagina 60°C, 45°C ve 25°C’de
eklenerek, atmosferik basingta hafif bir sekilde 48 ve 96
saat karistirildi. Bu ¢alismanin sonucunda alkol tipinin asit
katalizor reaksiyon lizerine etkisini ¢izelge 2’de
gosterildigi gibi buldular.

water in oil causes saponification of reaction and reduces
catalyst efficiency. In addition to these, catalyst is required
to neutralize waste oils. These factors causes, more catalyst
is required than a normal process, the production process
to be longer and decreased yield (1, 7, 12).

2.2. The Effect of Alcohol

Generally, short chain alcohols such as methanol,
ethanol, propanol, and butanol are employed in the
transesterification reaction. These alcohols present few
differences with respect to the kinetics and final yield of
esters. Freedman et al. investigated the effect of using
methanol, ethanol, and butanol in a process of
transesterification of soybean oil. They are obtained yields
from 96 to 98% after an hour of reaction (14).

Canakei and Van Gerpen (15), to investigate the effects
of alcohols on acid-catalyzed transesterification, were
prepared solution of sulfuric acid (3%) with methanol. The
solution was added soybean oil at 60, 45 and 25°C,
respectively. The mixture was blended slightly at
atmospheric pressure for 48 and 96 hours. They founded
the effect of alcohol type on acid-catalyzed reaction. The
results of this study are shown table 2.

Table 2. The effect of alcohol type on conversion and specific gravity of ester (15)
Cizelge 2. Alkol tipinin ester doniigiimii ve yogunlugu lizerine etkisi (15)

Alcohol Type/ Boiling point/ Reaction temperature / Ester conversion / Specific gravity of biodiesel /

Alkol Ti 1y p Kaynama Noktasi Reaksiyon Sicakhigi Ester Doniisiimii Elde Edilen Esterin
P (°C) (°C) (%) Yogunlugu

Methanol /

Metanol 65 60 87.8 0.8876

2-Propanol/ 82.4 75 92.9 0.8786

2-Propanol

1-Butanol/

I-Biitanol 117 110 92.1 0.8782

Ethanol/ 78.5 75 95.8 0.8814

Etanol

Sicaklik, alkol olarak biitanol kullanilan reaksiyonda en
yiiksek seviyede olmasina ragmen, doniisiim oraninin
beklenen seviyede olmadigini gézlediler. Bunu da alkolliin
dallanmig bir yapiya sahip olmasi seklinde yorumladilar.

2.3. Katalizor Tipinin EtKkisi

Transesterifikasyon reaksiyonu alkaliler, asitler veya
enzimler tarafindan katalize edilebilir. Genellikle asit
katalizor olarak siilfiirik, fosforik, hidroklorik ve organik
siilfonik asitler; alkali katalizor olarak da NaOH, KOH,
karbonatlar ve sodyum metoksit, sodyum etoksit, sodyum
proksit gibi alk-oksitler kullanilir. Ayn1 zamanda lipitler de
biyokatalizor olarak kullanilabilirler. Asit katalizorlii
transesterifikasyon, alkali katalizorliiden ¢cok daha yavastir
1, 7).

Genelde rafine edilmis ve ham yaglarda alkali katalizor
kullanilirken, atitk mutfak yaglarmin transesterifikasyon

Although using butanol in reaction the temperature was
highest level, ester conversion was not their expected level.
They explained that this result obtained due to branched
structure of alcohol.

2.3. The Effect of Catalyst Type

The transesterification reaction can be catalyzed by
alkalis, acids, and or enzymes. Sulfuric, sulfonic,
phosphorus and hydrochloric acids are usually used as acid
catalysts; the alkali catalysts include NaOH, KOH,
carbonates and alkoxides such as sodium methoxide,
sodium ethoxide, and sodium propoxide. Lipases also can
be used biocatalysts. Acid-catalyzed transesterification is
much slower than alkali-catalyzed (1, 7).

In general, although the transesterifications of refined
and crude oils wuse direct alkali-catalyzed, the
transesterifications of waste cooking oils use preliminary



Evaluating Waste Cooking Oils As Alternative .../ Attk Mutfak Yaglarimin Alternatif Dizel Yakitt...

reaksiyonunda, asidik katalizorlii bir On iyilestirme
yapildiktan sonra alkali katalizoér kullanimi daha uygun
goriilmiistiir. Alkali katalizorlii transesterifikasyon igin
gliseridler ve alkoller sudan arindirilmig olmalidir. Cilinkii
su, reaksiyonu kismi olarak degistirerek sabunlagtirir.
Katalizor sabun iiretiminde harcanir ve katalitik verim
azalir. Viskozite ve tortu olusumunda artig olur, gliserolu
ayristirmak zorlagir.

Son zamanlarda, Kusdiana ve Saka (16), siiper kritik
metanol metoduyla, 350°C, 43 MPa, 240 s ve 1:42 molar
oranli reaksiyonla kanola yagini biyodizele doniistlirerek
optimum verimi elde ettiklerini belirtmislerdir. Reaksiyon
sonuglari ¢izelge 3’de gosterilmektedir.

reaction with acid-catalyzed and then use alkali-catalyzed
reaction. For an alkali-catalyzed transesterification, the
glycerides and alcohol must be anhydrous. Because water
makes the reaction partially change to saponification. The
catalyst consumes in producing soap and reduces catalyst
efficiency. The soap causes an increase in viscosity,
formation of gels and makes the separation of glycerol
difficult.

Recently, Kusdiana and Saka (16) explained the
supercritical methanol method at 350°C, 43 MPa and 240 s
with a molar ratio of 42. They also claimed to obtain the
optimum efficiency for transesterification of rapeseed oil
to biodiesel fuel. Results of this study is shown table 3.

Table 3. Comparison of the yields in alkaline-catalyzed, acid-catalyzed and supercritical methanol (16)
Cizelge 3. Alkali Katalizorlii, Asidik Katalizorlii ve Stiper Kritik Metanollii Reaksiyonun Karsilastirilmasi (16)

Free fatty acid Water Yields of methyl esters /Metil Ester (Biyodizel) Oram (wt%)
content/ —
Raw material / Serbest Yag Asidi content / Alkaline- Acid-catalyzed/ Supercritical
Su Oram . methanol /
Ham Madde Orani (Wt%) catalyzed / Asidik Siiper Kritik
(Wt%) Alkali Katalizorlii Katalizorlii P
Metanol
Rapeseed oil 2.0 0.02 97.0 98.4 98.5
Kanola yag:
Palm oil/ 53 2.1 944 97.8 98.9
Palmiye yag:
Used frying oil/
Atik Kizartma yag 5.6 0.2 94.1 97.8 96.9
Waste palm oil /
Atik Palmiye yag >20,0 >61.0 - - 95.8

2.4. Molar Oranin Etkisi

Ester iriinlerini etkileyen en Onemli parametrelerden
birisi de alkol-trigliserid molar oramidir. Stokiyometrik
transesterifikasyon reaksiyonu, Sekil’1 de gosterildigi gibi,
1 mol gliserid ile 3 mol alkol reaksiyona girerek 3 mol yag
asidi esteri ile 1 mol gliserol olusturur. Yiiksek molar
oranli reaksiyonlarda ¢ok daha kisa siirede daha yiiksek
oranda ester donisiimii gergeklesmektedir. Tomasevic ve
Siler-Marinkovic  (17), kizartma yagmndan biyodizel
dretimi ile ilgili yaptiklar1 caligmada molar oranin ve
katalizorlin ester doniisiimii lizerine etkisini incelediler.
Katalizor olarak %1,5; %1; %0,5 kiitlesel oranlarinda
NaOH ve KOH, 4,5:1, 6:1, 9:1 molar oranlarinda 25°C’de
ve 30 dak. siiresince ester doniigiimiinii incelediler. Bu
calismanin sonucunda molar oranin reaksiyon {izerine
etkisinin katalizérden ¢ok daha fazla oldugu goriilmiistiir.

2.5. Reaksiyon Sicakhiginin Etkisi

Transesterifikasyon reaksiyonu kullanilan alkol ve yaga
bagli olarak farkli sicakliklarda gergeklesebilir. Genelde
reaksiyon alkoliin kaynama noktasina yakin bir sicakliga
getirilir. Oda sicakliginda da reaksiyon
gerceklesebilmektedir (1, 7, 8). Encinar ve ark., (14)
sicakligin  reaksiyon iizerine etkisini  incelediler.
Reaksiyonu %1 kiitlesel oranda NaMeO, %15 oranda
Metanol kullanarak, ayni reaksiyon siiresinde ve sirasiyla
25, 40, 55 ve 60°C’de gerceklestirdiler. Sonugta ester
doniistimii sirasiyla %86, 90, 93, 94 oraninda degisti. Elde
edilen sonug, alkoliin kaynama noktasi ile sinirli olmakla
birlikte, alkoliin kaynama derecesi arttikga doniisim

2.4. The Effect of Molar Ratio

One of the most important parameter affecting the yield
of ester is the molar ratio of alcohol to triglyceride. As
shown Fig. 1, the stoichiometric ratio for
transesterification requires 3 moles of alcohol and 1 mole
of glyceride to yield 3 moles of fatty acid ester and 1 mole
of glycerol. Higher molar ratios result in greater ester
conversion in a shorter time. Tomasevic and Siler-
Marinkovic studied the effects of molar ratio and catalyst
type on ester conversion (17). They used waste frying oils
and observed ester conversion with molar ratio 4.5:1, 6:1
and 9:1, using as catalyst 1.5%; %1; %0.5 (by weight of
oil) of NaOH and KOH at 25°C and for 30 min. In that
study, it was concluded that molar ratio is much more
effective than catalyst on the reaction.

2.5. The Effect of Reaction Temperature

Transesterification can occur at different temperatures
depending on the oil and alcohol used. Generally, the
reaction temperature near the boiling point of the alcohol is
recommended. Nevertheless, the reaction may be carried
out at room temperature (1, 7, 8). Encinar et al. (14)
investigated the influence of temperature on the reaction.
They carried out same reaction time using 1% wt NaMeO
(as catalyst), concentration of 15% in methanol at 25, 40,
55, and 60°C, respectively. In the result of this study, the
ester conversions became 86%, 90%, 93%, and 94%,
respectively. The ester conversion limited with the boiling
point of the alcohol. They found that ester conversion

87
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oraninda da bir artig oldugunu buldular.
2.6. Reaksiyon Siiresinin Etkisi

Ester donilisiimii reaksiyon siiresinin uzamasiyla
artmaktadir. Canakci ve Van Gerpen (18), bir pilot {inite
kurarak yiiksek oranda serbest yag asidi igeren yaglarin,
biyodizel yakitina doniisimiinde etki eden faktorleri
inceledi. Oda sicakliginda metil alkollii potasyum hidroksit
(%1) ¢ozeltisi hazirlayarak, 6:1 molar oraninda ve 8 saatte
transesterifikasyon reaksiyonu gerceklestirerek gliserin
oranindaki degisimi gozlediler. 8 saatlik test siiresinin her
saatinde karigimindan numune alarak gliserin oranim
belirlediler. Bulduklar1 gliserinin zamanla degisimi orani
cizelge 4’de verilmistir. Ester doniisiimii arttik¢a gliserin
oranin azaldigini tespit ettiler.

Table 4. The glycerin change during the transesterification (18)

increased together with increasing boiling point of alcohol.
2.6. The Effect of Reaction Time

The conversion rate increases with reaction time.
Canakci and Van Gerpen (18) constructed a pilot plant to
produce biodiesel from oil with high free fatty acids. They
prepared solution of potassium hydroxide (1% of oil by
weight) with methanol at room temperature, 6:1 molar
ratio and the mixture was agitated for 8 hours. They
observed glycerin ratio change. Samples of the mixture
were extracted at one hour intervals and the glycerin level
was measured. Their results are shown in table 4. They
found that ester conversion increased with decreasing
glycerin ratio.

Cizelge 4. Transesterifikasyon reaksiyonu siiresince gliserin degisimi (18)

Time (hours)/ Zaman (saat)

0 1 2 3 4 5 6 7 8
Total Glycerin /
Gliserin Orani 11.07 1.09 0.79 0.69 0.62 0.56 0.54 0.53 0.52
(%)

3. ATIK MUTFAK YAGLARINDAN TURETILEN
BiYODIZELIN KARAKTERISTIiKLERI

Biyodizelin bazi 6zellikleri ile 2 numarali dizel yakiti
Cizelge 5°de  karsilastinlmustir.  Metil  esterlerin
karakteristik 6zellikleri genellikle 2 numarali dizel yakitina
cok benzerdir. Alt 1s1l degerleri 2 numarali dizel yakitina
gore daha diistiktiir. Fakat setan sayist ve alevlenme
noktasi daha yiiksektir. Transesterifikasyon reaksiyonu ile
viskozite degerleri dizel degerine ¢ok yakin hale
gelmektedir. Ayni  sekilde yogunluk degerleri de 2
numarali dizel yakitina yaklasir. Bu da motorda herhangi
bir degisiklik yapilmadan kullanilabilme  yolunu
acmaktadir (3, 19).

3. CHARACTERIZATION OF THE BIODIESEL
DERIVED FROM WASTE COOKING OILS

Some properties of biodiesel are compared with
petroleum diesel fuel in table 5. Characteristic properties
of methyl esters are generally similar to those of petroleum
diesel fuel. Heating value of methyl esters are lower
compared to petroleum diesel fuel. But, its cetane number
and flash point is higher than petroleum diesel fuel.
Viscosities of methyl esters are became near petroleum
diesel fuel by transesterification process. In the same way,
its specific gravity approaches to petroleum diesel fuel.
Thus, biodiesel can be used in diesel engines without any
modification (3, 19).

Table 5. Some properties of biodiesel were compared with petroleum diesel fuel (3, 19, 20)
Cizelge 5. Yag asidi metil esterlerinin 2 numarali dizel yakit1 ile karsilastirilmasi (3, 19, 20)

Methyl Esters (Biodiesel) Metil Esterler (Biyodizel) No. 2
Diesel/
Rapeseed Oil/ Waste Rapeseed Oil/ CornOil / Waste Corn Oil / Dizel
Kolza Yag1 Atik KolzaYag1 Misir Yagi Atik Misir Yag
. - 3 o 895,3 o 883,9 0,830-0,840
Density /Yogunluk (kg/m”) | 875-900 (15°C) (30°C) 815 (27°C) (30°C) (15°C)
Kinematics viscosity / o 9,48 4,1 o 3,5
Kinematik viskozite (cSt) 3,5-5,0 (40°C) (30°C) (27°C) 6,225 (30°C) (40°C)
Lower Heating Value/
Alt1sil deger (MJ/kg) 328 36,7 i 42,3 45
Cetane Number/ 49 53 4143 63.9 40 min
Setan sayis1
Flash Point /
Alevlenme Noktas1 (°C) 100 192 270-295 166 32
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Metil esterlerin kimyasal yapisi, yag asidi alkil
zincirinin uzunluguna ve doymamislik derecesine baglidir.
Cizelge 6’da bazi metil esterler ile 2 numarali dizel
yakitinin analizi yapilmistir.

The chemical structure of methyl esters is dependent
upon the length and degree of unsaturation of the fatty acid
alkyl chains. Table 6 presents data for some methyl esters
and conventional diesel fuel.

Table 6. Elemental analysis of some methyl esters and number 2 diesel fuel (7, 19, 20)
Cizelge 6. Bazi metil esterler ile 2 numarali dizel yakitinin elemansal analizi (7, 19, 20)

Soybean Oil Waste (I;alpeseed Corn Oil Waste
Methyl Ester / Methyl Ester/ Corn Oil Methyl/ Number 2
Elements/ Elemanlar Soya Yag1 Metil Methyl Ester/ Misir Ester Atik Musir Diesel/ Dizel
Esteri Atik Kolza Yag Metil Esteri | Yag: Metil Esteri
ste Yag Metil Esteri | 25!V ethkste agr Vietil Este
Carbon /Karbon
(©)% 77.2 77.1 77 77.1 84-87
Hydrogen/ Hidrojen :
(H)% 11.9 13.8 12 11.9 16-33
Oxygen/ Oksijen
(©0)% 10.8 9 11 11 0
Sulfur /Siilfiir
S)% - 0.002 - 0.0013 0.05max

Metil esterlerin doymamuslik derecesine bagli olarak
Karbon/Hidrojen orani 2 numarali dizel yakitina gore biraz
daha farklidir. Elemansal analizde en Onemli fark
biyodizelin %10-12 kiitlesel oranindaki oksijen igerigidir.
Bu oran yakit¢a zengin bolgedeki yanma olayinda oksijen
ihtiyacinin ~ saglanmasina  olanak  vererek, partikiil
emisyonlarin1 azaltirken enerji yogunlugunu da %10
oraninda azaltir. Fakat nedeni pek agik olmamakla beraber
NOx emisyonlart %10 oraninda arttigi goriilmiistiir.
Literatiirde  bazi  deneysel c¢alismalarda  partikiil
emisyonlarindaki bu azalis %70 kadar ulagir.
Karbondioksit (CO) emisyonlart genelde partikiil
emisyonlart ile iligkilidir. CO emisyonlarinda da 2
numarali dizel yakitina gore %40-45 kiitlesel oraninda bir
azalma goriilmiistiir. Hidrokarbon (HC) emisyonlarinda da
%20-25 kiitlesel oraninda bir azalma oldugu goriilmiistir.
Dizel yakitindaki siilfiir yakitin 6nemli problemlerindendir.
Bilindigi gibi egzoz borusundaki siilfiir oksit hidrojenle
reaksiyona girerek siilfirik asidi olusturur ve asit
yagmurlarina sebep verir. Elemansal analiz incelediginde
biyodizelin hemen hemen hi¢ siilfir icermedigi
goriilmektedir. Petrol kokenli yakitlar %20-40 hacimsel
oraninda aromatik bilesiklerden olusur. Bilindigi gibi
aromatikler partikiil emisyonlarin1 ve NOX emisyonlarini
arttirir. Biyodizel hi¢ aromatik bilesik igermez. Dizel yakiti
da hi¢ olefinik bag icermez iken biyodizel ise Onemli
sayida olefinik baglardan olusur (7, 18, 20, 21).

4. SONUC VE DEGERLENDIRME

Atik  mutfak  yaglarinin  toplanarak  biyodizele
doniistiiriilmesi ile bu yaglarin ¢evresel olmayan yollarla
imhasinin Onlenmesi, atik bir enerji kaynaginin tekrar
hayata gegirilmesi ve dizel motorunda herhangi bir
degisiklik  gergeklestirilmeden  kullanilabilmesi — gibi
avantajlar, biyodizel {retiminin Oniinii agmistir. Atik
mutfak yaglar yiiksek oranda serbest yag asidi ve su igerir.
Bundan dolay1 direk alkali katalizorlii reaksiyon kullaninmi
sabunlagmaya neden olur ve katalizoriin etkinligini azaltir.

The Carbon/Hydrogen ratio depending upon the degree
of unsaturation of methyl esters is slightly different from
conventional diesel fuel. The most important difference
between conventional diesel fuel and biodiesel is that
biodiesel contains 10-12 wt % oxygen. The decrease in PM
emissions is caused by the oxygen content of the biodiesel
fuel, which provides oxygen to the fuel rich zone of
combusting spray; however diminish energy density 10%.
The causes of the increase in NOX emissions are not
completely understood, biodiesel exhibits a roughly 10%
increase in NOX emissions. In literature, PM emissions
reduced 70% relative to petroleum diesel fuel in some
experimental studies. Carbon monoxide (CO) emissions
are generally correlated with PM emissions. CO, relative
to petroleum diesel fuel, has reductions of 40 to 45%.
Hydrocarbon (HC) emission has reductions of 20 to 25%.
Sulfur in diesel fuel is an important problem. As known,
sulfur oxide in the tailpipe reacts with hydrogen to form
sulfuric acid and this event causes acid rain. As seen in
elemental analysis, biodiesel has almost no sulfur.
Petroleum derived diesel fuel consists of 20 to 40 %
aromatic compound. Aromatics are known to increase
emissions of particulate and NOX. Biodiesel contains non-
aromatic compound. Whereas petroleum diesel fuel
contains no olefinic bonds, biodiesel contains a significant
number of these bonds (7, 18, 20, 21).

4. RESULT AND DISCUSSION

By collecting waste cooking oils and converting to
biodiesel fuel provides important advantages such as
hindering the destruction of these oils unsuitable manner
with respect to environmental, recycling a waste energy
resource and using in diesel engines without any
modification. Waste cooking oils contain higher levels of
free fatty acid and water. Therefore, direct using alkali-
catalyzed reaction causes saponification of and reduces
catalyst efficiency. Biodiesel can be produced using
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Biyodizel bir ¢ok farkli metot kullanarak iiretilebilir.
Bunlar igerisinde transesterifikasyon en ¢ok kullanilan
metottur. Atik Dbitkisel yaglarin analizi sonucunda,
kullanilmamis bitkisel yaglar arasinda onemli bir fark
olmadig1 goriilmistiir. Bir ¢ok durumda, isitma ve kati
parcaciklart  filtreleme, transesterifikasyona — geciste
yeterlidir.

Avrupa ve Amerika’daki yakit istasyonlarinda motorine
%20 oraninda biyodizel katilmast ile iilke enerji kaynagi
biiyiik bir potansiyel elde etmistir. Tiirkiye gibi iilkelerde

numerous methods. The most common method used is
transesterification. The result of analysis of waste
vegetable oils claims that between used and unused oils do
not have an important difference. In most cases, heating
and removal by filtration of solid particles suffice for
subsequent transesterification.

By adding 20% biodiesel to petroleum diesel fuel in the
United State and Europe has gained big a potential
resource. Using biodiesel as additive to petroleum diesel
fuel is a remarkable reality to be considered for the

biyodizelin dizel yakitina katki

olarak kullanilmasi, countries such as Turkey.

diistiniilmesi gereken bir gercektir.
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