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INVESTIGATION OF THE MOST PRACTICAL
AND COST-EFFECTIVE FFA MEASUREMENT
METHODS IN BIODIESEL PRODUCTION

Mahmut UYAR”

1. INTRODUCTION

Approximately 85% of the world's energy needs are met
from fossil-based sources [1]. The indispensable source of the
world energy market is crude oil. Crude oil is subjected to
distillation at various temperatures to produce jet fuel, gasoline,
diesel fuel, motor oil and fuel oil. With the decrease in the
amount of reserves in crude oil wells, production costs are
increasing day by day. The fact that the limited reserves around
the world will soon be exhausted negatively affects the sectors
that need energy directly or indirectly [2]. Automotive
companies, which are preparing their 50 or 100 year ahead
operational plans, are preparing for possible scenarios in the
absence of crude oil. In 1892, Rudolf Diesel, a German
engineer, designed an internal combustion engine to reduce
Germany's dependence on crude oil. Initially, coal dust was used
as fuel in this engine. Since coal dust left excessive ash in the
combustion chamber, peanut oil was used in the same engine in
the 1900s. As a result of the use of peanut oil without any
chemical treatment, adhesion problems were encountered in the
piston-gear area of the engine. As a result of these two
problems, there was a return to fossil fuels, which were
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ve Metal Teknolojileri Bolimii, Makine Programi, mahmutuyar@siirt.edu.tr,
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economical and attractive in the conditions of that time. From
1892 until today, the internal combustion engine designed by
Rudolf Diesel has been used for 132 years without any change
in its general working construction. Although various
modifications have been made to the auxiliary equipment of the
engine, it is still used with the main operating fundamentals of
the day it was invented in terms of body and cycle systematics.
However, anticipating the depletion of fossil reserves,
automobile manufacturers around the world have taken a
revolutionary decision to abandon internal combustion engine
designs and turn to designs with fully electric motor drive. In
other words, the automotive industry is experiencing the biggest
and most radical change since its inception. Within the
framework of the state policies of countries such as the
European Union, India and China, especially the European
Union countries, declarations and announcements are being
made that internal combustion private cars will not be allowed
to enter the traffic after 2035. While the main reason for the
approval of this comprehensive transformation in automobiles
by various countries around the world is the depletion of crude
oil resources, it is also aimed to minimize carbon emissions
within the scope of environmental policies and the Paris
Agreement. While this radical change and transformation is
taking place in private automobiles, diesel fuel will be needed in
heavy tonnage construction machines that have to work in harsh
terrain conditions, and diesel generators used as an alternative
against energy cuts in public and hospitals [3]. The fuel most
similar to the characteristics of diesel fuel is biodiesel fuel [4].
Biodiesel can be produced from all oils that have a chemical
bond structure containing hydrogen and carbon. However, the
fact that oils can be sold at higher costs in the food sector and
their high per liter unit prices limit their usability in the fuel
sector. Due to high oil prices, used waste frying oils or oils that
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have expired their shelf life and have become rancid are
preferred for oils planned to be converted into biodiesel fuel [5].
However, waste vegetable oils and shelf-aged oils contain free
fatty acids (FFA) in their chemical content over time due to the
time they are exposed. This situation constitutes an obstacle to
biodiesel production [6]. During the frying and shelf storage
processes, the Oleic and Linoleic fatty acids in the chemical
bond structure of the oils are separated from the triglycerides
and become free, causing the base catalyzed biodiesel reaction
to be negative. Before the biodiesel production process is
established, it is necessary to determine the free fatty acid (FFA)
ratio of the oil to be used in production in order to determine
whether it is suitable for the transesterification reaction. It is
known that if the FFA ratio in an oil sample is above 5%,
glycerin and fatty acids are not broken down and free fatty acids
cause the reaction to be unfavorable [7-8]. It is known that the
FFA content in oils with high FFA content obtained as waste
from animal food frying (fish, meatballs, etc.) and oils that have
been on the shelf for a long time, have become bitter and have
lost their usability as food is quite high. It is necessary to
determine the FFA ratio in such oils and neutralize the FFA in
the oil content [9]. The percentage determination of the FFA
ratio of the oil to be used in biodiesel production is carried out
by 4 different methods. After this determination, the detected
FFA must be neutralized and the oil must be prepared for the
transesterification reaction. The main purpose of this
experimental study is to determine which method is more
practical and economical in biodiesel production by determining
the FFA ratios of waste vegetable oil used in fish frying process
and oil samples that have expired their shelf life with 4 different
methods.
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2. FFADETECTION METHODS

In the fields of food engineering, oil refinery facilities and
biodiesel production factories, FFA measurements are performed
periodically to determine the quality and usability of the oil
sample. Spectroscopy, gas chromatography, spectrophotometric
and titration methods are used for FFA measurements. It is useful
to examine the analysis processes in these methods in detail.

2.1. Spectrophotometric Method

The amount of free fatty acids in the oil sample to be
used in the determination of FFA is measured under UV light
emitted by the following device. The device visualized in Figure
1 is considered to be in the category of high-cost devices.

PN

Figure 1. Spectrophotometer used for FFA measurement

2.2. Gas Chromatography (GC)

In this method, it was found that it is a process used not
only for the measurement of FFA but also for the detailed
determination of the type and amount of other fatty acids. Gas
chromatography is preferred for analysis requiring high
accuracy. A schematic visualization of the reaction analysis by
3-step gas chromatography method is presented in Figure 2.
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Figure 2. Gas Chromatography reaction scheme

2.3. Near-Infrared (NIR) Spectroscopy

The NIR Spectroscopy instrument is used for the
determination of BSA of oil samples in large warehouses. The
NIR instrument, visualized in Figure 3, is used not only for the
measurement of FFA but also for the determination of fatty acid
composition.

)

&

Figure 3. Near-Infrared (NIR) Spectroscopy Device

2.4. Titration Method

In this method, there is no need to use any device for the
determination of the FFA ratio. The oil sample is determined by
gradually adding 1/3 of phenol phthalein solution to the oil
sample until the oil is saturated to pink. The determination of
FFA by titration of NaOH salt and ethyl alcohol, the two most
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inexpensive chemicals in the chemistry laboratory, with the oil
sample is shown in Figure 4.

Figure 4. Titration process

3. EXPERIMENTAL STUDY

In this experimental study, it is aimed to determine
which method is more practical and economical in biodiesel
production by determining the FFA ratios of waste vegetable oil
used in fish frying process and oil samples that have expired
their shelf life with 4 different methods. For this purpose, firstly,
the possible moisture in the oil was removed under pressure and
at 72 °C without affecting the chemical structure of the oil with
the evaporation device in Figure 5.

Figure 5. Removal of Moisture from Oils
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FFA ratios of both oil samples were determined using
spectrophotometric device, Gas Chromatography (GC) process,
Near-Infrared (NIR) Spectroscopy device and titration methods.
FFA ratios were determined in terms of oleic acid and the
analysis results are presented in Table 1.

Table 1. FFA determinations before neutralization using 4
different methods

FFA RATIOS OF OLEIC ACID BEFORE NEUTRALIZATION

Spectropho Gas Near-Infrared
Oil type .tometrlc Chromatography Spectroscopy Titration
instrument (GC) process (%) instrument (%)
(%) (%)
Waste
oil 12,36 12,38 12,44 12,39
Sample

The FFA ratios of oils suitable for biodiesel production
were determined using 4 different methods in the table above. In
these 4 different methods, similar percentages of FFA ratios
were determined.

In all analysis methods, the FFA ratio of waste vegetable
oil was determined to be between 12.36% and 12.44%. When
these values are evaluated as a whole, it is determined that 4
different methods can be used for biodiesel production. If the
FFA ratio of an oil is above 5%, biodiesel cannot be produced
without neutralizing the FFA in the chemical content of that oil.
In our experimental study, it was determined that the average
FFA ratio of the waste oil sample analyzed was 12.4%. It is
necessary to neutralize the FFA in the oil and measure the FFA
ratios again after this process.
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3.1. Neutralization of Oil Samples

In the first FFA measurements, it was determined that
the oils were not suitable for one-step biodiesel production. For
this reason, the FFA in the oils was neutralized with the acidic
reaction shown in Figure 6.

Figure 6. Neutralization reaction

When the images in Figure 7 are examined, it is observed
that there is a partial darkening in the colors of the oils after
neutralization. After neutralization, the physical and chemical
properties of the oils purified from FFA were analyzed. In these
analyses, it was understood that the color pigments in the oil
content darkened to some extent due to the acid reaction.
However, it was understood that it did not cause any negative
effect on the chemical bond structure of the oil [10].
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Figure 7. Physical condition of oils before and after neutralization

3.2. FFA measurements after neutralization

After the neutralization process of both oils was
completed, FFA measurements were performed again with all 4
methods. The FFA analyses for each method were evaluated
under headings.

3.2.1. Secondmeasurement procedures by
spectrophotometric method

The results of the measurements made with the
Spectrophotometer Device before the neutralization reaction are
given in Table.2. While the FFA ratio of the waste oil sample
was determined as 12.36% before neutralization, this ratio
decreased to 1.101% after neutralization.

Table 2. FFA measurement results by Spectrophotometric
Method

MEASUREMENT VALUES BEFORE AND AFTER
NEUTRALIZATION BY SPECTROPHOTOMETRIC METHOD

(Oleic Acid)
Oil tvpe Before Neutralization After Neutralization
P (%) (%)
Waste Oil Sample 12,36 1,101
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3.2.2. Second measurement results by Gas
Chromatography (GC)

The results of 3-stage gas chromatography method are
given in Table.3. While the FFA ratio of the waste oil sample
was 12.38% before neutralization, this ratio decreased to 1.06%
after neutralization.

Table 3. FFA measurement results by Gas Chromatography
Method

MEASUREMENT VALUES BEFORE AND AFTER
NEUTRALIZATION BY GAS CHROMATOGRAPHY

(Oleic Acid)
Oil tvoe Before Neutralization After Neutralization
yp (%) (%)

Waste Oil Sample 12,38 1.06

3.2.3. Second measurement results by Near-Infrared
(NIR) Spectroscopy

The results of the measurements made with the NIR
Device before the neutralization reaction are given in Table.4.
While the FFA ratio of the waste oil sample was determined as
12.44% before neutralization, this ratio decreased to 1.02% after
neutralization.

Table 4. FFA measurement results using NIR device

NEAR-INFRARED (NIR) SPECTROSCOPY MEASUREMENT
VALUES BEFORE AND AFTER NEUTRALIZATION

(Oleic Acid)
Oil tvpe Before Neutralization After Neutralization
yp (%) (%)
Waste Oil Sample 12,44 1.02

10
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3.2.4. Second measurement results by titration
method

The oil sample should be proportionally determined by
gradually adding 1/3 of the phenol phthalein solution to the oil
sample until the oil is saturated with the added solution until the
oil is saturated with pink[11]. The two most inexpensive
chemicals of the chemistry laboratory, NaOH salt and ethyl
alcohol, are used for the determination of FFA. When the image
in Figure 8 taken during the experimental study is examined,
FFA determination was calculated numerically over the
proportional amount of solution at the moment when the oil was
saturated pink.

While the FFA ratio of the waste oil sample was
determined as 12.39% before neutralization by titration method,
it was determined that this ratio was 1.01% after neutralization.

Figure 8. Detections in the titration process

Table 5. FFA measurement results by titration method

MEASUREMENT VALUES BEFORE AND AFTER
NEUTRALIZATION BY TRITRATION METHOD
(Oleic Acid)
Oil tvpe Before After
yp Neutralization (%) | Neutralization (%)
Waste Qil Sample 12,39 1,01

11
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4. RESULTS

Free fatty acids (FFA-free fatty acids) refer to fatty acids
that are not bound to the triglyceride structure in the structure of
the oil and are free. While a high FFA content in oil is defined
as an indicator of oil spoilage in the food sector, it indicates that
a two-stage reaction should be applied in the biodiesel
production sector. During the frying and shelf storage processes,
the Oleic and Linoleic fatty acids in the chemical bond structure
of the oils are separated from the triglycerides and become free,
causing the base catalyzed biodiesel reaction to be negative. Due
to the high per liter unit price of the oils that can be used as food
in our Kitchen, waste or shelf-expired oils are used in biodiesel
production. These types of oils contain fatty acids that have been
separated from their triglycerides and become free. Fatty acids
that are separated from their triglycerides and become free are
called FFA. Biodiesel production from oil samples with a FFA
ratio above 5% requires a two-step reaction. In the design of the
biodiesel production process, the determination of the FFA ratio
is important in determining the amount of catalyst for the first
step, the acidic reaction [12-13]. In the fields of food
engineering, oil refinery plants and biodiesel production
factories, FFA is measured at certain periods in order to
determine the quality and usability of the oil sample. There are 4
different FFA measurement methods: Spectroscopy, Gas
chromatography, Spectrophotometric and Titration. In the
experimental study conducted in Siirt University Chemistry
laboratory, the FFA ratio of 2 different oils was determined by 4
different methods. It was determined that high cost devices
should be wused in Spectroscopy and Spectrophotometer
methods. In the gas chromatography method, it was determined
that a 3-stage process setup was required. In the titration
method, it was determined that the percentage determination of

12
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FFA can be made by titrating NaOH salt and ethyl alcohol, the
two most inexpensive chemicals in the chemistry laboratory,
with the oil sample. The fact that the titration method does not
require electrical energy and high-cost devices were considered
as factors that make this method attractive. The similarity of the
results obtained from the titration method with other FFA
determination methods adds applicability to the method[14]. As
a result, it was determined that the most economical and
applicable method for biodiesel production enterprises is the
titration method of FFA determination.

13
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BiYODIZEL URETIMINDE KULLANILMASI
PLANLANAN BiTKiSEL YAGIN, SERBEST
YAG ASIT ORANININ EN UYGUN MALIYETLI
OLARAK TESPITININ 4 FARKLI YONTEM
ESLIGINDE DENEYSEL OLARAK
ARASTIRILMASI

Mahmut UYAR”

1. GIRIS

Diinya genelindeki enerji gereksiniminin yaklasik %85'1
fosil bazli kaynaklardan karsilanmaktadir [1]. Diinya enerji
piyasasinin vazgeg¢ilmez kaynagi ham petroldiir. Ham petrol
cesitli sicaklik degerlerindeki damitma islemine tabi tutularak;
jet yakiti, benzin, dizel yakit, motor yag: ve fueloil isimli yakit
tirleri elde edilmektedir. Ham petrol kuyularindaki rezerv
miktarinin azalmasi ile beraber, iiretim maliyetleri her gecen giin
artmaktadir. Diinya genelindeki simirli rezervlerin yakin
zamanda tiilkenecek olmasi, enerjiye dolayli veya dogrudan
ithtiyac duyan sektorleri olumsuz etkilemektedir [2]. 50 veya 100
yil sonraki faaliyet plani caligmalarini hazirlayan otomotiv
firmalar1i, ham petroliin yoklugundaki olas1 senaryolara karsi
hazirlik yapmaktadir. 1892 yilinda, Alman bir miihendis olan
Rudolf Diesel tarafindan, Almanya'nin ham petrole bagimliligin
azaltabilmek amaciyla i¢ten yanmali bir motor tasarlanmistir. 11k
zamanlarda bu motorda yakit olarak kdmiir tozu kullanilmistir.
Komiir tozunun yanma odasinda asir1 kiil birakmasi sebebiyle

Dr. Ogr. Uyesi, Siirt Universitesi, Teknik Bilimler Meslek Yiiksekokulu Makine
ve Metal Teknolojileri Bolimii, Makine Programi, mahmutuyar@siirt.edu.tr,
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ayni motorda 1900'li yillarda yer fistig1 yagi kullanilmistir. Yer
fistig1 yagimin herhangi bir kimyasal isleme tabi tutulmadan
kullanilmis  olmasi  neticesinde motorun  piston-segman
bolgesindeki yapigsma sorunlar ile karsilasilmistir. Bu iki sorun
neticesinde, o zamanin sartlarinda ekonomik ve cazip olan fosil
kaynakl1 yakitlara tekrar geri doniis yapilmistir. 1892 yilindan,
giinimiize kadar ki periyotta, Rudolf Diesel tarafindan
tasarlanan igten yanmali motor, 132 yil boyunca genel calisma
konstrilksiyonunda  herhangi  bir degisiklik  yapilmadan
kullanilmistir. Motorun yan yardimci ekipmanlarinda ¢esitli
modifikasyon islemleri yapilmig olsa da gdvde ve c¢evrim
sistematigi itibariyle halen icat edildigi giinkii ana c¢alisma
temelleri ile kullanilmaktadir. Ancak fosil kaynakli rezervlerin
tilkenecegini 6n goren diinya genelindeki otomobil {ireticileri,
devrim niteliginde bir karar alarak icten yanmali motor
tasarimlarindan vazgecip tamamen elektrikli motor tahrikine
sahip tasarimlara yonelmektedir. Daha farkli bir ifade ile
otomotiv sektorii kuruldugu giinden beri en biiyiik ve en koklii
degisimi yasamaktadir. Avrupa Birligi {ilkeleri basta olmak
tizere, Hindistan ve Cin gibi iilkelerinin devlet polikalar
cercevesinde, 2035 yilindan sonra igten yanmali hususi
otomobillerin trafige c¢ikmasina izin verilmeyecegi yoniinde
bildiri ve duyuru yayinlamaktadir. Diinya genelindeki ¢esitli
iilkelerin, otomobillerdeki bu kapsamli donilisime onay
vermesinin ana sebebi, ham petrol kaynaklarmin tiikenmesi
olarak gosterilirken, beraberinde c¢evreci polikalar ve Paris
Anlasmasi kapsaminda karbon saliniminin minimize edilmesi de
amaclanmaktadir. Hususi otomobillerde bu kokli degisim ve
doniisiim yasanirken, zorlu arazi sartlarinda ¢alismak zorunda
olan agir tonajli i makineleri, kamu ve hastanelerdeki enerji
kesintilerine  kars1  alternatif = olarak  kullanilan  dizel
jeneratorlerde, dizel yakita ihtiyag duyulacaktir [3]. Dizel
yakitin karakteristik Ozelliklerine en benzer nitelikteki yakit
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biyodizel yakitidir [4]. Hidrojen ve karbon icerikli kimyasal bag
yapisina sahip olan tiim yaglardan biyodizel iiretilebilmektedir.
Ancak, yaglarin, gida sektoriinde daha yliksek maliyetlerde
satilabilmesi ve litre birim fiyatlarmin yiliksek olmasi yakit
sektoriindeki kullanilabilirligini kisitlamaktadir. Yag fiyatlarinin
yiiksek olmasi1 sebebiyle, biyodizel yakitina doniistiiriilmesi
planlanan yaglarda, kullanilmis atik kizarma yaglar1 veya raf
omriinli doldurmus ve acilagsmis yaglar tercih edilmektedir [5].
Ancak atik bitkisel yaglar ve raf dmriinii dolduran yaglar, maruz
kaldiklar1 siire itibariyle, zaman igerisinde kimyasal igeriginde
serbest yag asidi (SYA) barindirmaktadir. Bu durum biyodizel
tiretimine engel teskil etmektedir [6]. Kizartma ve rafta bekleme
stireglerinde, yaglarin kimyasal bag yapisindaki Oleik ve
Linoleik yag asitlerinin trigliseritlerden ayrilarak serbest hale
gelmesi, baz katalizorlii biyodizel reaksiyonunun olumsuz
sonuglanmasimna neden olmaktadir. Biyodizel iiretim prosesi
olusturulmadan o6nce, TUretimde kullanilacak olan yagm,
transesterifikasyon reaksiyonuna uygun olup olmadiginin tespit
edilebilmesi amaciyla serbest yag asit (SYA) oranmin
belirlenmesi gerekmektedir. Bir yag numunesindeki SYA orani
%5'in lizerinde olmasi durumunda gliserin ve yag asitlerinin
parcalanmadigi ve serbest halde bulunan yag asitlerinin
reaksiyonun olumsuz sonuglanmasina sebebiyet verdigi
bilinmektedir [7-8]. Hayvansal gida kizartmasi yapan (balik,
kofte vb) isletmelerden atik olarak temin edilen yiiksek SYA
igcerikli yaglar ve uzunca bir siire rafta beklemis, acilasmis ve
gida olarak kullanilabilirligini yitirmis olan yaglardaki SYA
oraninin oldukga yiiksek oldugu bilinmektedir. Bu tip yaglardaki
SYA oraninin tespit edilerek, yag igerigindeki SYA'nin
notrallestirilmesi  gerekmektedir [9]. Biyodizel {iretiminde
kullanilacak olan yagin, SYA oraninin ylizdesel tespiti 4 farkli
yontem ile gergeklestirilmektedir. Bu tespitin ardindan tespit
edilen SYA'nin nétrallestirilmesi ve yagin transesterifikasyon
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reaksiyonuna hazirlanmasi1  gerekmektedir. Bu deneysel
calismanin temel amaci, balik kizartma isleminde kullanilan atik
bitkisel yag ve raf odmriinii doldurmus olan yag numunelerinin
SYA oranlarinin 4 farkli yontem ile tespit edilmesi ile beraber
biyodizel iiretiminde hangi yontemin daha pratik ve ekonomik
oldugunun tespit edilmesi amaglanmaktadir.

2. SYA TESPIiT YONTEMLERI

Gida miihendisligi alanlarinda, yag rafineri tesislerinde
ve biyodizel iiretim fabrikalarinda yag numunesinin kalitesinin
ve kullanilabilirliginin tespiti amaciyla belirli periyotlarda SYA
Ol¢iimii yapilmaktadir. SYA Ol¢timlerinde Spektroskopi, gaz
kromatografisi, spektrofotometrik ve titrasyon olmak iizere 4
farkli yontem kullanilmaktadir. Bu yontemlerdeki analiz
islemlerinin ayrintili olarak incelemekte fayda olmaktadir.

2.1. Spektrofotometrik Yontem

SYA tespitinde kullanilacak olan yag numunesi
orneginde, serbest yag asitlerinin miktar1 asagidaki cihazin
yaydigi UV 1181 altinda Olglilmektedir. Sekil 1'de gorseli
sunulan cthaz yliksek maliyetli cihazlar kategorisinde
degerlendirilmektedir.

Sekil 1. SYA (")lg:iimiinde Kullanilan Spektrofotometre cihazi
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2.2. Gaz Kromatografisi (GC)

Bu yontemde sadece SYA o6l¢iimii degil, ayn1 zamanda
diger yag asitlerinin tiir ve miktarinin detayl olarak belirlenmesi
amaciyla kullanilan bir proses oldugu tespit edilmistir. Gaz
kromatografisi, yiiksek dogruluk gerektiren analizlerde tercih
edilmektedir. Sekil 2°deki 3 asamali gaz kromatografisi yontemi
ile yapilan reaksiyon analizinin sematik gorseli sunulmustur.

sabun kopukla

sinnga akis metre
akis kaydedici

boluch injektor
————

. dedektor

basing rotametre o " L y
regulatoru elektrometre

’ —— veya kopri

akig Al
kontrold DC

tasyic veri sistemi

S Wolon ’!' _termostath firn_____ |

Sekil 2. Gaz Kromatografisi reaksiyon semasi

2.3. Near-Infrared (NIR) Spektroskopi

NIR Spektroskopi cihazi, biiylik depolardaki yag
numunelerinin SYA tespitinde kullanilmaktadir. Sekil 3'de
gorseli sunulan NIR cihazi, sadece SYA ol¢iimii degil, ayni
zamanda yag asit kompozisyonunun tespitinde de
kullan1lmaktadir.
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Sekil 3. Near-Infrared (NIR) Spektroskopi Cihazi

2.4. Titrasyon Yontemi

Bu yontemde, SYA oraninin tespitinde, herhangi bir cihaz
kullanilmasina ihtiya¢ duyulmamaktadir. Yag numunesinin, 1/3
oranindaki fenol ftalein ¢ozeltisinin kademeli olarak yag
numunesine ilave edilmesiyle yagin pembelesmeye doyana kadar
ilave edilen ¢ozelti ile tespiti yapilmaktadir. Kimya
laboratuvarindaki en maliyetsiz iki kimyasal olan NaOH tuzu ve
etil alkoliin yag numunesi ile titrasyonu seklinde SYA tespiti sekil
4 ‘de goriilmektedir.

Sekil 4. Titrasyon islemi
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3. DENEYSEL CALISMA

Bu deneysel c¢alismada, balik kizartma isleminde
kullanilan atik bitkisel yag ve raf dmriinii doldurmus olan yag
numunelerinin SYA oranlarmin 4 farkli yontem ile tespit
edilmesi ile beraber biyodizel iiretiminde hangi yontemin daha
pratik ve ekonomik oldugunun tespit edilmesi amaglanmaktadir.
Bu amag¢ dogrultusunda ilk olarak Sekil.5'deki evaporasyon
cihazi ile yagin kimyasal yapisini etkilemeden basing altinda ve
72 °C'de yag igerisindeki olasi nem uzaklastirilmsgtir.

Sekil 5. Yaglardaki Nemin Uzaklastirilmasi

Spektrofotometrik cihazi, Gaz Kromatografisi (GC)
prosesi, Near-Infrared (NIR) Spektroskopi cihazi ve titrasyon
yontemleri kullanilarak her iki yag numunesinin SYA oranlari
tespit edilmistir. SYA oranlar1 oleik asit cinsinden tespit edilmis
olup analiz sonuglar1 Tablo 1'de sunulmustur.
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Tablo 1. 4 farkh yontem kullamlarak nétrallestirme oncesi SYA

tespitleri
OLEIK ASIT CINSINDEN NOTRALLESTIiRME ONCESIi SYA
ORANLARI
Near-
O Spektrqfot Gaz - Infrared Titrasyon
Yag tiirii ometrik Kromatografisi .
cihaz (%) | (GC) prosesi (%) | SPektroskopi | (%)
cihazi (%)
Atk bitkisel | 5 47 12,49 12,55 125
Yag
Raf 6mriini
doldurmus 9,43 9,51 9,57 9,5
yag

Biyodizel iiretimi i¢in kullanilmaya uygun olan yaglarin
SYA oranlart yukaridaki tabloda 4 farkli yontem kullanilarak
tespit edilmistir. Bu 4 farkli yontemde yiizdesel olarak benzer
nitelikte SYA oranlar1 tespiti yapilmistir.

Tiim analiz yontemlerinde, atik bitkisel yagin SYA oram
%12.47 ile %12,55 aralifinda tespit edilirken, raf Omriini
dolduran yagin SYA oram ise %9.43 ile %9,57 araliginda
oldugu tespit edilmistir. Tespit edilen bu degerler bir biitiin
halinde degerlendirildiginde, biyodizel iiretimi i¢in 4 farkl
yonteminde kullanilabilir nitelikte oldugu tespit edilmistir. Bir
yagin SYA orant %5'in iizerinde olmasi durumunda, o yagin
kimyasal icerigindeki SYA'nin nétrallestirilmesi yapilmadan
biyodizel iiretilememektedir. Deneysel c¢aligmamizda analizi
yapilan yaglardan; atik bitkisel yagin SYA oranmnin ortalama
%12,5 oraninda oldugu, raf dmriinii tamamlamis olan yagin ise
%9,5 oraninda oldugu tespit edilmistir. Yagdaki SYA'nin
noétrallestirilmesi ve bu islemin ardindan tekrar SY A oranlarinin
Ol¢iilmesi gerekmektedir.
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3.1. Yag Numunelerinin Notrallestirilmesi

[lk SYA olgiimlerinde, yaglarm tek asamali biyodizel
iiretimine uygun olmadig: tespit edilmistir. Bu sebeple Sekil.6'da
verilen gorseldeki asidik reaksiyon ile yaglardaki SYA
notrallestirilmesi yapilmistir.

Sekil 6. Notrallestirme reaksiyonu

Sekil 7'deki gorseller incelendiginde ndtrallestrilme
sonrasinda yaglarin renklerinde kismi bir koyulagma oldugu
gozlemlenmistir. Notrallestirme sonrasinda SYA'dan arindirilan
yaglarin fiziksel ve kimyasal Ozellikleri analiz edilmistir.
Yapilan bu analizlerde, yag iceriginde bulunan renk
pigmentlerinin asit reaksiyonuna bagli olarak bir miktar
koyulasmis oldugu anlagilmigtir. Ancak, yagin kimyasal bag
yapisinda herhangi bir olumsuz etkiye sebebiyet vermedigi
anlasilmistir[10].
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Raf Omriini Tamalamis Y - .
Atk Bitkisel Ya AtkBitkisel Yog ko el M”f::":"";wg:mw'u
Notrallestirme Oncesi Nétrallestirme Sonrast allegtirme Sonrast

Sekil 7. Notrallestirme 6ncesi ve sonrasi yaglarin fiziksel durumu

3.2. Notrallestirme sonrsinda SYA olciimleri

Her iki yagm noétrallestirme islemi tamamlandiktan
sonra, her 4 yontem ile tekrar SYA Olctimleri yapilmistir. Her
bir yonteme iligkin yapilan SYA analizleri basliklar halinde
degerlendirilmistir.

3.2.1. Spektrofotometrik Yontem ile ikinci 6l¢iim
islemleri

Notrallestirme reaksiyonu Oncesinde, Spektrofotometre
Cihazi ile yapilan Olglim sonuglar1 Tablo.2'de verilmistir.
Notrallestirme Oncesinde atik bitkisel yagin SYA oran1 %12,47
olarak tespit edilirken, ndtrallestirme sonrasinda bu oranin
%1.104'e kadar diistiigii tespit edilmistir. Raf dmriinti doldurmus
olan yagin ise notrallestirme Oncesi %9,43 olan SYA oraninin,
yapilan nétrallestirme sonrasinda % 0,934'e kadar diistiigil tespit
edilmistir.
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Tablo 2. Spektrofotometrik Yontem ile yapilan SYA 6l¢iim
sonuclari

SPEKTROFOTOMETRIK YONTEM ILE NOTRALLESTIRME
ONCESIi VE SONRASI OLCUM DEGERLERI

(Oleik Asit Cinsinden)

< Notlaslestirme Notlaglestirme
Yag tird Oncesi (%) Sonrast (%)
Atik bitkisel Yag 12,47 1,104
Raf 6mriinii
doldurmus yag 9,43 0,934

3.2.2. Gaz Kromatografisi (GC) ile ikinci 6l¢iim
sonuc¢lari

3 asamal1 gaz kromatografisi yontemi ile yapilan 6l¢iim
sonuglart Tablo.3'de verilmistir. Notrallestirme Oncesinde atik
bitkisel yagin SYA oram1 %12,49 olarak tespit edilirken,
notrallestirme sonrasinda bu oranin %1.10'e kadar diistiigii tespit
edilmistir. Raf dmriinii doldurmus olan yagin ise notrallestirme
oncesi %9,51 olan SYA oraninin, yapilan noétrallestirme
sonrasinda %0,92'e kadar diistligl tespit edilmistir.

Tablo 3. Gaz Kromatografisi Yontemi ile yapilan SYA 6l¢iim
sonuclari

GAZ KROMATOGRAFISI YONTEM ILE NOTRALLESTIRME
ONCESIi VE SONRASI OLCUM DEGERLERI

(Oleik Asit Cinsinden)

< Notlaglestirme Notlaglestirme
Yag tird Oncesi (%) Sonras1 (%)
Atik bitkisel Yag 12,49 1.10
Raf 6mriinii doldurmus 951 092
yag ’ ’
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3.2.3. Near-Infrared (NIR) Spektroskopi ile ikinci
ol¢ciim sonuclari

Notrallestirme reaksiyonu oOncesinde, NIR Cihazi ile
yapilan Ol¢lim sonuglart Tablo.2'de verilmistir. Notrallestirme
oncesinde atik bitkisel yagin SYA oran1 %12,55 olarak tespit
edilirken, notrallestirme sonrasinda bu oranin %1.08'e kadar
diistiigii tespit edilmistir. Raf dmriinii doldurmus olan yagin ise
notrallestirme oncesi  %9,57 olan SYA oraninin, yapilan
noétrallestirme sonrasinda % 0,915'e  kadar diistiigli tespit
edilmistir.

Tablo 4. NIR cihaz1 kullamlarak yapilan SYA 6l¢iim sonuclari

NEAR-INFRARED (NIR) SPEKTROSKOPi YONTEMI iLE

NOTRALLESTIRME ONCESI VE SONRASI OLCUM
DEGERLERI

(Oleik Asit Cinsinden)

< Notlaslestirme Notlaslestirme
Yag tird Oncesi (%) Sonras1 (%)
Atik bitkisel Yag 12,55 1.08
Raf dmriinii doldurmus 957 0915
yag ’ ’

3.2.4. Titrasyon Yontemi ile ikinci 6l¢ciim sonuclar:

Yag numunesinin, 1/3 oranindaki fenol ftalein
cozeltisinin kademeli olarak yag numunesine ilave edilmesiyle
yagin pembelesmeye doyana kadar ilave edilen ¢ozelti ile
oransal tespitinin yapilmast  gerekmektedir[11]. Kimya
laboratuvarinin en maliyetsiz iki kimyasali olan NaOH tuzu ve
etil alkol kullanilarak SYA tespiti yapilmaktadir. Deneysel
calisma esnasinda cekilen Sekil.8'deki gorsel incelendiginde
yagin pembelesme doydugu andaki oransal ¢ozelti miktar
tizerinden SYA tespiti sayisal olarak hesaplanmaistir.
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Titrasyon yontemi ile notrallestirme Oncesinde atik
bitkisel yagmm SYA oram1 %12,50 olarak tespit edilirken,
notrallestirme sonrasinda bu oranin %]1'e kadar diistiigii tespit
edilmistir. Raf dmriinii doldurmus olan yagin ise notrallestirme
oncesi %9,50 olan SYA oranminin, yapilan ndtrallestirme
sonrasinda % 1,05'e kadar diistiigii tespit edilmistir.

Sekil 8. Titrasyon islemindeki tespitler

Tablo 5. Titrasyon yontemi ile yapilan SYA 6l¢iim sonuglar:

TITRASYON YONTEMI ILE NOTRALLESTIRME ONCESI VE
SONRASI OLCUM DEGERLERI

(Oleik Asit Cinsinden)

< Notlaslestirme Notlaslestirme
Yag tiiri Oncesi (%) Sonras1 (%)
Atik bitkisel Yag 12,50 1,00
Raf 6mriinii doldurmus yag 9,50 1,05
4. SONUC

Serbest yag asitleri (FFA-free fatty acids), yagin
yapisinda trigliserit yapiya bagli olmayan ve serbest halde
bulunan yag asitlerini ifade etmektedir. Yagin igerigindeki SYA
oraninin yliksek olmasi, gida sektoriinde yagin bozulmasinin bir
gostergesi olarak tanimlanirken, biyodizel iiretim sektoriinde ise
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iki asamali bir reaksiyonun uygulanmasi gerektigine isaret
etmektedir. Kizartma ve rafta bekleme siireclerinde, yaglarin
kimyasal bag yapisindaki Oleik ve Linoleik yag asitlerinin
trigliseritlerden ayrilarak serbest hale gelmesi, baz katalizorli
biyodizel reaksiyonunun olumsuz sonug¢lanmasina neden
olmaktadir. Mutfagimizda gida olarak kullanilma kabiliyeti olan
yaglarin litre birim fiyatinin yiiksek olmasi sebebiyle biyodizel
tiretiminde atik veya raf 6mrii tiikkenmis yaglar kullanilmaktadir.
Bu tip yaglar igeriginde, trigliseritlerinden ayrilarak serbest hale
gelmis yag asitleri barindirmaktadir. Trigliseritlerinden ayrilarak
serbest hale gelen yag asitlerine SYA denilmektedir. SYA orani
%S35'in lizerinde olan yag numuneleri ile biyodizel tiretimi iki
basamakli bir reaksiyon gerektirmektedir. Biyodizel {iretim
prosesinin dizayn edilmesinde SYA oraninin tespiti, birinci
asama olan asidik reaksiyonun katalizér miktarinin tespitinde
onemlidir[12-13]. Gida mihendisligi alanlarinda, yag rafineri
tesislerinde ve biyodizel iiretim fabrikalarinda yag numunesinin
kalitesinin ve kullanilabilirliginin tespiti amaciyla belirli
periyotlarda SYA ol¢limii yapilmaktadir. Spektroskopi, Gaz
kromatografisi, Spektrofotometrik ve Titrasyon olmak {iizere 4
farkli SYA o&lgiim ydntemi bulunmaktadir. Siirt Universitesi
Kimya laboratuvarinda yapilan deneysel calismada, 2 farkh
yagin SYA oranm1 4 farkli yontem ile tespit edilmistir.
Spektroskopi  ve Spektrofotometre yoOntemlerinde yiliksek
maliyetli cihazlarin kullanilmas: gerektigi tespit edilmistir. Gaz
kromatografisi yonteminde, 3 asamal1 proses kurulumu gerektigi
tespit  edilmistir.  Titrasyon  yonteminde ise kimya
laboratuvarindaki en maliyetsiz iki kimyasal olan NaOH tuzu ve
etil alkoliin yag numunesi ile titrasyonu seklinde SYA'nin
yiizdesel tayininin yapilabildigi tespit edilmistir. Titrasyon
yonteminde; elektrik enerjisine ve yiiksek maliyetli cihazlara
ithtiya¢ duyulmamas1 bu yontemi cazip kilan faktorler olarak
degerlendirilmistir. Diger SYA tespit yontemleri ile titrasyon
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yonteminden elde edilen sonuglarin benzerlik tagimasi yonteme
uygulanabilirlik  6zelligi katmaktadir[14]. Sonu¢ olarak,
biyodizel iiretimi yapan isletmeler i¢in en ekonomik ve en
uygulanabilir yontemin SYA tespit yOnteminin titrasyon
yontemi oldugu tespit edilmistir.
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