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Abstract

Food analysis methods are carried out in two ways: classical methods and instrumental methods. While general
analyzes can be made in which more dominant components can be determined in terms of quantity in classical
methods, it is possible to perform detailed analyzes in which more specific components can be determined
precisely in instrumental analyzes. This distinction also comes to the fore in oil technology, and comprehensive
analyzes can be made to obtain important data in terms of oil technology with various devices used. These
devices are based on transmitting signals to detectors by utilizing the properties of food components such as
beam absorption, beam refraction, beam rotation, electric potential, mass/charge ratio by spectroscopic,
chromatographic, thermochemical and electrochemical methods, and then presenting data by passing through the
signal processor. In this review, information about instrumental analysis techniques, which are frequently used in
oil technology, is given under the headings of extraction techniques, spectroscopic techniques and
chromatographic techniques. Today, as a result of the developments in all these techniques, the rate of preference
in oil technology is increasing due to advantages such as obtaining fast results, using less samples and solvents,
and obtaining reliable results.
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Bitkisel yag Teknolojisinde Giincel Ekstraksiyon ve Enstriimental
Karakterizasyon Yontemleri
Oz
Gida analiz yontemleri klasik yontemler ve enstriimental yontemler olmak iizere iki sekilde
gerceklestirilmektedir. Klasik yontemlerde miktar olarak daha baskin bilesenlerin belirlenebildigi genel analizler
yapilabilirken, enstriimental analizlerde daha spesifik bilesenlerin hassas bir sekilde tespit edilebildigi ayrintili
analizlerin yapilabilmesi miimkiin olmaktadir. Yag teknolojisinde de bu ayrim olduk¢a 6n plana ¢ikmakta ve

kullanilan g¢esitli cihazlarla yag teknolojisi agisindan &nemli veriler elde edilebilecek kapsamli analizler
yapilabilmektedir. Bu cihazlar, spektroskopik, kromatografik, termokimyasal ve elektrokimyasal yontemlerle
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gida bilesenlerinin 151 absorpsiyonu, 15 kirilmasi, 151n rotasyonu, elektrik potansiyeli, kiitle/ yiik oran1 gibi
ozelliklerinden yararlanarak sinyallerin dedektorlere iletilmesi ve daha sonrasinda sinyal islemcisinden gegerek
veri sunmasina dayanmaktadir. Bu derlemede yag teknolojisinde siklikla yararlanilan ekstraksiyon teknikleri,
spektroskopik teknikler ve kromatografik teknikler basliklari altinda bilgiler verilmektedir. Giintimiizde tiim bu
tekniklerdeki gelismeler sonucunda, hizli sonug alma, daha az numune ve ¢oziicii kullanimi, giivenilir sonuglar
elde etme gibi avantajlar dolayistyla yag teknolojisinde tercih edilme oranlar1 giderek artmaktadir.

Anahtar Kelimeler: Yag, ekstraksiyon, spektroskopi, kromatografi, karakterizasyon, gida.

1. Introduction

In the analysis of foods, instrumental analyzes are carried out with various methods such as spectroscopic,
electrochemical, chromatographic and thermal analysis methods by using analytical devices. When evaluated in
terms of oil technology, the extraction process is at its core. In the realization of this process, many techniques
have been used from the past to the present and studies are still continuing to develop these techniques. In the
analyzes made with the developments, many advantages can be achieved. Some of these advantages are that the
analysis time is significantly reduced compared to the analysis made with classical methods, the amount of
solvent to be used is significantly reduced and this reduction has a positive effect on the environment.

Instrumental analyzes come to the fore in processes such as determining the physicochemical properties of
the oils obtained after the extraction process or detecting adulteration in many oils produced by various
techniquesThe instrumental techniques used in oil technology, together with the selection of the most appropriate
method according to certain criteria, enable fast, reliable and sensitive analyzes in terms of quality and quantity.

In this review, it is aimed to define the instrumental analyzes carried out in the field of oil technology by
grouping them within the framework of certain techniques, to reveal their advantages and disadvantages, to
highlight the advantages they provide and to indicate which properties of the samples can be useful in
determining.

2. Extraction Techniques

Extraction is an inevitable step for research in oil technology [1]. In recent years, with the use of advanced
extraction techniques, advantages such as significant reduction in extraction time, amount of organic solvent to
be used, environmental pollution and sample preparation cost have emerged [1].

2.1. Supercritical Fluid Extraction

Hannay and Hogarth first stated in 1879 that a solid dissolves in a gas at high pressure and this solid
precipitates when the pressure is reduced [2]. Later, Eduard Buchner, as a result of a long-term study, was
awarded the Nobel Prize in biochemistry in 1907 by measuring the solubility of naphthalene in Supercritical-
Carbon Dioxide (SC-C0O2) [2].

The schematic representation of the supercritical fluid extraction (SAE) technique is as in Figure 1.
Substances such as carbon dioxide, ethane, ethylene, trifluoromethane, chlorine trifluoride methane, nitrous
oxide, ammonia propane, propylene, and hexane can be used as supercritical fluids [3]. The liquid to be used is
brought to the appropriate pressure level by means of a fluid pump [4]. It is then sent to the heater where it is
heated to the appropriate temperature [4]. In this way, the fluid is sent to the extractor at constant temperature as
supercritical [4]. Dissolution occurs by contacting the substance in the extractor and this mixture is sent to the
separator [4]. The pressure is reduced in the separator and thus the fluid is separated from the product by losing
its dissolving force, and its temperature is lowered in the cooler for recycling and it is fed back to the system. [4].
The product or products obtained are taken from the bottom of the separator [4].
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Figure 1. Supercritical fluid extraction system [5].
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Several studies have shown that SAE is faster and more efficient than hours-long soxhlet extraction [6]. Ye CL,
Lai YF used the supercritical CO2 extraction technique to obtain essential oil from onions; They reported that it
is possible to obtain essential oil in high yield with this method by optimizing pressure, temperature and
extraction time. Similarly, it has been reported that by optimizing the subcritical extraction process parameters,
essential oil is obtained with 90% efficiency in the essential oil extraction from turmeric [8].

In a study, it was determined that the oil extracted from wheat germ with SC-CO2 has a high tocopherol
content and that the phospholipid content of this oil is very low, showing that the SC-CO2 extraction method can
eliminate the degumming step from oil refining processes [9].

In green coffee oil [10] and in crude palm oil [11] SAE method has been suggested as a preferred purification
method in order to obtain an extract rich in the desired components [6].

Pumpkin (Cucurbita maxima) seed oil was extracted using SC-CO2 and the physicochemical properties
of the oil showed that this oil could be used as a food oil supplement [12].

2.2. Microwave Assisted Solvent Extraction

Microwave assisted extraction (MDE) is a process that separates solutes from a solid matrix with a solvent. The
properties of heat and mass transfer are extremely important. Accurate and controlled heat is possible in
microwave assisted applications [13]. Therefore, microwave technigue can be exploited to obtain compounds of
interest in the substrate with a certain strength of electromagnetic energy [13]. The use of this technique results
in higher quality products compared to other extraction techniques, with a reduction in production costs due to
energy savings and short processing times, and an improvement in product homogeneity and yield [13].

The main advantage of MDE is the ability to rapidly heat the sample and solvent mixture. A typical
extraction process takes 15-30 minutes and takes place using 10-30 ml of solvent. This amount is approximately
10 times less than conventional extraction techniques [14]. In addition, the yield is increased as it allows several
samples to be extracted at the same time. [14].
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Figure 2. Microwave assisted extraction system [15].

MDE system is of two kinds [6]. One of them is the closed vessel system in which all of the extraction cells
are irradiated at the same time, while the other is the open vessel system where the extraction cells are irradiated
separately [6]. If we compare these two systems, the temperature can be increased by applying pressure in the
closed vessel system and the closed vessel system is more suitable for essential oil extraction [6]. However,
when evaluated in terms of time, the extraction time is a little longer since the temperature must be waited for the
container to be opened in the closed container system [6].
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Figure 3. Closed and open system in MDE [16].
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Djemaa-Landri K. Vd. The phenolic contents and antioxidant activities of Vitis vinifera L. leaf extracts were
determined by conventional solvent extraction and microwave assisted extraction. The results showed that the
samples were rich in phenolic compounds in both techniques applied, but the MDE technique had the highest
phenolic content and antioxidant activity with a shorter time and lower solvent consumption.

In another study, physical and chemical changes, fatty acid profile, trans fatty acid content and volatile
compounds of oils obtained from avocado pulp were defined by different extraction methods. It was stated that
the highest extraction efficiency was achieved in the combined microwave technique [18].

2.3. Ultrasound Assisted Extraction
Ultrasonic sound waves are sound waves with frequencies of 20 kHz and above, above the hearing limit
of the human ear [19]. While the generator is responsible for the generation of energy from the systems that play
a role in the formation of ultrasonic waves, the transducer provides the conversion of this energy into ultrasonic
sound energy [19].
Ultrasound is divided into three groups: high-intensity and low-frequency (20-100 kHz), medium-intensity
and intermediate frequency (100 kHz-1 MHz), low-intensity and high-frequency (1-10 MHz). [20], [21].
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Figure 4 Sound spectrum [22] Figure 5. Ultrasonic Cavitation [23]

Cavitation caused by the propagation of ultrasound waves in a liquid medium; bubble formation develops in
the form of bubble growth and bursting, and as a result of the effect of hydrostatic pressure to strengthen the
mass transfer, the efficiency and efficiency of the extraction increase with the realization of more solvent transfer
[15]. Molecules in liquids combine under the influence of attractive forces [19]. With the propagation of
ultrasound waves, the structural molecules are displaced longitudinally and pressure is created, and the
molecules in the liquid substances are separated from the point where they are located under the influence of the
pressure and combine with the surrounding molecules [19].

This technique shortens the extraction time and reduces the use of organic solvents, so it is energy and cost
efficient [24]. At the same time, it is fast, highly efficient and one of its most important features is that it can be
carried out at low temperatures, preventing heat-sensitive samples from being damaged and protecting the
properties of bioactive compounds [24]. All these features make it a preferred method for oil technology [24].

Luque-Garcia JL et al. extracted oil from sunflower, soybean and rapeseed seeds using a combination of
traditional soxhlet technique and ultrasound. They reported that the extraction took place faster when combined
with ultrasound and there was no change in the fatty acid composition.
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Figure 6. A laboratory-scale ultrasound-assisted extraction for extracting seed oils using the Sokshlet apparatus
[26].
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In a study, phenolic substance was extracted from the green shell of the walnut by two methods and the
total phenolic substance and antioxidant activity kinetics of the obtained extracts were compared [27]. Ultrasonic
bath, which is the indirect method, was used in the first extraction method, and ultrasonic probe, which was the
direct method, was used in the other [27]. As a result, it has been observed that the use of ultrasonic probes is
more effective and the extraction time is greatly reduced. At the same time, the results of this study show that
walnut green shell, which is an agricultural waste, can be used as a valuable source for natural antioxidants and
phenalic substances [27].

3.Spectroscopic Techniques

Spectroscopic analysis is a technique that utilizes the interaction of electromagnetic radiation with
atoms and molecules to provide qualitative and quantitative chemical and physical information contained in the
wavelength or frequency spectrum of absorbed or emitted energy [28]. Spectroscopy is examined in two groups
as atomic spectroscopy and molecular spectroscopy [29]. These techniques are used in oil technology, especially
in the determination of toxic components and adulteration. Generally used spectroscopy techniques; These
include inductively coupled plasma, Fourier transform infrared spectrometry and raman spectroscopy.

3.1.  Inductively Coupled Plasma

Inductively coupled plasma operating at high temperature at atmospheric pressure was first described
and used by Reed (1961). Later, Greenfield et al. (1964) and Wendt and Fassel (1965) followed suit. These
studies are used as the basis of the ICP technique today [30].

Plasma is a medium that consists of cations and electrons and enables the conduction of electric current.
Since the sum of the negative charges and positive charges in the plasma is equal, its charge is zero. Although
the most commonly used plasma type is ICP, the four types of plasma used today are as follows;

1. Plasmas created by direct current (DCP)

2. Microwave-powered plasmas (MIP)

3. Capacitive-coupled microwave plasmas (CMP)

4. Inductively coupled high frequency plasmas (ICP)

In the ICP technique, argon gas is used because of its easily ionizable and inert properties in the
formation of plasma. There are three nested torches in the ICP. Argon gas passes between these torches and there
is a radio induction coil at the top of the torch. For example, its solution is pumped into the plasma with argon
gas through a cylindrical quartz tube as in figure 7 [31].

Various numbers of induction windings are wound on the end of the outer cylinder and these are
connected to the radio frequency generator [32]. Argon is ionized by a spark from the tesla coil [32]. These ions
interact with the magnetic field windings and begin to flow in the same direction. With the resistance shown to
this flow, the ambient temperature reaches a temperature of around 6000-10000°K. Similar to the transfer of
energy from the primary winding to the secondary winding in electrical transformers, the plasma also absorbs
energy from the magnetic field [33].
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Figure 7. ICP technique [34].

Inductively coupled plasma atomic emission spectroscopy (ICP-AES) was used in a study to determine
toxic metals in unflavored and flavored (mushroom flavor, vegetable flavor and pepper flavor) olive oil samples
from Iran and Italy. As a result of this study, a positive correlation was recorded between storage time and heavy
metal contents, although it is especially high in Iranian brands. The results of the research show that all the heavy
metal contents obtained in the pepper flavored olive oil samples are significantly lower than the other samples.
Considering the mushroom-flavored samples, Pb and Cd levels were significantly higher and above the
maximum allowable level [35].
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In a study on heavy metal determination in aromatic spices by inductively coupled plasma mass
spectroscopy (ICP-MS) technique, ICP-MS working conditions; RF power 1500W; plasma gas flow rate 15 L
min-1; auxiliary gas flow rate 0.9 L min-1; carrier gas flow rate 1.1 L min-1 ; helium collision gas flow rate 4
mL min-1; spray chamber temperature 2°C; sample depth 9 mm; sample inlet flow rate was determined as 1 mL
min-1. As a result, it has been shown that the maximum levels determined by the European directive
88/388/EEC and international organizations are not exceeded in all spice samples. It was also stated that the
consumption of spices such as cinnamon, Indian turmeric and ginger from Indonesia and Madagascar does not
pose a threat to the health of an adult consumer, but regular consumption of spices such as cinnamon and
Japanese ginger from Vietnam may pose a risk to human health [36].

3.2. Fourier Transform Infrared Spectrometer

The infrared spectrum gives the fingerprint of the sample with the absorption peaks that indicate the
frequencies created by the vibrations of the bonds between the atoms of the substances [37]. Except for optical
isomers, each substance has a unique spectrum. Some of these spectra are more detailed and the region where
this part is is the fingerprint region where the spectrum is obtained by expanding it twice. Thus, we can have
detailed information about the substance [31]. In addition, the fats in the food also establish a relationship
between the absorption bands characteristic of the infrared spectrum and the food components [38].

Fourier transform infrared spectrometry (FTIR) is a technique in which the number of waves is
determined according to the infrared intensity of light. The infrared region in the electromagnetic light array
consists of three regions. These regions are as follows:

1. Near-wavelength infrared (NIR)

2. Medium wavelength infrared (MIR)

3. Far-wavelength infrared (FIR) [32], [39]

FTIR spectroscopy is a measurable control method that has been used to date to authenticate and detect
adulteration in many foods [40], [41]. It provides us with information about the biomolecules that make up cells
[42].

In order to determine the adulteration in oils with the FTIR technique, the sample oils are generally
mixed in certain proportions to observe the differences in their spectra [43]. An exemplary FTIR spectrum and
fingerprint region of Sunflower oil mixed with pure olive oil in certain proportions are given in Figure 8.

Olive cil mixed
with sunflower oil Extra virgin olive oil
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Figure 8. An exemplary FTIR spectrum and fingerprint region of sunflower oil mixed with pure olive oil
in certain proportions [44].

The most important advantages of the FTIR technique are the reliability of the analysis results and the
ease of calibration [45]. In addition, the fact that it gives fast results with a small sample makes the use of this

technique widespread [46].
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Figure 9. FTIR spectroscopy [47].
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Pan M. et al. showed that the SIMCA model based on ATR-FTIR spectra using FTIR spectrometry in
extra virgin olive oil mixed with different vegetable oils can detect olive oils mixed with 5% to 10% canola oil,
peanut oil, corn oil, soybean oil or sunflower oil. .

In a study conducted by Oziilkii G. et al., it was concluded that the FTIR technique can be used as a
non-destructive, fast, effective and less time-consuming method from sesame oil in which sesame oil is mixed
with different oils such as pure hazelnut, canola and sunflower.

3.3. Raman spectroscopy

Raman spectroscopy was introduced in 1928 by C.V. It was discovered by Raman [50]. Raman
spectroscopy is one of four vibrational spectroscopy techniques (near infrared (NIR), mid infrared (MIR), raman
spectroscopy and hyperspectral imaging (HSI)) [51]. This technique can provide specific information in the
identification of components such as lipids, proteins and carbohydrates and is sensitive to minor components of
microorganisms that cause food spoilage [52]. These vibrational spectroscopies are as in Figure 10.

Hyperspectral
imaging

NN I 7

—
- NIR or MIR

Ramn spectrosco
spectroscopy pe Py

AN !
,‘waupml, ‘ ) /\_._/J

Figure 10. Schematic representation of vibrational spectroscopy techniques [51].
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Although both IR and Raman spectroscopy are vibrational spectroscopy, unlike IR absorption, Raman
spectroscopy relies on the exchange of light photon energy with a molecule [53]. The Raman effect occurs when
the light charge on the molecule interacts with the electron cloud of bonds in the molecule and the photon charge
brings the electron to a virtual state [53]. Raman scattering occurs when a molecule is excited from a ground
state to a virtual energy state and then relaxes into an excited vibrational state [53].

Interest in Raman spectroscopy has increased as it is a versatile and rapid technique for the analysis of
biological samples [54]. As with FTIR, Raman spectroscopy is a non-destructive technique that can be used in
food analysis because it requires little pretreatment of samples and simultaneously provides information about
different food compounds [54]. Compared to FTIR, it can be performed with less samples, is less costly and
portable [54].

Raman and infrared spectroscopies are complementary techniques for food and foodstuff analysis [55].
The main advantages of Raman spectroscopy over NIR and MIR spectroscopy are as follows:

1. No or minimal restriction effect of water

2. Ability to analyze aqueous solutions with no obstruction or minimal effect of water

3. Easier analysis of inorganic substances

4. The ability to analyze samples with glass or polymer packaging [55].

Raman spectroscopy also has some disadvantages [55]. These are as follows:

1. The sample itself or fluorescence of impurities can obscure the Raman spectrum.

2. Due to the intense laser beams increasing the temperature of the sample, the sample may be
destroyed or obscure the Raman spectrum [55].

In terms of oil technology, Raman spectroscopy, which is based on the principle of detecting variations
in the distribution of unsaturated fatty acids in the content of olive oil and low quality edible oils added to olive
oil, can be used to determine especially the adulteration of olive oil [56].

Purity determination in cold press oils using Raman spectroscopy; Almond, black cumin and walnut
oils were used as material and adulteration was carried out by deliberately adding 25% and 50% sunflower and
corn oil to these oils. The verification of this separation study, which was basically carried out as a result of the
differentiation of fatty acids in the structure of oils, affecting Raman signals, was made by gas chromatography.
When the findings are examined, it has been revealed that it can be used successfully in the rapid detection of
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possible adulteration in cold pressed oils and can replace chromatographic analysis, which is a routine analysis
method [57].

For example, the score plot used in the determination of adulterated cold pressed almond oil in this
study is as in Figure 11.
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Figure 11. Score plot used to detect adulterated cold pressed almond oil [57].

Lopez-Diez EC. et al. showed that hazelnut oil levels between 0% and 20% of virgin olive oils mixed
with hazelnut oils could be successfully detected.

Zou MQ. et al. used a portable Raman spectroscope with intensity ratios of vibrational bands to
distinguish between various grades of olive oil and seed oils. He stated that he could reliably distinguish genuine
olive oil from other edible oils such as soybean oil, rapeseed oil, sunflower seed oil or corn oil containing 5%
(volume percent) or more.

4. Chromatographic Techniques

Chromatography was first used by Mikhail Tswett in 1906 [59]. Chromatography is based on the
principle that the components of a mixture added to a solvent medium are dissolved and separated depending on
their physical and chemical properties [32]. In oil technology, chromatographic techniques such as high
performance liquid chromatography, gas chromatography and thin layer chromatography are widely used for
fatty acid composition, phenolic compounds, preservatives and toxic metabolite analysis.

4.1. High Performance Liquid Chromatography

High performance liquid chromatography (HPLC) and LC-MS/MS devices based on liquid
chromatography are the most important and widely used devices in chromatography techniques, which are used
in many different fields [59]. In HPLC, substances are determined according to the time to leave the column,
while in LC-MS/MS, they are determined according to the time to leave the column and the mass/charge ratio
[59]. HPLC is one of the most powerful analytical chemistry tools, capable of separating, identifying and
quantifying compounds present in any sample that can be dissolved in a liquid [60].

The principle of HPLC is that the sample solution is injected into a column of porous material
(stationary phase) and the liquid phase (mobile phase) is pumped through the column at higher pressure [61] The
separation principle followed is the adsorption of the solute on the stationary phase due to its affinity for the
stationary phase [61] ]. Separation by HPLC is heavily dependent on some parameters of the mobile phase such
as polarity, flow rate, pH, composition, some inherent properties of the sample matrix and stationary phase, and
environmental factors such as temperature, detector type and settings [62]. The HPLC technique, schematized in
Figure 12, has the following features [61]:

1. High resolution
2. Small diameter, Stainless steel, Glass column
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3. Fast analysis
4. Relatively higher mobile phase pressure
5. Controlled flow rate of the mobile phase

1 Solvent
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HPLC Column Data
\-H,Injector
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Figure 12. Flow chart of HPLC [61].

In the HPLC device, the process begins with the dissolution of the sample to be analyzed in a suitable
solvent. The components are then separated in the column, which we refer to as the stationary phase. The
dissolved mixture is injected into the column and pressure is applied to move the mixture and mobile phase.
Under the influence of this pressure, each component moves at a different speed and leaves the system at a
different time. After the separation of the components is achieved, a suitable detector is used for quantification
and the chromatograms obtained from this detector are interpreted in computer programs [59].

(63), In the determination of y tocopherol amounts in dry and fresh walnuts in the Adilcevaz region in
the Van Lake area, using the HPLC device, the amount of y tocopherol was found to be higher than in other
regions. He also stated that this technique is one of the techniques successfully applied in tocopherol analysis
and that the separation of mixtures, the determination of components and their amounts can be done sensitively
and in a short time, and it provides better results than colorimetric and other electrochemical techniques.

(64) They determined the phenolic acid compositions (gallic, protocatechin, p-hydroxybenzoic, vanillic,
caffeic, chlorogenic, syringic, p-coumaric, ferulic, Okuric, rosmarinic and trans-cinnamic acids) of some plants
collected from Kaz Mountains. Phenolic acid analyzes were performed by reverse phase HPLC in a gradient
system, at a wavelength of 280 nm, using propylparaben as an internal standard. As a result, they observed that
two species of these plants were quite rich in phenolic acids and they determined that rosmarinic acid was higher
than other phenolic acids in terms of both the frequency and amount of presence.

4.2. Gas Chromatography

Gas chromatography (GC) is a unique and versatile technique. In the early stages of development, very volatile
components were used in the analysis of gases and vapors. The mixtures to be analyzed and separated by GC
may in some cases be gases, liquids or solids [65]. GC requires the analyte to have a significant vapor pressure
between 30°C and 300°C [66].

This technique includes column selection (fixed phase and dimensions: column identity, length and film
thickness), carrier gas selection (Nitrogen, Helium, flow rate), temperature programming (Initial temperature,
initial hold, ramp rate, final temperature and final hold), injector temperature and detector temperature) and the
flow diagram of this technique is schematized in Figure 13 [67].
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Figure 13. Flow chart of GC [67].
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GC systems include an injector, a carrier gas, a column (stationary phase), a heater, a detector, and a
recorder or information processor [68]. As carrier gas or mobile phase of GC, gases such as hydrogen, helium
and nitrogen are widely used as carrier gas. Considerations such as inertness, oxygen independence, safety, cost
and availability should be considered in the selection of carrier gas [68].

Chen Y. et al. studied the optimization of selected parameters for the analysis of rosemary and thyme

essential oils using GC and GC&MS techniques, and in this study, different terpene compositions of rosemary
and thyme aroma fractions were investigated. The amount of aroma of the plants studied with the obtained
optimum method was determined and the functional groups were examined. Obtained essential oil concentration
ranges were determined as 0.04-6.6 pg/g for rosemary extracts and 0.04—0.5 pg/g for thyme extracts.
A. Bele and Khale A. analyzed the trans fatty acid profiles of palm oil and chicken fillets fried by gas
chromatography technique. As a result of the analysis, good solubility for position and geometric (cis/trans)
isomers was obtained for both oleic acid and linoleic acid. In general, minor changes in the formation of trans
fatty acids and the composition of fatty acids were observed after 8 hours of frying at temperatures below 200
°C. However, thermal degradation and formation of trans fatty acids in frying oil increased in direct proportion
to frying temperature and time. This method has been proven to be precise, accurate and precise. The gas
chromatography technique has been proven to be precise, accurate and sensitive in achieving all these results.

4.3. Thin-layer chromatography

Thin layer chromatography (TLC) is a chromatography technique used to separate mixtures. Chromatography
was discovered by M. Tswett in 1906 [71]. Thin layer chromatography is recognized as an effective technique
for low-cost analysis of samples as it requires minimal sample cleaning and allows reduction in sample
preparation steps [72].

TLC is usually performed on a sheet of glass, plastic or aluminum foil coated with a thin layer of
adsorbent material such as silica gel, aluminum oxide or cellulose [71]. This adsorbent layer is known as the
stationary phase. After the sample is applied to the plate, a solvent or solvent mixture (known as the mobile
phase) is prepared [71]. Separation is achieved because different analytes rise to the TLC plate at different rates
[71]. The TLC technigque can be schematized as in Figure 14 [73].

Solvent Boundary Line

Solvent

Sample Application Limit

Figure 14 Thin Layer Chromatography Application [73].

The behavior of a single compound in TLC is characterized by a quantity known as Rf and is expressed
as a decimal fraction [71]. Rf is calculated by dividing the distance the compound has traveled from its original
location by the distance the solvent has traveled from its original location [71]. The Rf value is visually shown

in Figure 15 [73]. —

Solvent Limit

——

-« | The Solvent's Path |
|

b

The Path of
| Matter

——

3 . | B

—

Figure 15. Calculation of the Rf value on the plate [73].
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Schwertner showed that quantitative determination of different fatty acids is possible using this method.
Autoxidation products of cholesterol can be identified by TLC [74]. In a study, aflatoxin analysis was performed
on figs produced in Aydm. As a result of the study, it was determined that the least common aflatoxin in the
samples was Afla G2, the most common one was Afla B1, and it was determined that only 2 of 38 randomly
selected samples did not contain aflatoxin [75]. In another study, phospholipids, monoglycerides, free fatty acids,
cholesterol, 1,2-diglycerides, 1,3-diglycerides, triglycerides and cholesterol esters were determined in milk and
egg yolk using thin layer chromatography [73].

5. Results and Discussion

In this study, various instrumental analyzes applied in oil technology were examined. Instrumental
analysis using various techniques in oil technology is very important both in obtaining oil and in investigating
certain properties of obtained oils or oil-containing samplesSignificant increases in extraction speed are observed
by performing extraction with supercritical fluid instead of solvents used in the classical extraction process or by
the contribution of various applications such as ultrasound and microwave to the classical extraction process. In
addition, as a result of spectroscopic and chromatographic techniques, very low levels of adulteration in oils can
be determined and the physicochemical properties of oils can be revealed. In order to carry out these analyzes,
the advantages that will emerge with the development of the devices used or the development of new techniques
will make significant contributions to the oil technology.
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Ozet

Son zamanlarda sanayi kuruluslarinin gelismesi ve niifusun artmasi ile paralel olarak endiistriyel atik maddelerde
artis gozlenmektedir. Bu yiizden atiklarin minimizasyonu ve alternatif hammadde olarak kullanilmasi zorunlu bir
hal almistir. Seramik ve porselen karo fabrikalari tiretim miktarlar1 olarak en yiiksek hacme sahip endiistriyel
faaliyet gosteren sektorler arasindadir. Seramik karo bilesiminde % 30-40 kil, % 10-15 kuvars, % 40-45 oraninda
feldspat vardir. Bu ¢aligmada, Bilecik Organize Sanayi Bolgesinde bir firmadan tedarik edilen mermer atiklarinin
porselen karo biinye igerisinde kullanimi ve porselen karo 6zelliklerine etkisi incelenmistir. Porselen karo tiretimde
kullanilan standart biinye recetelerindeki farkli hammaddelerin yerine farkli oranlarda mermer atigi ilavesi ile yeni
regeteler olusturulup porselen karo numuneleri hazirlanmigtir. Hazirlanan numunelerin fiziksel ve mekanik testleri
yapilmig, standart numune ile sonuglari kiyaslanmigtir. Yapilan ¢alisma sonucunda endiistriyel simbiyoz
kapsaminda mermer atiklarmin porselen karo biinyesinde, istenen 6zellikleri bozmadan kullanilabilecegi gibi
alternatif bir hammadde olarak da degerlendirilebilecegi anlagilmistir.

Anahtar Kelimeler: Porselen Karo, Seramik Karo, Mermer At1g1, Endiistriyel Simbiyoz

Evaluation of Usage of Marble Wastes in Porcelain Body
Abstract

Recently, there has been an increase in industrial waste materials in parallel with the development of industrial
establishments and the increase in population. Therefore, the minimization of wastes and their use as alternative
raw materials have become mandatory. Ceramic and porcelain tile factories are among the industrial sectors with
the highest volume of production. There are 30-40% clay, 10-15% quartz, 40-45% feldspar in the composition of
ceramic tiles. In this study, the use of marble wastes supplied from a company in Bilecik Organized Industrial
Zone in the porcelain tile body and its effect on the porcelain tile properties were investigated. In place of the
different raw materials in the standard body recipes used in porcelain tile production, new recipes were created by
adding marble waste at different rates and porcelain tile samples were prepared. The physical and mechanical tests
of the prepared samples were carried out and the results were compared with the standard sample. As a result of
the study, it has been understood that within the scope of industrial symbiosis, marble wastes can be used within
the body of porcelain tile without destroying the desired properties, or it can be evaluated as an alternative raw
material.

Keywords: Porcelain Tile, Ceramic Tile, Marble Waste, Industrial Symbiosis
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1. Giris

Mermer, CaCOs (Kalker) ve CaMg(COs), (Dolomit) bilesenlerine sahip kayaglarin basing ve 1s1 altinda
degisime ugrayip, yeniden kristallesmesinden sonra yeni bir yapi olusturmasi ile meydana gelen kayag tiirleridir
[1]. Uygun boyutlarda blok verebilen, kesilip parlatilan veya yiizeyi islenebilen ve tag 6zellikleri kaplama tast
normlarina uygun olan her tiirden tag 6rnek olarak kalker, traverten, kumtagt gibi tortul; gnays, mermer, kuvarsit
gibi metamorfik; granit, siyenit, serpantin, andezit, bazalt gibi magmatik taslar da mermer olarak
isimlendirilmektedir [2]. Mermer imalati yapan fabrikalarda, mermerin ¢ikarilmasi ve islenmesi asamalarinda
dretimin %40-60’1n1 olusturacak oranda parga ve toz halinde olmak iizere atiklar olusmaktadir [3]. Bu atiklar,
fabrika igerisinden toplanip atik sahasinda biriktirilmektedir. Mermer imalatlarinin fazla oldugu alanlarda bu
atiklarmn biriktirilmesi ile ¢evre ve ekonomik olumsuzluklar olusmaktadir [4]. Giiniimiizde farkli sektorlerde
degerlendirilen bu atik malzemeler, hali hazirda kullanilan malzemelerin yerine kullanildiklarinda ve iiretilen
drtinlerin 6zellikleri ile ayn1 sonuglar alan igletmeler i¢in 6nemli ekonomik fayda saglayacaktir [5].

Literatiirde ¢imento bilesimi [6-7], karoyolu insaat1 [8], jeoteknik miihendisligi uygulamalari[9] gibi farkli
sektorlerde mermer atiklarinin geri dontisimii ile ilgili ¢alismalar bulunmaktadir. Bu atiklarin kullanim
alanlarindan biri de seramik sektoriidiir. Seramik alaninda, mermer atiklart %5-6 araliginda kullanilmaktadir.
Seramik biinye ve sirlarinda CaO olarak biinyeye alinan hammadde kaynaklar1 genel olarak; kalsit, dolomit ve
mermerdir. Biinyede bulunan CaO, sir igerisindeki SiO- ile tepkimeye girerek ara tabaka meydana getirir. Meydana
gelen ara tabaka, gerilimleri 6nleyerek ¢atlaklardan kurtulmay1 saglar [10-11].

Porselen karolar, diisiik su emme ve yiiksek mukavemet, asinma, donma ve kimyasal diren¢ gibi yiiksek
teknolojik ozelliklere ve gelistirilmis estetik goriiniime sahip olan karolardir. [12-13]. Arastirmalarimiza gére
mermer atiklarinin porselen karo biinyelerde kullanimina iliskin ¢alisma bulunmamaktadir. Yapilan bu ¢alisma ile
mermer atiklarmin porselen karo bilesiminde kullanimi degerlendirilecektir. Bu g¢aligmada, Bilecik Organize
Sanayi Bolgesinden (OSB) tedarik edilen mermer atiklarinin porselen biinye i¢erisinde kullanimi ve ayn1 zamanda
porselen karo teknik 6zelliklerini bozmadan, ithal kil miktarinin azaltilmasi amaglanmistir. Béylece hem atigin
alternatif hammadde olarak kullanimi saglanacak, hem de ithal kil kullanim miktar1 azaltilacaktir.

2. Materyal ve Metot
2.1. Mermer Atig1 ilavesi

Bilecik OSB’den temin edilen mermer atigina 150°C’de etiivde kurutma islemi yapilmistir. Kurutma iglemi
yapilan mermer atiklart Ar-Ge merkezi laboratuvarinda bulunan 1 kg’lik jet degirmenlerde 20 dk boyunca 6giitme
islemine tabi tutulmus olup, ¢amur elek bakiyesi %0,5 olarak belirlenmistir. Daha sonra tekrar etiivde kurumaya
brrakilmigtir. Atik tozun fiziksel ve kimyasal analizi yapilmistir. Mermer atiklarinin etkisini gorebilmek igin
standart regete igerisine farkli oranlarda mermer atig1 ilavesi yapilmis olup, en uygununun %4 ve %5 oranlarda
oldugu anlagilmistir. Karigim oranlar1 Tablo 3°de gosterilmektedir.

2.2. Deney Numunelerinin Hazirlanmasi

IIk olarak mevcut porselen biinyesindeki kullanilan masse regetesi, ayni oranlar ile hassas terazide tartim islemi
yapilarak jet degirmenlerde Ogiitiilmiistiir. Hazirlanan regete 300 gr tizerinden tartilarak 20 dk boyunca
ogiitiilmiistiir. Ogiitiilen karisimlar etiivde 150 °C’de kurutulmustur. Kurutulan numuneler porselen seramik havan
yardimi ile toz haline gelerek, %5 oraninda nemlendirme iglemi yapilmigtir. Toz numuneler, laboratuvarda bulunan
55x110mm olgiilere sahip kalipta preslenerek 1210°C ve 57 dk’ da endiistriyel pisirme firminda(Sacmi Marka)
pisirilmistir. Pisme sonras1 numunelerin pisme renkleri, mukavemetleri, su emmeleri, pisme kiigiilmeleri, spesifik
yogunluklari, egilme dayanimi ve kirilma yiikii analizleri yapilarak kiyaslama gergeklestirilmistir. Regetelerde
kullanilan hammadde kimyasal icerikleri Tablo 1°de gdsterilmektedir.

Numunelerin viskozite, yogunluk ve spesifik yogunluklar: standart ile kiyaslanmistir (Tablo 4). Kiyaslama
sonucunda ilave edilen mermer atiklarinin viskozite degerlerinde 6nemli bir farklilik olusturmazken, yogunluk ve
spesifik yogunluk degerlerini ve pisme kiiglilmesinin diistiigii tespit edilmistir. Bilecik OSB’den temin edilen
mermer atiklarmin Seramik Arastirma Merkezi’nde(Eskisehir Teknik Universitesi) yapilan analizlerin fiziksel
analiz sonuglar1 Tablo 2’de gosterilmektedir.

Tablo 1. Regetelerde kullanilan hammaddelerin kimyasal i¢erikleri (%)
| Si0; | AlOs | K2O | Na:O [ CaO | MgO | Fe:0s | TiO: | P20s | A.Z.
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Mermer Atig 1,05 | 0,73 |0,043|0,01 |5203]231 |0,07 0,02 | 0,02 | 43,74
Yerli Kil-1 77,90 | 12,60 | 475 | 0,48 |0,29 | 0,26 | 1,06 - - 2,52
Yerli Kil-2 64,80 | 21,00 | 2,19 | 0,40 |0,18 | 0,49 | 1,89 0,98 | 0,07 | 8,00
ithal Kil-1 62,10 | 23,80 | 1,95 | 0,71 | 0,40 | 0,46 | 0,98 1,36 8,05
Yerli Kaolen-1 79,80 | 12,10 | 0,57 | - 0,20 | 0,26 | 0,81 0,36 | 0,10 | 5,59
Silis Kumu 9190 | 463 | 0,27 (082 |021 |O 0,49 - - 1,64
Sodyum Feldspat | 73,40 | 15,00 | 0,19 | 9,10 | 0,66 | 0,27 | 0,64 0,23 | 0,18 | 0,26
Tablo 2. Mermer Atiginin Fiziksel Analiz Sonuglar
Fiziksel Analiz Sonuclar
Nem % 1 max.
Beyazlik % 95 min.
Sarilik % 4 max.
Viskozite (sn) 700 max.
Tane Boyutu <2 p %80 min.
>10 p %2 max.
>45 1 -
Asmdirma (mg) 25 max
Tablo 3. Karisum oranlart (%)
Hammadde/Recete | Standart | Deneme 1 | Deneme 2
Yerli Kil-1 4 4 4
ithal kil-1 17 17 17
Yerli Kil-2 17 17 17
Yerli Kaolen-1 11 11 11
Silis Kumu 9 9 9
Sodyum Feldspat 42 42 42
Mermer Atigi - 5 4
Tablo 4 .Viskozite, Yogunluk,, Spesifik yogunluk ve Pisme Kiiciilme(%) Sonuglar
Recete/Ozellik Camur Camur Pismis Pisme
Standart 31 1660 2.41 7.96
Deneme 1 28 1647 2.25 7.45
Deneme 2 32 1658 2.26 7.49
Manyezitin yiiksek termal kararligi ve sinterlemeyi iyilestirici 6zelligi bilinmektedir [14]. Bu nedenle

yogunluk degerlerini ve sinterlemeyi iyilestirmek i¢in manyezit ile birlikte mermer atiklarinin bilesimi olusturan
hammaddeler ile farkli kombinasyonlari incelenmistir. Hazirlanan karisgim oranlart Tablo 5°de sunulmustur. Atik
ve manyezit bilesimde kullanilan killer, silis kumu ve feldspat yerine degisen oranlarda ilave edilmistir.

Tablo 5. Standart, Deneme 3, Deneme 4, Deneme 5 (%)
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Yerli Kil-1 4 5 5 5
ithal Kil-1 17 15 15 15
Yerli Kil-2 17 | 18 | 18 ] 18
Yerli Kaolen-1 11 8 8 8
Silis Kumu 9 9 9 10
Sodyum Feldspat 42 39 40 39
Mermer Atif ) 6 5 5
Manyezit ) 2 1 1.5

Manyezit ve mermer atig1 ilaveli re¢etelerde manyezit oranmnin yiikselmesi ile viskozitenin de artig gosterdigi
tespit edilmistir. Manyezit ilavesi ile viskozite arasindaki iligski incelendiginde reolojik acidan %1,5’a kadar
manyezit kullaniminin standart ile uyumlu davranis sergiledigi tespit edilmistir. Numunelerin endiistriyel pisirim
siireci, siire-sicaklik grafigi Sekil 1°de gosterilmektedir. Elde edilen grafikte 25 dk ile 35 dk arasinda, 10 dk siire
boyunca 1210°C” de bekletme islemi yapilmustir. Sekillendirilen numunelerin firin giris-¢ikis toplam siiresi 57 dk
stirdiigii gézlemlenmistir. Firindan ¢ikis sicakligi 80°C, 6n 1sitma sicakligi 300 °C’ dir.

1400

1200
O 1000
800
600
400
200

0

SICAKLIK |

1 3 5 7 8 M 13151719 21 23 25 37 259 31 33 35 37 38 41 43 45 47 49 51 53 & 57
SURE (dakika)

Sekil 1. Pisirme rejim grafigi
3. Bulgular

3.1. Manyezit ve Mermer Atig flaveli Numunelerin Analiz Sonuglar

Endiistriyel pisirim sonras1 manyezit ve mermer atig1 ilaveli numunelerin fiziksel test sonuglar1 Tablo 6’da
verilmistir.

Tablo 6. Manyezit ve Mermer Atigi Hlaveli Numunelerin Analiz Sonuclar

= 2 3 Q
cic| 82- | £E0| 82 | .F | 3.
SZ2 | QEE | HEE |27 88 |25
EsS | 253 SE|2eSZ2 | &E £EeES
< Hen D Zroen D L o= g < o= — £ N
CSX | gS < | EXZ i =] A i3 Rz
>" 1723 >" -Z)« Q ~ &t ;_"' g ﬂ-
& - - v
Standart 1660 2.41 445 805,66 7.59 0.018
Deneme 3 1704 2.37 41.23 733,33 7.75 0.005
Deneme 4 1703 2.38 42.12 752,84 7.86 0.003
Deneme 5 1670 2.40 43.23 769,59 7.91 0.003
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Standart ile kiyaslama yapildiginda spesifik yogunluk, egilme mukavemeti, kirtlma yiikii, su emme degerleri
ve pisme kiigiilmesi agisindan Deneme 3-4-5 kodlu numunelerinden olumlu sonuglar alindig: tespit edilmistir.
Deneme 5 numunesinde ithal Kilin %2, yerli kaolen ve Na-feldspatin % 3 oraninda azaltilmasi ile yerine %5
mermer atig1 ve %1,5 manyezit ilavesi ile standarda benzer sonuglar alindig1 tespit edilmistir.

Standart porselen karo biinye ile deneme 5 kodlu numunenin pisme rengi kontrolii Konica Minolta renk 6lgtim
cihazi ile yapilmig, standart numune ile 5 kodlu numunenin karsilagtirilmasi Tablo 7°de verilmistir. Numunelerin

gorilintiileri Sekil 2°de gosterilmektedir.

Tablo 7. Standart porselen karo biinyesi ile Deneme 5 kodlu numune kiyaslamalart

5x10 Lab Numunesi Standart Deneme 5
L* 71.82 72.13
a* 1.59 0.91
b* 13.55 12.78
AE 0.85
Su Emme(%) 0.018 0.030
STD DENEME 5

Sekil 2. Standart ve Deneme 5 numuneleri

3.2. XRF Sonuglar

Standart numunenin ve standart numuneye en yakin olan deneme 5 kodlu numunenin X-1s1m1 floresansi
(XRF) ile belirlenen analiz sonuglar1 Tablo 8’de gosterilmektedir.

Tablo 8. XRF analiz sonuglar: (%)
SiO2 | Alz0s | K2O | Na2O | CaO | MgO | Fex03 | TiOz2 | P20s | A.Z.
Standart 69,76 | 19,12 | 1,120 | 425 | 0,42 | 0,20 | 0,85 | 0,58 | 0,12 | 3,55
Deneme 5 65,27 | 18,31 | 1,060 | 3,59 | 3,06 | 0,83 | 081 |051 |012 |6,33

XRF sonuglar1 incelendiginde Deneme 5 kodlu numunenin kimyasal igerigi standart numuneye g¢ok
yaklagmustir. SiO2, Al,O3 ve Na,O degerleri birbirine oldukga yakindir. Kimyasal igeriginin birbirine yakin olmasi
fiziksel ve mekanik dayanimlarinin yakin performansi sergileyecegi anlasiimaktadir.

3.3. X-151m kirmimi (XRD) Analiz Sonuglari

Standart numune ile manyezit ve mermer atig1 ilaveli deneme 5 kodlu numunelerin XRD analiz sonuglari
Sekil 3 ve 4’de gosterilmektedir. Elde edilen veriler incelendiginde numunelerde, kuvars, albit, kaolinit ve illit
fazlarin olustugu tespit edilmistir.
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Sekil 3. Standart numunenin XRD analiz sonucu
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Sekil 4. Deneme 5 kodlu numunenin XRD analiz sonucu
4. Sonuclar ve Tartisma

Yapilan bu calisma kapsaminda standart regetede bulunan ithal kil, yerli kaolen ve sodyum feldspatin %2-3
oraninda azaltilmasi ile mermer atiginin %5 oraninda porselen karo recetesinde kullanilabilecegi belirlenmistir.
Manyezit ve mermer atig1 ilaveli numunenin mekanik ve fiziksel 6zellikleri bozmadan standarttan daha iyi
sonuglar verdigi tespit edilmistir.

Regeteye girilen maksimum mermer orani %5 olarak belirlenmistir.
Atigin manyezit ile birlikte kullanimi ¢amur reolojisi ve pisme sonrasi yogunluklarda avantaj

saglamistir.

Masse regetesindeki manyezit orani maksimum %1.5 olarak belirlenmistir. Manyezit orant
arttikca ¢amur viskozitesi artmigtir.
Pisme rengi acisindan AE degeri 0,85 ¢ikmustir, beyazlik degeri daha yiiksek oldugu igin

kullanim1 uygundur.

Spesifik yogunluk porselen karo standartlar: dahilindedir.

Mekanik oOzellikleri (egilme dayanimi, kirilma yiikii) fiziksel 6zellik (su emme, viskozite,
yogunluk, 6zgiil yogunluk) testleri standarda yakindir.

Regete icerisine %5 mermer atik kullanilmasi ile ithal kil yaklasik %12 diismiis ve birim maliyeti
%10 azalmistir.
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