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FORMATION AND COMPARISON OF RARE EARTH ELEMENT (REE)
GEOCHEMISTRY OF MALATYA FLUORITE DEPOSITS

MALATYA FLORIT YATAKLARININ OLUSUMU VE NADIR TOPRAK
ELEMENT (NTE) JEOKIMYASININ KARSILASTIRILMASI

Yusuf URAS ", Cihan YALCIN °, Merve PAKSOY !

! Kahramanmaras Siit¢ii Imam Universitesi, Jeoloji Miihendisligi Bolimi, Kahramanmaras, Ttirkiye
2Sanayi ve Teknoloji Bakanlig1, Burdur Il Miidiirliigii, Burdur, Tiirkiye

*Sorumlu Yazar / Corresponding Author: yuras@ksu.edu.tr

ABSTRACT

The fluorite deposits in Malatya (Turkey) region are observed in Yesilyurt and Kuluncak districts. Yesilyurt
fluorites are observed as vein type along the plane of unconformity between metamorphic rocks on hydrothermal
phase. Kuluncak fluorites are observed in the contacts of alkaline syenites and marbles as vein type which the
mineralization occured in the pegmatitic phase as shown on Tb/La-Tb/Ca diagram. Yesilyurt fluorites are seen in
purple, dark purple and blackish colors and Kuluncak is blue to purple. When the geochemical characteristics of the
Malatya fluorites are taken into comparison, the Yesilyurt region has 12.2-35.8% F values and Kuluncak has 15,
03-25, 42%. The REE contents of Kuluncak fluorites are richer than Yesilyurt fluorites as well as in Sr contents. In
the (La/Yb)n-(Tb/Yb)n diagram the Yesilyurt fall into the field of New Mexico, however the Kuluncak fluorites fall
into the field of Akdagmadeni. The fluorite deposites are compared on (Ew/Eu*),—(La/Yb), and Sc—XREE,
(Tb/Yb),—(La/Yb), diagrams. The Yesilyurt fluorites display a distribution similar to the Buyukkizilcik
(Kahramanmaras) fluorites but Kuluncak fluorites spread in large areas. The normalized-REE compositions of the
Malatya fluorites exhibit enrichment in LREEs compared to the HREEs. In the light of all the data obtained, it can
be concluded that the geochemical properties and formation of Malatya fluorites are different from each other.

Keywords: Fluorite, Hydrothermal, Pegmatitic phase, REE, Malatya.
OZET

Malatya’daki (Tiirkiye) florit yataklar1 Yesilyurt ve Kuluncak bolgelerinde bulunmaktadir. Yesilyurt floritleri,
hidrotermal evrede metamorfik kayaglar arasindaki uyumsuzluk diizlemi boyunca damar tipi olarak goériilmektedir.
Kuluncak floritleri ise Tb/La-Tb/Ca diyagraminda gdsterildigi gibi, pegmatitik evrede olusmakta ve alkali siyenit
ve mermer dokanaginda damar tipi seklinde goriilmektedir. Yesilyurt floritleri mor, koyu mor ve siyahimsi
renklerde, Kuluncak floritleri ise maviden mora kadar farkli renklerde goriilmektedir. Malatya bolgesinde farkli
lokasyonlarda gozlenen floritlerin jeokimyasal 6zellikleri karsilastirildiginda; Yesilyurt bolgesindeki F % 21,2-35,8
degerlerinde; Kuluncak bolgesinde ise F % 15,03- 25,42 arasindadir. Kuluncak floritlerinin nadir toprak element
(NTE) ve Sr igerigi, Yesilyurt floritlerininkinden daha zengindir. (La/Yb)n-(Tb/Yb)n diyagramlarinda Yesilyurt
floritleri New Mexico alanina diiserken, Kuluncak floritleri Akdagmadeni floritleri ile ayni alandadir. Florit
yataklarinin (Euw/Eu*),—(La/Yb), ve Sc—ZNTE, (Tb/Yb),—(La/Yb), diyagramlarinda karsilastirmalar1 yapilmistir.
Yesilyurt floritleri Biiylikkizilcik (Kahramanmaras) floritlerine benzer bir dagilim sergilerken, Kuluncak floritleri
genis alanlara yayilmistir. Malatya floritlerinin normalize edilmis Nadir Toprak Element (NTE) bilesimlerine gore,
hafif nadir toprak elementlerinin agir nadir toprak elementlerine gore zenginlestigi goriilmektedir. Elde edilen tiim
veriler 151¢1nda Malatya floritlerinin Jeokimyasal 6zellikleri ve olusumlarinin birbirlerinden farkli oldugu sonucuna
varilabilir.

Anahtar Kelimeler: Florit, Hidrotermal, Pegmatitik evre, NTE, Malatya.
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INTRODUCTION

Ketin (1966) classified the orogenic belts of Turkey into 4 different classes as Pontides, Anatolides, Taurides and
Border folds. In Malatya (Figure 1) where is the tectonic location on Eastern Taurus Orogenic region, Dogansehir,
Malatya, Doganyol and Piitlirge consists of Precambrian-Paleozoic and Mesozoic aged gneiss, amphibolite, marble
and schists (MTA, 2009). Miocene-Pliocene aged volcanic rocks are located in the north of Hekimhan-Arguvan
(Atabey, 2015). Upper Cretaceous ophiolites, Cretaceous limestones, Eocene volcanoclastic and sedimentary rocks
and Miocene-Pliocene lacustrine, evaporitic sedimentary rocks are located in different locations (Peringek and
Kozlu, 1984; Atabey, 2015). The fluorite veins which developed in Malatya region have been studied by Revan and
Geng (2003) in Yesilyurt and Ozgeng and Kibici (1994). Altuncu (2009) stated that the Yesilyurt fluorites are poor
in terms of REE and the trace element association is in the form of F+Ba+Si+Au. Kuluncak stated that the fluorite
bed is formed as vein fillings and irregular veins in contact with syenite limestone due to alkali magmatism in the
region. It also states that the formation of fluorite forms at the pegmatitic stage (Altuncu, 2009). Depending on the
type of rare earth element-rich rocks fluorite deposits in Turkey are divided into three classes: (i) carbonatite, (ii)
alkaline igneous rocks, and (iii) limestone (Altuncu, 2009). Oztiirk et al. (2019) reported that these deposits
developed in relation to post-collision magmatism and that ore-forming fluids were fed from other sources.The aim
of this study is comparing the formation and REE geochemistry of Malatya fluorites.

EAST PONTIDE

BLACK SEA ‘ ARC

KIRSEHIR
MASSIF

ﬁ ARABIAN PLATFORM

ANTALYA SUTURE T
200 km
ﬁ (IR
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- Paleozoic-Early Mesozoic Subduction Complex «Paleotethys»

: i . = Late Paleozoic-
- East Pontide Arc Late Mesozoic-Early Tertiary E Kiire Complex Early-Middle Jurassic

- istanbul Fragment Precambrian-Triassic l:] Istranca Massif Precambrian-
Middle Jurassic

Figure 1. Location of the study area on the tectonic units of Turkey (Quoted as modified from Sengdr et al., 1982)

Geological Settings

The Yesilyurt fluorites were formed (Fig 2) along the discordance plane between the Devonian-Carboniferous
aged Kalecik marbles and the Permian aged Diizaga¢ schists are located at the west and south of Kuz Tepe (Fig 2)
(Revan, 2003). Mineralized zone has a geometry which is parallel to the discordance plane and which continues by
thinning towards the sides (Fig 3). Faults with NW-SE orientation are generally observed in the area of
examination. It is considered that these broken faults, which are observed systematically, are effective in
mineralization. Fluorite mineralization occurred as the hot waters circulating around the fault lines transferred the
mineralized solutions and discharged those into suitable areas. Observation of mineralization in the schist and
limestone discordance plane occurred as the solutions moving in faults and cracks encountered impermeable schists
and left their solutions in this discordance plane.
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Fluorite
veins

Figure 2. Location of fluorite mineralization on western part of Kuz Tepe

The Kuluncak fluorites are related to the syenite-limestone contact (Fig 4) in the region (Ozgeng, 1999).
Altuncu (2009) stated that the Kuluncak fluorite deposit is formed as vein fillings and irregular veins in contact
with syenite limestone due to alkali magmatism in the region. In fluid inclusion studies Altuncu (2009) reported
that the homogenization temperature (Th) is above 580°C on average. Fluorite mineralization in the study area is

located in Asilik Pinar1, Ardigh Tepe and Alibeyli (Fig 5).

The Yesilyurt Fluorites are observed in purple, light purple and blackish colours (Fig 6) but the Kuluncak
fluorites are purple (Fig 7).
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Figure 3. Geological map of the Asagikdy (Yesilyurt-Malatya) area and the geological cross section with NW-
SE orientation (Modified from Revan, 2003)
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Figure 4. General view of quarries with fluorite mineralizations
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Figure 5. Geological map of the Kuluncak area and the geological cross section with NE-SW orientation
(Modified from Ozgeng, 1999)
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Figure 7. Appearances of purple fluorites in the Kuluncak district

METHOD

Rare earth elements are used as a geological indicator in order to reveal the genesis of rocks and ore deposits.
The determination of the geotectonic environment of magmatic melts is of importance in terms of revealing the
origins and learning the data related to the crystallization conditions. The fluorite samples taken from Yesilyurt and
Kuluncak (Malatya) region were fractured in the geochemistry laboratory of Kahramanmaras Siit¢ii Imam
University and separated by their colours in the form of pure crystals. The fluorite samples were sorted separately
as pure fluorite and decomposed fluorite. Selected crystals are grounded in agate mortar, packaged as 5-grams 20
samples were sent to Acme Laboratories (Vancouver—Canada) and their rare earth element analyses are performed
using LIBO, fusion, ICP-MS method.

RESULTS AND DISCUSSION

REE Geochemistry

The rare earth element contents of the Yesilyurt fluorites present a poor content which are similar contents
were observed in Feke fluorites (Uras, 2002) and in Biiyiikkizilcik fluorites (Uras and Caligkan, 2014) but
Kuluncak fluorites present a very rich content also Sr % F values change between 12.2-35.8 (Table 1) in Yesilyurt
and 15,03-25,42 (Table 2) in Kuluncak district. The rare earth element contents of Yesilyurt fluorites range from
0.02 to 25.8 ppm (Table 1) and the rare earth element contents of Kuluncak fluorites vary between 0.11 and 789.5
ppm (Table 2). A total of 10 fluorite samples contain 369,64 ppm of rare earth elements in Yesilyurt (Table 1).
Total amount of rare earth elements of Kuluncak fluorites varies between 167.01-1188.82 ppm (Table 2).
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Terbium (Tb) and Lanthanum (La) are subjected to extensive disaggregation during the formation of fluorite.
For this reason, the formation environment and the degree of disaggregation of the mineral are determined by
evaluating Tb/La and Tb/Ca ratios (Schneider et al. 1975, Moller et al. 1976; Moller and Morteani, 1983). The
Yesilyurt fluorites fall in the hydrothermal origin field and Kuluncak in the pegmatitic origin field in the Tb/Ca vs.
Tb/La diagram (Figure 8).

10°—
PEGMATITIC
10°— °KULUNCAK
* YESILYURT
10°—]
- HYDROTHERMAL
&
8 10—
|—
10'—
SEDIMENTARY
10°—
10- | | |
0,001 0,01 0,1 1 10

Tb/La
Figure 8. The place of the fluorites in the Tb/La vs. Tb/Ca diagram (Moéller and Morteani, 1983)

Table 1. % F, Sr and rare earth element contents of the Yesilyurt fluorites

Sr (ppm) 37,6 36,4 31,3 32,3 24,2 37,0 38,4 38,8 39,9 35,8
F% 21,69 12,2 13,05 14,09 18,8 35,8 20,00 19,88 20,5 19,78
La (ppm) 34 5,1 4,6 42 49 53 2,8 2,6 3,7 23
Ce (ppm) 6,0 8,2 6,0 7,0 75 5,1 53 6,4 5,6 6,2
Pr (ppm) 0,97 1,12 0,91 0,82 1,09 0,84 0,85 0,90 0,90 0,84
Nd (ppm) 4.6 45 3,8 3,4 3.2 3,9 43 43 43 32
Sm (ppm) 1,26 0,84 0,72 0,82 0,71 1,11 1,11 1,29 1,06 1,27
Eu (ppm) 0,32 0,18 0,14 0,12 0,14 0,24 0,27 0,34 0,31 0,31
Gd (ppm) 1,85 0,90 0,75 0,82 0,78 1,44 1,64 1,74 1,53 1,58
Tb (ppm) 0,32 0,15 0,12 0,11 0,12 0,24 0,28 0,33 027 031
Dy (ppm) 2,02 0,91 0,79 0,64 0,74 1,47 1,60 2,16 1,69 2,12
Ho (ppm) 0,40 0,20 0,18 0,14 0,18 021 0,39 0,44 0,38 0,41
Er (ppm) 1,07 0,59 0,38 0,28 0,45 0,71 0,99 1,16 0,95 1,15
Tm 0,12 0,05 0,05 0,05 0,06 0,10 0,10 0,12 0,10 0,11
(ppm)

Yb (ppm) 0,66 0,32 0,24 0,34 031 0,49 0,58 0,62 0,61 0,59
Lu (ppm) 0,08 0,04 0,03 0,02 0,09 0,07 0,07 0,08 0,07 0,09
Sc(ppm) | 1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
Ce\Yb 9,09 25,63 25,00 20,59 24,19 10,41 9,14 10,32 9,18 10,51
Tb \La 0,094 0,029 0,026 0,026 0,024 0,045 0,100 0,127 0,073 0,135
Tb\Ca*10  0,0000007  0,0000004  0,0000003  0,0000003  0,0000003  0,0000006 0,0000006  0,0000007  0,0000006  0,0000006
6 57 97 95 71 89 54 17 30 47 97
Ce\Ce* 0,8 0,8 0,7 0,9 0,8 0,6 0,8 1,0 0,8 1,1

Euw/Eu* 0,6 0,6 0,5 0,4 0,5 0,5 0,6 0,6 0,7 0,6
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XREE

44,67

32,30 27,11 26,56 28,57 40,22 41,98 45,68 39,97 42,58

The studied samples from Malatya fluorites cover the crystallized region put forward by Hill et al. (2000) in
(Tb/Yb)n vs. (La/Yb)x diagram. The Yesilyurt fluorites are located in the region where the New Mexico fluorites
are located but Kuluncak fluorites are located in Akdagmadeni area (Figure 9).

6
Chloride district
(Ag-Au)
(Eppinger&Closs,1990)
o] oYesilyurt Fluorites
c o OoKuluncak Fluorites
e) Ruby/Hayner
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Figure 9. Locations of the studied fluorites in the (Tb/Yb)x vs. (La/Yb)x diagram (all values are normalized by
comparing (Tb/Yb)n and (La/Yb) The n ratios in Malatya fluorites (Eppinger and Closs, 1990; Hill et al, 2000;

Sasmaz et al, 2005)

Looking at the place of Malatya fluorites within the diagram obtained by comparing the REE results, (La/Yb)n
and (Eu/Eu)n ratios, it is observed that Yesilyurt are located in the same region with the Biiyiikkizilcik fluorites
(Uras and Caligkan, 2014) but Kuluncak fluorites spread in large areas (Fig 10).

Table 2. % F, Sr and rare earth element contents of the Kuluncak fluorites

Sr(ppm) 14324 1700,1 16488 17815 1407.9 2024.9 1603,7 2038.9 16764 14855
F% 19.33 25.2 25,39 17,1 15,03 17,34 19,37 25,42 18,25 19,86
La (ppm) 1057 45,4 46,7 380,6 758, 125,0 433 216,8 144.6 1382
Ce(ppm) 157,6 53,1 56,0 463,7 789,5 1784 80,9 255,6 203,2 211,1
Pr(ppm) 1531 6,15 6,19 34,90 56,09 14,46 5,96 18,88 17,29 16,21
Nd (ppm) 46,5 19,8 20,5 91,1 142,6 39,4 17,6 54,1 53,0 50,1
Sm (ppm) 7,64 4,08 3,82 12,18 14,67 541 341 6,22 7,97 7,65
Eu(ppm) 1,62 0,94 0,89 2,30 2,67 1,28 0,71 1,13 1,54 1,25
Gd (ppm) 8,48 5,19 5,39 10,29 12,93 6,40 3,38 6,54 7,78 6,98
Tb (ppm) 141 0,87 0,87 1,68 2,06 1,12 0,64 0,92 1,12 1,09
Dy (ppm) 9,13 5,30 5,57 8,68 11,87 6,86 4,04 5,04 6,59 5,63
Ho (ppm) 1,94 1,24 1,34 1,90 2,65 1,95 0,90 1,31 1,55 1,35
Er (ppm) 5,10 3,42 3,64 543 7,30 5,38 3,36 3,84 3,79 3,52
Tm(ppm) 0,59 0,34 0,39 0,70 0,97 0,87 0,38 0,41 0,47 0,41
Yb (ppm) 2,80 1,39 1,63 3,15 5,29 3,98 2,42 2,85 2,81 2,62
Lu(ppm) 023 0,12 0,14 0,37 0,62 0,41 0,11 0,18 0,14 0,13
Sc(ppm) 1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
Ce\Yb 56,29 38,20 34,36 147,21 149,24 44,82 33,43 89,68 72,31 80,57
Tb\La 0,013 0,019 0,019 0,004 0,003 0,009 0,015 0,004 0,008 0,008
ThCa 0,0000003  0,0000017  0,0000018  0,0000038  0,0000050  0,0000024  0,0000012  0,0000018  0,0000023  0,0000024
12 73 27 86 58 53 98 12 80 48
Ce\Ce* 1,0 0.8 0.8 1,0 0,9 1,0 12 1,0 1,0 1,1
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Eu/Eu* 0,61 0,62 0,60 0,62 0,59 0,66 0,64 0,54 0,59 0,52
XREE 354,35 194,34 201,27 739,98 1188,82 359,72 167,01 446,82 383,95 382,46
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Figure 10. Locations of the Malatya fluorites in the (La/Yb)N vs. (Ew/Eu*)N diagram (Sasmaz et al, 2005;
Uras and Caligskan, 2004)

In the Sc vs. > REE diagram (Sasmaz et al, 2005), Yesilyurt fluorites are distributed in a narrow area while
Kuluncak fluorites are distributed in large areas (Fig 11).
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Figure 11. Comparison of Sc vs. Y REE diagram (Sagmaz et al, 2005)

The REE compositions of the Malatya fluorites were normalized to Chondrite values and show the light rare
earth elements (LREE) are over-rich, as a consequence of continental crust effect, compared to the heavy rare earth
elements (HREE) (Fig 12). In normalized diagrams, the positive Ce anomaly of fluorites indicates the presence of
low oxygen fugacity at the source of hydrothermal fluids, while the negative Eu anomaly indicates that these
conditions also persist in the mineralization environment (Moéller and Morteani, 1983; Brookins, 1989).

In this study, rare earth element contents were evaluated by being normalized according to C1-Chondrites
(Evensen et al, 1978). It is known that, in case the solutions circulating inside the rock are rich in carbonates, rare
earth elements exhibit a more mobilized character compared to the normal aqueous solution (Rollinson, 1993). No
significant crystallization has been observed in the normalized rare earth element diagrams of Malatya fluorite
samples. With regard to Malatya fluorites, rare earth elements generally present a discordant behaviour during the
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magmatic crystallization and are enriched in the waste fluid. This presents an enrichment in minerals created in
HREE late phase, whereas HREE with small radius also enter in the structure of the minerals created first.
Therefore, LREE contents also present enrichment. While LREE contents provide a high value, HREE and LREE
values present a lesser enrichment compared to LREE (Figure 12).

The Ce/Ce* and Eu/Eu* ratios provide important data on the oxygen content of the environment (Rollinson,
1993). According to Constantopoulos (1988), if the values of Eu/Eu* are >1, Eu™? transforms into Eu™ by being
oxidized (as there is enough oxygen in the atmosphere) and enters into the lattice structures of fluorites. If the
Ce/Ce* values are <1, this will cause the Ce to combine with oxygen and precipitate as CeO,, thus preventing its
entry into the structure of fluorites. It causes a negative anomaly to arise for Ce and a positive anomaly to arise for
Eu in diagrams normalized with chondritic values (Evensen et al, 1978).

In Eu and Ce anomalies, the fact that Eu presents a negative anomaly and that Ce presents a positive anomaly
indicates an environment with low temperature (T) and low oxygen fugacity ({02). In addition, the negative Eu
anomaly is indicative of the presence of Eu' in the hydrothermal fluid. Ce/Ce* and Eu/Eu* ratios are calculated
with Ce/Ce*=Cey/(Lan X Prn)i» and Ew/Eu*=Eu,/(SmnxGdy)i» formulas (Constantopoulos, 1988; Palmer and
Williams-Jones, 1996; Williams-Jones et al., 2000). Yesilyurt fluorites are formed under the influence of
hydrothermal fluids. The fact that fluorites that are unaffected by a magmatic fluid are poor in terms of High Field-
Strength Elements (HFSE) and rare earth elements (REE) indicates that these elements are affected by mineral
forming solutions (Yaman, 1985).
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Figure 12. Chondrite- normalized REE spider diagram for (a) Yesilyurt fluorites and (b) Kuluncak fluorites.
(Rare earth element contents were evaluated by being normalized according to C1-Chondrites (Evensen et al,
1978))

DISCUSSION

This study reveals the REE chemical characteristics of Malatya fluorites located in the Eastern Taurus
Orogenic belt. The REE contents of the Yesilyurt fluorites present a poor content. Similar contents were observed
in Feke fluorites (Uras, 2002), Biiyiikkizilcik fluorites (Uras and Caliskan, 2014) and in Sariveliler fluorites (Uras
et al., 2019). But the REE contents of the Kuluncak fluorites present a rich content.

Altuncu (2009) has been investigated and compared the occurrence of fluorite mineralizations in Turkey and
observed the formation environment and origin of fluorites on the Taurus orogenic belts. Cosanay et al. (2017)
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demonstrated the microthermometric and geochemical properties of the fluorites observed in the Middle Anatolia.
Azizi et al. (2018) examined the fluorites in the Markazi region in Iran and stated that vein type fluorites are poor in
REE and dolomite, barite, hematite, goethite and small amount of pyrite are observed in paragenesis.

CONCLUSIONS

As a result; Malatya fluorites where vein type mineralization is seen on Eastern Taurus Orogenic Belt, the
formation and geochemical features of Yesilyurt and Kuluncak fluorites differ from each other. Yesilyurt fluorites
are observed as vein type along the plane of unconformity between metamorphic rocks on hydrothermal phase.
Kuluncak fluorites are observed in the contacts of alkaline syenites and marbles as vein type which the
mineralization occured in the pegmatitic phase. Yesilyurt fluorites are poor in terms of rare earth element contents
but Kuluncak fluorites are rich. All Euw/Eu* values have negative Eu anomaly. This indicates that the fluorite
created during the early phase is rich in terms of Eu*? and that there is a presence of low temperature (T) and low
oxygen fugacity (02) in the environment.
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OZET

Betonun hizmet gordiigii siire zarfinca karsilastigi zararl etkilere karsi dayanikli olmasi1 6nemlidir. Betonun diisiik
cekme gerilme davranisi, ¢elik donati ile gelistirilmektedir. Ancak beton i¢ine gémiilen donatinin, korozyona ugrama
riski bulunmaktadir. Celik donatinin korozyona ugramasi, tasima kapasitesi basta olmak {izere, sistemin tiimiiniin
deformasyona ugramasina sebep olur. Bu ¢alismada korozyon inhibitorii kullaniminin donati korozyonuna ve beton
ile donat1 arasinda olusan aderansa etkisi arastirilmistir. Calismada 15 cm kenarli betonarme kiipler {iretilmistir.
Beton ile donati arasindaki aderans kuvveti, kiibik betonarme 6rnek {izerinde test edilmistir. Cimentonun agirlikca
% 1’ 1 oraninda kalsiyum nitrat bazli korozyon inhibitorii beton karisiminda kullanilmigtir. Numunelere, 20 £2 °C’
de tath su kiirii uygulanmistir. Deney 6rneklerinin aderans 6zelliklerini belirlemek i¢in ¢ekme-¢ikarma deneyi ve
korozyon davranislarin1 6lgmek icin de yari hiicre korozyon potansiyeli 6l¢limii uygulanmistir. Yapilan ¢aligma
sonucunda korozyon inhibitorii kullanilan numunelerde kullanilmayan numunelere gére korozyon olusumunun daha
yavag gergeklestigi tespit edilmistir. Korozyon etkisiyle donati-beton aderansinin azaldigi fakat korozyon inhibitorii
kullanilan numunelerde aderansin arttigi tespit edilmistir.

Anahtar Kelimeler: Aderans, Beton, Korozyon, Korozyon Inhibitor

ABSTRACT

It is important that the concrete is resistant to the harmful effects it encounters during its service. The low tensile
stress behavior of the concrete is improved by steel reinforcement. However, there is a risk of corrosion of the
reinforcement embedded in concrete. Corrosion of the steel reinforcement causes deformation of the entire system,
in particular its carrying capacity. In this study, the effect of corrosion inhibitor usage on reinforcement corrosion
and the adherence between concrete and reinforcement were investigated. In this study, 15 cm edged reinforced
concrete cubes were produced. Bonding Strength between concrete and reinforcement were tested on cubic reinforced
concrete specimen. The calcium nitrate-based corrosion inhibitor was used in the mixture of 1% by weight of cement
The specimens were cured in two different ways as normal water cure at 20 = 2 °C and salt water cure to create a
corrosive environment. In order to determine the adherence properties of the test samples, a pull-out test and a semi-
cell corrosion potential measurement were applied to measure corrosion behavior. As a result of the study, it was
determined that the corrosion formation was slower than the samples not used in the corrosion inhibitor samples. It
was determined that the adherence of the reinforcement-concrete decreased with the effect of corrosion but the
adherence increased in the samples using the corrosion inhibitor.

Keywords: Adherence, Concrete, Corrosion, Corrosion Inhibitor.
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GIRIS

Insanoglu, var olusundan bu yana olaylardan ve tehlikelerden korunmak ve hayatin siirdiirebilmek igin giivenli bir
barmaga gereksinim duymustur. {lk gaglarda malzemeler dogada bulundugu sekliyle kullamlmaktaydi. Daha sonraki
stirecte, malzeme bilimindeki gelismelere paralel olarak insanlardaki diisiince ve becerilerin gelisimi ile dogadaki
malzemeler islenip sekillenerek kullanilmaya baslandi (Simsek, 2012). Betonun bulunusu 18. yiizyilin sonlaria
kadar uzanmaktadir. Halen giiniimiizde de hizla devam eden betonun gelistirilmesiyle ilgili ¢alismalarda betonun
dayanimi, kalitesi, uzun siiredeki davranisi, bakim teknigi, ekonomi, estetik, olumsuz sartlarda beton dokiimii,
katkilarla 6zelliklerini gelistirme vb. konularda ¢aligmalar devam etmektedir (Giiner, 1999). Beton, ¢imento, dogal
ve yapay iri agrega, su ve gerektiginde kimyasal ve/veya mineral katkinin karistirilmasi ile yapilan ve ¢imentonun
hidratasyonu ile dayamim kazanan malzemedir (TS 11222, 2001 ve TS EN 206-1, 2002). Betonun bir¢ok olumlu
ozelliginin yami sira ¢ekme dayanimi oldukg¢a diisiiktiir. Beton elemanin ¢ekme ve egilme gerilmeleri karsisinda
catlayip kirilmasini dnleyebilmek i¢in, ¢ekme gerilmelerinin olustugu bolgelere ¢elik donatilar yerlestirilmektedir.
Cekme dayanimu yiiksek olan ¢elik donatilar ¢gekme dayanimi diisiik olan betonu desteklemektedirler (Boga, 2010).
Bu celik donatilar ve betondan olusan yap1 elemaninin, betonarme olarak davranabilmesi i¢in ¢ubuklarin betona
kenetlenmesi gerekir. Kenetlenmeyi saglayan gelik ¢ubukla beton arasindaki kayma gerilmelerine “Aderans” denir
(Karakog, 1985). Donati-beton aderanst korozyondan olumsuz etkilenir, hatta ileri derecede hasar durumunda
aderans tamamiyla yok olur (Baradan vd., 2002). Betonarme yapilarda kullanilan ¢elik donatilardaki korozyon
gelisimi, yapilardan beklenen emniyet ve servis dmril ile ilgili gereksinimleri biiyiik 6l¢iide etkilemektedir (Yigiter
ve Baradan, 2008). Koétii ortam kosullarinda betonun hizli bir sekilde bozulmasini 6nlemek igin yiiksek kalitede ve
dayaniklilikta beton iiretmek gerekir. Ancak beton igerisine giren zararl iyonlar ¢elik donatinin yiizeyindeki dogal
pasiviteyi bozar ve genellikle betonarme yapilarda donatinin korozyonuna neden olur (Baradan vd., 2002; Giineyisi
vd., 2005; Yeau ve Kim, 2005; Erdogdu vd., 2004). Donatinin korozyona ugramasiyla betonarme elemanlarin
performansinda c¢esitli kayiplar olur. Bunlar; pas pay1 tabakasinin ¢atlamasina bagli olarak donatinin etkili kesit
alanlarindaki azalmalar, kesit alanindaki azalmaya bagli olarak donatilarin mekanik performansindaki azalmalar ve
donatili betonlarin aderans performanslarindaki azalmalardir. Korozyon nedeniyle aderans dayanimlarindaki
kayiplar1 azaltmak i¢in g¢esitli onlemler alinmaktadir (Topgu ve Boga, 2008). Bu 6nlemlerden bir tanesi korozyon
inhibitorii kullanmaktir. Korozyon inhibitorleri betonarme yapilarda donati ¢eliginin korozyonunu yavaslatabilen
veya Onleyebilen kimyasallardir. Korozyonu inhibite eden katkilar, betonarmeyi korozyon hasarlaria karst
korumada diger metotlar arasinda koruma mekanizmasi yoniinden essizdir ve beton matrisinin ayrilmaz bir pargasidir
(Aydin ve Cizmecioglu, 2013). Korozyon inhibitoérii kullanimi, uygulama kolayligi, etkin performansi ve
ekonomikligi nedeniyle korozyonu 6nlemede en uygun yontemlerden biri olarak ele alinmaktadir.

MATERYAL ve METOD

Calismada baglayici olarak TS EN 197-1 ile uyumlu CEM 142,5 R tipte ¢imento kullanilmistir. Beton, Cimko hazir
beton santralinden temin edilmis olup su/¢imento orani 0.60 sabit tutularak C30 sinifinda beton kullanilmistir.
Numunelerin hazirlanmasida 0-5 mm ’lik elekler arasinda kalan % 59 dogal kum, 5-12 mm ‘lik ve 12-22.4 mm ‘lik
elekler arasinda kalan % 41 dogal cakil kullanilmistir. Uretilen beton numunelerin hazirlanmasinda 16 mm capinda
ve 20 cm uzunlugunda nerviirlii S 420a betonarme ¢eligi kullanilmistir. Inhibitor olarak DCI korozyon inhibitorii
kullanilmistir. DCI, kalsiyum nitrit, su i¢eren bir soliisyon temelinde likit bir korozyon engelleyicisidir. DCI en az %
35 oraninda kalsiyum nitrit icermekte olup 6zgiil agirligi yaklasik olarak 1.28 kg/It’ ye esittir.

Uretilen betonlarin mekanik ve dayaniklhilik 6zelliklerini belirlemek amaciyla yar1 hiicre potansiyeli ve ¢ekme-
cikarma dayanimlarina ait her bir seri igin 18 adet, toplamda 4 seri olacak sekilde 72 adet numune hazirlanmistir.
Numuneler 20 cm uzunlugunda ¢16’lik bir donatimin goémildiigii betonarme eleman seklinde 15x15x15 cm
boyutlaridadir. Numunelerin yiizeyi ile donatinin birlestigi kistm epoksiyle kaplanmistir. Uretilen bu numuneler 7,
28, 90 ve 180 giinliik olmak {iizere dort farkl kiir siiresinde tutulmustur. Betonun mekanik ve dayaniklilik
Ozelliklerinin belirlenmesi amactyla iiretilen numunelere 23 + 2 °C sicakliga sahip tath su kiir havuzunda 7, 28, 90
ve 180 giin boyunca standart kiir uygulanmigtir. Sekil 1’ de {iiretilen numunelerde gomiilii donatinin korozyon
aktivitesini tespit etmek amaciyla yar1 hiicre potansiyel deneyi uygulamasi gosterilmistir. Yar1 hiicre potansiyel
deneyinden sonra ayrica numuneler ¢ekme - ¢gikarma deneyine tabi tutularak aderans dayanimlari tespit edilmistir.
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Sekil 1. Uretilen beton numuneleri.
Yari hiicre potansiyel korozyon test yontemi, donatinin korozyon potansiyelinin belli bir donem zarfinca 6l¢timiine
dayanir ve korozyon olasilig1 hakkinda fikir verir. Yar1 hiicre potansiyeli 6l¢lim yontemi hem yap1 tizerinde hem de
laboratuvarda olmak iizere en ¢ok kullanilan, hasar olusturmayan ve elektro-kimyasal tekniklerin uygulama
bakimindan en basit olanidir. Bu ydntem betonarme donatisinin korozyon aktivitesini tespit etmek amaciyla
laboratuvarda betondaki kaplamasiz donatilarin elektriksel yar1 hiicre potansiyellerinin tespiti amaciyla
kullanilmagtir.

Beton igindeki donatinin korozyon potansiyelinin 6l¢iimiinde ASTM C 876’ya uygun Sekil 2° de gosterilen deney
diizeneginden yararlanilmistir. Yar1 hiicre potansiyeli dl¢iimiinde yiiksek empedansli bir voltmetre araciligryla donati
potansiyeli bir referans elektroda gore dl¢iilmiistiir. Kiir havuzlarinda bekletilen numuneler 7, 28, 90 ve 180 giiniin
sonunda havuzdan ¢ikartilip yar1 hiicre potansiyeli okumalart yapilmistir.

] e Yiiksek Empedansl
Voltmetre

+ —
o o

Referans Elektrot

Gecirgen Tapa

Donati Baglantist Islak Stinger
Celik Donatt
Beton (Calisan Elektrot)

Sekil 2. Yar hiicre potansiyeli 6l¢lim diizenegi (Boga, 2010).

Beton icine gomiilii donatinin potansiyeli, belirli bir yar1 hiicrenin donati ile baglantis1 kurularak saptanmustir.
Elektrotun diger ucu voltmetrenin negatif kutbuna baglanip agiga cikartilan ve pastan temizlenen donati ise
voltmetrenin pozitif kutbuna baglanmistir. Bu sekilde devre tamamlanmis ve donatinin yari hiicre potansiyeli
belirlenmistir. ASTM C 876’da da belirtildigi gibi referans elektrot olarak Cu/CuSO4 (bakir/bakir siilfat) (CSE)
elektrot kullanilmistir. Deneyler sonucunda elde edilen korozyon potansiyellerinin degerlendirilmesinde Tablo 1 © de
gosterilen ASTM C 876’nin sinir degerlerinden yararlanilmaistir.

Tablo 1. Donatinin korozyon potansiyelinin degerlendirilmesi (ASTM C 876-15, 2015).

Cu/CuSOq4 Korozyon
mV (CSE) Riski
E >-200 Korozyon olasilig1 % 10
-200>E > -350 Korozyon belirgin degil

E <-350 Korozyon olasilig1 % 90
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E <500 Siddetli korozyon

Sekil 3 ’ te goriilen tam otomatik, hidrolik ¢eneli, tiniversal ¢ekme cihazi ile cekme ¢ikarma deneyleri yapilmistir.
Farkli kiir kosullarinda bekletilen numuneler {izerinde her bir seride 3 numune olacak sekilde toplamda 6 seri
yapilarak 7., 28., 90. ve 180. giinlerde ¢cekme - ¢ikarma deneyi ASTM C 234-91-a’ ya uygun olarak yapilmigtir.

Sekil 3. Aderans Deney Diizenegi

Cekme - ¢ikarma deneyi sonrasinda elde edilen ¢ekme dayanimlarindan yola ¢ikarak aderans kuvveti bulunmustur.
Bulunan aderans kuvveti, aderans gerilmesini belirlemek i¢in formiil (1)’de yerine yazilip aderans gerilmeleri
bulunmustur.

Aderans gerilmesi,

- AderansKuvveti
TxPx/

M

Bagintisindan hesaplanmistir (Moetaz, ve Hawary, 1999). Bu formiilde;
T = Aderans gerilmesi

& = Donati ¢ap1

¢ = Aderans Boyu ( Betona gomiilii donat: uzunlugu )

BULGULAR ve TARTISMA

Sekil 4’ te inhibitdrsiiz ve inhibitdr katkili betonlarm igerisindeki donatinin yar1 hiicre potansiyelinin zamanla
degisimi verilmektedir. Kutuplasmayla olusan potansiyel fark’in ifade edildigi Yar1 Hiicre Potansiyeli mV biriminde
Ol¢iiliip Tablo 1’ de verilen sinir degerlerine gére donatinin korozyon durumu hakkinda yorum yapilmistir. Yari hiicre
potansiyelinin 6l¢iilecegi donatili numuneler, tatli su kiiriinde bekletilmistir. Daha sonra bekletilen numuneler 7., 28.,
90 .ve 180. giinlerde kiir havuzlarindan ¢ikarilip yari hiicre potansiyeli okumalar1 yapilmustir.
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Korozyon Olasiligi % 10

Korozyon Belirgin Degil

Korozyon Olasiligi % 90

YARI HUICRE POTANSIVELI (mV)

Siddetli Korozyon

7 23 30 180
ZAMAN (GUN)

—+—INHIBITORSUZ TATLI SU KURU e INHIBITORLO TATU SU KURD

Sekil 4. Beton numunelerin igerisindeki donatinin yar1 hiicre potansiyelinin zamanla degisimi

Sekil 4 incelendiginde 7 giinliik baslangi¢ kiirii uygulandiktan sonra yapilan ilk okumada biitiin numunelerin yar1
hiicre potansiyellerinin —350 mV sinir degerinin {lizerinde kaldigi goriilmiistiir. 7. giinlin sonunda inhibitdrsiiz tath
su kiirii ve inhibitorlii tath su kiirli uygulanan serilerde yapilan okumalarda sirasiyla -244 ve -185 mV degerleri elde
edilmistir ve Tablo 1’ deki sinir degerlere gore korozyonun belirgin olmadig: aralikta oldugu hatta inhibitor ilavesi
yapilan tath su kiiriinde yar1 hiicre potansiyeli degerinin daha az negatif degerde kaldig1 ve korozyon olasiliginin %
10 oldugu aralikta kaldig1 goriilmiistiir. Serilerde 28., 90. ve 180. giinlerin sonunda elde edilen yar1 hiicre potansiyeli
okumalarmin gittikce daha negatif degerler aldig1 ancak korozyon inhibitdrii kullanilan numunelerin yar1 hiicre
potansiyeli okumalarinin daha diisiik negatif degerlerde kaldigi gériilmiistiir. Korozyon inhibit6rii kullaniminin etkisi
180. giiniin sonunda 6zellikle korozyon inhibitorii kullanilan, inhibitorlii tatl su kiiriindeki numunelere ait yar1 hiicre
potansiyeli okumalarinin -350 mV smir degerinden daha pozitif degerde kaldig1 goriilmiistiir.

Donatili beton numuneleri ile donatilar arasindaki kenetlenmenin (aderans) korozyon inhibitorii kullanilmasiyla ne
derece etkilendigini incelemek amaciyla yar1 hiicre potansiyeli deneyi yapildiktan sonra numunelerdeki donatilar
cekip ¢ikarilmigtir. Deneyler sonucunda (1) bagintisindan yola ¢ikarak elde edilen aderans kuvveti degerlerinden
aderans dayanimlar1 bulunmustur (Sekil 5).

8,0

7,0

60

50

4,0

3,0

2,0

ADERANS DAYANIMI (MPa)

1,0

0,0

7 28 90 180
ZAMAN (GUIN)

EiNHIBITORSUZ TATLI SU KURD miNHiBITORLO TATU SU KURD

Sekil 5. Numunelerin farkl kiir kosullar1 altinda aderans dayanimi degerleri

Cekme — Cikarma deneyi sonuglarina gore en yiiksek aderans dayanimi degerleri 180 giinliik betonlarda, en diisiik
aderans dayanimi degerleri ise 7 giinliik betonlarda tespit edilmistir. Cekme — Cikarma deneyi sonuglarina gore 180.
giiniin sonunda tatli su kiirline ait inhibitor kullanilan ve kullanilmayan numuneler arasinda %33’liikk aderans
dayanimi artig1 bulunmaktadir. Korozyon inhibit6rii kullanilan tath su kiiriine tabi tutulan numunelere bakildiginda
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ise inhibitdriin beton igerisindeki donatinin ¢evresini ¢0ziinmez bir tabaka halinde sarip pas olusmasini
engellemesiyle beraber aderans dayanimlarinin inhibitor kullanilmayan numunelerden dort seride de daha yiiksek
oldugu belirlenmistir.

SONUC ve ONERILER

Korozyon inhibitdrii kullanimimin beton icerisindeki donatinin korozyon performansina ve aderansa etkilerinin
deneysel olarak arastirildig1 bu ¢alismada; betonlar iizerinde yapilan deneylerden elde edilen sonuglar ve bunlarm
arasindaki iligkiler agagida maddeler halinde verilmistir.

« Kiir siirelerinin artmasiyla beraber yar1 hiicre potansiyeli okumalarinin gittik¢ce daha negatif degerler aldig1 ancak
korozyon inhibitérii kullanilan numunelerin yar1 hiicre potansiyeli okumalarinin daha diisiik negatif degerlerde
kaldig1 sonucuna varilmistir. 180. giiniin sonunda tatli su kiiriine ait inhibitor kullanilan ve kullanilmayan numuneler
arasinda %53’ liik yar1 hiicre potansiyeli okuma farki bulunmaktadir. Bu sonuglar ayni1 zamanda korozyon inhibitorii
kullaniminin yar hiicre potansiyeli okumalarinin daha pozitif degerler almasinda 6nemli oldugunu gdstermistir.

* Numunelerin i¢inde korozyon etkileri goriilmiistiir. Betonlarin igindeki ¢eligin korozyona ugramasi yalniz ¢eligin
kaybedilmesi ile kalmamis olup bunun yaninda, korozyon sonucu olusan kimyasal bilesiklerin (Pas), tek basina ¢elige
gore daha c¢ok biiylik hacim kaplamasi nedeniyle beton biinyesinde igsel gerilmeler ve ¢atlamalara sebep olmustur.

* Cekme — Cikarma deneyi sonuglarina gore korozyon inhibitorii kullanilarak iiretilen numunelere ait beton donati
aderansi iizerinde olumsuz bir etki yapmamustir. 180. giliniin sonunda tatli su kiirline ait inhibitor kullanilan ve
kullanilmayan numuneler arasinda %33’ liik aderans dayanimi artis1 bulunmaktadir. Bu sonuglar ayni1 zamanda
korozyon inhibitorii kullaniminin aderans dayanimimi arttirmada énemli oldugunu gostermektedir.

» Korozyondan kaynaklanan kayiplart en aza indirgemek igin; iilkelerin korozyon hakkinda kendilerine 6zgiin
arastirma gelistirme (Ar-Ge) merkezlerinin kurulmasi ve bu merkezlerde yapilacak calismalarin niteliginin
arttirllmasiyla ulusal ve uluslararasi eksende yaratilabilecek gelismeler bilim diinyasi agisindan faydali olabilir.
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OZET

Hem motor hem de motor dig1 semptomlarda hayati ve kalict hasara neden olan Parkinson hastaligimin erken teshisi,
hasta durumunun daha da kdétiilesmesini 6nlemek i¢in ¢ok dnemlidir. Bu ¢alismada, UCI deposundan alnan
Parkinson Hastalig1 verileri derin 6grenme mimarisi kullanilarak siniflandirilmigtir. Calismadaki derin 6grenme
mimarisi, Python Keras tarafindan olusturulan ileri beslemeli bir sinir agidir (IBSA). Caligmadaki mimari, bir girdi
katmani, iki gizli katman ve softmax fonksiyonunu ReLu (Rectified Linear Units) ile bir ¢ikis katmani olarak
olusturulmaktadir. Derin 6 grenme mimarisi, Parkinson Hastaligi (PH) veri seti iki siifa sahip oldugundan dolayz,
ikili veri smiflandirma problemini ¢6zer. PH veri setini siniflandirmak igin test ve egitim verisi farkli oranlarda
boliinerek bircok test yapildi. PH veri seti siiflandirmasi, % 20'sinde test ve kalan veri egitim verisi olmak iizere,
derin 6grenme algoritmasi kullanilarak % 100 dogrulukta basarili oldu.

Anahtar Kelimeler: ikili siniflandirma, derin grenme, ileri beslemeli sinir ag1, parkinson hastaligi (PH), tibbi tam
ABSTRACT

Early diagnosis of Parkinson's disease, which causes vital and permanent damage to both motor and non-motor
symptoms, is very importantto prevent further deterioration of the patient condition. In the present study, Parkinson's
Disease data set from UCI repository is classified using deep learning architecture. The deep learning architecture in
the study is a feed-forward neural network (FFNN) which is builded by Keras of Python. The architecture in the
study composes of an input layer, two hidden layers and softmax function with ReLu (Rectified Linear Units) as an
output layer. The deep learning architecture solves binary classification problem since PD data set has two classes.
In order to classify the Parkinson Disease (PD) data set, many tests were performed by splitting the test and train data
in different ratios. The PD data set classification was succeeded with 100% accuracy using deep learning algorithm
splitting in 20 % of the data as the test and the remaining as train data in epoch 30.

Keywords: Binary classification, deep learning (DL), feed-forward neural network (FFNN), parkinson disease
(PD), medical diagnosis

INTRODUCTION

In age of various diseases, the transformation from medical big data into meaningful and useful information has rose
as a new important field to improve disease diagnosis. Parkinson disease (PD) is one of most common
neurodegenerative disorders for peopleover 60 (Sprenger, F., etall., 2013). PD continues to cause disability reasoned
by motor and non-motor symptoms in spite of the therapeutic advances for last 20 years (Sprenger, F., et all., 2013).
The disease has many negative effects. The most common of these is shivering; there are many motor symptoms
such as slowness, balance problems and many other motor symptoms. There are also problems with many non-motor
symptoms such as mood, sleep disorder. Majority patients with Parkinson’s disease lose their jobs within 5 years
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(Sakar, C. O etall., 2019). For these reasons, early diagnosis and treatment of Parkinson's disease is very important.
In recent years, PD has been aimed for early diagnosis using telediagnosis and telemonitoring systems (Sakar, C. O
etall.,2019; SakarC.O.,etall., 2009; Min, S., Lee, B., etall., 2017).

In the study, it is aimed to perform new PD diagnosis method, due to PD is latter most common neurodegenerative
disease after Alzheimer disease and it is waited to increase widespread of PD. PD diagnosis has performed using the
deep neural network classifier with 30 different 10-fold cross-validation techniques containing a stacked autoencoder
and a softmax with 93.79 accuracy (Caliskan, A., etall., 2017). Around 90 % accuracy in PD diagnosis is obtained
using artificial neural network and support vector machine together for 31 patients which 23 of them are with PD
(David Gil, A., etall., 2004). In (Das, R., 2010), four classifiers as Regression, Data Mining Neural, Neural Network
and Decision Tree is performed to diagnose PD and Neural network with 92.9 % accuracy rate is performed the most
successful classification among them. In (Gharehchopogh, F. S., et all., 2013), two classifiers as d Multi-Layer
Perceptron (MLP) with back-propagation learning algorithm and a new algorithm which is built Radial Basis
Function (RBF) and ANN (Artificial Neural Network) together is used to diagnose PD for 195 samples. MLP with
93.22 % accuracy is more successful PD diagnosis than the new algorithm with RBF and ANN with 86.44 %
accuracy. In (Chen, H. L., et all., 2013), fuzzy k-nearest neighbor (FKNN) is performed to diagnose PD with high
accuracy rate. FKNN-based method with 96.07 % classification accuracy by a 10-fold cross validation method
outperforms methods such as SVM. In the study, features are reduced by Principal Component Analysis (PCA).
FKNN with PCA forPD diagnosis outperforms ANN and SVM. In (Srinivasan, S. M., etall.,2017), ANN with three
different preprocessing techniques as discretization, resampling, and smote for success of PD diagnosis is tested. The
study successes over 95 % using ANN with preprocessing steps as resampling and smote together by splitting as
train in 70 % rate and test in 30 % rate. Hence, it is difficult to obtain results above 95% for PD diagnosis using
artificial neural network algorithm or any algorithm of other machine leaming algorithms without any preprocessing
steps. Hence, the neural network classifier need structural changes. in orderto increase succes of neural network for
all problems such as parkinson diagnosis as performed in [Badem, H.,, 2017]

Based on these results, the deep learning algorithm is tried, which it is thought it could obtain the most accurate and
high results without any preprocessing steps, in the diagnosis of PD in this study. In section 2, PD classification data
setis used to classify, deep learning algorithm which are used to classify are introduced. The experimental results of
the study such as classification accuracy and preferred epoch number are given in section 3. Conclusion and future
work are provided in section 4.

METHOD

Parkinson's Disease Classification Data Set

Parkinson's Disease Classification Data Set used in the study is obtained from UCI Repository (Sakar, C. O., etall.,
2019). The data set was collected total 756 samples from 252 people which 188 patients are PD patient and rest of
them are healthy. The data set is a binary classification problem since it is composed of two classes as healthy and
PD patient. The data set composes of total 754 features which are based on Baseline features, time frequency, mel
frequency cepstral coefficients, wavelet transform based features, vocal fold features and the tunable Q-
factor wavelet transform (TWQT) features in Table 1 (Sakar, C. O., etall., 2019).


https://www.sciencedirect.com/topics/engineering/q-factor
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Table 1. Distribution of features of parkinson’s disease classification data Set

Number
Feature set Measure of
features

Jitter variants 5

Shimmer variants 6

Fundamental frequency parameters 5

Baseline features u .. 2

armonicity parameters

Recurrence Period Density Entropy (RPDE) 1

Detrended Fluctuation Analysis (DFA) 1

Pitch Period Entropy (PPE) 1

Intensity Parameters 3

Time frequency . 4

features Formant Frequencies
Bandwidth 4
Mel Frequency 84
Cepstral Coefficients MFCCs
(MFCCs)
Wavelet Transform Wavelet transform (WT) 182
based Features featuresrelated with FO

Glottis Quotient (GQ) 3

Glottal to Noise Excitation (GNE) 6

Vocal fold features o ) 7

Vocal Fold Excitation Ratio (VFER)
6

Empirical Mode Decomposition (EMD)

TWQT features

Deep Learning

Deep learning has used successfully in many fields such as speech recognition, visual object recognition, object
detection, natural language understanding, topic classification, sentiment analysis (LeCun, Y., 2015). Deep leaming
endeavors to learn data representations with multiple abstraction levels using machine learning techniques with
multiple processing layers (LeCun, Y., 2015; Chen, X. W., 2014). Since the data features are extracted from the own
data without engineers, deep learning differentiates from other algorithms. Deep learning successfully overcomes
complex calculations that artificial intelligence cannot solve in high-dimensional data. It uses the backpropagation
algorithm to discover these complex structures. The backpropagation algorithm is used to show the change of
parameters which represent information transferred from each previous layer to each subsequent layer (LeCun, Y.,
2015). In general, ReLu for deep learning is used as activation function of the hidden layers in deep learning. Relu
takes the penultimatelayer activationto learn the classification layer weight parameters using backpropagation. ReLu
is used usually with softmax function. When deep learning is used for classification, the softmax function is usually
used as the last layer. The softmax function in this last layer assumes the classification task. The softmax function
defines a discrete probability distribution according to the number of classes in the problem (Agarap, A. F., 2018).
Adam optimization algorithm for deep learning is used to learn weight parameters and the
sparse_categorical crossentrop loss function for deep learning is used in the study.

Feed-forward neural network (FFNN)

FFNN takes substitute for ANN whose neurons between units do not create a directed cycle. As in the human brain,
ANN also providesinterconnected neurons to exchange messages. FFNN composes of an input layer, an output layer
and at least a hidden layer. The hidden layer composes of sigmoid neurons and the output layer composes linear
neurons. All relationships between all vectors are extracted with neurons in multiple layers. The values are required
the ranging from —1 and +1 are extracted using the network linear output layer. Though, a network outputs extract
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values ranging from 0 and 1 are fabricated. Therefore, a sigmoid transfer function is used acquiring expected values
in the output layer. Log-sigmoid transfer threshold function is calculated to optimize status for FFFN as shown in
Figure 1 (Ben-Bright, B.,2017; Beale, M. H.,2010).

a = logsigin)

Figure 1. Log-sigmoid Function
EXPERIMENTAL RESULTS

Early diagnosis of Parkinson's disease, which causes vital and permanent damage to both motor and non-motor
symptoms, is very important to prevent further deterioration ofthe patient condition. In the present study, Parkinson's
Disease data set from UCI repository is classified using deep learning architecture. The deep learning architecture in
the study is a FFNN which is builded by Keras in Tensorflow library of Python. The architecture in the study
composes of an input layer, two hidden layers and softmax function with ReLu as an output layer. The deep leaming
architecturein the study composes of 1 inputlayer, 2 hiddenlayers and 1 outputlayer, ReLuas an activation function,
a softmax as a classification function. In addition to four layers, adam function is used as an optimization algorithm
and the sparse categorical crossentrop is used as a loss function. The deep learning architecture solves binary
classification problem since PD data set has two classes. In order to classify the PD data set, many tests were
performed by splitting the test and train data in different ratios as shown in Table 2. The highest accuracies of Table
2 are selected as 0.05, 0.20, 0.28, 0.30 and 0.33 test ratios and they are tested again with different epoch numbers as
shown in Table 3 and Table 4. PD diagnosis loss and accuracy curves by splitting as 30 % test-70 % train, 20 % test-
80 % train, and 10 % test-70 % train are shown in Figure 1, Figure 2 and Figure 3, respectively. The highest
performance is obtained by selecting of 0.2 test ratio and 30 epoch number without preprocessing step except for test
and train separation and epoch number selection as shown in Table 3 and Figure 2.

Table 2. PD diagnosis classification results using deep learning according to test-train partition.

Rate Rate Percent Percent
of Test Data  of Train Data of Accuracy of Validation Accuracy
0.05 0.95 100 % 88.30%
0.10 0.90 100 % 89.89 %
0.15 0.85 100 % 83.33%
0.20 0.80 100 % 89.87%
0.27 0.73 99.79 %, 91.67 %
0.28 0.72 100 % 85.92%
0.29 0.71 99.79 % 92.86 %
0.30 0.70 100 % 89.86 %
0.33 0.67 100 % 86.36 %
0.50 0.50 9939 82.00 %
0.66 0.34 98.65 % 85.29%

0.80 0.20 97.71% 80.00 %
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Table 3. PD diagnosis classification results using deep learning according to epoch number

Rate Rate Epoch Number Percent Percent
of Test Data of Train Data of Accuracy of Validation Accuracy
0.05 0.95 12 100 % 88.30%
0.05 0.95 20 100 % 89.36 %
0.05 0.95 30 100 % 87.23%
0.05 0.95 40 100 % 89.36 %
0.05 0.95 45 100 % 90.43 %
0.20 0.80 12 100 % 84.81%
0.20 0.80 20 100 % 88.61 %
0.20 0.80 30 100 % 93.67 %
0.20 0.80 40 100 % 83.54%
0.20 0.80 45 100 % 88.61 %
0.28 0.72 12 100 % 84.51%
0.28 0.72 20 100 % 90.14%
0.28 0.72 30 100 % 90.14 %
0.28 0.72 40 100 % 90.14 %
0.28 0.72 45 97.71 % 85.92%
0.30 0.70 12 100 % 88.41%
0.30 0.70 20 98.70 % 86.96 %
0.30 0.70 30 100 % 91.30%
0.30 0.70 40 100 % 91.30%
0.30 0.70 45 100 % 88.41 %
0.33 0.67 12 100 % 86.36 %
0.33 0.67 20 100 % 87.88%
0.33 0.67 30 100 % 87.88%
0.33 0.67 40 100 % 90.91 %
0.33 0.67 45 100 % 89.39%
— loss
25 — ECCUracy
20
)
% 15
o
E 10
05
0o
0 5 10 15 20 5 30

epoch number

Figure 2. Loss and accuracy curves for PD diagnosis by splitting 30 % test.



KSU Miihendislik Bilimleri Dergisi, 22, Ozel Say1,2019 24 KSU J Eng Sci, 22, Special Issue, 2019

Arastirma Makalesi Research Article
F. Gemci, T. Ibrikci

200
— loss

175 4 —— accuracy
150 |
125 A

100 4

0.75 A

lossfaccuracy

050 4

0.25 A

000 4

o 5 10 15 20 5 0
epoch number

Figure 3. Loss and accuracy curves for PD diagnosis by splitting 20 % test.

3.0 1 — loss

= accuracy

e
%]

g
=

lossfaccuracy
[
[=] i

o
w

o
(=

o 5 10 15 20 5 30
epoch number

Figure 4. Loss and accuracy curves for PD diagnosis by splitting 10 % test.

Table 4. PD diagnosis classification results using deep learning

Results by 30 epoch number

120

100
8
6
" I t W Accuracy
4 - L I
I T IE 3 | Validation Accuracy
2
Validation Loss
0

0.05 0.10 0.15 0.20 0.28 0.30 0.33/0.50/0.66 0.80
Test Test Test Test Test Test Test Test Test Test

o

o

o

o

W Accuracy 100 100 100 100 100 100 100 100 100 100

m Validation Accuracy 86 91 92 89 90 90 89 86 85 80

Validation Loss 52 39 51 27 43 27 28 30 42 55
CONCLUSIONS

The proposed method in the study is PD diagnosis using deep learning which is not performed in the literature in
Python. Parkinson's Disease data set is classified with 100 % accuracy by 8020 % train-test data partition and 30
epoch number using Keras API in Tensorflow deep learning library of Python programming language. The method
performs PD diagnosis as a binary classification problem, healthy and Parkinson patients. The study for PD diagnosis



KSU Miihendislik Bilimleri Dergisi, 22, Ozel Say1,2019 25 KSU J Eng Sci, 22, Special Issue, 2019

Arastirma Makalesi Research Article
F. Gemci, T. Ibrikci

outperforms previous studies which are performed by ANN and other methods for PD diagnosis, although without
any preprocessing steps was performed. In the future works, train-test partition and epoch number selection set for
PD diagnosis will be proposed.
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OZET

Ag izleme ve 6lgme, ag yonetiminde ¢cok 6nemli bir yere sahiptir. Yazilim Tanimli Ag (SDN), veri diizlemini ve
kontrol diizlemini ayirarak ag yonetimini kolaylastirir. OpenFlow protokolii, veri ve kontrol diizlemi arasinda
giivenli bir kanalla iletisim kuran bir arayiiz olarak kabul edilebilir. Ayn1 zamanda, OpenFlow, veri diizleminden
farkli toplama seviyelerinde (6rnegin akis, liman ve paket vb.) istatistik toplamamizi saglar. Bu makalede, port
bazinda trafik dl¢lim istatistiklerinin periyodik olarak ag cihazlarindan nasil almacagimi ve SDN ortaminda bu
istatistiklerin aga getirdigi is ylkini nasil hesaplanacagini gosterdik. Test ortamimizda, ger¢ek zamanli trafik,
periyodik trafik ve SDN'de tahmini trafik arasindaki iligkiyi karsilagtirmak i¢in farkli zaman araliklarinda toplanan
istatistikler kullandik. Farkli zaman araliklarinda gercgeklestirilen ag sorgulamalarinda dogruluk ile ek yiik arasinda
bir iligki oldugunu goézlemledik. Ayrica, istatistiklerin daha dogru yorumlanabilmesi i¢in 6rnek tahmin tasarimi
(SPD) ortaya koyduk. Izleme yapmak igin Floodlight denetleyicisini kullandik. Sonuglarmizin gegerliligi,
Mininet'teki emiilasyonlar yoluyla gosterilmektedir.

Anahtar Kelimeler: Floodlight Denetleyicisi, Mininet, Periodik Port Istatistik Toplama, SDN/OpenFlow, SPD
ABSTRACT

Network monitoring and measurement have a very important place in network management. Software Defined
Network (SDN) makes network management easier by separating the data plane and the control plane. The
OpenFlow protocol can be considered as an interface that communicates with a secure channel between the data
and control plane. At the same time, OpenFlow allows us to collect statistics at different aggregation levels (e.g.,
flow, port and packet etc.) from the data plane. In this paper, we demonstrate how to get traffic measurement
statistics at the port level periodically from network devices and also have calculated the overhead of this traffic
measurement statistics in the SDN environment. In our test environment, collected statistics in different time
intervals are used to compare relationship between real-time traffic, periodic traffic and predicted traffic in SDN.
We have observed that there is a trade-off between accuracy and overhead in the network monitoring performed at
different time intervals. A sample predict design (SPD) is introduced to be interpreted more accurately of the
statistics. We utilize the Floodlight controller for monitoring. The validity of our results is shown through the
emulations in Mininet.

Keywords: Floodlight controller, Mininet and Periodic Port Statistics Collection, SDN/OpenFlow, SPD

INTRODUCTION

Traffic engineering (TE) helps in using network resources effectively by dynamically analyzing, estimating and
editing the behavior of the transmitted data (L.F. Akyildiz ve ark.,2014). Traffic Analysis/Characterization is a
significant part of mechanisms for Traffic Engineering. Network monitoring and measurement mechanisms are
particularly very important for determining traffic behaviors, detecting network errors, and timely intervention of
network congestion.
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SDN (I.F. Akyildiz ve ark., 2014; Open Networking Foundation, 2012) simplifies control of the network, provides
central visibility including global network information and improves network programmability by separating the
control plane from the data plane. The control plane generally arranges network states in a centralized or distributed
manner through specific network policies. In addition, SDN applications take place in the application panel of SDN
architecture. Applications communicate with control plane through Noth-bound APIs. The monitoring istatistics
can be used quality of service (QoS), energy usage, resource utilization, security, anomaly detection and many
types of network management and measurement. In addition, the data forwarding plane can operate programmable
OpenFlow switches through SDN controller, and the switches can communicate with SDN the controller over
South-bound Open APIs (e.g., OpenFlow protocol) (Open Networking Foundation, 2014). As a result, thanks to the
communication between these planes, the SDN paradigm provides a global and holistic view of complex networks
and thus it will allow network resources to be used more easily and efficiently.

OpenFlow (OF) protocol was created in 2008 at Stanford University and was developed under the Open Network
Foundation (ONF) in 2008. SDN controller can program the control functionalities of switches on the network by
using the OpenFlow protocol. These OpenFlow switches are managed by the policies to generate by the SDN / OF
controlers. There are different versions of OpenFlow (OpenFlow Versions, 2016).

The goal of this study is to collect statistics at the port level from the OF switches in SDN environment and to
generate a network status information by used this statistics. It is very important that the status information is
obtained correctly and on time. Thanks to this information, network resources will be used more efficiently and
flexibly. In addition, it was aimed to show the overhead brought to the system via the equations in the SDN
environment and calculate them numerically. It is to show whether there is a trade-off between accuracy and
overhead. It would helped to develop new network monitoring techniques according to this trade-off. A sample
predict design (SPD) is proposed to be interpreted more accurately of the statistics.

RELATED WORK
Generally, network monitoring is both a neglected issue and being very important for network management. There

are different approaches in network monitoring. For example, such as host-based latency measures Internet Control
Message Protocol (ICMP) or network node-based queries through Simple Network Management Protocol (SNMP)
(Marc Hartunga ark., 2017). In most SDN architectures are used existing streaming-based network monitoring tools
that are available in traditional IP networks. For example, The most well-known is NetFlow (NetFlow, 2017) from
Cisco, which collects sampled traffic statistics and sends them to a central aggregator. It uses probe methods that
are installed at switches as special module. Sflow (Sflow, 2017), which uses a time-based sampling to query traffic
information, is a different flow sampling method. However, these methods result in a substantial overhead when
collecting statistics from an entire network of centralized controls. Therefore, it may not be an efficient solution to
implement in SDN architectures.

OpenTM (A. Tootoonchian ve ark., 2010) is a query-based monitoring method that predicts the traffic matrix (TM)
by querying a switch for OF networks. It periodically queries the switch on each active stream to collect flow level
statistics. This design, despite its high accuracy, brings with it a high overhead. OpenNetMon periodically queries
packet counters from the source and destination switches, which is appropriate for end-to-end measurement (N. L.
Van Adrichem ve ark., 2104).

FlowSense (C. Yu ve ark., 2013) is a passive push-based monitoring method that uses control messages between
controls and switches. It uses control messages for monitoring and calculates network usage without any additional
overhead. It uses the Packetln and FlowRemoved messages to estimate the utilization of the stream on each link.
However, FlowSense cannot capture for sudden network fluctuations. This is insufficient in terms of the accuracy
and timing of received statistics.

MONITORING IN SDN
To properly provision resources in SDN networks, it is important to monitor resources especially link utilizations to
quickly adapt routing rules to changes in workload. There are two different measurement methods: active and
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passive (V. Mohan ve ark., 2011). In active measurement, agents create probe instructions to perform a network
characteristic evaluation. Measurement values can provide instant network behavior information, but if this
happens frequently, there is an increase in system load (Overhead). For example, the popular application ping uses
ICMP packets to reliably determine end-to-end connection status and compute a paths round-trip time (D.
Erickson, 2013).

Passive measurement methods does not generate any traffic to the network. Instead, it provides traffic statistics
from network devices. Because the passive approach measures actual network traffic, it does not generate
additional test traffic on the network. However, all this information is stored on these network devices, both
causing security problems and leads to the installation of in-network traffic monitors that are not suitable for all
networks and require large investments.

By using statistics collection mechanisms provided by OpenFlow specification, over a specific network topology,
statistics from switches can be obtained. There are two basic types of statistics collection messages provided by
OpenFlow:

STATISTICS REQUEST MESSAGE: Message for requesting statistical data for ports, flows, etc. from switches.

STATISTICS REPLY MESSAGE: Message for replying a statistics request by providing requested statistical data
for ports, flows, etc.

The monitoring work in SDN is done by connecting the controller to all switches with a secure channel. The
controller and switches use this secure channel through a TCP connection. The controller obtains real-time flow
statistics from the available switches and combines the raw data by providing interfaces for the applications in the
top layer.

An important issue here is how to make monitoring on the SDN environment. Firstly, statistics request messages
are sent to the OF switches at fixed intervals, then the statistic reply messages which containing the amount of data
and duration on at that time in network are send from OF switches to controller. The amount of data and duration
content in statistic reply messages is called as sample. According to these samples from the switches, controller can
generate new network status policies for network management. In addition, controller can determine new polling
intervals by evaluating samples from switches.

In this study we used these two messages to get port level traffic measurement statistics from switches in an SDN
network. In the next section we provide the details of the test environment and measurement setup.

TEST ENVIRONMENT AND EVALUATION RESULTS

Network topology in Fig.2 is used in our study. We used Mininet (The mininet platform, 2106) to setup the
network topology with virtual hosts and switches. It is a network emulator which creates a network of virtual hosts,
switches, controllers, and links. Its hosts run standard Linux network software, and its switches support OpenFlow
for highly flexible custom routing and Software-Defined Networking.

OpenFlow controllers (e.g., Floodlight (Floodlight, 2017), NOX (N. Gude ve ark., 2008), etc.) introduce a platform
to write special network applications. Floodlight is one of the popular controller currently used in the SDN
environment. In this sample test topology, we used Floodlight as a controller. Floodlight is a Java-based OF
controller that supports physical and virtual OF switches. It is based on the Beacon application. Beacon (D.
Erickson, 2013) was created by David Erickson at Stanford University.

OpenFlow is the basic SouthBound API of SDN. Nowadays, it is widely used both in the industry and in the
academy. OpenFlow is an interface that enables communication between the control plane and the data plane.
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Overhead is the additional load that the OF messages used in the SDN environment bring to the network system by
queries made at certain time intervals. Overhead is calculated by using topology in Fig. 2. and timing diagram in
Fig. 3. Making this calculation will have an important knowledge in developing new inquiry techniques.

To obtain all flow statistics, it is necessary to obtain statistics from the switches for each flow along the path and
combine the results. We study is an undirected graph G = (V.E), where V = {v1,v2,02, ..., 0} is the set of
switches and E denotes the set of links. Hence ¥ = [V is the number of switches in the network. In order to
calculate the overhead of statistics collection we need to analyze the sizes of statistics request and reply messages.
Equation (1) is the size of the reply messages for k£ flow entry and Equation (2) provides total message sizes for
both request and reply for a single switch. Here, L Request represents the size of the flow statistics request message,
L rh represents the length of flow statistics reply message header, Lsye represents the size of reply message body of
a single flow entry, P represent the port numbers of each switch. For a flow statistics reply message with P entries,
the whole reply message length L Reply(v) is a linear function:

LRepty(p) = Lrn +p* Lsge M
Wn =k x (LRequeSt + LRCPZZI(P)) (2)

According to the OpenFlow specification, size of these messages are as follows: LRequest = 122 byte, Lrr= 78
bytes, Lsfe=96 bytes and n denotes the polling frequency.

Sample Predict Design (SPD):

In network management, accurate measures of network status are needed to aid planning, troubleshooting, and
monitoring. For example, it may be necessary to monitor the bandwidth consumption of several hundred links in a
distributed system to pinpoint bottlenecks (Edwin A ve ark., 2000).

Nowadays, there are many measurement sampling methods. Sampling techniques are used to examine the behavior
of a member population according to a representative subset. In fact, samples are periodically taken at a constant
interval. However, as shown in Figure 3, 4 and 5 under some heavy traffic loads, static periodic sampling may not
be suitable for the monitoring task. For example, a long sampling interval provides sufficient accuracy when traffic
is not dense or there is a low network load. However, in high traffic fluctuations, shorter sampling intervals are
required to accurately measure network situations. In this case, it also imposes an excessive overhead on the
network. Therefore, there is a need for adaptive inquiry technique that dynamically adjust the interrogation interval
based on network fluctuations. Although adaptive inquiry techniques are not studied in this paper, prediction
methods that we studied in this paper will provide insights to design efficient adaptive techniques in future studies.

In this section, we present a Sample Predict Design (SPD) to predict the traffic rate of the next sample. The SPD is
calculation that is used to select the most representative examples of the population by polling and following the
significant fluctuations in the measured variables.

Equations (3) provide the details of sample prediction. Here SSamples denotes past N samples where N is the
latest sample received and S Predict denotes the estimated value of the next sample to be received.

SSamples = Sl, SQ, Sg, ceny SN
N-1
STatal = Z Sz
i=1

S
SAvg = NTifall

SPredict - (1 - /\) * SN + A * SAvg (3)
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Where 0 < A < 1 (e.g., A = 0.125) when calculating SPredict, by adjusting the value of A the weight of the most
recent sample and average of the previous samples can be changed. Lower A will increase the weight Sn and
decrease the weight of Svg,

T=0s 4 10 12 14 17 23 25 28 30 33 35 38 48 53 T =60s
1 o 1 T, T T T T [
1 1 1 I | 1 1 I 1 I 1 I 1 ]
1 1 1 1 1 1 | | 1 ] 1 1 1 1
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1

(h3.,h6, 20Mbps)
Figure 1. Timing Diagram of Experiment Traffic

To get the analysis results we have created a 3-level tree topology via Mininet and timing diagram shown
respectively in Fig. 1 and Fig. 2. which are the same as Payless (S. R. Chowdhury ve ark., 2014) in this analysis.
UDP flows for a total duration of 100s between hosts were generated using Iperf (Iperf: TCP/UDP Bandwidth
Measurement Tool). Figure 1 shows the timing diagram; start, throughput and end time for each stream. In
addition, we have paused traffic at different times between traffic streams to try different scenarios.

| o /ﬁ\c

i s1

|

\
|
|
J

Figure 2. Generated Topology for Experiment

Overhead:

An important issue that needs to be explained here is how inquiries are made and the resulting network overhead
(message overhead). OpenFlow defines a flow using fields from different layer (such as, layer 2, 3, 4) header of a
package. When a switch receives a stream that does not comply with the rules in the routing table, it sends a
Packetln message to the controller. The control sends a FlowMod message to generate the necessary routing rules
for the switches. The controller can specify idle timeout for a routing rule. This is referred to as the prologue of
inactivity, after which a routing rule is removed from the switch. When this stream is removed, the switch sends a
FlowRemoved message to the controller. This message contains the flow time and the number of bytes that match
this flow input in the switch. In addition to these messages, the controller can send a FlowStatisticsRequest
message to the switch for information about a particular flow. The switch sends the number of times and bytes for
this stream to the controller in a FlowStatisticsReply message.

As shown in Table 1. we have considered the FlowStatisticsRequest message and the FlowStatisticsReply message
as overhead. We calculated the overhead of the queries made at different frequencies by using topology created in
Figure 2. We used the Equation (1) and (2) when calculating the overhead. The table shows us that the burden on
the system is observed to be very high in the monitoring performed at the high interrogation intervals, while it is
observed that the load coming to the system is less in the monitoring performed at lesser interrogation intervals.
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LRepiy(p) = Lrn +p* Lsge 0
L peply(p) = 78 + (96 * 20) = 1998byte
Wn = ]f * (LRequest + LReply(p)) (2)

Wy, = 7% (122 4 1998) = 14840byte
According to Figure 2, p = 20,k = 7.

Table 1. Overhead at Different Time Intervals According to (1) and (2) Equations for Figure 1.

Polling frequency (Overhead (byte) according to total duration of 100 sec
1 sec 1 = 14840 * 100 = 1484000byte

S5 sec W5 = 14840 * 20 = 296800byte

10 sec 10 = 14840 % 10 = 148400byte

Figure 1. In the time diagram shown, the UDP stream of 10 mbps between hostl (H1) and host8 (h8), the UDP
stream of 20 and 50 Mbps respectively between the host2 (H2) and the host7 (h7), the host3 (H3) and the main
host6 (h6) 20 Mbps UDP stream traffic is generated. To see fluctuations in traffic, flows are paused at specific time
intervals. The traffic generated according to the timing diagram in Figure 1. is monitored with 1 second, 5 second
and 10 second monitoring frequencies. The results are shown in Figure 3, 4 and 5. Different flow times are used to
test accuracy and performance.

Figure 3, 4 and 5 show that the overhead in the system is higher in the polling which are done frequently and the
effect on accuracy increases. On the other hand, when we conduct polling interval over long time intervals, the
overhead it brings to the system is less, but the effect on accuracy is low. This is a situation we don't want. The
relationship between the value of the periodic queries and the real-time monitoring value at different time intervals
was determined graphically in Figure. 3, 4 and 5. These graphs show us that a high-frequency inquiries in the SDN
environment, a close real-time monitoring is seen. On the other hand, the overhead that it brings to the system is
observed to increase. As a result, we have observed that there is a trade-off between accuracy and overhead in the
network monitoring performed at different time intervals.

According to these analyzes, we need a design that will act according to our traffic density. In this case, if the

traffic density is increasing we will need to use frequent query intervals, if not, we should use less query interval.

Thus, we can stabilize both the system overhead and the system accuracy. We also think that using the Spredict

equation in the SPD can help with these adaptive monitoring designs. As shown in Figures 3, 4 and 5, we have

taken close to polling periodically.
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CONCLUSIONS AND FUTURE WORK

In this article, we get periodically traffic measurement statistics at the port level from network devices in an SDN
environment. The calculation of the overhead of these monitoring is shown by equations and calculated
numerically. As a result of the analysis, we have shown that there is a trade-off between the overhead and the
accuracy. At the same time, we present our SPD design, which could help new adaptive monitoring methods.

Our future study is to develop an adaptive inquiry techniques that can be adapted to the intensity of traffic using our
SPD design.
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ABSTRACT

The nematic liquid crystals that are very important materials, using in the production of display systems and many
technological applications. Due to this reason, it is important to investigate the physical and electrical properties of
the nematic liquid crystals Voltage dependence of impedance, modulus and loss tangent of hexylcyanobiphenyl
(6CB), octlycyanobiphenyl (8CB) pure and E7 coded nematic liquid crystal mixture were investigated at 0-20V DC
volts range, room temperature and 1 kHz frequency. Although some electrical properties of mentioned liquid crystals
exists in literature, comparison of these three liquid crystals has not been studied before. The real electric modulus
of the 6CB and 8CB samples shows a small increase due to the increase in voltage and real modulus values of 8CB
is higher than real modulus values of 6CB. The real modulus of the E7 nematic liquid crystal mixture decrease with
increasing voltage. The imaginary electric modulus of the samples is decrease with voltage increase. The loss tangent
values of the 6CB and 8CB samples decreases after a certain voltage value. Absolute impedance of the 6CB, 8CB
samples have wavy behavior and the absolute impedance of E7 approaches zero at all voltage values.

Keywords: Nematic liquid crystals, 6CB, 8CB, E7, modulus, impedance.

OZET

Nematik sivi kristaller, gosterge sistemleri iiretiminde ve bir¢ok teknolojik uygulamalarda kullanilan ¢ok 6nemli
malzemelerdir. Bu nedenden dolay1r nematik sivi kristallerin fiziksel ve elektriksel 6zelliklerinin arastirilmasi
onemlidir. Hexylcyanobiphenyl (6CB), octlycyanobiphenyl (8CB) saf ve E7 kodlu nematik siv1 kristal karisimlarin
empedans, modiil ve kay1p tanjanti, oda sicakliginda ve 1 kHz frekansinda, 0-20V DC volt araliginda gerilime bagh
olarak incelenmistir. Bahsi gegen siv1 kristallerin bazi elektriksel 6zellikleri ile ilgili bilgiler literatiirde bulunmasina
ragmen, literatiirde bu ii¢ s1v1 kristallerin elektriksel 6zelliklerinin karsilagtirmasi ile ilgili bir ¢aligmaya daha 6nce
rastlanmamistir. 6CB ve 8CB numunelerin gergek elektrik modiilii gerilimdeki artigtan dolayi kiigiik bir artis gosterir
ve 8CB ger¢ek modiil degerleri 6CB gergek modiil degerlerinden daha biiytiktiir. E7'nin ger¢ek modiilii ise gerilim
artmasi ile azalmaktadir. Numunelerin sanal elektrik modiilii voltaj artigi ile azalir. 6CB ve 8CB numunelerin kayip
tanjant degerleri, belirli bir voltaj degerinden sonra azalmaktadir. 6CB ve 8CB numunelerin mutlak empedansi
dalgali davraniga sahiptir ve E7 nin mutlak empedans degeri biitiin voltaj degerlerinde sifira yaklagsmaktadir.

Anahtar Kelimeler: Nematik siv1 kristaller, 6CB, 8CB, E7, modiil, empedans.

INTRODUCTION

Thermotropic liquid crystals are mesophase between the crystalline solid and isotropic liquid. Some organic
substances pass through solid, mesopases as semectic, collesteric, nematic liquid crystals (LC’s) and isotropic liquid
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phases due to increase in temperature (Bahadur, 1990; Vill, 1992). Nematic LC’s are very important materials for
display systems. Due to these important features, LC’s have a wide range of applications in technology (Shen &
Dierking, 2019). They are used for television, computer, machines display systems, electro-optic filters-lens (Lee,
Gau, & Chen, 2005), holography (Chen & Brady, 1992), digital data storage (Matharu, Jeeva, & Ramanujam, 2007)
and biosensor.

Due to the increasing importance of liquid crystals, many theoretical as Maier-Soupe and Mean Field theory (Ozgan
& Keskin, 1995; Wulf, 1976) and experimental researches (Eskalen, Kerli, & Ozgan, 2017; Gupta & Kumar, 2019;
Nafees, Kalita, & Sinha, 2019; Nimmy, Cherumannil Karumuthil, & Varghese, 2019; Okumus, 2013; Ozgan &
Okumus, 2011; Ozgan, Yazici, & Ates, 2011; Sharma, Malik, Dhar, & Kumar, 2019) are carried out. Different types
of liquid crystals are needed for different applications. This need is achieved by synthesizing new liquid crystals,
mixing in two or more LCs, polymer, nano particles or dyes (Mahalingam, Venkatachalam, Jayaprakasam, &
Vijayakumar, 2016; Okumus, Ozgan, Kirik, & Kerli, 2016; Okumus, Ozgan, & Yilmaz, 2014). The physical
properties such as thermal, optical, dielectric and optical anisotropy and structural properties of two or more liquid
crystal mixtures is investigated (Eskalen, Okumus, & Ozgan, 2019; Eskalen & Ozgan, 2014, Ozgan; Shiju et al.,
2017). Thermal, electro-optical, properties were investigated by mixing zinc oxide, gold, graphene oxide
nanoparticles and dyes in nematic liquid crystals (Eskalen, Ozgan, Alver, & Kerli, 2015; Eskalen, Ozgan, Okumus,
& Kerl, 2019; Okumus, Eskalen, Siinkiir, & Ozgan, 2019; Ozgan, Eskalen, & Tapkiranl, 2018; Ye et al., 2016).

Although some electrical properties of 6CB, 8CB and E7 nematic liquid crystals exists in literature, comparison of
these three liquid crystals has not been studied before. In this work, voltage dependent some electrical properties as
modulus, impedance and lost tangent of hexylcyanobiphenyl (6CB), octylcyanobiphenyl (8CB) and E7 coded
mixture nematic liquid crystals is examined under 1 kHz frequency from 0-20V DC volts at room temperature.

MATERIAL AND METHOD

The 6CB and 8CB nematic liquid crystals used in the present study was obtained from Sigma-Aldrich company. The
E7 coded eutectic mixture nematic liquid crystal was purchased from Faculty of Advanced Technologies and
Chemistry Military University of Technology (Poland). Compose of four different nematic liquid crystals The E7
nematic liquid crystal was obtained by adding different proportions of four different nematic liquid crystals. The E7
liquid crystal compose of 5CB, 7CB, 80CB and 7CT with proportions 51%,25%,16% and 8% respectively. The
molecular structures of the nematic liquid crystals used in this study are shown in Figure 1.

Name Molecular structure
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Figure 1. The Molecular Structures of the 6CB, 8Cb and E7 Nematic Liquid Crystals

The planer alignment LC cells with cell gaps 8 um and 1 cm? active area were purchased from Instec, Inc USA. To
measurement the electrical properties of the 6CB, 8CB and E7 nematic liquid crystal samples were filled using
capillarity method in indium tin oxide (ITO) cells.
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Voltage dependence of the modulus, impedance and lost tangent of the 6CB, 8CB and E7 nematic liquid crystal
samples were performed by HP 4194A Impedance Analyzer under 1 kHz frequency from 0-20V DC volts at room
temperature.

RESULTS and DISCUSSION

The complex electric modulus can be a significantly powerful tool for analyzing dielectric behavior of some material.
The complex electric modulus (M*) is defined as the inverse of the complex dielectric constant (£*) and is represented
as;

M* = (")
M +iM" = (g +ig") /(% + ") (1)

Where M' and M'"' are the real and imaginary parts of the electric modulus; €'and €"'are the real and imaginary parts
of the dielectric constant respectively.

The variation of the real electric modulus of the 6CB, 8CB and E7 samples depend on voltage is shown in Figure 2.
The Figure 2 is obtained between 1-20V DC voltage range at 1 kHz frequency and the room temperature.
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Figure 2. The Real Electric Modulus of The 6CB, 8CB and E7.

The real electric modulus of the 6CB and 8CB samples have a behavior as fixed at low voltages, then they increase
with increase in voltage. The values of 8CB modulus are higher than 6CB modulus at all voltages. The values of E7
modulus are big at low voltages and they are small at high voltages. E7 modulus has a damping of around 7 volt.

The variation of the imaginary electric modulus of the 6CB, 8CB and E7 samples depend on voltage is shown in
Figure 3. The Figure 3 is obtained between 0-20V voltage range at 1 kHz frequency and the room temperature. The
imaginary electric modulus of the 6CB and 8CB samples have a behavior as fixed at low voltages, then they decrease
with increase in voltage. The imaginary electric modulus value of 8CB liquid crystal is greater than 6CB and E7
modulus value at all voltages. The values of E7 modulus have a wavy behavior with increase in voltage.
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Figure 3. The Imaginary Electric Modulus of the 6CB, 8CB and E7.
The imaginary part of the dielectric constant is known as the loss tangent and calculated by the equation;
e = ¢e'tand 2)

where d = 90 — ¢ and ¢ is the phase angle. Variation the loss tangent(tand) of the 6CB, 8CB and E7 samples with
voltage are given in Figure 4.
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Figure 4. The Loss Tangent of the 6CB, 8CB and E7.

The loss tangent of the 6CB and 8CB samples have a behavior as fixed at low voltages, then they decrease with
increase in voltage. The loss tangent value of 8CB liquid crystal is greater than 6CB and E7 modulus value at all
voltages. The values of E7 loss tangent are low and having a wavy behavior with increase in voltage.

The variation of the impedance of the 6CB, 8CB and E7 samples depend on voltage is shown in Figure 5. The Figure
5 is obtained between 1- 20V voltage range at 1 kHz frequency and room temperature. Absolute impedance of 6CB
sample has wavy behavior ranging from 108-116 kQ. Absolute impedance of 8CB sample increases with increase in
voltage from 250-270 k€. The impedance value of the E7 liquid crystal is zero for all voltages at 1kHz frequency.
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Figure 5. The Variation of Impedance with Voltage at 1kHz Frequency a) 6CB, b) 8CB and c) E7.

CONCLUSION

The nematic liquid crystals are used display systems and many technological applications. Voltage dependence of
the real and imaginary modulus, impedance and lost tangent of hexylcyanobiphenyl (6CB), octylcyanobiphenyl
(8CB) and E7 coded nematic liquid crystals as have been investigated under 1 kHz frequency from 0-20V DC volts
at room temperature. The 6CB and 8CB real electric modulus have a behavior as fixed at low voltages, then they
increase with increase in voltage. The 8CB modulus are higher than 6CB modulus at all voltages. The modulus of
E7 is high at low voltages and getting decrease with increasing voltages. The imaginary electric modulus of the 6CB
and 8CB samples have a behavior as fixed at low voltages, then they decrease with increase in voltage. The 8CB
imaginary electric modulus value is greater than 6CB and E7 modulus value at all voltages. The E7 modulus have a
wavy behavior. The loss tangent of the 6CB and 8CB samples have a behavior as fixed at low voltages, then they
decrease with increase in voltage. The 8CB loss tangent value is greater than 6CB and E7 modulus value at all
voltages. The E7 loss tangent are low and having a wavy behavior. 6CB absolute impedance has wavy behavior
ranging from 108-116 kQ. 8CB absolute impedance increases with increase in voltage from 250-270 kQ.
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OZET

Bu calismada, karbon/PP(Polipropilen)/epoksi hibrid kompozitlerin egilme dayammi ve yapisal iyilestirme
ozellikleri incelenmistir. Karbon ve PP lifleri, manuel bir dokuma tezgahinda dokunmustur. Burada, karbon lifleri
yaptya yiiksek dayanim kazandirirken, PP lifleri ise tokluk ozelligi saglamaktadir. ki farkli yapisal iyilesme
prosesi kullamlmistir. Onerilen iyilesme proseslerinin etkinligi, hem mekanik hem de mikroskobik olarak
degerlendirilmistir. Sonuglar, iyilesmis kompozitlerin egilme dayanimlarimin, hem 0° hem de 90° dogrultuda
oldukga azaldigin1 gostermistir. Presle iyilestirilmis kompozitlerin artik egilme dayanimlari, etiivde iyilestirilen
kompozitlere kiyasla daha yiiksektir. Bunun nedeni, erimis PP liflerinin bosluklar1 basing altinda daha etkili bir
sekilde doldurmasidir.

Keywords: Karbon/PP/epoksi kompozitler, karbon lifi, yapisal iyilesme, egilme dayanimi.

ABSTRACT

In this study, bending strength and structural healing properties of carbon/PP(Polypropylene)/epoxy hybrid
composites are investigated. Carbon and PP fibres were woven in a manual loom in which the carbon fibres
provide high strength while the PP fibres contribute with their high strain in hybridization. Two different structural
healing processes were used. Effectiveness of the proposed healing processes was evaluated by both mechanically
and microscopically. The results showed that bending strengths of healed composites incredibly decreased at both
0° and 90° directions. Residual bending strengths of press-healed composites were higher than that of oven-healed
composites since the molten PP filled the gaps more influentially under pressure.

Keywords: Carbon/PP/epoxy composites, carbon fibre, structural healing, bending strength.

INTRODUCTION

Carbon fibre reinforced polymeric (CFRP) composites have begun to replace materials such as aluminium and
titanium in aerospace applications, with the increase in usage and developments in fibre and matrix. The most
important advantages of CFRP composites are to be suitable for mass production in complex geometric shapes,
reducing the amount of scrap, improved fatigue strength, design flexibility and improved corrosion resistance.
Restrictive aspects are generally material and process costs, low damage tolerance and repair difficulties (Soutis,
2005).

Structural healing and self-healing have an increasing interest in reducing the damage effect on composite materials
(Williams et al., 2007). Structural healing aims to re-use of damaged composites which expects to recover the
functional properties of the undamaged structures (Gibson, 2010). Use of glass tubes or microcapsules containing
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healing agents during the production of composite materials is among the methods used. Polymerization of the
healing agents in the damaged area increases the mechanical performance of the composite materials (Bleay et al.,
2001; Kessler et. al., 2003). Recently, graphene based self-healing materials are used in composites which also
contributes to composite performance with their high mechanical, electrical, and thermal properties (Li et. al.,
2019). Williams et al. (2007) studied the self-healing properties of resin filled hollow glass fibre implanted
carbon/epoxy composites. Flexural strengths of undamaged, damaged and healed composites are investigated. It is
stated that the healed samples achieved almost 80% of their undamaged strengths. Ladani et al. (2018) investigated
the healing performances Z-fibre reinforced hybrid 3D composites. An incredibly high mode-I fracture toughness
up to 2000% is achieved by carbon Z-fibre while EMAA (polyethylene-comethacrylic acid) provides a partial
repair of crack of delaminated regions. Mode-II interlaminar fracture toughness of composites increased almost
75% (Ladani et. al., 2019). Dutra et al. (2000) stated that the hybridization of carbon fibre based composites with
modified polypropylene fibres increases the impact resistance and thermal properties. Selver et. al., (2015)
improved the damage resistance and damage tolerance by hybridisation of glass fibres with thermoplastic fibres
and provided healing properties to composite structures.

In recent study, hybridization method is used to provide structural healing on composite structures. Bending
properties of carbon/PP/epoxy hybrid composites are investigated before and after healing processes. Carbon and
PP fibres were woven in a manual loom in which the carbon fibres provide high strength while the PP fibres
contribute with their high strain in hybridization. Different structural healing processes were used to heal damaged
composites where the molten PP fibres are expected to heal the damages of composites. Effectiveness of the
proposed healing processes was evaluated by both mechanically and microscopically.

MATERIALS AND METHODS
Hybrid fabric and composite production

Carbon/PP hybrid fabric is manufactured by using a manual weaving loom (GARM-55, Giilas Makine, Turkey) in
plain weave. Bulk Continuous Filament (BCF) PP fibres (Eruslu Textile, Turkey) are used as warp(90°) while
carbon fibres (Aksa, Turkey) are used as weft(0°). Hybrid fabric is layered as [(0°/90°)]; and consolidated with an
epoxy resin system (Hexion MGS L160 resin/Hexion MGS H160 hardener, 100/25 wt.) in vacuum bagging.
Curing process is occurred at 80°C for 2h on a hot vacuum table. Hybrid fabric and composite properties are given
in Table 1. Thickness of carbon/PP hybrid fabric was measured using portable thickness gauge (SDL Atlas, J200)
according to ISO 5084. The thickness of composites was measured by using a digital calliper. The fibre fractions
composites were determined as weight based according to ASTM D3171-15. Cross-sectional view of composite is
illustrated in Figure 1.

Table 1. Hybrid Fabric and Composite Properties.

Properties Fabric Composite
Warp (0°) PP (150 tex) -
Yarn sets
Weft (90°) Carbon (3K) -
Fabric density (ends/cm) Warp (0%) 4 ;
abr n nds/cm
ic density (ends/c Weft (90°) 4 )
. . Warp (0°) 4.75 -
Crimp ratio (%)
Weft (90°) 1.8 -
Weight (g/m?) 768 -
Thickness (mm) 1.29 3.44
Carbon: 45
Fibre fraction (wt., %) - PP: 10
Total: 55

Composite density (g/cm?) - 1.23
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- Carbon fibres

Figure 1.Cross-Sectional View of Composite (x2 Magnification).
Tests

Bending tests are provided on both normal to 0° (PP) and 90° (carbon) directions. Support span length is used as 50
mm on 25x80 mm sample dimension at 1.3 mm/min testing speed. Bending test is performed to undamaged and
healed samples. Figure 2 shows the views of composite samples during bending test.

Before testing After testing

=

Figurez. Views of Composite Sample During Bending Test.

Bending strength (1), modulus (2) and strain (3) of composites are calculated according to the formulations of
ASTM D790-17.

o =3PL/2bd’ (1
E =L3m/42bd3 @)
e=6Dd/L (3)

where o is stress in the outer fibres at midpoint (MPa), P is load at a given point on the load-deflection curve (N), L
is support span (mm), b is width of beam tested (mm), d is depth of beam tested (mm), E is modulus of elasticity in
bending (MPa), m is slope of the tangent to the initial straight-line portion of the load-deflection curve (N/mm) of
deflection; € is strain in the outer surface (mm/mm), D is maximum deflection of the centre of the beam (mm).

2.3. Healing process

Healing of composites after bending test is performed by using hot-press and oven methods. The process diagram
of healing is given in Figure 3. In both hot-press and oven methods, healing process is started at 100°C.
Temperature raised to 215°C in 20 min. Samples are subjected to this temperature for 20 min. Process is completed
at 50°C. 2 bars pressure is used in hot-press (Wermac®-H501, Turkey).
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Figure 3.Process Diagram of Healing.
RESULTS AND DISCUSSIONS

Bending test results of undamaged and healed composites are given in Table 2. As seen in Figure 4, stiffness of
composites in both healing methods decreased. Bending strength of undamaged composite is 37.77 MPa at 0°
direction while the bending strength of undamaged composite is 283.00 MPa at 90° direction. The bending strength
at 90° is almost 7.5 times higher than that of 0° since the stiffer carbon fibres are placed at 90° direction. Bending
strain of undamaged composite is 7.37% at 0° direction while the bending strain of undamaged composite is 2.39%
at 90° direction. This is due to PP fibres which have high strain to failure are placed at 0° and increased the
ductility of composite.

Table 2. Bending Test Results of Composite Samples.

Flexural strength Flexural strain
(MPa) (%)
Samples
Healed Healed
Undamaged Undamaged
Press Oven Press Oven
0° 37.77 £2.62 13.04 £2.03 10.17 £1.07 7.37 £0.98 3.79 £1.50 1.52 £0.30
90° 283.00 £15.46 24.67 £2.40 5.96 +1.45 2.39+0.20 5.78 £0.89 0.82 +0.33
~—Undamaged-0* —Healed-Press-0° — Healed-Oven-0° ——Undamaged-90° —Healed-Press-90° —— Healed-Oven-90°
40 300
35 4
250 1
30 1
. 200
a 257 a
=] g
::i:’ 20 1 ::i:’ 150 1
2 2 100 1
@ @
10
50 1
5 4 k
0 T 0

0 5 ) 10 ] 15 20 0 2 4 6 8 10 12 14 16
Bending strain (%) Bending strain (%)

Figure 4.Bending Strength-Strain Curves of Composites.
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Thickness results of undamaged and healed composites are also given in Table 3 to compare the effects of oven or
press healing process on the thickness values of composites. It can be seen that the healing process has not any
effect on the thickness values of composites. Therefore, it can be concluded that the pressure and/or temperature
applied during the healing process did not change the fibre volumetric ratio. The pressure and temperature healed
composites have better bending properties than the only oven-healed composites. In oven healed composite, PP
fibres showed shrinkage under heat without pressure and this caused more gaps within the composite which
decreased the bending strength.

Table 3. Thickness Results of Composite Samples.

Thickness
(mm)
Samples Healed
Undamaged
Press Oven
0° 3.44+£0.10 343+0.12 344 +0.11
90° 3.44 +0.04 3.43+0.06 3.43+0.01

Bending strengths of healed composites incredibly decreased at both 0° and 90° directions. However, the
decrement at 0° is somehow reasonable. At both directions, the residual bending strengths (Figure 5) of press-
healed composites are higher than that of oven-healed composites. This is due to the molten PP filled the gaps more
influentially under pressure. Residual flexural strength of press-healed 0° composite is 34.5% while the residual
bending strength of oven-healed 90° composite is 28.3%. It can be stated that the healing process is not effective at
the bending strength of 90° composites. The bending strains of press-healed and oven-healed 0° composites are
lower compare to undamaged composites. These results showed that the molten PP acts more brittle than PP fibres.

40

25 mo°  m90

30 A1

25 1

20 A

15 1

10

Residual bending strength (%)

Press Oven
Healing method

Figure 5.Residual Bending Strengths.

The cross-sectional failure views of composites (Figure 6) showed that both 0° and 90° samples have fibre
breakages, fibre-matrix delamination and molten PP fibres. In oven-healing process, there are a lot of gaps are
observed between PP and carbon fibres. It can be concluded that the PP fibres showed shrinkage under heat without
pressure. Therefore, unpressured samples have more gaps which confirm the lower bending strengths of oven-
healed samples.
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Press-healed Oven-healed

90°

Figure 6. The cross-sectional failure views of composites (x2 magnification).

CONCLUSIONS

Bending strength and structural healing properties of carbon/PP/epoxy hybrid composites are investigated. For this
purpose, two different structural healing processes are used. Effectiveness of the proposed healing processes is
evaluated by both mechanically and microscopically. The conclusions are:

- The bending strength at 90° is almost 7.5 times higher than that of 0° since stiffer carbon fibres are placed
at 90° direction.

- PP fibres increased the ductility of compositesat 0° because of theirhigh strain to failure.

- Bending strengths of healed composites incredibly decreased at both 0° and 90° directions in where the
decrement at 0° is somehow reasonable.

- Residual bending strengths of press-healed composites are higher than that of oven-healed composites
since the molten PP filled the gaps more influentially under pressure.

- Bending strains of press-healed and oven-healed 0° composites are lower compare to undamaged
composites because of more brittle behaviour of molten PP than PP fibres.

- Cross-sectional views of composite samples confirm the lower bending strengths of oven healed samples in
which PP fibres showed shrinkage under heat without pressure.
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OZET

Bu ¢alismada, Babadag ilgesi ve dolaylarini igeren 1133 km?’lik bolgede, mantiksal regresyon yontemi ile heyelan
duyarhilik caligmas1 gergeklestirilmistir. Toplam alan1 44 km2 olan, 300’e yakin kayma tiirii heyelan bulunmaktadir.
Calisma alani igerisinde bulunan yerlesim yerleri, ziraat alanlari gibi bolgeler heyelanlardan olumsuz yonde
etkilenmektedir. Bolgede yaklasik 500°e yakin konut bosaltilmistir. Heyelanlar1 hazirlayici faktorler 25 m mekansal
¢oziiniirliikte Cografi Bilgi Sistemleri ortaminda hazirlanmis olup, jeoloji, sayisal yiikseklik modeli, yamag egimi,
kesit, diizlemsel ve teget yamac egrisellikleri, drenaj agi1 ve aktif faylara olan uzaklik parametreleri goz oniinde
bulundurulmustur. Duyarlilik haritasinda yiiksek ve ¢ok yiiksek duyarli bolgeler ¢alisma alanin % 23’tine karsilik
gelmekte olup bu bolgelerde heyelanlarin % 72.13’ bulunmaktadir.

Anahtar Kelimeler: Babadag, Heyelan duyarlilik, Mantiksal regresyon
ABSTRACT

In this study landslide susceptibility assessments were evaluated using logistic regression method around the Babadag
town extending to 1133 km?. Almost 300 slide type landslides corresponding 44km?* were identified in the area.
Some of the residential areas, agricultural lands and lifeline systems has been severely damaged by landslides and
more than five hundreds dwellings were evacuated in the region. Among the landslide conditioning factors; elevation,
slope, plan and profile curvatures, proximity to faults and rivers and geological maps have been prepared in
Geographical Information Systems environment with spatial resolution of 25 m The performance of the susceptibility
map when compared to the landslide inventory revealed that high and very high susceptible zones correspond to
23 % of the study area including 72.13 % of the recorded landslides.

Keywords: Babadag, Landslide susceptibility, logistic regression

INTRODUCTION

Despite the developments in understanding of mechanisms and the availability of a wide variety of mitigation
techniques, landslides are still leading to significant casualties and economic losses worldwide. Minimizing the
potential damages of landslide hazards requires an integrated approach including inventory, susceptibility, hazard
and risk assessments. Landslide susceptibility studies is one of the first stages to help with land management works
in landslide prone areas. The landslides susceptibility methods are classified into two main groups: qualitative
(inventory-based and knowledge driven methods) and quantitative (data-driven methods and physically based
models) (Corominas et al. 2014). Some recent overviews of the methods available for landslide susceptibility
assessment can be found in Corominas et al. (2014), Reichenbach et al. (2018); Huang and Zhao (2018). Landslides
cause significant problems in and around Babadag town of Denizli for several decades. Some local landslides in
Babadag settlement using physically based slope stability models and multi-parameter monitoring techniques were
studied by Cevik and Ulusay (2005) and Kumsar et al. (2016). Landslide susceptibility assessments has not been
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studied in the region although the landslides are abundant. In this study, landslide susceptibility assessments were
performed using the logistic regression method in the 1133 km? area around the Babadag comprising Karacasu and

Saraykdy districts (Figure 1).
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Figure 1. Location map of the study area.
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DATA and METHODS

The present geologic and morphotectonic setting of the study area is configured by the Western Anatolian
Extensional tectonic regime by means of the horst - graben systems and the E-W trending basins (Westaway 1993).
The basement rocks (Ortakdy formation) in the area exposed in the mountainous horst areas composing schists,
marbles and gneiss (Bozkurt and Oberhansli 2001). The Neogene cover units (Kizilburun, Sazak, Kolonkaya, and
Milet formations) and Quaternary recent deposits overlie uncomformably the basement rocks. Some of the active
fault segments related to the Biiyiik Menderes and Denizli Graben Systems delineated by Emre et al., (2013) are also
located in the study area (Figure 2a). A reliable landslide inventory data is essential for quantitative zoning of
landslide susceptibility. 300 landslides covering 44 km? were identified in the area by Duman et al., 2009 (Figure 2b).
Most of the landslides are developed in Neogene cover units (Figure 3a) and numerous deformations are observed in
Babadag downtown (Figure 3b).
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(a) (b)

Figure 2. Geological map (Konak et al., 2002) (a) Landslide inventory (Duman et al., 2009) (b) of the study area.

(b)
Figure 3. Slide type landslide (a) and landslide induced deformation on dwellings in Babadag (b).

Accordingly; the landform map was prepared according to Jenness (2006) using the topographic position index
(Figure 4)., 7.63% small drainage systems, 14.15% ridges, 14.44% steep slopes, 16.04% lower slope, 20.47% upper
slopes, 27.27% gentle slopes classes be made of the study area. Landslides, 8.98 % valley, 8.19% ridges, 19.37%
steep slopes, 26.34% lower slope, 21.52% upper slopes, 15.60% gentle slopes are found in the area.
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Figure 4. Landform classification.

The mean elevation in the study area is 650 m and the basement rocks constitute the high land areas around Akdag,
where elevation reach up to 2300 m. The lower elevation areas around the Saraykdy plain corresponds to the central
part of the Biiyiik Menderes river where elevation ranges between 84 to 150 m (Figure 5a). The slope ranges between
0-62 degrees with an average of 15 degrees (Figure 5b). Profile and plan curvatures parameters which mainly control
the ongoing erosion and deposition processes were also considered (Fig 5c,d). Positive and negative values in the
curvature maps indicates convex (=40%) and concave (=40%) surfaces and the values close to the zeros (=20%) are
linear surfaces. The maximum distances to active fault (Figure 5e) and distances to stream (Figure 5f) in the study
area are 4015 m and 1974 m, respectively.

Geographical Information Systems (GIS) based landslide susceptibility map in the study area was constructed by
using logistic regression method. Logistic regression is an efficient multivariate statistical method to investigate the
relationship between a binary dependent variable with a set of continuous and / or categorical independent variables.
The probability of the observed dependent variable as a function of the independent variables are expressed by the
maximum likelihood method and the linear combination of the independent variables X;...X, can be expressed by
the following equation (Eq. 1),

Z=Bo+Pi1XiHBaXot oo +BaXan )]

And in order to predict the possibility of landslide occurrences in each grid, the probability was calculated from Eq.
2,
P=1/1+e” 2)

where P is the probability of landslide occurrence and Z is the weighted linear combination of the independent
variables, B; (i = 0, 1, 2,...,n) is the coefficient estimated from the sample data, n is the number of independent
variables and X; (i=1, 2, ...,n) is the independent variable (Hosmer et al. 2013).
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Figure 5. Digital elevation model (a), slope (b), plan curvature (c), profile curvature (d), proximity to faults (e) and
proximity to streams (f) maps of the study area.
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RESULTS

The grid cell size of 25 m was used for terrain mapping unit where the landslide data set is represented by 67655 grid
cells (44 km?) and the total study area has 2178576 pixels (1133 km?). Landslide affected pixels were randomly
divided into two groups, 80% for the training and 20 % for test data set considering the entire landslide polygons
according to the sampling method proposed by Tekin and Can (2018). The geological map of the study area was
converted to raster format and each geological unit was assigned by binary value. Several logistic regression analyses
were applied, and the final decision was made by two rules proposed by Can et al. (2005) that first, the majority of
the landslides should locate in the high and very high susceptibility classes, and second, the high and very high
susceptibility classes should cover the small percentages of the area. The variables entered in the best fit logistic
regression model were summarized in Table 1. In regression model DEM and slope were found positively related to
the presence of landslides.

Table 1. Beta coefficients and Wald test statistics of the variables in the regression model.

Variable Beta Standard error. Wald Explanation (B)
Plan Curvature -,000311 0,014 626,760 0,707
Profile Curvature -,157886 0,012 169,731 0,854
Dem ,000454 0,000 323,663 1,000
Fault Distance -,000282 0,000 6308,313 1,000
Slope ,003117 0,001 14,752 1,003
Stream Distance  -,000394 0,000 795,623 1,000
Constant ,590892 0,015 1579,646 1,806

The landslide susceptibility map was given in figure 6a. According to the success and prediction rate curve the
23.06 % of the study area is located within the high — very high susceptibility classes comprising the 61.81% of test,
65.37 % of train 72.13 % of all landslides (Figure 6b). The area under Receiver Operating Characteristics (ROC)
curve was found 0.786 indicating acceptable discrimination.
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CONCLUSIONS

Landslides occur under different geologic, geomorphologic and climatic conditions. Each type of landslides should
be studied separately due to their different movement mechanisms. In this study, slide type landslide susceptibility
assessment was made around the Babadag region in the Western Anatolia. Landslides in the Babadag town cause
long-term socio-economic disruption and settlement evacuation. However, there are numerous landslides in the
region which have negative effects on natural environment. The results suggest that the landslide susceptibility
zonation is sufficient to be used in early land use planning for public safety and site selection studies for engineering
structures.
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ABSTRACT

Fabric drapeability is an important parameter that affects the apparel comfort and appearance of the fabric. Fabric
drape measurement is based on calculating the shadow area of the hanged fabric created due to its weight. This
measurement is performed manually and therefore a subjective assessment is made. Today, with the developments
in image acquisition technology and image processing methods, many measurements and evaluations can be made
objectively and accurately by adapting vision systems. In this study, an example prototype system with which fabric
drape can be measured by image processing techniques is presented. The designed system consists of machine vision
hardware, equipment and image processing software. The system was tested on 12 different types of woven and
knitted fabrics. The fabric samples were selected randomly. Drape measurements were performed with developed
image processing software. The same samples were also applied bending length and Cusick drapeability tests to
confirm the results obtained by image processing (IP) method and the relationship between the three measurements
was determined by regression analysis. As a result, 0.92 and 0.84 R? values were obtained between IP method and
bending length and Cusick drapeablility results respectively.

Keywords: Fabric drape, bending length, image processing, machine vision
OZET

Kumas dokiimliilik 6zelligi kumasin giyim konforumu ve goriiniimiinii etkileyen 6nemli bir parametredir. Kumas
dokiimliiliigii 6l¢timii askidaki kumasin kendi agirhigindan dolayr olusturdugu golgenin alanin hesaplanmasi
prensibine dayanmaktadir. Bu 06l¢iim maniiel olarak yapilmakta ve dolayisi ile siibjektif bir degerlendirme
yapilmaktadir. Giiniimiizde, goriintii alma teknolojisinde ve goriintii isleme yontemlerinde meydana gelen gelismeler
ile beraber bir¢ok dl¢lim ve degerlendirme yapay goriintii sistemlerinin adapte edilmesi ile objektif olarak ve dogru
bir sekilde gergeklestirilebilecektir. Bu ¢alismada, kumas dokimliiliigiiniin goriintli isleme teknikleri ile
Olciilebilecegi prototip bir sistem 6rnegi sunulmustur. Tasarlanan sistem goriintii alma donanimlari, ekipmanlar1 ve
gorlintli isleme yazilimindan olugmaktadir. Sistem 12 farkli dokuma ve 6rme kumas numunesi lizerinde test
edilmigtir. Kumag numuneleri rast gele secilmistir. Dokiimliiliik 6l¢timleri gelistirilen goriintii isleme yazilim ile
gergeklestirilmistir. Goriintii isleme yontemini dogrulamak amaci ile ayn1 kumaslara egilme uzunlugu ve Cusick
dokimliiliik testleri uygulanmistir ve her ii¢ 6l¢lim arasindaki iliski regresyon analizi belirlenmistir. sonug olarak
goriintii isleme yontemi ve egilme uzunlugu, Cusick dokiimliiliik sonuglar1 arasinda sirast ile 0.92 ve 0.84 R* degerleri
elde edilmistir.

Anahtar Kelimeler: kumas dokiimliiliigii, egilme uzunlugu, goriintii isleme, yapay gérme


mailto:hcelik@gantep.edu.tr

KSU Miihendislik Bilimleri Dergisi, 22, Ozel Say1, 2019 58 KSU J Eng Sci, 22, Special Issue, 2019

Arastirma Makalesi Research Article
H.I Celik, E.Giiltekin, A.Baskar, B. Oztiirk, H.I. Demirel

INTRODUCTION

One of the important features that affect fabric appearance and comfort is drapeability. It is an important quality
parameter that is taken into consideration by the designers especially because of its effect on my garment appearance.
The drape is mainly expressed as the bending behavior of the fabric under its own weight. The drape quality of the
fabric varies according to the usage area and the design criteria of the product to be produced. Since knitted fabrics
are more flexible and higher in drapeability, the products made of knitted fabrics have a body-covering appearance
and follow the body lines. On the other hand, since woven fabrics have a stiffer structure, garments made from these
fabrics are positioned further away from the body and do not follow body lines. Curtains, tablecloths, women's clothes
are preferred high-draped fabrics (Hu, 2008).

The drapeability coefficient is calculated for the purpose of evaluating the stiffness, softness and drape of the fabric.
In general, the CUSICK Drapeability Tester is used for the drape measurement. The device consists of a concave
mirror and light system. The image formed by the fabric placed on the sample holder due to its own weight is reflected
to the upper part of the device by the concave mirror system. The boundaries of the projected image are then
determined by drawing on a standard paper. Standard paper is cut and weighed at specified limits. The ratio of the
weight of the cut piece to the weight of the standard paper gives the drape coefficient. The higher the drape
coefficient, the stiffer the fabric is. On the other hand, the lower the drape coefficient means the flexible and soft
fabric. In CUSICK drape measurement method, the determining the drape area and removing this area from the whole
reference paper requires experience and attention. Since there will be a variation in measurement accuracy and the
results will change from person to person, this method is evaluated as a subjective method. In literature, to perform
drape measurement more accurately and objectively, different approaches that use image processing techniques are
presented (Platiirk, Kilig, 2014; Tsai et.al, 2009; Behara, Pattanayak, 2008; Kenkare, May-Plumlee, 2005; Erdumlu,
Sarigam, 2015; Al-Gaadi et.al, 2012 ).

In this study, a prototype machine vision system was developed to automatically measure the drapeability of a fabric
by means of image processing techniques. The system was tested on 12 different types of woven and knitted fabric
samples. First of the drape coefficients of the samples were determined by using developed image processing
algorithm from the image frames taken with the new designed machine vision system. Then, bending length and
Cusick drape coefficients of the same samples were determined. The results of the three methods were compared and
validation of the image processing method was achieved by applying regression analysis.

MATERIAL AND METHOD
Material

Within the scope of the study, 12 different samples consisting of knitted and woven fabrics were selected (Figure
1). The properties of the samples are shown in Table 1.

' = - y

igure 1. Fabric Samples

Tablel. Fabric specimen features

. Thickness Weight

Fabric Type (mm) (g /r;glz)

1 Woven 0.12 51.53
2 Woven 0.26 118.10

3 Woven 0.63 290.25
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4 Woven 0.19 84.41

5 Woven 0.23 109.90
6 Woven 0.49 194.01
7 Woven 0.38 103.11
8 Knitted 0.47 166.25
9 Knitted 0.20 61.01

10 Knitted 0.91 242.40
11 Knitted 0.88 226.66
12 Knitted 0.68 351.16

Method
Machine vision system design for drape measurement

A machine vision system and image processing algorithm have been developed to determine fabric drape. The
prototype system, developed to capture the fabric samples, consists of a closed cabin, lighting unit, camera system,
sample holder apparatus and computer (Figure 2). Since the external light sources affect the received image quality
and image pixel values, a closed system has been prepared. The interior of the cabinet is covered with matt black
paper to remove reflections. On the top of the system, a lighting unit consisting of LED strips is placed. There is
space in the center of the lighting unit so that the camera can be placed. The HD web camera is positioned in this
empty area. After all this system design has been realized, the design and manufacture of the apparatus where the
sample will be placed has been realized. The design of the sample holder apparatus is achieved on the base of
CUSICK measurement method. A cylindrical disc with a diameter of 100 mm and a height of 100 mm is
manufactured and its center point is marked. A small needle was then adapted to the center of the cylinder for ease
positioning of the sample. Circular samples with 300 mm diameter were taken from each fabric to be used in the
drape measurement. The fabric samples were placed by attaching to the needle in the cylinder sample holder in order
to get an image frame (Figure 2).

HD Camera
Lighting Computer
unit
Fabric
Machine vision sample
system ¥~

Sample
holder

Figure 2. Machine Vision System for Fabric Drape Measurement

Image processing algorithm for drape measurement

In the image processing technique, the quality and characteristics of the image frame have a significant effect on the
targeted result. Conditions such as lighting, motion blur, camera resolution, and compression of images taken while
storing are factors that affect image quality. Therefore, the images taken with the camera are digitized and transferred
to a computer environment and then improved by using various noise cleaning and image enhancement filters
(Gonzales & Woods, 2004). Therefore, in the developed algorithm, noise cleaning and enhancement filters were
applied on the image before the fabric drape area was calculated.

Image frames taken in RGB format were first converted to gray image format (Figure 3.a). Then Wiener filter (Chen,
2006) was applied to clear the noise (Figure 3.b). A contrast deepening filter was applied to clarify the boundaries of
the suspended image of the fabric sample on the cylinder and to distinguish it from the ground texture (Figure 3.c).
After all these preliminary operations, the images were converted to binary format consisting of 0 (black) and 1
(white) values (Figure 3.d). Opening and closing morphological operations were used to clarify the fabric boundaries
on the binary image and to clear the pattern lines from the image (Figure 3.¢). The image results are visualized by
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selecting the most complex patterns to show how the algorithm is applied. As a result, the ratio of shadow area created
due to drape of laid fabric to the whole image frame covered by fabric sample is calculated (Equation 1).

Draped fabric area (pixels)—Supporting disc area(pixels)

Drape Coefficients (%) = x 100

Q)

Fabric sample area (pixels)—Supporting disc area (pixels)

. B

(b sy ' ! (d)

Figure 3. Measurement Algorithm of Fabric Drape. (a) RGB Image (b) Gray Image (c¢) Contrast Deepened Image
(d) Binary Image (e) Morphologically Applied Image

Cusick drape measurement test

CUSICK Drape Tester was used for the drape measurement (Figure 4). The device consists of a concave mirror and
light system. The image formed by the fabric placed on the sample holder due to its own weight is reflected to the
upper part of the device by the concave mirror system. The boundaries of the projected image are then determined
by drawing on a standard paper. Standard paper is cut and weighed at specified limits. The ratio of the weight of the
cut piece to the weight of the standard paper gives the drape coefficient. Before testing, all fabric samples were
conditioned under standard atmospheric conditions (20 = 2 © C temperature and 65 + 2 relative humidity). The higher
the drape coefficient is, the harder the fabric is. On the other hand, the lower the drape coefficient means more flexible
and the softer fabric.

CUSICK DRAPE TEST
Paper ring

—

E i'-— Light Source

Parabolic mirror

W

Figure 4. Cusick Drape Measurement Test Device (NPTEL)

Fabric bending strength test

The fabric bending length test was performed using the Prowhite Fabric Hardness tester (Figure 5) in accordance
with BS 3356: 1990. A total of 6 samples of 25 mm x 200 mm weft / course and warp / wale directions were prepared
from each fabric. A total of 4 measurements were made at both ends of the front and back sides of each sample. As
a result, 24 bending lengths, 12 for weft / course and 12 for warp / wale, were measured for each fabric sample.
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Before testing, all fabric samples were conditioned under standard atmospheric conditions (20 & 2 ° C temperature
and 65 = 2 relative humidity). Using the obtained bending length values, mean bending length values were calculated
for weft/course and warp/wale directions.

| PROWHITE.

l PROWHITE

Figure 5. Fabric Bending Length Tester
RESULTS AND DISCUSSION

The fabric parameters that effect the drapeability performance have been investigated in many previous studies.
According to findings from these studies, the drapeability property of fabrics is known to be directly related to yarn
density, yarn twist, weft and warp density, type of weaving or knitting structure (Al-Gaadi et.al, 2012). It is known
from the literature that high drape coefficient is obtained in fabrics where yarns containing the same direction twist
are used in weft and warp way, since slip and stretching deformation will be more difficult. When examined as fabric
type, the drape coefficients of twill fabrics are lower than plain fabrics. This is due to the fact that the yarns move
more easily in the fabric architecture, as there are fewer connection points in the twill weave structure (Ozgiiney A.T.
et.al, 2009).

Because of the difficulties that come from the manual drapeability tests, some attempts were made to automatically
and sensitively perform drapeability test. These attempts were generally based on image processing approaches. In
similar studies, the results between fabric drapeability and bending property obtained with the test applied to
randomly selected fabrics were statistically compared and the difference between them was determined. The success
level (high correlation coefficients 0.86-0.99) of the method proposed in similar studies in the literature has been
demonstrated in this way (Platiirk, Kilig, 2014; Tsai et.al, 2009; Behara, Pattanayak, 2008; Kenkare, May-Plumlee,
2005; Erdumlu, Sarigam, 2015; Al-Gaadi et.al, 2012, Siile, G. 2012). There is a study in the literature about
determination of drape measurement using image processing technique by Kenkare, May-Plumlee, 2005, it was stated
that a correlation coefficient of 0.99 R? demonstrate between digital image processing method and conventional cut
and weight technique.

In our study, the results obtained from the developed machine vision system, bending length test and Cusick drape
test were presented in Table 2. The mean of the bending length values for weft/course and warp/wale directions and
drape measurements were compared with the drape coefficient values obtained from the developed machine vision
system. The relationship between the drape coefficient values and the bending length were discussed with regression
analysis in Figure 6. As flowed from Figure 6, there is high regression with 0.92 R? value was reached between image
processing (IP) drapeability results and Cusick drapeability test results. This result reveals that the developed image
processing method provides high accuracy in comparison to reference Cusick method. The regression value between
IP drapeability and bending length was obtained as R?>=0.84. According to the obtained results, we can say that the
average bending length increases when the drapeability increases in the fabric and the average bending length
decreases when the drapeability coefficient decreases. As a result, it can be stated that the proposed method gives
reliable and accurate results for fabric drape measurement.
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Bending Length (cm) IP Drape Cusick Drape
Coefficient Coefficient
Sample Warp / Weft / Average (%) (%)
No Wale Course Length
1 4.88 4.72 4.80 65.10 35.61
2 4.13 4.30 4.21 48.46 35.00
3 4.07 3.47 3.77 33.88 29.95
4 2.23 2.88 2.55 18.51 22.55
5 2.82 1.83 2.33 20.61 22.80
6 1.98 3.61 2.79 31.60 28.04
7 1.80 3.02 2.41 17.53 22.22
8 4.55 7.26 5.90 66.55 35.90
9 2.67 4.59 3.63 18.67 22.09
10 2.64 2.75 2.70 27.62 26.21
11 1.57 2.52 2.04 14.77 19.50
12 2.37 2.25 2.31 19.29 21.95

Average Bending Length [cm]

10

Graph

R*=0,9275

R?=0,8427
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Figure 4. Regression Between Drape Coefficients and Bending Length

CONCLUSION

In this study, the relationship between developed fabric drape measurement with image processing, average bending
length and traditional drape test (Cusick Drapeability) were evaluated. The presented study belongs to a prototype
system at the initial stage. By applying regression analysis between the three method results, it was proofed that the
developed image processing system have high accuracy and sensitivity for fabric drape measurement. On the other
hand, the proposed method is easier and takes shorter time than other two methods; bending length and Cusick drape

measurement.
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Nowadays, developments in artificial intelligence and industry 4.0 provide important advantages in manufacturing
and so they are rapidly taking place in the textile sector. Since the image processing technique provides an objective
assessment of the quality control tests as well as determining the drapability properties of the fabrics, the manually
applied processes can be performed both in a shorter time and with high accuracy. Image processing techniques and
machine vision systems can be successfully adapted to industrial application. As a result, this modified method was
recommended for reasons such as saving paper, reducing user errors, archiving images and especially reducing the
testing time drastically. The manual test method (Cuisck test device) each sample takes half an hour to measure,
while in image processing technique each sample is measured in less than one minute. This means a significant saving
of time during the test measurement.
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OZET

Giderek artan yakit maliyetleri ve fosil yakith araclarim emisyon problemi nedeniyle otomotiv sektdrii biiyilik bir
degisim doneminden gegiyor. Bu nedenle hibrit ve elektrikli otomobiller iiretilmeye baslandi. Elektrikli araglarin
maliyet, maksimum hiz distikliigii, yiiksek sarj siiresi gibi dezavantajlari ise heniiz tam olarak ¢6ziime kavusturulmus
degildir. Lityum tabanli bataryalarin gelistirilmesi ile elektrikli araglarda depolama bataryalar olarak kullanilmaya
baslanmistir. Bu bataryalar performans, dayaniklilik, giivenlik ve maliyet avantajlart acisindan giiniimiizde
elektriksel sistemlerin enerji ihtiyacini karsilamak i¢in tercih edilmektedir. Bu ¢alismada, elektrikli bir aracta
kullanilan batarya ve sarj sisteminin benzetim modeli kullanilarak batarya paketinin akim, gerilim ve sarj durumu
grafigi elde edilmistir.

Anahtar Kelimeler: Elektrikli arag, batarya paketi, batarya modelleme
ABSTRACT

The automotive sector is undergoing a major change due to the increasing fuel costs and the emission problems of
fossil fuel vehicles. For this reason, hybrid and electric cars started to be produced. The disadvantages of electric
vehicles such as cost, maximum speed decrease, high charging time are not yet fully resolved. Along with the
development of lithium-based batteries, have being used as energy storage units in electric vehicles. These batteries
are preferred to meet the energy requirements of electrical systems in terms of performance, durability, safety and
cost advantages. In this paper, the current, voltage and state of charge graphs of a battery pack is obtained by using
the simulation model of the battery and charging system used in an electric vehicle.

Keywords: Electrical vehicle, battery pack, battery modelling

GIRIS

Glinlimiizde enerji ve ¢evre sorunlari nedeniyle yeni enerji teknolojileri gelistirilmektedir. Otomotiv endiistrisi de bu
teknolojiler ile donatilan araglarin {iretimine ivme kazandirmistir. Yeni enerji araclarindan hibrit, bataryali ve yakit
hiicreli elektrikli araglar gelecekteki otomotiv enerji gii¢ sistemleri i¢in 6nemli gelisim teknolojileri olarak kabul
edilmektedir. Elektrikli araglar (EA) geleneksel fosil yakitli araglara kiyasla daha verimli, daha temiz ve

siirdiirtilebilir bir ulasim alternatifi sunduklarindan dolay1 diinyadaki dnde gelen otomotiv iireticilerinin stratejik
oncelikleri haline gelmistir (Jiang ve ark., 2015).

EA, bataryalarda depolanan giicii kullanarak elektrikli bir motorla galisan aragtir. EA daha az hareketli pargaya sahip
olduklarindan bakimlari minimum diizeydedir ve daha fazla enerji tasarrufu saglamaktadirlar. EA, bircok
avantajlarinin yaninda maliyet, hiz diisiikliigii, yiiksek sarj siiresi, batarya 6mrii gibi dezavantajlar1 da bulunmaktadir.
Elektrikli ara¢ gii¢ aktarma organlarinin temel bir bileseni olan batarya paketleri ger¢cek zamanli kontrol ve izleme
gerektirir (Ahmed, 2014). Bu batarya paketleri genellikle kursun-asit, nikel kadmiyum, nikel metal hidrat ve lityum-
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iyon pil hiicrelerinden meydana gelmektedir. Lityum-iyon bataryalar tipik olarak yiiksek giic, enerji yogunlugu ve
uzun hizmet 6mrii nedeniyle tercih edilen batarya ¢esididir (Zhang ve ark., 2018).

Batarya yonetim sistemi, bir bataryadaki sarj durumu, saglik durumu, kalan faydali 6miir gibi kritik parametrelerin
dogru sekilde izlenmesinden ve denetiminden sorumludur. Batarya sarj durumu, bataryadan geri alinabilen mevcut
batarya kapasitesini temsil etmektedir. Bu parametre batarya yaslanma etkilerini azaltacak sekilde bataryay1
calistirmak ve performansini iyilestirmek igin bir bataryada izlenmesi gereken en énemli durumlardan biridir (Chen
ve ark., 2017).

Sarj durum tahmini i¢in uygulanan sezgisel veya deterministik matematiksel araglarin kullamildigr ¢ok cesitli
yontemler bulunmaktadir. Coulomb sayma yontemi veya amper-saat (Ah) yontemleri gibi standart dl¢lim tabanlh
tahmin yaklasimlarmin yam sira agik devre voltaji ve empedans 6l¢iim yontemleri daha sezgisel ve giivenilir bir
tahmin vermektedir (Gandalfo ve ark., 2015; Guo ve ark., 2018; Gadoue ve ark., 2018). Yapay sinir ag1 ve bulanik
mantik gibi makine 6grenmeye dayali tahmin yontemleri sarj durumu ile onu etkileyen faktdrler arasindaki dogrusal
olmayan iliskiyi tanimlayarak genelde iyi bir sarj durumu tahmini vermektedir. Ancak 6grenme siireci oldukca
hesaplamali bir sekilde agir olan bu yontemlerin tahmin modelleri ¢evrimdisi olusturulmaktadir (Zhou ve ark., 2011;
Qian ve ark., 2015; Hannan ve ark., 2018). Kalman filtresi kullanan durum uzay modeli temelli tahmin yontemleri
kapali dongii, ¢evrimigi olma ve dinamik bir sarj durumu tahmin hata araliginin mevcut olmasi avantajlart nedeniyle
cok popiiler bir yontemdir (Sepasi ve ark., 2015; Zeng ve ark., 2018).

Bu calismada, mevcut elektrikli bir aragta kullanilan nominal gerilimi 115,2 V ve toplam kapasitesi 3525 Wh olan
batarya paketinin esdeger devre modeli elde edilmistir. Daha sonra batarya paketi ve sarj sisteminin modeli
MATLAB/Simulink ortaminda olusturulmustur. Bu model kullanilarak yapilan benzetim caligmasiyla batarya
paketinin akim, gerilim ve sarj durumu grafigi elde edilmistir.

BATARYA MODELLEME

Saglikl1 bir sarj durum tahmini, yiiksek kalitede bir batarya modeli gerektirir. Batarya modeli, batarya 6zelliklerini
gerektigi kadar dogru yakalamali, pratik olarak tanimlanabilir model parametrelerine sahip olmali, segilen batarya
kontrol algoritmasma uygun olmali ve hesaplama agisindan verimli olmalidir (Ahmed ve ark., 2015; Tong ve ark.,
2013).

Batarya modelleri genel olarak esdeger devre bazli modeller, elektrokimyasal modeller, deneysel modeller, yapay
sinir ag1 ve bulanik mantik tabanli modeller olarak siniflandirilabilirler. Esdeger devre bazli modellerde bir
bataryanin sarj ve desarj davramisini modellemek icin kapasitdr ve direng gibi elemanlar kullanilir. Bu modeller
parametre ve model tanimlamasi agisindan basit ve hesaplama yoniinden verimlidir. Elektrokimyasal modeller
elektrolit ve her iki elektrot igindeki lityum birlesmesini modellemek i¢in kismi diferansiyel denklemleri kullanir.
Elektrokimyasal modeller genellikle karmagik olmalarma ragmen batarya kimyasina fiziksel bir bakis agisi
sagladiklarindan, batarya saglik durumu tahmininde ve batarya bozulmasinin izlenmesinde tercih edilirler. Deneysel
veya davranigsal modeller batarya hiicrelerinin davranigini tanimlamak i¢in deneysel fonksiyon ve formiiller
kullanirlar. Daha az parametre kontrolii ile uygulanmasi kolaydir ve bir batarya yonetim sistemindeki ger¢ek zamanl
uygulamalarda kolayca kullanilabilmektedir. Yapay sinir ag1 ve bulanik mantik tabanli modeller dogrusal olmayan
ve karmagik girdi-¢ikti iliskilerini belirleyebilen modellerdir. Bu modelleme tiirii deneysel egitim verilerine ihtiyag
duydugundan ger¢ek zamanli uygulamalar igin yiiksek hesaplama giicii ve zaman gerektirirler (Ahmed, 2014).

Direng ve kondansatorlerden olusan esdeger devre modelleri bir bataryanin gerilim-akim davraniginin benzetimi igin
yaygin kullanilmaktadir (Xia ve ark., 2015). Bu ¢alismada lityum-iyon pillerin modelleme ve benzetimi i¢in Sekil
1’de verilen birinci dereceden bir RC esdeger devre modeli kullanmistir (Zhang ve ark., 2017). Burada kontrollii
gerilim kaynagi VOC lityum-iyon pilin agik devre voltajini, Ry omik direncini, Rl polarizasyon direncini, C;
polarizasyon kapasitansini ve U ise terminal gerilimi belirtmektedir. R; ve C; degerleri batarya sarj durumuna ve
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akimina baglhdir. Batarya modelinin gerilim degeri sarj durumu, agik devre gerilimi, Ry, R; ve C; degerleri ile kontrol
edilmektedir.

R:

_i

+
_ Voc U

0

Sekil 1. Birinci derece RC model

Bataryanin parametreleri bataryanin akim ve gerilim degerlerinden faydalanilarak bulunmaktadir. Bu ¢alismada
kullanilan batarya modelinin 20°C’deki parametre degerleri Tablo 1’de verilmistir (Webl; Ehsani ve ark., 2010).

Tablo 1. Batarya Modeli Parametreleri

Sarj Durumu (%) Ro Ri Ci Voc

0 0,0085 0,0029 12447 3,5057
10 0,0085 0,0024 18872 3,5660
25 0,0087 0,0026 40764 3,6337
50 0,0082 0,0016 18721 3,7127
75 0,0083 0,0023 33360 3,9259
90 0,0085 0,0018 18360 4,0777
100 0,0085 0,0017 23394 4,1928

Bir bataryanin sarj durumu, bataryaya giren ve ¢ikan elektrik akimi1 miktar1 goz oniine alinarak tahmin edilebilir
(Ehsani ve ark., 2010).

L (1)
S0C =S0Cy) — | —=<dt
e
Burada SOC batarya sarj durumunu, SOC0O batarya baslangi¢ sarj durumunu, i batarya akimini ve Q batarya
kapasitesini gostermektedir.

BENZETIM CALISMALARI

Batarya paketinin modelleme ve benzetim ¢aligmalari elektrikli arag sisteminin ve bilesenlerinin tasarim siirecinde
kolayliklar saglayacak ve fiziksel prototip iiretmekten daha az maliyetli olacaktir. Ayrica aracin performansi
hakkinda 6ngoriide bulunulmasini saglayacaktir. Elektrikli aracin batarya paketinde hizli sarj, uzun 6miir ve yiiksek
gii¢ yogunlugu avantajlar1 nedeniyle lityum iyon piller kullanilmigtir. Batarya paketinin performansini artiracak
batarya karakterizasyonu, sarj durumu, batarya saglik durumu, optimizasyon ve batarya yOnetim sistemi {izerine
algoritma gelistirmek amaciyla Tablo 2’de parametreleri verilen batarya paketi Matlab/Simulink ortaminda
modellenmistir.

Tablo 2. Batarya Paketi Parametreleri

Parametre Degeri
Pil Kapasitesi 3400 mAh
Pil Nominal Gerilimi 36V
Hiicre Pil Sayis1 9
Hiicre Kapasitesi 30,6 Ah
Hiicre Nominal Kapasitesi 110,16 Wh
Batarya Paketi 32 adet
Paket Gerilimi 1152V

Toplam Batarya Kapasitesi 3525 Wh



KSU Miihendislik Bilimleri Dergisi, 22, Ozel Sayi, 2019 67 KSU J Eng Sci, 22, Special Issue, 2019

Arastirma Makalesi Research Article
U. Ozbalcy, E. Kili¢

Maksimum Sarj Akimi 6,12 A
Sarj Siiresi 5 Saat

Batarya paketi i¢in her birinin kapasitesi 3400 mAh ve nominal gerilimi 3,6 V olan 9 adet lityum-iyon pil paralel baglanarak
batarya hiicresi elde edilmistir. 32 adet batarya hiicresi birbirine seri baglanarak nominal gerilimi 115,2 V ve kapasitesi 3525 Wh
olan Sekil 2°de gosterilen batarya paketi olusturulmustur.

BEEEEEEEE]
S[ElEEIEIEEE]
fREEEEEEEE]
E[ElEEIEEEE]

Sekil 2. Batarya paketi

+

Batarya paketinin sarj ve sarj durum tahmini i¢in benzetim ¢alismasi yapmak amaciyla Sekil 3’te verilen
MATLAB/Simulink modeli olusturulmustur. Baslangi¢cta minimum kapasitede olan batarya paketi 6 A sabit akim ile
sarj edilmistir. Batarya paketi maksimum gerilim degeri olan 134,4 V’a ulasincaya kadar sabit akimla sarj edilmistir.
Bu gerilim degerinden sonra paket 134,4 V sabit gerilim ile sarj edilmeye devam edilmistir. Bu durumda batarya
paketinin ¢ektigi sarj akiminin zamanla azaldig1 Sekil 4°te gortilmektedir. Akim degeri belirlenen minimum sarj akim
degerin altina diistiiglinde ise sarj islemi tamamlanmistir. Sarj durum tahmini incelendiginde ise batarya paketinin
yaklasik 4 saatte %90’a yakin ve 5 saatte %100 sarj oldugu goriilmektedir.

20

Sicaklik

H |

Akim

izleme

Sarj Cihazi Batarya Paketi

Sekil 3. Batarya paket ve sarj sisteminin simulink modeli
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Sekil 4. Batarya paketinin akim, gerilim ve sarj durumu grafigi
SONUC

Bu c¢alismada elektrikli bir aracin batarya paketi MATLAB/Simulink ortaminda modellenmistir. Batarya paketinin
akim, gerilim ve sarj durumu benzetim ¢aligmalariyla elde edilmistir. Batarya paketinin sabit akim-sabit gerilim sarj
yontemiyle yaklagik 5 saatte tam sarj durumuna ulasmistir. Benzetim ¢aligmalarindan elde edilen sonuglarin gergek
sistemin nominal degerleri ile Ortlistiigii goriilmiistiir.

Bu ¢aligsma ile batarya paketinin performansini artiracak ¢alismalarin dncelikle benzetim yoluyla yapilmasina olanak
saglanmistir. Ayrica batarya paketi modeli, olusturulacak bir batarya ydnetim sistemi ve ara¢ motor modeliyle
entegre edilip ara¢ diizeyinde benzetim ¢alismalar1 yapilabilir.
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OZET

Bu c¢alismada, kagit fabrikasi aritma tesisinden g¢ikan atik aritma ¢amuru, yumurta kabugu ve liiletas1 tozu atik
materyalleri ile birlikte polipropilen (PP) bazli termoplastik plaka iiretiminde degerlendirilmis ve elde edilen
kompozit plakanin radyasyon gegirgenlik ve mekanik dayanim (egilme direnci, ¢cekme direnci, dinamik egilme
direnci, kopmada uzama ve darbe direnci) 6zelliklerini belirlenmistir. Kompozit katki maddeleri olarak kullanilan
atik materyaller kiitlece %20-50 oranlarinda kompozit levha iiretimine katilmis, tim kompozit plakalar standart sicak
presleme yontemi ile iiretilmis ve katki maddeli polimer kompozitlerin 6zellikleri standart polipropilenden tiretilen
levha ile karsilastirilmistir. Elde edilen sonuglarda yumurta kabugu katkili kompozit levhanin radyasyon
gecirgenligini azalttigi, cekme direncini artirdig1, aritma ¢amurunun ¢ekme direncini diigiirdiigii ve aritma ¢amurunda
bulunan liflerin ve liiletas1 (sepiyolit) tozunun elastikiyet modiiliini artirdigi tespit edilmistir. Katki maddeleri
kompoziti daha gevrek hale getirerek kopmada uzama ve egilme direnci modiilii degerlerini azaltmistir. Egilmede
elastikiyet modiilii degerleri ise arima ¢amuru ve sepiyolit ilavesi ile artis gostermistir. Caligma kapsaminda iiretilen
PP kompozitlerin tamami1 ASTM D 6662’de istenilen degerlerden daha yiiksek egilme direnci ve egilmede elastikiyet
modilii degerleri saglamigtir. Calismanin sonuglari, aritma ¢amuru, yumurta kabugu ve liile tas1 gibi atitk maddelerin
“stfir atik” yaklasimi ile yeniden degerlendirilmelerinin saglanarak kompozit levha iiretiminde kullanilabilecegini ve
iilke ekonomisi agisindan faydali malzeme iiretiminin gergeklestirilebilecegini gostermistir.

Anahtar Kelimeler: Aritma ¢amuru, geri kazanim, kompozit levha, liile tasi, , yumurta kabugu

ABSTRACT

The aim of this study is to produce thermoplastic composite plates containing waste materials using additives such
as industrial sewage sludge, eggshells and sepiolite, to determine the mechanical properties of these plates and to
compare them with commercial polypropylene plates. These fillers were added to the polypropylene (PP) based
composite in an amount of 20-50% by weight (dry basis), and all composite plates were prepared using the hot
compression molding method. Mechanical properties (tensile strength, tensile modulus of elasticity, flexural strength,
elasticity of bending coefficient, elongation and impact strength at break) and radiation permeability of composites
were investigated and it was determined that filler type had an effect on mechanical properties significantly. It was
found that the addition of egg shells reduced the radiation permeability of the PP-based composites and increased
their tensile strength. Addition of sewage sludge to composite production decreased the tensile strength while, it
caused to increase elasticity modulus in flexure because of its fibrous structure with sepiolite. In the light of these
results, it was determined that PP based polymer composites produced with waste additives provide sufficient
mechanical properties than only PP based polymer composite plates.

Keywords: Egg shell, polymer composite, recycle, sepiolite, sewage sludge
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GIRIS

Iki veya daha fazla malzemenin bir araya getirilmesiyle olusturulan ve yeni 6zelliklere sahip malzemeler “Kompozit
Malzeme” olarak adlandirilmaktadir. Kompozit tiretiminde farkli polimerler ve farkli oranlarda lignoseliilozik destek
eleman (lif veya un) dolgu maddesi ya da giiglendirici olarak kullanilabilmektedir. Kompozit malzemeler, tasarim
geregi, bilesenleri arasindaki ara yliziin kalitesi ile karakterize edilir. Yenilik¢i kompozit malzemeler gelistirmedeki
ana odak noktalarindan biri, takviyeler ve matris arasinda uygun bir baglanma saglamaktir (Liotier ve ark. 2019).
Malzemelerin tiretiminde karbon igerigini azaltma ilgisinin artmasiyla birlikte, biyo-bazli veya geri doniistiiriilebilir

malzemeler gibi daha ¢evre ile uyumlu materyalleri gelistirmek i¢in endiistriyel bir fikir birligi vardir (Boumbimba
ve ark., 2017; Hablot ve ark., 2010; Reulier & Avérous., 2015; Reulier ve ark., 2016).

Polipropilen (PP), C,H>, monomerine sahip lineer yapida ¢ok yonlii bir termoplastik polimerdir. Ambalaj, ingaat ve
diger endiistriyel uygulamalarda yiiksek mukavemet, kimyasal direng, asinma direnci ve diisiik fiyat gibi genis
kapsamli kullanmigh 6zellikleri nedeniyle matris bileseni olarak yaygin sekilde kullanilir. Bununla birlikte, PP'in
zayif darbe dayanimi uygulamasini sinirlayan bir ozelliktir (Kargarzadeh ve ark., 2018). Bu sebeple, ¢ogu
calismalarda iiretilen polipropilen bazli materyallerin 6zelliklerini iyilestirmek i¢in PP ile uyumlu ajanlar kullanilarak
kompozitler halinde kullanimina yonelinmistir.

Aritma ¢amuru; atiksu igerisindeki kendiliginden ¢okebilen katilardan ve yine atiksuda bulunan ancak ¢okemeyen
organik ve inorganik askidaki kat1 maddelerin kimyasal ilavesi ile ya da biyolojik aritim ile mikroorganizma floklar1
halinde ¢okelmesinden olusan ve su igerigi yiksek, kokulu ve yiiksek hacimli atiklar olarak tarif edilebilir. Endiistri
tipine bagli olarak ¢ikan atiksu karakterizasyonu da farklilik gosterdiginden dolayi, aritma ¢amuru da asitler, alkaliler,
agir metaller, fenoller, boyalar, hidrokarbonlar, yaglar gibi maddeleri icerebilmektedir. Son yillarda aragtirmacilar
endiistriyel isletmelerden ¢ikan bu aritma ¢amurlarmin miktarimi azaltma veya yeniden kazanmaya yOntemleri
gelistirme ile ilgili calismalara yonelmislerdir. Kagit fabrikasi aritma ¢amuru, lretilen metrik ton kagit basina
yaklagik 40-50 kg kuru madde igeren ve bertaraf maliyeti toplam atik su aritma maliyetinin % 60'ina kadar ¢ikabilen
bir endiistriyel camurdur (Bajpai, 2015; Mahmood & Elliott, 2006; Son ve ark., 2004). Bu nedenle, kagit fabrikasi
aritma ¢amurunun geri doniisiimii seliiloz ve kagit endiistrisine ekonomik ve gevresel faydalar saglayabilecek onemli
bir ¢6ziim yontemidir.

Yumurta kabugu, karides ve midye kabugu, miirekkepbaligi iskeleti ve balik pullar1 gibi kabuk atiklart sadece zengin
bir kalsiyum karbonat kaynagi degil, ayn1 zamanda proteinler, polisakkarit ve kitin gibi diger organik bilesenleri
ihtiva ederler (Ji ve ark., 2009; Nurul ve ark., 2011; Deng ve ark., 2014). Bu kabuk atiklari, mekanik performanslarini
gelistirmek ve malzemenin ¢evre dostu 6zelliklerini korumak amaciyla biyolojik olarak pargalanamayan polimerler
i¢in bir biyo-dolgu maddesi olarak kullanilmaktadir (Mohamad ve ark., 2014; Poompradub ve ark., 2008). Yumurta
kabugu ve karides kabugu atiklari, gida endiistrilerinden bol miktarda temin edilebilmektedir. Yumurta kabugu, %
95 kalsiyum ve % 5 organik bilesenlerden olusur (Ji ve ark., 2009). Yumurta kabugu, adsorbent, katalizor, giibre,
hayvan yemi i¢in bir katki maddesi ve kaplama pigmentleri dahil ¢esitli uygulamalarda kullanilmaktadir (Cho &
Seo., 2010; Tsai ve ark., 2006; Yoo ve ark., 2009). Ayrica, diger ticari desteklere gére daha mekanik olarak direngli
olduklar i¢in siirekli islemlerde kullanim i¢in uygun olduklarini kanitlanmistir.

Son yillarda kil karigimli polimer nanokompozitlere yonelik ¢aligmalar artis gostermektedir. Bu kompozitlerin
secilme nedeni, benzerlerine gore mekanik, optik, termal kararlilik ve bariyer 6zellikleri agisindan gelistirilmis teknik
ozellikler gostermeleridir. Bu 6zellikler kullanilan dolgu maddesine bagl olarak degisim gostermektedir. Kompozit
materyallere kil, talk ve kalsiyum karbonat gibi materyallerin eklenmesi ile kirilma, nem icerigi ve egilme elastikiyet
modili stresi degerlerinde énemli olumlu gelismelere ulasilmistir (Glenn ve ark., 2001; Matsuda ve ark., 2013;
Pushpadass ve ark., 2008). Plastik materyallerde mekanik ve termal 6zellikler kalsiyum karbonat ilavesi ile 6nemli
Olciide iyilestirilmigtir (Wei ve ark., 2013; Chan ve ark., 2002; Lina ve ark., 2016). Ancak, yapilan 6nceki ¢alismalar
kalsiyum karbonatin nisasta/kalsiyum karbonat termoplastik kompozitinin biyodegradasyon hizimi geciktirdigini,
ayn1 zamanda ticari kalsiyum karbonat {iretiminin atmosfere CO; saldigini1 ve islemin karbon ayak izini artirdigim
bulmustur (Klungsuwan ve ark., 2013; Bootklad & Kaewtatip, 2013). Bu sebeple, bu ¢alismada polimer kompozit
materyale mekanik Ozelliklerini artirmak amaciyla eklenen kalsiyum karbonatin yumurta kabuklarindan temin
edilmesi hem atik materyallerin geri kazanimi hem de karbon ayak izi salimm kontrolii agisindan biiyiikk dnem
tagimaktadir. Sepiyolit kil ailesine ait dogal kdkenli nano dolgu maddesi olarak kullanilan lifli yapida magnezyum-
silikatlardir. Sepiyolitin kimyasal formiilii Si;2030Mgs(OH)4(H20).4H,O'dur ve iki tetrahedral silika tabakasindan
olusan bloklardan ve merkezde magnezyumlu oktahedral levhadan olusmaktadir. Bu bloklar uzunlamasina kenarlari
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boyunca birbirine baglanir ve liflerin uzunluguna paralel dogrultuda uzanan 0.37 x 1.06 nm? boyutlarinda ince
kanallar1 olusturur (Nikolic ve ark., 2017). Termoplastik polimerlerle nanokompozitlerde dolgu maddesi olarak
sepiyolit kullanim1 hakkinda az sayida ¢alisma vardir. Bu ¢alismalarda polipropilen ve sepiyolit nanokompozitleri
basariyla hazirlanmis ve bu nanokompozitler igin, sadece yiizey enerjisini azaltan ve sepiyolit dagilimini iyilestiren
uyumlulastirici varligimda bile mekanik ozelliklerde iyilestirmeler elde edilmistir (Mohamad ve ark., 2014;
Poompradub ve ark., 2008).

Bu ¢aligmanin amaci, polipropilen bazli polimer kompozit levha {iretiminde kagit fabrikas1 aritma ¢amuru, yumurta
kabuklar ve sepiyolit (liile tas1) atiklariin dolgu maddesi olarak kullanilmasinin elde edilen kompozit plakanin
fiziksel ve mekanik 6zellikleri lizerindeki etkisinin arastirilmasidir. Elde edilen sonuglar higbir katki maddesinin
kullanilmadigi polipropilen bazli kompozit levhadan elde edilen sonuglar ile karsilagtirilmagtir.

MATERYAL VE YONTEM
Materyal

Bu ¢alismada, kompozit iiretiminde polipropilen (PP MH 418) polimeri, aritma ¢amuru, Liile tas1 (sepiyolit) tozu ve
yumurta kabuklar1 kullanilmistir. Caligmada dolgu maddesi olarak kullanilan atik aritma ¢amuru Kahramanmarag
Kipas Kagit Fabrikasi’ndan, yumurta kabuklar1 Kahramanmaras’da faaliyet gosteren bir pastaneden ve liile taglar
Eskisehir’deki liile tasi iiretim atdlyesinden temin edilmistir. Uyumsuzluk giderici ve yaglayici olarak toplam
kiitlenin %3¢ oraninda parafin vaks (K.130.1000) ve Cinko stearat kullanilmistir.

Plastik Kompozitlerin Uretimi

Aritma ¢amuru atig1 takviyeli polimer kompozitlerin iiretimi; boncuk iiretimi ve kompozit levha iiretimi olmak {izere
iki agamada gerceklestirilmistir. Pelet (boncuk) iiretimi tek burgulu ekstruder yardimiyla gerceklestirilirken, levha
iretimi pres kaliplama yontemiyle sogutma 6zelligine sahip sicak preste gergeklestirilmistir. Kompozit iretimi Sekil
1’degosterilen is akisi izlenerek gergeklestirilmis ve atik takviyeli PP esasli kompozit iiretiminde kullanilan katki
maddelerinin oranlar1 Tablo 1°de verilmistir. Atik takviyeli polimer kompozit iiretiminde {iretim regetesine bagl
olarak plastik matrisi (PP), atik unlari, uyumsuzluk giderici ve vaks yliksek devirli karistiricida (900-1000 devir/dk)
homojen bir karisim haline getirilmistir. Olusturulan homojen karisim ekstruder igerisinde 170-200 °C sicakliginda
eritilmistir. Ekstruder igerisinde eritilmis ve homojen karisim kaliba dogru dakikada 40 dev/dk vida hizi ile itilerek
cikan karigim su banyosunda sogutulmustur. Sogutulan ekstruder ¢iktisi kirict vasitasiyla kiiciik boyutlu peletler
haline getirilmistir (Sekil 2). Ekstriizyon islemi pelet haline getirilen malzeme tekrar 103£2°C sicaklikta 24 saat
bekletilerek kurutulmus ve kurutulan peletler 4 mm kalinlik ¢itas1 kullanilan teflon bir plaka iizerine serilerek
sicaklig1 200 °C olan soguma kapasiteli hidrolik preste 250x250x4 mm ebatlarinda levhalar haline getirilmistir (Sekil
2).

Aritma Camuru, Sepiyolit ve — Kurutma
Yumurta Kabugu
Yiiksek devirli — Ekstriizyon 4 Boncuk Yapici Kirict
karistiric l
Plastik Materyal, Diger Kimyasallar Pres Kaliplama

Sekil 1. Levha Uretim Asamalari
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Tablo 1: Aritma ¢amuru ile PP karisimli kompozitlere ait {iretim regetesi (%)

Grup no Polimer (%) AC (%) Liiletas1 (%) YK (%)

PP-0 100 0 0 0
PP-1 50 50 0 0
PP-2 50 30 20 0
PP-3 50 30 0 20

Sekil 2. Kompozit Peletler ve Pres Kaliplama Ile Uretilen Levhalar

Radyasyon Sogurma Katsayisinin Belirlenmesi

Degisik enerjilerde gelen radyoaktif iginlarin numunelerden gegerken yiizde kaginin gecip yiizde kaginin soguruldugu
tespit edilerek kompozit malzemenin belirli enerjilerde radyoaktif gegirgenlikleri tespit edilmistir. Uretilen kompozit
levhalarin radyasyon gecirgenligini test etmek icin radyasyon kaynagi olarak Am-241 (59,60 KeV) radyoizotop
kaynag ve reziilasyonu 155 eV olan Si (Li) kat1 hal detektorii kullanilmistir. Gegirgenlik sonuglart asagida verilen
esitlige (Denk. 1) gore hesaplanmistir.

i M

u: Sogurma katsayisi (1/mm); I,: numuneden gegen 1sin siddeti (abs); Io: numune yokken gegen 151n siddeti (abs); X:
numune kalinligi (mm)

Mekanik Ozelliklerin Belirlenmesi

Bu c¢alismada iretilen kompozit Orneklerin mekanik oOzellikleri malzeme testlerinde kullanilan Amerikan
Standartlarina (ASTM) uygun olarak yapilmistir. Ahsap biyobozunur plastik kompozitlerin mekanik 6zelliklerinin
belirlenmesi i¢in; egilme direnci testi (ASTM D 790), ¢cekme direnci testi (ASTM D 638) ve darbe direnci testi
(ASTM D 256) uygulanmustir.

Egilme Direnci (ED) Testi

Egilme testleri ASTM D 790°a gore gergeklestirilmistir. Test numuneleri 4x13x165 mm boyutlarinda kesilmis ve
egilme direnci ve egilmede elastikiyet modiilii degerlerinin belirlenmesi i¢in her gruptan 5’er tane 6rnek segilmis ve
Zwick/Roell 010 Universal Test Makinesi kullamlarak deneyler gerceklestirilmistir. Deney numunelerinin boyutlar
0,01 mm duyarlikta Slgiilerek belirlenmistir. Deney parcasinin yerlestirildigi silindirik mesnetlerin merkezleri
arasindaki uzaklik 80 mm olarak ayarlanmistir. Deneylerde yiik parcanin yiizeyine degismez bir hizla tam ortasindan
uygulanmis ve deney cihazinin yiikkleme hizi kirilmanin 1,5 + 0,5 dk gergeklesmesini saglayacak sekilde 2 mm/dk
olacak sekilde ayarlanmistir. Kirilma anindaki kuvvet (Fmax) okunup egilme direnci (ED) asagidaki esitlige (Denk.
2) gore hesaplanmustir.
_ 3-FmaxlLs

ED == bnz )
ED: Egilme direnci (N/mm?); Fmax: Kirllma aninda uygulanan maksimum yiik (N); Ls: Silindirik mesnetlerin
merkezleri arasindaki uzaklik (mm); b: Kesit genisligi (mm); h: Kesit yiiksekligi (mm)

Elastiklik modiiliiniin belirlenmesinde egilme direnci numuneleri kullamilmistir. Elastik deformasyon bdlgesinde
uygulanan kuvvet farki (AF) ve oOrnekteki sehimlere ait sonuglarin aritmetik ortalamalar1 arasindaki fark (Af)
kullanilarak, elastiklik modiilii (EM), asagidaki esitlikten (Denk. 3) yararlanilarak hesaplanmastir.
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AF.L3
= 4.b.h;. f Q)

EM: Elastikiyet modiilii (N/mm?); AF: Uygulanan kuvvetler farki (N); Ls: Dayanak noktalar1 arasindaki agiklik
(mm); f: Yer degistirme miktar1 (mm); b: Kesit genigligi (mm); h: Kesit yiiksekligi (mm)

Cekme Direnci (CD) Testi

Cekme direnci testleri ASTM D 683°e gore gerceklestirilmistir. Test 6rnekleri 4x13x165 mm’lik boyutlarda kesilmis
ve Zwick/Roell z010 Universal test makinesinde 5,0 mm/dk hizinda gergeklestirilmistir. Deneyden 6nce, kuvvetin
uygulandigi enine kesit alan1 (A) 0,01 duyarlikta 6lgiiliip, 6rneklerin ¢ekme direngleri (CD) uygulanan maksimum
kuvvet (Fmax) yardimiyla asagidaki esitlikle (Denk. 4) hesaplanirken, elastikiyet modiilii degerleri ise gerilim-egim
egrisi lizerinden % 0,05 ve 0,2 egim araliginda hesaplanmstir.

CD = mmex “

CD: Cekme direnci (N/mm?); Fuax= Maksimum yiik (N); A= Deney par¢asinin kesit alan1 (mm?)
Dinamik Egilme Direnci Testi (DE)

Dinamik egilme direnci testleri ise ASTM D 256’ya gore gergeklestirilmistir. Test 6rnekleri 4x13x64 mm’lik
boyutlarda kesilmis ve test Oncesi drnekler iizerinde Polytest RayRan™ cihazi yardimiyla gentik agilmistir. Centikleri
agilan orneklerin darbe direnci testleri Zwick marka HIT5.5P test makinesinde gergeklestirilmistir. Hazirlanan deney
numuneleri darbe direnci test makinesine yerlestirilerek deneye baslanmis numunenin kirilmasi igin gerekli enerji
(Q) belirlenmistir. Dinamik egilme direnci (DE) asagidaki esitlige gore (Denk. 5) hesaplanmustir.

Q

DE: Dinamik egilme direnci (J/m) ; Q: Deney pargasmin kirilmasi i¢in gerekli enerji (J); B: Deney parcasinin
radyal ve tegetsel yonlerdeki boyutlar1 (m)

BULGULAR VE TARTISMA

Kagit fabrikasi aritma camuru, Liile tas1 (sepiyolit) tozu ve yumurta kabuklar1 eklenerek iiretilen kompozit materyalin
radyasyon geg¢irgenlik ve mekanik dayanim testlerinde elde edilen bulgular asagida verilmistir.

Radyasyon Gegirgenlik Deneyi

Bir radyasyon demeti herhangi bir madde igerisinden gecerken ¢ogunlukla bir kismi madde tarafindan soguruldugu
i¢in siddeti azalir. Bu ¢alismada, degisik enerjilerde gelen radyoaktif 1sinlarin 4 mm kalinligindaki numunelerden
500 s siiresince gegerken ylizde kaginin gegip, ylizde kacinin soguruldugu tespit edilerek numunelerin radyoaktif
gecirgenlikleri ve lineer sogurma katsayilari tespit edilmistir. Fakli enerjilerdeki isinlarin Iy (72658-299) numuneden
gecen Ix degerleri Olglilerck sogurma katsayilart (u) (Tablo 2). Gegirgenlik sonuglarma gore farkli ozellikteki
kompozit numunelerden PP 3 (%50 PP, %30 AC, %20 YK) numunesinin sogurma katsayisinin diger kompozit
orneklerine gore daha yiiksek oldugu bulunmustur. Sogurma katsayisimin biiyiik olma durumu radyasyon 1s1malarina
karsi numunenin az gegirgen oldugunu gosterir. PP 1 (%50 PP, %50 AC) ve PP 2 (%50 PP, %30 AC, %20 sepiyolit)
numuneleri ise istenilen sonug agisindan iyi ¢ikmakla beraber, PP 3’e gore daha diisiik sonu¢ vermistir. Gegirgenlik
agisindan ise PP 3 numunesinin digerlerine gore az gecirgen oldugu gozlenmistir.
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Tablo 2: Kompozit numunelerin radyasyon gecirgenlik sonuglar

Enerji (keV) Numune Io (Sayim) Ix (Sayim) p (1/cm) Gegirgenlik

60 keV PP 1 72658 66679 0,2146 0,9177
PP2 66190 0,2330 0,9109
PP 3 65291 0,2672 0,8986
PP 1 1778 950 1,5669 0,5343

26 keV PP2 1140 11111 0,6411
PP 3 997 1,4460 0,5607
PP 1 299 117 2,3456 0,3913

177 keV PP 2 153 1,6750 0,5117
PP 3 52 4,3729 0,1739
PP 1 6740 - - -

6 keV PP2 - - -
PP 3 - - -

Mekanik Dayanim Test Sonuclart

Aritma ¢amuru, sepiyolit ve yumurta kabugu katkili polimer kompozitlerin ¢ekme, egilme, kopma ve darbe direngleri
gibi mekanik 6zelliklerinin belirlenmesi amaciyla yapilan testlerden elde edilen sonuglar Tablo 3’de 6zetlenmistir.

Tablo 3:Polimer kompozitlerin mekanik dayanim test sonuglar

Ornek CD (N/mm?) CEM (MPa) KU (%) ED (Nmm? EEM (N/mm?) DD (J/m)
PP-0 29,3+0,70 415,5+28,90 17,243,90 39,9+4,63 1244,1+135,19 2,740,36
PP-1 11,9+0,48 679,7+60,21 2,540,30 26,4+1,01 2089,6+61,28 2,1+0,09
PP-2 13,620,97 852,6£37,22 2,240,27 23,9+1,31 2539,7+107,65 1,7+0,24
PP-3 11,7+0,34 656,9+14,81 2,7+0,26 16,8+2,66 1843,1497,43 2,040,13

Aritma ¢amuru, sepiyolit ve yumurta kabugu takviyeli PP esasli kompozitlerin ¢ekme direnci degerlerinin énemli
oranda azaldigi tespit edilmistir. Bu ¢aligmada %3 oraninda uyumsuzluk giderici kullanilmasina ragmen istenilen
diizeyde bir iyilestirme saglanamamistir. Kullanilan polimer tipinin ve takviye malzemelerin kompozit malzemenin
¢cekme direnci tizerinde etkili oldugu tesit edilmistir. PP esasli % 30 AC-%20 sepiyolitden olusan kompozitlerin (PP-
2) nispeten PP esasli % 50 AC’dan olusan kompozitlere (PP-1) ve % 30 AC-%20 YK’dan olusan kompozitlere (PP-
3) kiyasla daha iyi ¢cekme direnci sonuglar1 sagladigi tespit edilmistir. Bu da AC oraninin atmasinin ¢ekme direncini
diistirdiigiinii bununla birlikte kompozite eklenen sepiyolitin yumurta kabuguna kiyasla ¢ekme direncini artirdigim
gostermektedir.

Uretilen kompozitlerin ¢ekmede elastikiyet modiilii degerlerinin kontrole gore énemli diizeyde arttigi tespit
edilmistir. Bu artig, PP-1 ve PP-2 kompozitlerinde daha yiiksek bulunmustur. Cekmede elastikiyet modiilii en yiiksek
bulunan 6rnek %20 oraninda sepiyolit ve %30 AC igeren ornektir. Aritma ¢camurunda bulunan liflerin elastikiyet
modiilii degerlerinin saf polimerden elde edilen kompozit plakaninkinden yiiksek olmasini ve takviye elemani olarak
kullanilan sepiyolitin de diger kompozitlere kiyasla daha iyi ¢cekmede elastikiyet modiilii degerleri sagladigini
gostermektedir. Kopmada uzama degerleri incelendiginde, kompozitlerin kopmada uzama degerlerinin kontrol
Ornegine gore onemli diizeyde azaldigi tespit edilmistir. Polimer matrisi icerisine ilave edilen lignoseliillozik
malzemelerin kompozitlerin ¢ekmede elastikiyet modiillerini yiikselttigi ve kompozit malzemeyi daha kirilgan hale
getirdigi diger calismalarda da goriilmiistiir. Bu ¢alismada da AC, sepiyolit ve yumurta kabugu kullaniminin tiretilen
kompozit malzemeyi daha gevrek hale getirdigi ve bu nedenle kopmada uzama degerlerinin azaldig
disiiniilmektedir. Mekanik o6zellik olarak incelenen bir diger yontem ise egilme testleridir. Yapilan analizler
sonucunda AC oraninin azalmasi ve yumurta kabugu ile iiretilen kompozitlerin, PP esasli kompozitlerin egilme
direnci degerlerini 6nemli diizeyde etkiledigi tespit edilmistir. Egilme direnci modiilii en yiiksek kontrol drneginde
iken ortama eklenen katki maddeleri egilme diren¢ modiiliiniin azalmasina neden olmustur.
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Egilmede elastikiyet modiilii degerlerine ait etkilesim degerleri incelendiginde AC ve sepiyolit igeren PP esaslh
kompozitlerin egilmede elastikiyet modiilii degerlerinin 6nemli diizeyde arttig1 tespit edilmistir. Bu sonuglar, karigimi
olusturan lignoseliilozik dolgu malzemesi ile polimerin elastikiyet modiilii degerlerinin birbirinden farkli ve dolgu
maddesinin sepiyolitin elastikiyet modiiliiniin daha yliksek olmasindan kaynaklanmaktadir. Bu nedenle de lretilen
kompozitlerin nihai elastikiyet modiilii degerleri lignoseliilozik madde katilim oranindaki artisa bagl olarak daha
yiiksek olmaktadir. Kullanilan takviye elemanlar1 (sepiyolit ve yumurta kabugu) ile iiretilen polimer kompozitlerin
egilmede elastikiyet modiilii degerleri lizerinde etkili oldugu bulunmustur. Egilmede elastikiyet modiilii degeri en
yiiksek Ornegin tiim katki maddelerini igeren 6rnek olmasi (PP-2) bunu kanitlamaktadir. Liiletas: ilavesi egilmede
eladtikiyet modiiliinde artisa neden olmustur.Bu calismada iiretilen polimer kompozitler kullanim alanlari
bakimindan genelde plastik kerestelere alternatif olarak disiiniilmektedir. Bu nedenle de bu tip malzemeler igin
kullanilan ASTM D 6662 standardiyla kiyaslanmistir. Bu standart, poliolefin (PP ve PP) polimerlerden elde edilen
polimerik kerestelerin sahip olmasi gereken egilme test sonuglarini gostermektedir. Egilme direnci degerlerinin en
az 6.9MPa ve egilmede elastikiyet modiilii degerlerinin ise 340 MPa olmasi istenmektedir. Cizelge7’de goriildiigi
lizere ¢alisma kapsaminda tretilen ve test edilen PP kompozitlerin tamami ASTM D 6662’de istenilen degerlerden
daha yiiksek egilme direnci ve egilmede elastikiyet modiili degerleri saglamistir. Darbe direnci degerleri
incelendiginde icerisinde ASCU, sepiyolit ve yumurta kabugu takviyeli PP esasl 6rneklerin darbe direnci arasindaki
fark yok denecek kadar az olmaktadir. Polimerik matris igerisindeki AC varligi darbe direnci degerlerini azaltip ve
kompozitin kirilganligim artirirken kompozit bilesimine eklenen sepiyolit darbe direncini artirmstir.

SONUC VE ONERILER

Bu caligmada kagit fabrikasi aritma ¢amuru, sepiyolit ve yumurta kabugu ilavesi ile polipropilen (PP) esasli polimer
kompozitler pres kaliplama yontemiyle iiretilmistir. Elde edilen kompozitlerin mekanik 6zellikleri (¢ekme direnci,
cekmede elastikiyet modiilli, egilme direnci, egilmede elastikiyet modiilii, kopmada uzama ve darbe direnci)
incelenmis ve mekanik dzellikler lizerinde dolgu maddesi tiiriiniin 6nemli diizeyde etkili oldugu tespit edilmistir.
Dolgu maddesinin tiirii ile ¢gekme direnci, kopmada uzama, darbe direnci ve egilme direncinde azalma goriiliirken
cekmede ve egilmede elastikiyet modiilii degerlerinde artis gozlemlenmistir. Bu sonuglar 1s181nda proje kapsaminda
iiretilen PP esasli polimer kompozitlerin yeterli mekanik ozellikleri sagladigi tespit edilmistir. Radyasyon
gecirgenligi lizerinde yumurta kabuklarinin etkili oldugu ve yumurta kabugu katkili kompozitin radyasyon
gecirgenligini 6nemli dl¢giide diisiirdiigii bulunmustur. Bu sonuglar, yumurta kabugu katkili kompozit malzemelerin
ozellikle radyoaktif cihazlarin bulundugu hastane ve laboratuvarlarda déseme ve bolme duvar1 olarak
kullanilabilecegini gostermektedir. Ayrica, iilkemizin 6zellikle sepiyolit bakimindan zengin yataklara sahip oldugu
bilinmekle birlikte son yillara kadar bu yataklar tizerinde yeterli caligsma yapilmamaistir. Tiirkiye’nin mevcut sepiyolit
yataklarindan agiga ¢ikan atik tozlarin polimer kompozit liretiminde degerlendirilmesinin iilke ekonomisi agisindan
onemli faydalar saglayacagi ve incelenen atiklardan biyobozunur kompozit iiretiminin sifir atik yaklagimi
cergevesinde alternatif bir yontem olabilecegi ortaya konmustur.
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OZET

Bu calismada hava 1sitmali giines kollektorlii bir gida kurutma sistemi tasarlanmigtir. Tasarlanan kurutma sisteminde
elma kurutulmustur. Kurutulan elma dilimlerinin nem igerigi (MCk), kuruma hizi (DR) ve nem oran1 (MR) degerleri
hesaplanmistir. Deneylerde kurutulan elma dilimlerinin dehidrasyonu sayisal analiz programi ile simiile edilmistir.
Kurutma analizi i¢in birebir dl¢iilerde model olusturulmustur. ilk durumda elma diliminin ¢ap1 60mm, kalnlig
14mm ve yiizey sicaklig1 4°C dir. Kurutma havasmin giris sicakligi 56.4°C ve hava hiz1 1.6m/s dir. Analiz sonucunda
ele edilen kuruma hizi ve zamani, nem igerigi ve sicaklik degisimi verileri mevcut deneysel ¢aligmalar ile
karsilastirilmigtir. Simiilasyon sonucu elde edilen degerler ile deneysel ¢alismalar sonucu hesaplanan degerler
benzerlik gdstermistir.

Anahtar Kelimeler: Hesaplamali akigkanlar dinamigi, gida kurutma, nem igerigi, giines enerjisi

ABSTRACT

In this study, a food drying system with air heated solar collector is designed. In the designed drying system, the
apples are dried. Moisture content (MCk), drying rate (DR) and humidity (MR) values of dried apple slices were
calculated. In the experiments, dehydration of the dried apple slices was simulated by the numerical analysis program.
The model is designed for drying analysis. In the first case, the diameter of the apple slice is 60mm, the thickness is
14mm and the surface temperature is 4°C. The inlet temperature of the drying air is 56.4°C and the air velocity is 1.6
m/s. The velocity and time, moisture content and temperature change data of the dry matter were compared with the
available experimental studies. The values obtained as a result of the simulation and the experimental studies were
similar.

Keywords: Computational fluid dynamics, food drying, moisture content, solar power

GIRIS

Kurutma en 6nemli ve popiiler saklama yontemlerinden biridir. Is1 ve kiitle transferi mekanizmasi ile nemin bir
malzemeden uzaklastirilmasina sebep olur (Hashim vd., 2014). Kurutma, bitkisel, meyveler, otlar, tahillar, baharatlar,
yagli tohumlar, odun ve yiiksek nem igerigine sahip diger tarim {irlinlerinin nem igerigini azaltmada yaygin olarak
uygulanir (Chen vd., 2015). Literatiirde gida kurutma alaninda birgok degerli ¢alismalar yapilmistir. Sahin vd. (2016),
konvektif bir kurutucuda kabak dilimlerinin kurutma kinetigini incelemislerdir. Deneyleri ti¢ farkli hizda (0.5, 1.0 ve
1.5 m/s) ve li¢ farkli sicaklikta (40, 50 ve 60 °C) gergeklestirmislerdir. Artan hiz ve sicaklikla kiitle transfer
parametrelerinin arttig1 ve kuruma siiresinin azaldig: tespit etmislerdir. Akay vd. (2018) molekiiler yapidaki nem
alma Ozelligine sahip zeolitler kullanarak iplik kurutmuslardir. Kurutma sistemi olarak tek iplik bobini kapasiteli

kurutma deney diizenegini kullanmiglardir. Kurutma sistemine iki adet zeolit yatak entegre edilmis olup, kullanilan
zeolit Z10-01 tipinde sentetik zeolit 13X ile doldurmuslardir. Adsorpsiyon islemini 19-21 °C ortam sicakliginda
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kapali ¢evrim olarak gergeklestirmislerdir. Adsorpsiyon islemi sonucunda zeolitin kurutma ve nem alma
performansint hesaplamiglardir. Karacabey ve Buzrul (2017), ¢aligmalarinda sicak havali kurutucuda armut iirtinii
kurutmuslardir. 40, 50, 60, 70 ve 80°C'de armut kurutma verilerini Weibull modeli ile tarif etmisler ve Weibull
modelinin sekil parametresinin sicakliga bagli olmadigini gézlemislerdir. Akpinar (2006), dogal tasinimda direkt
giines altinda sekiz farkli tarimsal {iriinii (dut, ¢ilek, sarimsak, patates, kabak, patlican ve sogan) kurutarak 1s1 ve kiitle
transfer katsayilarini tespit etmistir.

Son yillarda bilgisayar sistemlerinin gelismesi ile bir¢ok alanda bilgisayarli analizler yapilmaya baslanmistir.
Hacihafizoglu vd.(2015), calismalarinda kiiremsi geometriye sahip musir tanesi kurutmuslardir. Misir tanesi
tizerindeki nem igerigi degisimini sayisal olarak gdstermislerdir. Artan sicaklik ile nem igeriginin daha hizl
azaldigim ifade etmislerdir. Reddy vd.(2017), ¢alismalarinda 1.5 m/s sabit hava hiziyla 55, 60, 65, 70 ve 75°C
arasinda, farkli sicakliklarda ananas kurutma oOzelliklerini incelemiglerdir. Farkli zaman araliklarinda iiriin
icerisindeki nem igerigini karsilastirmiglardir. Analiz sonuglarina gore ananas iirlinii i¢in en iyi kurutma sicakliginin
60 ° C oldugunu ifade etmislerdir. Kumar vd.(2018), ¢alismalarinda 2-B aksi-simetrik geometride elma {irlinii
kurutmuslardir. Calismalarinda {iriin nem igerigi, su buhar1 dagilimi ve evrimi, sicaklik dagilimi ve buharlasma
oranini sayisal ve deneysel olarak incelemislerdir. Sonug olarak sayisal analiz ile {irtin kurutma kinetiginin hesap
edilebilecegini ve iiriin kalitesi tahmininde kullanilabilecegini belirtmiglerdir. Defraeye ve Marynenko (2019)
calismalarinda ¢oklu gida triinlerinin elektro hidrodinamik kurutulmasi lizerine ¢aligmiglardir. Adrover vd.
(2019)’de, hareketli kurutma icin izotermal hareketli sinir modeli ile analiz gergeklestirmislerdir. Sonuglarini
deneysel caligmalar ile karsilagtirmiglardir. Sonuglarin deneysel ¢alismalar ile olduk¢a uyumlu oldugunu ifade
etmiglerdir. Yuan vd.(2019)’de, 1s1 ve kiitle transferi islemi sirasinda elma dilimlerinin kurutma biiziilme-
deformasyonu iizerine sayisal ve deneysel caligma gergeklestirmiglerdir. Niimerik ¢alisma i¢in 2-D bir model
yapmiglardir. Analiz sonug¢larinin gida kurutma biiziilme-deformasyonu ile ilgili daha ileri analizler i¢in teorik bir
temel oldugunu ifade etmislerdir. Yukarida verilen alt1 ¢alisgmanin da ortak noktasi ayni sayisal analiz programi
kullanilarak analizlerinin gergeklestirilmis olmasidir. Bu analiz programi gidalar i¢in 1s1 ve kiitle transferini ayni1 anda
cOzebilmektedir. Bu calisma kapsaminda bir giines enerjisi destekli kurutma sistemi tasarlanmistir. Tasarlanan
kurutma sisteminde Granny Smith cinsi elma kurutulurmustur. Kurutma igleminin sayisal analizi ger¢eklestirilmistir.

MATERYAL VE METOT

Deneysel Kurulum

Kurutma deney seti, haval giines kolektorii (HGK), kurutma kabini ve haval giines kollektoriine bagli radyal fandan
olugmaktadir (Sekil-1). Deneylerde kullanilan HGK’leri 1400mm x 800mm ebatlarinda olup, saydam cam ortiiden,
yutucu siyah mat boyanmis oluklu paslanmaz ¢elik sac (kalmlik 0.5 mm) plakadan, diiz siyah mat boyanmis
paslanmaz ¢elik sac (kalinlik 0.5 mm) plakadan, tas yiinii (kalinlik 4 cm) yalitm malzemesinden ve aliiminyum dis
kasadan (kalinlik 4mm) meydana gelmektedir (Sekil-2). HGK ise 23.7 © (yerel enlem 38.4 °) kollektor agis1 altinda
giineye yoneltilip, bu agida paslanmaz ¢elik ayak ile sabitlenmistir. HGK nin hava girisi kisminda bir santrifiij fan,
(0.0833 m?%/s, 0.25 kW, 220 V, 50 Hz, 1380 dev/dak) sartlanmis hava saglamaktadir (hiz, 0.4 m/s).
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Sekil 3. Deney setinin kurutma prosesi ve 6l¢iim noktalari

Kurutma deneylerinde kullanilacak Granny Smith tipi elmadir. Kurutma deneyleri agik giines altinda Elazig'da
gerceklestirilmistir. Kurutma deneylerinde ¢evre hava sicakligl ve bagil nem degerleri, giines kollektér havasinin
giris ve ¢ikis sicakliklari, kurutma kabini i¢indeki havanin nemi ve giris-cikis sicakliklari, riizgar hizlari, giines 1s1nim
degerleri ve kurutma kabininde kurutulan elmalarin kiitle kayb1 degerleri 30 dakika arayla dl¢iilmiistiir.

Kurutma kabini aliiminyum malzemeden (kalinlik 2 mm) yapilmis ve dikdortgen boyutlarinda dizayn edilmistir. (100
cm x 50 cm x 100 cm). Havali glines kollektorii ile kurutma kabini arasinda 1sitilan havayi aktarmak i¢in biikiilebilen
aliminyum tip boru kullanilmigtir. Kurutma kabininin hava giris kismi, kolektérden gelen sicak havay1 kabine
iletmek i¢in davlumbazli olarak imal edilmislerdir. Kurutma kabinindeki hava, kabinin iist kismindan agilir kapanir
menfez yardimi ile atmosfere ¢ikmaktadir. Kurutma kabini i¢ine 3 adet gida kurutmada kullanilan tepsi (90 cm x 40
cm) mevcuttur. Deneylerde gergeklestirilen 6l¢iimler icin kullanilan aletler ve aletlerin hassasiyet degerleri Tablo
1'de gosterilmektedir.
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Tablo 1. Olciim aletleri ve 6zellikleri

Parametre Olciim Aleti Model Hassasiyet
Sicaklik (J; i gpi demir kondansator 1sil gy, 1 6400, ftalya £0.1°C
Nem Termo-Higrometre EXTECH, 444731, Cin +0.1°C
Hava Hizi Dijital Anemometre LUTRON, AM-4201, Tayvan =+0.1 m/s
Kiitle Dijital Tart1 BEL, Mark 3100, italya +0.01 g
l(l}ilicrll;isyon Pirometre Kipp and Zonen, Italya +0.1 Wm™
[1k-Son Nem Nem Analiz Cihazi Shimadzu MOC3, Japon +0.001 g

Sistem Analizi

Sistemin kurutma analizlerinde kullanilan bazi genel esitlikler asagida verilmistir. Elmalardaki kuru esasa gore nem
igerigi (MCk) ve yas esasa gore nem igerigi (MCy) degerleri igin sirastyla denklem 1 ve denklem 2 kullanilmigtir
(Akpinar K., E. 2008)

Wiw- Dw
MCE=—2— —W

(1

=ijgg

v (2)

MCy

Esitlik (1) ve (2) 'de; Ww 1slak agirlik ve Dw kuru agirliktir. Boyutsuz nem orami (MR) degerleri Esitlik (3)
kullanilarak hesaplanmistir.

M -Me
MG_ME (3)

MR

Esitlik (3) ve (4) 'te; M nem, Me denge nemi, Mo ilk nem degerleridir.

COMSOL Analiz Programi

COMSOL programi sonlu elemanlar metodunu kullanarak ¢6ziim yapan bir analiz programidir. Bu ¢aligsma igin
analizler COMSOL’ da gerceklestirilmistir. Sayisal analiz 2b aksi-simetrik olarak gergeklestirilmistir. 2b aksi-
simetrik analiz yapmanin en 6nemli avantaji ¢ozlimi ii¢ boyutlu olarak alabilmek ve ¢oziimii daha kisa siirede
gerceklestirmektir. Analiz ag yapisimin ¢arpikligt 0.85 dir. Bu carpiklik orami ¢oziim igin yeterlidir. Coziim
elemaninin ag yapisi Sekil 4’de verilmistir. Burada tasarlanan giines destekli kurutma sistemi temel olarak konvektif
kurutucu ile aynidir. Bu yiizden analiz konvektif kurutma sartlarinda gergeklestirilmistir.
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Sekil 4. Analiz ag yapisi
Analizde kullanilan genel ¢6ziim denklemleri agagida yer almaktadir.

*Kiitle transfer denklemi

&M .
=, - v.(D(T)VM) “

*Kurutma havasi denklemi

aM
=, tuVM - v.(D,(T)vM)

(5)
*Sireklilik Denklemi
. oT : i
PC, (M) = pC, (M)uvT = V(k(M)VT) ©
Sp _
§+V.(pu)—0 (7)
*Momentum Denklemi
S(pu 2
ﬂJrV_(puu) = —Vp+V.[,u(Vu +[Vu)r)] -——u (V.H)I]
ot 3 ®)
*Baglangic kosullar1 ve sinir sartlari
Kurutma havasi igin;
58T _ s

Giris: T(x.9.2.0)=T, (10)
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Cikig: T(x,.2.0)=T,
Giris: M__ =M,
Cikig:n.(-DVM)=0

Baslangig sartlari

M(x,y.2.0)=M,

T(x.y.2.0)=T,
*Is1 ve Kiitle Transfer Katsayis1 Denklemi

oT :
k—=h(T_-T
cn {'m )

h

sabit

= 18.5W(W.m‘2.K‘1)

Sekil 5°te ¢izilen 2b aksi-simetrik modelin gdsterimi yapilmistir.

KSU J Eng Sci, 22, Special Issue, 2019
Research Article

an

(12)

(13)

(14)

(15)

(16)

(17)

Sekil 5. Kurutulan elmanin 2b aksi-simetrik goriintimii

BULGULAR VE TARTISMA

Bu c¢alismada COMSOL 5.3a sayisal analiz programi kullanilmistir. COMSOL sayisal analiz program sicaklik ve
nem dagilimin1 modelleyebilmistir. Elde edilen dagilim kontiirleri asagidaki sekillerde gosterilmistir. Burada giines
enerjisi destekli bir sistem kullanildigi igin ortam sicakligl zaman ile degismektedir. Bu degisimden dolay1 ortam
sicakliginin zamanla degisimini ifade eden bir denklem yazilmistir. Giris sartlarinda kurutma havasi sicakligi
zamanla degismektedir. Boyutsuz nem orani da bu degisimlerden etkilenmektedir. Kurutma kabini igerisinde bulunan
tepside kurutulan elma numunelerine ait yiizey ve merkez sicaklik kontiirleri Sekil 6’da gdsterilmistir.
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Time=0 min Surface: Temperature (degC) 2
Time=30 min Surface: Temperature (degC) 2
4.2
42
4.15 41.5
nn
4.1 41
' 4.05 T
, 0 , o 40.5
z
Y.l x -20 mm Y.l.x -20 m
g 40
Time=120 min Surface: Temperature (degC) ° Time=450 min Surface: Temperature (degC) ©
48.1
nn
. 52
z 0 48 z 0
Y.t.x -20 mm Y.lox -20 m

Sekil 6. Sicaklik dagilim kontiirleri

Kurutma deneyleri sonucu elde edilen yas ve kuru baz nem igerik degerleri Sekil 7-8’de verilmistir. Sekil 7°de yas
baz nem igerigi degerleri %83.1 ile %20.7 degerleri arasinda degismektedir. Sekil 8’de kuru baz nem igerigi degerleri
4.92-0.3 (gsu\gkmadde) arasinda degisim gostermistir. Elma iirlinii kurutma sisteminde 480 dakikada kurumustur.

s 90,0 Py 6,0
i\i 80,0 “‘ )EJJ 5’0 l
= 70,0 L S g~
& L 2 =340 | &
g 600 2 2 . E =4
2 50,0 . S 23,0 e
E 400 e 22 *e
Z 300 ‘. 2z *e
2 200 K g B30 * .
. 100 g o ®%000
> 00 >
0 100 200 300 400 500 0 100 200 300 . 400 500
Kuruma Zamam (dakika) Kuruma Zamam (dakika)
Sekil 7. Yas baz nem igerigi Sekil 8. Kuru baz nem igerigi

Comsol analiz programu ile elde edilen nem orani ve {irlin yiizey sicakligi degerleri ile deneysel nem orami ve yiizey
sicakligr degerleri karsilastirmali olarak Sekil 9-10°da gosterilmistir. ElGamal ve dig. piring tanesi kurutmasi igin
gerceklestirdigi analizlerde de Comsol’un nem konsantrasyonu ve sicaklik dagilimini basari ile modelleyebildigini
gostermislerdir (ElGamal vd. 2014). ElGamal ¢6ziim modeli ile bu ¢alismada yer alan ¢6ziim modeli benzerdir. Sekil
9’ da elma iiriinii iizerindeki sicaklik dagilim degerleri ile Comsol tarafindan modellenen elma iirlinii yiizey sicaklik
dagilim degerleri birbirlerine yakindir. Sekil 10°da ise boyutsuz nem oran1 (MR) degerleri i¢in deneysel veriler ile
Comsol analiz verilerinin 90-270 dakika araliginda birbirlerine yakin degerler olmadigi goriilmektedir. Bu farkliligin
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sebepleri; elma iiriinii kurutma odasinda olusan 1s1 kayiplari ve sicaklik-nem 6l¢iimlerindeki belirsizlik orani olarak
agiklanabilir.

D
o

QUDQQQQUU

(%]
o

Dgﬁﬁﬁﬁﬁ

S 40
x
2 30
< © COMSOL
% 20
O DENEY
10
O
0
0 100 200 300 400 500 600

Kurutma Zamani (dk)
Sekil 9. Sicaklik zaman egrileri Comsol analizi ve deney sonuglart karsilagtirmast

1,2

10

o8 O
o © DENEYSEL
0,6 0O <

04 TS 0 COMSOL

0,2 O R o

) Lo
0 DooofAnaooo
0 100 400 500

BOYUTSUZ NEM ORANI

200 30?
Kurutma Zaman(DK)
Sekil 10. Boyutsuz nem orani zaman egrileri Comsol analizi ve deney sonuglar1 karsilastirmasi

Sekil 11°de nem konsantrasyonunun kontiirleri gosterilmektedir. Elma iiriinii kurutma baslangi¢ zamani (0 dak) ile
bitis zamam ( 420 dak) arasindaki nem konsantrasyonu incelendiginde {irlin igerisindeki nemin giderek azaldigi
goriilmektedir.

o
3 o Time=30 min Surface: Concentration (mol/m?)
Time=0 min Surface: Concentration (mol/m?)
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Sekil 11. Nem konsantrasyon dagilimlar1 (mol/m?)

SONUCLAR

Gilnes enerjisi destekli kurutma siteminde kurutulan elma iriinii i¢in yas ve kuru baz nem igerik degerleri
hesaplanmistir. Kurutma sisteminde elma iiriinii 420 dakikada kuruma iglemini tamamlamistir. Deney sartlarinda
kurutulan elma triiniine ait nem orani degeri igin sayisal analiz programi kullanilarak ayni1 deney sartlarinda tekrar
hesaplanmaya ¢alisilmistir. Sayisal analiz programinin buldugu nem orani degerleri deneysel degerlerle benzerlik
gostermistir. Elma iiriiniiniin yas baz nem igerigi degerleri %83.1 den %?20.7 degerine 420 dakikada diisiis
gostermistir. Ayni sekilde kuru baz nem igerigi degeri 4.92 gsu\gkmadde den 0.3 gsu\gkmadde degerine diisiis
gostermistir. Kuruma iglemi siiresince elma {irlinii yiizey sicaklik degeri 4-54 °C arasinda degisim gdstermistir.
Sayisal analiz programi ile elma iriinii yiizey sicakligi modellemesi sonucu degerleri 9-51.2 °C arasinda degisim
gostermistir. Boyutsuz nem oran1 (MR) deneysel olarak degeri 1-0.023 degerleri arasinda degismistir. Sayisal analiz
programi ile nem oranit modellemesi sonucu MR degerleri 1-0.011 degerleri arasinda degismistir. Deneysel ve sayisal
model verilerine gére MR degerleri benzerlik gostermistir.

Sayisal analiz ile kurutma deneyleri sirasinda elma iiriiniiniin sicaklik degerlerinin zamanla degisimini gostermek
adina calismaya faydali gorsel veriler kazandirmistir. Sayisal analiz programlari ile farkli Griinlerin nem oranlari
belirlenebilir ve {irlin sicakliklar1 hakkinda gorsel bilgiler elde edilebilir.
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OZET

Medeniyet gostergesi olan su canlilarin yasam faaliyetlerini siirdiirebilmesindeki yegane kaynaklardandir. Mevcut
su kaynaklarindan faydalanabilme (su kaynaklarmin kurumaya karsi kontrol edilmesi, kalitesinin korunumu gibi)
veya olusabilecek fazla suyun risklerini minimize etmek amaciyla (taskin gibi) havza yonetimi giliniimiizde biiyiik
rol oynamaktadir. Bu amagla, dogru bir sekilde havza sinirlarinin belirlenmesi ve buna bagl olarak yagistan akisa
gecis slireclerinin simiilasyonlarinda kullanilmak {izere gelisen teknoloji ile birlikte sayisal yiikseklik modelleri
(SYM) kullanilmaktadir. Bu ¢alismada, Ballikaya mevkiindeki (Ceyhan Havzasi) nehir aginin tanimlanmasi, akim
giizergahinin, kiimiilatif akim haritasinin, havza smirlarinin saptanmasi bunlara ek olarak havza alani ve egimi gibi
karakteristik 6zelliklerinin belirlenmesi amaciyla yiliksek ¢oziiniirlikteki SYM haritalarindan faydalanilmistir. Bu
calisma, SYM verilerinin ve Arc-GIS programinin havza analizlerinde ne kadar pratik ve 6nemli oldugunu ortaya
koymaktadir. Elde edilen SYM haritalar1 Arc-GIS ortaminda islenmis, bolgede olusabilecek olasit hidrolojik
stireglerin tahmini (yagis-akis hidrografinin elde edilmesi, tagkin frekans tahmini gibi) i¢in hazir hale getirilmistir.

Anahtar Kelimeler: Arc-CBS, Ballikaya Havzasi, Havza Karakteristikleri, SYM
ABSTRACT

Water, an indicator of civilization, is one of the rare resources in which living organisms can continue their life
activities. Watershed management plays a major role today in order to benefit from existing water resources (i.e.
controlling water resources against drought, maintaining water quality) or to minimize the risks of excess water that
may occur (i.e. flooding). For this purpose, Digital Elevation Model (DEM) is used in conjunction with developed
technology to accurately determine catchment boundaries and accordingly to be applied in rainfall-runoff
simulation process. In this study, high resolution DEM data was implemented to identify the river network in the
Ballikaya region (Ceyhan Basin), establish the flow direction, flow accumulation, and basin boundaries in addition
to these, to determine the characteristic features such as catchment area, and slope. This study indicates how
convenient and important DEM data and Arc-GIS are in watershed implementations. Obtained DEM data was
processed in the Arc-GIS environment, and it provides a capability for the prediction of possible hydrological
planning over the region (such as obtaining the precipitation-flow hydrograph, flood frequency estimation etc.).

Keywords: Arc-GIS, Ballikaya Basin, DEM, Watershed Characteristics

INTRODUCTION

Due to the importance of water for the life of the various living organisms on the surface of the Earth, it is
necessary to protect this natural resource and take all necessary measurements to maintain it. For this reason that
human being tried to know the properties, structure, and movement of water in the atmosphere and to identify the
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dangers that threaten the existence of water resources in nature since ancient times. Watershed management plays
an important role today because of increasing demand for water day by day and scarcity of water resources (Ercan
and Yuce, 2016).

The watershed is a geographical area that contains common hydrological features and is shared in a single outlet
and can contain several small basins called sub-basin and can be a part of large basin (Anonymous, 2019). The
identification of basin boundaries is an important step for subsequent studies such as hydrological modeling, water
resource management, and determining the nature of vegetation cover and soil type (Sufiyan and Zakariyab, 2018).
Previously, the limits of the watershed were determined based on the paper topographic maps (Ercan and Yuce,
2016). Now, as a result of the great evolution of the information technology, man has created computer-based
programs that enable us to identify and manage the catchment smoothly and effectively. One of the most important
of these programs is Geographic Information Systems (GIS), which process and analyze aerial images taken by
satellites and the extraction of the basin boundaries. The GIS is a decision support system by integrating spatial
information to solve environmental issues. Data within geographic information systems are divided into two basic
types: spatial data that determines the coordinates of the study site on the Earth's surface and non-spatial data
describing the quality and characteristics of this data (Dawod, 2012).

Spatial data is represented in the GIS environment through two formats: vector and raster data. Vector data is
represented as a point with coordinates (X,y), polyline, or a closed polygon to represent regions. Raster data, on the
other hand, is a file format where geographically referenced data is stored in cells of a two dimensional grid; each
cell is assigned an attribute value (Irwin et al., 2014).

Digital Elevation Model (DEM) is the basic data required when drawing the boundaries of a catchment using the
GIS. The DEM data is a digital file that contains elevation information for the surface of the study area and can be
in either a vector or raster format. The DEMs are obtained from the contour maps after being digitized by
computer, aerial photos, satellite images or free global models available on the internet. The most common ways to
get DEMs are global digital elevation models (i.e. GLOBE, ETOPO2, ASTER, and SRTM ) because it's free and
covers a wide area of the Earth's surface. The U.S. space agencies have developed SRTM model according to three
levels of spatial resolution capacity. The SRTM-30 has low spatial resolution capability, up to 30 seconds (900 m)
of latitude and longitude. SRTM-3 and SRTM-1, on the other hand, have finer spatial resolution ability up to 3
seconds (90 m) and 1 second (30 m) for each pixel length, respectively (Dawod, 2012).

The main objective of this study is to derive the boundaries of the basin based on DEM via Arc-GIS environment
for the study area located in Gaziantep, Turkey. The obtained high resolution DEM data (30m x 30m) is applied in
order to accurately visualize the basin. Additionally, some watershed characteristics (basin area, slope,
geomorphology and etc.) are calculated with Arc-GIS based hydrological analysis tool. This can provide an
opportunity for the estimation of future hydrological planning over the region.

STUDY AREA AND DATA

Arc-GIS program produced by the American ESRI company, in 1969. The DEM data for the study area was
obtained from the U.S. Geological Survey (USGS) with 30 mx30 m horizontal resolution as shown in the following
Figure 1. Discharge point coordinates of the watershed obtained from the General Directorate of State Hydraulic
Works, in Turkey.

Figure 1. Digital Elevations Model For Turkey (Source: Anonymous, 2018)
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In this study, Ballikaya region is selected to acquire basin characteristics such as area, stream, and drainage line.
The watershed is located in Gaziantep province, in Turkey (Figure 2). The basin boundary extends between
latitudes 37°04'30" N and 37°12'00" N, and longitudes 36°50'00" E and 37°02'30" E with outlet point 37°08'04"N
and 36°52'40"E coordinates. The catchment area is approximately 78 square kilometers. In addition, the vegetation
cover of the study area is mainly composed of agricultural lands, and forests. Soil type consisting of red
Mediterranean, and lime brown forest soil.

Figure 2. Location of Study Area

METHODOLOGY

Before starting the hydrological analysis process, the Geographic Coordinate System (WGS1984) of the study layer
must be converted to the Projected Coordinate Systems (UTM) to avoid errors during measurements. Drawing the
boundaries of the watershed using a DEM data is a sequence of steps where the output of each process is used as
input for the next process (Ercan and Yuce, 2016).

Terrain Preprocessing

The DEM cells have some errors and abnormal values due to a defect in the model (SRTM) where some cells have
high or small elevation values unexpectedly compared to its neighboring cells attribute. Therefore, these must be
eliminated by the fill sink tool as shown in Figure 3. The abnormal values in digital elevations can hamper water
flow between cells; thus, they have to be removed (Dawod, 2012).

Figure 3. Illustration of Fill Sink (Source: Anonymous, 2019)

Flow Direction And Accumulation

Determination of flow direction is the most crucial step when conducting any hydrological modeling and is
considered as input parameter when drawing basins and watershed boundaries (Ercan and Yuce, 2016). The flow
direction of each cell is calculated using the corrected DEM produced by fill sink tool. The principle of this tool is
to give a number ranging from 1 to 128 for each cell of the DEM data according to the elevation of the cell and
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adjacent cells (Figure 4a). As it can be seen from the Figure 4a, the number 78 (northwest corner) is accompanied
by cells 67, 72, and 74, the lowest adjacent cell (67), because the water always moves in the direction of the
steepest slope. From the Figure 4b, the same thing indicated with number 2 (northwest corner) in the way of flow
direction instead of elevation. Then, these numbers represent the directions of a river (1-East, 2-South East, 4-
south, 8-Southwest, 16-West, 32-northwest, 64-north ,and 128 -northeast) out of each cell of the DEM (Figure 4c).
(Dawod, 2012; Anonymous, 2019).

TE| 72|09 71|58 49
7467|561 49]46] 50
6953|441 37| 38]48
645855122 ]31]24
68|61 |47]121] 1619
T4153134112]|11]12

a) Elevation Surface b) Flow Direction ¢) Direction Coding
Figure 4. (Source: Anonymous, 2019)

After calculating the flow direction, the cumulative flow is accounted. This tool figures the cumulative water value
in each raster cell and the cumulative values are represented by a number indicating the number of cells that are
poured into this cell (Anonymous, 2019). For instance, from the following Figure 5, the cell with the number 11
means that the water flows to it from 11 adjacent cells. Thus, the main stream inside the basin is the cells where
the flow values are high and the sub-streams are the cells with relatively lower flow values (Ercan and Yuce, 2016).

OO0 |0 |0 |0 ol o 0
1 -
0,/ 3 2/){ 0 0 3 0
ol o _ﬁ\o ) —>[0|o|11] o] 4
J 0|11 0 0 0| 115
0P HsthH 4 o| 2| 5|24
a) Flow Direction For Each Cell b) Flow Accumulation Values In Each Cell

Figure 5. (Source: Dawod, G.M., 2012)

Pour Point And Watershed

Later, the main stream is determined within the basin through the flow accumulation tool, the drainage point of the
basin is defined by which the rain water is discharged out of the basin boundary. The pour point of watershed is
mostly located on the main stream and then the catchment boundary can be efficiently determined using the
watershed tool. If the pour point is adjacent to the main stream then we use the snap pour point tool to match the
outlet of watershed on the main stream (Irwin et al., 2014).

RESULTS AND DISCUSSIONS

After transferring the digital elevation model into the Arc-GIS environment, the model is converted from the global
geographic projection (WGS1984) to the local metric projection (ED1950). The model is, then, corrected and the
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errors removed by the fill sink tool in such a way as to ensure the flow of water without any obstacles. From Figure
6, it appears that the white areas represent the high points of the study area and the areas in black are the valleys
and the water collection areas.

Figure 6. DEM For Ballikaya Watershed

As a next step, blanks are filled in the DEM data; then, the flow directions are determined in the Ballikaya region.
As it can be seen from Figure 7, digital model cells are digitized with numbers varies between 1 to 128.

= & FlowDir_Fill
i
m:
-
s
16
2
64
1128

Figure 7. Flow Direction In Ballikaya Watershed

Cumulative flow is calculated based on flow directions and each cell carries a digit indicating the number of cells
that flow into it. Cells with the number 0 mean that they are poured into another lower cell. The main stream within
the basin consists of cells with high flow values (Figure 8). The discharge point of the basin with the coordinates
(37°08'04"N - 36°52'40"E) is designated as a shape file of the type of points with the same type of metric
projection (ED1950) to be used as an input to draw the basin boundary. Generally, at the point of drainage of the
basin is a station to measure the flow of rain to draw the hydrograph between the flow and time.
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Figure 8. Flow Accumulation And Pour Point In Ballikaya Watershed

Finally, the watershed boundaries is set through the watershed tool based on the discharge point and flow
direction. The below drawing of the basin (Figure 9a) is in raster format; however, this figure should be converted
from the raster to vector (polygon) format in order to determine the basin area and water stream length (Figure 9b).

a) Ballikaya Watershed (Raster) b) Ballikaya Watershed (Polygon)

Figure 9. Ballikaya Watershed

CONCLUSIONS

Watershed analysis refers to the process of using topographic maps and following water flows to delineate stream
networks and watersheds. The development of today's computer and photogrammetry has made it easier and faster
to delineate a catchment. Using freely available digital elevation models on the internet and the Arc-GIS program,
the boundaries of the watershed can be accurately defined without relying on paper topographic maps. The use of
satellite data for processing digital image such as the Digital Elevation Models (DEM) provide visual and high
graphics data for topographical analysis (Sanders, 2007 and Srivastava et al., 2011). This study demonstrates how
practical and important the DEM data and the Arc-GIS program are in the watershed studies and provides the
opportunity for future hydrometeorological studies over the Ballikaya region. This study is the starting point for
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future studies such as soil type identification, vegetation cover, flood analysis and other hydrological studies of
this basin.
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ABSTRACT

The foreign substances, arising during the production and shaping of wool and cotton raw materials that are
used in textile and cotton gin factories or coming from the outside, decrease considerably the quality of the obtained
fabric or yarn. Nowadays, a different methods are used to separate foreign substances in the textile sector, most of
these methods are not efficient in terms of speed and quality. Computerized vision systems play a vital role in the
field of textiles as in other fields. In this study, Intuitionistic Fuzzy Algorithm is used to define the foreign substances
in the images that obtained from a camera. CPU (Central Processing Unit) based applications have speed problems
due to the structure of the algorithm. For this reason, GPU (Graphics Processing Unit) technology was used to
overcome the speed problem. The otsu algorithm generates a dynamic threshold from the numerical values of the
image obtained using the Intuitionistic fuzzy algorithm. By this means, the threshold value of each frame obtained
from the camera was calculated on real time and implemented on the image timely. These algorithms were accelerated
maximum 262 times using NVIDIA GTX 480 GPU supported display card.

Keywords: GPU Programming, Intuitionistic Fuzzy, Otsu, CUDA, Foreign Fibre Detection.

OZET

Tekstil, pamuk ve ¢ir¢ir fabrikalarinda kullanilan veya disaridan gelen yiin ve pamuk ham maddelerinin
tretimi ve sekillendirilmesinde ortaya ¢ikan yabanci maddeler, elde edilen kumas veya ipligin kalitesini 6nemli
Olcilide azaltir. Gliniimiizde tekstil sektoriindeki yabanci maddeleri ayirmak i¢in farkli yontemler kullanilmaktadir,
ancak bu yontemlerin ¢ogu hiz ve kalite agisindan verimli degildir. Bilgisayarli gorme sistemleri, diger alanlarda
oldugu gibi tekstil alaninda da hayati bir rol oynamaktadir. Bu ¢alismada, kameradan elde edilen goriintiilerdeki
yabanci maddeleri tanimlamak igin Sezgisel Bulamik Mantik kullanilmistir. CPU tabanli uygulamalar ilgili
algoritmanin yapisi geregi hiz problemlerine yol agmaktadir. Bu hiz problemini gidermek i¢in ise GPU teknolojisi
kullanilmistir. Otsu algoritmasi kullanarak Sezgisel bulanik mantik algoritmasiyla elde edilen goriintiiler i¢in dinamik
bir esik degeri hesaplanmistir. Bu sayede, kameradan elde edilen her karenin esik degeri gercek zamanli olarak
hesaplanmis ve goriintiiye ayn1 anda uygulanmistir. Bu algoritmalar, NVIDIA GTX 480 GPU destekli ekran karti
kullanilarak maksimum 262 kez hizlandirilmastr.

Anahtar Kelimeler: GPU Programlama, Sezgisel Bulanik Mantik, Otsu, CUDA, Yabanc1 Elyaf Tespit Etme.
INTRODUCTION

The different fibre and soil, arising during the production and shaping of wool and cotton raw materials used in textile
and cotton gin factories or coming from the outside, decrease the quality of the obtained fabric or yarn considerably.
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In general, this filthy in cotton may be caused by black pigment fibres, color which may come from sheep, foreign
material and filthy overlooked while picking plants (Yang, 2009).

In modern-day textile business, the methods used to separate these substances are not efficient in terms of speed and
quality (Ji, 2010). There are various techniques to clean the foreign fibers in lint. Some of those are ultrasonic-based,
sensor-based and machine vision-based inspection (Zhang, 2011). The present day computerized vision systems have
affected textile field clearly as well as all other fields. For the first time, Liberman and colleagues built a machine
vision system to overcome this problem in textile factories (Liberman, 1998). Tastaswadi and colleagues have
developed a real-time system for images taken from cameras has 3D-LUT technology with the help of edge extraction
algorithms (Tastaswadi, 1999). Millman and colleagues have designed a system with two options as high resolution
/ low speed and low resolution / high speed to solve speed problems in these systems (Millman, 2001). However, this
system was not quite efficient due to the differences between the chemical and physical characteristics of wool and
cotton. The two problems of quality and speed, encountered in other previous studies, are an important distinguishing
factor (Wang, 2015), (Chen, 2010). In this study, using GPU technology which can run hundreds of times faster than
CPU were tried to solve this speed problem (NVIDIA, 2019).

In the literature, many different algorithms have been used to clean foreign leaf (Zhang, 2014). One of these
algorithms, the Intuitionistic Fuzzy Algorithm, is effective for finding the foreign substance in the images using a
specified threshold value. However, since the fixed threshold value cannot give the same quality for each frame, it
has been observed that the thresholding of the obtained images cannot be performed properly. Otsu method was used
determined the threshold value in order to solve this issue. Thus, the threshold value of each frame obtained from the
camera was calculated automatically and implemented on the image timely. Afterwards, for only the soiled part to
be cleaned, the calculated image was divided into 8 parts. After many trials, using the threshold value method, an
average value was calculated for the histogram values of these parts and afterwards, the parts and amount of foreign
leaf were determined. After the many experience, it was confirmed that the used methods gave the needed results
completely. Besides, in this study, the Intuitionistic Fuzzy Algorithm and Otsu Method were used for the first time
together with GPU to process images. Thanks to these methods, unlike in previous studies, the computerized vision
system has provided a vital advantage in terms of speed and quality.

The rest of this paper is organized as follows. In section 2, the Intuitionistic fuzzy and edge extraction process which
are the basis of the study are explained. In section 3, the experimental results of the study are presented and five
examples are given. In the last section, some suggestions are made for future studies.

DEVELOPMENT OF INTUITIONISTIC FUZZY EDGE DETECTION

According to the fuzzy set theory of L.A Zadeh x = {xl ,xz,x3,...,xn} set is mathematically expressed as (Zadeh, 1965):

A=A{x, 1 4(x)044(x)| x e X} (1)
Here in pa(x): X — [0, 1]; is called as membership degree of each x element defined in X set. It is expressed as
v =1-p 4(x) in non- membership degree. Where p ,(x)+v , =1, fuzzy sets are defined.
In addition to Zadeh's fuzzy set theory, Atanassov added the 3™ parameter hesitation degree (Atanossov, 1986).
7tA(x):1_#14(95)_014()5) 2)
The term indicated by 1 y (x) are intuitive fuzzy logic index or hesitation value. It was added to the zadeh equation

by the Atanasov to minimize user error. Thus, 7« 4 () is assigned to restrict the real numbers 4 4 (x), v 4 (x) .

7, (x)=C*[1-p, (x)] 3)

C is the hesitation constant and should be defined without breaking the equality of Eq. 2. In this study, ¢ value was
selected as 0.2.
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Intuitionistic Fuzzy Edge Detection

In fuzzy set theory, there are three concepts for establishing relationships between images. These are fuzzy entropy,
distance measure and similarity measurement. The relationship between these three concepts are detailed in
(Xuecheng, 1992). However, entropy and similarity measurement are applied to images similarly in fuzzy set and
based on the divergence calculation between the respective pixels of the two images (Fan, 1999). These relationships
are defined following:

7 (aij) is the membership of A4 e F(A) , v, (a,/) =l-pu, (a”) is the non-membership of A° € F(A) and c is the
complement of A. d (A, B ) is the distance between A and B fuzzy sets. e(A) is the entropy of A and s (A, B ) is

the similarity measurement of the A and B.
The relation between d and s is the d =1—s . The fuzzy entropy defined as:
e(A):s(A,A") or e(A)zl—d(A,A”) (4)

As can be seen from the Eq.4, it can be used by similarity or distance measurement to calculate the entropy. Since
M ,+v, =1 inthe fuzzy set theory, entropy, distance and similarity measurement calculations can made over these

two variables.

Exponential entropy is described by Pal and Pal using Shannon's information entropy (Pal, 1992). P = {po, PyrP

is the probability distribution set of image size MxM with L grey level and its exponential entropy is defined as:

L-1
— 1-p;
H = i_zo ;e )

In fuzzy set theory, Fuzzy entropy of image A having size MxM is defined as:

M-1M-1

H(A)= m 0 ;[(M (%)el_"”(%))+(l—m (a,))e" " —1} ®)

This entropy was found taking into account the (a[j) degree of membership and the v, (a,_j_) =1-pu, (ay) degree

of non-membership.

For two image A and B (at the (ij)th pixel), amount of information between 1, (aij ) and 1, (by) :

eﬂA(ai/‘) /—‘A(%)*/‘B(bij) (7)

1,(4, B;ij) =

=e
e#B (bg/)

The fuzzy expected information of image A against the image B (for sz, (aij. ) =0.5)

h (A’B) - MZ_‘jM_I(%_ (1 —Hy (aij ))eﬂA(”V‘)‘”B(”u)j &

i=0 j=0

Similarly, the fuzzy expected information of image A° against the image B® (for v, =0.5 ).

=33 16—(#/1 (ay))e“B(b”)“‘*‘(“”)) ©)

I,(4°,B°)

i=0 j=0
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Eq. (8) and Eq. (9) may appear equal. But in general, /, (A,B) # 1, (AC,BC). Therefore, the two expected values

should be taken into account together.

So, the fuzzy entropy, the total divergence between image A against the image B defined by:

1(4,B)= I (4,8)+1, (AC,BC) =3y [1 —{(1—/,¢A(a,-j))e (/‘A(“ij)‘”g (bij))]—[yA (a,-j) e (”B(bij)‘”A (”U))D (10)
ij
Similarly, the total divergence between image of B against the image of A defined by:

i

1(B,A)=3x [1_[(1-ﬂ3(b,~))e (15 (@)1, (bi‘))]-[ﬂB (1) 1a(8i) =115 (%‘))H (11
For fuzzy sets A and B, total fuzzy divergence between image of A and image of B can be defined by:

2= (1 o 3 ) (a(2) - s())

I(A,B)+1(B,A)= LY
ij

. (1—/13 (bl.j)wA (“U)) . (ﬂg(bl.j) —#A(al.j)) 12

As seen Eq. (12) , in fuzzy entropy, the divergence value between A and B is calculated taking into account the
degree of membership and non-membership.

In addition to the fuzzy set theory, T. Chaira suggested that should be taken into account the 77, value, which is the
hesitation degree in Intuitionistic fuzzy logic theory (Chaira, 2008). This value is added directly to the equation Eq.
(12). So, v, =1—u, —m, is written instead of v, (a,.j) =1-pu, (aij) in the fuzzy set theory.

In Instuistic fuzzy theory, for the two image of A, B (at the (ij)th pixel) amount of information defined by:

b,

o

[2 (A,B,U) = eﬂA(aif)+m(aif) /e/lg( )Jrﬂb‘(bij) a3

Intuitionistic Fuzzy Entropy calculation is the same as Fuzzy Entropy case, so Intuitionistic Fuzzy Entropy can be
written directly as follows:

, H (a) N (b”')j )}mm [ fmlty o)

I(4.B) ) —u, (b)) -7, (a,
L IZ(B,A)J_% _( 1_[2(1)(52)”)} iA(a(,Q.)ﬂe (75 (837) 7 o ), (i ) (bij)))J "

The overall Intuitionistic Fuzzy Divergence, IFD, between image A and image B.

IFD(A,B)=1,(4,B)+1,(B,A)+1,(4,B)+1,(B, A) (15)
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]FD(A,B) = ZZ b= {a (aU) ~ s (by)) e(’”(”u)’/‘ff (bif)’(””(bif)’”ﬂ(“ﬁ))) (16)

Object Extraction Method

It is defined A={X, 4, (x), v4(x) [x € X} and B={X, up(x),vz(x) [x € X} as intuitive two fuzzy sets. Here in;

A: 3x3 display matrix obtained from the image
B: Sixteen 3x3 matrices including edge templates
In order to use in intuitive fuzzy logic object extraction algorithm, 3x3 matrix including 16 different states is created.

il
i i35

Figure 1: Intuitionistic Fuzzy Extraction Sets
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The selection of fuzzy extraction sets are very importance. Because, it indicates the type and direction of the edge.
These sets expresses examples of the edge and the images also. In the literature there are state matrix applications in
different dimensions (Alam, 2013). In general, when the template size increases, the edges are missed and the
algorithm is less efficient. However, if the size of the template is reduced, the algorithm takes a lot of time. Therefore,
the most suitable template size was chosen as 3x3. “a”, “b”"and “0” refer to pixel equivalent of edge samples; “a”
and “b” values are completely found by trial and error method. However, in literature survey, the most convenient
estimation is obtained by ¢=0.3 and »=0.8 (Chaira, 2008), (Kaushik, 2015). To the center of each fuzzy inference set,
it is placed over normalized image to (i, j)th position. IFD (intuitionistic fuzzy divergence) is measured in each pixel
(i, j)th position. IFD (i, j)th value is obtained by the same size image with fuzzy inference set and MAX-MIN
relationship of fuzzy inference sets from the Eq. (17).

IFD(i,j)zMAX[ M//v( 1FD(A,B)) J (17)
N r z

In Eq. (17), IFD (i, j)th value between A and B is calculated by a;; element of an image matrix and b;; element of B
template matrix. N represents the number of sets in fuzzy inference template and r represents the number of elements
obtained like 3x3 image matrix. IFD (i, j)th is obtained after processing all pixel positions of the image.

In literature studies, in order to define threshold method, a fixed threshold value is applied by determining trial and
error method. The fixed threshold value can’t work well because it uses the same value for different images.
Therefore, a determination of a dynamic threshold value by the numerical values of image is required. In this study,
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it is clear that Otsu method or the calculation method of the automatic threshold value with respect to numerical
values of the image is more appropriate to developed system (Otsu, 1979).
In this study, it is aimed to calculate the threshold value in each frame by using the Otsu method instead of using a
fixed threshold value. In this way, each frame has its own threshold value.

Image from
Camera

IFD Matrix same size with image

Calculate the threshold value
using Otsu threshold method and
apply to image

Binary edge image

Thinning Process
|
Y

Final binary edge detected image
same size with image

Divided into 3x3 3x3 Templates

images (16 pcs)

Calculate the divergence between
divided image and all templates

Minimum 3x3 of divergences
l Split image to 8 parts
. - . Y
Maximum of the minimum matrix Sum pixel values each parts

Is this sum bigger than filthy
threshold value?

Are whole image windows

processing?

NO

Figure 2: Block Diagram of Intuitionistic Fuzzy Edge Detection
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EXPERIMENTAL RESULTS AND DISCUSSION

The obtained images from the camera using OpenCV software system has been applied on two different hardware to
measure the difference in speed between the CPU and GPU. In order to measure the difference of speed, NVIDIA
GTX 480 GPU-supported graphics card and Intel E5700 Dual Core processor, 12.8 GB / s with a band speed CPU is
used.

(c)

Figure 3: Image 1 taken by Camera (a) Original, (b) CPU output, (c) GPU output.

Table 1: The Speed Comparison of Image 1

Image 1 640x100 1280x200 1920x300
CPU GPU CPU GPU CPU GPU

Threshold value 195 195 195 195 195 195
Otsu Method (ms) 0.501 0.14438 2.172 0.427 3.064 0.292
Intuitive Fuzzy  1682.317 8.685 7458.596 30.874 17992.239 70.932
Logic (ms)
Total Response  1682.818 8.82938 7460.768 31.301 17995.303 71.224
Time (ms)
Foreign Substance NONE NONE NONE NONE NONE NONE
Region
Otsu Method Rate
(CPU/GPU) 3.475 5.084 10.481
Intuitive Fuzzy
Logic Rate 193.703 241.581 253.654
(CPU/GPU)
Response Time
Rate (CPU/GPU) 190.593 238.353 252.656
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Figure 4: Image 2 taken by Camera (a) Original, (b) CPU output, (c) GPU output.

Table 2: The Speed Comparison of Image 2

Image 2 640x100 1280x200 1920x300
CPU GPU CPU GPU CPU GPU

Threshold value 146 146 146 146 146 146
Otsu Method(ms) 0.496 0.098 1.530 0.302 3.040 0.349
Intuitive - Fuzzy 91 541 8.719 8019.5503 30.736 17517.075 71.069
Logic(ms)
Total Response 1711.038 8.817 8021.081 31.038 17520.11 71.418
Time(ms)
Foreign Substance 1-2 1-2 1-2 1-2 1-2-3-5-7 1-2-3-5-7
Region
Otsu Method Rate 5.058 5.059 8.698
(CPU/GPU)
Intuitive Fuzzy
Logic Rate 196.185 260.917 246.479
(CPU/GPU)
Response Time 194.058 258.423 245316
Rate (CPU/GPU)
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(©
Figure 5: Image 3 taken by Camera (a) Original, (b) CPU output, (c) GPU output.

Table 3: The Speed Comparison of Image 3

Image 3 640x100 1280x200 1920x300
CPU GPU CPU GPU CPU GPU

Threshold value 138 138 138 138 138 138
Otsu Method(ms) 0.480 0.098 1.465 0.295 3.043 0.287
Intuitive Fuzzy 1714206 8661 8078.566 30.787 17509.822 70.97
Logic(ms)
Total Response 1714.777 8.759 8080.032 31.082 17512.8666 71.2573
Time(ms)
Foreign ~ Substance 4-5 4-5 4-5-6 4-5-6 4-5-6 4-5-6
Region
Otsu Method Rate 4.888 4.966 10.592
(CPU/GPU)
Intuitive Fuzzy Logic 197.932 262.401 246.721
Rate (CPU/GPU)
Response Time Rate 195.766 259.957 245.769

(CPU/GPU)
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Image 4

Threshold value
Otsu Method
(ms)
Intuitive
Logic (ms)
Total Response
Time (ms)

Fuzzy

Foreign
Substance
Region

Otsu Method
Rate (CPU/GPU)
Intuitive
Logic Rate
(CPU/GPU)
Response Time
Rate (CPU/GPU)

Fuzzy

Table 4: The Speed Comparison of Image 4

E. Yal¢in, M. Giines

()

Figure 6: Image 4 taken by Camera (a) Original, (b) CPU output, (c) GPU output.

KSU J Eng Sci, 22, Special Issue, 2019
Research Article

640x100 1280x200 1920x300
CPU GPU CPU GPU CPU GPU
145 145 145 145 145 145
0.574 0.098 1.451 0.337 3.061 0.321
1827.948 9.698 7882.1420 32.417 17517.077 71.125
1828.5221 9.796 7883.5936 32.75425 17520.1391 71.44676
2-3-5-6-8 2-3-5-6-8 2-3-5-6-8 2-3-5-6-8 2-3-5-6-8 2-3-5-6-8
5.842 4.304 9.516
188.487 243.148 246.285
186.654 240.689 245.219
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Figure 7: Image 5 taken by Camera (a) Original, (b) CPU output, (c) GPU output.

Table 5: The Speed Comparison of Image 5

Image S 640x100 1280x200 1920x300

CPU GPU CPU GPU CPU GPU
Threshold value 136 136 136 136 136 136
Otsu Method (ms) 0.476 0.0980 1.759 0.302 3.053 0.329
inmt:‘)mve Fuzzy Logic 1.724 8.626 8.018 31.606 17575.31 71.332
Total Response Time 1724.038 8.724 8019.344 31.908 17578.36 71.662
(ms)
Foreign  Substance 1-2-6-7-8 1-2-6-7-8 1-2-6-7-8 1-2-6-7-8 1-2-6-7-8 1-2-6-7-8
Region
Otsu Method Rate 4.861 5.820 9.259
(CPU/GPU)
Intuitive Fuzzy Logic 199.810 253.669 246.384
Rate (CPU/GPU)
Response Time Rate 197.618 251.321 245.293

(CPU/GPU)
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Figure 8: Comparison of Processing Time of Images

In developed algorithm, the aim is to reveal the performance of system by developing either CPU or GPU based
application. In result section, when pattern examples in different resolution are analysed, a graphic related to time
response of system in Fig. 8 is obtained.

A significant speed difference of GPU based application is seen by analysing the graphic in Fig. 8. The average of
results obtained by GPU based application are such like 193 in 640*100 rated images, 249 in 1280*200, 247 times
faster in 1920*300. Also, speed ratio in all patterns are obtained between 186 times and 260 times. According to
literature studies, the successful systems that hundreds of times accelerated with GPU were found (Bahri, 2017),
(Faujdar, 2017), (Gunes, 2016). When 260 times speed is taken into consideration, it is seen that a very successful
result is obtained according to the studies in the literature.

CONCLUSION

Nowadays, the used methods to clean filthy in textile sector are not efficient in terms of speed and quality.
In recent years, computer vision systems clearly show its effect in textile sector as in other sectors. In this study,
intuitive fuzzy logic algorithm developed by Atanossov was preferred in order to determine the impurities within the
image taken by camera. In intuitive fuzzy logic algorithm, hesitation error is calculated and subtracted from
membership value in order to minimize the professional experience error that does not exist in classic fuzzy logic
algorithm. This provides more stable and desired results.

Due to the nature of intuitive fuzzy logic algorithm, some speed problems have been seen in real-time CPU based
applications. Therefore, GPU technology was utilized to eliminate the speed problem. In the first stage, intuitive
fuzzy object extraction method is applied to the image taken from the camera in grey level of OpenCV. Literature
research has shown that a fixed value is used as the threshold value in the intuitive fuzzy logic edge detection
algorithm. Because of each frame taken from camera will occur in different values, the algorithm was not to perform
desired results. In this study, it is first time, dynamic threshold value obtained by Otsu method was used integrally
with heuristic fuzzy logic. In this way, the threshold value of each frame from the camera was calculated in real time
and currently applied to the image. While the system is developed, by using examples with different resolutions from
taken images in study, it was observed that the most appropriate resolution value in terms of either performance or
quality is 640*100 rate. This image was divided into 8 equal region with ratio of 80*100. In each region, whether
impurity material exists or not is determined by summation of numerical values of related region of the image. Using
this summation, a threshold value was defined to determine whether there is any impurity in related region according
to negligence availability levels.

In the used algorithms, minimum 168 maximum 262 times faster speed difference is obtained in pattern samples with
different resolutions using NVIDIA GTX 480 GPU supported graphics card. At the end of the trials, it is seen that



KSU Miihendislik Bilimleri Dergisi, 22, Ozel Say1, 2019 107 KSU J Eng Sci, 22, Special Issue, 2019
Arastirma Makalesi Research Article
E. Yalgin, M. Giines

the methods completely provide desired results. Unlike previous methods of removing filthiness from cotton, textile
studies in literature, computerized vision system provided much more important advantage due to these methods.
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OZET

Bu calismada, biiyiikbas hayvan giibresine portakal isleme atiklarimin (kabuk ve posa) farkli oranlarda (%25, %50,
%75) eklenmesinin biyogaz verimine etkisi, HBT (Hohenheim Batch Yield Test) yontemi ile belirlenmistir. Bu
kapsamda, biiyiikbas hayvan giibresi ¢iftlikten, portakal isleme atiklari ise meyve suyu isleme tesislerinden alinarak
laboratuar ortaminda kurutulup 6giitiilmiis ve bes materyal (%100 portakal isleme atiklari, %100 biiylikbas hayvan
giibresi, %25 portakal isleme atiklar1 + %75 biiyiikbas hayvan giibresi, %50 portakal igleme atiklar1 + %50 biiyiikbas
hayvan giibresi, %75 portakal isleme atiklart + %25 biiyiikbag hayvan giibresi) meydana getirilmistir. Yapilan
arastirma sonucunda en yiiksek, ham protein orani (%12.06) ve ham yag oran1 (%2.30) %100 portakal isleme atiklar
materyalinden, kuru madde orani (%90.75) %100 biiylikbas hayvan giibresi materyalinden, organik kuru madde orani
(%95.56) %100 portakal isleme atiklari materyalinden, ADF orami (%60.20) %100 biiyiikbag hayvan giibresi
materyalinden ve NDF orani (%26.50) %25 portakal isleme atiklar1 + %75 biiyiikbas hayvan giibresi materyalinden
elde edilmistir. Ele alinan materyallerde en yliksek metan tiretimi 25 ile 35 giinler arasinda gergeklesmistir. Karisim
materyallerinde en yiiksek biyogaz (0.70 Nm3/kg OKM) ve metan (0.37 Nm*kg OKM) iiretim degerleri, %75
portakal isleme atiklar1 + %25 biiyiikbas hayvan giibresi materyalinden olusmustur. Biyogazdaki metan orani, en
yiiksek (%53.77) %50 portakal isleme atiklar1 + %50 biiyiikbas hayvan giibresi materyalinden elde edilmistir.
Calismada portakal isleme atiklarinin biiylikbas hayvan giibresi ile ko-fermantasyonu, metan ve biyogaz liretimini
istatiksel olarak onemli diizeyde (P<0.05) arttirmigtir.

Anahtar Kelimeler: Portakal isleme atiklari, Biiyiikbas hayvan giibresi, Ko-fermantasyon, Biyogaz, HBT
ABSTRACT

In this study, the biogas production using the co-fermentation of processed orange wastes and cattle manure at
different ratios (25%, 50%, 75%) was analyzed by been analyzed by Hohenheim Batch Yield Test. Cattle manure
collected from the farms and processed orange waste was collected from the fruit base juice companies then dried
and ground in the standard laboratory conditions. Five mixtures (100% processed orange waste, 100% cattle manure;
25% processed orange waste+ 75% cattle manure; 50% processed orange waste+50% cattle manure; 75% processed
orange waste+ 25% cattle manure) were prepared. As a result of this study, the highest percentage of raw protein
(12.06%) and percentage of raw fat ( or raw oil) (2.30%) were obtained from from 100% processed orange waste
mixture, the highest dry material percentage (90.75%) was obtained from 100% cattle manure mixture, the highest
organic dry material percentage (95.56%) was obtained from 100% processed orange waste mixture, the highest ADF
percentage (60.20%) was obtained from 100% cattle manure mixture and the highest NDF percentage (26.20%) was
obtained from 25% processed orange waste+75% cattle manure mixture. The highest amount of biogas (0.70 Nm®/kg
ODM) and methane (0.37 Nm?/kg ODM) was produced from the mixture of 75% processed orange waste+ 25%
cattle manure. The highest amount of methane (53.77%) in biogas was produced from the mixture of 50% processed
orange waste+50% cattle manure. Based on this study, co-fermentation of processed orange waste with cattle manure
statistically increased the production of methane and biogas in higher amount (P<0.05).

Keywords: Processed orange waste, Cattle manure, Co-fermentation, Biogas, HBT
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INTRODUCTION

Energy and energy resources are the decisive indicator values of development of countries (Acaroglu, 2007; Aybek
and Ugok, 2017) are of great importance for the survival of societies (Onurbas Avcioglu et al., 2011). Today, the
interest in renewable energy sources is increasing due to the decrease in fossil fuel sources and negative
environmental effects (Mansourpoor and Shariati, 2012). Renewable energy sources have been naturally extracted
from the energy-flow available in our natural environment (Deublein and Steinhauser, 2008). Biomass (63%) has an
important place among the renewable energy sources (Demirbas and Demirbas, 2007). Biomass refers to the
biological material that can be used for industrial production or fuel in general (Haggerty, 2010). In broader terms,
biomass are non-fossilized organic material sources (Klass, 1998). Plant (corn, wheat, barley straw), animal, urban
wastes, and food industry wastes constitute an important potential for biomass (Brown, 2003; McGowan, 2009;
Ucgiil & Akgiil, 2010).

Biomass and wastes depending on their properties can be converted to energy or fuel together with other fuels through
combustion, gasification, anaerobic digestion (Manyi-Loh et al., 2013). Anaerobic digestion converts biological
materials or biomass materials (organic matter) into biogas with hydrolysis, acidogenesis, acetogenesis and
methanogenesis stages (Tiehm et al., 2001; Cassidy et al., 2008; Xiao et al., 2010; Ogunleye et al., 2010). Biogas
occurs as the result of decomposition in the anaerobic fermentation of organic origin wastes. It is a colorless, odorless,
lighter than air, burning with a bright blue flame, and it preserves 40-75% CHa, 15-60% CO,, 0-3% hydrogen sulfide
(H2S) with very little ammonia (NH3), hydrogen ( Hz) and nitrogen (N2) depending on the content of organic matter
in the composition (Ryckebosch et al., 2011; Ozturk, 2011; Abbasi et al., 2012; Matuszewska et al., 2016). Anaerobic
digestion of animal waste is the most common biogas application in worldwide. At the same time, rich organic
fertilizers as useful as biogas is produced. Today, because organic industrial wastes are added to animal waste, it
increases gas production and economic inputs of the system. Disposal in biogas plants of organic solids emerging
from industries is gradually increasing. Although some of the substances are difficult to digest, they have not any
problems by mixing with animal wastes or wastewater sludge. In this way, the fermentation of different wastes at
the same time is called co-fermentation (URL, 2017). Biogas potential of fruit pulp (500-660 m*/ton organic dry
matter (ODM), vegetable and fruit waste (400-600 m?*/ton ODM) is about twice as much as organic materials like
cattle manure (200-500 m*/ton ODM) and chicken manure (250-500 m*/ton ODM) (Calli, 2012). Pulp from fruit
juice production is very rich in chemical composition. Evaluating the potential of fruit pulp and wastes in biogas
production can make an important contribution to energy production and also prevent environmental pollution. Fruit
pulp and wastes, which have more biogas content than organic materials such as cattle manure and chicken waste
which have a significant potential in our country are not utilized sufficiently. To eliminate these problems in the
evaluation of fruit pulp and wastes as single, some organic residues can be mixed with these wastes and biogas
production efficiency can be increased. This will make more attractive the use of fruit pulp and waste.

In this study, it is aimed to obtain biogas and organic fertilizer by adding orange wastes (OW) to cattle manure (CM)
in different ratios and to provide data source for environmental protection and to ensure efficiency. In this study,
biogas and methane production efficiencies of blends obtained by mixing in different proportions (25%, 50%, 75%)
of orange processing wastes (husk and pulp) collected from fruit juice plants with cattle manure were determined by
HBT (Hohenheim Batch Yield) Test) method.

MATERIALS AND METHODS

CM (Figure 1a) and OW (Figure 1b) were used as materials. CM was collected from a farm in Gaziantep and OW
were obtained from a fruit juice processing plant in Adana. CM was left in the open air until it dries completely and
OW were dried in natural drying environment at room temperature for 3 weeks.

The dried materials were milled by an industrial grinder until the standard size (VDI 4630. 2006) of 1 mm. Bacterial
culture, which is a mixture of solid + liquid phase was taken from Gaziantep Water and Sewerage Administration
(GWSA) waste water treatment plant. Inoculum (Figure 2) was prepared by mixing with a 1:2 buffer solution and
filtered through four layers of cheesecloth in order to keep the bacterial culture in a better environment. 500 mL of
distilled purified water, 0.1 mL of solution A, 200 mL of solution B, 200 mL of solution C, 1 mL of resazurine (0.1%,
w/v) solution C and 40 mL of solution were used for the buffer solution. Solution A; 13.2 g CuCI22H20, 10.0 g
MnCI24H20, 1.0 g CoCI26H20, and 8.0 g FeCl,6H>O were prepared in 100 mL with purified water. Solution B; 35
g of NaHCOs; and 4 g of NH4sHCO; were dissolved in distilled water and prepared in 100 mL. Solution C; 5.7 g
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Na,HPOs, 6.2 g KH,PO4 were prepared in 1000 mL by dissolving 0.6 g MgSO47H,0 in purified water. Solution D;
0.5 g of resazurine were dissolved in distilled water and prepared in 100 ml. Solution E was prepared from 95 mL of
purified water, 4 mL of 1 N-NaOH and 625 mg of Na,S9H,0.

a) Cattle manure b) Orange processing wastes

Figure 1. Cattle manure (CM) and orange processing wastes (OW)

Figure 2. Inoculum

Before starting the experiment, chemical analyzes of milled waste materials were carried out. These chemical
analyzes consist of dry matter content (DM), crude ash (CA) and organic matter content (OM), crude protein content
(CQO), crude fat content (CF) (AOAC, 1990) and ADF and NDF (Van Soest et al., 1991).

Materials (100% OW, 100% CM, 25% OW+ 75% CM, 50% OW + 50% CM, 75% OW + 25% CM) were prepared
for the experiment. Three samples were taken and weighed to 0.2 g in the microbalance and placed in 100 ml glass
syringes (Figure 3a). The syringes were placed to the hole in the incubator (Figure 3b). For the comparison group
samples, 3 inoculum syringes prepared by using burette to receive 30 mL were also placed to the hole in the incubator.
According to the standard (VDI 4630 20006), the syringe plunger was removed before the materials were put into
syringes and plastic clips were attached to the silicone hoses at the end of the injectors and used for gas transfer.
Vaseline was applied to the pistons of the injectors in order to prevent gas leakage during the experiment. Then, the
syringe pistons were inserted and the clips were closed and made ready for use. After placing the inoculum into the
syringes, it was placed in the incubator at a temperature of 37 °C. The methane measuring device (methane-sensor
"Advanced Gasmitter" D-AGM Plus 1010), which was used to determine the methane content in the incubator was
calibrated with a calibration tube (60.5% CHy). The purpose of the calibration is to verify that the measured gas is at
standard conditions (0 °C and 1013 hPa). Measurements (Figure 3¢) were performed for 35 days. The measurements
were made every 6 hours for the first 2 days, 8 and 12 hours in the following days to determine the methane yield in
each sample.
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a) Glass syringe b) Incubato ¢) Methane measurement

Figure 3. Glass syringe, incubator and methane measurement

RESULTS AND DISCUSSION

The chemical properties (CP, CO, DM, ODM, ADF, and NDF), biogas and methane production values of the
materials were discussed. The data obtained are presented below.

The chemical properties of the materials obtained from the analysis are given in Table 1.

Table 1. Chemical properties of materials

Materials CP CO DM  ODM ADF  NDF

%) (%) () (%) (%) (%)
% 100 OW 778 230 8867 9556 1476  20.12
% 100 CM 1206 177 9075 90.79 6020  23.30
%25 OW + %75 CM 11.07 211 90.12 9058 5296  26.50
%50 OW + %50 CM 9.89 203 8970  91.82  39.14 2092
%75 OW + %25 CM 876 214 8926 9448 3742 2219

Materials; CP values were 7.78-12.06%, CO values were 1.77-2.30%, DM values were 88.67-90.75%, ODM values
were 90.58%, ADF and NDF values were between 14.76% and 60.20%, respectively. The highest crude protein value
was obtained in 100% CM (12.06%), lowest in 100% OW (7.78%). The highest crude oil value was obtained in
100% OW (2.30%), the lowest in 100% CM (1.77%). The highest DM was obtained in 100% CM (90.79%), lowest
in 100% OW and the highest ODM was obtained in 100% OW (95.56), the lowest in 25% OW + 75% CM. The
highest ADF value was occurred in 100% CM (60.20%), the lowest in 100% OW (14.76%). The highest NDF value
was occurred in 25% OW + 75% CM (26.50%), the lowest in 100% OW (20.12%).

Average cumulative specific methane production over time are given in Figure 4 for all the mixture. Average
cumulative specific methane, biogas values and methane ratios of biogas materials are given in Table 2. The changes
of average cumulative specific methane and biogas production are given in Figure 5. The variance analysis of biogas,
methane production and methane ratios of biogas are presented in Table 3.
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Figure 4. Average cumulative methane production over time of all materials

Table 2. Average cumulative specific methane, biogas values and methane ratios of biogas materials

Materials Cumulative specific biogas Cumulative specific methane Methane
production production ration in
(Nm3/kg OKM) (Nm?*kg OKM) biogas
Measurements Avr.£Std. Measurements AvraStd. (%)
1. 2. 3. error 1. 2. 3. error
% 100 OW 0.82 0.87 0.86 0.85£0.016a 0.41 0.39 0.42 0.41+£0.008a 48.42b
% 100 CM 025 031 024 0.27£0.023d 0.10 0.14 0.10 0.12+0.013d  44.01c
%25 OW+%75 CM 047 048 049 0.48+0.006c 0.24 0.24 0.25 0.25+0.004c  51.66 ab
%50 OW+ %50 CM 0.63 0.69 0.59 0.64£0.0290 0.35 0.36 0.31 0.34+0.015b  53.77a
%75 OW + %25 CM 0.75 0.70 0.66 0.70£0.027b 0.39 0.36 0.33 0.37+0.017ab 51.74 ab

p=0.05; a, b, c, d,: differences between cumulative specific methane, biogas production and methane ratio averages in biogas indicated by
different letters in the same column are important.
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Figure 5. Variation of average cumulative specific methane and biogas production of materials

Table 3. Analysis of variance of biogas, methane production and methane ratios

Variation DF SS MS F value SEM P value
source
. Between 4 0.594 0.148 104.719 0.3074 0.000%***
Biogas
production Igrioélf(fups 10 0.014 0.001 0.3074
(m’kg ODM)  g4) 14 0.608 0.3074
Between 4 0.162 0.040 88.146 0.1749 0.000%***
Methane groups
production In Groups 10 0.005 0.000 0.1749
(m*/kg ODM) Total 14 0.166 0.1749
Methane ratio Between 4 175.152 43.788 17.450 1.2933 0.000***
(%) groups
In Groups 10 25.093 2.509 1.2933
Total 14 200.245 1.2933

Methane production in all materials starts on the first day and increased rapidly until the 17th day, the rate of increase
gradually decreased between 17-35 days and reached maximum value on 35th day (Figure 4). Biogas and methane
values in co-fermentation increased, as the proportion of OW in the materials increased. The highest average
cumulative biogas values were in 100% OW (0.85 Nm?®/ kg ODM). Biogas values of other materials were determined
as 75% OW + 25% CM (0.70 Nm® / kg ODM), 50% OW+ 50% CM (0.64 Nm?* / kg ODM), 25% OW + 75% CM
(0.48 Nm? / kg ODM), 100% CM (0.27 Nm?/ kg ODM), respectively (Table 2, Figure 5).

Average cumulative methane production of the materials from the highest to the lowest were determined as 100%
OW (0.41 Nm® /kg ODM), 75% OW + 25% CM (0.37 Nm*/kg ODM), 50% OW + 50% CM (0.34 Nm*'kg ODM),
25% OW+ 75% CM (0.25 Nm*/kg ODM), 100% CM (0.12 Nm?*/kg ODM), respectively (Table 2, Figure 5).

The methane content of biogas produced by 100% CM, 100% OW and 75% CM+ 25% OW are 44.01%, 48.42 and
51.66-53.77%, respectively. As a result of the statistical comparison, the methane, biogas and methane ratios were
found to be significant stage (P<0.05) (Table 3).
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While Amon et al. (2007) determined methane production of corn silage with animal manure waste as 0.31-0.36
Nm?/kg ODM- 0.26 Nm?/kg ODM) in their study, Martin et al. (2010) determined the methane production orange
peel as 0.27-0.29 Nm*/kg ODM). In this study, methane production obtained was found to be different from other
studies. These differences may be due to the chemical structure in the material (fat, protein, carbohydrate, C/N ratio,
cellulose content, etc.) and initial pH, mixing ratios, electrical conductivity (EC) and animal feed.

The correlation and the main chemical biomasses between biogas and methane production, the fiber particles
contained in the biomass confirmed that their chemical composition is essential to predict biogas potential
(Angelidaki et al., 1999). Pearson coefficient is used to correlate hemicellulose content in a significant and positive
way. Another negative and statistically significant relationship is the biogas production and ADF parameter,
especially the degree of fiber lignification with biogas production. Cases that a linear relationship between methane
production and cellulose mass content cannot be evaluated, it can be partly explained by the fact that the biomasses
tested have different chemical properties (Jimenez et al., 1990). Even if cellulose is digestible by active
microorganisms in anaerobic environment, by connecting to the lignin becomes unsuitable for digestion (Dinuccio
et al., 2010). In this study, as a result of chemical analysis of materials used, the lowest ADF (14.76) was determined
in 100% OW. The highest cumulative specific biogas production was also observed in 100% OW. There was a
negative correlation between ADF content and biogas production.

CONCLUSIONS AND RECOMMENDATIONS

The aim of this study was to determine the biogas and methane production efficiencies of the mixtures obtained by
mixing OW (husk and pulp) in different ratios (25%, 50%, and 75%) with CM that has an important potential in our
country.

The results and recommendations are summarized below.

* While the highest (2.30%) CO values was obtained in 100% OW, the lowest in (1.77%) was obtained
in100% CM.

* DM values ranged from 88.67% to 90.75% and ODM values are within the range of 90.58% to 95.56%.
» ADF value was found the highest (60.20%) in 100% CM and the lowest (14.76%) in 100% OW.

* NDF value was found the highest (26.50%) 25% OW + 75% CM, the lowest (20.12%) in 100% OW

* Highest methane production of materials between days 25-35 occurred.

* As the ratio of OW in the mixture materials increased, biogas produced by co-fermentation and methane
values in biogas increased.

 Cumulative biogas values was found the highest (0.85 Nm?/ kg OKM) in 100% OW, the lowest (0.27
Nm’/kg ODM) in 100% CM

* The highest biogas (0.85 Nm*/kg OKM) and methane (0.37 Nm?/kg OKM) values occurred in the mixture
of 75% OW + 25% CM.

» Methane content in biogas was obtained from the highest (53.77%) in 50% OW+ 50% CM.
» Methane, biogas and methane content of all materials were statistically significant (P<0.05).
Recommendations for this study can be listed as follows.
* Biogas and methane production efficiencies can be increased as a result of co-fermentation of OW with
CM.

* As a result of co-fermentation of OW with CM, environmental and natural resources can be protected by
eliminating wastes.

* OW are important materials for biogas plants.

* Greenhouse gases (methane and carbon dioxide) to be released to the atmosphere due to the uncontrolled
storage of OW and CM will be prevented by the introduction of the biogas process.

* The significant potential of the fruit processing waste and cattle manure waste in Turkey can be utilized
based on anaerobic digestion process to acquire the energy.
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OZET

Lazerli metal y1igma ydntemi eklemeli imalat yontemlerinden biri olarak ortaya gikmistir. Ozellikle sanayide son
iiriin ¢iktisindaki malzeme iiriin hassasiyeti ve maliyet agisindan yaganan problemler bu yontemin gelistirilmesinde
ve lizerinde 6nemle durulmasinda 6nemli bir rol {istlenmistir. Ancak Lazerli metal yigma yonteminde yontem geregi
uygulanan parametrelerden kaynakli dezavantajlar1 bulunmaktadir. Bu dezavantajlardan birisi ise artik gerilmedir.
Artik gerilme imalat sirasinda 1sinma ve soguma hizlarina bagl olarak, malzeme icerisinde kalan basma-¢ekme
kuvvetlerinin etkisidir. Bu c¢alismada Lazerli metal yigma yonteminde kullanilan proses parametrelerinin artik
gerilme probleminin giderilmesi ve elde edilecek iiriiniin kalitesinin artirilmasi iizerindeki etkileri sonlu elemanlar
yontemiyle analiz edilmis ve termal sonuglar1 karsilastirilmigtir. Calisma igin Simufact programindan
yararlanilmistir. 3 boyutlu tasarim modiil igerisine aktarildiktan sonra standart parametreler disindaki degerler
tizerinde degisiklikler yapilarak analizler yapilmakta ve bu analiz degerleri karsilastirilarak artik gerilme tizerindeki
etkileri belirlenmektedir. Bu yontemde analiz i¢in Simufact programi lazer hizi, katman kalinlig1r ve sicaklik
parametrelerinde analizler yapilmasina izin vermektedir. Bu ¢aligmadaki analizler i¢in yontem parametrelerinden
lazer hiz1 se¢ilmis ve analiz sonucundaki karsilagtirmalar lazer hizinin etkisini arastirma adina yapilmistir. Analiz
sonucuna gore, lazer hizinin artmasi ile malzemeye uygulanmis olan enerji miktar1 azalmasindan dolayr maksimum
sicaklik, deformasyon miktar1 ve buna bagh olarak da gerilmenin azaldigi, ancak katilagmayan bdlge miktarinin
arttig1 gozlenmistir.

Anahtar Kelimeler: cklemeli imalat, lazerli metal yigma yontemi, sonlu elemanlar metodu

ABSTRACT

Laser metal deposition method has emerged as one of the additive manufacturing methods. Particularly in industry,
the product sensitivity and cost problems in the final product output have played an important role in the development
and emphasis of this method. However, there are disadvantages arising from the parameters applied in the method of
laser metal deposition. One of these disadvantages is the residual stress. The residual stress is the effect of the tension-
compression forces within the material due to heating and cooling speeds during the production. In this study, effects
of the process parameters used in laser metal deposition method on the elimination of the residual stress problem and
the quality of the product to be obtained have been analyzed by the finite element method and the thermal results
have been compared. Simufact program has been used for this study. After being transferred into a 3D design module,
changes are made on the values other than the standard parameters d the analyzes are made and the effects on the
residual stress are determined. In this method, Simufact program allows analysis of laser speed, layer thickness and
temperature parameters. For the analysis of this study, the laser velocity has been chosen from the method parameters
and the results of the analysis have been performed to investigate the effect of the laser velocity. According to the
results of the analysis, it has been observed that the maximum temperature, the amount of deformation and
consequently the stress were decreased due to reducing the amount of energy applied to the material with increasing
laser speed, but the amount of non-solidified region was increased.

Keywords: additive manufacturing, laser metal deposition method, finite element method
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INTRODUCTION

In Laser Metal Deposition(LMD), powder material is fed to the melting zone simultaneously with the movement of
the laser. Powder feeding and laser focusing are carried out by means of the nozzle, concentrically, Figure 1. Since
the powder material is not spread over the entire platform, the laser metal deposition technique is particularly
advantageous in producing thin wall geometries. With this method, which is actively used in the populer industry
such as aerospace and biomedical, the opportunity is provided to obtain physical parts in a short period of time
according to the program and part sizes used. Today, companies which use and direct these technologies, develop
and make rapid progress in quality, originality and innovation (Ermurat,M 2009).

The most important research topics in methods with high heat input, such as laser metal deposition, have been carried
out on the consequences of high heat input on the part. One of the important disadvantages of this method is that
residual stresses caused by high heating and cooling which causes faults in the products both during or after
manufacturing. In this method, considering the effect area of the laser, a bell-shaped melt pool is formed by the effect
of the focused laser beam as seen in Figure 2.

Laser beam

Shiclding pas f§l Shiclding gas
Powder Powder
stream stream
{olten puu\.)l‘
s,utidAiq/:m

interface ;' i
T
E Substrate material
L ]
Figure 1. Laser Metal Deposition Process (Zhan, X., et Figure 2. Gaussian Model (Poyraz, O. 2018)
al 2018)

This type of melt pool is explained by the Gaussian Dispersion model (Poyraz, O. 2018), (Hitz, B. Et al 2001). The
laser beam equation that provides the Gaussian density is described below. ( Koechner, W. 2006).

I(r)=Iye <_"2V<r2>2) (1)

In equation (1), 7 is the laser beam radius, /;, is the intensity of laser beam at the radius of r, Iy is the intensity of laser
beam at midpoint of beam and wy is the laser spot radius at the interaction level with material. According to the result
of the equation, the maximum energy intensity occurs in the middle axis, that is, » = 0 point. (Fathi, A. Et al 2006).

The laser beam reaches the melting area following the conical path after exiting the nozzle. On this route, the energy
intensity decreases from the mid-axis to the outer diameter. Therefore, the accumulation capacity increases depending
on the laser intensity in the middle axis. The intensity of the laser beam, described by the Gaussian profile, is related
to the laser power, radius and standoff distance values. (Poyraz, O. 2018).

One of the factors that provide the gaussian distribution is the absorption effect of the material. Some of the laser
beam that affects the material is absorbed by the material and some of it is reflected. The absorption coefficient,
which varies according to the material, is expressed as the ratio of the energy absorbed by the material to the total
energy of the laser as seen in equation (2) (Koechner, W. 2006).
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A=P,/P 2

In equation (2), A4 is the absorption coefficient, P,is the amount of energy absorbed by the material and P is the total
energy of the laser.

If the laser is applied to the material for longer than necessity, it causes an increase in the heat affected zone. Thus,
this will have negative effects on the mechanical properties of the part. Repeated melting and solidification cycles
can cause defects such as porosity, as well as the use of lasers more than necessity to melt the powder material. In
addition, these thermal cycles sometimes cause high residual stresses and shrinkage in the final product (Hitsz, B. Et
al 2001). Additionally, excess laser power causes an increase in the surface tension (Agarwala, M. Et al 1995). On
the other hand, the increase of the heat-affected zone is directly proportional to the excess effect of the laser, which
adversely affects the mechanical properties of the material. (Kathuria, Y.P. 1997).

These conditions depend on some parameters. These parameters may include the laser power, layer thickness,
scanning speed, scanning pattern, platform temperature, material type, powder size etc. According to the equation
given below (Eq.3), four of these parameters change the volumetric energy density.

Evol = P/(Vs-t-d) (3)

In equation (3), Evol is the volumetric energy density, P is the laser power, Vs is the scanning speed, t is the layer
thickness, and d is the clad width, Inappropriate energy densities applied during this process cause local stresses,
gaps and some other defects. (Ermurat, M. 2009).

Higher energy density cause extraordinary thermal effects on the parts which is produced with the laser metal
deposition methods and residual stresses, shrinkage and microstructural problems based on this thermal effects. By
using thermal and thermo-mechanical analyzes with some software using the Finite Element Method, such problems
can be analyzed during part design and design optimization.

Analyzes in this project are carried out in two stages. In the various stages of the process, thermal analysis is
performed in which the thermal properties of the part are examined as a result of repetitive heat input in the process
zone and the heat affected zone.

In addition, mechanical effects such as stress, deformation, tensile and distortion on the substrate and on the geometry
to be produced can be examined by thermo-mechanical analysis.

In this study, thermal and thermo-mechanical effects of laser speed on thin wall geometry by Laser Metal Deposition
process have been performed with Simufact Welding software using the Finite Element Method.

MATERIAL-METHOD

Simufact Welding software allows variable parameters to be determined such as the laser speed, type of material,
laser area and the volume, ambient temperature, laser power, cooling time and acceleration variables for laser speed.
Among the variables mentioned, the laser speed has been studied to investigate its effect on the residual stresses.

A simple geometry without complex structure for the analysis has been designed in 3D. The designed geometry has
been subjected to certain pretreatment processes in order to make analysis in Simufact program. The designed
geometry is defined layer by layer and mesh assignment is made by applying the necessary mesh structure.

The process inputs of the program have been applied respectively for the geometry transferred into the program .
Afterwards, analyzes have been performed by changing the laser speed with all other conditions remaining constant.
The results have been obtained in the form of graphs and screenshots and comparisons have been made between
them.

The model image on the Simufact software screen is shown in Figure 3 . The geometry shown in the figure in green
is a fixture on which the base (substrate) would be placed. The fixture is 15mm X 20mm X 3mm size and it has 3mm
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element size. Base on which the first layer would be deposited on it, is positioned on the fixture. The base has Smm
X 10mm X 2mm size and it has 0.5mm element size. The geometry has size of 0.2mm X 1lmm X 8mm. The metal
deposition geometries, which consist of 5 layers and have heights of 0.2mm, are positioned on top of each other and
a total geometry height of Imm is obtained. The metal deposition geometries have a 0.1mm element size.

Pracwss - Madel wiew

Figure 3. Geometry

Some Important Preliminary Parameters Used in this Study

. Geometry; 0.lmm thickness, 5-layer metal deposition

. Mesh Structure; Hexahedral mesh structure, Apex Program, Simufact Refinement is done.

. Material; TI6A14V (Solidus Temp: 1400C, Melting Temp:1600 C)

. Laser Power; 110W

. Laser Flow Characteristics; Max Radius: 0.15mm, Min Radius: 0.14mm, Conical Depth :0.2mm
. Ambient Temperature; 20 C

. Efficiency; 0,37(Material-Laser Absorbsion Ratio)

. Time Between Layers: 3sn

. Laser Speed Levels: 30mm/sn - 40mm/sn - 50mm/sn

ANALYSIS RESULTS

For the analysis, melting and peak temperature distributions in the cross-sectional area have been examined from the
Welding Monitor section of the program. It was observed that as the laser speed increases, the maximum temperature
that occurs in each layer decreases. It has also been observed that as the laser speed increases, regions that is away
from the center of the laser do not reach the melting temperature haven’t been occurred. Figure 4.
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Figure 4. Welding Monitor View (Melting-Solidification Observation)

The maximum temperature level in this analysis provides information on whether or not melting can occur and at
what levels the values are exceeded. As a result of the analysis, it has been found that the parameters easily provide
the melting temperature of Ti6Al4V material, Figure 5.
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Figure 5. Maximum Temperature Levels

In this process, where repeated high-temperature processes take place, each layer is a cause of the thermal stress. The
part subjected to high residual stresses during the heat treatment is deformed after cooling. As a result of this analysis,
it has been observed that effective stresses decrease as the laser speed increases, Figure 6.
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30 mm/sn 40mm/sn 50 mm/sn
Figure 6. Effective Stress (VonMises)

Deformation is one of the inevitable facts in this process involving instantaneous heating and cooling processes.
Simufact Welding software is able to calculate the amount of deformation occurred. In this analysis, in the formation
of thin wall geometry with the laser source having 110W energy, the maximum deformation in the direction of laser
progression occurred approximately 0.03mm and this causes shrinkage of the geometry. It is seen that the deformation
amount decreases as a result of the effective stress which decreases with increasing laser speed, Figure 7.

30 mm/sn 40 mm/sn 50 mm/sn
Figure 7. Total Deformation

CONCLUSION

As a result of the analyzes, following conclusions can be made;

. Maximum temperature decreases with increasing the laser speed

. Deformation amount decreases with increasing the laser speed

. Stress decreases with increasing the laser speed

. Non-solidified area in the cross-sectional region increases with increasing the laser speed

According to these results, by using FEM Softwares, a combination of laser power and laser speed can be obtained
for optimum part building without any solidified region and the lowest energy input to the part.
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OZET

Niifus artisina bagh olarak temiz suya erisimin onemi artmistir. S6z konusu gereksinim igme ve sulama suyu ile
sinirli degildir; enerji iiretimi ve endiistri gelisiminde de Onemlidir. Antalya gerek go¢ almasi, gerek tarim ve
endustrideki biiylimesi ile en ¢ok su ihtiyacinin arttig1 iller arasindadir. Kumluca artan niifusu, 6nemli tarim alanlari
ve hemen kuzeyindeki hidroelektrik santralleri ile Antalya’nin &nemli ilg¢elerindendir. Her mevsim tarim
yapilmaktadir. Bu ¢alismada, artan niifusun ve tarimin etkilerini anlayabilmek i¢in, ovay1 bastanbasa kesen yiizey
sularinda agir metal anomalileri aragtirilmistir. Bunun i¢in Mayis 2018 tarihinde, sistematik olarak, Alakir Baraji1 ve
Alakir Kopriisii arasindaki 48 lokasyondan numune alinmistir. Kimyasal analiz sonuglarinda elde edilen veriler HPI
istatistiksel analiz yardimiyla yorumlanmistir. HPI degerindeki anomaliler iki bodlgede yogunlasmistir. Bu
gruplagmada iist bolgede barajin, alt bolgede tarimsal faaliyetlerin etkili oldugu disiiniilmektedir.

Anahtar Kelimeler: Yiizey Suyu, Agir Metal, Kirlilik indeksi, HPI, Istatistik, Alakar.

ABSTRACT

The importance of getting the clean water has increased due to population growth. This requirement is not limited to
drinking and irrigation water; it is also important in energy production and industry development. Antalya is one of
the provinces with the highest water demand due to its migration, agriculture and industry growth. Kumluca is one
of the important districts of Antalya with its growing population, important agricultural areas and hydroelectric power
plants just north of it. Agricultural is performed in all season. In this study, in order to understand the effects of
increasing population and agriculture, heavy metal anomalies were investigated in surface waters that passes
throughout the plain. In May 2018, a systematic sampling was taken from 48 locations between Alakir Dam and
Alakir Bridge. The data obtained in the results of chemical analysis was interpreted using HPI statistical analysis.
HPI value anomalies were concentrated in two regions. These grouping were considered that because of the dam in
the upper region; because of the agricultural activities in the lower region.

Keywords: Surface Water, Heavy Metal, Pollution Index, HPI, Statistics, Alakir.

INTRODUCTION

The importance of water in human health is well known. Therefore, the water pollution, whatever the source, affects
adversely human health. On the other hand, it is necessary to know the reason to produce proper and effective
solutions. The urbanization, industrial zones, agricultural areas and similar reasons may cause the pollution and they
called “anthropogenic” (Fernandez-Luqueno et al., 2013); besides that, sometimes geological factors may cause
water pollution. A lot of statistical methods have been developed to measure and evaluate the water pollution (Prasad
and Bose 2001; Yalcin et al., 2007; Yalcin et al., 2008; Prasanna et al. 2012; Dadolahi-Sohrab et al. 2012; Yalcin et
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al., 2017; Cengiz et al., 2017; Bytygi et al. 2018; Dutta et al., 2018; El-Tohamy et al. 2018; Qu et al. 2018; Leventeli
et al. 2019; Singh et al. 2018; Wen et al., 2019; Singh et al. 2019). One of them is heavy metal pollution index (HPI).
There are a lot of hydroelectricity power plant (HPP) with small dam, around the country. One of them is Alakir
Dam. It is located on the western part of Antalya. The stream flows among greenhouses and settlement areas in the
plain; and there is a bridge where it reaches the Mediterranean, Alakir Bridge. The surface water samples have been
taken from the locations between Alakir Dam and Alakir Bridge.

MATERIALS AND METHODS

The study area is located on the western part of Antalya Gulf, between Alakir Dam and Alakir Bridge (Figure 1).
Agricultural and residential areas are common in the region. The samples were collected from 48 locations in May
2018 based on land use properties of the study area. The water samples have been taken by 1 L polythene containers.
The samples have been prepared according to EPA 3005A (1992) method (Rohrbough, 1986; ASTM 1985). The
Inductively Coupled Plasma — Mass Spectrometer (ICP-MS) device has been used for the experimental studies in the
Research Center Laboratory of Akdeniz University. While 43 samples could be analyzed; the rest 5 samples (K1,
K2, K4, K12, K19) could not be studied. The heavy metal values (ppb) are given in Table 1.
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Figure 1. The Location Map of the Study Area.

HEAVY METAL POLLUTION INDEX (HPI)

The geological and anthropogenic factors may cause the accumulation of heavy metals in groundwater. Some trace
metals such as cobalt (Cd), copper (Cu), zinc (Zn) and selenium (Se) are essential for humans, but its high level may
cause physiological disorders (Kumar et. al., 2019). The heavy metal pollution index (HPI) shows the water quality
and is calculated from the concentration of heavy metal in water. Various algorithms have been proposed and used
by different researchers to calculate HPI and to determine water quality (Chaturvedi et al., 2018; Horton, 1965;
Brown et al., 1970; Dunnette, 1979; CCME, 2001; Mohan et al., 1996; Edet and Offiong, 2002; Prasanna et al., 2012;
Tiwari et al., 2015; Islam et al., 2015). The heavy metal pollution index (HPI) is a very useful tool in estimating the
overall effects; because, it contains the concentration of all the measured metals. The Heavy Metal Pollution Index
(HPI) and the sub-index of each parameter (Qi) are calculated using the following correlations (Leventeli et al.,
2019).

n (M-I
=15, 1) x100

Q; = (1)
Wi is the unit weight of the i-th parameter, and Qi is the sub-index of the i-th parameter. 7 is the number of parameters
considered. Mi is the measured value of the parameter i. /i and Si give the ideal and standard values of the i-th
parameter.

Lo WiQ;

HPI = 251208
=1 Wi

2
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The analysis results were interpreted based on Nasrabadi (2015).

Table 1. The heavy Metal Values (ppb)

As Mn Ni Cu Pb Fe Sr Cr As Mn Ni Cu Pb Fe Sr Cr

K3 [0,509 | 14,731 | 15,054 | 3,142 | 0,35 | 65,734 | 134,294 | 1,094 | K29 | 0,715 | 5,73 | 3,808 | 0,117 | 0,191 | 62,181 | 223,526 | 0,334
K5 |0,748 | 10,047 | 45,716 | 2,126 | 0,222 | 95,871 | 151,882 | 1,041 | K30 | 0,721 | 8,214 | 4,461 | 0,755 0 76,452 | 235,509 | 0,656

K6 | 0,64 | 16,885 |23,002 5,583 (2,914 | 122,005 | 149,746 | 1,366 | K31 | 0,764 | 7,436 | 7,275 | 1,787 0 67,098 | 213,031 | 0,501
K7 |0,654|11,014|32,955|1914| 0 102,467 | 149,637 | 0,659 | K32 | 0,812 | 10,534 | 11,99 | 6,024 | 0,466 | 66,793 | 200,516 | 0,851

K8 | 0,5 |11,407|24,433|6,243|0,804 | 75,561 | 137,657 | 1,201 | K33 | 0,947 | 11,249 | 10,46 | 3,346 | 0,208 | 116,605 | 237,565 | 0,575

K9 (0,504 | 10,642 | 7,482 |2,483|0,502 | 73,493 | 152,505 | 1,128 | K34 | 0,817 | 3,118 | 1,378 0 0 66,605 | 216,04 | 0,178
K10 | 0,513 | 12,419 | 12,66 | 4,469 | 1,236 | 84,424 | 141,689 | 1,787 | K35 | 0,89 | 9,107 | 4,907 | 2,313 | 1,55 | 81,968 | 198,375 0,927

K11 | 0,539 | 11,32 | 11,706 | 4,634 | 0,792 | 88,246 | 152,474 | 1,142 | K36 | 0,809 | 7,494 | 2,578 | 1,07 0 51,126 | 168,38 | 0,131
K13 | 0,463 | 4,174 | 2,082 0 0 68,836 | 156,381 | 0,523 | K37 | 0,807 | 8,631 | 3,432 | 1,82 |0,294| 55,298 | 165,202 | 0,173

K14 | 0,493 | 49 1,955 0 0 70,15 |152,387|0,633 | K38 | 0,77 | 11,077 | 4,12 | 1,817 0 72,565 | 191,921 0
K15 | 0,39 | 6,468 | 6,658 [0,519| O 55,95 | 144,122 0,285 | K39 | 0,645 | 12,086 | 5,45 | 2,434 0 90,173 | 217,203 | O
K16 | 0,441 | 3,734 | 1,773 0 0 60,627 | 151,296 | 0,807 | K40 | 0,652 | 15,34 | 5,256 | 1,01 0 99,547 | 253,461 0
K17 | 0,404 | 3,636 | 1,852 0 0 60,171 | 146,997 | 0,51 [ K41 | 0,906 | 13,403 | 3,091 0 0 114,033 | 196,179 | 0
K18 | 0,394 | 3,029 | 1,571 0 0 56,549 | 148,155 | 0,656 | K42 | 0,934 | 17,646 | 11,171 | 1,373 | 0,144 | 79,979 | 209,738 | 0
K20 | 0,447 | 5,713 | 4,705 | 2,601 0 44,73 | 145,194 | 0,234 | K43 | 0,924 | 22,443 | 4,537 | 0,6341 0 89,862 224,802 | 0
K21 | 0,49 | 2,824 | 1,512 0 0 55,379 | 152,845 | 0,625 | K44 | 1,021 | 32,975 | 6,173 | 1,33 0 106,572 | 230,234 | 0,117
K22 | 05 | 6,276 | 3,541 [0,616| O 60,472 | 148,079 | 0,18 | K45 | 1,08 | 42,536 | 7,399 | 1,259 0 122,076 | 232,321 | 0,217
K23 | 0,831 | 6,412 | 2,541 [ 1,636| O 91,98 | 195,955 0,458 | K46 | 1,136 | 68,529 | 4,922 | 0,535 0 180,711 | 254,66 | 0,516
K24 | 0,684 | 1,655 | 0,417 0 0 53,064 | 215,854 {0,772 | K47 | 1,202 | 44,517 | 11,738 | 1,691 0 151,272 | 251,1 | 0,472
K25 | 0,71 | 0,707 | 0,59 0 0 75,664 |264,569 | 0,719 | K48 | 1,117 | 40,747 | 34,55 | 3,812 | 0,103 | 155,83 | 254,868 | 0,189

K26 | 3,074 | 26,46 | 5,878 | 0,981 | 0,585 | 47,975 | 86,477 0
K27 | 2,473 | 42,669 | 9,207 | 0,683 | 2,432 | 134,979 | 205,535 | 0

K28 0,711 | 8,51 |11,457| 0,66 |1,221| 79,078 | 238,523 | 0,553

RESULTS

The results of the HPI anaysis, applied to the results of chemical studies of the samples collected from the study area,
show differences among themselves (Figure 2). These differences between locations have been changed according
to heavy metal content. The highest value has been determined as 85,833 and the lowest value has been identified as
20,7686. As seen from the Figure 3, the locations which show anomalies have been concentrated in two areas. The
first one is K5 with highest HPI value in the upper area, first sampling locations. The other one is K8 in lower area.
The locations between K1 — K11 are located in first or upper area. This region is effective from the downstream of
the dam until the K11 location. The source of anomalies of this region can be defined as dam impact. The locations
between K13 — K48 are located in second or lower area. External factors affect this region can be considered as
different from the dam’s factors.

In this case, new research studies can be done about the source of anomalies. The heavy metal consantration of the
first area could not be moved to the second area. It is possible to say that the heavy metals are deposeted; could not
move along the stream and could not reach the last locations.

All HPI values of the investigated area were below the HPI values in the study by Nasrabadi (2015). According to
this study, there is no risk about heavy metal pollution. According to a similar study on the quality of water
(Sirajudeen et al., 2014) K6, K7, K8, K28, K32, K33, K46, K47 have “Poor” quality; K5 and K8 have “Very Poor”
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quality (Table 2). The study area has a single location with “very good” quality, which is named as K26. Other
locations can be considered as “good” and without any problems.

120

Max. level for standard (Nasrabadi, 2015)
100

80

HPI Values

60

Figure 2. The Values of HPI in Different Locations.

Table 2. Status categories of HPIL.

Quality of water .
HPI (Sirajudeen et al., 2014) Stations of study area
0-25 Very good K26,
K3, K9, K10, K11, K13, K14, K15, K16, K17, K18, K20,
26-50 Good K21, K22, K23, K24, K25, K27, K29, K30, K31, K34, K35,
K36, K37,K38, K39, K40, K41, K42, K43, K44, K45
51-75 Poor Ke6, K7, K8, K28, K32, K33, K46, K47,
Very poor
Above 75 (unsuitable for drinking) K3,K48
CONCLUSIONS

The maximum anomaly value is 85,833 and it is observed in K48 location. The minimum one is 20,7686 which is
measured in K26 location. HPI values of locations generally show two different anomalies in two different regions.
HPI values generally show an increasing anomaly in both regions. The highest HPI value in the first region, between
K1 and K11, is observed in location K5; and the highest HPI value in the second region, which is between K13 and
K48, is K8. The factors that change the HPI value in both regions may be different. While the source of anomalies
in first region may be the effects of dam; in second region may be agricultural activities.

The water quality of K6, K7, K8, K28, K32, K33, K46, K47 were determined as “poor”; K5 and K8 as “very poor”.
In these locations, it will be useful to avoid using water to avoid heavy metal effects. The water quality in K26 was
identified as “very good”; the water quality in the remaining locations were outlined as “good”.
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Figure 3. The Distribution of HPI Values.
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ABSTRACT

This study was aimed to investigate the performance of sequential anoxic moving bed bioreactor (AnoxMBBR)
and aerobic continuous stirred tank reactor (AeCSTR) to remove chemical oxygen demand (COD) and ammonium-
nitrogen from landfill leachate. The sequential AnoxMBBR /AeCSTR system was tested at constant hydraulic
retention time (HRT) of 48. The performance of this system was evaluated in terms of chemical oxygen demand
(COD), ammonium (NH4"), nitrite (NO) and nitrate (NOs") parameters. In AnoxMBBR, nitrate removal (40%)
was limited due to low COD removal efficiency. In AeCSTR, COD and ammonium removal efficiencies were
obtained as 46% and 71%. Also, partial nitrification in AeCSTR was simultaneously achieved with nitrite
accumulation of 1660 mg/L. The results indicated that the AnoxXMBBR/AeCSTR system is quite efficient to
remove COD and ammonium from landfill leachate, however, the effluent COD and ammonium concentration still
did not meet the discharge criteria.

Keywords: continuous stirred tank reactors, denitrification, landfill leachate, nitrification, moving bed bioreactor

OZET

Bu calismada, ¢6p s1zint1 sularindan kimyasal oksijen ihtiyacini(KOI) ve amonyum-azotu gidermek igin ardisik
anoksik hareketli yatak biyoreaktoriin (AnoxHYBR) ve aerobik siirekli karigimli tank reaktoriin (AeSKTR)
performansini arastirmak amaclandi. Ardisik AnoxMBBR/AeCSTR sistemi, 48'lik sabit hidrolik bekletme
siiresinde (HRT) test edildi. Bu sistemin performansi, kimyasal oksijen ihtiyact (KOI), amonyum (NH4"), nitrit
(NOy) ve nitrat (NOj’)parametreleri agisindan degerlendirildi. AnoxHYBR’de, diisiik KOI giderim verimi
nedeniyle nitrat giderimi (% 40) smirliydi. AeSKTR’de KOI ve amonyum giderim verimleri sirasiyla % 46 ve% 71
olarak elde edildi. Ayrica, AeSKTR’de 1660 mg / L nitrit birikimi ile kismi nitrifikasyon saglandi. Sonuglar,
AnoxHYBR / AeSKTR sisteminin ¢6p s1zint1 sularindan KOI ve amonyum giderimi igin oldukga verimli oldugunu,
ancak cikis KOI ve amonyum konsantrasyonunun hala desarj kriterlerini karsilamadigini gdstermistir.

Anahtar Kelimeler: ¢op sizint1 suyu, denitrifikasyon, nitrifikasyon, stirekli karigimli tank reaktdr, hareketli yatak
bioreaktor
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INTRODUCTION

Landfill leachate is usually characterized by high chemical oxygen demand (COD), high ammonia-nitrogen,
biological oxygen demand (BOD), BODs/COD ratio, heavy metals and strong color (Renou et al., 2008; Luo et al.,
2018). Owing to these characterizations, landfill leachate (LFL) are a quite complex wastewater that causes adverse
and dangerous effects on aquatic life, soil, sub-soil, groundwater and surface water (Eggen et al., 2010). This
wastewater should be treated before directly released into environment, due to the fact that it includes especially a
large amount of ammonium and organic matter, which causes eutrophication and dissolved oxygen consumption in
natural water (Atmaca, 2009; Wang et al., 2010). Therefore, many researchers used physico-chemical methods and
biological methods to remove ammonium-nitrogen and organic matter from LFL (Gkotsis, 2018; Mohajeri et al.,
2019). However, the biological treatment is the most cost effective alternative over physico-chemical methods due
to its less sludge production and high ammonium/organic matter removal efficiency. Although aerobic, anoxic and
anaerobic biological treatment processes are commonly used, these processes alone are insufficient to remove
ammonium nitrogen and organic matter from LFL. Therefore, sequential Anoxic/Oxic (A/O) process has been
proposed recently and this process was effectively used to treat of the ammonium-nitrogen and organic matter rich
wastewater (Zhang et al., 2015; Liu et al., 2018). Especially, this sequential process offers advantages such as
saving of added organic carbon for anoxic denitrification and less oxygen consumption for aerobic nitrification.
With high COD concentration of leachate, however, microbial population in Anoxic stage of sequential process
causes usually inhibition.

The various reactor configurations can be effective on shock loading during operation of A/O systems. Hence,
many researchers have been focused on LFL treatment performance of attachment and suspended biological reactor
configurations (Chen et al., 2018; Zhang et al., 2018; Xiong et al., 2018; Liu et al., 2017). The CSTR are feasible
and eco-friendly technologies in organic carbon and ammonium nitrogen removal. The use of CSTR process to
treat LFL can contribute to removal of organic matter and ammonium nitrogen (Agdag et al., 2005). Additionally,
the MBBR process by using carriers in which microorganism forms biofilm is preferred over other biological
reactor configurations due to advantages such as simple construction, low space requirement, low sludge
production, high biomass concentration and long sludge residence time (Kawan et al., 2016). In recent years, few
researchers have reported that MBBR process is effectively used for nitrification and denitrification of municipal
sewage (Malovanyy et al., 2015). However, there are limited studies on LFL treatment using sequential
AnoxMBBR-AeCSTR process in literature.

In this context, the main aim of this study was to investigate the effectiveness of sequential anoxic MBBR—aerobic
CSTR systems to remove simultaneous organic matter and nitrogen from real LFL.

MATERIAL AND METHODS

Landfill Leachate and Inoculated Sludge

The both bioreactors had already been operated in batch-mode under anoxic and aerobic conditions for more than
80 days. Therefore, the microbial population had already been well acclimated to the heterotrophic denitrification
and the aerobic nitrification conditions. Additionally, the mixed liquor suspended solids (MLSS) concentrations of

AnoxMBBR and AeCSTR were around 6 g/l and 10 g/L, respectively.

The LFL was monthly taken from landfill site in Kahramanmaras, Turkey. The characteristics of LFL used
throughout the study are illustrated in Table 1.

Table 1. Characteristics of the LFL

Parameter Concentration®
pH 7.98+0.1
COD 10550+£350 mg/L
NH4* 1620+75 mg/L
NOs 5545 mg/L
NOy 1+£0.1 mg/L

*Values are average of triplicate measurements
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Set-up and Operation of Rectors

In this study, the two glass bioreactors (Bioflo 110, New Brunswick Scientific Co, Edison, NJ, USA) with an
activate working volume of 5 L were operated as AnoxMBBR and AeCSTR. In anoxic reactor, AnoxKaldnes K1
carrier material was used as biomass carrier with volumetric filling ratio of 40%. The AnoxMBBR was fed with
raw LFL and AeCSTR was fed with AnoxMBBR effluent. The influent of the AnoxMBBR was supplemented with
about 650 mg/L NO;™ as the external electron acceptor source of the heterotrophic denitrification process, while
organic carbon in LFL was used as electron donor source. The both reactors were mixed via a shaft impeller
system. The temperature of AnoxMBBR and AeCSTR were kept at 30+1°C and 25+2°C, respectively. In AeCSTR,
dissolved oxygen (DO) concentration over 4 mg/L was provided via an air pump (Resun Air Pump LP-60, China).
The pH values of AnoxMBBR and AeCSTR were kept at 7.5 and 7.3, respectively. The reactors were continuously
operated at hydraulic retention time of 48h. The LFL treatment performance of these reactors was evaluated in
terms of COD, NH4*, NO;™ and NOs5™ removal efficiencies.

Analysis

Samples were collected from influent and effluent of the AnoxMBBR as well as effluent of the AeCSTR. Then,
samples were immediately centrifuged (Eppendorf, Hamburg, Germany) and filtered using cellulose acetate syringe
filters with 0.45um pore sizes (Sartorius AG, Gottingen, Germany). The COD measurements were carried out
according to the dichromate-closed reflux Colorimetric Method described by Standard Methods (Standard
Methods, 5220 D). The NHs", NO, and NOs™ were measured using an ion chromatography (Dionex ICS-3000,
Sunnyvale, CA, Japan). The temperature and pH values of both reactors were online measured and recorded in situ
daily. In the AeCSTR, DO concentration was measured by a DO meter (Thermo, Orion 4 Star, Indonesia).

RESULTS AND DISCUSSIONS
The COD Removal Performance of AnoxMBBR/AeCSTR

The A/O system has long been used to remove simultaneous nitrogen and COD from municipal and industrial
wastewater. It is known that the COD concentration plays an important role in A/O system, which directly affects
the reaction rate of denitrification and nitrification. In this part of the study, the continuous AnoxMBBR/AeCSTR
system performance was evaluated in terms of COD removal at HRT of 48h. The variations of COD concentrations
in this system are presented in Figure 1. The influent COD concentration throughout this study was average
10550+350 mg/L. The COD removal efficiency of both reactors was quite stable. The COD removal was relatively
low at AnoxMBBR, corresponding to around 20% removal efficiency and about 8400 mg COD/L effluent
concentration.
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Figure 1. COD Removal Performance of Sequantial AnoxMBBR/AeCSTR

The low COD removal efficiency in AnoxMBBR was due to very high influent COD concentration which caused
inhibitions on microbial activities of heterotrophic denitrification (Liang et al., 2015). However, the COD
concentration under aerobic conditions decreased sharply and reached 4500 mg/L in the AeCSTR. The increase of
COD removal efficiency in AeCSTR can be explained with increasing of microbial activity. Additionally, total
COD removal efficiency of this system was about 58 %. Liu et al., (2017), investigated the performance of the two-
stage A/O combined membrane bioreactor to remove simultaneous COD and nitrogen from LFL. Similar to our
results, they reported that the microorganism in Anoxic zone of first stage A/O showed low COD removal
performance while the microbial activity increased in aerobic zone.

The Nitrogen removal performance of AnoxMBBR/AeCSTR

Heterotrophic denitrification process is occurred by reduction-oxidation reactions from nitrate to nitrogen gas via
microorganisms under anoxic conditions. The nitrate and organic matter in this process used as electron acceptor
and electron donor, respectively. In this study, the influent nitrate concentration was kept constant at 650 mg/L.
The denitrification performance of AnoxMBBR during landfill leachate treatment was evaluated in terms of nitrate
removal (Figure 2). Similar to COD removal efficiency, the NO; removal was quite stable and nitrate removal
efficiency observed as about 40%, corresponding to effluent nitrate concentration of about 390 mg/L. It seems that
the nitrate removal rate depends on COD removal performance. The nitrite accumulation was not also observed in
the effluent of AnoxMBBR (Figure 2). Additionally, the ammonium removal during anoxic operation can be
negligible at ammonium concentration of 55 mg/L, which was probably used for microbial growth

The ammonium conversion under aerobic conditions is carried out in two steps which oxidized to nitrite by
ammonium oxidizing bacteria and nitrate by nitrite oxidizing bacteria, respectively, as shown in the following
reactions (Egs. 1-2). The partial nitrification consists of AOB enrichment and NOB washout while complete
nitrification consists of NOB enrichment.

AOB

NH} + 1,50, — NO3 + 2H* + 2H,0 (1)
NOB

NO; + 0,50, ——> NO3 ©)

The performance of AeCSTR during landfill leachate treatment using AnoxMBBR/AeCSTR was evaluated in
terms of the comple/partial nitrification. AeCSTR was operated at HRT of 48 h and DO concentration over 4mg/L.
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Figure 3 shows the ammonium conversion performance of the AeCSTR. The influent NH4" concentration was
about 1620+75 mg/L throughout AeCSTR operation.
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Figure 2. The Nitrate and Nitrite Removal Performance of AnoxMBBR

The NH4" concentrations decreased sharply in AeCSTR, corresponding to 71.5% removal efficiency. Additionally,
effluent NH,4" concentrations were approximately 463 mg/L. The nitrite accumulation under aerobic conditions was
clearly observed and effluent nitrite and nitrate concentrations were 1580 mg/L NO2- and 350 mg/L NO3-,
respectively. This indicated that partial nitrification carried out in the reactor. This result was similar that of
previous study (Fitzgerald et al., 2015), in which the AOB population during high NH," oxidation was found to
dominant.
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Figure 3. The Ammonium Removal and Nitrite Accumulation Performance of AeCSTR
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CONCLUSION

The following conclusions from this study can be drawn:

= The denitrification efficiency of raw LFL in the AnoxMBBR were ineffective due to high COD
concentration in influent wastewater

= In AeCSTR, the partial nitrification was observed at HRT of 48-h.

= The AnoxMBBR/AeCSTR system 57% and 74% COD and ammonium removal efficiencies were
obtained, respectively.

= This study demonstrates that the AnoxMBBR/AeCSTR system is in favor of LFL treatment.

= However, this study demonstrates that this system still remained insufficient to meet discharge standards
and integrated systems are required.
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OZET

Tahil iiriinlerinin iglenmesinde sonra kepek kismi genellikle atik olarak kalmaktadir. Ancak son yillardaki ¢alismalar
bu atiklarin katma degerli iirlinler oldugunu gostermistir. Bu caligmada farkli boyutlarda kinoa kepek unu
kullaniminin keklerin fizikokimyasal, tekstiirel ve duyusal dzellikleri {izerine etkilerinin incelenmesi amaglanmaistir.
Bu amagla, farkli boyutlarda kinoa kepek unlar1 degirmende 6gitiilmiis ve 5 farkli boyutta bugday unundan yapilmis
keklere %25 oraninda katilmistir. Elde edilen sonuglara gore kinoa kepek ununun boyutlar kiigiildiikge 6rneklerin
kuru madde oram artig gostermistir. Yine kepek unu boyutlarinin kiigiilmesi ile kek i¢ ve dis parlaklik degerlerinde
azalma gozlenmistir. Keklerin tekstiir ve duyusal 6zelliklerinde kinoa katilimi1 sonucun diisiis belirlenmistir ve bu
olumsuzluk kepek boyutu kiiciildiikce daha fazla olmustur. Bu ¢alisma kinoa kepek ununun farkli boyutlan ile
zenginlestirilen keklerin 6zelliklerinde meydana gelen degisimleri ortaya koymustur.

Anahtar Kelimeler: kinoa, kek, tekstiir profile analizi, zenginlestirme

ABSTRACT

After the processing of cereal products, the bran part is commonly considered as waste. However, recent studies have
shown that this waste can be processed into value-added products. The aim of this study was to investigate the effects
of quinoa bran flour with different particle sizes on physicochemical, textural and sensory properties of cakes. For
this purpose, quinoa bran flours were milled to 5 different particle sizes and added to the wheat flour cakes at a
constant level (25% of wheat flour). According to the results, the dry matter contents of the samples increased as the
particle size of the quinoa bran flour decreased. Similarly, a decrease in the crumb and crust color values of the cake
was observed depending on the bran particle size. The textural and sensory characteristics of cake samples were
decreased. This study reveals the changes in the properties of cakes enriched with different sized quinoa bran flour.

Keywords: quinoa, cake, texture profile analysis, enrichment

GIRIS

Gliney Amerika’ya 6zgii bir bitki olan kinoa, gevresel faktorlere karsi gostermis oldugu direncten dolayr farkli
iklimsel kosullara kolaylikla uyum saglayabilmektedir (Ruiz et al., 2014). Bu 6zelligi ile kinoa diger tahil ¢esitlerine
kiyasla farkli cografyalarda iyi bir alternatif olarak diisiiniilmektedir (Algosaibi, Badran, Almadini, & El-Garawany,
2017). Farkl sekil, biiyiikliik, renk ve tane kompozisyonuna sahip kinoa gesitleri bulunmakta ve kinoa tiirlerinin

smiflandirilmasinda genellikle beyazdan siyaha degisen renk karakteristiklerinden yararlanilmaktadir. Kinoa
tiirlerinin renklerindeki bu farklilik kinoa yapisinda yer alan betalainlere atfedilmektedir (Escribano ve ark., 2017).

Besinsel degeri agisindan kinoa, esansiyel aminoasitler ve yag asitlerince zengin bir bitkidir. Ozellikle, yiiksek
miktarda lizin amino asidi igermesi bakimindan diger tahil ¢esitlerinden ayrilmaktadir. Besinsel 6zelliklerine ilaveten
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fenolik bilesikler, mineraller, vitaminler ve diyet lifleri gibi saglik lizerine olumlu etkileri olan maddeleri yapisinda
bulundurmasi ile insan sagligimi koruyucu ve artirici 6zelliklere sahiptir (Navruz-Varli ve Sanlier, 2016). Ayrica,
gluten igermedigi i¢in karabugday ve amarant gibi tahil benzeri gruba dahil edilmektedir. Bu 6zelliginden dolay,
glutensiz diyetlerde rahatlikla kullanilabilmektedir (Alvarez-Jubete ve ark., 2009; Pasko et al., 2009). Son yillarda,
tahillarin sebep oldugu alerjik risklere sahip bireyler ile vegan ve vejeteryanlarin diyetlerinde oldukca tercih edilen
yeni bir besinsel iiriin haline gelmistir (Pasko ve ark., 2009).

Kinoa unu makarna, kek, kurabiye ve ekmek gibi tahil {iriinlerinin tiretiminde kullanilmistir (Lorenz ve Coulter,
1991; Caperuto, Amaya-Farfan and Camargo, 2001). Ancak kinoa kepeginin tahil {irlinlerinde kullanimi ile ilgili
sinirli sayida g¢alisma bulunmaktadir (Foste ve ark., 2014). Tahillardan elde edilen kepekler gida iirlinlerine
eklendiginde besinsel degerini ve biyoaktif o6zelliklerini gelistirmektedir, Ancak tekstiirel agidan bazi sorunlar
meydana gelebilmektedir. Bu sebeple tahil {iriinleri iiretiminde kepek kullanimi kismi olarak gerceklestirilmesi
onerilmektedir.

Kinoa kepegi ekmek, kek ve bebek gidalar1 gibi iiriinlerin tiretimi i¢in kullanilmistir (Foste et al., 2014). Yiiksek
kalsiyum, demir, ¢inko ve magnezyum igeriginden dolay1, kinoa kepegi farkli hedef popiilasyonlar i¢in yiiksek besin
degeri tasimaktadir (Alvarez-Jubete ve ark., 2009). Ozellikle yetiskinler ve cocuklarin kemik gelisimi i¢in kalsiyum
ve kan fonksiyonlari i¢in demir ihtiyaci karsilanabilmektedir. Kinoa kepegi, perikarp ve/veya tohum katmam ve
embriyo iceren dis hiicreli dokulardan olugmakta ve kinoa tohumunun yaklasik %401 temsil etmektedir (Koziot,
1992).

Bu calismada, farkli boyutlarda kinoa kepeginin kek formiilasyonlarinda kullanilarak tirtinlerin fiziksel ve tekstiirel
ozellikleri iizerine etkilerini incelemek amaglanmistir. Farkli boyutlarda kinoa kepegi unu ilavesinin kekler tizerinde
meydana getirdigi degisimler kontrol 6rnegi ile karsilastirilarak incelenmistir.

MATERYAL VE METOT
Materyaller

Kinoa kepegi, Nigde Omer Halisdemir Universitesi, Tarim Bilimleri Fakiiltesi tarafindan Nigde’de yetistirilmekte
olan kinoalardan temin edilmistir. Hasat edilen kinoalar 6n islemlerden gecirildikten sonra kinoa kepegi elde edilmis
ve daha sonra ¢esitli boyutlara 6giitiiliip kek formiilasyonlarinda bugday unu yerine sabit oranda ve farkli boyutlarda
kullanilmigtir. Kek iiretiminde kullanilan un, su, tuz, seker, yag, siit tozu, yumurta aki, vanilya ve kabartma tozu
Nigde ilindeki yerel marketlerden satin alinmisgtir.

Metotlar
Farkh boyutlarda kinoa kepek unlarinin iiretimi

Bu calismada kinoa kepeginin 6giitiilme islemleri 0-500 dev/dk hiz araliginda ¢alisabilen Standart-01 model dikey
pinli karigtirmali degirmende (Union Process, USA) gerceklestirilmistir. Ogiitme haznesi (0,75 L) seramikten
yapilmis olup iiriiniin 1sinmamast i¢in su ceketi ile donatilmistir. Ogiitme islemin de 4 mm gapli yogunlugu 3,6 g/cm?
olan aliimina bilyeler kullamilmistir. Kinoa kepegi karistirmali-bilyeli degirmende ogiitiildiikten sonra, eleme
islemine tabi tutulmustur. Bu islem sirasinda 1,18 mm; 0,850 mm; 0,300 mm; 0,212 mm; 0,150 mm; 0,106 mm ve
0,075 mm’lik elekler (Ingiliz BS 410) kullanilmis olup sarsintili elek makinasi (Endecotts-Octagon 200) yardimiyla
farkli boyutlarda kinoa kepekleri elde edilmistir. Eleme siiresi 3 dak ile sabit tutulmustur.

Kek formiilasyonlarinin iiretimi ve pisirilmesi

Kek tiretiminde, yumurta ve seker karistirma kabina konularak 5 dak c¢irpilmistir. Kinoa kepek unu, su, tuz, seker,
yag, siit tozu, yumurta aki, vanilya, kabartma tozu karistirma kabina ilave edilerek homojen bir goriiniim elde edilene
kadar karigtirma islemine devam edilmistir. Kek formiilasyonlarinda kinoa kepek unu miktar1 %25 olarak sabit
tutulmustur. Kek formiilasyonlar1 Tablo 1’de verilmistir. Elde edilen kek hamurlar1 250 g olacak sekilde yaglanmis



KSU Miihendislik Bilimleri Dergisi, 22, Ozel Say1, 2019 141 KSU J Eng Sci, 22, Special Issue, 2019
Arastirma Makalesi Research Article
H. Alasalvar, H. Ering, A. S. Colakoglu

kek kalibina konulup 175°C’de 15 dak pisirilmistir. 300-420, 212-300, 150-212, 106-150 ve 75-106 um boyutlarinda
kinoa kepek unu ilave edilen kek formiilasyonlar: sirasiyla Kek 1, 2, 3, 4 ve 5 olarak adlandirilmistir.

Tablo 1. Farkli boyutlarda kinoa kepek unlari ile tiretilen keklerin formiilasyonlari

Girdiler Kontrol 1. Kek 2. Kek 3. Kek 4. Kek 5. Kek
Un(g) 100 75 75 75 75 75
Kinoa kepegi (g) - 25 25 25 25 25
Kepek boyutlar: (n) - 850-1180 212-300 150-212 106-150 75-106
Seker (g) 57 57 57 57 57 57
Yag (g) 50 50 50 50 50 50
Siit tozu (g) 12 12 12 12 12 12
Yumurta (g) 50 50 50 50 50 50
Kabartma tozu (g) 6 6 6 6 6 6
Tuz (g) 1.5 1.5 1.5 1.5 1.5 1.5
Vanilya (g) L5 1.5 L5 1.5 1.5 L5
Su (g) 37 37 37 37 37 37

Kuru madde analizi

Kek 6rneklerinin kuru madde miktarlan etiivde 105°C sicaklikta drnekler sabit tartima gelene kadar kurutulmasi ile
gergeklestirilmistir.

Renk analizi

Kek orneklerinin i¢ ve dis renk degerleri (L, a ve b) tizerine farkli boyutlarda kinoa kepek unu ilavesinin etkisi renk
6l¢iim cihaz1 (Konica Minolta, Japonya) kullanilarak belirlenmistir.

Tekstiir Profil Analizi

Kek drneklerinin tekstiir profil analizi (TPA) analizi, tekstiir analiz cihazina baglanan baski plakasi altinda, homojen
gida Orneginin arka arkaya iki kez sikistirilmasi ile gerceklestirilmis ve elde edilen verilerden gidanin tekstiirel
0zelligi hakkinda bilgi veren sertlik, kirilganlik, kohezyon, yapiskanlik ve esneklik gibi birincil parametreler elde
edilmistir. Birincil parametreler kullanilarak da sakizimsilik ve ¢ignenebilirlik gibi ikincil parametreler
hesaplanmaktadir. Kek orneklerinin tekstiirel 6zelliklerinin belirlenmesinde TA-XT2i Texture Analyzer (Stable
Mikro Systems Ltd, Ingiltere) cihazi kullanilmistir. Orneklerin TPA” inde P/35 probu kullanilmustir.

Duyusal Analiz

Kek 6rneklerinin duyusal degerlendirmesi Nigde Omer Halisdemir Universitesi Gida Miihendisligi 6gretim
elemanlar1 ve 6grencilerinden olusan 16 kisilik panelist grubu tarafindan gergeklestirilmistir. Analize baglamadan
once panelistlere 6rnekler hakkinda bilgi verilmistir. Panelistler kek 6rneklerini renk, tat, agizda dagilabilirlik, koku,
yumusaklik ve genel kabul edilebilirlik &zelliklerine gore 5 puan iizerinden degerlendirmistir. Ornekler arasinda
panelistlere su verilerek bir dnceki 6rnegin etkisini agizlarindan kaldirmalart saglanmaistir.
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Istatistiksel Analiz

Elde edilen analiz sonuglarimin istatistiksel degerlendirilmesinde IBM SPSS Statistic 22 programi kullanilmistir.
Sonuglar iizerine farkli boyutlarda kinoa kepek unu ilavesinin etkisi varyans analizi (One-way ANOVA) ile tespit
edilmis ve Tukey testi ile grup ortalamalar1 arasindaki farkliliklar %95 giiven araliginda belirlenmistir.

SONUCLAR VE TARTISMA

Biitiin kek ornekleri ayn1 sicaklik ve siire kullanilarak pisirilmis olmasina ragmen Kek 5 6rneginde yanma oldugu
gozlemlenmistir. Tekrarli pisirme islemleri sonucunda bu durumun kesinligi belirlenmistir. 75-106 pm araliginda
kinoa kepek unu kullanimimin keklerin pisme 6zelligini olumsuz etkiledigi sonucu c¢ikarilmistir. Bu sebeple
analizlerde Kek 5 6rnegine yer verilmemistir.

Kuru madde

Kek 6rneklerinin kuru madde analizi sonucu elde edilen veriler Sekil 1’ de verilmistir. Kuru madde analiz sonuglarina
gore kek orneklerine ilave edilen kinoa kepek ununun boyutlarinin azalmasi ile 6rneklerin kuru madde igeriginde
istatistiksel olarak 6nemli bir artis meydana gelmistir (P<0.05). Istatistiksel degerlendirme sonucunda en biiyiik
boyutlu kinoa kepek unu iceren Kek 1 formiilasyonu kontrol 6rmegi ile ayni kuru madde 6zelliklerini gostermistir.
Caperuto ve ark. (2001), yaptiklar1 gliitensiz spagetti tipi makarnada, kinoa unu eklenmesinin pisirme suyuna gegen
kuru madde kaybinda azalmaya ve agirliginda ise artisa neden oldugunu bildirmislerdir.
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Sekil 1. Kek 6rneklerinin kuru madde miktarlari

Renk Analizi

Gidalarin renk 6zellikleri gida tiiketilmeden once tiiketici begenisini etkileyen ve gida kalitesi hakkinda bilgi veren
onemli bir parametredir (Biernacka ve ark., 2017). Kek 6rneklerinin i¢ ve dis renk 6zellikleri lizerine kinoa kepek
ununun farkli boyutlarinin etkisi Tablo 2’de gosterilmistir. Kinoa kepek ununun boyutlarinin azalmasi ile kek
orneklerinin i¢ L degerlerinde istatistiksel olarak 6nemli bir azalma gozlenirken, a ve b degerlerinde artis gozlenmistir
(P<0,05). Ancak bu artislar, L degeri icin 106-150u, a ve b degerleri i¢in 212-300p partikiil boyutlarindan sonra
degismemistir (P>0,05). Kek dis rengi incelendiginde, kontrol drnegi en parlak (L) ve sarimsi (a), Kek 4 6rnegi ise
en koyu ve daha agik sar1 rengi gostermistir. Alvarez-Jubete ve ark. (2010), kinoa ve diger yalanci tahillarin
ekmeklerin kabuk renginde Onemli derecelerde koyulasmaya (diisik L degeri) neden oldugunu
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bildirmislerdir. Keklere kinoa kepegi katilmasi kirmizi renk (b) degerlerinde degisime neden olmamistir (P>0,05).
Gergekaslan ve Hiiseyin (2018) tarafindan yapilan ¢alismada kek 6rneklerine kakao ikamesi olarak ke¢iboynuzu unu
ilavesi gerceklestirilmis ve formiilasyonlarda keciboynuzu unu miktarimin artmasi ile renkte agilma meydana geldigi
belirlenmistir. Bir bagka ¢alismada ise, farkli oranlarda chia tohumu ilave edilerek keklerin tiretimi ger¢eklestirilmis
ve keklerin i¢ ve dis parlaklik degerinde herhangi bir degisim gozlenmemistir (Ozgoren ve ark., 2018). Yine ayni
calismada Orneklerin i¢ a ve b degerlerinin azaldigi ancak dis a ve b degerlerinin degismedigi not edilmistir. Bu
calismadan elde edilen veriler ve literatiir sonuglar1 gostermektedir ki zenginlestirme amaciyla keklere ilave edilen
materyallerin renk 6zellikleri, zenginlestirme amaciyla kullanildig1 gidanin da renk 6zelliklerini etkilemektedir.

Tablo 2. Keklerin i¢ ve dis renkleri {izerine farkli boyutlarda kinoa kepek ununun etkisi.

i¢ renk Dis renk
Ornekler L a b L a b
Kontrol 76,63+0,734 -2,38+0,07* 21,96+0,152 38,45+3,37° 14,05+0,92b 20,87+3,502
Kek 1 65,47+1,00° 1,97+0,340 24,43+1,25 34,99+2,70%0 12,07+0,943> 15,80+0,90*
Kek 2 59,36+1,04% 4,96+0,11¢ 32,93+0,50¢ 35,28+2,122b 11,34+1,992 16,39+3,36*
Kek 3 56,62+1,34 5,19+0,11¢ 33,01+0,53¢ 34,40+1,2020 11,43+0,44* 16,32+0,37*
Kek 4 56,23+0,73 5,14+0,21¢ 33,43+0,24¢ 33,36+2,30* 10,55+1,622 15,44+1,152
Tekstiir Profil Analizi

Kek orneklerine ait tekstiir profil analizi sonuglar1 Tablo 3’de verilmistir. Kontrol 6rnegi ile kiyaslandiginda kek
orneklerinin sertliginin kinoa unu boyutlarina bagli olarak %3,5-30,4 oraninda artig1 tespit edilmistir (P<0,05). Farkli
boyutlarda armut posasi kullanilarak tiretilen kekler tizerine yapilan bir ¢alismada, partikiil boyutunun azalmasi ile
keklerin sertliginde artis oldugu rapor edilmistir (Rocha-Parra ve ark., 2019). Keklerin dis yapigskanlik (adhesiflik),
i¢ yapiskanlik (kohesiflik), ipliksilik ve elastikiyet degerleri, kinoa kepegi katilimi sonucunda azalma gostermis,
ancak bu azalma kepek partikiil boyutuna gore istatistiksel olarak degisiklik gostermemistir (P>0,05). Kek 1, 2 ve 3
arasinda ise bir fark olmadig1 belirlenmistir. Kek 6rneklerinin esneklik degerleri 0.20-028 araliginda degismistir. En
disiik elastikiyet Kek 2 6rneginde, en yiiksek ise kontrol dorneginde belirlenmistir. Kinoa kepek katimi keklerin
cignenebilirliginde diislise neden olmus (P<0,05), ancak, en diisiik partikiil boyutuna sahip Kek 4 ile kontrol drnekleri
arasinda farklilik istatistiksel olarak 6nemsiz bulunmustur (P>0,05).

Tablo 3. Kek 6rneklerinin tekstiir profil analizi sonuglar

Tekstiirel Ozellikler

" Sertlik Dis I ipliksilik Elastikiyet Cignenebilirlik
Ornekler yapiskanhk Yapiskanhk

Kontrol 23376,03+£1152,528 -2,76+0,84b 0,63+0,02° 0,87+0,02° 0,28+0,02° 12925,04+1171,72°
Kek 1 24234,17+477,82% -4,89+0,48° 0,53+0,012 0,73+0,03% 0,24+0,012 9269,02+389,16°
Kek 2 26714,66+1152,27% -5,25+1,392 0,52+0,02° 0,7120,05° 0,24+0,012 9719,92+670,16°
Kek 3 28040,17+4313,761° -4,07+1,79° 0,47+0,032 0,71+0,03% 0,22+0,022 9010,65+1581,29°
Kek 4 32123,26+834,16¢ -3,81+0,45% 0,50+0,012 0,75+0,05° 0,25+0,012 12046,22+1475,16°
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Duyusal analiz

Kek orneklerinin duyusal analiz sonuglar1 Tablo 4’de verilmistir. Kinoa kepek unu ilave edilen 6rneklerin rengi
panelistler tarafindan daha az begenilmis, ancak, farkli partikiil boyutlarinin renk tlizerinde farklilik yaratmadigi
goriilmustiir (P>0,05). Benzer durum tat ve koku 6zellikleri iginde goriilmiistiir. Keklerin renk 6zellikleri bakimindan
en begenilen 6rnek kontrol 6rnegi olmustur. Agizda dagilabilirlik agisinda en az begenilen 6rek 3.07 ile Kek 3
Ornegi olmasina ragmen, panelistler tarafindan istatistiksel olarak diger partikiil boyutlarindan farkli olmadigi
seklinde degerlendirilmistir. Tekstlir profil analizi sonuglarindan farkli olarak duyusal analizde keklerin
yumusakliginin kinoa kepek unu ilavesi ile degismedi belirlenmistir. Kek ornekleri genel begeni puanlari
incelendiginde en begenilen 6rnek kontrol 6rnegi olmustur. Lorenz ve Collins (1990), kinoa unlu keklerin, yogunluk,
hacim, tekstiir ve genel begeni Ozelliklerinin bugday unundan yapilan keklere gore olumsuz etkilendigini rapor
etmiglerdir. Kinoa kepek ununun kullanim1 ve farkli boyutlarinin kullanimi genel begeni 6zelliklerini olumsuz bir
sekilde etkilemistir. Chlopicka ve ark. (2012), kinoa, karabugday ve aramant unlar kullanilarak yaptiklar1 ekmekler
yapmislar ve duyusal 6zelliklerini incelemislerdir. Elde ettikleri sonuglara gore, ekmeklerin renk ve konsistensi
ozelliklerini, bu yalanci tahillar i¢inde en olumsuz etkileyen kinoa unu olmus, panelistlerin %30’u kinoa unlu
ekmegin tat olarak kabul edilebilecegini, %15 inin ise kabul edilemez oldugunu belirtmislerdir. Benzer sekilde, kinoa
unu katilarak yapilan misir unlu gliitensiz spagetti makarnalarin panelistlerin begenisi orta diizeyde bulunmustur
(Caperuto ve ark., 2001).

Tablo 4. Kek 6rneklerinin duyusal analiz sonuglar

Duyusal Ozellikler

Agizda Genel kabul
Ornekler Renk Tat Koku Yumusakhk o s labilirlik  edilebilirlik
Kontrol 4,33+0,72° 3,80+0,86" 4,20+0,37b 3,87+0,99" 3,60+0,31" 4,33+0,22
Kek 1 3,53+0,74% 3,13£0,41° 3,470,328 3,53+1,06* 3,470,233 3,80+0,36"
Kek 2 3,2040,94% 2,97+0,46* 3,1340,13 3,33+1,18° 3,27+0,18 3,53+0,33
Kek 3 3,4040,99* 3,470,228 3,3340,05° 3,13+1,19° 3,07+0,20° 3,6040,26*
Kek 4 3,40+1,30° 3,53+0,39* 3,4740,49* 3,27+1,228 3,47+0,39% 3,87+0,22

SONUC

Bu caligsmada, farkli boyutlarda kinoa kepek unu kullaniminin keklerin fizikokimyasal, tekstiirel ve duyusal
ozelliklerine olan etkisi incelenmistir. Elde edilen verilere gore, kinoa kepek unu boyutuna bagl olarak keklerin
karakteristiklerinde degisimler meydana getirmektedir.
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OZET

Calismamizda besinsel lif icerigi yiiksek, protein, yag gibi besin maddelerince zengin yulaf ezmesi belirli oranlarda ydresel
Maras tarhanasina ilave edilerek hem yeni bir {iriin elde etmek hem de yulafin insan beslenmesinde kullanimina yeni bir alternatif
gelistirmek amaglanmistir. Bu amacla geleneksel Maras tarhanasina dovme yerine yulaf ezmesinden % 10, % 20, % 30, % 40
ve % 50 oranlarinda ilave edilmistir. Yulaf ezmesi katkili tarhanalar ayni kosullarda iiretilen kontrol Maras tarhanasi 6rnegi ile
fiziksel, kimyasal ve duyusal a¢idan karsilastiriimistir.

Bu arastirma sonucunda yulaf ezmesinin geleneksel Maras tarhanasinin kimyasal ve duyusal 6zelliklerini olumlu yonde
etkiledigi goriilmiistiir. Tarhana iiretiminde kullanilacak en uygun yulaf ezmesi oranlarinin % 40 ve % 50 oldugu
belirlenmistir.

Anahtar Kelimeler: Maras, tarhana, traditional food, fermented food, dietary fiber, oat

ABSTRACT

In this study, oatmeal which is rich in nutritional compounds such as protein, fat, dietary fiber, were added to the
Maras tarhana (Soup with Dried Yoghurt) for the replacement of wheat, as a new product and an alternative of oat
use on human nutrition. For this purpose, oatmeal was added to the traditional Maras tarhana at 10%, 20%, 30%,
40% and 50%, and changes in the physical, chemical and organoleptic properties were examined in comparison to
the traditional Maras tarhana produced from wheat. As a result of this research, it was found that the ash, fat, protein
and cellulose contents increased with the addition of oatmeal, Hunter L values decreased, indicating reduction in the
lightness, and Hunter a values increased, indicating increase in the redness. The oatmeal addition affected the
organoleptic characteristics of the traditional Maras tarhana positively. It was been determined that the most suitable
ratio of oatmeal to be used in tarhana production were 40% and 50%.

Keywords: Maras tarhana, traditional food, fermented food, dietary fiber, oat

Introduction

Traditional foods are ethnic foods that are formed by the interaction of ecological and sociocultural environment over
many years and shaped by factors such as climate, agricultural product composition, nutrition habits, working
conditions and religion in the region where societies live in (Sahin and Avsar, 2004; Cayot, 2007). Tarhana, which
is a traditional fermented food unique to Turkey and generally used in soup making, is a cereal based fermented food
made from a mixture of cereals and yoghurt (Akbas and Coskun, 2006). According to the legislation of the European
Union (within the framework of regulation 2028/92), traditional food consists of products produced using traditional
raw materials or produced by the operating method, which reflects a traditional production type characterized by a
traditional composition. Traditional foods explain the culture, history and lifestyle of the region which they belong
(Vasilopoulou et al., 2005).



KSU Miihendislik Bilimleri Dergisi, 22, Ozel Say1, 2019 147 KSU J Eng Sci, 22, Special Issue, 2019
Arastirma Makalesi Research Article
N.R.Kisi, B. Ozsisl

Fermented foods, which are generally produced by traditional methods, play an important role in the daily diet of
people (Leroy and De Vuyst, 2004). In the recent years, consumer demands that have been minimally processed, free
of preservative chemicals and increased against natural foods have made it necessary to develop alternative food
processing and preservation techniques. Among these, fermentation is having a great importance as a
biotechnological production and preservation method (Erbas et al., 2004). Different microorganisms and their
enzymes break down food components and changes of the taste, smell, texture, durability and nutritional qualities to
create products that are more delightful is called fermentation (Nout and Matarjami 1997). With Fermentation
fermented foods with improved aroma, texture, shelf life, nutritional value, reliability and serviceability will be
produced (Steinkrauss, 2002).

Food fermentation is one of the oldest known application fields of biotechnology and has reached its current state
from natural processes with the use of selected starter cultures from environmental conditions and, more recently,
strains developed through gene technology. Lactic acid bacteria, especially Aspergillus and Penicillum species from
molds, Saccharomyces species from yeasts are very important microorganisms in the formation of these products
(Boyacioglu 1994, Kilic and Yukselci 2004).

Nowadays, there is interest in the consumption of fermented foods by millions of people from different communities
and ethnic groups around the world. The reason for this consumers are interest in natural healthy foods. In the future
Fermented foods consumption is predicted to increase all over the world. Because fermentation is a very effective
preservation method that reduces the need for other food preservation techniques that increase shelf life (Campbell-
platt, 1994).

Studies conducted by many researchers have shown that fermentation increases the nutritional value and digestibility
of cereals. It has been found that there is a significant increase in the extraction rate and digestibility of cereal proteins
after fermentation, in general the starch and fiber content decrease slightly due to the use of microorganisms, but the
amount of reducing sugar increases. In addition, carbohydrate digestibility of cereals has been shown to increase after
fermentation in various studies. Although no changes have been determined after fermentation in the amount of fat
and fatty acid composition of cereals, it has been reported that hydrolytic changes may cause changes in the functional
and organoleptic properties of the product. While no change was observed as a result of fermentation in the amount
of mineral substances, their digestion and absorption increased because in the amount of phytic acid and tannins is
decreased as a result of fermentation is thought to be effective (Ozbilgin, 1983; Saldamli, 1983). Flour, which the
main raw material in Tarhana, is a food rich in essential amino acids. Yoghurt added to tarhana enriches tarhana in
terms of essential amino acids that are also missing in flour (Koca and Tarakei, 1997). It also increases the amount
of low lysine and threonine (Tarake1 et al., 2004).

MATERIAL and METHOD
MATERIAL

Wheat (dariyel), oatmeal (ETI Lifalif), yoghurt (local village yogurt), thyme, salt (Billur Salt) used in this study were
purchased from a local market in Kahramanmaras. Physical, chemical and organoleptic analyzes were performed in
Food Engineering Laboratories of Kahramanmaras Siit¢ii Imam University Faculty of Agriculture and
Kahramanmarag Commodity Exchange Private Food Control Laboratory.

METHOD
Formulation and Production of Maras Tarhana
Tarhana samples were made according to the formulation in Table 3.1. 10%, 20%, 30%, 40% and 50% (w / w) of

oatmeal was added for the replacement of to Tarhana formulation. Tarhana samples were produced as given in Figure
1.
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Rawmaterial Quantity (g)

Wheat 250

Yoghurt 750

Salt 6,25

Thyme 1,5

Table 3. Oatmeal and wheat ratios of oatmeal added tarhanas
Tarhanas Oat (g) Wheat (g)

Tarhana with 10% oatmeal added 25 225
Tarhana with 20% oatmeal added 50 200
Tarhana with 30% oatmeal added 75 175
Tarhana with 40% oatmeal added 100 150
Tarhana with 50% oatmeal added 125 125

Addition of yogurt ‘

Wheat derivatives

]

Mixing and cooking

Re-mixing (shoveling)

Fermentation of Tarhana dough (12 hours)

Final kneading

The addition of thyme

]

Layin to the ¢ig (Tradiational tarhana drying mat)

]

Drying (about 48 hours)

Removing from ¢ig

Storage

Figure 1. Production flow chart of Maras tarhana

- Addition of salt
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RESULTS AND DISCUSSION
Raw material properties
The raw material analysis results are given in Table 3. The carbohydrate and moisture content of the wheat which is

one of the main components of Maras tarhana were higher than the oatmeal. However, protein, fat, cellulose and ash
ratios of oatmeal are higher than wheat.

Table 4. Properties of wheat and oatmeal

Moisture (%) Ash (%) Protein (%) Fat (%) Cellulose (%) Carbohydrate (%)
Oatmeal 9.44 1.41 12.6 8.37 1.84 68.18
wheat 10.17 1.09 10.6 1.20 1.20 76.94

Moisture content of tarhana

Tarhana samples produced by adding different amounts of oatmeal had a moisture value between 8.86% and 9.36%
(Table 4). The lowest moisture content was found in as 8.86% in the tarhana sample with 20% oatmeal and the
highest moisture content was found in the control tarhana sample as 9.36%. TSE 2282 standard states that the amount
of moisture in tarhana should be at most 10%. The values found in this study are below the value specified in TSE
2282 standard.

Table 5. Statistical results of moisture content of tarhana samples

Tarhanas Control 10% 20% oatmeal 30% 40% oatmeal 50%
oatmeal oatmeal oatmeal
Tukey 9.36°+1,29 8.90°+0,60 8.86°+0,74 8.97°+0.28 8.93%+0,92 8.93%+0,55
Duncan 9.36°+1,29 8.90%+0,60 8.86%+0,74 8.97%+0.28 8.93%+0,92 8.93%+0,55

Ash content of tarhana

Ash in cereals and cereal products is the residue of the minerals left behind by combustion. The ash
contents of tarhana samples are given in Table 5. The ash content of tarhanas produced by adding oatmeal in
different ratios were found between 3.19% and 4.27%. The lowest ash content was found in the control tarhana
sample as 3.19% and the highest ash content was found in the tarhana sample with 50% oatmeal added as 4.27%.

Table 6. Statistical results of ash content of tarhana samples

Tarhanas Control 10% 20% 30% oatmeal 40% oatmeal 50% oatmeal
oatmeal oatmeal
Tukey 3.19°+0,09 3.49%+0,08 3.5520+0,21 3.39%+0,71 4.03+0,05 4.27°+0,09
Duncan 3.19%+0,09 3.49°+0,08 3.55%+0,21 3.39%+0,71 4.03°+0,05 4.27°+0,09
pH Value

The pH values of tarhanas produced by adding oatmeal in different ratios were found between 4.04 and 4.12. The
lowest pH value was found as 4.04 in tarhana sample with 50% oatmeal added, the highest pH value was found as
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4.12 in the control tarhana sample and 20% oatmeal added tarhana sample. The results of the analysis are given in
Table 6.

Table 7. Statistical results of pH values of tarhana samples

Tarhanas Control 10% 20% 30% oatmeal 40% oatmeal 50% oatmeal
oatmeal oatmeal
Tukey 4.12°40,03 1.10°°+0,01 4.12°40,02 4.11°40,01 4.09+0,02 4.04a+0,00
Duncan 4.12°4¢0,03 1.10°°+0,01 4,12¢4¢0,02 4,11°40,01 4.09°+0,02 4.04240,00
Color Analysis

The Hunter Lab values of tarhana samples are given in Table 7. Hunter L values of the tarhanas produced by adding
oatmeal in different ratios were found between 50.77 and 66.06. The lowest L value was found in the tarhana sample
with 50% oatmeal added as 50.77 and the highest L value was found in the tarhana sample with 20% oatmeal added
as 50.77. The reason of this; It can be explained by the fact that the brightness value of oatmeal used as raw material
is lower than the brightness value of wheat.

Hunter a values of the tarhanas produced by adding oatmeal in different ratios were found between 0.87 and 2.01.
The lowest a value was found in the tarhana sample with 10% oatmeal added as 0.87 and the highest a value was
found in the tarhana sample with 50% oatmeal added as 2.01. The reason of this; It can be explained by the fact that
the redness value of oatmeal used as raw material is higher than the redness value of wheat.

Hunter b values of the tarhanas produced by adding oatmeal in different ratios were found between 15.90 and 17.74.
The lowest b value was found in the tarhana sample with 10% oatmeal added as 15.90 and the highest b value was
found in the tarhana sample with 50% oatmeal added as 17.74. The reason of this; It can be explained by the fact that
the yellowness value of oatmeal used as raw material is higher than the yellowness value of wheat.

Table 8 Statistical results of Hunter L, a, and b values of tarhana samples

Tarhanas Control 10% 20% 30% oatmeal 40% 50%
oatmeal oatmeal oatmeal oatmeal
Tukey 62.92°42,80 55.81°+1,15 66.06°+0,71 60.112°+1,84 54.60°+4,92 53.77+0,08
L Duncan 52.92°+2,80  55.81°¢1,15 66.06c10,71 60.11°+1,84 54.60°+4,92 54.54°+0,08
a Tukey 1.41°+0,58 0,87°+0,41 1.29°£0,33 1.89°10,54 1.71°£0,25 2.01°+0,19
Duncan 1.41%+0,58 0,87°+0,41 1.29%+0,33 1.89°+0,54 1.71°0,25 2.01°+0,19
b Tukey 18.85%+2,00 19.24°+0,58 19.69°+1,50 16.48%+4,92 17.01°+1,46 17.74°+0,88
Duncan 18.85%+2,00 19.24°+0,58 19.69°+1,50 16.48%+4,92 17.01°+1,46 17.74°+0,88
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Fat content of tarhana

The fat contents are given in Table 8.The fat content of tarhanas produced by adding different amounts of oatmeal
was found between 5.1% and 6.7%. The lowest fat content was 5.1% in 10% oatmeal added tarhana and the highest
fat content was 6.7% in 50% oatmeal added tarhana sample.

Table 9 Statistical results of fat content in tarhana samples

Tarhanas Control 10% 20% 30% 40% 50%
oatmeal oatmeal oatmeal oatmeal oatmeal
Tukey 5.72+0,04 5.10%+0,02 6.57°+0,24 5.84%+0,11 6.525+0,54 6.73+0,25
Duncan 5.72+0,04 5.10%+£0,02 6.57°+0,24 5.84%+0,11 6.52°+0,54 6.73°£0,25

Protein content of tarhana

The results of the protein analysis are given in Table 9.The protein content of tarhanas produced by adding different
amounts of oatmeal was found between 15.05% and 15.84%. The lowest protein content was 15.05 % in control
tarhana sample and the highest protein content was 15.84% in 50% oatmeal added tarhana sample.

Table 10. Statistical results of protein content in tarhana samples

Tarhanas Control 10% 20% 30% 40% 50%
oatmeal oatmeal oatmeal oatmeal oatmeal
Tukey 15.052+0,07 15.32+0,42 15.4°1+0,42 15.492+0,02 15.55%+0,64 15.85%+0,35
Duncan 15.052+0,07 15.3%+0,42 15.4°+0,42 15.492+0,02 15.552+0,64 15.85%+0,35

Organoleptic properties of tarhana

When the results of the organoleptic analysis of tarhanas produced by adding different amounts of oatmeal were
examined, the highest score in terms of "color" was obtained from the control tarhana sample. Second highest scored
was the tarhana sample with 50% oatmeal added. The lowest score was obtained from tarhana sample with 10%
oatmeal added. All results related to organoleptic analysis are given in Table 10.

The highest score in terms of "flavor" was obtained from the control tarhana sample. Second highest scored was the
tarhana sample with 50% oatmeal added. The lowest score was obtained from tarhana sample with 10% oatmeal
added.

The highest score in terms of "sourness" was obtained from the control tarhana sample. Second highest scored was
the tarhana sample with 50% oatmeal added. The lowest score was obtained from tarhana sample with 30% oatmeal
added.

In terms of "odor", the highest score was obtained by 50% oatmeal added tarhana and the lowest by 30% oatmeal
added tarhana sample. When “Hardness-Brittleness-Fragility” is examined, the highest score is obtained from the
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control tarhana and with 50% oatmeal added tarhana and also the lowest score was obtained from tarhana with 30%
oatmeal added.

The highest score in terms of "General Acceptability" was obtained from the control tarhana sample. Second highest
scored was the tarhana sample with 50% oatmeal added. The lowest score was obtained from tarhana sample with
0% oatmeal added.

Table 11. Statistical results of organoleptic analysis in tarhana samples

Tarhanas Control 10% 20% 30% 40% 50%
oatmeal oatmeal oatmeal oatmeal oatmeal
Tukey 4.13¢ 2.33¢° sab 2.8% 3.53b¢ 3.60%°
Appearence
Duncan 4.13¢ 2.33? 3ab 2.8a 3.53b¢ 3.60%°
Tukey 4.2°¢ 2.47° 3.6 2.87%° 3.47% 3.73¢
Colour
Duncan 4.2°¢ 2.47° 3.6 2.87° 3.47° 3.73b¢
Tukey 3.87¢ 2.07? sabc 2.13% 3.13b¢ 3.4¢
Flavour
Duncan 3.87¢ 2.07? 3b 2.132 3.13° 3.4%¢
Tukey 3.47° 2.40% 2.87% 1.93° 2.87% 3.13°
Sourness
Duncan 3.47¢ 2.40% 2.87% 1.932 2.87% 3.13b¢
Tukey 3.33° 2.80% 3.33b 2.072 3.07° 3.47°
Odor
Duncan 3.33° 2.80° 3.33b 2.072 3.07° 3.47°
Hardness- Tukey 4.13° 3.07° 3.47% 3a 3.80% 4.13°
Brittleness-
Fragility Duncan 4.13° 3.07° 3.47%° 3a 3.80° 4.13°
Tukey ab 2.2° 3.13% 2.67° 3.13% 3.87°
General
Acceptability Duncan 4d 2.2 3.13b¢ 2.67% 3.13b 3.87<¢
RESULTS

The manufacture techniques of the local tarhana which was produced in Kahramanmaras was demonstrated. Under
laboratory conditions, control (by wheat) and tarhanas 10%, 20%, 30%, 40% and 50% oatmeal added were produced
and the chemical and organoleptic properties of the tarhanas were determined and the optimum amount of oatmeal
that could be used in tarhana production was determined.

When the analysis results are examined, it is seen that the carbohydrate and moisture content of the wheat which is
one of the main components of Maras tarhana is higher than the oatmeal used as an additive. However, protein, fat,
cellulose and ash ratios of oatmeal are higher than wheat.
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When the moisture content of Tarhana samples is examined, it is seen that all samples have similar values. It can be
said that the small differences observed may be due to the raw material properties in tarhana composition and the
weather conditions in which the product is dried.

When the amount of ash was examined, it was observed that the addition of oatmeal generally increased the ash
amounts of tarhana.

In Tarhana samples, it was observed that the fat content generally increased with the addition of oatmeal. It can be
said that the fluctuations observed may be due to the fat content of yogurt, which is an important fat source for the
product.

When the pH analysis results of Tarhana samples were examined, it was observed that the pH value was partially
decreased by the addition of oatmeal. Accordingly, titration acidity was partially increased with the addition of
oatmeal. However, titration acid values were lower than the standard values. This may be due to the fermentation
step does not perform at the desired efficiency due to the cool and rainy days when the tarhana samples are prepared
and dried. The acidity may not have developed effectively due to the lack of the desired temperature parameter which
significantly affects the fermentation.

The protein content of Tarhana samples increased in direct proportion with the amount of oatmeal. This may be due
to the relatively higher protein content of oatmeal than wheat.

The carbohydrate content was decreased due to the increase in the amount of oatmeal. This result may be due to the
fact that the wheats' carbohydrate is higher than the oatmeal carbohydrate.

The cellulose content of Tarhana samples was partially increased due to the addition of oatmeal. This may be due to
the cellulose content of the oatmeal is higher than the cellulose content of the wheat. Furthermore, this increase in
cellulose, which forms the water-insoluble portion of the dietary fiber, may lead us to the conclusion that the total
dietary fiber content also increases with the addition of oatmeal.

When the color analysis results of Tarhana were examined, it was observed that the increase in oatmeal ratio
decreased the brightness of the products but increased the yellowness and redness values.

When the organoleptic analysis results were examined, control tarhana received the most rating in general. This may
be due to its appeal to the palate that has been adopted for years. The increase in oatmeal ratio contributed to the
increase in the liking scores of many parameters such as color, odor, hardness-brittleness and fragility.

As aresult of our study;

Marag tarhana is an important traditional food with its unique production, drying method and consumption variety.
It is a fermented product with high nutritional value. The amount of raw materials used in Tarhana production will
be affects product quality and taste.

Oat is important cereal rich in dietary fiber. Its use in human consumption has become widespread in recent years.
Oats, which are consumed especially for weight control, are the main protagonists of a healthy diet. It is a cereal that
is rich in vitamin E and regulatory effect of intestinal functions should be included in daily consumption. With the
addition of oats bearing these characteristics to the Marag tarhana, a new product was produced and a new alternative
for the use of oats in human nutrition was developed.

As a result of this study, oatmeal added tarhanas were produced by adding certain amounts of oatmeal to Maras
tarhana which was traditionally produced and consumed in a limited region and at homes and the significant
differences was found between traditional Marag tarhana and oatmeal added tarhanas. The addition of oatmeal was
found to have a positive effect on the chemical and organoleptic properties of tarhana. When chemical analysis and
organoleptic analysis results were examined, it was determined that oatmeal ratios to be used in tarhana production
were 40% and 50%.
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The production of traditional Maras tarhana by adding different spices and additives will increase the nutritional
quality of our traditional product.
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ABSTRACT

Energy sustainability and efficiency for buildings is of great importance for cities. For this reason, insulation
systems are used in buildings. Expandable polystyrene (EPS) is one of these systems. EPS is produced by
suspension polymerization. The beads formed in this reaction are coated and packaged. EPS blocks are produced in
3 stages. The first is the pre-expansion and maturation phase. At this stage, steam is applied to the EPS beads and
allowed to swell. These swollen particles are then taken into the ripening silos for a certain period of time. In the
second step, the matured and inflated beads are taken to the block machine and steam is applied again to obtain the
block. The beads fuse together and form blocks in the machine under high temperature and pressure. The third
stage is resting and cutting. The EPS blocks are then applied to the building surface to provide good insulation.
Storage, recycling (reuse) and recovery (incineration) are the methods of evaluation of EPS wastes. In this study, it
is aimed to reduce the environmental impact of each step of EPS life cycle by using Cradle to Grave Life Cycle
Analysis. LCA is a very useful method to determine the detailed environmental impacts of the whole process. This
analysis consists of 3 steps. The first step is the definition of purpose and scope. The second is inventory analysis.
The third step is to assess the environmental impact and the final step is to decide and implement the conservation
process. As a result, in this study, the process that causes the most environmental impact is determined by using
LCA during the EPS lifecycle and a solution will be developed to reduce this impact as soon as possible.

Keywords: Cradle to Grave, Energy Efficiency, EPS, Environmental Impact, LCA.
OZET

Binalar i¢in enerji siirdiiriilebilirligi ve verimliligi sehirler igin biiyilk 6énem tagimaktadir. Binalarda bu sebeple
yalitim sistemleri kullanilmaktadir. Genlestirilebilir polistiren (EPS) bu sistemlerden biridir. EPS siispansiyon
polimerizasyonu ile iiretilir. Bu reaksiyonda olusan boncuklar kaplanir ve paketlenir. EPS bloklar1 3 asamada
iiretilmektedir. Birincisi 6n genisleme ve olgunlagsma asamasidir. Bu agsamada buhar, EPS boncuklarina uygulanir
ve sismesi saglanir. Daha sonra bu sismis tanecikler belirli bir siireligine olgunlasma silolarina alnir. Ikinci
asamada, blok elde etmek i¢in olgunlastirilmis ve sisirilmis boncuklar blok makinesine alinir ve tekrar buhar
uygulanir. Boncuklar birbirine kaynasir ve makinede yiiksek sicaklik ve basing altinda blok olusur. Ugiincii asama
dinlenme ve kesme islemidir. Daha sonra EPS bloklar iyi yalittim saglamak ic¢in bina ylizeyine uygulanir.
Depolama, geri doniisiim (yeniden kullanma) ve geri kazamim (yakma), EPS atiklarinin degerlendirme
yontemleridir.  Bu ¢alismada, Besikten Mezara Yasam Dongiisii Analizi (YDA) kullanarak EPS yasam
dongiistinlin her bir adiminin ¢evresel etkisinin azaltilmasi amaglanmistir. YDA, tiim siirecin ayrintili ¢evresel
etkilerini belirlemek igin ¢ok faydali bir yéntemdir. Bu analiz 3 adimdan olusmaktadir. ik adim, amag ve kapsam
tanimudir. ikincisi envanter analizidir. Ugiincii adim, gevresel etkinin degerlendirilmesi ve son adim ise karar
vermek ve koruma siirecini uygulamaktir. Sonug olarak, bu ¢alismada EPS yasam dongiisii boyunca YDA
kullanilarak en fazla ¢evresel etkiye sebep olan siireg tespit edilip, bu siire¢ icin miimkiin olan en kisa siirede bu
etkiyi azaltmak i¢in ¢6zliim gelistirilecektir.

Anahtar Kelimeler: Besikten Mezara, Enerji Verimliligi, EPS, Cevresel Etki, YDA
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INTRODUCTION

Last years, concerns of environment, particularly have been increased the demand for sustainable building and
developments. Because of this, for construction industry have been need correct information about environmental
impact of used building materials and products. The most suitable way to reach this information has been defined
to be the Life Cycle Assessment (LCA) approach. LCA defines environmental impacts of whole processes that
includes from production till recycle (cradle to grave).

Expanded polystyrene (EPS) is used in the construction sector, mostly for insulation purposes, and also in the
packaging industry. Additionally, it have advantages such as be a cheap, sound and thermal insulator, humidity
resistance, easily recyclable [1]

In one of the recent studies, the environmental impacts of insulation materials were evaluated using software,
where the environmental impacts of EPS were found to be less for all environmental impact classes than stone
wool. In addition, environmental impacts were mostly observed during the production phase. [2]

In the world and in Turkey under study it focused on the intensive use of thermal insulation materials. These
materials are Glass wool, Rockwool, Expanded Polystyrene Foam (EPS), Extruded Polystyrene Foam (XPS) and
Polyurethane Foam (PUR). In the life cycles of the said insulation materials, waste and emissions released to the
environment at different stages such as raw material supply, production, use, transportation and disposal as waste
are evaluated. In this context, environmental impact categories mentioned in YDA studies are: global warming,
energy consumption, water consumption, acidification, eutrophication and photochemical ozone formation. [3]

In another study, a new approach was developed in which optimum results are obtained by evaluating the life
cycle energy consumption, carbon emission and cost of thermal insulation material and optimum insulation
thickness. According to the results of the study, XPS and glass wool for Istanbul and Izmir, and stone wool for
Erzurum, thermal insulation materials have come to the fore as the materials having optimum life-cycle
performance. Furthermore, according to the results of the study, it is recommended that standards for thermal
insulation and energy performance in buildings should be revised to take into account the life cycle of the
materials. [4]

A life-cycle analysis was performed for a foamed polystyrene (PS) tray used for fresh meat packaging, and the
highest environmental impacts were due to PS granule production and electricity consumption. Turning the energy
source into a renewable source (for example by building a wind farm) leads to a 14% gain. In this way, the authors
documented that there may be alternative ways to improve the global environmental improvement of the analyzed
system and thereby improve the environmental sustainability of food packaging systems. [5]

EPS PRODUCTION

EPS (Expandable Polystyrene) is produced by suspension polymerization method and batch process form. In
suspension polymerization, the monomer is formed by immersing the monomer in water which is not mixed. The
polymer was eluted at 0.01-0.5 cm in aqueous phase. it is dispersed in diameter, ie the suspension of the monomer
in water. In order to ensure that the suspension is stable and the formed polymer particles do not adhere to each
other, chemicals called stabilizers are added. These suspension-forming substances wrap around the monomer. If
necessary precautions are not taken, the particle s are clustered and block. As stabilizers, water-insoluble inorganic
compounds such as gelatin, kaolin, powder, bentonite, barium, calcium and magnesium carbonates, aluminum
hydroxide are generally used. In addition, mechanical mixing prevents the droplets from sticking together. As
initiators of the polymerization, initiators are dissolved in the monomer (organic phase). At the end of the
polymerization, the resulting powdered polymer is filtered out of the water and dried. The polymer is produced in
granular form. Styrene, methyl methacrylate, vinyl chloride, vinyl acetate can be polymerized by these methods.
This type of polymerization is called pearl or grain polymerization by looking at the final product obtained.
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Figure 1: Polymerization reaction of Styrene Monomer

Suspension polymerization is a polymerization method that is very frequently used in industry. During this
process, styrene, organic inhibitors, water and solids are added to the reactor. This procedure creates a suspension
system that will subsequently form styrene droplets. The droplets polymerize into polystyrene by free radical
polymerization. Then the chemical is added to the reactor for the purpose of blowing. The final product is absorbed
into the polymer and the expandable polystyrene beads are obtained. After the conversion of the styrene monomer
droplets to the expandable polystyrene beads, the reactor is cooled and the particles separated from the water.
These particles are then dried, sieved and then separated into different particle fractions and coated with suitable
additives according to their size and intended use.

Figure 2: Expandable Polystyrene (EPS) Production Process

Pentane is injected in polystyrene as a blowing agent and then steam is applied to form EPS beads. The beads
are then being molded in molding machines to make insulation panels, blocks or special shapes for the building and
packaging industry. [1]

The particles are swollen at a temperature of 80-100 °C. with pentane and subjected to steam. The inflated
particles still contain a very small amount of condensed steam and pentane gas. At this stage, when the particles are
cooled, the porous structure starts to fill air instead of pentane gas. After pre-inflation, the EPS particles taken into
the rest silos are held for 6-12 hours to allow the air - pentane exchange to be at the desired level. The block is
molded in order to form a block to EPS and then to obtain a sheet from this block. At this stage, steam is used to
maintain the foam shape and to continue the expansion. The use of steam also allows the particles to fuse together.
After a short cooling phase, the molded EPS block is shaped by cutting methods. The use of hot wire or by another
method is done.
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Figure 3: EPS Molding Process
LIFE CYCLE ANALYSIS

Life Cycle Analysis (LCA) is accepted as a scientific method for detailed evaluations and environmental
sustainability during whole life cycle of a product from raw material to recycle. This life cycle steps are shown in
Figure 4. [6]

CRADLE TO GRAVE LCA BOUNDARY
» RECOVERY

RAW MATERIAL - EPS EPS BLOCK .| APPLYING TO |
ACQUISITION * PRODUCTION | ™| PRODUCTION * * BUILDINGS ™ LANDFILLING
»  RECYCLE

Figure 4: Flow diagram for cradle to grave life cycle of an EPS system

The analysis shows us the environmental impact caused by production steps. Results of LCA can be used for
studies that include developing of using resources, environmental impacts of production systems. Also with these
results, we can be observing decreasing energy usage and its possible impacts. In this study life cycle inventory
(LCI) and life cycle impact assessment gives us evaluations of total energy requirement, energy usage, water
consumption, air pollution, water source pollution and solid waste for EPS production. ISO 14040 and ISO 14044
international standards are followed to use methods for LCI and LCIA in this study. The steps of a life cycle
assessment (LCA) generally examines , beginning with raw material production, continuing on through material
production, product fabrication, use, ends with reuse or recycling. [6]
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An LCA consists of four phases:

* Goal and scope definition

* Life cycle inventory (LCI)

* Life cycle impact assessment (LCIA)
* Interpretation of results

In the LCIA phase, the inventory of emissions is classified as different categories which may cause to adverse
impacts on human health or the environment. Within each impact category, the emissions are then normalized to a
common reporting basis, using characterization factors that express the impact of each substance relative to a
reference substance. [6]

LIFE CYCLE ANALYSIS OF EXPANDABLE POLYSTYRENE

Goal and Scope Definition

The aim of this study is to evaluate the environmental impacts caused by all stages of EPS life cycle from
cradle to grave, to determine important environmental inputs and outputs and to determine effective points on the
basis of environmental impact.

This study includes raw material procurement, industrial production, further processing, packaging,
transportation, consumption and waste management processes for the said EPS product. In addition, energy
consumption and emissions were evaluated and their potential environmental impacts were examined.

For this purpose, at this stage, the EPS product, assumptions, functional unit, system boundaries, distribution
methods and data quality requirements considered within the scope of the case study are defined; decisions are
taken regarding critical review and report preparation.

It is a kind of polystyrene which is used extensively in the insulation industry, where pentane is found as a
blowing agent in EPS product and it is replaced with 40 times in steam application. Since most of the raw materials
in EPS are less than 1%, styrene monomer and pentane are assumed to be active substances. This ratio is 93%
styrene monomer and 7% pentane.

For the analysis to be understandable, functional unit definition should be made. The functional unit in this
study was determined as 1000 kg EPS product.

Production and supply of raw materials for the production of EPS in the cradle-to-grave life cycle analyzer,
production, further processing, use and recovery of the EPS product are the unit operations in this study. The
methods used for these processes and the input flows such as material, energy, water in each method and air / water
/ soil emissions, water based wastes, solid wastes and by-products are the system boundaries in the case study. [7]
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Figure 5: System Boundary for cradle to grave life cycle analysis of EPS

In the case study, mass, energy and exergy balances in unit operations which constitute system boundaries are
taken into account when distributing input and output flows to unit operations.

The data quality requirements cover the time, geography and technology variables of the data to be collected
for the EPS product. The data obtained and used in the sample study;

» are data that can be calculated and calculated by experience.

* 90% of the primary data and 10% of the literature were obtained and calculated from the literature and
databases.

* the data in the last 3 years is current and is currently being implemented.
* are common data in our country and internationally.

* is related to EPS products produced on an international scale and with traditional technology. Secondary data
from literature or databases are valid data for current technology.

* represents the system precisely
* Consistent and repeatable.
* Data gaps are filled with database and experience based estimates. [7]

Inventory and Impact Assessment

Results of inventory of this study have been expected to be detailed and long, its mean that is very difficult to
evaluate as a short and meaningful. Life cycle impact assessment (LCIA) gives us the opportunity for evaluation of
the emissions inventory. LCIA is defined in ISO 14044 Section 3.4 as the “phase of life cycle assessment aimed at
understanding and evaluating the magnitude and significance of the potential environmental impacts for a product
system throughout the life cycle of the product.” In the LCIA phase, the inventory of emissions is firstly classified
into categories for impacts on human health or the environment. Each impact category, the emissions are then
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normalized using characterization factors that give the impact of each substance related to a reference substance.
[8,9]

The LCI and LCIA results categories and methods used in this study are given in Table 1. This study includes
regional and local impact categories.

Some life cycle inventory (LCI) results:

* Energy demand: this method is not an impact assessment, but it is a total inventory of all kind of energy used
for processing , transportation , and feedstock . Energy is also categorized by individual fuel types.

* Solid waste is evaluated as a total inventory values dealing with this category.

» Water consumption is evaluated as a total inventory values dealing with this category [6]

Table 1: Summary of LCI/LCIA Impact Categories [6]

Impact/Inventory LCIAfLCI
Dascription Unit
Category e Methodology
Measures the total energy from point
Total energy of extraction: results include both M Cumulative energy
demand renewable and non-renewable I inventory
ENETEY S0UTrCEs
Non-renewable Measures the fossil and nuclear Cumulative energy
. - o MJ P _ =
energy demand energy from point of extraction inventory
Measures the hydropower. solar, N .
e LAY wind, and other renewables, MJ _Cu_m ulahz © SMErEy
demand . . inventory
& including landfill gas use. b
g Measures quantity of fuel, process
Solid waste by and postconsumer waste to a k Cumulative solid
welght specific fate (e.g., landfill, WTE) for 5 waste inventory
final disposal on a mass basis
Freshwater withdrawals which are
evaporated, incorporated into Cumulative water
Water consumption | products and waste, transferred to L consumption
different watersheds, or disposed inventory
into the sea after usage
Represents the heat trapping Le CO-
Global warming capacity of the greenhouse gases. = 1 . " IPCC (2013) GWP
potential Important emissions: COz fossil, CHa, SQUIVATEIS | 00a*
N:0 (ea)
Quantifies the acidifying effect of
Acidification substances on their environment. ~ -
potential Important emissions: 50z, NOyx NHa, kg SOzeq TRACIVZ.L
HCL. HF, H:S
Assesses impacts from excessive
“_ E phication 103(‘.1 of macro-nutrients to the ) .
ial environment. Impertant emissions: kgNeq TRACIw2.1
¥ MNHz, NOx COD and BOD, N and P
= compounds
2 M T heri
. easures stratospheric ozone
o depletio
£one | ':p' " depletion. Important emissions: CFC | kg CFC-11eq | TRACIv2.1
¥ compounds and halons
Determines the formation of reactive
substances (e.g. tropospheric ozone)
_ that cause harm to human health
hugﬁ;r“ n and vegetation. Important kgOseq TRACIVZ.1
emissions: NOx, BTEX, NMVOC, CHa.
CzHe, CaHip, CaHa CgHis acetylene,
Et-OH, formaldehyde

Interpretation of Result

The last phase of life cycle assessment is life cycle interpretation. Life cycle interpretations include LCIA data
composed from LCI and these data has become a basis of decision making related to goal and scope definitions. So,
life cycle analysis starts with goal and scope definition and completes with trusted data interpretation.

CONCLUSIONS

In this study, in general, the data from raw material production to recycling are evaluated in detail. Goals and
scopes were identified, functional units were defined and some assumptions were made for life cycle analysis.
Inventory analysis has started and the most comprehensive part of this study is this section. The data obtained as a
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result of inventory analysis will be used in the calculation of environmental impact by using databases within the
framework of assumptions. Subsequently, these impacts will be reduced to a single dimension by a common impact
factor, and the part with the most environmental impact will be determined in this way. Determined environmental
impacts will be evaluated and changes will be made on these points. After this evaluation, the points that need to be
changed or improved on the system will be determined and necessary actions will be taken. After the actions to be
taken, life cycle environmental impact analysis will be performed again and it will be determined whether there is a
decrease in environmental impacts. In previous studies, the life cycle analysis of EPS raw material styrene
monomer and packaging materials obtained from EPS were performed. It was seen that the most environmental
impact was caused by exergy losses during the production of Styrene Monomer. On the other hand, the most
significant environmental impact in EPS packaging is due to the steam and energy consumption in the injection
part. Compared to styrene monomer production, the environmental impact in packaging production is lower.

However environmental impact is expected to be highest in EPS polymerization process due to energy losses.
In this process, the reactor is heated from 60 © C to 90 ° C (2 hours) to initiate the polymerization reaction, after
which the reaction is cooled for 4 hours to maintain the reactor at constant temperature (exothermic reaction), when
the reaction is complete, the reactor is heated to 120 ° C for pentane diffusion. It is allowed to cure at this
temperature for 3 hours. After curing, the reactor is cooled to 30 © C in 3 hours to remove the product from the
reactor. Environmental impact analysis is not yet clear, because inventory analysis is in progress. As a result, this
study will show us how we can reduce the environmental impact of the EPS production system, especially losses in
the polymerization reaction and curing section, and what changes we need to make to reduce certain environmental
1impacts.

REFERANCES

[1] EUMEPS, (2002), EPS The Environmental Truth — Results of the Life cycle Assessment, International/non-
profit association, Belgium

[2] C. Camur, (2010), Environmental Evaluation of Thermal Insulation Materials by Life Cycle Assessment
Methodology, Gazi University Institute of Science and Technology (MSc. Thesis) , Turkey

[3] E. Alkaya, M. Bogiircii and F. Ulutag, (2012), Life Cycle Analysis and Implementations for Insulation
Materials, Journal of Environmental, Science and Technology, Version:3 , Volume:4 Page: 261-274, Turkey

[4] K.F. Cetintag and A.Z. Yilmaz, (2017), A New Approach for Determining Thermal Insulation Material and
Optimum Insulation Thickness for Housing Buildings, 13th National Installation Engineering Congress, lzmir-
Turkey

[5] C. Ingrao, A. LoGiudice, J. Bacenetti, A. M. Khaneghah, A. Sant’Ana, R. Rana and V. Siracus, (2015), Foamy
Polystyrene Trays for Fresh-meat Packaging: Life-Cycle Inventory Data Collection and Environmental Impact
Assessment, Book of Food Research International, Volume 76, Part:3, Pages: 418-426, UK

[6] EPS Industry Alliance, EPS Life Cycle Analysis, http://epsindustry.org/eps-sustainability/life-cycle-analysis,
USA

[7] The European Manufacturers of Expanded Polystyrene (EUMEPS) association-Packaging section, (2011), Life
Cycle Assessment of the Industrial Use of Expanded Polystyrene Packaging in Europe Case Study: Comparison of
Three Fishbox solutions, EUMEPS — Comparative LCA of fishbox packaging solutions - report-,France

[8] British Standart Institute, (2018), Environmental management - Life cycle assessment - Requirements and
guidelines, BSI Standards Publication, UK

[9] Franklin Associates, A Division of ERG, (2016), Cradle to Gate Life Cycle Analysis of an Expanded
Polystyrene Resin, EPS Industry Alliance-Final Report, USA

ORCID
Onur ULUDAG © http://orcid.org/ 0000-0003-1080-4128



http://epsindustry.org/eps-sustainability/life-cycle-analysis
http://orcid.org/0000-0001-0002-0003

	Kapak Özel Sayı
	KSU JES Yazışma Özel Sayı
	KSU JES Editör Kurulu Özel Sayı
	KSU JES Contents Özel Sayı
	1-11
	INTRODUCTION
	METHOD
	RESULTS AND DISCUSSION
	DISCUSSION
	This study reveals the REE chemical characteristics of Malatya fluorites located in the Eastern Taurus Orogenic belt. The REE contents of the Yeşilyurt fluorites present a poor content. Similar contents were observed in Feke fluorites (Uras, 2002), Bü...
	CONCLUSIONS
	REFERENCES
	ORCID

	12-18
	GİRİŞ
	MATERYAL ve METOD
	BULGULAR ve TARTIŞMA
	SONUÇ ve ÖNERİLER
	KAYNAKLAR
	ORCID

	19-25
	INTRODUCTION
	METHOD
	EXPERIMENTAL RESULTS
	CONCLUSIONS
	REFERENCES
	ORCID

	26-33
	INTRODUCTION
	RELATED WORK
	TEST ENVIRONMENT AND EVALUATION RESULTS
	ORCID

	34-40
	INTRODUCTION
	REFERENCES
	ORCID

	41-47
	INTRODUCTION
	MATERIALS AND METHODS
	ORCID

	48-56
	INTRODUCTION
	DATA and METHODS
	RESULTS
	ORCID

	57-63
	INTRODUCTION
	MATERIAL AND METHOD
	RESULTS AND DISCUSSION
	CONCLUSION
	REFERANCES
	ORCID

	64-69
	GİRİŞ
	BATARYA MODELLEME
	BENZETİM ÇALIŞMALARI
	KAYNAKLAR
	ORCID

	70-77
	GİRİŞ
	MATERYAL VE YÖNTEM
	Materyal
	KAYNAKLAR
	ORCID

	78-87
	GİRİŞ
	MATERYAL VE METOT
	BULGULAR VE TARTIŞMA
	SONUÇLAR
	KAYNAKLAR
	ORCID

	88-94
	INTRODUCTION
	STUDY AREA AND DATA
	METHODOLOGY
	RESULTS AND DISCUSSIONS
	CONCLUSIONS
	REFERANCES
	ORCID

	95-108
	INTRODUCTION
	DEVELOPMENT OF INTUITIONISTIC FUZZY EDGE DETECTION
	Intuitionistic Fuzzy Edge Detection
	Object Extraction Method

	EXPERIMENTAL RESULTS AND DISCUSSION
	CONCLUSION
	REFERENCES
	ORCID

	109-117
	INTRODUCTION
	MATERIALS AND METHODS
	ORCID

	118-124
	MATERIAL-METHOD
	REFERENCES
	ORCID

	125-131
	INTRODUCTION
	MATERIALS AND METHODS
	HEAVY METAL POLLUTION INDEX (HPI)
	RESULTS
	CONCLUSIONS
	REFERENCES
	ORCID

	132-138
	MATERIAL AND METHODS
	Landfill Leachate and Inoculated Sludge
	Set-up and Operation of Rectors
	Analysis
	RESULTS AND DISCUSSIONS
	The COD Removal Performance of AnoxMBBR/AeCSTR
	The Nitrogen removal performance of AnoxMBBR/AeCSTR
	CONCLUSION
	REFERANCES
	ORCID

	139-145
	GİRİŞ
	KAYNAKLAR
	ORCID

	146-154
	Introduction
	MATERIAL and METHOD
	MATERIAL
	Wheat (darıyel), oatmeal (ETİ Lifalif), yoghurt (local village yogurt), thyme, salt (Billur Salt) used in this study were purchased from a local market in Kahramanmaraş. Physical, chemical and organoleptic analyzes were performed in Food Engineering L...
	METHOD
	Formulation and Production of Maraş Tarhana
	Tarhana samples were made according to the formulation in Table 3.1. 10%, 20%, 30%, 40% and 50% (w / w) of oatmeal was added for the replacement of  to Tarhana formulation. Tarhana samples were produced as given in Figure 1.
	RESULTS AND DISCUSSION
	Raw material properties
	The raw material analysis results are given in Table 3. The carbohydrate and moisture content of the wheat which is one of the main components of Maraş tarhana were higher than the oatmeal. However, protein, fat, cellulose and ash ratios of oatmeal ar...
	Ash content of tarhana
	pH Value
	Color Analysis
	Fat content of tarhana
	Protein content of tarhana
	Organoleptic properties of tarhana
	RESULTS

	REFERENCES
	ORCID

	155-162
	INTRODUCTION
	EPS PRODUCTION
	LIFE CYCLE ANALYSIS
	LIFE CYCLE ANALYSIS OF EXPANDABLE POLYSTYRENE
	ORCID




