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Beyaz Hindiba (Cichorium Kntybus), ¢
(Glycyrrhiza Gl abra) ve Saré Kantaror
¥zetl eri Kul | an éI|-Mikroh ikal KYeeniEiddsie b i | i r A

Arakt érmaceée 'G° RhabptErmatt®fZaeaynep Tav
¥zel MEF Fen ve Teknol oji Li sesi

*Corresponding author: G°kalp ERKAN

¥ZEBuUu araktérmada géda maddesi ol arak da thinHileat i | ebi |
-ay, meyan k°k¢ ve saré kantaron e k-mikrobydt krédmaelde ve ni
edi | mi ktir. El de edil en krem kar ékémén, i nsanda deri

etkileyen E.coli(gramnegatf ) ve S. aureus ( gr am -hakieryeletkisi sireptoraisint er i | e |
antibiyotik eklenerek karkeélaktéréldéejée disk difg¢gzyc

veriler krem yapéméndavkugllaamfel)amakz grli é¢reire gramk o
szerinde-mi¥ir olbiiryadntit ki sinin oldujunu g°stermiktir.
parametri k analizler, kar @ékémén ehdasélragekr emlaemad& I3
doku ve g°r¢ngmde ol duju ortaya koymuktur . Bunl ara e
°mr ¢ne sahip olduju tespit edilmiktir. B tmikehiyal u - -al
kr eneikni t-l i hastal ekl ar sonucunda férsat-¢& patojenleri
ve cildin ihtiya- duyduju bakémé sajlamak i-in g¢venl

Anahtar Kelimeler:Yenilebilir, Krem, AntiMikrobiyal, BeyazlH n d i b a, ¢cay, Meyan, Sareée Ke

Production of Edible AntiMi cr obi al Cream Using White Chicory (Cic
Sinensis), Licorice (Glycyrrhiza Glabra), and St. John's Wort Extracts (Hypericum Perforatum).

ABSTRACT:In this researchan edible antimicrobial cream was obtained by using cocoa, olive oil, and shea
butter, which can also be consumed as food, and the extracts of white chicory, tea, licorice root, and St. John's
Wort extracts, and starch. The antibacterial effect of thararenixture on E.coli (gramegative) and S. aureus
(grampositive) bacteria, which cause skin infections in humans and adversely affect health, was examined using
the disc diffusion technique, in which streptomycin antibiotic was used. The data obtdiveestinly showed that

the extracts used in cream production had a goodraittiobial effect on gram) and gram(+) bacteria selected

as examples. Furthermore, the physical parametric analyzes of the mixture obtained revealed that the mixture was
similar in color, texture, and appearance to the creams produced industrially and used for various purposes. In
addition to these, it has been determined that the product has a shelf life of at least 6 months. This result showed
that, following the purpose of tletudy, edible antimicrobial cream can be used safely in skin infections caused

by opportunistic pathogens as a result of various diseases, to prevent infections and to provide the care needed by
the skin.

Keywords:Edible, Cream, AntMicrobial, White Chiory, Tea, Licorice, St. John's Wort
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GKRKKkK
Kozmeti k, insanojlunun cil't sajl éejée ve ge¢zellilf]
tanémlanabilir (¢omoj | u, 2012) . Dilimize Frans:t
Age¢zell i kkdmeosltaanhzlkel i meni n asél k°okeni Yunance
d¢zenl emek, -eki dé¢zen ver mek, donat mak ve g¢ze
Her ne kadar kozmeti k kelimesi ile a@kbka-1ilhk IPIra
kadar -ok genik bir yelpazede tedavi edi ci crén
bu alan dermatoloji, mikrobiyoloji, toksikoloji
(Kurucu ve Demirel, 2006).
Es ki Mésér wuygarl ékl aréndan beri kozmeti k ¢re¢gnl e
bitkisel icré¢nler kullanél maktadér ve bu ¢régnloer
ve sabun for munda uy g2019;2Akhtaavk darka, 80&1). BUn& wyduolaralebua r k . |
-al ékmada yenllebllir krem yapemé i-in bitkisel
projenin amaceén uygun ol arak oral yolla aléndeéj
gesterilmiktir
Kreml er , cilde ya da mukozaya uygul anan yareée kat
i -indeki yajl é ¢réegnler deri taraféndan emil erek
veicut b°l gesi ndakml2@el8)di ri |l mi k ol ur (E
Ge-mi Kten g¢hnhegmegze kadar geli ken gel eneksel t ér
d¢nyada sajl ék hizmetlerinde kull anél maktayde. E
kull andéjéndan trepkeleivirked ek almudle hEzdrcekigel enek:
(Ravindra ve Musl i m, 2013) . Buna rajmen gel enek
ol duju y°n¢gndeki genel izl enim ve al opaetkenk met o
maddelerin insan sajleéeje ¢zerindeki dijer ol ums
yéllarda bu t¢gr uygul amalara il gi gi derek art mal
Ravindra ve Muslim, 2013).
Der i, veadakaemn edéek kar kK é i |k savunma hattéedeér vV e
b¢tenl ¢fe¢ 1 -in -0k °nemlidir. Der i czerinde doj
mi kroorgani zmal ara kar kKkén, ci | dikns ikyeonnd i g ebl aijkéi kn& k
(Ge¢l , 2016) . Ancak yakl anma, di yabet gi bi cil di
gi bi genel bajéekekl eék baskél ayécé tedaviler cil
kal kmaséna yol |l@demakitadenfeBsi weokil ara a-ék hale
Deri enfeksiyonlaréna sebep ol an mi kroorgani zmal
aureus ve gran(-) bir bakter.i Escheri chi a ojelé elde gdéech mek t e
kreminantb akt eriyel ©°zelliklerini test etmek i-in bt
Bu -al ékmada, her hangi bir yan tkiye sahip ol
hastal arénda der. e nfdeokjsa ly omll ar &kn én @ mll eeryckicreekg e ke
°zelliklerini geri kamakmabeéeryal yahdémaedgenek eb
ama-|l anméktér. Ayréca el de edilecek bu krem décx
s¢rescinktigrerek kikilerin kendilerini psi kol oj i k
Bu -al ékmada (;retile ek olan yenilebilir bitkise
yajé ve zeytin yajé), Tearlkiyyddde ddo jkaull | alnarl aakn y
hi ndiba (Cichorium intybus), -ay (Camellia sine
(Hypericum perforatum)] ait ©°z¢igtler ve -exkitli t
Beyaz hidiba (Cichoi um i nt ybus) papatyagiller ail esinde
¢l kemi zde doj al ol arak yetikmektedir. Bitkinin
t¢ketil mektedir. Ayreéca bitki enekgeael] iol-serkakh lii- t
neden ol duj u hastal ekl ar én tedadnenhkdeal ol hat
i ncelendijinde beyaz hindiba bitkisiyle bu -al ¢
I

rastl anmaméxkt ér .- aBwe kdnamem Yamé&lnamibu - al ékma ol d
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(Camellia sinensis) =-aygiller ailesinde yer
emi zde Karadeniz b°l gesinin, Doju Karadeniz
Bayrak, 2003). ¢ay bi-bakseriypelrambhelkpEhet aine
kide el de edilen -exitli etken maddel erin
[ [ o]
r I
I
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n i
i rici et ki si | dujku i yap&loacarh -veel éxrnia.l,ar 2 @l
aréndan el de edilen ekstrat bu - al ekmada
ci kt
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kremin yaklanmayé ge irici bir et kli2si
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idir. il kemi zde baharaté ve Kerbeti y
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ceba&ntirivyel dej i-flunagyan & °zzeerhdn d a namtlbu
eril mi ktir (Mamedov ve Egamber dfiuenvgaa, |l
bi ile bu -alékmada kull anél mékt ér .
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am ome r(fHoyrpaetrum)u mel ez bir t¢r ol arak sar
doj al ol arak yetiken bitki ©°zellikle d
k t ér (Bayram ve arwkygul2a0n0d4é)j.e n¥sak syeak
ddi alerjik etkilere yol a-- abi | me
['1ijine sahip oldujundan gel eneks
bter stagrea .k almu ar@ahéewmada ¢retil ece
beyaz hi rbdaikltae r% zyéetl ¢ negtrk i syaj |gaeyna cka
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Bu projede elde edilecek olan yenilebiliramti k r obi yal kr e m ayka kéarhd ain-éil malke
kakao yajé ve shea yajé se-ilmiktir. Se-ilen hert
ol uktur mamakt adér ve géda end¢strisinde de yayg:¢

2019; Lovett, 2015). Kakao e s hea vyajl aré oda sécakl éjeéenda kat
el de edilecek ¢reéenegn krem formunda ol masé i -in
zeytinyajé eklenmiktir (Edake, 2 01 9rak elteaedilern dr a v
kremlerin yaj ve su ol mak ¢zere iKki farkl e faz
yanénda gliserin yaygén ol arak kullanél maktadeéer
kremin yenilebilirgloilamrsién abma-1 ahé@deiim&dd -koml |l aneé
-al ékmada em¢ggl at©or kull anél mayacajé i-in deiyc
fazenén deride olukturacajé yajleée hissi azaltn
emeosn ¢greéenlerin stabilitesini de ar {Adeedodvée ] € Yy a |
Bello-Perez, 2017).

1. AMA¢

Projenin amacé herhangi bir yan etkiye sahip ol n
deri enfeksi yanldar eécdned] alnlcelyeerngk neml endi ren ve
kazanmaséna ymirkdréarbieydaeln,; vyaenrtiil ebi I i r doj al bir Kk
krem dék etkenlerin maruziyetiylenyal ameam keéhdi
psi kol ojik a-édan da ivyi hi sset mel eri ni sajl ayac
2. Y¥NTEM:

Bu arakteéerma nicel arakteérma y°ntemlerinden bir
(Ekiz, 2003). Yenilebilirantmi k r obi y al k r e m, toksirr efkisi olmadyan matderyallerl d € J € r
kull anél arak ¢retilmixktir ( Dh a s-bakteriyel etkilerkdisk 2014
di f¢egzyon yontemi ile incelenmicktir (Andr ews, 2 |
karkeéel akt ezéekmsmak paenaemet r i kRalindra VelMuskm, 2013 Saluees t edi
ar k. , 2011) kenses, 2007

21. Kull anelGaemeAr a¥ae Aygeéetl ar

Soxhl et ekstrat°r seti (150 mLOoI i k), et ¢v, pas:t

ekstrattan ayérmak i-1in), hassas terazi, manyet |
(20 mLO6Il i k), sécak su banyosu, kriztalazuvar, pe
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22. Kull anélan Kimyasallar

Etil alkol, bitki ekstrateldes i - i n 200 mL6 kull anél méxkt ér . 200 ¢
100 mL zeytinyajé ve 10 gram nikasta krem yapée
edi |l mi ktir).

2.3. Bitkisel Materyal Eldesi

¢al ékmada kull anél acakdaolbamr hikttlairldeam MOxérr |G%36rraw
Beten ¢reéenler kegfl enmemesi i -in k©jet paketl er i
¢tay yaprak ve Saré Kantaron -i-ek olarak al eénme
etmek i -in matervyaller makas ile k¢-¢k par-alar a
haline getirilmixktir. El de edilen bitkisel tozl
kaps¢ll erine yerlektidahani gsonmrakiKal anhéwmalkar da n
al mayan ve nemsiz bir dolaba kaldéerel méxt ér .

24. Soxhl et Ekstrate¢gre¢e il e Beyaz Hindiba, ¢cay, M
Eldesi

Hazéerl anan bitki kapse¢ll erini ngeridegrteineiinék kwue u
Sokshl et cihazé 150 mL kapasitede olduju i-in 2
sistemdeki bal on i -ine do k¢l megkKt ¢r . 20 gram b
yer |l ekt (Handali vei akkt, 200l Haz ér | anan Kkaps¢ll erin sokshl
ge-memesine °zen g°sterilmiktir. |s€)éce hbkokta
250 rpmbe ayarl ana (Harklaligeiak.[1201h) Ka lke ket doedstemigind teenr d a
20 dakikada bir sifon yaptéjéné g°stermiktir. B
i -in -aléektéreéel méekter.

25. Distilasyon Sistemi ile Elde Edilen ¥z¢tlerd:
Et il al kol il e endal &aoil lgemyirtmaik 9 z4iml @iisndeé asy
ve ark., 2014). Al kol i-indeki ©°z¢t sistemde 3
sajl anméxkt ér . ¥zt i -inde eti/l al kol ¢k af@nde k

ol
dereceye ayarl anmek etg¢gvde Dbir saat boyunca bel
kavanozI|l ara konarak saklanméxkt ér .

26. Krem Yapémeé

Krem yapémé i-in belirlenen miktar 500 gram ol ar
kakao yajé ve 200 dermenc ShWeaayaijlad®Mék sécak su b:
mL6I1 i k beher cam i-ine konul muktur. Seéev(isshal e ge
ve Yemi k- iDhjsé ve ark.,201&18ndalive ark., 2011; Lovett, 2015) Bi r kar ekt ér
materyaller karékteéereldeéektan sonr a kar é@ékém buz
Aral ékl arl a kontrol edil erek yaj én ¢ St k € s me
| aborat uvalremarmdka bwzfdor mu el de et mek 30 daki ka
karekém bir kez daha oda sécakléjénda y¢ksek he
a ma - em¢ggl ateor kull anél madan hazéeéetrdramraamk kmrafm %Kiz
uzatmaktér. El de edilen kremin ciltte olukturaca
10 gram ni kKasta t er @gamaAtegeddva Betldeelea R0AR Bkt esmgi &t d
-érpma i Kl embosgadkarpEdgt erkrar buzdolabénén d
Dondurucuda 10 daki ka bekletilen karékém i-eri si
ayrée 0,5 gram ovVearenkla r iexleiméd ¢ ekk laadnadkid &k as g &lsle & ] &
bir kareéextér vlsa kear &wktmbhaselivengrid, AE 41aRdalilve ark.,
i

— (D
o 6
S @

2011) El de edi
2.7.  Anti-bakteriyel etki
271. Besiyerlerinin Hazérl anmaseéeé

kreml er kavanozl ara al énarak di

Pat ojen mi kroorgani zmal arén eki mi i -in kull aneéel s
Muel |l er Hinton besiyeri i-in 6,8 gr toz besiyeri
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121AC'de 15 dakika stmukluze Hdré&ipanaiZ ABtai yse
kutularéna 12,5"er mL do°k¢l megkt egr (Nworu ve Esir
2007; Richard ve ark., 2012).

272. Mi kroorgani zmal arén Eki mi
S. aureugATCC No. 29737) veE. coli (ATCC No. 8739) skl ar @ Kst anbul tapa |

Fak¢gltesi, Biyoloji B°l ¢m¢g Mikr obE. goble8.jaureud a hletr a
sukl aréndan temin edilmiktir. iniversite | abora
i -indei 2s kogamsi yonu Keklinde hazérl anméktér. B u
E.coliveS. AureuMu el | er Hinton besiyerine yayma y°nt emi

(Sutcliffe, 1978; Yu ve ark, 2004; Weintraub, 2007; Watkins ve aX12).
273. Bit ki ¥z¢gtlerinin ve Antibiyotik Disklerin E

Beyaz hindiba, -ay, meyan ve sar ébalesiyelttestierden bi t k
kull anél mak ¢zere hazér Imarkméaditefdgldzae Hertmeit i ikindinjsik ¢ G
(noni mpregnated disc) ile Strepromisin diski (10 n
besiyerlerine sérasé ile numaralandeérélarak eki
Strepromi sin i-emehedi bakeeri tegt ¢¢megmnl duyarl el é
ol arak kull anél mékteéer Deney, her Dbir ekstrakt i
274. Knk¢basyon

Bakteri ekimleri yapélan, °z¢t i-eren dréek88&rin
37AC6de 24 saat beklemek ¢zere ete¢egve yerlexktiril
agar diskler etraféenda olukan i nhibisyonlzon - a
czerinde gBastveark, 98 kKt i r (

2.8. Fiziksel Parametrelerin Analizi

281. Duyusal ¥zelliklerinin Belirlenmes:i

Yenilebilir antrmi kr obi y al Kremin gor ¢éng¢é mg sréneén rengi,
bul undurul ar ak Sadjue rvlee rad ikr. i, I).RiIOKtli;r kenses, 2007
282. pHOnén Belirl enmesi

Sajl éklée bir derinin pH6sé 5,56tir ve cilt sajl
de bu pH dejerini deGikit)2mBhesn igerekenedke eadirl €&
terazi ile °l-¢l mek zeenmEXtpl . diEdtdiel e ds U ein- ispd@ a
secakl éejénda dijit&avpHdmat ve Musl 9)Im; ¢ 2dd Bt ¢ kef:
283. Homojenlijinin Belirlenmesi

Yenilebilirantrmi kr obi y al kremin homojenl ij nmigRSahuw e( dok
ve ark., 2011; kenses, 2007)

284. Deriye S¢r¢l me Kapasitesinin Belirlenmesi
S¢réel me kapasitesi, kremin deriye uygulanan b°|
form¢gl ¢n terap@tik etkisi ayn@medaemberddagéegr | ama
s¢rée¢l me kapasitesini rkemesleisr,| r0mMers)i gerekmektedi
Bu sebeple iKki cam sl ayt araséna yaklakék 5 gr
1000 gram ajérl ejendaki brirl kgt ereamemé aybapaké
arasénda homojen kaleéenlékta bir film olukmaséna
10 gram ajérl éejendaki bir ke¢gtle uygul anarak cam
camslagén alt cam sl ayt ¢zerinde 10 cmblik yer defji
veriler akajédaki for mg¢l yardemeyl ak &krud d sa,n é2 (alr 7a)l
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S=mx L/
S S¢réel me kapasitesi
m: 1 st camkeltayeté&imhan k¢sgtlenin ajerl ejeé
L: Alt cam sl ayt ¢zerindeki hareket mesafesi
T: Hesapl anan sg¢re |15
Bu °Il -¢m ¢- tekrar kKeklinde yapeéel méktér ve el de

2.8.5. Lekeleme (Smear) Tipinin Belirenmesi:

Bu test bi yvolg®jrievk wll galmg i°df renci l erin sol el l eri
Uygul ama sonrasénda el ¢zerinde olukacak g°r¢nt ¢
ya da yajséz ol dKjuwrhe kkaar asre Ben2087gmi Kt0ilr2.; (kenses

2.8.6. Krem Tipinin Belilenmesi:

Bu testle, elde edilen ¢r¢gngn su ya da yaj yard
ya]J] i -inde su tipi mi yoksa su i-inde yaj tipi r
krem i zenksul aaél madéje i-in elde edilen krem b
(kenses, 2007) .
2.8.7. Viskozitenin Belirlenmesi:
Bu test i-in fizik | aboratuvaréenda yer alan Bro
oda sécakipgpimésnahbi veddnme hézda ¢(- tekrar ol acak
ortal ama deRawvi ndranmekMéasl! i (M, 201 3; kenses, 2 0 (
3. BULGULAR
31. El de edilen bitki ekstr atbbkenyelamalizi ve ¢retil en
Tablol i ncelendijinde farkleée bitki ©°©z¢gtlerinin inh
g°r ¢l mektedir. St r e pbtacknmiesriiny ed nteitbkiiysoit iijHienliinl gainltil
bakterileri i -i R5mmahriabsiéSydosusvzehemuthetd i -in i nhi
2030 mm arasénda ol dujunu g°zI|l enmi Kkt WHO,(9%T).dr e ws
Buna g°re bu araxkxteérmada kull anéllaondebialkdujz ¢a
incelend J i nde gram negati f E. Scaareud alkdletred ielrer i¢ zielr e
antbakteriyel et ki si ol duju g°r¢l mektedir.

Tablol:Beyaz hindiba, -ay, meyan ve saré kantaror

Streptomisinininhibgon zonl ar é
Bitki ¥ z J E.coli (gram negatif) inhibisyol S. aureus  (gram  poziti
Streptomisin zon -apé (mm) |inhibisyon zon

Petri-1 Petri2 Petri3 Petril Petri2 Petri3

Beyaz Hindiba 14 13 13 17 18 14

¢tay 7 11 10 9 9 13

Meyank © k ¢ 13 10 16 17 grer 14
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Bitki ¥ z ¢ E.coli (gram negatif) inhibisyol S.  aureus  (gram  pozitif
Streptomisin zon -apé (mm) |[inhibisyon zon

Petri-1 Petri-2 Petri-3 Petri-1 Petri-2 Petri3
|16

Sar e Kant i 17 15 20** 18 19** 11

Antibiyotik Disk* 20* 2o o1* o4 2% 2g*

*  Streptomisin disk (Streptomycin antibacterial sustainability disc): 10 mikrogram
** En y¢ksek dejer

M En d¢gKek dejer

Graflk-1 6 de ol Bawljiw egii nid e k i-b eeknt eraiyyed! aenttki nin -ay °©°z;
ger ¢l mektedir. Ancak 4 farklé bitKki Ozt éeneégn o0
dejerin 9 mménin ¢zerindna (Bdédaydi shiomdizba elapter a
ekstrateée ortal ama inhibisyon zon -apéeé: 9, 3N2,1
133mmve Saré Kantarén ekstraté ortalama inhibisy
(Nworu ve Esimoa, 2006) Tablocl 6 d e k i veril &€rcoligeeeli emdcikjii nedne g ¢ -
bakteriyel etkinin saré kantaron ve i kinci SEer e

(Sutcliffe, 1978; Weintraub, 2007)
Graflk2 6de g°r ¢l dehi¢gnddibmai, Bewagaz meyan ve saré kant

Ozt lSauremgjzner i nde et ki si i nbcaekl teenrdiiyjeil n deet kei nn izna yMeef:
olduju tespit edilmiktir. Fakat 4 faapbplandiéfikindS:
bu dejerin 14 mménin ¢zerinde (Beyaz Hindiba ek
tay ekstratée ortalama inhibisyon zon -apé: 14NKN2
-apeé: 15,5N4,5 mm vet aSarma Kamt i &ryoek gtomat-éaper.
bel i r | (BworniveEsimone, 2006ablol i nc el S.aurckus] 2 enrdiendeki - en g¢ -
bakteriyel etkinin beyaz hi ndiYuaeatk2004;, Wathins¥ez ¢t ¢ n e
ark., 2012)
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3.2.  Elde edilen Yenilebilir anti-mikrobiyal kremin fiziksel parametrik analizi

Tablo2 6de yenimi &biobiiyadntkireme ait fiziksel par amet

ol arak g°sterilmixktir.
321. Duyusal ¥zell

Elde edilen yenilebilirantrmikrobiyal kremin parlak e k e s'i z beyaz

Ko p¢egkseg bir goreéntéseé

3.2.2. pH:

Elde edilen yenilebilirantmi kr obi y al

ol an kremin hok

kremin pH dejeri

Tablo-2: Elde edilen yenilebilirantmi kr obi yal kr emin

renkt e | d
bir koll‘lié:l)JSL

pH metre

fizi ksel

Fiziksel Parametreler

Gzl eml er

G°r ¢ng¢ kK

Parlak Beyaz, Lekesiz

pH

59

Homojenlik

Homoj en, Kéevaml e

S¢r ¢l me Kapasites

Kol ay s¢r ¢l ebili

r

Lekeleme Tipi

¢cok yajl e

KremTipi

Yajl é

Viskozite

11.000 cP

3.2.3. Homojenlik:

Elde edilen yenilebilir animi kr obi y al
gezlemlenmi ktir.

324. Deriye S¢r ¢l

Elde edilen yenilebilir arkimi k r obi y al
Bu sonu- Kkr emi

2007).

3.2.5. Lekeleme (Smear) Tipi:
Elde edilen yenilebilirantimi kr obi y al

°zellikte bir
3.2.6. Krem Tipi:

Elde edilen yenilebilirantmi kr obi y al
te¢erl eri arasénda

3.2.7. Viskozite:

Elde edilen yenilebilirantmi kr obi y al

kol ay

kremin homojen

Kapasitesi

kremi n gsg¢rcan/ me .

: Pérézse¢z

k op agiatke shie

S¢r¢l Rbovimar & zed | Mkd lei m,l d2

krem der.i czerindle yajl e
krem ol duju tespit edilmicktir.
krem i-erijindeki y¢gksek 1

al masé uygun g°o°r ¢l mgkt¢gr .

kremi n vi s°oralanael$,0000Pd a s é

ol arak hesapl anméxt eéer .
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|19

k e k3i Hlde edilen yenilebilirantmi kr obi yal kremin 6 ay sonundaki
ant-mi kr obi yal kr eme, ad a&jn ne%r dalr kgiéy ebd an ks atnms
Bu projede elde edilen yenilebiliranthi kr obi y al krem end¢gstrivyel ol ar
kull anél an kremlere benzer renk, doku e g°r¢é¢n,

Y
20216de ¢ltetilKaeméemrem?216e kadar 6 ayl ék bir S ¢
Yenilebiliranttmi k r obi yal -3)kremde (keki l

a) Dokunun bozul masé (yajlarén s¢spansiyon hal e
b) Kokusunun deji ki mi,

C) Renk deji ki mi (bakterigeymedakkigf .ol ukumu) me:
4. SONU¢ VE TARTI k MA:

Bitkisel créenler kull anéel arak hazeérl anan krem t
karékém i stenirse géda ¢re¢neg olarak da tegketil el
hariciolarakyala or al yol l a al éndéjénda insan sajl é&jéneé
Ay né z ama n d daktgrigep testleadan elenedilen veriler kreriincoli ve S. aureugibi
vecutta enfeksiyonl ara nedleakbérmrinyephteijlkinsierolde
(¢cayéerl & v.e Baunka. ,g°2r0el 2klakao yajé&, shea yajé ve ze
ve saré kantaron ©°z¢tl eri ve nikasta kull anél ar s
hemded r i enfeksiyonl areéené ©°nl emeskz eir-ei nuycgiulnddeurt opi
Bu -aleéekmada el demieldi ¢ einyalenkdemi rengiamtbesin
yanénda son derece basit bir y°ntié¢mieatve . .-aBumigkt

mi krobiyal ©°zellijinin yanénda, cil di (Knechsd eyi ci
ark., 2019; Mamedov ve Egamberdieva, 2019; Schempp ve ark., 1999; Tilford, 19®%u ¢ r ¢n s aj |
blreyler taﬂ@ﬁem\@mnsqwldt(,rghmemnde ve bajéekéekl é
(tayéerl é& ve ark. ,Buh(l 2e;k ¢lla,r axk01ldée)ri ni n yakl anma

psi kolojisini de olumlu y°nde etkil eyecektir.
Yenilebilir antrmikrobiyal ke mi n ¢r et i mi ndeki asél a ma - bu ¢r ¢
bajékékl éjenéen azal déje, diyabet hastal arénda Vye
hastal arénda, ol ukmasée m¢gmken deri enfne kns ii yhd n lyal
duyduju bakemén sajlanmaseéedeéer. El de edil en sonu
gestermi ktir

Béetéen bunl ara ek ol arak alan yazéné incelendifji
yukar éda beliimtkdlelnamanaan albi 1 -¢r ¢ne rastl anmameé k
°zge¢nl ¢ é¢ne i karet et mektedir.
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5. ¥ NERKLER:

Yenilebilir antrmi kr obi y al krem ¢retil mesi i -in il en
°zelliklerinin bemétrehmmetot-knlBaeﬁtaoabtanali
i -inde hangi alifatik grupl ar, al kol grupl ar e,
varl éje tespit edilebilir.

Yenilebilir antrmi kr obi y al krem ¢rlkeitlid mben el-den esci-li e nNn°
kull anél arak sokshlet cihazéyla elde edilmicktir.
tipte -°9z¢ce¢ler kullanélarak el de edilen sonu-| ¢
Yenilebilirantrmi kr obi y aill nkerseim i¢-rient se-i | en lant-bakterivee r den ¢
czell ikl eri t est edi |l mi ktir. Meuynagma | k °°kz¢ee | P2 Kkt g
belirtilmiktir. Bu sebeple y-apahgah 9°aktBalematde o
edi |l mi ktir. Kl er i bir - aéangfkumag aoll a% a&«l Idii K leegr ibitt &g
El ve v¢gcecut kull anémé-mi kirmbi gaar karam ny ggizl egb ibli
i -in kull anémé dedimaerodko,j ikkr eorhianr altkantgeistv¢gcut b©ol
ol duju belirlenebilir.
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Synthesis ofCalyx"4"arene Furfuryamide Derivative and Evaluation oits Cytotoxic Effect On Human
Prostate Cancer Cells (Pc3) With Mouse Fibroblastic Cells (L929)

ABSTRACT:Drug delivery systems that can target only cancerous cells without harming healthy ce#syare
important in cancer treatment. Supramolecular calix[4]arene is a very promising candidate in this respect and
has a formulation that can be used as a drug delivery system for targeted therapy. Calyx[4]arene was
functionalized with a Furfuryamide growat different positions using appropriate procedures (5,11,2T&8a
tert-butyt25,27bis-Furfuryamide26,28dihydroxy calix[4]arene). The structure of the synthesized compound
was characterized by BFNMR and FFIR. PC3 and L929 cell lines were cultivdte 96well cell culture dishes,
Calyx[4]arene Furfuryamide prepared using 0.1% DMSO was applied in serial dilutionslad ® 0 O M/ ml
concentrations for 248-72 hours. Cytotoxicity results were evaluated colorimetrically the XTT method and
microscopic telnique. The results reported in this study showed that the in vitro cytotoxicity of Calyx[4]arene
Furfuryamide as a drug delivery system offers a promising approach for efficient and safe cancer therapy.

Keywords:Drug Delivery; Kaliks"4"arene Furfuryamide.929; Pc3

1. | NTRODUCTKON

Cancer is one of the biggest global threats to human health. Although chemotherapy is an effective way
to treat cancer, most chemotherapeutic drugs shovselective toxicity to cells, which not only causes
systemic sidesffect reactions, but also reduces the effectiveness of treat(@enBhetty, 2019)
Morever, many anticancer drugs (such as paclitaxel, doxorubicin, and curcumin) have poor water
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solubility and lowstability, further limiting their effectiveness during clinical treatmdftsn, 202).

Drug carriers have the potential to solve these problems. An ideal drug carrier can specifically target
cancer cells, release the drug slowly, and minimize the drug'efate reactiongLebron et al., 2021)
Supramolecular approaches have been frequently preferred in the literature as drug delivery systems and
have attracted great interest among researchers in vargmiglides. Supramolecules can encapsulate
different anticancer drugs through hgsiest interactions or sedfssembly processes, and these
supramolecules could be used in drug/gene delivery and bioengineering studies among potenéa
applications(Webber & Langer, 2017)Calixarenes are third generation supramolecular compounds.
Cdixarene supramolecules have a hydrophobic cavity with adjustable size and conformation, and the
upper and lower edges of these molecules can be functionalized as required. Therefore, compared to
crown ethers and cyclodextrins, calixarenes have the adbieditage that the sedlssembly process

(and subsequent structure) can be more easily controlled. Kalixarene molecules can not only assemble
into molecular clusters of different order, but also aggregate into clusters with different morphologies
with metak, metal ions, neametal oxides, and organic molecules. These clusters have been used to
identify biomolecules such as sugars, amino acids, peptides, proteins and nucleic acids, as well as to
load and transport different drug moleculBasilotta et al., 2021 Calixarenes are a family of bovdr
coneshaped synthetic supramolecular macrocyotesposed of phenol units and an aldehyde linked

by methylene bridges. In this work, we focus on Supramolecular approaches to design more complex in
vitro systems that mimic the complex environment of natural tissues. In parallel, it is important to note
tha the structural and textural properties of fabricated biomaterials, as well as material chemistry,
determine cell response. For this purpose, 5,11,IFeRd&tert-butyl-25,27%bisFurfuryamid26,28
dihydroxy Calix[4]arene, a derivative of calix[4]areneasvsynthesized. Cytotoxic analyzes were
performed using the synthesized calix[4]areleeved prostate cancer cell line (PC3) and Mouse
Fibroblastic cell line (L929).

2. MATERIAL AND METHOD

2.1. Synthesis of 5,11,17,23etra-tert-b ¢ t25,27bis-Furfuryamid -26,28dihidroksi
Calix[4]arene

P-tert-butylcalix[4]arene compounds with different functional groups were synthesized using
appropriate procedures. It was obtained as a result of the condensation reaction of formaldehyde and
phenol compounds in basic medium (g 1). 2.13 g of the diester compound synthesized in the second
step is weighed and dissolved in (2.5 mmol CH2CI2 :CH3OH dichloromethane (45 ml/45 ml) 15 mmol
furfurylamine is added. The reaction is stirred at room temperature for 48 hours on a mégmetic s

Each step of the reaction was analyzed u$iaMR and FFIR Spectrum.

OH

1) NaOH, HCHO K,CO;
Acetone
—_—
2)Difenilether o
S \(\Br
o
Ethyl bromoacetate
— NH
— — =
) g

CH,Cl,

CH;OH
o o

3)
CLX-FUR

Figure 1: Synthesis of 5,11,17,ZBetratert-b ¢ £5,2[Fbis-Furfuryamid26,28dihidroksi
Calix[4]arene.
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2.2. Cell Culture

Cytotoxic analyzes of calix[4]arene derivative prosteancer cell line (PC3) and Mouse fibroblastic

cell line (L929) were used. RPMI 1640 containing 10% (v/v) fetal bovine serum (FBS) and 2 mM L
glutamine, was used as the culture medium for the PC3 cell line. Gentamicin (1mg/ml) was added to the
medium to pevent bacterial infection. DMEM High glucose containing 10% (v/v) fetal bovine serum
(FBS) was used as the culture medium for the L929 cell line. To prevent bacterial |nfect|on Was adcf?
to the medium. Cells were grown to perform the planned studiesiinrec u b at or

(Fig.2).

Figure.2: l nvert Microscope (10X) Kmage of Prostate
Cell Line L929 (B).

2.3. Cytotoxicity Analyzes

XTT method was used for cytotoxicity studies. XTT solutionZ3 [2T7 methoxyi 41 nitroT 5Z

sulfophenyl]i 2H1 tetrazoliumi 51 carboxyanilide salt) is based on the reduction of tetrazolium salts

to colored formazone compounds depending on cell viability (active mitochondria). The reduced
formazone compounds are water bbduand the compound density can be measured at wavelengths
determined spectrophotometrically, and this density is directly proportional to the number of
metabolically active cells (fig.3Zengin et al., 2015During the study, the determined cell lines were

seeded in 9%vell cell culture dishes and the calix[4]arene derivative was applied using the serial dilution

met hod starting from a -@8/8 koarswereadtarnoned as incubht®® 0 & M
ti mes. XTT was applied to the groups whose i ncube
and incubated for 5 hours. After 5 hours of inc:i
product resulting from dissolution of formazan crystatoduced by mitochondrial enzymes of living

cells was measured at 460 nm with av@8l plate reader (BioTek Epoch). Inhibition of cell proliferation

and IGo (inhibitor concentration 50) valuegere determined for each cell line.
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Figure 3. Principle of XTT Method.

3. RESULTS

3.1. Characterization of 5,11,17,23Tetra-tert-butyl-25,27%bis-Furfuryamide -26,28dihydroxy

Calix[4]arene

The reaction is followed b{H-NMR and FFIR to observe the conversion of the starting materials to
the product (EtOAc:iexane, 1:1). In addition, conversion of the ester carbonyl band at 175tacm
the amide carbonyl band at 1661-¢r®LX-FUR was observed in reaction i spectroscopy (Fig.4).

il ErrcdliE

8§88 43

0 as
1 toom)

TH-NMR (400 MHz, CDCl,): § 1.01 (s, 18H, But) 1.26 (s, 18H, Bu?), 3.34 (d,
4H, J= 12.6 Hz, ArCH,AT), 3.96(d, 4H, J= 12.6, ArCH,Ar), 4.49 (s, 4H,
OCH,CO0), 4.55 (s, 4H, CONHCH,), 6.31 (s, 6H, ArH-Furan), 6.87 (s, 4H,
ArH), 7.02 (s, 4H, ArH), 9.10 (t, CO-NH, amid, 2H).
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In FT-IR spectroscopy, the conversion of the ester
carbonyl band at 1751 cm-1 to the amide carbonyl

band at 1661 cm-1 Calyx Furfuryamid was observed.

Figure 4.'H-NMR and FTIR Analysis.

3.2. Cytotoxicity analyzes

As a result othe XTT we performed for cytotoxicity analyzes, the IC50 concentration that killed 50%
of the cells could not be calculated for the incubation periods-dB8Z4 hours in PC3 and L929 cell

|l i nes. I n ot her

wor ds,

n o dwhich idthevhmtest cobcentratione d

ev
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for the substance used. There was no cytotoxic effect of the applied calc[4]arene derivative (Fig.5). It
was also photographed using an invert microscope (10X) at the end of the incubation periods before the
XTT analysis(Fig. 6ab). The % cell viability graph in the XTT method applied in our research and the
microscope images displayed are in harmony with and support each other.

100 100 I 26
== 24h == 24h

80+ " 48h 80+ ~o~ 48 h
= = 72h = s 120
S 604 s &0
£ 40 £ 404
£ £
£ 20+ € 20+
o, : ;L :

v 1 1 1 1 1 1 1 1
0 250 500 750 1000 0 250 500 750 1000
Consantration (pM) Consantration (uM)

Figure 5. PC3 Cell Line % Proliferation (A), L929 Cell Line % Proliferation.
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Figure 6a. Invert Microscope (10X) Images of The PC3 Cell Line Afte#d3472 Hours of
Incubation Before XTT Application. a) Control,
OM.

- |27

=

Figure6b.l nvert Microscope (10X) K@&RgHDuofs KHZAbGEI
Before XTT Application. A) Control, B) 8 OM, c

4. CONCLUSKON

Calixarenes are frequently studied as drug delivery vehicles in the litetagbren et al. (2021l their

study, they wanted to investigate whetheneaknebased liposomes improve their use as nano delivery
systems compared to bare calixarenes. He states that thanks to their unique structural properties,
calixarenebased liposomes can provide hybrid systems that will result irvin@nvectors with
synergistically enhanced cell transfection properties. More suitable calixarenes for the preparation of
calixarenebased liposomes have been reported as amphiphilic ones. Calikassrteliposomes were
prepared for the delivery of genetic material and dalxain (Lebron et al., 2021)Xu et al. (2022)n

this study, an integrated nadoug delivery system with calixarene is presented ¢mables tumer

targeted delivery and in vivo monitoring of antincer drugs. Hypoxisensitive calixarene exhibits
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high binding affinity to a number of artancer drugs and rhodamine B (RhB) under normoxic
conditions, while reducing its binding affinitynder hypoxic conditions, leading to drug release and
fluorescence, with concomitant recovery observed. Moreover, the hysgansiveness of hypoxia
responsive calixarene carries nano drug delivery system with tumor targeting ability, resulting in
enrichment of the drug in tumors and increased tumor suppression in mice. In addition, the drug delivery
system could become a generic platform that allows the delivery of a wide variety-cdiacgr drugs

with strong hosguest interactions with hypoxiersitive calixarenéXu et al., 2022) |28

In our study, the fact that the Kalixarene derivative does not havetaxigteffect on both healthy and
cancer cells proves its usability as a drug carrier vehicle.
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Supraharmonics Analysis Caused by Electric&thicle Charging Stations and Battery Energy Storage
System in Yedas Hq

ABSTRACT:With the global green energy transition, environmental concerns about carbon emissions are being
addressed by integrating smart grids, power electronics systems, anth&easing integration of renewable
energy production. The integration of distributed generation, electric motor drives, LED, battery technologies,
robots and many nelinear loads into grids are increasing. The frequency range defined for power quality in
conventional electricity grids covers the frequency band-BfkHz. However, all these new technologies are
causing problems to the grids through emissions in the frequency bands56f KHz. In addition, @ kHz
frequency band measurement can be cargatiwith many Class A devices. Nowadays, the number of devices
that can measure such hiifrequency emissions, which may occur especially with the increase of these renewable
technologies, is quite limited. In this study, supraharmonics measurement fesU#SSS and EV Charger
applications are presented in YEDAS HQ Building.

Keywords:Power Quality, Battery Energy Storage Systems, Electrical Vehicles, Supraharmonics

1. INTRODUCTION

The fact that environmental pollution effects, high oil prices and the decrease of fossil fuel share in
energy production force the sector into green energy resources. There have beeredggting
developments last decade in this field. Renewable eneEyréRources, battery energy storage systems
(BESS), electric vehicles (EV), and charging stations are among them. New problems occur along with
these new technologies and improvementb][lincreasing demand for EVs requires increasing
installation of clarging stations in various locations in the grid. However, the effects on the grid would
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be devastating. One of the effects is EVs consume a large amount of electrical energy. Especially DC
fast charging stations penetration in the grid would be enorfibisssituation may lead to overlapped

peak demands and a decrease in the voltage level from the nominal [6]. The other one is the power
guality problems such as voltage drop, harmonics, and especially supraharmonicsgB5H) [7

It s been praggerswitd REs plus BESS to BVércome the penetration of EV charging
stations during peak demand hours in recent years in the literature [10]. This kind of concept requi|r§6

an energy management system (EMS) to use energy production by RE for cha@§B$Hand during

the peak demand hours charging the EVs via stored energy in the BESS. In addition to this concept,
vehicleto-grid (V2G) applications have been studied over the last decadE3[1This concept uses

EV batteries todraw or injectpowernt o t he gri d according to the gr-r

The other problem is about the power quality field. To charge the batteries of EV or BESS devices,
bidirectional power conversion systems (PCS) are required. The operation of PCSs generate harmonics
and $ (SH) which have negative impacts on the grid if it surpasses the allowed limits. Also, it must be
noticed that still there is no limitation for SH.

This paper presents a picture of the impacts of BESS and EV applications individually and concurrently
operations in the Yesilirmak Distribution System Operator (YEDAS) Headquarter building with real
measurement data.

2. POWER QUALITY

The developments in the power electronics field have made industrial and residential components more
efficient. Along with theselevelopments, some power guality phenomena occurred in the grid such as
harmonics, shortluration voltage variation (voltage sags, voltage swells, and interruptions), voltage
unbalance, frequency deviation, flicker, and SH. In general, harmonics reddrgtmency higher than

the fundamental frequency and define as the n times of it. The distorted waveforms generally contain an
infinite number of waves. The frequency range that is being considered is the 50th harmonics which is
about 2.5 kHz [14]. Beyonthis frequency considered SH in the range-@62 kHz.

Semiconductor switching devices produce large harmonics of voltages, as they suddenly chop
waveforms of voltage during their transmission from conductive tofftates. Due to the usage of
powerelectronic devices with high switching frequency such as inverters, variable speed drives etc, SH
exist in the grid. The undesirable repercussions of high frequency (HF) emissions identified so far are
malfunction and destruction of power electronic dewjicifetime degradation of gridonnected
equipment, resonance conditions, audible noise generation and disturbance to Power Line Carrier (PLC)
communication [1818]. SH may cause faults in toucbntrolled operator components and lamp
dimmers, reduction ni the service life of LED lamps, communication problems (e.g. PLC
communication), overheating of transformers and capacitor banks, and communication losses with
intelligent meters. In addition, SH distortion caused by nonlinear loads increases powemlbgdes

can adversely affect electric utility distribution systems and components. In recent years, the number of
high-frequencybased electronic devices like PV and wind energy inverters, EV chargers, and computer
power supplies has increased. In thisptég some of the sources for SH will be examined.

2.1. EV CHARGERS

Electric vehicle (EV) chargers play an important role among many SH sources. The HF emissions
caused by EV charging may vary on internal construction and the mode of charging. The diffeesnt mod
of charging EVs are divided into inductive and conductive charging. Inductive charging, also known as
wireless charging, uses a hiffequency transformer. The charging process begins by combining the
primary winding located outside the vehicle with feeondary winding on the vehicle. Depending on
their power handling capacity, conductive charging has three levels: Level 1, 2, and 3. Level 1 and Level
2 are orboard chargers which is located in the EV. Level 3 chargers or DC fast chargers are installed
off-board due to their large size and heavy weight. They usually handle more than 20 kW. The related
charging characteristics are given in Table I.
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Voltage Phase Current Power Type
Level 1 208240 V AC Mono 1520 Amps| 2.83.8 kW Slow
Level 2 208-240V AC Three 20-80 Amps | 3.815 kW Medium
208240 V AC Three >85 Amps 1596 kW Fast
Level 3 32-250 |31
600 V DC DC Amps 15-240 kW Fast

Table . CHARGING CHARACTERISTICS

EV chargers as an SH source result from the switching frequency of HECASOnverteoperations.
Manufacturers often do not specify the exact switching details of these converters. Therefore, the
existing literature on HF emissions from EV chargers is based on experimental evidence [19, 20]. Based
on the literature, EV chargers generateiSH5 kHz up to 100 kHz.

Different standards have been put forward regarding EV charging stations around the world. These are
IEC 62196, CHAdeMO and SAE J1772. The charging station in this study case uses IEC 62196
standardobés Type 2 ckétNDevicesénkhe EEE 62£98 standpid oag trasster energy

up to 43.5 kW in 3 phases with AC charging. In these devices, tHe@C€onversion process is carried

out on the EV.

2.2. BATTERY ENERGY STORAGE SYSTEM INVERTERS

The BESS applications have beneficiaipacts on the grid such as during the peak hour [21]. This
technology basically contains batteries, inverters, protection devices, auxiliary devices, HVAC systems
and i tsb dr i ‘edge semicoddhceor eleaironic i daviges generate harmonics and
swpraharmonics. For BESS applications; inverter and HVAC drivers generate SH in this case. The
switching frequency of the BESS that has been measured is 20 kHz according to the specifications of
the inverter. Besides that, the switching frequency is nota&oinand it may vary in a certain range. In

this case, the switching frequency is around th8 28Hz range.

3. MEASUREMENT METHODS

Supraharmonics is the phenomenon of the transformation offieighency smalamplitude current

harmonics into higlirequency largeamplitude voltage harmonics. The required devices for the
measurement of this phenomenon must be capable of measuring the frequeh89 &Hz. When the

related devices were investigated, it was seen that class A devices suéibaseAP@Box 190, PQ

Box 300, and PowerSide PQube 3 devices provide these features. The measurement was carried out
with the A-Eberle P@ox 300 device. However, since measurements at the MV level can be made via
voltage or current transformers, and since it is estindigdthe sensitivity will decrease due to the
frequency response of these transformers and accurate measurement data will not be obtained, LV
measurements were performed in this study. In the LV measurements that were carried out, a Rogowski

coil was usedfor current measurements, and a crocatifiped probe was used for voltage
measurements. The measurement point is the YEDA!
charging station, buildingds | oads and the BESS.

4. FIELD MEASUREMENTS AND ANALYSIS

The methodology for higHrequency emissions measurement in the frequency bas® XHz is not
defined in this section. The measurement was carried out withthesé AEberle P@Box 300 device,
within the scope of IEC 61008-30 standard's Annex C section

The measurement was carried out in the YEDAS HQ building which consists of BESS, two EV
Charging stations, PCs, and LEDs. The supraharmonic data obtained as a result of a monthly
measurement are given in Figure 1 as a color matrix.

As can be seen in Figrl, there is a pattern of supraharmonics during BESS operation hours. Figure 2
is a closeup view of the BESS operation hours.
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According to the measurements, the maximum value is 727.37 mV in 16 kHz frequency which is related

to the EV charger. The EValhr ger 6 s ef fect goes up to 70 kHz bul
kHz up to 20 kHz is related to the BESS operation. Therefore, the BESS effects are maximum 300 mV

at 14 kHz.

The supraharmonics in dBX) according to the limit values mentionedEiN 50065 and IEC 61000

3-8 standards are given in Figure 3. 132

As can be observed from the above figures, none of the SH exceed the limits. But there is a pattern
through SH frequencies. The inverter of SBESSO6s
for multiples of 20 kHz can be seen. Furthermor e
15 kHz. Similarly, an increase in SH for multiples of 15 kHz can be seen.
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FIGURE I. MONTHLY MEASUREMENT OF SUPRAHARMONICS

FIGURE 2. SUPRAHARMONICS DURING BESS OPERATION HOURS
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FIGURE 3. SUPRAHARMONICS IN DB (V)

5. CONCLUSION

In this paper, YEDAS Power Quality and Energy Storage Systems Department has conducted
measurements to observeti"d/ c har gi ng st ationsdé and the BESSO:
were carried out on the PCC of BESS and the EV charging stations located in the YEDAS HQ building.

As it is expected, higfrequency emissions have seen on 15 kHz and 20 kHz frequendy Bae to

EV chargers and the BESS respectively. This paper presents a picture of theseedgding
technol ogi esd operationsd effects on SH. When t&h
been observed that the supraharmonics increases.
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Daj ét & minkdeeb eYkaeksalma Ol Gegr KkKang éB?Y hgé Bazl é
Kestirim Y©° nit em
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'Yekil eérmak Elektrik Dajétéem A. k.
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¥ZETG¢- kalitesi El ektri k Dajétéem kebekesinde ol duk- a
Tedari k S¢rekl i i ji, Ticari Kal i t &le bumda Tekkikn kalke Kal i t
parametrel eri i -erisinde Et ki n Gerilim Dejikimi(EGD
parametrel eri takip edil mektedir i1l kemi zde El ektrik
kapsamémdategesdi ndagdls &¢/ swgl | dejerleri detaylée anali z
bazl e analiz yapél mék olup fider baklangé- noktasé o
fider sonunda yer al°dn ¢tm kaetéincmeé k°tlé-r¢. nBoukrtaadsaé nCdl aans s A
olup 1 haftaleék kayétlar incelenmiktir. Gerilim olay
ve ne t ¢r khaiyrd ealrirddakal jetininpiikt i ré iBlue aare&@aa klaglkeadwon tes
kestirimi yapél mekxtér. Ayréca bu aréza | okasyonundaki
gerilim -°kme sayélaré ortadan kaldereéel mékter.

Anahtar KelimelerrDaj ét é m Kk e b e ISagSwell, Tebnk &alite Swe | |

Reg@B8amsed Fault Estématéon Met hod Weéth Voltage Even:
Network

ABSTRACT: Power quality is very important in the Electricity Distribution Network. Continuity of Supply,
Commercial Quality ad Technical Quality monitoring are carried out in Electricity Distribution systems. In
particular, the parameters of Effective Voltage Change (EVC), Voltage Unbalance (VU) and Voltage Collapse
(VC) are monitored here within the technical quality paranet®ower sagwellsag / swell values in power

quality are analyzed in detail within the scope of the procedures and principles related to the technical quality of
the Electricity Distribution System in our country. In this study, a febdsed analysis &s performed and
measurements were taken from the measuring point at the transformer outlet in the substation, which is the starting
point of the feeder, and from the consumer measuring point located at the end of the feeder. Class A qualified
devices weraused here and -tveek records were examined. Voltage event records were examined and, in
particular, what type of event records there are and what type of fault type is recorded were examined. Fault
location determination was made with these fault recargsfault estimation was made. In addition, the problem

at this fault location was investigated and maintenametated problems were eliminated, eliminating the number

of voltage crashes.

Keywords:Distribution Network, Sag, Swell, S&yvell, Technical Qality

1. GKRKK

El ektrik Dajétém sistemlerinde gerilim d¢gkegmlerdi
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Ayréca gerilim d¢egkegmlerindeki olay kayeéetlareneéen
incelenmektedir3 1 [ 4] . Bir-okgeai kmadajer!lgrenin verile
burada °1-¢len gerilim dejerlerinin nitelif§7Ji i n
ve bitik °Il-¢ noktalaréndaki gerilim olay kayétl
2. MATERYAL VE Y¥NTEM

2.1. G ¢, Kalitesi Parametleri | 36
Gerili m:Gegkimesmi n bir tam dalgadan daha wuzun bi
d¢kmesi dior . Nedeni Kebeke yetersizIliji, akeéreée yg¢
Geri |l i m Y @gdismenlbimeasmi :dal gadan daha wuzun bir s¢gre %
-ékmasedéer. Nedeni y¢k azal masé ve Kebekedeki a)

AG sevi yes2i54iV- iar a8 \kabul edil ebi | 2000%%/¢l6kvy e di r
20kv) ar aseé ekyaddfbll edilebilir s

Gerilim ¢° k meNa mi n al frekanst aki Kebekil.gergd)i md é =da ed

d¢kmesii30( pes5i yot) ol ayéna denir [6, 7, 8, 9] . C
kKurul ukl arénda °neml. der ecaenk&k t gdeéetri. mGleayéplmardég
sebepl eri arasénda késa devr el r, transformat?©or

e
b¢yeéek yeéeklerin devreye girmesi ve akéré y¢kl enme
3. BULGULAR

T Trafo Merkezi trafo -&rkéék °1 -¢m noktasée Ol ay Kayeée
Ol ay ANéminal Taeljer Sure Depth Phase VaMin VaMaks Vb Min VbMaks VcMin  VcMaks Ar éza Ti pi

Sag&Swell 18187 1.01.202309:25 015 1702 B 102906 14877 56.312 170223 34235 130901 Tanémseéz Ve
Sag 18.187 1.01.20230925 0039 0827 C 89.866 104.041 91.341 109497 8272 92125 Kki Faz Top
Sag&Swell 18187 10120230947 019 034 C 104274 148152 55007 150461 33978 133667 Tanémséz Ve
Sag 18.187 1.01.202309:47 002 081 A 81019 88164 101197 107291 105127 109.785  Upstream

Sag&Swell 18.187 1.01.202309:47 0078 1919 B 117485 13961 150358 19193 44533 81731 Tek Faz Top
Sag&Swell 18187 10120231117 0149 1865 B 102549 14396 53442 186499 34778 129403 Tanémséz Ve
Sag 18187 1.01.202311:17 0148 0808 C 88845 103511 89.751 109936 80.754 90359 Tanémseéz Ve
Sag 18187 1.01.202311:17 004 082 B 88.983 102574 81989 911 90859 10563 Kki Faz Top

T Son t¢ketici ¥I -¢m Noktasé Ol ay Kayeéetl ar é

Nominal

Ol ay Ade N Tarih Sure Depth_ Phase_ VaMin_ VaMaks, VbMin_ VbMaks, VcMin_ VcMaks Aréza Tipi
v Dej» .l - - v v - v v v v
Sag&Swell 18.186  1.01.202309:25 0.29 1649 B 87.157 135478 59992 164908 67585  133.11 Tanémséz Veri 2
Sag&Swell 18186  1.01.202309:47  0.067 135 A 119905 13498 100914 131157 67578 75464 Tek Faz Toprak ¢
Sag&Swell 18.186  1.01.202309:47 0.2 0.594 B 82163 97545 59363 108.154 88976 135885 Tanémséz Veri 2
Sag&Swell 18186  1.01.202309:47  0.091 1.933 B 94234 140984 104673 19326 4491 100.181 Tek Faz Toprak ¢+
Sag&Swell 18186 1.01.202311:18  0.308 1871 B 80.728 137208 58312  187.131 44907 131.108 Tanémséz Veri 2
Sag 18186  1.01.202311:18 0.05 0.807 B 8519 105516 80.719 95178 89575 107.378 Upstream
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T Trafo Merkezi trafo -ékék °l-¢m noktaseée
Nominal . ) . R -
Ol ay Ade Deje Tarih Sure Depth  Phase VaMin VaMaks VbMin VbMaks VcMin VcMaks Aréza Tipi
Sag 18.187 3.01.2023 08:06 0.23 0.807 B 87636 101395 80715 92025 90155 103815 Kki Faz Topra
Sag 18.187 30120231121 0219 0.81 B 88508 101.395 81037 91643 90607  103.65 Kki Faz Topra

T Son t¢iketioci ¥| -¢m Noktasé Ol ay Kayeéetl ar é
Nominal . . . . .
Ol ay Ade Dej . Tarih Sure Depth Phase VaMin VaMaks VbMin VbMaks VcMin VcMaks Aréza Tipi
Sag 18.186 3.01.2023 08:06 0.257 0.781 B 83.24 103.158  78.133 95.485 87.431 104.242 Upstream
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4. SONU¢ VE ¥NERKLER

Kletim ve
sistemlerinde
yapél maktader .

Dajéetém sistemlerinde
el ektrik
Bur ada

-ékareéel makt ader .

a-éséndan °nem ar z

Bu

Trafo
Sér a

ge°r ¢l mektedir.

-al ékmada
noktaséndan
zarfl arénda
mer kezi

son

He

Trafo
al @énan

r i

mer kezi
veriler
gelreseélkl é kmikkeveiamd ar &
-éekexkedidantopkakdarends éamné dafje&n gl
teketim dafkeasgenkaemebhakél @] @rida i m kel
kayeéetl aré kéyasl amal

ki

ol ay

Kebekesi
gerilim
Ayréecavel ykapnon aye kpiytd eéeé nl me
et mektedir.

tr
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geri |l dmj et aml ar
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dajétem kKebekesinde bir sorundan kaynaklée&g aol duj

kestirimi yapél mékteéer. Ayréca dajétem k&kPek&si nc
i zolagta®>-r t emasé gi bi nedenl erden kaynakl andéjeée g
sorunl ar -2zl megkt ¢rkt erapeémanar éabdéekmatitiemibi hénrn
yapélarak bakém faaliyetlerine destek ol unmuxktur
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ABSTRACT: Transforming a national traditional grid into an intelligent smart gridpossible with advanced
technologies to increase the reliability and robustness of a system. For the Distribution system operator (DSO), it
is necessary to determine the voltage and phase angle at critical locations in the grid. Synchro phasor yechnolog
uses a monitoring device called a phasor measurement unit (PMU). A PMU is a power system device that provides
great potential for monitoring an electrical grid by measuring the synchronized current and voltage phasor across
a wide area. Concerning theeetrical field experiences offered by PMUs, the power systems control and
monitoring are entirely revolutionized. However, communication and cost links significantly impact the number
of PMUs to be installed by DSOs. Additionally, identifying the appropiMU system application is a utility
problem that must be resolved. For utility operators, despite smart meter information, quality of measurement and
reporting records of devices for the prediction of blackouts and brownouts are critical.

KeywordsDistribution System Operator, Pmu, Power Quality, Grid

INTRODUCTION

Realtime monitoring of power systems is essential for DSOs. To perforrtimeaimonitoring of grid
operation, measurement devices are integrated into the system. These devices transmit the
measurements they make at the point where they are located to the operators through various
communication media. Although the primary measuring devices and monitoring systems currently used
provide significant benefits to operators, new insights haveresealed with the systems. One of them

is PMU. These units have been used with the development of GPS technology. [1] PMUs designed for
transmission network operators have become available for distribution networks as their application
areas have expandadd their costs have been reduced.

PMU

Synchro phasors are a simple concept used for AC circuit analysis. Phasors are complex numbers that
represent a sinusoidal function with amplitude, angular velocity, and phase angle. Since the changes in
the power gstems are not so fast, it can be assumed that the system is in a stationary regime, so phasors
hel p explain the systembébs behavior. Phasors are

The synchrophasor is obtained by calculating the phadée abltage and current phasors according

to a standard time reference. The derived simultaneous measurement sets greatly benefit activities such
as advanced power system monitoring, protection, management, and control. According to recent
studies, synchmhasor technology is crucial in system imaging and controlling in vast areas.

Realtime monitoring of energy systems is important for the safety and reliability of the system. Among
the various methods used to monitor the power sy
(SCADA) system are one of them. Eventually, drasisaof SCADA, like synchronous measurement,
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the low sample rates, complex mounting structure, and the significant number of fiber optic cables in
every center that needs to be monitored, have been recognized by utility operators.

Since the 1980s, GPS syss have been used in civilian applications, and the use of sampled
synchronized measurement data has been realized. The combination of the synchronization accuracy of
GPS and the technique of measuring AC symmetrical components has led to the emédrtence o
synchrophasor measurement phenomenon. The first PMU was developed by Virginia Tech in the 19?%
and installed in many stegown distribution centers to test the validation and get the Hrowof
these new measur ement t oweviess staid&ds by 2805.sThe relepanta t e d
standard defines PMU as wideea monitoring systems used in the power industry's modern
monitoring, protection, and control systems. PMU is important for power engineers due to its ability to
synchronously measureaktime current and voltage phasors. PMU works well in terms of extensive
sampling and measurement accuracy compared to traditional measurements taken from SCADA. In
addition, the units placed on the busbar can also take measurement data from theslmdingr bu

SCADA technology uses data acquisition to monitor the power system completion in a few seconds. [2]
This situation has a drawback for the grid dispatcher to observe the dynamic structure of the system. In
systems under stress or in a faulty conditithhe operators wrong fault location detection is one of the
main reasons for interruptions. In Table 1, you can find the comparison of SCADA and PMU
technologies.

Features SCADA PMU
Resolution 2-4 Sampling 50-60 Sampling
Measurement Analog Digital
Observability Steadystate Dynamic/Transient
Phase angle Not exist Exist
measurement
Measurement Data| Voltage and Current, MW ve Voltage and Current, Phase angle, MW|
MVAR MVAR
Table.1

Regarding the characteristics indicated in the table, it can be seen that PMUs are faster compared to
SCADA. PMU provides a significant advantage with a sampling rate of up to 50 per second and reflects
the changes to the operator by high resolution. @rieeomain reasons for this advantage is that the
phasor measurement units work synchronously using GPS technology. Conventional monitoring
systems like SCADA use an operasipecified reference angle, while PMU uses a global one. In
addition, phasor measament units measure phase angles directly instead of calculating them. [3],[4]

Studies were carried out after the major outages in the USA and Europe in 2003 and 2004. It was
revealed that the main reasons for these outages were the inability to mengystem. When looking

at the outage reports, the importance of the lack of-afda monitoring and the problems caused by

the lack of data synchronicity was emphasized. On the other hand, while PMU technology allows
monitoring of the system in largeeas, it is superior to SCADA technology in terms of simultaneously
determining the system status with the data it provides. These features, while enabling operators to see
the dynamic behaviors in the system, provide them with benefits such as pretiietprgplilems that

may occur in advance and determining the correct control actions.

PMU MEASUREMENT FEATURES

The purpose of the PMU is to calculate and transmit the synchrophasor values. The variety of data to be
received is shaped according to the user's request. The accuracy of measurements, reporting time, and
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evaluation stages should be carried out accotdispecific standards. The main ones of these standards
are C37.118-:2011/2014 and C37.1182D11.

The primary measurement values calculated by PMUs are voltage magnitude, current magnitude, and
power flow values. In addition to these measurements, Ridtumeasure the voltage and current phase
angles at their location according to a global reference by direct measurement. These characteristics are
among the most significant differences between PMUs and conventional measuring devices. Anotg
difference s that the PMU can calculate the positive, negative, and zero sequences of the voltage and
current, and frequency change rates. [5] With these calculations, the unit sends a wide range of
information to the operator about its location. In this way, theadpecan observe the system more
clearly.

PMU measures 50 Hz. AC waves with a high sampling rate. These properties make them effective in
detecting fluctuations in voltage or current. They are used to measure the values of the magnitude, phase
angle, fregency, and frequency change rate of the signal at the input terminal. For this measurement,
PMU uses a cosine wave, and this wave has the following form:

X=A.cos ( wt +d) (1)

A: Voltage or current amplitude
w: Angular frequency and is equal to tredue of 2nf
d: Difference in the phase angl e

The analog signals detected by the PMU are converted into digital signals by a converter (ADC). [6]
With the help of GPS technology, higpeed synchronicity is done, and measurements made at different
locaions are sent to the specified data center.

SYNCHROPHASOR DEVICE IN DISTRIBUTION NETWORK

The application of synchrophasor technology in distribution networks first started in the USA. The first
studies were created in the pilot region in 2003 with th& jeiforts of the American Department of
Energy (DOE), The University of Tennessee, Knoxville, and Oak Ridge National Laboratory. 270
PMUs were placed in the region for laast, easyo-install, GP Ssynchronized widarea frequency
measurement.

Following the information obtained after this study, research and investigations continued. By 2013, a
new project was revealed by the same organization. This project aimed to imprévé& thestudies
conducted previously and improve data analysis.

In the following years, new topics, such as cyber security, began to be added to the research. The reason
for this, as mentioned earlier, was to enhance
possible cyber attacks. Investigation consistently proceeaied phasor measurement units were
mounted in the existing networks.

In the same year, similar research was started in Switzerland. The first purpose of this study was to
understand the synchrophasor concept and to make improvements to it. Priorityenas ghe cyber

security and control operations, and observations were started to be made in existing networks. Finally,
the city of Lausanne was designated as a pilot zone, and the network behavior of this city was examined.

As another example, Belgiurae be shown. In the study carried out in the Sibelga network of Belgium,

3 PMUs were placed. This study ensures that parallel switching at an important network node is
performed correctly. Phase angle measurements were done with the PMUs positionsgistethet

the position where the switching happened.

In addition to pioneering studies, research on phasor measurement units is continuing in many countries.
Require the systemds imaging to be more gy eci se
is gaining more and more importance. In this context, when we think about the energy system in Turkey
and the region, phasor measurement unit technology is essential for Turkish grid operators in terms of
monitoring, control, and security.
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In the YEDAS case study, we mounted PMU to validate the features and monitor some of our
distribution feeders in a retime. You can find figure 1 and figure 2, which show the voltage and current
magnitudes, respect istangpedyGPSyRcMdhizedreagingse af voltage and me
current phasors lead us to track the outage and events as fast as possible.
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Figure.1
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Figure.2

CONCLUSION

As a result of the analysis carried out:

I. Events that are impossible to be recorded by the network operator rzrotmed with PMUS,
Il. Exact fault location detection,

IIl. PMUs can be used to find the sources of voltage peaks through events occurring in the distribution
network (fault source, capacitor switching source, transmission system source ...).
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¥ Z E TTelemetri bir sistemin kablolu veya kablosuz olata@aktan kontrol edilmesidir. Telemetri sistemi
sayesinde uzak veya ulakeél masé kolay ol mayan bir mes

noktaya iletilir. Telemetr.i se |set ketnri inke shaagildarpdaldmadkn év eo kuu
alanlaréenda i htiya- duyul ur. ¥zellikle, havaceéel ék ve
-eki tli cisimlerin test edilmesinde telemetr.i sistem
ait ethernetpake veri |l eri ni, sécakl ek, basén-, titreki m, geri
uygun formatta ger-ek zamanl é& ol arak yer istasyonuna
mi mar i yapeseée kul |l awreél?areldkikgnean!| araéna fyéanpdéasné bel i r |l en
ol mak gerekir. Bu -al eékmada, f(;ze ost¢ telemetri S i
Tel emet ri Sistem Performans HesaplkaydahéArnay hzdin sy eé
al écé taraftaki RF haberl ekme de ]erleri ve mod¢l asy
hesapl anéep tel emetr.i haberl ekme performansl ar é kar K
mod¢l asyonliamk nBar jSi/ N dESK EN/EM, 8P SBKF 3, d ¢4 asyonl aréna ¢

-ékmexkter.

Anahtar Kelimeler:Tel emet r i |, F¢eze Tel emetri Si stemi, Rf Haber |l

Missile Telemetry System Design and Performance Analysis

ABSTRACT: Telemetryis the wired or wireless remote control of a system. Thanks to the telemetry system, data
is collected from a distance that is not far or easy to reach and transmitted to a point where it will be displayed.
It is needed in various applications such as @wimand space, health, natural gakectricity meter readings. A
telemetry system is needed in testing various objects such as aircraft, ammunition and launch vehicles in the
aerospace industry. The missile telemetry system (MTS) collects the ethekaetipaammunition data, the data

from the sensors such as temperature, pressure, vibration, strain. MTS saves this data in the appropriate format
in real time to the ground station or a recording medium. To know the architectural structure of the jelemetr
system, it is necessary to have information about the structure and features of the equipment used. In this study,
thanks to the onboard telemetry system design and the Telemetry System Performance Calculator Interface
developed with this design, S/N kiMargin value can be calculated and telemetry communication performances
can be compared by taking into account the RF communication values and modulation types for both the
transmitting and receiving side used in the telemetry system. As a resulstfdieS/N Link Margin values in

BPSK and QPSK modulations were better than BFSIKSK, PCM/FM, 8PSK modulations.

Keywords:Telemetry, Missile Telemetry Syst&#®,Communication, Link Margin of S/

1. INTRODUCTION

Telemetry is the wired or wireless monit@ or control of a system. It literally means 'receiving remote
measurement’. The purpose is to perform data collection. A wireless communication system is used in
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missile telemetry [4]. The general telemetry system structure is shdviguirel. Thanks to the missile
telemetry system, measurements are taken from certain locations on the missile and transmitted to the
subsystems, and it startsfisictions. Acceleration, temperature, strain, pressure etc. of the ammunition.

It collects the ethernet packet data of the missile and sends this data to the ground station in real time in
the appropriate format. In munitions under development, a telesystigm is placed in the Test Head
instead of the Warhead. As the working principle of the missile telemetry system, the data belonging to
the sensors and missile are collected by the data collection system. Thanks to the transmitter, aftef4he
message sital is modulated with a carrier signal, it transmits the incoming signal via RF (Radio
Frequency) to the transmitting antennas. Then the receiving antenna receives the modulated RF signal
and after the signal is demodulated at the receiver, it is sdrd gpaund station to display the data [3].

Recorder /
Y Time
SENSORS [ I
Pressure =~ — A\ e Communication Chamel
\ e (Radio Frequency)
Temperature —» N . _— > _— >
Accelerometer —»
) . Monitor
AIRBORN SYSTEM GROUND SYSTEM

Figure 1. Basic Telemetry System

2. MATERIALS and METHOD

In telemetry tests, the data received from the missile is transmitted to the ground station by RF
communication. In this communication, two antennas are used, a transmitter and a receiver. Thus, it is
ensured that the data progresses with a high frequaertya small wavelength signal [1]. In order to
know the structure of the telemetry system, first of all, it is necessary to know the communication
components well. The structure of the basic communication system is shBiguaiie2.

Input Message
Message Signal
] H
A :
Information ' Input ! Transmitter
Source Transducer

Transmitted Signal

Communication
Channel

Output
Message
1

Output Signal

Received Signal

Destination : Output

'
i

[—— Recevier

Source Transducer

Figure 2. Basic Communication System

In RF communication, there are some loss or gain situations. This has a direct effect on the signal
strength. For RF systeradses:

A Reflection Due to Impedance iM8BWRhat ch, (Vol
A Pol arizati on
A  Free Space Path Loss (FSPL)
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A Noi se
A Multipath
A Attenuation is given as an exampl e.

For RF system gains:
A Low Noise Amplifier (LNA) |47
A Ant ennaaniexampei ven a

For this system to work correctly, it is necessary to make correct design and link margin calculations.
In this study, both telemetry system design and telemetry performance analysis are performed.
Telemetry System Performance Calculatogiifsice’ software has been developed to provide telemetry
performance analysis. Thanks to this software, Réngmk Margin of S/N calculation is made by
entering the communication parameter values on the transmitter and receiver side according to the
moduation type. S/N is one of the important measures used to evaluate the performance of the system
while designing the communication system. Also, the interface has features such AsHBRENO,

Rangei FSPL and RangkLink Margin of Received Signal calcuian.

2.1. Airborne Telemetry Station

Analog and digital data over the missile are collected by the data acquisition system. These data are
acceleration temperature, pressure, serial data etc. it could be. If the collected data is an analog signal,
it is converted into digital data via PCM (Pulse Code Modulation). This digital data is collected by the
commutator. The Commutator structure includes TDM (Time Division Multiplexing) and PCM
Generator structures. TDM collects each sensor and ethernet paekahdatreates the PCM major

frame structure. PCM Generator takes each minor frame and converts it into a singlguires] [5].

SubFrame 1D W - wor

S, S S S s S FS Minor Frame

Major Frame
S0 S 5 S S 5 S S FS Frame
1 Synchronization

SHD | S, S| S Se S S S S Eﬁnt S S S S S S S S 139 E\.rl‘
A | '\ | i A i | || ! | l A i A :

Figure 3. PCM Frame Structure
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L. . Data Commutator

Analog Data Collection PCM / Analog to Digital Conversion

1. Vibration Sensor

2. Pressure Sersor |:|

3. Acoustics Sensor

4. Shock Sensor

Analog Output

5. Temperature Sensor — w;'gnaT i [ (Tom) Ptm

6. Accelaration Sensor

7. Voltage Measurement -

8. Current Measuremnent Ll

Digital Data Collection | 48

1. 1553 Data Bus
2. Aninc 429 Data Bus 111=-)100

3. GPS/INS Information
4. RS485/RS422 Serial Data Line
5. Other serial Output Sensors (IMU)

Digitaljdata

Source Coding (If used)

Channel Codes [ l {
(if used) T <
Run-length ] | ma I ; I
11+221100 l 8| Huffman Lempel Ziv
Digital data
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RF Power Amplifier
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[ e— S } <
Lot i
e i it -
- ) Digital Signal !
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Filters

Figure 4. Airborne Telemetry System

Some coding varieties are available. These are source cotlamel coding and line coding. Source
coding is used if it is necessary to compress the collected digital data. During data transmission, there
may be malfunctions in the file. Channel coding is used in this. Line coding is used to convert digital
data nto a physical signal [2].

A pre-modulation filter is used to limit the bandwidth of the signals. Then, the signal enters the
modulation process. The modulated signal is transmitted to the transmitting antennas. Transmitter
antennas send the modulated aigna RF to the receiving antenna.

The Airborne Telemetry System described above is showigime4.
2.2. Telemetry Ground Station

Telemetry Ground Stain is a hardware structure used for receiving data from the aerial telemetry
transmitter, processing, displaying the data, and recording it on a recording medium.

RF signal is received by the antenna in the telemetry ground station. It enters a bahepassa

Noise Amplifier (LNA) is used to increase the noise and gain in the signal. Thanks to the receiver, the
signal is downloaded to IF (Intermediate Frequency), filtered and demodulated, separating it from the
carrier frequency and obtaining the éaand signal [3]. Then the reverse of the operations used on the
missile is applied to the signal. The structure of the Ground Station System is sHeiguréb.
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Figure 5. Telemetry Ground Station

2.3. A Complete End to End Link Margin Calculations

This section includes end to end link margin calculations according to Sid@aider sensitivity. The

formulas used to obtain these calculations are described below.

Equation 2.3 shows how to obtain Noise Factor of Transmitted Antenna.

wherePL is transmitted poweFR: is incident power.

0 —

where"Ois gain.

0 B

where Ois noise factor.

Equation 2.4 is obtained Noiségure of Transmitted Antenna using equation 2.3.

00 pm iI"@

where0 "Gs noise figure.

2.1)

2.2)

(2.3)

(2.4)

|49
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Effective Isotropic Radiated Power (EIRP) is given by

‘0"0'Y 0O Q64 O A
0 A R A (2.5)

|50
The signal level coming to the receiver is obtained in equation 2.6.

0 0 Q646 0 Q6 0 (o))
"0 N6 O Q6
,- (oY}
Q6 (2.6)

C ca

According to the receiver ssitivity, the receiver's link margin formula is obtained in equation 2.7
below.

DDV FAWQHQQWAT Qb4 0 08 & @2.7)

The thermal noise obtaed after LNA is obtained in equation 2.8.

8w Q6 a ' Q0 & (2.8)

BER and Eb/NO formulas are calculated according to modulation types. If the BER Jaloeis the
Eb/NO value can be calculated. The C/N value is obtained in equation 2.9.

2.9)

Equation 2.12 is obtained using equation 2.10emgtion 2.11.

6 QOB Q00— (2.10)
0 QDB FOEI Q6 0 Ho H©'QE RQORQQN (2.11)
0 QDB FOEI Q6 U Q0 0 R0QRQ0— (2.12)

2.4. Telemetry System Performance Calculator Interface

It is an interface developed for telemetry performance analysis. By entering the communication
parameter values on the transmitter egckiver side, RangeSPL, BEREb/NO, Rangd.ink Margin

of Received Signal and Rangak Margin of S/N graphs are drawRigure6). In addition, thevalues
obtained against the inputs are calculated as shoWigime?7.
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(] Telemetry System Performance Calculator
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Figure 8. Range and Link Margin of S/N for BPSK and QPSK

3. CONCLUSION

In this study, the S/N LinKargin value is calculated, and the telemetry communication performances
are compared, taking into account the RF communication values and modulation types used in the
telemetry system, on both the transmitter and receiver sides. As a result of th&A&tiudyk Margin

values in BPSK and QPSK modulations are better than BFHSK) PCM/FM, 8P SK modulations
(Figure8).
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Analyzing IEEE 802.11ax:The Standard for The Next GenerationWLAN s
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ABSTRACT: The most recent version of tivreless local area networks (WLANS) standard is IEEE 802-11ax

2021, also referred to as higgfficiency wireless (HEW) or WH8. The function of the Access Point (AP) in Wi

Fi networks has changed notably with the implementation of Orthogonal Frequérisio® Multiple Access
(OFDMA) in 802.11ax. This is because it gives the chance to use more sophisticated timing algorithms to manage
Downlink (DL) traffic patterns and serve as a controller for Multi User Uplink (MU UL) transmissions at the same
time. It becomes essential in this situation to develop a model for network analysis. In this paper, a model is
developed to perform the network analysis of the IEEE 802.11 ax. The development of the model takes into account
both UL and DL transmissions in additido all the key performanefecting variables. A theoretical study using
Markov chains is presented. In addition, the simulation is used to validate the developed performance model.

Keywordsli EEE 802. 11 ax-6, WOANDMA, WKFK

1. INTRODUCTION

WLANSs (wireless local area networks), are gaining popularity, raising concerns about how to handle
the unavoidable overcrowding and slow communication that will inevitably result from the increase of
new methods, technologies, and apps. Because there are manynditascass points in some
environments, IEEE 802.11 evolved the IEEE 802.11ax standard.

Orthogonal frequency division multiple access (OFDMA) basedinkp multi-user (UL MU)
transmission, which splits a transmission into somectannels and concurréynsends data packets

for numerous users, is realized by a later released standard known as 802.11ax (IEEE, 2021). Getting
precise communication synchronization between communicating stations (STAs) that have been set up
to function in a completely distritbed way is one challenging aspect of using OFDMA inRMiSon,

2018). 802.11ax's ability to manage OFDMA signals in the downlink (DL) and uplink (UL) paths helps

to get around this problem. By assigning OFDMA resources to the stations and scheduling UL
broadcasts for them, the access points (APs) gather the transmission purpose from the stations. More
significantly, it broadcasts a "trigger frame" to the WLAN, which starts the stations' real UL
communication. Nevertheless, this results in IEEE 802.1Hdo0ss having entrance to the channel in

a totally different manner from current older nodes, as well as in inevitable alterations to MAC layer.

For future WiFi usecases, singkeiser communication technologies like orthogonal frequency division
multiple (OFDM) may not be successful, so 802.11ax has depended on MU technology. Each channel
is split into numerous orthogonal sabrriers (SCs) in the MDFDMA method, and a collection of

these SCs constitutes-gseurce units. MU multiple input multiple outp(MIMO) operation, i.e., the
simultaneous transmission of data from multiple users over the identical resource unit (RU) utilizing
multiple antennas, is feasible in each resource unit with a capacity of 1@arsels or more. The
channel status informatn (CSI) should be accessible at the AP in order to precisely decrypt this data.
Additionally, the channel traits are more likely to affect this CSI information. As a result, the access
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point must use the channel sampling (Son, 28Halta, 2017; Choi2016 procedure to ask for CSI
information from the stations more frequently. The MAC layer access method of 802.11ax networks is
significantly impacted by these MOFDMA + MU-MIMO characteristics.

According to Bellalta, 2017, utilizing specified factors when configuring an IEEE802.11ax network

can result in effective utilization of both MMIMO and OFDMA. Additionally, the study using math

and simulations demonstrates that MU communications can be securegictinig sitations. Along 54
with MU-MIMO and OFDMA, noncontinuous channel sharing and link adaptation are assessed tL)
confirm the performance enhancement of IEEE 802.11ax. The computer outcomes demonstrate this
amendment's unmistakably higher output, improved qudlggmwice (QoS), as well as increased multi
channel effectiveness (Lin, 2016).

The contributions made by this study are listed below:
U Inorder to analyze IEEE 802.11ax performance, the paper provides an analytical study.

U The efficiency of the systemay be impacted by certain parameters. A theoretical study based on
the Markov's chain model derives relationships among performance measures.

U The numerical results are presented to verify the analytical study.

The rest of the paper is ordered as follo8asction 2 describes an overview of IEEE 802.11ax. Section
3 provides the system model. Section 4 gives the numerical results. Lastly, Section 5 provides the
conclusions.

2. OVERVIEW IEEE 802.11ax

IEEE 802.11ax suggests a number of important technologiesdation to the higldensity
implementation situations and the technological and objective criteria.

Some novel transmission and encryption methods are adopted by IEEE 802.11ax. First, the highest
transfer rate could be increased even more by addingQ®824. The IEEE 802.11ax can theoretically

attain a high transfer speed of 9.6 Gbps. Second, dual carrier modulation improves the resilience of
communications in UL transmission as well as outdoor situations. Ultimately, IEEE 802.11ax has
decided to make bimarconvolutional encoding and ledensity parity check mandatory encryption
methods.

A new SC division technique is used for IEEE 802.11ax that is more precise than standard IEEE 802.11.
The 20 GHz frequency is split into 256 subcarriers spacing in IEEBB&2 which is four times as

many as in the original IEEE 802.11. With the help of this novel subcarrier division method, OFDMA
resources can be scheduled more precisely and effectively, further enhancing frequency economy. The
numerous access techniquéltron OFDMA and MUMIMO is improved by IEEE 802.11ax to ensure

MU simultaneous propagation in both the frequency and geographic domains. This offers a strong basis
for raising WiFi effectiveness.

Access points and/or stations can send frames orcamimuous channels thanks to the improved
channel boundaries in IEEE 802.11ax, which increases channel usage and completely utilizes the
increased capacity. The improvement of MIAC is the most significant change made to IEEE
802.11ax's MAC layer. Higkfficiency multipleaccess (MUMAC) technology allows multiple users

to adhere to predetermined access guidelines to send UL data simultaneously (familiar adACQYIU

or DL data simultaneously (familiar as DL MUMAC) through predetermined network access essourc
(i.e. time domain, frequency domain, and space domain resourcesyIA@includes the MUMIMO -

based and OFDM#Avased multiple access techniques that IEEE 802.11ax debuted.

First, IEEE 802.11ax is the earliest to implement UL MMC for WiFi. Two specificmethods are
presented in depth, namely UL MJIMO and UL OFDMA. Second, IEEE 802.11ac only allows DL
MU-MIMO for DL MUMAC, whereas IEEE 802.11ax adds DL OFDMA to improve DL concurrent
access.

Additionally, to further increase MAC efficiency, IEEE 802.11suggests a cascaded MU MAC that
enables the DL and UL MU transmissions to happen alternately during a transmission chance time
period.
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This part employs the standardization procedure of IEEE 802.11ax as an illustration to make the
comprehension of the IEE802.11 standardization process easier. High efficiency WLAN (HEW) is
the designation of the study group (SG) that IEEE 802.11 instantly forms following the introduction of
IEEE 802.11ac in March 2013 (Hew, 2014). A number of characteristics have béeul \as the

primary technologies for the negeneration WLANs through thorough debate. The criteria for
standards development (CSD) (IEEE, 2014a) and the PAR (IEEE, 2014b) were the next two significant
papers that HEW finished. While CSD defines the negi criteria standardization process, PAR, one |55
of the most crucial papers in the standardization procedure, explains the goals and technical standards.
HEW was superseded by the IEEE 802.11 task group (TGax) in March 2014 (IEEE, 2017). This is the
first time, MU and SR were considered the most crucial study paths during the creation of TGax. TGax
made the decision to first create a standard framework document (SFD) (IEEE, 2016) in order to create
the ultimate IEEE 802.11ax revision. SFD is typically usedescribe the standard update and specify
which technologies the document should include. SFD's work came to a close at the beginning of 2016,
and the initial version of IEEE 802.11ax was published in March of that same year. Draft 3.0 of IEEE
802.11ax was published in October 2018 (IEEE, 2018). Additionally, IEEE 802.11ax's ultimate form
will be made available in 2019. The timetable for the IEEE 802.11ax standardization procedure is
depicted in Figure 1.

2013 2014 2015 2016 2018 2019

PAR
Study Group TASK
Group

Space Frame Draft 1

Document Draft 1.3 Draft 2 Final 802.11ax

Figure 1. Standardiation Process of IEEE 802.11ax.

3. SYSTEM MODEL

We model the performance study of IEEE 802.1Machrouh, 201Bon the Bianchi model, which we

use for the mathematical model of our network. In terms of evaluating WiFi networks and determining
traffic, themodel performed remarkably well. We take into account a single AP and a number of STAs
that are close to one another and have similar powers. It is assumed that the STAs and AP always have
packets available for delivery; these packets are then combigede B shows single user transmission

for UL and DL. Figure 3 and 4 show DL and UL for mulser transmissions, respectively.

The MU-RTS frame, which contains details about the STAs and the channel lengths, is a variation of
the trigger frame. The AP bnsends to the STAs that have responded, and each STA responds with a
CTS frame. Aggregating ACK packets into a single 48UAs Block ACK to minimize latency is
another appealing feature.

Access Point / RTS Data
Station

Station / Access CTS BACK
Point

Figure 2. Single User Transmission FoiL and DL.
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MU-
Access Point RTS

Other statios CTS BACK
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Other statios cTS BACK

Figure 3. Multiple User Transmissions for UL.

CTS Data

MU - ) MU -
T T
Access Point RTS cTS roger ACK

Other statios CTS Data

Other statios S Data

Figure 4. Multiple User Transmissions for DL.

A DL transmission begins when the counter of AP backoff hits zero, whereas STAs begin UL
transmissions when their backoff counters also reach zero. The Markov Chain Model can be used to
calculate the likelihood that a station will broadcast and the likelihood that there will be accidents.

Additionally, it is possible to calculate the energy @éfincy, which is the amount of energy spent to
transferred data over a given time period.

The drawback is that the AP must collect channel and buffer status data from user units, which could
result in a substantial amount of waste. As a result, thetesideoff between the waste caused by such

information and the quantity and pace at which it is needed. The two scenarios covered by the
mathematical model are effective transfer and impact.

We describe the transmission probabiliand the collision pradility Pe using the same Markov Chain
Model in (Karabulut, 2020)Jcan be written as

| _ 2(1- R) (1)
(- 2R)CW 4) RCWL (2P)")

P. can be given as
P=1-P* P*, @

where P** and P™ are collision probabilities for UL and DL transmission, respectively. They can be
expressed as €e, 2019

P =e(1 - ) ©)
P Ne( - P “)
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The channel will be occupied if any one of thewodes transmits a message during a time period.
ConsequentlyP, can be given as

R=11 &)". (5)

|57

Ps standgor the probability that a message will be properly transmitted and conveyed, and it can be
written as

p N J ©)

S, the ratio of data sent in a slot time to the typical slot time length, is the normalized system throughput.
It can be deipted as

_ E[ payload information transmitted in a slot tdr

S : (7)
E[length of slot time

The operator for the mean value is shown heig.dsThen, it could be stated as

s-PRL ®)

T

e

Here,L refer data size. In the instance of a Markov chéiis the expected duration of a node and is
written as

Te = (1 _H))Tslot Pb PsTs I%l R}Tc (9)

Here, the durations of successful and colliding packet transfer areeddnoks and Tc, respectively,
which can be given as

S

L
T, =Tsu:s +TRTS :F't s _R:' TA-!E:’ (10)

T

o4

TRTS +T3: S -FACK : (11)

Here, Trts Tcts Tack, Tsirsare request to send (RTS), clear to send (CTS) acknowledgment (ACK),
short interframe space (SIFS), times, respeslly. Rsrefers transmission rate.

4. NUMERICAL RESULTS

In this part, the analytical model is verified, and network performance is examined through numerical
analysis carried out in MATLAB.



/ J

C/ 16. UBAK, 11- 12 March 2023, Ankara,@
UBAK UBAK

We concentrate primarily on output because it has been significemitoved by the ax change. In our
tests, we selected a base service set with a single entry point and a number of stations that were
distributed at random within one another's broadcast range. We investigate how aggregation affects
speed and emphasizevihavell different modulation and coding algorithms work when used with
varying channel lengths. We then demonstrate how the number of nodes affects WiFi performance. The
values used for the numerical results are listed in Table 1.

|58

Table 1.Parameter Values Utilized in Numerical Results

Parameters Values
Torss Tors (IT8) 16, 34
RTS, CTS, ACK,, (byte§ | 26, 20, 14, 6000
R, (Mbps),N 11, 100
CW, m 32,5

Figure 5 shows the throughput according to the number of STAs. The number of stations is considered
as 50 and the comparison is made. The lower number of stations provides higher throughput as well as
supports more efficient communication. The throughgutiécreasing as the number of stations is
increased. Because there will be increased competition and more collisions due to excess packets in the
channel for transmission. Channel bandwidth has been studied. An increase in throughput is observed
with the increase in channel bandwidth.

Figure 6 shows the throughput versus packet size for several key parameters of the standard. The number
of stations is compared between 25 and 100. The lower number of stations provides higher throughput.
Throughput is incresed with the increase in the packet sikEbe usage of channel improves as the
packet length increases.

8_ -
7_
6,
2
Q.
e}
=R
=
o
&
4r
2
=
H
3,
2_
—+—25MHz
—6— 50 MHz
Iy 75MHz | A
100 MHz
04"; 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 8 90 100

Number of stations

Figure 5. Throughput for Different Channel Bandwidth.
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Throughput (Mbps)
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[\
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04::' 1 1 Il 1
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Packet Size

Figure 6. Throughput for Different Packet Size with Different Number of Stations.

5. CONCLUSION

In this paper, we show a numerically validated mathematical model for the IEEE 802.11 ax standard.
The suggested model is validated analytically under saturated circumstances, and the WLAN is assessed
for different network characteristics. Dependingtioa context of the situation, changing one or more

of these factors can result in significant changes in efficiency.

6. REFERENCES

IEEE, (2021). Draft Standard for Information technoloddart 11: Wireless LAN Medium Access
Control (MAC) and Physical Lay€PHY) for High Efficiency WLAN: IEEE 802.11ax.

Son, Y., Kim, S., Byeon, S., Choi, S. (2018). Symbol Timing Synchronization for Uplink-Mstti
Transmission in IEEE 802.11ax WLAN. IEEE Access, 6, 7298977.

Bellalta, B., Szott, K. K. (2017). Adnitiated Multi-User Transmissions in IEEE 802.11ax WLANS,
Computer Science, Networking and Internet Architecture, arXiv: 1702.05397.

Choai, J., Choi, S., &ee, K.B. (2016). Sounding Node Set and Sounding Interval Determination for
IEEE 802.11ac MEMIMO. IEEE Transactions on Vehicular Technology, 65, 1008074.

Lin, W, Li, B., Yang, M., Qu, Q., Yan, Z., Zuo, X., & Yang, B. (2016). Integrated 1Sgkten Level
Simulation Platform for the Next Generation WLANIEEE 802.11ax2016 IEEE Global
Communications Conference (GLOBECOM)7 1

HEW, (2014). Status of IEEE 802.11 hew study group high efficiency WLAN.

IEEE, (2014a). IEEE 802.11 hew sg proposed @sd.IEEE 802.1114/0169r1.

IEEE, (2014b). 802.11 hew sg proposed par. doc. IEEE 8Q2/0165r1.

IEEE, (2017). Status of project IEEE 802.11ax high efficiency (he) wireless LAN task group.
IEEE, (2016). Specification framework for tgax. doc IEEE 8023/MD0132R15.



J J
,C/' 16. UBAK, 11- 12 March 2023, Ankara,(./
UBAK UBAK

IEEE, (2018). Wireless lan medium access control (MAC) and physical layer (PHY) specifications
amendment 6: Enhancements for high efficiency wlan. IEEE Draft 802.11ax/D3.0.

Machrouh, Z., Najid, A. (2016). Performance Analysis of IEEE802.11de Bxdhancement for VHT
with Frame Aggreg2dtion, o i JES, 4(3), 17

Karabul ut , M. AL, Shah, A . S., & Kl han, H. (202
802.11 MAC protocol for VANETSJournal of the Faculty of Engineering and Architecture of |60
Gazi University,35(3), 15751587.

Lee, K. (2019). Performance Analysis of the IEEE 802.11ax MAC Protocol for Heterogene®ils Wi
Networks in NorSaturated Condition§ensors19(7), 1540.



/ /

,@' 16. UBAK, 11- 12 March 2023, Ankara,(./
UBAK UBAK
Presentation ID / Sunum No:78

Oor al PresenfBumum on / S°zl ¢

ORCID ID: 0009000242854955 |61

Knsanséz HKealakik AGpadcEmlilgmaMe hAr asiBaga Ver
T a s ar éptamizasgonu

Arakt érmacé HBrsf.dm . Kaégasteygk'n Canbol at
'A\nkara Yéldéréem Beyazét ! niversite:

*Corresponding authola san Kar at ak

¥ZETperasyonel al anda kull anél makta olan insanséz h:
kullanélan taktik ge¢degml ¢ meghi mmatl!l ar da savunma sat
kapsaménda hemt KHtAIOKk ag &d hrmalmg drag hi mmat | ar & ol uktur an &
¢tal ekxkmanén aseél amacé i se KHAO6I ar il e KHAO®I arl a birl
i al haberl ekme veri bajemné&meXkzdlilri klasaireden we ppit a
ul ama késménda tasarém girdi parametreleri ol uktu
k1l é ver i hezl ar énda tasarémlar ger-eklektirilm
amal ardan da anl akél acaje iszere °n pl ana -ékmakt
t

n

e

ca

= —

©

(o]

eml er i RQdAGV) (iBBRSKh,em bant geni kIl i7jJi kull aném verim
a -ékarak avantajéenagkgmhasdéendekitedi Mod Ofpt o mi izars y c
taséyl aObMCGEA i(vMulGeinet i c Al gorithm) optimizasyon
arémlardan meydana gelen bir tasar ém paramegderi ol ukt
ve mod¢l asyon y°ntemi, Modefrontier taraféendan ol ukt
Sonu- ol ar ak ger-eklexktirilen tasar ém, optimizasyol
programlarénénde&mul heamém@dasamgmdanzaman kaybénén hem
ge-ileceji tespit edil mektedir.

[

y
a
esa

I
a
a

T <T< T
w n o S

Anahtar Kelimeler:K h a Takti k G¢gdeml ¢ Mgeghi mmat, Veri Baj e, Opt

Data Link Design and Optimization Between Unmanned Aerialhide and Tactical Guided Munition

ABSTRACT: Tactical guided munitions are becoming more significant in the military industry, along with
unmanned aerial vehicles (UAV) utilized in the operational field. The paper explains the subsystem components
of tacical guided bombs and unmanned aerial vehicles (UAVs). The major goal of the project is to design and
optimize a digital communication data link between tactical guided munitions and UAVs using their characteristics
and specifications. By defining desigipit parameters and selecting various digital modulation techniques,
designs are realized at various data rates in the application portion. As can be seen from the calculations, one of
the modulation methods, QPSK, comes to the fore. It stands out irofdsersdwidth utilization effectiveness and
power restriction when compared to other modulation techniques (BPQKM) with the same data rate. During

the optimization phase, the MOGA (MuDbjective Genetic Algorithm) optimization algorithm via the
Modefrontier optimization program is used to generate a design set of 400 different best designs. The actualized
design input parameters and modulation technique have a place in the Modefrontier design set. By optimization,
the resulting design confirms itsva validity. It is found that both the potential cost increase and design time loss
will be avoided by the usage of such optimization programs.

Keywords:Uav, Tactical Guided Munition, Data Link, Optimization, Digital Communications
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1. INTRODUCTION

Unmannedaerial vehicles (UAV) are finding more and more applications as battery life extends and
electronic flying components become more affordable (sensors, microprocessor, etc). They are used
today in a wide range of industries, including target identificatimhtracking, surveillance, search and
rescue in hazardous locations, agricultural spraying, traffic tracking and mapping, etc. UAV systems
used for military purposes generally consist of their own subsystems, navigation syste
communication systems, ylaads (various reconnaissance or surveillance cameras, tactical munitiorrlTL,
various communication relays, moving target indicators), ground control stations, -feaoghry
systems and ground support equipmernt2].

Tactical guided munitions are incediagly used by UAVs as payloads due to their evolving combat
operational concepts. These munitions often belong to th&o-air or airto-ground munition
categories. The tactical guided munitions generally consist of airframe, engine/propulsion, warhead,
fuse, and their own control surfaces [14].

Figure 9. Digital RF Communication on the "Man in the loop" Concept

Satellite

Tactical guided munitions and UAVs with precision strike capability are crucial to winning due to
shifting war conceptions and evolving technology. These tactical guided weapons give UAVs an
advantage in terms of combat capability.

In this situation, the RF data link communication system between tactical guided munitions and UAVs
has turned into a requirement fdret UAVs to successfully complete their missions with tactical
munitions and in order to improve the effectiveness of the munitions. These systems, called the "man in
the loop" concept, will undoubtedly be used more and more in the future [13].

Depending o whether the data link has line of sight or not, there are two possibleauthes for how

it might be used. By having a line of sight, UAVs might communicate with mission planning and control
centers directly (LOS). Alternatively, UAVs can use the Ineline of sight (BLOS) concept to connect
with mission planning and control stations via satellites [15].

The UAV and tactical guided munitions are connected by digital communication technologies. And in
these systems, digital modulation techniques arplamd. The fundamental idea behind digital
modulation is to alter the properties of the analog sinusoidal carrier signal that will be used to
superimpose the digital information or message signal. The analog sinusoidal carrier signal in issue can
have vaiations in amplitude, phase, frequency, or even both. The transmission channel's condition
affects these distinguishing characteristics [16,17].
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Table 1. General Modulation Types

# Digital Modulation Analog Modulation Pulse Modulation
Channel Space/Air Space/Air Baseband
Carrier Signal Sinusoidal Sinusoidal Pulse
Message Signal Digital Analog Digital/Analog |63
ASK, FSK, PSK, QAM, AM, FM, PM PCM, PAM, PWN,
Instance Types M-ary PPM

Superior features of digital modulation oweralog modulation;
A Information capacity is greater.
A Good compatibility with digital data services.
A Data security is higher than analog modulation.
A 1t provides better quality communication.
A 1t is more immune to noise.

A Provides easier multiplexing.

Factorssch as free space path loss effect, multipath effect, doppler effect, atmospheric refraction effect,
communication channel noise effect and munition exhaust (plume) attenuation effect reduce the digital
communication quality of the data link between theMUaind tactical guided munitions [16].

2. METHODS
2.1. Data Link Design

There is a bilateral TDM digital communication data link between the UAV and tactical guided
munition. Identical data link modules provide this tway communication. The general technical
speifications of the data link modules that are planned to be used in the design are given in

Table2.

Table 2. The General Tectfical Specifications of The Data Link Modules

Adjustable Frequency Range 2 GHz-6 GHz
Adjustable RF Output Power 0-15 Watt

BPSK, QPSK, OctaPSK, QuadQAM, 16-QAM, 32-
QAM, 64-QAM, BFSK and MSK/GMSK

Available Modulation Options

Source Coding Options RunLength, Huffman, Lempeliv

Channel Encoding Options (FEC) Reed Solomon, Hamming, Convolutional, Turbo
Line Encoding Options NRZ-L, NRZ-S, NRZM

RF Sensitivity -95dBm

One of the main factors affecting the performance quality of communication systems is the ratio of the
power of the signal reaching the receiver to the noise it is exposed to. In other words, €/N the
(Carrier Signal Power / Thermal Noise Power) vaiumeich is the digital communication equivalent of
the SNR (Signal power to Noise power ratio). In current digital communication systems, the receiver of
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each system has its own characteri€iil link margin value. This link margin value is the difference
between theC/N value that comes to the receiver instantly andG¢ value needed for healthy and
quality communication. This value has been given hypothetically within the scope of the study [19,20].

0D QDB "QQH GO OQt YWD (2.1) =
0QQQOQ 0 QQFQe— (2.2)
0 QM QO Q— (2.3)

Where BW: Bandwidth, using equation 2.1 and equation 2.3, equation 2.4 is obtained.

D QDB QOB GO H'AE ROV — (2.4)

If equation 2.4 is taken as logarithmic, equation 2.5 is obtained.

D QOB CME § 0o OQEXDQ 0 QQAQQ6 ®Q6 6 'YQH (2.5)

6'YQS 0 ®OOAREMQAI QAR08 0w Qd 0 QDI "XDE (2.6)

Equation 2.6 shows how to obtain the data rate logarithmically from the obtained signal/noise, the
neededEy/No, the given bandwidth and the link margin of the recei@éxin Equation 2.6 is obtained
as a result of the following equations:

0700 & 00E 0 I'YENIMBEDADOYD “Yi O i Gi0ddifeEdd M6 &

4 0AT OINE@ARABA" 4 O0AT OI#*EAGH RO T AA OIOA Oi (2.7)
"OYD I VB Geod) £ (6 o@® T ICHE QX K 1'Qi QR 6QE G (2.8)
6 OO0YUOYDOYQOOWNO®M 0 QIOTRE 0 U 60 M6

bE0QdE MO QiHO IQOEQ O TOVAEMD O Ak ¢ ¢ QRO i Qi (2.9)

The free space path loss value is subtracted from the effective isotropic radiated signal power provided
by the transmittein addition to cable and connector losses on the receiver side, losses caused by factors
such as rain and snow are subtracted from the obtained value. Then, the receiver side antenna gain and
RF amplifier value are added to the obtained value. The vakagned as a result of these operations

will be carrier signal powerQ). In addition, the channel thermal noise val i6 obtained from

equation 2.10.

0 VYD » (2.10)

Where,N: Thermal Noise Powek: Boltzmann Constanfie Effective Noise Temperature in Kelvin,
BW Bandwidth Used [19,20].



/

/

,C/' 16. UBAK, 11- 12 March 2023, Ankara,(./
UBAK UBAK

Table 3. BER and NeededoENo Formulas According to Modulation Methods

Modulation
Type BER Formula Needed &/No Formula
BPSK ) p o o
60Y = &i Qe Qi QO&EEO'Y
(2-PSK) C 0
QPSK P 0 .
60Y = &i Q Qi "QuéEE O'Y
(4-PSK) C il gk
OctatPSK ] o g _ .“ T e T
00Y = &I Qw— DEH Qi Quwda: OYOE+ To
(8-PSK) o 0 g
(M PSK) 50y EQ Qi 06— O EF Qi "d'EE OWOES 70
QAM L0880 _—
60Y £l 8p ﬁ_ Qi Q(a'ao&—, Q1 Qi@ 0'Y
(4-QAM) q i 80 &
OctatQAM .00 L0 QY _w
6 0Y - 8p ﬁ_ Qi "Q——— Qi Qw% ¥ —
(8-QAM) o My 8x & T UG pT
OctatQAM _ o8 L0 0Y _ w
6 0Y s 8p — Qi ; - Qi Qw% T—
(16-QAM) T ¢8p vd T UG P T
. 0880 - )8l0. & OY v
32Q0AM |5 0Y 2 8p -2 Qi "0 . Qi "0peP OY 4P
v Vo ¢ ¢80 pd) ¢8lMo ¢ p ¢®Cq
y ~ 0930 x ) O'Y
64QAM |6 0Y 2 8p —— Qi Qe _ Qi "5 7P
(0 Vo T C8¢ od) X
o - A0 B OY
60'Y i me/léu =
= . 08@0 ¢ep W
0] S p B0 p
oK P s g i 0'Y
6 0Y - & O’
(Noncoherent) © q ¢ ¢
MSK, GMSK R T 7
: ~ P vy xGVI0 € 8D B Oy S B 4
(Noncoherent) 0 0¥ C & od) Ql QoM@ 0'Y T
E aé°Q |[Aiko is the number of bits per symk

|65
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Table 4. TDM Data Link Input Parameters

Parameter Explanation Value Unit
Frequency Operating Frequency 2200 MHz
Power_Tx Transmitter Module RF Output Power 10 Watt
Gain_Tx Gain of Transmitter Antenna 8 dBi |66
Loss_Tx Transmitter Side Cable and Connector 1.75 dB

Losses
Source Coding Not Available - -
. Selected Codinyylethod Convolutional
Channel Coding Coding 2 dB
Line Coding NRZ-L - -
BW Available Bandwidth of the Communicatio 10 MHz
Channel
CIN_Link Margin Receiver's Characteristie/N Link Margin 85 dB
Value
Gain_Rx Gain of Receiver Antenna 8 dBi
Loss_Rx Receiver Sid€able and Connector Losse| 2.5 dB
Pol Loss Polarization Losses Due to Antennas 0 dB
LNA Low Noise Amplifier on The Receiving Sid 0.5 dB
. Ambient Losses Due to Effects Such as
Ambient_Loss Snow, Rain 0.6 dB
Te Effective Noise Temperature in Kelvin 290 Kelvin
BER Bit Error Rate 10° -

Range_Km Maximum Distance Be_tween Transmitte 100 Km

and Receiver

As shown inTable4, the input parameters are given for the TDM data link design between the UAV
and tactical guided munition. The reason for choosing the bit error rate®a$ 18at the currently
accepted Mae for healthy and quality communication in the receivers of digital communication systems

is 10°,

The reason why the maximum distance between the transmitter and the receiver, in other words the

maximum distance between the UAV and tactical guided taunis 100 Km, is the concern of not
losing the line of sight between the UAV and the munition.

In the framework of the design, the antenna of both the UAV and the munition are considered identical,
thus ignoring the polarization losses.

In addition, theLNA value has been ignored and near zero dB has been accepted. The reason for this is
that amplifiers are not generally used in duplexer communication systems.

2.2. Optimization

Within the context of the study, optimization is carried out using the ModeHRrapiiication, which
is a design optimization platform that can interact with a wide range of other programs (Microsoft Excel,
LabVIEW, MATLAB Script, JavaScript, Python, CATIA V5, NX, SolidWorks, etc.).
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Figure 10. Workflow of the Optimization

-
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The program consists of exactly three parts. The first part is "Workflow Editor", the second part is "Run
Analysis" and the third part is "Design Space". As showigure 10, the MATLAB code consisting

of equations is embedded in the optimization program. Then, each input parameter and output parameter
are defined with their limits and purposes. Additionally, as sho®®BOL" has been chosen as the
design of experiment algorithm and "MOGA (MultDbjective Genetic Optimization Algorithm)" has

been chosen as the optimization algorithm of the program [21,22].

The DOE technique chooses the optimal set of design input parameters to maximize the effectiveness
of the selected optimization procedure. In contrast to conventional methodologies that alter one input
parameter at a time, the DOE approach offers the apptr to adjust many input parameters
simultaneously. The "Sobol DOE Algorithm," one of the effectivefiipg DOE algorithm strategies

based on pseud@andom number generator, is employed in the thesis, as depi¢ieiial1.

Figure 11. DOE Options

In terms of their general use, optimization algorithms' fundamental goal is to select the optimal design
alternatives in accordance with particular restrictions and objectives. lterative comparison of the
currently defined options until the best answeidentified is the fundamental tenet of optimization
algorithms. Because MOGA requires a defined population rather than a single starting point, works with
parameter sets rather than the parameters themselves, generates faster and more accuratendolutions, a
only works with itself rather than the derivative of the objective function, it is superior to other
deterministic algorithms. While the general features of the MOGA optimization algorithm are given in
Table5, the values of the input parameters are giverainie6 [21,22].

Table 5. Optimization Algorithm Parameters

Parameter Value
Number of Generation 20
Probability of Selection 0.05
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Parameter Value
Probability of Directional Cros®ver 0.5
Probability of Mutation 0.1
DNA String Ration 0.05
Table 6. Workflow Input Parameters
: Variable Lower Upper
Parameter Explanation Type S Bl
Frequency Operating Frequency Variable 2.000 MHz | 6.000 MHz
Power_Tx Transmitter Module RF Outpu Variable 1 Watt 15 Waitt
- Power
Gain_Tx Gain of Transmitter Antenna| Variable 1 dBi 15 dBi
Transmitter Side Cable and .
Loss Tx Connector Losses Variable 1dB 10dB
Available Bandwidth of the .

Eha/ Communication Channel VElelS 2 Ll 1SMige
Gain_Rx Gain of Receiver Antenna Variable 1 dBi 15 dBi
Loss_Rx Receiver Sid€able and | /551 1dB 10dB

- Connector Losses
Maximum Distance Between :

Range_Km Transmitter and Receiver Variable 1 Km 1000 Km

LNA Low Noise Amplifier on The | 10y 0.5dB

Receiving Side
Te Effective Noise _Temperature I constant 290 Kelvin
Kelvin

BER Bit Error Rate Constant

C/N _Link Receiver's Characteristic C/N
Margin Link Margin Value ST 8.5dB

3.

RESULTS AND DISCUSSION

3.1. Data Link Design Results

|68

These given input parameters have been calculated by means of the MATLAB calculation code which

is occurred by the above equations and the output parameters siiatateinbelow has been obtained.

Of course, data rate values are very important here.

Table 7. Calculated Output Parameters

# Modulation Type Data Rate (Mbps) Needed E/No (dB)
1 BPSK 7.4971 10.5298
2 QPSK 7.4971 10.5298
3 8-PSK 3.4113 13.9495
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# Modulation Type Data Rate (Mbps) Needed E&/No (dB)

4 4-QAM 7.4971 10.5298

5 8-QAM 4.8812 12.3934

6 16-QAM 3.0740 14.4017

7 32-QAM 1.8806 16.5359 |69
8 64-QAM 1.1273 18.7584

9 2-FSK 3.2273 14.1904

10 MSK, GMSK 4.1612 13.0866

As it could be understood from the calculations, the data rate is very important in a communication with
a fixed bit error rate and bandwidth. As showrnTable 7, the data rate values obtained from BPSK,
QPSK and 4QAM modulation methods are quite high and the requti#ido values are quite low as
desired.

3.2. Optimization Results

As shown inError! Reference source not found, 334 of 400 designs are feasible, while 66 of them
are unfeasible.

Figure 12 Number of Feasible and Unfeasible Designs After Optimization

st [ 500]

While the Sobol algorithm was preferred in the experimental design, the-Rdufibse Genetic
Optimization Algorithm (MOGA) was preferred as the optimization algorithm. In addition, the first
eight modulations with high data rate values showiiahle 7 were preferred and optimization was
carried out. The design results and DOE (Experimental Design) results obtained as a result of the
optimization are aailable and displayed in the Modefrontier program.
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Figure 13. History Graphics of BPSK, QPSK, QAM Modulation in The Design Table

] |70
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Figure13 shows the places in the design set of the three modulation methods (BPSK, GRAW) 4
with the best data rate values from the 400 best design sets obtained.

4. CONCLUSION

The calculations shothat, in comparison to other modulation methods, the data rate value achieved
from BPSK, QPSK, and-©AM modulation methods is the highest and the desired Eb/NO value is the
lowest. These three modulation techniques have come to the forefront becehwesdightdata rate
values and low needed/Ho values.

Even though the data rates for these three widely used modulation techniques are same, QPSK is seen
to be better than BPSK since it makes use of more symbols while using the bandwidth. Moreover, QPSK
is more effective than-®AM in terms of power restriction since only phase switching requires energy

in QPSK, but both amplitude and phase switching de@AM.

Also, the output data rate values according to eight different digital modulation methodsdltsia

result of the design input parameters and calculations determined in the design framework are within
the design limits obtained as a result of the optimization program. In this way, both design and
optimization confirm each other.

Another inferene obtained as a result of the thesis is that the use of such optimization programs both
saves time for different engineering disciplines and prevents possible errors in the design process.
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|l ¢k hayatta kull nél an her t ¢or pl asak ] kp- Kkl |
ar i ol

sal déejeéeb
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a
i par -acékl ar é an mi kropl asti k (1 Om<
mektedir. Global °|l-ekte yapél mék arakter
er ianzilna koaltdkuéjsuemué no rotl adyuak - lao yfma kt ad ér . Her
stil kaynakl é& mi kroplastik (polyester, p
SMF) ol arak daltéanédmkapabl eeceflemi z, skat
rtamda tespit edil mik durumdadeér. Yalneéez
ul masé yélda milyonl ar ca adegatsentetikle\mk abi |
ajl e olarak bu oran, dék mekanlara nazar
mi ktaré ¢r¢nde kull anél an senteti k teks:
areé nadaejgokr kl i k gesterebilir. Bu -al eékmada ©piya
meden ¢retilmik iplik te¢grlerinin senteti k SMF s
skop al té
%

teksti
sent et
mi kr of i
késaca
MP' |l erin yu
tekstiline

O - = x

0
€
C
[

nda incel erddi kbheelni rdemma K Ki my aPall ygape
opil en e polig¢gretan tegrevi mal zemel erden yap
endir me kabini i -erisinde kontroll ¢ sHeirt]l arda
sinde belli periyotlarda al é&nan numunel erin SMF
arda mikropl astik i ncel emede kull anéexkl & ol duj
el mékt éra.r Kludd aeckil laemn igpdreu-iln f or munun ve yapés
ol dujunu g°stermixktir.

Anahtar Kelimeler:Sa | ésheénmt et i k y¢n, Tekstil, Kplik, Mikroplastd.i
Investigation of Microplastic Release from Synthetl¢ool and Yarns

|t i s known that al | kinds of plastics wused in dail
nanoplastics (1 nm<NP<1 Om), which are tiny particl
conducted on a global scaleveal that the contribution of synthetic textile fibers to microplastic pollution in the
environment is quite high. Every year, between 200,000 and 500,000 tons of synthetibeiexéitemicroplastics

(such as polyester, polyamide, and acrylic) enterdglobal marine environment. Synthetic textile fiber waste,

which we can also define as synthetic microfiber (SMF), has been detected in sea, land and air environments, in
short, in every environment. Ingestion of airborne MPs can amount to millions peeyea during just a simple

eating and drinking process. Depending on the synthetic clothing or synthetic home textile people use, this rate is
higher indoors than outdoors. In this study, aging tests were carried out under controlled conditions in a
weahering chamber on yarns determined to be made of polyamide, acrylic, and polypropylene derivative
materials. The microplastic release potential of the samples taken as a result of aging tests was examined. Nile
red staining Fluorescence analysis techniguas used in the analysis, which has recently been found to be useful

in the microplastic examination. The obtained results showed that the form and structural properties of the yarn
used can be highly effective in the release of microplastics.

Keywords:Synthetic wool, Textile, Yarn, Microplastic, Microfiber, Acrylic.
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Gl obal °] -ekte plastik kullaném orané yakl akék
jeolojik d°nem olan Antroposen d°mamiandleaset ima&n
(Haramvd., 20221 907 ' de bakl ayan Pl astisen, 1950 | er dei
-ajda, ¢retim ve bununla dojru orantéel é kekil de
bir yakam nerCerdéenynseek ti emtkiarn.s é¥z egl | i kl e son yélllﬁrd
b¢yéek oranda plasti k atéklardan ol uktuju bilin
yapénén i-erisinde bir =-o0ok pl ast iPlastiglognereolaray | e k a
i sim endirmeye baxkl améxter. kekil 16de Pl asti s

(RangeiBuitrago vd., 2022).

ke - ) o 10 em
~ & ¥ i ;

kekiPll als.t i gl omer a «kekl i RahgelBuitago&d2G®22)an kaya ©° |

¥yl e ki b u
sedi ment |
rastl anma
bozunmada
ve i -eri]j
pestisit]
yakam g¢n

rum yalnézca kaya-larla séenérl e
e Ve uzay da dahielrdel mpakastizkr
er (Napper vd. , 2023) . tevreye
|l ar ak, birikebil mektedir. Bu at ekl e
K i o k smekt ak i-AmytadatasBP ¢saa qaolfiorb-alidller,

r, kal écé or ga-toprdkhavaikalitest veiba ortarelardeki s & z me
en g¢ne bozul maktadér (Bank vd., 2023)
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Géenegmezde tekst il vkeul madal aenndmat remehdee di kk
-ojunlujunun sentetik polimerlerden yani pl astik
polyester, polyamid, akrilik, polipropilema | zemel erden ¢retilen sentetik
ol duk-a yaygéndeér . Yal néezca bununl a kal mayeép, e
créenlerde de sentetik tekstil mal z e me
n kullanéem °mr sad ®dlidwktam madmmra nvdyaad
gel mekte ve bertaraf i htiyacé doj ma
-ok hézle bir kekilde dojaya ve ka
d¢strisinde kull anél an hammaddel er
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Sentetik tekstil ¢ r ¢ Nl eri nden kaynakl anan atekl asaliércerd en
l'iflere kadar -ok farkl é& ebat | arSkretikuekstilifieripih e r de p
en °nemli kaynakl|l ar @nén b dedie(@Gedaavd.-20l@armeg Almrothé k a ma
vd., 2018; Drisvd.,2006. D¢ nyada bir-ok ¢l kede, yékama ateéks
eninde sonunda ateéeksu arétma tesislerine ul akma
sal enmakkate dal an araktérmal ar, -99ni k ruonpulnast akur
tutul abi | ec e] Bilginvd.g2029;tCgdrikkwidtkovesida ivd., 20@2T alvitie vd.,.2017.

Bununla birlikte, dekarj edil eckrko mll axnt iak eltiefl Ime
aki karder . Bununla il gili olarak saatte 1770 p
seviyelerdekmikroplastikler rapoe di | mi Kkt i r (Magnusson ve Nor®n 20
sistemlere (Dris vd., 205 ve -amurun seril mesi yoluyl a kar a:c
(Habib ve ark. 1998) .

Kngiltered de yapél mék bpamulkal eamadame ewpdl pnket
kumakl|l ardan sal éenan mi kroplastik Iifler incelen
sayésénén 700.000"den fazla olabilecejini g°st .
-al ékmada kull andéklatel eri vienal mg#piasnulke e r &ixie m
pol yester ve akrilikten yapéelmék farkleé bir kum
el yafen taramaleée elektron mikroskobu (SEM) g°rg
sretasénda sal énan | iflerin ortalama boyutl aré ve
(6 kg'l ek tipik bir yeékama y¢k¢ -praanmuka ykéalradrkaekme nw
yékama ye¢kenegn (6 kg)ndidyelo5dl dandk 996 y@3Q@ eve nal
tahmin edil micktir Sonu- ol arak bu -al ékma, giy
(polyester, polyestep a muk kar éekemé ve akrilik) tekstil i fl
mal zemenin yékanmasénéhg. ¥&% almaf bakejna -18kKanddi l
nedenl e, giysiler yekandéjénda sal énan -ok saye
°neml i bir katké yapmasé s2@l&pnuSeduet i(WNamiplro
plastik |ifleri ( pDaphryizersagnegri )b i y uotrtguaknli azrnéa | @ir | i¢nzeenr |
etkilerinin bulunduju ve sonu- olarak °l ¢m or ané
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Polyester koton karigimi Polyester Akrilik
< R R A — 15

LS

| 75
— |\ ,",
10pm  \HEST
kekiFlarX.l @ bir kumaké temsi l eden kéyafetler ve s

Bir tekstil créen¢gnden etrafa dP°ke¢lecek par-acék
dokuma «kKekline ve kull aneéel anejdentkdtiikk gri®lt ze e i 9
-al ékmada yaygén satéké olan ve °rg¢ yapeéelarak
°zellikleri ortaya konmaya -al éexkeél mékter .

MATERYAL VE METOT

Numune ol arak piyasada satél mnkfapkI|l BRIl ol same énn
te¢e¢rlerinin senteti k mi kropl asti k salém oranl ar é
mi kroskop altenda -FmcRelaemaliikzie ni Iseo nk iamyAalrska | yap

sonr ais€endldontrol |l ¢ yaklandérma i kKl emleri uygul a
potansiyeli araxktéreéel mékter. Kncelenen iplere ai
gesteril mi ktir.

Tablol.Kncel @neexki tl eri

Ip-1 %100 Polipropilen

Ip-2 %2100 Mikro Akrilik

Ip-3 %2100 Akrilik

Ip-4 %50 Akrilik-%50 Polyamid
¢al ekxmal arda kull anéelan iplikler 1 m °1-¢lerek
salem deneylerini bozmamaaéen-unl kedmekpbpal deéktg
sonra numunel er, deterjanla yékanmék ve ultra
verlexktirilmixktir. Deneyl er czerinde her hangi
i KI eml elrainnédlea nk ud®-v e a Nshf E@eyr mélzésé -°zmr tsiedi¢ |l gizbi
filtre kajéedéndan s¢zeél mekt ¢r . °CNa8thnemel0.600 kix) bel | i
dejerlerinde 40 g¢n eskitme mikhteani | any@ uil maaled&n i
Bu incelemelerde makas kull anélarak 1m wuzunl ukl
edilen ip numuneleri, bekI| emem spsorrees i- aspoan rsaashé npd as
filtre kajéda&mdaint rsg zgdmigu oé k|l ©On(nhXKA 4G Iru k )D aehkal esn
-al kalayeceda 150 rpmdébde 60 daki ka boyunca -alk
filtre k©jéde ¢zerine filtre ediledwerka l uypudn | K&k
(Shim vd., 2016) boyanép, Floresan mi kroskop al-'t
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BULGULAR
Ar a Kkt ékruMaldaan aumanelerininpnikroskop al t e @ alint ¢ | e vei -eki |l miKk
kimyasalyapé analizIleri yapeéel méxkteéer. Kpl ere ait g°

| 76
K p %100Polipropilen

Kal e 5152260
(magn. 4x)

_‘I O(Fum_

Kp 20100 Mikro
Akrilik

Kal & 7638%m1

(magn. 4x)

1000 um

2|

K p %300 Akrilik
Kal é 4478260 m

(magn4x)

Kp %80 Akrilik %50
Polyamid

Kal e 69833 m

(magn.4x)

1000 um

kekiKlp dbumunel erine ait g°re¢nt el oer

Kncelenen ip numuneleri tuhafiyelerde satélan t .
Kpl erin kal éenmmkdiaw &r &mdkd da&kre.k Mi,kr o akril i k yapeée
en haci mli ol andér .

Araktermal arda kul |l anél an-FT-IR analiglen samucundaieldesedilenr i n d e
spektralara ait bazé °rnektéer.akajéda kekil 506t ¢
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Spektrada kérméze incelenen °
sonugtamlerin etiketinde belir
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BULGULAR VE SONUC¢

¢al ekmada kull anélan iplerde genel go°r¢é¢neg kK o iti b
ger¢negme sahipti. Ancak mi kroskobi k g°r ¢ t(;leme
i plikten ve ypatgampnbdevwanakeimplikten, uzun fil ame
dairesel) deke¢gnteglerin oluktuf] u, akrilik 1iplik
ol uktuju anl akeéel maktadeéer Boyama sonraslréveiansle
Il if ol mak ¢(zere sénéflandérél mékt ér .

Numune 1: %100 Polipropilen ip

Numune 4: %60 Akrilik-%60 Polyamid ip

kekiNi |6 . kér méz-EsE6rebanbawamazi tekniji il e el
Yapél an biGamey alimretkvda 20838, ( farkl e °1 -¢ ve tekni Kkl et
malzeme (akrilik, @l on, pol yester) i-in sentetik tekstill
ve t¢gm bu kull anélan plasti k kaynakl e tekstille
kumakl!| ar &h?'lt ;87 di°ikfe/lnm pol yestter |l keim@wnldar | ©i karyrl
7360 lif/m%LYi | e en b¢yek mi ktarlaré doekteje ortaya ko
kumakl arda ol duju gi bi daha fazla t¢y dokt e ¢
ipliklerintercihediimes ger ekt i J i bildirilmiktir. Giysilerde
bir mi kroplasti k kaynajé ol dujundan, daha akell
vakumla bokaltma ve ev tipi -akakéran@ahkaseéhemni b
hafifletmeye yardémcé ol abileceji ©°neril mektedi:r
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MP sal'h (adet/ 1m)

PPip | ]

Akrilik-Polyamid ip | |

Akrilik ip | | 79

mikroAkrilik ip |

0 2000 4000 6000 8000 10000 12000

kekiKlpl7Z2.rden sal eénan MP mi ktar e

Sentetik polimerl er diemnc eilneasa d aed iél bnmak soolnaun |iapléenrai
Tablo 5), %100 polipropilen ipteortalama 7666 adet, %50 akritk5 0 pol yami d kar ékém
8413 adet, %100 akrilik ipten 10093 adet ve %100 mikro akrilik ipten ise 11370 adet mikroplastik

sal éme ger-ekl ekmi«ktir

Tablo2.Kp |l er dekii Mi kropl asti kl er
MP saln (adet/ 1m)

ip6 ParoacR HIm Lif Toplam mini graf

ort 3714,66667 3093,33333 858,666667 7666,66667 mmm mmmm —
medyan 3000 2800 800 7400 =—— — N
Sta. sapma  2031,57676 1684,69528 669,629452 2634,86619

ip7 ParcacR Hlm Lif Toplam

ort 7380 3600 390 11370 wem — N
medyan 6750 3600 9900 memm |
Sa. sapma  3226,2207 2417,34802 534,255156 5243,62879

ip8 ParoacR HIm Lif Toplam

ort 5853,33333 3075,55556 1164,44444 10093,3333 mem — — HH
medyan 4200 2800 800 8200 wmm — N
Sta. sapma  5026,65256 1808,48879 1195,71436 5796,87634

ip9 ParcacR FHIm Lif Toplam

ort 4453,33333 1573,33333 2386,66667 8413,33333 = _ __ HH
medyan 3200 1200 1000 6000 e N

Sa. sapma  3976,11258 1794,80732 2679,13179 6504,73214

Ni I kér méezfler&sainl anbodbyaimatekni i il e incelenen n
i pten sal énan par-acék miktaré, dijerleri-ne orar
%50 polyamid karékémé iplikten ailde nldiaftkis a&loa m§g rer
gi bi l'if formunda ol anlar PAG6 yani nayl on fiber
kaynakl anan mi kroplastiklerde g°r¢l mgktegr (kekil
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PPip mikroAkrilik ip Akrilik ip Akrilik-Polyamid ip
m ParcacR mAIm  Lif

kekiKlpl&.rden sal énan par-acrélkar & i Il m ve | if
¢tal ékmadan el de edilen t¢m bulgular, tekstil r
mi ktar ve ©°zelliklerinin (b¢gyekl ¢k, Kekil, yape
g°stermektedir.
Bununla beraber,tekséind ¢ st ri si nde °zelli kle 20066dan bu vya
bakl amékt érs.l owa varws hModha ge¢negmegzdeki -ok heéezle d
ve hézlé ¢retime karké doj muk bi rstikieragibissentettkar e k e t
mal zemel er i yojun bir kKekil de kull anarak yavack
m¢emke¢en ger¢gnmemektedir (Musova vd., 2021).
TEKEKK] R
B u -al @ kma, proje yeéeréetecel ¢ éeneg ¥jJrnumdmal eDr .
T, BKTAK projesi ile sajlanan imkanlar dahilinde

kat ke sajlayan T BKTAK6éa sonsuz K¢kranl aréemezeée s
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Magnezyum Al akéml aréné Korozyondan

Dr . Gonc ag¢Prof.brkdyaa Dedry
‘tukurova | niversitesi

*Corresponding autholG o n ¢ Algagdy

¥ZEMagnezyum al akémlarénén yojunlujunun d¢keégk ol masé
nedenl er m¢é¢hendislik ve tasarém al anlarénda ol duk-a
¥zellikle sufieni-2Zzelutztuhaerenawvez kalan magnezyum yg¢ze
sénérl amal ara yol a-maktader [ 3, 4] . Korozyondan kot
zamanl arda y¢zeyde et kil bir kapl amae cdnuad@maa adojak
temasé keserek korozyona inhibit?©°r et ki si ol uktur mal
-%zel tisi i -erisinde di meti/|l kl oro silan ve viniltri
farkdréi ki ml erde di metiil kl oro silanén etil al kol de
dojrudan daldéerél maséeyla y¢zeyde koruyucu kapl ama o
silanén koruyucu et ki diana ak adti knfles @ 1 é kd %rreb isli meakn ,a ma gy
et il al kol i -erisinde karékém hazérl anméck ol up bu
dal dér él arak y¢zeyde koruyucu kapl ama bebirlendiktengsanrma s &€ s a
magnezyum al akémé elektrotun korozyon davranéxklareée
korozyon potan5|yelleri ve |ineer polarizasyon °1 - ¢ ml
AC i mpedamis yYyap&lmmekt ér Ol ukturul an koruyucu kapl am
SEM analizl eri ve temas a-ésé °1-¢mleri yapéel mékt eéer
karékeménda en iyi koruyucdokaptdamad®&l @@&r chari kemdkdaé
birlikte iki farkleée silan bilekijinin karékéménén ol
%2061 i k di met.il kl oro silan -°zel ti sidndetlkorosiladlile edi | er
viniltrietoksi sil an bil ekiklerinin karékéméendan e
hesapl anméxkteéer .

Anahtar KelimelerrMagnezyum Al akeémé, SiKlham, tPoj,r KbamzhPalinder ma,

Corrosion Protective Coatingfor Magnesium Alloys

ABSTRACT: Magnesium alloys are widely used in engineering and design due to their low density, easy
machinability, and lightweight [1,2]. Corrosion on the surface of magnesium, especially when exposed to aqueous
solutions and sea daleads to limitations in use [3,4]. Although many methods are used in corrosion protection,
studies have been carried out recently to create an effective coating and an inhibitory effect on corrosion by cutting
the contact between the environment and thaterial that causes corrosion [5]. This study used
dimethylchlorosilane and vinyltriethoxysilane compounds in an alcohol solution and a protective coating was
formed on the surface by direct immersion of the magnesium alloy into the mixture of difmthsilahe
prepared in ethyl alcohol for different times and different concentrations. In order to see the contribution of
increasing the carbon number to the protective effect of the silane, a mixture was prepared in ethyl alcohol by
mixing dimethylchlorosilane with vinyltriethoxy silane, and magnesium alloy was directly dipped into this
prepared mixture to form a protective coating on the surface. The corrosion behavior of the magnesium alloy was
monitored in artificial rainwater. Rp values were calc@dtwith the help of corrosion potentials and linear
polarization measurements, and AC impedance measurements were made. SEM analyses and contact angle
measurements were made to characterize As a result, the best protective coating in the mixture of



J J
,@' 16. UBAK, 11- 12 March 2023, Ankara,@'
UBAK UBAK

dimethychlorosilane prepared in alcohol was obtained by direct immersion at 20% concentration for 15 minutes.
However, it was observed that the formation of a mixture of two different silane compounds increased the
protective effect more. While the protectivéedf of the coating obtained from a 20% dimethylchlorosilane
solution was 59.3%, the protective effect of the coating obtained from a mixture of dimethylchlorosilane and
vinyltriethoxysilane compounds was calculated at 78.8%.

Keywords:Magnesium Alloy, Sihe, Direct Dipping, Inhibitor, Corrosion
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1. GKRKKk

Magnezy
°czellik

- C

m el ement@74ywofonlduiku ad hmd k f bir el emen
e havaceéel ék, ot omobi |l ve uzHafif birelemeaty i nde

niyl e yakeét tasarrufu sajl anar ak €
&tt ésaf hal de bul unan magnezyumun ki myas
l ar ol ukmas&aml en edaegqn eod ynark t elde&me n tBiun inne
Il ¢ mi nyum, -inko, mangan gi bi el ement |
Zhiming., 2014:126140, Demir., 2019:18). Magnezyum al Epémksgopaeané kar ke
arttérmxk tiliiny°nteml er kullanél maktadeéer. Korozy
ozyon ol ayée met al -%zel ti ara y¢gzeyinde ger -
l ¢ uygulama korozyon heéezéena 4aaxnalithadaokt &ru.l | Ko
uma katodi k kor uma, mal zemenin tasaréeéméneén
uy u aplama ol ukturma °neml. yer kapl amakt
uyu ir t naebtaaklai no | ourkttaumn airlaé& doj rudan temas
uyu aplama ol ukturulurken metale korozyon
att 'l anéeména wuygun el ektriksel ve eéseél
eyd kapl ama ol uktururken kendilijinden t o
Ktu maseé ¢zerine -alékmal ar yapél maktadeéer.
Il an yapabil ecek bir mal z e mery ebii lhg Kiylal- e rdiuya
sek erformans g°stermektedir. Sialn bil exkik
anic -°9z¢ce¢lerden yararl anél maktadeéer .
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-al ékmada di met il kl oro silanén farkllee deri
magnezyum al akémé y¢gzeyinde koruyucu kaplama ol
daha iyi ger-ekl ekxmesi I -in karbon zincirini i
viniltrietoksis i | an klairlexr iejriel ar gk obagaeitc | biat kolzigeerisi
dojrudan daldérma ile korozyona karké koruyucu I

2. MATERYAL -METOD

Magnezyum al akémlar éneé korozyondan kor umak -

c

kul |l anél adni neettiill kd lok®l ,si |l an ve viniltrietoksi S |
firmaséndan t ekmnmeaektraudZ6l 3minkatginre.z ytuan{%ed, L84 K@ mE845 a n
Al , %2, 728 Zn, %0, 293 Mn) silindiarboykh5 ameolacak - ubu
Kekilde kesilmiktir. ¥I|I-¢mler sérasénda il etkenl
ucuna Dbekeéeritieywyegekeyial &@-kankat a kal acak kekil de poly
El ekt oki myasall °l6demlgémr ;ken CHI 660C ci hazeénda
suyu =-°9zeltisi i -erisinde yapél méexkter. ¢al é Kkma
el ektrot ile y¢zeyinde silan kapl amat éRefarans ur ul mt
el ektrot -gbmpak kgggmérk el3eM)t,r ok a r(kAeak/ glbgiecCklaktradt ol a
kull anél méekt ér

¢Ci zellYmepay Yaj] mur (BehyvearkI®9PK- er i J i
Eklenenmadde | S¢ | f ¢ r i| Amonyum Sodyum Nitrik Asit Sodyum Sodyum

S¢l fat S¢l fat Nitrat Kl or ¢r

Mi kt ar e( 31,85 46,20 31,95 15,75 21,25 84,85
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keki El ktrokimyasal ©°Il-¢mlerde kullaneélan
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Magnezyum al akémé y¢gzeyinde ol uktur ul%%10,i st ene
%20 deri ki minde al kol i -erisinde ve karbon zinc
dekenegldegj é¢enden dimetil rkdnmr% Si deani Hilmmdevilkad éx
i -erisinde hazeérl anan karékémlara dojrudan dal d:¢
70ACbde et¢vde 1 saat kurut ul mex-s08H4 af red kbaen = da rl ari
5mvVveenl i kte el de edil mik olup sonu-Ilar Nyquist ve
ejrilerini elde etmek i-in °ncelikle korozyon p:
korozyon potansiyelindehmbOk2i VobaEkddaedilégmni bkpr
magnezyum al akémé ve y¢izeyinde silan kaplama ol u
keéeyas!| aknanpél katnéarl .ar én y¢zey morfol ojisini 27 r enme
hidrofilik karakterih ak k e nda bi | gi sahi bi ol abil mek i-in ten
3. BULGULAR VE TARTI k MA

%5, %10, %20 deri ki mde di metil kol or silanén al kol
ol ukturul maya -al éekeélan simaam laplakatl askan e & inz
-%zeltideell8dedatdi kaidipi vgZeyid kns¢ekkt ¢frr.e kkaenksi |b °2l ge si
d¢kegk frekans b°l gesinde kapanan -0 fit el i ptik

direnci ilk elptik lupu,y ¢ zeyde Dbiriken t¢grlerin direnci i se

devrede g°r¢len kapasitif ©°zellikler sabit faz ¢
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keRiKIKI em g°r memi kK @pavg¥h €220y udne rdekidedde@dndelasn k apl ama yapé|l
magnhezyumbal akEméNyqui st (1), Bode(2) ejrileri
(1)
; |85
g-:m:-
£ R1 CPE1 (3)
G
;r:-:u:— R2 CPE2
(b)
R3
2 / ohm em?®
kekBiKlk | em g°r memi K (@paveknaerzéykuémm a-l%azkeélméi de si |l an kapl am
al akEméi -in Nyquist(lprdeviB®Bde (2) ejrileri ve
-4000
“-) 104
<3000 + T ol
t el o Rl s B
%_2000_ 10% 107 10;“‘::‘:””;3"“ 10 10*  10* i o
E ° oE R3
-1000 ®) - a0 f
bl
. -
0 L L 0% 107 10 d0'  10*  d0*  10%  10*
0 1000 2000 3000 4000 Frequency (Hz)
Z/ ohm em®
¢izelge 26de verilen diren- dejerl eriyniez egylirned eh e
%20 silan derikimnde 15 daki kada ol ukturul an ke
karekém -z°%elt kol almawewmr kloamysicuanfzelliiji i se
durum silan bilexkékllorn nadyonrdaro kormtzwmasdmapl a mh
ol dujunu g%stermektedir
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¢Ci zlygd deri ki mde ve kakléeaxeéegrn rsell ernde Riz eil mp esd aan 9

R3
Mg | CPE1 R2 CPE2 -
1 , n ohm
de | Sseet ohm cm® | §sect ,
cm
: | 86
Kaplamasiz 0 3,26x10° 097 | 631 5.87x10° | 0,68 | 1627
%20 Alkolde | 15 2.416x10° | 098 | 9724 358x10¢ | 0,50 | 4576
Olugan 30 2,36x10° 0.8 | 2300 - - -
Kaplama 45 1,13x10% 034 | 1001 - - -
Yapay
yagmur 60 4.35x107 0,61 | 6674 - - -
suyunda
Karigimda 15 9.04x10° | 0,90 | 1376 4.42x10% | 051 | 9272
Olugan 30 236x10% | 0.8 | 2300 - - -
Kaplama 45 1,13x10% | 034 | 1001 - - -
Yapay
yagmur 60 435x107 | 0,61 | 6674 - - -
suyunda
¢izelge 36te akém potansiyel ejrilerinden hesapl
par al el ol arak %20 derikimde 15 dakikada ve ks
koruyucu etkisni n en fazla ol duju g°r ¢l mektedir. kekil
koruyucu kaplamal arén akém dejerlerinde d¢kegk ol
ke ki Kkl € msi z elékigot (QVe®ZX @ mder i ki mde | ladh ddWinmkadd ukt u
al aeémktrot-pat 6oyi w(BKmepmsl eeMgkaltakéeMma) ve kar
[ ur ul apno tMgn sa ly@xl é ne jerliel ketrriot

silan fil mi ol ukt
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Ci z&3l Y20 deri ki mde ve karékéemakopmhamnsi yeltie§irnil
el de edilen korozyon parametre deje
Mg | - 1 I
dk W) A/cm? A/cm? |87
(0,0V) (0,2V)
Kaplamasiz 0 -1,366 3,07x10* 3,07x10*
%020 Alkolde 15 -0,258 2,25x10° 5,04x10-3
olusan kaplama 30 -1.372 2.91x10 3,66x10
yapay yagmur 45 -1,389 5,05x10% 6,07x10*
suyunda 60 -0.428 4 80x10~ 8,02x10-
15 -0,191 1,63x10° 2.6x10°
Karisimda olusan
30 0,673 5.12x10* 6.21x10*
kaplama yvapay
45 -0,896 6.74x10+* 6.91x10*
vagmur suyunda
60 -1,122 7.63x10+ 7,84x104

kekiKIkl Z2.m g°r memi K mag
ol ukturul muk el e

el ektrotu
f maki nes

Pteeldrnéuném
g°r ¢l mekt

(3]
D O
D =
o —
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kekiKlkl&m g°r memi Kk magnezyum al akémé el ektrotun
kaplama ol ukturul muk tmang n eZBE/M {y arl canktéinsé;, el e

|88

kek6dda 1000 b¢ yallténmea no rSaEnMe ndla- ¢ m e heml agreeg me enr
magnezyum al akem y¢gzeyinde y¢gzeyi tamamen kapat e

kekiKlk | 2Z.m g°r memi K magn e(zay)u m kaal raékkéénmé -e€°lzeekl ttri adteu
ol ukturul muk magnezyum al aKd@mé el ektorotu

kekil 76de i klem g°rmemi Kk magnezyum al akémé el
magnezyum el ektrot keéyasl!|alnuet] ernmdaan éyn; zme/tdel sy d A
kar ke koruduj u ger ¢l mektedir. Buda ol ukturul an

ger-eklekecek korozyon hézéné yavakl atacak et ki
4. SONU¢

Met al i k mal zemel ernamé&mé& oarytotnéar raakr Kié- idrmymagne zyL
bil exki kl eri ile koruyucu kapl ama yapelmaya -al é
yar ar | amaerdddéed tkd rmdkd od iomestialll&kro | i -€rzed t i | er i manye
saat karektérma ile elde edilmik olup bu -°zelt
potansiyel ejrileri g°z °n¢gne aléndéjénda %20 de
Bununla birlikte silan biadretktigrimmadke ib-uilnu ndainmektairl
viniltrietoksi silan bilexiklerinin karékéemeée il
yé¢ksek ol masée silan kaplamada kull anélacak ol a
korozyokar kmak& ol umlu etki yarattéjéné g°sterm

korumada fonksiyonel kaplama ©°zelliji g°ster mekt
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Co(l &) Kyonlarénéen Farkl e Met al Ky onl

Sistemi ile Ekstraksiyonu

Arakt érmacé Volbha-n. Dre.mi R®emazan Donat
'Pamukkald ni ver si t esi

*Corresponding authoi/olkan Demirel

¥ZEBuUu -alékmada Co(lIl) iyonlarénén sulu don°r fazdan
damlacékl & sévé membran sistemi) si sdiesntiemil es@rkshirralkea
il

gel i ktir mi Kk olup bir-ok a-édan mevcut ekstraksiyon
sistem ile devas éf abzaé& eotrkgialnd ki mfiazsajl anmakt a, daha
ekstraksiyon sit e mi ger -eklexktiril mektedir. Ayr éca uygul ané
sistemlerine g°re daha az kimyasal arteéek ol ukmaktadér
takéyécé | igand ol arak ydrkliar &re&n |tdeek &uéd h amréd méxrt&rhe
numunel er ¥iasanampektrd¥Yotometresinde incelenerek tesp
ol ukturmak amaceé ile %5 KSCN -°zelt i sverilkivdnluygumeé | mé Kt é
dejerlerde olduju takeyéceé |ligand konsantrasyonu, p H
farkl & met al iyonl arénén (Ni(Il), Fe(l 1), Mo (VI) ve I
edi mesi i -in deneyler ger-eklextirilmixtir.

Anahtar KelimelerrEk st r aksi yon, Kobalt, Sévée Membran

Extraction of Co(ll) ions from the medium containing some metal ions through the MDLM system

ABSTRACT:In this research extraction behaviours of Co(ll) ioanfraqueous donor phase to aqueous acceptor
phase via MDLM (multi droplet liquid membrane) were investigated. MDLM system has been developed for the
last few years and has superiority in many respects compared to existing extraction systems. A congamious or
phase interaction is provided with the system in question and extraction system is realized using less reactive
chemicals. In addition, less chemicals are formed than traditional extraction systems.

In experimental studies, the D2EHPA carrier dissedivin kerosene was used effectively as a ligand. The
transportation rates of Co (ll) ions were determined by taking samples from the system at certain times and
examining the UWis spectrophotometer. In these measurements, a 5 %KSCN solution was usadet@ c
colorful complex. System components such as carrier ligand concentration, pH and temperature, where high
transportation and kinetic data are most suitable values, have been identified. Then, experiments were performed
to determine how different na¢tions (Ni (Il), Fe (lll), Mo (VI) and Mn (ll)) affect the transport in the donor
phase.

Keywords:Extraction, Cobalt, D2EHPA, Liquid membranes system

1. GKRKEk

Bilim ve teknol ojinin gel i kmesi , yakameén refa
kavramlarénén gelikiminin bir kanetéder . Bu, d¢
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é i yel gel i kkmer laiylni€] iznai madned ai -seur, e nt
n ehli keye atabilecek yeni sorunl
e ele alénmasé gereken -evre Kkirlil
e k rendan kaynakl anan -evre Kkir!|
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roi ger is ékvaéz aerkmsa kr aik-siiny osneuvé akka bir alter
straksiyon akamasé kull andéj éndahmlerdaha a
ril mekte olan ayérma tekniiji, Séve membi
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2. MATERYAL VE METOD
2.1. Kimyasallar ve -°9zeltiler

Rafine kerosenenT! PRAKEi ydve kPéUTr ol Rafineril eri

tiyosiya ni ik asit, s 0 d y u metilkeksi)fogfat) aise Me r c k
Si gma Al temisudai izl er ek0 23@R1,ppon Co (
st ok sol er i seyreltil mesi il e daha d¢K:;¢
mL %5 KSC i si, 12.5 g KSCN'nin ajérl ék-a
hazer | anmeéecx

n|
tér

, tr
c en
0 s
- It
t

2. 2. Deneysel Prosedgr

' i Ktir

Deneysel R sémda Pamukkale | niversitesi nde gel
k diyagr

tekniji kullanél méktér. Sistemin Kemat:.
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PERISTALTIC

ORGANIC
PHASE

( ORGANIC
PHASE

|92

ACCEPTOR
PHASE

Porous glass (160-250 jm)

keki¢IDSIM. si steminin kematik g°steri mi

Sistem i ki reakt°rden adIltwknlak tpaodréorz vbei rh ecra nr epal kat|
poroz cam sayesinde homojen ve -0k sayéda daml ac
birinde alt fazda besleme -°zeltisi (suda -°z¢n
-%z¢mmorgani k faz i1 -erir. toz¢celerin polarite
DSM sistemlerinde d¢k¢gk yojunluklu organi k f az
er [

0z

(

t a taraf@&mdamsigdre-me kldek thiur if laizr sy &

' T &

p
n -ok sayéeéda damlacék ol arak ge-e
in farkl é& pH eviyeleri nedeni yl e

[ m
i e
\Y% t I S
a tam tersi K e u fazendan or ¢
S
[
e

vV e

(¢}
- = X

i
e
d
e bir su sirk,
C faBém geaikk°h
si steme bir p mékt ér. Sisten
aral éeklarénda don°r ve ak fazdan bir wvalf

o ukturucu (Vogel reakti fi) il e -bisspekt®metre andlizi e r e k
ile absorbans dejerleri tespit edildikten sonr a

2.3 Analitik cihazlar

Reaktorl eri
SM3 Kkreozot

Deneyl er sérasénda all@&@mamé nluenluinel e mi2al Viltbdelo r 8 h s
Spektrofotometr e, membr an sistemi mizin sécakl ej
kreozot ci haze, organi k fazén si rRkmode peyistatiku nu  k o
pompa, herki i fazda -°9zel ti pH °1 -¢mlerinde WTW marka

2.4 Kinetik Hesaplamalar

¢DSM sisteminde don°r fazdan organi k faza bu f
ekstraksiyon mekani zmaséi akatiéedmeveebéadant @gpki enk

0 9690 (1)
Eki tl iAdonl®)rédfeazdaki CoBdrnganiylkonfuazdceakiki @o (nli | ) i
Code akseptor fazdaki Co(l kyeker pahksi geni kiemi siabsi
¢DSM sisteminde Co(ll) i1iyonlarénén don®r fazdan
ekstraksiyon ve geri alem i klemleri, birinci de
CO(Il 1) 1 yomdé-r ekneems asalkitadeang hitmuwm é nd a k i konsantras
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Si stemde ger -ekl ekenk,bea&sjoyonl ar i

ve aktivasyon enerjinire) hesapl almad mé&léamn ad kmk|l eml €2, akaj éd

0 — (2)
|93
0 6 — 3)
0 — (4)
0 Q- 7 (5)
0 - 7 (6)
a& 116 —(C (7)
BULGULAR VE TARI kMA
1) iyonl aréenén ¢DSM tekniiji ile ekstraksiyo
osen i-inde -°z¢nm¢kK D2EHRA oméaktakfilOQompganiCl
ept°r faz olarak da 1.50 M nitrik asit -°zel't
1) iyonlarénén kerosen i-inde -°z¢nmégk take)
ékmal arénda el de ZXadd ewmeroipltmimutm martl ar Tabl ¢
Tablol.Co (I I') iyonlarénén ekstraksiyonunda el d

Aksept©°r faz pltls

Don°r faz pH 5.25

Don°r faz Kkons ¢100ppm

Organik faz ligand konsantrasyoi 0.75%

Si stem sécakl ej25C

Peristati k pomp20rpm

UV-vi s °1 -¢m 325 nm
deneyl er sonucunda el deCjle/did]edny et akkaérnkéém zgarnmaafni j
e verilmiktir
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120
6,00
100 y = 0,0354x%- 0,0152
o 5,00 Rl = 0,98738@
— o
€ o0 | °
\%80 i o 400
dgeo|y —e—D (opm) S, 3,00- 94
2 ¢ *—O (ppm) I
‘% 40 o— A (ppm) 2,00
O
20 1,00 -
0 0,00 T x x
0 30 60 90 120 150 0 25 50 75 100 125 150
Zaman (dak) Zaman (dak)
kekilCoell) met al i kekiClo(3.1) metal iyonl
sisteminde ekstraksiyonunda metal iyekstraksi yonunda I n
deri kimlerinin fartgrafiiji
dej i Ki mi
Ekstarksiyon -alékmasé sonucunda el de edilen kir
Tablo2.Co (1 1) met al iyonl arénén ¢DSM sisteminde ek:
D2EHPA Kons. ,x1@? kx10P ¢ 5 0 0
(mol/L) (dak’) (dak? (dak) (mollL) (dak) (dak)
0.023 354 127 1391 16.97 -0.0216 0.0216
¢DSM sisteminden met al iyonlarénén takénmasé ve
enerjisidir. Kul |l anddj°amé zf agé&v & membarkd e kt eakr rail j
dejeri 13.80 kkal / mol (kekil 4) ol arak hesapl ar
takéném mekanizmasénén ki myasal kontrollg¢ ol ar alk

y = 6,9467x- 19,356
R] = 0,9904

3,00

32 325 33 335 34 345
LMXIE (KD

k e k iAfirhediusdenklemni n gr afi ksel g°steri mi
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)

Elde edilen %99.661 ék metal iyonu takénéemé sonr a
ekstraksiyon sistemini naseél etkiledijini izl er
deneyl er esmaGeé&(ldla) liOYomlpar éna ek ol arak don¢©r
¢czere Ni (lI'1l), Fe (1'T'l')y, Mo (VI) ve Mn (I11) meta
varl éeéjéenda Co(l 1) iyonl arénén ¢D8M sziasntaenrtnian@;jh
birlikteIn(Co/C) deji ki m gfLadbdkel eeri kemkkt i 5.
Deneyl er séraséenda dijer t¢m faktorler, her fazé
al ecé ve verici faz i -in sgompa@yhaz d . Besisteao 15 . @l15ar
secakl ej e ol ar ak sabit tutul muktur . Her bir r
ekstraksiyonunda el de edilen kinetik veri er Tat
120
6,00
y = 0,0283x- 0,3138
1000. ...000 5,00 - R = 0,9845..
~~ A. .‘
S %1\ ° 4,00
E " ¢
g 601 o ®—D (ppm) %3,007
2 X =] e
% 4] AN e £ 2,00
= [ 4
20 ... [ ]
g e 1,00 -
.:. ....'i!
O:)F 25 50 75 100 125 150 175 0,00 ## ‘ ‘ ‘
Zaman (dak) 0 50 100 150 200
Zaman (dak)
keki INi GLI) i yonl ar é ) ) : )
i yonl aréenén ekstrak:kekiINigl1l) iyonlareén
deri ki merinin zamaniyonlareénén elG/AC aksi
zaman grafifji.
120
1,50
y = 0,0236x- 0,0857
o 7 RI = 0,9339°®
= ° o
g1 \ # 1,00
£ —
o | @)
g 60 \ / D (ppm) =
o % :g(ppm) Q
&40 1 p, (ppm) £0.50 -
O [}
20 1 {
..S...
g 9 .:
0 goi—— ‘ e ey ] 0,00 @ T T T T T
0O 25 50 75 100 125 150 0 10 20 30 40 50 60
Zaman (dak.) Zaman (dak)
keki Mn(Il.l ) nenwonvlaarléeg keki IMN@8lL 1) i yonl ar én
iyonl ar éneén ekstrak«si yonl arénén eKGHAQ adkai
deri kimlerinin zamanzaman grafifji.
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)

120 8,00
y = 0,0708x + 0,1478
100 " o—0——0 R] = 0,997
— » 6,00
£80 -
g1 / ~
560 | £.4.00 |96
g |V o
£ 401 @ 1=
8 2,00 A
20*. [}
|
—
0 ¢ - ¢ ¢ @9 —p— 0,00. T T T T
0 25 50 75 100 C O ‘;0 6% ’ B
Zaman (dak.) aman (dak)
keki Mo (9V.I1) iyon|a@oe”)].kekilMOf(_G/.l_) iyonIaArér}
i yonl aréenén ekstrak:iyonlharéeneéen eHlG/AQ alysi
deri kimlerinin zamanzZzaman grafifji.
120 5,00
y = 0,0634x-0,1734
100 @ I
4,00 - R| = 0,997
—~ ° o—0 ®
S 80 o
o ® [
= o —.3,00 A
8_60, P og%ppm; %
S ©—0 (ppm y |
f‘ 40 % o—A (ppm) ‘%2'00
Ne) e -
- ® e 1,00 -
20 : .. ..... ° ]
0’ L= S
T & 0 0 0 o
M 0,00 —
Zaman (dak) Zaman (dak)
kekilFel1ll) iyonlar gkekilFex2.11) iyonlareée
i yonl areénén ekstrakijyonlarénén eHlG/a dksai
deri kimlerinin zamanzaman grafiii
Yukaredaki Kekillerden t¢imadengghiekdtadoahrt élarz:
Co(1I 1) i yonl arénén ge-ik y¢zdel eri di kkate al é
haricinde %99"' un ¢zerinde bir verimle ekstrakte
Zamana Rde X e- il ni I( erreakf ied |dRéd ecjdde tl keenr ignin 1' e - ok ye
sonul ar el de edildijinin g°stermektedir. En hez
Fe(l1l) iyonl aréenén varl éj énda el de edi |l mi ktir.
ekstraksiyonuda sinerji k bir etkiye sahip ol duju s°yl et
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Tablo3.¢ DSM si steminde her bir farkl & met al iyonl ar
sonrasé el de edilen kinetik verile
N 8 o O
(dak') (dak’) (dak) (molL) (dak) (dak)
Ni(ll) 283 520 2557 2621 -0.014 0.014 |97

Mn(l) 236 6.00 2558 2143 -0.013 0.013
Mo(Vl) 7.08 212 776 1925 -0.041 0.041
Fe(llll 634 7.0 15 3498 -0.024 0.024

Co(ll') iyonlarénéen dijer met al iyonl arénén varl
kokull arda edilen veriler ile karkeélakteérel dej ér
iyonl arénén varl éjamd& CCa(zIldla) biiyorkli ar égrfésnt eordg J |
iyonl arénén ekstrasiyon s¢resinin bir miktar art
varl éjéenda se-imli olarak ekstrakte olduju ve bl
Dort farkl e met al iyonlaré ile birlikte Co(l1l)
iyonl aréenén her ¢- fazdaki z a m@&/Q)l ad &«joinksiamt grasfyio]
146de verilmixktir

120

1,60

100 ¢ y = 0,0115x + 0,0268

R R] = 0,09

‘801 9 oo 0000 209

Q.

=2 _ » —

%1 e D (ppm) £0,80-

s . ®—0O (ppm s

= 40 o o— A (ppm) =

G .. %o, =

SR P e 2 T PPN 0,401

%3 ’00...
%ﬂ&m;c.ﬂ:
0 0,00 : : :
Zaman (dak.) Zaman (dak)

ke ki I Ni(} 3n(ll) Mo(Vl) ve Fe(lll) ke ki I Ni(l) 4Mn(ll) Mo(Vl) ve Fe(lll)
|yonlare_nen varl €] ej yonl avanéaj énda Co
ekstraksiyonunda her ekstraksiyonunda In[CJ[C] 6ya kar
zamanl a deji Ki mi. grafiiji
kekil 136den g°re¢ldegjé¢ ¢zere Co(l 1) i yonl ar éné
veri mini n a hirikte dkstialsiyols ymersliani n i se uzadéjé g°r¢lm
Co(ll) metal iyonlarénen d°rt farkIl é met al i yonl
veril eri Tabl o 46de verilmiktir. Tabl o 46den g°
el de edilen kinetik okerbiglygrk Kamikalaawtne rod |ddug jué g
iyonl arénén d°rt farkl é& met al iyonl arénén varl éj
ekkraksiyon y¢zde verimi yanénda s¢resinin artté
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Tablo4.Co(ll) metali yonl arénén d°rt farkl e met al i yonl ar €
edilen kinetik verileri
kex10? ¢ «“ ' 0
Metal kix10? ) o) 0

(dak?) (daky) (dak) (mol/L)  (dak) (dak)

Ni(IT) Mn(ll) Mo(V1) ve

Fe(lll) 1.15 500 3821 1485 -0.0074 0.0074 |98
4. SONUCLAR
Yakeén ge- mi Kt e gel i ktirilen séve me mbr an Si st
ekstraksiyonu i-in bakaréyla kullanél dé. pH ar a
dijer biazénlmert@adén don°r fazdaki varl éjé gibi si
ve toplanan veriler dejerlendirilmicktir. Opti mui
5.25 pH dejerleri, organi k f a28G s0i,s0t2e3nmod & cLa kDO 2éH
belirl enmiktir. Belirtilen kokullar alténda real
kinetik veriler g¢venilir ol muktur. Ayréca t¢m k
reaksiyonis eni |l en hézda ger-ekl ekmi ktir. El de edil en
birinci dereceden ol muktur.
Farkl & metal iyonlarénén don°r fazda bul unmasén
ol up, Fe(III) i pohbher éhreé@drn cbodeaenddujjuwer metalleri
etkil emedi i Ve se-i mli ol ar ak Co(1l1) iyonl ar €
iyonl arénén varl éjénda takéném %85 dol ayl arénda
takénéméen daha y¢ksek oranlarda ger-eklekebil e
varl ejénda ise Co(ll) iyonlarénén ekstraksiyonu
Co(lL 1) i yonl ar é i -eren veéi -easwur e’srenekadteak @l #amal
-alékmal arénéen ger-eklexktiril mesi ve -al éxkmal ar é
¢DSM t éalamii jmime mbeaa si steml er. ile benzerl ik g°:c
fazlaré araseée datlli |deakhami ent ksi¢grmr elkil i | 8] Bt em ol ar ak
avantajlaré k°yle séeralanabilir: basit bir yapeée
ol masé, operasyonda esnek -al ékeéelabilmgmse 6 saghik®e
ol masé ¢DSM sisteminin genel ocstenl gkl eridir.
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Su S¢mbe¢el ¢ Bitki Kinkeeg vBei Wokkt ISeid iar idlaa
Uzakl akt ér él mase

Do-.Dr. YWakar Genel

Wan Y¢zencegyeél !'niversitesi
¥ZETFzet Bu -al ékmada i-me ve ateék sul ar dsau ysagyngbeenl ¢o |
(Eichhorni Crassipes) bit ki kek¢ biyok¢gtlesinin kul
bajlama kapasitesinin araktérélmasé ve metal bajl ama
Su s¢mbel ¢ deciylbkboVesunumanke - ¢l mesi il e bajlama mikt
bajl anmasénén -0k hezl é ger -ekl exktiiji, ortamda bul
bajlanmasénén da arttéjé ve optimemeeasi hand&854al B«
ger-eklexktiji, d¢kek pH dejerlerinde degkegk met al bafj
ger ¢l megkt ¢r
Anahtar KelimelerrAkt i vasyon , Su S¢mbel ¢, Kobal t, Met al Bajl a

Removal of Cobalt From Drinking and Watewater With Water Hyacinth Plant Root Biomass

ABSTRACT: In this study, the usability, optimum metal removal conditions, metal binding capacity and metal
binding mechanism of water hyacinth (Eichhorni crassipes) plant root biomass of cobalt, onbezfvhenetals
commonly found in drinking and wastewater, were investigated. As a result of the study; At low pH values, the
binding amount of water hyacinth biomass decreases with the decrease in the particle size, the binding amount
increases, the bindingf cobalt on the biomass occurs very quickly, the metal binding increases with the increase
in the metal concentration in the environment, and the binding degree of cobalt, which is studied under optimum
conditions, is above 85%. While low metal binding whserved, it was observed that it increased rapidly at high

pH values.

Keywords:Activation, Water Hyacinth, Cobalt, Metal Binding

1 Girik

Aj ér met all erden kobaltéen canlé& organizmal ar én
yat kérk &rgdriticilerin aksine ajér metallerin za
ve atéek sularda bulunan toksit ve aj ér met al K i
bakénda gel mektedir. Bu ohéamasmzl@hteméerasahéet i
-%zeltilerden met al i yonl aréné uzakl|l aktérmak i -
dejiktirme, ters ozmoz ve ekstraksiyondur. Bu i
miktardaenerimadde i hti yacé ve wuzakl aktéreél masé gerek
ol ukmaseée gi bi ° nemli dezavantajlara sahiptir.
Cexki tli organi zmal arén met al iyonl arénée birikt.i
Endg¢sttréeikyalr éan 1 yil ektiril mesi ve metall eri ger.i
avantajl ar é;



/ /

,@' 16. UBAK, 11- 12 March 2023, Ankara,(./
UBAK UBAK

- Aktif bajlama b°lgelerinin -ok ol maseé,
- kekillerinin k¢-¢k ve dejikmez ol masé,
- Al kali Ve topr ak al kal i metaédenehergdierni kKd an
etkil enmesi 6 dir.
Bu -al ékxmada i - me vV e at ék sul ar d &obaly mstajrénn lqdlar
uzakl aktérél masénda canséz Su S¢mbel ¢ bit ki K°"k |
uzakl akt émmar aatréft alr @m€é amacé il e bu -al ékma ya

2. Materyal ve metot
2. 1. Kull anél an Aletl er

Kobalt tayini Varian Spectr AA 20 model al evl i
Jenway 3040 654 model pH rmHE€Eliagitleh aizléer | yaanpdéél.d é . Ko b e

2.1.2. Kullanélan kimyasallar

Kobal t %9 9. 9 9Metalmia HCl a&skitlak | - HaomEt | andé. Kobal't st
dejeskykbkltik -°2zeltisi kuVeNkneddiét. wed mayzalrd a°nmm s
i-in NaOH ve KOH kull anél de.

2.1. 3. Biyok¢tle ¥rneklerinin Toplanmasé ve Biyc
Kendim olukturdujum serada yetiktirdijim Su S¢mi
ayreéel de. Laboratuvarda alku viei tpkiank% lolné mair €n¢ 2 erninn
yékandé. Son ol arak destiCedesud4d8 | eadti rkarukelzdy €
kokl eri mi kserl e °] ¢t ¢l e355K355310,d0A00, 21 X0 eOml tean
be¢yekl ¢ ¢ne ayrélan bitki kokl eri analizlerde Kkt
2.1.4. Atomi k absorpsiyon Spektrofotometresi - al

Kobalt metali alevli atomik absorpsiyon spektrofotometresi modunda tayin edildi.
2.2.Deneyselpps ed ¢ r .

2.2.1. tal exél an Aj eéer Met alin Su S¢gmbel ¢ Bit ki
kartl arénén Belirlenmesi
K-me ve aték sularda yaygén ol arak bulunan ajeér
biyoke¢tl esi ide aptaikrhemtarétllmars&m bel i glzenmaei E
bi yolbgtylue unun, mi kt ar énén, kar éktérma s¢é¢resinin
et ki si i ncel enmi ktir.
2.2.2. kobalt Bajlanmasé | zerine Biyok¢tle Boyut
Su nmbegl ¢ bitki kok¢ biyoke¢tl esi npdrehkoball®® eing 6 Isé lni
bakl angé- pHO6 sé 506 e ayarl anarak dejikik tanec
karékél de. Bu s¢re sonundai nbdieyno kagytrl éel diél.e ¢-°°zzeelltt
mi ktaré AAS ile tayin edildi. Sonu-Ilar Tablo 2.:
Tablo2.1l.k obal t Bajl anmasé | zerine Biyokg¢tl e
Bi yokegl ¢°zeltic Biyokgt
boyutu Son Co kuru?J erl
(AAS) bakéna b
. Co (mg/9g) % Co
( Om) pH (mg/L) Bajl anm

" 150 6.53 1.446 1.185 71.08
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Bi yokgt ¢tozeltic Biyokgt
boyutu Son Co kuru aj er I
(AAS) bakéna b
. Co (mg/g) % Co
( Om) (mg/L) Bajl ann
pH
150-355 6.50 1.541 1.153 69.18 | 102
355710 6.17 1.868 1.044 62.64
7101700 6.03 2.144 0.715 57.12
2. 2. 3. Kobal't Bajl anmasé ¢zerine Biyoke¢gtl e Mikte
150355 t@Gmeci k boyutuna sahip kurutdlOmOKk mu aS amie
tartémlar alendé. Baklangé- pHO& sé 4.506 e ayarl a
karéekt érélde. Karéktéerma 8zeéesidenksasbanmnédaba?t zel
tayin edildi. Sonu-1lar Tablo 2.2.06 de, bi yokg¢gt |
grafi k kekil 2.2.06 de g°r¢l mektedir.
Tablo.22Bi yok¢tl e mi ktarénéen Kobalt Bajl anma
Bi yoke¢t ¢t°ozeltic Biyokgt
mi ktar Son Co bI;luKréun aajb
(A Co (mg/g) % Co
(mg) (mg/L) Bajl annm
pH
50 6.91 1.851 2.149 62.98
100 6.98 1.489 1.756 70.22
150 6.99 1.458 1.181 70.84
250 6.95 1.772 0.646 64.56
500 6.94 1.963 0.304 60,74
750 6.92 2.321 0.179 53.58
1000 6.88 2.270 0.137 54.60
- 80
“ 60
10
40
N
~ 20
N
0
0 2 4 6 8
CAR2INGES YATOFNP 6

keki Bi o0R¢tl e Mi ktarénén Kobalt Bajl amas
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224.KobaltBaj | anmasé | zerine Karéktérma S¢gresinin Et
150355 Om taneci k boyut unabistakii pk kkulreirt iun drairx BU Bg
al ende, bakl angé- pH6 sé& 4.56 e ayarl anmék ol ar
Se-ilen zaman aral éklarénda 5 mLO6 Iik ©°rnekler
AASiletayi n edildi. Sonu-lar Tablo 2.3.06 de, bi¥®k
-izilen grafik kekil 2.3.0 de g°r¢l mektedir.
Tablo23.Kar ékt érma S¢resinin Kobalt Bajl anma
Kar ékt é ¢°zelkdlanc Bi yokgt
s¢éresi Son Co Kuru aj
bakéna b
(AAS) Co (mg/g) % Co
(dakika) oH (mg/L) Bajl anm
1 6.46 2.095 0.581 58.10
2 6.59 1.932 0.633 63.24
3 6.64 1.782 0.679 67.92
4 6.67 1.687 0.713 71.32
5 6.70 1.655 0.735 73.52
10 6.79 1.586 0.762 76.21
15 6.82 1.504 0.789 78.94
20 6.87 1.435 0.813 81.35
25 6.88 1.490 0.821 82.12
30 6.93 1.519 0.833 83.29
60 7.19 1.461 0.853 85.39
:100
© 80
10
60
N
- 40
« 20
0

0 10 20 30 40 50 60 70
YFENPSGPNXYI &ANNBAA 6

keki Ka2 28t érma s¢resinin Kobalt Bajl anma

2.4. Kobalt Bajlanmaseé | zeHKtkishe Kobalt Konsantr asc

150355 Om tanecik boyutuna sahip kurutul muk Su S
al éndée Dejikik -RoOnppm)yraSQomLarhthzle( ahalptdlo- ba«lIl t
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sé 4.506 e ayarl andéi.l e 0k adraé&k tkear &sl¢a re y-1 °ez evli tyiolkeg, it | se
mi ktarl aré AAS ile tayin edildi. Sonu-1lar Tabl o
arasénda -izilen grafik kekil 2.4.06 de g°r ¢l mekt
Tablo24.Kobalt Bajl anmasé | zerine Kobalt Kons
104
Bakl an¢ ¢°zeltic Biyokgt |
co Son “ bl;uK réun aajb
konsatrasyonu (AAS) Co (mg/g) % Co
(mg/L) oH (mg/L) Bajlann
1 6.63 0.481 0.173 51.90
2 6.69 0.890 0.370 55.50
3 6.81 1.129 0.624 62.37
4 6.89 1.221 0.926 69.48
5 6.98 1.339 1.220 73.22
10 6.88 3.061 2.313 69.39
15 6.85 5.202 3.266 65.32
20 6.79 8.303 3.899 58.49
«— 80
w
10
o 40
20
0
0 5 10 15 20 25
ot Ey3aPe /2 (2yal yinNt
kekklKoba4t Bajlanmasé | zerine Kobalt Kons:
25.KobatBaj | anmasé | rine pH®6 nén EtKkisi

ze
150355 Om tanecik boyutuna sahip kurutul muk Su S
al éndée 50 mL, b5ppihalziek | ank plH®| th ax tfeae@h&H leerli0 ar a
20 daki k aoks¢etrleey liel ebikyar ekt érél an -°zeltiler s¢zé¢
ile tayin edildi Sonu-Ilar Tablo 2.5.6 de, biyol
grafik kekil 2.5.06 de g°r¢l mektedir.
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Tablo25.Kobalt Bajlanmasé | zerine pHO® nén
¢tozeltic Biyokgt
Bakl ani Son Co kur_u al
(AAS) bakéna b
Co (mg/qg) % Co
pH pH (mg/L) Bajl ann 1105
2 2.04 4.995 0.002 0.10
3 5.05 1.876 1.041 62.48
4 6.49 1.552 1.149 68.96
5 6.61 1.525 1.158 69.50
6 6.69 1.518 1.161 69.64
7 7.09 1.450 1.220 71.00
8 7.10 1.339 1.200 72.02
9 8.56 2.917 0.694 41.66
10 9.92 0.794 1.402 84.12
— 100
w
- 80
o)
60
N
- 40
6 20
0
0 2 4 6 8 10 12
pH
keki Koba#t Bajl anmasé | zerine pHONnénN
3. Bulgular
3.1. Metal Baj | aramascé rké rB oB/iuyt aukneat IBeaj | €1 €] é
Tablo 2.1 ve kekil 2.1 de go°re¢gldejée gibi Su s
Ke¢-¢61 mesi kobalt metalinin biyok¢tle ¢zerine baj
3.2. Met al Bajl anmasénéam Biajjdkedtéljee Taneci k Mi kt e
Tablo 2. 2. ve kekil 2.2 de g°r ¢l dej e gi bi biyo
bekl enirken azal dej e ger¢l dg. Bunun nedeni Su
ol dujundan biyok¢tl e sudwmyayg¢tzamasbdit eér € INop mehde:i
bajl anmasé artacakter.
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33.MetalBaj | anmaséné8; KasérRe éEBapl el ej é

Tablo 2.3 ve kekil 2.3 de g°r¢l d¢]j megabi Baj Eami
ol duk-a hézlée ol muktur Maksi mum met al bajl anma s
34Kobalt Bajlanmasénén Ortamdaki Met al Konsantr a
Tablo 2.4 ve kekil 2.4 de go°r¢ldejeée gibi melt I
sonra me al bajl anmasé d¢ K¢ K gestermektedir. Uni
azal maséndandeéer . Asl énda met al bajlanma mi ktaré
artmaktadeéer Met al i yonunun art magleadékarmeéetl @k
da art méxkteéer .

3.5. Met al Bajl anmasénén pH6 ya Bajl el eéeje

Tablo 2.5 ve kekil 2.5 g°r¢ldej ¢ oebal Bui Shmbé kg
kuvvetle pHO6 ya bajlé olduju g°r¢l mektedir. pH 2
artek g°stermiktir. Bu arték pH 9 ve pH 10 da ke
Sonu-

Su S¢mbel ¢ bitki k°ky¢ bi yok¢gtl esininlebnetglut u k ¢
etkilekim y¢ksek ol masé sonucunda metal bajl ann
artmaséyla bajlanmanén heézlée ger-eklexktiiji kesa
ortamda metalin bul uamamasema asn, kayina&il etdek - & me

d¢kek pH Iarda bajl anmaneéln0 apzH)o |ydiuk)sée ky ¢bkasjel ka npnita
Konsantrasyon arteéexkeé ile metal bajl anmasé at éx
bit ki k°kg¢ biyoke¢gtlesi ajér metal wuzakl aktéer maseén
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Traversler vek Kloamtsld az Moedel Tasa

Arakt ermac® BAujarka éremac é TU,baABal tdaarymac A'vEakr a B
Araktérmaceé Ojuz Kaan Atar
'Yekil eérmak Elektrik Dajétéem A. k.

*CorrespondingauthoBuj r a ken

¥ZEKzol at°rl er, havai ener ji naki |l hatl aréné takeéeyan
i -in kull aneél an aj el emanl|l ar édér . Kzol at°rl erde k &1
karkél akél makt adéra Kejoil aitmlrereir,; lkewyetalni haaxwgar, kir
fiziksel dayanéml ar é zayéf oldujundan kol ayca -atl an
kéréeklardan dol ayé enerji nakilvéabluaaéhdpl §edbbal aki
sayeéesé/ s¢resi ( SAKFK, SAKDK) artmaktader Ayréca hat
nedeni ile direk dojrudan enerjilenmekte ve be durum
cam el yaf takviyel: plastik geri d°n¢gkegml ¢ kompozit o
izolat®°rs¢z olarak tasaréemlaré ve ¢retimlerdi ger - ekl
izolat°r kawymdlalr@& nk emegkne a@reée i | mesi sajl anacakter. K :
travers ve konsoll ar, izolat°r kull anél madéejéndan dc
edilebilir hale gel mi ktyanmaya®Ay- e&wrae smeall zeanwet |lyaarpeé sléa rgkeér
uzun °m¢grl ¢ bir ¢réegn ortaya konul muktur.

Anahtar KelimelerrHa v a i Hat, Travers, Konsol , Kzol at°r, kebeke

Designing Isolatorless Model for Traverses and Consoles

ABSTRACT: Insulators arenetwork elements used to provide isolation in traverses and consoles that carry or
stop overhead power transmission lines. Network failures due to breakage and cracking in insulators are
frequently encountered.Insulators; Since their physical resistangedk against environmental factors such as
humidity, sudden weather changes, strong wind and pollution, they easily can be cracked and broken. Due to the
cracks and fractures that occur in the insulators, adequate insulation cannot be provided in thg ener
transmission lines and accordingly, the number/duration of energy interruptions (SAIFI, SAIDI) increases. In
addition, due to the lack of isolation between the line and the traverse/console, the pole is directly energized and
this situation endanger theafety of life and property.In this study, the designs and productions of traverses and
consoles with high insulation, consisting of glass fiber reinforced plastic recycled composite material, without
insulators were carried out. So, it will be ensuredttthe product becomes widespread and network failures
caused by insulators will be prevented. Composite structured traverse and consoles produced without insulators
have become lower in cost, lighter and easier to install since no insulators are uagdition, due to its material
structure, product becomes more resistant to fires and environmental conditions and has a longer life.

KeywordsOver head Lines, Travers, Console, Knsulator, Gri
1. Giri«x
El ektrik enerji,sis;ojaydmnl aetvmaa,l ed d étrma bil gi saya

ve toplu takéma sistemler:i gi bi bir-ok sistemi.ai
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n biridir [1]. Bir elayképrliakr ,k e-sakn tsi
yen zamansal, ekonomi k ve can kay'l
a ekipman arézase gi bi faktorl eri
ver iomlaireveasez| el dktrrikkekehereji si

l ektrik yal étkanlar é, il etkenl eri
r Bir elektrik devrrelsarnivne earkeérm ia
bi tellere veya dijer iletken [3081 I
ci hazl arén bakareéel é bir Keki e -

| d

tex i mdli zamel er kull anél er , se-im °ncelik
t|
k

O X~ 59D

E

A N o i 7
—O = p®3T0OC DS

~To T —>

Havai Enerji Hatl arénda hava «xar ar é
l er ; enerji naki |l heklereatespitiheayarayany iletkedlexi ul |

r r
émaya hem de toprak il e dijer iletkenlere

S5 ONQYQ —Ow ' 7D o> D

® JooT W

]
—

l etim ve dajéetém kKkebekelerinde kull anél e

< M oS- XK O —TTToOXX™—T™X

m

ektri ksetlk drmlkermdathopr ekt an ayér mak
\% Kl etken ajéerl éjénée ve iletkenlere gelen ek vy

Kzol at°rl er, el ektrik akéména karké b¢gyeék
malzemeler olan porselen ve camdan imal edilir. Bunlara ilavetenl i k on ve epok
de yapél makta ancak maliyet:i yée¢ksek ol duj
gel ebil ecek y¢kl eri emni yetl bir Keki e
gerekir [5].

o

KzodlagrP; G°vde, tutturma yuvaseée
czere kekil 106deki gi bi bek késeé
yapél mék izolat°r deami r |Keroil at &s
yapélan har-la izolat®°re tutturu

, etek ya da sipe

mdan ol ukur . €

€ tdaesngi yrilae r b ajyle¢
l ur, al -ak ge

3

Yuva setti

e iletken yuvas:

iy
iletken

izolatér
demiri

izolatér

keKiKzol at®°r kesémlareé [6]

rin de direklere tutturulabil mesi tr
K i iletkenlerin demir veya beton dire
[ i taraK |ltr aveps dsaye&kd erde Kkakil lalnei i
[ l ekl ar éna, izolat°r ve d
in geril meikiumvetiegesahne
e Z °n¢nde bulundurul ur. T
e, k° ke, durdurucu, ni hayet, br ar
bee tod d udiiur ekl erde de hava hatl ar én
t edil mesi i -in beton traversler

X0 oo
—@og-= -~

® QS —
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oxax< —TQ - IX
- —®—® =~ ®N
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tekkil edilen hatteén
yapéel ér. Bunlar beton ve demir
putrel demirden yapél maktadeéer.

k e KiBéton traversler [7]

J

il etkteadérertThawner vyleedi ge
traverslerdir (
Travers -exkitle

n e
k €
ri

kelBDemir ve aja-

traversler [ 7]

Kzol ato°rleri direklere tutturul maséné sajlayan |
il etkenl er iant avkeé mazyoal aytrraye r i direkl ere tuttur ma
Konsollar, elektrik enerjisinin iletim ve dajeét
izolat°rleri tespit et mek i -ninhéakyudtl adniérl ekrl.e rKio nis-c
yapéeéda ol ur. Demir ve betondan ol mak ¢zere ik
el emanl aréna yatay Z, G kuvvetlerinden ve dikey
direje gelenekiunvegeéer ol mpsi | et & ol ukan cer kuvvet
hatte iletkeninin herhangi bir sebeple kopmaseée
ol arak gelen kuvvet ol up daha -emk vreg dgp®raylews\ewd tai
akajéya dojru iletkenin kendisi ve ¢zerinde ol u
kuvvettir. Konsollarén da takéyeéecé, nihayet ve |
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k e kiiBéton ve demir konsollar [7].

Kompozit malzemeler, farkleée °zelliklere sahip il
ol ukturul ur. Far k1l e mal zemel er , kompozite farl
Kompozitler; mula ve met ve dijer mekanik °zelliklerin iyl
yal étabilecek ve belirl:i manyetik °zelliklere s
°zelli klere bajlée ol arak gkedmpkotziirti | em&dli z e me ° in-eim
hi zal anarak tabakayé bir y°nde -o0ok g¢-1¢, ancak
hale getirebilirler. Uygun bir matris mal zemes
dayaneéekl!l elllekemgddidé zeasar !l anabil ir. Kompozit mal
birlikte mukavemet ve sertliktir. freticiler, L
se-erek, bel irli bir amaca Yy°%°nelarkakbedyiarn i?©° zbeilrl
icretebilen kompozit mal zemel erin bir dijer avan
kar makék kekiller halinde kal éplanabilir [8]. R¢
gevdel eri, mepbaekbtak édajgegnexk panelleri, kabl o t
yapeéel aréenl e&lt eloni kk aksamlarénda da °©°nemli bir |
kompozit malzeme cam elyaf tipli kompozit yapel:
Cam elyaf takviyeli plastikk o mpo zi t mal zemel er ve bajlayécel ar
sarma ve kal éplama i kIl emi ile yapélan hafif, m,
yal éeétémé °zelliklerine sahip yeni bii kkommaaeairten
esnekliji, kolay bi-im endirme vb. ©°zelliklerin
ul akeéem, kimya m¢ghendi sl ijJi ve enerji alanl arénd
pl astikl erin birl-aorké ngeyr®intde’mi¢ kveam dveer .k uGer i d°ng¢K
°zelliklerine bajlé ol arak; ki myasal ger i d°ng¢ K
kapsaml & geri d°n¢gkegm ol mak ¢zere dorizelikierpre ayr
uygulanabi lirlifji ve ekonomi k katkésé g°z °n¢ne
mal zeme t ¢r¢éedeér.
Kompozit travers (keki.l 5) ve konsoll ar; korozy
fiber katkeéel aweilbaruvuekme mukpivemet!|l erini arterel
Ameri ka Birlekik Devletleridonin °zellikle neml
bl gel erde kullanéel maktader. Férteéena ar @nhi mdaiv e
ve uzun s¢relii kesintilerin °n¢gne ge-il mesi io-
yandan ul akémé ve m¢dahale zorluju yakanél an b?°
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e kompozi't créemaer kokeavygli &kteedriéllemeekk, ndaakh a
nNmekKkter .

|111

k e I6iKompozit Travers.

Kzol at°rl er; y¢ksek elektrik al an, kirlilik, és|
vb. hayvanlarla etkil exki m, r¢zgo©r, g¢nek radyas:
biyolojik b¢gyéegme vel aytar enairmzk kyphalelj & ndiam- gk - s
olurl ar Ayreéca izolat°rlerin hassas yapeéel areéenda
zorluklar yakanmaktadeér. Enerji naki | h avea i hat
dekenegl degj éende, izol at©or kaynakl e k¢-¢k arezal a
arézlarénda dol ayé, havai enerji hatteée ile tra
dojrudan enerjilenir, elyle caaurmarkta@aar eg gmnad nlyiejtil ni st
kekil 66da izolat°r areézal aréna ait g°rseller g6¢

kelKkzol at°r Arézalaré [10].

Yapélan arakteérmal ar sonucu Yexkil érmak El ektrik
dajéetem kKebekelerindeki yal etem kaynakl e -ékan
i statistiksel ol arak bel 212I02miykeél var doda st het k:
meydana gelen buz vy¢ke, Kiddetl i yajJ €Kk ve r¢zgo©
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il etkenin séké bajdan kurtul masée gibi sebepl erl e
kes ntil erine neden ol 2Wj22 tyed diatr € e dairlamiémtdiar . kK e
arézalarén neden ol duju yaklakéek 26.000 saatlik
kaynakl e, 1.852 saatfietikeme- drepm@alsmasenveajh4. b
I mi Kt ir Bu durum enerji naki |l havai hat !l ar ¢
ar méckt

o
Q

(o]
—

' o
[plNeX
x—.r_)

-al ékmada cam elyaf takviyel:| pl ast ink égje‘al
i.ksek travers ve konsoll arén izolat®°rs¢z ol a
nsoll arén yalétkan ol masé sayesinde izolat?
ézal arén ©°n¢gnerge-Kizlohedi®°r sgpl| ool acgakt égr et il
nsollar, izolat°r kull anél madéjéndan dol ayeé
ha hafif, daha kol ay mont aj edi | e panrmhayarve h a |
vresel K a ara karké daha diren-11, daha

del kazan el mékt ér .

S'axo A< @
OM®O - O c

o =
D —~+
- —

2. Traversler ve Konsollar i-in Kzolat®°rsg¢z Model

Bu bel ¢ mCAE @AD Sol i dwor ks progr atnmd ageéer iilliem adaj
Kebekelerinin daha g¢venl i ve fonksiyonel- ol mas
K1", GK2", G10I"ve G1 2| "' ' direk tiplerine uygun, cam el
kompozi't mal zemeden @Il ukvaen tirzaovlearts®l resr¢izn ktoanssa r |
ger-eklexktirilmixktir. Tasareml ar , sim¢gl asyon - al
kapsaménda; créenegn 3 boyutlu tasarémlare, kal ép
-aplaréndaki tasaréemlar, paket programlar
i mum y¢é¢k noktalaré ve dejerlerinin belirleni
erek en uygun °1| -¢lekilmekbélritmémrmeési - al éKme

«Q

o

<
—un aowm

(¢]

ém Kebekesinde kullanélan travers ve konsc
enlerin kendi ve direk il e arasénda yer al
ur . Yapeéelarnéndas akwevvetalliekakad@m t esi sl er y©°ne
mesafel eri di kkate al énméexkteér .

e, kesit, salge ve anma gerilimleri ayneé o
daki en k¢-¢k (D) wuvzakl ek;

ON O cC D

a
m
n

0 WO O- — @)

D : Direk ¢zerinde il etkenler araséndaki uz
Kai - akceri1:iQy35

Kortagerilim : 0,50

Fmak ; Hesaplmnam idyxek ia- €kl éjéna ilikkin en |
I : Takeyecé zincir izolat®r¢n uzunluju (m)

U ; Hattén fazlar arasé anma geril i mi (kV)

Kl etkenl erin
ol an en bg¢gye¢k
ki uz

i rlierine ol adchi rmd knli eruirm uem kd &y £k
S
araséendaki ak

[
gé (Fmak) boyutuna g°re belirle
k i se; en az

—— mmud ol acakt éer .
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Bu uzakl ek y¢ksek @e20 1 mdénd én haalad athad ¢ rairléinmlai h a
az ol mayacakteéer. 36 kV | ék fazlar arasé anma (¢
mini mum uzakl ej é;

O - Mt vd & (2) |113
0,4 kk M azel ar arasée anma geril i mi ol an al -ak geri
o - mrod & T chy @)

ke KiKEol at°r s¢z OGa)Kafesgiredz) U tipi difek@ Ajea-s Di r e k.



J J
,@' 16. UBAK, 11- 12 March 2023, Ankara,g-A/K'

UBAK

114
kelBKEol at°r s¢z AGa) Kafesirekz) U tipi difek@ Ajea-s Di r e k.
Tasar @émlzar €anan izol at°rsy¢z AG ve OG kompozit
ter moset mal zemenin matris kKkeklinde dizilen cam
kompozitten ¢retil mesi ve bu sayedemeayanéam&ed
kapasitelerine ulakélmasé sajlanm#&B8BOeérreKompoxzet
katké maddel eBb ajarbhk] mekanrni k861, el ektriksel,
matris kKekliodeuduk mbmebBammhddelden ¢retil mi ktir.
gi bi °czellikler, kullanélan el yaf i -eri k oraner
Kekline g°re arteéerél ép azalteéel abi Iprheakstte &ki rg.erT a Wl
kompozit mal zemeden ol ukan traversin ©°zellikler:i

TablolKzol at®°rs¢z kompozit traversin ©°ze

¥zel Il ikl ¢ Dej er |
| P Senéfe IP65
Opti mum ¢al é& (-25)-( +125
Y¢ k Gek i | i me 3000 V(AC)
Darbe Deneyi 0,74 kgf/mn3
Paslanma Deneyi +

Darbe Dayane 39 kJ/nt
Geri |l me Daya 78 N/mnt
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¥zel i kI ¢ Dej erl

& 100250 N/mnd

Eji |l me Dayan 80250N/mni
tekmede Uzan %71,62,8
C

c

¢tekme Dayan

Dielektrik 9,4 kV/mm |115
Ge-i k Diren 2x10%q cm

Yojunl uk 1,81,9 gr/crd

Su Absorsiyonu 30 mg

UV Dayanémeé +

Kéezgéen Tel C Stufe BH220 mm

Yanabilirlik UL-94 V-0

Al ev Geci kti +

Kzol at°rsg¢z kompozit traverslerin tasgsmlzemana uyg
°zelliklerinin sajlanmasé i-in el yat érma y°nter
3. Sonu-Il ar ve Tart ékma

Bu b°l ¢mde Tablo 16de verilen izolat®°rs¢z kompoz
takviyelerinin komp z i t Scréne optimum mi ktarda ve y°nde |
mi ktarl arée belirlenmiktir. Kzol at®rs¢z kompozit
analizive GK1", GK2",G10I"''G1 21 "' direk ti pl e hesapkhmajve andlizle s und a
yapeél ar ak Tabl o 206deki boyutl arda opti mum t as
gesteril mixktir.

Tablo2Kz ol at°®°rs¢z Kompozit Traversin Boy

Gerilim Travers Tipi Boy(cm) Geni k| iY ¢ leldik (cm)

oG 1 gT-200 200 10 6
0G 1 gD-250 250 10 6
AG  3g65U100 100 5 5
AG  3g6.5U80 80 5
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kel QKEol at°rs¢z aBAGpi®OIG it-navers
breti mi yapélan izolat®rs¢gz traver si - ekme, e]
°1 - ¢l mesi ni ve mukavemetl!l er.i hakkénda bil gi edi
birl ektirme y¢zeyi ve t-eevtrneeski nadneakci € ysl¢ar e¢k-s inzolkitkal e
belirl emek amacéyla yapélan kontroll gerilimle
veya tamamen mal zeme kopana kadar mal zemeye Kkuvyv
Mikroser t | k testi, Wi | son Hardness marka 402MVD

[
numunenin y¢gzeyinden séirkaM)ée unyigkurl casnearstél iyka p(énti ncérkot\
al eénan numuneye ait kKkemati k kg% gt.erSiemtd? rks email zkear
boyunca birbirine yakén olarak °1 -¢l mgkt ¢r .
karkel ek gel mektedir. Deney standardé TSE EN
i -in belirnikeedekesi azvdaby®l| -¢;m al énarak ort al
edilen veriler ASTM D258 2 st andarténda verilen Bar ¢50I
HBa Barcol sertliji olarak hesapl amiznmenin&artik B u
standardéna uygun ol duju g°r¢kKkmgk sonu- | Tabl
Tablo3Mi krosertli k test sonu-|
1 2 3 4 5 6 7 8 9 10 11 12 L+ 14 15 Onaa
3 ma
36, 35, 34, 35 34, 28, 31, 39, 36, 36, 30, 33, 3 31, 35 3435
9 3 5 4 1 4 9 2 1 5 8 6 5 9 7 (HV)

Nun
| SC

Ser
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- nokta ejme testinde kullanélan numune boyut
ger-eklexktirilmiktir. Elde edilen maksi mum Kkuvyve
Kekil dejikimi sonu-Ilarénén isténveekhelleleitléde
Tablo4E] me testi sonu-1are.
Numune Maksimum Maksimum Maksimum Maksi mum
Kodu Kuvvet Gerilme Uzama Dej i Kim
757,813 4546,88 6,284 0,01885
2 868,75 5212,5 9,09 0,02727
3 567,188 3403,13 7,968 0,0239
4 718,75 43125 6,564 0,01969
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1000

800 a) b)
600 -
2400—
200 4 |118
0
('l % 1'0 1‘5 2‘0 2’5
Uzama (mm)
C) d)
keKILH] me testi sonu-1|are.
tekme testi en yaygéen mekani k test tekniklerinde
oldujunu ve kérélmadan ©°nce ne kadar geTlilebil
standartl aréna g°re ger-eklexktirilmiktir. Bu te
kKekil deji ki mi, maksi mum kuvvaema mmakktsa rmuar & e li -l g
5 ve kekil 126de g°sterilmicktir. Ger-eklexktiri
sonu-laréen istenilen d¢zeyde ol duju go°r¢él megkt gr .

Tablo5¢ ek me testi sonu-1aré.
¥ - ¢r Kopma Kopma Kopma Maksimum Maksimum Maksimum
Kodu Kuvveti Gerilmesi keki Kuvvet Gerilme Uzama

(N) (N/mn) Dej i k (N) (N/mn) (mm)
(%)

11839,1 236,781 0,5745 11901,6 238,031 6,894
2 13401,6 268,031 0,5335 13403,1 268,063 6,402











































































































































































































































































































































































































































































































































