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¥ZET: Bu araĸtērmada gēda maddesi olarak da t¿ketilebilen kakao ve shea yaĵlarē ile zeytinyaĵē; beyaz hindiba, 

­ay, meyan kºk¿ ve sarē kantaron ekstraktlarē ve niĸasta kullanēlarak yenilebilir anti-mikrobiyal krem elde 

edilmiĸtir. Elde edilen krem karēĸēmēn, insanda deri enfeksiyonlarēnēn oluĸumuna yol a­an ve saĵlēĵēnē olumsuz 

etkileyen E.coli (gram negatif) ve S. aureus (gram pozitif) bakterileri ¿zerindeki anti-bakteriyel etkisi streptomisin 

antibiyotik eklenerek karĸēlaĸtērēldēĵē disk dif¿zyon tekniĵi kullanēlarak irdelenmiĸtir. ¢alēĸmada elde edilen 

veriler krem yapēmēnda kullanēlan ºz¿tlerin gram(-) ve gram(+) bakterilere ºrnek olarak se­ilen patojenler 

¿zerinde iyi bir anti-mikrobiyal etkisinin olduĵunu gºstermiĸtir. Ayrēca elde edilen karēĸēmla ilgili yapēlan fiziksel 

parametrik analizler, karēĸēmēn end¿striyel olarak ¿retilen ve ­eĸitli ama­larla kullanēlan kremlere benzer renk, 

doku ve gºr¿n¿mde olduĵu ortaya koymuĸtur. Bunlara ek olarak yapēlan ­alēĸmada ¿r¿n¿n en az 6 aylēk bir raf 

ºmr¿ne sahip olduĵu tespit edilmiĸtir. Bu sonu­, ­alēĸmanēn amacēna uygun olarak yenilebilir anti-mikrobiyal 

kremin ­eĸitli hastalēklar sonucunda fērsat­ē patojenlerin deride oluĸan enfeksiyonlarda, enfeksiyonlarē ºnlemek 
ve cildin ihtiya­ duyduĵu bakēmē saĵlamak i­in g¿venle kullanēlabileceĵini gºstermiĸtir. 

Anahtar Kelimeler: Yenilebilir, Krem, Anti-Mikrobiyal, Beyaz Hindiba, ¢ay, Meyan, Sarē Kantaron 

 

Production of Edible Anti-Microbial Cream Using White Chicory (Cichorium Ķntybus), Tea (Camellia 

Sinensis), Licorice (Glycyrrhiza Glabra), and St. John's Wort Extracts (Hypericum Perforatum). 

 

ABSTRACT: In this research, an edible anti-microbial 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 the cream mixture on E.coli (gram-negative) and S. aureus 

(gram-positive) 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 obtained in the study showed that 

the extracts used in cream production had a good anti-microbial 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 the study, 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, Anti-Microbial, White Chicory, Tea, Licorice, St. John's Wort 
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GĶRĶķ 

Kozmetik, insanoĵlunun cilt saĵlēĵē ve g¿zelliĵi i­in kullandēĵē malzeme ve metotlar b¿t¿n¿ olarak 
tanēmlanabilir (¢omoĵlu, 2012). Dilimize Fransēzca ñcosmetiqueò kelimesinden gelen ve anlamē 
ñg¿zellik m¿stahzarēò olan kelimenin asēl kºkeni Yunancadēr. Yunanca ñəɞůɛɏɤ (kosmeo)ò 
d¿zenlemek, ­eki d¿zen vermek, donatmak ve g¿zelleĸtirmek anlamlarēna gelmektedir (Kartal, 2018). 
Her ne kadar kozmetik kelimesi ile akla ilk gelen makyaj ¿r¿nleri olsa da, bununla birlikte sa­tan tērnaĵa 
kadar ­ok geniĸ bir yelpazede tedavi edici ¿r¿nleri de kapsamaktadēr (¢akē ve ark., 2019). Bu sebeple 
bu alan dermatoloji, mikrobiyoloji, toksikoloji ve farmakoloji gibi disiplinlerle yakēn etkileĸim i­indedir 
(Kurucu ve Demirel, 2006).  

Eski Mēsēr uygarlēklarēndan beri kozmetik ¿r¿nlerinin elde edilmesinde ­eĸitli madenler, hayvansal ve 
bitkisel ¿r¿nler kullanēlmaktadēr ve bu ¿r¿nler sa­tan deriye, diĸten tērnaĵa kadar krem, sol¿syon, pudra 

ve sabun formunda uygulanmaktadēr (¢akē ve ark., 2019; Akhtar ve ark., 2011). Buna uygun olarak bu 
­alēĸmada yenilebilir krem yapēmē i­in bitkisel ¿r¿nler se­ilmiĸtir. Se­ilen b¿t¿n bitkisel materyallerin 
projenin amacēna uygun olarak oral yolla alēndēĵēnda insan v¿cudunda toksin etki gºstermemesine ºzen 
gºsterilmiĸtir.  

Kremler, cilde ya da mukozaya uygulanan yarē katē em¿lsiyon formundaki karēĸēmlardēr. Bu karēĸēmlar 
i­indeki yaĵlē ¿r¿nler deri tarafēndan emilerek cildi veya mukozayē nemlendirir. Bu ĸekilde uygulanan 
v¿cut bºlgesi nemlendirilmiĸ olur (Edake, 2019).  

Ge­miĸten g¿n¿m¿ze kadar geliĸen geleneksel tēp metotlarē, alopatik ila­ metotlarē ¿retilene kadar 
d¿nyada saĵlēk hizmetlerinde kullanēlmaktaydē. Bu alopatik sistem modern biyoloji ve kimya bilgilerini 
kullandēĵēndan tēp ­evrelerinde hēzlē bir ĸekilde kabul gºrerek geleneksel yºntemlerin yerini almēĸtēr 
(Ravindra ve Muslim, 2013). Buna raĵmen geleneksel olarak hazērlanan ila­lar, bu ¿r¿nlerin g¿venli 
olduĵu yºn¿ndeki genel izlenim ve alopatik metotlarla hazērlanan sistemlerdeki tek molek¿ll¿k etken 

maddelerin insan saĵlēĵē ¿zerindeki diĵer olumsuz etkileri sebebiyle hala kullanēlmaktadēr. Hatta son 
yēllarda bu t¿r uygulamalara ilgi giderek artmaktadēr (Akhtar ve ark., 2011; Kurucu ve Demirel, 2006; 
Ravindra ve Muslim, 2013). 

Deri, v¿cudun dēĸ etkenlere karĸē ilk savunma hattēdēr ve dolaysēyla cilt saĵlēĵē insan saĵlēĵēnēn 
b¿t¿nl¿ĵ¿ i­in ­ok ºnemlidir. Deri ¿zerinde doĵal olarak yer alan ya da dēĸ kaynaklē olarak gelen 
mikroorganizmalara karĸēn, cildin kendi baĵēĸēklēk ºzelliklerinden dolayē enfeksiyon geliĸimi olmaz 
(G¿l, 2016). Ancak yaĸlanma, diyabet gibi cildin kurumasēna neden olan hastalēklar ya da kemoterapi 
gibi genel baĵēĸēklēk baskēlayēcē tedaviler cildin bu koruyucu ºzelliĵinin azalmasēna ya da ortadan 
kalkmasēna yol a­maktadēr. Bu ĸekilde cilt enfeksiyonlara a­ēk hale gelmektedir (¢ayērlē ve ark., 2012). 
Deri enfeksiyonlarēna sebep olan mikroorganizmalarēn baĸēnca gram (+) bir bakteri olan Staphylococcus 

aureus ve gram  (-) bir bakteri Escherichia coli gelmektedir. Bu sebeple yapēlan projede elde edilen 
kremin anti-bakteriyel ºzelliklerini test etmek i­in bu patojenler ­alēĸmaya dahil edilmiĸtir. 

Bu ­alēĸmada, herhangi bir yan etkiye sahip olmayacak, diyabet ya da kemoterapi alan kanser 
hastalarēnda deri enfeksiyonlarēnē ºnleyecek, cildi doĵal olarak nemlendirecek ve derinin koruyucu 
ºzelliklerini geri kazanmasēna yardēm edecek; anti-mikrobiyal, hatta yenilebilir bir krem yapēmē 
ama­lanmēĸtēr. Ayrēca elde edilecek bu krem dēĸ etkenlerin etkisiyle yaĸlanacak olan cildin yaĸlanma 
s¿resini geciktirerek kiĸilerin kendilerini psikolojik a­ēdan da iyi hissetmelerini saĵlayacaktēr. 

Bu ­alēĸmada ¿retilecek olan yenilebilir bitkisel krem i­erisinde ­eĸitli bitkisel yaĵlar (kakao yaĵē, shea 
yaĵē ve zeytin yaĵē), T¿rkiyeôde doĵal olarak yetiĸen ve oral yolla da kullanēlan ­eĸitli bitkilere [beyaz 
hindiba (Cichorium intybus), ­ay (Camellia sinensis), meyan (Glycyrrhiza glabra) ve sarē kantaron 
(Hypericum perforatum)] ait ºz¿tler ve ­eĸitli bitkisel ¿r¿nler (niĸasta) kullanēlacaktēr. 

Beyaz hidiba (Cichorium intybus) papatyagiller ailesinde yer alan ­ok yēllēk otsu bir bitkidir ve 
¿lkemizde doĵal olarak yetiĸmektedir. Bitkinin kºk, yaprak ve ­i­ekleri bir­ok ¿lkede sebze olarak 
t¿ketilmektedir. Ayrēca bitki i­erdiĵi ­eĸitli tanen molek¿lleri sebebiyle geleneksel olarak i­ parazitlerin 

neden olduĵu hastalēklarēn tedavisinde kullanēlmaktadēr (Tilford, 1997). Ancak alanyazēnē 
incelendiĵinde beyaz hindiba bitkisiyle bu ­alēĸmada kullanēldēĵē ĸekilde yer aldēĵē bir ­alēĸmaya 
rastlanmamēĸtēr. Bu durum yapēlan bu ­alēĸmanēn ºzg¿n bir ­alēĸma olduĵunu gºstermektedir. 
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¢ay (Camellia sinensis) ­aygiller ailesinde yer alan her dem yeĸil ­alē ya da bodur aĵa­ formunda ve 
¿lkemizde Karadeniz bºlgesinin, Doĵu Karadeniz bºl¿m¿nde doĵal olarak yetiĸen bir bitkidir (¢iĵdem 
ve Bayrak, 2003). ¢ay bitkisi yapraklarēnēn tanen gibi anti-bakteriyel molek¿ller i­erdiĵi bilinmektedir. 
Bitkiden elde edilen ­eĸitli etken maddelerin kozmetik sektºr¿nde deri besleyici ve yaĸlanmayē 
geciktirici etkisi olduĵu yapēlan ­alēĸmalarla gºsterilmiĸtir (Koch ve ark., 2019). Bu ama­la ­ay 
yapraklarēndan elde edilen ekstrat bu ­alēĸmada elde edilen krem i­eriĵine eklenmiĸtir. Bu ĸekilde elde 
edilen kremin yaĸlanmayē geciktirici bir etkisi olacaktēr.  

Meyan (Glycyrrhiza glabra) baklagiller ailesinde yer alan ­ok yēllēk ­alē ya da bodur aĵa­ formunda bir 

bitkidir. ¦lkemizde baharatē ve ĸerbeti yapēlarak i­ecek olarak kullanēlan bir bitkidir (Aydēn, 
2008).  D¿ĸ¿k dozlarda kullanēldēĵēnda insan saĵlēĵē ¿zerinde olumlu etkisi olan meyan bitkisi kºk¿n¿n 
yalnēzca anti-bakteriyel deĵil aynē zamanda anti-fungal ºzelliĵinin bulunduĵu yapēlan ­alēĸmalarla 
gºsterilmiĸtir (Mamedov ve Egamberdieva, 2019). Meyan kºk¿ ºz¿t¿ ºzellikle anti-fungal ºzelliĵi 
sebebi ile bu ­alēĸmada kullanēlmēĸtēr.  

Sarē kantaron (Hypericum perforatum) melez bir t¿r olarak sarēkantarongiller ailesinde yer almaktadēr. 
¦lkemizde doĵal olarak yetiĸen bitki ºzellikle deri olmak ¿zere bir­ok hastalēĵēn geleneksel tedavisinde 
kullanēlmaktadēr (Bayram ve ark., 2004). Y¿ksek dozlarda harici olarak uygulandēĵēnda ya da oral 
alēndēĵēnda ciddi alerjik etkilere yol a­abilmesine raĵmen ­ok fazla patojen bakteri ¿zerinde anti-
bakteriyel ºzelliĵine sahip olduĵundan geleneksel tēpta kullanēmē ­ok yaygēndēr (Schempp ve ark., 

1999). Bu sebeple sarē kantaron ekstratēna, bu ­alēĸmada ¿retilecek olan kremin hem raf ºmr¿n¿ 
uzatmak hem de beyaz hindiba ºz¿t¿n¿n saĵlayacaĵē anti-bakteriyel etkiyi geniĸletmek amacēyla yer 
verilmiĸtir.  

Bu projede elde edilecek olan yenilebilir anti-mikrobiyal krem yapēmē i­in baz olarak kullanēlmak ¿zere 
kakao yaĵē ve shea yaĵē se­ilmiĸtir. Se­ilen her iki bitkisel yaĵ ­eĸidi insan saĵlēĵē a­ēsēndan bir tehlike 
oluĸturmamaktadēr ve gēda end¿strisinde de yaygēn kullanēlan hammaddelerdir (Cisse ve Yemiĸ­ioĵlu, 
2019; Lovett, 2015). Kakao ve shea yaĵlarē oda sēcaklēĵēnda katē formda bulunmaktadēr. Bu nedenle 
elde edilecek ¿r¿n¿n krem formunda olmasē i­in i­erisine belirli bir oranda oda sēcaklēĵēnda sēvē olan 
zeytinyaĵē eklenmiĸtir (Edake, 2019; Ravindra ve Muslim, 2013). Kozmetik ¿r¿n olarak elde edilen 
kremlerin yaĵ ve su olmak ¿zere iki farklē fazē bulunmaktadēr. Su fazē i­in genellikle deiyonize su 

yanēnda gliserin yaygēn olarak kullanēlmaktadēr (Dhase ve ark., 2014). Bu ­alēĸmada elde edilecek 
kremin yenilebilir olmasē ama­landēĵē i­in gliserin bu ­alēĸmada kullanēlmamēĸtēr. Buna ek olarak 
­alēĸmada em¿glatºr kullanēlmayacaĵē i­in deiyonize suda da eklenmemiĸtir. Bunlarēn yerine yaĵ 
fazēnēn deride oluĸturacaĵē yaĵlē hissi azaltmak i­in niĸasta tercih edilmiĸtir. Niĸastanēn ayrēca 
em¿lsiyon ¿r¿nlerin stabilitesini de arttērdēĵē yapēlan ­alēĸmalarda gºsterilmiĸtir (Agama-Acevedo ve 
Bello-Perez, 2017). 

1. AMA¢ 

Projenin amacē herhangi bir yan etkiye sahip olmayan, diyabet ya da kemoterapi alan kanser hastalarēnda 
deri enfeksiyonlarēnē ºnleyen, cildi doĵal olarak nemlendiren ve derinin koruyucu ºzelliklerini geri 
kazanmasēna yardēm eden; anti-mikrobiyal, yenilebilir doĵal bir krem ¿retmektir. Ayrēca elde edilen bu 
krem dēĸ etkenlerin maruziyetiyle yaĸlanan cildin yaĸlanma s¿recini yavaĸlatarak, insanlarēn kendilerini 
psikolojik a­ēdan da iyi hissetmelerini saĵlayacaktēr. 

2. Y¥NTEM: 

Bu araĸtērma nicel araĸtērma yºntemlerinden biri olan deneysel yºntem kullanēlarak y¿r¿t¿lm¿ĸt¿r 
(Ekiz, 2003). Yenilebilir anti-mikrobiyal krem, oral olarak aldēĵēnda toksin etkisi olmayan materyaller 
kullanēlarak ¿retilmiĸtir (Dhase ve ark., 2014). Elde edilen kremlerin anti-bakteriyel etkileri disk 
dif¿zyon yºntemi ile incelenmiĸtir (Andrews, 2001). Ayrēca end¿striyel olarak ¿retilen kremlerle 

karĸēlaĸtērēlmak ¿zere fiziksel parametrik ºzellikleri test edilmiĸtir (Ravindra ve Muslim, 2013; Sahu ve 
ark., 2011; ķenses, 2007). 

2.1. Kullanēlan Ara­-Gere­ ve Aygētlar 

Soxhlet ekstratºr seti (150 mLôlik), et¿v, pastºr fērēnē, viskozimetre cihazē, distilasyon seti (alkol¿ 
ekstrattan ayērmak i­in), hassas terazi, manyetik karēĸtērēcē, balēk, 250 mLôlik balon, krem kavanozlarē 
(20 mLôlik), sēcak su banyosu, kriztalazuvar, penset, mikser, buzdolabē ve 250 mLôlik beher cam. 



  16. UBAK, 11 - 12 March 2023, Ankara  
 

 

| 13 

2.2. Kullanēlan Kimyasallar 

Etil alkol, bitki ekstrat eldesi i­in 200 mLô kullanēlmēĸtēr. 200 gram kakao yaĵē, 200 gram Shea yaĵē, 
100 mL zeytinyaĵē ve 10 gram niĸasta krem yapēmē i­in sarf edilmiĸtir (Mēsēr ¢arĸēsēndan temin 
edilmiĸtir).  

2.3. Bitkisel Materyal Eldesi 

¢alēĸmada kullanēlacak olan bitkiler Mēsēr ¢arĸēsēnda bir aktardan 50ĸer gram olarak satēn almēĸtēr. 

B¿t¿n ¿r¿nler k¿flenmemesi i­in k©ĵēt paketler i­inde temin edilmiĸtir. Beyaz Hindiba ve Meyan kºk, 
¢ay yaprak ve Sarē Kantaron ­i­ek olarak alēnmēĸtēr. Bitkilerden daha verimli bir ĸekilde ekstre elde 
etmek i­in materyaller makas ile k¿­¿k par­alara ayrēlmēĸ ve daha sonra ise havanda dºv¿lerek toz 
haline getirilmiĸtir. Elde edilen bitkisel tozlar 20ĸer gram olacak ĸekilde tartēlarak hazērlanan sokshlet 
kaps¿llerine yerleĸtirilmiĸtir. Kalan bitki ºrnekleri daha sonraki ­alēĸmalarda kullanēlmak ¿zere ēĸēk 
almayan ve nemsiz bir dolaba kaldērēlmēĸtēr. 

2.4. Soxhlet Ekstrat¿r¿ ile Beyaz Hindiba, ¢ay, Meyan ve Sarē Kantaron Bitkilerinden ¥z¿t 
Eldesi 

Hazērlanan bitki kaps¿llerini yerleĸtirmek ve ektrasyon iĸlemi i­in deney d¿zeneĵi kurulmuĸtur. 
Sokshlet cihazē 150 mL kapasitede olduĵu i­in 200 mL etil alkol 250 mLôlik beher cam ile ºl­¿lerek 
sistemdeki balon i­ine dºk¿lm¿ĸt¿r. 20 gram bitki tozu i­eren kaps¿l sokshlet cihazē i­ine 
yerleĸtirilmiĸtir (Handali ve ark., 2011). Hazērlanan kaps¿llerin sokshlet cihazēnēn sifon kolonu 

ge­memesine ºzen gºsterilmiĸtir. Isētēcē alkol¿n kaynama noktasē ¿zerine getirilerek (80oC) ve karēĸtērēcē 
250 rpmôe ayarlanarak sistem ­alēĸtērēlmēĸtēr (Handali ve ark., 2011). Ķlk elde edilen datalar sisteminin 
20 dakikada bir sifon yaptēĵēnē gºstermiĸtir. Buna baĵlē olarak sistem 6 saat s¿resinde ºz¿t elde etmek 
i­in ­alēĸtērēlmēĸtēr. 

2.5. Distilasyon Sistemi ile Elde Edilen ¥z¿tlerden Etil Alkol¿n Ayrēlmasē 

Etil alkol ile elde edilen bitki ºz¿tlerinden alkol¿ ayērmak i­in distilasyon sistemi hazērlanmēĸtēr (Dhase 
ve ark., 2014). Alkol i­indeki ºz¿t sistemde 3 saat boyunca bekletilerek etil alkol¿n ºz¿tten ayrēlmasē 
saĵlanmēĸtēr. ¥z¿t i­inde etil alkol kalmēĸ olmasē ihtimali gºz ºn¿nde bulundurularak ºz¿t 80 oC 
dereceye ayarlanmēĸ et¿vde bir saat boyunca bekletilmiĸtir. Elde edilen son ¿r¿n krem eldesi i­in 
kavanozlara konarak saklanmēĸtēr. 

2.6. Krem Yapēmē 

Krem yapēmē i­in belirlenen miktar 500 gram olarak belirlemiĸtir. Buna baĵlē olarak ilk ºnce 200 gram 
kakao yaĵē ve 200 gram Shea yaĵē 40 oC dereceye ayarlanmēĸ sēcak su banyosu i­ine yerleĸtirilmiĸ 1000 
mLôlik beher cam i­ine konulmuĸtur. Sēvē hale gelen karēĸēm i­ine 100 mL zeytin yaĵē eklenmiĸtir (Cisse 
ve Yemiĸ­ioĵlu, 2019; Dhase ve ark., 2014; Handali ve ark., 2011; Lovett, 2015). Bir karēĸtērēcē ile 
materyaller karēĸtērēldēktan sonra karēĸēm buz dolabēnēn dondurucu bºl¿m¿ne yerleĸtirilmiĸtir. 
Aralēklarla kontrol edilerek yaĵēn ¿st kēsmē kaymak oluĸturana kadar beklenmiĸtir. Okul 

laboratuvarēndaki buzdolabēnda bu formu elde etmek 30 dakika s¿rm¿ĸt¿r. ¦zeri kaymak tutmuĸ olan 
karēĸēm bir kez daha oda sēcaklēĵēnda y¿ksek hēzda bir karēĸtērēcē yardēmēyla karēĸtērēlmēĸtēr. Buradaki 
ama­ em¿glatºr kullanēlmadan hazērlanan krem karēĸēmēnēn stabilizasyonunu arttērarak raf ºmr¿n¿ 
uzatmaktēr. Elde edilen kremin ciltte oluĸturacaĵē yaĵlē etkiyi azaltmak i­in bu aĸamada karēĸēm i­erisine 
10 gram niĸasta teraziyle tartēlarak eklenmiĸtir (Agama-Acevedo ve Bello-Perez, 2017). Bir s¿re daha 
­ērpma iĸlemi s¿rd¿r¿ld¿kten sonra karēĸēm tekrar buzdolabēnēn dondurucu bºl¿m¿ne yerleĸtirilmiĸtir. 
Dondurucuda 10 dakika bekletilen karēĸēm i­erisine elde edilen bitki ºz¿tlerinden her 100 mL i­in ayrē 

ayrē 0,5 gram olacak ĸekilde eklendi ve krem karēĸēmē tekrar oda sēcaklēĵēnda 10 dakika y¿ksek hēzda 
bir karēĸtērēcēyla karēĸtērēlmēĸtēr (Cisse ve Yemiĸ­ioĵlu, 2019; Dhase ve ark., 2014; Handali ve ark., 
2011). Elde edilen kremler kavanozlara alēnarak diĵer analizler i­in saklanmēĸtēr.  

2.7. Anti -bakteriyel etki  

2.7.1. Besiyerlerinin Hazērlanmasē 

Patojen mikroorganizmalarēn ekimi i­in kullanēlacak olan besiyeri Mueller Hinton (Merck 105437)ôdur. 
Mueller Hinton besiyeri i­in 6,8 gr toz besiyeri 200 mL saf su i­inde ­ºz¿lm¿ĸt¿r. Daha sonra otoklavda 
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121ÁC'de 15 dakika sterilize edilip, 47ÁC'a soĵutulmuĸtur. Hazērlanan besiyeri 60 mmôlik Petri 
kutularēna 12,5'er mL dºk¿lm¿ĸt¿r (Nworu ve Esimone, 2006; Yakupoĵullarē ve ark. 2006; Weintraub, 
2007; Richard ve ark., 2012).   

2.7.2. Mikroorganizmalarēn Ekimi 

S. aureus (ATCC No. 29737) ve E. coli (ATCC No. 8739) suĸlarē Ķstanbul ¢apa ¦niversitesi, Fen 
Fak¿ltesi, Biyoloji Bºl¿m¿ Mikrobiyoloji laboratuvarēnda rutin olarak kullanēlan E. coli ve S. aureus 
suĸlarēndan temin edilmiĸtir. ¦niversite laboratuvarēnda teslim edilmek ¿zere suĸlar serum fizyolojik 
i­inde 2 koloni s¿spansiyonu ĸeklinde hazērlanmēĸtēr. Bu suĸlarēn ekimi MEF Okullarē laboratuvarēnda 
E. coli ve S. Aureus Mueller Hinton besiyerine yayma yºntemi ile laminar flow kullanēlarak yapēlmēĸtēr 
(Sutcliffe, 1978; Yu ve ark, 2004; Weintraub, 2007; Watkins ve ark., 2012). 

2.7.3. Bitki ¥z¿tlerinin ve Antibiyotik Disklerin Eklenmesi 

Beyaz hindiba, ­ay, meyan ve sarē kantaron bitkilerinden elde edilen ºz¿tler anti-bakteriyel testlerde 
kullanēlmak ¿zere hazērlanmēĸtēr. Hazērlanan ºz¿tler 50 ɛl miktarēnda dif¿ze ettirildiĵi 6 mmôlik diskler 
(non-impregnated disc) ile Strepromisin diski (10 mikrogram) bakteri ekiminin yapēldēĵē Mueller Hinton 
besiyerlerine sērasē ile numaralandērēlarak ekilmiĸtir (Bauer ve ark., 1966; Bonev ve ark., 2008). 

Strepromisin i­eren diskler, test edilen her bakteri t¿r¿n¿n duyarlēlēĵēnē karĸēlaĸtērmak i­in referans 
olarak kullanēlmēĸtēr. Deney, her bir ekstrakt i­in ¿­ kez tekrarlanmēĸtēr. 

2.7.4. Ķnk¿basyon 

Bakteri ekimleri yapēlan, ºz¿t i­eren disklerin ve streptomisin disklerinin yerleĸtirildiĵi petri kaplarē 35-
37ÁCôde 24 saat beklemek ¿zere et¿ve yerleĸtirilmiĸtir. Ķnk¿basyon sonrasē petriler tek tek incelenerek 

agar diskler etrafēnda oluĸan inhibisyon zon ­apē milimetrik bir cetvel yardēmē ile ºl­¿lerek tablo-1 
¿zerinde gºsterilmiĸtir (Bauer ve ark., 1966). 

2.8. Fiziksel Parametrelerin Analizi 

2.8.1. Duyusal ¥zelliklerinin Belirlenmesi: 

Yenilebilir anti-mikrobiyal kremin gºr¿n¿m¿ ¿r¿n¿n rengi, p¿r¿zl¿l¿ĵ¿ ve dokusu gºz ºn¿nde 
bulundurularak deĵerlendirilmiĸtir (Sahu ve ark., 2011; ķenses, 2007). 

2.8.2. pHônēn Belirlenmesi: 

Saĵlēklē bir derinin pHôsē 5,5ôtir ve cilt saĵlēĵēnēn s¿rd¿r¿lebilmesi i­in kullanēlan kozmetik ¿r¿nlerin 
de bu pH deĵerini deĵiĸtirmemesi gerekmektedir (G¿l, 2016). Bunun i­in elde edilen ¿r¿nlerden 5 gram 
terazi ile ºl­¿lm¿ĸ ve 45 mL distile su i­inde ­ºz¿nm¿ĸt¿r. Elde edilen s¿spansiyonun pH deĵeri oda 
sēcaklēĵēnda dijital pH metre ile ºl­¿lm¿ĸt¿r (Ravindra ve Muslim, 2013; ķenses, 2007). 

2.8.3. Homojenliĵinin Belirlenmesi: 

Yenilebilir anti-mikrobiyal  kremin homojenliĵi gºz ve dokunma ile test edilerek belirlenmiĸtir (Sahu 
ve ark., 2011; ķenses, 2007). 

2.8.4. Deriye S¿r¿lme Kapasitesinin Belirlenmesi: 

S¿r¿lme kapasitesi, kremin deriye uygulanan bºlgedeki yayēldēĵē alanē ifade etmektedir. Oluĸturulan 
form¿l¿n terapºtik etkisi aynē zamanda s¿r¿lme deĵerine baĵlēdēr. Bu nedenle hazērlanan kremin 
s¿r¿lme kapasitesinin belirlenmesi gerekmektedir (ķenses, 2007). 

Bu sebeple iki cam slayt arasēna yaklaĸēk 5 gr krem teraziyle ºl­¿lerek uygulanēr. 5 dakika s¿resince 
1000 gram aĵērlēĵēndaki bir k¿tle cam slaytlar ¿zerine yerleĸtirilir. Presleme yapēlērken iki cam slayt 
arasēnda homojen kalēnlēkta bir film oluĸmasēna dikkat edilir. Bir makara sistemi yardēmē ile ¿st cama 
10 gram aĵērlēĵēndaki bir k¿tle uygulanarak cam slaytlarēn birbirileri ¿zerinde kaymasē saĵlanēr ve ¿st 
cam slaydēn alt cam slayt ¿zerinde 10 cmôlik yer deĵiĸtirmeyi ka­ saniyede aldēĵē hesaplanēr. Elde edilen 
veriler aĸaĵēdaki form¿l yardēmēyla kullanēlarak ¿r¿n¿n s¿r¿lme kapasitesi hesaplanēr (ķenses, 2007): 
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S = m x L/t 

S: S¿r¿lme kapasitesi 

m: ¦st cam slaytē hareket ettiren k¿tlenin aĵērlēĵē 

L: Alt cam slayt ¿zerindeki hareket mesafesi 

T: Hesaplanan s¿re 

Bu ºl­¿m ¿­ tekrar ĸeklinde yapēlmēĸtēr ve elde edilen datalarēn ortalama deĵerleri alēnmēĸtēr. 

2.8.5. Lekeleme (Smear) Tipinin Belirlenmesi: 

Bu test biyoloji kul¿b¿nde gºrev alan ºĵrencilerin sol elleri ¿zerin uygulanarak ger­ekleĸtirilmiĸtir. 

Uygulama sonrasēnda el ¿zerinde oluĸacak gºr¿nt¿n¿n t¿r¿ne gºre ¿r¿n¿n ­ok yaĵlē, orta yaĵlē, az yaĵlē 
ya da yaĵsēz olduĵuna karar verilmiĸtir. (Kuchekar ve Bhise, 2012; ķenses, 2007). 

2.8.6. Krem Tipinin Belirlenmesi:  

Bu testle, elde edilen ¿r¿n¿n su ya da yaĵ yardēmēyla seyreltilerek oluĸan gºr¿n¿me gºre krem tipinin 
yaĵ i­inde su tipi mi yoksa su i­inde yaĵ tipi mi olduĵuna karar verilir. Ancak bu ­alēĸmada elde edilen 

krem i­in su fazē kullanēlmadēĵē i­in elde edilen krem bu iki tip kremden farklē olmasē gerekmektedir 
(ķenses, 2007). 

2.8.7. Viskozitenin Belirlenmesi: 

Bu test i­in fizik laboratuvarēnda yer alan Brookfield marka viskozimetre cihazē kullanēlmēĸtēr. ¥l­¿m 
oda sēcaklēĵēnda ve 1 rpm sabit dºnme hēzda ¿­ tekrar olacak ĸekilde ger­ekleĸtirilmiĸtir. ¥l­¿mlerin 
ortalama deĵeri alēnmēĸtēr. (Ravindra ve Muslim, 2013; ķenses, 2007). 

3. BULGULAR  

3.1. Elde edilen bitki ekstratlarēnēn ve ¿retilen kremlerin anti-bakteriyel analizi 

Tablo-1 incelendiĵinde farklē bitki ºz¿tlerinin inhibisyon zonlarēnēn 7 mm ile 20 mm arasēnda deĵiĸtiĵi 
gºr¿lmektedir. Streptomisin antibiyotiĵinin anti-bakteriyel etkisi ile ilgili yapēlan ­alēĸmalarda E. coli 
bakterileri i­in inhibisyon zonunun 15-25 mm arasēnda ve S. aureus bakterileri i­in inhibisyon zonunun 
20-30 mm arasēnda olduĵunu gºzlenmiĸtir (Andrews , 2001; Nworu ve Esimone, 2006;  WHO, 1961). 

Buna gºre bu araĸtērmada kullanēlan bitki ºz¿tlerinin inhibisyon zonlarē tablo-1ôde olduĵu gibi 
incelendiĵinde gram negatif E. coli bakterileri ile gram pozitif S. aureus bakterileri ¿zerinde iyi bir 
antbakteriyel etkisi olduĵu gºr¿lmektedir.  

 

Tablo 1: Beyaz hindiba, ­ay, meyan ve sarē kantaron bitkilerinden elde edilen ºz¿tlerinin ve 
Streptomisinin inhibisyon zonlarē 

Bitki ¥z¿tleri ve 

Streptomisin 

E.coli (gram negatif) inhibisyon 

zon ­apē (mm) 

S. aureus (gram pozitif) 

inhibisyon zon ­apē (mm) 

Petri-1 Petri-2 Petri-3 Petri-1 Petri-2 Petri-3 

Beyaz Hindiba 14 13 13 17 18 14 

¢ay 7***  11 10 9 9 13 

Meyan Kºk¿ 13 10 16 17 8***  14 
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Bitki ¥z¿tleri ve 

Streptomisin 

E.coli (gram negatif) inhibisyon 

zon ­apē (mm) 

S. aureus (gram pozitif) 

inhibisyon zon ­apē (mm) 

Petri-1 Petri-2 Petri-3 Petri-1 Petri-2 Petri-3 

Sarē Kantaron 17 15 20**  18 19**  11 

Antibiyotik Disk*  
20* 22* 21* 24* 22* 29* 

*    Streptomisin disk (Streptomycin antibacterial sustainability disc): 10 mikrogram 

**      En y¿ksek deĵer 

***    En d¿ĸ¿k deĵer 

 

Grafik-1ôde olduĵu gibi E.coli ¿zerindeki en zayēf anti-bakteriyel etkinin ­ay ºz¿t¿n¿n (7 mm), olduĵu 
gºr¿lmektedir. Ancak 4 farklē bitki ºz¿t¿n¿n ortalama inhibisyon zon ­aplarē hesaplandēĵēnda, bu 
deĵerin 9 mmônin ¿zerinde (Beyaz Hindiba ekstratē ortalama inhibisyon zon ­apē: 13,3Ñ0,6 mm; ¢ay 
ekstratē ortalama inhibisyon zon ­apē: 9,3Ñ2,1 mm ; Meyan Kºk¿ ekstratē ortalama inhibisyon zon ­apē: 
13Ñ3 mm ve Sarē Kantarēn ekstratē ortalama inhibisyon zon ­apē: 19Ñ2,5 mm) olduĵu belirlenmiĸtir 
(Nworu ve Esimone, 2006). Tablo-1ôdeki veriler incelendiĵinde E. coli ¿zerindeki en g¿­l¿ anti 
bakteriyel etkinin sarē kantaron ve ikinci sēra ise beyaz hindiba ºz¿tlerinde olduĵu tespit edilmiĸtir 
(Sutcliffe, 1978; Weintraub, 2007).  

Grafik-2ôde gºr¿ld¿ĵ¿ gibi Beyaz hindiba, ­ay, meyan ve sarē kantaron bitkilerinden elde edilen 
ºz¿tlerinin S. aureus ¿zerinde etkisi incelendiĵinde en zayēf anti-bakteriyel etkinin Meyan kºk¿ ºz¿t¿ 

olduĵu tespit edilmiĸtir. Fakat 4 farklē bitki ºz¿t¿n¿n ortalama inhibisyon zon ­aplarē hesaplandēĵēnda, 
bu deĵerin 14 mmônin ¿zerinde (Beyaz Hindiba ekstratē ortalama inhibisyon zon ­apē: 16,3Ñ2,1 mm; 
¢ay ekstratē ortalama inhibisyon zon ­apē: 14Ñ2,3 mm; Meyan Kºk¿ ekstratē ortalama inhibisyon zon 
­apē: 15,5Ñ4,5 mm ve Sarē Kantarēn ekstratē ortalama inhibisyon zon ­apē: 16Ñ4,3 mm) olduĵu 
belirlenmiĸtir (Nworu ve Esimone, 2006). Tablo-1 incelendiĵinde S.aureus ¿zerindeki en g¿­l¿ anti-
bakteriyel etkinin beyaz hindiba (19 mm) ºz¿t¿ne ait olduĵu gºr¿lm¿ĸt¿r (Yu ve ark, 2004; Watkins ve 
ark., 2012). 
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Grafik -1: E.coli ¿zerindeki farklē bitki ºz¿tlerinin ve Streptomisin antibiyotiĵinin antibakteriyel etkisi 
(Ñ standart sapma) 

 

 

Grafik -2: S.aureus ¿zerindeki farklē bitki ºz¿tlerinin ve Streptomisin antibiyotiĵinin antibakteriyel 
etkisi (Ñ standart sapma)  
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3.2. Elde edilen Yenilebilir anti-mikrobiyal kremin  fiziksel parametrik analizi  

Tablo-2ôde yenilebilir anti-mikrobiyal kreme ait fiziksel parametrelerin analiz sonu­larē karĸēlaĸtērmalē 
olarak gºsterilmiĸtir. 

3.2.1. Duyusal ¥zellikler: 

Elde edilen yenilebilir anti-mikrobiyal kremin parlak-lekesiz beyaz renkte olduĵu belirlenmiĸtir. 
Kºp¿ks¿ bir gºr¿nt¿s¿ olan kremin hoĸ bir kokusu olduĵu tespit edilmiĸtir. 

3.2.2. pH:  

Elde edilen yenilebilir anti-mikrobiyal kremin pH deĵeri pH metre cihazēyla 5,9 olarak ºl­¿lm¿ĸt¿r. 

 

Tablo-2: Elde edilen yenilebilir anti-mikrobiyal kremin fiziksel ºzellikleri 

Fiziksel Parametreler Gºzlemler 

Gºr¿n¿ĸ Parlak Beyaz, Lekesiz 

pH 5,9 

Homojenlik Homojen, Kēvamlē, P¿r¿zs¿z 

S¿r¿lme Kapasitesi Kolay s¿r¿lebilir 

Lekeleme Tipi ¢ok yaĵlē 

Krem Tipi Yaĵlē 

Viskozite 11.000 cP 

 

3.2.3. Homojenlik:  

Elde edilen yenilebilir anti-mikrobiyal kremin homojen, p¿r¿zs¿z ve kēvamlē bir yapēda olduĵu 
gºzlemlenmiĸtir.  

3.2.4. Deriye S¿r¿lme Kapasitesi: 

Elde edilen yenilebilir anti-mikrobiyal kremin s¿r¿lme kapasitesi 100 gr.cm/sn. olarak hesaplamēĸtēr. 
Bu sonu­ kremin kolay s¿r¿lebilir ºzellikte olduĵunu gºstermiĸtir (Ravindra ve Muslim, 2013; ķenses, 
2007). 

3.2.5. Lekeleme (Smear) Tipi: 

Elde edilen yenilebilir anti-mikrobiyal krem deri ¿zerinde yaĵlē bir tabaka oluĸturduĵu i­in ­ok yaĵlē 
ºzellikte bir krem olduĵu tespit edilmiĸtir.  

3.2.6. Krem Tipi:  

Elde edilen yenilebilir anti-mikrobiyal krem i­eriĵindeki y¿ksek miktardaki yaĵ dolayēsēyla yaĵlē krem 
t¿rleri arasēnda yer almasē uygun gºr¿lm¿ĸt¿r. 

3.2.7. Viskozite: 

Elde edilen yenilebilir anti-mikrobiyal kremin viskozitesi oda sēcaklēĵēnda (25 oC) ortalama 11,000 cP 
olarak hesaplanmēĸtēr. 
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ķekil-3: Elde edilen yenilebilir anti-mikrobiyal kremin 6 ay sonundaki gºr¿n¿ĸ¿. Sol gºrsel yenilebilir 
anti-mikrobiyal kreme, saĵ gºrsel piyasan satēn alēnmēĸ farklē bir kreme aittir. 

 

Bu projede elde edilen yenilebilir anti- mikrobiyal krem end¿striyel olarak ¿retilen ve ­eĸitli ama­larla 
kullanēlan kremlere benzer renk, doku ve gºr¿n¿mde olduĵu tespit edilmiĸtir. Ķlk olarak Temmuz 
2021ôde ¿retilen kremler Kasēm 2021ôe kadar 6 aylēk bir s¿rede gºzlemlenmiĸtir. Bu s¿re i­inde 
Yenilebilir anti-mikrobiyal  kremde (ķekil-3): 

a) Dokunun bozulmasē (yaĵlarēn s¿spansiyon hale gelmesi), 

b) Kokusunun deĵiĸimi, 

c) Renk deĵiĸimi (bakteri ya da k¿f oluĸumu) meydana gelmemiĸtir. 

4. SONU¢ VE TARTIķMA: 

Bitkisel ¿r¿nler kullanēlarak hazērlanan krem topikal olarak cilde uygulanabilir. Bu projede ¿retilen bu 
karēĸēm istenirse gēda ¿r¿n¿ olarak da t¿ketilebilir. ¢¿nk¿ ¿retimi yapēlan krem amacēna uygun olarak 
harici olarak ya da oral yolla alēndēĵēnda insan saĵlēĵēnē olumsuz etkileyecek bir madde i­ermemektedir. 
Aynē zamanda yapēlan anti-bakteriyel testlerden elde edilen veriler kremin E. coli ve S. aureus gibi 

v¿cutta enfeksiyonlara neden olan patojenler ¿zerinde iyi bir anti-bakteriyel etkisi olduĵunu gºstermiĸtir 
(¢ayērlē ve ark., 2012). Buna gºre kakao yaĵē, shea yaĵē ve zeytinyaĵē; beyaz hindiba, ­ay, meyan kºk¿ 
ve sarē kantaron ºz¿tleri ve niĸasta kullanēlarak hazērlanan karēĸēm hem gēda maddesi olarak t¿ketilmek, 
hem de deri enfeksiyonlarēnē ºnlemek i­in cilde topikal olarak uygulanmak ¿zere uygundur. 

Bu ­alēĸmada elde edilen yenilebilir anti-mikrobiyal krem zengin besin ºĵelerine sahip olmasēnēn 
yanēnda son derece basit bir yºntemle ve az miktarda ekipman kullanēlarak ¿retilmiĸtir. Bu ¿r¿n¿n anti-
mikrobiyal ºzelliĵinin yanēnda, cildi besleyici ve yaĸlanmayē geciktirici etkisi bulunmaktadēr (Koch ve 
ark., 2019; Mamedov ve Egamberdieva, 2019; Schempp ve ark., 1999; Tilford, 1997). Bu ¿r¿n saĵlēklē 
bireyler tarafēndan cilt saĵlēĵēnēn s¿rd¿r¿lmesinde ve baĵēĸēklēĵēnēn g¿­lendirilmesinde kullanēlabilir 
(¢ayērlē ve ark., 2012; G¿l, 2016). Buna ek olarak derinin yaĸlanma etkisini azalttēĵē i­in bireylerin 
psikolojisini de olumlu yºnde etkileyecektir. 

Yenilebilir anti-mikrobiyal kremin ¿retimindeki asēl ama­ bu ¿r¿n¿n cildin nemini yitirdiĵi ve 
baĵēĸēklēĵēnēn azaldēĵē, diyabet hastalarēnda ya da v¿cut baĵēĸēklēĵēnē baskēlayan kemoterapi alan kanser 

hastalarēnda, oluĸmasē m¿mk¿n deri enfeksiyonlarēnēn ºn¿ne ge­mek ve aynē zamanda derinin ihtiya­ 
duyduĵu bakēmēn saĵlanmasēdēr. Elde edilen sonu­lar bu ¿r¿n¿n bu ama­lar i­in kullanēlabileceĵini 
gºstermiĸtir. 

B¿t¿n bunlara ek olarak alan yazēnē incelendiĵinde bu t¿r bir form¿lasyon kullanēlarak hazērlanan ve 
yukarēda belirtilen ama­lar i­in kullanēlan bir ¿r¿ne rastlanmamēĸtēr. Bu durum yapēlan bu ­alēĸmanēn 
ºzg¿nl¿ĵ¿ne iĸaret etmektedir. 
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5. ¥NERĶLER: 

Yenilebilir anti-mikrobiyal krem ¿retilmesi i­in se­ilen bitkilerden elde edilen ºz¿tlerin yapēsal 
ºzelliklerinin belirlenmesi i­in spektrofotometrik metot kullanēlarak analiz yapēlabilir. Bu ĸekilde ºz¿t 
i­inde hangi alifatik gruplar, alkol gruplarē, karboksilik asit, keton, ester, eter gibi organik gruplarēn 
varlēĵē tespit edilebilir. 

Yenilebilir anti-mikrobiyal krem ¿retilmesi i­in se­ilen bitkilerden elde edilen ºz¿tler etil alkol 
kullanēlarak sokshlet cihazēyla elde edilmiĸtir. ¢alēĸma kapsamēnēn artērēlmasē i­in hekzan, su gibi farklē 
tipte ­ºz¿c¿ler kullanēlarak elde edilen sonu­lar karĸēlaĸtērēlabilir. 

Yenilebilir anti-mikrobiyal krem ¿retilmesi i­in se­ilen bitkilerden elde edilen ºz¿tleri  anti-bakteriyel 
ºzellikleri test edilmiĸtir. Meyan kºk¿ ºz¿t¿n¿n alan yazēnēnda anti-fungal ºzellikte olduĵu 
belirtilmiĸtir. Bu sebeple yapēlan ­alēĸmada elde edilen kremin anti-fungal ºzellikte olduĵu ifade 
edilmiĸtir. Ķleri bir ­alēĸma olarak diĵer bitki ºz¿tlerinin de  anti-fungal ºzellikleri test edilebilir. 

El ve v¿cut kullanēmē i­in tasarlanan yenilebilir anti-mikrobiyal kremin y¿z gibi hassas cilt bºlgeleri 
i­in kullanēmē dermatolojik olarak test edilerek, kremin hangi v¿cut bºlgeleri i­in kullanēmēnēn uygun 
olduĵu belirlenebilir. 
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¥ZET: Saĵlēklē h¿crelere zarar vermeden sadece kanserli h¿creleri hedef alabilen ila­ taĸēyēcē sistemler kanser 

tedavisinde ­ok ºnemlidir. Supramolek¿ler Kaliksaren bu a­ēdan olduk­a ¿mit verici bir adaydēr ve hedefe yºnelik 

tedavi i­in ila­ taĸēyēcē sistem olarak kullanēlabilecek bir form¿lasyona sahiptir. Kaliks[4]aren, uygun prosed¿rler 

kullanēlarak farklē konumlarda bir Furfuryamid grubu ile iĸlevselleĸtirildi (5,11,17,23-Tetra-tert-b¿til-25,27-bis-

Furfuryamid-26,28-dihidroksi kaliks[4]aren). Sentezlenen bileĸiĵin yapēsē, 1H-NMR ve FT-IR ile karakterize 

edildi. PC3 ve L929 h¿cre hatlarē 96 kuyucuklu plakalara ekildi, %0.1 DMSO kullanēlarak hazērlanan 

Kaliks[4]aren furfuryamid 24-48-72 saat i­in 8-1000 ÕM/ml konsantrasyonlarda seri dil¿syon uygulandē. 

Sitotoksisite sonu­larē kolorimetrik olarak XTT yºntemi ve mikroskobik yºntemlerle deĵerlendirildi. Bu ­alēĸmada 

bildirilen sonu­lar, Kaliks[4]aren Furfuryamid 'in bir ila­ daĵētēm sistemi olarak in vitro sitotoksisitesinin, etkili 

ve g¿venli kanser tedavisi i­in umut verici bir yaklaĸēm sunduĵunu gºstermiĸtir. 

Anahtar Kelimeler: Ķla­ Taĸēnēmē; Kaliks"4"aren Furfuryamid; L929; Pc3 

 

Synthesis of Calyx"4"arene Furfuryamide Derivative and Evaluation of Ķts 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 cells are very 

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 group at different positions using appropriate procedures (5,11,17,23-Tetra-
tert-butyl-25,27-bis-Furfuryamide-26,28-dihydroxy calix[4]arene). The structure of the synthesized compound 

was characterized by 1H-NMR and FT-IR. PC3 and L929 cell lines were cultivated in 96-well cell culture dishes, 

Calyx[4]arene Furfuryamide prepared using 0.1% DMSO was applied in serial dilutions at 8-1000 ÕM/ml 

concentrations for 24-48-72 hours. Cytotoxicity results were evaluated colorimetrically the XTT method and 

microscopic technique. 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; L929; Pc3 

 

1. INTRODUCTĶON 

Cancer is one of the biggest global threats to human health. Although chemotherapy is an effective way 
to treat cancer, most chemotherapeutic drugs show non-selective toxicity to cells, which not only causes 
systemic side-effect reactions, but also reduces the effectiveness of treatment (D. Shetty, 2019).   
Morever, many anticancer drugs (such as paclitaxel, doxorubicin, and curcumin) have poor water 
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solubility and low stability, further limiting their effectiveness during clinical treatments (Fan, 2021). 
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's side-effect reactions (Lebron et al., 2021). 
Supramolecular approaches have been frequently preferred in the literature as drug delivery systems and 
have attracted great interest among researchers in various disciplines. Supramolecules can encapsulate 
different anticancer drugs through host-guest interactions or self-assembly processes, and these 

supramolecules could be used in drug/gene delivery and bioengineering studies among potential 
applications (Webber & Langer, 2017). Calixarenes are third generation supramolecular compounds. 
Calixarene 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 added advantage that the self-assembly 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 metals, metal ions, non-metal 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 molecules (Basilotta et al., 2021). Calixarenes are a family of bowl- or 
cone-shaped synthetic supramolecular macrocycles composed 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 
that the structural and textural properties of fabricated biomaterials, as well as material chemistry, 

determine cell response. For this purpose, 5,11,17,23-Tetra-tert-butyl-25,27-bis-Furfuryamid-26,28-
dihydroxy Calix[4]arene, a derivative of calix[4]arene, was synthesized. Cytotoxic analyzes were 
performed using the synthesized calix[4]arene-derived prostate cancer cell line (PC3) and Mouse 
Fibroblastic cell line (L929). 

2. MATERIAL AND METHOD  

2.1. Synthesis of 5,11,17,23-Tetra-tert -b¿til-25,27-bis-Furfuryamid -26,28-dihidroksi 
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 (Figure 1). 2.13 g of the diester compound synthesized in the second 
step is weighed and dissolved in (2.5 mmol CH2Cl2 :CH3OH dichloromethane (45 ml/45 ml) 15 mmol 
furfurylamine is added. The reaction is stirred at room temperature for 48 hours on a magnetic stirrer. 
Each step of the reaction was analyzed using 1H-NMR and FT-IR Spectrum. 

 

 

Figure 1: Synthesis of 5,11,17,23-Tetra-tert-b¿til-25,27-bis-Furfuryamid-26,28-dihidroksi 
Calix[4]arene. 
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2.2. Cell Culture  

Cytotoxic analyzes of calix[4]arene derivative prostate cancer 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 prevent 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 infection was added 
to the medium. Cells were grown to perform the planned studies in an incubator at 37ÁC, 5% CO2 
(Fig.2). 

  

 

Figure.2: Invert Microscope (10X) Ķmage of Prostate Cancer Cell Line PC3 (A), Mouse Fibroblastic 
Cell Line L929 (B). 

 

2.3. Cytotoxicity Analyzes 

XTT method was used for cytotoxicity studies. XTT solution (2,3Ȥbis [2 ï methoxy ï 4 ï nitro ï 5 Ȥ
sulfophenyl] ï 2H ï tetrazolium ï 5 ï 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 soluble and the compound density can be measured at wavelengths 
determined spectrophotometrically, and this density is directly proportional to the number of 
metabolically active cells (fig.3) (Zengin et al., 2015). During the study, the determined cell lines were 

seeded in 96-well cell culture dishes and the calix[4]arene derivative was applied using the serial dilution 
method starting from a concentration of 1000 ɛM/ml. 24-48-72 hours were determined as incubation 
times. XTT was applied to the groups whose incubation was completed in an oven with 5% CO2 at 37ÁC 
and incubated for 5 hours. After 5 hours of incubation at 37 ÁC, the optical density of the chromogenic 
product resulting from dissolution of formazan crystals produced by mitochondrial enzymes of living 
cells was measured at 460 nm with a 96-well plate reader (BioTek Epoch). Inhibition of cell proliferation 
and IC50 (inhibitor concentration 50) values were determined for each cell line.  
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Figure 3. Principle of XTT Method. 

 

3. RESULTS 

3.1. Characterization of 5,11,17,23-Tetra-tert -butyl-25,27-bis-Furfuryamide -26,28-dihydroxy 
Calix[4]arene 

The reaction is followed by 1H-NMR and FT-IR to observe the conversion of the starting materials to 

the product (EtOAc:n-hexane, 1:1). In addition, conversion of the ester carbonyl band at 1751 cm-1 to 
the amide carbonyl band at 1661 cm-1 CLX-FUR was observed in reaction FT-IR spectroscopy (Fig.4).  

 

 

Figure 4. 1H-NMR and FTIR Analysis. 

 

3.2. Cytotoxicity analyzes 

As a result of the XTT we performed for cytotoxicity analyzes, the IC50 concentration that killed 50% 
of the cells could not be calculated for the incubation periods of 24-48-72 hours in PC3 and L929 cell 
lines. In other words, no death was observed even at 1000 ɛM/ml, which is the highest concentration 
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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.  

 

 

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 After 24-48-72 Hours of 
Incubation Before XTT Application. a) Control, b) 8 ÕM, c) 62.5 ÕM, d) 250 ÕM, e) 500 ÕM, f) 1000 

ÕM. 

 

 

 

Figure 6b. Invert Microscope (10X) Ķmages of L929 Cell Line After 24-48-72 Hours Ķncubation 
Before XTT Application. A) Control, B) 8 ÕM, c) 62.5 ÕM, d) 250 ÕM, e) 500 ÕM, f) 1000 ÕM. 

 

4. CONCLUSĶON  

Calixarenes are frequently studied as drug delivery vehicles in the literature. Lebron et al. (2021) In their 
study, they wanted to investigate whether calixarene-based liposomes improve their use as nano delivery 

systems compared to bare calixarenes. He states that thanks to their unique structural properties, 
calixarene-based liposomes can provide hybrid systems that will result in non-viral vectors with 
synergistically enhanced cell transfection properties. More suitable calixarenes for the preparation of 
calixarene-based liposomes have been reported as amphiphilic ones. Calixarene-based liposomes were 
prepared for the delivery of genetic material and doxorubicin (Lebron et al., 2021). Xu et al. (2022) In 
this study, an integrated nano-drug delivery system with calixarene is presented that enables tumor-
targeted delivery and in vivo monitoring of anti-cancer drugs. Hypoxia-sensitive calixarene exhibits 
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high binding affinity to a number of anti-cancer drugs and rhodamine B (RhB) under normoxic 
conditions, while reducing its binding affinity under hypoxic conditions, leading to drug release and 
fluorescence, with concomitant recovery observed. Moreover, the hypoxia-responsiveness 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 of anti-cancer drugs 
with strong host-guest interactions with hypoxia-sensitive calixarene (Xu et al., 2022).  

In our study, the fact that the Kalixarene derivative does not have a cytotoxic effect on both healthy and 
cancer cells proves its usability as a drug carrier vehicle. 
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¥ZET: K¿resel yeĸil enerji ge­iĸiyle birlikte, akēllē ĸebekeler, g¿­ elektroniĵi sistemleri ve yenilenebilir enerji 

¿retiminin giderek artan entegrasyonu ile birlikte karbon emisyonlarēyla ilgili ­evresel endiĸeler ele alēnmaktadēr. 

Daĵētēk ¿retim, elektrikli motor s¿r¿c¿leri, LED, BESS teknolojileri, robotlar ve bir­ok doĵrusal olmayan y¿k¿n 

ĸebekelere entegrasyonu artmaktadēr. Konvansiyonel elektrik ĸebekelerinde g¿­ kalitesi i­in tanēmlanan frekans 

aralēĵē 0-2 kHz frekans bandēnē kapsamaktadēr. Bununla birlikte, t¿m bu yeni teknolojiler, 2-150 kHz frekans 

bantlarēndaki emisyonlar yoluyla ĸebekelerde sorunlara neden olmaktadēr. Ayrēca bir­ok A sēnēfē cihaz ile 0-2 kHz 

frekans bandē ºl­¿m¿ yapēlabilmektedir. G¿n¿m¿zde ºzellikle bu yenilenebilir teknolojilerin artmasēyla 

oluĸabilecek bu t¿r y¿ksek frekanslē emisyonlarē ºl­ebilen cihaz sayēsē olduk­a sēnērlēdēr. Bu ­alēĸmada YEDAķ 

Genel M¿d¿rl¿k Binasē'nda BESS ve Elektrikli Ara­ ķarj Cihazē uygulamalarē i­in supraharmonik ºl­¿m sonu­larē 

sunulmuĸtur. 

Anahtar Kelimeler: G¿­ Kalitesi, Batarya Enerji Depolama Sistemleri, Elektrikli Ara­lar, Supraharmonik 

 

Supraharmonics Analysis Caused by Electrical Vehicle 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, and ever-increasing integration of renewable 

energy production. The integration of distributed generation, electric motor drives, LED, battery technologies, 

robots and many non-linear loads into grids are increasing. The frequency range defined for power quality in 

conventional electricity grids covers the frequency band of 0-2 kHz. However, all these new technologies are 

causing problems to the grids through emissions in the frequency bands of 2-150 kHz. In addition, 0-2 kHz 

frequency band measurement can be carried out with many Class A devices. Nowadays, the number of devices 
that can measure such high-frequency emissions, which may occur especially with the increase of these renewable 

technologies, is quite limited. In this study, supraharmonics measurement results for BESS 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 been cutting-edge 
developments last decade in this field. Renewable energy (RE) resources, battery energy storage systems 

(BESS), electric vehicles (EV), and charging stations are among them. New problems occur along with 
these new technologies and improvements [1-5]. Increasing demand for EVs requires increasing 
installation of charging 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 enormous. This situation may lead to overlapped 
peak demands and a decrease in the voltage level from the nominal [6]. The other one is the power 
quality problems such as voltage drop, harmonics, and especially supraharmonics (SH) [7-9]. 

Itôs been proposed to use EV chargers with REs plus BESS to overcome the penetration of EV charging 
stations during peak demand hours in recent years in the literature [10]. This kind of concept requires 
an energy management system (EMS) to use energy production by RE for charging the BESS and during 
the peak demand hours charging the EVs via stored energy in the BESS.  In addition to this concept, 

vehicle-to-grid (V2G) applications have been studied over the last decade [11-13]. This concept uses 
EV batteries to draw or inject power into the grid according to the gridôs requirements. 

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 (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 these developments, some power quality phenomena occurred in the grid such as 
harmonics, short-duration voltage variation (voltage sags, voltage swells, and interruptions), voltage 
unbalance, frequency deviation, flicker, and SH. In general, harmonics refers to a frequency 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]. Beyond this frequency considered SH in the range of 2-150 kHz. 

Semiconductor switching devices produce large harmonics of voltages, as they suddenly chop 
waveforms of voltage during their transmission from conductive to cut-off states. Due to the usage of 
power electronic 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 devices, lifetime degradation of grid-connected 
equipment, resonance conditions, audible noise generation and disturbance to Power Line Carrier (PLC) 
communication [15-18]. SH may cause faults in touch-controlled operator components and lamp 
dimmers, reduction in 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 power losses, which 

can adversely affect electric utility distribution systems and components. In recent years, the number of 
high-frequency-based electronic devices like PV and wind energy inverters, EV chargers, and computer 
power supplies has increased. In this chapter, 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 different modes 
of charging EVs are divided into inductive and conductive charging. Inductive charging, also known as 
wireless charging, uses a high-frequency transformer. The charging process begins by combining the 
primary winding located outside the vehicle with the secondary 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 on-board 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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EV chargers as an SH source result from the switching frequency of the AC-DC converter operations. 
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 generate SH in 15 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 
standardôs Type 2 (Mennekes) charging socket. Devices in the IEC 62196 standard can transfer energy 
up to 43.5 kW in 3 phases with AC charging. In these devices, the AC-DC conversion process is carried 
out on the EV. 

2.2. BATTERY ENERGY STORAGE SYSTEM INVERTERS  

The BESS applications have beneficial impacts on the grid such as during the peak hour [21]. This 
technology basically contains batteries, inverters, protection devices, auxiliary devices, HVAC systems 
and itsô drivers. The cutting-edge semiconductor electronic devices generate harmonics and 
supraharmonics. 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 not constant and it may vary in a certain range. In 
this case, the switching frequency is around the 18-22 kHz range. 

3. MEASUREMENT METHODS  

Supraharmonics is the phenomenon of the transformation of high-frequency small-amplitude current 
harmonics into high-frequency large-amplitude voltage harmonics. The required devices for the 

measurement of this phenomenon must be capable of measuring the frequency of 2-150 kHz. When the 
related devices were investigated, it was seen that class A devices such as A-Eberle PQ-Box 150, PQ-
Box 300, and PowerSide PQube 3 devices provide these features. The measurement was carried out 
with the A-Eberle PQ-Box 300 device. However, since measurements at the MV level can be made via 
voltage or current transformers, and since it is estimated that the 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 used for current measurements, and a crocodile-tipped probe was used for voltage 
measurements. The measurement point is the YEDAS Headquarters buildingôs PCC point with the EV 
charging station, buildingôs loads and the BESS. 

4. FIELD MEASUREMENTS AND ANALYSIS  

The methodology for high-frequency emissions measurement in the frequency band 2-150 kHz is not 

defined in this section. The measurement was carried out with the A-class A-Eberle PQ-Box 300 device, 
within the scope of IEC 61000-4-30 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 Figure 1, there is a pattern of supraharmonics during BESS operation hours. Figure 2 
is a close-up view of the BESS operation hours. 

 Voltage Phase Current  Power Type 

Level 1 208-240 V AC Mono 15-20 Amps 2.8-3.8 kW Slow 

Level 2 208-240 V AC Three 20-80 Amps 3.8-15 kW Medium 

Level 3 

208-240 V AC Three >85 Amps 15-96 kW Fast 

600 V DC DC 
32-250 
Amps 

15-240 kW Fast 

Table I. CHARGING CHARACTERISTICS 
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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 EV chargerôs effect goes up to 70 kHz but in a low effect. The pattern from 12 
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 dB (ÕV) according to the limit values mentioned in EN 50065 and IEC 61000-
3-8 standards are given in Figure 3. 

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 BESSôs switching frequency is 20 kHz. So an increase in SH 
for multiples of 20 kHz can be seen. Furthermore, the inverter of EV chargersô switching frequencies is 
15 kHz. Similarly, an increase in SH for multiples of 15 kHz can be seen. 

 

 

FIGURE I.  MONTHLY MEASUREMENT OF SUPRAHARMONICS 

 

 

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

 

5. CONCLUSION 

In this paper, YEDAS Power Quality and Energy Storage Systems Department has conducted 
measurements to observe two EV charging stationsô and the BESSôs effects on SH. The measurements 
were carried out on the PCC of BESS and the EV charging stations located in the YEDAS HQ building. 

As it is expected, high-frequency emissions have seen on 15 kHz and 20 kHz frequency bands due to 
EV chargers and the BESS respectively. This paper presents a picture of these cutting-edge 
technologiesô operationsô effects on SH. When the EV charging station and BESS are operational, it has 
been observed that the supraharmonics increases. 
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¥ZET: G¿­ kalitesi Elektrik Daĵētēm ķebekesinde olduk­a ºnem arz etmektedir. Elektrik Daĵētēm sistemlerinde 

Tedarik S¿rekliliĵi, Ticari Kalite ve Teknik Kalite takibi yapēlmaktadēr. ¥zellikle burada Teknik kalite 

parametreleri i­erisinde Etkin Gerilim Deĵiĸimi(EGD), Gerilim Dengesizliĵi(GD), Gerilim ¢ºkmesi(G¢) 

parametreleri takip edilmektedir. ¦lkemizde Elektrik Daĵētēm Sisteminin teknik kalitesine iliĸkin usul ve esaslar 

kapsamēnda g¿­ kalitesinde G¢ sag-swell-sag/swell deĵerleri detaylē analiz edilmektedir. Bu ­alēĸmamēzda fider 

bazlē analiz yapēlmēĸ olup fider baĸlangē­ noktasē olan Trafo Merkezindeki trafo ­ēkēĸēndaki ºl­¿ noktasēndan ve 

fider sonunda yer alan t¿ketici ºl­¿ noktasēndan ºl­¿m alēnmēĸtēr. Burada Class A niteliĵinde cihazlar kullanēlmēĸ 

olup 1 haftalēk kayētlar incelenmiĸtir. Gerilim olay kayētlarē incelenmiĸ ve ºzellikle hangi tip olay kayētlarē olduĵu 

ve ne t¿r bir arēza tipi kaydedildiĵi irdelenmiĸtir. Bu arēza kayētlarē ile arēza lokasyon tespiti yapēlarak arēza 

kestirimi yapēlmēĸtēr. Ayrēca bu arēza lokasyonundaki problem araĸtērēlmēĸ ve bakēm kaynaklē sorunlar giderilerek 

gerilim ­ºkme sayēlarē ortadan kaldērēlmēĸtēr. 

Anahtar Kelimeler: Daĵētēm ķebekesi, Sag, Swell, Sag-Swell, Teknik Kalite 

 

Regēon-Based Fault Estēmatēon Method Wēth Voltage Event Records Experēenced in the Dēstrēbutēon 

Network 

 

ABSTRACT: Power quality is very important in the Electricity Distribution Network. Continuity of Supply, 

Commercial Quality and 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 parameters. Power sag-swell-sag / 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 feeder-based analysis was 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 were used here and 1-week 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 records and fault estimation was made. In addition, the problem 

at this fault location was investigated and maintenance-related problems were eliminated, eliminating the number 

of voltage crashes. 

Keywords: Distribution Network, Sag, Swell, Sag-Swell, Technical Quality 

 

1. GĶRĶķ 

Elektrik Daĵētēm sistemlerinde gerilim d¿ĸ¿mleri yēllēk bazda bir­ok kez yaĸanmaktadēr[1][2]. 
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Ayrēca gerilim d¿ĸ¿mlerindeki olay kayētlarēnēn karakteristiĵi Teknik kalite standartlarē kapsamēnda 
incelenmektedir [3][4]. Bir­ok ­alēĸmada ºl­¿len gerilim deĵerlerinin verileri kullanēlmaktadēr fakat 
burada ºl­¿len gerilim deĵerlerinin niteliĵi incelenmelidir. Bu ­alēĸmada bir fider ¿zerindeki baĸlangē­ 
ve bitiĸ ºl­¿ noktalarēndaki gerilim olay kayētlarē incelenmiĸtir. 

2. MATERYAL VE Y¥NTEM  

2.1. G¿­ Kalitesi Parametleri 

Gerilim D¿ĸmesi: Gerilimin bir tam dalgadan daha uzun bir s¿re %90ôden daha d¿ĸ¿k bir deĵere 
d¿ĸmesidir. Nedeni ĸebeke yetersizliĵi, aĸērē y¿klenme, b¿y¿k motorlarēn yol almasē ve kēsa devreleridir. 

Gerilim Y¿kselmesi: Gerilimin bir tam dalgadan daha uzun bir s¿re %110ôdan daha b¿y¿k bir deĵere 
­ēkmasēdēr. Nedeni y¿k azalmasē ve ĸebekedeki ayar zayēflēĵēdēr. 

AG seviyesi i­in 208V-254V arasē kabul edilebilir seviyedir. OG seviyesi i­in 16368V-20005V (16kv-
20kv) arasē kabul edilebilir seviyedir[5]. 

Gerilim ¢ºkmesi: Nominal frekanstaki ĸebeke gerilimi efektif deĵerinin (0.1 pu ï 0.9 pu) kēsa s¿reli 

d¿ĸmesi (0.5 ï 30 periyot) olayēna denir [6, 7, 8, 9]. Gerilim d¿ĸ¿mleri ve gerilim ­ºkmeleri end¿stri 
kuruluĸlarēnda ºnemli derecede ¿retim kayēplarēna sebebiyet vermektedir. Gerilim d¿ĸ¿mlerinin ana 
sebepleri arasēnda kēsa devreler, transformatºrlerin ilk enerjilendirilme anē, kapasitºr anahtarlama, 
b¿y¿k y¿klerin devreye girmesi ve aĸērē y¿klenmelerdir. 

3. BULGULAR  

 

¶ Trafo Merkezi trafo ­ēkēĸ ºl­¿m noktasē Olay Kayētlarē 

 

 

¶ Son t¿ketici ¥l­¿m Noktasē Olay Kayētlarē  

 

 

 

 

 

 

 

 

 

Cihaz ID Olay AdēNominal DeĵerTarih Sure Depth Phase Va Min Va Maks Vb Min Vb Maks Vc Min Vc Maks Arēza Tipi

100477 Sag&Swell 18.187 1.01.2023 09:25 0.15 1.702 B 102.906 148.77 56.312 170.223 34.235 130.901 Tanēmsēz Veri2

100477 Sag 18.187 1.01.2023 09:25 0.039 0.827 C 89.866 104.041 91.341 109.497 82.72 92.125 Ķki Faz Toprak Arēzasē

100477 Sag&Swell 18.187 1.01.2023 09:47 0.19 0.34 C 104.274 148.152 55.007 150.461 33.978 133.667 Tanēmsēz Veri2

100477 Sag 18.187 1.01.2023 09:47 0.02 0.81 A 81.019 88.164 101.197 107.291 105.127 109.785 Upstream

100477 Sag&Swell 18.187 1.01.2023 09:47 0.078 1.919 B 117.485 139.61 150.358 191.93 44.533 81.731 Tek Faz Toprak Arēzasē

100477 Sag&Swell 18.187 1.01.2023 11:17 0.149 1.865 B 102.549 143.96 53.442 186.499 34.778 129.403 Tanēmsēz Veri2

100477 Sag 18.187 1.01.2023 11:17 0.148 0.808 C 88.845 103.511 89.751 109.936 80.754 90.359 Tanēmsēz Veri2

100477 Sag 18.187 1.01.2023 11:17 0.04 0.82 B 88.983 102.574 81.989 91.1 90.859 105.63 Ķki Faz Toprak Arēzasē

Cihaz ID Olay Adē
Nominal 

Deĵer
Tarih Sure Depth Phase Va Min Va Maks Vb Min Vb Maks Vc Min Vc Maks Arēza Tipi

101541 Sag&Swell 18.186 1.01.2023 09:25 0.29 1.649 B 87.157 135.478 59.992 164.908 67.585 133.11 Tanēmsēz Veri2

101541 Sag&Swell 18.186 1.01.2023 09:47 0.067 1,35 A 119.905 134.98 100.914 131.157 67.578 75.464 Tek Faz Toprak Arēzasē

101541 Sag&Swell 18.186 1.01.2023 09:47 0.2 0.594 B 82.163 97.545 59.363 108.154 88.976 135.885 Tanēmsēz Veri2

101541 Sag&Swell 18.186 1.01.2023 09:47 0.091 1.933 B 94.234 140.984 104.673 193.26 44.91 100.181 Tek Faz Toprak Arēzasē

101541 Sag&Swell 18.186 1.01.2023 11:18 0.308 1.871 B 80.728 137.208 58.312 187.131 44.907 131.108 Tanēmsēz Veri2

101541 Sag 18.186 1.01.2023 11:18 0.05 0.807 B 85.19 105.516 80.719 95.178 89.575 107.378 Upstream
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V 01.01.2023 11:18 Vb-Ib Osilo Kaydē  

 

 

01.01.2023 11:18 Vb-Ib Osilo Kaydē incelendiĵinde Trafo merkezi trafo ­ēkēĸēndan alēnan ºl­¿m 
kayētlarē iki faz toprak arēzasē gºrm¿ĸ ve son t¿ketim noktasēndan alēnan ºl­¿mde ise arēza kaynaĵēnēn 
yukarēdan geldiĵini gºstermektedir. Bu ĸekilde arēza yeri ve arēza kestirimi yapēlabilmektedir. 

03.01.2023 YAķANAN OLAY KAYITLARI ĶNCELEMESĶ 

 

¶ Trafo Merkezi trafo ­ēkēĸ ºl­¿m noktasē Olay Kayētlarē 

 

 

¶ Son t¿ketici ¥l­¿m Noktasē Olay Kayētlarē  

 

 

 

 

 

 

 

 

 

 

 

Cihaz ID Olay Adē
Nominal 

Deĵer
Tarih Sure Depth Phase Va Min Va Maks Vb Min Vb Maks Vc Min Vc Maks Arēza Tipi

100477 Sag 18.187 3.01.2023 08:06 0.23 0.807 B 87.636 101.395 80.715 92.025 90.155 103.815 Ķki Faz Toprak Arēzasē

100477 Sag 18.187 3.01.2023 11:21 0.219 0.81 B 88.508 101.395 81.037 91.643 90.607 103.65 Ķki Faz Toprak Arēzasē

Cihaz ID Olay Adē
Nominal 

Deĵer
Tarih Sure Depth Phase Va Min Va Maks Vb Min Vb Maks Vc Min Vc Maks Arēza Tipi

101541 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

101541 Sag 18.186 3.01.2023 11:22 0.249 0.782 B 83.627 102.863 78.229 96.458 87.858 103.863 Upstream
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V 03.01.2023 11:22 Vb Osilo Kaydē 

 

 

V 03.01.2023 11:22 Ib Osilo Kaydē 

 

 

4. SONU¢ VE ¥NERĶLER 

Ķletim ve Daĵētēm sistemlerinde gerilim olaylarē ­ok sēk yaĸanan bir durumdur. ¥zellikle daĵētēm 
sistemlerinde elektrik ĸebekesi teknik kalite usul ve esaslar kapsamēndaki standartlara gºre analizler 
yapēlmaktadēr. Burada gerilim ­ºkmeleri s¿re ve derinlik kavramlarē irdelenerek sonu­lar 
­ēkarēlmaktadēr. Ayrēca oluĸan olay kaydēnēn arēza tipi ve yºn¿n¿n tespit edilmesi ĸebeke iĸletimi 
a­ēsēndan ºnem arz etmektedir. 

Bu ­alēĸmada Trafo merkezi trafo ­ēkēĸē ºl­¿m noktasēndan veriler alēnmēĸ ve son t¿ketici ºl­¿ 
noktasēndan alēnan veriler ile detaylē incelemeler yapēlmēĸtēr. Alēnan ºl­¿mlerin ­oĵu aynē s¿re 
zarflarēnda ger­ekleĸmiĸ ve s¿re-derinlik kavramlarē da olduk­a birbirine yakēn olduĵu gºr¿lmektedir. 
Trafo merkezi ­ēkēĸēndan bakēldēĵēnda arēzanēn iki-faz toprak arēzasē olduĵu gºr¿lmektedir. Bunun yanē 

sēra son t¿ketim noktasēndan bakēldēĵēnda daĵētēm ĸebekesi ve iletim ĸebekesinden kaynaklē olduĵu 
gºr¿lmektedir. Her iki olay kayētlarē kēyaslamalē bir ĸekilde incelendiĵinde arēzanēn aslēnda iletim deĵil 
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daĵētēm ĸebekesinde bir sorundan kaynaklē olduĵu gºr¿lmektedir. Burada hem arēza konum ve arēza 
kestirimi yapēlmēĸtēr. Ayrēca daĵētēm ĸebekesinde sorunlar taranmēĸ ve bu sorunun aslēnda sēkēbaĵ-kērēk 
izolatºr-aga­ temasē gibi nedenlerden kaynaklandēĵē gºr¿lm¿ĸt¿r. Bakēm faaliyetleri kapsamēnda ilgili 
sorunlar ­ºz¿lm¿ĸt¿r. Yapēlan ­alēĸma ile birlikte hem arēza kestirimi hem de arēza konum tespiti 
yapēlarak bakēm faaliyetlerine destek olunmuĸtur. 
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ABSTRACT: Transforming a national traditional grid into an intelligent smart grid is possible 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 technology 

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 the electrical 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 appropriate PMU 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. 

Keywords: Distribution System Operator, Pmu, Power Quality, Grid 

 

INTRODUCTION  

Real-time monitoring of power systems is essential for DSOs. To perform real-time monitoring 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 have been revealed 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 expanded and 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 systems are not so fast, it can be assumed that the system is in a stationary regime, so phasors 
help explain the systemôs behavior. Phasors are used in many protection and data analysis functions. 

The synchrophasor is obtained by calculating the phases of the voltage 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, synchrophasor technology is crucial in system imaging and controlling in vast areas. 

Real-time monitoring of energy systems is important for the safety and reliability of the system. Among 
the various methods used to monitor the power system, the ñSupervisory Control and Data Acquisitionò 
(SCADA) system are one of them.  Eventually, drawbacks of 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 systems 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 emergence of the 
synchrophasor measurement phenomenon. The first PMU was developed by Virginia Tech in the 1990s 
and installed in many step-down distribution centers to test the validation and get the know-how of 
these new measurement tools. IEEE also updated PMUôs previous standards by 2005. The relevant 

standard defines PMU as wide-area 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 measure real-time 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 the other busbars. 

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 condition, the 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 Steady-state Dynamic/Transient 

Phase angle 
measurement 

Not exist Exist 

Measurement Data Voltage and Current, MW ve 
MVAR 

Voltage and Current, Phase angle, MW ve 
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. One of the main reasons for this advantage is that the 
phasor measurement units work synchronously using GPS technology. Conventional monitoring 
systems like SCADA use an operator-specified reference angle, while PMU uses a global one. In 
addition, phasor measurement 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 monitor the system. When looking 
at the outage reports, the importance of the lack of wide-area 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 large areas, 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 predicting the problems 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 according to specific standards. The main ones of these standards 
are C37.118.1-2011/2014 and C37.118.2-2011.  

The primary measurement values calculated by PMUs are voltage magnitude, current magnitude, and 
power flow values. In addition to these measurements, PMUs can measure 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. Another 
difference is 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, the operator can 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, frequency, 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+ɗ)      (1) 

A: Voltage or current amplitude 
 w: Angular frequency and is equal to the value of 2nf 

 ɗ: Difference in the phase angle  
 

The analog signals detected by the PMU are converted into digital signals by a converter (ADC). [6] 
With the help of GPS technology, high-speed synchronicity is done, and measurements made at different 
locations 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 the joint efforts 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 low-cost, easy-to-install, GPS-synchronized wide-area 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 improve the R & D studies 
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 the systemôs security to the highest level and to prevent 
possible cyber attacks. Investigation consistently proceeded, and 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. Priority was given to the 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, Belgium can 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 positioned in the system at 
the position where the switching happened. 

In addition to pioneering studies, research on phasor measurement units is continuing in many countries. 

Require the systemôs imaging to be more precise and faster, so the phasor measurement unit technology 
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 real-time. You can find figure 1 and figure 2, which show the voltage and current 
magnitudes, respectively. PMUôs precise time-stamped GPS-synchronized readings of voltage and 
current phasors lead us to track the outage and events as fast as possible.  

 

 

Figure.1 

 

 

Figure.2 

 

CONCLUSION 

As a result of the analysis carried out: 

I. Events that are impossible to be recorded by the network operator can be recorded with PMUs, 

II. Exact fault location detection, 

III. 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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¥ZET: Telemetri bir sistemin kablolu veya kablosuz olarak uzaktan kontrol edilmesidir. Telemetri sistemi 

sayesinde uzak veya ulaĸēlmasē kolay olmayan bir mesafeden veriler toplanēr ve bu veriler gºr¿nt¿leneceĵi bir 

noktaya iletilir. Telemetri sistemine havacēlēk ve uzay, saĵlēk, doĵalgaz-elektrik saya­larēnē okuma gibi uygulama 

alanlarēnda ihtiya­ duyulur. ¥zellikle, havacēlēk ve uzay sektºr¿nde u­ak, m¿himmat ve fērlatma ara­larē gibi 
­eĸitli cisimlerin test edilmesinde telemetri sistemine ihtiya­ duyulur. F¿ze Telemetri Sistemi (FTS), m¿himmata 

ait ethernet paket verilerini, sēcaklēk, basēn­, titreĸim, gerinim gibi sensºrlere ait verileri toplar. FTS bu verileri 

uygun formatta ger­ek zamanlē olarak yer istasyonuna veya bir kayēt ortamēna kaydeder. Telemetri sisteminin 

mimari yapēsē kullanēlan ekipmanlarēn yapēsē ve ºzellikleri tarafēndan belirlenir ve bunlar hakkēnda bilgi sahibi 

olmak gerekir. Bu ­alēĸmada, f¿ze ¿st¿ telemetri sistem tasarēmēna ve bu tasarēm doĵrultusunda geliĸtirilen 

Telemetri Sistem Performans Hesaplayēcē Aray¿z¿ sayesinde, telemetri sisteminde kullanēlan hem verici hem de 

alēcē taraftaki RF haberleĸme deĵerleri ve mod¿lasyon ­eĸitleri dikkate alēnarak S/N Link Marjin deĵeri 

hesaplanēp telemetri haberleĸme performanslarē karĸēlaĸtērēlacaktēr. ¢alēĸma sonucunda, BPSK ve QPSK 

mod¿lasyonlarēnda S/N Link Marjin deĵerleri BFSK, 4-FSK, PCM/FM, 8-PSK mod¿lasyonlarēna gºre daha iyi 

­ēkmēĸtēr. 

Anahtar Kelimeler: Telemetri, F¿ze Telemetri Sistemi, Rf Haberleĸme, S/n Link Marjin 

 

Missile Telemetry System Design and Performance Analysis 

 

ABSTRACT: Telemetry is 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 aviation and space, health, natural gas-electricity 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 ethernet packet the ammunition 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 telemetry 

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 Link Margin 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 result of the study, S/N Link Margin values in 

BPSK and QPSK modulations were better than BFSK, 4-FSK, PCM/FM, 8-PSK modulations. 

Keywords: Telemetry, Missile Telemetry System, RF Communication, Link Margin of S/N 

 

1. INTRODUCTION  

Telemetry is the wired or wireless monitoring 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 



  16. UBAK, 11 - 12 March 2023, Ankara  
 

 

| 46 

missile telemetry [4]. The general telemetry system structure is shown in Figure 1. Thanks to the missile 
telemetry system, measurements are taken from certain locations on the missile and transmitted to the 
subsystems, and it starts its functions. 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 telemetry system 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, after the 
message signal 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 sent to the ground station to display the data [3]. 

 

 

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 frequency and a 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 shown in Figure 2. 

 

 

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 system losses: 

Å Reflection Due to Impedance Mismatch, (Voltage Standing Wave Ratio ï VSWR) 

Å Polarization 

Å Free Space Path Loss (FSPL) 
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Å Noise 

Å Multipath 

Å Attenuation is given as an example. 

For RF system gains: 

Å Low Noise Amplifier (LNA) 

Å Antenna is given as an example. 

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 Calculator Interface' software has been developed to provide telemetry 
performance analysis. Thanks to this software, Range ï Link Margin of S/N calculation is made by 
entering the communication parameter values on the transmitter and receiver side according to the 
modulation 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 as BER ï Eb/N0, 
Range ï FSPL and Range ï Link Margin of Received Signal calculation.  

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 packet data and creates the PCM major 
frame structure. PCM Generator takes each minor frame and converts it into a single line (Figure 3) [5]. 

 

 

Figure 3. PCM Frame Structure  
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Figure 4. Airborne Telemetry System 

 

Some coding varieties are available. These are source coding, channel 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 into 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 signal via RF to the receiving antenna. 

The Airborne Telemetry System described above is shown in Figure 4. 

2.2. Telemetry Ground Station 

Telemetry Ground Station 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 bandpass filter. Low 

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 baseband 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 shown in Figure 5. 
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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 S/N and receiver sensitivity. The 
formulas used to obtain these calculations are described below. 

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

 

ὖ  ὖᶻ
Ȣ

                                           (2.1) 

 

where PL is transmitted power, Pt is incident power. 

 

Ὃ                                                     (2.2) 

 

where Ὃ is gain. 

 

Ὂ                                                      (2.3) 

 

where Ὂ is noise factor. 

 

Equation 2.4 is obtained Noise Figure of Transmitted Antenna using equation 2.3.  

 

ὔὊ  ρπÌÏÇὊ                                   (2.4) 

 

where ὔὊ is noise figure. 
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Effective Isotropic Radiated Power (EIRP) is given by 

 

ὉὍὙὖὖ  Ὠὄά Ὃ  Ä"

ὖ ȟ   ȟ     Ä"                                                       (2.5) 

 

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

 

0  ὖ  Ὠὄά ὖ  Ὠὄ  ὖ      Ὠὄ

 Ὃ    Ὠὄ  Ὃ  Ὠὄ
 ὖ    ϳ     Ὠὄ

ὖ           Ὠὄ                                                                  (2.6)  

 

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

 

ὒὭὲὯ ὓὥὶὫὭὲ έὪ ὙὩὧὩὭὺὩὶ 0  Ὠὄά 0   Ὠὄά                         (2.7) 

 

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

 

.  ὑȢὝȢὄ Ὠὄά '  Ὠὄά                                                                (2.8) 

 

BER and Eb/N0 formulas are calculated according to modulation types. If the BER value is known, the 
Eb/N0 value can be calculated. The C/N value is obtained in equation 2.9. 

 

                                                                                            

(2.9) 

 

Equation 2.12 is obtained using equation 2.10 and equation 2.11. 

 

ὔὩὩὨὩὨὔὩὩὨὩὨ                          (2.10) 

ὒὭὲὯ ὓὥὶὫὭὲ έὪ ὅȾὔ  Ὠὄ   ὕὦὸὥὭὲὩὨὔὩὩὨὩὨ                      (2.11) 

ὒὭὲὯ ὓὥὶὫὭὲ έὪ ὅȾὔ Ὠὄ   ὕὦὸὥὭὲὩὨ ὔὩὩὨὩὨ                               (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 and receiver side, Range-FSPL, BER-Eb/N0, Range-Link Margin 
of Received Signal and Range-Link Margin of S/N graphs are drawn (Figure 6). In addition, the values 
obtained against the inputs are calculated as shown in Figure 7. 
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Figure 6. Telemetry System Performance Calculator Interface Input/Figure Screen 

 

 

Figure 7. Telemetry System Performance Calculator Interface Output Screen 
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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 Link Margin 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 the study, S/N Link Margin 
values in BPSK and QPSK modulations are better than BFSK, 4-FSK, PCM/FM, 8-PSK modulations 
(Figure 8). 
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ABSTRACT: The most recent version of the wireless local area networks (WLANs) standard is IEEE 802.11ax-

2021, also referred to as high-efficiency wireless (HEW) or WiFi-6. The function of the Access Point (AP) in Wi-

Fi networks has changed notably with the implementation of Orthogonal Frequency Division 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 addition to all the key performance-affecting variables. A theoretical study using 

Markov chains is presented. In addition, the simulation is used to validate the developed performance model. 

Keywords: IEEE 802.11ax, OFDMA, WĶFĶ-6, WLAN 

 

1. INTRODUCTION  

WLANs (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 many sites and access points in some 
environments, IEEE 802.11 evolved the IEEE 802.11ax standard.    

Orthogonal frequency division multiple access (OFDMA) based up-link multi-user (UL MU) 

transmission, which splits a transmission into some sub-channels and concurrently sends 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 distributed way is one challenging aspect of using OFDMA in Wi-Fi (Son, 
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 802.11ax stations 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 use-cases, single-user 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 sub-carriers (SCs) in the MU-OFDMA method, and a collection of 
these SCs constitutes re-source units. MU multiple input multiple output (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 106 sub-carriers or more. The 
channel status information (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, 2018; Bellalta, 2017; Choi, 2016) 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 MU-OFDMA + MU-MIMO characteristics. 

According to (Bellalta, 2017), utilizing specified factors when configuring an IEEE802.11ax network 
can result in effective utilization of both MU-MIMO and OFDMA. Additionally, the study using math 
and simulations demonstrates that MU communications can be secured in big-picture situations. Along 
with MU-MIMO and OFDMA, non-continuous channel sharing and link adaptation are assessed to 
confirm the performance enhancement of IEEE 802.11ax. The computer outcomes demonstrate this 

amendment's unmistakably higher output, improved quality of service (QoS), as well as increased multi-
channel effectiveness (Lin, 2016).     

The contributions made by this study are listed below:  

ü In order to analyze IEEE 802.11ax performance, the paper provides an analytical study. 

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

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

The rest of the paper is ordered as follows: Section 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 technologies in reaction to the high-density 
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 adding 1024-QAM. 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 binary convolutional encoding and low-density 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 IEEE 802.11ax, 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 technique built on OFDMA and MU-MIMO 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 on non-continuous channels thanks to the improved 
channel boundaries in IEEE 802.11ax, which increases channel usage and completely utilizes the 
increased capacity. The improvement of MU-MAC is the most significant change made to IEEE 
802.11ax's MAC layer. High-efficiency multiple-access (MU-MAC) technology allows multiple users 
to adhere to predetermined access guidelines to send UL data simultaneously (familiar as UL MU-MAC) 
or DL data simultaneously (familiar as DL MUMAC) through predetermined network access resources 

(i.e. time domain, frequency domain, and space domain resources). MU-MAC includes the MU-MIMO-
based and OFDMA-based multiple access techniques that IEEE 802.11ax debuted. 

First, IEEE 802.11ax is the earliest to implement UL MU-MAC for WiFi. Two specific methods are 
presented in depth, namely UL MU-MIMO 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 802.11ax suggests 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 IEEE 802.11 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 been verified as the 
primary technologies for the next-generation 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 technical criteria standardization process, PAR, one 
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 used to describe 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.  

 

Study Group

PAR

TASK 

Group

Space Frame 

Document

Draft 1

Draft 1.3
Draft 2 Final 802.11ax

2013 2014 2015 2016 2018 2019

 

Figure 1. Standardization Process of IEEE 802.11ax. 

 

3. SYSTEM MODEL  

We model the performance study of IEEE 802.11ac (Machrouh, 2016) on the Bianchi model, which we 
use for the mathematical model of our network. In terms of evaluating WiFi networks and determining 
traffic, the model 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 combined. Figure 2 shows single user transmission 
for UL and DL. Figure 3 and 4 show DL and UL for multi-user 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 only sends to the STAs that have responded, and each STA responds with a 
CTS frame. Aggregating ACK packets into a single MU-STAs Block ACK to minimize latency is 
another appealing feature. 
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Figure 2. Single User Transmission For UL and DL. 
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Figure 3. Multiple User Transmissions for UL. 
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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 efficiency, 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, there is a trade-off 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 probability Ű and the collision probability Pc using the same Markov Chain 
Model in (Karabulut, 2020). Ű can be written as  
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Pc can be given as 
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where 
UL

cP  and 
DL

cP  are collision probabilities for UL and DL transmission, respectively. They can be 

expressed as (Lee, 2019)   
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The channel will be occupied if any one of the N nodes transmits a message during a time period. 
Consequently, Pb can be given as 

 

( )1 1 .
N

bP t= - -                                                                                                                                     (5) 

 

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

 

( )

( )

1
1

.
1 1

N

s N

N
P

t t

t

-
-

=
- -

                                                                                                                               (6) 

 

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

 

[ ]

[ ]

E payload information transmitted in a slot time
S

E length of slot time
=                                                                           (7) 

 

The operator for the mean value is shown here as E[.]. Then, it could be stated as 

 

.s b

e

P P L
S

T
=                                                                                                                                               (8) 

 

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

 

(1 ) (1 ) .e b slot b s s b s cT P T P PT P P T= - + + -                                                                                                (9) 

 

Here, the durations of successful and colliding packet transfer are denoted by Ts and Tc, respectively, 
which can be given as 

 

T

d

s SIFS RTS C S ACK

L
T T T T T

R
= + + + +,                                                                                                     (10) 

Kc RTS S S ACIFT T T T= + + .                                                                                                                (11) 

 

Here, TRTS, TCTS, TACK, TSIFS are request to send (RTS), clear to send (CTS) acknowledgment (ACK), 
short inter-frame space (SIFS), times, respectively. Rd refers 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. 
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We concentrate primarily on output because it has been significantly improved 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 emphasize how well 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.  

 

Table 1. Parameter Values Utilized in Numerical Results 

Parameters Values 

SIFST ,
DIFST  ( sm ) 16, 34 

RTS, CTS, ACK, L, (bytes) 26, 20, 14, 6000 

dR (Mbps), N 11, 100 

CW, mr 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 throughput is decreasing 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 increased with the increase in the packet size. The usage of channel improves as the 
packet length increases. 

 

Figure 5. Throughput for Different Channel Bandwidth.  
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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. Depending on the context of the situation, changing one or more 
of these factors can result in significant changes in efficiency.   
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¥ZET: Operasyonel alanda kullanēlmakta olan insansēz hava ara­larēna (ĶHA) ek olarak ĶHAôlar ile birlikte 

kullanēlan taktik g¿d¿ml¿ m¿himmatlar da savunma sanayii alanēnda giderek ºnem kazanmaktadēr. ¢alēĸma 

kapsamēnda hem ĶHAôlarē hem de taktik g¿d¿ml¿ m¿himmatlarē oluĸturan alt sistem bileĸenleri a­ēklanmaktadēr. 

¢alēĸmanēn asēl amacē ise ĶHAôlar ile ĶHAôlarla birlikte kullanēlan taktik g¿d¿ml¿ m¿himmatlarēn arasēndaki 

dijital haberleĸme veri baĵēnēn ºzelliklerine ve parametrelerine yer vererek bir tasarēm ve optimizasyon yapmaktēr. 

Uygulama kēsmēnda tasarēm girdi parametreleri oluĸturulup ve farklē dijital mod¿lasyon yºntemleri se­ilerek 

farklē veri hēzlarēnda tasarēmlar ger­ekleĸtirilmektedir. Mod¿lasyon yºntemlerinden olan QPSK, 

hesaplamalardan da anlaĸēlacaĵē ¿zere ºn plana ­ēkmaktadēr. Aynē veri hēzēna sahip diĵer mod¿lasyon 

yºntemlerinden (BPSK, 4-QAM) ise hem bant geniĸliĵi kullanēm verimi hem de g¿­ kēsētlamasē a­ēsēndan daha ºn 

plana ­ēkarak avantajēnē gºstermektedir. Optimizasyon aĸamasēnda ise Modefrontier optimizasyon programē 

vasētasēyla MOGA (Multi-Objective Genetic Algorithm) optimizasyon algoritmasē kullanēlarak 400 farklē en iyi 

tasarēmlardan meydana gelen bir tasarēm k¿mesi oluĸturulmaktadēr. Ger­ekleĸtirilen tasarēm girdi parametreleri 

ve mod¿lasyon yºntemi, Modefrontier tarafēndan oluĸturulan tasarēm k¿mesi i­erisinde kendine yer bulmaktadēr. 

Sonu­ olarak ger­ekleĸtirilen tasarēm, optimizasyonla kendini doĵrulamaktadēr. Bu tarz optimizasyon 

programlarēnēn kullanēmē sayesinden hem tasarēmda zaman kaybēnēn hem de oluĸabilecek maliyetin ºn¿ne 

ge­ileceĵi tespit edilmektedir. 

Anahtar Kelimeler: Ķha, Taktik G¿d¿ml¿ M¿himmat, Veri Baĵē, Optimizasyon, Dijital Haberleĸme 

 

Data Link Design and Optimization Between Unmanned Aerial Vehicle 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 tactical 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 design input 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 in terms of bandwidth utilization effectiveness and 

power restriction when compared to other modulation techniques (BPSK, 4-QAM) with the same data rate. During 

the optimization phase, the MOGA (Multi-Objective 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 its own 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  

Unmanned aerial 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 identification and tracking, 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 systems, 
communication systems, payloads (various reconnaissance or surveillance cameras, tactical munitions, 
various communication relays, moving target indicators), ground control stations, launch-recovery 
systems and ground support equipment [1-12].  

Tactical guided munitions are increasingly used by UAVs as payloads due to their evolving combat 
operational concepts. These munitions often belong to the air-to-air or air-to-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 

 

 

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 for the 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 on whether the data link has line of sight or not, there are two possible sub-branches 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 beyond line 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 are employed. 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 variations 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 

Instance Types 
ASK, FSK, PSK, QAM, 

M-ary 
AM, FM, PM PCM, PAM, PWN, 

PPM 

 

Superior features of digital modulation over analog modulation; 

Å Information capacity is greater. 

Å Good compatibility with digital data services. 

Å Data security is higher than analog modulation. 

Å It provides better quality communication. 

Å It is more immune to noise. 

Å Provides easier multiplexing. 

Factors such 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 the UAV and 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 two-way communication. The general technical 
specifications of the data link modules that are planned to be used in the design are given in  

Table 2. 

 

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

Adjustable Frequency Range 2 GHz - 6 GHz 

Adjustable RF Output Power  0 - 15 Watt 

Available Modulation Options 
BPSK, QPSK, Octal-PSK, Quad-QAM, 16-QAM, 32-
QAM, 64-QAM, BFSK and MSK/GMSK 

Source Coding Options Run-Length, Huffman, Lempel- Ziv 

Channel Encoding Options (FEC) Reed Solomon, Hamming, Convolutional, Turbo 

Line Encoding Options NRZ-L, NRZ-S, NRZ-M 

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, it is the C/N 
(Carrier Signal Power / Thermal Noise Power) value, which 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 characteristic C/N link margin value. This link margin value is the difference 
between the C/N value that comes to the receiver instantly and the C/N value needed for healthy and 
quality communication. This value has been given hypothetically within the scope of the study [19,20]. 

 

ὒὭὲὯ ὓὥὶὫὭὲ  ὕὦὸὥὭὲὩὨὔὩὩὨὩὨ        (2.1) 

ὔὩὩὨὩὨ  ὔὩὩὨὩὨ          (2.2) 

ὔὩὩὨὩὨὔὩὩὨὩὨ          (2.3) 

 

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

 

ὒὭὲὯ ὓὥὶὫὭὲ  ὕὦὸὥὭὲὩὨὔὩὩὨὩὨ       (2.4) 

 

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

 

ὒὭὲὯ ὓὥὶὫὭὲὨὄ ὕὦὸὥὭὲὩὨὨὄ ὔὩὩὨὩὨὄὡὨὄ ὄὙὨὄ  (2.5) 

ὄὙὨὄ ὕὦὸὥὭὲὩὨὨὄ ὔὩὩὨὩὨ ὄὡὨὄ  ὒὭὲὯ ὓὥὶὫὭὲὨὄ   (2.6) 

 

Equation 2.6 shows how to obtain the data rate logarithmically from the obtained signal/noise, the 
needed Eb/No, the given bandwidth and the link margin of the receiver. C/N in Equation 2.6 is obtained 
as a result of the following equations: 

 

ὉὪὩὧὸὭὺὩ ὍίέὸὶέὴὭὧ ὙὥὨὭὥὸὩὨ ὖέύὩὶ ὉὍὙὖ ὝὶὥὲίάὭὸὸὩὶ ὕόὸὴόὸ ὖέύὩὶ Ὠὄά

4ÒÁÎÓÍÉÔÔÅÒ !ÎÔÅÎÎÁ 'ÁÉÎ Ä"  4ÒÁÎÓÍÉÔÔÅÒ #ÁÂÌÅȾ#ÏÎÎÅÃÔÏÒ ,ÏÓÓÅÓ Ä"Í                                         (2.7) 

ὊὛὖὒ ὊὶὩὩ ὛὴὥὧὩ ὖὥὸὬ ὒέίίὨὄ σςȢυ ςπÌÏÇὙὥὲὫὩςπÌÏÇὊὶὩήόὩὲὧώ   (2.8) 

ὅ ὉὍὙὖὊὛὖὒ ὙὩὧὩὭὺὩ ὛὭὨὩ ὃὲὸὩὲὲὥ ὋὥὭὲ Ὠὄ  ὒὔὃ ὋὥὭὲ Ὠὄ
 ὃὲὸὩὲὲὥ ὖέὰὥὶὭᾀὥὸὭέὲ ὒέίίὩί  ὙὩὧὩὭὺὩ ὛὭὨὩ ὅὥὦὰὩὅέὲὲὩὧὸέὶ ὒέίίὩί   (2.9) 

 

The free space path loss value is subtracted from the effective isotropic radiated signal power provided 
by the transmitter. In 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 value obtained as a result of these operations 
will be carrier signal power (C). In addition, the channel thermal noise value (N) is obtained from 
equation 2.10. 

 

ὔ Ὧ ȢὝὩ Ȣὄὡ           (2.10) 

 

Where, N: Thermal Noise Power, k: Boltzmann Constant, Te: Effective Noise Temperature in Kelvin, 
BW: Bandwidth Used [19,20]. 
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Table 3. BER and Needed Eb/ N0 Formulas According to Modulation Methods 

Modulation 
Type 

BER Formula Needed Eb/N0 Formula 

BPSK 

(2-PSK) 
ὄὉὙ 

ρ

ς
  ȢὩὶὪὧ

Ὁ

ὔ
 ὩὶὪὧὭὲὺςȢὄὉὙ  

QPSK 

(4-PSK) 
ὄὉὙ 

ρ

ς
  ȢὩὶὪὧ

Ὁ

ὔ
  ὩὶὪὧὭὲὺςȢὄὉὙ  

Octal-PSK 

(8-PSK) 
ὄὉὙ 

ρ

σ
  ȢὩὶὪὧ

σȢὉ

ὔ
 ȢÓÉÎ 

“

ψ
 ὩὶὪὧὭὲὺσȢὄὉὙȾÓÉÎ 

“

ψ
Ⱦσ 

(M ï PSK) ὄὉὙ 
ρ

Ὧ
  ȢὩὶὪὧ

ὯȢὉ

ὔ
 ȢÓÉÎ 

“

ὓ
 ὩὶὪὧὭὲὺὯȢὄὉὙȾÓÉÎ 

“

ὓ
ȾὯ 

QAM 

(4-QAM) 
ὄὉὙ 

ς

ς
 Ȣρ

ρ

Ѝτ
 ὩὶὪὧ

σȢςȢὉ

ςȢσȢὔ
 ὩὶὪὧὭὲὺςȢὄὉὙ  

Octal-QAM 

(8-QAM) 
ὄὉὙ 

ς

σ
 Ȣρ

ρ

Ѝψ
 ὩὶὪὧ

σȢσȢὉ

ςȢχȢὔ
 ὩὶὪὧὭὲὺ

φȢὄὉὙ

τ Ѝς
Ⱦ 
ω

ρτ
 

Octal-QAM 

(16-QAM) 
ὄὉὙ 

ς

τ
 Ȣρ

ρ

τ
 ὩὶὪὧ

σȢτȢὉ

ςȢρυȢὔ
 ὩὶὪὧὭὲὺ

φȢὄὉὙ

τ Ѝς
Ⱦ 
ω

ρτ
 

32-QAM ὄὉὙ 
ς

υ
 Ȣρ

ρ

Ѝσς
 ὩὶὪὧ

σȢυȢὉ

ςȢσρȢὔ
 ὩὶὪὧὭὲὺ

υȢЍσςȢὄὉὙ

ςȢЍσςρ
Ⱦ 
ρυ

φς
 

64-QAM ὄὉὙ 
ς

φ
 Ȣρ

ρ

Ѝφτ
 ὩὶὪὧ

σȢφȢὉ

ςȢφσȢὔ
 ὩὶὪὧὭὲὺ

ρψȢὄὉὙ

υ
Ⱦ 
ρ

χ
 

M - QAM 

ὄὉὙ

 
ς

Ὧ
 Ȣρ

ρ

Ѝὓ
 ὩὶὪὧ

σȢὯȢὉ

ςȢὓ ρȢὔ
 

ὩὶὪὧὭὲὺ
ὯȢЍὓȢὄὉὙ

ςȢρ Ѝὓ

Ⱦ 
σȢὯ

ςȢὓ ρ
 

B-FSK 

(Noncoherent) 
ὄὉὙ

ρ

ς
ȢὩ Ȣ  ςȢÌÎ ςȢὄὉὙ 

MSK, GMSK 

(Noncoherent) 
ὄὉὙ 

ρ

ς
  ȢὩὶὪὧ

ςЍὰὲς ȢὉ

σȢὔ
 ὩὶὪὧὭὲὺςȢὄὉὙȾ

ςÌÎ ς

σ
 

Ë ὰέὫ- ñkò is the number of bits per symbol, ñMò is the symbol level 
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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 

Loss_Tx 
Transmitter Side Cable and Connector 

Losses 
1.75 dB 

Source Coding Not Available - - 

Channel Coding 
Selected Coding Method Convolutional 

Coding 
2 dB 

Line Coding NRZ-L - - 

BW  
Available Bandwidth of the Communication 

Channel 
10  MHz 

C/N _Link Margin 
Receiver's Characteristic C/N Link Margin 

Value 
8.5 dB 

Gain_Rx Gain of Receiver Antenna 8 dBi 

Loss_Rx Receiver Side Cable and Connector Losses 2.5 dB 

Pol_Loss Polarization Losses Due to Antennas 0 dB 

LNA Low Noise Amplifier on The Receiving Side 0.5 dB 

Ambient_Loss 
Ambient Losses Due to Effects Such as 

Snow, Rain 
0.6 dB 

Te  Effective Noise Temperature in Kelvin  290 Kelvin  

BER  Bit Error Rate 10-6 - 

Range_Km 
Maximum Distance Between Transmitter 

and Receiver 
100 Km 

 

As shown in Table 4, 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 of 10-6 is that the currently 
accepted value for healthy and quality communication in the receivers of digital communication systems 
is 10-6.  

The reason why the maximum distance between the transmitter and the receiver, in other words the 
maximum distance between the UAV and tactical guided munition is 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, the LNA 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 ModeFrontier application, 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 

 

 

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 shown in Figure 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 shown, "SOBOL" has been chosen as the 
design of experiment algorithm and "MOGA (Multi ï Objective 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 opportunity to adjust many input parameters 
simultaneously. The "Sobol DOE Algorithm," one of the effective gap-filling DOE algorithm strategies 
based on pseudo-random number generator, is employed in the thesis, as depicted in Figure 11. 

 

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. Iterative comparison of the 

currently defined options until the best answer is identified 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 accurate solutions, and 
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 
Table 5, the values of the input parameters are given in Table 6 [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 Cross-Over 0.5 

Probability of Mutation 0.1 

DNA String Ration 0.05 

 

Table 6. Workflow Input Parameters 

Parameter Explanation 
Variable 

Type 
Lower 
Bound 

Upper 
Bound 

Frequency Operating Frequency Variable  2.000 MHz 6.000 MHz 

Power_Tx 
Transmitter Module RF Output 

Power 
Variable  1 Watt 15 Watt 

Gain_Tx Gain of Transmitter Antenna Variable  1 dBi 15 dBi 

Loss_Tx 
Transmitter Side Cable and 

Connector Losses 
Variable  1 dB 10 dB 

BW 
Available Bandwidth of the 
Communication Channel 

Variable  5 MHz 15 MHz 

Gain_Rx Gain of Receiver Antenna Variable  1 dBi 15 dBi 

Loss_Rx 
Receiver Side Cable and 

Connector Losses 
Variable  1 dB 10 dB 

Range_Km 
Maximum Distance Between 

Transmitter and Receiver 
Variable 1 Km 1000 Km 

LNA 
Low Noise Amplifier on The 

Receiving Side 
Constant 0.5 dB 

Te  
Effective Noise Temperature in 

Kelvin  
Constant 290 Kelvin  

BER  Bit Error Rate Constant 10-6 

C/N _Link 
Margin 

Receiver's Characteristic C/N 
Link Margin Value 

Constant 8.5 dB 

 

3. RESULTS AND DISCUSSION 

3.1. Data Link Design Results 

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 shown in Table 7 below has been obtained. 
Of course, data rate values are very important here. 

 

Table 7. Calculated Output Parameters 

# Modulation Type Data Rate (Mbps) Needed Eb/N0 (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 Eb/N0 (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 

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 shown in Table 7, the data rate values obtained from BPSK, 
QPSK and 4-QAM modulation methods are quite high and the required Eb/N0 values are quite low as 
desired. 

3.2. Optimization Results 

As shown in Error! 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 

 

 

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

 

Figure 13 shows the places in the design set of the three modulation methods (BPSK, QPSK, 4-QAM) 
with the best data rate values from the 400 best design sets obtained. 

4. CONCLUSION  

The calculations show that, in comparison to other modulation methods, the data rate value achieved 
from BPSK, QPSK, and 4-QAM modulation methods is the highest and the desired Eb/N0 value is the 

lowest. These three modulation techniques have come to the forefront because of the high data rate 
values and low needed Eb/N0 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 4-QAM in terms of power restriction since only phase switching requires energy 
in QPSK, but both amplitude and phase switching do in 4-QAM. 

Also, the output data rate values according to eight different digital modulation methods obtained as a 
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 inference 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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¥ZET: G¿nl¿k hayatta kullanēlan her t¿r plastiĵin kullanēlmaya baĸladēĵē andan itibaren­evreye ­ok k¿­¿k 

boyutlardaki par­acēklarē olan mikroplastik (1 Õm<MP<5mm) ve nanoplastikleri (1 nm<NP<1 Õm) 
saldēĵēbilinmektedir. Global ºl­ekte yapēlmēĸ araĸtērmalar, ­evredemeydana gelen mikroplastik kirliliĵine sentetik 

tekstil liflerinin katkēsēnēn olduk­a fazla olduĵunu ortaya koymaktadēr. Her yēl 200.000 ila 500.000 ton arasē 

sentetik tekstil kaynaklē mikroplastik (polyester, polyamid, akrilik gibi) k¿resel deniz ortamēna girmektedir.Sentetik 

mikrofiber (SMF) olarak da tanēmlayabileceĵimiz sentetik tekstil lif dºk¿nt¿leri deniz, kara ve hava ortamlarēnda, 

kēsaca her ortamda tespit edilmiĸ durumdadēr. Yalnēzca basit bir yeme i­me iĸlemi sērasēnda bile, havadan ­ºkelen 

MP'lerin yutulmasē yēlda milyonlarca adete ulaĸabilir. Ķnsanlarēn kullandēĵē sentetik kēyafet veya sentetik ev 

tekstiline baĵlē olarak bu oran, dēĸ mekanlara nazaran Ķ­ mekanlardadaha fazladēr. Bir tekstil ¿r¿n¿nden etrafa 

dºk¿lecek MF miktarē ¿r¿nde kullanēlan sentetik tekstil ¿r¿n¿n¿n dokuma ĸekline ve kullanēlan sentetik malzeme 

oranlarēna gºre deĵiĸiklik gºsterebilir. Bu ­alēĸmada piyasada yaygēn olarak kullanēlan farklē polimer 

malzemeden ¿retilmiĸ iplik t¿rlerinin sentetik SMF salēm oranlarē incelenmiĸtir. Araĸtēmalarda kullanēlan ipler 

mikroskop altēnda incelendikten sonra kimyasal yapēlarē da belirlenmiĸtir. Polyester, polyamid, akrilik, 

polipropilen ve poli¿retan t¿revi malzemelerden yapēlmēĸ olduĵu belirlenen bu iplik ¿r¿nleri ¿zerinde bir 

iklimlendirme kabini i­erisinde kontroll¿ ĸartlarda yaĸlandērma testleri yapēlmēĸtēr. Yaĸlandērma testleri 

neticesinde belli periyotlarda alēnan numunelerin SMF salēm potansiyeli incelenmiĸtir. Ķnceleme iĸlemlerinde, son 

zamanlarda mikroplastik incelemede kullanēĸlē olduĵu anlaĸēlan Nil kērmēzēsē boyama Floresan tekniĵi 

kullanēlmēĸtēr. Elde edilen sonu­lar kullanēlan iplerin formunun ve yapēsal ºzelliklerinin mikroplastik salēmēnda 

ºnemli olduĵunu gºstermiĸtir. 

Anahtar Kelimeler: Salēnēm, Sentetik y¿n, Tekstil, Ķplik, Mikroplastik, Mikrofiber, Akrilik. 

 

Investigation of Microplastic Release from Synthetic Wool and Yarns 

 

It is known that all kinds of plastics used in daily life have released microplastics (1 Õm<MP<5mm) and 
nanoplastics (1 nm<NP<1 Õm), which are tiny particles, into the environment since they are used. Studies 

conducted on a global scale reveal 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 synthetic textile-derived microplastics 

(such as polyester, polyamide, and acrylic) enter the global 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 per year, even 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 

weathering 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 technique was 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. 

 



  16. UBAK, 11 - 12 March 2023, Ankara  
 

 

| 73 

GĶRĶķ 

Global ºl­ekte plastik kullanēm oranē yaklaĸēk 70 yēldēr katlanarak artmaktadēr. Ķ­inde bulunduĵumuz 
jeolojik dºnem olan Antroposen dºnemi Plastisen dºnemi (Plastik ¢aĵ) olarak da adlandērēlmaktadēr 
(Haram vd., 2022). 1907'de baĸlayan Plastisen, 1950' lerden bu yana y¿kseliĸle devam etmektedir. Bu 
­aĵda, ¿retim ve bununla doĵru orantēlē ĸekilde t¿ketim, plastiĵe baĵēmlē bir duruma gelmiĸtir, plastiksiz 
bir yaĸam neredeyse imkansēz gºr¿nmektedir. ¥zellikle son yēllarda ­evre kirliliĵine sebep olan atēklarēn 
b¿y¿k oranda plastik atēklardan oluĸtuĵu bilinmektedir. Kaya­larē inceleyen ve maalesef jeolojik 
yapēnēn i­erisinde bir ­ok plastik t¿reviyle karĸēlaĸan bilim insanlarē bu kayalarē Plastiglomera olarak 

isimlendirmeye baĸlamēĸtēr. ķekil 1ôde Plastisen'e ºzg¿ yeni oluĸumlarēn ºrnekleri gºr¿lmektedir 
(Rangel-Buitrago vd., 2022). 

 

 

ķekil 1. Plastiglomera ĸeklinde tanēmlanan kaya ºrneĵi (Rangel-Buitrago vd., 2022) 

 

¥yle ki bu durum yalnēzca kaya­larla sēnērlē deĵildir. Tarēm yapēlan topraklarda, derin okyanus 

sedimentlerinde ve uzay da dahil olmak ¿zere insanlēĵēn ulaĸtēĵē her yerde plastik atēklara 
rastlanmaktadēr (Napper vd., 2023). ¢evreye bilerek veya kazayla atēlmēĸ atēklar, ortamlarda 
bozunmadan kalarak, birikebilmektedir. Bu atēklarēn, par­alanarak mikro ve nanoplastiklere dºn¿ĸmesi 
ve i­eriĵindeki toksik kimyasallarēn (aĵēr metaller, Bisfenol-A, ftalatlar, Per ve poli-floro-alkiller, 
pestisitler, kalēcē organik kirleticiler) sēzmasē sebebiyle su-toprak-hava kalitesi ve bu ortamlardaki 
yaĸam g¿nden g¿ne bozulmaktadēr (Bank vd., 2023). 

G¿n¿m¿zde tekstil ve moda end¿strisinde kullanēlan malzemelere dikkat edildiĵinde b¿y¿k 
­oĵunluĵunun sentetik polimerlerden yani plastiklerden oluĸtuĵu anlaĸēlmaktadēr. Kēyafetlerde ºzellikle 
polyester, polyamid, akrilik, polipropilen malzemelerden ¿retilen sentetik tekstil ¿r¿nlerinin kullanēmē 
olduk­a yaygēndēr. Yalnēzca bununla kalmayēp, ev tekstilinde ve diĵer bir ­ok alanda kullanēm i­in 

¿retilen ¿r¿nlerde de sentetik tekstil malzemelerinin kullanēmē sºz konusudur. Kullanēlan tekstil 
¿r¿nlerinin kullanēm ºmr¿ dolduktan sonra veya ºmr¿ dolmasa bile firmalarēn ticari kaygēlarē sebebiyle 
atēk haline gelmekte ve bertaraf ihtiyacē doĵmaktadēr. Bu da, y¿zyēllarca ­evrede bozunmadan kalan 
plastiklerin ­ok hēzlē bir ĸekilde doĵaya ve kaderine bērakēlmasē ve birikmesi anlamēna gelmektedir. 
¢¿nk¿ tekstil end¿strisinde kullanēlan hammaddeler aĵērlēklē olarak sentetik polimerlerden 
oluĸmaktadēr.  

Ķlgililer tekstil atēklarēnēn bertarafēna ­ºz¿m arayēĸē i­erisindedir. Bu kapsamda, yerleĸimden uzak 
bºlgelere atēk transferi ile tekstil atēklarēna ­ºz¿m saĵladēĵēnē d¿ĸ¿nen firmalar bulunmaktadēr. ¥rneĵin, 
ķili'deki d¿nyanēn en kurak ­ºl¿ olan Atacama ­ºl¿, hēzlē modanēn neden olduĵu kirlilikten giderek daha 
fazla zarar gºrmektedir (ķekil 2). Maalesef tekstil ve moda end¿strisinden kaynaklanan atēklar, global 
problem olan iklim deĵiĸikliĵi krizine de b¿y¿k katkēda bulunmaktadēr. 



  16. UBAK, 11 - 12 March 2023, Ankara  
 

 

| 74 

 

ķekil 2. ķili'de (Iquique) Atacama ¢ºl¿'ne atēlmēĸ kullanēlmēĸ giysiler (Martin Bernetti/AFP) 

 

Sentetik tekstil ¿r¿nlerinden kaynaklanan atēklar incelendiĵinde, kullanēlan elyaftan kopan-salēnan 
liflere kadar ­ok farklē ebatlarda ve tiplerde plastik par­alarēna rastlanmaktadēr. Sentetik tekstil liflerinin 
en ºnemli kaynaklarēnēn baĸēnda ­amaĸēr yēkama sularē gelmektedir (Cesa vd., 2017; Carney Almroth 
vd., 2018; Dris vd., 2016). D¿nyada bir­ok ¿lkede, yēkama atēksularē kanalizasyon sistemleri aracēlēĵēyla 
eninde sonunda atēksu arētma tesislerine ulaĸmaktadēr. Kanalizasyon atēk suyunda mikroplastiklerin 
salēnmasēnē dikkate alan araĸtērmalar, mikroplastik par­acēklarēn % 70-99' unun ­amurda 
tutulabileceĵini gºstermektedir (Bilgin vd., 2020; Cydzik-Kwiatkowska vd., 2022; Talvitie vd.,.2017). 

Bununla birlikte, deĸarj edilecek olan arētēlmēĸ atēksularda da giderilmemiĸ mikroplastik liflerin kalacaĵē 
aĸikardēr. Bununla ilgili olarak saatte 1770 partik¿l¿n (veya yaklaĸēk 0,009 partik¿l/L) ¿zerindeki 
seviyelerdeki mikroplastikler rapor edilmiĸtir (Magnusson ve Nor®n 2014). Bu liflerin doĵrudan sucul 

sistemlere (Dris vd., 2015) ve ­amurun serilmesi yoluyla karasal sistemlere ulaĸtēĵē bilinmektedir 
(Habib ve ark. 1998) . 

Ķngiltereô de yapēlmēĸ bir ­alēĸmada,  polyester, polyester-pamuk karēĸēmē ve akrilikten ¿retilmiĸ 
kumaĸlardan salēnan mikroplastik lifler incelenmiĸ ve sonu­lar 6 kg ­amaĸēr yēkandēĵēnda salēnan lif 
sayēsēnēn 700.000'den fazla olabileceĵini gºstermiĸtir (Napper ve Thompson 2016). ķekil 3ô te, 
­alēĸmada kullandēklarē orijinal giysilere ait gºr¿nt¿ler verilmiĸtir. Her biri polyester-pamuk karēĸēmē, 
polyester ve akrilikten yapēlmēĸ farklē bir kumaĸē temsil eden kēyafetler ve her bir kumaĸtan tipik bir 
elyafēn taramalē elektron mikroskobu (SEM) gºr¿nt¿leri (2500 Ĭ b¿y¿tme) bulunmaktadēr. Yēkama 
sērasēnda salēnan liflerin ortalama boyutlarē ve her yēkama sērasēnda kumaĸtan salēnan tahmini miktarlar 
(6 kg'lēk tipik bir yēkama y¿k¿ varsayēlarak) verilmiĸtir. Buna gºre, polyester-pamuk karēĸēmēnēn bir 

yēkama y¿k¿n¿n (6 kg) 137.951 lif, polyesterin potansiyel olarak 496.030 ve akrilik 728.789 lif saldēĵē 
tahmin edilmiĸtir. Sonu­ olarak bu ­alēĸma, giysi yapēmēnda yaygēn olarak kullanēlan ¿­ kumaĸtan 
(polyester, polyester-pamuk karēĸēmē ve akrilik) tekstil liflerinin salēnēmēnē incelemiĸ ve 6 kg sentetik 
malzemenin yēkanmasēnēn, yēkama baĸēna 137.951ï728.789 lif a­ēĵa ­ēkarabileceĵini gºstermiĸtir. Bu 
nedenle, giysiler yēkandēĵēnda salēnan ­ok sayēda elyafēn, ­evredeki mikroplastik kontaminasyonuna 
ºnemli bir katkē yapmasē sºz konusudur (Napper ve Thompson 2016). Sentetik mikroliflerin, bu t¿r 
plastik lifleri (polyester) yuttuklarē bilinen Daphnia magna gibi organizmalar ¿zerinde de olumsuz 
etkilerinin bulunduĵu ve sonu­ olarak ºl¿m oranēnēn arttēĵē bilinmektedir (Jemec vd., 2016).  
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ķekil 3. Farklē bir kumaĸē temsil eden kēyafetler ve sentetik mikroliflerine ait SEM gºr¿nt¿leri 

 

Bir tekstil ¿r¿n¿nden etrafa dºk¿lecek par­acēk miktarē ¿r¿nde kullanēlan sentetik tekstil ¿r¿n¿n¿n 
dokuma ĸekline ve kullanēlan sentetik malzeme ºzelliklerine gºre deĵiĸiklik gºsterebilmektedir. Bu 
­alēĸmada yaygēn satēĸē olan ve ºrg¿ yapēlarak kullanēlan ipliklerden salēnan mikroplastik miktar ve 
ºzellikleri ortaya konmaya ­alēĸēlmēĸtēr.  

MATERYAL VE METOT  

Numune olarak piyasada satēlan farklē polimer malzemeden ¿retilmiĸ iplikler satēn alēnarak bu iplik 
t¿rlerinin sentetik mikroplastik salēm oranlarē incelenmiĸtir. Araĸtērmalarda kullanēlan iplikler ºncelikle 

mikroskop altēnda incelendikten sonra ATR-FT-IR analizi ile kimyasal yapēlarē belirlenmiĸtir. Daha 
sonrasēnda ise kontroll¿ yaĸlandērma iĸlemleri uygulanarak her bir ipin ayrē ayrē mikroplastik salēm 
potansiyeli araĸtērēlmēĸtēr. Ķncelenen iplere ait olarak etiketlerinde belirtilen polimer bilgisi Tablo 1ô de 
gºsterilmiĸtir. 

 

Tablo 1. Ķncelenen ip ­eĸitleri 

Ip-1 %100 Polipropilen 

Ip-2 %100 Mikro Akrilik 

Ip-3 %100 Akrilik 

Ip-4 %50 Akrilik-%50 Polyamid 

 

¢alēĸmalarda kullanēlan iplikler 1 m ºl­¿lerek dikkatlice kesilmiĸ ve u­lardaki kalēntē liflerin yapēlacak 
salēm deneylerini bozmamasē i­in kesme yapēldēktan sonra en u­larda kalan dºk¿nt¿ler alēnmēĸtēr. Daha 

sonra numuneler, deterjanla yēkanmēĸ ve ultra saf sudan ge­irilmiĸ olan cam beherlerin i­erisine 
yerleĸtirilmiĸtir. Deneyler ¿zerinde herhangi bir kontaminasyonu ºnlemek i­in, ekstraksiyon 

iĸlemlerinde kullanēlan ultra safsu, H2O2 ve Nil kērmēzēsē ­ºzeltisi gibi t¿m ­ºzeltiler 0.45 mm sel¿loz 
filtre kaĵēdēndan s¿z¿lm¿ĸt¿r. Numunelere belli sēcaklēk, ēĸēk ve nem (60 0C, %80 nem, 10.000 lux) 
deĵerlerinde 40 g¿n eskitme iĸlemi uygulandēktan sonra mikroplastik miktarlarē incelenmiĸtir.  

Bu incelemelerde makas kullanēlarak 1m uzunluklarēnda kesilen ve yaĸlandērma kabininde muamele 

edilen ip numuneleri, bekleme s¿resi sonrasēnda alēnarak ¿zerine, 0.45 mm pore ­apa sahip sel¿loz asetat 

filtre kaĵēdēndan s¿z¿lm¿ĸ olan ultra saf su eklenmiĸtir. Daha sonra 5 mL H2O2 (%30ôluk) eklenerek 
­alkalayēcēda 150 rpmôde 60 dakika boyunca ­alkalanmēĸ ve 8 saat bekletildikten sonra bir cam elyaf 
filtre k©ĵēdē ¿zerine filtre edilerek lipofilik bir boya olan Nil kērmēzēsē boyama metoduna uygun ĸekilde 
(Shim vd., 2016) boyanēp, Floresan mikroskop altēnda incelenmiĸtir.  
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BULGULAR  

Araĸtērmada kullanēlan ip numunelerinin mikroskop altēndaki gºr¿nt¿leri ­ekilmiĸ ve 
k i my a sa l  yapē analizleri yapēlmēĸtēr. Ķplere ait gºr¿nt¿ler ķekil 4ô te verilmiĸtir.  

 

Ķp 1: %100 Polipropilen 

 

Kalēnlēk:1 575,226 Õm 

(magn. 4x) 

  

 

Ķp 2: %100 Mikro 
Akrilik  

Kalēnlēk:1 763,67 Õm 

(magn. 4x) 

  

 

Ķp 3: %100 Akrilik 

Kalēnlēk:1 447,626 Õm 

 

(magn. 4x) 

  

Ķp 4: %50 Akrilik %50 
Polyamid 

Kalēnlēk: 1469,633 Õm 

 

(magn. 4x) 

  
ķekil 4. Ķp numunelerine ait gºr¿nt¿ler 

 

Ķncelenen ip numuneleri tuhafiyelerde satēlan tamamiyle sentetik malzemelerden ¿retilmiĸ iplerdendir. 
Ķplerin kalēnlēklarē yaklaĸēk 1,5 mm civarēndadēr. Mikro akrilik yapēsēndaki ip, incelenenler arasēndaki 
en hacimli olandēr. 

Araĸtērmalarda kullanēlan ip numunleri ¿zerinde yapēlan ATR-FT-IR analizleri sonucunda elde edilen 
spektralara ait bazē ºrnekler aĸaĵēda ķekil 5ôte sērasēyla verilmiĸtir. 
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Ķp 1 
Polipropilen, 
Olefin 

 

 

Ķp 2 

Polisoprene 

 

 

Ķp3 

Akrilik  

 

 

Ķp 4 

Naylon fiber, 

Enkasheer 

 

ķekil 5. Ķplerin ATR-FT-IR analizleri 

 

Spektrada kērmēzē incelenen ºrneĵi, mavi ise k¿t¿phane eĸleĸmesini gºstermektedir. Elde edilen 
sonu­lar, ¿r¿nlerin etiketinde belirtilen bilgilerle uyumludur. 
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BULGULAR VE SONU¢ 

¢alēĸmada kullanēlan iplerde genel gºr¿n¿ĸ itibariyle polipropilen ip tiftiksiz, diĵer ipler ise tiftikli bir 
gºr¿n¿me sahipti. Ancak mikroskobik gºr¿nt¿leme sonucunda elde edilen gºr¿nt¿lerden, polipropilen 
iplikten ve yarē yarēya akrilik-polyamid karēĸēmē olan iplikten, uzun filament yapēsēnda (eni kalēn ve 
dairesel) dºk¿nt¿lerin oluĸtuĵu, akrilik iplik t¿rlerinden ise daha ­ok ince liflerle minik dºk¿nt¿lerin 
oluĸtuĵu anlaĸēlmaktadēr. Boyama sonrasē incelenen mikroplastikler ĸekillerine gºre par­acēk, film ve 
lif olmak ¿zere sēnēflandērēlmēĸtēr. 

 

 

ķekil 6. Nil kērmēzēsē ile boyama-Floresan analizi tekniĵi ile elde edilen MP gºr¿nt¿leri 

 

Yapēlan bir ­alēĸmada (Carney Almroth vd., 2018), farklē ºl­¿ ve teknikler kullanēlarak ºr¿lm¿ĸ ¿­ 
malzeme (akrilik, naylon, polyester) i­in sentetik tekstillerden dºk¿len mikro elyaf miktarē ºl­¿lm¿ĸt¿r 
ve t¿m bu kullanēlan plastik kaynaklē tekstillerin lif dºkt¿ĵ¿ tespit edilmiĸtir. Ancak polyester y¿nl¿ 
kumaĸlarēn, 87 lif/m-2/L-1 t¿y dºken polyester kumaĸlarla karĸēlaĸtērēldēĵēnda, bir yēkamada ortalama 
7360 lif/m-2/L-1 ile en b¿y¿k miktarlarē dºkt¿ĵ¿ ortaya konulmuĸtur. Gevĸek tekstil yapēlarēnēn, aĸēnmēĸ 

kumaĸlarda olduĵu gibi daha fazla t¿y dºkt¿ĵ¿ ve t¿y dºk¿m¿n¿ azaltmak i­in y¿ksek b¿k¿ml¿ 
ipliklerin tercih edilmesi gerektiĵi bildirilmiĸtir. Giysilerden elde edilen elyaf, potansiyel olarak ºnemli 
bir mikroplastik kaynaĵē olduĵundan, daha akēllē tekstil yapēmē, ¿retim alanlarēnda ºn yēkama ve 
vakumla boĸaltma ve ev tipi ­amaĸēr makinelerinde daha verimli filtrelerin kullanēlmasēnēn bu sorunu 
hafifletmeye yardēmcē olabileceĵi ºnerilmektedir. 

   

Numune 1: %100 Polipropilen ip 

   

Numune 2: %100 Mikro Akrilik ip 

   

Numune 3: %100 Akrilik ip 

   

Numune 4: %50 Akrilik-%50 Polyamid ip 

 

PA

PA
Akrilik
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ķekil 7. Ķplerden salēnan MP miktarē 

 

Sentetik polimerlerden imal edilmiĸ olan iplerin incelendiĵi bu araĸtērma sonu­larēna gºre (ķekil 7 ve 
Tablo 5), %100 polipropilen ipten ortalama 7666 adet, %50 akrilik-%50 polyamid karēĸēmē olan ipten 

8413 adet, %100 akrilik ipten 10093 adet ve  %100 mikro akrilik ipten ise 11370 adet mikroplastik 
salēmē ger­ekleĸmiĸtir. 

 

Tablo 2. Ķplerdeki Mikroplastikler 

 

 

Nil kērmēzēsē ile boyama-Floresan analizi tekniĵi ile incelenen numune sonu­larēna gºre mikro akrilik 
ipten salēnan par­acēk miktarē, diĵerlerine oranla en fazla olup fiber (lif) oranē ise en azdēr. % 50akrilik- 

%50 polyamid karēĸēmē iplikten ise lif salēmē en fazladēr ve ķekil 6 sol en altēndaki fotoĵrafta gºr¿ld¿ĵ¿ 
gibi lif formunda olanlar PA6 yani naylon fiberlerdir. En az par­acēk yapēsē ise polipropilen iplikten 
kaynaklanan mikroplastiklerde gºr¿lm¿ĸt¿r (ķekil 8). 

0 2000 4000 6000 8000 10000 12000

mikroAkrilik ip

Akrilik ip

Akrilik-Polyamid ip

PP ip

MP salƤm (adet/1m)

ip6 ParœacƤk Film Lif Toplam mini graf

ort 3714,66667 3093,33333 858,666667 7666,66667

medyan 3000 2800 800 7400

Sta. sapma 2031,57676 1684,69528 669,629452 2634,86619

ip7 ParœacƤk Film Lif Toplam

ort 7380 3600 390 11370

medyan 6750 3600 9900

Sta. sapma 3226,2207 2417,34802 534,255156 5243,62879

ip8 ParœacƤk Film Lif Toplam

ort 5853,33333 3075,55556 1164,44444 10093,3333

medyan 4200 2800 800 8200

Sta. sapma 5026,65256 1808,48879 1195,71436 5796,87634

ip9 ParœacƤk Film Lif Toplam

ort 4453,33333 1573,33333 2386,66667 8413,33333

medyan 3200 1200 1000 6000

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

MP salƤm (adet/ 1m)
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ķekil 8. Ķplerden salēnan par­acēk, film ve lif formundaki MP oranlarē 

 

¢alēĸmadan elde edilen t¿m bulgular, tekstil ¿r¿nlerinden kaynaklanacak sentetik mikroplastik liflerin 

miktar ve ºzelliklerinin (b¿y¿kl¿k, ĸekil, yapē, tip) kullanēlan tekstil t¿r¿ne son derece baĵlē olduĵunu 
gºstermektedir. 

Bununla beraber, tekstil end¿strisinde ºzellikle 2006ôdan bu yana ñYavaĸ Modaò terimi pop¿lerleĸmeye 
baĸlamēĸtēr. Yavaĸ Moda-slow fashion, g¿n¿m¿zdeki ­ok hēzlē deĵiĸen moda akēmlarēna, eĵilimlerine 
ve hēzlē ¿retime karĸē doĵmuĸ bir yavaĸ hareketidir. Tanēmlar irdelendiĵinde, plastikler gibi sentetik 
malzemeleri yoĵun bir ĸekilde kullanarak yavaĸ moda, yani doĵaya saygēlē bir t¿ketim maalesef 
m¿mk¿n gºr¿nmemektedir (Musova vd., 2021). 

TEķEKK¦R 

Bu ­alēĸma, proje y¿r¿t¿c¿l¿ĵ¿n¿ ¥ĵr. Gºr. Dr. Ulaĸ Yurtseverôin yaptēĵē 220M024 numaralē 
T¦BĶTAK projesi ile saĵlanan imkanlar dahilinde ger­ekleĸtirilmiĸtir. ¢alēĸmanēn ger­ekleĸmesinde 
katkē saĵlayan T¦BĶTAKôa sonsuz ĸ¿kranlarēmēzē sunarēz. 

KAYNAKLAR  

Haram, L. E., Carlton, J. T., Ruiz, G. M., Maximenko, N. A. (2020). A plasticene lexicon. Marine 
pollution bulletin, 150, 110714. 

Rangel-Buitrago, N., Neal, W., Williams, A. (2022). The Plasticene: Time and rocks. Marine Pollution 
Bulletin, 185, 114358. 

Napper, I. E., Davies, A. J., Jah, M., Miner, K. R., Thompson, R. C., Quinn, M., Koldewey, H. J. (2023). 
Protect Earthôs orbit: Avoid high seas mistakes. Science, 379(6636), 990-991. 

Bank, M. S., Swarzenski, P. W., Duarte, C. M., Rillig, M. C., Koelmans, A. A., Metian, M., Ok, Y. S. 

(2021). Global plastic pollution observation system to aid policy. Environmental Science & 
Technology, 55(12), 7770-7775. 

Cesa, F. S., Turra, A., Baruque-Ramos, J. (2017). Synthetic fibers as microplastics in the marine 

environment: a review from textile perspective with a focus on domestic washings. Science of 
the total environment, 598, 1116-1129.  

Carney Almroth, B. M., ¡strºm, L., Roslund, S., Petersson, H., Johansson, M., Persson, N. K. (2018). 
Quantifying shedding of synthetic fibers from textiles; a source of microplastics released into 
the environment. Environmental Science and pollution research, 25, 1191-1199. 

Dris, R., Gasperi, J., Saad, M., Mirande, C., Tassin, B. (2016). Synthetic fibers in atmospheric fallout: 
a source of microplastics in the environment?. Marine pollution bulletin, 104(1-2), 290-293. 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

PP ip mikroAkrilik ip Akrilik ip Akrilik-Polyamid ip

ParœacƤk Film Lif



  16. UBAK, 11 - 12 March 2023, Ankara  
 

 

| 81 

Bilgin, M., Yurtsever, M., Karadagli, F. (2020). Microplastic removal by aerated grit chambers versus 
settling tanks of a municipal wastewater treatment plant. Journal of Water Process 
Engineering, 38, 101604. 

Cydzik-Kwiatkowska, A., Milojevic, N., Jachimowicz, P. (2022). The fate of microplastic in sludge 
management systems. Science of The Total Environment, 157466. 

Talvitie, J., Mikola, A., Koistinen, A., Setªlª, O. (2017). Solutions to microplastic pollutionïRemoval 
of microplastics from wastewater effluent with advanced wastewater treatment 
technologies. Water research, 123, 401-407. 

Magnusson K, Nor®n F (2014) Screening of microplastic partiles in and down-stream a wastewater 
treatment plant, Swedish Environmental Protection Agency. 

Dris, R., Gasperi, J., Rocher, V., Saad, M., Renault, N., Tassin, B. (2015). Microplastic contamination 
in an urban area: a case study in Greater Paris. Environmental Chemistry, 12(5), 592-599. 

Habib, D., Locke, D. C., Cannone, L. J. (1998). Synthetic fibers as indicators of municipal sewage 
sludge, sludge products, and sewage treatment plant effluents. Water, Air, and Soil 
Pollution, 103(1), 1-8. 

Napper, I. E., Thompson, R. C. (2016). Release of synthetic microplastic plastic fibres from domestic 
washing machines: Effects of fabric type and washing conditions. Marine pollution bulletin, 
112(1-2), 39-45. 

Jemec, A., Horvat, P., Kunej, U., Bele, M., Krģan, A. (2016). Uptake and effects of microplastic textile 
fibers on freshwater crustacean Daphnia magna. Environmental Pollution, 219, 201-209. 

Carney Almroth, B. M., ¡strºm, L., Roslund, S., Petersson, H., Johansson, M., Persson, N. K. (2018). 
Quantifying shedding of synthetic fibers from textiles; a source of microplastics released into 
the environment. Environmental Science and pollution research, 25(2), 1191-1199. 

Musova, Z., Musa, H., Drugdova, J., Lazaroiu, G., Alayasa, J. (2021). Consumer attitudes towards new 
circular models in the fashion industry. Journal of Competitiveness, 13(3), 111. 



  16. UBAK, 11 - 12 March 2023, Ankara  
 

 

| 82 

Presentation ID / Sunum No:44 
 
 

Oral Presentation / Sºzl¿ Sunum 

 
 

ORCID ID: 0000-0003-4338-6049, 0000-0003-0916-6974 
 
 

Magnezyum Alaĸēmlarēnē Korozyondan Koruyucu Kaplamalar 
 
 

Dr. Goncag¿l Aksaray
1
 , Prof.Dr. Ķlyas Dehri

1 
1¢ukurova ¦niversitesi 

 
*Corresponding author: Goncag¿l Aksaray 

 
¥ZET: Magnezyum alaĸēmlarēnēn yoĵunluĵunun d¿ĸ¿k olmasē, iĸlenebilirliĵinin kolay olmasē, hafif olmasē gibi 

nedenler m¿hendislik ve tasarēm alanlarēnda olduk­a fazla kullanēm alanē bulmasēna neden olmaktadēr [1,2]. 

¥zellikle sulu ­ºzeltilere ve deniz tuzuna maruz kalan magnezyum y¿zeyinde oluĸan korozyon, kullanēmda 

sēnērlamalara yol a­maktadēr [3,4]. Korozyondan korunmada bir­ok yºntem kullanēlmakla beraber son 
zamanlarda y¿zeyde etkili bir kaplama oluĸturarak aĸēnmaya neden olan ortam ile malzeme arasēnda doĵrudan 

temasē keserek korozyona inhibitºr etkisi oluĸturmak i­in ­alēĸmalar yapēlmaktadēr [5]. Bu ­alēĸmada alkol 

­ºzeltisi i­erisinde dimetil kloro silan ve viniltrietoksi silan bileĸikleri kullanēlmēĸtēr. ¢alēĸmada farklē s¿reler ve 

farklē deriĸimlerde dimetil kloro silanēn etil alkolde hazērlanan karēĸēmēna magnezyum alaĸēmē elektrotun 

doĵrudan daldērēlmasēyla y¿zeyde koruyucu kaplama oluĸturmasē saĵlanmēĸtēr. Karbon sayēsēnē arttērmanēn 

silanēn koruyucu etkisine katkēsēnē gºrebilmek amacēyla da dimetil kloro silan, viniltrietoksi silan ile karēĸtērēlarak 

etil alkol i­erisinde karēĸēm hazērlanmēĸ olup bu hazērlanan karēĸēma da magnezyum alaĸēmē doĵrudan 

daldērēlarak y¿zeyde koruyucu kaplama oluĸturmasē saĵlanmēĸtēr. En uygun iĸlem koĸullarē belirlendikten sonra 

magnezyum alaĸēmē elektrotun korozyon davranēĸlarē yapay yaĵmur suyu i­erisinde izlenmiĸtir. Bu ama­la 

korozyon potansiyelleri ve lineer polarizasyon ºl­¿mleri yardēmēyla Rp deĵerleri hesaplanmēĸtēr. Bunun yanē sēra 

AC impedans ºl­¿mleri yapēlmēĸtēr. Oluĸturulan koruyucu kaplamalarēn karakterizasyonu i­in bu kaplamalarēn 

SEM analizleri ve temas a­ēsē ºl­¿mleri yapēlmēĸtēr. Sonu­ olarak dimetil kloro silanēn alkolde hazērlanan 

karēĸēmēnda en iyi koruyucu kaplama % 20 deriĸimde 15 dakika doĵrudan daldērma ile elde edilmiĸtir. Bununla 

birlikte iki farklē silan bileĸiĵinin karēĸēmēnēn oluĸturulmasēnēn koruyucu etkiyi daha fazla arttērdēĵē gºr¿lm¿ĸt¿r. 

%20ôlik dimetil kloro silan ­ºzeltisinden elde edilen kaplamanēn koruyucu etkisi %59,3 iken dimetil kloro silan ile 

viniltrietoksi silan bileĸiklerinin karēĸēmēndan elde edilen kaplamanēn koruyucu etkisi %78,8 olarak 

hesaplanmēĸtēr. 

Anahtar Kelimeler: Magnezyum Alaĸēmē, Silan, Doĵrudan Daldērma, Ķnhibitºr, Korozyon 

 

Corrosion Protective Coatings for 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 salt, leads 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 the material 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 dimethylchlorosilane 

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 dimethylchloro silane 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 calculated with 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 
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dimethylchlorosilane 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 protective effect 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, Silane, Direct Dipping, Inhibitor, Corrosion 

 

1. GĶRĶķ 

Magnezyum elementi yoĵunluĵu d¿ĸ¿k (1,74 g/cm3) olduk­a hafif bir element olmasē nedeniyle 

ºzellikle havacēlēk, otomobilve uzay sanayinde kullanēlmak istenen bir elementtir. Hafif bir element 
olmasē nedeniyle yakēt tasarrufu saĵlanarak enerji kaynaklarēnēn daha verimli kullanēlmasē 
saĵlanacaktēr. Fakat saf halde bulunan magnezyumun kimyasal etkinliĵinin y¿ksek olmasē kullanēmēnda 
kēsētlamalar oluĸmasēna neden olmaktadēr. Bu nedenle magnezyum elementinin dayanēmēnē arttērmak 
amacēyla al¿minyum, ­inko, mangan gibi elementler ile metal alaĸēmlarē oluĸturulmuĸtur (Song and 
Zhiming., 2014:126-140; Demir., 2019:1-8). Magnezyum alaĸēmlarēnēn korozyona karĸē dayanēmēnē 
arttērmak i­in ­eĸitli yºntemler kullanēlmaktadēr. Korozyon olayēnda metal anot olarak davrandēĵē ve 
korozyon olayē metal ­ºzelti ara y¿zeyinde ger­ekleĸtiĵi i­in metalin ­ºzelti ile temasēnē kesecek her 

t¿rl¿ uygulama korozyon hēzēnē azaltacaktēr. Korozyon hēzēnē azaltmada inhibitor kullanēmē, anadik 
koruma, katodik koruma, malzemenin tasarēmēnēn deĵiĸtirilmesi gibi yºntemler kullanēlmakla birlikte 
koruyucu kaplama oluĸturma ºnemli yer kaplamaktadēr. Koruyucu kaplamalarda metelin y¿zeyinde 
koruyucu bir tabaka oluĸturarak metalin ortam ile doĵrudan temasē kesilmektedir (Nalli.,2010). 
Koruyucu kaplama oluĸturulurken metale korozyona karĸē dayanēm kazandērmak ile birlikte g¿nl¿k 
hayatta kullanēmēna uygun elektriksel ve ēsēl ºzelliklerde kazandērēlabilmektedir. Son zamanlarda 
y¿zeyde kaplama oluĸtururken kendiliĵinden toplanmaya dayanan fonksiyonel kaplamalarēn 

oluĸturulmasē ¿zerine ­alēĸmalar yapēlmaktadēr. Kendiliĵnden toplanmanēn olabilmesi i­in ­apraz 
baĵlanma yapabilecek bir malzemeye ihtiya­ duyulmaktadēr. Bu noktada silan bileĸikleri olduk­a 
y¿ksek performans gºstermektedir. Sialn bileĸiklerinin metal y¿zyinde tutunmasēnē saĵlamak i­in 
organic ­ºz¿c¿lerden yararlanēlmaktadēr. 

Bu ­alēĸmada dimetil kloro silanēn farklē deriĸimleri alkol ile birleĸtirilerek doĵrudan daldērma ile 
magnezyum alaĸēmē y¿zeyinde koruyucu kaplama oluĸturulmaya ­alēĸēlmēĸtēr. ¢apraz baĵlanmanēn 
daha iyi ger­ekleĸmesi i­in karbon zincirini arttērmak amacēyla dimetil kloro silan bileĸĵi ile 
viniltrietoksi silan bileĸiĵi karēĸtērēlarak organic bir ­ºz¿c¿ olan etil alkol i­erisinde hazērlanan karēĸēma 
doĵrudan daldērma ile korozyona karĸē koruyucu kaplamalar elde edilmiĸtir. 

2. MATERYAL -METOD 

Magnezyum alaĸēmlarēnē korozyondan korumak i­in y¿zeyde kaplama oluĸturabilmek amacēyla 
kullanēlan etil alkol, dimetilkloro silan ve viniltrietoksi silan bileĸikleri analitik saflēkta olup Merck 
firmasēndan temin edilmiĸtir. ¢alēĸma elektrotu AZ63 magnezyum alaĸēmēndan (%91,184 Mg, %5,845 
Al, %2,728 Zn, %0,293 Mn) silindirik metal ­ubuklar kesilmiĸ ve bu ­ubuklar da boyu 5 cm olacak 
ĸekilde kesilmiĸtir. ¥l­¿mler sērasēnda iletkenliĵi saĵlamak amacēyla kesilen magnezyum alaĸēmēnēn bir 

ucuna bakēr tel ge­irilerek ­alēĸma y¿zeyi a­ēkta kalacak ĸekilde polyester ile kaplanarak elde edilmiĸtir. 
Elektokimyasal ºl­¿mler ķekil 1ôde gºr¿len CHI 660C cihazēnda 3 elektrot yºntemiyle yapay yaĵmur 
suyu ­ºzeltisi i­erisinde yapēlmēĸtēr. ¢alēĸma elektrotu olarak iĸlem gºrmemiĸ magnezyum alaĸēmē 
elektrot ile y¿zeyinde silan kaplama oluĸturulmuĸ magnezyum alaĸēmē elektrot kullanēlmēĸtēr. Refarans 
elektrot olarak g¿m¿ĸ-g¿m¿ĸ klor¿r elektrot (Ag/AgCl/Cl- 3M), karĸē elektrot olarak   platin elektrot 
kullanēlmēĸtēr. 

¢izelge 1. Yapay Yaĵmur Suyunun Ķ­eriĵi(Dehri ve ark,1999) 

Eklenen madde S¿lf¿rik Asit Amonyum 

S¿lfat 

Sodyum 

S¿lfat 

Nitrik Asit Sodyum 

Nitrat 

Sodyum 

Klor¿r 

Miktarē(ppm) 31,85 46,20 31,95 15,75 21,25 84,85 
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ķekil 1..Elektrokimyasal ºl­¿mlerde kullanēlan deney d¿zeneĵi 

 

 

Magnezyum alaĸēmē y¿zeyinde oluĸturulmak istenen silan kaplamalar dimetikloro silanēn %5, %10, 

%20 deriĸiminde alkol i­erisinde ve karbon zinciri arttērēldēĵēnda daha etkili kaplama elde edileceĵi 
d¿ĸ¿n¿ld¿ĵ¿nden dimetil kloro silan ile viniltrietoksi silanēn % 5 deriĸimde karēĸēmēnēn etil alkol 
i­erisinde hazērlanan karēĸēmlara doĵrudan daldērma ile farklē s¿relerde (15,30,45,60 dakika) bekletilip 
70ÁCôde et¿vde 1 saat kurutulmasēyla elde edilmiĸtir. Ķmpedans ºl­¿mleri 105-10-2 Hz frekans aralēĵēnda 
5 mV genlikte elde edilmiĸ olup sonu­lar Nyquist ve Bode eĵrileri ĸeklinde verilmiĸtir. Akēm potansiyel 
eĵrilerini elde etmek i­in ºncelikle korozyon potansiyeli belirlenmiĸ ve saniyede 1 mV tarama hēzēnda 
korozyon potansiyelinden 0,2 Vôa kadar  eĵriler elde edilmiĸtir. Elde edilen eĵriler iĸlem gºrmemiĸ 

magnezyum alaĸēmē ve y¿zeyinde silan kaplama oluĸturulmuĸ magnezyum alaĸēmē elektot i­in birbiriyle 
kēyaslanmēĸtēr. Kaplamalarēn y¿zey morfolojisini ºĵrenmek i­in SEM ºl­¿mleri ve hidrofobik- 
hidrofilik karakteri hakkēnda bilgi sahibi olabilmek i­in temas a­ēsē ºl­¿mleri yapēlmēĸtēr. 

3. BULGULAR VE TARTIķMA 

%5,%10,%20 deriĸimde dimetilkolor silanēn alkolde oluĸturulan karēĸēmlarēnda doĵrudan daldērma ile 

oluĸturulmaya ­alēĸēlan silan kaplamalarēn korozyona karĸē korumada en etkilisinin ¢izelge 2ôde karēĸēm 
­ºzeltide 15 dakikada elde edildiĵi gºr¿lm¿ĸt¿r. ķekil 2 ve 3ôte y¿ksek frekans bºlgesinden baĸlayarak 
d¿ĸ¿k frekans bºlgesinde kapanan ­ift eliptik lup gºr¿lmektedir. Nyquist eĵrisindeki y¿k transfer 
direnci ilk eliptik lupu, y¿zeyde biriken t¿rlerin direnci ise ikinci lup olarak gºr¿lmektedir. Eĸdeĵer 
devrede gºr¿len kapasitif ºzellikler sabit faz elemanē (CPE) ile temsil edilmiĸtir. 
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ķekil 2. Ķĸlem gºrmemiĸ magnezyum alaĸēmē (a) ve % 20 deriĸimde15 dakikada silan kaplama yapēlmēĸ 

magnezyum alaĸēmē(b) i­in Nyquist(1), Bode(2) eĵrileri ve eĸdeĵer devre(3)  

 

 

ķekil 3. Ķĸlem gºrmemiĸ magnezyum alaĸēmē (a) ve karēĸēm ­ºzeltide silan kaplama yapēlmēĸ magnezyum 

alaĸēmē(b) i­in Nyquist(1), Bode(2) eĵrileri ve eĸdeĵer devre(3) 

 

 

¢izelge 2ôde verilen diren­ deĵerlerine gºre hesaplamalar yapēldēĵēda magnezyum alaĸēmē y¿zeyinde 
%20 silan deriĸiminde 15 dakikada oluĸturulan kaplamanēn korozyona karĸē koruyucu etkisinin %59,3 
karēĸēm ­zºeltide oluĸturulan silan kaplamanēn koruyucu ºzelliĵi ise %78,8 olduĵu gºr¿lm¿ĸt¿r. Bu 
durum silan bileĸiklerinde zincir uzamasēnēn korozyondan koruyucu kaplama oluĸturmada olumlu etkisi 
olduĵunu gºstermektedir. 
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¢izelge 2. %20 deriĸimde ve karēĸēm silan ­ºzeltisinin farklē s¿relerdeki impedans ºl­¿m sonu­larē 

 

¢izelge 3ôte akēm potansiyel eĵrilerinden hesaplanan akēm deĵerleri verilmiĸtir. Impedans ºl­¿mleri ile 
paralel olarak %20 deriĸimde 15 dakikada ve karēĸēm ­ºzeltide oluĸturulan silan kaplamamlarēn 
koruyucu etkisinin en fazla olduĵu gºr¿lmektedir. ķekil 4ôte de gºr¿ld¿ĵ¿ gibi korozyona karĸē 
koruyucu kaplamalarēn akēm deĵerlerinde d¿ĸ¿ĸ olduĵu bulunmuĸtur. 

 

ķekil 4.Ķĸlemsiz Mg alaĸēm elektrot (a) ve %20 deriĸimde 15 dakikada silan filmi oluĸturulan Mg 
alaĸēm  elektrotun (o) akēm-potansiyel eĵrileri (1), Ķĸlemsiz Mg alaĸēm elektrot (a) ve karēĸēm ­ºzeltide 

silan filmi oluĸturulan Mg alaĸēm elektrotun (o) akēm-potansiyel eĵrileri (2) 
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¢izelge 3.%20 deriĸimde ve karēĸēm silan ­ºzeltisinin farklē s¿reler i­in akēm-potansiyel eĵrilerinden 
elde edilen korozyon parametre deĵerleri 

 
 

 

ķekil 5. Ķĸlem gºrmemiĸ magnezyum alaĸēmē elektrotun (a), Karēĸēm ­ºzeltide silan kaplama 
oluĸturulmuĸ elektrotun fotoĵraf makinesi ile elde edilen resmi (b) 

 

 

 

ķekil 5ôte karēĸēm ­ºzelti i­erisinde elde edilen silan kaplamanēn magnezyum alaĸēmē y¿zeyini tamamen 
kapadēĵē gºr¿lmektedir. 
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ķekil 6. Ķĸlem gºrmemiĸ magnezyum alaĸēmē elektrotun  SEM gºr¿nt¿s¿ (a), karēĸēm ­ºzeltide silan 
kaplama oluĸturulmuĸ magnezyum alaĸēmē elektorotun  SEM gºr¿nt¿s¿ (b) 

 

 

ķekil 6ôda 1000 b¿y¿tme oranēnda alēnan SEM ºl­¿m sonu­larē verilmiĸtir. Ķĸlem gºrmemiĸ 
magnezyum alaĸēm y¿zeyinde y¿zeyi tamamen kapatan silan kaplama oluĸtuĵu gºr¿lmektedir. 

 

ķekil 7. Ķĸlem gºrmemiĸ magnezyum alaĸēmē elektrotun  (a), karēĸēm ­ºzeltide silan kaplama 
oluĸturulmuĸ magnezyum alaĸēmē elektorotun temas a­ēsē ºl­¿m¿ (b) 

 

 

ķekil 7ôde iĸlem gºrmemiĸ magnezyum alaĸēmē elektrot ile y¿zeyde silan kaplama oluĸturulan 
magnezyum elektrot kēyaslandēĵēnda y¿zeyde silan kaplama oluĸturmanēn metal y¿zeyini ēslanmaya 
karĸē koruduĵu gºr¿lmektedir. Buda oluĸturulan kaplamanēn metal ile ­ºzelti ara y¿zeyinde 
ger­ekleĸecek korozyon hēzēnē yavaĸlatacak etkiye sahip olduĵunu gºstermektedir. 

4. SONU¢ 

Metalik malzemelerin korozyona karĸē dayanēmēnē arttērmak i­in magnezyum alaĸēmē y¿zeyinde silan 
bileĸikleri ile koruyucu kaplama yapēlmaya ­alēĸēlmēĸ bu nedenle doĵrudan daldērma yºnteminden 
yararlanēlmēĸtēr. Farklē deriĸimde dimetil kloro silan i­eren alkol ­ºzeltileri manyetik karēĸtērēcēda 72 
saat karēĸtērma ile elde edilmiĸ olup bu ­ºzeltierde en iyi koruyucu kaplama EIS ºl­¿mleri ve akēm 
potansiyel eĵrileri gºz ºn¿ne alēndēĵēnda %20 deriĸimde 15 dakika s¿rede elde edilmiĸtir.  

Bununla birlikte silan bileĸiĵinde bulunan karbon zincirini arttērmak i­in dimetil kloro silan ile 
viniltrietoksi silan bileĸiklerinin karēĸēmē ile elde edilen silan kaplamanēn korozyon direncinin daha da 
y¿ksek olmasē silan kaplamada kullanēlacak olan silan bileĸiĵinin daha fazla karbon i­ermesinin 
korozyona karĸē korumada olumlu etki yarattēĵēnē gºstermektedir. Silan bileĸikleri korozyona karĸē 
korumada fonksiyonel kaplama ºzelliĵi gºstermektedir. 
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¥ZET: Bu ­alēĸmada Co(II) iyonlarēnēn sulu donºr fazdan yine sulu akseptor faza yeni geliĸtirilmiĸ ¢DSM (­ok 
damlacēklē sēvē membran sistemi) sistemi ile ekstraksiyon ºzellikleri incelenmiĸtir. ¢DSM sistemi son birka­ yēldēr 

geliĸtirilmiĸ olup bir­ok a­ēdan mevcut ekstraksiyon sistemlerine gºre ¿st¿nl¿kler gºstermektedir. Sºz konusu 

sistem ile devamlē bir organik faz-su fazē etkileĸimi saĵlanmakta, daha az reaktif kimyasal kullanēlarak 

ekstraksiyon sistemi ger­ekleĸtirilmektedir. Ayrēca uygulanan iĸlem sonucunda geleneksel ekstraksiyon 

sistemlerine gºre daha az kimyasal artēk oluĸmaktadēr. Deneysel ­alēĸmalarda kerosen i­inde ­ºz¿nm¿ĸ D2EHPA 

taĸēyēcē ligand olarak etkin ĸekilde kullanēlmēĸtēr. Co(II) iyonlarēnēn taĸēnēm oranlarē belirli zamanlarda sistemden 

numuneler alēnarak, UV-Vis spektrofotometresinde incelenerek tespit edilmiĸtir. Bu ºl­¿mlerde renkli kompleks 

oluĸturmak amacē ile %5 KSCN ­ºzeltisi kullanēlmēĸtēr. Y¿ksek oranda taĸēnēmē ve kinetik verilerin en uygun 

deĵerlerde olduĵu taĸēyēcē ligand konsantrasyonu, pH, sēcaklēk gibi sistem bileĸenleri tespit edilmiĸtir. Ardēndan 

farklē metal iyonlarēnēn (Ni(II), Fe(II), Mo(VI) ve Mn(II)) donºr fazda varlēĵēnēn taĸēnēmē nasēl etkilediĵinin tespit 

edilmesi i­in deneyler ger­ekleĸtirilmiĸtir. 

Anahtar Kelimeler: Ekstraksiyon, Kobalt, Sēvē Membran 

 

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

 

ABSTRACT: In this research extraction behaviours of Co(II) ion from aqueous 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 continuous organic 

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 dissolved in kerosene was used effectively as a ligand. The 

transportation rates of Co (II) ions were determined by taking samples from the system at certain times and 

examining the UV-vis spectrophotometer. In these measurements, a 5 %KSCN solution was used to create a 

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 metal ions (Ni (II), Fe (III), Mo (VI) and Mn (II)) affect the transport in the donor 

phase. 

Keywords: Extraction, Cobalt, D2EHPA, Liquid membranes system 

 

1. GĶRĶķ 

Bilim ve teknolojinin geliĸmesi, yaĸamēn refahēnē artērmaya iliĸkin insan d¿ĸ¿ncelerinin ve 
kavramlarēnēn geliĸiminin bir kanētēdēr. Bu, d¿nyadaki end¿strilerin hēzlē geliĸimi ile kanētlanmēĸtēr. 
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Ancak bu end¿striyel geliĸme aynē zamanda su, toprak ve hava kirliliĵini de i­eren ­evre kirliliĵi gibi 
insan hayatēnē tehlikeye atabilecek yeni sorunlarēn ortaya ­ēkmasēna da neden olmuĸtur. Tehlikeli ve 
ciddi ĸekilde ele alēnmasē gereken ­evre kirliliklerinden biri de hem ­ºzelti hem katē hem de gaz 
halindeki aĵēr metal atēklarēndan kaynaklanan ­evre kirliliĵidir. 

Kobalt, alaĸēmlardan ĸarj edilebilir lityum iyon pillere (bug¿n d¿nyanēn tedarik edilen kobaltēnēn 
%50'sine yakēnē) kadar ­ok sayēda uygulama i­in yaygēn olarak kullanēlan bir metaldir [1-3]. Elektrikli 
ara­lar i­in ĸarj edilebilir pil pazarēnēn b¿y¿mesiyle birlikte kobalt talebinin g¿­l¿ bir ĸekilde artmasē 
beklenmektedir. [3, 4], bu da ºn¿m¿zdeki yēllarda bu ge­iĸ metali i­in tedarik riskinde ºnemli bir artēĸa 

neden olabilir [5]. Bu artan talebi karĸēlamak i­in kobaltēn birincil [6] ve ikincil kaynaklardan [7,8] 
­ēkarēlmasē ve ayrēlmasē ­ok b¿y¿k ºnem arz etmektedir. Divalent kobalt iyonunun ayrēlmasē ve mikro 
ekstraksiyonu da kimya anabilim dallarēnēn ama­larē i­in ºnemli bir konudur [9-12]. 

¢eĸitli aĵēr metal iyonlarē i­eren galvanik kaplama end¿striyel atēk su arētēmē, kimyasal-fiziksel iĸlemler 
(indirgeme ve ­ºkeltme), fiziksel adsorpsiyon iĸlemleri, iyon deĵiĸtirme iĸlemleri, buharlaĸtērma 
iĸlemleri ve elektrokimya ile ger­ekleĸtirilebilir [13]. Bununla birlikte, bu s¿re­ler nispeten pahalēdēr ve 
bu bileĸiklerin ­ºkeltilerde ve suda yaĸayan organizmalarda birikmesi gibi yeni sorunlara neden olma 
eĵilimindedir [14].   

End¿striyel aĵēr metal atēklarēna uygulanan kimyasal ­ºkt¿rmenin genel ilkeleri, aĵēr metal 
hidroksitlerin, tuzlarēn veya s¿lf¿r¿n d¿ĸ¿k ­ºz¿n¿rl¿ĵ¿ne dayanēr. Ancak, d¿ĸ¿k ­ºz¿n¿rl¿k yºntemi 
daha az verimli yºntem olarak bilinir [15]. Aksine, d¿ĸ¿k konsantrasyonlu aĵēr metal atēk iĸleme 
yºntemleri sºz konusu olduĵunda bu daha etkilidir. Membranlar ve membran iĸleme teknikleri ilk olarak 

kimya ve biyomedikal laboratuvarlarēnda analitik uygulamalar i­in kullanēlmēĸtēr. ¥nemli teknik ve 
ticari etkilere sahip olmasē nedeniyle end¿striyel ¿r¿nlere dºn¿ĸt¿r¿lme ve bu yºntemlerin uygulama 
alanē olarak ­ok hēzlē bir ĸekilde geliĸmiĸtir [16,17]. 

Metalleri geri kazanmak i­in sēvē-sēvē ekstraksiyonu baĸka bir alternatiftir, ancak birka­ ekstraksiyon ve 
geri ekstraksiyon aĸamasē kullandēĵēndan daha az ekonomik ve daha az verimlidir. G¿n¿m¿zde halen 
geliĸtirilmekte olan ayērma tekniĵi, sēvē membran em¿lsiyonlarēna dayalē bir tekniktir. Bu teknik, 
kullanēm kolaylēĵē, nispeten ucuz ve verimli iĸletme maliyetleri (ekstraksiyon ve geri ekstraksiyon 
aĸamalarē bir aĸamada ger­ekleĸir) ve y¿ksek se­icilik gibi ºzelliklerinden dolayē geniĸ ve potansiyel 
bir uygulama yelpazesi sunmaktadēr [18].  Diĵer ayērma teknikleriyle karĸēlaĸtērēldēĵēnda, sēvē membran 
(LM) tekniĵi, hareketli ve se­ici olarak temsili bir maddenin varlēĵēyla daha iyi se­icilik ve verimlilik 
gºsterir [19].  

Bu ­alēĸmada diĵer tekniklere gºre daha pratik ve daha etkili yeni bir yºntem olan ¢ok Damlacēklē Sēvē 
Membran (¢DSM) sistemi ile diĵer metal iyonlarēn varlēĵēnda Co(II) iyonlarēnēn ekstraksiyonu 

incelenmiĸtir.  Kobalt iyonlarēnēn ekstraksiyonunu etkileyen parametreler (donºr ­ºzelti pHôē, akseptºr 
faz pHôsē, taĸēyēcē ligand D2EHPA konsantrasyonu, sēcaklēk vb.) belirlenmiĸtir. Tek baĸēna kobalt 
iyonlarēnēn yanēnda ayrē ayrē dºrt farklē Ni(II), Mn(II), Fe(III), Mo(VI) iyonlarē ile birlikte ekstraksiyonu 
incelenmiĸtir. Ayrēca bu dºrt farklē metal iyonlarēnēn birlikte olduĵu durumda da se­imli olarak kobalt 
iyonlarēnēn ekstraksiyon ­alēĸmalarē yapēlmēĸtēr.  

2. MATERYAL VE METOD  

2.1. Kimyasallar ve ­ºzeltiler 

Rafine kerosen T¦PRAķĚ A.ķ.ôden (T¿rkiye Petrol Rafinerileri A.ķ.), Co(II) nitrat, potasyum 
tiyosiyanat, nitrik asit, sodyum karbonat Merck firmasēndan, D2EHPA (Bis(2-etilheksil)fosfat)  ise 
Sigma Aldrich'ten temin edilmiĸtir. 0.3087 g Co(NO3)2 suda ­ºz¿lerek 250 ppm Co(II) stok sol¿syonu, 
stok sol¿syonun seri seyreltilmesi ile daha d¿ĸ¿k konsantrasyonda Co(II) ­ºzeltileri hazērlanmēĸtēr. 250 
mL %5 KSCN ­ºzeltisi, 12.5 g KSCN'nin aĵērlēk­a %50 su ve %50 etanol ­ºz¿c¿ler ile ­ºz¿lmesiyle 
hazērlanmēĸtēr. 

2.2. Deneysel Prosed¿r 

Deneysel kēsēmda Pamukkale ¦niversitesi'nde geliĸtirilen ¢ok Damlacēklē Sēvē Membran (¢DSM) 
tekniĵi kullanēlmēĸtēr. Sistemin ĸematik diyagramē ķekil 1'de verilmiĸtir.  
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ķekil 1. ¢DSM sisteminin ĸematik gºsterimi. 

 

Sistem iki reaktºrden oluĸmaktadēr ve her reaktºr¿n altēnda poroz bir cam plaka bulunmaktadēr. Bu 
poroz cam sayesinde homojen ve ­ok sayēda damlacēk elde edilebilmektedir. Bu sistemde reaktºrlerden 
birinde alt fazda besleme ­ºzeltisi (suda ­ºz¿nm¿ĸ aĵēr metal iyonlarē) ve ¿stte i­inde taĸēyēcē madde 
­ºz¿nm¿ĸ organik faz i­erir. ¢ºz¿c¿lerin polarite ºzelliklerinden dolayē her iki reaktºrde iki faz vardēr. 
¢DSM sistemlerinde d¿ĸ¿k yoĵunluklu organik fazlar tercih edilir. Organik fazēn sirk¿lasyonu bir 
peristatik pompa tarafēndan ger­ekleĸtirilir ve kapalē basēn­ sisteminde bu faz s¿rekli olarak her su bazlē 
­ºzelti i­inden ­ok sayēda damlacēk olarak ge­er. Ge­iĸ sērasēnda kimyasal etkileĸimler meydana gelir 

ve ­ºzeltilerin farklē pH seviyeleri nedeniyle metal iyonlarē, alēcē fazda organik fazdan su fazēna ge­er 
ve donºr fazda tam tersi ĸekilde su fazēndan organik faza metal iyonlarē ge­iĸi ger­ekleĸir. 

Reaktºrlerin sēcaklēĵē ­evrelerinde bir su sirk¿lasyonu ile sabitlenmiĸtir ve bu ama­la termostat (Labo 

SM3 kreozot cihazē) kullanēlmēĸtēr. Bir reaktºrden diĵerine organik fazēn ge­iĸ hēzēnē ayarlamak i­in 
sisteme bir peristatik pompa takēlmēĸtēr. Sistem kurulduktan sonra pompa ­alēĸtērēlēr ve belirlenen zaman 
aralēklarēnda donºr ve akseptºr fazdan bir valf ile numuneler alēnēr, daha sonra numuneler bir kompleks 
oluĸturucu (Vogel reaktifi) ile birleĸtirilerek renkli bir ­ºzelti elde edilir ve UV-vis spektrometre analizi 
ile absorbans deĵerleri tespit edildikten sonra iyon deriĸimleri hesaplanēr.  

2.3 Analitik cihazlar  

Deneyler sērasēnda alēnan numunelerin absorbanslarēnē belirlemek i­in Shimadzu UV-1201 V Model 
Spektrofotometre, membran sistemimizin sēcaklēĵēnē sabit bir sēcaklēkta tutmak i­in Labo SM3 model 
kreozot cihazē, organik fazēn sirk¿lasyonunu kontrol etmek i­in Pompa BT300-2J modeli peristatik 
pompa, her iki fazda ­ºzelti pH ºl­¿mlerinde WTW marka pH 7110 model pH metre kullanēlmēĸtēr. 

2.4 Kinetik Hesaplamalar 

¢DSM sisteminde donºr fazdan organik faza bu fazdan tekrar akseptºr faza Co(II) iyonlarēnēn 
ekstraksiyon mekanizmasē aĸaĵēda verilen tepkimeye gºre birinci mertebeden ger­ekleĸmektedir. 

 

ὃ  O ὄᴼὅ           (1)     

  

Eĸitlik (1)ôde A donºr fazdaki Co(II) iyonu deriĸimini, B organik fazdaki Co(II) iyonu deriĸimini ve 
Côde akseptºr fazdaki Co(II) iyonu deriĸimini simgelemektedir. k1 ve k2 reaksiyon hēz sabitleridir. 

¢DSM sisteminde Co(II) iyonlarēnēn donºr fazdan organik faza ve organik fazdan tekrar akseptºr faza 
ekstraksiyon ve geri alēm iĸlemleri, birinci dereceden hēz reaksiyonlarēna uymaktadēr. Sistem i­indeki 
CO(II) iyonlarēnēn baĸlangē­ konsantrasyonunu Co, Ce ise herhangi bir t anēndaki konsantrasyonu ifade 
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etmektedir. Sistemde ger­ekleĸen reaksiyonlar i­in kinetik parametrelerden k1, k2, ὅ , ὸ , ὐ , 

ὐ  ve aktivasyon enerjinin (Ea) hesaplamalarēnda kullanēlan denklemler aĸaĵēda verilmiĸtir [20-22]. 

 

ὸ
 

            (2) 

ὅ ὅ             (3) 

Ὧ
 

          (4)  

ὐ Ὧ Ⱦ         (5) 

ὐ Ὧ Ⱦ          (6) 

ὰὲὐ ÌÎὃ  (           (7) 

 

3. BULGULAR VE TARIķMA 

Co(II) iyonlarēnēn ¢DSM tekniĵi ile ekstraksiyonunun ger­ekleĸtirilmesi i­in, taĸēyēcē madde olarak 
kerosen i­inde ­ºz¿nm¿ĸ D2EHPA reaktifi (organik faz), donºr faz olarak 100 ppm Co(II) ­ºzeltisi ve 
akseptºr faz olarak da 1.50 M nitrik asit ­ºzeltisi kullanēlmēĸtēr.  

Co(II) iyonlarēnēn kerosen i­inde ­ºz¿nm¿ĸ taĸēyēcē ligand D2EHPA ile ¢DSM sisteminde eksraksiyon 
­alēĸmalarēnda elde edilen optimum ĸartlar Tablo 1ôde verilmiĸtir. 

 

Tablo 1. Co(II) iyonlarēnēn ekstraksiyonunda elde edilen optimal parametreler. 

Akseptºr faz pH 1.5 

Donºr faz pH 5.25 

Donºr faz konsantrasyon 100 ppm 

Organik faz ligand konsantrasyon 0.75% 

Sistem sēcaklēĵē 25oC 

Peristatik pompa hēzē 20 rpm 

UV-vis ºl­¿m  325 nm 

 

Bu deneyler sonucunda elde edilen taĸēnēm grafiĵi ķekil 2 ve ln [Co]/[C]ôye karĸē zaman grafiĵi ise ķekil 
3ôte verilmiĸtir. 
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ķekil 2. Co(II) metal iyonlarēnēn ¢DSM 
sisteminde ekstraksiyonunda metal iyon 
deriĸimlerinin farklē fazlardaki zamanla 
deĵiĸimi. 

 

ķekil 3. Co(II) metal iyonlarēnēn ¢DSM sisteminde 
ekstraksiyonunda ln [Co]/[C]ôya karĸē zaman 
grafiĵi. 

 
Ekstarksiyon ­alēĸmasē sonucunda elde edilen kinetik veriler Tablo 2ôde halinde verilmiĸtir.  

 
Tablo 2. Co(II) metal iyonlarēnēn ¢DSM sisteminde ekstraksiyonu sonrasē elde edilen kinetik verileri 

D2EHPA Kons. 

(mol/L) 

k1x102 

(dak-1) 

k2x102 

(dak-1) 

ὸ  
(dak) 

ὅ   
(mol/L) 

ὐ  

(dak) 

ὐ  

(dak) 

0.023 3.54 12.7 13.91 16.97 -0.0216 0.0216 

 

¢DSM sisteminden metal iyonlarēnēn taĸēnmasē veya ekstraksiyonunun temel bir unsuru aktivasyon 
enerjisidir.  Kullandēĵēmēz sēvē membran tekniĵi ile dºrt farklē sēcaklēk aralēĵēnda aktivasyon enerji 
deĵeri 13.80 kkal/mol (ķekil 4) olarak hesaplanmēĸ olup, Co(II) iyonlarēnēn ekstraksiyonuna iliĸkin 
taĸēnēm mekanizmasēnēn kimyasal kontroll¿ olarak ger­ekleĸtiĵi gºzlenmiĸtir. 

 

 

ķekil 4. Arrhenius denkleminin grafiksel gºsterimi 
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Elde edilen %99.6ôlēk metal iyonu taĸēnēmē sonrasēnda farklē metal iyonlarēnēn donºr fazda bulunmasēnēn 
ekstraksiyon sistemini nasēl etkilediĵini izlenmesi amacēyla bir seri deney ger­ekleĸtirilmiĸtir. Bu 
deneyler esnasēnda 100 ppm Co(II) iyonlarēna ek olarak donºr fazda her bir deneyde 50 ppm olmak 
¿zere Ni (II), Fe (III), Mo (VI) ve Mn (II) metal iyonlarē kullanēlmēĸtēr. Ayrē ayrē her bir metal iyonlarēnēn 
varlēĵēnda Co(II) iyonlarēnēn ¢DSM sisteminde her ¿­ fazdaki ekstraksiyonunun zamanla deĵiĸi ile 
birlikte ln(Co/C) deĵiĸim grafikleri ķekil 5-12ôde verilmiĸtir. 

Deneyler sērasēnda diĵer t¿m faktºrler, her fazēn 100 mL hacmi, 0.023 mol/L D2EHPA konsantrasyonu, 
alēcē ve verici faz i­in sērasēyla 1.5 ve 5.25 pH deĵerleri, 20 rpm pompa hēzē ve son olarak 25oC sistem 
sēcaklēĵē olarak sabit tutulmuĸtur. Her bir metal iyon varlēĵēnda yapēlan Co(II) iyonlarēnēn 
ekstraksiyonunda elde edilen kinetik veriler Tablo 3ôde verilmiĸtir.  

 

 

ķekil 5. Ni(II) iyonlarēnēn varlēĵēnda Co(II) 
iyonlarēnēn ekstraksiyonunda her ¿­ fazdaki 
deriĸimlerinin zamanla deĵiĸimi. 

 

ķekil 6. Ni(II) iyonlarēnēn varlēĵēnda Co(II) 
iyonlarēnēn ekstraksiyonunda ln [Co]/[C]ôya karĸē 
zaman grafiĵi. 

 

 

ķekil 7. Mn(II) iyonlarēnēn varlēĵēnda Co(II) 
iyonlarēnēn ekstraksiyonunda her ¿­ fazdaki 
deriĸimlerinin zamanla deĵiĸimi. 

 

ķekil 8. Mn(II) iyonlarēnēn varlēĵēnda Co(II) 
iyonlarēnēn ekstraksiyonunda ln [Co]/[C]ôya karĸē 
zaman grafiĵi. 
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ķekil 9. Mo(VI) iyonlarēnēn varlēĵēnda Co(II) 
iyonlarēnēn ekstraksiyonunda her ¿­ fazdaki 
deriĸimlerinin zamanla deĵiĸimi. 

 

ķekil 10. Mo(VI) iyonlarēnēn varlēĵēnda Co(II) 
iyonlarēnēn ekstraksiyonunda ln [Co]/[C]ôya karĸē 
zaman grafiĵi. 

 

 

ķekil 11. Fe(III) iyonlarēnēn varlēĵēnda Co(II) 
iyonlarēnēn ekstraksiyonunda her ¿­ fazdaki 
deriĸimlerinin zamanla deĵiĸimi. 

 

 

ķekil 12. Fe(III) iyonlarēnēn varlēĵēnda Co(II) 
iyonlarēnēn ekstraksiyonunda ln [Co]/[C]ôya karĸē 
zaman grafiĵi. 
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Co(II) iyonlarēnēn ge­iĸ y¿zdeleri dikkate alēndēĵēnda, Co(II) iyonlarē, Fe(III) iyonlarēnēn varlēĵē 
haricinde %99'un ¿zerinde bir verimle ekstrakte olduĵu gºr¿lmektedir. 

Zamana karĸē ln (Co/Ce) ­izilerek elde edilen grafiklerde t¿m R2 deĵerlerinin 1'e ­ok yakēn olmasē, tutarlē 

sonular elde edildiĵinin gºstermektedir. En hēzlē reaksiyon Mo(VI) varlēĵēnda, en yavaĸ reaksiyon ise 
Fe(II) iyonlarēnēn varlēĵēnda elde edilmiĸtir. Mo(VI) iyonlarēnēn varlēĵēnda Co(II) iyonlarēnēn 
ekstraksiyonunda sinerjik bir etkiye sahip olduĵu sºylenebilinir.  
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Tablo 3. ¢DSM sisteminde her bir farklē metal iyonlarēnēn varlēĵēnda Co(II) iyonlarēnēn ekstraksiyonu 
sonrasē elde edilen kinetik verileri. 

Metal 
k1x102 

(dak-1) 

k2x102 

(dak-1) 

ὸ  
(dak) 

ὅ   
(mol/L) 

ὐ  

(dak) 

ὐ  

(dak) 

Ni(II)  2.83 5.20 25.57 26.21 -0.014 0.014 

Mn(II)  2.36 6.00 25.58 21.43 -0.013 0.013 

Mo(VI)  7.08 21.2 7.76 19.25 -0.041 0.041 

Fe(III) 6.34 7.0 15 34.98 -0.024 0.024 

 

Co(II) iyonlarēnēn diĵer metal iyonlarēnēn varlēĵēnda ekstraksiyonunda elde edilen verilerin optimum 
koĸullarda edilen veriler ile karĸēlaĸtērēldēĵēnda deĵiĸkenlik gºsterdiĵi tespit edilmiĸtir. Ni(II) ve Mn(II) 
iyonlarēnēn varlēĵēnda Co(II) iyonlarēnēn organik fazda birikim gºsterdiĵi ve akseptºr faza Co(II) 
iyonlarēnēn ekstrasiyon s¿resinin bir miktar arttēĵē gºzlenmiĸtir. Co(II) iyonlarēnēn bu metal iyonlarēnēn 
varlēĵēnda se­imli olarak ekstrakte olduĵu ve bu metal iyonlarēndan etkilenmediĵi sºylenebilir.   

Dºrt farklē metal iyonlarē ile birlikte Co(II) iyonlarēnēn ekstraksiyon denemelerinde ise Co(II) 
iyonlarēnēn her ¿­ fazdaki zamanla konsantrasyon deĵiĸimi ķekil 13 ve ln(Co/C) deĵiĸim grafiĵi ķekil 
14ôde verilmiĸtir.   

 

 

ķekil 13. Ni(II) Mn(II) Mo(VI) ve Fe(III) 
iyonlarēnēn varlēĵēnda Co(II) iyonlarēnēn 
ekstraksiyonunda her ¿­ fazdaki deriĸimlerinin 
zamanla deĵiĸimi. 

 

ķekil 14. Ni(II) Mn(II) Mo(VI) ve  Fe(III) 
iyonlarēnēn varlēĵēnda Co(II) iyonlarēnēn 
ekstraksiyonunda ln [Co]/[C]ôya karĸē zaman 
grafiĵi. 

 

ķekil 13ôden gºr¿ld¿ĵ¿ ¿zere Co(II) iyonlarēnēn diĵer metal iyonlarēnēn varlēĵēnda ekstraksiyon 
veriminin azaldēĵē bununla birlikte ekstraksiyon s¿resinin ise uzadēĵē gºr¿lmektedir. 

Co(II) metal iyonlarēnēn dºrt farklē metal iyonlarēnēn varlēĵēnda ekstraksiyon sonrasē elde edilen kinetik 
verileri Tablo 4ôde verilmiĸtir. Tablo 4ôden gºr¿ld¿ĵ¿ ¿zere optimum koĸullarda Co(II) iyonlarē i­in 
elde edilen kinetik veriler karĸēlaĸtērēldēĵēnda ­ok b¿y¿k farklarēn olduĵu gºr¿lmektedir. Co(II) metal 

iyonlarēnēn dºrt farklē metal iyonlarēnēn varlēĵēnda ekstraksiyonu se­imli olmadēĵē ve Co(II) iyonlarēnēn 
ekkraksiyon y¿zde verimi yanēnda s¿resinin arttēĵē tespit edilmiĸtir.  
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Tablo 4. Co(II) metal iyonlarēnēn dºrt farklē metal iyonlarēnēn varlēĵēnda ekstraksiyon sonrasē elde 
edilen kinetik verileri 

Metal 
k1x102 

(dak-1) 

k2x102 

(dak-1) 

ὸ  
(dak) 

ὅ   
(mol/L) 

ὐ  

(dak) 

ὐ  

(dak) 

Ni(II) Mn(II) Mo(VI) ve  
Fe(III) 

1.15 5.00 38.21 14.85 -0.0074 0.0074 

 

4. SONU¢LAR 

Yakēn ge­miĸte geliĸtirilen sēvē membran sistemi (¢DSM), sulu ortamdan Co(II) iyonlarēnēn 
ekstraksiyonu i­in baĸarēyla kullanēldē. pH aralēĵē, taĸēyēcē ajan konsantrasyonu, sistemin sēcaklēĵē ve 
diĵer bazē metal iyonlarēnēn donºr fazdaki varlēĵē gibi sistem parametreleri deĵiĸken olarak kullanēlmēĸ 

ve toplanan veriler deĵerlendirilmiĸtir. Optimum parametreler; donºr ve akseptºr fazēn sērasēyla 1.5 ve 
5.25 pH deĵerleri, organik fazda 0,023mol/L D2EHPA konsantrasyonu, 25oC sistem sēcaklēĵē olarak 
belirlenmiĸtir. Belirtilen koĸullar altēnda reaksiyon y¿ksek taĸēma oranē (%99.56) vermiĸ ve elde edilen 
kinetik veriler g¿venilir olmuĸtur. Ayrēca t¿m kinetik verilerin y¿ksek tutarlēlēkta hesaplanabilmesi i­in 
reaksiyon istenilen hēzda ger­ekleĸmiĸtir. Elde edilen sonu­lara gºre taĸēma reaksiyonu tersinmez ve 
birinci dereceden olmuĸtur. 

Farklē metal iyonlarēnēn donºr fazda bulunmasēnēn ekstraksiyon iĸlemini nasēl etkilediĵi de incelenmiĸ 
olup, Fe(III) iyonlarēnēn bulunduĵu ortam haricinde diĵer metallerin ekstraksiyon verimliliĵini 
etkilemediĵi ve se­imli olarak Co(II) iyonlarēnē ekstrakte edebileceĵi tespit edilmiĸtir. Fe(III) 
iyonlarēnēn varlēĵēnda taĸēnēm %85 dolaylarēnda ger­ekleĸmiĸ olup, daha uzun deneysel ­alēĸmalarla 

taĸēnēmēn daha y¿ksek oranlarda ger­ekleĸebileceĵi ºngºr¿lm¿ĸt¿r. Dºrt farklē metal iyonlarēnēn 
varlēĵēnda ise Co(II) iyonlarēnēn ekstraksiyonu se­imli olarak ger­ekleĸmediĵi, sonraki ­alēĸmalarda 
Co(II) iyonlarē i­eren ve ­evresel atēk olarak bulunan kirli su ºrnekleri alēnarak ekstraksiyon 
­alēĸmalarēnēn ger­ekleĸtirilmesi ve ­alēĸmalarēn ilerletilmesi planlanmaktadēr.  

¢DSM tekniĵi hacimli sēvē membran sistemleri ile benzerlik gºstermekle birlikte organik faz ve su 
fazlarē arasē etkileĸimin s¿rekliliĵi ile daha etkin bir sistem olarak ºne ­ēkmaktadēr. Bu tekniĵin 
avantajlarē ĸºyle sēralanabilir: basit bir yapēda olmasē, hareketli par­a olmamasē, hafif ve taĸēnabilir 
olmasē, operasyonda esnek ­alēĸēlabilmesi, y¿ksek membran kapasitesi, y¿ksek ayērma faktºr¿ne sahip 
olmasē ¢DSM sisteminin genel ¿st¿nl¿kleridir. 
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¥ZET: ¥zet Bu ­alēĸmada i­me ve atēk sularda yaygēn olarak bulunan aĵēr metallerden kobaltēn su s¿mb¿l¿ 

(Eichhorni crassipes) bitki kºk¿ biyok¿tlesinin kullanabilirliĵi, optimummetal uzaklaĸtērma ĸartlarē, metal 

baĵlama kapasitesinin araĸtērēlmasē ve metal baĵlama mekanizmasē incelenmiĸtir. Yapēlan ­alēĸmanēn sonucunda; 

Su s¿mb¿l¿ biyok¿tlesi tanecik boyutunun k¿­¿lmesi ile baĵlama miktarēnēn artēĵē, kobalôtēn biyok¿tle ¿zerine 

baĵlanmasēnēn ­ok hēzlē ger­ekleĸtiĵi, ortamda bulunan metal konsantrasyonunun artmasē ile metal 

baĵlanmasēnēn da arttēĵē ve optimum ĸartlarda ­alēĸēlan Kobaltôēn baĵlanma derecesinin %85óin ¿zerinde 

ger­ekleĸtiĵi, d¿ĸ¿k pH deĵerlerinde d¿ĸ¿k metal baĵlanmasē gºzlenirken y¿ksek pH deĵerlerinde hēzla arttēĵē 

gºr¿lm¿ĸt¿r 

Anahtar Kelimeler: Aktivasyon , Su S¿mb¿l¿, Kobalt, Metal Baĵlamasē 

 

Removal of Cobalt From Drinking and Wastewater 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, one of the heavy metals 

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 binding of 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 was observed, it was observed that it increased rapidly at high 

pH values. 

Keywords: Activation, Water Hyacinth, Cobalt, Metal Binding 

 

1. Giriĸ 

Aĵēr metallerden kobaltēn canlē organizmalarēn ¿zerinde toksit etkileri vardēr. Biyolojik bozulmaya 
yatkēn organik kirleticilerin aksine aĵēr metallerin zararsēz ¿r¿nlere dºn¿ĸmezler. Bu neden dolayē i­me 

ve atēk sularda bulunan toksit ve aĵēr metal kirleticilerin uzaklaĸtērēlmasē en ºnemli ­evre olaylarēn 
baĸēnda gelmektedir. Bu olumsuzluĵu bertaraf etmek i­in kullanēlan yºntemler sēnērlēdēr. Seyreltik sulu 
­ºzeltilerden metal iyonlarēnē uzaklaĸtērmak i­in kullanēlan en yaygēn iĸlemler; kimyasal ­ºkt¿rme, iyon 
deĵiĸtirme, ters ozmoz ve ekstraksiyondur. Bu iĸlemlerle tam olmayan metal uzaklaĸtērēlmasē, y¿ksek 
miktarda enerji-madde ihtiyacē ve uzaklaĸtērēlmasē gerekli toksit ­amur veya diĵer atēk ¿r¿nlerinin 
oluĸmasē gibi ºnemli dezavantajlara sahiptir. 

¢eĸitli organizmalarēn metal iyonlarēnē biriktirmesi son yēllarēn ilgili odaklarēndan biri haline geldi. 
End¿striyel atēklarēn iyileĸtirilmesi ve metalleri geri kazanēlmasēnda biyok¿tle kullanēlmasēnēn ºnemli 
avantajlarē; 
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- Aktif baĵlama bºlgelerinin ­ok olmasē, 

- ķekillerinin k¿­¿k ve deĵiĸmez olmasē, 

- Alkali ve toprak alkali metallerin giriĸiminden, iyon deĵiĸtirici re­inelerden daha az 
etkilenmesiô dir. 

Bu ­alēĸmada i­me ve atēk sularda yaygēn olarak bulunan aĵēr metallerden kobalt metalinin 
uzaklaĸtērēlmasēnda cansēz Su S¿mb¿l¿ bitki kºklerinin kullanēlabilirliĵinin incelenmesi, optimum metal 
uzaklaĸtērma ĸartlarēnēn araĸtērēlmasē amacē ile bu ­alēĸma yapēlmēĸtēr. 

2. Materyal ve metot 

2.1. Kullanēlan Aletler 

Kobalt tayini Varian Spectr AA 20 model alevli atomik spektrofotometresi (AAS) ve pH ºl­¿mleri 
Jenway 3040 654 model pH metre ile yapēldē. Kobalt ­ºeltisini HCl asitle hazērlandē. 

2.1.2. Kullanēlan kimyasallar 

Kobalt %99.999 saflēktaki toz metalinin HCl asit ile ­ºzeltisi hazērlandē. Kobalt stok ­ºzeltisi 2+ 
deĵerlikli seyreltik ­ºzeltisi kullanēldē. pH ayarlamasē i­in HNO3 ve NH3, asit ve bazla ºn yēkama iĸlemi 
i­in NaOH ve KOH kullanēldē. 

2.1.3. Biyok¿tle ¥rneklerinin Toplanmasē ve Biyosorpsiyona Hazērlanmasē 

Kendim oluĸturduĵum serada yetiĸtirdiĵim Su S¿mb¿l¿ bitkilerinin kºk kēsēmlarēnē kopararak bitkiden 
ayrēldē. Laboratuvarda bu bitki kºkleri, ¿zerindeki toprak ve planktonlarēn i­in ­eĸme suyu ile iyice 
yēkandē. Son olarak destile su ile birka­ kez yēkanan kºkler 80oC de 48 saat kurutuldu. Kurutulmuĸ bitki 
kºkleri mikserle ºĵ¿t¿lerek standart elekle elendi. <150, 150-355, 355-710, 710-1700,>1700 Õm tanecik 
b¿y¿kl¿ĵ¿ne ayrēlan bitki kºkleri analizlerde kullanēlmak ¿zere ayrē ayrē ĸiĸelenerek saklandē. 

2.1.4. Atomik absorpsiyon Spektrofotometresi ­alēĸma Koĸullarē 

Kobalt metali alevli atomik absorpsiyon spektrofotometresi modunda tayin edildi. 

2.2. Deneysel prosed¿r. 

2.2.1. ¢alēĸēlan Aĵēr Metalin Su S¿mb¿l¿ Bitki Kºk¿ Biyok¿tlesi ile Optimum Uzaklaĸtērēlma 

ķartlarēnēn Belirlenmesi 

Ķ­me ve atēk sularda yaygēn olarak bulunan aĵēr metallerden kobalt metalinin Su S¿mb¿l¿ bitki kºk¿ 
biyok¿tlesi ile uzaklaĸtērēlmasēnda optimum ĸartlarēn belirlenmesi amacēyla; metal baĵlanmasē ¿zerine 

biyok¿tle boyutunun, miktarēnēn, karēĸtērma s¿resinin, baĸlangē­ metal konsantrasyonunun ve pHôēn, 
etkisi incelenmiĸtir. 

2.2.2. kobalt Baĵlanmasē ¦zerine Biyok¿tle Boyutunun Etkisi  

Su S¿mb¿l¿ bitki kºk¿ biyok¿tlesinden 150 mgôlēk ºrnek alēndē. 50 mL, 5 ppm kobalt ­ºzeltisinin 
baĸlangē­ pHô sē 5ô e ayarlanarak deĵiĸik tanecik boyutuna sahip biyok¿tleler ile 20 dakika s¿reyle 

karēĸēldē. Bu s¿re sonunda biyok¿tle ile ­ºzelti s¿z¿lerek birbirinden ayrēldē. ¢ºzeltide kalan kobalt 
miktarē AAS ile tayin edildi. Sonu­lar Tablo 2.1.ô de verildi. 

 

Tablo 2.1. kobalt Baĵlanmasē ¦zerine Biyok¿tle Boyutunun Etkisi 

Biyok¿tle 
boyutu 

 

(Õm) 

 

Son  

 

pH 

¢ºzeltide kalan 
Co 

(AAS) 

 (mg/L) 

Biyok¿tlenin 

kuru aĵērlēĵē 

baĸēna baĵladēĵē 
Co (mg/g) 

 

 

% Co 
Baĵlanmasē 

 ̓150 6.53 1.446 1.185 71.08 
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Biyok¿tle 
boyutu 

 

(Õm) 

 

Son  

 

pH 

¢ºzeltide kalan 
Co 

(AAS) 

 (mg/L) 

Biyok¿tlenin 

kuru aĵērlēĵē 

baĸēna baĵladēĵē 
Co (mg/g) 

 

 

% Co 
Baĵlanmasē 

150-355 6.50 1.541 1.153 69.18 

355-710 6.17 1.868 1.044 62.64 

710-1700 6.03 2.144 0.715 57.12 

 

2.2.3. Kobalt Baĵlanmasē ¿zerine Biyok¿tle Miktarēnēn Etkisi 

150-355 Õm tanecik boyutuna sahip kurutulmuĸ Su S¿mb¿l¿ bitki kºklerinden 50-1000 mg arasēnda 
tartēmlar alēndē. Baĸlangē­ pHô sē 4.5ô e ayarlanmēĸ olan 50 mL, 5 ppmô lik kobalt ­ºzeltileriyle 20 dakika 
karēĸtērēldē. Karēĸtērma s¿resinin sonunda ­ºzeltler s¿z¿ld¿ ve ­ºzeltide kalan kobalt miktarlarē AAS ile 
tayin edildi. Sonu­lar Tablo 2.2.ô de, biyok¿tle miktarē ile kobalt baĵlanma y¿zdesi arasēnda ­izilen 
grafik ķekil 2.2.ô de gºr¿lmektedir. 

 

Tablo.2.2. Biyok¿tle miktarēnēn Kobalt Baĵlanmasē ¦zerine Etkisi 

Biyok¿tle 
miktarē 

 

(mg) 

 

Son  

 

pH 

¢ºzeltide kalan 
Co 

(AAS) 

 (mg/L) 

Biyok¿tlenin 

kuru aĵērlēĵē 

baĸēna baĵladēĵē 
Co (mg/g) 

 

 

% Co 
Baĵlanmasē 

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 

 

 

ķekil 2.2. Biyok¿tle Miktarēnēn Kobalt Baĵlamasē ¦zerine Etkisi 
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2.2.4. Kobalt Baĵlanmasē ¦zerine Karēĸtērma S¿resinin Etkisi 

150-355 Õm tanecik boyutuna sahip kurutulmuĸ Su S¿mb¿l¿ bitki kºklerinden 50 mgô lēk ara tartēmlar 

alēndē, baĸlangē­ pHô sē 4.5ô e ayarlanmēĸ olan 100 mL, 5 ppmô lik kobalt ­ºzeltileriyle karēĸtērēldē. 
Se­ilen zaman aralēklarēnda 5 mLô lik ºrnekler alēnarak s¿z¿ld¿ ve ­ºzeltide kalan kobalt miktarlarē 
AAS ile tayin edildi. Sonu­lar Tablo 2.3.ô de, biyok¿tle miktarē ile kobalt baĵlanma y¿zdesi arasēnda 
­izilen grafik ķekil 2.3.ô de gºr¿lmektedir. 

 

Tablo 2.3. Karēĸtērma S¿resinin Kobalt Baĵlanmasē ¦zerine Etkisi 

Karēĸtērma 
s¿resi 

 

(dakika) 

 

Son  

 

pH 

¢ºzeltide kalan 
Co 

(AAS) 

 (mg/L) 

Biyok¿tlenin 

kuru aĵērlēĵē 

baĸēna baĵladēĵē 
Co (mg/g) 

 

 

% Co 
Baĵlanmasē 

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 

 

 

ķekil 2.3. Karēĸtērma s¿resinin Kobalt Baĵlanmasē ¦zerine Etkisi 

 

2.4. Kobalt Baĵlanmasē ¦zerine Kobalt Konsantrasyonunun Etkisi  

150-355 Õm tanecik boyutuna sahip kurutulmuĸ Su S¿mb¿l¿ bitki kºklerinden 150 mgô lēk tartēmlar 
alēndē Deĵiĸik konsantrasyonlarda (1-20 ppm), 50 mLô lik kobalt ­ºzeltileri hazērlanarak baĸlangē­ pHô 
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sē 4.5ô e ayarlandē. 20 dakika s¿reyle biyok¿tle ile karēĸtērēlan ­ºzeltiler s¿z¿ld¿ ve ­ºzeltide kalan kobalt 
miktarlarē AAS ile tayin edildi. Sonu­lar Tablo 2.4.ô de, biyok¿tle miktarē ile kobalt baĵlanma y¿zdesi 
arasēnda ­izilen grafik ķekil 2.4.ô de gºr¿lmektedir. 

 

Tablo 2.4. Kobalt Baĵlanmasē ¦zerine Kobalt Konsantrasyonunun Etkisi 

Baĸlangē­  

Co 

konsatrasyonu 

(mg/L) 

 

 

Son  

 

pH 

¢ºzeltide kalan 
Co 

(AAS) 

 (mg/L) 

Biyok¿tlenin 

kuru aĵērlēĵē 

baĸēna baĵladēĵē 
Co (mg/g) 

 

 

% Co 
Baĵlanmasē 

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 

 

 

 

ķekĸl 2.4. Kobalt Baĵlanmasē ¦zerine Kobalt Konsantrasyonunun Etkisi 

 

2.5. Kobalt Baĵlanmasē ¦zerine pHô nēn Etkisi 

150-355 Õm tanecik boyutuna sahip kurutulmuĸ Su S¿mb¿l¿ bitki kºklerinden 150 mgô lēk tartēmlar 

alēndē 50 mL, 5ppmôlik   kobalt ­ºzeltileri hazērlanarak baĸlangē­ pHô larē 2 ile 10 arasēnda ayarlandē. 
20 dakika s¿reyle biyok¿tle ile karēĸtērēlan ­ºzeltiler s¿z¿ld¿ ve ­ºzeltide kalan kobalt miktarlarē AAS 
ile tayin edildi. Sonu­lar Tablo 2.5.ô de, biyok¿tle miktarē ile kobalt baĵlanma y¿zdesi arasēnda ­izilen 
grafik ķekil 2.5.ô de gºr¿lmektedir. 
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Tablo 2.5. Kobalt Baĵlanmasē ¦zerine pHô nēn Etkisi 

 

Baĸlangē­  

 

pH 

 

Son  

 

pH 

¢ºzeltide kalan 
Co 

(AAS) 

 (mg/L) 

Biyok¿tlenin 

kuru aĵērlēĵē 

baĸēna baĵladēĵē 
Co (mg/g) 

 

 

% Co 

Baĵlanmasē 

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 

 

 

 

ķekil 2.4. Kobalt Baĵlanmasē ¦zerine pHônēn Ekisi 

 

3. Bulgular 

3.1. Metal Baĵlanmasēnēn Biyok¿tle Tanecik Boyutuna Baĵlēlēĵē 

Tablo 2.1 ve ķekil 2.1 de gºr¿ld¿ĵ¿ gibi Su s¿mb¿l¿ bitki kºk¿ biyok¿tlesinin tanecik boyutunun 
k¿­¿lmesi kobalt metalinin biyok¿tle ¿zerine baĵlanma y¿zdelerini arttērmaktadēr. 

3.2. Metal Baĵlanmasēnēn Biyok¿tle Tanecik Miktarēna Baĵlēlēĵē 

Tablo 2.2. ve ķekil 2.2 de gºr¿ld¿ĵ¿ gibi biyo k¿tle miktarēnēnarmasē ile metal baĵlanmasēnēn artēĸē 
beklenirken azaldēĵē gºr¿ld¿. Bunun nedeni Su S¿mb¿l¿ biyok¿tlesinin yoĵunluĵu sudan az 

olduĵundan biyok¿tle suda y¿zmesidir. Normalde bitki suya tam batērēlēp karēĸtērēldēĵēnda metal 
baĵlanmasē artacaktēr. 
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3.3. Metal Baĵlanmasēnēn Karēĸtērma S¿resine Baĵlēlēĵē 

Tablo 2.3 ve ķekil 2.3 de gºr¿ld¿ĵ¿ gibi Su S¿mb¿l¿ bitki kºk¿ biyok¿tlesinin kobalt metali baĵlanmasē 
olduk­a hēzlē olmuĸtur. Maksimum metal baĵlanmasē ilk dakikalarda ger­ekleĸti. 

3.4. Kobalt Baĵlanmasēnēn Ortamdaki Metal Konsantrasyonuna Baĵlēlēĵē 

Tablo 2.4 ve ķekil 2.4 de gºr¿ld¿ĵ¿ gibi metal baĵlanma y¿zdesi baĸlangē­ta artēĸ gºstermekte daha 
sonra metal baĵlanmasē d¿ĸ¿ĸ gºstermektedir. Bunun nedeni ortamda metal iyonlarēnēn 

azalmasēndandēr. Aslēnda metal baĵlanma miktarē ortamda bulunan metal iyonu miktarēndaki artēĸla 
artmaktadēr. Metal iyonunun artmasēna karĸēlēk biyok¿tlenin kuru aĵērlēĵē baĸēna baĵladēĵē metal miktarē 
da artmēĸtēr. 

3.5. Metal Baĵlanmasēnēn pHô ya Baĵlēlēĵē   

Tablo 2.5 ve ķekil 2.5 gºr¿ld¿ĵ¿ gibi Su S¿mb¿l¿ bitki kºk¿ biyok¿tlesinin kobalt metalini baĵlanmasē 

kuvvetle pHô ya baĵlē olduĵu gºr¿lmektedir. pH 2 ve pH 3ô ¿­¿n ¿zerine ­ēkēnca metal baĵlanma hēzla 
artēĸ gºstermiĸtir. Bu artēĸ pH 9 ve pH 10 da kendini gºstermiĸtir. 

Sonu­ 

Su S¿mb¿l¿ bitki kºk¿ biyok¿tlesinin boyutu k¿­¿k olmasē y¿zey alanēnēn b¿y¿mesiyle metal 

etkileĸimi y¿ksek olmasē sonucunda metal baĵlanma istenilen d¿zeyde ger­ekleĸmiĸtir. K¿tle miktarēnēn 
artmasēyla baĵlanmanēn hēzlē ger­ekleĸtiĵi kēsa bir s¿re sonra bir d¿ĸ¿ĸ gºzlenmiĸtir. Bunun sebebi 
ortamda metalin bulunmamasēndan kaynaklēdēr.Karēĸtērma s¿resi arttēk­a metal baĵlanmasē artmakata, 
d¿ĸ¿k pH larda baĵlanmanēn az olduĵē y¿ksek pH larda ise(9 -10 pH) y¿ksek baĵlanmanēn ger­ekleĸtiĵi, 
Konsantrasyon artēĸē ile metal baĵlanmasē atēĸ gºstermiĸtir.Bu ­alēĸma sonu­larēna gºre Su S¿mb¿l¿ 
bitki kºk¿ biyok¿tlesi aĵēr metal uzaklaĸtērmasēnda kullanēlabileceĵini gºstemiĸtir. 

Kaynak­a 

Adēloglu, S., Adiloĵlu, A., A­ēkgºz, F. E., Yeniaras, T., & Solmaz, Y.(2015) LABADA 
(RumexpatientiaL.) Bitkisinin Kurĸun Kirliliĵinin Gideriminde Kullanēm Kapasitesinin 
Araĸtērēlmasē. International Anatolia Academic Online Journal Sciences Journal, 3(2). 

¥zay C, Mammadov R. (2016) Aĵēr metaller ve s¿s bitkilerinin fitoremediasyonda kullanēlabilirliĵi. 
Balēkesir ¦niversitesi Fen Bilimleri Enstit¿s¿ Dergisi,15(1) 68-77. 

 Ateĸ A, Yēldēz A, Yēldēz N, Calēmlē A.(2007) Heavy metal removal from aqueous solution by 
Pseudevernia furfuracea (L.). Zopf. Annali di Chimica, 97,385-93. 

Volesky B. (2003) Sorption and Biosorption. Montreal, Kanada: BV Sorbex, Inc, 316. 

 Benefield LD, Judkins JR JF, Weand BL. (1982) Process chemistry for water and wastewater treatment. 
New Jersey: Englewood Cliffs,; 433-5. 

 Nies DH. (1991) Microbial heavy-metal resistance. Appl Microbiol Biotechnol, 51, 730-50. 

Raskin I, Ensley DE.(2000) Phytoremediation of toxic metals: Using plants to clean up the environment. 
New York: Wiley,352. 

Dushenkov V, Kapulnik Y. (2000) Phytofiltration of metals. In: Raskin I, Ensley BD. eds. 
Phytoremediation of Toxic Metals - Using plants to clean-up the environment. New York: 
Wiley, 89-106. 

 Wolverton, B.C., mcdonald, R.C., Rebecca, C.( 1978) Bioaccumulation and Detection of Trace Levels 
of Cadmium in Aquatic Systems by Eichhornia crassipes, Environe Health Perspectives, 27, 
161- 164 

Genel, Y., Ceylan, H., & Saltabas, O. (2012). Aktif bentonit ile sulu ­ºzeltiden aĵēr metal giderimi. 
Frese-nius ¢evre 44 B¿lteni, 21 (7), 1810-1818. 

  

  



  16. UBAK, 11 - 12 March 2023, Ankara  
 

 

| 107 

Presentation ID / Sunum No:16 
 
 

Oral Presentation / Sºzl¿ Sunum 

 
 

ORCID ID: 0000-0002-6111-1682 
 
 

Traversler ve Konsollar Ķ­in Ķzolatºrs¿z Model Tasarēmē 
 
 
Araĸtērmacē Buĵra ķen

1
 , Araĸtērmacē Tuba Buĵdaycē Avĸar

1
 , Araĸtērmacē B¿ĸra B¿y¿kbaĸ

1
 , 

Araĸtērmacē Oĵuz Kaan Atar
1 

1Yeĸilērmak Elektrik Daĵētēm A.ķ. 
 

*Corresponding author: Buĵra ķen 
 

¥ZET: Ķzolatºrler, havai enerji nakil hatlarēnē taĸēyan veya durduran travers ve konsollarda izolasyon saĵlamak 

i­in kullanēlan aĵ elemanlarēdēr. Ķzolatºrlerde kērēlma ve ­atlamaya baĵlē ĸebeke arēzalarē ile sēklēkla 

karĸēlaĸēlmaktadēr. Ķzolatºrler; nem, ani hava deĵiĸimleri, kuvvetli r¿zgar, kirlenme gibi ­evresel etmenlere karĸē 

fiziksel dayanēmlarē zayēf olduĵundan kolayca ­atlamakta ve kērēlmaktadēr. Ķzolatºrlerde oluĸabilen ­atlak ve 

kērēklardan dolayē enerji nakil hatlarēnda yeterli izolasyon saĵlanamamakta ve buna baĵlē olarak enerji kesinti 

sayēsē/s¿resi (SAĶFĶ, SAĶDĶ) artmaktadēr. Ayrēca hat ile travers/konsollar arasēnda izolasyon saĵlanamamasē 
nedeni ile direk doĵrudan enerjilenmekte ve bu durum can ve mal g¿venliĵini tehlikeye atmaktadēr. Bu ­alēĸma ile 

cam elyaf takviyeli plastik geri dºn¿ĸ¿ml¿ kompozit malzemeden oluĸan yalētkanlēĵē y¿ksek travers ve konsollarēn 

izolatºrs¿z olarak tasarēmlarē ve ¿retimleri ger­ekleĸtirilmiĸtir. Bu sayede sºz konusu ¿r¿n¿n yaygēnlaĸmasē ile 

izolatºr kaynaklē ĸebeke arēzalarēn ºn¿ne ge­ilmesi saĵlanacaktēr. Ķzolatºrs¿z olarak ¿retilen kompozit yapēlē 

travers ve konsollar, izolatºr kullanēlmadēĵēndan dolayē maliyeti daha d¿ĸ¿k, daha hafif, daha kolay montaj 

edilebilir hale gelmiĸtir. Ayrēca malzeme yapēsē gereĵi yanmaya ve ­evresel ĸartlara karĸē daha diren­li, daha 

uzun ºm¿rl¿ bir ¿r¿n ortaya konulmuĸtur.   

Anahtar Kelimeler: Havai Hat, Travers, Konsol, Ķzolatºr, ķebeke, Arēza, Ķzolasyon 

 

Designing Isolatorless Model for Traverses and Consoles 

 

ABSTRACT: Insulators are network 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 resistance is weak 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 the energy 

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 the safety 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 ensured that the 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 used. In addition, due to its material 
structure, product becomes more resistant to fires and environmental conditions and has a longer life. 

Keywords: Overhead Lines, Travers, Console, Ķnsulator, Grid, Fault, Ķnsulation 

 

1. Giriĸ 

Elektrik enerjisi; aydēnlatma, ēsētma, soĵutma, ev aletleri, bilgisayarlar, elektronik cihazlar, makineler 
ve toplu taĸēma sistemleri gibi bir­ok sistemin ­alēĸtērēlmasē i­in kullanēlan g¿n¿m¿z¿n en ºnemli 
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kaynaklarēndan biridir [1]. Bir elektrik kesintisinin ardēndan elektrik daĵētēmēndaki kayēplar, ­ok sayēda 
insanē etkileyen zamansal, ekonomik ve can kaybē gibi bir­ok olaya sebep olabilir [2]. Kºt¿ hava 
koĸullarē veya ekipman arēzasē gibi faktºrlerin neden olduĵu kesintilerin ardēndan elektrik g¿­ 
ĸebekelerinin verimli ve hēzlē bir ĸekilde onarēlmasē, elektrik enerjisi daĵētēmēndaki problemlerden 
biridir [3]. Elektrik yalētkanlarē, iletkenleri yerinde tutmak, birbirlerinden ve ­evre yapēlardan ayērmak 
i­in kullanēlēr. Bir elektrik devresinin enerji verilen par­alarē arasēnda bir set oluĸtururlar ve akēm akēĸēnē 

istenildiĵi gibi tellere veya diĵer iletken yollara sēnērlarlar. Elektrik devrelerinin yalētēmē, t¿m elektrikli 
ve elektronik cihazlarēn baĸarēlē bir ĸekilde ­alēĸmasē i­in zorunlu bir ihtiya­tēr. Elektrik yalētkanlarē 
olarak ­eĸitli tipte malzemeler kullanēlēr, se­im ºncelikle her uygulamanēn ºzel gerekliliklerine gºre 
yapēlēr. Havai Enerji Hatlarēnda hava ĸartlarēndan dolayē porselen/cam izolatºrler kullanēlēr [4]. 
Ķzolatºrler; enerji nakil havai hatlarēnda kullanēlan iletkenlerin direklere tespitine yarayan, iletkenleri 
hem taĸēmaya hem de toprak ile diĵer iletkenlere karĸē izole etmeye yarayan ĸebeke malzemeleridir [5]. 

Enerji iletim ve daĵētēm ĸebekelerinde kullanēlan izolatºrlerin iki ana gºrevi vardēr [5]. 

V Elektriksel bakēmdan iletkenleri topraktan ayērmak  

V Ķletken aĵērlēĵēnē ve iletkenlere gelen ek y¿kleri karĸēlamak 

Ķzolatºrler, elektrik akēmēna karĸē b¿y¿k diren­ gºsteren, sēcak ve soĵuk hava ĸartlarēna dayanēklē 
malzemeler olan porselen ve camdan imal edilir. Bunlara ilaveten, silikon ve epoksi re­ineli izolatºrler 
de yapēlmakta ancak maliyeti y¿ksek olduĵundan pek kullanēlmamaktadēr. Ķzolatºrlerin iletkenlere 
gelebilecek y¿kleri emniyetli bir ĸekilde taĸēyabilmeleri i­in mekanik dayanēmlarēnēn da iyi olmasē 
gerekir [5]. 

Ķzolatºrler; Gºvde, tutturma yuvasē, etek ya da siper (damlalēk), iletken yuvasē ve izolatºr demiri olmak 
¿zere ķekil 1ôdeki gibi beĸ kēsēmdan oluĸur. Enerji nakil havai hatlarēnda izolatºrler traverslere ­elikten 
yapēlmēĸ izolatºr demirleri vasētasēyla baĵlanērlar. Ķzolatºr demirleri y¿ksek gerilimde ­imento ile 
yapēlan har­la izolatºre tutturulur, al­ak gerilimde ise ­imentonun yerine al­ē kullanēlabilir [6]. 

 

ķekil 1 Ķzolatºr kēsēmlarē [6]. 

 

Ķzolatºrlerin de direklere tutturulabilmesi traversler aracēlēĵē ile saĵlanēr. Traversler enerji nakil 
hatlarēndaki iletkenlerin demir veya beton direkler ¿zerinde emniyetli ge­iĸini ve taĸēnmasēnē saĵlar. 
Traversler iki taraflē olup direklerde kullanēlacak travers sayēsē ve ĸekilleri kullanēlacak iletken sayēsēna, 
gerilme kuvvetine, aĵērlēklarēna, izolatºr ve direk tipine baĵlē olarak deĵiĸir. Traverslerin se­iminde; 
iletken sayēsē, iletkenin gerilme kuvveti ve aĵērlēĵē, izolatºr ve direk tipi, iĸletme gerilimi, tesisin kuruluĸ 
yeri gibi unsurlarēn gºz ºn¿nde bulundurulur. Traverslerin sayēsē iletkenlerin tertibindeki durumuna ve 
direĵin taĸēyēcē, kºĸe, durdurucu, nihayet, branĸman veya tevzi direĵi oluĸuna gºre deĵiĸmektedir. ¢elik 

kafes direklerde olduĵu gibi beton direklerde de hava hatlarēnēn izolatºre baĵlanmasē ve izolatºrlerin de 
direklere tespit edilmesi i­in beton traversler kullanēlēr. Bir beton direkte kullanēlacak travers sayēsē, 
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teĸkil edilen hattēn iletken tertibine ve direĵin tipine baĵlē olmaktadēr. Traversler genel olarak iki ĸekilde 
yapēlēr. Bunlar beton ve demir traverslerdir (ķekil 2,3). Beton traversler vibre beton, demir traversler ise 
putrel demirden yapēlmaktadēr. Travers ­eĸitleri ise taĸēyēcē, durdurucu ve nihayet traversleridir [7]. 

 

 

ķekil 2 Beton traversler [7] 

 

 

ķekil 3 Demir ve aĵa­ traversler [7]. 

 

Ķzolatºrleri direklere tutturulmasēnē saĵlayan bir diĵer ara­ konsollardēr. Konsollar aynē traversler gibi 
iletkenleri taĸēmaya yarayan ve izolatºrleri direklere tutturmaya yarayan tek taraflē taĸēma par­asēdēr. 
Konsollar, elektrik enerjisinin iletim ve daĵētēm hava hatlarēnda kullanēlan demir ve beton direklerde 
izolatºrleri tespit etmek i­in kullanēlēr. Konsollar taĸēyēcē, durdurucu, nihayet direkleri i­in ayrē ĸekil ve 

yapēda olur. Demir ve betondan olmak ¿zere iki farklē malzemeden yapēlēr (ķekil 4). Konsol 
elemanlarēna yatay Z, G kuvvetlerinden ve dikey Y kuvvetlerinden y¿k gelir. Z kuvveti hat yºn¿nde 
direĵe gelen kuvvet olup iletkenin gerilmesi ile oluĸan cer kuvveti etkisidir. Konsollar ve direkler hava 
hattē iletkeninin herhangi bir sebeple kopmasē varsayēmēna gºre yapēlēr. G kuvveti hat istikametine dik 
olarak gelen kuvvet olup daha ­ok r¿zg©r kuvvetinin oluĸur. Y kuvveti direkten ve dolayēsēyla konsoldan 
aĸaĵēya doĵru iletkenin kendisi ve ¿zerinde oluĸabilecek buz y¿k¿ aĵērlēĵēnēn etkisiyle oluĸabilecek 
kuvvettir. Konsollarēn da taĸēyēcē, nihayet ve kºĸe konsollarē olmak ¿zere ¿­ farklē tipi mevcuttur [7]. 
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ķekil 4 Beton ve demir konsollar [7]. 

 

Kompozit malzemeler, farklē ºzelliklere sahip iki veya daha fazla malzemenin bir araya getirilmesiyle 
oluĸturulur. Farklē malzemeler, kompozite farklē ºzellikler vermek amacēyla birlikte iĸlenir. 

Kompozitler; mukavemet ve diĵer mekanik ºzelliklerin iyileĸtirilmesinin yanē sēra ēsēyē iyi iletebilecek, 
yalētabilecek ve belirli manyetik ºzelliklere sahip olacak ĸekilde tasarlanabilmesi sayesinde spesifik 
ºzelliklere baĵlē olarak geliĸtirilebilen ºnemli malzemelerdir. Kompozit malzeme i­indeki lifler 
hizalanarak tabakayē bir yºnde ­ok g¿­l¿, ancak g¿c¿n ­ok ºnemli olmadēĵē baĸka bir yºnde daha zayēf 
hale getirebilirler. Uygun bir matris malzemesi se­ilerek ēsēya, kimyasallara ve hava koĸullarēna 
dayanēklēlēk gibi ºzelliklerde de tasarlanabilir. Kompozit malzemelerin en b¿y¿k avantajē, hafiflik ile 
birlikte mukavemet ve sertliktir. ¦reticiler, uygun bir takviye ve matris malzemesi kombinasyonu 

se­erek, belirli bir amaca yºnelik belirli bir yapēnēn gereksinimlerine tam olarak uyan ºzellikler 
¿retebilen kompozit malzemelerin bir diĵer avantajē da tasarēm esnekliĵi saĵlamasēdēr. Kompozitler, 
karmaĸēk ĸekiller halinde kalēplanabilir [8]. R¿zg©r t¿rbini, devre kesiciler, sigorta panelleri, aydēnlatma 
gºvdeleri, elektrik daĵētēm panolarē, g¿neĸ panelleri, kablo taĸēyēcēlar, yalētkan platformlar vb. gibi 
yapēlarēn elektrik-elektronik aksamlarēnda da ºnemli bir konuma sahiptir. Kullanēlan en yaygēn 
kompozit malzeme cam elyaf tipli kompozit yapēlardēr. 

Cam elyaf takviyeli plastik, kompozit malzemeler ve baĵlayēcēlardan (sentetik re­ine) laminasyon, 
sarma ve kalēplama iĸlemi ile yapēlan hafif, m¿kemmel korozyon korumalē, iyi ēsē, elektrik ve ses 
yalētēmē ºzelliklerine sahip yeni bir kompozit malzeme t¿r¿d¿r. Cam elyaf takviyeli plastik, tasarēm 
esnekliĵi, kolay bi­imlendirme vb. ºzelliklerin ¿st d¿zey performansē sayesinde inĸaat, ulusal savunma, 

ulaĸēm, kimya m¿hendisliĵi ve enerji alanlarēnda yaygēn olarak kullanēlmaktadēr. Cam elyaf takviyeli 
plastiklerin bir­ok geri dºn¿ĸ¿m ve kullanēm yºntemi vardēr. Geri dºn¿ĸ¿m yºntemi, atēĵēn t¿rlerine ve 
ºzelliklerine baĵlē olarak; kimyasal geri dºn¿ĸ¿m, fiziksel geri dºn¿ĸ¿m, enerjisel geri dºn¿ĸ¿m ve 
kapsamlē geri dºn¿ĸ¿m olmak ¿zere dºrt t¿re ayrēlēr [9]. Cam elyaf takviyeli plastiklerin; ºzellikleri, 
uygulanabilirliĵi ve ekonomik katkēsē gºz ºn¿ne alēndēĵēnda yaygēnlaĸtērēlmasē gereken ºnemli bir 
malzeme t¿r¿d¿r. 

Kompozit travers (ķekil 5) ve konsollar; korozyona uĵramamasē, UV dayanēmē, i­erisine uygulanan 
fiber katkēlar ile ­ekme, eĵilme ve burulma mukavemetlerini artērēlabilme gibi ºzellikleri sayesinde 
Amerika Birleĸik Devletleriônin ºzellikle nemli ve hava ĸartlarēnēn ani deĵiĸiminin ­ok olduĵu 
bºlgelerde kullanēlmaktadēr. Fērtēna ve ani hava deĵiĸimlerinden kaynaklē aĵa­ direklerin zarar gºrmesi 

ve uzun s¿reli kesintilerin ºn¿ne ge­ilmesi i­in kompozit ºzl¿ direk ve traversler kullanēlmēĸtēr. ¥te 
yandan ulaĸēmē ve m¿dahale zorluĵu yaĸanēlan bºlgelerde aĵēr ekipmanlarēn ve par­alarēn deĵiĸimi 
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yerine kompozit ¿r¿nler tercih edilerek nakliyat kolaylaĸtērēlmēĸ, daha hēzlē ve basit kurulum 
saĵlanmēĸtēr. 

 

 

ķekil 5 Kompozit Travers. 

 

Ķzolatºrler; y¿ksek elektrik alan, kirlilik, ēslanma olaylarē, korona, sēcaklēk deĵiĸimi, mekanik ĸok, kuĸ 

vb. hayvanlarla etkileĸim, r¿zg©r, g¿neĸ radyasyonu, yaĵ sēzēntēlarē, yēldērēm ve anahtarlama darbeleri, 
biyolojik b¿y¿me ve titreĸim kaynaklē bir­ok olaya maruz kaldēĵēndan g¿­ sistemlerinde arēzaya neden 
olurlar Ayrēca izolatºrlerin hassas yapēlarēndan dolayē ¿retimi, nakliyesi ve kurulumu aĸamalarēnda 
zorluklar yaĸanmaktadēr. Enerji nakil havai hatlarēnēn b¿y¿k n¿fuslarēn enerji ihtiyacēnē karĸēladēĵē 
d¿ĸ¿n¿ld¿ĵ¿nde, izolatºr kaynaklē k¿­¿k arēzalar bile ciddi sorunlara yol a­maktadēr [10]. Ķzolatºr 
arēzlarēnda dolayē, havai enerji hattē ile travers/konsollar arasēnda izolasyon saĵlanamaz ve direk 
doĵrudan enerjilenir, bu durum can g¿venliĵini tehlikeye atmakta ve maliyetli sonu­lar doĵurmaktadēr. 
ķekil 6ôda izolatºr arēzalarēna ait gºrseller gºsterilmiĸtir.  

 

   

ķekil 6 Ķzolatºr Arēzalarē [10]. 

 

Yapēlan araĸtērmalar sonucu Yeĸilērmak Elektrik Daĵētēm A.ķ. (YEDAķ) sorumluluk bºlgesi havai hatlē 
daĵētēm ĸebekelerindeki yalētēm kaynaklē ­ēkan arēzalarēn neden olduĵu ortalama kesinti s¿resi 
istatistiksel olarak belirlenmiĸ ve bu istatistiklere gºre 2021-2022 yēllarēnda iletkenlerin ¿zerinde 

meydana gelen buz y¿k¿, ĸiddetli yaĵēĸ ve r¿zg©r, tozlu hava, kuĸ vb. canlēlarēn iletkenlere ­arpmasē, 
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iletkenin sēkē baĵdan kurtulmasē gibi sebeplerle elektrik direklerinin enerjilendiĵi ve uzun s¿reli elektrik 
kesintilerine neden olduĵu tespit edilmiĸtir. 2021-2022 yēllarē arasēnda ĸebekede meydana gelen 
arēzalarēn neden olduĵu yaklaĸēk 26.000 saatlik kesintinin 3.742 saati izolatºr kaynaklē, 5.913 saati sēkē 
baĵ kaynaklē, 1.852 saati kuĸ ­arpēlmasē ve 14.573 saati iletkene temas eden aĵa­ kaynaklē olduĵu tespit 
edilmiĸtir. Bu durum enerji nakil havai hatlarēnēn yalētēm seviyesinin arttērēlmasē gerektiĵini ortaya 
­ēkarmēĸtēr.  

Bu ­alēĸmada cam elyaf takviyeli plastik geri dºn¿ĸ¿ml¿ kompozit malzemeden oluĸan yalētkanlēĵē 
y¿ksek travers ve konsollarēn izolatºrs¿z olarak tasarēmlarē ve ¿retimleri ger­ekleĸtirilmiĸtir. Travers ve 

konsollarēn yalētkan olmasē sayesinde izolatºr ihtiyacēna gerek kalmayacak ve izolatºr kaynaklē ĸebeke 
arēzalarēn ºn¿ne ge­ilmesi saĵlanacaktēr. Ķzolatºrs¿z olarak ¿retilen kompozit yapēlē travers ve 
konsollar, izolatºr kullanēlmadēĵēndan dolayē y¿ksek maliyet kazancē saĵlayan, mukavemeti daha g¿­l¿, 
daha hafif, daha kolay montaj edilebilir hale gelmiĸtir. Ayrēca malzeme yapēsē gereĵi yanmaya ve 
­evresel ĸartlara karĸē daha diren­li, daha uzun ºm¿rl¿ bir ¿r¿n ortaya konulmuĸ ĸebekeye yeni bir 
model kazandērēlmēĸtēr. 

2. Traversler ve Konsollar i­in Ķzolatºrs¿z Modelin Tasarlanmasē  

Bu bºl¿mde, CAD-CAE ve Solidworks programlarē ile al­ak gerilim ve orta gerilim daĵētēm 
ĸebekelerinin daha g¿venli ve fonksiyonel olmasēnē saĵlayacak, YEDAķ sorumluluk bºlgesindeki G-
K1'', G-K2'', G-10I'' ve G-12I'' direk tiplerine uygun, cam elyaf takviyeli plastik geri dºn¿ĸ¿ml¿ 
kompozit malzemeden oluĸan izolatºrs¿z konsol ve traverslerin tasarlamasē ve ¿retilmesi 
ger­ekleĸtirilmiĸtir. Tasarēmlar, sim¿lasyon ­alēĸmalarē ile analizler yapēlarak doĵrulanmēĸtēr. ¢alēĸma 

kapsamēnda; ¿r¿n¿n 3 boyutlu tasarēmlarē, kalēp sistemlerinin oluĸturulmasē, farklē et kalēnlēklarēnda ve 
gºvde ­aplarēndaki tasarēmlar, paket programlarē ile farklē deformasyon t¿rlerinde ve kuvvetlerinde 
maksimum y¿k noktalarē ve deĵerlerinin belirlenmesi, sim¿lasyon deĵerlerine gºre tasarēmēn optimize 
edilerek en uygun ºl­¿lerin belirlenmesi ­alēĸmalarē ger­ekleĸtirilmiĸtir.  

Daĵētēm ĸebekesinde kullanēlan travers ve konsollarēn izolatºr kullanēlmadan tasarlanabilmesi i­in 
iletkenlerin kendi ve direk ile arasēnda yer alan atlama mesafesinin ayarlanabilmesi olduk­a ºnemli bir 
konudur. Yapēlan tasarēm ­alēĸmalarēnda kuvvetli akēm tesisler yºnetmeliĵine uygun olarak iletkenlerin 
atlama mesafeleri dikkate alēnmēĸtēr. 

Malzeme, kesit, salgē ve anma gerilimleri aynē olan, aynē ya da farklē yatay y¿zeylerde bulunan iletkenler 
arasēndaki en k¿­¿k (D) uzaklēk; 

 

Ὀ ὯȢὊ Ὅ
Ⱦ
                                                                                                        (1) 

D  : Direk ¿zerinde iletkenler arasēndaki uzaklēk (m) 

kAl­akGerilim : 0,35  

kOrtaGerilim : 0,50 

Fmak  : Hesaplanan direĵin en b¿y¿k a­ēklēĵēna iliĸkin en b¿y¿k salgē (m) 

l  : Taĸēyēcē zincir izolatºr¿n uzunluĵu (m) (Mesnet izolatºr¿nde l = 0 alēnacaktēr.) 

U  : Hattēn fazlar arasē anma gerilimi (kV) 

 

Ķletkenlerin birbirlerine olan minimum uzaklēĵē ­alēĸma yapēlacak olan direklerin en b¿y¿k a­ēklēĵēna 
olan en b¿y¿k salgē (Fmak) boyutuna gºre belirlenmiĸtir. Hat iletkenleriyle topraklanmēĸ metal bºl¿mler 
arasēndaki uzaklēk ise; en az 

 
 

πȟπυά  olacaktēr.  
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Bu uzaklēk y¿ksek gerilimli havai hatlarēnda 0,20 môden, al­ak gerilimli havai hatlarēnda ise 0,05 môden 
az olmayacaktēr. 36 kV lēk fazlar arasē anma gerilimi olan bir hatta hat iletkeninin metal bºl¿mlere 
minimum uzaklēĵē; 

 

Ὀ πȟπυά ά                                                                                                                                  (2) 

Ὀ πȟπυά ά πȟςω ά                                                                                                               (3) 

0,4 kV lēk fazlar arasē anma gerilimi olan al­ak gerilim hattēnda ise; 

Ὀ
ȟ

πȟπυά ά πȟπυςχ ά                                                                                                        (4) 

 

 

  

 

ķekil 7 Ķzolatºrs¿z OG Kompozit Travers a) Kafes direk b) U tipi direk c) Aĵa­ Direk. 

 

a) b) 

c) 
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ķekil 8 Ķzolatºrs¿z AG Kompozit Travers a) Kafes direk b) U tipi direk c) Aĵa­ Direk. 

 

Tasarēmlarē hazērlanan izolatºrs¿z AG ve OG kompozit traverslerde hammadde i­eriĵi olarak 
termoset malzemenin matris ĸeklinde dizilen cam elyaf takviye ile birleĸtirilmesi ile meydana gelen 

kompozitten ¿retilmesi ve bu sayede dayanēmēnēn artērēlarak istenilen ­ekme, germe ve taĸēma 
kapasitelerine ulaĸēlmasē saĵlanmēĸtēr. Kompozit ¿r¿n¿n elyaf takviye aĵērlēĵē %65-%80, re­ine ve diĵer 
katkē maddeleri aĵērlēĵē ise %20-35 olarak mekaniksel, elektriksel, fiziksel ve alev dayanēmē saĵlayacak 
matris ĸeklinde dizilmesi ile oluĸturulmuĸ hammaddeden ¿retilmiĸtir. Fiziksel, mekaniksel ve elektriksel 
gibi ºzellikler, kullanēlan elyaf i­erik oranēna, ayrēca elyafēn kompozit malzeme i­erisinde dizilim 
ĸekline gºre artērēlēp azaltēlabilmektedir. Tablo 1ôde ¿retilen cam elyaf takviyeli plastik geri dºn¿ĸ¿ml¿ 
kompozit malzemeden oluĸan traversin ºzellikleri verilmiĸtir. 

 

Tablo 1 Ķzolatºrs¿z kompozit traversin ºzellikleri. 

¥zellikler Deĵerler 

IP Sēnēfē IP65 

Optimum ¢alēĸma Sēcaklēĵē (-25) - (+125) ÁC 

Y¿ksek Gerilime Dayanēm 3000 V(AC) 

Darbe Deneyi 0,74 kgf/mm2 

Paslanma Deneyi + 

Darbe Dayanēmē 39 kJ/m2 

Gerilme Dayanēmē 78 N/mm2 

b) 

c) 

a) 
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¥zellikler Deĵerler 

¢ekme Dayanēmē 100-250 N/mm2 

Eĵilme Dayanēmē 80-250 N/mm2 

¢ekmede Uzama %1,6-2,8 

Dielektrik Dayanēmē 9,4 kV/mm  

Ge­iĸ Direnci 2x1013 ɋ cm 

Yoĵunluk 1,8-1,9 gr/cm3 

Su Absorsiyonu 30 mg 

UV Dayanēmē + 

Kēzgēn Tel Deneyi Stufe BH2-20 mm 

Yanabilirlik Sēnēfē UL-94 V-0 

Alev Geciktiriciliĵi + 

 

Ķzolatºrs¿z kompozit traverslerin tasarēma uygun olarak ĸekillendirilmesi ve istenilen malzeme 
ºzelliklerinin saĵlanmasē i­in el yatērma yºntemi ile oluĸturulan kalēpta ¿retimi ger­ekleĸtirilmiĸtir. 

3. Sonu­lar ve Tartēĸma 

Bu bºl¿mde Tablo 1ôde verilen izolatºrs¿z kompozit travers ºzelliklerinin saĵlanabilmesi i­in cam fiber 
takviyelerinin kompozit ¿r¿ne optimum miktarda ve yºnde ilave edilerek en uygun hammadde 
miktarlarē belirlenmiĸtir. Ķzolatºrs¿z kompozit traversin; iĸletme koĸullarē, malzeme re­etesi, maliyet 
analizi ve G-K1'', G-K2'', G-10I'', G-12I'' direk tipleri doĵrultusunda t¿m teknik hesaplama ve analizleri 
yapēlarak Tablo 2ôdeki boyutlarda optimum tasarēmē ve ¿retimi ger­ekleĸtirilmiĸ ķekil 9ôda 
gºsterilmiĸtir.  

 

Tablo 2 Ķzolatºrs¿z Kompozit Traversin Boyutlarē. 

Gerilim  Travers Tipi  Boy (cm) Geniĸlik (cm) Y¿kseklik (cm) 

OG 1 gT-200 200 10 6 

OG 1 gD-250 250 10 6 

AG 3 g6.5U-100 100 5 5 

AG 3 g6.5U-80 80 5 5 
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ķekil 9 Ķzolatºrs¿z kompozit travers a) AG i­in b) OG i­in. 

 
¦retimi yapēlan izolatºrs¿z traversin ­ekme, eĵme ve sertlik deĵerlerinin hesaplanmasē i­in; sertliĵin 
ºl­¿lmesini ve mukavemetleri hakkēnda bilgi edinilmesini saĵlayan mikrosertlik testi, malzemenin 

birleĸtirme y¿zeyi ve ­evresindeki s¿reksizlikleri tespit etmek amacēyla ¿­ nokta eĵme testi, davranēĸēnē 
belirlemek amacēyla yapēlan kontroll¿ gerilimle ¿r¿ne bir y¿k altēnda belli bir seviyeye kadar olarak 
veya tamamen malzeme kopana kadar malzemeye kuvvetin uygulandēĵē ­ekme testi ger­ekleĸtirilmiĸtir.  

Mikrosertlik testi, Wilson Hardness marka 402MVD model MikroVickers sertlik ºl­¿m cihazē ile 
numunenin y¿zeyinden sēralē mikrosertlik (microVickers ï HV) uygulamasē yapēlmēĸtēr. Sertlik ºl­¿m¿ 
alēnan numuneye ait ĸematik gºsterim gºrseli ķekil 10ôda gºsterilmiĸtir. Sertlik malzemenin her yºn¿ 
boyunca birbirine yakēn olarak ºl­¿lm¿ĸt¿r. Numuneden ­ēkan sonu­ yaklaĸēk 34,35 (50 gr) HVôye 
karĸēlēk gelmektedir. Deney standardē TSE EN ISO 6507ôdir. Aynē ĸekilde doĵru ºl­¿m¿n yapēlabilmesi 
i­in belirtilen kesit ve yºnlerde en az 15 ºl­¿m alēnarak ortalama sonu­ tespit edilmiĸtir. Ancak elde 
edilen veriler ASTM D 2583-72 standartēnda verilen Barcoll Sertlik dºn¿ĸ¿m tablolarēna gºre 49-50 

HBa Barcol sertliĵi olarak hesaplanmēĸtēr. Bu deĵer 45 HBa ¿zerinde olduĵundan ve malzemenin sertlik 
standardēna uygun olduĵu gºr¿ĸm¿ĸ sonu­lar Tablo 3ôde gºsterilmiĸtir.  

 
Tablo 3 Mikrosertlik test sonu­larē. 

1 2 3 4 5 6 7 8 9 10 11 12 
1
3 

14 15 
Ortala

ma 

36,
9 

35,
3 

34,
5 

35,
4 

34,
1 

28,
4 

31,
9 

39,
2 

36,
1 

36,
5 

30,
8 

33,
6 

3
5 

31,
9 

35,
7 

34,35 
(HV) 

a) 

b) 
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ķekil 10 Sertlik izlenim ºrnekleri. 

 

¦­ nokta eĵme testinde kullanēlan numune boyutlarē 100x10x5mm olup ISO178 standartlarēnda 
ger­ekleĸtirilmiĸtir. Elde edilen maksimum kuvvet, maksimum gerilme, maksimum uzama, maksimum 
ĸekil deĵiĸimi sonu­larēnēn istenilen deĵerleri karĸēladēĵē gºr¿lm¿ĸ Tablo 4 ve ķekil 11ôde gºsterilmiĸtir.  

 

Tablo 4 Eĵme testi sonu­larē. 

Numune 
Kodu 

Maksimum 
Kuvvet 

Maksimum 
Gerilme 

Maksimum 
Uzama 

Maksimum ķekil 
Deĵiĸimi 

1 757,813 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 4312,5 6,564 0,01969 
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ķekil 11 Eĵme testi sonu­larē.  

 

¢ekme testi en yaygēn mekanik test tekniklerinden biridir. Ķzolatºrs¿z kompozit traversin ne kadar g¿­l¿ 
olduĵunu ve kērēlmadan ºnce ne kadar gerilebileceĵini bulmak i­in ¢ekme testi ASTM D 638-71 
standartlarēna gºre ger­ekleĸtirilmiĸtir. Bu test yºntemi ile kopma kuvveti, kopma gerilmesi, kopma 

ĸekil deĵiĸimi, maksimum kuvvet, maksimum gerilme ve maksimum uzama miktarlarē ºl­¿lm¿ĸ Tablo 
5 ve ķekil 12ôde gºsterilmiĸtir. Ger­ekleĸtirilen ­ekme testi sonu­larē incelendiĵinde elde edilen 
sonu­larēn istenilen d¿zeyde olduĵu gºr¿lm¿ĸt¿r. 

 

Tablo 5 ¢ekme testi sonu­larē. 

¥l­¿m 
Kodu 

Kopma 
Kuvveti 

 (N) 

Kopma 
Gerilmesi 
(N/mm2) 

Kopma 
ķekil 
Deĵiĸimi 

 (%) 

Maksimum 
Kuvvet  

(N) 

Maksimum 
Gerilme 
(N/mm2) 

Maksimum 
Uzama 
(mm) 

1 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 

 

a) b) 

c) d) 




























































































































































































































































































































































