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iZMiR UNIVERSIADE OYUNLARI MASKOT HEYKELININ
TERSINE MUHENDISLIK YONTEMLERI iLE
DIJITALLESTIRILMESI VE KUCUK OLCEKLI OLARAK UC
BOYUTLU YAZICI ILE IMALATI

Dr. Ali Caglar ONCAG?, Halil TOSUN*

"Bu calisma Uluslararas: Universite-Sanayi Isbirligi Ar-Ge ve Inovasyon
Kongresinde sunulmustur"

OZET

Tersine muhendislik yontemleri, bilgisayar kapasitelerinin ve teknolojinin geligimi ile
daha fazla uygulama alani bulmaktadir. Bu calismada, ¢evre ve doga kosullart nedeniyle
yipranarak hasar goérmiis olan ve dijital tasarim verileri olmayan bir maskot heykel iizerinde 3
boyutlu Lazer tarayici ile tarama islemi gerceklestirilmis ve tarama verileri diizenlenerek 3
boyutlu yazici ile 6lgekli iiretimi gergeklestirilmistir. Bu tiir ¢aligmalarin yapilmasiyla kent
kiiltlir ve tarihinde yer alan tasarim ve eserlerin hasar vermeden 3 boyutlu olarak dijital ortama
aktarilabildigi gorilmistiir. Bdylelikle tersine miihendislik yontemlerinin kullanilmasiyla
eserlerin ve tasarimlarin pratik sekilde ve 3 boyutlu olarak gelecek kusaklara aktarilabilmesi
miimkiin olmaktadir.

Anahtar sozcikler: Tersine Mithendislik, 3 Boyutlu Yazici, Kent Kiiltiirii

DIGITALIZATION OF THE SCULPTURE OF IZMIR UNIVERSIADE
MASCOT WITH REVERSE ENGINEERING METHODS AND SMALL-
SCALE MANUFACTURING WITH 3D PRINTER

ABSTRACT

Reverse engineering methods have found more application area with the development
of computer capacities and technology. In this study, a 3 dimensional (3D) laser scanning
operation has been implemented on the mascot sculpture of Universiade 2005 Izmir “Efe”
which was worn out by environmental and natural conditions and has no digital design data.
After scanning operation by editing the scan data, a scale sculpture has been manufactured with
a 3D printer. By doing such studies, it has been seen that the data of designs and arts having
importance for urban culture and history can be transferred to digital media as 3D without any
damaging. Thus, by using the reverse engineering methods, it is possible to present arts and
designs to the next generations in a practical way and as 3D.

Keywords: Reverse engineering, 3D printer, urban culture
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1. GIRIS

Kentlerimizde ge¢miste gergeklestirilmis faaliyetler ve/veya meydana getirilen eserler
zaman igerisinde kent yasaminin bir pargasi olabilmekte ve kent kiiltliriine etki etmektedir. Ne
var ki tiim etkisine ragmen gergeklestirilen faaliyet, calisma ve eserlerin anilari, kent yasamina
kattig1 degerlerin énemi ve varligi zamanla unutulabilmektedir. Ilerleyen dénemlerde kent
tarihinde silik bir kayit, resimlerde nostaljik bir kare ve hafizalarda bir simge olarak
kalmaktadir.

Zamana yenik diisen c¢aligma, eser ve simgelerin Ozellikle ii¢ boyutlu nesnelere
donistiriilmis olanlarimi (heykel, mimari eser vb.) dijital ortamlara aktarmak, bu bilginin
korunmasi ve kolaylikla ¢ogaltilmasini miimkiin hale getirecektir. Gergeklestirilen donemsel
faaliyetleri ve bu faaliyetlerin kent kiiltiiriine etkisini gelecek kusaklara aktarmak agisindan da
dijitallestirme yararl bir faaliyettir.

Bu motivasyon ile asagida bahsedecegimiz drnek calisma igin 2005 yilinda izmir’de
diizenlenmis olan “23. Diinya Universite Yaz Oyunlar” (Universiade) i¢in Izmir Kus Cenneti
sakinlerinden, Latince adim Izmir’den alan Yali Capkini (Halcyon Smyrnensis) kusundan
esinlenerek tasarlanmis ve “Efe” ismi verilmis [1,2] maskot se¢ilmistir. Uygulama da
Maskotun oyunlar doneminde olusturulmus heykeli iizerinde, 3 boyutlu lazer tarayici ile
tarama islemi gerceklestirilmis ve elde edilen veriler {izerinden diizenlemeler yapilarak 3
boyutlu (3B) yazici ile 6lgekli replikasi tretilmistir. Taranan nesnenin hasarli olusu tersine
miihendislik yontemlerinin bu tiir zorlu nesneler iizerinde ne denli verimli uygulanabileceginin
smanmasi agisindan da faydali bir test olmustur. “Efe” unutulmaya baslayan bir simge olsa da
Universiade oyunlari icin yapilan yatirim ve tesisler giiniimiizde Izmir’de yasayan vatandaslara
ve sporculara hali hazirda hizmet vermeye devam etmektedir ve “Efe” gibi simgeler soz
konusu tesisler gibi yapilarin hikayesi ve seriiveninin hatirlanmasini saglamasi agisindan kent
yasaminda dnem arz etmektedir.

2. TERSINE MUHENDISLIK YONTEMI VE GECMISTE YAPILAN
CALISMALAR

Tersine muhendislik, bir nesnenin kopyasin1 ya da fonksiyonel olarak yeniden
konstriksiyonunu yapmak igin bir 6lgme, analiz ve test siireci olarak tanimlanabilir.
Uygulamada tasarim bilgileri olmayan pargalarin iiretilmesinde, hasarli parcalarin analiz
edilerek tamiri veya yeniden tiretiminde, var olan bir par¢aya dayanarak daha farkli bir {iriin
gelistirilmesinde, prototip liretmede vb. amagclarla kullanilmaktadir [3,4].

Tersine miithendislik calismalarinda temasli-temassiz dl¢im ekipmanlari1 ve uygun bir
yazilim kullanilarak, boyutlart bilinmeyen parcalarin boyutlar1 tespit edilebilmekte ve
modellemesi yapilabilmektedir. Olgiim ekipmani olarak Koordinat Ol¢iim Makinalari, Lazer
tarayicilar, yapilandirilmis aydinlatma gibi ekipmanlar kullanilabilmekte yazilim olarak ise
Alias Design, Geomagic Design X, PowerSHAPE gibi yazilimlar kullanilabilmektedir. Amaca
yonelik olarak uygun donanim ve yazilim kullanici tarafindan secilmektedir [5].

Gecmiste yapilmis olan ¢aligmalara bakildiginda hem yazilimlar {izerinde hem de farkli
ekipmanlarin  kullanimi ile farkli tiirdeki nesneler iizerinde c¢aligmalar yapildigi
gozlemlenmektedir. [6-15]
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Bu calismalarda farkli hacimlerde hem mekanik hem de organik malzemeler {izerinde
caligmalar yapildig1 goriilmektedir. Bunlara iliskin ornekler sekil 1°de gorilmektedir. Tum
calismalarin ortak noktasi toplanan verilerin dijital ortama aktarilmis olmasi ve tiim tasarim ve
diizenleme iglemlerinin bilgisayar yazilimlari ile gergeklestirilmis olmasidir. Diger taraftan bu
calismalarin havacilik, otomotiv, ziraat gibi farkli alanlardan 6rnekler oldugu goriilmektedir.
Ayrica yapilan ¢aligmalarin gergek hayatta 3 boyuta doniistiiriilmesinde 3 boyutlu yazicilarin
stireci tamamlayici bir rol oynadigi goriilmektedir.

Sekil 1. Farkli nesneler {izerinde gergeklestirilmis tersine miihendislik uygulamalari
[5,10,11,14].

Endiistriyel uygulamalarin yani sira tarihi ve kiiltiirel miraslarin 3 boyutlu olarak
dijitallestirilmesi i¢in caligmalar yapilmaktadir. Bu calismalarda farkl: tarayici ve yazilimlarin
denendigi gozlemlenmektedir. Bunun yani sira taranan nesnelerin 3B yazicilar veya CNC
(Bilgisayar Sayilimli Yonetim) tezgahlar1 kullanilarak replikalarin iretilebildigi goriilmektedir
[16].

Taramalar ile elde edilen veriler, fotograf ve yazi gibi iki boyutlu belgelerin yaninda
dijital 3B belgelerin olugmasini da saglamaktadir. Diger bir dnemli avantaj ise fotografik
olmayan gorsellestirme (¢izim vb.) tekniklerindeki zaman ve hassasiyet kaybi ve fotografik
tekniklerdeki golge olusumu vb. kusurlarin 3B taramada olmamasidir. Bununla birlikte
nesnelerin farkli a¢1 ve pozisyonlarda cekilen fotograflarin bir araya getirilmesi ile 3B dijital
modeller tiretmek de miimkiin olmaktadir. Tarihi ve Kkiiltlirel miraslarin (nesnelerin)
taranmasinda fotogrometri, (iiggenlestirme metodu kullanan) 3B lazer tarayici sistemleri,
yapilandirilmis aydinlatma, 1s181n ugus stiresini algilayan (LIDAR) sistemlerin kullanilabildigi
goriilmektedir. Amaca gore kullanicilar uygun araglari segebilmektedir [17].

Uzerinde galigilan nesnelerin boyutlar goz dniine alindiginda hem mimari eserlerin hem
de bu eserlerin kiigiik boliimlerinin 3B olarak dijital ortama aktarilabildigi dolayisiyla sekil
2’de goriildiigii gibi hem bina gibi bilyiikk boyutlu nesnelerin hem de nispeten kiigiik boyutlu

3
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nesnelerin 3B dijital modellerinin olusturulabildigi goriilmektedir. Bu veriler ayn1 zamanda
eserlerin dijital dokiimantasyonu olmaktadir [18,19].

Sekil 2. a) Dolmabahge Sarayinin bir boliimiiniin nokta bulutu goriiniimii [18] ve b) San
Giovanni Maggiore Bazilikasi i¢inde taranan bir kolon par¢asinin ag 6rgii modeli [19].

Literatiirde gergeklestirilen uygulamalarda farkli ara¢ gereglerin ve tarama
yontemlerinin bazi avantaj ve dezavantajlart oldugu belirtilmekte ise de [20] endiistriyel
kosullar geregi arag gereclerin (tarayict donanimlarin) ve yazilimlarin teknolojilerinde siirekli
iyilestirme oldugunu ve ge¢miste uygun olmayan bir yontemin gelisen teknoloji ile ginimizde
ve gelecekte kullanilabilir olabilecegini g6z ardi etmemek gerekmektedir.

Kiiltiirel miraslarin taranarak hazirlanan 3B modellerinin internet ortaminda
paylasilmasiyla diinyanin farkli noktalarindaki tarih ve sanat meraklilarina erisim olanagi
sunulmaktadir. Ornek olarak: “The Metropolitan Museum of Art” (New York) bu sekilde bir
uygulama yaparak envanterindeki nesnelerin 3B modellerini “thingiverse” internet sitesi
iizerinden paylagsmaktadir. 3B yazicilar ile imal edilebilen bu modeller boylelikle hem egitim
materyali olarak kullanilabilmekte hem de tasarimcilar i¢in ilham kaynagi olmaktadir [21].

Kent kiiltiiri agisindan Onemi olan nesnelerin veya Kkiiltiirel miraslarin temas
gerektirmeyen herhangi bir 3B tarama yontemi ile dijitallestirilmesinin en buyuk
avantajlarindan biri islemin nesneye dokunmadan gergeklestirilmesi dolayisiyla tahribatsiz
olusudur. Bununla birlikte tarama islemleri ile sonrasindaki veri diizenleme ve modelleme
islemleri tersine mithendislik konusunda uzmanlik gerektirmektedir.

Farkli alanlarda kullanilan tersine miihendislik yontemlerinin kentlere 6zel eserlerin
verilerinin korumasinda kullanilabilecegi ve yayginlastirilabilecegi goriisiiyle “23. Diinya
Universite Yaz Oyunlar1” maskotu “Efe” iizerinde 3. Béliimde gosterildigi sekilde bir
uygulama gergeklestirilmistir.

Geleneksel olgiilendirme ve replika tretiminde kullanilacak olan ve eserlere temas
gerektiren hatta eser lizerinde tahribat yaratma olasilig1 olan yontemler (bir heykelin iizerinin
cesitli malzemeler ile kaplanarak negatif kalibin1 almak gibi) yerine temas gerektirmeyen ve
tahribatsiz yontemleri igeren tersine miihendislik uygulamalarinin kullanimi bu calismada
onemli bir avantaj teskil etmektedir. Ayrica biitiin yeniden tasarim islemlerinin bilgisayar
ortaminda yapilmasiyla hacim olarak biiyiik nesnelerde harcanacak eforun azaltilmasi da
saglanmaktadir.
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3. UYGULAMA

Uzerinde uygulama yapilan “Efe” maskotunun heykeli bulundugu noktadan tasinarak
ESHOT Genel Miidiirliigii Gediz bakim atdlyesine getirilmistir. ilk gozlemlerde polyester
malzemeden imal edilmis olan heykelde iklim ve g¢evre kosullari nedeniyle gatlaklar ve
boyasinda solmalar oldugu gézlemlenmistir.

Heykel Romer 7325 marka ve model 6 eksenli bir KOM (Koordinat Olgiim Makinas1)
iizerine entegre edilmis HP-L.8.9 3B Lazer tarayici ile taranmustir.

S6z konusu tarayict liggenlestirme metodu temelli olarak calismaktadir. Bu metotta
cihaz tizerinde yer alan lazer taranacak cisim {izerine lazer 15111 gondermektedir. Lazere belirli
bir mesafe ve agida bulunan bir kamera cisim iizerinden yansiyan lazer 1ginin1 algilamaktadir.
Lazer 1511, kamera ve lazerin cisim {izerine diistiigli nokta arasinda olusturulan i¢genden
trigonometrik hesaplamalar ile taranan posizyonlar belirlenmektedir. Belirlenen pozisyonlar
noktalar halinde bilgisayara kaydedilmekte ve yazilimlar araciligiyla gorsellestirilmektedir.

Tarama islemi yaklasik olarak 3 is giinii, verilerin diizenlenerek yeniden tasarlanmasi
1,5 glin siirmiistiir. Bu siirelerin uygulamayi yapan kisinin deneyimine ve kullandigi
bilgisayarin kapasitesine bagli olarak bir miktar kisalmasi veya uzamas: miimkiindiir. Tarama
islemi Oncesinde heykel iizerinde herhangi bir tadilat islemi gerceklestirilmemis olup
hasarlardan kaynaklanan kusurlarin bilgisayar ortaminda diizeltilmesi hedeflenmistir ve
bdylelikle yapilabileceklerin kapasitesi goriilmeye c¢alisilmistir. Uygulamada taranacak
nesnelerin  kusurlarinin daha az olmasi ya da hasarsiz olmasi durumunda bu siirelerin
kisaltilabilecegi gozlemlenmistir. Heykelin boyutlar1 yaklasik olarak 2367x1896x2274 mm’dir
(Bir Kanat Ucundan Digerine X Tabandan Bas Ustiine X Kuyruktan Gagaya Mesafe). Heykel
geometrik sekillerden ziyade serbest formlarda tasarlanmis oldugundan kesin 6l¢ii vermek
miimkiin olmamaktadir. 3B lazer tarayicinin teknik 6zellikleri ¢izelge 1’de gosterilmekte olup
tarama sirasinda nokta yakalama aralig1 heykelin biiytikliigli goz o6niinde bulundurularak 1 mm
olarak secilmigtir. Tarama islemi farkli agilardan gerceklestirmis olup taranmayan bolge
kalmayacak sekilde tarayici her bir tarama isleminde yer degisikligine tabi tutulmus ve yapilan
taramalar bilgisayarda birlestirilmistir. Birden fazla tarama iglemi gerceklestirildiginden ve
tarama ylizeylerinin  genisligi g6z Onilinde bulunduruldugundan bu taramalarin
birlestirilmesinde kolaylik saglayan referanslar olusturacak ¢ikint1 seklinde belli bir kalinliga
sahip ¢ikartmalar heykel iizerine yapistirilmistir (bu islem tarama isleminde olmazsa olmaz
degildir ancak bilgisayardaki islemleri kolaylastirmaktadir). Tarama esnasinda referans tarama
islemine iliskin goriiniim ve heykel sekil 3’te goriilmektedir.

Kullanilan tarayici ile ¢ok daha kiiciik veya ¢ok daha biiyiik boyutlarda tarama islemi
gerceklestirilebilecek olup herhangi bir boyut sinir1 bulunmamaktadir. Tarama sirasinda lazer
tarayicinin nokta yakalama araligi kiigiikk parcalar igin 0,15 mm gibi kiigiik degerlere
ayarlanabilir ancak boyle bir ayar bu ¢alismadaki uygulamada oldugu gibi biiyiik hacme sahip
parcalarin taranmasinda biyiik verilerin olugsmasina ve bilgisayarlarin kapasitesinde
zorlanmalara neden olacaktir. Dolayisiyla segilen parametreler taranacak par¢anin hacmine ve
detaylarina uygun sekilde olmalidir. Bununla birlikte taranacak nesnenin boyutu bilyiidiikce
KOM’nin taranacak bélgeye gore harcket ettirilmesi gerekebilmektedir. Ancak bir amfi
tiyatro, bina vb. biiyiik boyutlu nesnelerin taranmasi ve dijitallestirilmesi s6z konusu oldugu
durumda bu tiir bir makine yerine LIDAR gibi farkli ara¢ gereclerin tercih edilmesi daha
kullanighdir.
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Sekil 3. “Efe” ve tarama isleminden bir goriiniim.

Cizelge 1. HP-L.8.9 Lazer tarayicinin teknik 6zellikleri [22].

Hassasiyet 40 pm 2 sigma
Nokta alma Yetenegi 45 000 nokta/saniye
Cizgideki nokta sayisi 750

Cizgi yenileme frekansi 60 Hz

Tarama genisligi (orta alanda) 80 mm

Algilama mesafesi 135 mm +/- 45 mm
Minimum nokta aralig1 0,08 mm

Lazer gii¢ ayarlamasi Yar1 otomatik

3 boyutlu tarama islemi ve yeniden tasarimda bir tersine mithendislik tasarim programi
olan Geomagic Design X (2016) programi kullanilmistir. Tarama sirasinda elde edilen
noktalardan ag orgiileri otomatik olarak olusturulmus, boylelikle elde edilmis ham tarama
verisi nokta bulutu yerine ag orgiilerinden olusmustur. Tarama islemlerinin tamamlanmasi
sonrasinda elde edilen dosya boyutu 104 MB (megabayt) olmustur ve taranan nokta sayisi
1.301.698’dir. Bu boyuttaki bir dosya bilgisayarda bir iglem yiikii olusturmasi yan1 sira tarama
isleminden yansima kaynakli ag salkimlari, i¢ ice gegmis ag orgiileri gibi kusurlar icermekte ve
ayn1 zamanda da heykelin hasarlarindan kaynakli kusurlari icermektedir (Sekil 4a). Bu sebeple
ag oOrgiisii iizerinde diizenleme ile hem kusurlarin diizeltilmesi hem de dosya boyutunun
azaltilmast yoluna gidilmistir. Bunun i¢in iyilestirme sihirbazi (“healing wizard”),
diizgiinlestirme (smooth), delik doldurma (fill holes), tekrar ag 6rme (global remesh) ve ag
optimize etme (optimize mesh) komutlari kullanilarak ag 6rgii model hatasiz hale getirilmistir.
Burada yapilan is bir nevi dijital ortam {izerinde heykelin hasarlarinin tamir edilmesi
olmaktadir. Bu islemler sonucunda dosya boyutu 7,95 MB’a diigmiistiir. Nokta sayisi ise
100.634’e diigmiistiir. Yapilan ag orgii diizenleme sonucunda elde edilen model ayn1 zamanda
tam kapali bagka bir deyisle su gegirmez (watertight) hale gelmigtir. Tam kapali haldeki
modelin bilgisayar kontrollii bir tezgaha (CNC) veya bir 3B yaziciya gonderilebilmesi i¢in
yeniden hizalanmasina baska bir ifadeyle yeni bir Kartezyen Koordinat Sistemi (x,y,z=0,0,0)
iizerine oturtulmasina ihtiya¢ duyulmustur. Hizalama igleminin gergeklestirilmesi ile koordinat
dizlemi sekil 4b’de gorildligii gibi olugmustur. Bu sayede dosya .stl uzantili olarak
kaydedilebilir ve 3B yaziciya gonderilebilir hale gelmistir.
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Sekil 4. a) Diizeltmeler dncesi ag drgii model b) lyilestirmeler sonrasi ag 6rgii modelin son hali
ve referans diizlemleri.

.Stl uzantili ag o6rgii model dosya Simplfy3D programinda agilarak dijital modelin iki
farkli 6l¢eklendirilmesi yapilmis ve 3B yazici igin takim yolu olusturulmustur. Boylelikle 3B
yazicida heykelin replikalarinin iiretilmesi icin her sey hazir hale gelmistir. Iki farkli
replikanin 3B yazicida basarili sekilde imal edilmesinin ardindan, ESHOT Genel Miidiirliigii
personellerince boyanmis ve orijinal biiyiik heykelin 6lgekli 6rnekleri ortaya ¢ikmigtir. SOz
konusu replikalara iligkin goriintimler sekil 5’te gosterilmekte olup soldaki replikanin tabandan
bas iistline yiiksekligi 12 cm sagdakinin ise 25 cm olacak sekilde iretilmigtir. Yazdirma islemi
(baski kapasitesi hacmi: 29x27x18 cm) Leapfrog Creatr HS marka ve model yazicida
gerceklestirilmigtir.  Yazdirma hammaddesi olarak PLA (Polilaktik Asit) filament
kullanilmistir. Yazdirma isleminde 0,1 mm katman kalinligr ve %25 doluluk orani tercih
edilmistir. Yazdirma sicakligi 210 °C ve yazici tabla sicaklig1 45 °C olarak ayarlanmustir.
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Sekil 5. 3B yazici ile iiretilen ve boyanan iki adet heykel replikasi.

Tarama islemi sonrasinda ayni zamanda heykelde meydana gelmis olan hasarlar uzman
personeller tarafindan giderilerek yeniden boyanmigtir. Son hali sekil 6’da gosterilmektedir.

Sekil 6. Tadilat ve boyama islemi ile 51rasmdak1 ve boyama bitiminden sonraki heykelin
taginma sirasindaki goriintiisii.

4. SONUCLAR

Gecmiste yapilan uygulamalar tersine miithendislik yontemlerinin farkli amaglarla farkl
geometrik 6zelliklere ve hacimlere sahip endiistriyel veya mimari nesnelere uygulanabildigini
gostermektedir. Buna uyumlu olarak bu calismada gergeklestirilen uygulama 1siginda tersine
mithendislik yontemlerinin kent kiiltir ve tarihi agisindan 6nemli olan nesne ve eserler
tizerinde de giivenilir sekilde kullanilabilecegi goriilmektedir. Koordinat 6lgme makinalari ve
lazer tarayicilar gibi ekipmanlar ile alinacak ol¢iimler ve bilgisayar destekli tasarim
programlar giivenilirligini kanitlamis teknolojilerdir.

Elde edilen veriler ve dijital modeller ile CNC tezgahlarinda tiretim yapilmasi, kalip
veya model imal edilerek dokiim vb. geleneksel imalat yontemleri ile nesnelerin ¢ogaltilmasi
miimkiindiir. Bununla birlikte 3B yazicilar kigisel iiretimler icin biiyiik esneklik sunmaktadir.

3B yazicilar ile herkesin kendi iiretimlerini yapabilmesi i¢in thingiverse vb. gibi internet
platformlar1 olusturulmustur. Bu tiir sitelerde insanlar istedikleri nesnenin dijital verilerini
indirerek imalatin1 gerceklestirebilmektedir. Boylelikle kentlere 6zgin eserlerin ve kiltirel
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miraslarin bilinirliginin arttirilmasini saglamak, kent kiiltiiriiniin korunmasina /artirilmasina
/devamliligina teknolojik bir katki saglamak miimkiindiir. Nesne ve eserlerin bilinirliginin
artmas1 bu eserler ile ilgili olaylar hakkindaki hikayelere de merak duygusu uyandiracaktir.

Tersine miihendislik teknolojileri sanat eserleri, tarihi kalintilar, mimari eserler gibi
nesnelerin tarihi agidan ©Onemli olabilecek kalict dijital kayitlarin  olusturulmasim
saglamaktadir. Bu yontem ile olusturulacak dijital bir arsiv, gelecek kusaklara birakilacak
degerli bir miras olacagit gibi kentlerin ve kentlilik kiiltiirtine yapilabilecek 6nemli bir
hizmet/katki anlamina gelmektedir.

Bu c¢alismadaki uygulamalara benzer uygulamalarin iilkemizde tesvik edilerek
yayginlastirilmast ve gerek sanat eserleri gerek tarihi eserlerin dijital dokiimanlarinin
olusturulmasina ve ¢ok disiplinli ¢aligmalara ihtiya¢ duyulmaktadir.

Bu tiir calismalarin Izmir 6zelindeki tarihi kalintilar ve sanat eserleri icin de
yaygmlastirilmasi miimkiindiir.
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AGING TEMPERATURE EFFECT on HARDNESS and
MICROSTRUCTURE of A357 ALUMINIUM ALLOY PART WHICH
PRODUCED by GDC and LPDC

Gazican OZKAN?, Bahadir UYULGAN?

"Bu calisma Uluslararas: Universite-Sanayi Isbirligi Ar-Ge ve Inovasyon
Kongresinde sunulmustur"

ABSTRACT

A357 aluminium alloy commonly used in automotive, energy, aerospace and
engineering applications. In this study, A357 aluminium alloy parts produced by Gravity Die
Casting (GDC) and Low Pressure Die Casting (LPDC) methods were used. T6 heat treatment
was applied. Firstly, samples are solutionized at 540° C during 7 hours, then quenched at room
temperature water. After that, artificially aged at 150°C and 170°C aging temperatures. Their
Vickers hardness changes have observed. For two different casting methods, the hardness
increases in the first few hours according to the untreated conditions. Also, dendritic
microstructure has changed to homogeneous microstructure after heat treatment. At the
beginning, the part which produced by Low Pressure Die Casting method shows higher
hardness, lower secondary dendritic arm spacing (SDAS) value and lower porosity against
gravity die cast part. After T6 heat treatment LPDC part’s advantages against GDC method has
partially disappeared.

Keywords: T6 Heat Treatment, A357 Aluminium Alloy, Gravity Die Casting, GDC, Low
Pressure Die Casting, LPDC

_ YASLANDIRMA SICAKLIGIN.I.N KOKIL VE ALCAK BASINC
DOKUM iLE URETILEN A357 ALUMINYUM ALASIMLI PARCANIN
MIKRO YAPI ve SERTLIGINE ETKISI

OZET

A357 alliminyum alasimi yaygin olarak otomotiv, enerji, havacilik ve miihendislik
uygulamalarinda kullanilir. Bu ¢aligmada, A357 aliiminyum alagimi parcalar kokil dokiim ve
alcak basing dokiim yontemleriyle iiretilmisti. T6 1s1l islemi uygulanmustir. ilk olarak
numuneler 540° C sicaklikta 7 saat boyunca ¢ozeltiye alinmig ve sonrasinda oda sicakliginda
su verilmistir. Bu islemden sonra, yapay yaslandirma iglemi 150°C ve 170°C sicakliklarda
yapilmistir. Vickers sertlik degisimleri gozlenmistir. Iki farkli dokiim yontemi icin de sertlik,
11l islemsiz kosullara gore ilk birkac saat i¢inde artmistir. Ayrica dendritik mikro yapt 1sil
islem sonrasinda homojen yapiya doniigmiistiir. Baslangicta alcak basing dokiim yontemiyle
tiretilen parga kokil dokiim ydntemiyle iiretilen parcaya kiyasla daha yiiksek sertlik, daha

! Metalurji ve Malzeme Y. Mih., Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Metalurji ve Malzeme
Miihendisligi Boliimii, 35390 Buca,iZMIR e-mail: gazicanozkan@gmail.com

2 Yrd.Dog.Dr., Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Metalurji ve Malzeme Miihendisligi Boliimii, 35390
Buca, lzmir e-mail: bahadir.uyulgan@deu.edu.tr
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diisiik ikincil dendritic kol mesafesi ve daha az porozite gostermistir. T6 1s1l isleminden sonra
algak basing dokiim yontemiyle iiretilen parcanin, kokil dokiim yontemiyle iiretilen parcaya
gore avantajlart kismen yok olmaktadir.

Anahtar Kelimeler: T6 Isil islemi, A357 Aliiminyum Alasimi, Kokil Dokiim, Alcak Basing
Dokim

1. INTRODUCTION

A357 aluminum casting alloy which was used in this study, use in various applications
such as constructional, automotive, aerospace, military and engineering area (MIL-A-21180D,
1984; Wang, 2003; Es-Said et al. 2002).

In aluminum casting, aluminume-silicon alloys have exhibit excellent fluidity, castability
and corrosion resistance. The addition of magnesium to aluminum-silicon alloys forms the
basis for an extremely important and useful family of compositions that combines outstanding
casting characteristics with excellent properties after heat treatment. Corrosion resistance is
also excellent, and a low level of thermal expansion is retained (Kaufman J.G. and Rooy E.L.
2004). To improve properties and enhance strength and ductility, aluminum castings often are
thermally processed by a series of heating and cooling cycles called heat treatment. This
thermal processing involves three basic operations: solution, quench and aging. T6 temper
means solution treat and age artificially. In castings, T6 commonly describes optimum strength
and ductility (The AFS, 2006). Some aluminum alloys are solution treated at temperatures
generally in the range of 400 to 540°C (Canale et al, 2009).

In systems containing aluminum, silicon and magnesium, the strength increases with
Mg,Si, residual stresses decrease, and a homogeneous distribution in porosity is achieved.
Magnesium silicide (Mg,Si) is the soluble phase in important alloys such as 356.0, A356.0 and
A357.0 alloys. This phase acts to increase the energy required for deformation of the crystal
lattice. Spherical zones convert to needle-shaped particles at points corresponding to peak
hardening (Kaufmann, 2004).

Solution heat-treating at relatively high temperature is required to activate diffusion
mechanisms, first, to dissolve Mg-rich phases formed during solidification and, then, to
homogenize the alloying elements, such as Mg and Si, so as to achieve an elevated yield stress
subsequent ageing (ASM Handbook, 1991).

Quenching is usually carried out to room temperature to obtain a supersaturated solid
solution of solute atoms and vacancies, in order to achieve an elevated strengthening
subsequent ageing (ASM Handbook, 1991). Further, the solution heat treatment changes the
morphology of eutectic Si from polyhedral, or fibrous morphology in the modified alloys, to
globular structure (Manente, 2011).

In Ozkan’s M.Sc. thesis, low pressure die casting and gravity die casting methods have
compared with regard to secondary dendrite arm spacing (SDAS) and Vickers hardness values
(Ozkan, 2018). Similarly, tensile properties and fracture behavior of A356 (AlISi7Mg0.3) and
A357 (AISi7Mg0.6) cast aluminum alloys have been investigated in a variety of scientific
studies that are dependent on secondary dendrite arm spacing (SDAS) and Mg content (Wang,
2003).

12
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In this study, A357 aluminum alloy parts were produced by gravity die casting and low
pressure die casting methods which are popular in industry. After casting, T6 heat treatment
applied to specimens which were taken from cast parts. Subsequently, for two different aging
temperatures, a hardness change graph was generated for temperatures of 170°C and 150°C
respectively for 12 and 24 hours durations. Microstructure changes before and after T6 heat
treatment was investigated.

2. EXPERIMENTAL DETAILS

Table.1 Chemical composition of A357 aluminum casting alloy (percentage by mass)

Si Fe Cu Mg Mn Zn Ti
6.5-7.5 0.19 max 0.05 max 0.45-0.70 0.1 max | 0.07 max 0.25 max

Table.1 shows the chemical composition of A357 aluminum alloy which was used in
this study. Cast parts were produced by gravity die casting and low pressure die casting
methods, at “ADT Aliminyum Dokim Teknolojileri” Foundry.

The T6 heat treatment, which is generally used in A356-A357 alloys, was carried out in
this study. The samples (20x20x5mm) prepared from the clipbars cast part which are casting
by gravity die casting and low pressure die casting methods. T6 heat treatment was carried out
in the metallurgical and materials engineering casting laboratory of Dokuz Eylul University by
EGEM (Refsan RF 860) brand name and model of furnace.

Solutionizing step of T6 heat treatment was carried out at 540°C temperature during 7
hours. Then samples quenched at room temperature water. Subsequently, they were aged at
150°C and 170°C aging temperatures, up to 24 and 12 hours respectively. During aging
process, aging time was increased by hourly. After each hour, vickers hardness of samples
were determined.

The hardness tests were also carried out under the load of 1 kg for 10 seconds with the
Shimadzu HSV-30 brand and model vickers hardness device. At least 5 tests were carried out
for each sample.

3. RESULTS AND DISCUSSION

3.1. Microstructural Investigations

Fig.1 shows that dendritic structures of samples which were produced by gravity die
casting and low pressure die casting without heat treatment (as cast).

13
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(@)
Fig.1 Dendritic microstructures of as cast (a) gravity die cast part, (b) low pressure die cast
part

After solutionizing step dendritic microstructure was change to homogenious structure
(Fig.4). Silicon-rich phase homogeneously dispersed at aluminum matrix.

(@) (b)
Fig.4 Microstructures of samples after solutionizing (7 hours at 540°C) and quenched at room
temperature water (a) gravity die cast (b) low pressure die cast part

In Fig.5 microstructures of samples which were aged at different aging temperature
during different aging time, cast by gravity and low pressure die casting methods, has shown.

(@) (b) (©)
Fig.5 Microstructures of samples (a) 12 hours aged at 170°C gravity die cast part (b) 24 hours
aged at 150°C low pressure die cast part (¢) 3 hours aged at 150 °C gravity die cast part.

3.2.  Hardness Test

Table 2 shows the average HV1 hardness values of the cast parts. First row for as cast
part (without heat treatment), second row for cooled at furnace after solutionizing, third row
shows quenched (at room temperature water) after applying the first heat treatment stage of the
T6 heat treatment (7 hours at 540°C).
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Table 2. Vickers hardness (HV1) results of samples

Gravity Die Casting Low Pressure Die Casting
As Cast 64.6 +2.21 70.5 +2.67
After solutionizing ( at 540°C, 7 41.2 £1.03 42.1 +#3.98
hours) cooled at furnace
After solutionizing ( at 540°C, 7 90.3 #3.35 94.1 +3.26
hours) quenched at room
temperature water

For samples aged at 150°C, as shown in Fig.2, the low pressure die cast part shows
higher vickers hardness value than the gravity die cast part up to 24 hours.

e Gravity Die Casting aged at 150°C
Low Pressure Die Casting aged at 150°C |

130 4

125 4

120 -+

115 4

110

105

Hardness (HV1)

100

95 ~

90

85IIIIIIIIII[I
0 2 4 6 8 10 12 14 16 18 20 22 24

Duration (Hours)
Fig.2 Vickers hardness results of samples which aged at 150°C
The change in hardness of the gravity and low pressure die cast samples aged at 170°C

for 12 hours is shown in Fig.3. As can be seen from these figures, two methods show parallel

vickers hardness values. They show the highest hardness values in 2-3 hours and then these
hardness values decreased.
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= (Gravity Die Casting aged at 170°C
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135
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Fig.3 Vickers hardness results of samples aged at 170°C

After T6 heat treatment both samples showed similar hardness results. The Vickers
hardness advantage of LDPC parts against GDC parts has considerably disappeared due to the
quenching. Nevertheless, LPDC method has advantages against GDC method such as lower
porosity, more efficiency, smaller grain size, higher tensile strength, faster cooling etc (Chen,
2016; Bonollo,2005; Ozkan,2018).

4. CONCLUSION

To improve the mechanical properties of the A357 aluminum alloy in the aspect of its
hardness change due to the performance of the T6 heat treatment is possible with select of
suitable solutioning and ageing treatment parameters. Obtaining the highest Vickers hardness,
parameters have determined as:

-Solutioning: 540°C during 7 hours,

-Quenching: Room temperature,

-Aging: 170°C during 2 hours.

For this parameters, hardness was observed as 132 HV1.

In T6 heat treatment, structure which became saturated after solutioning and quenching
steps, causes an increase in hardness by precipitation of Mg,Si with aging step. After T6 heat
treatment, dendritic structure of gravity and low pressure die cast parts have changed. It effects
the hardness and directly mechanical properties of the alloys.

Low pressure cast part shows slightly higher hardness results than gravity die cast part
throughout the process. Peak hardness values can be reached in a shorter time as the aging
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temperature increases. After the T6 process, the result is an increase of the hardness of about
33-40%.

By using the data of this study, it is possible to observe over aging by increasing aging
time and continuing to observe hardness changes. Besides, in T6 heat treatment, it is possible
to target high energy efficiency processes in the casting sector by evaluating the optimum
temperature and time, energy consumption by changing the solutionizing and aging
temperature and time.
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MOLEKULER KONTROL VE YUZEY MODIFiKASYONU iLE
INORGANIK-ORGANIK HIiBRIT, FONKSIYONEL
NANOMALZEMELER

Osman ARSLAN?, Yiiksel ABALI?

"Bu calisma Uluslararas1 Universite-Sanayi Isbirligi Ar-Ge ve Inovasyon
Kongresinde sunulmustur"

OZET

Gundmiizin nanoteknolojik perspektifinde, seramik, metal, polimer, kompozit, cam
veya ahsap gibi temel malzeme gruplar1 ve bu malzemelerin belirli 6zellikleri yeni fonksiyonel
nanomalzemelerin sentezi ve uygulanmasi i¢cin molekiiler seviyede birlestirilebilir. Bu sayede,
seramik malzemelerin dayaniklili§1 veya asite dayanimi, hibrit nanomalzemeler tiretmek iizere
esnek organik polimerik yapilarin 6zellikleriyle birlestirilebilir veya modifiye edilebilir.
Dolayist ile, molekiiler diizeyde baslangic malzemelerinden baslayarak, ¢ok yeni ve farkli
Ozelliklere sahip yeni hibrit nanomalzemeler (Gretilebilir. Bunun icin atomik diizeyde
hassasiyet ve hassasiyeti saglayan iiretim teknikleri basarili ve yaygin bir sekilde uygulanabilir.
Elde edilen yeni nanomalzemeler filtreleme veya diger optik uygulamalarda kullanilabilir.
Ayni sekilde, ¢izilmeye veya korozyona karsi koruma, UV korumasi, asit-baz direnci, floresans
ozellikler, super hidrofobik/kendini temizleme 6zellikleri, sertlik ve bir¢cok baska 6zel 6zellik
de elde edilebilir. Gelistirilmis iirtinler genelde ucuz, etkili, uzun 6miirlii ve kontrol edilebilir
kimyasallarla sentezlendiginden, organik ve inorganik yapilar1 birlestiren bu yeni sentez
yaklagimi, farkli uygulamalar i¢in yeni fonksiyonel yapilarin eldesi ve iiretimi i¢in etkili bir
yontem teskil eder.

Anahtar kelimeler: Nanoteknoloji, nanopartikiil, yiizey kaplamalari, kuantum partikiilleri,
hibrit malzemeler

INORGANIC ORGANIC HYBRID FUNCTIONAL NANOMATERIALS
BY MOLECULAR LEVEL CONTROL AND SURFACE
MODIFICATION

ABSTRACT

In the current nanotechnological perspective, fundamental materials such as ceramics,
metals, polymers, composites, glass or wood and their specific characteristics can be combined
at the molecular level for the synthesis and implementation of new functional nanomaterials.
Therefore, durability or acid-base resistance of the ceramic materials can be supported or
modified with the properties of flexible organic polymeric structures to produce unusual hybrid
nanomaterials. From this perspective, starting from the molecular precursors, atomic precision
and integrated production techniques were successfully applied for the novel hybrid
nanomaterials with distinctive features. Obtained new nanomaterials were utilized as functional
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surface coatings or in adsorption, filtration or other optical applications. In the same manner,
scratch or corrosion prevention, UV protection, acid-base resistance, fluorescence character,
superhydrophobic/self cleaning features, hardness and many other tailored properties were
obtained in one distinctive material. Since developed products usually start with cheap,
effective, long lasting and controllable precursors, our new material approach represents a
highly attractive route for the synthesis and production of highly desirable novel hybrid
structures for different applications.

1.  GIRiS

Malzeme temelli teknolojiler gézoniine alindiginda temel olarak malzemeler kendi
arasinda; a) Polimer (Organik malzeme) b) Cam malzemeler ¢) Seramik Yapilar d) Metaller ve
e) Diger yapilar seklinde simiflandirilabilir. Bu yapilar kimyasal yapilart ve fiziksel 6zellikleri
acisindan degerlendirildiginde polimer yapilarin esneklik, cam yapilarin optik, metallerin
dayaniklilik ve seramik malzemelerin sertlik 6zellikleri 6ne ¢ikmaktadir [1-3].

Polimer Yapilar Metalik Yapilar
Elastomer dzellik/yumusaklik, Asit ve Bazlara dayanim,
Esneklik — = '\\ Sertlik,

Va

\
[ NANO HiBRIT \
| MALZEMELER |

Inorganik Yapilar
Seramik, Cam, Emaye
Sertlik/Kirilganlik,
Termal dayanim

Sekil 1. Hibrit nanokompozit malzemelerin genel 6zelliklerinin birlestirilmesi

Seramiklerin dayanikliligini ve organik malzemelerin esnekligini, herhangi bir malzeme
grubunda ayni anda beklemek dogru olmayacaktir. Bu nedenle bu 6zelliklerin ikisini birden
tastyan malzeme gruplarin1 molekiiler diizeyde birlestirmek vasitasi ile, yeni &zellikler elde
etmek miimkiin olacaktir. Hibrit yapilarin elde edilmesi genellikle organik ve inorganik
baslaticilarin molekiiler diizeyde birlestirilmesi ile ger¢eklesir. Bunun yapilabilmesi icin sol-jel
tabanli baglatici maddelerin yaninda sayet uygun ise, organik bir destek yapi veya bir
nanopartikiil, karisima ilave edilebilir [4-6] . Bu yapilara ek olarak organik bir molekiil
eklenerek farkli 6zellikler elde edilebilir. Bu yapilar tek tek ele alindiginda alkoksit yapilarimin
elde edilen nihai iiriine inorganik ozellikler kattig1 goriilmektedir. Buna ilaveten diger
polimerlegebilen molekiiler baslaticilar veya polimerik yapilar yapiya esneklik katmak igin de
kullanilabilir. Bu sol-jel baslaticilar ve organik destek yapilart birlestiginde hibrit bir organik
ve inorganik polimerlesme gozlenir. Dolayisi ile malzemelerin birbiri ile molekiiler diizeyde
etkilestirildiginde ortaya g¢ikacak hibrit {riinler ortaya konulabilir (Sekil.1). Malzemelerin
siniflandirilmasi asamasinda ortaya ¢ikan pozitif ve negatif faktdrler degerlendirildiginde, bir
malzemenin dis ylizeyinin disardan gelen etkilere ¢ok daha fazla maruz kaldig1 gézlenecektir
[7-8]. Bu nedenle herhangi bir yeni iriin ortaya konuldugunda, iiriiniin tamamin
doniistiirmektense sadece yiizey kaplamasinin olusturulmast mali ve uygulama agisindan
biliyilk avantajlar saglayacaktir. Bu modifikasyonun gerceklestirilmesi ig¢in de hibrit
malzemelerin sentezinde kullanilacak olan gegis metallerinin ve ligantlarin, silisyum kimyasi
ile birlestirilmesi gerekmektedir [9-18]. Herhangi bir inorganik-organik yapmin meydana

19



M C B U Soma Meslek Y iksekokulu Teknik Bilimler Dergisi Y1l: 2018 Say1:26 Cilt: I

gelmesi temelde 4 farkli bag ile miimkiin olabilmektedir: (R=alkil, amino, epoksi, vinil veya
benzeri, R’=alkil )

1) Kovalent bag (RO

/_,_J

3 Kunrdmauf'bag "f

23 Iyonik koordinatif bag

’f —1} iyonik bag'adsorpsivon

H
.

MD(DHD D‘[]/v\
T R

1]

Hibrit inorganik organik yapilarin sentezi igin sol-jel mekanizmasi kullanilarak bir
sentez semast ortaya konulabilir.Onemli olan sol- jel gegisi ve stabil hibrit yapilarin olusmasi
igin gerekli olan homojen karigimlarin meydana gelmesidir. Ozellikle sol—jel reaksiyonlarmin
(Sekil 2) sonlanmasindan sonra olusacak olan gbzenekli (pordz) yapilarin dayanikli bir hale
getirilmesi i¢in nanopartikiillerin ilavesi hayati 6nem tasir [19-23]. Sayet gerekli ise iki yapinin
molekiiler diizeyde homojen kalmasi i¢in hibrit kompozisyona ilave edilen nanopartikillerin
yiizeylerinin modifiye edilmesi (Sekil 3) gerekebilir. Son yillarda bu nedenlerden dolay: hibrit
cam ve seramik yapilar1 artmistir.

Hydrolysis Si - (}R + HOH ——  Si-OH + ROH

Condensation

____________

Sekil 2. Sol Jel reaksiyonlarinda gergeklesen hidroliz ve kondenzasyon reaksiyonlarin
gosterilmesi

yapilarin iiretilmesinde sol jel tepkimesi ¢ok biiyiik bir oranda kullanilmaya baslanmistir. Sol-
jel reaksiyonu fonksiyonel grup iceren ve icermeyen silanlar basta olmak {izere bagka bir ¢cok
metal alkoksitlerin hidroliz kondenzasyon tepkimeleri ile ger¢eklesir. Bu proses sayesinde
homojen bir inorganik ag olusturulabilir. Sol jel prosesi molekiiler anorganik monomerlerden
kolloidal bir sistemin olusumu, sol ve daha sonra kondenzasyonun ilerlemesi ile jel
olusumundan meydana gelir. Cok yaygin olarak Si-alkoksitlerin kullanilmasinin yaninda
peryodik tablodaki bir ¢ok ametal ve metalin alkoksitleri de kullanilir [24-30]. Sol jel tepkimesi
temel olarak 3 asamadan olusur. Bunlarin ilki alkoksitin su ile hidroliz olmas1 (hidroliz), daha
sonra olusan —OH gruplarinin kendi arasindaki kondenzasyonu (su kondenzasyonu) veya bir —
OH grubu ile bir —OR grubunun kondenzasyonudur (alkol kondenzasyonu).
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Seramik nano

partikil

Sekil 3. Nanopartikiiliin silan bazli yilizey modifikasyonu

Burada gergeklesen tepkimeler paralel ve yarigmali olarak beraber yiiriir. Sol jel
tepkimesinde; kullanilan su miktari, ¢ikis maddesi olarak kullanilan monomerlerin farkliligs,
katalizor, sicaklik gibi tepkime kinetigine ve yoniine direkt olarak etki eden faktorler
O6nemlidir[31-33].Yaygin olarak kullanilan metal alkoksitlerin reaktivitesi ile ilgili bir ¢ok
calisma yapilmistir. Bu ¢alismalardan metal alkoksitlerin tepkimelerinde ¢ok ¢esitli faktorlerin
g0z Oniinde bulundurulma gerekliligi ortaya ¢ikmaktadir. Bu temel bilgilerden yola ¢ikilarak
adim adim olacak sekilde, hibrit inorganik-organik yapilarin sentezi i¢in bir sema Sekil 4’de
gosterilmektedir. Bu semada 6nemli olan sol-jel gecisi ve stabil hibrit yapilarin olugmast i¢in
gerekli olan homojen karigimlarin meydana gelisidir.

Ozellikle sol—jel reaksiyonlarmin sonlanmasindan sonra olusacak olan pordz yapilarin
dayanikli bir hale getirilmesi i¢in nanopartikiillerin ilavesi ve olusan gézeneklerin doldurulmasi
gerekir[34-36]. Gerektiginde iki yapimin molekiiler diizeyde homojen kalmasi igin
nanopartikiillerin yiizeyleri se¢ilen 6zel molekiillerle degistirilerek homojenlik arttirilir.

Sol-Jel Baglatict Gozgen veya Destek Yap!

Alkoksit H:0 (Epoksi veya
haska mnlekiil)

Homojen
Gozelti
Nanopartikil Organik
Molekul
Hidroliz
Kondenzasyon

Nanokompozit
Hibrit Malzeme

Sekil 4. Molekuler diizeyde kontrol edilebilen hibrit nanokompozit malzemelerin sentezi igin
genel bir akim semast
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Daha 6nce benzer galigmalarda suyu module eden siiperhidrofobik kaplamalar Ganesan
et al. tarafindan yilizey modifikasyonu vasitasi ile gerceklestirilmis, antibakteriyel kaplamalar
Wani et al. tarafindan gilimiis bazli nanopartikiiller ile etkilestirilen kaplamalar ile saglanmustir.
Ayrica nanopartikiil disperse edilmis ¢izilme dnleyici kaplamalar Arslan et al. tarafindan genis
bir sekilde ¢alisilmistir. Buna ilaveten korozyon engelleyici kaplamalarin bazi 6zel durumlarim
iceren ¢alisma Wang et al. tarafindan, fiziksel ve kimyasal sol-jel bazli yiizey kaplamalarinin
olusumu ve teori temelleri Dislich et al. ve Bornside et al., tarafindan ortaya konmusgtur[37-40].
Bu calismada ise nanomalzemelerin yiizey kaplama materyali olarak kullanilmasi ile ilgili
olarak bilgiler genel olarak verilmis olup, konuya iliskin genel bir perspektif aktarilmstir.

2. FONSIiYONEL YUZEY KAPLAMALARI

Nanokompozit yapilarin olusmasi ve partikiillerin matriks igerisinde en iyi 6zelligi
saglamalar1 i¢in, matriks ile etkilesimlerinin iyi olmasi ve stabilizasyonun gergeklestirilmis
olmasi gereklidir. Genelde seramik partikiil yiizeylerindeki OH- gruplari ile silanol yapilar
etkileserek kondenzasyon sonrasi su veya alkol ¢ikisi, partikiiliin yapiya katilmasini saglar [41-
44].

Genel olarak bir hibrit polimer icinde disperse olan partikullerin SEM gdsterimi
Sekil.5’de verilmistir. Tozlarin yiizeylerindeki —OH gruplari ile polimer molekiillerinin —OH
gruplarinin kondenzasyonu agik¢a goriilmektedir.

Inorganik organik sistemlerde, prensip olarak 2 farkli nano parcacik ekleme yontemi
vardir.
a)Kompozit matriks i¢erisinde par¢acigin in-situ olarak olusturulmasi
b) Onceden stabilize edilmis parcacigin disaridan eklenmesi (ex-situ metod).

Sekil5 . Matriks icerisinde nanopartikiil disperse edilmesi ile olusan yiizey kaplamalar1 [35,37]

Bu yontemler dikkate alindiginda fonksiyonel ylizey kaplamalar1 asagidaki sekilde
siniflandirilabilir.

a) Asinma ve cizilme direncli kaplamalar
Genellikle iglerinde sertlik skalasinda yiiksek degerlere sahip SiC, SiO, veya Al,O;
bulundururlar. Bu kaplamalar icin temel gereksinim, iclerindeki partikilleri homojen bir

sekilde matriksin her yerine dagitabilmektir. Bu sayede ¢izilme, asinma ve hatta bunlara
kismen bagl korozyon ve dayanikli kaplamalar da hazirlanmis olur.
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b) Termokromik, floresans veya fotokromik kaplamalar

Ozel olarak sentezlenmis ve bazen yiizeyi modifiye edilmis termokromik, floresans
pigment iceren kaplamalardir. Bu pigmentlerin hazirlanmasi sol-jel metodu veya yuksek
sicaklik metotlar ile gerceklestirilebilir. Ozellikle pigmentlerin goriiniir bolgede uygun ve stabil
151k salintmi yapmast i¢in dayanikli ve bazen de igerisine kristal asilanmig partikiiller
sentezlenebilir.

c¢) Suiperhidrofobik/siperhidrofilik veya kendini temizleyen kaplamalar

Alkil veya perflor gibi yiizey enerjisini diisiiren veya —OH gibi hidrojen baglarim
giiclendiren yapilar igeren kaplamalardir. Bu yapinin ortaya ¢ikmasi i¢in uzun alkil zincirleri
veya perflor yapilari idealdir. Bu yapilarda iskelet yapilari bir matrikse bagl ve diger kisimlart
dista kalacak sekilde yonlendirme gergeklestirilir.

d) Fotokatalitik kaplamalar

Genellikle TiO; bazl ve 151k ile eksiton ¢ifti olusturarak koku, organik kirleticiler gibi
yapilar1 bozunduran kaplamalardir. Ozellikle T.O2 igin anataz Kristal yapisi siklikla kullanilir.
Buna ilaveten goriinlir bolgede ayni etkiye sahip yapilarin kullanilmasi bang bosluk
enerjilerinin kontrolii ile gerceklesir.

e) Asit-baz dayanimi olan kaplamalar

Genellikle SiO; bazli ve sert kaplamalardir. Buna ilaveten Al,O3 veya epoksi, poliliretan
yapilarinin yiizeylerinin partikiillerle desteklenmesi sonucu elde edilebilirler.

o} ik fonksi |
Molekiiler kontrollii rgan’ Tonkslyone

inorganik polimer olusumu gruplar
: i -SH
Bagil nem, atmosferik SHoww weSH  SH W we
oksijen ve diger etkenler
-.."0"““5i\0/5i""”0“"' ""-ou-"'Si\O/Si-:,,,,o_,..-

(l)Hll)HOHOH(IJH OH O OH O OH OH O OH O OH
[—

[ S | R
1 2 3
—> > —»
-Metal ylizeyi . Metal yiizeyi Metal yiizeyi Metal yiizeyi

Sekil 6. Yuzeylerinde —SH ve NH, grubu iceren kaplamalarin yiizeye tutunma mekanizmasi

Genellikle in-situ partikil ilavesi daha homojenize bir karakter gdsterirken ex-situ
metodu partikiillerin birbiri ile etkilesimlerinden dolay1 daha kompleks bir yapidadir. Ozellikle
homojen ve aglomerasyonun olmadigi, seffaf (transparan) malzemelerin eldesi ig¢in
partikiillerin kiigiik boyutlarda olmasi gereklidir. Parcaciklarin kendi yiizeysel ozellikleri
matrikse baglanma ve nihai 6zelliklerine de katki yapmaktadir. Genelde dolgulu hibrit yapilar
mekanik agidan incelendiginde 6zelliklerinin su faktorlere bagl oldugu ortaya ¢ikmaktadir:
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a) Nanopartikiil ve matriks arasindaki ayni fazda olmasi gereken etkilesim
b) Nanopartikiiliin kendi 6zellikleri (pargacik boyutu, spesifik yiizey alani, cinsi ve yap1)
€) Nanopartikiillerin kendi aralarindaki etkilegimler

Dolayist ile kaplamalarin yiizeye baglanma mekanizmasi (Sekil 6) da degisebilir 6zellik
gostermektedir [42-43] . Bu sayede istenilen degisiklikler molekiiler diizeyde gergeklestirilir.

3. SONUC

Inorganik organik hibrit yiizey kaplamalar1 genellikle sol-jel metodu ile iiretilen ancak
bunun yaninda diger nano iiretim tekniklerini de kullanabilecek esneklige sahip ve fonksiyonel
kaplama tiretmek icin oldukca faydali bir metottur. Baslangic malzemeleri hidroliz ve
kondenzasyon reaksiyonlart ile inorganik ve organik 2 ayri pollimerik ag olusturur ve bu agmn
igerisine farkli fonksiyonel 6zellikle i¢in nanopartikiiller, yiizey modifiye edici molekiiller, 6zel
yapilar eklenebilir. Bu sayede 6zellikle sertlik ve ¢izilme dayaniminin artmasi yaninda kendini
temizleme, suya karsi iticilik, 1s1 ile renk degistirme gibi fonksiyonel o6zellikler de hem
laboratuar bazinda hem de endiistriyel amagla elde edilebilir. Ozellikle gevre, enerji ve saglik
hususlar1 g6z 6niinde bulunduruldugunda bu tiir yapilarin gelecekte saglayacagi faydalar
kuskusuz agik bir sekilde gozlenebilir.
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ABSTRACT

Cotton is an important raw material for the world and Turkish textile sector. The flame-
retardant properties of cotton fabrics are rather weak and need to be improved. Boron
compounds are intended to be used to improve these properties of cotton fabrics. In this
review, flame retardant materials containing boron compounds and their usability in textiles are
investigated and summarized.

Keywords: flame retardant, cotton, boron, boric acid
OZET

Pamuk, dinya ve Tiurk tekstil sektori icin Onemli bir hammaddedir. Pamuklu
kumaslarin gili¢ tutusurluk (alev geciktirici) Ozellikleri oldukca zayiftir ve gelistirilmesi
gerekmektedir. Bor bilesiklerinin pamuklu kumaglarin bu o&zelliklerini geligtirmek igin
kullanilmast amaglanmistir. Bu derleme c¢alismada, bor bilesiklerini igeren gii¢ tutusur
malzemeler ve bunlarin tekstilde kullanilabilirligi arastirilmis ve incelenmistir.

Keywords: Gii¢ tutusurluk, pamuk, bor, borik asit
1. INTRODUCTION

Textile is the most important material in our daily life. Along with the rapid
development of science and technology, wearable, comfortable, and smart functional textiles
are becoming necessary (Holme, 2007; E.W.T. Ngal et al., 2014). Cotton is an excellent
natural material with a wide range of textile applications in different production areas (Hou et
al., 2012) However, carbon (C), oxygen (O), hydrogen (H) content of cotton fiber is
combustible and poses a great risk. Therefore industrial and academic studies are focused on
reducing of cotton ignitability by changing thermal properties. (Horrocks, 2011;
Alongi&G.Malucelli, 2015; A.Abou-Okeil et al, 2013). Indeed, reduction of burning and
ignition tendency in textile materials has been known and recognized since man's recorded
history. The flame resistant materials such as asbestos were used in Roman times. After 16th
century, it is possible to see a number of patents on flame-retardant textiles (Tomasino, 1992).
Nowadays, with increasing industrialization, collective settlement areas and developing
technology increase the fire risks and this causes the use of flame protective textiles
(Omerogullari&Kut, 2012). Therefore, demands for flame retardant textile fabrics have grown
steadily over the last decades (Xie et al., 2013). To recognize the mechanism of flame
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retardancy in textiles, it is necessary to understand the combustion process and the flame
process (Dehabadi, 2012).

Our country has 72% of boron reserves in the world. It accounts for 32% of world
production (Bozaci,, 2018).Boron has a superior property such as high ignition temperature and
flame retardant effect of boron has been the subject of many studies. Zinc borate, boric acid
and fluoroborate are the most commonly used flame retardant boron compounds (Guru et al.,
2010). Boron compounds are environmentally friendly when used as flame retardants. They do
not cause toxic gas release and have low volatility value. Boron flame retardants cause the
formation of a glass protection layer that acts as a barrier for polymer chain oxidation. They
cover the burning material, cut off the contact with oxygen and repress the burning, as well.
Using boron compounds as a flame retardant in textiles is increasing day after day (Yilmaz
Aydin et al.,2016)

2. COMBUSTION THEORY

When solid materials are heated, some chemical and physical changes can occur at
certain temperatures depending on the chemical structure of these materials. Thermoplastic
polymers soften and then melt. At some higher temperature both non-thermoplastic and
thermoplastic solids are chemically degraded (pyrolyze) (Figure 1). Chemical changes begin
and then continue throughout the burning temperature when combustion occurs (Tomasino,
1992; W.D.Schindler&P.J.Hauser, 2004). Combustion; is an exothermic reaction that requires
heat, oxygen and appropriate fuel components. When remaining conditions are ignored, the
combustion is self-catalyzed and continues until oxygen, fuel, or heat is consumed
(Omerogullar1 & Kut, 2012).
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Combustion Gases
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Figure 1. Combustion cycle of textile fibers (Omerogullarl & Kut, 2012; Tomasino, 2012;
Dehabadi, 2012; Schindler & Hauser, 2004)
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In textiles, combustion behavior is influenced by factors such as fiber type and fiber
mixtures as well as the structure of the ignition source and the impact time to the fabric, fabric
orientation, ignition point (edge of fabric), ambient temperature, relative humidity, air flow rate
and fabric structure. Moreover, studies on the effect of yarn structure and geometry on burning
behavior indicate that different yarn twisting methods cause different combustion resistances in
yarns (Omerogullar1 & Kut, 2012; Horrocks ve Price, 2001). Additionally, the other important
factor in combustion is the Limiting Oxygen Index (L.O.l.) which indicates the amount of the
oxygen needed in order to burn (Tomasino, 1992; Bellini et al.,2001). The percentage of
oxygen in the air is around 21% (Bellini et al., 2001). The higher LOI exhibits better flame-
retardant property. All fibers with lower LOI will burn easily (Tomasino, 1992; Bellini et al.,
2001). The LOI of the main textile fibers are given below (Table 1). As seen on table cotton is
among the most flammable fibers (Kilinc, 2013).

Table 1. L.O.1. of the main textile fibers (Tomasino, 1992; Bellini et al., 2001; Kilinc, 2013).
L.O.1. of the main textile fibers

Fibers LOI (%)
Wool 25
Cotton 18
Polyester 20-21
Polyamide 20-21
Acrylic 18-20
Modacrylic 22-30

Cotton fibers are pure cellulose form which is the most abundant polymer in nature.
Approximately 90% of cotton fibers are made of cellulose (Gordon &. Hsie, 2007). Cellulose
(CgH100s), is a linear polymer of molecules consisting of building blocks of glucose anhydrite
units. These units are organic compounds which are linked to each other by 1-4 ~ glucosidic
bonds (int 7, 2017). The cellulosic molecule is a ribbon-like structure of six-membered rings
with hydroxyl groups (Figure 2).

‘]

!

CH,0H
0]

OH 0O
OH -

Figure 2. Chemical structure of cellulose (Alongi et al., 2011; int 2, 2017)
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The covalently bound chain molecule is cured with internal hydrogen bonds parallel to
the oxygen bridges between the rings. Under tensile stress, the molecule has a high modulus
and high strength (Klemm et al., 2004). The chemical reactions and heating effects of cotton
cellulose depend on the activity of the multi-molecular structure and the hydroxyl groups C,,
Czand C ¢ (Alongi et al., 2011).

The new Flame Retardants FR usually use the chemical surface of the cotton for
covalent bonding. The covalent bond should not alter the physical properties of the cotton
(Battegazzore et al., 2014). Esterification reactions are occurred in the cotton fibers during the
best finishing operations. Particularly flame retardant processes (usually phosphorylation
reactions) take place in this route (Davies & Horrocks, 1986). Cellulose is easily damaged by
oxidizing agents such as dichromates, hypochlorites, chlorinated and perchloric acids,
peroxides, tetraoxides (Gordon & Hsie, 2007)

Three types of volatile chemicals are generated when cellulosic fibers are heated at
pyrolysis temperature such as flammable volatiles (alcohols, aldehydes and alkanes),
flammable gases (carbon monoxide, ethylene and methane) and non-flammable gases (carbon
dioxide and water vapor) (Figure 3) (Tomasino, 1192; Bellini et al., 2001). Formation of
levoglucosan is the significant thermal degradation mechanisms for cellulosic fibers.
Levoglucosan and its unblanced pyrolysis products are high degree of flammable materials.
The flame retardants for cellulosic fibers can hinder the formation of these materials
(Dehabadi, 2012; Schindler & Hauser, 2004).

Stage 2: 400-600 C

Oxidized
Stage 1: 300-400 C char+
CO+C02
Char |
cellulose  cellulose Stage 3: 800-900 C
Volatile Char I+

methane, water

Figure 3 Scheme of cotton cellulose thermal degradation upon heating (Alongi & Malucelli,
2015).

3. FLAME RETARDANTS FOR CELLULOSIC FIBERS

Resistant combustion chemicals are generally based on the six elements. These are
phosphrous, antimony, chlorine, boron and nitrogen Kalin, 2008). The most important
commercial flammability substances can be classified into three categories. The first category
includes flame retardants based on phosphorous (condensed phase mechanism) and halogens
(gas phase mechanism). The second category includes synergistic retardancy enhancers. These
type of flame retardants have lower flame retarding effects by themselves, but greatly enhance
the flame retardancy of first category flame retardants (nitrogen with phosphorous and
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antimony with halogens). And the last category includes adjunctive flame retardants that show
their activity through physical effects (borates, alumina trihydrate, calcium carbonate and
intumescents) ( Omerogullar1 & Kut, 2012; Schindler & Hauser, 2004).

Conventional flame retardants for cotton fabrics contain halogen and phosphorus. Using
of halogen-based flame retardants to reduce the flammability of cotton is one of the most
effective ways to reduce the fire hazard. However, various toxic and corrosive gases are
formed with using these flame retardants during thermal decomposition. In recent years,
intensive efforts have been made to develop halogen-free flame retardants (Lessan et al., 2011;
Lu & lan, 2002).

One of the most important burning mechanism of cellulose fibers is levoglucosan
formation and the flame retardants inhibit this formation. Esterification and cross linking of
cellulose fibers with phosphoric acid decreases the levoglucosan formation and catalyzes the
carbonation and dehydration of cellulose. This mechanism acts as efficient flame retardant
(Gurd et al., 2010; Schindler & Hauser, 2004). In one study, researchers investigated the effect
of the sol-gelate phosphate based flame retardant coating on the flame retardancy, hardness and
strength of polyacrylonitrile fabrics (Yaman, 2009). It has been noted that some compounds
containing phosphorus, silicon boron, nitrogen, and other elements might be used as a flame
retardant additive. Boric acid and borate salts were used as effective nonflammable additives
(Lu & lan, 2002).

In another study, phosphorous compounds were applied to the cotton fabrics by sol-gel
method. Cone calorimeter, vertical burn test, horizontal burn test, thermogravimetric analysis

tests were applied to the fabrics. Vertical flammability test results of the samples are given on
Figure 4 (Alongi et al., 2011).
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Figure 4. Cotton fabrics after vertical flammability tests 1, ( Alongi et al., 2011).
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Based on a synergistic effect, it was found that 5% and 15% of the most promising
concentrations of phosphorus compounds were strongly improved flame retardancy of cotton
fabrics (Lu & lan, 2002; Alongi et al., 2011 ).

3.1. Non-Durable Flame Retardants For Cellulose

As is known for a long time, inorganic salts impart flame retardancy properties to the
cellulosic fibers. However they are not resistant to water, sweat or rain. In 1820, scientists used
borax and ammonium sulphate to give flame retardant properties to cotton. Nowadays, a
mixture of borax and boric acid are used for cotton. This mixture provides safest carbon
monoxide and smoke production (Tomasino, 1992; Kalin, 2008). However, ammonium sulfate
and boric acid and borax mixtures found to be non-durable flame retardant finishes for cotton
(Gdrii et al., 2012; Wu, 2004). There are some studies on the using of boron and its compounds
in the flame retardant finishes (Xie et al., 2013; Bilgi¢ & Dayik, 2013; Gemci & Giilsen,
2010; Kalin, 2008; Sricharussin et al., 2004; Mercimek, 2010; Wu, 2004).

In one study, borax, zinc borate and boric acid were applied to the cotton fabrics with
Alfa-x flame-retardant chemical. Boron compounds and prepared solutions were applied to
100% cotton by pad batch method (Table 2). The flammability of the samples was investigated
by combustion tests (TS EN ISO 6941: 2007 standard). Burning rate results of samples are
given in Figure 5 (Kalin, 2008).

Table 2 Chemical content and mixing ratios of prepared solutions ( Kaln, 2008).

Samples Alfa-x (%) Zinc Borate (%) Borax (%) Boric Acid (%) pH
Reference - - - - -
1 50 - - 5 4. 88
2 50 - - 7.5 4.76
3 50 - - 10 4.79
4 5 5 - 6.14
5 50 - 7.5 - 6.34
6 50 - 10 - 6.57
7 50 5 - 5.04
8 50 s - - 5.08
5 50 10 - 5.52
10 50 - - - 5.16
11 100 - - - 4 81

0.8

0.6

0.5
04
0.3
0.2
0.1
0.0

Zinc Borate + AlfaX  BoraxtAlfaX Alfa X Boric Acid+ Alfa X

Burning Rate (%)

Chemicals
Figure 5. Burning rates of cotton fabrics( Kalin, 2008).
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In consequence of burning tests, it was observed that the raw fabric not treated with
finishing agents was burned compeletely. Besides the fabric samples treated with finishing
agents provide high effective flame retardancy. Fire retardant chemicals used in this research
were easily washed away from the fabric (Kalm, 2008).

In another study, flame retardancy properties of boric acid in the cotton fabric were
investigated and 45° oblique burning test was applied to the samples. Changes in the strength
of the samples were examined. As a result of this study it was determined that flame retardancy
of the samples had no washing resistance and tensile strength values of samples were decreased
(Akarslan, 2015).

Diammonium phosphate, ammonium sulfamate and ammonium bromide are
commercially used for giving flame retardancy to cotton (Tomasino, 1992; Schindler &
Hauser, 2004). Non-durable, semi-durable or durable flame retardant properties can be
obtained with phosphorus compounds. Nitrogen is not effective when it used alone, however it
acts synergistically with phosphorus (Tomasino, 1992).

3.2. Durable Flame Retardants For Cellulose

Altough inorganic salts have positive effects on flame-retardant properties of cellulose,
they have no washing durability The most durable flame retardants for cellulosic fibers are
phosphorous- and nitrogen based chemical systems. These systems form cross linked structures
on the fiber or can react with the fiber. One of the most important ingredients of this finish is
tetrakis (hydroxymethyl) phosphonium chloride (THPC) which reacts with urea to make an
insoluble structure on cellulosic fibers (Tomasino, 1992; Girii et al., 2010; Schindler &
Hauser, 2004). Eventough the THPC-Urea system gives durable flame retardancy, treated
cellulosic fabrics become stiffer and weaker. Their tensile strength values decrease as well as
releasing formaldehyde during the finishing treatment. Then, THPC-urea system variations
were developed for producing finishes that give fibers to less stiffness and damage (Proban
process). Many other approches were tried. In one of these studies,using of N-methylol
dimethylphosphonopropionamide (PYROVATEX CP) to obtain durable flame retardant
finishing in cellulose fibers was investigated (Figure 6). This agent is applied to the fabric with
melamine resin using a phosphoric acid as a catalyst (Tomasino, 1992; Dehabadi, 2012;
Schindler & Hauser, 2004).

The other flame retardant named Fyrol 76 is an oligmeric phosponate and it is applied
with N-methylol acrylamide and potassium persulphate. Many flame retardant finishing agents
were applied with padding, drying, curing and oxidizing (Tomasino, 1992).

oo 0 e N acid catalyzed ™0 ’(o
ow cngeonon »ﬁYi« cellulose o W\(\r"ﬂp - cellulose
0 s ~\(N
Pyrovatex CP Trimethylol NHCH,OH
Amine
Figure 6 Reaction of Pyrovatex CP with cellulose with trimethylol amine (Dehabadi, 2012; int
3,int 4, 2017)

Textile fabrics blended with cotton could be treated with Tetraethoxysilane (TEOS) by
sol-gel method with inorganic precursor of silica phases. These samples were evaluated with
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cone calorimeter. SEM images of fabric samples treated with TEOS are given in Figure 7
(Alongi et al., 1961).

M)
Figure 7 energy dispersive spectroscopy (EDS) mapping of (a) PET, (b) COT, (c) containing
15% COT (COT15), and (d) containing 35% COT (COT35) with TEOS3(Alongi et al., 1961)

LOI test results of the treated samples are given in Table 3.

Table 3 Combustion results from Cone Calorimetry and LOI Tests (Alongi et al., 1961).

Formulation TTI{(s) &TTIL%) LOI(%)
COT 35 14 - 21
COT35-TEOS1 26 +86 22
COT35-TEOS2 27 +93 22
COT35-TEOS3 24 +71 22
COT15 59 - 22
COT15-TEOS1 47 -20 23
COT15-TEOS2 46 =22 23
COT15-TEOS3 67 +14 23
COoT 14 - 20
COT-TEOS1 16 +7 22
COT-TEOS2 9 -40 22
COT-TEOS3 18 +20 22
PET™ 164 - 21
PET-TEOS1 78 -52 22
PET-TEOS2 72 -57 22
PET-TEOS3 62 -62 22

*Coton,**Polyester

It was observed that silica films deposited on the fabric formed a protective layer
against thermal degradation in the air (Alongi et al., 1961). Many flame-retardant finishing
agents can be applied by filling, drying, curing and oxidizing (Tomasino, 1992). Because of
inorganic structure of boron, it is not durable to wash. When sol-gel method implement boron
layers on cotton fabric, samples gain wash strength. (Tomasino, 1992).
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Tetraethoxysilane with a triple flame retardant could be applied to the silk fabric. The
results were evaluated according to test results such as micro calorimeter combustion, smoke
density, LOI (Zheng et al., 2017). Cross linking mechanism of the boron silica gel and silk
fibers can be seen on Figure 8.
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Figure 8 Cross linked silk fabric with boron-silica binary sol by BTCA (1,2,3,4-
butanetetracarboxylicacid) (Zheng et al., 2017).

After sol-gel application the samples were washed 10 times and the durability of finish
were evaluated. Applied method showed good flame retardancy with LOI value of over 34.5%
on silk fabric. BTCA left on coating and increased the durability of washing on silk fabric but
had a negative effect on LOI values (Zheng et al., 2017).

Polycarboxylic acid can be used to improve the wash fastness of the cellulosic fabrics.
Formaldehyde-based N-methylol compounds including dimethylethylenedi-hydroxyethyl-urea
(DMDHEU) have been used in the textile industry. However, studies have been initiated to
develop formaldehyde-free crosslinking agents instead of formaldehyde releasing N-methylol
compounds which are carcinogenic during production and storage. Polycarboxylic acids can
strengthen the organic-inorganic bond by attaching a silica coating on the cellulosic fabric and
also by forming an ester bridge with the ester bond between the silica layer of the cellulosic Sol
precursor. (Succinic acid, glutaric acid adipic acid, maleic acid, dl-malic acid and tartaric acid
have recently been used for providing durability in the cotton (Campbell & Francis, 19965;
Gagliardi & Shippee, 1963; Kang et al., 1998; Mahlting et al., 2005; Huang, 2011).

4, NANOTECHNOLOGICAL APPROACHES FOR FLAME RETARDANTS (FR)
TODAY

The history of cotton flame retardation is based on very prolonged life. New approaches
are developed over the last five years have led more environmentally friendly systems.
Therefore, the attention of the scientific world has turned to nanotechnology. There is a
common consensus that nano objects created a very thin layer on the fabric surface may be the
key to new FRs (Alongi et al, 2013; Selcen Kiling, 2013; Liang et al., 2013). Among the
nanotechnology approaches, nanoparticle adsorption, the derived Layer by Layer (LbL)
assembly, sol-gel and dual-cure processes seem to deserve further investigations to achieve the
best performances (Alongi & Malucelli, 2015).
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4.1. Nano Particle Adsorption

Nanoparticle adsorption can be considered to place nanoparticles on the fabric surface.
A nanoparticle suspension should be applied onto the fabric to create a nanometric distribution
acting as a physical flame barrier. It is considered that, this approach is not stable in
comparison to the systems in which the cross linker between cotton and nanoparticles is used,
since the approach is based on ionic interactions between the substrate and the fabric. Table 4
summerises the collected data for treated cotton with different nanoparticles (Alongi et al.,
2015).

Table 4.Nanoparticles investigated and collected results for treated-cotton by cone calorimetry
(Alongi et al., 2015).

Nanopatrticle Formula Results
MgsAl(COs3)(OHse).4(H-0)

Carbonate hydrotalcite  carbonate salt pkHRR reduction, TTI increase

Octapropylammonium

POSS® R(SiO,) pkHRR reduction, TTI increase

Silica SiO, pkHRR reduction

Sodium cloisite M, [Al;xMg,](S1)g0,0(OH), pkHRR reduction, TTI increase
AIO(OH) p- pkHRR reduction, TTI**

Sulphonate bohemite toluenesulphonate salt increase

Titania (anatase form)  TiO, pkHRR* reduction

*peak of heat release rate, ** time to ignition
4.2. Layer by Layer (LBL) assembly

LbL was discovered in 1966 by ller. It is a simple process consisting of a gradual
accumulation of films based on self-assembled coatings and electrostatic interactions (ller,
1966). Through electrostatic interactions, the LbL apparatus must be immersed in a water-
based solution with a counter-charged polyelectrolyte of the substrate. Thus, the positively and
negatively charged layers formed on the surface are combined using the inversion of total
surface charge in each immersion step (Figure 9) (Lawden & Hull, 2013).

Paositively Charged Negatively Charged
Species Species
o
-
<>
@
Repetition
ya
N\

Figure 9 Scheme of LbL assembly (Alongi & Malucelli, 2015; Lawden & Hull, 2013).

LbL was thought to be an evolution of the nano particle adsorpion processing. By taking
advantage of this approach, two types of structures can accumulate as solid or inorganic

36



M C B U Soma Meslek Y iksekokulu Teknik Bilimler Dergisi Y1l: 2018 Say1:26 Cilt: I

coatings on the surface (Alongi & Malucelli 2015; Lawden & Hull, 2013). Silica based
materials were put on cotton fibers by Layer by Layer technique to improve their flame
retardant properties. For this purpose, three different sedimentation procedures (dip, vertical
and horizontal sprayers) were considered and compared (Alongi et al., 2013). SEM
micrographs were presented in Figure 10 and cone calorimeter results are given in Table 5. As
seen on Figure 10, different application methods exhibit different results.

o RN

o ~— £ ey -
Figure 10. SEM micrographs of cotton fabrics: neat (A) and LbL-treated by dipping (B),
vertical (C) and horizontal spray (D) (Alongi et al., 2013).

Table 5 Cone calorimetry data of neat and LbL -treated fabrics [41].

Sample TTI(s) RSR Residue(g)
Peak(1/s)  Time(s)

COoT 22 1.1 30 0.01

COT, silica, horizontal sprey 28 0.9 36 0.03

COT, silica, vertical sprey 20 0.8 34 0.04

COT, silica, dipping 20 0.8 28 0.04

As seen on Table 5 evaluating combustion tests have been proven that the horizontal
spray provides the best flame resistance and a significant increase in the total burn time and
amount of char. Cone calorimetry measurements have shown a significant increase in the
duration of the ignition and a significant reduction in heat release rate and total heat release for
fabrics treated with horizontal spray (Alongi et al., 2013).

The cotton fabric is treated with other flame retardant coatings consisting of branched
polyethyleneimine (BPEI) and sodium montmorillonite (MMT) clays prepared by laminated
(LbL) assembly (Figure 11) (Li et al., 2010).
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Figure 11. Schematic image of the LbL deposition process used to prepare clay-BPEI
assemblies (Li et al., 2010).
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All covered fabrics were exhibited a mesh structure and a fiber shape. Microcombustion
calorimeter test results showed that all coated fabrics were exhibited reducing total heat release
(Lietal., 2010).

4.3.  Sol-gel and Dual-core Processes

Sol-gel technology enables the production of glassy materials added as porous dry gel
or condensed materials. Starting with aqueous solutions of process precursors, they can be
immobilized (even if they are as fragile as proteins in glass-like materials) (int 1, 2017). The
sol-gel method has shown its potential in terms of synthesis of new materials with high
homogeneity at the molecular level and exceptional physical and chemical synthesis. The sol-
gel is a versatile synthetic route based on a two-step reaction (hydrolysis and condensation),
starting from (semi) metal alkoxides (usually tetraethoxysilane, tetramethoxysilane, titanium
tetraisopropoxide, aluminium isopropoxide). This leads the formation of completely inorganic
or hybrid organic-inorganic coatings at or near room temperature (as seen on Figure 12)
(Sakka, 2003).

Dense Film

Xerogel film

Wet Gel

Dense Ceramic

Hydrolysis
Polymerisation

Ceramic Fibres Q

Figure 12. Sol-gel process overview (int 1, 2017; int 6, 2017)

Nature of (semi)metal atom and alkyl/alkoxide groups, structure of the (semi)metal
alkoxide, water/alkoxide ratio, pH (acidic or basic conditions), temperature, reaction time and
presence of co-solvents. All these parameters were used to determine the structure/morphology
of the resulting oxidic networks (Sakka, 2003). In the sol-gel technique, both silane and
phosphate-containing alkoxides such as TEOS (tetraethoxysilicate), TMOS (tetramethylortho
silicate) alkoxides or DPTES (diethylphosphatoethyltriethoxysilane) are frequently used as the
left precursor (Alongi & Malucelli, 2015; Sakka, 2003).

It is also important for textiles. Chloride, bromide, phosphorus, antimony, boron, based
materials are used for providing flame retardant effects on textile surfaces. The combination of
antimony-halogen or phosphorus nitrogen leads synergistic effects. The higher chemical
concentration (about 300-500 g / L) used in conventional techniquescan be significantly
reduced by using sol-gel method. Additionally, this method provides non-halogen, ecological
and economic flame retardant activity (Camlibel & Arik, 2017).

In order to provide flame retardant properties on the cotton fabrics, it is necessary to
prepare inorganic silica thin films and to investigate the effect of the films on thermal and
burning behavior, as well.Modification of fabrics with the pure silica solgel precursor (3-
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Aminopropyl)triethoxysilane (APTES) and three different sols were studied to examine the
effect of APTES and hybrid sols consisting of phosphorus-conjugated diethylphosphite. Cotton
fabrics were impregnated with soles by a filling process (Figurel3). The thermal behaviors of
the treated cotton samples were investigated by thermogravimetric / differential scanning
calorimetry analysis (TGAeDTG / DSC) and compared with untreated cotton samples. Flame
retardancy properties were tested according to the ASTM D 1230 standard method (Brancatelli
etal., 2011).
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Figure 13 Chemical structures of the sol-gel precursor APTES, proposed interaction between
the hydrolyzed APTES and DEP and SEM micrographs of cotton fabrics untreated (a), and
treated with Silica (Si) (b), Silica-Phosphorus (Si-P) (c) and Silica-Phosphorous-Carbon (Si-S-
P-C) (d) sols (Brancatelli, et al., 2011).

The results exhibited that coal residue properties and flame retardancy are a
significantly improved by modifying fabrics with thin layers. Unfortunately, recommended
coatings do not exhibit a high washing fastness. Thus, these fabrics are not proper for clothing
(Brancatelli et al., 2011).

5. TEST METHODS FOR FLAME RETARDANTS.

There are a number of features that are taken into consideration in the evaluation of the
flammability process. Burning behavior of the material is related to the surface structure of the
materials. Many test methods developed depending on the variables that are included in the
standards. Common standards are as follows according to the location of the material (Table

6);
Table 6 Selected tests for textiles (Alongi & Malucelli, 2015).
Test type Nature of test Standard Textile type Ignition source
Textile composite ~ Apparel not for BS EN 1103 Vertical Small flame
and product tests  protective clothing clothing fabrics
UK small-scale BS 5852 Parts 1 Furnishing Cigarette and
composite test for and 2 fabrics simulated match
furnishing fabric/fillings flame
BS 5852 or ISO Small flames and
8191 Parts 1 and 2 wooden cribs applied
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BS EN 1021 Parts
land2

to small and full scale
tests

Cigarette and
simulated match
flame

BS 6807 Bedding Cigarette and match
(mattresses) ignition tests

BS EN 597 Parts 1

and 2

BS EN ISO 12952 International standard

Parts 1 and 2 for
cigarette and match
ignition
testing

BS 6307 and ISO Carpets Methenamine pill

6925 ignition source
BS EN 1SO 9239 Part
1 Reaction to fire test
using a radiant source
at 30° (~10 kW m?)

BS EN 1SO 9239

Part 1

Test type Nature of test Standard Textile type Ignition source
BS EN 13772 Curtains Uses EN 1SO 6941

Simple fabric strip
tests

Thermal
protection
(including
protective
clothing and
manikin tests)

Vertical strip method

Vertical strip method

US strip tests

Protective clothing:
general
requirements

Resistance to radiant
heat

Resistance to
convective heat (flame)
Resistance to molten
metal splash

Gloves against thermal
risks

BS 5867 Part 2

BS EN 1102

BS 5867 Part 2

BS 5722

BS EN ISO 6940
Part 1
I1SO 15025

ASTM D6413
FMVSS 302

BS EN 340

BS EN ISO 6942

BS EN 367
BS EN 1SO 9185

BS EN 407

40

Curtains and
drapes
Nightwear

Vertical fabrics

Vertical fabrics

Horizontal
fabrics

fitted with an
additional radiator
source

Uses BS EN I1SO
6941 for domestic

and 1SO 15025 for
contract fabrics

Uses EN 1SO 6941
with 10 s ignition time

Small flame

Small flame

Small flame

Small flame

Small flame

Design, comfort,
durability and
labelling
requirements.

Exposure to radiant
source

Determine heat
transfer index
Molten metal

Composite standard
(including
fire-fighters' and
welders' gloves)
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Tests undertaken
with the

addition of radiant
heat

including reaction
to fire tests

Fire-fighters clothing

Welders' and allied
industrial clothing
Protective clothing
against heat and flame
Use of radiant flux plus
specified

ignition

BS EN 469
ISO 11611

EN ISO 9239 Part  Carpets:

1 fabrics/composit
es o
ofen
for use in
seatings

NF 92503, French

Composite standard

Composite standard

Irradiate with 30 gas
heated

panel ( ~10 kW m?)
with small

burner

‘M test’
ASTM E906 and Aircraft seat Irradiate under 35 kW
FAR 25.853 assemblies, so-  m with
Part 4 called small flame ignite
‘Boeing’ test
Protection against BS EN ISO 15025 Small flame
limited heat and flame
Protective clothing — BS EN ISO 14116 Damage definition
protection enables fabric
from limited flame classification
spread
Test type Nature of test Standard Textile type Ignition source
Contact heat BS EN 702 Contact temperatures
transmission 100-500 °C
Fire-fighters' hoods EN 131911
Instrumented manikin BS 1SO 13506 Prediction of burn
testing of injury in terms
whole garments of 1st, 2nd and 3rd
degree burn
propensity
Durability tests Cleansing and wetting BS 5651 All fabrics Used on fabrics prior

procedures
for use in flammability
tests

Commercial laundering

Domestic laundering
and dry
cleaning

CONCLUSION

The flame-retardant properties of cotton fabrics are rather weak and need to be
improved. Boron compounds are used to improve these properties of cotton fabrics. In this
review, boron compounds used to improve the flame retardant properties of cotton fabrics and
their application methods have been investigated and summerized. This study is related to the
R & D center's own equity project. This project investigated the use of boron and boron
compounds to impart flame retardant properties to cotton fibers. Although the literature
suggests that these compounds are not stable, low costs make boron compounds attractive. As
is known, Turkey's boron reserves are huge and we want to use these resources as our flame
retardant textile products. Further studies should be necessary on this issue.

BS EN ISO 10528
BS EN ISO 12138

BS EN ISO 6330
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THE COMPARISON OF QUICK DRYING CHARACTERISTICS OF
LIGHT-WEIGHT WARP KNITTED TOWELS
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ABSTRACT

Towels can be produced in the range of 300 to 900 g/m? weight and they are generally
desired to have high water absorption ability and softness. Although high weighted towels
absorb more water, they need too much time for washing and drying processes which cause
more energy consumption. Light-weighted towels are washed and dried easily compared to
their high weighted counterparts. In this study, light weight warp knitted towels were produced
and their quick drying characteristics were investigated and compared to the other medium
weighted towels. These fabrics had different fiber blend ratios such as 100% polyester (PES),
90% cotton (CO)-10% polyester (PES), 80% cotton (CO)-20% polyester (PES), 50% cotton
(C0O)-50% polyester (PES), and 100% cotton. Two different liquid absorbency measurement
tests and one drying rate test were carried out to determine the wetting and drying performance
properties of warp knitted towel samples. The results exhibit that, all types of towels exhibited
good liquid absorption properties except one sided velvet and one sided terry towel types. All
warp knitted towels displayed excellent to good drying rates due to their polyester yarn
content. 100% polyester fabrics displayed excellent drying rates and excellent liquid absorption
properties. Thus, these fabrics can be used as quick drying bathrobes, beach wear and any other
applicable product design.

Keywords: warp knitting, light-weight towels, quick drying, absorbency
OZET

Havlular genellikle 300 ile 900 gr/m’® araliginda iiretilebilir ve genellikle yiiksek su
emme yetenegine sahip olmasi ve yumusak olmasi istenir. Yiiksek gramajli havlular daha fazla
su emer, ancak yikamak ve kurutmak icin ¢ok fazla zaman gerekir ki buda daha fazla enerji
tilketimine neden olur. Bu calismada hafif gramajli ¢6zgiili 6rme havlular iiretilmis ve bu
kumaslarin kuruma 6zellikleri arastirilmis ve diger orta gramajli havlular ile karsilagtirilmistir.
Bu kumaglar, %100 poliester, %90 pamuk - %10 poliester, %80 pamuk - %20 poliester, %50
pamuk - %50 poliester ve %100 pamuk oranlarinda iiretilmistir. Numunelerin 1slanma ve
kuruma 6zelliklerini belirlemek i¢in iki su emicilik ve bir kuruma testi uygulanmistir. Sonuglar,
tek tarafin kadife tek tarafi bukle havlular disinda hepsinin iyi su emicilik 6zelligi sergiledigini
gostermigtir. Tiim ¢6zgiilii 6rme havlular polyester iplik igerdikleri igin mikemmelden iyiye
kuruma orani 6zelligi gostermistir. %100 poliester kumaslar mitkemmel kuruma orani ve su
emicilik ozellikleri sergilemistir. Boylece, bu kumaslarin hizli kuruyan bornozlar, plaj
kiyafetleri ve benzer iiriinlerde kullanilabilir olacagi 6n goriilmiistiir.

! Ozanteks Tekstil R&D Centre, Denizli, Turkey, Email: filiz@ozanteks.com.tr
2 pamukkale University Textile Engineering Department, Denizli, Turkey
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Anahtar Kelimeler: ¢6zgiilii 6rme, diisiik gramajli havlular, hizli kuruma, su emicilik
1. INTRODUCTION

Terry fabrics are important and popular fabrics that use from hats to socks,
handkerchiefs to beach towels, bathrobes to baby cloths etc. These fabrics belong to the group
of pile fabrics which have loop piles on one or both sides covering the entire surface (Petrlyte
et. al. 2008; Singh and Swadesh, 2016). Although they can be produced by both weaving and
knitting, the woven terry fabric still holds the major share in the market. Towels are the type of
the terry fabrics and terry fabrics, also towels are known as their high water absorbency
properties (Petrlyte et. al. 2008). Although many other factors are very important for towels
such as softness or dimensional stability, hydrophilicity is the most significant one. There are a
lot of factors that are related to the absorbency of the towels and many researchers investigated
these factors (Petrlyte et. al. 2008; Durur and Oner, 2013; Kakde et. al., 2017; Holland, 1943;
Swani et. al., 1984; Lord, 1974; Sekerden, 2012; Zervent and Koc, 2006; Ramachandran,
2006)). For improving the absorbency, zero twist yarn, low twist yarn, etc., have been used
(Petrlyte et. al. 2008).

In one of these researches, researchers investigated the water absorption properties of
the towels manufactured of ring and open end yarns. The rate of water absorption was found
the same in towels produced by open end and ring yarns. However, maximum water uptake of
open-end yarn towels with lower fabric density and same weight was higher than those
produced by ring yarns (Swani et. al., 1984; Uyanik et. al. 2013). In another study, the
structural properties affecting the hydrophilicity of the towels were examined (Uyanik et. al.
2013; Goksel, 1987). Another researcher determined that the hydrophilicity was not affected by
yarn count and weight of the fabric. Therefore, hydrophilicity affected positively from density
and pile length of the fabric (Uyanik et. al. 2013; Bozgeyik, 1991). The softener type is also
affected on the hydrophilicity of the towels. Hydrophilicity properties of the printed towels are
lower than that of dyed towels (Zervent and Koc, 2006; Uyanik et. al. 2013). Towels made
from doubled yarn have the lowest water absorption values due to the twisting properties of the
yarns. Increasing warp and weft densities cause decreasing in water absorption percentage.
Additionally, while the pile height is increased, water absorption property of the towels is
getting increased (Uyanik et. al. 2013; Karahan and Eren, 2006). In studying the dynamic water
absorption properties of the towel, one of the most effective factors on water absorption was
the type of yarn. Single yarns absorb water faster than double yarns (Uyanik et. al. 2013;
Karahan, 2007). In another study, the effect of absorption properties of zero and low twist
yarns on the towels was investigated. The results exhibited that, zero twist yarns increases the
water absorbency. On the other hand, this yarn type decreases the warp tensile strength
(Uyanik et. al. 2013).

The customers prefer comfortable and fresh towels and bathrobes which have light in
weight and soft in touch, quick in drying time, and hygienic. For the customers, comfort is an
important property and the comfort properties of the towels should be specific. Some of these
properties are air permeability, drying time or water absorption (Durur and Oner, 2013).
However, many problems are related to the traditional towels. They are designed strictly to
absorb water quickly without considering longer drying time requirements. Furthermore, these
towels take longer drying times and bacterial growth is induced by moisture in the fabrics and
this cause undesired odour (Hanes, 2006). Traditional towels are high-weighted and there are
considerably differences between the washing of 450 gr/m® towels and 750 gr/m® towels in
terms of drying time and energy cost. While low-weight towels may be needed to be washed in
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one cycle, high-weight towels may need to be washed in two cycles in a washing machine.
This means that there is a significant amount of electricity, water and washing and softening
chemical consumption. In other words, heavy towels do not just increase your procurement
cost, but they also significantly increase your energy costs (int, 2017). Having quick-dry and
good absorption properties, the towels can be produced with cotton fibers on the pile and
polyester fibers on the ground (Waite, 2000).

Polyester yarn use in the towel construction bring the capillarity and wicking terms in to
the stage. It is well known that liquid absorption level of polyester fiber is quite low comparing
to the cotton fiber inherent absorption property (Kissa, 1996). In case of water transport on
polyester yarn or polyester fabrics capillarity phenomenon is used to explain the liquid
migration through the fibers. Capillarity is the ability of liquids to penetrate into fine pores
with wettable walls and be displaced from those with nonwettable walls (Zhmud et.al, 2000).
Capilar wetting occurs through the narrow gaps between fibres and yarns in warp and weft
directions, especially in the interstitial area (Knittel and Schollmeyer, 2000). Wicking is
explained as ability of a fibre to transfer moisture from one section to another. Transfer of the
moisture or liquid is usually occurs along the fibre surface. And it may also happen that, some
portion of the liquid is absorbed through the fibre depending on the absorption capacity of the
fiber.

Along the penetration of the synthetic fibers in to the market there are more works
carried out about the moisture and liquid transfer mechanisms of synthetic fiber based textile
products. In the work of Wang (Wang et.al., 2008) polyester filament yarns are evaluated to
understand their wicking properties. Yarns, as the semi-finished product between fibers and
fabrics are used to explain their moisture transition property, where wicking is often employed
to express the moisture transition of yarns (Wang et.al., 2008). In the work of Sarigam and
Kalaoglu (Saricam and Kaloglu, 2014) wicking and drying behaviour of polyester woven
fabrics are investigated. The effects of yarn type, weft density, weave structure, thickness and
air permeability were evaluated by the application of vertical wicking, transfer wicking and
drying tests. Correlation analysis and two sided independent t-tests of the data obtained from
experiments and the evaluations reveal that the texturizing process - the alteration of the
arrangement and packing of yarns by changing the weft density and weave type, are influential
with respect to the wicking performance. Moreover the drying behaviour is influenced by the
thickness of the fabric (Saricam and Kaloglu, 2014).

Das studied moisture transmission through textile structure and claims that the liquid
transfer involves two sequential processes: wetting and subsequently wicking (Das et. al,
2007). Oztiirk has studied wicking properties of cotton-acrylic yarns and knitted fabrics and
claim that wetting is defined as the initial behaviour of the fabric when it comes into contact
with liquid (Ozturk et. al, 2010) Drying is another important characteristic of fabric in terms of
time, energy, environmental influences and comfort, The time required for drying is related to
the amount of water held originally, which is dependent on the moisture affinity and water
holding capacities of the fibre (Cil et. al, 2009) The liquid transfer mechanism consists of water
diffusion and capillary wicking determined by effective capillary pore distribution, pathways
and surface tension. The drying rate, on the other hand, is related to the macromolecular
structure of fibre (Fanguerio et. al, 2010). Jhanji has studied (Jhanji et al, 2017) moisture
management and wicking properties of polyester —cotton knitted fabrics from the view of yarn
lineer density. Outer surface and inner surface of the knitted fabric are designed using different
yarn thicknesses to search the influence of the yarn linear density on the fabric wicking and
moisture management properties.
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In this study, cotton, polyester, cotton-polyester woven and warp knitted towel fabric
samples were manufactured and analyzed according to their absorbency and quick drying
properties. Then, the absorbency and quick-drying properties of these towels were compared.

2. MATERIALS AND METHODS

Twelve warp knitted and seven woven fabrics were used in this study. The warp knitted
fabrics were manufactured in KSFB Z4 Mayer warp knitting machine and woven fabrics were
manufactured in Vamatex dobby terry weaving machines. The weight values of the fabrics are
in the range of 140 to 520 gr/m’.

The absorbency and quick-drying properties were explored. The absorbency tests were
performed according to EN 1SO 14697 and AATCC 79 protocol. For determination of drying
behavior, 5*5 cm sized samples were prepared. Their faces were placed on top of the sensitive
scale and their weights were recorded as dry weight (my). 1 ml of water was dropped on the dry
sample at a distance of 10 mm and measured weight was recorded as wet weight (m,). After
wetting of the sample fabric is kept at its horizontally laying down position and the change in
weight (my) with respect to the drying of the fabric was measured and recorded at 10 minute
intervals. The water content (Ks) remaining on the fabric after one hour was calculated with
Formula 1 [20].

mf—myg

K% = x 100

my—my

[1]
3. RESULTS AND DISCUSSION

It should be noted that all samples have different yarn types, densities and constructions
(warp knitting and weaving). However, we evaluated the impact of yarn type (polyester or
cotton) and density on the absorbency and quick drying properties of these samples. Owing to
this reason, the comparisons have been made among these fabrics. Absorbency and quick-dry
values of the samples are shown in Table 1 and Figure 1-3.
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Table 1. Absorbency and drying properties of fabrics samples

Absorption  Remainded
Absorption Time (sec) Water Ratio

Weight Time (sec) (EN ISO (%) (FTTS-
Construction Fabric Type (.gsm) No AATCC 79 14697) FA-04)

100% Polyester 140 1 05 13 13

100% Polyester 160 2 0.4 1 0

80 % Cotton- 20% Polyester 160 3 14 4.4 23

80 % Cotton- 20% Polyester 180 4 0.7 17 167

80 % Cotton-20% Polyester 185 5 07 19 27,5

Warp 80 % Cotton-20% Polyester 200 6 0.9 17 20,8

Knitted 909 Cotton-10%Polyester 160 7 0,5 13 244

90% Cotton-10% Polyester 190 8 0.9 15 323

90% Cotton-10% Polyester 200 9 0.9 15 251

50% Cotton-50% Polyester* 190 10 15 42 142

50% Cotton-50% Polyester* 210 11 17.8 156 18.1

50% Cotton-50% Polyester* 230 12 183 172 20,8

100% Cotton Woven 230 13 2.4 6.2 46.5

100% Cotton Woven- White 300 14 1.8 3.8 333

100% Cotton Woven- Beige 300 15 12 3.5 30.9

Woven 100% Cotton Woven- Violet 300 16 12 4.5 584
100% Cotton Woven- Dark

Green 400 17 0.6 1.8 285

100% Cotton Woven- Green 450 18 1.1 2 344

100% Cotton Woven- Black 520 19 2.1 5.1 421

* one sided velvet, one sided terry

There are different test methods used for evaluating the water absorption of towels such
as, agqueous immersion and drop tests (Sekerden, 2012; Ala, 2017). In these methods, the
shorter time in the tests exhibit the higher water absorption values (Zervent and Koc, 2006).
Therefore, 100% polyester warp knitted fabric samples are found to be most water absorbent
towels and the water absorbency values of these samples are in the range of 0,4 seconds to 1,3
seconds. The micro-polyester yarns are used in the pile of 100% polyester warp knitted fabric
samples. Using the micro polyester yarns in the pile provides more water absorbency and
shorter absorption times.

A. Absorption Properties

As seen on Figure 1 and Figure 2, all woven samples and some warp knitted samples
exhibited very good absorbency values, except one sided velvet-one sided terry towels. As it is
known, absorbency values of the uncut pile towels are better than that of velvet ones (Zervent
and Koc, 2006). Besides, all absorbency values of the samples, except velvet ones, exhibit very
good degrees and these values are commercially acceptable. The highest absorption time value
is 18,3 seconds for AATCC 79 test and 42 seconds for EN 14697 test. The lowest absorption
time value is 0,4 seconds and 1 seconds according to AATCC 79 and EN 14697, respectively.
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Figure 1. Absorption time of samples according to AATCC 79

100% polyester towel fabrics exhibited maximum absorption due to their micro polyester yarns
content in piles. Micro polyester yarns provide piles that allow entering air and moisture into
the yarn. These micro polyester yarns increase the softness and absorbency of towels and
provide quick drying after washing. The action of splitting microfibers produces polyester
fibrils which substantially the same volume and create hydrophilic areas. Thus, the total
adjoining surfaces of all the existing fibers increase and this provides a higher amount of water
absorption (Uyanik et. al. 2013; El-Hady, 2018). As seen on Figure 1 and 2, Woven fabrics
exhibit a bit higher measurement values than that of warp knitted towels except, velvet ones.
Wetting depends on the arrangement of fiber surface and wetting liquid (Singh and Behera,
2014).

As seen on literature, absorption properties of the towels depend on various factors. The
weight and pile length of the towel affect the absorption properties of the towels. As the weight
and pile length of the towel increase, absorption capacity of the towel increases. Yarn type is
the one of the most important factors on the towels absorption properties (Uyanik et. al. 2013;
Stoyanova Germanova-Krasteva et al. 2013; El-Hady, 2018).
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Figure 2. Absorption time of samples according to EN 1SO14697
B. Drying Rate Properties

The remained water ratio test results are given in Figure 3. According to this test, when
the amount of remaining water in the fabrics within 40 minutes is less than 5%, the fabric
exhibits very good drying values.

As seen on Figure 3, 100% polyester warp knitted fabric samples are exhibited less than
5% water remaining ratios. Thanks to the micro-polyester yarns in the pile and polyester yarns
on the ground, these fabrics exhibited best drying properties. And also the weights of these
fabrics are the lowest. As it is well known, the polyester fibers are hydrophobic and dry quickly
(El-Hardy and EI-Barky, 2015). Therefore, using these fibers on the towel ground ensures
towels to gain quick drying properties. All woven fabrics exhibited good to moderate drying
properties. In woven terry towels, cotton fibers were used as ground yarn. Cotton is a
hydrophilic yarn, absorbs water and not dries quickly. Hence, all woven fabrics showed worse
drying properties than that of warp knitted fabrics. Polyester yarns were used on the ground of
in almost all warp knitted samples.

In addition to all these above, it is seen on literature that the fabrics, which consist of
synthetic fibers, produced from filament yarns show better drying performance than textiles
produced from textured yarns. Additionally, thickness has related to the rate of drying (Saricam
and Kaloglu, 2014).In this study, woven towel fabrics are thicker than the warp knitted towel
fabrics and their drying properties are generally worse than warp knitted towel fabrics. This
result is in parallel with the literature, which states that the drying time is positively correlated
with the thickness of the fabric (Saricam and Kaloglu, 2014).
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Figure 3. Remained water ratio of samples according to FTTS-FA-004
4, CONCLUSION

Towels are generally desired to have high water absorption ability and softness.
Although high weighted towels absorb more water, they need too much time for washing and
drying. Therefore they cause more energy consumptions. Light-weight terry towels are washed
and dried easily. In this study, light weight warp knitted towels are manufactured and their
water absorption and quick drying characteristics are investigated. Then these properties are
compared to the other medium weighted towels. 100% polyester warp knitted fabric samples
are found to be most water absorbent towels and the water absorbency values of these samples
are in the range of 0,4 seconds to 1,3 seconds. And also, 100% polyester warp knitted fabric
samples are exhibited less than 5% water remaining ratios.

With this study, it is aimed to develop terry towel fabrics which can absorb water highly
and dry easily. Additionally, these fabrics decrease the energy and water consumption because
they wash and dry easily. Thus, this study can have a positive impact on the environment. In
addition, new bathrobe models will be developed using these terry towel fabrics.
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AGIR TiCARi KAMYONLAR iCiN TASARIMI YAPILMIS TEK
KATLI PARABOLIK YAPRAK YAYIN URETIMIi VE FiZiKSEL
DOGRULAMASI

Goksel Tokgonil', Gediz Kulag', Ciler Senocak’, Emine Basalan™*
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OZET

Bu ¢aligsmada agir ticari kamyonlar i¢in daha 6nce tasarimi yapilmis tek katli parabolik
yaprak yayin iretimi ve fiziksel dogrulamasi gerceklestirilmistir. Calisma kapsaminda
52CrMoV4 malzemesinden lamalar, tasarimda belirlenen 6lgiilere gore (aracin tam yikli
durumunda 6n kol boyu 925 mm, tam boy degeri ise 1850 mm) sekillendirilmistir.
Sekillendirme islemi sonrasi gergeklestirilen 1sil islem ile i¢ yapinin martenzite dontigimii
saglanmis ve kumlama islemine tabi tutulmustur. Uretilen numunelerin yorulma testleri
oncesinde, gerinim 6l¢iimleri gerinim Slger yardimu ile gergeklestirilmis ve analitik bulgularla
korelasyonu saglanmistir. Gerinim dlgiimlerine dayali analitik sonuglarin korelasyonunun bir
sonucu olarak, yorulma testleri basariyla gergeklestirilmistir.

Anahtar Kelimeler: Parabolik yaprak yay, yay katiligi, gerilme, yorulma

SINGLE LAYER PARABOLIC LEAF SPRING PRODUCTION AND
PHYSICAL VERIFICATION FOR HEAVY COMMERICAL
VEHICLES

ABSTRACT

In this study, single-layered parabolic leaf spring production and physical verification
has been performed for heavy commercial vehicles. In this context, the raw material,
manufactured from 52CrMoV4, was formed according to the design requirements (in the case
of the full load of the front arm length 925 mm, full length 1850 mm). After the forming
process, martensite structure was obtained by heat treatment and shot peening was performed.
Before the fatigue tests of the produced samples, strain measurements were carried out with the
help of strain gauges and correlation with the analytical findings. As a result of the analytical
results’ correlation based on stress measurements, fatigue tests have been carried out
successfully.

Keywords: Parabolic leaf spring, stiffness, stress, fatigue
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1.  GIRIS

Siispansiyon kollari, yaprak yaylar ve amortisorlerden olusan otomotiv siispansiyon
sistemleri tekerlekler ve ara¢ sistemleri arasinda baglantidan sorumlu elemanlardir. Ayni
zamanda yoldaki diizensizlikler kaynakli titresimleri soniimlemekle gorevli bu sistemler aracin
stirlis konforuna da dogrudan etki etmektedir (Craig, K. (b.t)., Scuracchio B.G., 2013,672-676).
Ana bilesenleri yaprak yay, tampon ve stabilizatdr olan bu sistemlerde stabilizator, virajlarda
aracin kontroliinden sorumluyken yaylar ara¢ agirligini destekleyen elemanlardir ve siiriis
sirasindaki diizensizlikler kaynakli ana parcalarin iirettigi enerjiyi soniimlemeye yardimci
olmaktadir. Tamponlar ise soniimlenen bu enerjiyi dagitarak, diizensiz yollarda bile araci
stirmeyi miimkiin kilmaktadir (Scuracchio B.G., 2013,672-676).

Pindmatik yay, helezon yay, burulma yaylar1 gibi araglarda farkli sekillerde bulunabilen
yaylardan helezon yaylar tercihen hafif araglarda kullanilmaktayken, yaprak yaylar yaygin
olarak daha agir olan ticari araglarda kullanilmaktadir (Crolla D.A., 2009). Genellikle bir veya
daha fazla parabolik sekil verilmig lamanin 1sil isleminden sonra bir merkez civatasi ve
kelepgelerle montaj1 ile elde edilen yaprak yaylar basi ve geki kuvvetlerini karsilayacak sekilde
tasarlanmaktadirlar (Childs P., 2014).

Yaprak yaylarda boy olarak en uzun katin ug¢ kisimlarinin kivrilmasi ile meydana gelen
gbziin i¢ bolgesine, kauguk malzemeden imal edilmis bur¢ parcalar1 takilarak yayimn araca
montesi saglanmaktadir. Burclar ayn1 zamanda olusan kuvvet ve titresim degerlerini baglanti
bolgelerinde {izerlerine alarak kendi iglerinde yok etmekte ve sasiye iletilmesine engel
olmaktadir. Yaprak yaylar, frenleme kuvvetine, yiiklerin olusturdugu kuvvetlere ve tahrik
kuvvetine dayanacak sekilde asagi yukart hareket etmektedirler. Burglar yay iizerine gelen bu
kuvvetler sebebi ile egilmeye calisirken goziin ileri ve geri bikilmesine musaade ederek yay
boyunun uzayip kisalmasina da olanak tanimaktadir (Society of Automotive Engineers (SAE),
1990, T.C. Milli Egitim Bakanligi (MEB), 2005, T.C. Milli Egitim Bakanligi (MEB), 2011).

Konvansiyonel yaprak yaylar, farkli boylarda kesilmis c¢eligin ist tste konularak
merkez civatasi ile baglanmasi sonucu meydana gelirler. Ana kattan diger katlara dogru
gidildikce kat boylarinda kisalma gergeklesmektedir ve yaylarda taginacak yiik miktar: arttikga
kat sayist da dogrudan etkilenmektedir (T.C. Milli Egitim Bakanlhigi (MEB), 2011). Parabolik
yaprak yay ise ismini katlarin formundan almaktadir. Konvansiyonel yaprak yaylara gore
yorulma Omriiniin uzunlugu, agirligimin azhigi, tek tabakali olusu sebebiyle tabakalar arasi
strtuinmenin olmayis1 ve korozyon direncinin yiiksekligi agisindan avantajhidirlar. Sekil 1°de
cok tabakali konvansiyonel yaprak yay i¢in merkez civata (1), kelepge (2), yaprak katlar1 (3),
g6z sarmasi (4), g6z cap1 (5) ve burg¢ (6) numara ile gosterilmektedir (T.C. Milli Egitim
Bakanligi (MEB), 2011).
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Sekil 1. Konvansiyonel yaprak yay (T.C. Milli Egitim Bakanligi (MEB), 2011)

Yaprak yayda mekanik 6zelliklerin istenilen aralikta saglanabilmesi i¢in malzemenin
dogru secilmesinin yani sira 6zelliklerin iyilestirilmesi i¢in uygulanan 1sil islem de oldukga
onemlidir (TS EN 10089, 2005). Yaprak yay tasariminda ise yay katilig1 ve yay kalinligi maruz
kalacag1 kuvvetlere bagli olarak yapacagi sehim degerine gore hesaplanmaktadir.

Otomotiv endiistrisinin performans iyilestirme, agirlik azaltma ve maliyet tasarrufu
konusundaki artan talepleri, yeni tasarim konseptlerine ve yeni malzeme gelistirmelerine
duyulan ihtiyaci arttirmistir. Bu kapsamda agirlik azaltimi yalniz maliyet diisiisii icin degil
yakit tiiketimi ve CO, salinimini azaltist bakimindan da oldukga biiylik dnem arz etmektedir
(Podgornik B., Leskovsek V., Godec M., Sencic B., 2014,81-86).

Bu caligmada daha 6nce agir ticari kamyonlar igin bilgisayar destekli tasarimi yapilmis
tek katli parabolik yaprak yaym (Kelebek O., Kuralay N.S., Karaoglan M.U., 2018) Uretimi ve
hedeflenen isterlere gore fiziksel dogrulamasi gergeklestirilmistir. Calisma sonunda yaprak yay
toplam agirliginin hafifletilmesi ve dmiir artiginin saglanmasi hedeflenmis, yapisal analizler ve
hasar analizleri ile fiziksel dogrulanmasinin yapilmasi amaglanmustir.

2. MATERYAL VE METOT

Bu caligmada yaprak yay malzemesi olarak 52CrMoV4, tek kath yaprak yayin kalin
olmas1 ve sertlesebilme Ozelliginin saglanabilmesi amaciyla secilmistir. 52CrMoV4
malzemesinden lamalar 900-1000°C’lik firinlarda belli siirelerde 1sitilarak, tasarimda belirlenen
Olciilere gore (aracin tam yiiklii durumunda 6n kol boyu 925 mm, tam boy degeri ise 1850 mm)
sekillendirilmistir. Haddeleme sonrasi goz kivirma islemleri 6n ve arka kol i¢in ayri ayrn
gerceklestirilmistir. Beklenen mekanik 6zelliklerin gergeklenebilmesi igin ilk olarak yaprak
yay 900°C sicakliginda 56 dakika tavlanarak Ostenitik yapi olusturulmus sonrasinda 30-40
dakika boyunca yagda sogutulmustur. Ani su verme islemi sonrast mikro yapiin martenzite
doniistiiriilmesi saglanmistir. Yaprak yayin kullanim yerine bagli olarak daha tok yapida olmasi
istenildiginden gevrek martenzit yapisi 450-500°C’de 150 dakika sireyle temperlenerek
toklastirilmistir. Ardindan yaprak yay stresli kumlama islemine tabi tutulmustur. Uretilen
yayda gerilme degerinin 1600-1700 MPa, sertlik degerinin ise 467-493 HB araliginda olmasi
beklenmektedir.

Daha 6nce CAE c¢alismalari ile (Kelebek O., Kuralay N.S., Karaoglan M.U., 2018)
tasarim parametreleri belirlenen tek katl parabolik yaprak yayin iiretimi sonrasinda gerinim
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Olciimleri gergeklestirilmistir. 5 adet 6n kol 5 adet arka kolda olmak iizere toplam 10 adet
gerinim dlger (HBM, 350Q + 0.35%) yay lizerine yapistirilmistir. Sekil 2’de fikstlre
yerlestirilmis yaprak yay ve gerinim Olgerlerin yaprak yay iizerindeki konumlarimi
gosterilmektedir. Olgtimler ile sanal ortamda yaprak yay Gzerinde meydana gelen gerilme
degerlerinin fiili parca {izerinde saglanip saglanmadig tespit edilmistir.

] 3 I
O Kol Ak kel

g o

-

Sekil 2. Tek katli parabolik yaprak yayin test fikstiirii iizerindeki gorseli ve gerinim 6lgerlerin
yaprak yay Uzerindeki yeri

Tablo 1’de kotii yol, frenleme, geri frenleme ve viraj durumlarinda yaprak yaya
uygulanmasi gereken yiik degerleri ve her bir senaryonun kag kez uygulanacagi (¢evrim sayisi)
gosterilmistir. Toplam 16 adet senaryonun belirlenen ¢evrim sayist kere kogmasi sonucunda
yaprak yay blok yiikte 1 ¢evrim ilerlemis sayilacaktir. S6z konusu tek katli parabolik yaprak
yayin testteki basar kriteri minimum %100 ¢evrim olmasidir.

Tablo 1. Tek katli parabolik yaprak yayin fiziksel dogrulamasi i¢in uygulanacak yiik bilgisi

- F2- kN Fy-kN Fx- kN My - kNm
D i Min Mak Min WMak Min Mak Min Mak
Kéti Yol 1 3 0.0 62.0 0.0 0.0 0.0 0.0 0.0 0.0
Kotd Yol 2 0| oo 529 0.0 0.0 0.0 0.0 0.0 0.0
Kotd Yol 3 100 34 516 0.0 0.0 0.0 0.0 0.0 0.0
Kotil Yol 4 %7 77 9.7 0.0 0.0 0.0 0.0 0.0 0.0
Kotil Yol 5 2800 107 6.7 0.0 0.0 0.0 0.0 0.0 0.0
Kétil Yol 6 300 124 45.6 0.0 0.0 0.0 0.0 0.0 0.0
Frenleme 1 6 305 62.0 0.0 0.0 0.0 57.8 0.0 288
Frenleme 2 8 305 60.4 0.0 0.0 0.0 53.8 0.0 268
Frenleme 3 30 305 s8.1 0.0 0.0 0.0 50.1 0.0 25.0
Frenleme 4 EIEE 56.5 0.0 0.0 0.0 47.7 0.0 238
Geri Frenleme 1 5| 30.5 25.0 0.0 0.0 0.0 -23.1 0.0 11.5
Geri Frenleme 2 15 305 21.0 0.0 0.0 0.0 177 0.0 8.8
Viral 1 a 226 46.8 14.0 203 0.0 0.0 0.0 0.0
Viraj 2 30| 254 41.8 11.1 -24.0 0.0 0.0 0.0 0.0
Viraj 3 75| 238 425 9.5 -19.0 0.0 0.0 0.0 0.0
Viral 4 108 254 9.8 7.2 145 0.0 0.0 0.0 0.0

3. TEST VE DEGERLENDIRMELER

Tek katli parabolik yaprak yayin kesit kalinligi, calisma sinir sartlarina bagli olarak
yaym maruz kalacagi kuvvetler dogrultusunda yapacagi sehim degerlerine bagli olarak
hesaplanmaktadir. Istenen yay katilig1 igin tasarim araligi Sekil 3’teki kuvvet-sehim grafigi
iizerinde gosterilmistir.
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YOK[N]

Design = 35625N

Yay Katilhgi : 285 N/mm

Curb = 21098 N

o 50 74 mm 1m0 125 mm 150 178 mm 200

SEHIM [mm]

Sekil 3. Tek katli parabolik yaprak yaym kuvvet-sehim grafigi

Buna gore farkli kesitlerde (90x39, 90x37, 90x35, 90x32, 90x30) ve kesit 6l¢iilerine
bagli olarak degisen parabolik yay kalinliklarinda yapilan hesaplamalar sonucunda, yay katilig
istenen aralikta olan tasarim 90x39 kesit dl¢iisiine (Sekil 5) sahip yay olup bu kesit icin yay
katilig1 290.94 N/mm olarak hesaplanmistir. Sekil 4’te tek katli yaprak yayin belirlenen kesit
6lciisii ve kol boylarinca degisen kalinlik degerleri yer almaktadir.

=Tl

Kalinlik [mm]

900 .00 500 300 <100 100 300 500 00 900
Eksen Mesafesi [mm]

Sekil 4. Tek katli parabolik yaprak yayin kalinlik dagilimi

90 0.6

39 :0.3

¥ T 1xas®

Sekil 5. Tek katli parabolik yaprak yayin kesit 6l¢iisii ve profili
Gerilme analizi igin belirlenen diisey, fren ve yanal yiikler fikstiire takili yaprak yay

lizerine uygulanmasi sonrasinda 10 adet gerinim 6lgerden okunan gerilme degerleri ve CAE
calismasinda tespit edilen gerilme degerlerini gésteren sonuglar Tablo 2°deki gibidir.
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Tablo 2. Gerinim 6lger ve bilgisayar destekli analiz sonuglar1

Diisey Yiikleme Fren Yiiklemesi Yanal Yiikleme
Bilgisayar Destekli Test Bilgisayar Test Bilgisayar Test
Analiz Destekli Analiz Destekli Analiz

Gerinim Olger 1 1085 1078 - - 1031 1021
Gerinim Olger 2 1091 1103 - - 1041 1047
Gerinim Olger 3 1125 1114 - - 1066 1055
Gerinim Olger 4 1154 1147 - - 1087 1081
Gerinim Olger 5 1225 1201 - - 1121 1106
Gerinim Olger 6 1214 1193 1401 1396 1106 1087
Gerinim Olger 7 1178 1175 1404 1407 1067 1063
Gerinim Olger 8 1174 1161 1400 1421 1061 1054
Gerinim Olger 9 1163 1157 1421 1432 1050 1040
Gerinim Olger 10 1096 1112 1480 1471 987 996

Gerinim Ol¢imleri dikkate alindiginda, her bir yiiklemede bilgisayar destekli analiz ve
test fikstiirinde meydana gelen gerilme sonuglar1 birbirini yakinsadigi ig¢in, tasarimda
belirlenen parametrelerin iiretilen yaprak yaydaki isterler ile ortlistiigii gortilmektedir. Yani,
tasarlanan ile retilen yaprak yay birbirine oldukca benzerdir.

Toplamda 5 adet numunede Tablo 1°de verilen degerlere bagli olarak yapilmig yorulma
test sonuclart Tablo 3’te verilmektedir. Testler sonunda her bir numunenin ulastigi ¢evrim
degeri %100 iizeri oldugu goriilmiis ve iiretilen numunelerin fiziksel dogrulama g¢aligsmalart
basaril1 bir sekilde tamamlanmuistir.

Tablo 3. Tek katli parabolik yaprak yayin fiziksel dogrulama sonuglari

Tek Kath Yaprak Yay Projesi Blok Yiik Test Sonuglar
Numune No # Ulastigi Cevrim Degeri Hasar Yeri Yorulma Test isterini Gegti mi?
#2 %113 Merkezden 350 mm mesafede (ARKA KOL) Evet
#25 %102 Merkezden 220 mm mesafede (ARKA KOL) Evet
#4 %123 Merkezden 230 mm mesafede (ARKA KOL) Evet
#17 %110 Merkezden 630 mm mesafede (ON KOL) Evet
#21 %122 Merkezden 300 mm mesafede (ON KOL) Evet

4. SONUCLAR

Bu calismada agir tasitlar i¢in ¢ok katli konvansiyonel yaprak yay yerine daha hafif tek
katl parabolik yaprak yaylarin kullamlabileceginin fiziksel dogrulamasi yapilmustir. Uretim
sonrast gerceklestirilen gerinim Slgiimleri ve yorulma testleri neticesinde tasarim asamasinda
yaprak yayda belirlenen parametrelerin dogrulugu teyit edilmistir. Farkli yiikleme kosullar1 ve
farkli ¢evrim sayilari numuneler lizerine uygulanarak yaprak yayin fiziksel dogrulamasi
yapilmig ve 5 adet numune yaprak yayda alinan pozitif sonuglar ile yaprak yayin {iretim ve test
siiregleri tamamlanmustir.

Tek katli parabolik yaprak yaylarin devreye alinmasi ile yay agirliginin azaltilmast ve
bunun bir ¢iktist olarak maliyet diisiisiiniin yani sira yakit tiikketimi ve CO, salinimini azalmasi
calisma icin hedefi olusturmaktadir. Caligma ile tek bir yaprak yay icin agirlikta 31.35 kg’lik
bir azalig elde edilerek planlanan hedefe ulasilmis bunun yani sira konvansiyonel yaya gore
belirli miktarda 6miir artis1 da elde edilmistir.
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5.  TESEKKUR

Calismaya olan katkilarindan dolayr Onur KELEBEK e tesekkiir ederiz.
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T.C. MANISA CELAL BAYAR UNIVERSITESI
SOMA MESLEK YUKSEKOKULU TEKNIiK BiLIMLER DERGISi
YAZIM KURALLARI VE YAYIN iLKELERI

Manisa Celal Bayar Universitesi Soma Meslek Yiiksekokulu Soma MYO Teknik
Bilimler Dergisi, Manisa Celal Bayar Universitesi Soma Meslek Yiiksekokulu tarafindan yilda
iki kez yayimlanir. Dergide, Meslek Yiiksekokullar1 Teknik Programlarinda yeralan anabilim
dallartyla ilgili konularda 6zgiin ve nitelikli ¢aligmalar, yabanci dillerden Tiirkge’ye ceviriler
ve giincel tez 6zetleri yayimlanabilir.

Dergiye gonderilen eserlerde aranacak yayin ilkeleri ve yazim kurallar1 agagidaki gibi
belirlenmistir.

1-) Dergiye gonderilen yazi ve makaleler daha 6nce higbir yerde yayimlanmamis ve
yayin haklari verilmemis olmalidir.

2-) Dergide yaymnlanacak yazi ve makaleler Tiirkge, Ingilizce, Fransizca ve
Almanca’dan herhangi biriyle yapilabilir. Ancak Tiirk¢e hazirlanan ¢aligmalarda Tiirk Dil
Kurumunun belirledigi kurallar esas alinmalidir. Calismanin basinda Tiirkge baslik ve en fazla
200 sdzciikten olusan Tiirkce ve Ingilizce 6zet ile en fazla 10 tane anahtar sézciik verilmelidir.

3-) Dergide yayimlanacak ¢alismalarin bi¢im sirasi
Tirkce baslik
Ozet
Anahtar sozcukler
Ingilizce 6zet
Ingilizce anahtar sdzciikler
Metin
Kaynaklar
Ekler
seklinde olmalidir.

4-) Calismanin basgligi sol iist kenardan 6 cm. asagidan yazilmahdir. Bash@gm sag alt
tarafina yazar veya yazarlarin adlar1 akademik {invanlarla birlikte yazilmali ¢aligtigi kurum,
iletisim ve elektronik posta adresleri ise adlarin yanina konulacak dipnot isaretleriyle sayfa
altina verilmelidir. Eger ¢alisma baska bir kurumdan destek aldiysa baslik yanina verilecek
dipnotla sayfa altina ilgili kurum yazilmalidir.

5-) Dergiye gonderilecek yazi ve makaleler MS Word programinda yazilmis ii¢ kopya
olarak eposta veya kargo yoluyla gonderilmelidir.

6-) Calismalar ekleriyle birlikte 15 sayfayr gegmemelidir.

7-) Metin yazimi1 A4 boyutundaki kagida tek aralikli olarak times new roman tur
karakteriyle 10 punto, dipnot ve agiklamalar 8 punto ile yazilmalidir. Basliklar 12 punto koyu,
Ozet ve dipnotlar tek ara ile yazilmalidir. Sayfa boyutlari sol 5 cm, sag 4 cm, {ist 7 cm ve alt 5
cm. olacak sekilde ayarlanmalidir.

8-) Metin i¢indeki alint1 ve aktarma yoluyla kullanilan kaynaklar; parantez sistemine
gore soyadi, yili ve sayfasi olacak sekilde metin iginde climle bitiminde gosterilmeli ve ayrica
kaynakcada da yer almalidir. Agiklama ve diger dipnotlar numaralandirma esasina gére metnin
sonuna eklenmelidir.

9-) Manisa Celal Bayar Universitesi Soma Meslek Yiiksekokulu Soma MYO Teknik
Bilimler Dergisi ulusal hakemli bir dergidir. Dergiye gonderilen yazi ve makaleler ilgili
alandaki en az iki hakeme gonderilir. Oy birligi saglanamazsa ti¢ilincii bir hakeme gonderilerek
sonuca karar verilir. Yazi ve makalelerin igeriginden yazarlar ve hakemler sorumludur.

10-) Yazi ve makalesi yayimlanan her yazara derginin ilgili sayisindan 1 adet
gonderilir. Ayrica telif iicreti 6denmez.
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11-) Dergi yayin ilkelerine, yazim kurallarina ve bilimsel arastirma yontemlerine
uygun olmayan yazi ve makaleler yayin kurulunca dikkate alinmaz.
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