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Ozet: Giiniimiizde insaattan lojistige kadar her sektérde yakit tiiketimini azaltmak, yapilarin agirhgmi azaltmak
gibi amaglarla agirlik azaltma ile ilgili pek ¢ok ¢alisma yapilmaktadir. Bal petegi kompozitler diisiikk agirliklart
ve agirliklarina oranla sahip olduklari yiiksek mekanik dayanimlari sebebi ile agirlik azaltma ¢alismalarinda ilk
akla gelen malzemelerden birisidir. Bu c¢aligmada yiik tasimaciliginda kullanilan tasitlarda zemin
uygulamalarinda sik¢a kullanilan aliiminyum damla desenli sa¢ ve hazir cam takviyeli polyester(CTP) levha
kullanilarak tiretilmis bal petegi sandvi¢ levhalarin CTP levha kalinlig1 ve ¢ekirdek kalinligi degisimi ile egilme
dayanimi arasindaki iliski incelenmistir. Calisma kapsaminda 2,5 mm aliiminyum damla desenli sa¢ sabit
tutularak 15 ve 20 mm kalinliginda hiicre ¢capt 9 mm olan ve kalinlig1 70 mikron olan aliiminyum bal petegi
yapist ile 2 mm ve 9 mm kalinliginda CTP levhalar kullanilarak iiretilmis bal peteklerinin ii¢ nokta egme testleri
yapilmig, CTP levha kalinlig1 ve bal petegi kalinlif1 degisimlerinin dayanima olan etkisi incelenmistir. Sonug
olarak CTP levha kalinligindaki artisin dayanimu arttirdigi ancak bal petegi kalinliginin CTP Levha kalinligindan
dolay1 olusan artisa oranla mukavemeti ¢ok daha fazla arttirdig1 gézlemlenmistir.

Anahtar kelimeler: Bal petegi, CTP levha, aliiminyum

The Effect of GFRP Plate and Core Thickness on Mechanical Properties in
Composite Panels

Abstract: Honeycomb composites are one of the materials that comes to mind first for the studies about
reducing weight because of their low weight and high mechanical resistance in proportion to their weight. In this
study the relation between variation of plate thickness and nucleus thickness of CTP plates and bending
resistance of the honeycomb sandwich plates that is produced by using aluminium drop patterned plate and
readymade glass reinforced polyster(CTP) plate, has been investigated. As part of this study three spot bending
tests has been done for the honeycombs that has been produced by using 2 mm and 9 mm CTP plates and 70
microns aluminium honeycomb structure with 15 and 20 mm thickness and 9 mm cell diameter, by holding
steady the 2,5 mm aluminium drop patterned plate and the effect of the variation of CTP plate thickness and
honeycomb thickness to the resistance has been investigated. As a result of this study it has been observed that
increment of the CTP plate thickness increases the resistance but honeycomb thickness increases the durability
much more according to the variation of the weight.

Keywords: Honeycomb, GFRP sheet, aluminium

Bu makaleye atif yapmak icin .
Subasi S., Cetin V., Samandar A., “Kompozit Panellerde CTP Levha Kalinligimin Mekanik Ozellikelere Etkisi” El-Cezeri Fen ve Mithendislik Dergisi 2017, 4(2);

135-145.

How to cite this article
Subasi S., Cetin V., Samandar A., “The Effect Of GFRP Plate And Core Thickness On Mechanical Properties In Composite Panels” El-Cezeri Journal of Science
and Engineering, 2017, 4(2); 135-145.


mailto:serkansubasi@duzce.edu.tr
mailto:volkancetin11@gmail.com
mailto:ayhansamandar@duzce.edu.tr

ECJSE 2017 (2) 135-145 Kompozit Panellerde Ctp Levha Ve Cekirdek Kalinhginin Mekanik Ozelliklere Etkisi

1. Giris

Kompozit malzeme, birbirinden bigimleri ve kimyasal bilesimleri ile ayrilmig ve temel olarak
birbiri i¢inde ¢dziinmeyen, iki ya da daha ¢ok mikro ya da makro bilesenin karigimi ya da
bilesimiyle olusan malzemedir [1]. Gelisen teknoloji ile birlikte insanoglunun farkli 6zellikleri ayni
anda barindiran malzemelere olan ihtiyaci her gegen giin artmaktadir. Bu nedenle kompozit
malzemeler iizerine siirekli yeni caligmalar yapilmakta ve kullanim alanlari her gecen giin
artmaktadir. Kompozitlere en tipik Ornek, artik giinlimiizde geleneksellesmeye baslayan ve
"fiberglas" olarak bilinen polyester esasli recinelerin cam elyaf ile takviyesiyle iiretilen
malzemelerdir Cam elyafi silika, kolemanit, aliiminyum oksit, soda gibi cam iiretim maddelerinden
tiretilmektedir. Cam elyafi, elyaf takviyeli kompozitler arasinda en ¢ok bilinen ve kullanilandir. Bu
elyaflarin polyester olarak isimlendirilen bir termoset regine ile birlestirilmesiyle cam elyaf
takviyeli polyester (CTP) ad1 verilen bir kompozit malzeme ortaya ¢ikmaktadir. CTP malzemeler,
mekanik 6zellikleri, yiiksek kimyasal dayanimlar1 ve diisiik maliyetleri sebebi ile giiniimiizde en sik
kullanilan kompozit malzemelerden birisidir. CTP, riizgar tiirbinlerinden otobiislere, dus
teknelerinden ucaklara kadar ¢ok genis bir alanda kullanilmaktadir.

CTP levha iretiminde hammadde olarak cam elyaf takviyesi, recine, jelkot ve g¢esitli katki
malzemeleri kullanilmaktadir. CTP levhalar genel olarak ii¢c metotla iiretilmektedirler. El yatirma
yonteminde bir kalibin {izerine genellikle jelkot kaliba siiriiliir. Bu islemin ardindan cam fiber
kumas kaliba yatirilir ve polyester ile 1slatilarak levha iiretimi gergeklestirilir. Bu metotta levha
ebatlar1 kalibin ebadi ile sinirlidir. Ayrica proseste emek yogun oldugu icin iiriinler arasinda ciddi
mekanik ve gorsel farkliliklar olusabilmektedir. Pultriizyon yonteminde ise cam fiber ve polyester
isitilmis bir kaliptan ¢ekilerek polyesterin kiirlesmesi saglanir. Bu metotta kalinlik, mukavemet ve
gorsel olarak cok daha stabil tirlinler ¢gikmaktadir. Ayrica bu metotta istenilen uzunlukta iiriinler
elde edilebilmektedir. Uriin istenilen uzunluga geldiginde hattin sonundaki testere yardimiyla
kesilir.

Sekil 1. Pultriizyon tezgahi ve pargalari [2]

Petek yapili sandvig yapilar, petek hiicrelerin alt ve list kisminin bir yiizey ortiisii ile ortiilmesiyle
elde edilirler [3]. Bal petegi kavraminin ilk drnekleri yaklagik 2000 yil 6nce Cin'de kullanilan
kagittan petek yapida gozlemlenmistir [4]. Glinlimiizdeki anlamiyla bal petegi kompozit teknolojisi
ise ilk kez 1845 yilinda yumurta tasima kutularinda kullanilmistir. Daha sonra 1919 yilinda
havacilikta kullanilmaya baglayan bu malzemeler her gegen giin daha genis bir kullanim alanina
kavusmaktadir [5]. Ornegin bal petegi kompozit paneller, sahip olduklar1 yiiksek darbe soniimleme
ozellikleri nedeniyle yiiksek hizli trenlerin 6n panellerinde ve otomobillerin sasilerinde
kullanilmaktadir. Boylece ¢arpigma aninda yiiksek miktarda enerjiyi absorbe ederek yasam hiicresi
olusturmakta ve 6nemli bir pasif giivenlik unsuru olmaktadirlar [6].
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Ayrica kompozit paneller geleneksel yapt malzemeleri ile kombinlenebilmekte

veya

sekillendirilerek standart bir sandvi¢ yapinin tasimayacag yiikleri tasimasi saglanabilmektedir [7].
Sandvi¢ yapilarda bal petegi kismi; kayma gerilimlerini tasirken, yiizey kisimlar1 ¢cekme ve basma

kuvvetlerini tasimaktadir [8].
Bal petegi kullanilarak tiretilen kompozit levhalara ait tabakalar Sekil 2’de verilmistir.

_______ coax i s3] «— Yiizey Tabakas:

~——

Uretilen
Tabakas: Kompozit
Panel

Sekil 2. Bal petegi kompozit panel tabakalari [9]
2. Malzeme ve Metot

2.1. Yiizey Malzemesi

Kompozit panellerde kullanilan matris malzemeler, panelin kullanim alania gore belirlenir. Bu
caligmada tiretilen kompozit panelin bir yiizeyinde tagimacilik sektoriinde zemin uygulamalarinda
cokeca tercih edilen aliminyum damla desenli sac, diger yiizeyinde ise kapali alanlarda olusacak

terlemenin Oniine ge¢mek i¢in aliiminyum yerine CTP levha kullanilmistir.

Bu calisma esnasinda kullanilan 5086 serisi alasimli aliiminyum damla desenli sac kimyasal analizi
Tablo 1°de verilmistir. Aliiminyum damla desenli sag igin iireticiden temin edilen dayanim bilgileri

ise Tablo 2’de sunulmustur.

Tablo 1. Aliiminyum damla desenli sacin kimyasal 6zellikleri [10]

Agirhikca
% Si Fe Cu Mn Mg Cr Zn Ti Digerleri

Min. 0,00 0,00 0,00 0,20 3,50 0,05 0,00 0,00 0,00
Max. 0,40 0,50 0,10 0,70 4,50 0,25 0,25 0,15 0,15

Tablo 2. Aliiminyum damla desenli sacin mekanik 6zellikleri [10]

Haddeleme Rp0,2 (MPa) Rm(MPa) A50mm (%) Sertlik (HBS)
Yoniine Gore

Min. 220 300 6 88

Max. 360
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Ik grup numune iiretimi i¢in 2 mm kalmliginda, %20-22 arasinda cam igeren ve 2800 g/m>
agirhginda olan CTP levha kullanilmistir. Ureticiden temin edilen dayanim bilgileri Tablo 3'teki
gibidir.

Tablo 3. 2 mm kalinligindaki CTP levhanin mekanik 6zellikleri [11]

Ozellik Test Sonucu Test Metodu

Gerilme Direnci 55 MPa DIN EN ISO 527-4/2/2
E-Modiili 6050 MPa DIN EN ISO 527-4/2/2
Egilme Dayanimi 90 MPa DIN EN ISO 14125/WKII

Ikinci grup numune iiretimi i¢in 3 mm kalmliginda, %20-22 arasinda cam igeren ve 4200 g/m2
agirligida olan CTP levha kullanilmistir. Ureticiden temin edilen dayanim bilgileri asagidaki

gibidir:

Tablo 4. 3 mm kalinligindaki CTP levhanin mekanik 6zellikleri [12]

Ozellik Test Sonucu Test Metodu

Gerilme Direnci 85 MPa DIN EN ISO 527-4/2/2
E-Modili 6375 MPa DIN EN ISO 527-4/2/2
Egilme Dayanimi 150 MPa DIN EN ISO 14125/WKI|

2.2. Cekirdek Malzemesi

Kompozit malzemelerde takviye malzemesi se¢imi, kompozit malzemenin 6zelliklerini direk olarak
etkilemektedir. Bu c¢alismamizda hafifligi ve dayanimiyla 6n plana ¢ikan aliiminyum bal petegi
kullanilmistir (Sekil 3). Bal petegi malzemeler 6zleri itibariyle malzeme olarak siniflandirilmayan,
kompozit malzemelerin kullanildigi yapr1 [13] ya da yapisal kompozit malzemeler olarak
tanimlanmaktadir [4]. Aliiminyum bal peteginin tedarikgiden temin edilen 6zellikleri asagidaki
gibidir (Tablo 5).

Tablo 5. Bal petegi takviye malzemesinin 6zellikleri [14]

Kalinhk Hiicre Capi Ceper Kalinh@g1i  Yogunluk Basma
Mukavemeti

15 mm 9 mm 70 pm 6,7 kg/m’ 0,075 MPa

20 mm 9 mm 70 pm 7 kg/m? 0,1389 MPa

Sekil 3. Kompozit panel iretiminde kullanilan bal petegi goriiniimii
2.3. Yapistirici

Bal Petegi kompozit Panellerin iiretiminde iki kompanentli ve poliiiretan bazli termoset yapistirict

kullanilmistir. Iki kompanentli termoset yapistiricilarin mukavemetleri, 1s1l dayanimlari, siirtiinme

dayanimlar1 ve ¢oziinme dayammlan yiiksektir [15]. Uretimde kullanilacak olan yiizey

tabakalarmin bal petegi yapisacak yiizeylerine rulo firga yardimiyla yapistiric siiriilerek kompozit
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panel tabakalar1 yapistirilmistir. Kullanilan poliiiretan bazli yapistiriciya ait teknik 6zellikler Tablo
6'da verilmistir.

Uretimde kullanilacak olan malzemelerin uygun ebatlara getirilmesinin ardindan, matris
malzemelerinin, takviye malzemesine yapisacak yiizeylerine rulo firga yardimiyla yapistirici

stirlilmiis ve malzemeler birbirinin tizerine koyulmak suretiyle yapistirilmistir.

Tablo 6. Kullanilan poliiiretan bazli yapistiriciya ait teknik 6zellikler [16]

Ozellik A Kompanenti B Kompanenti A+B Karisimi:
Ana Bilesen polyol MDI Polyurethane
Faz S1V1 S1v1 S1V1

Viskozite 32.000 + 4.000 mPa.s 150 mPa.s 4.0+ 1 mPa.s
Ozgiil Agirhg 1.67 glem® 1.20 glem® 1.57 glem®
Renk Bej Kahverengi Bej

Cekme Dayanimi (ASTM C 297) - - > 12 MPa
Kesme Dayanimi (ASTM D 1002) - - 10 MPa
Caligma Sicakligi - - -30°C to +90°C

3. Numune Uretimi

Uretimde kullanilan bal petegi, lojistik maliyetlerini diisiirmek amaciyla iireticilerden preslenmis
cok biiylik tabakalar halinde sevk edilmektedir. Numune iiretimi sirasinda giyotin makas benzeri bir
makine ile istenilen ebatlarda kesilen bal petegi, gene bir makine yardimiyla agilarak normal
kullanim ebatlarina gelmesi saglanmstir.

Matris malzemesi olarak kullanilan CTP levha ve aliiminyum damla desenli sag istenilen ebatlarda
onceden kesilerek iiretime hazir hale getirilmistir (Sekil 4).

Sekil 4. Numune ebadinda kesilmis bal petegi Sekil 5. Numune liretiminden bir gériiniim
Uretimde kullanilacak olan malzemelerin uygun ebatlara getirilmesinin ardindan, matris
malzemelerinin, takviye malzemesine yapisacak yiizeylerine rulo firca yardimiyla yapistirict

stirlilmiis ve malzemeler birbirinin iizerine koyulmak suretiyle yapistirtlmistir (Sekil 5).

Malzemelerin el yardimiyla yapistirilmasindan sonra, numuneler oda sicakliginda, hidrolik bir pres
yardimiyla 8 saat preslenmistir (Sekil 6).
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Sekil 6. Numuneler prese verilmeden 6nce bir gériiniim

4. Deney Metodu

Bu calismada aliiminyum damla desenli sag ve CTP levha ile takviyelendirilmis bal petegi
levhalarin egilme dayanimlart ASTM D7249/D7249M [17] standardinda ii¢ nokta testi yapilarak
bulunmustur (Sekil 7). Test sirasinda ii¢c nokta cihazi standarda uygun hizda yiik uygulayarak
numunelerdeki egilme miktarlar1 bir kamera yardimiyla kayit altina alinmustir.

. il . .

ani - 3 - £

Deney 6ncesi numune goriiniimii b) Deney esnasindaki numune goriiniimii
Sekil 7. Egilme deneyine tabi tutulan niime goriiniimii

a)

5. Bulgular ve Tartisma

Farkli kalinliklarda CTP ve bal petegi kullanilarak iretilen kompozit paneller iizerinde
gerceklestirilen {ic nokta egilme deneyi ve agirlik dl¢limleri neticesinde elde edilen verilere ait
aciklayicr istatistikler Tablo 7°de verilmistir. Egilme kuvveti degerleri incelendiginde CTP ve bal
petegi kalinliklart arttikca egilme kuvveti degerlerinde de bir artisin oldugu goriilmektedir. Benzer
durum agirlik degerleri icin de soOylenebilir. Elde edilen ortalama egilme kuvveti ve agirlik
degerlerine ait bar grafik Sekil 8 ve 9°da goriilmektedir.
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Tablo 7. Uretilen numunelerin agirlik ve dayanim tablosu

%95 Giiven
arahiginda
Bal ortalamanin
Petegi CTP ..
Kalnhg Kalnhg sd. Al Ust
Ozellik (mm) (mm) Ortalama Sapma  Smmri Siminn . Minimum Maksimum Range
Egilme 15 2 1260,15 125,18 949,17 1571,12  1138,25 1388,38 250,13
Kuvveti 3 1708,20 60,17  1558,72 1857,69  1671,33 1777,65 106,33
(N) 20 2 1775,05 113,16  1493,94 2056,15  1660,95 1887,25 226,30
3 1875,69 4520 1763,38 1987,99  1827,28 1916,80 89,52
Agirlik 15 2 535,60 4,32 524,85 546,34 532,00 540,40 8,40
(9) 3 612,30 5,25 599,24 625,35 606,90 617,40 10,50
20 2 551,23 2,77 544,32 558,13 549,20 554,40 5,20
3 615,83 1,00 613,34 618,32 614,70 616,60 1,90
20004 KSE@
15004 ()
W2
(W]
1600+
3
E 1400+
£ 1
g 1200+
%1000—
Eﬂ 300
g 600
é
400
200
o

Bal Petegi Kalmhg (mm)

Sekil 8. Ortalama egilme kuvveti degerlerine ait grafik

CTP
700,00~ Kahnlig
(o)
M2

(D E]

-

Ortalama Agulik (g)

20
Bal Petegi Kalnhg (mm)

Sekil 9. Ortalama agirlik degerlerine ait grafik
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Egilme deneyine tabi tutulan kompozit panellerin deney sonrasi olusan hasarli gériiniimleri Sekil
10’da goriilmektedir. Test sonrasi numunelerde Zhou'nun ¢alismasinda bahsedildigi gibi genelde
yapisma noktalarinda ayrilma seklinde meydana geldigi gozlemlenmistir [18].

~'-» l""‘ ';'."";;J; wro ,:.'
FERLLL EARREATTE (A0 pes

rige ~
i :

re 4 . -

’ g e :
A ey L b, S-S LA

EHER: g O - - S 3 : i
b) 20 mm ¢ekirdek kalinligina sahip numune
Sekil 10. Egilme deneyi sonrasinda numunelerde olusan hasar durumu

Elde edilen ii¢ nokta egilme deneyi verileri lizerinde CTP kalinlig1 ve bal petegi kalinlig1 faktorleri
g6z oniinde bulundurularak iki yonlii varyans analizi gerceklestirilmistir (Tablo 8). Varyans analizi
sonuglarina gore CTP ve bal petegi kalinlig1 faktorlerinin egilme kuvveti degerleri lizerinde ayr1
ayr1 etkisinin oldugu ve bu etkilerin istatistiki olarak 6nemli oldugu goriilmistiir.

Ayrica varyans analizi sonucunda CTP bal petegi kalinlig1 interaksiyonunun da istatistik anlamda
onemli oldugu tespit edilmistir. Bu sonuclar 1s181inda deneysel calismalarla elde edilen egilme
kuvveti sonuglarinin CTP ve Bal petegi kalinliklarindaki de§isime bagli olarak énemli miktarda
degistigi sdylenebilir.

Tablo 8. Iki yonlii varyans analizi sonucu

Anlamhihk
Varyansin Kareler Serbestlik Kareler Diizeyi
Kaynag Toplami Derecesi Ortalamasi F-Testi (p=<0,05)

Dogrulanmis Model ~ 665562,783 3 221854,261 25,992 0,000
Intercept 3,286.10° 1 3,286.10"  3849,809 0,000
CTP Kalinhk 225803,768 1 225803,768 26,455 0,001
Cekirdek 349235,260 1 349235,260 40,916 0,000
CTP Kalinhk * 90523,755 1 90523,755 10,606 0,012
Cekirdek
Interaksiyonu
Hata 68282,577 8 8535,322
Toplam 3,359.10’ 12
Dogrulanmis 733845,360 11
Toplam

Egilme kuvveti degerleri incelendiginde, bal petegi kalinligina bagl olarak 2 mm kalinligindaki
CTP levhali kompozit panellerde egilme kuvvetinin %30 oraninda arttigi, 3 mm CTP kalinligina
sahip panellerde ise %9 oraninda egilme kuvvetinin arttig1 tespit edilmistir.

Aynm c¢ekirdek kalinligima sahip kompozit panellerde ise 15 mm'lik bal petegi kalinligindaki
panellerde CTP kalinlifindaki artisa paralel olarak %12 oraninda egilme kuvvetinin arttigi, 20
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mm'lik bal petegi kalinligindaki panellerde CTP kalinligindaki artisa paralel olarak %10 oraninda
egilme kuvvetinin arttig1 tespit edilmistir.

Bu degerlendirmeler 15181nda egilme kuvvetinde meydana gelen artis tizerinde ¢ekirdekte kullanilan
bal petegi kalinliginin CTP kalinligina gore daha fazla etkiye sahip oldugu sdylenebilir.

Ug nokta egilme deneyi sonucunda elde edilen kuvvet ve deformasyon degerleri kullanilarak ¢izilen
Egilme Kuvveti-Deformasyon grafikleri Sekil 11°de goriilmektedir.

2000 , 2000 ,
-
= 1500 = 1500 ?
z g
: N\ : 4
- -
g 1000 ~ g 1000 /
z v \ < /
£ / 4 Vi
=500 o = 500 /
0 / 0 .

0 5 10 15 20 25 0 5 10 15 20 25
Deplasman (mm) Deplasman (mm)
2000 2000 T
-

—
9]
=3
S
—
9]
=]
(=]

A

/4 \

/ :

0 5 10 15 20 25 0 5 10 15 20 25
Deplasman (mm) Deplasman (mm)

=
A

i

—
(=3
(=]
(=]

Egilme Kuvveti(N)

Egilme Kuvveti (N)

<
=
\\

9]
(=3
(=]

Sekil 11. Test edilen numunelere ait kuvvet-deformasyon grafikleri

Ayrica farkli CTP kalinliklarinda iiretilen kompozit panellerde bal petegi kalinligi ile egilme
kuvveti arasindaki iliskiyi modelleyebilmek icin korelasyon ve regrasyon analizleri
gerceklestirilmistir.  Gergeklestirilen korelasyon ve regrasyon analizi sonuglart Tablo 9’da
verilmistir.

Korelasyon analizi sonucunda egilme kuvveti ile bal petegi kalinlig1 arasinda pozitif yonli giiclii bir
iliskinin oldugu tespit edilmistir. 2 mm CTP kullanilan kompozit paneller i¢in Pearson korelasyon
katsayis1 R=0,935, 3mm'lik CTP i¢in ise R= 0,888 olarak bulunmustur. Regrasyon analizi
sonucunda bal petegi kalinlig1 ile egilme kuvveti degerleri arasinda Y=a+Bx model denklemi ile
aciklanabilen lineer bir iligkinin oldugu tespit edilmistir.

Tablo 9. Egilme kuvveti ile bal petegi kalinlig1 arasindaki korelasyon ve regresyon analizi sonuglari
CTP

- Korelasyon Regrasyon
zﬁrl:)lhgl Katsayis1 (R) Katsayisi Model Denklem
2 0,935 0,875 Y=-284,55+102,98.X
3 0,888 0,788 Y= 1205,758+33,497.X

Regrasyon analizi sonucunda bal petegi kalinlig1 ile egilme kuvveti degerleri arasindaki iliskiyi
gosteren serpme grafik Sekil 11°de goriilmektedir. Grafik incelendiginde 2 mm CTP kalinligina
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sahip kompozit panellerde bal petegi kalinlifindaki artigin egilme kuvvetine olan etkisinin 3 mm'lik
olan panellere gore daha fazla oldugu goriilmektedir.

CTP
Kalnlig
(nm)

2000+

02
13
~.2
1800 |

@ b: R2 Linear = 0,375
B: R? Linear = 0,788

1600

1400+

Egilme Kuvveti (N)

1200+

1000+

I T T I T T
15 16 17 18 19 20

Bal Petegi Kahnh& (min)

Sekil 11. Bal petegi kalinlig1 ile egilme kuvveti degerleri arasindaki iliski grafigi

6. Sonuclar

(Calisma kapsaminda farkli kalinliklardaki CTP levha ve bal petegi kalinliklarinda tiretilen kompozit
paneller {izerinde li¢ nokta egilme deneyi gergeklestirilmis ve CTP levha kalinli§1 ve bal petegi
kalinlig1 degisimlerinin dayanima olan etkisi incelenmistir. Elde edilen sonuglar istatistiki analizlere
gore degerlendirilmistir. Gergeklestirilen analizler sonucunda asagidaki bulgulara ulasilmistir;

v’ Varyans analizi sonuglarina gore CTP ve bal petegi kalinligi faktérlerinin egilme kuvveti
degerleri tizerinde ayr1 ayri etkisinin oldugu ve bu etkilerin istatistiki olarak énemli oldugu
gorilmiistir.

v Egilme kuvveti degerlerine gore bal petegi kalinligina bagli olarak 2 mm kalinhigindaki CTP
levhali kompozit panellerde egilme kuvvetinin %30 oraninda artt1g1, 3 mm CTP kalinligina
sahip panellerde ise %9 oraninda egilme kuvvetinin arttig1 tespit edilmistir.

v' Aymi ¢ekirdek kalinligina sahip kompozit panellerde 15 mm'lik bal petegi kalinhigindaki
panellerde CTP kalinligindaki artigsa paralel olarak %12 oraninda egilme kuvvetinin arttigi,
20 mm'lik bal petegi kalinligindaki panellerde CTP kalinligindaki artiga paralel olarak %10
oraninda egilme kuvvetinin arttig1 tespit edilmistir.

v" Korelasyon analizi sonucunda egilme kuvveti ile bal petegi kalinligi arasinda pozitif yonlii
giiclii bir iliskinin oldugu tespit edilmistir.

v Regrasyon analizi sonucunda bal petegi kalinhig: ile egilme kuvveti degerleri arasindaki
iliskinin Y=a+Bx model denklemi ile agiklanabilen lineer bir iliskinin oldugu tespit
edilmistir.

Sonug olarak, g¢ekirdek kalinhigr artisinin ve CTP kalinligi artisinin egilme kuvvetini arttirdigi,
ancak bal petegi kalinlik artisinin egilme kuvveti lizerinde ¢ok daha etkili oldugu tespit edilmistir.
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Yiiksek mukavemetli hafif kompozit panel iiretilebilmesine yonelik ¢alismalarin havacilik, enerji
vb. bir¢ok sektor agisindan biiyiik dneme sahip oldugu diisiintildiigiinde, farkli bal petegi ve CTP
tiirlerinde 6zellikle yorulma performansina yonelik daha kapsamli ¢caligmalarin yapilmasi yeni nesil
kompozit panellerin gelistirilmesini saglamada faydali olacaktir.
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Ozet: Bu calismada agirhk¢a % 1, 3 ve 5 oranlarinda c¢ok cidarli karbon nanotiip (CCKNT)
takviyeli/takviyesiz naylon-6,6 (N-6,6) nanoelyaflarin iretimi elektro-egirme metodu kullamlarak
gerceklestirilmistir. Uretilen nanoelyaflarin N-6,6 ve CCKNT ile bir araya gelmesi ile olusan sistemde
meydana gelen kimyasal degisimleri ve etkilesimleri, Termogravimetrik analiz (TGA) ve Fourier Dontisiimlii
Kizilotesi  Spektroskopisi (FT-IR) analizleri yapilmigtir. Ayrica CCKNT takviyeli/takviyesiz N-6,6
nanoelyaflarin Ozelliklerini belirlemek amaciyla taramali elektron mikroskobu (SEM) goriintileri de
incelenmistir.

Anahtar Kelimeler: Elektro-egirme, Cok Cidarli Karbon Nanotiip, Naylon-6,6, Nanoelyaf

Mechanical Properties of MWCNT Reinforced Polyvinyl Alcohol
Nanofiber Mats by Electrospinnig Method

Abstract: In this study, the production of nylon-6,6 (N-6,6) nanofibers with a ratio of 1, 3 and 5 wt.%
multiwalled carbon nanotubes (MWCNT) reinforced / unreinforced was carried out using the electrospinning
method. Thermogravimetric analysis (TGA) and Fourier Transform Infrared Spectroscopy (FT-IR) analyzes
were performed on the chemical changes and interactions occurring in the system formed by combining the
produced nanofibers with N-6,6 and MWCNT. Scanning electron microscope (SEM) images were also
investigated to determine the properties of N-6,6 nanofibers with / without strength MWCNT.

Keywords: Electro spun, Multi Wall Carbon Nanotubes, Naylon-6,6, Nanofiber

1. Girig

Polimerler makro boyutta olusmus molekiiler yapilardan meydana gelir. Molekiiller kovalent
baglarla birbirine baglanarak polimer yapisini olustururlar, yani molekiil yapisinin siirekli kendisini
tekrar etmesi ile olugsmus yapilardir. Bu yapi, kendisini olusturan molekiiliin belirli kosullar altinda
reaksiyonu sonucunda meydana gelir. Polimerlesme reaksiyonu olarak adlandirilan bu olusum
sirasinda, molekdiller gerek diiz bir zincir, gerekse dalli ve ¢apraz bagli yapilar olusturabilmektedir

[1].

Yiiksek sertlik, tokluk, asinma direnci ve 1si1l sekil degistirme sicakligi degerlerine gore N-6,6
poliamidler igerisinde en iyisidir. Ayrica ¢esitli fiberler karigtirilarak daha yiliksek mekanik 6zellikte
kompozit malzemelerin elde edilmesinde yaygin olarak kullanilmaktadir [2, 3].
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N-6,6, etkili dielektrik ozellikleri sayesinde, elektrik endiistrisinde, 6zellikle de izolasyon ve gii¢
iletiminde kullanilmaktadir. Ayrica, c¢atlak direnci, hacim ve yilizey direnci gibi {istlin
ozelliklerinden dolay1r genis uygulama alani bulunmaktadir. N-6,6 iizerine uygulanan kuvvet
kaldirildiginda, eger hidrojen baglart kirilmamissa malzeme yine eski halini kolaylikla almaktadir.
Bu 6zelligi polimere esneklik 6zelligi kazandirmaktadir.

N-6,6, kristalin bdlgesinin oran1 % 65-85 gibi yiiksek oldugu i¢in, su molekiilii ile iliski kurabilecek
fonksiyonel gruplarin sayis1 da az oldugundan, %100 bagil nemde en fazla % 4-4.5 nem ¢eker.
Kristalin bolge oraninin fazlaliginin yaninda amorf bélgelerdeki karbonil ve imino gruplari arasinda
da H-baglar1 olusabildiginden, bu yapi naylon 6,6’y1 dayanikli kilar. Fakat islandiginda amorf
bolgelerdeki H- baglarmin biiyliik bir kismi su molekiilleri tarafindan hidroliz edildiginden
dayaniklilig1 azalmaktadir. Kopmadan %25-30 kadar uzama, %4 kadar uzatilmigsa geriye donme
oraninin % 100 olmasi, N-6,6"’nin uzama ve esneklik oOzelliklerinin yiiksek olmasindan
kaynaklanmaktadir. N-6,6’ya bu o0zelligi saglayan, kuvvetli H-baglarinin olusturdugu diizgiin
sebeke sistemidir. Zincirler arasindaki H-baglar1 ¢cok kisa mesafeler icinde olmasi, polimerleri
kaymaya kars1 koruyarak, optimum dayaniklilik géstermesini saglar [4].

Nano malzemelerden KNT'lerin en 6nemli 6zellikleri; hafif, dayanikli, yiiksek termal ve elektriksel
iletkenlige sahip ve boy/cap oranlar1 biiyiik olmasidir. KNT'lerin ¢aplarina, boylarina,
yonlenmelerine, yiizeysel durumlarina gore 6zellikleri degismektedir [5, 6].

Ustiin  mekanik &zelliklere sahip KNT'lerden takviye elamani olarak etkin bir sekilde
yararlanabilmek i¢in bazi sorunlarin ¢oziilmesi gerekmektedir. KNT'lerin takviye elemani olarak
gosterece8i performansi etkileyen en Onemli durumlar; karbon nanotiiperin polimer matriks
icerisinde homojen bir sekilde dagitilmasi, matris ile ara yiiz etkilesimin arttirilmasi ig¢in
nanotiiplerin matris tarafindan islatilmasi ve adezyondur [7, 8].

Matris ile karbon nanotiip ag1 arasinda etkin olarak yiik aktariminin yapilabilmesi i¢in, KNT'lerin
matris igerinde homojen bir sekilde dagitilmasi ¢ok onemlidir. Ayrica gerilme konsantrasyonu
olusturan bolgelerin azalmasi ve homojen gerilme dagilimi olmasi da karbon nanotiiplerin matris
icerisinde iyi bir sekilde dagitilmasi ile elde edilir. [9, 10].

Elektrospin yontemi nanolif elde etmek icin kullanilan kolay ve ucuz bir teknik olmasinin yaninda
caplar1 nano boyutta (10 nm- 500 nm) olan fiber yapilar iiretmeyi olanak saglamaktadir. Elektrospin
teknigi ile bir¢ok degisik polimer, polimer karigimlari, sol-jeller, seramik, inorganik malzeme ve
kompozitlerden boyutsal olarak nanometrik caplara sahip fiberlerden olusan nanoag yapili
malzemeler elde edilebilmektedir [11].

Uzay endiistrisinde ve yar1 iletken uygulamalarinda da nano lifler kullanilmaktadirlar. Piezoelektrik
polimerler elektrospinning yontemi ile iiretilmektedirler ve mikro hava araglarinin kanatlarinda
kullanimima yonelik arastirmalar devam etmektedir [12].

Elektro egirme yoOntemiyle nanofiber iiretirken elyaflarin deformasyon davramiglarini 6nemli
derecede arttiran faktor, fiberlerdeki kristal yapit ve molekiiler yonlenmedir. Elyafi olusturan
polimer icerisindeki amorf yap1 elyafa elastomerik 6zellikler saglarken kristal yap1 ise boyutsal
kararlilik saglamakta ve bu 6zellikten dolay1 yapisal olusumun degismesi malzemeye essiz fiziksel
ozellik kazanmaktadir. Malzemenin mekanik karakteristigini etkileyen baslica etkenlerden birisi de
elyaf yapisindaki kristal ve amorf fazin rastgele veya diizenli olmasidir [13].

Katki malzemesi olarak eklendikleri malzemelerde ©nemli degisiklikler meydana getiren

nanofiberler, icerisine nano pargacik eklenerek pek c¢ok uygulamada da ana malzeme olarak

kullanim alani1 bulmustur. Elektrospin yontemiyle iiretilen fiberlerin takviye edildigi malzemeye

yiikksek mukavemet ve elastikiyet 6zellik kazandirmasi, fiberlerin rastgele yonlenmesinden dolay1
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porozlu ve genis bir yiizey alanina sahip olmasi ve hem amorf hem de kristal yap1 ihtiva etmesinden
kaynaklanmaktadir [14].

Bu calismada Naylon-6,6 polimer kullanilarak elektrospin yontemiyle ilk once saf naylon-6,6
nanofiber, daha sonra da Naylon-6,6 polimer igerisine agirlik¢a %1, 3 ve 5 oranlarinda ¢ok cidarl
karbon nanotiipler (CCKNT) ilave edilerek, giiclendirilmis naylon-6,6 + % 1, 3 ve 5 CCKNT
nanofiberler retilmistir. Saf ve CCKNT takviyeli olarak {iiretilen nanoelyaflarin, statik yiikleme
altinda; ¢ekme dayanimlarini, elastiklik modiillerini ve tokluklarin1 incelemek amaciyla ¢ekme
deneyleri yapilarak, bu ozellikler birbiri ile karsilastirilmistir. Uretilen nanoelyaflarin kimyasal
degisimleri ve etkilesimleri, Termogravimetrik analiz (TGA) ve Fourier Doniisiimlii Kizilotesi
Spektroskopi (FT-IR) analizleri yapilmistir. Ayrica nanoelyaflarin 6zelliklerinin belirlenmesinde saf
ve CCKNT ile giliclendirilmis N-6,6 ¢ozeltilerinin, fiziksel 6zellikleri ve ag yapili polimerlerin
yiizey gozenekliliginin izlenebilmesi amaciyla taramali elektron mikroskobu (SEM) gériintiileri de
incelenmistir.

2. Deneysel

2.1. Malzemeler

Calismamizda CCKNTler, kimyasal buhar biriktirme yontemiyle CHEAPTUBES firmasi tarafindan
iiretilmistir. Cap1 20-30 nm ve uzunlugu 10 ila 30 pum’dir. N-6,6 polimeri oda sicaklifinda formik
asit ve kloroform katilarak ¢ozelti haline getirildiginde, elektro-egirme yontemiyle miikemmel
nanoelyaflar elde edilmektedir. N-6,6 yiiksek kuvvete, sertlige ve sicaklik artigiyla sertligini koruma
Szelligine sahiptir N-6,6'nin kapali formiilii C12HzsN204 6zgiil agirhign 1.4 g/em® ve ortalama
molekiiler agirligi 262,35 g/mol diir. Sigma Aldrich firmasindan tedarik edilen N-6,6, yar1 kristal
bir yapiya sahip olmasi nedeni ile N-6,6’dan yapilan parcalarin bazi boliimleri kristal bir yap1 arz
ederken diger béliimlerinde amorf bir yap1 gozlenmektedir. Imalat sartlari degistirilerek kristal
miktart arttirilip azaltilabilmekte, boylece mekanik 6zellikleri degistirilebilmektedir. Ticari olarak
bulunabilen tiim poliamid esasli plastikler iginde N-6,6 en dayaniklis1 ve en yiiksek ergime
noktasima sahip oldugu bilinmektedir. 265°C’de eriyen N-6,6 nin siirekli kullanim sicakligi
120°C’dir

2.2. Elektro-Egirme Yontemiyle N-6,6 Nanoelyaf Uretimi

Calismamizda diger nanoelyaf iiretim yontemlerine gore ¢ok daha basit, ucuz, bilinen en yeni ve en
etkin nanoelyaf iretim teknigi oldugu icin elektrospin yontemi tercih edilmistir. Elektrospin
yontemiyle cesitli polimerden 3 nanometre’den 1000 nanometre’ye kadar istenilen ¢aplara sahip
nanoelyaf elde edilmesi miimkiindiir.

Bu ¢alismada naylon-6,6 polimer kullanilarak ilk 6nce saf naylon-6,6 nanoelyaf, daha sonra da
naylon-6,6 polimer igerisine agirlikga % 1, 3 ve 5 oranlarinda CCKNT ilave edilerek takviyeli
naylon-6,6 + % 1, 3 ve 5 CCKNT nanoelyaflar iiretilmistir.

2.2.1. Elektro-Egirme Yéntemiyle N-6,6 Nanoelyaf Uretimi

Elektro-egirme yontemiyle nanoelyaf iiretmek igin ilk dnce N-6,6 ¢ozeltisinin hazirlama islemine
baslanmistir. N-6,6 ¢ozeltisi elde etmek i¢in Oncelikle boncuk biiyiikliiglindeki 1 gram naylon-
6,6’y1 7 ml formik asit ve 3 ml kloroform igerisine yavas yavas ilave edilerek karigimin 70 °C’de 3
saat Sekil 2.1.’de goriildiigli gibi manyetik karistiricida karistirllarak tam olarak c¢oziilmesi
saglanmustir.
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Sekil 2.1. N-6,6 ¢ozeltisinin hazirlanmasi

Elektro-egirme islemine baslamak igin N-6,6 ¢ozelti hazirlama islemi tamamlandiktan sonra
istenilen 6zelliklerde nanoelyaflar1 elde etmek i¢in uygun ¢apta enjektor ignesine karar verildi. N-
6,6 ¢ozeltisi i¢in yaptigimiz ¢aligmada PlusMED firmasindan temin edilen 21Gx1%2 kodlu, igne ucu
boyutlar ise 0.8x38mm olan 10 ml kapasiteli enjektor kullanilmastir.

Elektro-egirme islemine tabi tutulacak naylon-6,6 ¢oOzeltisi siringalara ¢ekildikten sonra hizi 0,7
ml/saat olan besleme {initesine yerlestirilmistir. Uretilecek olan nanofiberin esit kalinlikta ve
homojen bir fiber elde edilebilmesi i¢in besleme pompasinin hizi ¢ozeltinin vizkositesi ve
elektriksel alanin siddeti ile uyumlu olmalidir.

Calismamizda iiretilecek nanofiberlerin toplayici plaka iizerinde ayni kalinlikta olmasi i¢in biitiin
iiretimler icin 5 ml’lik ¢ozelti siringaya ¢ekilmistir. Siringalarin karsi tarafina fiberlerin toplanacag,
onceden iletkenligi arttirmak i¢in anadolizasyon islemine tabi tutulmus sa¢ plakanin {izerine
aliminyum folya ile kapli olacak sekilde hazirlanmis olan toplayict konulmustur. Toplayic1 plaka
ile igne ucu arasindaki mesafe ¢ozeltinin vizkositesi, ayarlanilan voltaj, besleme pompasinin hizi,
toplayicinin elektrik iletkenlik katsayis1 goz oOniine alimarak 145 mm uzakliga sabitlenmistir.
Elektriksel alanin olugsmasi i¢in gii¢ kaynagindan gelen pozitif kutuplu kablo siringanin igne ucuna
ve negatif kutuplu kablo ise toplayict plakaya tutturulmustur (Sekil 2.2.). Besleme pompasina ise
cozeltinin c¢ekildigi siringa yerlestirilmektedir. Siringanin sivri olan igne ucu kesilerek piirtizlerinin
taglanarak giderilmesi gerekmektedir, aksi takdirde uygun bir Taylor konisi olugsmamakta, belli bir
stire sonra da konide jet ¢ikisini engellenmesine sebep olmaktadir.

TAGE INC

5 mL N-6,6 Besleme pompast hizi Toplayici plaka Gii¢ kaynag1 voltaji
¢Ozeltisi 0,7 mL/saat 2295 k\/

Sekil 2.2. Calismada Kullanilan elektrospin cihazi pargalari
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Nanoelyaf iiretme islemine oncelikle besleme tinitesi ¢aligtirilmasi ile baslanilmis ve daha sonra giic
kaynaginin voltaji damlama yapmadan, toplayici iizerine boncuk seklinde atmamasi ve taylor
konisinin optimum bir sekilde olugmasi igin stabil bir hizla arttirilmistir. Nanoelyaf iiretme
isleminin ilk basinda olusan damlalarin toplayiciya sigramasini engellemek icin toplayicinin 6niine
kisa bir siire i¢in bir aparat yardimiyla A4 kagidi konulmustur. Elektriksel alanin kararli olmadigi
bu durum uygun voltaj ayarlanip giderildikten sonra, ¢Ozeltinin stabil bir nanofiber olusturma
durumuna gegtigi ve igne ucundaki damlacikta Taylor konisi olusarak toplayici plaka iizerinde
fiberlerin yonlendigi goriilmiistiir (Sekil 2.3.).

Naylon-6,6 ¢ozeltisinden iirettigimiz nanoelyaflar i¢in en ideal gerilim 22-25 kV olarak tesbit
edilmistir. Nanoelyaf iiretimi oda sicakliginin biraz altinda, disaridan havanin alinip, iceriden de
havanin atildig1 iki havalandirmanin arasinda, kesintisiz hava sirkilasyonunun oldugu yaklasik 20 -
22 °C sicakligin oldugu laboratuvar ortaminda yapilmistir. Elde edilen saf naylon-6,6 nanoelyaf
numuneler 1 saat siire ile 60 °C sicakliktaki firinda kurutulmustur.

Sekil 2.3. Nanofiberlerin siringa ucu ve taylor konisi

2.2.2. Elektro-Egirme Yontemiyle CCKNT ile Giiclendirilmis N-6,6 Nanoelyaf Uretimi

CCKNT Kkatkili ¢ozelti elde etmek i¢in 6ncelikle 1 g naylon-6,6, 7 ml formik asit ve 3 ml kloroform
icerisinde, agz1 kapali olacak sekilde oda sicakliginda manyetik karistiricida karistirilarak naylon-
6,6’nin tam olarak ¢oziilmesi saglanmistir. Daha sonra Sekil 2.4.’de goriildiigii gibi 1 g naylon-
6,6’ya karsilik agirlikca % 1, % 3 ve % 5 oranlarinda CCKNT’ler ilave edilerek 3 saat manyetik
karistiricida balik ile karistirilarak CCKNT katkili polimer ¢ozeltisi elde edilmistir.

+

7mL Formik + 3 mL Kloroform

70 °C’de 3 saat manyetik %1,3,5 CCKNT 3 saat manytik
karigtirtlmis N-6,6 ¢ozeltisi karigtirma

Sekil 2.4. % 1,3,5 CCKNT ile giliclendirilmis N-6,6 ¢cozeltisinin hazirlanmasi

Manyetik karistirict ile 3 saat siire karigtirlmasina ragmen karbonnanotiip’ler saf naylon-6,6
icerisinde topaklanmakta ve 6zellikle % 3-5 CCKNT katkili ¢ozeltilerde ¢okelti olusturmaktadir. Bu
durumu 6nlemek ve homojen bir karisim elde etmek i¢in problu ultrosonik homojenizatdr ile oda
sicakliginda 5’er dakika aralikli olarak, 15 dakika buz banyosunda, 50 kHz’da 10 saniye araliklarla

150



Durmus, F., Ekrem, M., Onal, G. ECJSE 2017 (2) 146-155

karistirilmistir. Problu homojenizatdr ile karistirma islemi uygularken formik asitin ugmamasi ig¢in
kabin {izeri aliminyum folya ve parafin ile kapatilmistir. Karistirma esnasinda ¢ozeltinin
isinmamasi ve CCKNT’lerin kirilmamasi i¢in ¢ozelti kabir buz dolu beher igerisine konularak
karistirilmasina dikkat edilmistir (Sekil 2.5.).

Sekil 2.5. %1,3,5 CCKNT ile giiclendirilmis n-6,6 ¢ozeltisinin problu ultrosonik homojenizator ile
karigtirilmasi

Homojen olarak CCKNT’ler ¢ozelti igerisinde dagitildiktan sonra 5 mL olacak sekilde siringalara
cekilerek, saf naylon-6,6 nanoelyaf iliretme islemindeki islem sirasina ve ayni ortam sartlarina
uygun olarak nanoelyaf liretimi gerceklestirilmistir.

2.3. N-6,6 nanoelyaflarin Karakterizasyon

N-6,6 nanoelyaflara ait SEM goriintiileri ZEISS Evo LS 10 cihaz1 ile 20kV gerilimde elde
edilmistir. TG-DTG analizleri inert azot gaz1 atmosferinde, 10-15 mg numune kullanilarak, 25-700
°C sicaklik araliginda, 20 °C/dk 1sitma hizi ile yapilmis ve sicaklik artisindan dolayr meydana gelen
kiitle kayiplart tespit edilmistir. Elde edilen sicaklik-kiitle kaybi grafiginden, kimyasal bag
kirilmasinin meydana geldigi sicaklik degeri dekompozisyon (bozunma sicakligil) olarak
belirlenmistir.

3. Sonuglar ve Tartisma

3.1. Nanoelyaflarin TGA analizleri

CCKNT takviyeli/takviyesiz N-6,6 nanoelyaflarin oda sicakligi ile 700 °C arasindaki TGA egrileri
Sekil 3.1.’de gosterilmektedir.

140 -
120 -
100 - =
~
=2
S 80 -
=]
= 60 -
»Bh —N-6,6
<<
40 | ——N-6,6+% 1 GCKNT
50 - =—N-6,6+% 3 GCKNT
0 N-6,6+ % 5 CCKNT
0 100 200 300 400 500 600 700

Sicaklik ( °C)
Sekil 3.1. CCKNT takviyeli/takviyesiz N-6,6 nanoelyaflarin TGA egrileri
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N-6,6 nanoelyaflarin ilk bozunma sicakligi 375 °C’dir. N-6,6 nanoelyaflara agirlikga % 1, 3 ve 5
CCKNT’ler ilave edildikg¢e sirasiyla 405, 400 ve 400 °C artis olmustur. % 3 ve 5 CCKNT de ilk
bozunma sicakliklar1 kararli hale geldigi goriilmektedir. CCKNT’ler ile giiclendirilmis
nanoelyaflarin termal kararliigin CCKNT’lerin agirlikca polimer icerisinde bulunmasindan ve
boylece polimer matristeki yiizey alaninin yiikselmesinden kaynaklanmaktadir. Bu sonug diger
arastirma sonuglartyla hemen hemen eslesmektedir [15].

Son bozunma sicakligi (% 100) N-6,6 nanoelyaflarin 410 °C iken, agirlikca % 1 CCKNT
takviyesiyle bozunma sicakligi 610 °C’ye artmustir. Fakat % 3 ve 5 CCKNT gii¢lendirilmesiyle son
bozunma sicakliklar1 545 ve 550 °C’de gergekleserek N-6,6 nanoelyaflarinin termal kararlilig
iyilestirdigi gozlenmistir. Bunun bir nedeni de naylon-6,6 nanoelyaf icerisinde agirlikca % 3-5
CCKNT olmasiyla sizma esigine bagli olabilir ve bu da son bozunma sicakligin artisina neden olan
iletken bir yol gibi davranarak sicakligin iletiminde karbon nanotiiplerin sizma agi
olusturmasindandir [16]. Ayrica N-6,6 nanoelyaflarin % kiitle kaybi %60 iken takviyenin
artmasiyla % kiitle kayb1 azalmistir.

3.2. Nanoelyaflarin FTIR analizleri

Sekil 3.2.’de CCKNT takviyeli/takviyesiz N-6,6 nanoelyaflarin FTIR spektrumlar1 gosterilmektedir.
2935 cm™’de a fazinin baskinken 1373 ve 1465 cm™de B ve y fazlan ¢ok diisiik miktarda
gozlenmistir. 3303 cm™’de 6nemli bant olan N-H gerilme titresimi gostermektedir. Ayrica naylon
6,6 icin diger karakteristik 6zelligi hidrokarbon bag boyunca amid pikleri 1639, 1201 vel276 cm’
L de goriinmektedir. 937 cm™ de amorf fazi gozlenmektedir [17].

—N-6,6 spin % 1 CNT spin

% 3 CNT spin % 5 CNT spin

Gecirgenlik

400 1400 2400 3400
Dalgasayisi (cm 1)

Sekil 3.2. CCKNT takviyeli/takviyesiz N-6,6 nanoelyaflarin FTIR spektrumlari

3.3. Nanoelyaflarin morfolojisi

ZEISS Evo LS 10 cihaz1 ile alman nanofiberlerin SEM goriintiileri, Autocad programina
kopyalanarak 10 ar adet en biiyiik ve en kiigiik nonofiberler boyutlar1 dl¢iilerek aritmetik ortalamasi
alinmistir. Bunun sonucunda; naylon-6,6 nonofiberlerin ¢ap olgiileri 167-208 nm araliginda, N-
6,6+% 1 CCKNTler nonofiberlerin ¢ap ol¢iisii 153-160 nm araliginda, N-6,6+% 3 CCKNTler
nonofiberlerin ¢ap Olgiisii 124-148 nm aralifinda iken N-6,6+% 5 CCKNTler nonofiberlerin cap
Olciisii ise 110-127 nm olarak ol¢lilmiistiir. Sekil 3.3.’te nonofiberlerin 1000X ve 50 000X
biiyiitmeli SEM goriintiileri gortilmektedir.
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Signal A = SE1 EHT =20.00 kv 10pm

- 200 nm
Mag= 1.00KX Signal A = SEY EHT = 20.00 kv Mag= 5000 KX
WD = 10.0 mm IProbe= 50 pA s WD = 100 mm k

IProbe = 50pA

e / \ A
Signal A = SE1 EHT=2000KY  pag= 1.00KX @
@ WD =100 mm | Probe = 50pA . /4

Signal A= SE1 EHT =20.00 kV
‘WD =10.0 mm |Probe= 50pA
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Signal A = SE1 EHT=2000KY  Mag= 100KkXx  OF™ @ @ Signal A = SE1 EHT=2000KV  paq=
X ag = 50.00K X
@ WD =10.0 mm |Probe = S0pA v S WD =10.0 mm 1Probe = 50pA °

Sekil 3.3. N-6,6 nanoelyaflarin SEM goriintiileri; a) 1K X ve b) 50 KX N-6,6, ¢) 1 KX ve d) 50 KX
N-6,6+% | CCKNT, €) 1 KX ve f) 50 KX N-6,6+% 3 CCKNT, g) I KX ve h) 50 KX N-6,6+% 5
CCKNT

Elektrospin isleminde daha diizgiin ve kiiclik ¢aplarda fiber elde etmek i¢in ¢bzeltinin elektriksel
iletkenligi arttirilmahidir. Calismamizda c¢ozelti igerisine %1,3,5 oraninda CCKNT katilarak
¢ozeltinin tasidigr yiikleri ve dolayisiyla elektriksel iletkenligin arttirilmasi amaglanmistir. Bu amag
dogrultusunda, Naylon-6,6 nonofiberlerin ortalama ¢ap Olgiisii, N-6,6+% 5 CCKNTler
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nonofiberlerin ortalama cap Olglisiiyle karsilastirildiginda % 58 oraninda diisiis gergekleserek 118.5
nm olarak 6l¢lilmiistiir.

Ayrica 1 000 X biiylitmeli nonofiberlerin SEM goériintiileri yorumlandiginda N-6,6 ¢ozeltisinin
icerisine ilave edilen KNT miktar1 arttikca nanoelyaflarin ¢aplart kiiciildiigli icin ince ve uzun
fiberlerin olustugu goriilmiistiir. Ancak takviye malzemesi olan CCKNT miktar1 arttikga
topaklanmaya ve liflerde boncuklu yapit olustugu ve liflerin uzunluklarinda kesiklik oldugu
goriilmektedir. Bu durumun 6zellikle agirlikca %3 ve 5 oraninda CCKNT katkili nanoelyaflarda
goriildiigii, bunun sebebi de N-6,6 ¢ozeltisi igerisinde karbon nantiiplerin yeterince, homojen olarak
karistirilmamasindan kaynaklanmaktadir.

4. Sonuglar

Elektro-egirme yontemiyle agirlik¢a % 1, 3 ve 5 oranlarinda CCKNT takviyeli ve takviyesiz N-6,6
nanoelyaflar iiretilmistir. Uretilen nanoelyaflarin karakterizasyonlar1 FTIR, SEM ve TGA ile
incelenmistir. Analizlerin sonucunda:

1- TGA analizleri sonucunda N-6,6 nanoelyaflarin ilk bozunma sicakligi agirlikca % 1
oranindaki CCKNT giiclendirilmesiyle 375 °C’den % 8 artarak kararli hale gelmistir. Daha
sonra bu degerler % 1 CCKNT oranindan sonra az diisiis gbzlenmis olup, bu durum ise
CCKNT’in  N-6,6 matriks icerisinde artmasiyla birlikte topaklanma olmasindan
kaynaklanmaktadir.

2- N-6,6 nanoelyaflarin son bozunma sicakligi 410 °C’den, agirlik¢a % 1 CCKNT takviyesiyle
610 °C’ye yikselmistirr CCKNT giiglendirilmesiyle N-6,6 nanoelyaflarinin termal
kararliligr 1iyilestirdigi gozlenmistir. Naylon-6,6 nanoelyaf igerisinde agirlik¢a % 3-5
CCKNT ideal sizma esigine sahip oldugu anlagilmaktadir. Ayrica N-6,6 nanoelyaflarin %
kiitle kayb1 % 60 iken takviyenin artmasiyla % kiitle kayb1 azalmistir.

3- SEM morfolojisi incelendiginde CCKNT oraniin artmasiyla nanoelyaf ¢aplari azalmistir.
Ayrica % 1 oranindaki CCKNT takviyesiyle nanoelyaflarda boncuklagmanin olmadigi ve
uzun elyaf tiretimi gergeklesmistir. CCKNT oraninin artmasiyla bonguklagsmanin olusarak,
elyaflarin uzunluklarinin da kisaldig1 anlagilmaktadir.
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Ozet: Bu ¢alismada, izoniazid (INH) igeren ii¢ degerlikli krom ¢ozeltisinde metalik kromun elektrokaplamast,
40 °C’de camsi karbon elektrot yiizeyinde INH iceren temel banyo ¢ozeltisindeki (TB) ti¢ degerlikli kromun,
elektrokimyasal davranigi doniisiimlii voltametri teknigi kullanilarak arastirildi. Doniisiimlii voltametreden elde
edilen sonuglar, INH igeren TB ¢6zeltisindeki metalik kromun elektrokaplamasinin tersinmez bir proses oldugu
ve camsi karbon elektrot yiizeyinde Cr(IlI)’tin indirgenmesinin difiizyon denetimli oldugunu gostermistir.
Ortalama ana degeri 40 °C’de 0,314 ve Cr(Ill)’iin difiizyon katsayisi biiyiikligi 1,06x10° cm? s olarak
hesaplandi.

Anahtar kelimeler: Ug Degerlikli Krom, Elektrokaplama, Difiizyon Katsayisi, izoniazid

Electrochemical Mechanism of Trivalent Chromium Reduction
in Isoniazid Solution

Abstract: In this study, the electrodeposition of metallic chromium from trivalent chromium electrolytes (TB)
containing isoniazide (INH) on a glassy carbon electrode at 40 °C was researched by using cyclic voltammetry.
The results obtained from the cyclic voltammetry showed that the electrodeposition of metallic Cr in the TB
containing INH was an irreversible process and controlled by the diffusion of Cr(lll) reduction on a glassy
carbon electrode. The average ana value was calculated to be 0.314 and the diffusion coefficient value of Cr(I11)
was to be 1.06x10° cm? s™ at 40 °C.

Keywords: Chromium, Electrodeposition, Diffusion Coefficient, Isoniazid.

1. Giris

Sert krom kaplamalar, yiizeydeki krom filminin olaganiistii 6zelliginden dolayr modern endiistrinin
farkli alanlarinda yaygin olarak kullanilmaktadir. Krom kaplamalar, yiiksek toksik 6zellige sahip
alt1 degerlikli krom iceren kromik asit ¢ozeltisinden elde edilir. Alt1 degerlikli krom kaplamalar
oldukga kii¢lik akim veriminden dolay1, diger metal kaplama iglemlerinden farklidir. Gergekte, tipik
Cr(VI) banyolarindaki akim etkinligi degeri %10-%20’yi asmaz. Kaplamadan gelen Cr oran1 0,1-
0,5 wm/dk dolayindadir. Cevresel problemlere dikkatlerin artmasi sebebiyle Cr(VI) igerikli
bilesikler endiistriyel uygulamalarda devre dis1 birakilmaya baslanmistir. Bu yiizden, geleneksel
Cr(VI) banyo ¢ozeltilerine alternatif olarak ¢evreye dost Cr(IIl) bilesigi banyolarin krom kaplama
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islemlerinin gelisimi, modern kaplama endiistrisinde ¢ok &nemli bir hedeftir. Ug degerlikli krom
icerikli banyo ¢ozeltilerinin olusturulmasinda bir dizi gelismeler olmustur.

Krom (III) banyo ¢ozeltilerinin siireklilik arz eden kararliliga sahip olmadigi literatiirde
vurgulanmaktadir [1]. Ayrica Cr(III) igerikli ¢ozeltiler kullanilarak, krom kaplamalarin oldukga zor
oldugu bilinmektedir [2]. Aym1 zamanda, krom (III) igerikli banyolardan elde edilen krom
kaplamalarda, kaplama hizinin kaplama zamani ile hizli bir sekilde azaldigi, ayrica akim verimi
kadar kaplama hizinin da Cr(VI) banyo c¢ozeltilerinde daha yiiksek kararliliga sahip oldugu
literatiirde belirtilmistir [2].

Son yillarda arastirmacilar ti¢ degerlikli krom elektrolitlerden, krom kaplamalar yapilabilmekte ve
geleneksel Cr(VI) kaplama yerine uygun, diisiik maliyetli ve krom kaplama tiretim teknolojisine
onem verildigini ifade etmektedirler [3,4]. Bunun sebepleri arasinda, krom (III) tuzlarmin krom
anhidritlere gore ¢ok daha az toksik, aritimlarimin ¢ok daha kolay [5] ve krom (III) igerikli
¢ozeltilerin kullaniminin korozyona dayanikli elektrolitik alasim kaplamalarda iiriin yelpazesinin
genislemesine neden olacagi belirtilmistir. Ancak Cr(IIl) tabanli kaplamalarin, Cr(VI) kaplamalara
gore daha diisik korozyon ve dayanim direncine sahip oldugu bilinmekte, bu tiir kaplamalarin
ozellikleri; Fe, Ni, Co gibi metal iyonlar ile alasim kaplamalar yapilarak korozyon ve dayanim
direncinin arttirildig1 bildirilmektedir [6]. Ornegin, Co-Cr alasim kaplamalar; tibbi protezlerde,
deniz ve hava araglarinda, hava ve gaz endiistrisinde, dayanimi ve metal yorgunluk direncini
arttirdigindan dolayr kullanilmaktadir. Literatiirde bu tiir alasimlarda kromun %210-%30 oldugu
oranlarda mekanik ve korozyon direncinin yiiksek oldugu rapor edilmistir [7]. Krom (III) igerikli
banyo ¢ozeltilerinde, Co-Cr alasim kaplamalarda krom igeriginin, elektrolit sicaklig1 arttirilarak ya
da akim yogunlugu diistiriilerek azalabilecegi ifade edilmistir [8].

Kobalt-krom alasim kaplamada, elektrolit bilesenin etkisi, ¢Ozeltinin pH’1, alasim bilesenin
elektroliz kosullart ve kaplama kalitesini Efimow ve arkadaslari tarafindan c¢alisilmis ve en yiiksek
krom igeriginin % 15 oldugu alasimin, tek basina Cr kaplamadan daha iyi korozyon direncine sahip
oldugunu rapor etmiglerdir [9]. Benzer bir ¢alismada, [10] krom (III) banyo ¢o6zeltisine farkli
derisimlerde CoCl, eklenmesiyle farkli oranlarda krom igeren (%19 - %35) alasim kaplamalar elde
etmislerdir. Krom igeriginin %35 oldugu alasimin, igerigi %19 olan alasimdan daha yiiksek
korozyon direncine sahip oldugu Saravanan ve Mohan tarafindan da rapor edilmistir [7]. Bir bagka
aragtirmada, Co-Cr alasgimlarinin sertligi, korozyon direnci ve dayanim direncini arttirmak ig¢in
bioaktif materyal olarak bilinen TiO, ile Co-Cr/TiO; kaplamalar elde etmisler ve basarili sonuglar
almiglardir [11]. Baska bir ¢alismada, korozyona karsi etkili bir koruma saglanmak isteniyorsa
krom-molibden ve krom-tungsten gibi kaplamalarin olusturulmasinin son derece anlamli olabilecegi
ifade edilmektedir. Literatiirde, molibden ve tungsten gibi metallerin az miktarda safsizlik olarak
krom kaplamalarda bulunmasmin kloriirlii ortamlarda énemli 6l¢lide korozyon direncini artirdigt
belirtilmektedir. Ancak, krom anhidrit igerikli ¢ozeltilerden molibden ve tungsten alasimlarin
olusturulmasinin ¢ok zor oldugu, elektrolitik olarak Mo ya da W oraninin % 0,1 den daha fazla
olamayacag1 Kuznetsovs ve Matveev tarafindan rapor edilmistir [12,13].

Krom kaplamalarin yiiksek korozyon direnglerinin nedeni; siilfiirik asit ve nitrik asit, alkali
cozeltiler gibi bazi1 korozif ortamlarda kendi pasivasyonunu saglamasindandir [14,15]. Bu yiizden,
krom yiizeyinde olusan ince bir oksit film metalin ¢oziilmesini onler. Ancak, krom kaplamalarin
onemli bir dezavantaji da, klorlir iyonlarinin ortamda bulunmasina bagli olarak korozyon
olusumunun gergeklesmesidir. Bu durum, krom kaplama prosesi igerisine kiigiik miktarlarda fosfor,
molibden, tungsten veya niyobyum katilmasi suretiyle asilabilir [6,16,17]. Ornegin, metalin
¢cozlilmesini Onleyen Molibden’in olusturdugu ¢ok ince olan yiizey tabakasi korozyon hizini
yaklastk 10 kat azaltmaktadir [18]. Elektrokimyasal olmayan yontemlerle Cr-W ve Cr-Mo
kaplamalar elde etmek yiliksek erime noktalarindan dolayr ¢ok zordur. Krom (VI) igerikli banyo
cozeltilerinden elde edilen alasim kaplamalar kiiclik miktarlardaki tungsten ya da Molibden ile
gerceklestirilmektedir. Cr-W alasim kaplamalar elde etmek i¢in krom (III) igerikli banyo ¢ozeltileri
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kullanildiginda banyo ¢dzeltisi bir dizi 6zellige sahip olmaktadir. Kaplamanin 6nemli bir kismi
krom karbiir icermektedir. Sulu ¢ozeltilerden elde edilen kaplamalar icin belirtilen deneysel
verilerden karbonun agirlikca % 2 oldugu rapor edilmistir. Kaplamalarda karbon igeriginin
nedeninin, sulu ¢ozeltideki organik asitlerin (formik ve ya oksalik asit) anyonlar1 ile Cr(III)
iyonunlarinin kompleks olusturmasindan kaynaklandigi literatiirde belirtilmistir [18,19].

Krom (III) ¢6zeltisinden hazirlanan krom kaplama banyo ¢ozeltilerinde komplekslestirici olarak
sodyum ve amonyum format ve asetat Song ve Chin tarafindan 2002 yilinda yapmis olduklari
arastirmalarinda kullanmuslardir. Béylece, krom kaplamada bu tiir kompleks ajanlarm aktif Cr®*
indirgenme tepkimesinde kullanildigin1 deneysel olarak gostermislerdir [20]. Sulu ¢ozeltide, ii¢
degerlikli krom iyonlari [Cr(H20)s]**, [(H20)4Cr(HO)(OH)Cr(H,0)]*", [(H20)sCr(OH)Cr(H,0)s]**,
[Cr(H20)s(OH)]**, [Cr(H20)sCI]** vb gibi ¢esitli kompleks formlarinda bulunmaktadir. Cozeltide
organik tiirden ligand bulundugunda, Cr*" iyonu ile kompleks yapmus bir ya da daha fazla H,O, OH
ve CI gibi tiirler, organik ligandlar ile vyer degistirebilir ve [Cr(H.0)s(HCOO)]*,
[Cr(H,0)5(CH3sCO0)]** ve [Cr(EDTA)]" gibi organo-krom kompleksleri olusturabilir. Kaplama
banyosunda; format ya da asetat gibi komplekslestirici organik ligandlar olmadan, ii¢ degerlikli
kromun indirgenmesi miimkiin degildir [21].

Calismanin amaci, donisiimlii voltametri (CV) yontemiyle izoniazid (INH) iceren ii¢ degerlikli
krom ¢dzeltisinden camsi karbon elektrot yiizeyinde Cr(I1I)’{in indirgenmesinin incelenmesi ve elde
edilen CV sonuglarindan; tersinirlik, aktarilan elektron sayisi, difiizyon katsayist gibi
elektrokimyasal parametrelerin belirlenmesidir.

3. Deneysel Calismalar

Doniistimlii voltammogram, elektrot yilizeyindeki reaksiyon hakkinda faydali bilgiler elde etmek
icin kullanilan etkili bir ydntemdir. Ug¢ degerlikli kromun indirgenmesinin elektrokimyasal
mekanizmasi, 0,20 M CrCl3.6H,0, 0,10 M H3BO;3 ve 0,10 M NH,4CI karisimi olan Temel Bilesim
(TB) ¢ozeltisinde INH igeren ve igermeyen kosullarda 40 °C’de pH’nin 2 oldugu kosullarda katot
elektrot reaksiyonunu arastirmak i¢in doniistimlii voltametri teknigi kullanilarak elektrokimyasal
calismalar yapilmistir.

Deneylerde % 99,99 saflikta 3,0 mm ¢apinda camsi karbon calisma elektrotu, CHI marka mikro
Ag/AgCI referans elektrot, 0,10 mm c¢apli platin tel karsi elektrot olarak kullanildi. Yiizey alani
0,0707 cm? olan ¢ahsma elektrodun agik olan yiizeyi mekanik olarak 0,05 pm aliimina kolloid
¢ozeltisinde gulha iizerinde parlatildi. Ardindan 6nce etanol ile daha sonra distile su ile yikandi ve
kurutuldu.

Sekil 1. CV dl¢iimlerinde kullanilan hiicre
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Sekil 1°de gosterilen hiicrede, TB ve TB + INH ¢o6zeltisine; ¢alisma elektrotu olarak camsi karbon
elektrot, karsi elektrot olarak platin (Pt) tel ve referans elektrot olarak da Ag/AgCl elektrot
daldirildiktan sonra bilgisayar entegreli CHI 6094D model elektrokimyasal analizoér ile CV
olctimleri farkli tarama hizlarinda gerceklestirilmistir. Voltamogramlardan, pik potansiyeli (Ep), yar1
pik potansiyeli (Ep2) ve pik akimi (ip) degerleri bulunarak ortalama yiik transfer katsayisi ve
diflizyon katsayis1 degerleri hesaplandi.

4. Deney Sonuclarinin Degerlendirilmesi

Camsi karbon elektrot (GC) yiizeyindeki izoniazid’in (izonikotinilhidrazid, INH) 313 K’deki
doniisiimlii voltamogramu Sekil 2°de verilmistir. Oncelikle INH’nin pH 2,0’da sulu ¢dzeltide 0,2 V
ile -2,1 V araliginda dontisimli voltamogrami alinmistir (Sekil 2). Sekilden de gorildigi gibi (a
egrisi) yaklasik -1,35 V’dan itibaren hidrojen indirgenmesi disinda pik gézlenmemistir. Bu sonug,
tarama yapilan potansiyel araliginda INH’nin elektrokimyasal olarak kararli oldugunun kanitidir.

<
g
_4.5 E T T T T T T T -
-2.1 -1.8 -1.5 1.2 -0.9 06 -03 0 0.3
E (Ag/AgCl)/V
Sekil 2. GC elektrot yiizeyinde 313 K’de INH sulu ¢ozeltisi (a) ve 0,20 M Cr(III)-INH (b) ¢ozeltisi.
(v=50mV s

GC yiizeyinde 0,20 M Cr(II1)-INH ¢ozeltisinde 313 K’deki doniisiimlii voltamogrami da Sekil 2°de
(b egrisi) verilmistir. Potansiyel taramas1 0,20 V dan negatif potansiyele dogru -2,10 V’a kadar ve
daha sonra baglangic potansiyeline dogru tarama yapilmistir. Baslangic potansiyelinden
-0,9 V’a kadar akim degeri artis gdstermemistir. Bu potansiyelden itibaren akim degeri hizla
azalmis ve -1,35 V potansiyelde Cr (III)’iin Cr(II)’ye indirgenme pikine ait oldugu literatiirde rapor
edilmistir [20,22]. Yaklasik -1.50 V'a kadar akimin dik bir sekilde artmasi elektrot yiizeyinde Cr
(IT)’'nin metalik kroma indirgendiginin basladigini gostermektedir.

Indirgeme islemi sirasinda, metalik krom c¢okeltilerinin olusmasiyla, Ferreira ve arkadaslari
tarafindan yaklasik -1.50 V'dan daha katodik potansiyellerde kaplamanin gergeklesebilecegi, rapor
edilmistir [22]. Yaklasik -1,60 V’dan itibaren metalik kroma indirgenme baglamis ve -1,75 V’da Cr
(IT)’nin Cr(0)’a indirgenme piki goriilmiistiir.

Kromun elektrokaplanmasi, hidrojen olusumuyla birlikte {i¢ asamada ger¢eklesmektedir [23,24].
cr* tyonlarinin tamamlanmamis indirgenmesi;

Cr3t + e- 2  Cr?t (1)
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Krom metalinin elektrokaplanmasi;

Cr3t + 3e- 2 Cr (2)

Cr** + 2e~ 2 Cr (3)
Eszamanli hidrojen olusumu;

2HY + 2e” 2 H, 4

Sekil 2’den de goriildiigli gibi, olas1 tarama tersine cevirildiginde, -2,10 V’dan itibaren baslangi¢
potansiyeline anodik tarama yapildiginda, oksidasyon piki gozlenmemistir. Bu durum Cr (111)’tin
GC yiizeyinde indirgenmesinin tersinmez oldugunu diisiindiirmiistiir. Ayrica, 0,500 ile -2,100 V
araliginda INH c¢ozeltisinde (Sekil 2.a) olusan ¢6ziicii sistemine ait hidrojenin indirgenmesi disinda
herhangi bir indirgenme-yiikseltgenme pikine rastlanmadi. Bu nedenle, ¢alismaya uygun potansiyel
araliginin -0,400 - 1,600 V olarak secilmesine karar verildi.

Doniistimlii voltametri yontemi ile Cr(111)-INH ¢6zeltisinin elektrokaplama kinetigini arastirmak ve
difiizyon katsayisi belirleme i¢cin GC elektroda uygulanan potansiyelin zamanla degisim hizini ifade
eden tarama hizi ¢alismasi yapilmistir. Tarama hizinin pik potansiyeline ve pik akimina etkisinin
incelenmesi amaciyla 0,20 M Cr(ll)-INH igeren cozeltilerde 40 mV s?-100 mV s™ arasinda
calismalar yapildi. Farkli tarama hiziyla, pik potansiyellerinin daha negatif degerlere kaydigi
goriilmustiir (Sekil 3).

1.0 1 s s " 1 " " N 1 " " L 1 N " L 1 " N " 1
0
1.0 e
2.0 :
é Tarama hizi
= mvs [
= B0 e |
* 80 L
4.0 :
* 60 r
50 « 50 5
] e 40
_6.0 ] T T T T T !
-1.6 -14 -1.2 -1.0 -0.8 -0.6 -04

E(Ag/AgCl)/V
Sekil 3.Farkli tarama hizlarinda 0,20 M Cr(I11)-INH ¢6zeltisinin 313 K’de GC elektrot yiizeyinde
elde edilen doniigiimli voltamogramlari

Ayrica, tarama hizinin artmasiyla katodik pik akimlarinin artmasi da incelenen elektrot
tepkimesinin tersinmez ya da yari tersinir oldugunu gostermektedir. Bununla birlikte, anodik tarama
yoniinde belirgin bir anodik pikin olusmamas1 ve katodik pik potansiyellerine karsi tarama
hizlarinin logaritmasi arasinda dogrusal bir iliskinin olmasi (Sekil 4), GC elektrot yiizeyinde Cr (III)
iyonlarmin indirgenmesinin tersinmez oldugunun kanitidir [25,26].
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Sekil 4. Katodik pik potansiyelinin tarama hizinin logaritmasi ile degisimi

Pik potansiyelinin tarama hizina karsi olusturulan grafikten yiik transfer katsayilar1 (¢) ve elektron
sayilari ile ilgili hesaplamalar1 da yapmak miimkiindiir. Tersinmez elektrot mekanizmalarinda, pik

potansiyeli (Ep) ile yar1 pik potansiyeli (Epp) arasindaki farktan yararlanilarak n, degerleri
hesaplanmustir (Esitlik (5)).

|E _ __ 1,857RT )

Esitlik 5’deki « yiik transfer katsayisi, n, hiz belirleyici basamaktaki elektron sayisi, R evrensel gaz
sabiti, F Faraday sabiti ve T sicakliktir. Tersinmez prosesteki on,’nin degerleri Esitlik 5’den
hesaplanmis ve Cizelge 1°de verilmistir. Esitlige gére 313 K’de hesaplanan ortalama on, degeri
0,314 olarak bulunmustur.

Cizelge 1. 0,2 M Cr (IIT)-INH ¢6zeltisinin pik potansiyellerinin tarama hizi ile degisimi
Tarama Hiza (mV s™) E, (V) Epz2 (V)  A4AE(MV)  n,=50,1/4E

0,040 1,308 1,159 149 0,336
0,050 1,341 1,189 152 0,330
0,060 1,369 1,216 153 0,327
0,070 1,374 1,212 162 0,309
0,080 1,386 1,220 166 0,302
0,090 1,407 1,239 168 0,298
0,100 1,408 1,239 169 0,296

Ortalama= 0,314

Katodik pik akimmin tarama hizinin karekokii ile dogrusal degisimi Cr (III) iyonunun
indirgenmesinin diflizyon kontrollii ve elektron aktarim basamaginin tersinmez oldugunun kanitidir
[25]. Sekil 5°de goriildiigii gibi, ip’e karsi v/ egrisinin dogrusal olmast Cr(III)-INH ¢ozeltisinde
Cr** iyonunun indirgenmesinin difiizyon kontrollii oldugunu gostermektedir. Buna gore, GC
elektrot yiizeyinde Cr*”’dan Cr*’ye indirgenmenin tersinmez ve difiizyon kontrollii oldugu
sonucuna varilmistir.
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Sekil 5. Katodik pik akiminin tarama hizinin karekokii ile degisimi

Tersinmez reaksiyonlar ya da yari tersinir i¢in pik akim yogunlugu ve potansiyel tarama hizi
arasindaki iliski Esitlik 6°’da verilmektedir.

;= 0,2827/2F3/2
P~ (RT)V?2

n(om,)/2DY2 AC,v1/? 6)

Esitlik 6°daki F Faraday sabiti (96485 C mol™), R evrensel gaz sabiti (8,314 j mol™ K™, T sicaklik
(K), A elektrodun yiizey alani (0,0707 cm? GC), n indirgenen elektron sayisi, o yiik transfer
katsayisi, n, hiz belirleyici basamaktaki elektron sayisi, D difiizyon katsayis1 (cm? s™), Co Cr**
derisimi ve on,’nin ortalama degeri Esitlik 5’den hesaplanmuistir.

Krom (III) iyonunun difiizyon katsayis1 Esitlik 6’ya gore 313K’de 1,06x10° cm? s olarak
hesaplanmistir. Bu deger, literatiirdeki [25,27] CrCl3-[BMIM]Br ¢o6zeltisindeki degerler (353 K de
2,30x10° ecm? s, 303 K’de 2,91x10® cm? s7) ile karsilastinldiginda daha biiyiiktiir. Bu sonug,
Cr(I1)-INH’nin  krom kaplamada ticari uygulamalar igin olduk¢a umut verici oldugunu
gostermektedir.

5. Sonuglar

Ug degerlikli krom iyonu iceren ¢ozeltiden elde edilen krom kaplamalarda INH molekiiliiniin etkisi
arastirillan calismada; GC elektrotta INH katkili krom kaplama ¢ozeltisinde Cr (III) iyonunun
elektrokimyasal indirgenmesi incelenmistir. GC elektrot yiizeyinde INH katkili TB ¢ozeltisinde
farkli tarama hizlarmda Cr**’nin déniisiimlii voltamogramlari alinarak Cr**’nin indirgenmesinin iki
basamakta gergeklestigi, tepkimenin tersinmez ve difiizyon kontrollii oldugu belirlenmistir. INH
katkili TB ¢ozeltisinde, doniisiimlii voltametri verilerinden hesaplanan Cr®* iyonlarinin difiizyon
katsayis1 313 K’de 1,06x10™ cm?s™ dir. Bu degerin biiyiik degerde olmasi Cr(II)-INH’nin krom
kaplamada ticari uygulamalar i¢in oldukga umut verici oldugunu sonucuna varilmaistir.
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Abstract: The aim of the present study is to determine the awareness levels of high school teachers regarding the
Radon gas and its environmental effects. Another aim is to compare the results of the current study with those of
a previous study carried out by the researchers about the awareness levels of students. Survey design out of
quantitative research methods was employed for the study. The sampling of the study consisted of 119 (65 males
and 54 females) teachers who were randomly chosen from three different school types in Nevsehir. Radon
Awareness Questionnaire developed by the researchers was used as the data collection tool. Since the data
collection tool provided discrete data, chi-square test, frequencies and percentages were computed for the
analysis of these data. The findings of the study showed that a large number of the participants had fairly low
awareness levels toward Radon. Approximately one-third (31.10%) of the teachers participating in the study
stated that they had never heard of Radon. A significant difference was found among those who stated that they
know radon according to the branch variable. This difference emerged in favor of science teachers according to
the branch. There are no statistically significant differences between the score of awareness and the gender, age
and years of experience.

Keywords: Radon awareness; science education; environmental education; high school teachers; high school
students

Lise Ogretmenlerinin Radon Gazina Yénelik Farkindalik Diizeyinin Bazi
Degiskenler Acisindan Incelenmesi

Ozet: Bu ¢alismanmin amaci Radon gazi ve onun gevresel etkilerine iliskin lise dgretmenlerinin farkindalik
diizeyinin belirlenmesidir. Calismanin bir diger amaci ise bu ¢alismanin sonuglari ile yazarlar tarafindan yapilmis
olan lise 6grencilerinin Radon farkindaligina iliskin ilk ¢alismanin sonuglarini karsilastirmaktir. Calismada nicel
aragtirma yontemlerinden tarama (survey) yontemi kullanilmigtir. Caligmanin 6rneklemi; Nevsehir il merkezinde
bulunan ii¢ farkli okul tliriinden (Meslek L., Anadolu L. ve Fen L.) rastgele segilen 119 (65erkek ve 54 kadin)
lise Ogretmeninden olugmaktadir. Veri toplama aract olarak arastirmacilar tarafindan olusturulan Radon
Farkindalik Anketi (RFA) kullanilmistir. Kullanilan veri toplama aract RFA siireksiz tiirde veriler sagladigindan
bu verilerin analizinde ki-kare testi, frekans ve yiizde degerleri kullanilmistir. Orneklemin biiyiik bir béliimiiniin
Radon farkindalik diizeyi oldukga diisiik ¢ikmistir. Caligmaya katilan lise 6gretmenlerinin yaklasik tigte biri
(%31,10) Radonu hi¢ duymadiklarini belirtmislerdir. Radonu bildigini ifade edenlerin brang degiskenine gore
aralarinda anlaml1 bir fark bulunmustur. Bu fark, brang tiiriine gére Fen Bilimleri bransglarindaki 6gretmenler
lehine ortaya cikmustir. Farkli cinsiyet, yas ve kideme sahip Ogretmenlerin farkindalik puanlari arasinda
istatistiksel olarak anlamli bir fark bulunamamustir.

Anahtar kelimeler: Radon farkindaligi; fen egitimi; ¢cevre egitimi; lise gretmenleri; lise §grencileri
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1. Introduction

Protecting nature has always been crucial for the good development of social and economic life. It
is possible to list the environmental problems of the modern world as follows: pollution,
sustainability of the ecologic balance and rapid consumption of the limited natural sources [1].

Environmental problems are the negative effects of the artificial environment created by people on
the natural environment. There is an ecologic balance between the environment and the living
things in nature which do not fail thanks to the ordinary processes. Human beings, animals, and
plants can maintain their lives as this balance is sustainable without changes. Any failure in this
natural balance due to any reason can lead to the fracture in the lifeline between the living
organisms, and thus environmental problems come into the question [2]. Environmental pollution is
broadly defined as the deposits in the environment which occur as a result of the wastes that are not
biodegradable. Moreover, the effects of the pollution may vary according to the quality of the
accumulating deposits or deposit groups. In other words, the main reason behind the environmental
pollution is that it is not always possible for the nature by itself to dissolve the wastes that arise out
of the human effects [3]. Within this context, according to the increasingly prevalent and
widespread views in the related literature, environmental pollution cannot be overcome just with an
understanding of environment that center the people. In this new perception, development comes to
the forefront as a concept that needs to be indispensable anticipated and dealt with the sustainability
phenomenon [4].

For the sustainable development, a new understanding that enhances the environmental awareness
is required [5]. The importance of creating environmental awareness is often emphasized in the new
ecologic paradigm. With this aim, many studies in the field propose that it is a necessity to focus on
the environmental education to contribute to the sustainable development of the countries [6,7,8,9].

It is a well-known fact that the main effective factor to protect the nature and prevent the pollution
IS human beings as they do in the environmental pollution and the deterioration of the ecologic
balance. It is clear that individuals with a certain level of education, awareness, and sensitivity
regarding the environmental problems, their reasons and solution methods take more active roles in
protecting the nature [10]. Providing an effective environmental education for the individuals to
raise environment conscious societies is of capital importance [11].

Environmental education is a continuous learning process that provides knowledge, skills,
experience and value to solve environmental problems in order to leave a clean and healthy
environment for the next generation [12,13]. The studies in the relevant literature indicate that
awareness regarding the current environmental problems has a key role in eliminating these
problems. Recent environmental problems, such as air pollution, water pollution, soil pollution and
radioactive pollution can be listed as the major problems for the human life and future. Radon gas is
one of the important contaminants that is closely related to all these pollution types.

Nearly 50% of the natural radiation that permanently exists around us arises from the Radon gas
and its short life products. As people spend about 90% of their time in the buildings, it is crucial to
determine the radon gas activity in the buildings, to calculate the dose that is taken or to determine
the awareness about the existence of this gas and its properties in terms of the precautions that can
be taken against its harms [14]. Because the awareness level that is one of the factors influencing
the relation of attitudes and behaviors regarding the environment orientates people toward the
proper attitudes and behaviors in due course. The studies conducted in the field reveal that a high
level of awareness reinforces the attitude-behavior relation [15].
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It is quite important to identify the prior knowledge, awareness, and attitudes of individuals about
the environment to provide them with an effective environmental education and consciousness [16].
As teachers raise the future generations, guiding them with a well-planned and purposeful
environmental education is crucial in terms of preventing and eliminating the environmental
problems [17,18]. In this regard, it is considered that identifying and improving the awareness
levels toward Radon, that can emerge as a result of the geological structure of the cities people live
in, have a great place in forming positive attitudes and behaviors regarding the environment.
Therefore, the current study basically aims at determining the awareness levels of high school
teachers regarding Radon and its environmental effects. Moreover, the results of the current study
will be compared with those of a previous study [19] that was conducted about the Radon
awareness by the researchers on the 9" and 12" -grade high school students attending the high
schools that the participating teachers of the current study work at. In the related literature, there
were no studies on the relationship between teachers' radon awareness and the type of education
they have.

The problems of study are;
1. Do the radon awareness scores of the sample differ according to the field?
2. Do the radon awareness scores of the sample differ by gender?
3. Do the radon awareness scores of the sample differ according to the seniority?
4. Do the radon awareness scores of the sample differ by ages?

2. Method

Survey design out of quantitative research methods was used for the current study. Survey studies
can be described as the research that determines the characteristics of the participants such as
opinions, interests, skills, attitudes etc. on an issue or an event generally with a larger sampling than
the other research [20].

Data Collection Tool of The Study and Data Analysis

Necessary permissions to gather data were obtained from the Directorate of the National Education
as the first step. Although 125 high school teachers were reached in the study, 119 of the
questionnaires were evaluated. The sampling of the study comprised 119 (65 males and 54 females)
randomly chosen high school teachers from three different types of high schools (Vocational High
School — Anatolian High School — Science High School) in Nevsehir. The participating teachers
were examined according to their fields in the three groups. While Science branch included the
fields such as physics, chemistry or biology, social studies branch involved the teachers of
geography, literature, history etc. VVocational field of study included teachers that teach a specific
professional group. These branches were furniture, machines, graphics, electronics, handicrafts,
textile etc.

For the collection of data, Radon Awareness Questionnaire (RAQ) that was developed by the
researchers to be used for a previous study was employed. To ensure the construct validity of the
RAQ, experts in the field were consulted, and test-retest method was used for the reliability of the
instrument [19].

RAQ includes three parts. The first part inquiries about the variables such as gender, field of study,
years of experience and age; the second part examines the information about the variables such as
color, smell, taste, form, source of Radon; and the last part seeks to investigate the variables
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regarding the effect of Radon on human health. Minimum and maximum scores that can be taken in
RAQ is respectively zero and eight points. As the data collection instrument, RAQ gathers discrete
data, chi-square test, frequencies and percentages were used for the data analysis [21].

3. Findings

In this part, firstly, demographic information about the participants is presented and the findings by
taking the aims of the study into consideration are given;

The findings related to the participants’ gender, the field of study, years of experience and age are
shown in Table 1 and Table 2.

Table 1. The distribution of the participants according to the variables of gender, field of study and
age

Gender Age
22-32 33-43 >44 Total
Female (54)  Vocational 2 - 2 4
Social Studies 7 18 6 31
Science 2 11 6 19
Male (65) Vocational 1 4 15 20
Social Studies - 17 14 31
Science - 5 9 14
Total 12 55 52 119

As shown in Table 1, the number of the male teachers is slightly more than the females. Also, the
age variable indicates that most of the participants are above the age of 33. According to their field
of study, it can be said that the majority of the teachers (N=62) are from the social studies branch.
This is followed by science teachers (N=33) and vocational teachers (N=24).

Table 2. The distribution of the participants according to gender, field of study and years of
experience

Gender Years of experience
1-10 11-20 >21 Total
Male (54) Vocational 2 1 1 4
Social Studies 11 15 5 31
Science 5 11 3 19
Female (65)  Vocational - 13 7 20
Social Studies 5 19 7 31
Science 1 7 6 14
Total 24 66 29 119

Table 2 illustrates that most of the teachers (N=66) have teaching experience between the years of
eleven and twenty. The number of the teachers who have mostly eleven years of experience is 24.
The number of the teachers having the highest years of experience in the profession is 29.

The Findings Related to The Radon Awareness of The Participants

The first two items in the RAQ are yes/no questions that examine whether the participants have
heard of or know about the Radon. Some important findings regarding the Radon awareness of the
participants are given in Table 3.
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Table 3. The Distribution of Answers related to Hearing and Knowing about Radon in terms of
Gender Variable

Gender Knowing about Radon Total
Yes No
Female Yes 27 8 35
Hearing No - 19 19
Male about Radon  Yes 36 11 47
No - 18 18
Total 63 56 119

As in Table 3, the number of the teachers who expressed that they had never heard of Radon is 37
(31.10%). This number nearly equals to the one-third of the total participants. On the other hand, 82
(68.90%) of the participating teachers stated that they had heard of Radon, yet only 63 (52.95%) of
these teachers knew about Radon. Moreover, none of the participants imported that they knew about
Radon although they did not hear about Radon. This finding can be evaluated as an important result
for the internal consistency of the research. The numbers of the male and female teachers regarding
the situations of knowing and hearing about the Radon is approximately the same in terms of the
gender variable.

The findings of whether there is a statistically significant difference between the study fields of
teachers and the number of the participants expressing they know about Radon are presented in
Table 4.

Table 4. Chi-Square Test Results regarding the Variables of Knowing about Radon and Teachers’
study field

Teachers’ Study Field Total
Vocational Social Studies Science
Knowing Yes 12 24 27 63
Radon No 12 38 6 56
Total 24 62 33 119

(X*=16.169, df: 2, p<.05)

Table 4 indicates that there is a statistically significant difference between the number of the
teachers who stated they knew about Radon and their fields of study. According to the table, the
highest number (N=27) of teachers expressing their knowledge about Radon is from the Science
field. This is followed with the teachers from the Social Studies field (N=24) and vocational
teachers (N=12). When the total number of the participants (N=119) is taken into account, it is clear
that the number of the participants who state they know about Radon is nearly half of the total
participants.

The findings related to whether there is a statistically significant difference between the number of
teachers expressing their knowledge about Radon in the RAQ and their genders are shown in Table
5.

Table 5. Chi-Square Test Results for the Variables of Knowing Radon and the Gender

Gender Total
Female Male
Knowing about Yes 27 36 63
Radon No 27 29 56
Total 54 65 119
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(X?=0.34, df: 1, p>.05)

As seen in Table 5, there is no statistically significant difference between the number of the teachers
who stated they knew about Radon and their genders. The number of the male and female teachers
who imported that they knew or did not know about Radon is close to each other.

The findings regarding whether there is a statistically significant difference between the number of
the teachers expressing their knowledge about Radon in the RAQ and their ages are given in Table
6.

Table 6. Chi-Square Test Results for the Variables of Knowing about Radon and Their Ages

Age Total
22-32 33-43 >44
Knowing about Yes 6 28 29 63
Radon No 6 27 23 56
Total 12 55 52 119

(X?=0.30, df: 2, p>.05)

According to the Table 6, no statistically significant difference has been found between the number
of the teachers expressing their knowledge about Radon and their ages.

The findings for whether there is a statistically significant difference between the number of the
participants knowing about Radon and their years of experience are shown in Table 7.

Table 7. Chi-Square Test Results for the Variables of Knowing about Radon and Years of
Experience

Years of Experience Total
1-10 11-20 >21
Knowing about Yes 12 36 15 63
Radon No 12 30 14 56
Total 24 66 29 119

(X?=0.17, df: 2, p>.05)

As it is clear in Table 7, there is no statistically significant difference between the number of the
teachers knowing about Radon and their years of experience.

The distribution of the responses given to the 8 questions in the RAQ about the Radon awareness is
given in Table 8.

Table 8. The Distribution of Awareness Scores

Awareness Score Number of Teachers Accor

f % ding
0 35 29.4 to
1 8 6.7 Table
2 15 12.6 8, the
3 13 10.9 numbe
4 11 9.2 r of
5 11 9.2 the
6 10 8.4 teache
7 3 2.5 rs with
8 13 10.9 0
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awareness score is 35 (29.4%). This number is consistent with the number (N=37) of the teachers
expressing “I have never heard of Radon” as shown in Table 3.

Radon awareness scores of sampling were analyzed by dividing into three categories. These
categories are evaluated as 0- 2 points low level, 3-5 points medium level, 6-8 points high levels of
awareness.

The findings regarding whether there is a statistically significant difference between the awareness
scores of the RAQ and teachers’ fields of study are presented in Table 9.

Table 9. Chi-Square Test Results for the Variables of Awareness Scores and Fields of Study

Awareness Teachers’ Field of Study Total
Score Vocational Social Studies Science

0-2 14 36 8 58
3-5 6 20 9 35
6-8 4 6 16 26
Total 24 62 33 119

(X?=21.22, df: 4, p<.05)

Table 9 shows that there is a statistically significant difference between the awareness scores of the
participants and their fields of the study. According to their fields of study, the range of the
teachers’ awareness scores which are 6 and above is respectively 16 (13.45%) for Science teachers,
6 (5.04%) for Social studies field and 4 (3.36%) for VVocational teachers.

Table 10 presents the findings of whether there is a statistically significant difference between the
awareness scores of the RAQ and the gender variable.

Table 10. Chi-Square Test Results for the Variables of Awareness Scores and Gender

Gender Total
Awareness Score Female Male
0-2 27 31 58
3-5 12 23 35
6-8 15 11 26
Total 54 65 119

(X?=3.36, df: 2, p>.05)

As can be seen in Table 10, there is no statistically significant difference between the awareness
scores of the participants and their ages. The finding of no statistically significant difference
according to the gender is consistent with the findings of the chi-square test results (table 5) for the
variables of knowing about Radon and the gender.
Table 11 illustrates the findings of whether there is a statistically significant difference between the
awareness scores in the RAQ and the age variable.
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Table 11. Chi-Square Test Results for the Variable of Awareness Scores and Age

Awareness Score Age Total
22-32 33-43 >44

0-2 9 26 23 58

3-5 1 17 17 35

6-8 2 12 12 26

Total 12 55 52 119

(X*= 4.17, df: 4, p>.05)

According to Table 11, no statistically significant differences have been found between the
awareness scores of the participants and their ages.

The findings for whether there is a statistically significant difference between the awareness scores
of the RAQ and teachers’ years of experience are shown in Table 12.

Table 12. Chi-Square Test Results for the Variables of Awareness Scores and Years of Experience

Awareness Score Years of Experience Total
1-10 11-20 >21

0-2 13 32 13 58

3-5 5 21 9 35

6-8 6 13 7 26

Total 24 66 29 119

(X*=1.32, df: 4, p>.05)

Table 12 indicates that there is no statistically significant difference between the awareness scores
of the participants and their years of experience on the profession.

4. Results and Discussion

The results elicited through the aforementioned findings have been presented according to the aims
of the study which investigates the awareness levels of high school teachers toward Radon in terms
of some variables.

It can be stated that the awareness levels of a large number of the participants (48,7%) is quite low.
Nearly one-third (31,10%) of the participating teachers expressed that they had never heard of
Radon. Only 63 (52,95%) of the participants stating they had heard of Radon imported that they
knew about Radon. The number of the participants expressing their knowledge about Radon with
the awareness scores of 6 and above is 26 (21,84%).

There has been found a significant difference between the number of the participants stating that
they know about Radon and their fields of study (table 4). This difference is in favor of the field of
Science teachers (chemistry, physics, biology etc.). However, there is no statistically significant
difference between the number of the participants expressing their knowledge about Radon and
their gender, ages and years of experience (tables 5-6-7).

Ford et al. [22], and Wang et al. [23], asserted in their studies about Radon awareness that the

172



Polat, M., Saritas, D. ECJSE 2017 (2) 165-176

awareness appears to be high for the people who have had a science education. A similar finding
has been found in the current study conducted with the teachers on the field of Science (chemistry,
physics, biology etc.). This can be interpreted as an expected situation since teachers of these
branches differ from the teachers of other branches as a result of the courses, seminars, and
programs they attend throughout their pre-service and in-service experiences. When their syllabuses
of the courses they give at schools especially following their pre-service education are examined,
objectives related to the subjects such as Radon seem to continue during class grades [19].

According to the distribution of teachers’ Radon awareness scores, the number of the teachers
getting 0 score is 35 (table 8). This score is consistent with the number of the teachers (N=37) who
expressed that “I have never heard of Radon™ as given in Table 3. There has been detected a
statistically significant difference between the Radon awareness scores of teachers and their fields
of study (table 9). This difference is in the favor of the teachers of Science field. However, there is
no statistically significant difference between the Radon awareness scores of the participants and
their genders, ages and years of experience (table 10-11-12).

The related literature on Radon awareness indicates that previous studies share the similar results
with those of the present study. For instance, in the studies of S. Rahman [24] and Alaamer [25], it
is emphasized that the awareness levels of the participants are low and this level is affected by the
type of the education participants undergo. Furthermore, these two studies indicate that gender
variable has no effect on the awareness levels. There are also some other research studies [26]
which show that, even low in number, males have higher levels of awareness than females, and
people in rural areas have higher levels of awareness than those in urban areas.

In a study of Dastan [10] conducted with high school teachers, it is aimed to find out the interests,
knowledge, and sensitivity of the participants regarding the environmental problems. According to
the results of this study, there are differences in the interests and sensitivity levels of participating
teachers toward the environmental problems in terms of their years of experience. It is stated that
teachers who are younger and have fewer years of experience are more sensitive and interested in
the environmental problems. However, when the results of the study are examined in details,
participating teachers who are older and have much more years of experience are more sensitive
and interested in the issues they see, feel and face (noise pollution, waste problem etc.). Therefore,
it can be asserted acceptable that the awareness levels of the participants emerge independently
from the variables of age and years of experience in this study which is conducted about Radon gas
that is a pollution factor difficult to be seen and felt. Because people's attitudes and awareness
towards concrete events and phenomena may appear more clearly [31].

The other aim of the current study is to compare the results of this study with those of a previous
one [19] carried out by the researchers on the Radon awareness of high school students. The Radon
awareness levels of the participants were mostly low in the first study which was conducted with
554 9" grade and 12" grade students of various high schools in Nevsehir. Nearly half of the
participants (55%) stated that they had never heard of Radon. The number of those expressing their
knowledge about Radon with the awareness scores of 5 and above is 131 (23,7%) [19]. Similar
findings have been found in the present study carried out with teachers. Although the number of
teachers stating that they have never heard of Radon is fewer than the number of students, it cannot
be regarded as few when teachers’ years of experience, initial education and general requirements
of the teaching profession are taken into account. In a study conducted by the Ministry of National
Education [27], it is apparent that a continuous development and update are emphasized in both the
general competencies of the teaching profession and the special competencies of branch teachers in
terms of profession knowledge and general culture.
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In the earlier study conducted by the researchers on high school students, a statistically significant
difference was found between the Radon awareness scores of the students and the school type and
class grades. This difference is in the favor of the 12" grades in terms of class grades and science
high school in terms of the school type [19]. According to these findings, it is possible to assert that
the awareness of the students toward the environmental problems can increase the knowledge levels
of the students, the quality of the courses taken (more courses that may be related to the
environment at science high schools) and their experiences in the educational environment increase.
Another factor which is as important as the knowledge level of an effective environmental
education is undoubtedly the need for a role model. Therefore, it is necessary for teachers to raise
their awareness levels on these issues as they have crucial contributions by both being a sensitive
role model and using appropriate and valid teaching methods [28].

24 teachers from different study fields took part in another study [28] which was carried out to
determine to what extent the opinions of teachers about nature and environmental education are
influenced by an ecology-based environmental education. One of the results of the study is related
to the reasons for participation in the ecology-based education. A large number of the teachers
stated that they attended this education with the aim of increasing their awareness levels toward the
environment and teaching/transferring their knowledge and skills gained in this process to their
students. Another finding is about teachers’ allocating time on the environmental issues in their
courses. According to this finding, the study fields of the teachers affect their time allocation to the
environmental issues in their courses. For instance, while a teacher of biology or geography states
that he/she can often give examples of the subjects related to the environment and its problems in
his/her courses, it is not much possible to observe the same situation for a preschool teacher
[28].Especially vocational high school students who participated in the first study conducted by the
researchers of the current study on Radon awareness [19] and vocational teachers participating in
the present study had lower awareness levels (table 9) than the others.

After all, when the findings discussed above are considered, it is claimed that determining the
awareness levels toward an issue in terms of different variables for planning the training on the
environment and its problems will be useful for creating more rational and effective programs. The
related literature has some research studies [29] which prove that the individuals will not have
positive perceptions about how they can carry out various actions-activities for their environment
when they cannot fully understand their environmental problems (possible sources of the problem,
variables that lead to the problem, whether the problem is at global or local level etc.). Moreover,
making use of contemporary learning theories and practices in teaching environment by taking the
related objectives of the existing curriculum into account is thought to be useful for raising
environmentally sensitive individuals. Louv also supports direct experiences in nature as a way to
build appreciation for the natural world, cautioning that too much time with technology may
prevent children from developing this awareness. Louv suggests young people spend some time
playing outside away from their computers and video games; perhaps adults should also heed this
advice (as cited in [30], p.570).
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Abstract: Multi-walled carbon nanotubes (MWNTS) attached to ethylene glycol (MWNT-OH) were grafted
with ring-opening polymerization of e-caprolactone (MWNT-pCL). Initiating sites for atom transfer radical
polymerization (ATRP) were formed by end acylation of MWNT-pCLwith a-bromopropionyl bromide. After
styrene was polymerized by ATRP on the surface of the macroinitiator (MWNT-pCL-Br) in presence of
CuBr/2,2'-bipyridine as catalyst at 110 oC, the triblock copolymer (MWNT-pCL-b-PS-b-pGMA) was prepared
by the aid of the same technique using glycidyl methacrylate as monomer, at the same catalyst and temperature
conditions, by using the diblock copolymer (MWNT-pCL-b-PS) as macroinitiator. The IHNMR studies show
that structure in terms of mer number per molecule of the ABC type triblock copolymer is MWNT-p(CL)g-b-
P(S)36-b-p(GMA)1080. The determination of chemical structure of the triblock copolymer was carried out using
Fourier transform infrared (FT-IR), proton nuclear magnetic resonance (IH NMR) and scanning electron
microscopy (SEM). Thermal properties were investigated by using thermogravimetric analysis (TGA) and
differential scanning calorimetry (DSC). The Tg value estimated from the temperature dependence of the
dielectric constant, the dielectric loss factor, and the ac conductivity for the triblock copolymer, is in agreement
with the DSC value. The results of the dielectric constant and ac conductivity of the triblock copolymer were
also discussed.

Keywords: e-caprolactone, GMA, MWNT, styrene, triblock copolymer.

MWCNT Yiizeyinde bir ABC Tipi U¢ Bloklu Kopolimer Sentezi : Yapisal,
Termal, Elektriksel ve SEM Karakterizasyonu

Ozet: Etilen glikol bagli (MWNT-OH) ¢ok-duvarl karbon nanotiip (MWNTs) e-kaprolaktonun halka agilmasi
polimerizasyonuyla asilandi (MWNT-pCL). Atom transfer radikal polimerizasyonu (ATRP) i¢in baslatma ucu,
MWNT-pCL nun a-bromopropiyonil bromiir ile u¢ agillemesiyle hazirlandi. Katalizér olarak CuBr/2,2"-bipridin
yanminda 110 °C de makrobaslaticitnin (MWNT-pCL-Br) yiizeyinde ATRP ile stirenin polimerizasyonundan
sonra, ayni sicaklikta ayni katalizor yaninda glisidil metakrilatin makrobaslatic1 olarak iki bloklu kopolimer
(MWNT-pCL-b-PS) kullanilarak yapilan ATRP polimerizasyonuyla ii¢ bloklu kopolimer (MWNT-pCL-b-PS-b-
pGMA) hazirlandi. '"HNMR ¢alismalari ABC tipi ¢ bloklu kopolimerin molekiil basina mer sayilarinin
MWNT-p(CL)s-b-P(S)35-b-p(GMA) 080 seklinde oldugu belirlendi. Ug bloklu kopolimerin kimyasal yapisinin
belirlenmesi Fourier doniisiimlii infrared (FT-IR), proton niikleer manyetik rezonans (1H NMR) ve taramali
electron mikroskopuyla (SEM) ger¢eklestirildi. Termal 6zellikler termogravimetrik analiz (TGA) ve diferesiyel
taramal1 kalorimetre (DSC) ile incelendi. Ug bloklu kopolimerin dielektrik sabiti, dielektrik kayip faktérii ve ac
iletkenliginin sicaklik bagimliligndan tahmin edilen Ty degerinin DSC den bulunan degerle uyustugu goriildii.
Ug bloklo kopolimerin dielektrik sabiti ve ac iletkenligi de ayrica tartisildi.

Anahtar kelimeler: E-kaprolakton, GMA, MWNT, stiren, triblok kopolimer.
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1. Introduction

There has been intense interest on carbon nanotubes (CNTSs) due to their unusual physical properties
and large application potential, covering a broad range in nanotechnology [1,2]. The poor solubility
of CNTs in organic solvents restricts them to be used as drug delivery agents into living systems in
drug therapy. Thus, more research on area surface modification of CNTs attracted significant
interest recently [3-8]. Hence, many modification approaches like physical, chemical or combined
have been exploited for their homogeneous dispersion in common solvents to improve solubility [9-
11]. Various methodologies were reported in the literature in order to achieve covalent
functionalization of nanotubes. Electrochemically assisted covalent modification of carbon substrate
material has become a new era in the field of chemically modified electrodes, which involves the
formation of covalent bond between the substrate and the modifier molecule [12-14]. The other
method for functionalization of CNTs is electrochemical polymerization on surface of CNT
[15].The main perspective of this modification involves the generation of oxygen containing
functionalities, more specifically carboxylic groups commonly called surface oxides formed by the
aggressive oxidation treatment using strong acids. The carboxyl functionalized carbon nanotubes
could be further grafted with functional moieties with terminal amine or thiol groups, which can
effectively control the particle size and dispersion of noble metal CNTs on the surface of tubes [16-
18]. Another way to attach the polymer to the nanotube surface is by the “grafting from” method,
which means that the reactive groups were covalently attached to the nanotube surfaces as well as
the polymers graft from the reactive groups. It is also the reaction between the reactive groups in the
surfaces of nanotubes and monomers. An example of grafting from method is the atom transfer
radical poymerization on the surface of CNT [5,7,19-21].

This study describes preparation of an ABC type triblock copolymer using g-caprolactone, styrene
and glycidyl methacrylate by a combination of ring opening polymerization and atom transfer
radical polymerization techniques. Also Structural, thermal, electrical and surface characterization
of the triblock copolymer was investigated.

2. Experimental Method
2.1. Synthesis of MWNT-COOH

Carboxyl-functionalized MWNTs (MWNT-COOH) were prepared by oxidation of MWNTSs in a
mixture of conc. HNOs and H,SQO, in 1:3 ratio (by volume).

The procedure: MWNT (2 g), 40 mL of the acid mixture was added into a 250 mL flask equipped
with a condenser, and the mixture was stirred vigorously. The flask was then immersed in an
ultrasonic bath at room temperature for 20 min. The stirring of the mixture was continued under
reflux for 10 h in an ultrasonic bath. The mixture was allowed to cool at room temperature and was
then diluted with 250 mL of water, followed by neutralization with conc NaOH to pH 7 and then
filtered. The residue was washed with water several times, washed with THF to remove the water,
and then dried under vacuum for 24 h at 50 °C.

2.2. Synthesis of MWNT-OH
An excess amount (10 mL) of thionyl chloride were added on 300 mg of MWNT-COOH. The
mixture was refluxed for 24 h at 70-75 °C after passing through argon gas. Then the solid product

(MWNT-COCI) was filtered, washed with THF for a few times, and dried under vacuum for
overnight at 40 °C.
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The mixture of 200 mg of MWNT-COCI and 5 mL of ethylene glycol were added into a 25 mL
flask, and then was refluxed by magnetically stirring at 120 °C in an oil bath for about 48 h. The
mixture was allowed to cool at room temperature, and the solid product of (MWNT-OH) was
filtered, washed with THF for a few times, and dried under vacuum at 50 °C until constant weight
was obtained.

2.3. Synthesis of MWNT-¢-Polycaprolactone

Into a reaction flask, 100 mg of MWNT-OH, 550 mg e-caprolactone, 10 mL of toluene and a few
drops of Sn(Oct); as catalyst were added. After passing through argon gas, the mixture was refluxed
in an oil bath for 24 h. After cooling at room temperature, the catalyst was filtered and the filtrate
was added dropwise into excess n-hexane to precipitate the polycaprolactone (MWNT-pCL). The
polymer was filtered off and dried under vacuum at 45 oC until constant weight was observed.

2.4. Preparing of Macroinitiator Using a-Bromopropionyl Bromide From MWNT-pCL

The mixture of 70 mg MWNT-pCL, 10 mL dried THF, and 250 mg Na,CO3 were added into a 25
mL reaction flask and then the mixture was cooled to 0 °C. 500 mg a-bromopropionyl bromide was
added dropwise by magnetically stirring and the acylation was continued at room temperature for
about 24 h. At the end of the reaction the precipitated salt was filtered, and the filtrate was dropped
into excess n-hexane to precipitate the polymer. After filtration, the macroinitiator (MWNT-pCL-
Br) was dried under vacuum at 40 °C for 24 h.

2.5. Synthesis of MWNT-pCL-b-PS Diblock Copolymer

CuBr (6.8 mg, 0.047 mmol) and 2,2"-bipyridine (bpy) (14.9 mg, 0.094 mmol) and a few mL
dichloromethane were added into the polymerization tube, followed by the addition of MWNT-
pCL-Br (20 mg) and 500 mg (4.810 mmol) styrene. After purging with argon for 15 min, the tube
was sealed with screw cap and kept in an oil bath at 107-110 °C for 24 h. The mixture was diluted
with dichloromethane, and the polymer was precipitated in slightly acidic ethanol. The polymer
(MWNT-pCL-b-PS) was filtered off, dried under vacuum at 40 oC for 24 h.

2.6. Synthesis of MWNT-pCL-b-PS-b-pGMA Triblock Copolymer

CuBr (30 mg, 0.209 mmol) and 2,2'-bipyridine (66 mg, 0.418 mmol) and a few mL of
dichloromethane were added to the polymerization tube, followed by the addition of MWNT-pCL-
b-PS (60 mg) and 3000 mg GMA (21.0 mmol. After purging with argon for 15 min, the tube was
sealed with screw cap and kept in an oil bath at 107-110 °C for 1 h. After the mixture was diluted
with dichloromethane, and the polymer was precipitated in slightly acidic ethanol. Triblock
copolymer (MWNT-pCL-b-PS-b-pGMA) was filtered, and dried under vacuum at 40 °C for about
24 h,

2.7. Measurements

1H NMR analysis were performed with 400 MHz by Bruker A VIII 400 machine, using CDCl3 as
the solvent, and a tetramethylsilane as standard. Fourier transform infrared spectra (FT-IR) were
recorded on Perkin-Elmer Spectrum One FTIR spectrometer. Calorimetric measurements were
carried out using a Shimadzu DSC-50 thermal analyzer under N, flow at heating rate of 20 °C/min.,
while thermal stability studies were carried out using Shimadzu TGA-50 thermobalance under N2
flow with a heating rate of 10 °C/min.
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For capacitance measurements according to the previous work [22], the polymer was grinded with
an agate mortar and pestle, and the final fine powder was pressed at four tons of pressure into disk-
shaped samples with a thickness of 0.72 mm for the diblock copolymer and 0.75 mm for the
triblock copolymer with a surface of 1.13 cm? The entire surface of the disk was coated with silver
cake, which acts as a good contact for capacitance measurements.

The measurements were carried out at room temperature using a QuadTech 7600 precision LRC
meter impedance analyzer at the frequency range of 40 Hz-2 kHz. The dielectric features against the
frequency and temperature were examined. Furthermore, ac conductivity of the triblock copolymer

against the temperature were also examined.
o

T

o HOCH,CH,OH ”_,U\ {I:il
— OCH,CHL0 LE(CH,)50 —H
H/\ PPN OCH,CHOH  Sn(Oct), |:| 2CHy {— 25 an—
MWNT-OH 24h.120°C MWNT-pCL

24 h at rt

0 Na,CO,

CH = - o
Br 2| 15 man at 0 °C
Br

CH=CH;

H/? @ O o O CH;,
OCHzCH;0+C(CHz)s0—+C CH-%CH CH%—Br OCH,CH;0+C(CH,)s0C- CHBr
_E _}_ CuBr, bp\ {; 2s %

m
CH: o CuBr. bpy
H.C=( _Z< iy

/‘\(7 1h 110°C

Q

0 0 O CH,4
Il Il
|:|/<OCH;CH;.O%G[GH;)-_O%—C-CH-%CH;GH%—ECH, o Br
11 m )Q

MWNT-pCL-5-P5-b-pGMA \

O
Figure 1. Synthesis of the triblock copolymer by grafting from on surface of MWNT
3. Results and Discussion
3.1. Synthesis and structural characterization studies

FTIR spectrum (Fig 2a) of MWNT-COOH shows the bands at 1718 cm™ (C=O stretching
vibration) and 1128 cm™ (C-O stretching vibration). These bands are not presence that of original
MWNT (This spectrum has not been text). MWNT-OH was obtained with mono acylated of
ethylene glycol after MWNT-COOH was converted to MWNT-COCI with thionyl chloride. FTIR
spectrum of (Fig 2b) MWNT-OH shows the small bands at 1730 cm™ (stretching vibration of C=0
in ester), at 2923 and 2846 cm™ (aliphatic C-H stretching vibration), 1077 and 1180 cm™
[C-C(=0)-O symmetric and asymmetric vibrations, respectively]. MWNT-pCL was prepared by
grafting of &-CL on MWNT-OH in presence of Sn(Oct)2 as catalyst by aid of ring opening
polymerization. The FTIR spectrum (Fig 2c) of MWNT-pCL shows characteristic bands at 1730
cm™ (stretching vibration of C=0 in ester), at 2949 and 2859 cm™ (aliphatic C-H stretching
vibration), 1192 and 1256 cm™ [C-C(=0)-O symmetric and asymmetric vibrations, respectively].
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MWNT-pCL was converted to the macroinitiator for ATRP (atom transfer radical polymerization)
by acylation of OH group at the end of MWNT-pCL with a-bromopropionyl bromide. O-H
Stretching vibration at 3462 cm™ (Fig 2d) was disappeared by the acylation. MWNT-pCL-b-PS was
prepared by ATRP of styrene using the macroinitiator in presence of
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Figure 2. FT-IR spectrum of (@)MWNT-COOH, (b) MWNT-OH, (c) MWNT-pCL-OH,
(d) MWNT-pCL-Br, (¢) MWNT-pCL-b-PS, (f) MWNT-pCL-b-PS-b-pGMA)

CuBr/bpy as catalyst. This diblock copolymer shows new bands at 3000-3100 cm™ (aromatic =C-H
stretching vibration), 761 and 705 cm™ (out off plane =C-H bending vibration in monosubstituted
aromatic) and three of weak overtone and combination bands between 2000-1660 cm™ (one of them
is covered by carbonyl peak), in addition to the bands of the e-caprolactone units (Fig 1e). In FT-IR
spectra (Fig 2f) triblock copolymer (MWNT-pCL-b-PS-b-pGMA) obtained by ATRP technique
shows characteristic bands at 3000 cm-1 (C-H stretching vibration of epoxy ring), 1731 cm™
(C=0), 1260 cm™ (symmetrical epoxy ring stretching or epoxy ring breathing frequency), 915 cm™
(asymmetrical epoxy ring stretching) and 846 cm™ (epoxy C-H bending vibration). Triblock
copolymer shows also characteristics bands of styrene units.

The 1H NMR spectrum (Fig 3a) of MWNT-pCL shows characteristic signals at 4.30 ppm (MWNT-
COOCH;-), 4.09 ppm (-OCOC-C-C-C-CH,0CO-), 3.70 ppm (OCOC-C-C-C-CH,-OH end group),
2.34 ppm (-OCOCH2-C protons on a-carbon), 1.67 ppm (-OCOC-CH,-C-CH,-C-0O) and 1.41 ppm
(-OCOC-C-CH,-C-C-0). When the integral heights of —CH,- in the -CH,OH (end group) and
—CH2- bounded the ester oxygen compared, repeating CL units can be estimated as approximately 6
units per MWNT-pCL. After acylation of OH group at the end of MWNT-pCL with
a-bromopropionyl bromide, that is, after it transformed to macroinitiator for ATRP, the signal at
3.70 ppm (C-CH,-OH) of MWNT-pCL was disappeared, and new signals at 4.35 ppm [-CH,-O-
C(=0)-C(CHgs).Br, integral height 0.09, end group] and 1.85 ppm [-C-O-C(=0)-C(CH3),Br,
integral height 0.26, end group] appeared (Fig 3b). In the 'H NMR spectrum (Fig 3c) of
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MWNT-pCL-b-PS obtained from ATRP of styrene in presence of the macroinitiator, the
characteristic signals of PS block were observed at 6.3-7.4 ppm (phenyl ring protons in styrene
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Figure 3. 'H NMR spectrum of () MWNT-pCL, (b) MWNT-pCL-Br, (c) MWNT-pCL-b-PS, (d)
MWNT-pCL-b-PS-b-pGMA

units), at 1.25-2.20 ppm (aliphatic protons of styrene units and the protons far from oxygen in CL
units). In CL units of diblock copolymer, -CH2- proton signals bounded to carbonyl and
-CH,- proton signals bounded to oxygen in ester group were at 2.34 and 4.09 ppm, respectively.
When the integral heights of —CH,- at 2.34 ppm or 4.09 ppm those of aromatic protons compared, it
is calculated that styrene units are nearly 6 times of the caprolactone units. That is, the diblock
copolymer contains 6 units CL and 36 units styrene per the molecule. In *HNMR spectrum of
MWNT-pCL-b-PS-b-pGMA (Fig 3d) the proton signals of glycidyl methacrylate unit mainly
appeared, though the proton signals for CL and styrene unit were observed in the weak intensity.

(0] o ..
(’—/J‘LO,CH;—epoxide) (,J-L\D/cq_.cf )

Namely; at 4.34 ; 3.84 ppm , 3.26 ppm 0 'and 2.87; 2.66 ppm
0

(N C—c— M
0 N ) . The resonance signal of the methylene protons on the main chain of GMA units
and the —CH- protons of styrene units were observed at 2.01 and 1.93 ppm. The a-methyl groups in
methacrylate polymers are sensitive to the stereochemical configuration [23,24]. The resonance
signal of the a-methyl splits into three well resolved peaks at 0.97, 1.12 and 1.31 ppm, which have
been assigned to syndiotactic (rr), atactic (mr + rm) and isotactic (mm) triads, respectively. It is
calculated that the differences in chemical shifts between the two signals, (dmm — Orm+mr) = 0.19 ppm
and (Sym+mr — Orr) = 0.15 ppm, are very close to that of PGMA homopolymer (0.18 and 0.14 ppm)
[24] and that of PMA (0.15 ppm) [23]. The *"HNMR signal intensity of the triads shows that the

GMA block of the triblock copolymer contains 52.0 % syndiotactic rr, 38.8 % atactic
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(heterotactic) mr + rm and 9.2 % 1sotactic mm sequences. Phenyl ring protons in styrene units
and methylene proton of ester group in CL units were observed between 6.3-7.4 ppm and at 4.09
ppm, respectively. When integral height of anyone from five signals among at 4.34 ppm and 2.66
ppm of glycidyl group those of aromatic protons compared, it can be estimated that the GMA units
in the triblock copolymer are nearly 30 times of styrene units. That is, triblock copolymer is in the
structure of MWNT-p(CL)s-b-P(S)36-b-p(GMA)10s0.

3.2. SEM Investigation

MWNT distribution is not regular, some areas show the sparse distribution, some areas shows dense
distribution (Figure 4a). SEM image of MWNT-pCL-b-PS (Figure 4b) shows that MWNT particles
were mostly covered with the polymer, and were distributed randomly in the block copolymer.
Figure 4c shows that the lengths of MWNTSs in the triblock copolymer shortened and they are
present in the form of aggregation in the structure.

3.2.1. Thermal Analysis Studies

The DSC thermograph of MWNT-pCL (Fig 5) shows that the melting point of polycaprolactone
units is 52 °C. This value is highly lower than such as 61°C and 67°C given in literature [25,26].
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Figure 4. SEM images of (a) untreated MWNT, (b) MWNT-pCL-b-PS and (¢) MWNT-pCL-b-PS-
b-pGMA
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Figure 5. DSC thermograms of MWNT-pCL, MWNT-pCL-b-PS and MWNT-pCL-b-PS-b-pGMA

The melting point of polycaprolactone increases rapidly depending on molecular weight until about
8000 g/mol [27]. According to the values given in the literature, pCLs with molecular weight of
578, 1750, 3950 g/mol show a melting point of 45°C, 57°C and 60 °C, respectively.

Number of repeating CL units in MWNT-pCL is about 6 units as a result of *H NMR. This result
shows that the number average molecular weight is about 700 g/mol, and according to the literature
data [27] a melting point of 52 °C is a suitable value for this polymer. The DSC curves show that
the glass transition temperatures of MWNT-pCL-b-PS and MWNT-pCL-b-PS-b-pGMA are 90°C
and 84°C, respectively.

The thermal stability of the polymers was studied by programmed thermogravimetric analysis over
a temperature range from room temperature to 500 °C under nitrogen atmosphere (Fig 6). The
thermogravimetric curve shows that there is no weight loss until 410 °C, and between 410-500 °C
only a weight loss of 2% for original MWNT. While MWNT-COOH show very slow
decomposition step with a weight loss of about 5 % between 300 - 390 °C, after that a weight loss
of totally 22 % shows until 500 °C. The thermal behavior and decomposition

0.0k MWNT

= 00H

so}
MWNT-pCL-b
_PS-5-pGMA

Weight loss %

MWNT-pCL

100+

0 100 200 300 400 500
Temperature

Figure 6. TGA thermograms of untreated MWNT, MWNT-COOH, MWNT-pCL, MWNT-pCL-b-
PS, MWNT-pCL-b-PS-b-pGMA

184



Yilmaz, S., Coskun, M. ECJSE 2017 (2) 177-189

Table 1. Thermal behavior and decomposition temperatures of the polymers

Polymer IDT* | A weight loss | Weight loss | Residue
(°C) | of 50 % at (°C) | at 350°C | at 500 °C
MWNT 410 ? 0 98
MWNT-COOH 300 ? 2 78
MWNT-pCL 225 335 65 6
MWNT-pCL-b-PS 300 370 30 6
MWNT-pCL-b-PS-b-pGMA | 260 335 60 4

*IDT: Initial decomposition temperature

3.3 Electrical properties

Dielectric constant, property of an electrical insulating material (a dielectric) equal to the ratio of
the capacitance of a capacitor filled with the given material to the capacitance of an identical
capacitor in a vacuum without the dielectric material. A material with a high dielectric constant is
placed in an electrical field, the magnitude of the field will be reduced within the volume of the
dielectric. Dielectric constant (¢”) is evaluated from the capacitance measurement using the
following equation:

¢ = ¢

zp
where &, is permittivity in free space, which is equal to & = 8.856x10™** F/cm, C is parallel
capacitance, d and A are thickness and area of the sample, respectively.

The dielectric loss ("), which is a measure of the loss of energy in a dielectric material, is obtained
from the equation

g’=¢ tan o (2)
where tan 0 is the loss tangent and is measured by the ac impedance bridge.

In the frequency range between 100 and 2500 Hz, for MWNT-pCL-b-PS up to about 400 Hz and
MWNT-pCL-b-PS-b-pGMA up to about 800 Hz, the dielectric constant degrease very slow with
increasing frequency at room temperature (Fig 7).
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Figure 7. Frequency dependence of dielectric constants of MWNT-pCL-b-PS and MWNT-pCL-b-
PS-b-pGMA at room temperature.

After these frequency values the dielectric constants reach a constant value at 2.6 for MWNT-pCL-

b-PS and at 4.6 MWNT-pCL-b-PS-b-pGMA. This may be due to very low orientation and

oscillation of permant dipoles in the applied field. The variation of dielectric constant with
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temperature at 1 kHz fixed frequency for the triblock copolymer is seen in Fig 8. The Figure shows
that dielectric constant of the triblock copolymer increases with temperature due to an increase of
total polarization arising from dipoles and trapped charge carriers. After 340 K the increasing is
rapid, between 340-365 K is probably a-relaxation region associated to the glass transition region of
the triblock copolymer. The intersection point of the straight line drawing from points before 340 K
with the straight line drawing from points after 365 K obtained as 80 °C (353 K) which corresponds
to Ty temperature of the triblock copolymer (it is obtained as 84 oC from DSC curve). The variation
of dielectric loss factor (¢”") with temperature at 1 kHz fixed frequency for the triblock copolymer is
seen in Figure 9.

12

10 4 MWNT-pCL-5-PS-5-pGMA

|
80°c
2 T T — T T
290 310 330 350 370 390
Temperature (K)

Figure 8. Temperature dependence of dielectric constant of MWNT-pCL-b-PS-b-pGMA at 1 kHz

The dielectric loss factor increases slowly with increasing temperature up to about 330 K, but after
about 355 K the increase is very rapid. Between 330-355 K is probably a a-relaxation region which
corresponds to the glass transition temperature of the triblock copolymer. The Ty is estimated as 83
°C from this diagram, it is very close to the value estimated from DSC. Minor differences between
the T4 values obtained from electrical properties and DSC data have been observed in some other
studies [28,29]
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Figure 9. Temperature dependence of dielectric loss factor MWNT-pCL-b-PS-b-pGMA at 1 kHz

Electrical conductivity (o) is evaluated from the conductance (G) measurement using the following
equation:
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o= 52 3)
where d and A are thickness and area of the sample, respectively.

For nonmetallic materials the ac electrical conductivity () depends on the absolute temperature (T)
according to the Arrhenius equation.

0=00eXp (-Ea/ kg T) 4)

where o, IS @ constant, E, is the activation energy for conduction and kg is the Boltzmann constant.
The variation of In o versus inverse absolute temperature (1/T) of the triblock copolymer is given in
Fig. 10. The plot shows that as temperature increases the conductivity value also increases. This
Figure shows that the relation is linear with two different slopes which suggest two different
activation energies, one with moderate temperature dependence and the other with strong
temperature dependence. Similar results were seen in the literature [29]. The intersection point of
two straight line is about 86 °C which corresponds the glass transition temperature (the value
obtained from DSC curve is 84 °C) of the triblock copolymer.

The activation energy was calculated as 0.31 eV from slope the straight line in low temperature
region (310-359 K), it was calculated as 1.79 eV from slope the straight line in high temperature
region (359-435 K). This different behavior can be rationalized by recognizing the free-volume
model. As the temperature increases, the polymer can expand easily and produce free volume. Thus,
polymer segments can move into the free volume [30] and the resulting conductivity represented by
overall mobility of polymer is determined by the free volume around the polymer chains.

B
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Figure 10. Variation of ac conductivity with temperature of the triblock copolymer

Therefore, as temperature the increases, free volume increases. This leads to an increase in ion
mobility and segmental mobility that will assist charge transport [31].

4. Conclusions

After strong acid oxidation, derivatization with ethylene glycol of MWNT transformed acid
chloride with SOCI, gave MWNT-OH. Ring opening polymerization of g-caprolactone (CL) using
Sn(Oct), as catalyst resulted in MWNT attached to pCL. After acylation reaction of MWNT-pCL
with a-bromopropionyl bromide, the realization of ATRP first with styrene and then with GMA in
presence CuBr/bpy gave the block copolymer (MWNT-pCL-b-PS) and the triblock copolymer
(MWNT-pCL-b-PS-b-pGMA), respectively. The *HNMR studies show that structure in terms of
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mer number per molecule of the ABC type triblock copolymer is MWNT-p(CL)g-b-P(S)36-b-
P(GMA)10g0. Chemical structures of all the polymers were defined FT-IR, *H NMR and SEM. It
was found that the GMA block of the triblock copolymer contains 52.0 % syndiotactic rr, 38.8 %
atactic (heterotactic) mr + rm and 9.2 % 1sotactic mm sequences. It was determined that the glass
transition temperatures were 90°C for the diblock copolymer and 84 °C for the triblock copolymer
as DSC data. For the triblock copolymer 1t was observed that dielectric constant dependence on
frequency is very weak, but that dielectric constant, dielectric loss factor and ac conductivity
dependence on temperature is remarkable.
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Abstract: In this study, the production of weight ratios of 1, 3 and 5 % multi-walled carbon nanotube
reinforced / unreinforced polyvinyl alcohol (PVA) nanofiber mats was carried out by electrospinning method.
Tensile strength, modulus of elasticity and elongation amounts were investigated by tensile tests under static
loading with / without reinforced nanofiber mats. % 1 MWCNT reinforced PVA nanofiber mats, o, E and
toughness increased by 50, 88 and 12 %, respectively, when compared with PVA nanofiber mats. Fourier
Transform Infrared Spectroscopy (FT-IR) and Differential Scanning Calorimetry (DSC) analyzes were
performed on the chemical changes and interactions occurring in the system formed by combining the
produced nanofiber mats with PVA and MWCNT. In addition, scanning electron microscope (SEM) images
were also investigated to determine the physical properties of reinforced / unreinforced PVA solutions and to
monitor the surface porosity of networked polymers at the specification of nanofiber mats.

Keywords: Electro spun, Multi Wall Carbon Nanotubes, Polyvinyl Alcohol, Nanofiber Mats

Elektro-egirme Yontemiyle MWCNT Takviyeli Polivinil Alkol Nanoelyaf
Kecelerin Mekanik Ozellikleri

Ozet: Bu calismada elektro-egirme metodu kullanilarak agirlikga % 1, 3 ve 5 oranlarinda ¢ok cidarli karbon
nanotiip takviyeli/takviyesiz polivinilalkol (PVA) nanoelyaf kegelerin iiretimi gergeklestirilmistir.
Takviyeli/takviyesiz iiretilen nanoelyaf kecgeler, statik yiikleme altinda ¢ekme deneyleri yapilarak ¢ekme
dayanimi, elastiklik modiilii ve uzama miktarlar1 incelenmistir. % 1 MWCNT takviyeli PVA nanoelyaf kege,
o,, E ve tokluklar1 PVA nanoelyaf kege ile karsilastirildiginda sirasiyla % 50, 88 ve 12 artig gozlenmistir.
Uretilen nanoelyaf kecelerin PVA ve MWCNT ile bir araya gelmesi ile olusan sistemde meydana gelen
kimyasal degisimleri ve etkilesimleri Fourier Doniisiimlii Kizil6tesi Spektroskopisi (FT-IR) ve Diferansiyel
Taramali Kalorimetre (DSC) analizleri yapilmistir. Ayrica nanoelyaf kegelerin 6zelliklerinin belirlenmesinde
takviyeli/takviyesiz PVA ¢ozeltilerinin fiziksel 6zellikleri ve ag yapili polimerlerin yiizey goézenekliliginin
izlenebilmesi amaciyla taramal1 elektron mikroskobu (SEM) goriintiileri de incelenmistir.

Anahtar Kelimeler: Elelktro-egirme, Cok Cidarli Karbon Nanotiip, Polivinilalkol, Nanoelyaf Kegeler

1. Introduction

Polymers are essential components of our daily life and one of the basic elements of new materials.
Depending on recent studies, polymers have become important materials which facilitate human life
through manufacturing and use of different plastic, fibre, elastomer types. Polymers are light, cheap,
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easy-processed with sufficient mechanical characteristics, high thermal and electrical characteristics
as well as high chemical and corrosion resistance. Due to such superior characteristics, polymers are
used in many fields such as aircrafts, sports tools, medicine, chemistry, automotive [1-4].

Poly(vinyl alcohol) (PVA) is a water soluble polyhydroxy polymer and the most manufactured resin
all over the world. An excellent chemical resistance, physical characteristics and biological
degradability caused wide usage tendency of PVA Furthermore, high inflation characteristics in
water and biological fluids and elastic structure enable use of this material in manufacturing of
different fields such as contact lenses, skin, artificial cartilage and drug-release systems [5-7].

The most efficient method for polymer-based nanofiber mat manufacturing is electro-spinning.
Continuous nanofiber mats with varying thickness and diameters from 3 nm to 1 pm are obtained
from many types of polymer through this method. Structure and morphology of nanofiber mats may
be controlled efficiently by some parameters including polymer type, solution concentration, effect
of the solvent, the voltage applied, the distance between the syringe and the collector, solution
feeding rate and electrical conductivity. Depending on some characteristics such as highly specific
surface area, higher width/length ratio and high porosity, many polymers and inorganic/polymer
nanofiber mats were searched for development of PAN, PVA, Nylon-6.6 electro-spinning
technology. These nanofiber mats present interesting implementations like filtration, nano-
electronic, protective clothing, tissue skeleton, optic sensor etc [6, 8, 9].

Many studies were conducted to investigate manufacturing conditions, molecule weight and effects
on solution compound of PVA nanofiber mats produced from PVA water solutions during recent
year [10, 11]. However, PVA nanofiber mats manufactured through electro-spinning method were
not strong enough for many applications because of poor molecular chain orientation along fiber
axis originated from low tension forces during formation of the finer. Furthermore, semi-crystal
structure of PVA caused free spinning of PVA nanofiber mats under regular orientation. Many
approaches including cross linking, final procedure and blending were utilized during
manufacturing of PVA nanofiber mats produced through electro-spinning method improvement of
the characteristics (i.e. low mechanical resistance) and functionality (i.e. biomedical
implementation). Involvement of nanoparticles into PVA matrix was considered to be one of the
most efficient methods for PVA nanofiber mat reinforcement manufactured through electro-
spinning method [12].

In the present study, multiple walled carbon nanotubes (MWCNT) were added by 1, 3 and 5% in
weight into the polyvinyl alcohol (PVA) solution. From the prepared solution, PVA nanofiber mat
manufacturing was performed by 4 ml solution and electro-spinning method via a 0.8 mm injector.
Nanofiber mats produced with/without reinforcement were exposed to tensile tests under static
loading and tensile strength, elastic modules and toughness were examined and compared with each
other. Chemical changes and interactions of nanofiber mats produced were analysed through
Fourier Transformational Infra-red Spectroscopy (FT-IR) and Differential Screening Calorimetry.
Furthermore, screening electron microscope (SEM) images were also reviewed to be able to
monitor surface porosity of reticulated polymers as well as physical characteristics of PVA
solutions with/without reinforcement for determination of mat characteristics.

2. Experimental
2.1. Materials

MWCNT was manufactured by NANOCYL company through chemical vapour accumulation
method in the present study. Diameter is 5 to 50 nm and the length is 10 to 30 um. The PVA

191



ECJSE 2017 (2) 190-200 Mechanical Properties of MWCNT Reinforced Polyvinyl Alcohol...

polymer may be made a solution by adding purified water and a well spinning may be done. Closed
formula of PVA is [-CH2CHOH-]n and molecular weight is 124000 g/mole. It was supplied by
Sigma Aldirch company. Sodium dodecyl sulphate (SDS) with a closed formula of
CH3(CH3)1:0S03Na, a general anionic surface active substance purchased from Merck company
has an analytical purity with a molecular weight of 288.38 g/mole.

2.2. PVA Nanofiber Mats Manufacturing by Electro-Spinning Method

Solution preparation was started with PVA attainment. As shown in Figure 2.1., 10 g of PVA
powder (10% w/w) was added into 90 g of pure water which was heated up to 70°C slowly. This
mixture was mixed by a magnetic mixer for 3 hours and complete dissolution of PVA was
achieved. The pure water disappeared from totally 100 g of solution was added and mixture was
continued. A solution was prepared with a g of surface active substance, sodium dodecyl sulphate
(SDS) and 99 g of pure water and mixed in a magnetic mixer for 10 minutes. One gram of 1% SDS
solution was added versus 10 g of PVA solution to reduce surface tension. MWCNT by 1%, 3%
and 5% in weight was added into PVA-SDS solution per 10 g of PVA. The final solution was
mixed in an ice bath for 5 minutes by 15-minute intervals through a probe homogenizator.

10g PVA 3h70°C 10 min magnetic 1 g SDS

Injector pump

u\umgncuixmnng ‘ suming r |
: ri!: a1 P

LA
L

<$ -
z 2
W gdistilled T, 3 l

&
O
>, o 99 ¢ distilled

o
water S MWOCNT water §

12 em injector-collector drum distance, 25 kV
voltage

1.3, 5 wt. 2%eMWCNT 3x5 min probe
of PVA solution homogenizator
Figure 2.1 Schematic presentation of PVVA nanofiber mats manufacturing procedure by electro-
spinning method [13]

The samples exposed to spinning procedure were put into the electro-spinning mechanism prepared
as rotating drum at horizontal axis. The syringe pump was selected with a 1.30 ml/h rate; syringe-
collector distance was selected as 12 cm. High tension power source was adjusted at 25 kV and the
experiment was started. The experiment was carried out in a laboratory environment at a room
temperature of 26°C. Fiber samples obtained were dried in a drying-oven at 60°C for 1 hour.
Thickness of PVA nanofiber mats manufactured through electro-spinning method was measured by
SEM and micrometre and shown in Figure 2.2. First, PVA nanofiber mats were cut by 20x20 mm in
size. Thickness of the cover glass was measured as 1.07 mm by a micrometre. Then, nanofiber mats
are put between two cover glasses and measured as 0.13 mm (Figure 2.2). Mean thickness was
measured as 135um by SEM (Figure 2.2.b).
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Figure 2.2. Thickness measurement of nanofiber mats

2.3. Tensile Tests of Nanofiber Mats

The PVA nanofiber mats manufactured through electro-spinning method were cut sensitively in
200x20 mm dimension with the separator fabric according to ASTM D 882-02 standards (Figure
2.3). After cutting, the separator fabric was peeled off from nanofiber mats. A double-sided
polyurethane foam band with a thickness of 1.6 mm was stuck on both sides to avoid breakage and
shedding of pulling jaws. Moreover, four samples from each sample were prepared.

Figure 2.3 Dimensions of PVA nanofiber mats (in mm)

Tensile tests were performed by Shimadzu AGS-X hydraulic desktop test device at room
temperature. Load cell with a precision of 10 +£0.05 kN was used for load measurements. As seen in
Figure 2.4, connection of PVA nanofiber mats to the pulling test device was shown. Device jaws
were adjusted at 15 mm/min during tensile procedure.
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Figure 2.4 Connection of the samples to the pulling test device

The load applied to each sample, P and replacement, & values were recorded instantly and tensile
strength of the samples were calculated with the following equation;

Py
o; = 7 (21)

Pmax
Omax = 4 (2.2)
In Equation 2.1, o; represents the tension appeared at force i (MPa), P; represents the load applied
(N), A represents average section area (mm?) and in equation 2.2., Prmax represents the maximum
load that the sample can carry (N) and omax represents the maximum tension appeared on the sample
(MPa).
Elasticity module;

Equation 2.3 used to calculate tensile elasticity module where E represents tensile elasticity module
(MPa), Ac represents the difference between two tension point (MPa) and Ae represents the
difference between two selected transformation quantity (normally Ae =0.002 is used and the
difference on tension points between these values determines the magnitude of the elasticity
module).

Data obtained by use of the equations above were made numerical and data were compared with
each other by converting into tables.

2.4. Characterization of PVA Nanofiber Mats

SEM images of PVA nanofiber mats were obtained by ZEISS Evo LS 10 device at 20kV voltage.
Glass transition temperature, specific heat capacity, thermal stability and melting temperature were
examined with differential screening calorimeter (DSC, Perkin Elmer Instruments) under 20 ml/min
nitrogen flow conditions. Test temperature was tested at 20°C/min heating temperature from 25°C
to 400°C.
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3. Conclusions and Discussion
3.1. Determination of Physical Characteristics of PVA Solutions

Electrical conductivity, temperature and total particle quantity (ppt) of the solutions were measured
by Hanna-Combo tester device under the temperatures set out in Table 3.1.

Table 3.1 Physical characteristics of liquid solutions

Solution Ppt Conductivity (mS/cm) Temperature (°C)
PVA 0.72 1.45 232
PVA/ 1% MWCNT 0.75 1.50 23.7
PVA/ 3% MWCNT 0.78 1.56 23.9
PVA/ 5% MWCNT 0.81 1.62 23.1

As seen in Table 3.1, electrical conductivity increases by increase of MWCNT added into the
solvent. Since electrical conductivity of MWCNT is 106-107 S/m, conductivity of the solvent
increases depending on the particle quantity by increase of MWCNT. Total particle quantity in the
solution also increased. Increase of total particle quantity increased depending on increase of
MWCNT quantity. Furthermore, nanofiber mats changes from white to grey colour by MWCNT
increase as seen in Figure 2.3.

3.2. DSC Analyses of PVA Nanofiber Mats

DCS curves of PVA nanofiber mats with/without MWCNT reinforcement by 1, 3 and 5% in weight
are shown in Figure 3.1. After manufacturing of PVA nanofiber mats and PVA nanofiber mats
reinforced by MWCNT by 1, 3 and 5% in weight through electro-spinning method, the water was
evoparated by drying in a vacuum oven at 60°C for 1 hour. DSC curves demonstrated no reaction
until melting temperature. No crystallization was observed during DSC heating study according to
DSC curves. Therefore, endothermic melting was referred to melting of the crystals appeared
during electro-spinning [14].

PVA —PVA + % 1 MWCNT

—PVA + % 3 MWCNT —PVA + % 5 MWCNT

Heat flow (W/g)

25 75 125 175 225 275 325 375 425
Temparature (°C)

Figure 3.1 DSC curves of PVA nanofiber mats with/without MWCNT reinforcement by 1, 3, and
5% wit.

Glass transition temperature (Tg), specific heat values (ACp), thermal stability and melting
temperature (T,) of nanofiber mats were listed in Table 3.2. When PV A nanofiber mat reinforced
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by 1% MWCNT in weight was compared with PVA nanofiber mats and T, the temperature
increased from 215°C to 225°C. However, a decrease was observed in this increase after the ratio of
1% and this is caused by agglomeration in PVA matrix of MWCNT [15]. PVA nanofiber mats have
an endothermic peak at 205 to 225°C corresponding to T, [16].

Table 3.2. Ty, [1Cyp, thermal stability and Ty, of PVA and MWCNT reinforced PVA nanofiber mats

AC, Thermal stability

Nanofiber mats T, (C) g ©) (0) Tn (C)
PVA 77 0,066 205 215
PVA/ 1% MWCNT 85 0,895 215 225
PVA/ 3% MWCNT 80 0,446 212 225
PVA/ 5% MWCNT 74 0,296 210 223

A significant increase was observed in ACp, Tg, thermal stability and Tm in PVAV nanofiber mats
reinforced by 1% MWCNT and such values have become 0.895 J/g °C, 85 °C, 215 °C and 225 °C,
respectively. The AC, value for PVA nanofiber mats was 0.066 J/g °C, such value increased by
approximately 14 folds and became 0.895 J/g °C in 1 % MWCNT + PVA nanofibers. Such value
decreased by increase of MWCNT quantity. T4, Tm and thermal stability temperatures also
decreased depending on this.

3.3. Mechanical Properties of Pva Nanofiber Mats

The typical tension-unit transformation graph obtained as a result of static tensile experiments of
PVA nanofiber mats with/without MWCNT reinforcement was presented in Figure 3.2. As seen in
the figure, tensile strength of PVA nanofiber is 3.91 MPa. PVA nanofiber mats reinforced by 1%
MWCNT presented an increase of 50% by 5.87 MPa. Moreover, unit transformation of PVA
nanofiber mat is 0.58 mm/mm whereas unit transformation of PVA nanofiber mats reinforced by
1% MWCNT decreased 29.3% by 0.41 mm/mm. However, a decrease was detected in tensile
strength and ductility by MWCNT reinforcement.

6 -
5,
T 4
[oN
= 3
b i —PVA
o PVA + % 1 MWCNT
g 2
% e PVA + % 3 MWCNT
1 - =—PVA + % 5 MWCNT
0 T T T T T )
0,00 0,10 0,20 0,30 0,40 0,50 0,60

Strain, € (mm/mm)
Figure 3.2 Stress-Strain graph for PVA nanofiber mats with/without MWCNT reinforcement

Maximum loads (Pmax), elasticity modules (E), tensile strengths (o), strain (¢) and toughness of

PVA nanofiber mats with/without MWCNT reinforcement were presented in Table 3.3. % 1

MWCNT takviyeli PVA nanoelyaf kecenin Pna, elasticity module and toughness of PVAV

nanofiber mat reinforced by 1 % MWCNT were 15.86 N, 0.203 GPa and 344.15 MJ/m3,
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respectively and showed an increase by 50 %, 88 % and 12 % , respectively when compared with
PVA nanofiber mats. However, the decrease appeared by increase in MWCNT ratios and presented
a brittle breakage. The reason for the decrease after 1% MWCNT reinforcement is agglomeration of
MWCNT and reduction of diameters of the nanofiber mats due to MWCNT.

Table 3.3 Pmax, E, [, [ and toughness of PVA nanofiber mats with/without MWCNT
reinforcement

Nanofiber mat IEI"\]‘*)" (GE’ a) o, (MPa) g(mm/mm) T(Ol\l/jg?nqg)s S
PVA 1055 0,108 3.91 0.58 307.37
PVA/ 1% MWCNT 15.86 0,203 5.87 0.41 344.15
PVA/ 3% MWCNT 8.41 0,135 3.11 0.29 106.48
PVA/ 5% MWCNT 8.10 0,123 3.00 0.05 29.95

Figure 3.3 shows the images of PVA nanofiber mats with/without MWCNT reinforcement after the
breakage. The PVA nanofiber mat and PVA nanofiber mats reinforced by 1% MWCNT presented
a ductile behaviour and fracture occurred. However, PVA nanofiber mats reinforced by 3 %
MWCNT and PVA nanofiber mats reinforced by 5 % MWCNT were broken fragilely. Short fiber
formation and fracture initiation resulted with brittle fracture by effect of pilling in nanofiber mats
due to increase in MWCNT ratios.

Figure 3.3 Images after rapture under static load; a) PVA nanofiber mat, b) PVA nanofiber mats
reinforced by 1 % MWCNT c¢) PVA nanofiber mats reinforced by 3 % MWCNT and d) PVA
nanofiber mats reinforced by 5 % MWCNT
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3.4. Morphology of PVA Nanofiber Mats

SEM images of nanofiber mats at 1000 X and 50,000 X magnification were presented in Figure 3.4.
Furthermore, SEM images were pasted into Autocad program and the smallest and largest 10
diameters of each nanofiber mat were measured and average was calculated. Diameter
measurements of PVA nanofiber mats were measured between 222 and 403 nm; diameter measure
of PVA+1% MWCNT nanofiber mats was measured between 154 and 335 nm; diameter measure
of PVA+3% MWCNT nanofiber mats was measured between 117 and 265 nm and diameter
measure of PVA+5% MWCNT nanofiber mats was measured between 95 and 192 nm (Figures 3..b,
d, f, h).

If electrical conductivity of the solution is increased in electro-spinning process, loads of the
solution would also increase. Thus, proper fibres and fibres with smaller diameter may be obtained.
Diameter measure of PVA nanofiber mats was compared with diameter measure of PVA+5%
MWCNT nanofiber mat and it was measured as 110 nm with a decrease by 64.7%. When such
image is examined, diameters of nanofiber mats decrease by increase of KNT added into the PVA
solution due to MWCNT conductivity and thin fibres appear. However, by increase of KNT
quantity, agglomeration and viscosity increase, pumping of the solution from the syringe becomes
difficult and cause agglomeration (Figures 3.., a, ¢, e, g). Interruptions appear in fibre lengths [17].

- il
EHT = 20.00 KV EMT = 2000 kV Signal A = SE1 200 een*
Mag » KX
Pl g% 50.00 l

1 Probe = = = S0pA WD=95mm

ENT=2000kv  SignalA = SE1 = . Fes EMT=2000kv  SgnalA=SE1 Masg= 5000KX 200mm’
IProbe= S0pA WOD= 95mm e IProbes S0pA WD= 05mm P
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Figure 3.4. SEM images of PVA nanofiber mats; a) 1K X and b) 50 KX PVA, ¢) 1 KX and d) 50
KX PVA+% 1 MWCNT, e) 1 KX and f) 50 KX PVA+% 3 MWCNT, g) 1 KX and h) 50 KX
PVA+% 5 MWCNT

EMT = 2000 kV Signal A = SE1 Mag= 100KX 3y
IProbe= S0cA WD =100 mm H

4. Conclusions

Elasticity modules, strain, tensile strengths and toughness of PVA nanofiber mats with/without
MWCNT reinforcement manufactured by electro-spinning method were analysed in the present
study. Furthermore, characterizations of nanofiber mats as well as physical features of the solution
through addition of MWCNT by 1, 3, and 5 % in weight into PVA solution were examined via
SEM and DSC. As a result:

1- When PVA nanofiber mat reinforced by 1 % MWCNT, o, and E was compared with PVA
nanofiber mat, increases by 50 % and 88 % were detected, respectively. A decrease
appeared after 1 %. This indicated the best leakage threshold in PVA solution.

2- As a result of DSC analyses, nanofiber mats demonstrated an endothermic reaction. A
significant increase was observed in ACp, Ty, thermal stability and Tm of PVA nanofiber
mats reinforced by 1% MWCNT and resulted as 0.895 J/g °C, 85 °C, 215 °C and 225 °C,
respectively. A decrease was observed in these values after 1 % ratio and this outcome was
referred to agglomeration by increase of MWCNT in PVA matrix.

3- When SEM morphology was examined, diameters of nanofibers decreased by increase of
MWOCNT ratio. Furthermore, no pilling was observed and a long fibre manufacturing was
performed through reinforcement of 1% MWCNT. Pilling and shorter lengths of mats were
detected by increase of MWCNT ratio. It was also understood that nanofiber mats
reinforced by 1% MWCNT have ideal diameters.

199



ECJSE 2017 (2) 190-200 Mechanical Properties of MWCNT Reinforced Polyvinyl Alcohol...

5. Acknowledgments

The financial support for this work has been received from Necmettin Erbakan University,
Scientific Research Projects Administration Grant No. 161219006.

References

[1] Bajpai AK, Shukla SK, Bhanu S, Kankane S. "Responsive polymers in controlled drug
delivery,” Prog Polym Sci, 33(11), 1088-118, 2008.

[2] Mark JE. "Physical properties of polymers handbook,” Springer; 2007.

[3] Erkendirci OF, Avci A, Ekrem M. "Investigation of the Fracture Behavior of Woven Fiber
Glass-reinforced Low-density Polyethylene Composite,” J Compos Mater, 44(23), 2697-709,
2010.

[4] Kessler MR. "Polymer Matrix Composites: A Perspective for a Special Issue of Polymer
Reviews," Polym Rev, 52(3-4), 229-33, 2012.

[5] Kong CS, Lee TH, Lee KH, Kim HS. "Interference between the Charged Jets in
Electrospinning of Polyvinyl Alcohol,” J Macromol Sci B, 48(1), 77-91, 20009.

[6] Park JC, Ito T, Kim KO, Kim KW, Kim BS, Khil MS, et al. "Electrospun poly(vinyl alcohol)
nanofibers: effects of degree of hydrolysis and enhanced water stability,” Polym J, 42(3), 273-
6, 2010.

[7] Gonzalez JS, Alvarez VA. "Mechanical properties of polyvinylalcohol/hydroxyapatite cryogel
as potential artificial cartilage,” Journal of the mechanical behavior of biomedical materials,
34, 47-56, 2014,

[8] Saghafi H, Zucchelli A, Palazzetti R, Minak G. "The effect of interleaved composite nanofibrous
mats on delamination behavior of polymeric composite materials,” Compos Struct, 109, 41-7,
2014.

[9] Li P, Qiao Y, Zhao LL, Yao DH, Sun HX, Hou YF, et al. "Electrospun PS/PAN fibers with
improved mechanical property for removal of oil from water," Mar Pollut Bull, 93(1-2), 75-80,
2015.

[10] Ding B, Kim HY, Lee SC, Lee DR, Choi KJ. "Preparation and characterization of nanoscaled
poly(vinyl alcohol) fibers via electrospinning,” Fiber Polym, 3(2), 73-9, 2002.

[11] Carraher CE, Moore JA. "Modification of polymers,” Springer Science & Business Media;
2012.

[12] Sun B, Long YZ, Zhang HD, Li MM, Duvail JL, Jiang XY, et al. "Advances in three-
dimensional nanofibrous macrostructures via electrospinning,” Prog Polym Sci, 39(5), 862-90,
2014.

[13] Ekrem M. "Fracture Behavior of Epoxy Adhesives Reinforced with Carbon Nanotubes and
Polyvinyl Alcohol Nanofibers in Aluminum Joints,” PhD Dissertation, Konya: Selcuk
University; 2015.

[14] Guerrini LM, de Oliveira MP, Branciforti MC, Custodio TA, Bretas RES. "Thermal and
Structural Characterization of Nanofibers of Poly(Vinyl Alcohol) Produced by
Electrospinning," J Appl Polym Sci, 112(3), 1680-7, 2009.

[15] Deng JN, Zhang XQ, Wang K, Zou H, Zhang Q, Fu Q. "Synthesis and properties of poly(ether
urethane) membranes filled with isophorone diisocyanate-grafted carbon nanotubes,” J
Membrane Sci, 288(1-2), 261-7, 2007.

[16] Naebe M, Lin T, Tian W, Dai LM, Wang XG. "Effects of MWNT nanofillers on structures and
properties of PVA electrospun nanofibres,” Nanotechnology, 18(22), 2007.

[17] Ramakrishna S. "An introduction to electrospinning and nanofibers,” World Scientific; 2005.

200



www.tubiad.org
ISSN:2148-3736
El-Cezeri Fen ve Miihendislik Dergisi

Cilt: 4, No: 2, 2017 (201-208) E CJ S E

El-Cezeri Journal of Science and
Engineering
Vol: 4, No: 2, 2017 (201-208)

Makale / Research Paper

17-4 PH Paslanmaz Celik ve Al 7075 Alasiminin Siirtiinme Kaynagi

Osman TORUN?, ibrahim CELIKYUREK?, Bedri BAKSAN?

'Afyon Kocatepe Universitesi, Bolvadin Meslek Yiiksekokulu, Afyonkarahisar, Tiirkiye
otorun@aku.edu.tr

?Eskigehir Osmangazi Universitesi, Miihendislik Mimarlik Fakiiltesi, Metaliirji ve Malzeme Miihendisligi
Boliimii, Eskisehir, Tirkiye

Received/Gelis: 21.10.2016 Revised/Diizeltme: 08.03.2017 Accepted/Kabul: 09.03.2017

Ozet: 17 4-PH paslanmaz celik ve Al 7075 T6 alasimi 6zel bir firmadan temin edilmistir. Numuneler kaynak
islemi i¢in uygun boyutlarda islenmistir. Siirtinme kaynag islemi, 1000 dak.™ siirtinme hizi, 150 MPa yigma
basmct ve 50 MPa siirtiinme basinci altinda 6, 9, 12, 15 s siirtinme siirelerinde gergeklestirilmistir. Kaynak
bolgesi mikroyapist ve kirilma yiizeyleri, optik ve taramali elektron mikroskobunda incelenmistir. Mikroyapi
caligmalar1 kaynak ara yiizeylerinin bogluksuz ve siirekli oldugunu gostermistir. Kaynak bdlgesi ve matrisin,
sertlik ve kesme mukavemeti degerleri tespit edilmistir. Farkli kaynak siireleri i¢in sertlik profilleri birbirine
benzerdir. Kaynak bolgesi kesme mukavemeti degerleri kaynak siiresinin artigt artmistir. En yiiksek kesme
mukavemeti 15 s ‘de kaynak yapilan numune elde edilmistir.

Anahtar kelimeler: Siirtinme kaynagi, 17 4-PH paslanmaz ¢elik, Al 7075

Friction Welding of 17-4 PH Stainless Steel and Al 7075 alloy

Abstract:17 4-PH stainless steel and Al7075 T6 alloy were provided by private firm. Samples were machined to
fit size. Friction welding process was performed for 6, 9, 12, 15 s frictions durations under 150 MPa forging
pressure and 50 MPa friction pressure at 1000 min™ friction speed. Microstructure of welding zone and fractured
surface were examined with optical and scanning electron microscopy (SEM). Microstructure studies indicated
that welding interfaces were continuous and void-free. Hardness and shear strength values of the welding zone
and matrix were determined. Hardness profiles for various welding duration were similar to each other. The
welding shear strength values increased with increase in the welding duration. The highest shear strength value
was obtained from welded sample for 15s.

Keywords: Friction welding, 17-4 PH stainless steel, Al 7075

1. Giris

Al 7075 alagimi glinimiizde endiistride sik¢a kullanilan en giiglii aliiminyum alasimlarindan

birisidir. Ozellikle yaslanma 6zelli§i ve uygun mukavemet/agirhik orani nedeniyle havacilik

uygulamalarinda yaygin olarak kullanilmaktadir [1,2]. Bu alasimlar ergitme kaynaginda katilagma

catlagina duyarhdir. Ayrica alasim igerisinde bulunan ¢inkonun kaynak esnasinda buharlagsmasi

veya oksidasyon nedeniyle, porozite olusabilir ve yetersiz ergime meydana gelebilir[3]. Literatiirde

aliminyum ve alasimlarinin farkli malzemelerle kaynagi ve 6zelliklede ¢eliklerle kaynag ile ilgili
Bu makaleye atif yapmak icin
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farkli kaynak yontemleri kullanilmistir. Nokta diren¢ kaynagi, siirtinme kaynagi, karistirmali
stirtiinme kaynagi, difiizyon kaynagi, patlama kaynagi, lazer 151 kaynagi bunlardan bazilaridir[4-9].
17-4 PH paslanmaz ¢eligi iyi siineklik ve tokluk ozelligi yaninda, iyi derece korozyon dayanimi
gosterir. Bu celikler, martenzitik ¢eliklerle kiyaslandiginda, mukavemet ve korozyon
dayanimlarinin i1yi bir kombinasyonu elde edilir. Bu durum yiiksek miktardaki alasim
elementlerinin bulunmasindan dolayidir[10]. Giliniimiizde iiretilen 17-4 PH paslanmaz celikler,
yiiksek hizli ugaklarin dis yiizeylerinde, fiize gévdelerinde, deniz tasitlarinda, yakit tanklarinda,
ucaklarin inis takimlarinda, pompalarda, millerde, somun, civata, kesici aletler ve kavramalarda
yaygin bir kullanim alanina sahiptir [11, 12].

Stirtinme kaynagi son yillarda birgok endiistri alaninda oldukga sik kullanilmaya baslanan bir kati
hal kaynak teknigidir. Literatiirde ayni malzemelerin kendi kendine ve farkli malzemelerin
birbirleriyle siirtinme kaynagi ile ilgili birgok ¢aligma yapilmistir[13-16]. Bu ¢alismada 17-4 PH
paslanmaz c¢elik ve Al 7075 T6 alasimi siirtinme kaynagi yontemiyle birlestirilmis ve kaynak
stiresinin kaynak ara yiizey mikro yapisina ve mekanik 6zelliklerine etkileri arastirilmistir.

2. Deneysel Calismalar

17-4 PH paslanmaz c¢elik ve Al 7075 T6 alasimi 6zel bir firmadan temin edilmistir. Numuneler
kaynak islemi i¢in siirekli tahrikli kaynak makinesine uygun boyutlarda islenmistir. Hazirlanan
numuneler siirtiinme kaynagi ile birlestirilmistir. Siirtiinme kaynagi isleminin sematik goriintimii
Sekil 1°de verilmektedir.

17-4 PH
Stainless Steel ALT7075

_____ JF— H__j:_ P
Déner Ayna Sabit Ayna

Sekil 1. Siirtinme kaynagi isleminin sematik resmi
Kaynak parametrelerinden siirtiinme hizi 1000 dak™ olarak sabit tutulmustur. Yigma basinci
150MPa, siirtinme basinct 50 MPa olarak sec¢ilmistir ve dort farkli siirede kaynak islemi
gergeklestirilmis (Tablo 1).

Tablo 1. Siirtlinme kaynag1 deneylerinde kullanilan parametreler.

Stirtinme Hizi  Siirtiinme Yigma Stirtinme  Yigma Eksenel
(dak’™) Basinci (MPa) Basinct MPa)  Siiresi (s) Siiresi (S)  Kisalma (mm)
1000 50 150 6 10 0,5

1000 50 150 9 10 1

1000 50 150 12 10 2,2

1000 50 150 15 10 4,2

Her deney kosulu icin dort kaynak islemi gerceklestirilmistir. Numunelerin kaynak dncesi boylari
ve kaynak sonrasi boylar1 6lciilerek eksenel kisalma (burn-off) miktarlari tespit edilmistir. Kaynak
islemi gergeklestirilen numunelerden ii¢ tanesi mekanik karakterizasyon i¢in kesme testine tabi
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tutulmus, bir tanesi de mikroyap1 ¢alismalar1 igin kaynak eksenine dik olarak kesilmistir. Kaynak
bolgesinin mukavemeti kesme testleri ile belirlenmistir. Kaynak bolgesi kesme mukavemetinin
belirlenmesinde kullanilan, 6zel olarak tasarlanmig test aparatinin sematik goriinimii Sekil 2’de
verilmistir.

Mikroyapi i¢in hazirlanan numuneler 800 ve 1200 mesh’ lik zimpara ile zimparalanmis, 1pum elmas
pasta ile parlatilmistir. Daha sonra numunelerin 17-4 PH Paslanmaz Celik tarafi H,O (30 ml),
HNO; (30 ml), HCI (20 ml) ve HF (20 ml) karisim1 daglayici ile A17075 tarafi keller daglayici ile
daglanmistir ve mikroyapilar1 optik mikroskopta incelenmistir. Ayrica numuneler taramali elektron
mikroskobunda incelenmis ve EDS analizleri yapilmistir. Kaynaklanmis numunelerde kaynak
merkezinden matris malzemesine kadar mikrosertlik degerleri 6l¢tilmiistiir.

Yiik

¢
[ ]

SN

]

Sekil 2. Kesme test aparatinin sematik goriiniimii

Birlestirilmis
numuneler AN

3. Bulgular ve Tartisma

Siirtlinme kaynagi yapilan tim numunelerin makroyapt fotograflar1 Sekil 3’te gosterilmektedir.
Tim numunelerde kaynak esnasinda deformasyon nedeniyle flag olusumu goriilmiistiir ( Tablo 1).
Kaynak siiresi flag olusumunda 6nemli rol oynamaktadir. Kaynak siiresindeki artisla, kaynak ara
yiizeyinde daha yiiksek 1s1 olusumu nedeniyle daha fazla deformasyon meydana gelmistir. Plastik
deformasyondaki artisla eksenel kisalma artmistir. Farkli fiziksel ve mekanik 6zelliklere sahip olan
malzemeler siirtiinme kaynagi esnasinda farkli deformasyon miktarlari sergiler[18]. 17-4 PH
Paslanmaz ¢elik ve A17075 alasiminin mukavemetleri kiyaslandiginda, 17-4 PH paslanmaz geligin
mukavemeti oldukga yiiksektir[9,12]. Bu nedenle kaynak esnasinda meydana gelen deformasyon
bliylik bir kismi Al7075 alasimindadir. 17-4 PH paslanmaz ¢elik tarafinda hemen hemen hig
deformasyon meydana gelmemistir.

Sekil 3. Siirtlinme kaynakli numunelerin makroyapilari.
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9 s siirede kaynaklanmis numunenin mikroyapist Sekil 4’te verilmistir. Farkli siirelerde
kaynaklanan tiim numunelerin kaynak ara yiizeylerinde bosluksuz ve siirekli bir birlesme oldugu
gbzlenmistir. Kaynakli numunelerin Al7075 alasimi tarafinda iki farkli bolge gozlenmistir: Cok
kiigiik taneli dinamik yeniden kristallesmis bolge ve deformasyona ugramis bolge ( Sekil 4a ). 17-4
PH paslanmaz ¢elik tarafinda herhangi bir deformasyon izine rastlanmamistir ( Sekil 4b). Yeniden
kristallesmis bolge genisligi kaynak siiresindeki artigla artmigtir. 6 s siirede kaynaklanan
numunelerde Yeniden kristallesmis bolge genisligi yaklasik 200 pm iken, 15 s siirede kaynaklanan
numunelerde yaklagik 400 um civarinda gozlenmistir.

jus
Ay

<+ \
=
us bolge 3Bh
\ 2 kristallesmis a

bolge
h »‘Oo‘um

Sekil 4. 9 s stirede kaynak yapilan numunenin optik mikroyapi fotograflari. a) A17075 tarafi
b) 17-4 PH paslanmaz ¢elik tarafi.

12 s siirede kaynak yapilmis numunenin taramali elektron mikroskobu ( SEM ) mikroyapi
fotograflar1 sekil 5’te gosterilmektedir. Mikroyap1 fotografindan numunelerin ara yilizeyinde bir
diflizyon bolgesi olustugu acikga goriilmektedir. Kaynak bolgesinde yapilan EDS analizleri Sekil 5.
b, c ve d ‘de verilmektedir. Sekil 5 ¢ diflizyon bolgesinin bilesimini gostermektedir. Ara yiizeyde
olusan diflizyon bolgesi Al, Fe, Cr, Mg, Zn ve Cu atomlar1 igermektedir. Bu bolgede yaklasik % 65
Al ve % 25 Fe atomlar1 belirlenmistir. Cr, Mg, Zn ve Cu atomlarinin oranmi oldukga diisiiktiir. Bu
atom oranlar1 goz Oniine alindiginda, ara yiizeydeki difiizyon bolgesinde Fe-Al intermetalik fazi
olustugu diisiiniilmektedir[17].

Kaynakli numunelerin ve orijinal malzemelerin kesme testleri sonuglar1 Sekil 6’ da verilmektedir.
En yiiksek kesme mukavemeti 15 s siirede kaynak yapilan numunelerde 197,5 MPa olarak
bulunmustur. Kaynak siiresindeki artisla kesme mukavemeti degerlerinde artis gézlenmistir.
Kaynak siiresindeki artis, daha fazla bir siirtiinme mesafesi saglar, bunun sonucunda ara yiizey
toplam 1s1 girdi miktar1 artar ve ara yiizey sicakliginmi arttirir. Bu sicaklik artis1 hem deformasyon
miktarini hem de difiizyon hiz1 arttirir ve bunun sonucunda daha 1yi bir baglanma meydana gelir. 12
ve 15 s siirede kaynak yapilan numunelerin kesme mukavemeti degerleri birbirine ¢ok yakin oldugu
goriilmektedir.

Bu durumda, 12 s kaynak siiresinin iyi bir baglanti i¢in, yeterli 1s1 girdisi sagladigi diisiintilebilir.
Kaynakli numunelerin mukavemeti ile orijinal malzemelerin mukavemeti kiyaslandiginda, kaynakli
numunelerin mukavemeti daha diisiiktiir. Bunun nedeninin kaynakli numunelerin ara ylizeylerinde
olusan Fe-Al intermetalik fazlarinin diisiik mukavemeti nedeniyle oldugu sdylenebilir. Kaynakli
numunelerin merkezinden her iki tarafa dogru mikrosertlik degerleri Ol¢lilmiistiir. Kaynakli tiim
numunelerin mikrosertlik profilleri birbirine benzerdir (Sekil 7). Ara yiizey sertlik degeri yaklasik
200 HV olarak ol¢iilmistir. A17075 alagimi tarafinda yeniden kristallesmis bolge ile matrisin
sertliklerinin yaklasik ayni oldugu gozlenmistir.
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Sekil 5. a) 12 s siirede kaynak yapilmis numunenin Taramali Elektron Mikroskop fotografi. b) B
noktasindaki EDS analizi. c¢) C noktasindaki EDS analizi. d) D noktasindaki EDS analizi.
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Sekil 6. Kaynakli numunelerin ve orijinal malzemelerin kesme mukavemetleri.

205



ECJSE 2017 (2) 201-208 17-4PH Paslanmaz Celik ve Al 7075 Alagiminin Sirtinme kaynagi

Sertlik, Hv

-400 -300 -200 -100 0 100 200 300 400
Mesafe, pum
Sekil 7. Kaynakli numunelerin mikrosertlik degerleri.

Sekil 8 ve 9 ‘de kirtlma yiizeyleri taramali elektron mikroskobu fotograflari ve EDS analizleri
verilmistir. 9s siirede kaynak yapilan numunelerin 17-4 PH tarafi yiizeyinde EDS- haritalama
analizinde ylizeyde Al, Fe, Cr, Cu ve Ni atomlar1 tespit edilmistir. Bu atomlarin varligi kesme
esnasinda kopmanin ara yiizey ve Al 7075 tarafindan oldugunu gostermektedir.

Os siirede kaynak yapilan ve Sekil 9’ de verilen yiizey EDS analizleri de kesme testi esnasinda
kopmanin ara ylizey ve Al 7075 tarafindan gergeklestigini onaylamaktadir. Hemen hemen tiim
kaynak siirelerinde benzer sonuglar goriilmiistiir.

Sekil 8. 9s siirede kaynak yapilan numunelerden 17-4 PH paslanmaz celik tarafi kirilma yiizeyi
EDS haritalama analizi.
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Sekil 9. 9 s siirede kaynak yapilan numunelerin kirilma yiizeyi EDS analizi. a) 17-4 PH tarafi b) Al
7075 tarafi.

4. Sonuclar

Bu caligmada, 17-4 PH paslanmaz celik ve Al 7075 T6 alasimi siirtiinme kaynagiyla farkl siirelerde
birlestirilmistir. Kaynak sonrasi mikroyap1 incelemelerinde Al 7075 tarafinda yeniden kristallesmis
ve deforme olmus bolge olarak iki farkli bolge olusurken, 17-4 PH tarafinda belirli bir degisim
gozlenmemistir. Ara yiizeyde bir diflizyon bdlgesi olustugu goriilmiis ve analiz sonucunca bu
bolgenin Al ve Fe zengin bir faz oldugu tespit edilmistir. Mikro sertlik olgtimleri tiim kaynakli
numunelerde sertlik profillerinin benzer oldugunu goéstermistir. Kesme testi sonuglari gore en
yiikksek kesme mukavemetinin 15 s siirede kaynaklanan numunede 197,5 MPa olarak elde
edilmistir. Kaynak siiresindeki artigla, 1s1 girdisi ile dogru orantili olarak, kesme mukavemeti
degerlerinin artmistir. Kirilma yiizeyi incelemeleri, kesme testi esnasinda kopmanin ara yiizey ve Al
7075 tarafindan gergeklestigini gostermistir.
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Abstract: The aim of this study is to give detailed information about the latest developments/ applications in
the glass science and technology. In this aspect, smart glass, security glass, thin glass, amorphous metal,
electrolytes, molecular liquid, colloidal glass, glass added polymer, glass-ceramic, fiberglass, double glazing,
Dragontrail glass, Gorilla glass, fluorescent lamp, glass to metal seal, glassphalt, heatable glass, lamination,
nano channel glass, photochromic lenses, night vision glasses, glass cockpit, porous glass, self—cleaning glass
and bioactive glass were mentioned.
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Cam Bilimi ve Teknolojisindeki En Son Gelismeler

Ozet: Bu galismanin amaci cam bilimi ve teknolojisindeki en son gelismeler hakkinda detayh bilgi sunmaktir.
Ilgili baglamda, giivenlik camu, ince cam, cams1 metal, elektrolitler, molekiiler s1v1, koloidal cam, cam katkili
polimer, cam-seramik, cam lifi, izolasyon cami, Dragontrail cami, Gorilla cami, fliioresan lamba, cam-metal
sizdirmazligi, cam katkili asfalt, 1sitilabilir cam, tabakalama, nano kanalli cam, fotokromik lensler, gece goriis
camlar1, cam pilot kabini, porlu cam, kendi kendini temizleyebilen cam ve biyo-aktif camdan bahsedilmistir.

Anahtar kelimeler: Cam, Bilim, Teknoloji, Yenilik, Uygulama

1. Introduction

Glassis a non-crystalline solid being usually transparent and has widespread practical,
technological, and decorative usage in things like window panes, tableware, optoelectronics and etc.
Scientifically, the term "glass" is often defined in a broader sense, encompassing every solid that
possesses a non-crystalline (that is, amorphous) structure at the atomic scale and exhibits a glass
transition when heated towards the liquid state [1]. Glass will transmit, reflect and refract light;
these qualities can be enhanced by cutting and polishing to make optical lenses, prisms, fine
glassware, and optical fibres for high speed data transmission by light. It can be coloured by adding
metallic salts, and can also be painted. These qualities have led to the extensive use of glass in the
manufacture of art objects and in particular, stained glass windows. Although brittle, silicate glass is
extremely durable, and many examples of glass fragments exist from early glass-making cultures.
Because glass can be formed or moulded into any shape, and also because it is a sterile product, it
has been traditionally used for vessels: bowls, vases, bottles, jars and drinking glasses. In its most
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solid forms it has also been used for paper weights, marbles, and beads. When extruded as glass
fibre and matted as glass wool in a way to trap air, it becomes a thermal insulating material, and
when these glass fibres are embedded into an organic polymer plastic, they are a key structural
reinforcement part of the composite material fiberglass. Some objects are so commonly made of
glass that they are simply called by the name of the material, such as drinking glasses and reading
glasses [2]. These sorts of glasses can be made of quite different kinds of materials than silica:
metallic alloys, ionic melts, aqueous solutions, molecular liquids, and polymers. For many
applications, like glass bottles or eyewear, polymer glasses (acrylic
glass, polycarbonate or polyethylene terephthalate-PET) are a lighter alternative than traditional
silicate-based glass [3].

2. History of Glass

People had used naturally occurring glass, especially obsidian (the volcanic glass) before they
learned how to make it. Obsidian was used for the production of knives, arrowheads, jewellery and
money. The ancient Roman historian Pliny suggested that Phoenician merchants had made the first
glass in the region of Syria around 5000 BC. But according to the archaeological evidence, the first
man made glass was in Eastern Mesopotamia and Egypt around 3500 BC and the first glass vessels
were made about 1500 BC in Egypt and Mesopotamia. For the next 300 years, the glass industry
was increased rapidly and then declined. In Mesopotamia it was revived in the 700 BC and in Egypt
in the 500’s BC. For the next 500 years, Egypt, Syria and the other countries along the eastern coast
of the Mediterranean Sea were centres for glass manufacturing. In the beginning it was very hard
and slow to manufacture glass. Glass melting furnaces were small and the heat they produced was
hardly enough to melt glass. But in the 1% century BC, Syrian craftsmen invented the blow pipe.
This revolutionary discovery made glass production easier, faster and cheaper. Glass production
flourished in the Roman Empire and spread from lItaly to all countries under its rule (Fig. 1). In
1000 AD the Egyptian city of Alexandria was the most important centre of glass manufacture.

(d)

Figure 1. (a) A Roman glass aryballos circa, 1% century AD [4], (b) A Roman %Iass cinerary urn,1°%-
2n r

(@) (b)

century AD [4], (c) Roman blown glass cup engraved with grape vines, 3
Munich Cage cup from Cologne, dated to the mid-4" century [5].

century AD [4], (d)

A flourishing glass industry was developed in Europe at the end of 13" century when the glass
industry was established in Venice by the time of Crusades (AD 1096-1270). In 1291, equipment
for glassmaking was transferred to the Venetian island Murano where “cristallo” (colourless glass)
was invented by Angelo Barovier. Despite the efforts of the Venetian artisans who dominated the
glass industry to keep the technology secret, it soon spread around Europe. In Germany and other
northern European countries glassmaking became important by the late 1400°s and early 1500°s and
during the 1500’s it became important in England. George Ravenscroft (1618-1681), an English
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glassmaker, invented lead glass in 1674 which was a major breakthrough in the glass history. After
1890, the development, manufacture and use of glass increased rapidly. After 1890, glass use,
development and manufacture began to increase rapidly. Machinery has been developed for precise,
continuous manufacture of a host of products. In 1902, Irving W. Colburn invented the sheet glass
drawing machine which made possible the mass production of window glass. Mechanical
technology for mass production began in the latter stages of the Industrial Revolution with Michael
Owens’s invention of an automatic bottle blowing machine in 1903 that could produce 2500 bottles
per hour. In 1904, the American engineer Michael Owens patented the automatic bottle-blowing
machine. In 1959 Sir Alastair Pilkington invented the revolutionary float glass production
technique. His method involves the pouring of glass on flat surfaces of molten metal, either tin or
led. Pilkington’s method is used in 90 % of glass manufacture today. Float glass production makes
glass sheets suitable for commercial markets including the manufacture of windows, shower screens
and the like. Glass has evolved through advancing technologies and technological evolution
naturally continues. Today, glass-making is a modern, hi-tech industry. Modern glass plants are
capable of making millions of glass containers a day in many different colours and have been
developed for precise continuous production of sheet glass tubing, containers, bulbs and host of
other products (Fig. 2) [6-10].

Figure 2. Different glass products [11].

3. Some Technologically Important Glasses

Beside conventional soda-lime-silica glasses known for centuries, new chemical glass compositions
or new treatment techniques can be initially investigated in small-scale laboratory experiments. To
make glass from materials with poor glass forming tendencies, novel techniques are used to
increase cooling rate, or reduce crystal nucleation triggers. Examples of these techniques
include aerodynamic levitation (cooling the melt whilst it floats on a gas stream), splat
quenching (pressing the melt between two metal anvils) and roller quenching (pouring the melt
through rollers) [12]. Some glasses that do not include silica as a major constituent may have
physico-chemical properties useful for their application in fibre optics and other specialized
technical applications. These include fluoride glasses, aluminosilicates, phosphate glasses, borate
glasses, and chalcogenide glasses [13].

3.1. Smart Glasses
Electrochromic windows darken when voltage is added and are transparent when voltage is taken

away. Like suspended particle devices, electrochromic windows can be adjusted to allow varying
levels of visibility (Fig. 3).
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Figure 3. When switched off, an electrochromic window remains transparent [14].

Since the early 20" century, people have got used to the idea of buildings that are increasingly
automated. The use of intelligent smart glass provides added value and increased flexibility in new
building design, improves working environments and building ergonomics, saves energy, and
increases the well being of occupants [15]. Smart windows (also referred to by the names smart
glass, switchable windows, and dynamic windows) do exactly that using a scientific idea
called electrochromism, in which materials change colour (or switch from transparent to opaque)
when an electrical voltage applied across them. Typically smart windows start off a blueish colour
and gradually (over a few minutes) turn transparent when the electric current passes through them.
More sophisticated windows (using low-E heat-reflective glass) are coated with a thin layer of
metallic chemicals so they keep home warm in winter and cool in summer. Electrochromic
windows work a little bit like this, only the metal-oxide coatings they use are much more
sophisticated and deposited by processes similar to those used in the manufacture of integrated
circuits (silicon computer chips). Much like the early days of the resistive touchscreen, one won’t
find optical scanners used in anything but the most cost effective pieces of hardware these days.
With increasing demand for tougher security, smartphones have unanimously adopted superior
capacitive scanners. Instead of creating a traditional image of a fingerprint, capacitive fingerprint
scanners use arrays tiny capacitor circuits to collect data about a fingerprint (Fig. 4).

Finger skin J;ui;y
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Figure 4. The theory and architecture behind a capacitive fingerprint scanning chip [16].

3.2. Vision Security Glasses

Polytronix PDLC film is the most “private” and of the highest quality in the industry, and is
internationally-known and recognized for privacy and quality by major glass companies worldwide.
It is superior to imported films: it is a thicker, more substantial film package than the imports,
making easier to handle and to apply, yet it’s still only about four times the thickness of a human
hair. It has better optical properties, including better uniformity without the variations and blotches
that mar other films, higher clarity (lower haze) in clear mode, and the best privacy (light scattering)
performance available. In addition to privacy, Polytronix PDLC film-enabled glass panes can
provide several other significant benefits for energy efficiency and creative applications. It expands
your product line with dramatic functionality that is low cost to operate, low maintenance, and
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highly energy-efficient. The polytronix PDLC film package consists of a layer of liquid crystal
sandwiched between two polyethylene terephthalate (PET) conductive films. In its rest state, it is a
translucent white. When the electricity is switched on, the glass instantly changes to transparent.
The power drawn by a window is roughly equivalent to operating a 25-watt light bulb. The liquid
crystal privacy glass is constructed in a way similar to the construction of laminated glass. The
outside skins are made up of glass (normally 5 or 6 mm annealed glass) each side, then a PVB
interlayer is inserted on each side to trap and hold the liquid crystal privacy film. The liquid crystal
privacy film is made up of electrically conductive coatings, a polymer matrix and liquid crystals.
This film has electrical wiring to be connected to a transformer to supply power for the “on” (clear
state) mode (Fig. 5) [17]. Privacy and security with architectural integrity, eliminates need for
shutters, blinds, and drapes, ultraviolet and infrared radiation protection, day-lighting control, solar
heat-gain control and replacement for whiteboards and projection screens.

GLASS SHEETS

POLYVISION™ FILM

PVB INTERLAYERS

PET FILM

CONDUCTIVE
COATING (ITO]

POLYMER MATRIX

LIQUID CRYSTALS

Figure 5. The polytronix PDLC film package [17].

Goggles or safety glasses are forms of protective eyewear that usually enclose or protect the area
surrounding the eye in order to prevent particulates, water or chemicals from striking the eyes. They
are used in chemistry laboratories and in woodworking. They are often used in snow sports as well,
and in swimming. Goggles are often worn when using power tools such as drills or chainsaws to
prevent flying particles from damaging the eyes. Many types of goggles are available as
prescription goggles for those with vision problems (Fig. 6) [18].

=

Figure 6. Some products for eye security glasses [19].
3.3. Thin-Glass Technology for Solar Applications

Tempered thin glass is light, extremely flexible and highly robust-ideal conditions for the use in the
solar industry, whether as cold-bent parabolic reflectors or for glass-glass modules. The LIiSEC
encapsulation technique for glass-glass modules combines all advantages of tempered thin glass,
making use of 50 years of experience in the insulating glass business. Their hermetic sealing
renders the modules completely diffusion tight and UV resistant. Thin glass used on the front and
rear side allows easy installation using back rails. The LiSEC encapsulation technique is perfectly
suitable for crystalline, organic and thin-film solar cells, and the laminating film can be chosen
according to your requirements too [20-21]. The perfect combination of thin glass, AR coating and
laminating film yields up to 6 % more energy. This is a plus in energy output of 450 kWh of a
standard module (72 cells, 300 Wp) after 25 years. Increased lifetime LISEC's know-how leads in
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sealing technologies as well as the solid thin glass make the modules absolutely diffusion tight and
UV resistant. For the symmetric construction of the module, the cells are within the module's
neutral zone, preventing them from breaking when exposed to bending stress. The thin glass used
makes the modules very lightweight compared to conventional ones. As a result, simpler and more
cost-effective sub constructions can be used [22-23].

3.4. Amorphous Metals

In the past, small batches of amorphous metals with high surface area configurations (ribbons,
wires, films, etc.) have been produced through the implementation of extremely rapid rates of
cooling. This was initially termed "splat cooling™ by doctoral student W. Klement at Caltech, who
showed that cooling rates on the order of millions of degrees per second is sufficient to impede the
formation of crystals, and the metallic atoms become "locked into"” a glassy state. Amorphous metal
wires have been produced by sputtering molten metal onto a spinning metal disk. More recently a
number of alloys have been produced in layers with thickness exceeding 1 millimetre (Fig. 7).
These are known as bulk metallic glasses (BMG). Liquid metal technologies sell a number of
zirconium-based BMGs. Batches of amorphous steel have also been produced that demonstrate
mechanical properties far exceeding those found in conventional steel alloys [21, 24-26].

Amorphous Metals

Figure 7. Amorphous metal foils and an amorphous metal alloys for producing highly complex
parts via an efficient injection-moulding process exceeds the strength of its counterparts [27].

3.5. Electrolytes

Electrolytes or molten salts are mixtures of differentions. In a mixture of three or more ionic
species of dissimilar size and shape, crystallization can be so difficult that the liquid can easily be
super cooled into a glass. The best-studied example is Cag4Kos(NOs)14. Some aqueous solutions
can be super cooled into a glassy state, for instance LiCl:RH,O in the composition range of 4<R<8
[28].

3.6. Molecular Liquids

A molecular liquid is composed of molecules that do not form a covalent network but interact only
through weak Van der Waals forces or through transient hydrogen bonds. Many molecular liquids
can be super cooled into a glass; some are excellent glass formers that normally do not crystallize.
A widely known example is sugar glass. Under extremes of pressure and temperature solids may
exhibit large structural and physical changes that can lead to polymorphic phase transitions [29]. In
2006 Italian scientists created an amorphous phase of carbon dioxide using extreme pressure. The
substance was named amorphous carbonia and exhibits an atomic structure resembling that of silica
[30].
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3.7. Colloidal Glasses

Concentrated colloidal suspensions may exhibit a distinct glass transition as a function of particle
concentration or density. Incell biologythere is recent evidence suggesting that
the cytoplasm behaves like a colloidal glass approaching the liquid-glass transition. During periods
of low metabolic activity, as in dormancy, the cytoplasm vitrifies and prohibits the movement to
larger cytoplasmic particles while allowing the diffusion of smaller ones throughout the cell [31-
33].

3.8. Polymer Glasses

Important polymer glasses include amorphous and glassy pharmaceutical compounds. These are
useful because the solubility of the compound is greatly increased when it is amorphous compared
to the same crystalline composition. Many emerging pharmaceuticals are practically insoluble in
their crystalline forms [34]. A question will definitely arise lots of times where polymer clay is used
to cover the handles of cutlery or the outsides of glasses: Is polymer clay safe for that? Yes, it is
absolutely safe to use polymer clay in this manner as long as it’s not a food-contact region (Fig. 8).

Figure 8. Examples of polymer clay glasses [35].

3.9. Glass-ceramics

Glass-ceramic materials  share  many  properties  with  both  non-crystalline  glass
and crystalline ceramics. They are formed as a glass, and then partially crystallized by precisely
controlled heat treatment. For example, the microstructure of white ware ceramics frequently
contains both amorphous and crystalline phases. Crystalline grains are often embedded within a
non-crystalline intergranular phase of grain boundaries. When applied to white ware
ceramics, vitreous means the material has an extremely low permeability to liquids, often but not
always water, when determined by a specified test regime [36-37]. The term mainly refers to a mix
of lithium and aluminosilicates that yields an array of materials with interesting thermomechanical
properties. The most commercially important of these have the distinction of being impervious to
thermal shock. Thus, glass-ceramics have become extremely useful for countertop cooking (Fig. 9).
The negative thermal expansion coefficient (CTE) of the crystalline phase can be balanced with the
positive CTE of the glassy phase. At a certain point (~70 % crystalline) the glass-ceramic has a net
CTE near zero. This type of glass-ceramic exhibits excellent mechanical properties and can sustain
repeated and quick temperature changes up to 1000 °C [36].
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Figure 9. Glass ceramic cooktop [38].
3.10. Fiberglass

Glass fibres have been produced for centuries, but mass production of glass strands was discovered
in 1932 when Games Slayter, a researcher at Owens-lllinois, accidentally directed a jet of
compressed air at a stream of molten glass and produced fibres. Originally, fibreglass was a glass
wool with fibres entrapping a great deal of gas, making it useful as an insulator, especially at high
temperatures [39]. A suitable resin for combining the "fibreglass” with a plastic to produce a
composite material was developed in 1936 by du Pont. The first ancestor of modern polyester resins
is Cyanamid's resin of 1942. Peroxide curing systems were used by then. With the combination of
fiberglass and resin the gas content of the material was replaced by plastic. This reduced the
insulation properties to values typical of the plastic, but now for the first time the composite showed
great strength and promise as a structural and building material. Confusingly, many glass fibre
composites continued to be called "fiberglass™ (as a generic name) and the name was also used for
the low-density glass wool product containing gas instead of plastic [40]. Ray Greene of Owens
Corning is credited with producing the first composite boat in 1937, but did not proceed further at
the time due to the brittle nature of the plastic used. In 1939 Russia was reported to have
constructed a passenger boat of plastic materials, and the United States a fuselage and wings of an
aircraft. The first car to have a fibre-glass body was a 1946 prototype of the Stout Scarab, but the
model did not enter production [41]. The most common types of glass fibre used in fiberglass is E-
glass, which is alumino-borosilicate glass with less than 1 % w/w alkali oxides, mainly used for
glass-reinforced plastics. Other types of glass used are A-glass (Alkali-lime glass with little or no
boron oxide), E-CR-glass (Electrical/Chemical Resistance; alumino-lime silicate with less than 1 %
w/w alkali oxides, with high acid resistance), C-glass (alkali-lime glass with high boron oxide
content, used for glass staple fibres and insulation), D-glass (borosilicate glass, named for its
low dielectric constant), R-glass (alumino silicate glass without MgO and CaO with high
mechanical requirements as reinforcement), and S-glass (alumino silicate glass without CaO but
with high MgO content with high tensile strength) [42].

3.11. Double Glazing (Insulating Glazing)

Insulated glazing is an evolution from older technologies known as double-hung windows and
storm windows. Traditional double-hung windows used a single pane of glass to separate the
interior and exterior spaces. In the summer, a window screen would be installed on the exterior over
the double-hung window to keep out animals and insects. In the winter, the screen was removed and
replaced with a storm window, which created a two-layer separation between the interior and
exterior spaces, increasing window insulation in cold winter months. Insulating glass units are
sealed combinations of 2 or more lites of glass separated by a dry air space. Those units save
energy, save money, reduce pollution and greatly improve the comfort inside a building. Insulated
glazing (IG), more commonly known as double glazing (or double-pane, and increasingly triple
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glazing/pane) is double or triple glass window panes separated by a vacuum or gas filled space to
reduce heat transfer across a part of the building envelope (Fig. 10) [43-45].

Desiccant

- _Seal

Figure 10. A glass window pane [45].

Insulated glass units are manufactured with glass in range of thickness from 3 to 10 mm or more in
special applications. Laminated or tempered glass may also be used as part of the construction.
Most units are manufactured with the same thickness of glass used on both panes but special
applications such as acoustic attenuation or security may require wide ranges of thicknesses to be
incorporated in the same unit [46].

3.12. Gorilla Glass

Gorilla Glass is a brand of specialized toughened glass developed and manufactured by Corning,
now in its fourth generation, designed to be thin, light and damage-resistant (Fig. 11). This type of
glass is not unique to Corning; similar glasses include Asahi Glass Co. Dragontrail and Schott
AG Xensation. The alkali-aluminosilicate sheet glass is used primarily as cover glass for portable
electronic devices, including mobile phones, portable media players, portable computer displays,
and some television screens. It is manufactured in Harrodsburg, Kentucky, USA, in Asan, Korea,
and in Taiwan. The glass gains its surface strength, ability to contain flaws, and crack-resistance by
being immersed in a hot potassium salt ion-exchange bath.

Figure 11. Some applications of Gorilla glass [47].

3.13. Dragontrail Glass

Dragontrail, manufactured by Asahi Glass Co., is an alkali-aluminosilicate sheet glass engineered
for a combination of thinness, lightness and damage-resistance, similar to Corning's Gorilla Glass.
The material's primary properties are its strength, allowing thin glass without fragility; its high
scratch resistance; and its hardness—with a Vickers hardness test rating of 595 to 673 [48].
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3.13.1. Gorilla glass vs Dragontrail glass comparison

Gorilla and Dragontrail glasses are both very hard and tough glasses. These glasses are scratch
resistant and are very difficult to break. Here it is a clear comparison between these two to find out

what makes them different from each other in terms of their properties and usage [49].

Manufacturer

Type of Glass

Vickers Hardness Rating

Versions

Applications or Usage

Manufacturing Process

Popularity

Properties

Gorilla Glass

Corning from USA
Alkali-aluminosilicate sheet glass
622 to 701

Gorilla glass, Gorilla glass 2, Gorilla glass 3, Gorilla glass 4. Gorilla glass
3 is 40% more strong and scratch resistant. Gorilla glass 4 is up to two
times tougher & stronger than its competitive glasses

Smartphones, laptops, tablets, portable media players, computer displays
and some television displays
lon-exchange method

Very popular and established product

Scratch resistant, damage resistance, lightness and thinness

Dragontrail Glass

Asahi from Japan
Alkali-aluminosilicate sheet glass

595 t0 673

Dragontrial glass

Smartphones, tablets
Float process

Not much popular but gaining
popularity

Scratch resistant, damage
resistance, lightness and thinness

3.14. Fluorescent Lamp

A fluorescent lamp or a fluorescent tube is a low pressure mercury-vapour gas-discharge lamp that
uses fluorescence to produce visible light. An electric current in the gas excites mercury vapour
which produces short-wave ultraviolet light that then causes a phosphor coating on the inside of the
bulb to glow (Fig. 12). A fluorescent lamp converts electrical energy into useful light much more
efficiently than incandescent lamps. The typical luminous efficacy of fluorescent lighting systems is
50-100 lumens per watt, several times the efficacy of incandescent bulbs with comparable light
output [50]. Fluorescent lamp fixtures are more costly than incandescent lamps because they require
a ballast to regulate the current through the lamp, but the lower energy cost typically offsets the
higher initial cost. Compact fluorescent lamps are now available in the same popular sizes as
incandescent and are used as an energy-saving alternative in homes [51].

Figure 12. Some commercial products of fluorescent lamps [52].

Because they contain mercury, many fluorescent lamps are classified as hazardous waste.
The United States Environmental Protection Agency recommends that fluorescent lamps be
segregated from general waste for recycling or safe disposal. Light-emitting phosphors are applied
as a paint-like coating to the inside of the tube. The organic solvents are allowed to evaporate, and
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then the tube is heated to nearly the melting point of glass to drive off remaining organic
compounds and fuse the coating to the lamp tube [53].

3.15. Glass to Metal Seals

Glass-to-metal seals are a very important element of the construction of vacuum tubes, electric
discharge tubes, incandescent light bulbs, glass encapsulated semiconductor diodes, reed switches,
pressure tight glass windows in metal cases, and metal or ceramic packages of electronic
components (Fig. 13). Properly done, such a seal is hermetic. To achieve such a seal, two properties
must hold:

1. The molten glass must be capable of wetting the metal, in order to form a tight bond, and

2. The thermal expansion of the glass and metal must be closely matched so that the seal remains
solid as the assembly cools. When one material goes through a hole in the other, such as a metal
wire through a glass bulb, and the inner material's coefficient of thermal expansion is higher than
that of the outer, it will shrink more as it cools, cracking the seal. If the inner material's coefficient
of expansion is slightly less, the seal will tighten as it cools, which is often beneficial. Since most
metals expand much more with heat than most glasses, this is not easy to arrange [54].
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Figure 13. Examples of glass-metal sealed products [55].
3.15.1. Glass-to-metal bond

Glass and metal can bond together by purely mechanical means, which usually gives weaker joints,
or by chemical interaction, where the oxide layer on the metal surface forms a strong bond with the
glass. The acid-base reactions are main causes of interaction between glass-metal in the presence of
metal oxides on the surface of metal. After complete dissolution of the surface oxides into the glass,
further progress of interaction depends on the oxygen activity at the interface. For achieving a
vacuum-tight seal, the seal must not contain bubbles. The bubbles are most commonly created by
gases escaping the metal at high temperature; degassing the metal before its sealing is therefore
important, especially for nickel and iron and their alloys. Oxidizing of the metal surface also
reduces gas evolution. Most of the evolved gas is produced due to the presence of carbon impurities
in the metals; these can be removed by heating in hydrogen. The glass-oxide bond is stronger than
glass-metal. The oxide forms a layer on the metal surface, with the proportion of oxygen changing
from zero in the metal to the stoichiometry of the oxide and the glass itself. A too thick oxide layer
tends to be porous on the surface and mechanically weak, flaking, compromising the bond strength
and creating possible leakage paths along the metal-oxide interface. Proper thickness of the oxide
layer is therefore critical. Also the mechanical design of a glass-to-metal seal has an important
influence on the reliability of the seal. In practical glass-to-metal seals cracks usually start at the
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edge of the interface between glass and metal either inside or outside the glass container. Another
important aspect is the wetting of the metal by the glass. If the thermal expansion of the metal is
higher than the thermal expansion of the glass like with the Housekeeper seal, a high contact angle
(bad wetting) means that there is a high tensile stress in the surface of the glass near the metal. Such
seals usually break inside the glass and leave a thin cover of glass on the metal. Ordinary soda-lime
glass does not flow on copper at temperatures below the melting point of the copper and, thus, does
not give a low contact angle. The solution is to cover the copper with a solder glass which has a low
melting point and does flow on copper and then to press the soft soda-lime glass onto the copper.
The solder glass must have a coefficient of thermal expansion which is equal or a little lower than
that of the soda-lime glass. Classically high lead containing glasses are used, but it is also possible
to substitute these by multi-component glasses e.g. based on the system Li,O-Na,O-K,0-CaO-
Si02-BzOg-ZﬂO-TiOz-B&O-A'zOg [56]

3.16. Glassphalt

Glassphalt (also spelled "glasphalt™) is a variety of asphalt that uses crushed glass (Fig. 14). It has
been used as an alternative to conventional bituminous asphalt pavement since the early 1970s.
Glassphalt must be properly mixed and placed if it is to meet roadway pavement standards,
requiring some modifications to generally accepted asphalt procedures. Generally, there is about 10-
20 % glass by weight in glassphalt [57].

Figure 14. Glassphalt and its application [58].

3.17. Heatable Glass

Electrically heatable glass and windows are relatively new products, which help solve problems in
the design of buildings and vehicles. The idea of heating glass is based on the use of energy-
efficient low-emissive glass, which is generally simple silicate glasswith a special
metallic oxides coating. Low-emissive coating decreases heat loss by approximately 30 %. Heatable
glass can be used in all kinds of standard glazing systems, whether wood, plastic, aluminium or
steel (Fig. 15). Heatable glass based on low-emissive coatings was first produced in high volume in
the early 1980s. Today, heating glass is used in the construction of many kinds of buildings and in
mass production of vehicles, ships and trains. Heatable glass removes discomfort and other
disadvantages induced by the low heat-insulating features of silicate glass. The effect of “cold
glass” disappears when the surface of the glass is heated. Condensation is eliminated, along with ice
and snow covering, the window’s heat losses are compensated and room comfort is improved [59].
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Figure 15. Samples of heatable glass applications [60].

Windows play a significant role in room comfort. As a result, the area of glazing of buildings is
constantly being increased. A window technology always in progress and it is common today to use
low-emissive glass. In spite of progress the low temperature of glass surface is still the problem of
constructive glazing. Heatable glass helps to solve problems concerning low surface temperature
and increase the level of comfort in the room significantly. It can be used in practically all kinds of
glazing systems made of wood, plastic or aluminium. Heatable glass and multiple glass panes can
be used both in blind and openable constructions. Multiple glass panes made of heating glass can
have one or two chambers. The advantages of multiple glass panes are their hermiticity and ability
to decrease heat transfer significantly. Heating glass is used for defogging and prevention of
frosting of windows of pools, saunas and other buildings of such kind. Insofar as heatable glass has
a current-carrying coating, it can be used as the sensor of alarm systems. When the glass is
destroyed the system of protection is activated and it results in activation of alarm system. This kind
of product is widely used on objects of tightened standards in questions of protection: nuclear
power plants, stations of air navigation control, museums, special storehouses, etc. Heatable glass is
also used in production of windows for different kinds of vehicles: electric and diesel locomotives,
vessels and boats, various kinds of aircraft and automobiles. One of well-known examples of
application of heating glass is armoured windows, because the protective glazing is very thick and
is disposed to frosting. The usage of heating glass is especially urgent in terms of being the part of
armoured multiple glass of smart glass of switchable transparency, because the heating significantly
decreases the period of reaction of liquid crystals structure [59].

3.18. Lamination
Lamination is the technique of manufacturing a material in multiple layers, so that the composite
material achieves improved strength, stability, sound insulation, appearance or other properties from

the use of differing materials (Fig. 16). A laminate is a permanently assembled object
by heat, pressure, welding, or adhesives [61].
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Figure 16. Laminated glass [62].

There are different lamination processes, depending on the type of materials to be laminated. The
materials used in laminates can be the same or different, depending on the processes and the object
to be laminated. An example of the type of laminate using different materials would be the
application of a layer of plastic film—the "laminate"—on either side of a sheet of glass—
the laminated subject. Vehicle windshields are commonly made by laminating a tough plastic film
between two layers of glass. This is to prevent shards of glass detaching from the windshield in case
it breaks [63-64]. Examples of laminate materials include melamine adhesive countertop surfacing
and plywood. Decorative laminates are produced with decorative papers with a layer of overlay on
top of the decorative paper, set before pressing them with thermos-processing into high-pressure
decorative laminates [65].

3.19. Nano Channel Glass Materials

Nano channel glass materials are an experimental mask technology that is an alternate method for
fabricating nanostructures, although optical lithography is the predominant patterning technique
[66]. Nano channel glass materials are complex glass structures containing large numbers of parallel
hollow channels (Fig. 17). In its simplest form, the hollow channels are arranged in geometric
arrays with packing densities as great as 10*'channels/cm?. Channel dimensions are controllable
from micrometres to tens of nanometres, while retaining excellent channel uniformity. Exact
replicas of the channel glass can be made from a variety of materials. This is a low cost method for
creating identical structures with nanoscale features in large numbers. These materials have high
density of uniform channels with diameters from 15 micrometres to 15 nanometres. These are rigid
structures with serviceable temperatures to at least 300 °C, with potential up to 1000 °C.
Furthermore, these are optically transparent photonic structures with high degree of reproducibility
[67-69]. These can be used as a material for chromatographic  columns,
unidirectional conductors, Micro channel plate and nonlinear optical devices. Other uses are as
masks for semiconductor development, including ion implantation, optical lithography, and reactive
[67].

Precured PDMS Substrate Bendable Conductive Film

Figure 17. Structure and application of nano channel glass material [70].
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3.20. Optical Fibre Cable

An optical fibre cable is a cable containing one or more optical fibres that are used to carry light.
The optical fibre elements are typically individually coated with plastic layers and contained in a
protective tube suitable for the environment where the cable will be deployed. Different types of
cable are used for different applications, for example long distance telecommunication, or providing
a high-speed data connection between different parts of a building [71]. For indoor applications, the
jacketed fibre is generally enclosed, with a bundle of flexible fibrous polymer strength members
like aramid (e.g. Twaron or Kevlar), in a lightweight plastic cover to form a simple cable (Fig. 18).
Each end of the cable may be terminated with a specialized optical fibre connector to allow it to be
easily connected and disconnected from transmitting and receiving equipment. A critical concern in
outdoor cabling is to protect the fibre from contamination by water. This is accomplished by use of
solid barriers such as copper tubes, and water-repellent jelly or water-absorbing powder
surrounding the fibre. Finally, the cable may be armoured to protect it from environmental hazards,
such as construction work or gnawing animals. Undersea cables are more heavily armoured in their
near-shore portions to protect them from boat anchors, fishing gear, and even sharks, which may be
attracted to the electrical power that is carried to power amplifiers or repeaters in the cable [72-74].

Figure 18. Optical fibres [75].

Modern cables come in a wide variety of sheathings and armour, designed for applications such as
direct burial in trenches, dual use as power lines, installation in conduit, lashing to aerial telephone
poles, submarine installation, and insertion in paved streets [76].

3.21. Photo Chromatic Lenses

Photochromic lenses are optical lenses that darken on exposure to specific types of light of
sufficient intensity, most commonly ultraviolet (UV) radiation. In the absence of activating light the
lenses return to their clear state. Photochromic lenses may be made of glass, polycarbonate, or
another plastic. They are principally used in sunglasses that are dark in bright sunlight, but clear in
low ambient light conditions. They darken significantly within about a minute of exposure to bright
light, and take somewhat longer to clear. A range of clear and dark transmittances are available; one
manufacturer makes one glass with transmittance reducing from 87 to 20 %, and another reducing
from 45 to 9 %. Molecules of silver chloride or another silver halide are embedded in photo
chromatic lenses. They are transparent to visible light without significant ultraviolet component,
which is normal for artificial lighting. When exposed to ultraviolet (UV) rays, as in direct sunlight,
the molecules undergo a chemical process that causes them to change shape and absorb a significant
percentage of the visible light, i.e., they darken (Fig. 19). This process is reversible; once the lens is
removed from strong sources of UV rays the silver compounds return to their transparent state.
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With the photochromic material dispersed in the glass substrate, the degree of darkening depends on
the thickness of glass, which poses problems with variable-thickness lenses in prescription glasses.
With plastic lenses, the material is typically embedded into the surface layer of the plastic in a
uniform thickness of up to 150 pm. Typically, photochromic lenses darken substantially in response
to UV light in less than one minute, and continue to darken a little more over the next fifteen
minutes. The lenses begin to clear in the absence of UV light, and will be noticeably lighter within
two minutes, mostly clear within five minutes, and fully back to their non-exposed state in about
fifteen minutes [77-79].

A Sunshine

Figure 19. Photo chromatic lenses [80].
3.22. Night Vision Glasses

Night vision is the ability to see in low light conditions. Whether by biological or technological
means, night vision is made possible by a combination of two approaches: sufficient spectral range,
and sufficient intensity range. Humans have poor night vision compared to many animals, in part
because the human eye lacks a tapetum lucidum [81]. Night-useful spectral range techniques can
sense radiation that is invisible to a human observer. Human vision is confined to a small portion of
the electromagnetic spectrum called visible light. Enhanced spectral range allows the viewer to take
advantage of non-visible sources of electromagnetic radiation (such as near-
infrared or ultraviolet radiation). Some animals such as the mantis shrimp can see using much more
of the infrared and/or ultraviolet spectrum than humans. Sufficient intensity range is simply the
ability to see with very small quantities of light. Many animals have better night vision than humans
do the result of one or more differences in the morphology and anatomy of their eyes. These include
having a larger eyeball, a larger lens, a larger optical aperture (the pupils may expand to the
physical limit of the eyelids), more rods than cones (or rods exclusively) in the retina, and a tapetum
lucidum. Enhanced intensity range is achieved via technological means through the use of an image
intensifier, gain multiplication CCD, or other very low-noise and high-sensitivity array
of photodetectors (Fig. 20) [82-83].

Figure 20. 1974 US Army film about the development of military night vision technology [84].

3.23. Glass Cockpit

Glass cockpits originated in military aircraft in the late 1960°s and early 1970’s; an early example is
the Mark Il avionics of the F-111D (first ordered in 1967, delivered from 1970-73), which featured
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a multi-function display. Prior to the 1970’s, air transport operations were not considered
sufficiently demanding to require advanced equipment like electronic flight displays. Also,
computer technology was not at a level where sufficiently light and powerful circuits were available
[85]. The increasing complexity of transport aircraft, the advent of digital systems and the growing
air traffic congestion around airports began to change that (Fig. 21). The average transport aircraft
in the mid-1970’s had more than one hundred cockpit instruments and controls, and the primary
flight instruments were already crowded with indicators, crossbars, and symbols, and the growing
number of cockpit elements were competing for cockpit space and pilot attention [86]. As a
result, NASA conducted research on displays that could process the raw aircraft system and flight
data into an integrated, easily understood picture of the flight situation, culminating in a series of
flights demonstrating a full glass cockpit system. The success of the NASA-led glass cockpit work
is reflected in the total acceptance of electronic flight displays beginning with the introduction of
the MD-80 in 1979. Airlines and their passengers alike have benefited. The safety and efficiency of
flights have been increased with improved pilot understanding of the aircraft's situation relative to
its environment (or "situational awareness").

Figure 21. The Airbus A380 glass cockpit featuring "pull out keyboards and 2 wide computer
screens on the sides for pilots" [85].

By the end of the 1990’s, liquid-crystal display (LCD) panels were increasingly favoured among
aircraft manufacturers because of their efficiency, reliability and legibility. Earlier LCD panels
suffered from poor legibility at some viewing angles and poor response times, making them
unsuitable for aviation. Modern aircraft such as the Boeing 737 Next Generation, 777, 717, 747-
400ER, 747-8F 767-400ER, 747-8, and 787, Airbus A320 family (later versions), A330 (later
versions), A340-500/600, A340-300 (later versions), A380 and A350 are fitted with glass cockpits
consisting of LCD units [86]. The glass cockpit has become standard equipment
in airliners, business  jets, and military aircraft. It was fitted into NASA's Space

Shuttle orbiters Atlantis, Columbia, Discovery, and Endeavour, and the current
Russian Soyuz TMA model spacecraft that was launched in 2002. By the end of the century glass
cockpits began appearing ingeneral aviation aircraft as well. In 2003, Cirrus

Design's SR20 and SR22 became the first light aircraft equipped with glass cockpits, which they
made standard on all Cirrus aircraft. By 2005, even basic trainers like the Piper
Cherokee and Cessna 172 were shipping with glass cockpits as options (which nearly all customers
chose), as well as many modern aircraft such as the Diamond DA42 twin-engine travel and training
aircraft. The Lockheed Martin F-35 Lightning Il features a "panoramic cockpit display" touchscreen
that replaces most of the switches and toggles found in an aircraft cockpit [87].

3.24. Porous Glasses

Porous glasses can be formed by sintering glass powders, by leaching of phase separated glasses, or
by the sol-gel method. These glasses can be used in the porous state or can serve as precursors to
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fully consolidated glasses. Porous glasses are currently under intense investigation as potential
selective separation membranes for a variety of gases and liquids. Impregnation of porous glasses
before consolidation can be used to produce continuously graded glass seals, conductive glasses
containing continuous carbon filaments, red glasses coloured by colloidal spinel particles, and
optical fibre preforms. The formation of porous glasses by leaching of phase separated glasses is
frequently called the Vycor® process, after the commercial material produced by Corning. These
glasses are formed from phase separated borosilicate glasses which have microstructures consisting
of two continuous phases. One of these phases is silica-rich, while the other contains most of the
alkali and boron oxides. Since the alkali borate phase readily dissolves in hot acids such as HCI,
HNO3, or H,SOy4, this phase can be leached from the glass by exposure to such acids, leaving a very
porous silica-rich skeleton known as thirsty glass. The pores in thirsty glasses are often in the range
of 2 to 10 nm in diameter, and form continuous pathways through the glass. Internal surface areas
may be as great as 200 m?® g * of glass (Fig. 22) [88].

Figure 22. Microstructure and product form of porous glass [89].

3.25. Solid and Hollow Glass Spheres

Since glass forming melts are liquids, any droplet of melt allowed to fall freely through a sufficient
distance will assume a spherical shape due to surface tension forces. Small spheres are routinely
produced by allowing a stream of melt to flow through the bottom of a container. The stream is
broken into small segments by an air jet or flame just below the container. If the temperature is high
enough and the fall distance is great enough, these segments will become spherical before the melt
solidifies. The same effect will occur if a pre-sized glass frit is used. In this case, the frit particles
are heated in the upper portion of the vertical furnace, or drop tower, become fluid, and then are
transformed to spheres as they fall through the hot zone. Frit particles can also be converted into
spheres by blowing the frit through the flame of a gas jet. Small glass spheres can also be formed by
a variation of a process used to form glass fibres. A stream of melt is poured onto a rotating disk.
The melt is thrown off the edge of the disk and broken into small segments. If the disk is cool and
the surrounding temperature is low, the segments will remain in fibre form. If, however, the disk is
heated and the surroundings are hot enough to allow the glass to form spheres before freezing to a
glass, small spherical beads will be formed [90]. Large glass spheres (marbles) are formed by
cutting small gobs from a melt stream. These gobs fall onto a pair of counter-rotating screws with
thread depth equal to one half the 27 desired marble diameters. The gobs are converted into spheres
and cooled as the gobs travel down the length of the screw, where the finished marbles are
collected. Formation of hollow glass spheres requires the release of gas from the starting material
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during the sphere formation (Fig. 23). The batch components are mixed in a liquid, which may
include a “blowing agent” such as urea. This solution is spray dried to form uniform, but non-
spherical particles. These particles are then introduced directly into the flame from a burner or
dropped down a vertical furnace. As the particles melt, the blowing agents decompose, releasing
gases which blow the molten sphere into a hollow shell. As the melt begins to cool, it becomes
impermeable to any remaining gases, which prevent the collapse of the shell.

Figure 23. Glass spheres [91].

3.26. Self-Cleaning Glass

Self-cleaning glass is a specific type of glass with a surface that keeps itself free of dirt and grime
(Fig. 24). The field of self-cleaning coatings on glass is divided into two
categories: hydrophobic and hydrophilic. These two types of coating both clean themselves through
the action of water, the former by rolling droplets and the latter by sheeting water that carries away
dirt. Hydrophilic coatings based on titania, however, have an additional property: they can
chemically break down absorbed dirt in sunlight.

Figure 24. Self-cleaning glasses [92].

The requirements for a self-cleaning hydrophobic surface are a very high static water contact angle
0; the condition often quoted is 6 > 160°, and a very low roll-off angle, i.e. the minimum inclination
angle necessary for a droplet to roll off the surface [93]. Several techniques are known for the
patterning of hydrophobic surfaces through the use of moulded polymers and waxes, by physical
processing methods such as ion etching and compression of polymer beads, and by chemical
methods such as plasma-chemical roughening, which can all result in ultra-hydrophobic coatings
[94]. While these surfaces are effective self-cleaners, they suffer from a number of drawbacks
which have so far prevented widespread application. These coatings chemically break down dirt
when exposed to light, a process known as photo catalysis. Despite the commercialization of a
hydrophilic self-cleaning coating in a number of products, the field is far from mature;
investigations into the fundamental mechanisms of self-cleaning and characterizations of new
coatings are regularly published in the primary literature [95].

The glass cleans itself in two stages. The "photocatalytic™ stage of the process breaks down the
organic dirt on the glass using ultraviolet light and makes the glass super hydrophilic (normally
glass is hydrophobic). During the following "super hydrophilic" stage, rain washes away the dirt,
leaving almost no streaks, because water spreads evenly on super hydrophilic surfaces [96-97]. In
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2001, Pilkington Glass announced the development of the first self-cleaning windows, Pilkington
Activi™, and in the following months several other major glass companies released similar
products. As a result, glazing is perhaps the largest commercial application of self-cleaning coatings
to date. Titanium dioxide has become the material of choice for self-cleaning windows, and
hydrophilic self-cleaning surfaces in general, because of its favourable physical and chemical
properties. Not only is titanium dioxide highly efficient at photo catalysing dirt in sunlight and
reaching the super hydrophilic state, it is also non-toxic, chemically inert in the absence of light,
inexpensive, relatively easy to handle and deposit into thin films and is an established household
chemical that is used as a pigment in cosmetics and paint and as a food additive [98].
The anatase phase is the most photocatalytic among its polymorphic structures. Moreover,
ultraviolet irradiation creates surface oxygen vacancies at bridging sites, resulting in the conversion
of relevant Ti*" sites to Ti** sites which are favourable for dissociative water adsorption. These
defects presumably influence the affinity to chemisorbed water of their surrounding sites, forming
hydrophilic domains, whereas the rest of the surface remains oleophilic. Hydrophilic domains are
areas where dissociative water is adsorbed, associated with oxygen vacancies that are preferentially
photo generated along the [001] direction of the (110) plane; the same direction in which oxygen
bridging sites align [99].

3.27. Bioactive Glass

One of the first major developments leading to saving of life was the optical microscope. Invention
of the microscope using glass spheres to focus light on objects was the seminal step towards
discovering microscopic life forms of bacteria, viruses and fungi, e.g. pathogens. This discovery led
to treatment and eventually elimination of many diseases that was instrumental in creating the
improvements in public health and healthcare that occurred in the 19™ and 20™ centuries. This
enormous social change can be termed a revolution in Life Preservation. A major consequence of
life preservation was an expansion of the human lifespan from an average of 45 years to 80+ years.
It is projected that by 2050 there will be more than 1 billion people alive on earth aged 60 years old
or older. Second revolution in healthcare has occurred during the last 50 years, i.e. a revolution in
Tissue Replacement. From the age of 30 years old onwards, all tissues progressively deteriorate.
Thus, an increase in length of life is usually accompanied by a decrease in quality of life. To repair,
replace and restore the function of hips, knees, eyes, ears, teeth, hearts, kidneys, etc. is now
commonplace. Human “spare parts” is a huge business worth tens of billions of dollars. The first
generation of materials used for tissue replacement was selected by surgeons and materials
scientists and engineers to be as biologically inert as possible; therefore they are called bio-inert
materials. Corrosion resistant metals and insoluble, non-toxic polymeric materials became the
standard biomaterials. However, all bio-inert materials are a compromise because of the
incompatibility of the interface between the material and living tissue. Tissue breakdown and
loosening over time is a common mode of failure of devices made from bio-inert materials. Stress
shielding due to mismatch of elastic moduli of high strength biomaterials and bone leads to
resorption of bone and long term implant failure and revision surgeries. Wear of articulating
surfaces also leads to creation of wear debris and osteolysis leading to degradation of the interfacial
supporting bone. An alternative, second generation concept for tissue replacement using a special
type of glass was discovered in 1969. This concept of “bioactivity” has made it possible to expand
greatly the approaches taken in tissue replacement. Bioactive materials form a bond with living
tissues (Fig. 25). The chronology of discovery and development of bioactive glasses become an
important range of clinical materials used worldwide for tissue replacement and regeneration.
Recent research has discovered that glasses with especially high levels of bioactivity can also be
used to activate genes to stimulate the body to repair itself. This discovery has led to the concept of
using slowly resorbable bioactive glasses as a third generation of biomaterials designed for tissue
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regeneration. In 1991 it was discovered that bioactive glasses could be made using a low
temperature sol-gel chemical process. A much broader compositional range for bioactivity was
possible with bioactive gel-glasses due to the high surface area of the final product. Sol-gel
processing also made it possible to produce bioactive gel glass foams with the highly controlled
hierarchical porosity required for cell infiltration into large interconnected 3-D pores, a requirement
for viable tissue engineered constructs A comprehensive review by Dr. Julian R. Jones describes
development of such TE constructs, historical aspects and other recent topics in this field. The
discovery of bonding of bone to specific compositions of glasses led to a new, second generation of
bioactive materials for tissue replacement. Understanding gene activation of human progenitor cells
by controlled release of ionic dissolution products from bioactive glasses provides the basis for
design of third generation biomaterials that can be used for tissue regeneration. Use of bioactive
glass particulate in prevention of oral disease and damage is an example of a fourth generation of
biomaterials bioactive materials for prevention of tissue damage. Bioactive glass science and
technology continues to be at the forefront of providing innovative approaches to medicine [100-
102].

Biogkss
Sonere.

Figure 25. Bioactive glasses [103].
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Ozet: Sac malzemelerin birbirleriyle sokiilebilir baglanti uygulamalar1 endiistride siklikla kullanilmaktadir.
Ancak, sac malzeme kalinliklarinin ince olmasi nedeniyle bu tiir baglantilar cogu uygulamada bir problem olarak
karsimiza ¢ikmaktadir. Vidali baglanti uygulamalarinda gilivenli baglantt uzunlugunda vida olusturmak igin,
sisme somun kullamimi, sac malzemeye somun kaynatma, vidali pergin vs. gibi farkli yontemler siklikla
kullanilmaktadir. Bu ¢alismada; sac malzemelerin vidali montaj uygulamalarinda sac malzemeye vida agmak
icin kullanilan siirtiinmeli delme prosesinin temel felsefesi, avantajlari, kullanilan ekipman ve takimlar ile
prosesin farkli sac malzeme tiirleri i¢in uygulamalari derlenmistir.

Anahtar kelimeler: Siirtiinmeli delme; Akici delme; Form delme; Talassiz delme

The Friction Drilling Process and Key Applications of Process

Abstract:_Dismountable connection applications of sheet materials are frequently used in the industry. However,
due to the thin thickness of the sheet material, this connections are often seen as a problem in practice. Different
methods such as the use of swelling nuts, nut welding to sheet material, screwed rivets etc. are frequently used
for screw connection applications to form a secure connection screw length. In this study, the basic philosophy
of friction drilling process, advantages, the used equipment’s, tools and process applications for different types
of sheet material are complied.

Keywords: Friction drilling; Flow drilling; Form drilling; Chipless drilling

1. Giris

Gilintimiizde bir¢ok miihendislik uygulamalarinda boru bi¢imli profiller ile ince et kalinligina sahip
sac panellerin montaji ¢ok yaygin olarak kullanilmaktadir. Sac malzemelerin birbirileriyle
birlestirilme operasyonlari; ayrica modern tasarimli hafif ¢erceve yapilari, otomotiv ve ulasim
araglar1 endiistrisinde de sik¢a kullanilmaktadir. Sac metal parcalari birlestirmek i¢in; baglanti
elemanlar1 (civata ve somun veya perginler) ile mekanik birlestirme, kaynakli birlestirme ve
yapistirma ile birlestirme olmak iizere baslica ii¢ yontem bulunmaktadir [1]. Civata ile baglama
yontemi baglanacak parcalarda sadece bir delik delme ve vida agma islemini gerektirmesi ve ayrica
standart ve ucuz olmalar1 sebebiyle, ¢oziilebilen baglama konstriiksiyonlarinda en sik rastlanan
baglama yontemidir [2].

Ince sac malzemelerin birbirine baglanmasinda saglamligin temini sorunu yeterli vidalama
uzunlugunun saglanmasiyla miimkiin olmaktadir. Sac plakalarin biikiilmesi, somun kaynatilmasi ya
Bu makaleye atif yapmak icin
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da somun per¢in kullanilmasi vida uzunlugunu artirmak i¢in yapilan en yaygin endiistriyel
uygulamalardir. Ancak biitiin bu yontemler ek donanimlar ve operasyonlar gerektirmektedir. Talas
kaldirmadan yeterli vidalama uzunlugu saglama problemi ancak siirtinmeli delme islemi ve
ovalama kilavuzu ile dis ¢cekme yontemiyle ¢oziilmektedir [3].

Siirtiinmeli delme prosesi, doner konik bir takim ile is parcasina niifuz edip talas iretmeden tek bir
asamada kovan olusturma olarak da tanimlanabilmektedir [4]. Bu proses, bir delik olusturmak i¢in
donen bir konik takim ile i malzemesi arasindaki siirtinmeden kaynaklanan 1s1y1 kullanmaktadir.
Stirtiinmeden kaynaklanan bu 1s1, deligi olusturmak icin ekstriizyon uygulanan is malzemesinin
stinekliginin artmasina sebep olmaktadir [5]. Prosesin daha genis bir tanimi; konik bir takim ile is
parcasinin temas bolgesinde slirtiinme sonucu olusan 1sinin etkisiyle yumusamis is pargasina,
takimin dalmasi ve is parcasinin delinmesi seklinde meydana gelen, talagsiz, temiz ve geleneksel
olmayan bir delik delme yontemi olarak agiklanmaktadir. Proses ayrica form delme, akic1 delme ve
strtlinmeli karistirmali delme olarak da adlandirilmaktadir. Bu imalat yonteminin amaci; ince
cidarli malzemelerde, form verilen kovan yardimiyla vidali baglanti uzunlugunu arttirarak sac
pargalari birlestirmeyi saglamaktir [6].

Proses baglangicta, 1923 yilinda Jan Claude de Valliere tarafindan geleneksel delme siirecine
alternatif olarak gelistirilmis olmasina ragmen, pratik uygulamalar1 ancak altmis yil sonra tungsten
karbiir matkap imalatindaki teknik gelismeler ile yaygin kullanilabilmistir [7]. Modern endiistriyel
uygulamalarin gereksinimlerini karsilamak, takim Omriinii ve verimliligini artirmak, delik yiizey
kalitesini iyilestirmek ve Kirlilik olmadan delik delme prosesini uygulamak amaciyla 6zel matkap
sekilleri tasarlanmis ve geleneksel olmayan bu delik delme prosesi daha siklikla uygulanabilir hale
gelmistir [8].

Stirtlinmeli delme yontemi, farkli kesit ve duvar kalinliklarinda ve cesitli geometrilerdeki
malzemelerde kullanilabilmektedir. Ayrica, yuvarlak borularda siirtiinmeli delme islemi 6nemli bir
avantaj saglamaktadir. Strtiinmeli delme yonteminin kullanim alanlari; 6zellikle ince cidarh
parcalarin civata baglantilari, diizgiin bir yuvaya ihtiyag duyan genis yiizeyli baglantilar,
sizdirmazlik istenen gaz baglantilari, yiiksek mukavemetli kaymali yataklar, rulman veya kaymali
yataklarin ince cidarli borulara veya profil pargalara oturtulmasi, su tanklar1 ve basingli tanklar, i¢
ice gecmis profil ve boru tipi parcalara miisterek delik agma islemleri, otomotiv endiistrisi ve ¢elik
mobilyalardaki baglanti operasyonlari olarak siralanabilmektedir [9]. Sekil 1’de siirtiinmeli delik
delme yonteminin bazi uygulamalart verilmistir [10].

(@) (b (©

Sekil 1. Siirtlinmeli delik delme yonteminin bazi uygulamalar: a) Rulmansiz mil yataklar
b) Somunsuz baglantilar c) Contal1 veya contasiz rakor baglantilar

Stirtinmeli  delme prosesinde, is malzemesinden kaylp vermeden malzeme yeniden
sekillendirildiginden dolayi, ince malzemelerde malzemenin orijinal kalinligindan yaklasik ii¢ kat
daha uzun kovan ile ¢ok gii¢lii civata baglantilar1 yapmak miimkiin olmaktadir. Ayrica proses i¢in
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0zel makineler gerekmemekte, gerekli giice sahip matkap tezgahlar1i ve CNC tezgahlar ile bu
islemler tek adimda gerceklestirilebilmektedir. Kiiciik yatirim maliyetleri ile yiiksek kaliteli delikler
elde edilmekte olup ek bilesenler gerektirmemektedir. Daha az iiretim adimlan ile ince
malzemelerde istenen sonuglar yakalanmaktadir. Proses esnasinda talas ekstriizyonu olmadigindan
delinmis deligin yiizeyi zarar gormemektedir. Bu nedenle temiz bir operasyon olarak
adlandirilmakta ve operasyon esnasinda temiz ¢alisma alani saglamaktadir. Ayrica, geleneksel
delme yontemleri ile karsilastirildiginda, bu proses ¢ok hizli bir sekilde tamamlanmaktadir.
Boylece, takim dmrii uzamakta ve islem maliyetleri azalmaktadir [11-13].

2. Suirtiinmeli Delme Prosesi ve Kullanilan Takimlar

Stirtiinmeli delme yontemi ile sekil verme islemi bes asamada gerceklesmektedir. Bu adimlar Sekil
2’de verilmistir [ 14].

Sekil 2. Siirtiinmeli delme siireci asamalar1 a) Birinci b) ikinci ¢) Ugiincii d) Dérdiincii
e) Besinci agama f) Civata baglantist

Birinci agamada; takim is pargasina yaklasip temas etmekte ve bu anda sac malzeme iizerinde itme
kuvveti maksimuma ulagmaktadir.

Tkinci asamada; takimin konik kisminin is pargasina dalmasiyla birlikte temas bolgesindeki 1s1
miktar1 ve donme momenti hizli bir sekilde yilikselmektedir.

Uciincii  asamada; takimin silindirik bolgesi is parcasma dalmaktadir. Bu asamada takim
yumusamis malzemeyi agsagiya dogru itmekte ve kovani olusturmaya baslamaktadir.

Dordiincii agamada; takimin omuz kismi takimin ilerleme hareketinin tersi dogrultusunda akan
malzemeyi is parcasinin yiizeyine bastirarak sizdirmazlik halkasi olarak adlandirilan pulu
olusturmakta ve itme kuvveti tekrar ylikselmektedir.
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Besinci asamada ise delme islemi tamamlanarak takim geri ¢ekilmektedir [15].

Bu yontemle olusturulan kovana kilavuz ile dis c¢ekilebilmektedir. Ancak kovandan talas
kaldirmamak i¢in ovalama kilavuzu ile dis ¢ekmek tercih edilmektedir. Ovalama yontemiyle dis
cekmek soguk bir sekillendirme veya talagsiz bir isleme operasyonudur. Vidanin ters formuna sahip
bir ovalama kilavuzunun, silindirik bir delikte i¢ vida iliretmek i¢in malzeme kaybi olmaksizin
malzemeyi yer degistirmesi olarak tanimlanmaktadir. Ovalama metodu ile acilan vidalarda yiizey
kalitesinin daha iyi oldugu ve vidalama sirasinda siirtinme kuvvetlerinin daha az oldugu
gozlenmektedir. Yapilan ¢ekme testlerinde, ovalanmig vidali numuneler keserek acgilanlara gore
daha yiiksek kuvvetlerde plastik olarak deforme olmaktadir [16].

Stirtiinmeli delme prosesinde sicaklik 6nemli bir parametredir. Proses esnasinda olusan bu sicaklik
malzeme yapisina zarar verebildigi gibi, kovan seklini ve sicak takimin temas ettigi malzeme
ylizeyindeki mikro yapiyr da etkileyebilmektedir [17]. Proses esnasinda genellikle is pargasi
sicakligr 600°C’ye ¢ikmakta ve takim sicakligr da 650-750°C’ye kadar artabilmektedir. Bu sicaklik
degerleri, takimin is parcasina niifuz etme giicli, delme sistemi ve takim sekli gibi degiskenlere
bagl olarak ¢ok genis araliklar iginde oldugu gézlemlenmistir [18].

Ayrica, siirtinmeli delme isleminde kullanilan takimlar, proses esnasinda ortaya cikan yiiksek
sicakliklara dayanabilecek sinterlenmis karbiir malzemelerden imal edilmektedirler. Takim
tutucusunun ve mil yataklariin proses esnasinda olusan bu sicakliklardan dolay1 asir1 1sinmasini
onlemek amaciyla sogutma halkali bir pens tutucu kullanmak gerekmektedir [19].

Stirtinmeli  delme isleminde kullanilan matkabin Omriinii etkileyen ¢ok sayida faktor
bulunmaktadir. Bu matkaplar ¢ok yiiksek sicakliklarda bile mukavemet 6zelliklerini koruyacak
sekilde imal edilmelerine ragmen asir1 sicaklik degisikliklerine karsi hassas olabilmektedirler.
Stvama matkaplarinin ani 1sinmasi veya sogumasi Onlenmeye calisilmalidir. Matkap, islenecek
parcaya yumusakca temas ettirilmeli ve darbelerden korunmalidir. Matkabin is pargasina girmesi
sirasinda c¢ok yiiksek burulma kuvvetleri de olusmaktadir. Eksenel kuvvet ve ilerleme hiz1 fazla
yiiksek secilmis ise matkap is parcasini deldikten sonra birden bos kaldiginda yorulma kirilmalarina
maruz kalmakta veya ilk anda matkab1 burulmaya zorlayip kirilmalara da neden olabilmektedir.
Prosesin ara vermeden siireklilik igerisinde tamamlanmasima dikkat edilmelidir. Malzemenin
biliziismesi de matkabin kirilmasina sebep olabilmektedir. Ayrica bu durum matkabinin tam
ekseninde dénmemesine ve bunun sonucunda da matkab1 kirabilecek kesme kuvvetlerine neden
olabilmektedir. Takimin asmmmasi veya yabanci malzemelerin sivama matkabina yapismasi,
sivanarak agilmis bir kovanin kalitesini de azaltmaktadir. Biriken artik malzemeler diizenli olarak
bir ege ile temizlenmelidir. Yag ile her birinci ve besinci delmede yapilacak bir yaglama islemi,
takimlarin émriinii belirgin bir sekilde arttirmaktadir. Stvama matkabinin ¢alisma sicakligi miimkiin
oldugunca diisiik tutulmalidir. Proses esnasinda kullanilacak bir pens veya sogutma halkal1 bir pens
tutucu yardimiyla is parcasi ve makine asir1 1sinmaya karsi korunabilmektedir [20]. Siirtiinmeli
stvama matkabinin genel bir goriiniisii ve bu matkabin boliimleri Sekil 3’te verilmistir [21].
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Sekil 3. Siirtinmeli delme matkabi a) Saft bolgesi b) Omuz bélgesi ¢) Silindirik bolge
d) Konik bolge e) Merkez bolge

Merkez Bélge: Koni seklindeki merkez bolgenin agist (o) ve uzunlugu (H.) ile gosterilmistir. Ug
kisminin genellikle keskin olmamasi nedeniyle delme baslangicinda daha fazla gii¢ gerektirmekte
ve bu ylizden 1s1 artmaktadir. Merkez bolgesi, bir helis matkapta oldugu gibi 6zel bir forma sahip
olup, bu yapi siirtiinmeli delme islemi igin radyal yonde destek ve proses basinda merkezleme
saglamaktadir.

Konik Bolge: Bu bolge merkez bolgeden daha keskin bir acgiya sahiptir. Bu bolge 1s1 liretmek i¢in is
parcasina siirtiinmekte ve kovani sekillendirmek i¢in malzemeyi yanlamasina itmektedir. Konik
bdlgenin agist () ve uzunlugu (Hy) olarak gosterilmistir [21].

Silindirik Bélge: Kovani ve deligi sekillendirmeye yardimer olmaktadir. Bu bdlgenin uzunlugu ve
capi strastyla (Hj) ve (D) olarak belirtilmistir.

Omuz bolgesi: Takimin omuz kismi, sirtlinmeli delme islemi sirasinda yukari dogru akan 1s1
etkisiyle ergimis ve yumusamis malzemeyi is pargasi yiizeyine bastirmakta ve pul seklinde deligin
giris kisminda sizdirmazlik halkasini olusturmaktadir. Omuz kisminin ¢apt silindirik bélgenin
capindan biiylik olmali ve bu ¢ap degeri ergiyen malzemenin tamamini altina alarak bastirabilecek
biiyiikliikte segilmelidir [22].

Saft bolgesi: Bu bolge, takim tutucu tarafindan kavranan alan olarak tanimlanmaktadir [21].

Bu matkaplar miisteri ihtiyaglar1 dogrultusunda iiretildigi gibi; kullanim yerleri, boyutlar1 ve
olusturduklar1 kovan bicimlerine gore kisa, uzun, kisa diiz ve uzun diiz olarak dort gruba
ayrilmaktadir [23]. Kisa ve uzun formda iiretilmis matkaplarin konik kisimlarinin acilar her iki
uzunlukta da ayni olup kullanim yerleri delinecek malzemenin et kalinligina gore degismektedir. Bu
tip takimlar proses sirasinda ilerleme yoniiniin tersinde parga iizerinde pul olusturmaktadirlar. Diiz
tip matkaplar ise prosesin sonunda olusan pulun kaldirilmasi i¢in kesici agiza sahiptirler. Boylece
temiz ve diiz bir yiizey elde edilebilmektedir [24, 25].

3. Cesitli Malzemelerde Siirtiinmeli Delme Operasyonlarinin Uygulamalari

Literatiir aragtirmalarindan siirtiinmeli delik delme yonteminin; ¢elik, paslanmaz ¢elik, bakir, piring,
ve alliminyum da dahil olmak iizere cesitli malzemelerde hassas delikler olusturmak ig¢in
uygulanabildigi gozlemlenmistir. Bu nedenle bu alanda yapilan c¢aligmalar malzeme tiplerine gore
siniflandirilarak asagida boliimler halinde verilmistir.

3.1. Celik malzemelerde siirtiinmeli delme uygulamalart

Uretimde yogun olarak kullanilan St37-2, CM22NBK ve S460MC sac malzemelerin de siirtiinmeli
delik delme prosesi deneysel olarak arastirilmis ve elde edilen sonuclar birbiriyle karsilastirilmistir.
Gemalmayan ve Tunalioglu yaptiklar1 ¢aligmada, sivama isleminden sonra test numunelerine dis
acmislar ve numunelere c¢atlak testi yapmislardir. Ardindan numunelerin delik dipleri etrafindaki
sertlikler incelenmis ve tiim test numuneleri ¢cekme test cthazina baglanarak mukavemet degerleri
acisindan degerlendirilmistir. Yapilan tiim calismalarda, siirtiinmeli delik delme islemi sonrasi
malzemelerin higbir sekilde ¢atlamaya ugramadigi tespit edilmistir. Ayrica, malzemelerin sertlik
degerlerinin, sivama sonucu ortaya ¢ikan siirtlinme ve 1s1 etkisiyle arttigi anlasilmistir. Bu durum
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sivayarak delme ve soguk sekillendirerek dis agma operasyonlarinin sonucunda, malzemelerde
mukavemet artiginin oldugunu gdstermistir. Ayrica ortaya ¢ikan kopma kuvvetlerinin, malzemelerin
kullanim yerine gore kabul edilebilir degerlerde oldugu tespit edilmistir [26]. Ozek ve Demir de
caligmalarinda, St37 sac malzemeyi tungsten karbiir takim ile siirtiinmeli delme prosesi ile delerek;
ylizey piirtizliiligi, kovan yiiksekligi, kovan bigimi ve kovan ¢eper kalinlig1 gibi kriterlere gore en
uygun donme hizi ve ilerleme orani parametrelerini arastirmiglardir. Malzeme kalinligmin delik
capina (t/d) olan oranin artmasiyla, kovan olusumunu saglayan malzeme miktar1 arttigindan bu
oranin proses sonucu olusan kovan bi¢imi ve kovan yiiksekligi acisindan 6nemli bir parametre
oldugu belirtilmistir. Ayrica, ilerleme miktarinin ve donme hizinin artirilmasinin kovan olusumunda
deformasyonu artirdifi ve akan malzemenin radyal dogrultuda deligin c¢evresine yayillmasindan
dolay1 kovan yiiksekliginin azaldigi, kovan ¢eper kalinliginin arttigi gézlemlenmistir [27].

St12 sac malzemenin siirtlinmeli delme prosesinde; takim siirtiinme agisi, siirtlinme temas alani
orant (FCAR), ilerleme hiz1 ve devir gibi proses parametrelerinin; is pargasinin yiizey sicakligina,
itme kuvvetine ve torka etkileri aragtirllmistir. Caligma sonuglarina gore; itme kuvveti ve tork
degerlerinin, siirtiinme acisi, ilerleme oran1 ve FCAR degerlerinin artmasiyla dereceli olarak arttig1,
diger yandan da artan delme hizi degeri ile itme kuvveti ve moment degerlerinin azaldigi
goriilmiistiir. Ayrica, delme hizinin artmasi ile is parcasinin yiizey sicakligin arttii tespit
edilmistir. Artan veya azalan siirtlinme agisinin ve FCAR'in siirtlinmeli delinecek parcanin yilizey
sicakligr lizerinde onemli etkisi olmadigi belirtilmistir [28]. Farkli FCAR oranlarina sahip
stirtinmeli delme matkabinin genel goriintiisii Sekil 4’te verilmistir [29].

a) Sirtiinme temas alam
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Sekil 4. Farkli FCAR oranlarina sahip siirtiinmeli delme matkaplar1 a) FCAR %100 b) FCAR %50

Otomobil endiistrisinde olduk¢a yaygin kullanilan ¢ift fazli (Dual Phase) celikler icin siirtiinmeli
delme prosesi incelenmistir. Nardi ve digerleri farkli kalinliklardaki ¢ift fazli ¢elikler i¢in optimum
isleme kosullarini, farkli devir ve ilerleme hizlarinda kontrol testleri ile degerlendirmislerdir.
Gerekli tork ve itme kuvveti hesaplanmis ve delik boyut toleranslari incelenmistir [30]. Ayrica,
Nardi ve digerleri diger bir calismalarinda galvanizli ¢ift fazli ¢eliklerde, catlaklar veya yiizeysel
kusur igermeyen bir siirtlinmeli delme prosesi gelistirmeye odaklanmislardir. Yenilik¢i bir yontem
olarak delme prosesi esnasinda, malzemenin kovan olusan tarafindan saf argon gazi verilmistir.
Olusturulan deney diizenegi Sekil 5’te gosterilmistir.
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Siirtiinmeli delme
matkabi

Sekil 5. Deney diizeneginin sematik gosterimi

Bu kosullar altinda siirtiinmeli delinen 60 g/m? galvaniz kapli farkli kalinliklardaki 600 MPa akma
mukavemetine sahip ¢ift fazli ¢elik sac malzemede, siirtiinmeli delme prosesinin ¢ok kararli oldugu
goriilmiistiir. Farkli donme ve ilerleme hizlarinda kontrollii testler ile tamamen hatasiz delikler i¢in
en uygun isleme kosullar1 saglanmistir [31].

Hafif cerceve yapilarda, celik konstriiksiyon imalatlarda ve endiistriyel uygulamalarda oldukca
onemli bir yer tutan ince cidarli profil ve borularin birlestirilmesinde siirtiinmeli delme prosesinin
avantajlar1 aragtirllmistir. Miller ve digerleri, 1,5 mm et kalinligindaki AISI 1015 diisiik karbonlu is
pargasinin siirtiinmeli delme prosesini ve takim asinmasini incelemislerdir. Calismada her deligin
delinmesi yaklasik 2,3 s siirmiis, her delme operasyonu arasinda takimdaki 1s1 dagilimi i¢in 10 s
beklenmistir. Caligma boyunca, itme kuvveti, tork, takim agirligi ve takim profilinin 6l¢iimleri 1, 2,
3,4, 5,10, 50, 100, 200, 500, 1000 ve her bin delik sonra gerceklestirilmis ve toplamda 11.000
delik sonunda takimin hala problemsiz gorevini yaptigi goriilmiistiir [32]. Pantawane ve digerleri
caligmalarinda 1mm et kalinligina sahip AISI 1015 kutu profil i malzemesine siirtiinmeli delme
prosesi uygulamiglardir. Prosese ait hiz, ilerleme gibi girdi parametreleri incelenmis, isleme
kosullarmin sonuglar1 ¢ekicilik fonksiyonu olarak adlandirilan bir amag¢ fonksiyonu kullanilarak
¢oklu yanit yontemiyle optimum delme kosullar1 bulunmustur [33].

Sekil 6. Siirtiinmeli matkap ile delinmis AISI 1015 profil a) izometrik goriiniis b) Kesit goriiniisii

Bir diger calismada da 2 mm et kalinligindaki AISI 1010 kare profil is parcasi, tungsten karbiir
takim ile degisik siirtlinme acilar1 ve farkli ¢aplarla siirtlinmeli delme prosesiyle delinmis, isleme
parametrelerinin kuvvet ve sicaklik lizerine etkileri arastirilmistir. Ayrica pul geometrisi, kovan
yiiksekligi ve delik agzinda olusan yaprak geometrisi; siirtiinme koni agisi, ilerleme orani ve delme
hiz1 gibi delme kosullar1 agisindan da incelenmistir. Calisma sonuclarindan, delinen bolgenin
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sicakligt delik delme hizinin artmasiyla ve ilerleme oraninin azalmasiyla ylkseldigi
gozlemlenmistir. Ayrica pul ve kovan geometrisinin, yliksek ilerleme oranlarinda bozuk oldugu
tespit edilmistir [34].

3.2. Paslanmaz celik malzemelerde siirtiinmeli delme uygulamalart

Endiistriyel mutfaklar, esanjor ve boyler iiretimi, gida, otomotiv, kimya ve petro kimya gibi
endiistrilerde siklikla kullanilan paslanmaz ¢eliklerin siirtlinmeli delmesi prosesi kullanilarak delik
olusturulmasi ile ilgili calismalar arastirllmistir. Chow ve digerleri, bilenebilir bir sinterlenmis
karbiir ile yeni bir tiir siirtinme matkab1 gelistirmigler ve bu takimi AISI 304 paslanmaz celigi
strtiinmeli delmek i¢in kullanmislardir. Optimum delme kosullarinda; ilerleme hizi 100 mm/min ve
delme hizt 90 m/min ile saglanmis, ortalama yiizey pirizliligi (Ry) 0.96 um elde edilmistir.
Ozellikle yiiksek ilerleme oranlarinda kétii yiizey piiriizliiliigii goriilmiistiir. Bunun nedeni, yiiksek
eksenel ilerleme degerinin malzemenin tam erimemesine sebep olmasi olarak belirtilmistir. Tam
erimeyen malzemeler matkap iizerine yapismakta, bu nedenle de koti yiizey kaliteleri elde
edilmigtir. Ayrica; ilerleme hizi ¢ok diisiik oldugu durumlarda ise, erimis malzemeler farkli soguma
hizlarina sahip olacaklarindan dolayi, iist katmandaki malzemeler alt katmandakilere gore daha hizli
sogumuslardir. Bu malzemeler, siirtiinme matkabinin doniisii sirasinda takima yapismis ve kotii bir
delik yiizey kalitesi elde edilmistir [29].

Paslanmaz celiklerin siirtiinmeli delme prosesi ile olusan kovan ve pul yapisinin incelenmesinin
yani sira Lee ve arkadaslari, 2 mm kalinligindaki AISI304 sac malzemesini kaplamasiz, TiAIN ve
AICrN kaplamali olarak {i¢ farkli siirtiinmeli matkap ile 2400 rpm, 3600 rpm, 4800 rpm ve 6000
rpm ile delmis, olusan matkap yiizey sicakligi, takim aginmasi ve eksenel kuvvetleri incelemislerdir.

(@) ®)
Sekil 7. AISI304 sac malzemede siirtiinmeli delik delme uygulamasi
a) Genel goriintli b) Kesit goriintiisii

Calisma sonucunda, delme siirecinde matkaplarin yiizey sicakliklarinin devirle beraber artigi
goriilmiis ve yiizey sicakligr en diisiik Olgiilen kaplamasiz matkap olurken, en yiiksek yiizey
sicakligr AICrN kaplamali matkapta 6lciilmiistiir. Benzer sekilde, tekrarlanan delmeler veya delinen
delik sayisinin artmasi ile matkaplarin yiizey sicakliginin da arttigr gézlemlenmistir. Bu durum,
AISI 304 paslanmaz celik is pargasinin delinme esnasinda takima yapigmasiyla, matkap ylizey
pliriizliilligiinii artirmast ve sonraki delmelerde siirtiinme katsayisinin artmasi olarak tespit
edilmistir. Aynm1 devir ve ayni sayida delik delmis matkaplardan, kaplanmis matkaplarin,
kaplanmamis matkaba gore, daha az asindig1 ve AICrN kaplamali matkapta en az takim asimmast
olustugu gozlemlenmistir. Ayrica, yiliksek devirlerde takim kaplamasi biiylik asinmaya ugramis ve
kaplanmis ile kaplanmamis matkap arasindaki ylizey sicakligr farkinin azaldigi tespit edilmistir.
TiAIN ve AICrN kaplamalarin varligir eksenel iiretilen itme kuvvetinde ve matkap ylizey
sicakliginda daha az degisime neden olurken, AICrN kaplamali matkabin en az degisikligi
gosterdigi gozlemlenmistir [35].
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Urbikain ve digerleri calismalarinda, AIST 304 ve AISI 1045 kutu profil malzemeler ile AA5754 ve
AAG6082 aliiminyum alagim sac malzeme c¢iftlerini es zamanli olarak siirtinmeli delik delme
yontemiyle delmisler ve ovalama kilavuzu ile dis ¢ekmislerdir.

Sekil 8. Es zamanli olarak delinmis sac metal ve kutu profil ¢iftlerinin kesit goriiniisii

Calismada, proses parametreleri yiizeyler arasindaki boslugu azaltmak ve iyi bir kovan tiretmek i¢in
incelenmistir. Ayrica, bazi deney numunelerine ¢ekme testi uygulanmis ve geleneksel civatali
baglantilar ile benzer degerlerde oldugu goézlemlenmistir. Ayrica, imal edilen baglantilar igin
korozyon testleri yapilmistir. Deney sonuglarina gore, bu yontemin uygulanmasindan zaman ve
para tasarrufu elde edilebilecegi ve bu yeni yaklasimin uygulanabilecegi hedef pazarlarda, kaynakli
veya somun kullanilarak olusturulan klasik civatali baglantilarin yerini alabilecegi belirtilmistir

[36].
3.3. Aliiminyum alasimlarinda siirtiinmeli delme uygulamalar:

Endiistrinin pek ¢ok kolunda farkli {irlinlerin imalatinda kullanilan aliiminyum alasimlari, uzay ve
havacilik endiistrisi i¢in de olduk¢a onemlidir. Farkli 1s1 iletkenlik katsayisina sahip aliiminyum
alagimlarinin siirtinmeli delinmesini arastiran Demir ve digerleri; devir, ilerleme ve malzemelerin
1s1 iletkenlik katsayilarina gore siirtiinme 1silan ile yiizey piiriizliligii ve kovan yliksekligini
arastirmislardir. 4 mm kalinhigindaki AA1050, AA6061, AAS083 ve AA7075-T651 aliiminyum
alasimlarinin; 25 mm/min, 50 mm/min, 75 mm/min ve 100 mm/min ilerleme hizlarinda ve 1200
rpm, 1800 rpm, 2400 rpm, 3000 rpm, 3600 rpm ve 4200 rpm devir degerlerinde siirtiinmeli delme
siireclerini incelemislerdir. Uygulama sonucu elde edilen parcalara ait goriintiler Sekil 9’da
verilmistir.

@ () © @
Sekil 9. Siirttinmeli delik delmenin farkli aliiminyum malzemelerdeki uygulamalari
a) AA1050 b) AA6061 c) AA5083 d) AA7075-T651

(Calisma sonucunda, yiiksek devir ve diisiik ilerleme hizlarinda yiiksek siirtinme sicakliklar1 elde
edildigi tespit edilmistir. Biiylik kovan yiikseklikleri ancak diisiik devir ve yiiksek ilerleme
hizlarinda olusmustur. Siirtlinmeli delme prosesinin  AA5083, AA6061 ve AA7075-T651
aliminyum alagimlarinda, 2400 rpm ile kullanilan ilerleme hizlarinin hepsinde uygun yiizey
plrtizliillik degerlerini verdigi gozlemlenmistir. AA1050 aliiminyum alagiminin sahip oldugu
yiiksek termal iletkenlik katsayisi nedeniyle, optimum yiizey puriizlilik degerleri 25 mm/min -
2400 rpm, 50 mm/min - 3000 rpm, 75 mm/min - 3600 rpm ve 100 mm/min - 4200 rpm ilerleme ve
devir ciftleriyle elde edilebilmistir [37].
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Hyness ve arkadaslar1 AA 6061-T6 aliiminyum malzemenin siirtiinmeli delme prosesi kullanilarak
delinmesinde, termal davraniglari niimerik analizler ile incelemisler ve 1s1 akisini sayisal modele
uygulayarak sicaklik dagilimini gézlemlemislerdir. Sayisal sonuglardan, ilk birka¢ milisaniye i¢inde
takim ve is pargasinin temas noktasinin maksimum sicakliga ulagtigini gozlemlenmistir. Sayisal
analizler, AA 6061-T6 malzemesinin merkezinin, maksimum sicakligini 332,85°C gostermistir. Bu
durumlarda sac malzemenin viskoplastik hale geldigini ve bir kovan olusturmak i¢in disar1 aktigini
tespit etmislerdir [38].

Taguchi metodu, AA1100 aliiminyum alasimi malzemesinin {iizerinde yiiksek hiz ¢eligi (HSS)
malzemeli siirtinmeli delme matkabinin performansini degerlendirmek i¢in uygulanmistir. Diwakar
ve digerleri yiiksek hiz ¢eligi bir takim ile siirtinmeli delme deneyi diizenegi tasarlamislardir.
Calisma sonucunda, siirtiinmeli delme prosesinin delme ve havsalamali iki asamali prosese bir
alternatif olabilecegi belirtilmistir. Diisiik ve orta devirlerde delik igerisinde parlak bir ylizey elde
edilirken, yiiksek devirlerde delik formunun iginde lekeler goriilmiistiir. Deneyler, takimin, sivri
uclu bir takim ile karsilastirildiginda daha az tork ve itme kuvveti gerektirdigini ortaya koymustur.
Ayrica, is parcasi iizerinde rasgele biikiilmeler gozlemlenmistir [39]. Farkli aliiminyum alagim
iizerinde benzer metotla ¢alisan Krishna ve arkadaslari, 1 mm et kalinligina sahip aliiminyum
AA6351 is malzemesine yiiksek hiz ¢eligi takimla siirtiinmeli delme prosesi uygulamis ve Taguchi
yontemi ile siirtiinmeli delme takiminin performansi degerlendirmistir. Takimin koniklik acisinin,
tork ve itme kuvveti degerlerini etkileyen kritik bir parametre oldugu ve bu islemin, delme ve
havsalamal1 iki asama i¢in bir alternatif olabilecegi sonucuna varilmistir. Diisiik ve orta devirlerde
delik igerisinde parlak bir yiizey elde edilirken, yiiksek devirlerde delik formunun iginde lekeler
goriilmiistiir. Is parcasi iizerinde rasgele biikiilmeler gézlemlenmistir [40].

Gevrek malzemelerde proses sonucu olusan kovan, g¢atlak ve kiriklardan dolayr tag yapragi
biciminde meydana gelebildiginden baglant1 uzunlugunu artirmamaktadir [41]. Yapilan farkli bir
calismada bu problem ele alinmig, gevrek bir malzeme olarak bilinen AA7075-T651 aliiminyum
alastminin stirtiinmeli delmesinde, 6n delik derinliginin ve ¢apinin; kovan sekli, deformasyon ve
siirtiinme 1s1s1 iizerine etkilerini arastirilmistir. Sonuglar, 6n delik etkisinin takim ucunun geometrik
boyutlarina bagli oldugunu gostermistir. On delik ¢apmin takimm ug ¢apima yakin oldugu ve 6n
delik derinliginin takimin uzunlugundan biiyiik oldugu durumlarda, baslangic deformasyonu
azalmis, siirtlinme 1s1s1 diizenlenmis ve kovanin silindirik seklinde daha az catlak ve tag yapragi
olugsmustur [42].

3.4. Diger islenebilir malzemelerde siirtiinmeli delme uygulamalar

Yapilan c¢aligmalar incelendiginde, siirtinmeli delme prosesinin imalatta kullanilan diger
malzemelerde de uygulanabildigi goriilmektedir. Boopathi ve digerlerinin yaptigi ¢alismada konik
tungsten karbiir takim kullanarak piring, aliiminyum ve paslanmaz celik pargalar iizerinde
siirtlinmeli delme prosesi uygulanmis ve sonuglar karsilastirilmistir. Proses sonrasi takima ait mikro
goriintiiler incelenmis, piring malzemenin aliiminyum malzemeye gore daha az yapisma 6zelligi
gosterdigi belirtilmistir. Ayrica, paslanmaz celigin siirtiinmeli delinme siireci aliiminyum ve piring
malzemelere kiyasla daha akici bir siire¢ olmustur. Olgiilen itme kuvvetleri karsilastirildiginda,
aliminyum i¢in 1512 N’luk diisiik bir itme kuvveti yeterli olurken, piring 1798 N’luk bir itme
kuvveti gerektirmistir. Paslanmaz ¢eligin stirtiinmeli olarak delinebilmesi i¢in 2745 N’luk bir itme
kuvveti gerektigi goriilmiistiir [43].

Sobotova ve arkadasglar1 2 mm et kalinligindaki AlMgSi aliiminyum alasimi, bakir, S2356JR is
parcalarinmi siirtiinmeli delme prosesi kullanarak delmisler ve delinen kovana kilavuz ¢ekmislerdir.
Olusan deliklerde kovan ve pul sekilleri ile g¢ekilen dislerin mukavemeti incelenmistir. Bakir
parcada olusan kovanin ve pulun ¢ok diizgiin olmadig1 ancak dislerin mekanik degerlerinin kabul
edilebilir degerlerde oldugu goriilmiistiir [44].
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Ozellikle otomotiv endiistrisinde kullanilan dékme metallerde siirtiinmeli delme prosesinde olusan
malzeme c¢atlaklarinin sebep oldugu bozuk kovan seklinin iistesinden gelmek i¢in deneysel
arastirma ¢alismalar1 yapilmistir. 4 mm kalinliginda aliiminyum-silisyum-bakir alasimi A1380 ve
magnezyum-aliiminyum-¢inko alasimi MgAZ91D is malzemeleri 6n 1sitma uygulanarak ve
uygulanmadan siirtiinmeli matkap ile delinmis ve sonuglar karsilastirilmistir. Elde edilen sonuglar
Sekil 10°da verilmistir [45].

®
Sekil 10. Sirtiinmeli delik uygulamalari a) A1380 b) AISI 1020

Yapilan ¢alisma sonucunda; is parcasina 6n 1sitma uygulamanin ve yiiksek is mili hizinin, gevrek
dokiim metalleri siirtiinmeli delebilmek icin gerekli olan itme kuvvetini, tork, enerji ve gii¢
degerlerini azaltmaya yaradigim1 kanitlamislardir. 100°C, 200°C ve 300°C 6n 1sitma uygulanan
AI380 malzeme igin, yiiksek is parcast sicakliginda kovan sekli ve kalitesinin arttig
gozlemlenmistir. Ayrica, yliksek i pargasi sicakliginda kovanlarin formunda daha az ¢atlama ve tag
yapragi olustugu tespit edilmistir. Oda sicakligindaki malzemelerde yapilan deneylerde, yiiksek is
mili hizinin AI380 is pargasi i¢in kovan olusumunu etkilemedigi ancak MgAZ91D is pargast igin,
olusan kovan sekline zarar1 oldugu gériilmistiir [45].

Miihendislik ve medikal uygulamalarinda giderek artan bir sekilde ilgi duyulan bir malzeme olan
titanyum malzemeye, Miller ve arkadaslarinin yaptiklari calismada siirtiinmeli delme prosesi
uygulanmistir. Ticari saf (CP) titanyum malzemenin siirtiinmeli delme prosesiyle delinmenin bir
sonucu olarak malzemede olusan sertlik degisiklikleri, mikro degisiklikler, ylizey altt mikro
centikler, sicaklik ve plastik sekil degistirme etkileri incelenmistir. Titanyum is pargasinin
siirtiinmeli delme prosesi ile delinmesi olduk¢a zor olmustur. Delinmis titanyumun kovan seklinin
kisa ve kalin oldugu goriilmiistiir. Ayrica, malzemenin mikro yapisinda catlak kiimeleri ve yilizey
tabakasinda da genis bir kirik tanimlanmaistir. Delme islemi sirasinda titanyum ylizey tabakalarinda,
yiiksek sicakliga bagli olusan termal gerilmelerin bu ¢atlaklara neden olabilecegi belirtilmistir [46].

Kompleks sekilli magnezyum profiller; havacilik ve uzay, niikleer, otomotiv ve diger miihendislik
alanlarinda sikca kullanilabilmektedir. Biermann ve arkadasi ¢caligsmalarinda iki farkli kalinliktaki (4
mm ve 5 mm) doviilebilir magnezyum alagimi AZ31 malzemenin siirtiinmeli delinmesi esnasinda,
tork, eksenel kuvvet ve proses sicakliklarinin incelenmesini amaglamislardir. Calisma sonucunda,
ilerleme arttiginda uygulanan tork ve eksenel kuvvetin arttigi, ancak artan et kalinlig1 ile eksenel
kuvvetin diistiigii gortilmiistiir. Ayrica et kalinligindaki degisimin proses esnasinda ortaya ¢ikan 1s1
miktarini da degistirdigi gozlemlenmistir. 5 mm et kalinligindaki is pargasinin siirtiinmeli matkap
ile delinmesinde maksimum sicaklik 420°C olgiilirken, 4 mm et kalinligindaki is parcasinin
stirtinmeli matkap ile delinmesinde maksimum sicaklik 437°C olarak 6l¢iilmiistiir [47].

Lee ve digerleri, ugak motorlari, petrokimya ve niikleer endiistri bilesenlerinin iiretilmesinde yaygin
olarak kullanilan ve nikel bazli bir siiper alasim olan IN-713LC malzemesinde, farkli devir ve
ilerleme hizlan altinda siirtlinmeli delme deneyi gerceklestirmislerdir. Bu yontemle delinmis olan
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deliklerde malzeme sertlesmesi, yuvarlaklik toleransi ve ylizey pirizliligi gibi ozellikler
incelenmistir. Deneysel sonuglar, sertligin delik duvarmin yakininda yiiksek degerlerde oldugunu ve
delik kenarindan uzaklastik¢a azaldigini ortaya koymaktadir. Ayrica, yiiksek devirlerde ve ilerleme
hizlarinda, daha iyi yuvarlaklik toleransi elde edilmis ve delik yiizeylerinde piiriizsiiz bir yiizey
gbzlemlenmistir [48].

4. Sonugclar

Strtiinmeli delme prosesi, farkli tiirlerdeki ince sac malzemelerin vidali baglantilarinda getirdigi
avantajlar nedeniyle yaygin olarak kullanilmaktadir. Bu ¢alismada proses; temel felsefesi,
kullanilan takimlar ve uygulanan malzemeler agisindan derinlemesine incelenmis ve bu alanda
yapilan ¢aligmalar derlenmistir. Prosesinin uygulanmasindan elde edilen baslica sonuglar asagida
verilmistir.

e Sac malzemeden kayip verilmeden malzeme yeniden sekillendirilmektedir. Bu nedenle; ince
malzemelerde, malzemenin orijinal kalinligindan yaklagik ti¢ kat daha uzun kovan
olusturulabilmektedir.

e Proses 0zel dizayn edilmis makineler gerektirmeyip, matkap ve CNC tezgahlar kullanilarak
proses tek adimda gergeklestirilebilmektedir. Ayrica, sisme somun veya somun kaynatma
gibi ekstra operasyonlara ihtiya¢ duymadigi i¢in daha ekonomik bir yontemdir.

e Proses, talagsiz liretim yontemi oldugu i¢in operasyon esnasinda ¢evreyi kirletmemektedir.

e (Celik, paslanmaz ¢elik, bakir, magnezyum alagimlari, piring ve aliiminyum da dahil olmak
iizere ¢ok sayida malzemede proses basariyla uygulanabilmektedir.

e (elik malzemelerde prosesin uygulandig: yerlerdeki sertlik degerinin siirtiinmenin ve 1sinin
etkisiyle arttig1 ve bu durumun dayanimi arttirdigi gézlemlenmistir.

e Celik ve paslanmaz ¢elik malzemelerde, ilerleme miktarinin artmasinin malzemenin delik
cevresinde yigilmasina sebep oldugu ve sekillendirilebilirligi olumsuz etkiledigi tespit
edilmistir.

e Aliiminyum malzemelerde diisiik devir ve yliksek ilerleme hizlarinda kovan yiiksekliginin
daha yiiksek ¢iktig1 gozlemlenmistir.

e Gevrek malzemelerdeki uygulamalarda, ¢atlak ve kiriklardan dolayr kovan geometrisi tag
yapragi biciminde olusabilmektedir.

e Sac malzemelerde sertligin artmasi durumunda malzemenin takima yapigmasinin azaldigi
gozlemlenmistir.

Simgeler ve Kisaltmalar

o Merkez agis1 (derece)

Hc Merkez bélgenin uzunlugu (mm)
B3 Konik bdlgenin agis1 (derece)

Hn Konik bélgenin uzunlugu (mm)

D Silindirik boélgenin ¢ap1 (mm)

H Silindirik bélgenin uzunlugu (mm)
t Malzeme kalinlig1 (mm)

d Delik ¢ap1 (mm)

S Saniye

min Dakika

rpm Devir / dakika

Ra Ortalama yiizey piirtizliligi (um)
FCAR Siirtlinme temas alani orani

HSS Yiiksek hiz ¢eligi
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Ozet: Ileri teknolojilerin uygulandigi gelismis endiistride mekanik parcalarin kaynakli birlestirilmelerinde faz
doniisiimleri ve malzemede deformasyon genellikle istenmeyen bir durumdur. Bu olumsuzluklar1 gidermek,
ancak malzemelerin mekanik ve metalurjik o6zelliklerini etkilemeyecek kadar diisiik sicakliklarda yapilan
birlestirme islemleri ile miimkiindiir. Siirtiinme karistirma kaynagi (SKK), metal malzemelerin ergitilmeden kat1
faz ya da yan kati1 halde birlestirilerek 6zellikleri korunur ve daha dayanikli ve giivenli birlestirmeler elde
edilebilir. Bu yontemde kullanilan kaynak pimlerinin se¢imi ve 6zellikleri de malzemenin birlestirme kalitesinde
onemli dl¢lide etkilidir. Bu ¢aligma ile SKK’da kullanilan pim tasarimlar1 gergeklestirilerek tasarlanan pimlerin
imalatlar1 gerceklestirilmigtir. Altt farkli tipte karigtirict ug(pim) tasarlanmigtir. Kaynak esnasinda olusan
kuvvetler bir dinamometre yardimiyla dlgiilerek en iyi performans gosteren ug tespit edilmistir. Ayn1 zamanda
yapilan birlestirmelerden ¢gekme deneyi i¢in numuneler alinip gekme testleri gerceklestirilmistir. Elde edilen tiim
sonuglardan faydalanilarak en uygun ug¢ tasarimina karar verilmistir.

Anahtar kelimeler: Siirtiinme Karistirma Kaynagi, Karistiric1 ug profili, Kuvvet Olgiimii, Cekme Testi

Experimental Investigation of the Different stirring pin forms caused
force and its effects of joining on Friction Stir Welding

Abstract: The application of the advanced technologies on developed industry, deformation and phase
transformation on material in welded joints of mechanical parts is generally undesirable. To resolve these
problems, it is possible to joining processes performed in the lower temperature will not affect mechanical and
metallurgical properties. Metal materials properties is protected with joining solid or semi-solid phase state
without melting and can be obtained more durable and Safety joining with Friction stir welding (FSW). The
selection of the welding pin and properties used in this method has significantly effective on joining the quality
of the material. In this study six different type stirrer pins, used FSW, have been designed and manufactured. The
forces occurring during welding process was measured using a dynamometer and the best performing stirrer pin
has been determined. At the same time, Specimens for tensile test have been taken from the joints made and
tensile tests were carried out. Making use of all the results obtained, it was decided the most appropriate stirrer
pin design.

Keywords: Friction Stir Welding, Stirrer pin profile, Force measurement, tensile test.

Bu makaleye atif yapmak icin
Basak, H., Kayir, Y., Tiurkyilmaz, E.H., “Siirtinme Karistirma Kaynaginda Farkli Karistirma Ug¢ Formlarinin Olusturdugu Kuvvetlerin Ve Birlesmeye
Etkisinin Deneysel Incelenmesi” El-Cezeri Fen ve Miihendislik Dergisi 2017, 4(2); 249-257.

How to cite this article
Basak, H., Kayr, Y., Tirkyilmaz, E.H., “Experimental Investigation of the Different stirring pin forms caused force and its effects of joining on Friction
Stir Welding” El-Cezeri Journal of Science and Engineering, 2017, 4(2); 249-257.


mailto:hbasak@gazi.edu.tr
mailto:hbasak@gazi.edu.tr

ECJSE 2017 (2) 249-257 Surtinme Karigtirma Kaynagi Birlestirmelerinde Farkl ...

1. Giris

Gelisen teknoloji ile birlikte geleneksel yontem olan ark kaynagi ile birlestirmelerin tim
malzemelerde kullanilamamasi yeni yontem arayislarina sebep olmustur. Bu sorunlarin ortadan
kaldirilmast icin gelistirilen SKK, geleneksel ergitmeli kaynak yontemleriyle zor olan, dzellikle
yaslanma sertlesmesine tabi tutulmus aliiminyum alasimlarinin birlestirilmesinde basariyla
kullanilmustir [1]. SKK ilk olarak 1991 yilinda ingiltere(Cambridge)’de tanitilmis, 6zellikle 1990’11
yillarda gelisim goOstermis onemli bir kaynak yontemidir [2- 4]. SKK halen yapilmakta olan
caligmalarla gelisim gostermektedir. Aliiminyum ve alasimlarinin ergitmeli kaynak yontemleriyle
birlestirilmesinden dogan problemleri ortadan kaldirmak ig¢in bir¢cok aragtirmaci yeni yontemler
kesfetmis ve SKK’nin farkli uygulanis yontemleri ortaya ¢ikmistir. Yapilan tiim calismalarda
aliminyum ve alasimlarinda geleneksel yontemlerde olusan yiiksek 1s1 girdisi ve bu malzemelerin
1s1 genlesmelerinin yliksek olmasindan dolay1 olusan kaynak dikislerindeki ¢atlaklarin olusumunu
SKK yontemiyle yiiksek oranda yok oldugu gézlemlenmistir [5,6]. Bir kat1 hal kaynagi olan SKK,
kaynakli birlestirilmesi zor olan malzemelerin birlestirilme islemlerinde kisa kaynak siiresi,
minimum ylizey hazirlama ve otomasyon kolayligi gibi kendine ait avantajlardan dolay1 tercih
edilmektedir. Bu yontem herhangi bir koruyucu gaz, ilave bir kaynak metali ya da kaynak agzi
acilmasina gerek kalmadigindan dolay: alternatif bir yontem olarak kullanilmaktadir [7].

Takim ucu profilinin sekli, yuamusamis malzemenin akisini ve kaynak 6zelliklerini etkiler [8,9].
Uggen takim ucu profili silindirik takim profili ile karsilastirildiginda malzeme akisi agisindan daha
iyi sonug¢ verdigi, ¢alismalarda ortaya konulmustur [10]. AA2024-T4 ve AA7075-T6 aliiminyum
alasimlar birlestirmelerinde 3 oluklu konik dis geometrisine sahip takim ug¢ profilleri iyi kaynak
birlestirmeleri sonucu vermislerdir [11]. Piring malzemesinde Siiriitiinme karistirma kaynag ile
birlestirilen takim ug profilinin mikroyap1 ve mekanik 6zelliklere etkisinin incelendigi ¢alismalar da
mevcuttur [12]. Aliiminyum alasimlarinin birlestirilmelerinde farkli u¢ profillerinin mikroyap1 ve
mekanik Ozelliklere etkisini inceleyen c¢alismalar da yapilmistir [13]. Ayni zamanda SKK’nin
modellendigi caligmalara da literatiirde yer verilmistir [14]. Siirtiinme karistirma kaynag: ile
birlestirmelerde olusan kuvvetlerin 6l¢iimiine yonelik bazi ¢calismalar da literatiirde bulunmaktadir.
Melendez ve arkadaslari, is parcasinda olusan dikey kuvvetleri 6lgmek icin bir calisma
gerceklestirmislerdir [15]. Yang ve arkadaslart [16], yiik hiicresi kullanarak SKK esasinda is
parcasinda olusan dikey kuvvetleri tespit eden bir algoritma Onermislerdir.  Siirtlinme karigtirma
nokta kaynaginda kaynaklama esnasinda ortaya ¢ikan dikey kuvvetleri 6lgen bazi calismalar da
yapilmustir [17,18].

Bu calismada Al6066 kalite aliiminyum alasimi, farkli geometri ve farkli adimlara sahip karistirici
uclar kullanilarak SKK yontemiyle birlestirilmistir. Birlestirme esnasinda Fx, Fy, Fz kuvvetleri ve
Mz moment Ol¢iilmiistiir. Deneyler sirasinda ug devir sayisi ve ilerleme hizlari sabit bir deger olarak
belirlenmistir. Kaynak islemleri sonucunda numunelerden ¢ekme deneyleri gergeklestirilerek olusan
kuvvet ve momentlerle ¢cekme deneyi sonuglari tartisilmistir. Bu sayede olusan kuvvetler,
momentler ve ¢ekme deneyi sonuglarina gore en iyi ug profili tespit edilmeye ¢alisiimistir.

2. Materyal ve Metod

Bu calismada AA6066 kalite aliminyum alagiminin farkli u¢ profillerine sahip karistirici takimlar
kullanilarak SKK ile birlestirilmesi esnasinda olusan kuvvetlerin belirlenmesi amaglanmistir. Elde
edilen birlestirmelerden ¢ekme numuneleri ¢ikartilarak ¢ekme deneyleri gergeklestirilmistir. SKK
esnasinda olusan kuvvetler ile cekme deneyi sonuglar1 beraber degerlendirilerek en iyi karigtiric
ug’a karar verilmeye calisilmistir. Yapilan ¢alisma {i¢ asamada gergeklestirilmistir. Birinci asamada
pim tasarimi ile baglama kalibi tasarimi yapilmis ve pimlerin ve baglama kalibinin imalatlar
gerceklestirilmistir.  Karistirict ucun profil tasarimi ve olgiileri SKK’y1 etkileyen O6nemli
parametrelerden biridir. Karistirict u¢ malzemesi olarak AISI4340 1slah celigi tercih edilmistir ve

250



Basak H., Kayir Y., Turkyllmaz E. H. ECJSE 2017 (2) 249-257

malzeme 50-52 HRC sertliginde 1s1l isleme tabi tutulmus ve karistirict uglar SKK y6nteminde
kullanilmaya hazir hale getirilmistir. Tasarimda pimin ¢apt @5 olarak alinmig ve {izerine ayn1 adim
(p) degerinde yuvarlak, kare, trapez, testere, liggen vida agilarak 5 adet vidali ug (Sekil 1) ile ham
kanall1 pim tasarimi olmak {izere toplamda 6 adet pim tasarimi ve imalati gergeklestirilmistir.
Tasarlanan karistirici ug’a ait temel Olgiiler ve imalat1 gergeklestirilen karistirici u¢ 6rnegi Sekil
2’de verilmistir. Vida ¢ekilmis pimlerde vida adimi (P) 1mm pim boyu ise Smm olarak alinmigtir.

%

h| d
d d "4 7 e
Ucgen Kare Trapez Testere Yuvarlak

Sekil 1. SKK i¢in kullanilan uglara ait Vida profilleri (p: Vida adimi, a: Vida agisi, h: Vida
derinligi, d1: Vida dis dibi ¢ap1, d: Vida dis {istii ¢api)
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|
1
|
;
|
|
;
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Sekil 2. Temel olarak tasarlanan karistiric1 u¢ formu geometrik boyutlari ve imal edilen karistirict
ug drnegi

SKK ile birlestirilecek pargalarin baglanabilmesi igin, dinamometre iizerine monte edilebilecek
kabiliyette bir baglama kalib1 tasarimi ve imalati gergeklestirilmistir. ikinci asamada, Universal
Freze tezgdhinda ayni parametreler (ilerleme f (mm/dev), Devir sayisi (dev/dak) ) kullanilarak
parcalar SKK yontemi ile birlestirilmistir. Bu islem esnasinda 4 bilesenli (Fx, Fy, Fz ve Mz) 6l¢iim
yapabilen bir dinamometre kullanilarak her pim tasarimi i¢in kuvvet ve Moment Olciimleri
yapilmistir. Dinamometre, kuvvet ve moment 6l¢iimleri icin, lizerinde bulunan yiikleri yonlerine
gore (X,Y,Z) algilayan ve sinyaller lireten piyasada hazir olarak temin edilebilecek KISTLER
marka bir dinamometredir. Sistemde dinamometrenin olusturdugu sinyalleri algilayan ve bilgisayar
veri alma kartinin algilamasini saglayan bir Amplifier kullanilmistir. Bilgisayara dinamometreden
gelen ve amlifierle yiikseltilen sinyallerin alinmasi i¢in 16 kanaldan veri alabilecek kapasitede bir
veri kart1 kullanilmis ve bu karta deney setinde kullanilmak {izere bir yazilim yiliklenmistir. SKK
gerceklestirilirken olusan kuvvet ve momentlerin 6l¢iilmesinde kullanilan diizenegin sematik resmi
Sekil 3 de verilmistir.

Bilgisayar

Veri alma kart1 Baglant: AInphﬁer Baglanti

Sistem yazilimi Tablosu Dinamometre

=

Sekil 3. Test diizenegi kurulumu

251



ECJSE 2017 (2) 249-257 Surtinme Karigtirma Kaynagi Birlestirmelerinde Farkl ...

Birlestirilen parcalarin ¢ekme mukavemetlerini analiz edebilmek i¢in numuneler alinmis ve bu
numunelerin ¢ekme deneyleri Instron 3369 marka ¢ekme cihazinda 50kN c¢ekme kuvveti ve
Imm/dak ilerleme hizinda gergeklestirilmistir.

3. Deneysel Sonuglar
3.1. Siirtilnme Karistirma Kaynag

Stirtiinme kaynak yontemi 6rnek alinarak SKK yontemi gelistirilmistir. Bu kaynak, yiiksek devirde
donen omuzlu bir karistirict ucun, alin alina sabitlenmis iki levhaya daldirilarak hat boyunca belirli
bir hizda ilerletilmesi ile gerceklestirilir. Yontemin 6zellikle kaynak yapilmasi ¢ogu zaman zor olan
AA alagimlarin birlestirilmesinde kullanildigi goriilmektedir. Bu kaynak yontemi 1 mm' den az 35
mm’ den daha kalin olan ve kaynaklanamaz olarak diisliniilen aliiminyum malzemelere uygulanmis
ve ¢ok iyi mekanik 6zellikler elde edildigini gortilmiistiir [19]. SKK’nin yapim yontemi Sekil 4’de
gosterilmektedir.

= -

/—Kan§1|uc| Ug

. Karistiric Ug

[ i pargasi w
A Bakig

A

Kansgtinc Ug

[ Tsrmomr | Kangtinei Ug

ig PARGASI IL_I

\\A Bakigi

Sekil 4. Karistirict ucun, alliminyum malzemeye kaynak oncesi hizalanmasi ve alagimli malzemeye
karistirict ucun yanasmasi [19,20].

Deneyler de kullanilan parametreler Tablo 1 de verilmistir.

Tablo 1 Deney parametreleri

Malzeme AA6066 80%120 mm prizmatik parga

Farkl1 ug profillerine sahip 6 adet

Karistirict uglar (K1, K2, K3, K4, K5, ve K6)

Ilerleme (f) 31.5 mm/dk.
Devir Sayisi (S) 900 dev/dak
SSK i¢in kullanilan Tezgah Taksan 40T1500 Universal dik freze tezgahu.

Al6066 lama pargalar1 baglama kalibina alin alina gelecek sekilde baglanarak isleme hazir hale
getirilmistir. Karistirict ug @22°lik pens yardim ile dikey freze tezgihma baglanmistir. Islem
esnasinda olusan kuvvetleri 6l¢mek icin tezgah tablasina bir dinamometre diizenegi kurulmustur.
Baglama kalib1 dinamometreye uygun sekilde civatalar yardimiyla baglanmistir. SKK i¢in tespit
edilen uygun devir sayist (900mm/dak), ilerleme hizi (31,5mm/dak) kullanilarak iki parcanin
birlestirilmesi gergeklestirilmistir.
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3.2. Dinamometre Ol¢iimleri

Yapilan ol¢iimlerde, Mz, moment degeri, SKK ucun kendi ekseni doniisii sirasinda durdurmaya
calisan yiiki, Fz kuvveti, karistict ugtan yukar1 dogru ¢ikan malzeme hamurunun kesiciyi yukariya
dogru itme yikii, Fx ise karistiricnin ileriye dogru gitmesi sirasinda kesicinin hareketini
durdurmaya calisan yiikii temsil etmektedir. SKK deneyleri sirasinda elde edilen grafiklerin
yorumlanmasinda, Fy vyiikii dikkate alinmamistir. Ciinkii SKK islemi sirasinda kullanilan
karistiricilarin donme ve ilerleme olmak iizere iki hareketinden dolayr Mz, Fx yiiklerinin etkili,
karistiritlan AA6066 hamurunun kesiciyi yukart dogru itmeye calismasindan dolay1 da Fz yiikiiniin
etkili oldugu varsayilmistir. Dolayist ile bu ¢alismada dinamometre Ol¢iilen ti¢ kuvvet (Fx, Fy, ve
Fz) ve bir momentin (Mz) degerlendirilmesinde Fy kuvveti degerlendirme disinda birakilmistir.

Al farkli (K1, K2, K3, K4 ve K6) ug ile SKK deneylerin yapilmasi sirasinda olasi problemlerle
(kirilma, kaynak isleminin yapilamamasi, vb.) karsilagilmamis olup kaynakli birlestirmeler istenilen
sekilde tamamlanmistir. Deneyler sirasinda dinamometre ile dl¢iilen kuvvetler ve moment degerleri
Tablo 2’de, grafikler ise sekil 5’te toplu olarak gdsterilmistir.

Tablo 2°de sirast ile verilen Moment (Mz) degerleri incelendiginde, en diisik moment degerinin
(921 Ncm) yuvarlak (K2) ve kare (K4) vidali uglarla elde edildigi goriilmektedir. Bu durumda,
AA6066 malzemelerinin SKK yontemi ile birlestirilmesinde kesici kirilmalarinin en az yasanacagi
uc profillerinin yuvarlak ve kare vidali uclarin olacagi yorumlanabilir. Bununla birlikte ise en
yiikksek Mz degerinin (6450 Ncm) K1 ugla (Ham kanall1) ortaya ¢iktigi goriilmektedir. Dolayisi ile
AA6066 malzemelerin SKK ile birlestirilmesinde K1 ucun uygun olmayacagi, islemin zor
gerceklestirilecegi, hatta uclarin kirilabilecegi sonucu ¢ikarilabilir.

Tablo 2’de verilen Fz degerleri incelendiginde; karistirict ucun vida tipi ve vida helis yoniiniin
(burada tiim vidali uglarmn vida helis yonii aynidir) Fz kuvvetine etki ettigi goriilmektedir. SKK
islemi sirasinda sicaklikla birlikte hamurlasan malzeme uclar ile karistirilirken ayni zamanda
uclarin vida helis yonii ile malzeme alttan yukar1 dogru itildigi diisliniilmektedir. Fakat Malzemenin
yukar1 dogru itilmesinde en diisiik Fz (121 N) degerini yine normal ticgen vidali u¢ (K3) vermis
olup digerleri daha yliksektir. Bu durumda, SKK yontemi ile AA 6066 parcalarinin
birlestirilmesinde tliggen vidali u¢ ile ucu zorlamayacak olan en diisiik Fz degerlerinin olusacagi
sonucuna varilabilir. Bununla birlikte kullanilan uglar icinden ise en yliksek Fz degeri (5214 N)
yuvarlak vida (K2) ile olusmaktadir. Yuvarlak vidali u¢ ile AA6066 hamuru pargalarin alt
yiizeyinden Uis ylizeyine dogru biiylik bir gii¢ ile ilettigi sdylenebilir.

Tablo 2°de verilen Fx degerlerine bakildiginda ise; en diisiik deger (365 N) Ucgen vidali ug (K3) ve
en yliksek deger ise (1150 N) Testere vidali u¢ (K6) ile elde edilmistir. Bu durumda kesici AA6066
parcalarinin SKK ile birlestirilmesi sirasinda kaynak boyunca ucun ilerlemesinde {iggen vidali ucun
daha kolay (zorlanmadig1) ilerleyecegi, testere vidali ucun ise daha zor (zorlandigi) ilerleyecegi
sonucu ortaya ¢ikmaktadir.

Tablo 2. SKK deneylerinde kullanilan uglar i¢in belirlenen kuvvet ve moment degerleri
Deneyler | Kesici No | Ilerleme Devir Kesici (K) Mz Fz Fy Fx
f(mm/dev) | S(dev/dak) Uc Tipi (Nem) | (N) | (N) | (N)
1 K1 31.5 900 Ham kanall1 6450 615 | 260 | 760
2 K2 31.5 900 Yuvarlak Vida | 921 5214 | 421 | 451
3 K3 31.5 900 Ucgen Vida 1165 121 | 276 | 365
4 K4 31.5 900 Kare Vida 921 2770 | 437 | 625
5 K6 315 900 Testere Vida 1555 | 800 | 390 | 1150
6 K7 31.5 900 Trapez 1875 | 1270 | 565 | 375
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Tablo verileri, Sekil 5’te verilen grafiklere bakildiginda SKK wuglarinin islem siiresince
karsilagtiklar1 yiikler daha kolay goriilmektedir.

Sonug olarak SKK islemi sirasinda gene itibari en disiik yiikleri tiggen vidali uglar ile elde
edilebilecegi yorumunu yapmak zor olamayacaktir. Diger bir deyisle SKK islemi i¢in degisik
profillere sahip uclar iginde en uygun sonucu licgen vidali ug ile elde edilecegi anlasilmaktadir. Bu
varsayim, SKK yapilan deney numunelerine uygulanan c¢ekme sonuglari da (Sekil 6)
gostermektedir.

"Smooting on T
Mz [Nenj Smoothing on K2
o Fz[N] e
b Fz[N]
FyIN]

KN
Fx[N] RN

b CycleNo: 1
-10000- Time(s]
Tines] CycleNo. 1

Smoothing on K3 Smoothing on K4
Mz [Nen] Mz [Nem
5000- FZN] 5000 Fz[N]
BN BN
200 Fx[N] Fx[N]

Tines) CycleNo: 1 h Tive[s] CycleNo: 1

"Smoothing on K6 Sm oothing on

Me [Neni Me [Nenj
4000 R[N Fz[N]
N
BN

HIN
AN

Tinefs] CycleNo: 1 Tinels CycleNo: 1

Sekil 5. SKK deneylerinde kullanilan uglar i¢in olusan kuvvet ve moment grafikleri

3.3. Cekme testi

SKK yontemiyle bilestirilen kaynak numunelerinden 3 er Adet ¢ekme numunesi ¢ikartilmistir.
Numuneler tel erozyon tezgahinda istenilen Olgiilerde kesilerek deney i¢in hazir hale getirilmistir.
(Cekme deney numuneleri TSE 138’e gore standart ¢cekme numune Olglilerine gére hazirlanmistir

254



Basak H., Kayir Y., Turkyllmaz E. H. ECJSE 2017 (2) 249-257

[21]. Cekme deneyi i¢in hazirlanan numunelerin ¢ekme deneyleri Instron 3369 marka ¢ekme test
cihazinda gergeklestirilmistir. Deney sirasinda ¢ekme hizi=5 mm/dak ve On yiik=10 N olarak
belirlenmistir. Sekil 6’da ¢gekme deneyi i¢in hazirlanan par¢anin geometrik boyutlar1 verilmistir.

L:100 mm

B:30 mm

A32 mm B - al B

Wi 6 mm

C: 10 mm

G: 25 mm €1 - - _ = — — -1 I

R: 6 mm -~
T:6 mm
G T
v

Sekil 6. Cekme deneyi i¢in hazirlanan numunelerin geometrik boyutlari

(Cekme testine tabi tutulan ¢ekme degerleri tablo 2°de verilmistir.

Tablo 2 Cekme testi sonuclari

DeNnoey Parga / SKK kullanilan Ug | Cekme Degeri(N/Mm?)

0 Ham parca 347,68
1 Ham kanall1 ug 116

2 Yuvarlak vidali karistirict ug 193,4
3 Uggen vidali karistirici ug 301,02
4 Kare vidali karistirici ug 181,65
5 Testere vidali karistirict ug 281,67
6 Trapez vidal karistirict ug 232,55

Vidali karistirict uglar ile SKK’ya tabi tutulan numunelerin ¢cekme mukavemeti, esas parca ¢ekme
mukavemetine yakin degerlerde ¢ikmustir. Uggen (metrik) vidali karistirici ug ile birlestirilen
numunenin ¢ekme mukavemeti en iyi deger (301,02 N/mmz) olarak elde edilmistir. En diisiik
¢ekme mukavemeti (116 N/ mmz) ise Vidasiz kanall1 profile sahip karistirici ug ile elde edilmistir.

Vida agilmayan karistirict ug ile elde edilen ¢ekme mukavemeti istenilen seviyenin c¢ok altinda
cikmistir. Vidali karistirict uglar ile yapilan numune parcalarda en diisilk ¢ekme mukavemeti kare
vidal karigtirict ug ile elde edilmistir. SKK isleminin etkili olabilmesi i¢in karistiricinin yiizey
alanimnin fazla olmasi gerektigi soylenebilir. Bu nedenle karistirict u¢ geometrisine bagli olarak
ylizey alan1 parametresinin dogrudan SKK islemini etkiledigi diisiiniilmektedir. Ciinkii ylizey alani
artarken siirtlinme islemi daha etkili olacagindan ortaya ¢ikan 1s1 miktari da fazla olacaktir. Boylece
iki parcanin birlestirilmesinde daha diizgiin bir karisim saglanacagi sdylenebilir. Kullanilan vida
geometrilerinin kaynak esnasinda parcalarla temas ettikleri ylizey alanlar1 diisiiniildiigiinde elde
edilen ¢ekme mukavemeti siralamasinin da mantikli oldugu kanaati olugsmustur.
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Cekme Testleri
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Sekil 7 Cekme testi sonuglari

5. Sonuc Ve Oneriler

Bu ¢alismada SKK teknigi kullanilarak birlestirme islemleri gerceklestirilmis ve ug profillerine
bagli olarak bir dinamometre vasitasiyla olusan kuvvetler ve moment degerleri belirlenmistir. SKK
teknigi ile birlestirilen numunelerden ¢gekme deneyi i¢in numuneler alinmis ve gekme deneyi testleri
gergeklestirilmistir. En iyi performansi saglayan karistirict ug tespit edilmeye ¢aligilmistir. Yapilan
caligma sonunda elde edilen bulgular asagida siralanmistir.

Karigtirict uglarda en iyi performans ve en mukavemetli birlestirme iiggen disten elde
edilmistir. Karigtirici ug tasarimlarinda bu tipin tercih edilmesi tavsiye edilir.

Vidasiz karistirict ug ile yapilan kaynaklarda ¢ekme kuvveti istenilen diizeyde olmamustir.
Vida cekilmis karistirict uglar ile yapilan birlestirmelerde en koti ¢ekme mukavemeti
sonucu kare disli karistirici ug ile birlestirilen numuneden elde edilmistir.

SKK yontemi ile esas malzemeye yakin cekme mukavemeti elde edilebilir.

Karistiricr u¢ tasarimlarinda siirtiinme yiizeyi fazla olan uclar tercih edilirse birlesme daha
homojen ve saglikli olabilir.

Karigtirict ucun vida siirtiinme yilizeyinin biiyiikliigi, kaynakli birlesmenin ¢ekme
mukavemetini arttirdig1 sdylenebilir.

SKK islemi sirasinda kullanilan karistiricilarin donme ve ilerleme olmak iizere iki
hareketinden dolayr Mz, Fx yiklerinin etkili, karistirilan AA6066 hamurunun kesiciyi
yukar1 dogru itmeye caligmasindan dolay1 da Fz yiikiiniin etkili oldugu anlagilmistir.

SKK islemi sirasinda genel itibari en diisiik yiikleri iggen vidali uglar ile elde edilebilecegi
anlasilmaktadir.

SKK islemi i¢in degisik profillere sahip uclar icinde en uygun birlesimin iiggen vidali ug ile
elde edilecegi goriilmiistiir. SKK yapilan deney numunelerine uygulanan ¢ekme degerleri
(Sekil 7) bunu kanitlamaktadir.
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Abstract: In this study, the factors influencing the root causes of failure initiations are examined by conducting
the original experimental implementation and condition monitoring techniques on a welded test setup
construction. In target of root cause failure detection, vibration data are acquired through radial and axial
directions for the analysis. A test setup system has been designed by gathering inspiration from an existing
system in industrial environment and the test setup constructed by welding method in joinings of main steel
parts. Unbalance and mechanical looseness failures are practised at one rotation frequency on the test setup.
Vibrational data are collected in three axis simultaneously through four-channel data acquisition card (DAQ)
integrated with the computer system. According to the study results, vibration analysis in detection of tested
failures has been judged to be successful. In the study, it is mentioned that prognosis and diagnosis may go in
incorrect evaluation respect to the concurrent symptoms of failure data consisting main orders of the base
frequency and natural frequencies that lead to resonance.

Keywords: Vibration; fourier; signal; welded.

Titresim Davranisi ile Kaynakh Test Diizenegi Konstriiksiyonunun
Tahribatsiz Test Edilmesi

Ozet: Bu caligmada, arizi kusur kok nedenlerine etki eden faktérler, kaynakli bir test diizenegi ve Ozgiin
deneysel uygulama ile durum izleme teknikleri kullanilarak incelenmistir. Kok neden ariza tespiti hedefine
ulasabilmek ig¢in ise, titresim verileri radyal ve eksenel yonlerde toplanmistir. Bu test diizenegi kurulumu
endiistriyel ortamda varolan bir sistemden esinlenerek dizayn edilmis ve test diizeneginde ana diizenek, sehpa
parcalar1 kaynakli yontemle birlestirilme yoluna gidilmistir. Dengesizlik ve mekanik gevseklik kusurlari test
diizeneginde belirlenmis donme frekansi etkisinde olusturulmustur. Titresim verileri bilgisayar sistemi ile
entegre dort kanalli veri toplama karti (DAQ) araciligiyla ayni anda ii¢ eksende toplanmustir. Calisma
sonuglarina gore, test edilen kusurlarin tespiti titresim analizi ile bagarili oldugu sonucuna varilmistir. Calismada,
prognoz ve diyagnoza dayali teshis ve tam islemlerinde, temel frekans ve rezonansa neden olan dogal
frekanslarin ¢akismalarindan dolay1r es zamanli belirtilerin yanlis degerlendirmelere neden olabilecegi ortaya
konulmaktadir.
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1. Introduction

In order to reduce the unit production cost; various optimization methods, logistics, spare parts,
work-study applications, six sigma and many other methods are implemented within the scope of
lean manufacturing techniques and operations research. By spreading in our country, innovative
maintenance techniques of predictive maintenance based on condition monitoring will consequence
in nominal or extended machine life; and other consequences will be increase in quality product
output, reducing in spare parts inventory, falling in product unit cost and probable positive
developments in occupational health. Not only large enterprises benefits from innovative condition
monitoring techniques, but also widespreading in small and medium-sized enterprises will maintain
benefits mentioned above and also will have gainings in prevention of electrical losses and less
unscheduled interruptions due to mechanical failures such as misalignment, unbalance, mechanical
looseness, bearing damage. These gainings will make a significant contribution in sustainability of
the quality production.

In dynamic systems, there are two main reasons controlling the amplitude and frequency of
vibration as external forces and system dynamic characteristics. Alternating any of these reasons
will change the vibration response occurred in the system. [1]. Because the machine is sensitive to
the slightest structural or procedural changes in the vibration response, vibration analysis in
business is one of the most popular and accepted methodology [2]. Case basis of the monitoring
techniques, degradation processes to identify some of the features indicative of equipment with
appropriate reading of sensor measurements and these features are based on an understanding of
health care equipment and monitoring techniques [3]. Heart of the condition-based maintenance is
the continuous monitoring process enables the display state of signals by using certain types of
sensors and indicators [4]. The machine has usually suffered specific damages that can be traced
throughout the operational life cycle of the machine type. Machine condition monitoring technology
is the science of examining and evaluating, mostly based on vibration measurement including
collection of symptoms and analysing symptomatic status [5]. In the machine that has rotating
elements; defect phenomenons are inevitable while symptoms such as heat accumulating, wear,
looseness etc. can not be detected at the initiation period which are caused by failures in
manufacturing, installation and tolerance. In order to detect initiation of defects over rotor, model or
signal based methods are used in general [6]. Maintenance plans are prepared based on condition
monitoring techniques in order to detect failures in the early state and to prevent unplanned
stoppages in induction machines. [7].

2. Material-Methods

Test apparatus; AC induction motor, double inlet centrifugal fan, consists of five feet of flexible
coupling and frequency changer. The test apparatus is placed on the steel sheet and a stable tripod.
The system as a whole, data acquisition card and the motor is integrated in monitoring system
associated with a computer system. In order to join steel parts, welding has been implemented for
construction of the test setup. Testing apparatus in Figure 1 presents the view.

Theoretically the frequencies used in the test (T) and applied (A) are shown in Tab. 1, the
approximate values. Theoretical frequencies shows the value set on the digital frequency changer;
according to data obtained during the application of the numerical frequency value set, actual
frequency ranging suffered some losses. Harmonic 1x expressed as a frequency value that is
recognized as the fundamental frequency; 2x, 3x and the values in the upper orders and are called
harmonics of the fundamental frequency. In the table, the frequency is set with the f symbol for
frequency converters and represents the harmonic order with h symbol.
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Figure 1. Welded Construction Test Setup

Table 1. Harmonics in theoretical and application - f(Hz), h(x)

(h) 1x 2X 3X 4X 5x
(H T A T A T A T A T A
50 | 50 |47,61| 100 | 95,22 | 150 |142,83| 200 [190,44| 250 [238,05

Measurements were made during the tests at electrical frequency of 50 Hz and rotational period was
measured as 2800 min™. Possible failure frequencies and harmonics is taken into account when

calculating the bearing and fan-induced vibrations of the test apparatus.

Over the basic failure frequency measurements made by calculating bearing related equations are

presented in Tab. 2.

Table 2. Main failure frequencies

fl oo Oppf ¢ Obpfo Obpfi Obsf
(Hz) (Hz) (Hz) (Hz) (Hz) (Hz) (Hz)
50 47,61 476,1 19 152 248 98,16
Frequency calculations relevant with bearing :
Wbpfo = ws(E)[l-(Er)COSqS] 1)
Obpfi = ws({i)[1+(5)008s15] )
wpst = 05(2r)[1-(aC054)’] 3
oc =2 [1-(3)cosg] (4)
Obpf = OsNp (5)

Oppfo: Outer ring passing frequency (Hz), oppii: Inner ring passing frequency (Hz),
opst: Ball spin frequency (Hz), o.: Cage frequency (Hz), os: Shaft frequency (Hz),
oppr: Fan blade passing frequency (Hz), n: Number of balls, r: Diameter of ball,
¢: Angle of contact, d: Diameter of division circle, n,: Number of fan blades = 10

Unbalance mass in the test was performed by loading 23 g of weight, as shown in Figure 2.
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Figure 2. Unbalance phenomena on fan wings Figure 3. Mechanical looseness at footings by shim

At 0.1 mm and 0.5 mm level in vertical direction, all consequences brought occur at two different
levels as looseness in the front two legs of the electric motor in Figure 3 is examined.

3. Experimental

Vibration measurements are done in radial (vertical, horizontal) and axial measurements during the
tests. In this study, the data collected through the vertical direction is presented in the name of radial
direction. In order to detect natural frequencies for comparison, damping tests are implemented on
welded test setup when the system is not dynamic.

3.1. Failure of unbalance at 23g level

In the radial direction according to Figure 4, maintaining 23 g load caused unbalance symptom as
dominant harmonic 1x and it is observed as the highest amplitude vibration signal of 2.29 m/s?, and
1x in the axial direction as the second harmonic is observed through dominant signals. Unbalance
effect has been detected significantly in the radial, axial direction and irregularities are found in
values of the peak-to-peak waveform chart.

Rec - M S S - Dominant vibrations |
= : T : ! : ! : 47,61 Hz /229 mis2
il ! ! ! ! I 1 [ 95.44 Hz /1.86 m/s2
AR RNEETEEEN E NN S KW 191.7 Hz / 1.65 mis2
= b i H H : : : 147.7 Hz / 0.634 m/s2
x i | | | i | 963.1 Hz / 0.559 m/s2
1 | 4 i |l ‘I J l ‘ l eSS —] RIS
WL 1 L
|
,J.,\.J.,H l'n |J ,H Eon o
! | | | | | | | | |
& | I { l | 1 | I
@ | | | |_ o]
01:50.838 02:00.088 0200338 £ 0.00 525.00  1050.00
(a) Radial way waveform graph (b) Radial way spectrum graph
Rec e A FFT
T T 1™ Tl 2 Dominant Vibrations
2 ' : [T 96.44 Hz 1 2.58 mis2
2 | | | 1 4761 Hz /1.02 mis2
E 3 r— r | | | 147.7 Hz / 0.828 m/s2
| E : : ; 963.1 Hz /0.412 mi/s2
| | , i | | 1083.2 Hz /0.399 mi's2
HH s s i et Tt ity RS
! ' ' k3l ! 2274 mis2
I | I | | |
| | | | I | |
BEEE k¥ L T 2| | | | |
| | | | | | |
| | | | I | |
. | | [ l J X S T
01:59.838 02:00.088 0200338 2 0.0 52500  1050.00 <
(c) Axial way waveform graph (d) Axial way spectrum graph

Figure 4. Vibrational data of unbalance failure at rotating speed 2880 min™
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In both directions regarding bearing defect frequencies zone, cage frequency harmonic 51x®.
excited natural frequency signal at 963.1 Hz and it has emerged among the top five in the frequency
of the dominant signals. In the axial direction regarding bearing defect frequencies zone, it is
observed that natural frequency at 1063.2 Hz has been excited by cage frequency harmonic 56xa..
Unbalance effect in the radial direction spectral data is detected as clearly, misalignment symptom
appeared on the axial direction in spectral data.

The unbalance forces in the radial direction of the dominant fundamental frequency 1x (47.61 Hz)
harmonic at 2.29 m/s? is determined by the amplitude value. The unbalance harmonic 1x in the axial
direction at frequency 47.61 Hz as 1.02 m/s® has been observed with the amplitude value. 1x
harmonic of the fundamental frequency is observed only as a sign of unbalance compared to the
radial direction the dominant signal measurements. RMS (Root Mean Square) values increased in
the radial direction and the axial direction in comparison with reference levels. 963,1 Hz and 1063,2
Hz natural frequencies are observed only in unbalance test. The highest five amplitude formed in
2880 min™ rotation period caused by unbalance flaw occurred on the same frequencies in the five
dominant signals of reference data.

Table 3. Vibration signals of unbalance failure at 2880 min™ — (S=Signal)

RMS

MEASUREMENT 15| 25 | 35| 45 | 55 |(ms)
.1 fn fn fn fn

U /2880 min~/239g/(R) 1x | 2% | (4%) | (3%) |(51xawg)| 2.677
- -1 fn fn fn fn

U/2880min"/ 23971 A | 0| 1x | (3%) | (51xwg) | (56xeg) | 2.274

3.2. Failure of mechanical looseness at 0.1 mm level

In radial and axial direction, signal at 95.21 Hz (2x) excited a signal at the natural frequency at
96.44 Hz and consequently superharmonic resonance has been observed with the highest signal
amplitude. Unbalance harmonic 1x is appeared as second dominant harmonic in radial direction,
and appeared as the third dominant signal in the axial direction. In both directions, cage frequency
at 964.8 Hz (51xw.) excited natural frequency at 965.6 Hz and cage frequency at 1061.28 Hz
(56xm.) excited natural frequency at 1064.5 Hz in the axial direction and superharmonic resonance
frequency is detected. Other signals are observed due to induced mechanical looseness and bearing
signals. Fluctuations in the waveform chart is observed. Data graphs are given in Figure 5.

FFT

& ;SR 'Il S _:— = 'If - Dominant Vibrafions
@ | i i i 96.44 Hz /1.99 m/s2
w | | | | 47.61Hz/1.01 m/s2
£ i ! I I I 147.7 Hz / 0.766 mis2
= | ! : : 244.1 Hz / 0.434 mis2
! | i | 965.6 Hz / 0.391 m/s2
4 R | g et iy RIS
I ! ! L 1.918 m's2
A I | |
| | I | |
RNy — l I I | |
| I I I I
8 | I I | |
[t | | | !_ o LlLh l (PR o
47.954 48.079 48.204 48.329 43.45¢ 2 0.00 525.00  1050.00 <
(a) Radial way waveform graph (b) Radial way spectrum graph

262



Erol, S.S., Meran, C. ECJSE 2017 (2) 258-265

g s e st e FFT
™ A5l T Dominant Vibrations
T I I I T =
!% | 86.44 Hz /2.1 m/s2
& 147.7H g m

i | i
1 | |
L ! I 1
| I
! I |
H I l
| !r . . J i ey i ) it RMS
i | ! ! ! 1.878 mis
; ! A O
HHHEH - ! ! | | | |
= 1 1 | | 1 |
, | ; ;_m il il ”
47.954 48.079_ 43204 48.329 43.454 ﬂ- 0.00 5-25.00_ 1050.00 %
(c) Axial way waveform graph (d) Axial way spectrum graph

Figure 5. Vibrational data in 0.1 mm mechanical looseness at 2880 min™

In the radial direction vibration signals detected in the highest five amplititudes are; natural
frequency at 96.44 Hz, 47.61 Hz (1x) base frequency, natural frequency at 147.7 Hz, natural
frequency at 244.1 Hz, natural frequency at 965.6 Hz; in the axial direction, signals are observed as
the natural frequency at 96.44 Hz, the natural frequency at 147.7 Hz, 47.61 Hz (1x) base frequency,
natural frequency at 965.6 Hz, natural frequency at 1064.5 Hz. Mechanical looseness in the radial
direction spectrum of symptoms are observed more pronounced.

3.3. Failure of mechanical looseness at 0.5 mm level

The dominant signal of natural frequency at 96.44 Hz belonging mechanical looseness testing at 0.1
mm level in radial and axial direction is replaced with unbalance harmonic 1x in the level of 0.5
mm; the 96.44 Hz signal has replaced as sub-dominant. Respect to the Figure 6, in both directions
unbalance harmonic 1x is observed in the first dominant harmonic signal. In the bearing defect
frequencies zone, signal at 1065.7 Hz frequency has been detected and it isobserved only in the
axial direction through five dominant signals. Other signals are observed in mechanical looseness
and bearing effects. Unbalance effects are evident in the waveform chart and fluctuations in peak-
to-peak value is determined.

IS s seysnmneio s FFT
Rec ™= ‘lr :_ ']r Dominant Vibrations
g ! T ! : | : i 47.61 Hz [ 4.04 m/s2
ey 1 [ | | 96.44 Hz / 2.97 m/s2
4 ] 8 B v 1 I O I I I 192.9 Hz / 1.41 mis2
£ t " l N l | : : : 147.7 Hz 1 0.564 m/s2
! I I | | | 244.1 Hz / 0.543 m/s2
L d AR 0L | 5_ A7 i i Manieatier ot i RMS
| , | l | | : : : 4.08 m's2
1 I 1 | | | | |
N8 - (381 B o I I I I
X (N ’ K ' | ! ‘ | I | |
b | | 1 | | | [ | [
z | i | Ut L -
35.352 35.477 35.602 35.727 358522  0.00 52500  1050.00 =
(a) Radial way waveform graph (b) Radial way spectrum graph
FFT
Rec "'-___T__jl___:__ Dominant Vibrations
5 : : : : | \ | 4761 Hz /267 mis2
S b i
Sttt T ‘I' Tt E- ok A 192.9 Hz 10.579 mis2
l | l | l . ] ‘ , [ | | 1085.7 Hz / 0.485 mis2
I I I T TR r RS
WA IS 8V &Y KLU RERY N ATl NI ! ! 2.592 mis2
| A
|
TITeImi vyt riT Lo
8 l | 1 [
.l | | |_ = 7
35.352 35.477 35.602 35727 35852 2 0.00 525.00 1050.00 L
(c) Axial way waveform graph (d) Axial way spectrum graph

Figure 6. 0.5 mm mechanical looseness vibrational data at 2880 min™
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In radial direction, 47.61 Hz (1x), 96.44 Hz (f,), 192.9 Hz (f,), 147.7 Hz (f,), 244.1 Hz (f,) signals in
frequency; and in the axial direction, 47.61 Hz (1x), 96.44 Hz (f,), 144 Hz (), 192.9 Hz (f,), 1065.7
Hz (f,) signals in frequency are detected. At 2880 min™ rotating period in tests harmonic 1x is
observed as the dominant signal at 0.5 mm level; this suggests that the effects become more
dominant for unbalance failure respect to the high vibrations occur due to lack of uniformly
distributed forces caused by the high oscillations besides effect of mechanical looseness.

According to Tab. 4, in both directions natural frequency signal that is excited by 2x misalignment
harmonic occurred at 0.1 mm level and unbalance harmonic 1x is observed at 0.5 mm level and
these two harmonic signals has emerged as the dominant signals. Regarding signals at increasing
frequencies beside the signal at 2x; harmonic 2x has led to the definition of inclusion in mechanical
looseness. Signals at bearing defect frequencies zone and increase in the amount has been detected:;
this situation indicates that the bearing’s response is increased relevant with tests.

Table 4. Mechanical looseness signals at rotation speed of 2880 min™

RMS
MEASUREMENT 1.5 | 25| 3s 45 55 | (mis?)

ML/2880 min /0.1 mm/(R) | o fy fi fi
(2x) | 1x (3x) (5x) | (51xwc) | 1.918

ML/2880 min /0.1 mm/(A) | fo | fa fy fy
(2x) | (3x) 1x (51xmc) | (56xmc) | 1.878

ML/2880 min /0.5 mm/(R) fo | fn fo
Ix [(2x)]| (4x) (3x) (5x) 4.09

ML/2880 min™ /0.5 mm/(A) fn fn fa fn
Ix [(2x)]| (3x) (5x) | (56xm) | 2.592

Natural frequencies excited by harmonic 2x are detected as the most dominant signals at 0.1 mm
level in radial and axial directions; and harmonic 1x is detected as the most dominant signal respect
to the 0.5 mm level.,.

At 2880 min™ rotation period, change in the amount of mechanical looseness spectrums is shown in
Figure 6. mechanical looseness symptoms have been observed better in the data through radial
direction.

According to spectrum data in 0.5 mm mechanical looseness level, 1x signal amplitude seems to
have become the most dominant harmonic signal that is the symptom of unbalance. Also, in the
bearing defect frequencies zone, bearing mediated signals became more evident in both directions at
0.5 mm level. RMS values rise in parallel to increase of level in mechanical looseness.

4. Results and Discussion

Respect to the findings relevant with unbalance test; 23 g load effect has been detected in the
viration measurement in the radial direction. Time domain has been studied and the main symptom
of unbalance failure as 1x harmonic has been appeared and determined successfully. Natural
frequencies appeared respect to the lower orders of the 1x and cage frequencies of the bearing
element.

Even though, natural frequencies that excited by the 2x harmonic has been obtained in the first
order on both the radial and axial direction at 0.1 mm level of mechanical looseness, 1x harmonic is
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appeared in the first order at 0.5 mm level of mechanical looseness. At 0.1 mm level, 2x harmonic
is typical symptom of mechanical looseness and has been detected successfully. On the other hand
at 0.5 mm level, 2x harmonic appeared in the second order which excites the natural frequencies
that can be interpreted as mechanical effect can be detected too. Reversely at the 0.5 mm level; as
consequence of the increasing oscillations, unbalance failure appeared with the symptom of main
characteristic 1x harmoning in the first order.

In comparison with unbalance and mechanical loosenes failure tests; unbalance test with 23 g load
and mechanical looseness presented traditional consequence; on the other hand, unbalance failure
occured additionally on mechanical looseness at 0.5 mm mechanical looseness in 2880 min™
rotation period.

5. Conclusions

Respect to the experimental test and results; test setup constructed by metal body joined with
welding method may have some natural frequencies which might be excited by orders of main
frequency and bearing frequencies. High amplititude vibrations those caused by resonance
phenomena due to natural frequencies should be detected before or during the construction of
metallic structures and should be avoided as much as possible in order to prevent demolition of
mechanical elements.
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Ozet: Bu calismada, farkli serideki aliiminyum alasinm levhalar sabit takim dénme hiz1 ve takim bekleme siiresi
ile farkli takim dalma hizlar1 ve takim dalma derinliklerinde siirtiinme karistirma nokta kaynak (SKNK) teknigi
ile birlestirilmistir. Daha sonra, aynmi levhalarin sabit elektrod kuvvetleri ve kaynak siireleri ile farkli kaynak
akimlarinda elektrik diren¢ nokta kaynak (EDNK) yontemiyle birlestirilmesi gergeklestirilmistir. SKNK ve
EDNK sonrasi, ¢ekme makaslama testleri yapilarak her iki aliiminyum levhanin kirilma tipleri ve kopma
kuvvetleri belirlenerek hangi kaynak yonteminde optimum ¢ekme makaslama kuvveti elde edildigi
belirlenmistir. Ayrica, makroyap1 incelemeleri ile kaynak boélgeleri belirlenmis ve mikroyap: incelemeleri ile
tane yapilarinin olusumunu etkileyen faktorler incelenmistir. Tiim bu metalurjik ve mekanik testlerin sonuglari
incelenerek her iki yontem ile birlestirilen levhalar kargilastirilmstir.

Anahtar kelimeler: Siirtinme karigtirma nokta kaynagi, Direng nokta kaynagi, Aliiminyum levha, Kaynak
parametresi.

Comparison of Aluminium Alloy Sheets Joined by Resistance Spot
and Friction Stir Spot Welding

Abstract: In this study, different series aluminum alloy sheets were joined by friction stir spot welding (FSSW)
method with fixed namely tool rotational speed and toll dwell time, different toll plunge speeds and tool plunge
depths. Then, same sheets were joined by electrical resistance spot welding (RSW) method with fixed electrode
force, welding time and different welding currents. After FSSW and RSW, it was determined that to obtain
optimum tensile shear load from what welding method with tensile shear tests and determining the tensile
strength and fracture types. Welding zones were determined with macrostructural investigations and factors
effecting the formation of grain structure were observed with microstructural investigations. The sheets
combined with both methods were compared by examining the results of metallurgical and mechanical tests.

Keywords: Friction stir spot welding, Resistant spot welding, Aluminium sheet, Welding parameter.
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1. Giris

Basing kaynak yontemlerinden EDNK (Direng kaynagi) yontemleri grubu otomotiv endiistrisinde
oldukca genis bir kullanim alanina sahiptir. Zira bu yontemler de kaynak islemi kat1 fazda
gerceklesir ve kaynak bolgesinde dar bir 1sidan etkilenmis bolge olusur, birlesme kisa siirede
tamamlanir ve 6zellikle otomobil govde liretiminde kullanilan direng nokta kaynagi seri liretime
uygun oldugundan dolay1 robotlar ile gerceklestirilir [1]. EDNK, is parcalarindan gecen elektrik
akimma karst is pargalarmin gosterdigi direngten saglanan 1s1 ve ayni zamanda basincin
uygulanmasiyla yapilan bir kaynak yontemidir. Malzemeden gecen elektrik akiminin dogurdugu
1siin disinda, herhangi bir 1s1 uygulanmamaktadir. Is1, kaynak edilecek kisimlarda olusur ve basing
kaynak makinesindeki elektrotlar ya da ¢eneler araciyla uygulanir [2]. Ancak yumusak bir malzeme
olan aliiminyum alagiminin kaporta imalatinda kullanilan EDNK ile kaynak edilmesinde yasanan
glicliikler otomotiv kaportasinda aliiminyum alagimlarinin yaygin olarak kullanilmasini
geciktirmistir [3].

Ancak son yillarda elektrik direng nokta kaynagina alternatif olarak gelistirilmis olan ve aligilmis
stirtiinme karigtirma kaynagi (SKK) yonteminden yola ¢ikilarak gelistirilen SKNK yontemi, kaynak
teknolojisi konusundaki son gelismelerden biri olarak karsimiza g¢ikmaktadir [4]. Bu yontem,
bindirme pozisyonunda bulunan malzemelerin hem alt hem de iist bolgelerine uygulanir. Dénen
karigtirict uglu takim, malzemeye iist ylizeyden siirtiinme 1s1s1 olusturmak i¢in bir siire uygulanir.
Doénen karistirict uglu takima bitisik olan 1sinmis ve yumusamis malzemede plastik akisa neden
olur. Bununla birlikte takim omuzu malzemeye baski verir. Belirli bir siire sonra takim malzemeden
uzaklastirildiktan sonra nokta bigiminde kaynak olusur [4]. Y6ntemi gelistiren ve ilk kullanan Japon
otomobil kurulusu, yontemin aliiminyumda uygulamasi olarak, bu yontem igin 6zel olarak
gelistirilen kaynak robotunu kullanarak tiretmekte oldugu spor model otomobillerin arka kapilarini
ve motor kaputlarmi liretmekte ve yontemin uygulanmasi ile elektrik tiiketiminden %99 tasarruf
ettigini aciklamaktadir. Ekipman fiyatlarinin aliiminyumun EDNK’ da kullanilanlara gore %40
daha az yatirim masrafi gerektirdigi de belirtilmektedir [5]. Tiim bu g¢alismalara inceledigimizde
EDNK yo6ntemi yaygin olarak kullanilmasina ragmen bu yontemden yeterli verim alinamamustir.
Bunun aksine SKNK yontemi fazla taninmamakta ve sanayi ortaminda kullanilmamaktadir.

Bu c¢alismada, endiistride kullanilan EDNK ve SKNK yontemleri i¢in AA2024-T3 ve AA5754-H22
levha malzemeleri secilmistir. Segilen bu levhalar ayr1 ayrit EDNK ve SKNK ile kaynak edilmistir.
Birlestirilen levhalardaki kaynakli baglantilarinin ¢ekme deneyine tabi tutulmasi, kaynak
bolgelerinin 6zelliklerini belirlemek amaciyla metalurjik bakimdan makro ve mikro yap1 olarak
incelenmesi gerceklestirilmistir. Bunlara ek olarak tiim bu test sonuclarinin iki yontem {izerinden
karsilastirilmalar1 yapilmistir.

2. Deneysel Calismalar
2.1. Kullanilan malzemeler

Bu calisgmada, SKNK ve EDNK i¢in 1.6 mm kalinliginda AA2024-T3 ile 1.5 mm kalinliginda
AAS5754-H22 levhalar kullanilmigtir. Bu alagim levhalarin kimyasal kompozisyonu Tablo 1' de
gosterilmistir. Al levha odlgiileri 25x100 mm uzunlugundadir. Tiim deney numunelerinde kaynak
bolgesi 25x25 mm olarak sabit dl¢iidedir. Kaynak edilmis 6rnek AAS5754/2024 levhalar Sekil 1a ve
1b’ de gosterilmistir.
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Tablo 1. AA2024-T3 ve AA 5754-H22 levhalarin kimyasal bilesimi.

Kimyasal Al Si Fe Cu Mn Mg Zn Ti Cr
Bilesim (%)

AA 2024-T3 9311 0.07 0.14 45 0.65 15 0.01 0.02 -
AA5754-H22 9529 025 031 0.02 0.38 3.2 0.18 0.12 0.23

“) : é\ » b)' l 2

\ A\ “ L LA BT S S T S ST S S Y N e T T T L

Sekil 1. a) SKNK ve b) EDNK yapilmig AA5754/2024 levhalar.

2.2. Deney Numunelerinin Hazirlanmasi ve Birlestirilmesi

100x25x1.5 ve 1.6 mm Olgiilerindeki numuneler kaynak islemi i¢in hazirlanmigtir. Omuz cap1 12
mm ve ug ¢ap1 4 mm olarak HSS c¢eliginden imal edilen karistirici uglu takim kullanilmistir. SKNK
islemi ile numuneler 1500 dev/dak. Olarak sabit takim donme hizi ile 0° takim egim agis1 ile 10
saniye sabit takim tutma siiresi, 2.60-2.70 ve 2.80 mm olarak farkli takim dalma derinlikleri ile
AAS5754/2024 (AAS5754 numunesi iist kisimda) pozisyonunda birlestirilmistir.

EDNK islemi ile numuneler 17.10, 20.90 ve 24.70 kA akim degerlerinde, 0.08 saniye sabit kaynak
stiresi ve 1710 N sabit elektrot kuvveti ile AA5754/2024 pozisyonunda birlestirilmistir.

2.3. Cekme Makaslama Testi

Kaynak edilen levha ciftleri ZWICK marka 250 kN kapasiteli test cihazinda 30 mm/dak. ¢ekme
hizinda ¢ekme deneyine tabi tutulmustur. EDNK ve SKNK ile birlestirilmis numunelerden her bir
parametre i¢in 3 adet numune test edilmistir ve ortalamalar1 alinmistir.

2.4. Metalografik Inceleme

EDNK ve SKNK ile birlestirilen, gekme testi sonuglart maksimum ve minimum ¢ikan dort numune
isleme alimmistir. Kaynak bolgeleri bakalite alinan numuneler 200-2500 numarali zimparalar ile
zimparalandiktan sonra 0.25 um elmas pasta ile parlatilmigtir. Daha sonra keller reaktifi ile yilizeyler
daglanarak makroyap1 ve mikroyap1 incelemeleri gerceklestirilmistir.

3. Sonuclar ve Tartisma
3.1. Cekme Deneyi Sonuclari

EDNK ile birlestirilen numunelerin ¢ekme makaslama test sonuglar1 Tablo 2' de gosterilmistir.

Sekil 2' de ise sonuclar grafiksel olarak verilmistir. Buradan gorildiigli tizere 20.90 kA akim

siddetinde ¢ekme makaslama mukavemeti maksimum degere ulasmis, 24.70 kA akim siddetinde

minimum degerde kalmistir. SKNK ile birlestirilen numunelerin ¢ekme makaslama test sonuglari

Tablo 3' de gosterilmistir. Sekil 3' de ise sonuglar grafiksel olarak verilmistir. Kaynak akiminin
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arttirilmasiyla 1s1 girdisi artmakta ve kaynak cekirdeginin boyutu biiylimektedir. Kaynak metali
boyutunun artmasi ¢ekme-makaslama kuvvetini arttirmakta ve akimin artmaya devam etmesiyle
asirt erime ve sicramalardan dolay1r kaynak metalinin boyutu azalmakta, dolayisiyla ¢ekme-
makaslama kuvveti de azalmaktadir [6]. SKNK isleminde de takim dalma derinliginin 2.70 mm’ ye
kadar arttirilmasiya ¢ekme makaslama kuvveti artmakta bu derinlikten sonra ise azalmaktadir.
Bunun sebebi, takimin SKNK yapilan Al-alasimi levhalara fazla dalmasi nedeniyle Al-alagimi
levhanin st yiizeyinde kaynak ¢evresinde incelmeye neden olmasidir [7].

SKNK esnasinda takimin dalma derinligi ile bekleme siiresi, karistiric1 u¢ ¢evresindeki metal
akisini, 181 olusumunu ve kaynak mukavemeti ile geometrisini belirlemektedir [8]. Y. Bozkurt ve
arkadaslari, en yiiksek ¢cekme makaslama mukavemetini 4 kN olarak yine AA5754 Al-alasimi1 levha
ist kisimda iken, takim dalma derinligi 2.55 mm ve takim bekleme siiresi 10 sn olarak
ayarlandiginda yapilan SKNK’da elde etmislerdir. Bu ¢alismada, 2.70 mm takim dalma derinliginde
4.31 kN olarak max. ¢gekme-makaslama kuvveti elde edilmistir. SKNK ve EDNK ile birlestirilen
AAS5754/2024 levhalarin ¢ekme makaslama deneyi sonrasi kirilma goériiniimleri Sekil 4a ve 4b’ de
gosterilmistir. Literatiirde cekme-makaslama deneyleri sonrasinda iki gesit kirilma tipinin meydana
geldigi gozlenmistir [9]. Bunlardan birincisi, genellikle diisiik ¢ekme makaslama kuvveti elde
edilen birlesme kesilmesi [10], ikincisi ise; Sekil 4° de gosterilen ve en yiiksek ¢ekme makaslama
kuvveti degerlerinin elde edildigi birlesme c¢ikmasi (kirilmasi) seklinde gerceklesen kirilma
tipleridir.

Tablo 2. EDNK ile birlestirilen numunelerin ¢ekme makaslama kuvveti.

Deney Levha Kaynak Elektrot Kaynak Cekme makaslama  Ort.
No Pozisyonu Akim Kuvveti Siiresi kuvveti

(KA) (N) (s) (kN)
1 17.10 335 342 339 339
2 AA5754/2024 20.90 1710 0.08 353 348 351 350
3 24.70 325 330 331 328

Tablo 3. SKNK ile birlestirilen numunelerin gekme makaslama kuvveti.

Test Kaynak Takim Takim Takim Cekme Ort.cekme
no pozisyonu donme dalma bekleme makaslama makaslama
hizx derinligi siiresi kuvveti kuvveti
(dev/dak) (mm) (s) (KN) (KN)
1 2.60 10 4.40
2 2.60 10 3.95 4.06
3 2.60 10 3.85
4 2.70 10 4.21
5 AA5754/2024 1500 2.70 10 4.19 431
6 2.70 10 4.54
7 2.80 10 4.16
8 2.80 10 3.51 4.17
9 2.80 10 4.84
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Sekil 2. EDNK ile birlestirilen numunelerin ortalama ¢ekme makaslama kuvvetinin grafikle
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Sekil 3. SKNK ile birlestirilen numunelerin ortalama ¢ekme makaslama kuvvetinin grafikle
gosterimi

Sekil 4. Cekme makaslama deneyi sonrasi; a) SKNK ile b) EDNK ile birlestirilen AA5754/2024
levhalarm kirilma goériintimi

3.2. Metalografik Inceleme
EDNK ile birlestirilen AAS5754/2024 aliiminyum levhalarin makroyapt ve mikroyapi
goriiniiniimleri Sekil 5 ve Sekil 6’ da gosterilmistir. Yalnizca kaynak akiminin yiliksek olmasi

saglam birlesme i¢in yeterli degildir. Bunun yaninda yeterli kaynak siiresinin de olmasi
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gerekmektedir. EDNK’ daki c¢ekirdek caplar1 ile SKNK’ daki birlesme hatt1 olgiimleri, optik
mikroskop yardimi ile yapilmistir. EDNK” daki ¢ekirdek capinin 6l¢iiliip ortalamasinin alinmasiyla
bulunmugtur [11]. EDNK’ da max. ¢ekme makaslama degeri elde edilen birlestirmenin kaynak
cekirdeginin ¢ap1 3,54 mm ve min. ¢gekme makaslama degeri elde edilen birlestirmede ise 2.85 mm
olarak belirlenmistir.

Sekil 5 ve 6 daki mikroyap1 resimleri incelendiginde ¢ekirdek bolgesi, iri tanelerden olugmustur
(Sekil 5b ve 6a) ve 1s1 tesiri altinda kalan bolge (ITAB) tarafindan ¢evrelenmistir (Sekil 5 a vec ile
Sekil 6b ve c). Yiiksek akimda malzemeye giren 1s1 miktarinin fazla olmasindan dolay1 kaynak
bolgesinin sogumasi yavas olmakta ve bu da tane biiylimesine etken olmaktadir. Literatiirde bunun
sebebinin maruz kalinan yiiksek sicaklikla birlikte mevcut dislokasyonlarin azalmasi ve
mukavemetlendirici ¢okeltilerin irilesmesi olarak belirtilmektedir [12].

LS -
,,-mr._‘ i3
w2 S Ly gt
TR RARE

Sekil 5. EDNK ile birlestirilen ve ¢ekme makaslama kuvveti maksimum degere sahip
AA5754/2024 levhalarin makroyapi (iistte: 1 numara) ve x10 biiyiitmede mikroyapi (altta: a), b), ¢)
goriintiileri

Sekil 6. EDNK ile birlestirilen ve ¢cekme makaslama kuvveti minimum degere sahip AA5754/2024
levhalarin makroyapi (iistte: 2 numara) ve x20 biiylitmede mikroyapi (altta: a), b) ve c)) goriintiileri.
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Sekil 7’ de gosterilen SKNK ile birlestirilmis ve max. ¢ekme makaslama kuvveti elde edilen makro
ve mikroyap1 goriintiileri gosterilmistir. Karisim bolgesi ve TMEB olarak gosterilen bolge uzunlugu
takim donme yoniinde ve takim donme yoniiniin tersinde 4.75 mm olarak ayn1 kaynak dikis
kalinligt bulunmustur. Bu sonu¢ bize takimin homojen bir sekilde iki farkli levhayi
birlestirebildigini gdstermektedir. Sekil 7a’ da gdsterilen mikroyap1 incelendiginde diger TMEB ve

PR

karisim bolgesinden c¢ok farkli olarak gézenek yapisinin degistigi goriilmiistiir.

Sekil 7. SKNK ile birlestirilen ve ¢ekme makaslama kuvveti maksimum degere sahip AAS5754/2024
levhalarin makroyap1 (iistte: 3 numara) ve x10 biiyiitmede mikroyap1 (altta: a), b) ve c)) goriintiileri.

Stirtinme karistirma nokta kaynaginda olusan kaynak metali kullanilan takim piminin yapisina
benzemektedir. Takimm omuzu dalma sirasinda iist yiizeydeki malzemeyi kenarlara dogru
fiskirtarak capak olusmasina neden olmaktadir. Bu durum simdiye kadar yapilan tiim ¢aligmalarda
da bu sekilde olustugundan ve iist malzeme yiizeyinde bir miktar ¢okmeye miisade edildiginden
literatiirdeki caligmalarla uyumludur [4].

4. Sonuglar

Bu ¢alismada AA5754/2024 pozisyonundaki Al alagimi levhalarin SKNK ve EDNK yontemleri ile
birlestirilmeleri gerceklestirilmistir. Bu yontemler ile birlestirilen levhalara ¢ekme testleri
uygulanip, max ve min ¢ekme makaslama kuvveti degerleri belirlenmistir. Elde edilen sonuglar
asagidadir.

1. EDNK islemi ile AA5754/2024 levhalar, 20.90 kA akim degerlerinde, 0.08 saniye sabit kaynak
siiresi ve 1710 N sabit elektrot kuvveti ile 3.50 kN olarak maksimum ¢ekme makaslama kuvveti
degerleri belirlenmistir. SKNK islemi ile 1500 dev/dak., takim donme hizinda, 10 saniye sabit
takim tutma siiresi, ve 2.70 mm takim dalma derinliginde maximum c¢ekme makaslama kuvveti
maksimum 4.31 kN olarak saptanmistir. Bu sonuglara gore SKNK yontemi EDNK’ ya gore daha iyi
sonuclar vermistir.

2. Kaynak akiminin arttirilmasiyla 1s1 girdisi artmakta ve kaynak ¢ekirdeginin boyutu 2.85 mm’ den
3.54 mm’ ye artmistir. Ayrica, her iki yontemde gergeklestirilen ¢ekme deneyi sonrasinda
birbirlesme ¢ikmasi (kirilmasi) seklinde gergeklesen kirilma tipleri belirlenmistir.
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3. Karisim bolgesi ve TMEB olarak gosterilen bolge uzunlugu takim dénme yoniinde ve takim
donme yOniiniin tersinde 4.75 mm olarak ayni kaynak dikis kalinligi bulunmustur. Bu sonug bize
takimin homojen bir sekilde iki farkli levhayr birlestirebildigini gostermektedir. Endiistride
kullaniminin yayginlagsmasi i¢in g¢alistigimiz SKNK yonteminin EDNK yontemine gore daha
homojen bir yap1 olusturdugu gozlemlenmistir.

4. SKNK ve EDNK ile birlestirilen levhalarin mikroyapisi incelendiginde, SKNK ile birlestirilen
numunelerin tane boyutu EDNK levhalariin tane boyutundan daha kiiclik oldugu gézlemlenmistir.
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Ozet: Aliiminyum, oksijen ve silisyumdan sonra diinya kabugunda en yaygin olarak bulunan elementtir. Saf
aliminyum nispeten yumusak ve mukavemet degerleri diisiikk olup endiistriyel uygulamalarda alagimlandirilmig
halde kullanilir. Aliiminyum alagimlari endiistride demir ve alasimlarindan sonra en fazla kullanilan malzemedir.
Bu calismada Etial-30 kalite Aliiminyum levhalarin TIG ve Elektrik Ark Kaynak (EAK) yontemi ile birlestirme
kabiliyeti incelenmistir. Kaynak islemleri i¢in 100X100X6 mm boyutlarinda numuneler kesilmistir. Kaynak
islemi 6ncesinde aliiminyum plakalar mekanik olarak temizlenmistir. Temizlenmis numuneler farkli yontemler
ile kaynaklanmigtir. Hazirlanan numuneler Elektrik Ark kaynagi, ilave telli ve telsiz olarak TIG kaynak
yontemleri ile birlestirilmigtir. Numuneler tek taraftan kaynaklanarak birlestirilmistir. Kaynakla birlestirilen
numunelere ¢gekme deneyi, mikroyapi, mikro sertlik ve SEM analizleri uygulanmistir.

Anahtar Kelimeler: Aliiminyum, TIG kaynak yontemi, elektrik ark kaynagi, mekanik 6zellikler.

Investigation of Mechanical Properties of Merged Aluminum Plate with
TI1G and Electric Arc Welding

Abstract: Aluminum is the most common element found in the earth's crust after oxygen and silicon. The pure
aluminum is relatively soft and tenacity values are low. Therefore, aluminum alloys are used in industrial
applications. Aluminum are the most widely used materials after iron and iron alloys. In this study have been
investigated weldability with TIG and electric arc welding (EAK) process to the Etial-30 aluminum plate. The
samples were cut in sizes of 100 x 100 x 6 mm for welding process. Aluminum plates were cleaned at
mechanically before welding process. Cleaned samples were welded by different methods. Prepared samples
were combined with electric arc welding and TIG welding process (with additional wire and non-wire). The
samples have been combined by welding from one side. The combined samples have been characterized with
tensile strength, microstructure, micro hardness and SEM analysis.

Keywords: Aluminum, TIG Welding Process, Electric Arc Welding, Mechanical Properties

1. Giris

Giliniimiizde aliiminyum ve aliiminyum alagimlar arttirilmis mukavemet 6zelikleri, hafiflikleri, iy1
1s1l ve elektrik iletkenlikleri, korozyona kars1 direncgleri nedeniyle gida, kimya, otomotiv ve gemi
insa endiistrileri, tasit, makina ve cihaz yapimi ile mimari alanda, insaat, havacilik ve uzay
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endiistrilerinde genis kullanim alanina sahiptirler. Bu 6zellikleri nedeniyle miihendis ve tasarimcilar
icin tercih edilen endiistriyel malzemeler konumuna gelmislerdir [1-4]. Aliminyum kullaniminin
yaklagik %25°1 tasit araglarinin iiretimine aittir [5]. Aliiminyum, standart potansiyeline gore, soy
olmayan bir metaldir. Kisa zamanda oksijen ile birleserek alimiin (Al,O3) teskil eder hava ile temas
eden alliminyum yiizeyi iizerinde olusan sabit bir oksijen tabakasi nedeniyle aliiminyum alasimlar1
genellikle atmosfer etkilerine karsi biiylik bir mukavemet gosterirler [6]. Atmosferde olusan bu
tabaka ince, renksiz, amorf, su ve su buhari igerisinde daha ¢ok kristalin yapisindadir. Tabaka ne
kadar siki ve homojen ise, ayni kosullarda korozyon direnci o kadar iyidir. Saf olmayan metallerin
ve alagim yapici elementlerin varligi ile etkilenir [7]. Endiistrinin bir¢ok tiretim kolunda aliiminyum
kaynaglt uygulanmaktadir. Bunlara; basing tanklari, yakit depolari, wvariller, konteynerler,
sivilastirilmis gaz bidonlari, su tanklar1 vb. 6rnek olarak verilebilir. Al ve alasimlarin kaynagi, az
karbonlu ¢elikler ile karsilastirildiginda bazi zorluklar gostermesine karsin gerekli Onlemler
almarak, uygun bir kaynak baglantis1 elde etme olanagi vardir. Aliiminyum ve alasimlarinin
kaynaklana bilirligini sinirlayan hususlar vardir. Aliminyum ve alagimlarin yiizeyi ¢ok yiiksek
sicaklikta (2050 0C) ergiyen refrakter karakterli bir oksit tabakasi ile kaplidir. Bu oksit tabakasi ¢ok
sik1 bir sekilde yiizeyi sarar ve oksitlenmenin i¢ kisimlara dogru ilerlemesini Onler. Kaynak
sicakliginda ergimeyen bu oksidin varligi, kaynak dikisine elektrotun ergimesi ile gecer ve
baglantinin siirekliligini saglayan damlaciklarin bag olusturmasina engel olur; bunun yani sira
kaynak banyosu i¢inde kalip katilasan oksit tabakasi, baglantinin dayaniminmi azaltir [8]. Dokiim
alasimlarindan bazilarina yaslandirma sertlesmesi uygulanarak mekanik 6zellikleri degistirilir. Bazi
alasimlar ise sadece tavlanarak silinekligi arttirilir [9]. Aliminyum diisiik sicaklikta ergimesi ve
ergiyen metalin tav rengi gostermemesi kaynak islemini giiclestirmektedir; Kaynak bolgesinin
kaynak sicaklifina erisip erismedigi ancak c¢ok deneyimli kaynakegilar tarafindan farkina
varilabilmektedir. Aliiminyum 1s1l iletkenliginin yiliksek olmasi, kaynak bolgesinde yerel sicaklik
yogunlastirilmasini zorlagtirmakta ve bir¢ok hallerde 6n tavi gerekli kilmaktadir. Aliiminyumun 1s1l
genlesme katsayisinin yiiksek olmasi, kaynak bolgesinde siddetli sekil degisimlerine yol agmakta ve
carpilmalar1 arttirmaktadir. Yukarida bahsedilen bu konular aliiminyum ve alagimlarinin kaynak
olanaklarini sinirlamakta ve kaynak islemini zorlagtirmakta ise de, gerekli 6nlemler alinarak uygun
bir teknik uygulandiginda giivenilir kaynak baglantilar1 elde etme olanagi bulunmaktadir [10].
Aliiminyum oksit tabakasinin kaynak islemi i¢in olumsuz etkilerinden olan, dikiste oksit kalintisini
azaltmak icin kaynak agizlarina islem Oncesi iyi bir oksit temizleme uygulanmasi gereklidir [11].

Bu calismada; endiistride genis yelpazede tercih edilen Etial-30 kalite aliiminyum plakalarin
Elektrik Ark Kaynagi, TIG (Ilave Metalsiz) ve TIG (Ilave Metalli) yontemleri ile kaynak kabiliyeti
aragtirllmistir. Bu amacla farkli kaynak yontemleri ile yapilan birlestirmelerin mekanik
ozelliklerinden ¢gekme dayanimu tespit edilerek sertlik dagilimi belirlenmistir. Ayrica birlestirmenin
metalografik incelemesi yapilarak, mikroyapi mekanik 6zellik iliskisi belirlenmistir.

2. Deneysel Malzeme ve Metot
2.1. Deneysel Calismada Kullanilan Malzeme

Calismada kaynak kabiliyetinin yiiksek oldugu ve tiim yontemlerle kaynak edilebildigi tespit edilen
Etial-30 alasimi1 deney malzemesi olarak segilmistir. Deneysel ¢alismalarda kullanilan numuneye
ait spektro analiz sonucu Tablo 1 de verilmistir.

Tablo 1. Etial-30 kalite aliiminyum plakaya ait spektro analiz sonuglari.

Malzeme Si Fe Cu Mn Mg Cr Ni Zn
0.105 0.463  0.0054 0.0039 0.0022 0.00097 0.0035 0.0127
Etial - 30 Ti Be Bi Pb Sn \Y Zr Al

0.019 0.00003 <0.0003 <0.0019 0.0011 0.0065 0.0013 99.2
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2.2. Deney Numunelerinin Kaynak Icin Hazirlanmast ve Birlestirilmesi

Calismada Etial-30 alasimi lamalar 100X100X6 mm boyutlarinda giyotin makas yardimiyla
kesilmistir. Kesilen parcalar aralarinda kaynak boslugu birakilarak kiit alin kaynagi tatbik edilmek
iizere kaynak masasina yerlestirilerek, iskence ile sikistirilarak 1s1l degisimlerden etkilenmemesi
saglanmaya calisilmistir.

Kaynaklanacak parcgalarin bir kismi1 argon gazi atmosferinde TIG kaynaginda alternatif akim ile
telsiz ve AlSis teli ile iki ucundan puntalandiktan sonra kaynaklanmistir. Kaynak islemi torc dikeyle
20°1ik bir agi, ilave telli birlestirmede ise ilave tel yatayla 20°lik bir a¢i yapacak sekilde
tutulmustur. Kaynak tek tarafli olarak gerceklestirilmistir. Elektrik ark kaynagi yapilirken elektrot
yatayla 75-80%lik a¢1 yapacak sekilde tutularak kaynak islemi gergeklestirilmistir.

2.3. Birlestirmelere Uygulanan Mekanik Testler ve Metalografik Incelemeler

Birlestirmelerin ¢ekme ve akma dayanimlarini belirleyebilmek amaciyla birlestirmelerden standart
cekme numuneleri hazirlanmistir. Cekme deneyi INSTRON 8801 model ¢ekme test cihazinda tek
eksende, 0,5 mm/dak ¢ekme hizinda ve sabit sicaklikta gergeklestirilmistir. Deneysel hatalari
minimize edebilmek amaciyla her bir sart icin 3 deney numunesi test edilmis ve ortalamalar
verilmistir.

Sertlik dagiliminin tespiti kaynakli baglantinin ana malzeme, 1s1 tesiri altinda kalmis bolge (ITAB)
ve kaynak metali bolgelerinden alinan 4 Ol¢liimiin ortalamasi alinarak; klasik metalografik
yontemlerle hazirlanmis numune iizerinde, HMV SHIMADZU marka mikro sertlik cihaziyla
Vickers yontemi ile 100 gr yiik uygulanarak gerceklestirilmistir.

Metalografik inceleme numuneleri ise kaynak ilerleme yoniine dik olacak konumda klasik
metalografi inceleme yontemindeki siralama takip edilerek hazirlanmistir. Zimparalama islemleri
80-120-240-320-400-600-800-1000-1200 grid'lik zimparalar kullanilmigtir. Daha sonra parlatma
asamasinda ¢uha bezi kullanilmistir. Parlatilan numuneler keller olarak bilinen (15 ml HNO3, 10 ml
HCL, 5 ml HF, 70 ml H20) asit ¢ozeltisinde daglanmistir. Metalografik incelemeler kullanilarak
Olympus marka Bx60 Model optik mikroskop ile ger¢eklestirilmistir.

3. Sonuclar ve irdelenmesi
3.1. Mekanik Ozellik Test Sonuclart
Standardina gore test edilen numunelerin ¢ekme test sonuglar1 asagida Tablo 2” de gosterilmistir.

Tablo 2. Cekme deneyi sonuglari

Kaynak Tiirii Kopma Akma Cekme Uzama
Bolgesi Dayanimi Dayanim (%)
(MPa) (MPa)
Elektrik Ark ITAB 70 82.7 7.5
TIG Ana 90 123.1 15
(Ilave Metalsiz) Malzeme
TIG Ana 57 75.4 18.5
(Ilave Metalli) Malzeme

Tablodaki her bir deger o sart icin test edilen {i¢ numunenin ortalamasidir. Tablo 1°de tablodan en
iyt dayanim ilave tel kullanilmadan TIG kaynag ile yapilan numunede saglanmistir. Yiizde
uzamanin ise en iyi olarak ilave telle yapilan TIG kaynaginda gozlemlenmistir. Genel olarak
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sonuglara bakildiginda aliiminyum kaynaklarinda kaynak bolgelerinin mukavemetinin diisiik oldugu
belirlenmistir. Kaynak bolgesinin ¢ekme mukavemetindeki bu diisiis, kaynak ilave metalinin
ozelliginden ve kaynak banyosunda sikisip kalan gazlarin gézeneklerden oldugu disiiniilmektedir.
Birlestirmelerin sertlik dagilimi da aragtirllmigtir. Kaynakli birlestirmelerin sertlik sonuglar1 asagida
Tablo 3’ de verilmistir.

Tablo 3. Uygulanan islem sicakliklart ve sertlik sonuglari

Kaynak Tiirii Bolgelere Gore Sertlik Degerleri
(HV1000)
Ana Metal  Kaynak Bolgesi ITAB
Elektrik Ark 44 46.2 37.2
TIG (ilave Metalsiz) 44 72.8 78.4
TIG (ilave Metalli) 44 68.4 43.8

Tablo 3 den goriildiigii gibi kaynakli birlestirmelerin sertlik degerlerinde ¢ok fazla farklihiklar
gbzlemlenmemistir. Olgiilen sertlik degerleri incelendiginde ilave edilen kaynak telinin sadece
kaynak bolgesinde etkisi oldugu tespit edilmistir. Mikrosertlik testi uygulanmis numunelere ait
ornek mikroyap1 Sekil 1” de gosterilmistir.

@) (v)
Sekil 1. Mikrosertlik testine tabi tutulan numune mikroyapist
a)100X b) 200X

3.2. Metalografik Inceleme Sonuclar:

Deney malzemesi olarak kullanilan aliiminyum plakasinin Sekil 2' de kaynakli pargalarin hangi
bolgesinden mikroyap1 fotograflarinin alindigi gosterilmistir. Sekil 3’ de aliiminyum plakanin
kaynak edilmeden 6nceki i¢cyap1 fotograflar verilmistir.

)y

Sekil 2. Mikroyap1 fotografi alinan ve kaynak gecis bolgeleri.
1) Esas Metal, 2) Kaynak Metali, 3) ITAB
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(b)
Sekil 3. Al plakalarinin satin alindig1 durumdaki mikroyapilari
a) 200X b)500X

Ortiilii elektrot ark kaynagindaki diisiik 1s1 girdisi veya hizli soguma ile taneler kismen daha ince
yapidadir. Gegis bolgesinde ise bolgeler arasindaki belirgin tane boyutu farki gézlenmektedir. Sekil
4’ de elektrik ark kaynagi ile birlestirilen numunelerin optik mikroyapilar1 goriilmektedir.

Sekil 4. Elektrik ark kaynagi ile birlestirilen numunelere ait mikroyapilar
a) 200X b) 500X c) Gegis Bolgesi 200X d) SEM mikroyapisi
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Sekil 5 de ilave metal kullanarak gergeklestirilen TIG kaynak numunelerin optik mikroyapilari
gosterilmistir. TIG kaynagi ile yapilan aliiminyum kaynaklarindan baslangi¢ tane boyutunun ortiili
elektrot ark kaynagindakine gére kontrol edilemedigi goriilmektedir. Tanelerin asir1 irilesmesi ilave
tel kullanilmast durumunda tane boyutu farki belirginlesmistir. Bu duruma kaynak¢inin kaynak
bolgesine ilave tel verme islemi ile kaynak ilerleme hizinin yavaslamasi gosterilebilir. ilerleme
hizinin azalmasi ile kaynaklanan numuneler iizerindeki 1s1 birikimi ve ge¢ soguma tane irilesmesine
etkilemistir. Ayrica cekme deneyi sonucu agisindan da bu durum diisiiniilebilir.

Sekil 5. TIG kaynag: (ilave Metal) ile kaynaklanmis numunelere ait mikroyapilar.
a) 200X b) 500X c) Gegis Bolgesi 200X d) SEM mikroyapist.

Sekil 6 da ilave tel kullanilmadan TIG kaynag: ile birlestirilen numunelere ait mikroyapilar
gosterilmistir. Ilave metal kullamlmadan birlestirilen numunelerdeki mikroyap1 goriintiilerinden
genel olarak tane boyutunun ilave tel kullanilarak birlestirilen numunelerden daha ince yapida
oldugu goriilmektedir.
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Sekil 6. TIG kaynag: (ilave Metalsiz) ile kaynaklanmis numunelere ait mikroyapilar.
a) 200X b) 500X c¢) Gegis Bolgesi 200X d) SEM mikroyapisi

4. Sonuglar

Yiriitillen bu ¢alismada genel olarak elde edilen bulgularda elektrik ark kaynag ile birlestirilmis
aliminyum plakalarda 1s1 girdisinin TIG kaynagina gore daha diisiik olmasi nedeni ile tane boyutu
TIG kaynakli numunelere gore daha ince oldugu gozlemlenmistir. TIG kaynag: ile birlestirilen
aliminyum plakalarin 1s1 girdisinin yliksek olmasi nedeniyle genel olarak tane biiylimesi meydana
gelmigtir. En yliksek akma gerilmesi ilave metalsiz TIG birlestirmede (90 MPa) dlgiiliirken, en
diisiik akma gerilmesi ilave tel kullanilarak TIG kaynak yontemi ile birlestirilmis numuneler de (57
MPa) elde edilmistir. Cekme deneyi sonucunda numunelerin kopma bdlgeleri dikkate alindiginda
TIG kaynakl1 birlestirmelerde numuneler ana metal bélgesinden kopmustur. Bu durum TIG kaynak
yapisinda elde edilen dar dikis ve dar ITAB bdlgesi ile agiklanabilir. Ayrica kaynak isleminin tek
tarafli ve tek paso da gerceklestirilmesi ile TIG kaynag1 daha derin niifuziyet etkisi saglamistir.
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Ozet: Bakir ve aliiminyum alasimlarinin ergitme kaynak yontemleri ile birlestirilmesinde bazi zorluklar
bulunmaktadir. Bu ¢alismada bu zorluklarin iistesinden gelebilmek igin Cu ve Al-1050, kati hal kaynak
yontemlerinden biri olan siirtinme karistirma kaynagi (SKK) yontemi kullanilarak birlestirilmistir. Birlestirme
islemi ¢ farkli ilerleme hiz1 (50, 75, 100 mm/dk), iki farkli devir sayisi (1025, 1525 dev/dk) ve iki farkli takim
konumlandirmasinda (0.75, 1.5 mm) yapilmistir. Kaynak parametrelerinin mekanik 6zelliklere etKisi
incelenmistir. Mekanik 6zelliklerinin tespiti amaciyla ¢ekme ve mikrosertlik 6l¢iimleri yapilmistir.

Anahtar kelimeler: Siirtinme karistirma kaynagi; Cu; Al-1050; mekanik 6zellikler; takim konumlandirmasi.

Effect of Welding Parameters on the Mechanical Properties of
Cu/Al-1050 Joints Produced by Friction Stir Welding

Abstract: There are some difficulties in joining by using fusion welding method of copper and aluminum alloys.
In this study Cu and Al 1050 alloys are joined by using friction stir welding process (FSW) which is a solid state
welding method to overcome this difficulties. Joining processes were carried out at three different welding
speeds (50, 75, 100 mm/min), two different spindle speed (1025, 1525 rev/min) and two different pin position
(0.75, 1.5 mm) by FSW. The influence of welding parameters on mechanical properties of the joints was
investigated. Tensile tests and microhardness measurements were used to determine of mechanical properties.

Keywords: Friction stir welding; Cu; Al-1050; mechanical properties; pin position.

1. Giris

Farkli malzemelerin birbirleriyle ¢oziilemeyecek sekilde birlestirilmesi birgok avantajlardan dolay1
ucak-uzay, otomotiv, havacilik, ulasim, kimya, petrokimya, niikleer, gii¢ liretimi, elektrik elektronik
endiistrisi uygulamalarindaki 6nemi git gide artmaktadir [1,2]. Bu farklt malzeme ¢iftinin saglam
bir sekilde birlestirilebilmesi, mukavemet, agirlik, korozyon direnci vb. faktorlerin optimize etmek
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acisindan da oldukca 6nem arz etmektedir [3]. Bunlar sadece arzu edilen {iriin 6zellikleri gibi teknik
avantajlar saglamaz ayn1 zamanda iiretim ekonomisi bakimindan da fayda saglar. Bu yiizden, farkli
¢ift malzemelerin saglam bir birlesme teknigi kag¢inilmazdir. Bu tiir malzemeler kendilerine 6zgii
kimyasal ve fiziksel 6zelliklerinden dolay1 geleneksel ergitme kaynagi ile birlesimi oldukca zordur
[4]. Ergitme kaynaginda kaynak bolgesinde mikro seviyede c¢atlak [5] ,sicak catlama, gézeneklilik
vb. katilasma hatalar1 [6] meydana gelmistir. Ozellikle, kaynak bolgesinin mekanik 6zellikleri
iizerine olumsuz etkisi olan sert ve gevrek metaller arasi bilesik olusumu, iistesinden gelinmesi
gereken bir bagka problem olarak goriilmektedir [2,7].

Altiminyum (Al) ve bakir (Cu), iyi elektrik ve 1s1l iletkenlige, yiiksek korozyon direncine ve
mekanik 6zelliklere sahip olmasindan dolayr elektrik endiistrisi i¢cin 6nemli metaller icerisinde
yerini almistir [8]. Son zamanlarda, 6zellikle yiiksek dogru-akim dagitim hatlarinda, bu iki metal
tiirlinlin saglam bir sekilde birlestirilebilmesi icin farkli kaynak yontemlerinin uygulanabilirligi
iizerine arastirmalar yapilmaktadir [9]. Bir kat1 hal birlestirme yontemi olan siirtiinme karistirma
kaynaginin (SKK), bu amaca yonelik alternatif birlestirme tekniklerinden biri oldugu
diisiiniilmektedir. Siirtinme Karistirma Kaynag1 (SKK) 1970°li yillarda Ingiltere’de The Welding
Institute (TWI) adli kurumda gelistirilmis ve 1990’1 yillarda patenti alinmis bir kat1 hal kaynak
yontemidir [10]. Literatiirde aliiminyum ve bakir malzeme ¢iftinin siirtliinme karigtirma kaynak
parametrelerinin optimizasyonu ile ilgili cok sayida calisma olmadigt [1,4,11-13] ve yapilan
caligmalarda yeterince yiiksek dayanimlara ulasilamadigi goriilmiistiir.

Yapilan bu c¢aligmada, Sirtiinme karistirma kaynagi ile nispeten saglam ve kaynak bdlgesinde
hatasiz bir Al/Cu birlestirmenin gerceklestirilebilmesi hedeflenmistir. Bu yontem ile birlestirmede;
iki farkli takim konumlandirmasi ve ii¢ farkli ilerleme hiz1 ve iki farkli donme hizinda alin alina
birlestirme yapilmistir. Elde edilen kaynakli birlestirmelerde, kaynak kalitesini belirlemek amaciyla
mikro sertlik Ol¢timleri, ¢ekme deneyleri yapilmis ve kaynak parametrelerinin kaynak kalitesi
iizerine etkileri aragtirilmistir.

2. Materyal ve Metot

Stirtiinme karistirma kaynak yontemi ile birlestirme islemi i¢in 4 mm kalinlikta Aliiminyum 1050
ve %99.98 saflikta elektrolitik bakir kullanilmistir. Aliminyum ve bakir malzemeler 120x195 mm
Olciilerinde hazirlanmistir. Tablo 1’de aliiminyum malzemenin, Tablo 2’de bakir malzemenin

kimyasal igerigi, Tablo 3°te mekanik 6zellikleri verilmistir.

Tablo 1. Al-1050 malzemenin Kimyasal icerigi (% agirlik).

Al Fe Ti Cr Mg Cu Mn Si

99,49 0.251 0.0262 0.0247 0.00481  0.0255 0.0365 0.124

Tablo 2. Saf Cu malzemenin kimyasal icerigi (% agirlik)

Cu S P Si Ni Al Zn Fe

99.98 0.00139  0.00285 0.00135 0.00212 0.00209 0.00295 0.00408

Tablo 3. Aliiminyum ve bakirin mekanik 6zellikleri.

Malzeme Cekme Mukavemeti Kopma Mukavemeti Uzama (%) Sertlik

(MPa) (MPa) (HV)
Bakir 278.50 190.26 13.89 92
Aliiminyum 122.50 70.15 11.81 38
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Cu levha ilerleme kenarina, Al-1050 levha ise yigma kenarina paslanmaz g¢elikten imal edilmis
baglama kalib1 iizerine sabitlenmistir. Cu/Al-1050 birlestirme sirasinda parcalarla temas halinde
olan karistirict ugta yliksek sicakliklar olusacagindan, islem sirasinda asinma ve sertlik direncini
koruyabilecegi diisiiniilerek takim malzemesi (1.3343 tip) yiiksek hiz celiginden, dis a¢ilmis
karistirict uca sahip olan bir takim kullanilmistir. Uretimi yapilan karistirici uca sertlestirme 1s1l
islemi yapilarak 62 HRc sertlik degeri kazandirilmistir. Takim omuz ¢ap1 20 mm, pim ise M5x3.80
mm olacak sekilde silindirik olarak imal edilmistir. Karistirict u¢ ekseni, birlestirilecek levhalarin
alin alina temas ylizeyleri ekseni dogrultusunda ve levha yiizeylerine dik olarak sabitlenmistir.
Birlestirmelerde takim saat yoniinde dondiiriilmiistiir. SKK ile birlestirme islemlerinde, karistirict
uc Cu ve Al-1050 levha ylizeylerinin iceriye batirildiktan ve takim omuz kismi da levha yiizeylerine
siirtiinmeye basladiktan sonra 6n 1sitma yapmak amaciyla 60 saniye beklenmis, sonrasinda takima
ilerleme hareketi verilmistir (Sekil 1).

n? .. > 8
J¢ 8 ‘
AI-1050 (Yigilma kenari) [ ‘v‘ ; 2
Cu (ilerleme kenar)

Kaynak bélgesi F

———= = NS

y‘

Sekil 1. Siirtlinme karistirma kaynaginin uygulanmasi

Optimum kaynak parametrelerin belirlenmesi i¢in degisik takim dénme ve ilerleme hizlarinda 6n
deney calismalar1 yapilmigtir. Bu deneylerde karistirict u¢ aliiminyum ve bakir levhaya 0 (sifir)
olarak konumlandirilmistir. Yapilan 6n deneysel calismalarda diisiik mukavemet degerleri elde
edilmistir. Kaynak ylizey goriintiilerinde ¢atlak goriiliirken, icyapida bosluklar olusmustur. Kaynak
bolgesinde malzemelerde karisimin gergeklesmemesi ve bosluklarin olmasi kaynakli pargalarin
mukavemet degerlerinin diisiik olmasina neden olmustur. On deneysel ¢alismalarda sifir takim
konumlandirmasinda elde edilen numunelerin goriintiileri Sekil 2°de gosterilmistir.

Numune Goriiniim

Kodl YViize Kesit
1025/50/0 |0

1025/75/0

Sekil 2. Kaynak yiizey ve kesit goriintiileri
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Sekil 2 incelendiginde, 1025/50/0 ve 1025/75/0 parametrelerinde birlestirilen kaynakli numunelerin
yiizeylerinde makro ¢atlaklar ve kesit goriintiilerinde ise bosluklar olustugu belirlenmistir. Bu
kaynak hatalarindan dolay1 secilen kaynak parametrelerinin uygun olmadigi sonucuna varilmistir.
Ayrica bu parametrelerde birlestirilen kaynakli numunelerin ¢ekme mukavemetleri sirasiyla;
1025/50/0 numunesinde 30.65 MPa, 1025/75/0 numunesinde ise 38.42 MPa elde edilmistir. Makro
goriintiilerden elde edilen sonuglar ile ¢ekme testinden elde edilen sonuglar birbirlerini destekler
niteliktedir. Benzer sekilde literatiirde yapilan c¢aligmalarda da kaynak hatalarmin g¢ekme
mukavemet degerlerini olumsuz yonde etkiledigi ifade edilmektedir [2,14]. Daha sonra karistirict
ucun konumunun degistirilmesi ile ilgili ¢alismalar yapilmistir. On calismalardan sonra takim
konumlandirilmasinin 6nemli bir etkiye sahip oldugu disiiniilerek, Tablo 4’te verilen kaynak
parametreleri belirlenmistir.

Cu/Al-1050 birlestirmesinin, saf Cu ve Al-1050 ana metallere gére olan kaynak performansinin
degerlendirilmesi i¢in ¢ekme testleri gerceklestirilmistir. Cekme numuneleri kaynak yoniine dik
olarak EN 10002-1 standardina uygun hazirlanmistir. Deneylerin tamaminda ¢ekme hiz1 2 mm/dk.
olarak belirlenmistir. Sekil 3’te ¢ekme numunesinin geometrik detaylari ve goriintiisii verilmistir.
Ana metaller ve birlestirmeye ait {ic numunenin ortalamalar1 ¢ekme testi sonuglar1 olarak
sunulmustur.

Tablo 4. Kaynak parametreleri.
Takim Takim Takim

Deney | Donme Tlerleme

Kaydirma Numune Kod
No Hizx Hiza (mm)

(dev/dak) (mm/dak)
1 50 0.75 1025/50/0.75
2 1.5 1025/50/1.5
3 1025 75 0.75 1025/75/0.75
4 1.5 1025/75/1.5
5 0.75 1025/100/0.75
100
6 1.5 1025/100/1.5
7 50 0.75 1525/50/0.75
8 1.5 1525/50/1.5
9 1595 75 0.75 1525/75/0.75
10 1.5 1525/75/1.5
11 100 0.75 1525/100/0.75
12 1.5 1525/100/1.5
[
e

S'l)DOI}S'IS‘ P

Sekil 3. Cekme numunesi geometrik detaylar1 ve goriintlisii
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Birlestirmenin kaynak bolgesindeki Vickers mikrosertlik (HV) 6l¢iimleri i¢in hazirlanan numune
ylizeyinin st ve alt bolgelerinden, kaynak kesitine dogru 1’er mm igeriden ve kaynak yoniine dik
dogrultularda sira-sertlik seklinde gergeklestirilmistir. Sertlik 6l¢timleri, MICROBUL Low Vickers
& Brinell Hardness Tester Load tipi sertlik cihazinda 0.5 kg yik ve 30 sn bekleme siiresi
uygulanarak yapilmistir. Cekme testi 10 kN kapasiteye sahip AGS-J SHIMADZU marka cihazla
gergeklestirilmistir.

3. Sonuglar ve Tartisma

Tablo 4’de verilen kaynak parametrelerine gore birlestirilen numuneler igerisinde en iyi iki ve en
kotii iki sonucu gosteren numunelerin kaynak kok ve kesit goriintiileri Sekil 4’te verilmistir.

Numune GOrunim
Kodu
1525/50/0.75

1525/75/0.75

1025/50/1.5

1525/75/1.5

Sekil 4. Kaynakli numunelerin yiizey ve kesit goriintiileri

Sekil 4 incelendiginde, takim konumunun aliiminyum tarafina dogru 0.75’ten 1.5°e artmasiyla
kaynakli numunelerin yilizey ve kesitinde bosluk, cukur, birlesme yetersizligi ¢atlama, ayrilma gibi
kaynak hatalarinin olugmadig1 belirlenmistir. Ayrica kaynak kesitleri incelendiginde 1525/50/0.75
ve 1525/75/0.75 numunelerinde karisimin alliminyum tarafinda ¢ok fazla olusmadigi, bu durumun
da mekanik degerleri olumsuz yonde etkiledigi sonucuna varilmistir (Tablo 5).

1525/50/0.75 ve 1525/75/0.75 kaynakli numunelerin kaynak ylizeylerinde catlaklarin ve kesit
goriintiilerinde ise bosluklarin olustugu belirlenmistir. Bu parametrelere gore tiretilen numunelerin
cekme mukavemet degerleri sirasi ile 57.89 MPa ve 50.12 MPa olarak belirlenmistir. Bu degerler
tiim numuneler igerindeki en diisiik ¢ekme muvamet degerleri olup bu diisiik ¢ekme mukavemet
degerleri kaynak dikisinde meydana gelen kaynak hatalarina atfedilmektedir. Zira, kaynak dikiginde
kaynak hatalar1 goriilmeyen 1025/50/1.5 ve 1525/75/1.5 numunelerin ¢ekme mukavemetlerinin bir
miktar artis ile sirastyla 86.34 MPa ve 99.18 MPa’a yiikseldigi belirlenmistir. Kaynakli
numunelerin ¢ekme testi sonrasinda elde edilen ¢ekme mukavemeti, % uzama ve kaynak
performans degerleri Tablo 5’da verilmistir.
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Tablo 5. Cekme deneyi sonuglari

Deney Deney numunesi Cekme % Kaynak
No Mukavemeti Uzama Performansi
(MPa) (Al gore %)

Al 122.5 11.81 -
Cu 278.50 13.89 -

1 1025/50/0.75 63.30 2.94 51.67

2 1025/75/0.75 75.38 3.42 61.53

3 1025/100/0.75 82.31 4.74 67.19

4 1025/50/1.5 86.34 4.62 70.48

5 1025/75/1.5 67.44 3.54 55.05

6 1025/100/1.5 52.83 2.11 43.12

7 1525/50/0.75 57.89 2.62 47.25

8 1525/75/0.75 50.12 1.54 40.91

9 1525/100/0.75 77.33 4.10 63.12

10 1525/50/1.5 83.03 4.80 67.77

11 1525/75/1.5 99.18 5.08 80.96

12 1525/100/1.5 71.12 3.60 58.05

Ana malzemelerin ¢cekme mukavemet degerleri Al i¢in 122.50 MPa, Cu igin de 278.50 MPa olarak
elde edilmistir. En yiliksek ¢cekme mukavemeti 1525/75/1.5 numunesinde 99.18 MPa, en diisiik
¢cekme mukavemeti ise 1525/75/0.75 numunesinde 50.12 MPa olarak elde edilmistir. Cekme testi
sonucunda kopmalarin kaynak bolgesinden gerceklestigi tespit edilmistir (Sekil 5).

(a) (b)

Sekil 5. Cekme testi sonrasi yilizey goriintiileri (a) en iyi gekme mukavemete sahip numune (b) en
kotii cekme mukavemete sahip numune

1525 dev/dak devir hizinda, 75 mm/dak ilerleme hizinda ve 1.5 mm takim konumlandirmasinda
gerceklestirilen Cu/Al-1050 alin alina yapilan siirtinme karistirma kaynaginda elde edilen ¢cekme
mukavemeti (98.18 MPa), ve kaynak performansi % 80.96 olarak belirlenmistir. Literatiirde yapilan
caligmalar incelendiginde Muthu ve Jayabalan [15] yaptiklar ¢aligmada saf Cu/AA1100 malzeme
ciftinin takim konumlandirmasi ile gergeklestirilen siirtinme karistirma kaynaginda c¢ekme
mukavemetini 113 MPa ve kaynak performansin1 da % 70.62, Cakir ve Celik’de [14] saf Cu/Al-
1050 siirtiinme karisma kaynaginda elde edilen ¢ekme dayanimi degerini 92.91 MPa ve kaynak
performansi da % 83.55 olarak tespit etmistir. Yapilan ¢alismada elde edilen cekme mukavemeti ve
kaynak performansi sonuclarinin literatiirden elde edilen sonugclar ile biiytik bir paralellik gosterdigi
belirlenmistir. Ayrica elde edilen sonuglar kat1 hal birlestirme yontemlerinden olan siirtiinme ve
difiizyon kaynak yontemleri ile mukayese edildiginde daha yiiksek mukavemet degeri elde
edilebildigi tespit edilmistir. Literatiirde, saf Cu/Al-1050 siirtiinme kaynakli birlestirmesinin ¢gekme
dayanimi 87 MPa[16], diflizyon kaynagi yapilmis iki farkli ¢alismada ise sirasiyla 61 MPa [17] ve
28 MPa [18] olarak belirlenmistir. Cu/saf Al ultrason kaynaginda ise ¢ekme dayanimi 90 MPa
yakin bir deger elde edilmistir [19].

Sekil 6 ve Sekil 7°de en diisiik ¢ekme mukavemetine sahip 1525/75/0.75 numunesi ile en yiiksek
cekme mukavemetine sahip 1525/75/1.5 numunesinin kaynak alt ve iist bolgelerinden elde edilen
sertlik degerleri verilmistir. Sekil 6 incelendiginde, 1525/75/0.75 numunesinin kaynak bolgesinin
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sertliginin 27-285 HV arasinda dagilim gosterdigi, ortalama sertligin 59 HV oldugu bulunmustur.
1525/75/1.5 numunesinin sertlik grafigi incelendiginde ise kaynak bdlgesinin sertlik degerlerinin
32-200 HV arasinda dagilim gosterdigi, ortalama sertligin 65 HV oldugu ortaya ¢ikmistir (Sekil 7).
Kaynak boélgesinde goriilen bu sertlik artislari, ince taneli aliminyumca zengin yapiya, bakirca
zengin yapilara ve metaller arast olusan intermetalik bilesiklerden olusurken, kaynak bolgesindeki
sertlik degerlerindeki dalgalanmalar ise mikroyapinin heterojen olmasindan kaynaklandigi
diisiiniilmektedir [2,14]. Ayrica ana metallerin mikro sertlik degerlerinin Cu metali i¢in 92 HV, Al
metali i¢in ise 38 HV oldugu tespit edilmistir (Sekil 6).

1525/75/0,75

—— Alt Bolge

Sertlik (HV0.5)

—a— (st Bolge

0 TTTTITTT AT AR I AR T AR T AT T AR T AT T IR T T IR T I T AT I T AT I T I I T IrIni
-16-14-12-10-8 6 -4 -2 0 2 4 6 8 1012 1416
Kaynak Merkezinden Uzaklik (mm)

Sekil 6. 1525/75/0.75 numunesinin alt ve iist bolgelerinden 6l¢iilen mikrosertlik grafigi

1575/75/1.5
250 ~
200 -
o
g 150 -
z
- S .
= 100 Alt Bolge
& —=—(Jst Bolge
50 -
0 TTTTTTTTTIT T I T I T T T T T I T T T I T T I T T T T T T T T T T TT T T T TTTITTTTITITTTITTITTTTITTITT T
-16-14-12-10-8 6 -4 -2 0 2 4 6 8 1012 1416
Kaynak Merkezinden Uzaklik (mm

Sekil 7. 1525/75/0.75 numunesinin alt ve {ist bolgelerinden 6l¢iilen mikrosertlik grafigi

4.Sonuglar

Bu calismada, saf Cu levha ilerleme tarafina, Al-1050 levha yigilma tarafina yerlestirilerek saat
yoniinde 1025, 1525 dev/dak donme hizlarinda ve 50, 75, 100 mm/dak ilerleme hizlarinda, 0.75-1.5
mm takim konumlandirmalarinda siirtinme karigtirma kaynak yontemiyle alin alina basarili bir
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sekilde birlestirilmistir. Takim konumlandirmasmin 0 oldugu durumda kaynak kesitinde gozle
goriiliir seviyede bosluklarin ve kaynak ylizeylerinde ¢atlaklarin olustugu tespit edilmistir. Bu
yilizden 0 takim konumlandirmasinda diger takim konumlandirmalaria (0.75, 1.5) gore daha diisiik
cekme mukavemet degerleri elde edilmistir.

Yapilan parametrik ¢alismadan elde edilen ¢ekme testi sonuglari incelendiginde; en yiiksek ¢ekme
mukavemeti 1525 dev/dak dénme hizinda, 75 mm/dak ilerleme hizinda ve 1,5 takim
konumlandirmasinda 99.18 MPa olarak elde edilmis olup Al ana metaline gore (122.5 MPa) %
80.96 kaynak performansi tespit edilmistir. En diisiik ¢cekme mukavemeti ise; 1525 dev/dak donme
hizinda, 75 mm/dak ilerleme hizinda ve 0.75 takim konumlandirmasinda elde edilmis olup kaynak
performansi % 40.91 olarak tespit edilmistir. Elde edilen sonuclara gbre takim ayni ilerleme ve
devir sayisinda olmasina ragmen takim konumlandirmasinin artmasiyla mekanik degerlerde goze
carpan bir sekilde bir artisin oldugu goriilmiistiir.

Farkli malzeme ¢iftlerinin birlestirilmesinde takim konumlandirmasinin mekanik degerleri etkileyen
onemli bir parametre oldugu sonucuna varilmistir. Kaynakli numunelerin sertlikleri incelendiginde;
diisiik mekanik ozelliklere sahip olan 1525/75/0.75 numunede kaynak bolgesindeki ortalama
sertligin daha yiiksek mekanik 6zelliklere sahip olan 1525/75/1.5 numunesinin kaynak bdlgesindeki
ortalama sertlige gére daha az oldugu ortaya ¢cikmistir.
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Abstract: Welding is one of the most utilized joining techniques in heavy industry and manufacturing sector due
to its ease of application and strength. 316L grade stainless steel is mainly used in chemical, petro-chemical,
food, paper, paint and shipbuilding industries as well as dairy equipment. Arc welding processes are preferred in
joining of stainless steel and shielded metal arc welding is widely used in this respect along with gas metal arc
welding. There are some drawbacks of welding despite many advantages. Welding is defined as a hazardous
process in terms of occupational safety and health and the environment because of toxic fume and noxious gases
emitted. In this study, Taguchi design of experiment was utilized and shielded metal arc welding of 316L grade
stainless steel was realized using electrodes with same classification from two different brands with different
current parameters. Fume formation rates for each experimental condition were measured and results were
evaluated using Taguchi signal to noise ratios and analysis of variance.

Keywords: 316L stainless steel, SMAW, fume formation rate, Taguchi, ANOVA

316L Paslanmaz Celigin Farkh Elektrotlar ile Yapilan Ortiilii Elektrot Ark
Kaynaginda Duman Olusum Hizinin Taguchi ve Anova ile Incelenmesi

Ozet: Kaynak, kolay uygulanabilirliginden ve mukavemetinden dolayi, imalat sektorii ve agir sanayide en ¢ok
kullanilan birlestirme yontemlerinden birisidir. 316L kalite paslanmaz geliklerin baslica kullanim alanlar1 kimya,
petro-kimya, gida, kagit, boya ve gemi imalatidir. Paslanmaz c¢eliklerin kaynaginda ark kaynak prosesleri tercih
edilmektedir ve gazalt1 kaynagmin yaninda ortiilii elektrotla ark kaynagi da siklikla kullanilmaktadir. Kaynak
prosesinin avantajlarinin yaninda bazi dezavantajlart da vardir. Kaynak, toksik duman ve sagliga zararli gazlar
olusturdugu i¢in is saghig1 ve giivenligi ile ¢evre agisindan tehlikeli bir proses olarak tanimlanmaktadir. Bu
calismada, Taguchi deneysel tasarimi olusturulmus ve iki farkli markanin ayn: siniflandirmaya sahip elektrotlari,
farkli akim parametreleri kullanilarak 316L paslanmaz celigin ortiilii elektrot ark kaynaginda kullanilmistir. Her
deney sartindaki duman olusum hizlar1 dlciilmiis ve sonuglar Taguchi sinyal-giiriiltii oran1 ve varyans analizi ile
degerlendirilmistir.

Anahtar kelimeler: 316L paslanmaz ¢elik, ortiilii elektrot ark kaynagi, duman olusum hizi, Taguchi, ANOVA
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1. Introduction

Welding is the most common joining operation used in shipbuilding sector as well as other
industrial manufacturing processes. Although there are many different types of welding, shielded
metal arc welding is one of the most frequently used methods amongst all for both low carbon and
stainless steels.

Welding has the biggest share in assembly processes with approximately 48-50 percent. In spite of
the major material of a ship is steel, aluminum and other materials are used for some superstructures
like the deckhouses and other specific areas within the ship [1]. In ship building, stainless steel
materials are mainly used in manufacturing of ship warehouses. Various welding electrodes are
used for welding metal parts in shipbuilding industry. Depending on the type of electrode, different
types and amounts of emissions are generated [2]. Chemical composition of welding fume and the
exposures must be determined experimentally in order to develop preventive measures against the
hazards of welding fume to workers’ health and the environment [3]. Welding fume is produced by
evaporation and condensation of metallic elements in air. Amount of emissions may vary according
to welding processes and parameters. Composition of fume varies with the contents of the electrode,
parameters and work piece and toxic fume released contains potential hazards to human health.
Although, worker exposure is usually prevented by ventilation and personal protective equipment,
detection of environmental exposure is much more difficult [4].

Sowards et al. researched the effect of heat input on fume generation rates in some SMAW
electrodes [5]. Kura, has determined that fume amount of flux-cored electrode welding is much
more than other welding methods [6]. Welding fume particles less than 1mm in diameter cause the
greatest health hazard due to their ability to penetrate deep into the lungs [7]. Hazardous metals
listed in the 1990 Clean Air Act Amendments that have been detected in welding fume include
manganese, nickel, chromium, cobalt and lead. Additionally, the hexavalent form of chrome
(Chrome™) is also found in some welding fume emissions. The emissions of toxic air contaminants
during welding have potential adverse human health impacts [4]. Sowards et al. studied
characterization of welding fume particles of SMAW electrodes [8]. Matczak et. al., numerically
calculated soluble and insoluble Cr* and Cr*® compounds inside welding fume [9]. Stopford, has
researched welding fume particle sizes and chemical characteristics [10]. Amount of welding fume
varies with the electrodes, methods, shielding gases, welding conditions and welder’s skill. Mostly
used welding materials include manganese, silicon, chromium and nickel. Chromium and nickel
fumes are accepted in the carcinogenic class. High exposure to manganese can cause neurological
disorders and discomforts to workers.

It is not clearly proven in epidemiologic studies that welding fume cause lung cancer. Investigation
of possible correlation is ongoing quite broadly between welding profession and lung cancer cases
and deaths. It is seen that high risk of cancer are shown in studies on welders. International Agency
for Research on Cancer (IARC) reported in 1990 that “welding fume is probable carcinogen
substance” [11]. Metal fume fever is also a possibility after exposure to manganese fume. Chronic
manganese poisoning, characterized by a severe disorder of the nervous system, has been reported
in welders working in confined spaces on high-manganese steels [12].

2. Experimental Study

In this study, experiments were designed using Taguchi method, which is one of the most reliable
designs of experiment methods. Taguchi design of L4 orthogonal array was implemented and
welding trials were run for three times. Table 1 shows two process factors (i.e. electrode type and
current) and two levels, which were used to form L4 orthogonal array. Current values (level 1 and
level 2) were decided so that the values would reflect the highest and lowest current in working
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range given by the manufacturers. Welding speed factor was not included in the experiments since
Mert et al. [13] has shown that welding speed was an insignificant factor in terms of fume formation
rate in SMAW.

Table 1. Experimental factors and levels

Symbol  Factor Level1  Level 2
A Electrode type LR32 LR12
B Current (A) 80 120

Fume emission experiments have been realized inside a fume chamber (Figure 1) designed
according to EN 1SO 15011-1:2009 [14]. X2CrNiMo17-12-2 (EN 10088-1) stainless steel round
plates with diameter of 290 mm were used in the experiments and these plates were welded with
E16 12 3 LR 32 (EN ISO 3581) and E16 12 3 LR 12 (EN ISO 3581) covered electrodes with 3.20
mm diameter for 30 seconds. Welding power source was Lincoln Electric Invertec V260-S.
Chemical composition of base metal and the electrodes are given in Table 2. Fume was captured on
round Sartorius Stedim MGA glass fiber filters with 240 mm diameter. Filters were stored in a
furnace at 110°C for at least 1 hour before and after the experiments. Shimadzu BL-320H electronic
balance was used to weigh filters and electrodes.

Figure 1. Fume chamber

Table 2. Chemical composition of X2CrNiMo17-12-2 stainless steel and E16 12 3 LR 32 and E 19
12 3 LR12 stainless steel covered electrodes (% wt)

Material/Electrode C Mn Si Cr Ni Mo
X2CrNiMo17-12-2 <0.03 20 1.0 170 120 250
E16 12 3 LR 32 electrode <004 080 070 190 120 2.60
E 19 12 3 LR12 electrode <0.03 080 070 170 110 290
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3. Results and Discussion

After the welding experiments were realized according to L4 Taguchi design and repeated three
times, fume accumulation on filters were weighed and fume formation rate was calculated. Table 3
presents Taguchi design and mean FFR measurements.

Table 3. L4 experimental set and FFR measurements

Factors and levels Output
Run  Electrodetype Current | FFR (g.min™)  S/N ratio (dB)
1 1 1 0.155 16.1934
2 1 2 0.258 11.7676
3 2 1 0.147 16.6537
4 2 2 0.251 12.0065

Experimental data were analyzed using signal to noise (S/N) ratio and the analysis of variance
(ANOVA) methods by using Minitab 17 software. It is better to have smaller fume formation rate in
welding in terms of environmentally friendliness and occupational safety and health, smaller is
better equation was chosen (Eq. 1) in S/N calculations. Here, n is the number of repeated
experiments, Y is the measured value of the response variable.

The lower ---- the better: S/N = —10log((ZY?*)/n) (1)

Table 4 shows response table for S/N ratios. S/N ratios in Taguchi method are used to investigate
the significance of the factors. Higher S/N ratios yield to the aim, which is lower FFR in this study.
Table 4 and Fig. 2 depict that current has the highest effect on FFR and is followed by electrode
type. It is understood that FFR is minimum at second level of electrode type (A2) and first level of
current (B1). Therefore, optimum design parameter combination is A2B1. Since this combination
was included L4 orthogonal array, confirmation test was not needed.

Table 4. Response table for S/N ratios
Level A B
1 13.98 16.42
2 14.33 11.89

Delta 0.35 454
Rank 2 1
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Figure 2. S/N ratios of factor levels for FFR

ANOVA analysis was performed to investigate the significance of the factors on FFR. ANOVA
results were based on general linear model and are given in Table 5. P-value should be equal or less
than 0.05 with 95% confidence level. P-values for both factors were less than 0.05. Therefore,
electrode type and current factors had statistically significant effect on FFR. Percentile effects of
electrode type and current were 99.48% and 0.52%, respectively. Coefficient of determination (R-sq
(adj)) in ANOVA analysis was found to be 99.99%.

Table 5. Analysis of variance results for FFR

Source  Degree of Freedom Adj SS Adj MS F-value P-value % Effect

A 1 0.000056 0.000056 225.00 0.042 0.52

B 1 0.010712 0.010712 42849.00 0.003 99.48
Error 1 0.000000 0.000000 0.00
Total 3 100

4. Conclusion

According to experimental results and Taguchi and ANOVA evaluation, main conclusions can be
summarized as follows. In both electrodes, higher current values yielded higher FFR. Current was
the most significant factor and the effect of the type of the stainless electrode on FFR was
negligible. FFR results obtained with the use of electrode type E 19 12 3 LR12 was smaller
compared with E 19 12 3 LR32 for both current values. Not only E 19 12 3 LR32 type electrode has
higher FFR but also a composition with higher chromium and nickel, which are widely accepted as
toxic substances in terms of OSH, making this electrode much more prone to be potentially
dangerous for human health as well as the environment. Therefore, it is advisable to select
electrodes with lower FFR and lower toxic elements, provided that welding design criteria are met.

5. Acknowledgement

This study has been supported by Yildiz Technical University Scientific Research Projects
Coordinatorship (Project no: 2013-06-01-GEPO1 and Project no: 2013-10-01-KAPO05) and Turkish
Lloyd (Tiirk Loydu).

295



ECJSE 2017 (2) 291-296 Investigation of Fume Formation Rate in SMAW of 316L...

References

[1] Celebi, U.B., “Investigation on welding emission estimation in shipyards for different ship
types”, Fresenius Environmental Bulletin, 23(8a) (2014), 1904-1914.

[2] Harris, 1., Castner H., “Mechanization and Automation of Welding and Cutting Processes to
Reduce Fume Exposure”, NSRP ASE Project, (2003).

[3] Senoz, K.M., Bilgili, L., Mert, T., Celebi, U.B., Ekinci, S., Vardar, N., “Fume Formation Rate of
Shielded Metal Arc Welding of Stainless Steel Used in Chemical Tankers in Shipbuilding”,
The 8th International Scientific Conference on Naval, Mechanical and Industrial Engineering
(TEHNONAV’15), 2-4 July 2015, Constanta, Romania, Special Issue, ss. 27-32.

[4] Mener, W.C., Rosen, P.L., Austin, D.N., Holt, W.S., “Shipyard Welding Emission Factor
Development”, 10th International Emission Inventory Conference - One Atmosphere, One
Inventory, Many Challenges, 1 — 3 May 2001, Denver, U.S.A.

[5] Sowards, J.W., Lippold, J.C., Dickinson, D.W., Ramirez, A.J., “Characterization of Welding
Fume from SMAW Electrodes — Part I”, Welding Journal, 87 (2008), 106-s-112-s.

[6] Kura, B., “Evaluation of Cr (VI) Exposure Levels in the Shipbuilding Industry”, GCRMTC,
Final Report, (1998).

[7] Konarski, P., lwanejko, I., Cwil, M., “Core-shell morphology of welding fume micro and
nanoparticles”, Vacuum, 70 (2003), 385-389.

[8] Sowards, J.W., Ramirez, A.J., Dickinson, D.W., Lippold, J.C., “Characterization of welding
fume from SMAW electrodes-Part 11, Welding Journal, 89 (2010), 82s-90s.

[9] Matczak, W., Chmielnicka, J., “Methods for determining soluble and insoluble Cr IIl and Cr VI
compounds in welding fumes”, Polish Journal of Occupational Medicine, 2(4) (1989), 376-388.

[10] Stopford, W., “Welding and Exposures to Manganese Assessment of Neurological Adverse
Effects”, Duke University Medical Center Department of Community & Family Medicine
Division of Occupational & Environmental Medicine, Durham NC, (2005).

[11] NIOSH, “Welding: Fumes and gases”, Australian Government Publishing Service, Canberra
WAP 90/034GS, 1990.

[12] NIOSH, “Nomination of Welding Fumes for Toxicity Studies”, National Institute for
Occupational Safety and Health, 2002.

[13] Mert, T., Bilgili, L., Senoz, K.M., Celebi, U.B., Ekinci, S., “The Effect of Parameter Selection
on Fume Formation Rate in SMAW of AH-36 Shipbuilding Steel and Analysis with Anova
Method”, Global Conference on Global Warming (GCGW’15), 24 — 27 May 2015, Athens,
Greece.

[14] EN ISO 15011-1, “Health and safety in welding and allied processes — Laboratory method for
sampling fume and gases Part 1: Determination of fume emission rate during arc welding and
collection of fume for analysis”, 2009.

296



www.tubiad.org
ISSN:2148-3736
El-Cezeri Fen ve Miihendislik Dergisi

Cilt: 4, No: 2, 2017 (297-307) E ( :J S E

El-Cezeri Journal of Science and
Engineering
Vol: 4, No: 2, 2017 (297-307)

Makale / Research Paper

Boru ile Lamanin Robot Ark Kaynak Teknigiyle Birlestirilmesinde
Optimum Kaynak Parametrelerinin Belirlenmesi

Ahmet Alper Tunga OKUYAN'?, Hiiseyin UZUN?"

) ! Toyota Boshoku Tiirkiye, ARGE Béliimii, Sakarya, Tiirkiye
? Sakarya Universitesi, Teknoloji Fakiiltesi, Metalurji ve Malzeme Miihendisligi Boliimii, Sakarya, Tiirkiye
2 alper.okuyan@toyota-boshokutr.com , * huzun@sakarya.edu.tr

Ozet: Bu calismada, otomobil koltuk kasnagi iizerindeki boru profile, destek lamasmin robot ark kaynak
metoduyla, yeterli niifuziyet degerlerinde birlestirilebilmesi i¢in optimum kaynak parametrelerin belirlenmesi
amaglanmigtir. Kaynak parametreleri, robot torcunun Kaynak ekseninden sapma miktari, odak noktasinin
degisme miktar1 ve eksen kagiklik miktar1 dikkate alinarak belirlenmistir. Yapilan deneysel ¢aligmalar sonucu
elde edilen numunelerin kaynak kesitleri ve niifuziyet degerleri optik mikroskopla incelenerek, uygun kaynak
parametre se¢imi gergeklestirilmistir. Sonug olarak, robot ark kaynak teknigi ile boru profille destek lamasinin
birlestirilmesinde, optimum kaynak akimi, kaynak gerilimi ve kaynak hizi parametreleri tayin edilerek
Onerilmistir.

Anahtar kelimeler: Robot ark kaynak metodu, otomobil koltuk kasnagi, boru ile destek lamasinin birlestirilmesi

Determination of Optimum Welding Parameters For Welding of Tube With
Bracket Steel Bar By Robotic Arc Welding Technique

Abstract: The aim of this study is the determination of optimum welding parameters at good penetration for
welding of tube with bracket steel bar of car seat pulley by robotic arc welding technique. It was established the
welding parameters according to the welding axis deflection and focus point changing of robotic welding torch.
It was investigated the weld penetrations of cross sections by optical microscopy. According to the results, it was
advised the optimum welding parameters such as welding current, welding voltage and welding speed for the
tube with bracket steel bar of car seat pulley welded by robotic arc welding technique.

Key Words: robotic arc welding, car seat pulley, welding penetration.

1. Giris

Giliniimiizlin artan kiiresel rekabet ortami, isletmeleri, yiiksek kaliteli iirlinleri diisiik maliyetle
iiretmeye zorlamaktadir. Kaynakli imalat sektoriinde de kaynakc¢i hatalarint minimuma indirmek,
iiretimin hizini arttirmak ve hatasiz kaynakli birlestirme islemlerinin gergeklestirilerek maliyetlerin
en diisiik seviyeye indirilmesinde robot kullanim1 yayginlasmaya baglamistir.

Robot kaynak uygulamalari, hatasiz ve hizli bir seri imalat i¢in vazgecilmez bir imalat teknigidir.
Sifir hata ile imalat yapmay1 hedefleyen otomobil iireticilerinin de en ¢ok tercih ettigi kaynakl
imalat yontemi, robot ark kaynagidir[2,3,5].
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Bu caligmada otomobillerin koltuk kasnak sistemlerinin robot ark kaynak teknigi ile birlestirilmesi
incelenecektir. Otomobil koltuk kasnagi imalatinda, boru profil aksami ile destek lamasinin yeterli
niifuziyet degerlerinde birlestirilebilmesi olduk¢a biiyiikk 6nem arz eder. Yetersiz nufuziyet, kaza
aninda koltuk kasnaginin kolayca hasara ugrayarak yolcuya zarar verme riskini arttirmaktadir.
Tatmin edecek bir seviyede nufuziyetin gergeklestirilebilmesi igin birlestirme islemleri, robot ark
kaynak metoduyla yapilmaktadir.

Robot ark kaynak islemiyle yeterli nufuziyetin saglanmasinda, robot torcunun kaynak ekseninden
sapma miktarinin, tor¢ odak noktasinin degisme miktarinin ve eksen kagiklik miktarinin degismesi,
bliylik bir Onem tasimaktadir. Dolayisiyla kaynak akimi, kaynak gerilimi ve kaynak hiz1
parametrelerinin dogru tayin edilebilmesi, bu faktorlerin oldukg¢a diizglin ayarlanmasina ve belirli
toleranslar icerisinde kalmasina biiyiik bir 6nem verilmesi gerekir.

Kaynak niifuziyetindeki en kritik konu, kaynak parametreleridir. Kaynak akimi, kaynak gerilimi,
kaynak hizi, torch agisi, ilerleme agis1 ve odak noktasi parametrelerinin dogru belirlenmesi iyi bir
niifuziyet i¢in zorunludur. Sekil 1’de iyi bir niifuziyet ile kotii bir niifuziyet sematik olarak
karsilastirilmistir.

uygun
nufuziyet
bolgesi

uygun
nofuziyet
bolgesi

uygunsuz
nufuziyet
bolges!

nufuziyet
bolgesi

Sekil 1. Uygun bir niifuziyet ile uygun olmayan niifuziyetin sematik karsilastirilmasi.

Kaynak parametreleri kaynak kalitesine direk etki etmektedir bu nedenle dogru belirlenmis kaynak
parametreleri ile tiretim yapmak ¢ok onemlidir. Kaynak akim, kaynak gerilimi ve kaynak hizi
degerlerinin niifuziyetle olan iligkisi de Sekil 2’de gosterilmistir. Buna gore amper arttik¢a
niifuziyet ylikselmekte, voltaj arttikca niifuziyet azalmakta ve kaynak genisligi yiikselmektedir.

Kaynak hiz1 yiikseldigi durumda da niifuziyet azalmaktadir.
Amper

Diisuik Yiiksek

Amper ~ Niifuziyet iliskisi

y

Voltaj ™ Niifuziyet iliskisi

i

Voltaj
Disiik Yiiksek

Hiz ¥ Nifuziyet iligkisi

T TYIT

Hiz
Diigiik Yiiksek

Sekil 2. Kaynak akimi, kaynak gerilimi ve kaynak hizi parametrelerinin niifuziyetle iliskisi.
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Bu calismada, robot ark kaynak metoduyla, otomobil koltuk kasnagindaki boru profil aksami ile
destek lamasinin yeterli niifuziyet degerlerinde birlestirilebilmesi amaciyla, robot torcunun kaynak
ekseninden sapma miktarina, tor¢ odak noktasinin degisme miktarina ve eksen kagiklik miktarina
bagli olarak, optimum kaynak parametrelerinin tayin edilmesi hedeflenmistir.

2. Deneysel Calismalar

Calismada 1mm ve 4mm kalinligindaki SPH440 c¢elik lama ile 1.2 mm kalinliginda ve ©¥31,8 mm
capinda STKMS800 boru profil kullanilmistir. Lama ve profil malzemelerine ait kimyasal igerik ve
mekanik 6zellikleri, Tablo 1’de verilmektedir.

Birlestirme isleminde, Yaskawa marka robot ark kaynak makinasi kullanilmistir. Birlestirme
isleminde 18 farkli kaynak parametre kombinasyonu (Par¢a No: 1-18) kullanilarak deneysel ¢aligma
yapilmistir.

Tablo 2’de robot ark kaynak teknigi ile otomobil koltuk kasnagindaki boru profil aksami ve destek
lamasinin birlestirilmesinde kullanilan 18 farkli kaynak parametre kombinasyonlar1 verilmistir.
Amper degeri 10, Voltaj degeri £1 ve Kaynak hiz1 +5 toleranslarinda degistirilerek degisik
parametre kombinasyonlarinda denemeler yapilmistir. Bu c¢alismada, robot odak noktasi iki
parcanin merkezi olarak belirlenmistir (Sekil 3). Sekil 4’te de robot ark kaynak teknigiyle lama ile
profilin birlestirilmesindeki robot torcunun konumu gosterilmektedir.

Tablo 1. SAPH440 ¢elik lama ile STKMS800 boru profile ait kimyasal icerik ve mekanik 6zellikler.

Kimyasal I¢erik (% agirhk)
Malzeme -
C< | Mn< P S < Si< Al Ti
0,21 | 1.50 | 0,04 0,04 0,30 | 0,034 0,003
SPH440 g - - Mekanik Ozellikler |
Celik Lama Akma Mukavemeti Cekme Mukavemeti 0
(MPa) (MPa) % Uzama
305 440 30
Kimyasal I¢erik (% agirhk)
Malzeme ) .
C Mn P S Si Al Ti
0,114 | 1,67 | 0,080 | 0,004 | 0,190 | 0,374 0,003
STKMBS00 Mekanik Ozellikler
Boru Profil Akma Mukavemeti Cekme Mukavemeti 0
(MPa) (MPa) % Uzama
650 800 16
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Tablo 2. Calismada kullanilan kaynak parametreleri.

Kaynak Akimi Kaynak Gerilimi
PARCA (Amper) (Volt) Kaynak Hiz
NO  I"ARCON | ARCOF | ARCON | ARCOF | (m/dK)
1 175 150 19,5 16,5 55
2 185 157,5 19,5 16,5 55
3 185 157,5 20,5 175 55
4 175 150 20,5 17,5 55
5 165 1425 20,5 17,5 55
6 165 1425 19,5 16,5 55
7 165 1425 18,5 15,5 55
8 175 150 18,5 15,5 55
9 185 157,5 18,5 15,5 55
10 175 150 19,5 16,5 60
11 185 157,5 19,5 16,5 60
12 185 1575 20,5 17,5 60
13 175 150 20,5 17,5 60
14 165 1425 20,5 17,5 60
15 165 142,5 19,5 16,5 60
16 165 1425 18,5 15,5 60
17 175 150 18,5 15,5 60
18 185 157,5 18,5 15,5 60
—&

Odak noktasiiki
parcanin merkezi

Sekil 3. iki parcanin merkezi olarak tayin edilen, robot odak noktast

Torgucu Kaynak Boru
Teli profil

Sekil 4. Lama ile profilin birlestirilmesindeki robot torcunun konumu, ilerleme ve torg agisinin
gosterimi
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2.1 Parca ve kaynak ekipmanlarindaki varyasyonlarin cp-cpk ile hesaplanmasi

Birinci adim: Aymi pargayr kaynak fikstiirii ilizerine 10 defa setleyerek kaynak ekipmaninin
siireklilik hassasiyetinin (varyasyon) Olglimii yapilmistir. Sekil 3’de Olgiim yapilan bolge
gosterilmistir.

Ayni parca siirekli ayni kaynak fikstilirline setlenerek klampler kapatilir, parcalar kaynak
pozisyonuna getirilmis olur ve parcalarin her defasinda ayni1 sekilde konumlandirilip
konumlandirilmadigmin incelemesi yapilir. Ekipman {izerinde 0&lgiim yapilabilecek bir bolge
belirlenir ve pargalar her konumlandirma sonrasinda bu noktadan 6l¢iilmiistiir. Tablo 3’te yapilan
Ol¢iim sonuglarini gostermektedir.

Ikinci adim: Degisik parcalar ayni kaynak fikstiiriine setlenerek pargalarm siireklilik
hassasiyetinin(varyasyon) dl¢iimii yapilir. Ol¢iim adeti minimum 10 parg¢a olmalidir. Sekil 5 de
ol¢lim yapilan bolge gosterilmistir.

Degisik parcalar ayni kaynak fikstiiriine setlenerek klampler kapatilir, parcalar kaynak pozisyonuna
getirilmis olur ve parcalarin her defasinda ayni sekilde konumlanip konumlanmadiginin incelemesi
yapilir. Ekipman {izerinde 1. maddede Ol¢iim yapilan bolgeden parcalar her konumlandirma
sonrasinda 6l¢tim yapilir (Tablo 4°te yapilan 6l¢iim sonuglarini géstermektedir [1].

Tablo 3. Birinci adimdaki 6lgiim sonuglari

n 1 2 3 4 5
L (mm)| 14,7 14,5 14,4 14,8 14,8
n 6 7 8 9 10
L(mm)| 146 | 147 14,5 14,8 14,4
Avr. max min Fark
14,62 14,8 14,4 0,4

Tablo 4. Ikinci adimdaki 6l¢iim sonuglari

n 1 2 3 4 5
L (mm)| 143 14,4 14,44 | 14,57 | 14,67
n 6 7 8 9 10
L(mm)| 144 | 1448 | 1433 | 1456 | 14,68
Avr. max |min Fark c
14,48 14,68 (14,3 0,38 0,13

Yapilan varyasyon 6l¢iimleri neticesinde Proses kapasitesi (Cp,Cpk) hesaplamasi yapilarak prosesin
kapasitesine karar verilir. Robot tor¢ odak kagiklik smirmi standart yaparak parga ve jigteki
varyasyonuna gore proses kapasitesi hesaplanir [1].

Proses kapasitesi Cp, Cpk hesaplama metodu su sekildedir:
Proses kapasite endeksi Cp, Cpk formiilii:
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t UCL-X X —-LCL

Cp= = 1) Cp, = e @) Cp, = e (3)
UCL : Ust limit standard
LCL  : Alt limit standard

_t ! Standart genigligi

X Her bir degerin averaji

o . Standart sapma

Cp. : Ust limit standardinin proses kapasite endeksi

Cp - @ Alt limit standardinin proses kapasite endeksi

glim mesafesi
»

Sekil 5. Parga ve kaynak ekipmanindaki varyasyon

Robot ark kaynak prosesinin proses kapasite hesaplamasi ile uygun seviyede kaynak niifuziyet
kalitesi igin standart araligi belirlenir. Gerekli niifuziyeti saglayan aralik ne ise bu deger standart
kabul edilir. Par¢a setleme varyasyonunun datasi toplanir ve diger degerler hesaplanir.

UCL = 15.48; LCL=13.48; t=3 olacak

Ustteki degerlenden dolay1 bu prosesin Cp;

Cp=t/66 = 3.752(3/(6xc) = 1.67

Cp degeri 1.33 1in altinda ise ¢alisma tekrarlanmalidir [1].

Robot odak noktasi i¢in yapilacak ¢aligma araliginin belirlenmesi:

Robot eksen kayikliklari, kaynak ekipman varyasyonlar1 ve parca varyasyonlart nedeniyle olusan
odak kagikliklarimin toplanmasi sonucu yapilacak ¢alisma araligi belirlenmistir [2,4]. Bu ¢alismada;
Robot eksen kayikligi: +1mm olarak belirlenmistir. Kaynak ekipman varyasyonlart: £0,5mm

Parga varyasyonlari: £0,5mm Toplam varyasyon: £2mm olarak ongiiriilerek ¢alisma yapilmstir.

3. Sonuclar ve Tartisma

Kaynak odak noktas: sabit oldugu durumda kaynak parametrelerinden Amper degeri £10, Voltaj
degeri 1 ve Kaynak hiz1 +5 toleranslarinda degistirilerek degisik parametre kombinasyonlarinda
denemeler yapilmigtir. Parametrelerin bu oranlarda degistirilmesi sonucunda bile kaynak
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niifuziyetinin standart degerlerin igerisinde oldugu tespit edilmistir. Robot odak noktasinin
degismesinden dolay1, odak noktasinin {izerine kaydigi parcanin niifuziyeti fazla, odak noktasinin
tizerinden uzaklastigi pargadaki niifuziyet az olmaktadir. Sekil 6’da robot eksen kagikliginin
niifuziyete olan etkisi goriilmektedir.

Odak noktas: +2mm odak nokta degisimi

Sekil 6. Ark kaynagi robot odak noktasinin kaydirilmasi

Robot ekseni £2mm kaynak odak noktasinda degisebilecegi ongoriilerek bu calisma yapilmistir.
Eger £2mm den daha fazla varyasyon sdzkonusu ise ¢alisma kapsami genisletilebilir. Robot eksenin
+2mm veya -2mm pozisyonunda degismesi durumunda da kaynak niifuziyetinin uygun olmasini
saglayacak kaynak parametrelerinin belirlenmesi gerekmektedir.

—_—t

—] —

Odak noktasindan

Odak nokt
A nortast 0.5 mm kaydirma

Sekil 7. Robot odak noktas1 0.5 er mm kaydirma

Robot odak noktasi 0.5 er mm kaydirilarak numuneler iiretilir(Sekil 7). Uretilen numuneler kaynak
bolgesi orta noktasindan kesilip yiizeyi temizlendikten sonra mikroskop altinda incelenir. Uretilen
numunelere ait test sonuglar1 Sekil 8’de grafiksel olarak gdsterilmistir.

. . + 1. parca
*E Mifuziyet = 2.parca
B ! I
2 45 . t
2 | 1
5 4 = T T
= 35 1 Kagikhk sinir 1
\ =279 |
25 1 - T
5 n22 23 ;
1 1
15 5 .
1 :’_| Stdl:tl,rlmm 08 w11 IM13
; 1  OF + 07 07 * 07 : * 08
05 —————= A0 - DA - — - - - ——-——-— - ——=- - AO0&F - ————-
0 5 : * * : * * : o
-2.5mm  -2.0mm  -1.5mm  -1mm Omm +1lmm +1.5mm +2mm  +2.5mm
Kagiklik{mm)

Sekil 8. Robot +2.5mm ve -2.5mm eksenden kaydirilarak yapilan kaynak sonuglari
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Robot odak noktas1 +2mm ve -2mm eksenden kaydirildigi durumda kullanilan parametre ile uygun
sonu¢ alindigr i¢in mevcut parametre ekipman, parca ve robot hareketinde olusacak toplam
varyasyonu karsilayabilecek degerdedir. Sekil 9’da robot eksen kaymasinin +2mm ve -2mm oldugu
durumda yani en koétii durumda yapilan kesme testi resimleri gosterilmektedir.

Odakkaydirma yono

Sekil 9. Robot +2mm ve -2mm eksenden kaydirilarak yapilan kaynak sonuglari

Test sonucuna gore mevcut parametrede odak noktast £2mm aralik icerisinde degisse de niifuziyetin
saglandig anlagiliyor. Dolayisiyla kaynak ekipmaninda yada pargadaki varyasyon bu araligi asmadigi
siirece kaynak niifuziyetinin uygun olduguna karar verilebilir. Kaynak prosesinde parcalarda istenen
seviyede niifuziyet saglanabilmesi i¢in parcalarin uygun olarak konumlandirilmas: ve kaynak
parametrelerinin uygun olmasi gerekmektedir. Parca pozisyonlarinin degismesi, robot eksen kayikligi
veya Uygun parametrelerin se¢ilmemesi durumunda istenen seviyede kaynak niifuziyeti
saglanamayacaktir. Sekil 10°da Tablo 2 de belirtilen farkli kaynak parametreleri ile birlestirilen 18 farkl
parcanin test sonuclar1 gosterilmektedir. Bu calisma sonucunda Tablo 2 deki 1 numarali parametrenin
(Kaynak akimi:175amper, kaynak gerilimi:19,5 volt ve kaynak hizi:55cm/dk) en uygun parametre
olduguna karar verilmistir.
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KAYNAK UG UZUNLUGU KAYNAK BOGAZ GENISLIGI NUFUZIYET
(LEG LENGTH) (THROAT) (PENETRATION)
o =1 - c J d1
51 S
— < —— d2
$1,8220,8 Xt C=20,7 Xt d1,d2=20,2 Xt
Parca - - R H :
No STANDART | OLCUM | ok/nc | sTaNDART| OLCUM | ok/ne | sTANDART| OLCUM | ok/ne KESIT RESMI

S121,0 1,41 [e] d1=20,3 1,41 o]
1 Cc=20,9 1,22 (o]

S221,0 6,74 (o] d2=0,3 1,28 (o]

S121,0 1,44 (o) d1=0,3 1,44 o)
2 Cc=20,9 1,15 o)

S2=21,0 6,44 (o) d2=20,3 1,29 o]

s121,0 | 141 o d1203 | 141 o
3 Cc=z20,9 1,30 (o]

S221,0 7,08 (o) d2=0,3 1,26 o)

S121,0 1,41 (o) d1=0,3 1,41 o)
4 Cc=20,9 1,47 o)

S2=21,0 6,28 [e] d2=20,3 1,21 o]

S121,0 1,41 (o] d1=0,3 1,41 (o]
5 Cc=z20,9 1,36 o)

S221,0 6,09 (o) d2=0,3 1,20 o)

S121,0 1,38 (o) d1=20,3 1,38 o)
6 Cc=20,9 1,24 (o)

S2=21,0 6,10 (o] d220,3 1,20 (o]

S121,0 1,41 (o) d1=20,3 1,41 o)
7 C=20,9 1,46 o)

S2=21,0 5,18 (o) d2=>0,3 1,23 o)

S121,0 1,41 [e] d1=20,3 1,41 o]
8 Cc=20,9 1,54 (o]

S221,0 5,47 (o] d2=0,3 1,24 (o]

S121,0 1,40 (o) d120,3 1,40 o
9 Cc=20,9 1,65 o)

S2=21,0 5,07 (o) d2=20,3 1,21 o)
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S121,0 1,44 o d120,3 1,44 o
10 C=09 1,13 ¢}

$2=21,0 6,16 o d220,3 1,22 o

S121,0 1,43 o d120,3 1,43 ¢}
" C=209 1,18 ¢}

$221,0 5,88 o d220,3 1,21 O

S121,0 1,40 o d1=0,3 1,40 ¢}
12 C=209 1,10 ¢}

$221,0 6,71 o d220,3 1,22 o

S$121,0 1,43 (0] d1=0,3 1,43 ¢}
13 C=209 1,1 ¢}

$221,0 6,63 o d220,3 1,21 (e}

S121,0 1,44 o d1=0,3 1,44 o
14 C=209 1,07 ¢}

$221,0 6,54 o d220,3 1,23 O

S121,0 1,41 o d1=0,3 1,41 o
15 C=z09 1,06 (¢}

$221,0 5,48 o d220,3 1,20 (o}

S121,0 1,43 (0] d1=0,3 1,43 ¢}
16 C=z09 1,19 (¢}

S221,0 5,30 (¢] d220,3 1,23 (0]

S121,0 1,41 o d1=0,3 1,41 o
17 C=z09 1,30 (¢}

S221,0 5,22 (¢] d220,3 1,20 (0]

S121,0 1,40 (0] d1=0,3 1,40 o
18 C=z09 1,42 o

S221,0 4,95 (¢] d220,3 1,21 ¢}

Sekil 10. Farkli paramereler ile kaynatilan 18 farkli parganin fest sonilg:larlm.

306



Okuyan, A.A.T., Uzun, H. ECJSE 2017 (2) 297-307

4. Genel Sonuglar

Calismada kaynak odak noktasi sabit oldugu durumda parametrelerin belli oranda degistirilmesine
ragmen kaynak niifuziyet, kaynak u¢ uzunlugu, kaynak bogaz genisligi hesaplamalar1 yapilmis ve
sonuglarin standart degerlerin igerisinde oldugu tespit edilmistir.

Bu calisma sonunda, otomobil koltuk kasnagi iizerindeki boru profile ile destek lamasinin robot ark
kaynak metoduyla birlestirilebilmesinde, yeterli niifuziyet degerlerinin elde edildigi optimum
kaynak parametreleri sunlardir: Kaynak akimi: 175amper, kaynak gerilimi: 19,5volt ve kaynak hiz:
55cm/dk.

Bu calisma sayesinde robot eksen kayikliklari, kaynak ekipmani ve parga varyasyonlari nedeniyle
olusan odak kagikliklarinin kaynak kalitesine olan etkileri géz Oniinde bulundurulmus ve bu
durumlar karsisinda kaynak kalitesini istenen seviyede tutacak kaynak parametrelerinin nasil
belirlenecegi agiklanmistir. Yapilan kaynagin kalitesinin artmastyla birlikte hurda orani azaltilmakta
dolayisiyla da maliyet diismektedir.

Ulkemizde basta otomotiv sektdrii olmak {izere cok sayidaki endiistriyel kurulusta ark kaynak
robotlari kullanilmaktadir. Uygun parametrelerin robotlara yiiklenmesi ile kaynak kalitesi arttirilmis
olacaktir.

5. TesekKkiir
Bu ¢alisma, Toyota Boshoku Tiirkiye fabrikas1 Ar-ge Boliimii yetkililerin destegiyle yapilmistir.
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