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PREFACE

International Conference on Material Science and Technology in Cappadocia (IMSTEC’16)
organised by Nevsehir Haci Bektas Veli University and BAYEM Ajans is held in April 6-8, 2016 in
Nevsehir, Turkey. This symposium is aimed at bringing together academics, researchers and
engineers, iron and steel manufacturers, exporters and importers, suppliers, technology producers
and non-governmental organizations around the world to share and discuss their latest works and
the new methodologies to improve the structure and properties of the materials. The topics of
IMSTEC'16 covered are Metallurgy and materials, Casting, Heat treatment, Coating and
corrosion, Welding and cutting, Forming and machining, Energy and environment, Marketing
and finance, Automation, Occupational health and safety.

The Symposium includes invited papers of national and international academicians and the papers
submitted by academia in all aspects of the material industries.

Cappadocia region, the capital of Nevsehir, has one of the most interesting and spectacular
landscapes in the World, which is the first settlements dating back to 3000 BC; The oldest name
was "Nyssa". It is the perfect starting point to visit the area. The castle standing at the highest point
in the city which comes from seljuks period is also one of the most intersting ruins. The Kursunlu
Mosque has an impressive complex of buildings and a medresse surrounding it which dates back
to 1726. The museum displays a rich collection of the local finds. Gulsehir, and Hacibektas which
is the town where Haci Bektas Veli settled in the 14th century, and set up his own Bektas Dervish
order which was based on love and humanism.

We would like to express our sincere thanks to those who spend great effort to make this event
take place. We would also like to thank to BAYEM Ajans and other sponsors of IMSTEC’16 as their
names and company logos stated. We also express our gratitude to the members of Honorary
Committee, Scientific Committee, Organizing Committee, Secretarial Assistance, and Students for
their great effort to make the event successful. Lastly, we would like to thank to academicians,
practitioners, and the experts who were joined to imstec’16 in order to share their knowledge.

With the wishes to see you all at the next International Symposium...

CHAIRMAN OF IMSTEC
Prof.Dr. Bllent KURT

© IMSTEC’16, Nevsehir Haci Bektas Veli University, Nevsehir, Turkey
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IMSTEC’16 PROGRAM

6 APRIL 2016-6 NISAN 2016

09:00-10:30

REGISTRATION/KAYIT

10:30-11:15

OPENING CEROMONY/ACILIS TORENI

11:15-11:35

Niikleer Teknoloji:Bugiinii ve Gelecegi _
INVITED SPEAKER:Do¢.Dr.Havva KAZDAL ZEYTIN

11:35-11:55

Ostenitik Alasimlari Nitriirlenmesi 5
INVITED SPEAKER:Prof.Dr.Hiiseyin CIMENOGLU

11:55-12:15

The Importance of Mechanical Signals in Tissue Engineering
INVITED SPEAKER:Prof.Dr.Yannis F.Missirlis

12:30-13:30

Session Chairman /Oturum Baskani:Prof. Dr. Bilge DEMIR

LUNCH/OGLE YEMEGI

HALL URGUP 1 / SALON URGUP I

13:30-13:50

ORBITAL TIG VE MANUEL TIG KAYNAGI iLE BIiRLESTIiRILEN BORULARIN KAYNAK
BOLGESI METALURJIK OZELLIKLERININ iINCELENMESI
Bekir Cevik, Alpay Ozer

13:50-14:10

SURTUNME KARISTIRMA KAYNAGI ILE BIRLESTIRILMIS 7XXX SERISI Al ALASIMININ
MIKRO YAPI VE MEKANIK OZELLIKLERININ ARASTIRILMASI
Ugur AVCI, Mehmet ERDEM

14:10-14:30

TOZ METALURJiISI METODU ILE BRIKETLENEN AISI 1010 CELIGININ INDUKSiYON
FIRININDA SINTERLENMESININ ARASTIRILMASI
Vahdettin KOC

14:30-14:50

P3HT/PCPDTBT/PCDTBT ESASLI ORGANIK GUNES PILI GELISTIRILMESI
Yasin ALTIN, Siileyman GUNGOR, Ayse BEDELOGLU

Session Chairman /Oturum Baskani:Do¢.Dr.Yavuz SUN

HALL URGUP 2 / SALON URGUP 2

13:30-13:50

BIOMIMETIC APPROACH FOR ICING PHENOMENON OF WIND TURBINES
Kurtulus Deger and Hiidayim Bagak

13:50-14:10

Sm3+-.AC'I:IVATED Ho0,Sn,0; STRUCTURES AND PHOTOLUMINESCENCE PROPERTIES
Esra OZTURK, Erkul KARACAOGLU

14:10-14:30

SOLID-STATE SYNTHESIS OF LANTHANUM BORATES AT A REACTION TEMPERATURE OF
800°C
S. Sari, A. S. Kipcak, F. T. Senberber, M. Yildirim and E. M. Derun

14:30-14:50

POLYAMORPHIC PHASE TRANSITION IN ALUMINUM NITRIDE
Murat Durandurdu

Session Chairman /Oturum Bagkani:Prof.Dr.Cevdet GOLOGLU

HALL ZELVE / SALON ZELVE

13:30-13:50

GGG 40 VE 50 SERiSi KURESEL GRAFITLi DOKME DEMiR MALZEMELERDE MiKROYAPININ
MEKANIK OZELLIiKLERE ETKISi i
Mehmet GENCER, Biilent BOSTAN, Sinan AKSOZ, Hakan ADA

13:50-14:10

KURESEL GRAFITLI DOKME DEMIRLERDE ISIL ISLEMIN MIKROYAPI VE MEKANIK
OZELLIKLERE ETKISININ INCELENMESI
ilyas SOMUNKIRAN, Ahmet BALIN

14:10-14:30

SEKIL BELLEKLI NiTi ALASIMLARININ TOZ METALURJISI YONTEMI iLE URETIMINDE
SINTERLEME SURESININ ETKISi )
Naci Arda TANIS, Biilent BOSTAN, Sinan AKSOZ

14:30-14:50

MODIFIYE GRAFEN OKSIT ICEREN POLIMERIK KAPLAMANIN PERFORMANSININ
INCELENMESI _ .
Mustafa CAKIR, Habibe Irem HELVACIOGLU

Session Chairman /Oturum Baskani:Prof.Dr. Hayrettin AHLATCI

HALL AVANOS / SALON AVANOS

13:30-13:50

POST-WELD HEAT TREATMENT APPLIED in EXAMINING THE MECHANICAL PROPERTIES of
13CrMo4-5 and X10CrMoVNb9-1 GRADE STEEL
Caner KIRBAS, Bunyamin CICEK, Murat BAYDOGAN and Huseyin CIMENOGLU

13:50-14:10

EFFECT OF ADDITION OF SIO, NANOPARTICLES ON THE MECHANICAL PROPERTIES OF
COLLAGEN HYDROLYSATE FILMS
Bugra OCAK and Ayse ERCIYES

14:10-14:30

POLIMER NANOKOMPOZITLER ICIN BALL-ON-DIiSK ASINMA TEST CIHAZI TASARIMI VE
PARAMETRE OPTIMIZASYONU
Soner Savas

14:30-14:50

NANO-AL,O; EFFECTS ON EPOXY ADHESIVES USED CARBON FIBER REINFORCED
LAMINATED COMPOSITES

Hasan ULUS, Halil Burak KAYBAL, Ahmet AVCI




Session Chairman /Oturum Bagkani:Prof.Dr Semra KURAMA

HALL LODGE / SALON LODGE

13:30-13:50

PRESSURELESS SINTERING OF SiAION CERAMICS
INVITED SPEAKER:Prof.Dr.Alpagut KARA

13:50-14:10

ZN-AL-MG ALASIM KAPLAMANIN FARKLI KOROZiF ORTAMLARDAKI AGIRLIK KAYBININ
GALVANIZ VE GALFAN KAPLAMA iLE KIYASLANMASI
Teslime ORHAN, Erkan KARAYIGIT

14:10-14:30

KENDI ILERYEN YUKSEK SICAKLIK SENTEZLEMESI ILE FERRITIK PASLANMAZ CELIK
UZERINE Ni;AI’'NIN KAPLANMASI VE MiKROYAPI INCELEMESI
Musa KILIC, Mustafa BEKEN, Thsan KIRIK, Niyazi OZDEMIR

14:30-14:50

CIFT KATYON KATKILI YARI SAYDAM a-SIALON SERAMIKLERIN OPTIiK OZELLIKLERININ
ARASTIRILMASI
Suna Avcioglu, Semra Kurama

Session Chairman /Oturum Bagkani:Do¢.Dr.Tacettin YILDIRIM

HALL IHLARA/ SALON IHLARA

CnB-nHs (n=0-6) TOPAKLARINDAKI YAPISAL GECIS

13:30-13:50 | ;
Iskender Muz
ELEKTRIK TUKETiMIi VE KARBONDIOKSIT EMISYONU ARASINDAKI IiLiSKININ
13:50-14:10 | HIYERARSIK YAPI YONTEMLERI KULLANILARAK TOPOLOJIK ANALIZi
Seyma Akkaya Deviren
MECHANICAL PROPERTIES OF PRE-TREATED FUMED SILICA REINFORCED EPOXY
14:10-14:30 | NANOCOMPOSITE
Mustafa Cakir,Emre Ak, Yiiksel Akinay
14:30-14-50 | MAGNETIC PROPERTIES OF MIXED SPIN ISING NANOPARTICLES WITH FE;N STRUCTURE
' ' Bayram Deviren
14:50-15:10 COFFE BREAK / CAY-KAHVE ARASI

Session Chairman /Oturum Baskani:Yrd. Do¢. Dr. Yunus TUREN

HALL URGUP 1 / SALON URGUP 1

15:10-15:30

GGG 40 VE 50 SERIiSi KURESEL GRAFITLI DOKME DEMIiR MALZEMELERDE MiKROYAPININ
YUZEY PURUZLULUGUNE ETKILERI _
Mehmet GENCER, Biilent BOSTAN, Hakan ADA, Sinan AKSOZ

15:30-15:50

FARKLI BIR METOT KULLANARAK YENI BIR TiP EGRISEL Di$ PROFILLI DiSLI CARKLARIN
URETIMI )
Mahir UZUN, Usame Ali USCA, Yilmaz GUR

15:50-16:10

AISI 304 OSTENITIK PASLANMAZ CELIGIN TORNALANMASINDA BITKISEL ESASLI KATKI
MADDELERININ YUZEY PURUZLULUGU UZERINDEKiI ETKILERININ DENEYSEL OLARAK
ARASTIRILMASI

Oguz COLAK, Emre HAMAMCI, Ugur UGUREL, R. Can DOGAN

16:10-16:30

PLAZMA SPREY KAPLAMA TEKNOLOJISI VE UYGULAMALARI
Yasin OZGURLUK, Abdullah Cahit KARAOGLANLI

16:30-16:50

AISI 1040 CELIGININ TORNALANMASINDA OLUSAN MAKSIMUM PURUZ DERINLIiGi ICiN
MATEMATIKSEL MODEL OLUSTURULMASI o
Harun AKKUS, Harun YAKA, Levent UGUR, Hayrettin DUZCUKOGLU

16:50-17:10

GRAFEN OKSIT ICEREN POLIMERLERiN KAPLAMA PERFORMANSININ iNCELENMESI
Mustafa CAKIR, Yal¢cin BOZTOPRAK, Ilyas KARTAL

Session Chairman /Oturum Baskani: Yrd Doc.Dr.Mehmet UNAL

HALL URGUP2 / SALON URGUP 2

QUANTITATIVE X-RAY DIFFRACTION ANALYSIS OF SPARK PLASMA SINTERED BORON

15:10-15:30 | CARBIDE-ALUMINUM COMPOSITES
Irem Nur Gamze Simsek and Gursoy Arslan
PRODUCTION OF POROUS SIC BASED CERAMICS VIA STARCH CONSOLIDATION
15:30-15:50 | TECHNIQUE
Ayse KALEMTAS, Nigar OZEY
IDENTIFING THE EFFECT OF CUTTING PARAMETERS ON SURFACE ROUGHNESS USING
15:50-16:10 | TAGUCHI METHOD IN CNC HORIZONTAL FACE MILLING OF AUTOMOBILE PART SURFACES
Ibrahim Sevim, Veysel Kara, S. Cinar Cagan, Mustafa Ugurlu
16:10-16:30 SURFACE CHARACTERISATION OF BORIDED X210Cr12 STEEL
Melih OZCATAL, Ibrahim GUNES
THE EFFECTS OF THE REINFORCED TYPE ON THE WEAR BEHAVIOR OF AA6061 MATRIX
) ) COMPOSITES PRODUCED WITH HOT PRESSING METHODS
16:30-16:50 | .~
Ismail Ovali
CUSHIONING PERFORMANCE of HOT WELDED POLYETHYLENE FOAMS
16:50-17:10 | Fatih Daricik, Kerimcan Celebi, Yi1lmaz Erbil, Serdar Giizel




Session Chairman /Oturum Baskani:Yrd Dog.Dr.Ilyas SOMUNKIRAN

HALL ZELVE / SALON ZELVE

NANOKALSIT ICEREN E-CAM/EPOKSIi TABAKALI KOMPOZIT PLAKANIN DUSUK HIZ DARBE

15:10-15:30 | DAVRANISININ INCELENMESI

Hasan Yavuz UNAL, Yeliz PEKBEY

FARKLI SINTERLEME SICAKLIKLARINDA URETILMIS Fe/B,C-B KOMPOZITLERIN
15:30-15:50 | METALOGRAFIK VE MEKANIK OZELLIKLERININ INCELENMESI

Mustafa HAMAMCI, Fehmi NAIR, A. Alper CERIT

_ _ ZIRKONYUMUN HOMOJEN AA6082 ALUMINYUM ALASIMININ OZELLIKLERINE ETKISI

15:50-16:10

Fulya Kahriman, Muzaffer Zeren

MELT SPINNING METODUYLA AA6060 ALUMINYUM ALASIMI TOZ URETIMININ
16:10-16:30 | INCELENMESI

Sultan OZTURK, Sefa Emre SUNBUL, Kiirsat ICIN, Biilent OZTURK Murat EROGLU
16:30-16-50 | IN SITU ALUMINYUM MATRISLi KOMPOZITLERIN FARKLI PARAMETRELERLE URETIMI

Metin ONAL, Mehmet GAVGALI

WCu KOMPOZIT MALZEMESININ MIKRO FREZELENMESINDE ILERLEME VE KESME
16:50-17:10 | HIZININ TAKIM ASINMASINA ETKIiSi

Ali Ercetin, Muzaffer Erdogan, Kubilay Aslantas, Omer Ekinci

Session Chairman /Oturum Baskani:Doc¢.Dr.M.Sabri GOK

HALL AVANOS / SALON AVANOS

INCONEL 625 ALASIMININ BORLANMASI

15:10-15:30 Hiiseyin CAKIR, Erdogan KANCA, Ali GUNEN, Mehmet DEMIR, Faruk CAVDAR

NEVSEHIR iLi TEHLIKELI ATIK BEYANLARI VE TEHLIKELI ATIK GERi KAZANIM
15:30-15:50 | TESISLERININ DEGERLENDIRILMESI

Seval ARAS, Feray YUMUN
15:50-16:10 GUCLENDIRILMIiS AHSAP KOMPOZIT LEVHALARIN YAPISI VE KULLANIMI

' ' Elif Yurttag, Nadir Ayrilmis, Turgay Akbulut

SEKIL. HATIRLAMALI ALASIMLARDA MARTENSITIK FAZ DONUSUMU VE SEKIL
16:10-16:30 | HATIRLAMA MEKANIZMASI

Mehmet Kaya, Kadri Can Atli, Tugba Yildiz Saygili, Omer Cakmak
16:30-16:50 BiYOMALZEME VE KOROZYON

Abdurrahman YOLUN, Mehmet KAY A, Abdurrahman AKKUS

UZAYABILEN, iLETKEN NANOLIF KOMPOZITLERIN TERMAL, ELEKTRIKSEL VE MEKANIK
16:50-17:10 | OZELLIiKLERI

Yasin ALTIN, Siileyman GUNGOR, Ayse BEDELOGLU

Session Chairman /Oturum Bagkani:Prof.Dr. Serdar SALMAN

HALL LODGE / SALON LODGE

EFFECT OF AUSTENITIZATION TEMPERATURE ON TRIBOLOGICAL BEHAVIOUR OF MICRO-

15:10-15:30 | ALLOYED STEEL

Mustafa Ulutan, Koray Kilicay, Esad Kaya

THERMAL PROCEDURE EFFECT ON Co-Al HIGH TEMPERATURE MAGNETIC SHAPE
15:30-15:50 | MEMORY ALLOY

Fethi Dagdelen, Soner Buytoz, Mediha Kok, Tiirkan Malkog

DESIGN, SYNTHESIS, AND CHARACTERIZATION OF THREE NEW A,Q - DISUBSTITUTED

MOLECULES BASED ON INDENO[1,2-B]JFLUORENE-6,12-DIONE AND THIOPHENE BUILDING
15:50-16:10 | BLOCKS.IMPROVEMENT OF AMBIPOLAR CHARGE CARRIER MOBILITIESVIA TAILORING

OF ALKYL SUBSTITUENTS

Mehmet Ozdemir , Resul Ozdemir, Choongik Kim, Hakan USTA

THE EFFECT OF PYROLYSIS PARAMETERS ON THE YIELD AND SULPHUR CONTENT OF
16:10-16:30 | WASTE TIRE PRODUCTS

Tuba Bahtli (Aksoy), Derya Yesim Hopa, Serife Yal¢in Yasti, , Veysel Murat Bostanci

SINTERLEME SICAKLIKLARININ TICARI SAFLIKTAKI BIR SENTETIK HIDROKSIAPATITE
16:30-16:50 | ETKISI

Siileyman Serdar PAZARLIOGLU, Serdar SALMAN

DETERMINATION OF EFFECTIVE ATOMIC NUMBERS, EFFECTIVE ELECTRONS NUMBERS
16:50-17-10 | AND MASS ATTENUATION COEFFICIENTS FOR SOME STAINLESS STEELS IN THE ENERGY

REGION 10 KEV - 100 GEV
Aytac Levet

Session Chairman /Oturum Baskani:Yrd. Do¢. Dr. Volkan KIRMACI

HALL IHLARA/ SALON IHLARA

15:10-15:30

FARKLI ORANLARDA SiC PARTIKUL TAKVIYESI YAPILMIS Cu MATRISLI KOMPOZITLERIN
MIKROYAPI VE MEKANIK OZELLIKLERI
Ozgiir Ozgiin, Ziilkiif Balalan, Omer Ekinci

15:30-15:50

TERMAL BARIYER KAPLAMALARIN (TBC) HASAR MEKANIZMALARININ INCELENMESI:
KiIMYASAL HASAR VE CMAS ETKiSi SONUCU OLUSAN HASARLAR
Abdullah Cahit KARAOGLANLI




15:50-16:10

MECHANICAL PROPERTIES
INTERPENETRATING NETWORK
Mustafa CAKIR, Emre AKIN

OF SILANE TERMINATED URETHANE / EPOXY

16:10-16:30

GRAFEN OKSIT iCEREN POLIMERLERIN ASINMA YUZEY MORFOLOJISININ INCELENMESI
Ilyas Kartal, Mustafa Cakir, Yal¢in Boztoprak

16:30-16:50

ASINMA ODAKLI UYGULAMALARDA YUKSEK HIZLI OKSI-YAKIT (HVOF) SPREY KAPLAMA
PROSESININ KULLANIMI
Kadir Mert Déleker, Abdullah Cahit Karaoglanl

16:50-17:10

Session Chairman /Oturum Baskani: Dog. Dr. Tacettin YILDIRIM

THE EFFECTS OF Li,O IN THE MgO-Al,0;-SiO, GLASS-CERAMICS SYSTEM PRODUCED FROM
MAGNESITE WASTE
Cansu Utkan, Nuray Canikoglu

HALL URGUP1 / SALON URGUP 1

17:30-17:50

ABNORMAL GRAIN GROWTH IN DIFFUSION BONDING OF STEELS
Biilent KURT

17:50-18:10

PLASTIK GERi DONUSUM TESISI ATIKSULARININ KIMYASAL ARITIMI
Serkan Sahinkaya

18:10-18:30

MiG MAG TEKNIiGi iLE BIRLESTIiRILEN BOR KATKILI 205 MANGANLI CELiGiN MiKROYAPI
OZELLIKLERININ ARASTIRILMASI
C. CARBOGA, B. KURT, S. DAL, B. DEMIR

18:30-18:50

THE EFFECT OF MICRO ALLOY BORON ADDED ON MICROSTRUCTURE OF 304 STAINLESS
STEEL
C. Carboga, B. Kurt, S. Dal

Session Chairman /Oturum Bagkanmi: Yrd Do¢. Dr. Erkan KALIPCI

HALL URGUP 2 / SALON URGUP 2

17:30-17:50

FARKLI ORANLARDA AL ICEREN TRIP CELIGININ MiG-MAG KAYNAK TEKNIiGi ILE
KAYNAGI VE MiKROYAPISININ INCELENMESI
Cemal CARBOGA, Biilent KURT, Serkan DAL

17:50-18:10

METAL KAPLAMA ENDUSTRISINDE CEVRESEL BIR ARAC OLARAK ATIK AZALTMA
Hiiseyin CUCE, Muhammed BEYAZ

18:10-18:30

EMAYE KAPLAMA ATIKSULARININ FENTON PROSESI ILE ARITIMI
Serkan Sahinkaya

Session Chairman /Oturum Baskani: Yrd.Doc.Dr.Zahide BAYER OZTURK

HALL ZELVE / SALON ZELVE

17:30-17:50

FARKLI ORANLARDA Si ICEREN TRIP CELIGININ MiG-MAG KAYNAK TEKNIGi ILE
KAYNAGI VE MIKROYAPISININ INCELENMES]
Cemal CARBOGA, Biilent KURT, Serkan DAL

17:50-18:10

ALUMINYUMUN VE CELIK MALZEMEDEN URETILMIS NOZUL KULLANILAN KARSIT AKISLI
RANQUE-HILSCH VORTEKS TUPUNDE ENERJI-EKSERJI ANALIZLERININ DENEYSEL
OLARAK INCELENMESI

Volkan KIRMACI

18:10-18:30

A NOVEL APPLICATION OF EXPANDED POLYSTYRENE (EPS) FOAM AS ROOF COVERING
MATERIAL
B.Demirel and N.Atay

18:30-18:50

THE COMPACT PRESSURE EFFECT OF POROUS NITI COATING ON COCRMO PM ALLOY
SURFACE BY SHS PROCESS
Bulent Kurt, llyas Somunkiran, Soner Buytoz, Khangardas ASGAROV

19:00-22:00

GALA DINNER / GALA YEMEGI

Session Chairman /Oturum Bagskani: Do¢. Dr.Mehmet KAYA

7 APRIL 2016 - 7 NISAN 2016

HALL URGUP1 / SALON URGUP 1

09:10-09:30

SINTERLEME PARAMETRELERININ YITRiYA STABILE ZIiRKONYA SERAMIKLERININ
MEKANIK OZELLIKLERINE ETKIiSi
Emre Yalamag, Elif Sila Ergani, Miicahit Siitcii

09:30-09:50

UCUCU KUL VE YUMURTA KABUGUNDAN CAS (CaO- Al,O;- SiO,) SERAMIKLERIN URETIiMi
Zafer Yavuz MERKIT, Nil TOPLAN

09:50-10:10

Al-Cd FERRITLERIN ILETKENLIK MEKANIZMASININ INCELENMESI
T. Sasmaz Kuru, E. Sentiirk

10:10-10:30

AISI 8620 CELIGI KULLANILARAK iLK DEFA iMAL EDIiLEN EGRISEL EVOLVENT PROFILLi
DISLI CARKLARDA PITTING OLUSUMUNUN ARASTIRILMASI
Mahir UZUN, Mehmet Mehdi MUNIS, Hayrettin DUZCUKOGLU




10:30-10:50

VOLLASTONIT  ILAVESININ  HIDROKSIAPATIT-MgO  KOMPOZITINDE ~ POROZITE
DAGILIMINA ETKISININ INCELENMESI

Senol Avci, Recep Artir

Session Chairman /Oturum Baskani:Do¢. Dr.Murat ESKIL

HALL URGUP 2 / SALON URGUP 2

POLYAMID, ALUMINYUMUN VE CELIK MALZEMEDEN URETILMiS NOZUL KULLANILAN
KARSIT AKISLI RANQUE-HILSCH VORTEKS TUPUN PERFORMANSININ DENEYSEL OLARAK

09:10-09:30 | jNCELENMESI

Volkan KIRMACI

COK SAYIDA DELAMINASYON HASARLI ORGU TAKVIYELI E-CAM LiFI/EPOKSI KOMPOZIT
09:30-09:50 | MALZEMELERIN BASMA ve BURKULMA DAVRANISLARI

Fatih Daricik, Ziileyha Aslan

BASINCLI INFILTRASYON YONTEMI ILE URETILMIS IKILI MODEL SIC/AL2014 KOMPOZITIN
09:50-10-10 | MEKANIK FIZIKSEL OZELLIKLERINE INFILTRASYON SICAKLIGI, BASINCI VE MG

' ' ILAVESININ ETKISI

Serkan ATES

GLISERIN VE PEG KATKILARININ INCE ALUMINA TOZU TAKVIYELIi NA-METAKAOLIN
10:10-10:30 | ESASLI JEOPOLIMER BASMA DAYANIMI VE TERMAL DAVRANISINA ETKIiSi

Siileyman YASIN, Hayrettin AHLATCI, Yunus TUREN, Engin CEVIK, Yavuz SUN, Harun CUG
10:30-10:50 | CR-39 PLASTIK POLIMER UZERINE TEORIK BIiR CALISMA

Tuba OZDEMIR

Session Chairman /Oturum Baskani:Yrd. Do¢. Dr.Nermin Demirkol

HALL ZELVE / SALON ZELVE

09:10-09:30

BOR ILAVESININ D2 TAKIM CELIGININ MiKROYAPI VE MEKANIK OZELLIKLERINE ETKIiSi
Ozgiir Ozgiin, Mahir Uzun, Ziilkiif Balalan, H. Ozkan Giilsoy, Ali Ercetin

09:30-09:50

TOZ ENJEKSIYON KALIPLAMA YONTEMI iLE PASLANMAZ CELIK (316L) MALZEMENIN
URETIMi VE KARAKTERIZASYONU

Mehmet ASLAN, Yunus TUREN, Hayrettin AHLATCI, Yavuz SUN, Siileyman YASIN, Engin CEVIK, Mehmet
UNAL

09:50-10:10

AISI 1040 CELIGINDEN IMAL EDILMIiS MiLLERIN TORNALANMASINDA CVD Kaplamah KESICI
TAKIM ASINMASININ INCELENMESI
Ali ERCETIN, Usame Ali USCA

10:10-10:30

1.2379 SOGUK TAKIM CELIGININ BORLANMASI
Seyit Erkan AYDIN, Ahmet YAPICI Erdogan KANCA, Ali GUNEN, Biilent KURT

10:30-10:50

BOR NiTRUR NANO LEVHALARIN EPOKSI RECINENIN ASINMA VE TERMAL KARARLILIGI
UZERINE ETKisi )
Miirsel Ekrem, Muhammet A.Senyurt, Hayrettin Diizciikkoglu, Omer S Sahin, Ahmet Avci

Session Chairman /Oturum Baskani:Yrd.Do¢.Dr.Vahdettin KOC

HALL AVANOS / SALON AVANOS

09:10-09:30

BORLANMIS SOGUK i$ TAKIM CELIGININ MiKRO-ABRASYON ASINMA DAVRANISI
M Sabri GOK, Yilmaz KUCUK, Mecit OGE, Gokhan SAGLAM, Ali GUNEN

09:30-09:50

KONVERTER ALTINDAKI SIVI CELIK POTALARI ICIN OTOMATIK KULCE ALUMINYUM
BESLEME SiSTEMI TASARIMI
Mesut TUTAL, Ahmet KAYRAK, Yilmaz ERBIL, Serdar GUZEL

09:50-10:10

PARALEL FLANSLI OZEL KESITLi PROFIL TASARIMI VE SIMULASYON DESTEKLI URETIMI
Ilter KILERCI, Serhat ARALAR , Muhammed ZENGIN , Ceren GODE

10:10-10:30

SUBAP CELiIGi YUZEYINDE TRD YONTEMIYLE URETILEN KARISIK NiTRUR ESASLI
KAPLAMALARIN MiKROYAPI OZELLIKLERI
Serkan Islak, Cihan Ozorak

10:30-10:50

ALUMINLERIN TITRESIMLI SURTUNME DAVRANISLARININ PARAMETRIK MODELLEMESI
A.G. URAL, J. DENAPE, J.-Y. PARIS

Session Chairman /Oturum Baskani: Prof.Dr.Fatma KARIPCIN

HALL LODGE / SALON LODGE

09:10-09:30

EXPERIMENTAL INVESTIGATION OF HEAT TRANSFER FROM A POROUS PLATE WITH
TRANSPIRATION COOLING
Mustafa Kilic

09:30-09:50

EFFECT OF DOLOMITE POWDER ON TECHNOLOGICAL PROPERTIES OF WPC AND NEAT
POLYPROPYLENE
Ferhat Ozdemir, Nadir Ayrilmis and Fatih Mengeloglu

09:50-10:10

DETERMINETION OF RADIATION INTERACTION PROPERTIES OF SOME SUPER ALLOYS AND
FERROALLOYS
Mehmet Biiyiikyildiz, Murat Kurudirek

10:10-10:30

ENERGY SAVING BY INSULATION IN A FOOD FACTORY STEAM GENERATING PLANT
Mehmet Ali TOPCU and Aydin RUSEN




10:30-10:50

A NOVEL METHOD TO DETERMINE INTERLAMINAR FRACTURE CHARACTERISTICS OF
LAMINATED COMPOSITES
Fatih Daricik, Ismail Can Yilmaz

Session Chairman /Oturum Bagskanu:Yrd Do¢.Dr.Ihsan KIRIK

HALL IHLARA/ SALON IHLARA

WEAR PROPERTIES OF HOT PRESSED CU-TIC COMPOSITES

09:10-09:30 | gerpan ISLAK

TOZ BOYUTUNUN OKSIT iCERIKLI SERAMIK KAPLAMANIN ADEZiV ASINMA DAVRANISINA
09:30-09:50 | ETKISI

Yilmaz KUCUK, M. Sabri GOK Mecit OGE
09:50-10-10 NEVSEHIR DOSEME TASLARI ATIKLARININ YER KAROSU BUNYELERINDE KULLANIMI

) ) Zahide BAYER OZTURK, Mertcan ERIS

KiL BAGLAYICI KULLANARAK URETILEN VERMIKULIT ESASLI TUGLALARIN
10:10-10:30 | OZELLIKLERININ iNCELENMESI

Serkan DAL, Miicahit SUTCU, M. Sabri GOK, Osman GENCEL

SINTERING CHARACTERISTICS AND GRAIN GROWTH BEHAVIOR OF SiO,-DOPED BaTiO,
10:30-10:50 | CERAMICS

Kerim Emre OKSUZ, Saduman SEN and Ugur SEN
10:50-11:10 COFFE BREAK / CAY-KAHVE ARASI

Session Chairman /Oturum Bagkani:Yrd. Do¢. Dr. Volkan KIRMACI

HALL URGUP 1 / SALON URGUP 1

11:10-11:30

ASSESMENT OF THE NITRATION PROCESS PARAMETERS TO IMPROVE THE WEAR
RESISTANCE OF DIN 1.2714 QUALITY HOT WORK TOOL STEEL

Muhammed AYAZ, Ogulcan AVCIOGLU, Samet AKSQOY, Hayrettin AHLATCI, Mustafa ACARER, Yavuz
SUN, Yunus TUREN, Ismail Hakki KARA, Caner AKTASOGLU , Umit Kagan OZTURK

11:30-11:50

INVESTIGATION OF WEAR PROPERTIES OF BORIDED X32CrMoV33 STEEL
Melih OZCATAL, Ibrahim GUNES

11:50-12:10

FABRICATION OF POROUS SI;N, BASED CERAMICS IN AIR ATMOSPHERE
Ayse KALEMTAS and Okan BILGIC

12:10-12:30

Co BAZLI SEKIL HATIRLAMALI ALASIMLARIN MORFOLOJISININ KOMPOZiSYONA
BAGLILIGI
Murat Eskil, Kemal Aldas, Zeynep Aylin Sahan

Session Chairman /Oturum Baskani: Prof.Dr.Bilge DEMIR

HALL URGUP 2 / SALON URGUP 2

11:10-11:30

APS YONTEMI iLE BIRIKTIiRILMIiS Cr,0; KAPLAMANIN YUKSEK SICAKLIK ASINMA
DAVRANISI

Yilmaz KUCUK, M. Sabri GOK, Mecit OGE

11:30-11:50

KUTU BORLAMA YONTEMIYLE BORLANMIS PASLANMAZ CELIKLERIN YUZEY
OZELLIKLERININ INCELENMESI
Yusuf KAYALI Siikrii TAKTAK, Sinan ULU

11:50-12:10

MELT SPINNING YONTEMIiYLE MANYETIK TOZLARIN URETIMI
KARAKTERIZASYONU

Sultan OZTURK, Kiirsat ICIN, Hiilya Kaftelen, Biilent OZTURK, Ugur Topal, Abdurrahim Metoglu

NdFeB VE

12:10-12:30

KULTIVATOR YAYLARINDA YORULMA DAVRANISLARININ INCELENMESI
Hamit Adin, Rasit Koray Ergiin

Session Chairman /Oturum Baskani: Prof.Dr.Cevdet GOLOGLU

HALL ZELVE / SALON ZELVE

11:10-11:30

MELT SPINNING YONTEMIYLE AA6060 ALUMINYUM ALASIMI SERIT URETIMiI VE
INCELENMESI . . N .
Sultan OZTURK, Sefa Emre SUNBUL, Kiirsat ICIN, Biilent OZTURK Murat EROGLU

11:30-11:50

MADEN VE GALERI TAHKIMAT SISTEMLERINDE KULLANILAN MIKROALASIMLI SICAK
HADDELENMI$ PROFILIN BUKME PROSES TASARIMI VE SIMULASYONU
Aytag BASSULLU, Serhat ARALAR, Ilter KILERCI, Osman CULHA

11:50-12:10

MIG-MAG KAYNAK TEKNIGI ILE BIRLESTIRILEN FARKLI BOR ICERIGINE SAHIP TRIP
CELIGININ MIKROYAPISININ INCELENMESI
Cemal CARBOGA, Biilent KURT, Serkan DAL

12:10-12:30

MAKASLI KALDIRMA SISTEMIi TASARIMI VE SONLU ELEMANLAR YONTEMIYLE ANALIZi
Cengiz Gorkem DENGIZ, Mahmut Can SENEL, Kemal YILDIZLI, Erdem KOC

Session Chairman /Oturum Bagskani: Do¢. Dr.Mehmet KAYA

HALL AVANOS / SALON AVANOS

11:10-11:30

GRAFEN KATKILI BAKIR ESASLI ELEKTRIK MOTOR FIRCALARI
Hiiseyin Ipek, Hamdullah CUVALCI, Aykut CANAKCI

11:30-11:50

Al-Cd FERRITLERIN DIELEKTRIK OZELLIKLERININ INCELENMESI
T. Sasmaz Kuru, E. Sentiirk




11:50-12:10

GRAFEN MIKTARININ _VE SINTERLEME SURECININ ALUMINYUM MATRISLI
KOMPOZITLERIN SERTLIGINE ETKIiSi

Mahmut Can SENEL, Mevliit GURBUZ, Erdem KOC

12:10-12:30

B.C VE GRAFEN ILE TAKVIYE EDILMIiS ZA27 ALASIMININ MIiKRO YAPISI VE ASINMA
DAVRANISLARI
Emre Deniz YALCIN, Aykut CANAKCI

Session Chairman /Oturum Bagkani:Prof.Dr. Hayrettin AHLATCI

HALL LODGE / SALON LODGE

ATIK LASTIKLERIN GERI KAZANIMINDA ALTERNATIF YONTEMLERIN
11:10-11:30 | DEGERLENDIRILMESI
Fazliye KARABORK
11:30-11-50 | POMZA TOZU TAKVIYELI AHSAP POLIPROPILEN KOMPOZITLERIN KARAKTERIZASYONU
) ) Memis Akkus, Goksel Ulay, Nadir Ayrilmig
11:50-12-10 | ATIK PET SISELERDEN HIDROFOBIK YUZEY GELISTIRILMESI
' ' Mevliit GURBUZ
TOZ METALURJI METODUYLA URETILEN WCu KOMPOZIT MALZEMESININ MIKRO
12:10-12:30 | FREZELENMESINDE TAKIM ASINMASININ DENEYSEL iINCELENMESI

Ali Ergetin, Muzaffer Erdogan, Kubilay Aslantag

Session Chai

rman /Oturum Bagkani:Do¢.Dr.Miicahit SUTCU HALL IHLARA/ SALON IHLARA

11:10-11:30

BORLANMIS AISI M42 CELIGININ KARAKTERIZASYONU VE ASINMA DAVRANISI
Halil Aytekin, Mehmet Kiiciikkurt

11:30-11:50

THE WASTE HEAT RECOVERY IN THE FURNACE: A CASE STUDY IN ABISCUIT FACTORY
Gamze KARANFIL and Selmin ENER RUSEN

11:50-12:10

DETERMINATION OF TRAPPING CENTER PARAMETERS OF ZnO NANOPARTICLES BY
THERMOLUMINESCENCE
T. Yildinnm, M. Isik, N.M. Gasanly

12:10-12:30

NONEQUILIBRIUM MAGNETIC PROPERTIES OF THE ISING MODEL ON THE SHASTRY-
SUTHERLAND COMPOUND SrCu,(BOs),
Seyma Akkaya Deviren and Bayram Deviren

12:30-13:30

Session Chairman /Oturum Baskani: Do¢. Dr.Bayram DEVIREN

LUNCH/OGLE YEMEGI

HALL URGUP 1 / SALON URGUP 1

13:30-13:50

ELEKTROKROMIK PRUSYA MAVISININ PARTIKUL BOYUTU VE KAPLAMA SURESINE BAGLI
RENK DEGISimi
Ahmet Ozkan, Cansu Noberi, Cengiz Kaya

13:50-14:10

METAL OKSIT TAKVIYELI HIDROKSIAPATIT (HA) BAZLI BIYOAKTIF HIBRID KAPLAMALAR
UZERINE BAZI CALISMALAR
Mehmet Topuz, Burak Dikici, Serap Giingoér

14:10-14:30

Ni-B-Zn ESASLI ELEKTROKIMYASAL KAPLAMALARIN MIiKROYAPISAL OZELLIKLERININ
INCELENMESI
Aydin KARABULUT, Mustafa DURMAZ, Biilent KILINC, Ugur SEN, Saduman SEN

14:30-14:50

AZ91 MAGNEZYUM ALASIMININ MiKROYAPI VE MEKANIK OZELLIKLERINE ZIRKONYUM
ELEMENTININ ETKISI ) )
Erkan KOC, Mehmet UNAL, Ercan CANDAN, Yunus TUREN, Halil Ahmet GOREN

Session Chairman /Oturum Baskani:Do¢.Dr.Bilal DEMIREL

HALL URGUP 2 / SALON URGUP 2

RADIATION INTERACTION PARAMETERS OF SOME COMMON IMPLANTATION MATERIALS

13:30-13:50 o

Mehmet Biiyiikyildiz

MECHANICAL AND BIOACTIVE BEHAVIOR OF HYDROXYAPATITE-WOLLASTONITE-
13:50-14:10 | TITANIA COMPOSITES

Nermin Demirkol
14:10-14:30 A LEACHING STUDY OF URANIUM CONTAINING COMPOSITE ORE

Murat ALKAN and M. Hakan MORCALI

THE EFFECT OF FOAM PROPERTIES ON IMPACT RESPONSE OF CURVED SANDWICH
14:30-14:50 | COMPOSITES

Ugur OZMEN, Buket OKUTAN BABA, Biilent Murat ICTEN
Session Chairman /Oturum Baskani:Yrd. Do¢. Dr. Yunus TUREN HALL ZELVE / SALON ZELVE

13:30-13:50

lj_‘ERROMANYETiK SEKIL HATIRLAMALI Cog,Al,,Cr; ALASIMININ MIKROYAPI VE MANYETIK
OZELLIKLERI ) §
Soner BUYTOZ, Ercan ERCAN, Mediha KOK, Tiirkan GOKHAN ,Fethi DAGDELEN

13:50-14:10

YASLANDIRMA ZAMANININ  CU-AL-FE YUKSEK SICAKLIK SEKIiL HATIRLAMALI
ALASIMININ FAZ YAPISI UZERINE ETKISININ INCELENMESI
Kéksal YILDIZ, Mediha KOK, Fethi DAGDELEN




14:10-14:30

MAGNEZYUM VE ALASIMLARININ YUKSEK SICAKLIK DAYANIMLARINI GELISTIRMEDE
SEKIL BELLEKLI MALZ]@MELERIN KULLANIMI
Fevzi KELEN , Tartk AYDOGMUS , Mehmet GAVGALI

14:30-14:50

MANYETO-REOLOJIK MALZEMELER UZERINDEKI MULLINS ETKIiSI PARAMETRESININ
DENEYSEL OLARAK B]ELiRLENMESi
Ugur MAZLUM, Recep GUMRUK

Session Chairman /Oturum Baskani:Yrd.Do¢.Dr.Ilyas SOMUNKIRAN

HALL AVANOS / SALON AVANOS

CELIK CORD TELININ EGILMELiIi YORULMA DAVRANISI

13:30-13:50 | Hiiseyin KOYMATCIK, Hayrettin AHLATCI, Yavuz SUN , Yunus TUREN , Koray DUSGUN, Giilsah
YILMAZ, Ahmet SERIN, Ziya TOKAN, Sait OZCELIK ve M. Akif BOZTAS
13:50-14-10 | KLASIK SANDVIC KOMPOZIT PANELLERIN URETIMI VE KARAKTERIZASYONU
) ) Orhan GUNER, Abdulkadir SARI, Mustafa OKSUZ
DENIZ YOSUNUNUN TERMOPLASTIK MALZEMELERIN ERIYiK AKIS INDEKSINE VE
14:10-14:30 | YOGUNLUKLARINA ETKISi
Yilmaz KISMET, Hasan Celal KILIC
FARKLI KIMYASAL KOMPOZIiSYON, VE MIKROYAPI BIiLESENLERINE SAHIP CiFT FAZLI
14:30-14:50 | CELIKLERIN PEKLESME DAVRANISLARI

Bilge Demir, Mehmet Erdogan

Session Chairman /Oturum Baskani:Do¢.Dr. Tacettin YILDIRIM

HALL LODGE / SALON LODGE

13:30-13:50

SYSTEMATIC STUDY OF SINGLE ATOMS AND MOLECULES ADSORPTION ON GRAPHYNE
Mehmet Emin Kilic

13:50-14:10

CHEMICAL AND MORPHOLOGICAL ANALYSIS OF CERAMIC SHERDS FROM TATARLI
HOYUK (ADANA, TURKEY)
Nergis KILINC MiRDALI, K. Serdar GIRGINER, Ozlem OYMAN GIRGINER

14:10-14:30

iZOTERMAL TUTMA SURESI VE YAGDA SU VERMENIN GGG70 DOKME DEMIRIN ASINMA
DIRENCINE ETKISi
Bilge Demir, Oznur Dincel, Muhammed Elitas  Aydin Esenkar

14:30-14:50

PRODUCTION OF MULLITE-EPOXY CO-CONTINUOUS COMPOSITES
Nigar OZEY, Yasin ALTIN, Ayse BEDELOGLU, Onur SARAY, Ayse KALEMTAS

Session Chairman /Oturum Baskani:Do¢.Dr.M.Sabri GOK

HALL IHLARA / SALON IHLARA

13:30-13:50

TERMOPLASTIK POLIURETAN KAUCUKLARIN CELiK KARSISINDA TRiBOLOJIiK DAVRANIS
INCELEMESI _
A.G. URAL, J.-Y. PARIS, J. DENAPE, M. YAHIAOUIL, F.J. MARTINEZ

13:50-14:10

KARMASIK UNSURLARIN DERIN CEKME ISLEMINDE PARAMETRE ETKILERININ TEORIK
INCELENMESI
Cevdet GOLOGLU, Tolga MERAL

14:10-14:30

CU-1.19%Co-1.1%Ni-0.5%Be ~ ALASIMLARININ ~SERTLIGINE SU VERME ORTAMI
YASLANDIRMA SURESININ ETKISININ INCELENMESI
Abdulkadir KIZILASLAN, Ibrahim ALTINSOY, Ibrahim OZBEK

VE

14:30-14:50

YUZEYI BORLANMIS CiFT FAZLI CELIKLERIN KOROZYON DAVRANISLARININ
INCELENMESI i
Yusuf KAYALI Bilal ANATURK, Siikrii TAKTAK, Sinan ULU

14:50-15:10

Session Chairman /Oturum Baskani:.Do¢.Dr.Miicahit SUTCU

COFFE BREAK / CAY-KAHVE ARASI

HALL URGUP1 / SALON URGUP 1

15:10-15:30

PROGRAM IN MATLAB FOR PREPARE COMPOSITE MATERIALS
Ahmet KOYUNCU, Emre HAMAMCI and Osman Emre CELIKEL

15:30-15:50

AN INVESTIGATION OF INTERMETALLIC FORMATION BETWEEN ALUMINIUM AND STEEL
Hiilya DURMUS, Nilay YUKSEL, Tayfun CAPAR, Melis TURKOZ

15:50-16:10

SYNTHESIS OF FECRNITIMO HIGH ENTROPY ALLOY COATINGS BY TIG PROCESS
Cihan Ozorak, Serkan Islak

16:10-16:30

CHARACTERISATION OF LisFe,(PO,4)s/C POWDERS SYNTHESIZED VIA MECHANOCHEMICAL
ACTIVATION METHOD
Cengiz Bagci, Oncu Akyildiz, Hanefi Cinici

16:30-16:50

EFFECT OF TEMPERING TEMPERATURES ON MICROSTRUCTURE AND MECHANICAL
PROPERTIES OF AISI 9254 STEEL
Giizide Buse Tiiredi, Ugur Ozdemir, Omer Faruk Murathan, Volkan Kiligh

16:50-17:10

IN SITU PRODUCTION AND MECHANICAL PROPERTIES OF ALUMINUM MATRIX ALUMINUM-
COPPER INTERMETALLIC COMPOSITE
Diallo Ibrahima Mafouz, Ahmet Hilmi Paksoy, Onur Tazegiil, Faiz Muhaffel and Hiiseyin Cimenoglu




Session Chairman /Oturum Bagskanu:Yrd Do¢.Dr.Ihsan KIRIK

HALL URGUP 2 / SALON URGUP 2

FARKLI ISIL ISLEM GORMUS FORMADUR 2738 MALZEMESININ EDM ILE MIKRO-

15:10-15:30 | DELINMESINDE ELEKROT ASINMA HIZININ ARASTIRILMASI
Zafer Selguk Yirmibes, Hakan Dilipak, Murat Sarikaya, Volkan Yilmaz
ENERJI NAKIL HATLARINDA KULLANILAN S355J2 KALITE ESKENAR KOSEBENTLERIN
MIiKROYAPI VE KIRILMA DAVRANISLARINA HIZLANDIRILMIS SOGUTMANIN ETKiSi
15:30-15:50 | Sezgin AYDIN, Oguz C. CANDOGAN, Sait OZCELIK, Hayrettin AHLATCI, Yunus TUREN, Yavuz
SUN,Hiiseyin ZENGIN, Alperen ERTAN, Siikri UGURLU, Ramazan YILDIZ, M. DEMIRKAZIK, Serafettin
ONER
DEVELOPMENT OF CARBIDE FREE BAINITE + MARTENSITE DUPLEX STRUCTURE IN
15:50-16:10 | COMMERCIAL HIGH SILICON SPRING STEEL
Omer Faruk Murathan, Volkan Kiligli, Kemal Davut
_ _ OTOMOTIV ENDUSTRiISINDE MAGNEZY UM ALASIMI UYGULAMLARI
16:10-16:30 | o Mert
HIZLANDIRILMIS YASLANDIRMA (YAPAY YASLANDIRMA) TESTLERINDE KULLANILAN
16:30-16:50 | CIHAZLARIN INCELENMESI
Goksel ULAY
Co BAZLI SEKIiL HATIRLAMALI ALASIMLARDA SUPERSOGUTMA iISLEMi SONUCUNDA
16:50-17:10 | METALOGRAFIK INCELEMELER

Murat Eskil, Kemal Aldag, Zeynep Aylin Sahan

Session Chairman /Oturum Bagskani:Yrd.Dog.Dr.Ilyas SOMUNKIRAN

HALL ZELVE / SALON ZELVE

15:10-15:30

HEGZAGONAL NANO BOR NIiTRUR ICEREN AHSAP PLASTIK KOMPOZITLERIN FiZiKSEL,
MEKANIK VE TERMAL OZELLIiKLERi
Nadir Ayrilmis, Alperen Kaymakci

15:30-15:50

PAVLONYA KERESTELERININ TUTKALLI LAMINE KESRETE URETIMINDE ORTA
TABAKADA KULLANIM OLANAKLARI

Tiirker DUNDAR, Alperen KAYMAKCI, Ayberk AYDOGMUS

15:50-16:10

APS YONTEMIi ILE BIRIKTIRILMIS AL203+13Ti02 KAPLAMANIN YUKSEK SICAKLIK
ASINMA DAVRANISI

Yilmaz KUCUK, M. Sabri GOK. Mecit OGE

16:10-16:30

KOSELERI YUVARLATILMIS ESKENAR UCGEN DELIKLI KOMPOZIT LEVHALARIN GERILME
VE YUZDE UZAMA DAVRANISLARININ DENEYSEL OLARAK INCELENMESIi
Hamit Adin, Rasit Koray Ergiin

16:30-16:50

AA1050/B,C KOMPOZITLERIN KOROZYON DAVRANISI
E. Cevik, Y. Sun, Y. Tiiren, H. Ahlatci, S.Yasin, H. Cug

16:50-17:10

BiYOMEDiK_AL UYGULAMALARDA KULLANILAN Ti6Al4V ALASIMININ KOROZYON
DAVRANISI UZERINE TiAIN KAPLAMANIN ETKIiSi
Sengiil DANISMAN, Muharrem TEBER

Session Chairman /Oturum Baskami:Yvrd.Do¢.Dr.Soner BUYTOZ

HALL AVANOS / SALON AVANOS

15:10-15:30

Ti ESASLI iIMPLANT MALZEMELERDE HiDROKSIAPATIT KULLANIMI
Mehmet KAYA, Abdurrahman YOLUN

15:30-15:50

%30 ROCKFORCE DOGA_I_J _I_?iBER TAKVIYELI POLYAMID 6 KOMPOZIT MALZEMENIN
DELAMINASYON FAKTORUNUN INCELENMESI
Fatih OZEN, Ferit FICICI, Mustafa DUNDAR, Hiiseyin UNAL

15:50-16:10

YAPI SEKTORUNDE ATIK KULLANIMINA ILISKIN BiR INCELEME: DEMIR- CELIiK URETIM
ATIKLARI . )
Merve TUNA KAYILI, Giilser CELEBI, Abdulmecit GULDAS

16:10-16:30

ELEKTRIKLI ARAC UYGULAMALARI ICIN KOMPOZIT MALZEME ILE HAFIF SASE TASARIMI
VE GELISTIiRILMESI
Himmet Ozarslan, Hakan Yavuz, Fatih Daricik

16:30-16:50

FARKLI ASILAYICILARIN KAM MILI DOKUM KALITESINE ETKISININ INCELENMESI
Mehmet Simsir, Habip Kirgezen, Fatih Ozaydin

16:50-17:10

5A11Ti MAGNEZYUM ALASIMINDA MIKROYAPI, MEKANIK OZELLIKLER VE ASINMA
DAVRANISINA Mn ALASIM ELEMENTININ ETKISI .

Harun CUG, Hayrettin AHLATCI, Engin CEVIK, Siilleyman YASIN, Yunus TUREN, Yavuz SUN, Hiiseyin
ZENGIN

Session Chairman /Oturum Baskani:Do¢.Dr.Bilal DEMIREL

HALL LODGE / SALON LODGE

THE COMPARISION OF LOW VELOCITY IMPACT RESPONSE OF FLAT AND CURVED

15:10-15:30 | SANDWICH COMPOSITE PANELS .
Melis YURDDASKAL, Buket OKUTAN BABA, Biilent Murat ICTEN
15:30-15:50 DEVELOPMENT OF FLOOR TILES WITH CLOSED POROSITY

Giines CIGDEMIR KORC, Alpagut KARA and Ferhat KARA




15:50-16:10

ELIMINATION OF BORIC ACID IN ZRCMS GLASS-CERAMIIC FRIiT COMPOSITIONS BY USING
BORON WASTES
Fatma Aksu, Ayse Tunali, Neslihan Tamsii Selli, Bugra Cigek, Emre Talgik

16:10-16:30

ISIL ISLEMIN GGG70 VAGON TAMPON MALZEMESININ SUNEKLIGINE ETKISi
Bilge Demir, Muhammed Elitag, Oznur Dincel, Cemal Carboga, Aydin Esenkar

16:30-16:50

THERMOMECHANICAL CYCLIC STABILITY AND SHAPE MEMORY RESPONSE OF POROUS
NITI ALLOY
Mehmet Kaya, Omer Cakmak, Behcet Giileng, Kadri Can Atl

16:50-17:10

THE CLUSTER FORMATION ON GRAPHYNE
Mehmet Emin Kilic

Session Chairman /Oturum Baskani:Do¢.Dr.Oktay ERDOGAN

HALL IHLARA/ SALON IHLARA

15:10-15:30

THE EFFECT OF MICRO ALLOY BORON ADDED ON MICROSTRUCTURE OF 205 AUSTENITIC
MANGANESE STEEL
Cemal CARBOGA, Biilent KURT, Serkan DAL

15:30-15:50

NEVSEHIR TASI KESIM ATIKLARININ SERAMIK KARO SIRINDA KAOLEN YERINE
KULLANIMI
Zahide BAYER OZTURK

15:50-16:10

8620 SEMENTASYON CELIGINE (21CRNi5) DEGISIK ORANLARDA BOR ILAVESININ
MIKROYAPIYA ETKISi
Cemal CARBOGA

16:10-16:30

NANO MATERYALLERIN CEVRE TEKNOLOJILERINDE KULLANIMI
Serkan Sahinkaya

16:30-16:50

DOKUM SANAYi ATIKLARININ CEVRESEL ETKILERI
OLANAKLARININ DEGERLENDIRILMESI
Hiiseyin CUCE, Mustafa YEMEN

VE FAYDALI KULLANIM

16:50-17:10

Session Chairman /Oturum Baskani:Doc.Dr.Zahide BAYER OZTURK

GGG70 DOKME DEMIR YUZEYININ KUTU SEMENTASYON TEKNIGI iLE CRVC KAPLANARAK
KAPLAMA TABASI MiKROYAPISININ INCELENMESI
Biilent KURT, Cemal CARBOGA Liitfullah OZDOGAN, Serkan DAL

HALL URGUP 1 / SALON URGUP 1

KUTU SEMENTASYON TEKNIiGIi ILE CRVC KAPLANMIS AISI D2 SOGUK iS TAKIM CELIGININ

17:30-17:50 | MIKROYAPISININ iNCELENMESIi

Biilent KURT, Erdogan KANCA Ali GUNEN, Bilal DEMIREL

MIiG MAG TEKNIiGI ILE BIRLESTIRILEN BOR KATKILI 304 PASLANMAZ CELIGIN
17:50-18:10 | MiKROYAPI VE MEKANIK OZELLIiKLERINiN ARASTIRILMASI

C. Carboga, B. Kurt, S. Dal, B. DEMIR

AISI 4140 ISLAH CELIGINE 42CRMO4) DEGISIK ORANLARDA BOR ILAVESININ
18:10-18:30 | MIKROYAPIYA ETKIiSi

Cemal CARBOGA

ALUMINYUMUN VE CELIK MALZEMEDEN URETILMIS NOZUL ILE AKISKAN OLARAK
18:30-18:50 OKSIJEN KULLANILAN KARSIT AKISLI RANQUE-HILSCH VORTEKS TUPUN

PERFORMANSININ DENEYSEL OLARAK iNCELENMESI
Volkan KIRMACI

Session Chairman /Oturum Baskani:Do¢.Dr.Serkan ISLAK

HALL URGUP 2 / SALON URGUP 2

17:30-17:50

THE EFFECTS OF UNIFORM PREFORM SURFACE TEMPERATURE ON THE FINAL
PROPERTIES OF THE 1.5 LT CARBONATED SOFT DRINK PET BOTTLE
Bilal Demirel, Fugen Daver, Ali Yaras, Esra Kilig

17:50-18:10

YOLCU TASIMACILIGI YAPAN TASITLARDA ISINIMLA ISITMA SISTEMI TASARIMI
Hayri EREN, Volkan KIRMACI

18:10-18:30

ULKEMIiZDE HAVALANDIRMA SISTEMLERINDE ISI GERi KAZANIM CiHAZLARINDA
KULLANILAN REKUPERATORUN TASARIMI

Evren KOCAOGLU, Volkan KIRMACI

18:30-18:50

THICKNESS OPTIMIZATION OF THERMAL BARRIER COATING OF A DIESEL PISTON BY
STATISTICAL TESTING DESIGN SOFTWARE ECHIP
F. Hepbicer, O. Kocaturk, A. Saglam, B. Demirel

Session Chairman /Oturum Bagskami:Do¢.Dr. Tacettin YILDIRIM

HALL ZELVE / SALON ZELVE

17:30-17:50

POLIETILEN (PE) MATERYALDEN URETILEN BORULAR SULAMA SISTEMLERINDE
NEDEN TERCIH SEBEBIDIR?

M. Ciineyt BAGDATLI

17:50-18:10

ULTRASES ILE MODIFIYE EDILMIS NEVSEHIR POMZA TASI KULLANILARAK CU(II)’NIN
GIDERIMI
Erkan KALIPCI




18:10-18:30

AISI 4140 CELIGININ YUZEYININ CRVC KAPLANANARAK KAPLAMA TABAKASI
MiKROYAPISININ iNCELENMESI

Biilent KURT, Cemal CARBOGA  Bilal DEMIREL

18:30-18:50

TURKIYE’DE PESTISIT KUTULARINDA KULLANILAN MALZEMELER UZERINE BIR CALISMA
Oktay ERDOGAN

Session Chairman /Oturum Bagskanu:Yrd Doc.Dr.Ilyas SOMUNKIRAN

8 APRIL 2016 - 8 NISAN 2016

HALL URGUP 1 / SALON URGUP 1

08:30-08:50

AHSAP ESASLI LEVHALARDAN AYRISAN FORMALDEHIT EMISYONU VE ORGANIK UCUCU
BILESIKLER ICIN YONETMELIKLER VE STANDARTLAR
Tolga Kapti, Nadir Ayrilmis

08:50-09:10

YAPI _KERESTELERIN;_)E EGiLME QZELLiKLERiNiN BELIRLENMESINDE AKUSTIK ESASLI
TAHRIBATSIZ TEST YONTEMLERININ KARSILASTIRILMASI
Tiirker DUNDAR, Hizir Volkan GORGUN

09:10-09:30

NOKTA DIiRENC KAYNAGINDA MALZEME CiNSiNiN CEKiRDEK OLUSUMUNA ETKiSi
Ahmet AKKUS

09:30-09:50

UCUCU KUL KATKISININ EPOKSi ZEMIN KAPLAMA MALZEMESININ HIDROFOBISITESINE
VE SERBEST YUZEY ENERJIiSINE ETKIiSi
Bahri ERSOY, Atilla EVCIN, Tayfun UYGUNOGLU, ibrahim GUNES

09:50-10:10

AHSAP VE AHSAP KOMPOZITLERDE YUZEY YASLANDIRMA TEST TEKNIKLERININ
INCELENMESI
GOKSEL ULAY, NEVZAT CAKICIER

Session Chairman /Oturum Baskanui:Yrd.Dog.Dr.Soner BUYTOZ

HALL URGUP 2 / SALON URGUP 2

08:30-08:50

S.iLiKA. AEROJEL VE DIGER ISI YALITIM ' MALZEMELERiNiN ISI TRANSFERI
OZELLIKLERININ DENEYSEL VE SAYISAL OLARAK iNCELENMESI
Nesrin DEMIR, Mehmet Fatih KAYA, Emre YILDIRIM

08:50-09:10

DUBLEKS PASLANMAZ CELIK SACLARIN SEKILLENDIRME SINIR DIYAGRAMLARININ
DENEYSEL VE TEORIK OLARAK BELIRLENMESI
Cengiz Gorkem DENGIZ, Kemal YILDIZLI

09:10-09:30

SOGUK HADDELENMIS SAF BAKIR BARANIN YENIDEN KRiSTALLESME OZELLIiKLERININ
ARASTIRILMASI
Mehmet Erdem, Serdar Altin

09:30-09:50

Co BAZLI SEKIL HATIRLAMALI ALASIMLARDA COKELTILER
Murat Eskil, Zeynep Aylin Sahan

09:50-10:10

DUSLU MASA ROLLERINDE MEYDANA GELEN HASARLAR VE COZUM ONERILERI
Ahmet CURUK

Session Chairman /Oturum Baskani:Yrd. Do¢.Dr.Vahdettin KOC

HALL ZELVE / SALON ZELVE

08:30-08:50

SYNTHESIS and CHARACTERIZATION of A,B; TYPE HYDROGEN STORAGE ALLOYS
Alanur BINAL AYBAR and Mustafa ANIK

08:50-09:10

CoB NANO TOZ SENTEZi VE ELEKTROT PERFORMANSLARININ BELIRLENMESI
Niliifer KUCUKDEVECI, Mustafa ANIK

09:10-09:30

hBN-SiC KOMPOZIT TOZ URETIMINE URENIN ETKIiSI
Zuhal Yilmaz, Nuran Ay

09:30-09:50

TOZ METALURJISI URETIM PARAMETRELERININ INTERKONNEKTOR PLAKALARIN
FiZIKSEL OZELLIKLERINE ETKIiSi

Biilent Oztiirk, Omer Necati Cora, Sultan Oztiirk, Ahmet Bakal, Alparslan Topcu

09:50-10:10

UZUN ISIMALI MALO,:Eu;Dy FOSFORLARIN YANMA YONTEMI ILE SENTEZI
Yusuf Ziya HALEFOGLU, Osman SERINDAG, Nuran KOKER

Session Chairman /Oturum Bagskam: Do¢.Dr.Tacettin YILDIRIM

HALL AVANOS / SALON AVANOS

08:30-08:50

SERAMIK VE METALIK TAKVIYE MALZEMELERININ MAGNEZYUM MATRIiSLIi
KOMPOZITLERIN MEKANIK OZELLIKLERI UZERINDEKI ETKISI
Ertan KOSEDAG, Tarik AYDOGMUS

08:50-09:10

T5 VE T6 ISIL ISLEMLERININ ZN-15AL-3CU ALASIMININ YAPI VE MEKANIK OZELLIKLERINE
ETKILERI
Ali Pasa Hekimoglu, Temel Savaskan

09:10-09:30

INFLUENCE OF Bi™ ADDITION ON LUMINESCENT INTENSITY OF SrB,0,
B. Demirel

09:30-09:50

OFTALMIK OPTIK LENSLERIN SPEKTRAL ISIK GECIRGENLIKLERI
Tuba Ozdemir, Firdevs Banu Ozdemir




09:50-10:10

BARTIN iLi iCME SUYU ARITMA TESiSi ATIK CAMURUNUN UCUCU KUL KATKILI TUGLA
OZELLIKLERINE ETKIiSININ INCELENMES]
Giilfem BINAL, Ertugrul ERDOGMUS

Session Chairman /Oturum Bagkam: Do¢.Dr.Aslihan KARATEPE

HALL LODGE / SALON LODGE

08:30-08:50

SYNTHESIS AND PHOTOLUMINESCENCE STUDY  OF Er**-DOPED Ho,Sn,0; STRUCTURE
Esra OZTURK, Erkul KARACAOGLU

08:50-09:10

ENHANCED DYE SENSITIZED PHOTOCATALYTIC HYDROGEN EVOLUTION BASED ON
COBALT SULFIDE/CARBON NANOTUBE NANOCOMPOSITE
Imren Hatay Patir, Emre Aslan, llker Akin

09:10-09:30

CHARACTERISTICS OF CERAMIC COATING FABRICATED BY MICRO ARC OXIDATION ON
ALUMINIZED STAINLESS STEEL
Cengizhan Taslicay, Yakup Yurekturk, Faiz Muhaffel, Murat Baydogan

09:30-09:50

SOL-GEL SYNTHESIS AND CHARACTERISATION OF Nb-DOPED L.izFe,(PO4)s NANOPOWDERS
Cengiz Bagci, Oncu Akyildiz, Hanefi Cinici

09:50-10:10

AQUEOUS CERAMIC SUSPENSIONS FOR DIGITAL DECORATION OF CERAMIC TILES AND
THE EVALUATION OF INK-JET PRINTABILITY
Giilsen L. Giingor, Alpagut Kara, Davide Gardini, Magda Blosi, Michele Dondi, Chiara Zanelli

Session Chairman /Oturum Baskani:Do¢.Dr.Ismail DINCER

HALL IHLARA/ SALON IHLARA

08:30-08:50

METAL KESME ATIKSULARININ ELEKTROKOAGULASYON YONTEMI iLE
ARITILABILIRLIGININ ARASTIRILMASI

Hiiseyin CUCE, H. Ibrahim CAMLI

08:50-09:10

SEFFAF DUVAR KAROSU SIRLARINDA FARKLI BOR KAYNAKLARININ KULLANIMI
Zahide BAYER OZTURK

09:10-09:30

GGG70 DOKME DEMIR YUZEYININ KUTU SEMENTASYON TEKNIGI iLE TiC KAPLANARAK
KAPLAMA TABASI MiKROYAPISININ iNCELENMESI
Biilent KURT, Khangardas ASGAROV, Baris GUNAY, Bilal DEMIREL

09:30-09:50

ULTRASES ILE MODIFIYE EDILMiS NEVSEHIR POMZA TASI KULLANILARAK REACTIiVE
RED 120 BOYASININ RENK GiDERiMi
Erkan KALIPCI

09:50-10:10

AISI 1040 CELIGINE DEGISIK ORANLARDA BOR ILAVESININ MIKROYAPIYA ETKISI
Cemal CARBOGA

10:10-10:30

Session Chairman /Oturum Baskani:Doc.Dr.Serkan SAHINKAYA

COFFE BREAK / CAY-KAHVE ARASI

HALL URGUP 1 / SALON URGUP 1

10:30-10:50

BORLANMIS GRi DOKME DEMIRIN SIMULE ORTAMDA ATMOSFERIK KOROZYON
DAVRANISI o
Hanbey HAZAR, Ugur OZTURK

10:50-11:10

1.2210 iLE ST37 CELIK CIFTININ SURTUNME SICAKLIGI PARAMETRESI KULLANILARAK
BIRLESTIRILMESI VE MIKROYAPI OZELLIKLERININ ARASTIRILMASI
Ertugrul CELIK

11:10-11:30

DIELEKTRIK ORTAMIN ELEKTRO EROZYON ILE iISLEMEYE ETKISI
Ali Kalyon

11:30-11:50

SOFRACAMI URETIM FIRINLARINDA KULLANILAN SILIMANIT REFRAKTERLERIN
KOROZYON DAVRANISLARININ INCELENMESI
Ismail ACAR, Yasemen KALPAKLI

Session Chairman /Oturum Baskani:Yvrd.Do¢.Dr.Davut SARITAS

HALL URGUP2 / SALON URGUP 2

10:30-10:50

Al,B4Hz, (x=1-3, n=0-6) TOPAKLARININ YAPISAL VE ELEKTRONIK OZELLIKLERI
Iskender Muz

10:50-11:10

NANO METAL PARTIiKULLERIN AKRIiLiK CAPRAZ BAGLAYICI iLE TEKSTIiL YUZEYLERINE
KAPLANMASI
Mustafa TUTAK, Ozlem BILGET

11:10-11:30

AKIMSIZ CoB FILMLERIN ELEKTROT PERFORMANSLARI
Niliifer Kiigiikdeveci, Mustafa Anik

11:30-11:50

SAMOT REFRAKTER TUGLALARIN SINTERLENME OZELLIiKLERINE VERMIKULIT
ILAVESININ ETKiSI i
Serkan DAL, Miicahit SUTCU, M. Sabri GOK, Osman GENCEL

Session Chairman /Oturum Baskani:Do¢.Dr.Miicahit SUTCU

HALL ZELVE / SALON ZELVE

10:30-10:50

SEISMIC LOAD RESISTING SYSTEMS IN TALL CONCRETE STRUCTURES
Dia Eddin Nassani, Kamiran Ali Ali

10:50-11:10

CHARACTERIZATION AND MECHANICAL PROPERTIES OF RECOVERED WASTE ZIRCONIA
POWDERS BY POWDER METALLURGY TECHNIQUE
L. Biilent Niliifer, Hasan Gokge, Faiz Muhaffel, M. Liitfi Ovegoglu, Hiiseyin Cimenoglu




IMPROVEMENT THE WEAR BEHAVIOR OF LOW CARBON STEELS BY FRICTION STIR

11:10-11:30 | PROCESSING
Dursun Murat SEKBAN, Semih Mahmut AKTERER, Harun YANAR, Gencaga PURCEK
11:30-11°50 EFFECT OF FRICTION STIR PROCESSING on TRIBOLOGIAL PROPERTIES OF AL-Si ALLOY

Dursun Murat SEKBAN, Semih Mahmut AKTERER, Harun YANAR, Gencaga PURCEK

Session Chairman /Oturum Baskani:Do¢.Dr. Tacettin YILDIRIM

HALL AVANOS / SALON AVANOS

10:30-10:50

AL,O:-TiO, (97/3) KAPLAMA KALINLIGININ KAPLAMANIN FiZIKSEL OZELLIKLERINE
ETKISININ INCELENMESI
Osman ASI, Onder YESIL, Halil Murat ENGINSOY

10:50-11:10

DINAMIK DOKUM ILE KOMPOZIT YUZEY KAPLAMA
Serdar Osman YILMAZ, Mustafa OZKAY A, Ibrahim Savag DALMIS

11:10-11:30

AA 5754 SAC MALZEMESI iCIN EGIMLi YUOZEYLERIN ARTISLI SEKiLLENDIiRILMESI
Gologlu, C.% ve Bulut, C

11:30-11:50

ISO TS 16949 VE DOKUM SEKTORU UYGULAMALARI
Seyfi Degirmenci

Session Chairman /Oturum Baskani:Doc.Dr.Bilal DEMIREL

HALL LODGE / SALON LODGE

10:30-10:50

THE THERMAL CONDUCTIVITY OF HEAT-TREATED WOOD MANUFACTURED BY
THERMOWOOD METHOD
Hamiyet SAHIN KOL and Sema AYSAL KESKIN

10:50-11:10

BULK PROPERTY CHANGES DUE TO NEUTRON IRRADIATION IN URANIUM DIOXIDE
Seckin D. Giinay

11:10-11:30

SAMOT REFRAKTER TUGLALARIN SINTERLENME OZELLIKLERINE BAGLAYICI KiL
ILAVESININ ETKIiSI )
Serkan DAL, Miicahit SUTCU, M. Sabri GOK, Osman GENCEL

11:30-11:50

EFFECT OF LATTICE DEFECT DENSITY ON THE IMPACT PROPERTIES OF API X70 PIPELINE
STEEL
ENGUN S, TURAN S, GUNDUZ O, UZUN O

Session Chairman /Oturum Bagkanu:Yrd.Do¢.Dr.M. Ciineyt BA GDATLI

HALL IHLARA/ SALON IHLARA

10:30-10:50

THE EFFECT OF GROWTH RATE ON MiCROSTRUCTURE AND MiCROHARDNESS iN THE Al-
Si-Ti TERNARY A.LLOY
Pinar Ata Esener, Umit Bayram, Sezen Aksoz, Kazim Keslioglu, Necmettin Marash

10:50-11:10

INVESTIGATION OF MICROSTRUCTURAL AND MECHANICAL PROPERTIES OF BINARY Ti-Ni
EUTECTIC ALLOYS PREPARED BY ARC MELTING
H. Ibis, S. Akbas, U. Biiyiik, M. Erol

11:10-11:30

FISTIK YA('}I'METIL ESTERININ DIiZEL BiR MOTORDA KULLANIMI VE
EMIiSYON DEGERLERININ KARSILASTIRILMASI
Hanbey HAZAR, Ugur OZTURK

D-2 YAKITLA

11:30-11:50

PHOTOCATALYTIC HYDROGEN EVOLUTION BY TiO,/CoS NANOMATERIAL
Ilker Akin, Emre Aslan , Imren Hatay Patir

12:30-13:30

LUNCH/OGLE YEMEGI

13:30-14:30

KAPADOKYA GEZI PROGRAMI

POSTERS / POSTER BILDIRILER

6 APRIL 2016 - 6 NISAN 2016

ZAMAK-3 ALASIMLARINDA Ti ve Sr ILAVESININ MIKROYAPI VE MEKANIK OZELLIKLERDEKI

1 | DEGIiSIME ETKiSi

Ibrahim ALTINSOY, Abdulkadir KIZILASLAN, Ibrahim OZBEK

PORSELEN

KARO BUNYELERDE ALTERNATIF HAMMADDE OLARAK NEFELINLI SIYENIT

2 | KULLANIMININ BUNYE OZELLIKLERINE ETKISi

Abdiilkadir Yorgun, Tuna Aydin

PORSELEN KARO BUNYELERDE ALTERNATIF HAMMADDE OLARAK ZEOLIT KULLANIMININ BUNYE

3 | OZELLIKLERINE ETKIiSi

Emre Vanlioglu, Tuna Aydin

FARKLI ISIL iISLEM GORMUS FORMADUR 2738 MALZEMESININ EEi iLE MiKRO-DELINMESINDE

4 | ISLEME HIZININ ARASTIRILMASI

Zafer Selguk Yirmibes, Hakan Dilipak, Murat Sarikaya, Volkan Yilmaz

UCUCU KUL ESASLI GOZENEKLI MALZEMELERIN DUSUK ISIL ILETKENLIKLI YAPI MALZEMESI

5 | OLARAK GELISTIiRILMESI

Aylin PALA, Tuna AYDIN

THERMALLY STIMULATED CURRENT MEASUREMENTS in Ga-RICH GALLIUM ARSENIDE CRYSTALS

6 | T. Yildirim, Nizami.M. Gasanly and S. Tiizemen




KOMPOZIT MALZEMELERIN MEKANIK DAVRANISI - RUZGAR TURBIN KANADI ORNEGI
Kadir KAYA , Erdem KOC

EFFECT OF TEMPERATURE ON LOW-COST CUO THIN FILM GAS SENSING PROPERTIES GROWN BY
SUCCESSIVE IONIC LAYER ADSORPTION AND REACTION (SILAR) METHOD
Irmak KARADUMAN, Tugba CORLU, Memet Ali YILDIRIM, Aytun¢ ATES,Selim ACAR

NO, GAS SENSING PROPERTIES OF AL/HFO,/P-SI SCHOTTKY DIODE
Irmak KARADUMAN, Ozlem BARIN, Selim ACAR

10

EFFECT OF SODIUM FLUOROSILICATE ON COATING GROWTH PERFORMANCE OF PLASMA
ELECTROLYTIC OXIDATION TREATMENT ON ALUMINUM ALLOY
Aysun AYDAY, Mehmet DURMAN

11

AN EXPERIMENTAL STUDY FOR INHIBITION OF COPPER CORROSION IN HYDROCHLORIC ACID
SOLUTION BY KETOPROFEN
F. Kayadibi, S. G. Sagdinc and S. Zor

12

I;LEKTROE(“;iRME PROSESI ILE HiDROFOBiK'NANOFiBER KAPLAMALAR
Ozcan Koysiiren, H. Nagehan K&ysiiren, Canan Duran, Irem Arslan

13

MADEN GALERI TAHKIMAT SISTEMLERINDE KULLANILAN PROFILIN SIMULASYON DESTEKLI
SICAK HADDELEME PROTOTIP URETIM TASARIMI
Dursun DEMIRCI, Erhan OZKAN, M.Erkin. ERCIN, Necati SAHAN, Osman CULHA

14

WIDE BAND GAP MODIFICATION OF Mg DOPED POLLYCRYSTALINE ZnO THIN FILMS
Tacettin Yildirim, Ilker Ogalan, Aliye Cankaya

15

YUZEY ISLEMININ KARBON NANOTUP/POLIMER KOMPOZITLERIN OZELLIKLERINE ETKISI
H. Nagehan Kdoysiiren, Ozcan Koysiiren, Merve Koca, Biisra Citlak, Osman Altin

16

INFLUENCE OF GROWTH RATE ON MICROSTRUCTURE, MICROHARDNESS, TENSILE STRENGTH AND
ELECTRICALRESISTIVITY OF DIRECTIONALLY SOLIDIFIED Al-Cu-Ti EUTECTIC ALLOY

SEZEN AKSOZ, YASIN KARAMAZI, PINAR ATA ESENER, UMIT BAYRAM , KAZIM KESLIOGLU, NECMETTIN
MARASLI

7 APRIL 2016 - 7 NISAN 2016

SINTERLEME SICAKLIGININ YUKSEK PLASTISITEYE SAHIP KiL ICEREN CiNi BUNYELERIN
FiZiIKSEL VE MEKANIK OZELLIiKLERi UZERINDEKI ETKISi
Pelin Giileda Karadeniz, Nermin Demirkol

KATI OKSIT YAKIT PILLERINDE KULLANILAN CAM SERAMIK CONTA URETIMi
Semra KURAMA, Gamze SAYDAM

HAREKETLI YATAK BIYOFILM REAKTORLERDE KULLANILAN TASIYICI MALZEMELER
Osman Onder NAMAL

Zn-Al ALASIMLARINDA KATI COZELTI SERTLESMESI
Hiiseyin Ipek, Hamdullah CUVALCI

SYNTHESIS, CHARACTERISATION AND ELECTRORHEOLOGICAL PROPERTIES OF SCHIFF BASE
MODIFIED CHITOSAN AND ITS COPPER COMPLEX
Faruk KAYAPA,Omer Yunus GUMUS, Fatma KARIPCIN, Halil ibrahim UNAL

LAMEL GRAFITLI DOKME DEMIRLERDE ISIL ISLEMIN MIKROYAPI VE MEKANIK OZELLIKLERE
ETKISININ INCELENMESI
Ahmet BALIN, ilyas SOMUNKIRAN

7075 ALUMINYUM ALASIMINDA SU VERME SICAKLIGININ TRIBOLOJIK OZELLIKLERINE ETKISi
Hiilya DURMUS, Melis TURKOZ, Nilay YUKSEL, R. Onur Uzun, Tayfun Capar

OSTENITiK PASLANMAZ CELiK UZERINE SHS YONTEMIYLE Ni;Al-Cr METALLERARASI BiLESiGININ
KAPLANMASI
Thsan KIRIK, Burhan YILMAZ, Musa KILIC, Nuri ORHAN

INCORPORATION OF IGNIMBRITE; AHLAT STONE (BIiTLIiS, TURKEY) IN THE MANUFACTURING OF
CERAMIC TILES
Ozgiir Cengiz

10

YERLI SINTER ve ERGIMIS SPINELIN MgO-MgAlLO, REFRAKTERLERIN TERMAL SOK
DAVRANISLARINA ETKIiSi
Asli Cakir, Servet Turan

11

Ni-B ESASLI ELEKTROKIMYASAL KAPLAMALARIN MIKROYAPISAL OZELLIKLERININ
INCELENMESI
Aydin KARABULUT, Mustata DURMAZ, Biilent KILINC, Ugur SEN, Saduman SEN

12

THE EXPERIMENTAL DETERMINATION OF INTERFACIAL ENERGIES FOR SOLID ZN IN
EQUILIBRIUM WITH Zn-Al-Sb LIQUID
SEZEN AKSOZ, YEMLIHA ALTINTAS, ESRA OZTURK, KAZIM KESLIOGLU, NECMETTIN MARASLI

13

EXPERIMENTAL MEASUREMENTS OF SOME THERMOPHYSICAL PROPERTIES OF SOLID CDSB
INTERMETALLIC IN THE SN-CD-SB TERNARY ALLOY o .
SEZEN AKSOZ, ESRA OZTURK, YEMLIHA ALTINTAS, KAZIM KESLIOGLU, NECMETTIN MARASLI




14

INVESTIGATON OF TAPE CASTING PARAMETERS FOR ALUMINA-SILICA LAMINATED
ARCHITECTURES
M. SONUC ISLEK, M. SARIOGLU CEBECI, A. OZER

15

CALCULATION OF GRAIN BOUNDARY ENERGIES OF GALLIUM ARSENIDE WITH FIRST-PRINCIPLES
STUDY
Seckin D. Giinay, Cetin Tagseven

16

STUDY ON MICROSTRUCTURES AND WEAR PROPERTIES OF ZA 27 ALLOY AND ITS COMPOSITES
REINFORCED WITH B,C AND GRAPHENE NANOPARTICLES
E. D. Yalcin, A. Canakeci

17

EPOKSI ZEMIN KAPLAMANIN REOLOJIK OZELIKLERINE KIRECTASI TOZUNUN ETKIiSi
Tayfun UYGUNOGLU, ibrahim GUNES, Bahri ERSOY, Atilla EVCIN

18

FISTIK YAGI METIL ESTERININ DIiZEL BiR MOTORDA KULLANIMININ MOTOR PERFORMANSINA
ETKILERIi
Hanbey HAZAR, Ugur OZTURK




International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

PROCEEDINGS/BILDIRILER

INVESTIGATION OF METALLURGICAL PROPERTIES OF WELDED REGION OF PIPES BY
ORBITAL TIG AND MANUAL TIG WELDING ......coiiiiiiiiiiii i 1
Bekir Cevik, Alpay Ozer

INVESTIGATION OF THE MICRO STRUCTURE AND MECHANICAL PROPERTIES OF THE
7XXX SERIAL AL ALLOY JOINED BY FRICTION STIR WELDING.........cuutiiiiiiiiiiiiiiiiiiiiiiiiiiiiineens 5
Ugur AVCI, Mehmet ERDEM

THE INVESTIGATIN OF INDUCTION SINTERING BEHAVIOUR OF ASISI 1010 STEEL
PRODUCED BY POWDER METALLURGY ....cooiiiiiiiiiii e 9
Vahdettin KOC

BIOMIMETIC APPROACH FOR ICING PHENOMENON OF WIND TURBINES..........ccccccvvvinnn.. 15
Kurtulus Deger and Hudayim Basak

SOLID-STATE SYNTHESIS OF LANTHANUM BORATES AT A REACTION TEMPERATURE OF
S. Sari, A. S. Kipcak, F. T. Senberber, M. Yildirim and E. M. Derun

THE EFFECT OF MICROSTRUCTURE ON THE MECHANICAL PROPERTIES IN GGG 40 AND
50 SERIES SPHERICAL GRAPHITE CAST IRON MATERIAL ..o 25
Mehmet GENCER,Bllent BOSTAN, Sinan AKSOZ, Hakan ADA

INVESTIGATION OF THE EFFECTS OF HEAT TREATMENT ON MICROSTRUCTURE AND
MECHANICAL PROPERTIES IN NODULAR CAST IRONS .......ccooiiiiiiis 30
llyas SOMUNKIRAN, Ahmet BALIN

THE EFFECT OF SINTERING TIME ON NiTi SHAPE MEMORY ALLOYS PRODUCT BY
POWDER METALLURGY METHOD T P PP PP PP PP PP TSP PSPPI 36
Naci Arda TANIS, Bllent BOSTAN, Sinan AKSOZ

INVESTIGATION OF COATING PERFORMANCE OF POLYMERS CONTAINING MODIFIED
GRAPHENE OXIDE........oooiiiiiiiciieciecseee e 39
Mustafa CAKIR, Habibe Irem HELVACIOGLU

POST-WELD HEAT TREATMENT APPLIED iN EXAMINING THE MECHANICAL PROPERTIES
OF 13CrMo4-5 and X10CrMoVND9-1 GRADE STEEL.....c.oouiiiiie et 43
Caner KIRBAS, Bunyamin CICEK, Murat BAYDOGAN and Huseyin CIMENOGLU

EFFECT OF ADDITION OF SiO, NANOPARTICLES ON THE MECHANICAL PROPERTIES OF
COLLAGEN HYDROLYSATE FILMS....c.ooiiiiiiii 49
Bugra OCAK and Ayse ERCIYES

DESIGNING A BALL-ON-DISC WEAR TESTER AND PARAMETER OPTIMIZATION FOR
POLYMER NANOCOMPOSITES ...ttt ettt et e et et e et e et e et e et e e aeeaaes 53
Soner Savas

NANO-AlLO; EFFECTS ON EPOXY ADHESIVES USED CARBON FIBER REINFORCED
LAMINATED COMP O S TS . ..o oottt enaaen 58
Hasan ULUS, Halil Burak KAYBAL and Ahmet AVCI



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

COMPRASION OF WEIGHT LOSS IN DIFFERENT CORROSIVE ENVIRONMENT BETWEEN
Zn-Al-Mg ALLOY COATING ANDvGALVANIZE AND GALFAN COATINGS ..., 62
Teslime ORHAN, Erkan KARAYIGIT

COATING OF FERRITIC STAINLESS STEEL WITH NizAl INTERMETALLIC BY SELF
PROPAGATING HIGH TEMPERATURE SYNTHESIS (SHS) AND THE INVESTIGATION OF
MICROSTRUGCTURE .......oiitiiiuteteete ettt ettt ettt et e et et e e seete et e et e s eseeteeteetessensareaaeans 66
Musa KILIC Mustafa BEKEN, ihsan KIRIK, Niyazi OZDEMIR

THE INVESTIGATION OF OPTICAL PROPERTIES OF TRANSLUCENT DUAL CATION DOPPED
O-SIALON CERAMICS ...ttt e et e e e e e e e e e et e e e e et e e e e et e e e e e eeeaneaees 73
Suna AVCIOGLU ve Semra KURAMA

STRUCTURAL TRANSITION IN THE CnBe—nHe (N=0-6) CLUSTERS........covviiiiiiieeeeeeieee e, 78
iskender Muz

TOPOLOGICAL ANALYSIS BETWEEN CARBON DIOXIDE EMISSION AND ELECTRICITY
CONSUMPTION BY USING HIERARCHICAL STRUCTURE METHODS..........ccuuvvuiiiiiiiiiinininnnnns 82
Seyma Akkaya Deviren

MECHANICAL PROPERTIES OF PRE-TREATED FUMED SILICA REINFORCED EPOXY
NANO C OMP OSITE ..ceiiiei ettt ettt e et et et ettt et e et et e e et e e st s e st s aatsesaasesstsastnsasanneaes 87
Mustafa Cakir,Emre Akin, YUlksel Akinay

THE EFFECT OF MICRO ALLOY BORON ADDED ON MICROSTRUCTURE OF AISI 1040
Cemal CARBOGA

MAGNETIC PROPERTIES OF MIXED SPIN ISING NANOPARTICLES WITH FesN STRUCTURE
Bayram Deviren

THE EFFECT OF MICROSTRUCTURE TO SURFACE ROUGHNESS OF GGG40 AND 50
SPHEROID GRAPHITE CAST IRON MATERIALS.........cc....... T T T P PSPPSR PPIPOPY 100
Mehmet GENCER, Bilent BOSTAN, Hakan ADA, Sinan AKSOZ

MANUFACTURING OF A NEW TYPE CURVILINEAR TOOTH PROFILE GEARS BY USING A
DIFFERENT IMETHOD ..ottt ettt ettt ettt et e e e et e ettt e e e ea s e ea et ea et ean e eeneneen 104
Mahir UZUN, Usame Ali USCA , Yilmaz GUR

EXPERIMENTAL INVESTIGATION ON THE EFFECTS OF SURFACE ROUGHNESS IN
TURNING OF AISI 304 AUSTENITIC STAINLESS STEEL WITH USING VEGATABLE OIL
BASED CUTTING FLUIDS w.eoveveeeeeeeeseeeeeesees e eseeeseeeseeeseeseees e eseessseeseeesees e esseeseesseeeseesseseeesens 110
Oguz COLAK, Emre HAMAMCI, Ugur USUREL, R. Can DOGAN

PLASMA SPRAY COATING TECHNOLOGY AND ITS APPLICATIONS.......ccccccoiiiiiiiicicinines 117
Yasin OZGURLUK, Abdullah Cahit KARAOGLANLI

THE CREATION OF MATHEMATICAL MODELS FOR MAXIMUM ROUGHNESS DEPTH IN
TURNING OF AISI 1040 STEEL.........oooiiiiiiiiinine ST s 122
Harun AKKUS, Harun Yaka, Levent UGUR, Hayrettin DUZCUKOGLU



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

INVESTIGATION OF COATING PERFORMANCE OF POLYMERS CONTAINING GRAPHENE
Mustafa CAKIR, Yalgin BOZTOPRAK, ilyas KARTAL

QUANTITATIVE X-RAY DIFFRACTION ANALYSIS OF SPARK PLASMA SINTERED BORON
CARBIDE—ALUMINUM COMPOSITES .....uuuituuiuiiiuiuuuuuunnnnnenennnnnnnnnnnennnnnnsennsnenennnnnn.s 131
Irem Nur Gamze Simsek and Gursoy Arslan

IDENTIFING THE EFFECT OF CUTTING PARAMETERS ON SURFACE ROUGHNESS USING
TAGUCHI METHOD IN CNC HORIZONTAL FACE MILLING OF AUTOMOBILE PART
Y1 S 136
Ibrahim Sevim, Veysel Kara, S. Cinar Cagan and Mustafa Ugurlu

SURFACE CHARACTERISATION OF BORIDED X210Cr12 STEEL......cocvviieiiiiieieeeeeeeeies 144
Melih OZCATAL and Ibrahim GUNES

CUSHIONING PERFORMANCE OF HOT WELDED POLYETHYLENE FOAMS........cccooevvvvenn... 147
Fatih Daricik, Kerimcan Celebi, Yiimaz Erbil, Serdar Glzel

NANOCALCITE ENHANCE THE LOW VELOCITY IMPACT PERFORMANCE OF A
STRUCTURAL EPOXY SY ST EM ..ttt et et et st e et et et s e s e eaaanas 151
Hasan Yavuz UNAL, Yeliz PEKBEY

INVESTIGATION OF THE METALLOGRAPHIC AND MECHANICAL PROPERTIES OF Fe/B4C-B
COMPOSITES PRODUCED AT DIFFERENT SINTERING TEMPERATURES ..........c.cccoovine. 158
Mustafa HAMAMCI, Fehmi NAIR, A. Alper CERIT

THE EFFECT OF ZIRCONIUM ON THE PROPERTIES OF HOMOGENIZED AA6082 ALUMINIUM
Fulya Kahriman, Muzaffer Zeren

INVESTIGATION OF AA6060 ALUMINUM ALLOY POWDERS PRODUCTION IN MELT
SPINNING METHOD ......ccoorvoririeieas e s 171
Sultan OZTURK, Sefa Emre SUNBUL, Kdrsat ICIN, Bilent OZTURK, Murat EROGLU

PRODUCTION OF ALUMINUM MATRIX COMPOSITES BY DIFFERENT PARAMETERS ....... 177
Metin ONAL, Mehmet GAVGALI

THE EFFECT OF FEED RATE AND CUTTING SPEED OF MICRO MILLING WCu COMPOSITE
MATERIAL ON TOOL WEAR ......cccoooevvverrmimrreerereneern R RO 183
Ali ERCETIN, Muzaffer ERDOGAN, Kubilay ASLANTAS, Omer EKINCI

BORONIZING OF INCONEL 625 ALLOY ..o, T PP PP 188
Huseyin CAKIR, Erdogan KANCA Ali GUNEN, Mehmet DEMIR, Faruk CAVDAR

HAZARDOUS WASTE DECLARATIONS OF NEV$EHiR CITY AND EVALUATION OF
HAZARDOUS WASTE RECOVERY FACILITIES ..ottt e e e e e 192
Seval ARAS, Feray YUMUN

STURUCTURE AND USE OF REINFORCED WOOD BASED COMPOSITE PANELS.............. 197
Elif Yurttas,Nadir Ayrilmis, Turgay Akbulut



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

MARTENSITIC PHASE TRANSFORMATION AND SHAPE MEMORY MECHANISM FOR SHAPE
MEMORY ALLOYS ... PP PP PP PP 201
Mehmet Kaya, Kadri Can Ath, Tugba Yildiz Saygili, Omer Cakmak

BIOMATERIALS AND CORROSION ....ccoiiiiiiii 207
Abdurrahman YOLUN, Mehmet KAYA, Abdurrahman AKKUS

EFFECT OF AUSTENITIZATION TEMPERATURE ON TRIBOLOGICAL BEHAVIOUR OF MICRO-
ALLOYED STEEL ..cci ittt e e e e e ettt e e e e e e e s st e et e e e e e e e e s annsttneeaaaaeeaaanns 213
Mustafa Ulutan, Koray Kiligay, and Esad Kaya

THERMAL PROCEDURE EFFECT ON Co-Al HIGH TEMPERATURE MAGNETIC SHAPE
MEMORY ALLOY ettt et e ettt e et et e e e ea b e e e ee b e e e s et s eesabbseeseraans 218
F. Dagdelen, S. Buytoz, M. Kok, T.Malkog¢

THE EFFECT OF PYROLYSIS PARAMETERS ON THE YIELD AND SULPHUR CONTENT OF
WASTE TIRE PRODUCT S ..ottt ettt e e e et e e e et s e et e et e e e e e e aaeeeann s 220
Tuba Bahtli (Aksoy), Derya Yesim Hopa, Serife Yalgin Yasti, , Veysel Murat Bostanci

EFFECT OF SINTERING TEMPERATURES ON A COMMERCIALLY SYNTHETIC
HYDROXYAPATITE .............. L P 224
Suleyman Serdar PAZARLIOGLU, Serdar SALMAN

MECHANICAL AND MICROSTRUCTURAL PROPERTIES OF SiC PARTICLE REINFORCED AT
DIFFERENT RATES Cu MATRIX COMPOSITE MATERIALS ... 229
Ozgur Ozgun,Zilkaf Balalan OmerEkinci

INVESTIGATION OF FAILURE MECHANISMS OF THERMAL BARRIER COATINGS (TBC):
CHEMICAL FAILURE AND FAILURES RESULTING FROM CMAS EFFECT ... 234
Abdullah Cahit KARAOGLANLI

MECHANICAL PROPERTIES OF SILANE TERMINATED URETHANE | EPOXY
INTERPENETRATING NETWORK . ....coiii ittt ettt e e et e e e et e e e e e et e e aeanans 237
Mustafa CAKIR, Emre AKIN

INVESTIGATION OF WEAR PROPERTIES OF POLYMERS CONTAINING GRAPHENE OXIDE
ilyas KARTAL, Mustafa CAKIR, Yalgin BOZTOPRAK

USAGE OF HIGH VELOCITY OXY-FUEL (HVOF) SPRAY COATING PROCESS IN WEAR
BASED AP P LICATIONS ...ttt et et e e et e e st s e e eeesae e st e e st e et st asnseenss 244
Kadir Mert Doleker, Abdullah Cahit Karaoglanh

THE EFFECTS OF Li:O IN THE MgO-Al;03-SiO>, GLASS-CERAMICS SYSTEM PRODUCED
FROM MAGNESITE WASTE ... et e et e et e e e et e e eraans 248
Cansu Utkan, Nuray Canikoglu

CHEMICAL TREATMENT OF PLASTIC RECYCLING FACILITY WASTEWATERS .................. 254
Serkan Sahinkaya

TREATMENT OF ENAMEL PLATING INDUSTRY WASTEWATERS VIA FENTON PROCESS 257
Serkan Sahinkaya



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

AN EXPERIMENTAL INVESTIGATION ON ENERGY-EXERGY ANALYSIS OF ALUMINUM AND
STEEL MATERIAL MADE OF NOZZLES USING OF COUNTER FLOW RANQUE-HILSCH
VORTEX TUBE .. oottt et e et e et e e et e e et e et e e e st e e saa e e st seeaneeasaneanans 260
Volkan KIRMACI

EFFECT OF SINTERING PARAMETERS ON THE MECHANICAL PROPERTIES OF YTTRIA-
STABILIZED ZIRCONIA CERAMICS ......uuutitiiuiiiiiiiuuuuuenaeeneeneannsnenneneessnsnnseessssssannnnn 265
Emre Yalamag, Elif Sila Ergani, Mlcahit Sttgu

PRODUCTION OF CAS (CaO- Al;03- SiO;) CERAMICS FROM FLY ASH AND EGGSHELLS.. 269
Zafer Yavuz MERKIT, Nil TOPLAN

INVESTIGATION OF PITTING FORMATION IN CURVILINEAR INVOLUTE TOOTH PROFILE
GEARS WHICH FIRST TIME MANUFACTURED USING AISI 8620 STEEL .........cccocooviiiinnen. 275
Mahir UZUN, Mehmet Mehdi MUNIS, Hayrettin DUZCUKOGLU

THE EFFECT OF WOLLASTONITE ADDITION INTO HYDROXYAPATITE —MgO COMPOSITE
ON PORE SIZE DISTRIBUTION ..ottt e et e e ettt e e e e et s e e e et e e e e eaa s 280
Senol Avcl, Recep Artir

AN EXPERIMENTAL INVESTIGATION OF POLYAMIDE, ALUMINUM AND STEEL MATERIAL
MADE OF NOZZLES USING PERFORMANCE OF COUNTER FLOW RANQUE-HILSCH
VORTEX TUBE ... e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 285
Volkan KIRMACI

COMPRESSION AND BUCKLING BEAHVIOR OF E-GLASS/EPOXY LAMINATED COMPOSITES
WITH MULTIPLE DELAMINATIONS ....ootiiiieiee ettt ne e, 290
Fatih Daricik, Zileyha Aslan

EFFECT OF INFILTRATION TEMPERATURE, PRESSURE AND MG ADDITION ON THE
MECHANICAL PHYSICAL CHARACTERISTICS OF DUAL MODEL SiC/Al2014 COMPOSITE
PRODUCED WITH PRESSURE INFILTRATION METHOD........ciiiiiiiii e 295
Serkan ATES

EFFECT OF GLYCERINE AND PEG ADDITIONS ON THE COMPRESSIVE STRENGTH AND
THERMAL BEHAVIOUR OF FINE ALUMINA POWDER REINFORCED Na-METAKAOLIN BASED
GE O P O LY MER .ottt et ettt e e et ettt 303
Sileyman YASIN, Hayrettin AHLATCI, Yunus TUREN, Engin CEVIK, Yavuz SUN, Harun CUG

A THEORETICAL RESEARCH ON CR-39 (ALLYL DIGLYCOL CARBONATE) PLASTIC
POLYMER ..o ettt e e et e e e e 309
Tuba OZDEMIR

THE EFFECT OF BORON ADDITION ON THE MICROSTRUCTURE AND MECHANICAL
PROPERTIES OF D2 TOOL STEEL................ S 313
Ozgur Ozgln, Mahir Uzun, Zulkuf Balalan, H. Ozkan Gulsoy, Ali Ergetin

PRODUCTION AND CHARACTERIZATION OF THE STAINLESS STEEL (316L) BY THE
POWDER INJECTION MOULDING METHOD.......ui it 319
Mehmet ASLAN, Yunus TUREN, Hayrettin AHLATCI, Yavuz SUN, Sileyman YASIN, Engin
CEVIK, Mehmet UNAL



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

AN INVESTIGATION OF CVD COATED TOOL WEAR ON TURNING BARS MANUFACTURED
AIST 1040 STEEL .....ccvvveeeoeareeeiessieseeesssses s essssss s 323
Ali ERGETIN, Usame Ali USCA

BORONIZING OF COLD WORK TOOL STEEL 1.2379.......ccciiiiiiiiiiiiiiii 328
Seyit Erkan AYDIN, Ahmet YAPICI Erdogan KANCA, Ali GUNEN, Bulent KURT

THE EFFECT OF BORON NITRIDE NANO PLATELETS UPON WEAR AND THERMAL
STABILITY OF EPOXY RESIN ..ottt 332
Mirsel Ekrem, Muhammet A.Senyurt, Hayrettin Dizcikoglu, Omer S Sahin, Ahmet Avci

MICROABRASION WEAR BEHAVIOR OF BORONIZED COLD WORKED TOOL STEEL ........ 336
M Sabri GOK, Yilmaz KUCUK, Mecit OGE, Gokhan SAGLAM, Ali GUNEN

SPECIFIC CROSS-SECTIONAL DESIGN OF PARALLEL FLANGED CHANNEL PROFILE AND
SIMULATION SUPPORTED MANUFACTURING .. ..ottt e e 341
iiter KILERCI, Serhat ARALAR  Muhammed ZENGIN  Ceren GODE

MICROSTRUCTURAL CHARACTERISTICS OF MIX NITRIDE BASED COATING PRODUCED
ON VALVE STEEL BY TRD METHOD ..ottt ettt ettt ettt et s e s e e sanen s e eneensanenns 347
Serkan Islak, Cihan Ozorak

PARAMETRIC MODELLING OF FRETTING BEHAVIOR OF ALUMINA ..o, 351
A.G. URAL, J. DENAPE J.-Y. PARIS

EXPERIMENTAL INVESTIGATION OF HEAT TRANSFER FROM A POROUS PLATE WITH
TRANSPIRATION COOLING . ... ettt e et e e e e e e e e e e e e e e e eaenns 357
Mustafa Kilic

EFFECT OF DOLOMITE POWDER ON TECHNOLOGICAL PROPERTIES OF WPC AND NEAT
POLYPROPYLENE ...ttt 363
Ferhat Ozdemir, Nadir Ayrilmis and Fatih Mengeloglu

DETERMINETION OF RADIATION INTERACTION PROPERTIES OF SOME SUPER ALLOYS
AND FERROALLOY S ... 369
Mehmet BlyuUkyildiz, Murat Kurudirek

ENERGY SAVING BY INSULATIQN IN A FOOD FACTORY STEAM GENERATING PLANT.... 374
Mehmet Ali TOPCU and Aydin RUSEN

A NOVEL METHOD TO DETERMINE INTERLAMINAR FRACTURE CHARACTERISTICS OF
LAMINATED COMP O S TS . ..o oottt ettt et aeans 377
Fatih Daricik and ismail Can Yilmaz

WEAR PROPERTIES OF HOT PRESSED Cu-TiC COMPOSITES ....cooieeoeeeeeeeeeeeeeeeeeeeeen 382
Serkan Islak

THE EFFECT OF PARTICLE SIZE ON ADHESIVE WEAR BEHAVIOUR CERAMIC COATING
WITH OXIDE CONTENT ..o e e e e e e e e et s e e e e e e e e e e e aaeeeannas 386
Yiimaz KUCUK, M. Sabri GOK. Mecit OGE

USAGE OF WASTES OF NEVSEHIR STONE CLADDING IN FLOOR TILE COMPOSITIONS.. 391
Zahide BAYER OZTURK, Mertcan ERIS

vi



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

EFFECT OF VERMICULITE ADDITION ON THE SINTERING PROPERTIES OF FIRECLAY
REFRACTORY BRICKS ...t 395
Serkan DAL, Mucahit SUTCU, M. Sabri GOK, Osman GENCEL

SINTERING CHARACTERISTICS AND GRAIN GROWTH BEHAVIOR OF SiO,-DOPED BaTiOs
CERAMICS ... bbb 401
Kerim Emre OKSUZ , Saduman SEN and Ugur SEN

ASSESMENT OF THE NITRATION PROCESS PARAMETERS TO IMPROVE THE WEAR
RESISTANCE OF DIN 1.2714 QUALITY HOT WORK TOOL STEEL ......ccooviiiiiiieeieeeeeceeiiin, 406
Muhammed AYAZ , Ogulcan AVCIOGLU , Samet AKSOY , Hayrettin AHLATCI, Mustafa ACARER,
Yavuz SUN , Yunus TUREN, ismail Hakki KARA, Caner AKTASOGLU , Umit Kagan OZTURK

INVESTIGATION OF WEAR PROPERTIES OF BORIDED X32CrMoV33 STEEL......cccccvvvvevne.. 410
Melih OZCATAL and Ibrahim GUNES

COMPOSITION DEPENDENCE OF MORPHOLOGY OF Co BASED SHAPE MEMORY ALLOYS
Murat Eskil, Kemal Aldas, Zeynep Aylin Sahan

HIGH TEMPERATURE WEAR BEHAVIOUR OF Cr:0;s COATING DEPOSITED WITH APS
METHOD.......oooorrreernanne. [ OSSOSO 418
Yilmaz KUGUK, M. Sabri GOK. Mecit OGE

INVESTIGATION OF SURFACE PROPERTIES OF BORIDED STAINLESS STEELS BY PACK
BORIDING METHOD. ... D23
Yusuf KAYALI, Sukri TAKTAK, Sinan ULU

FABRICATION AND CHARACTERIZATION OF NdFeB MAGNETIC POWDERS BY MELT
SPINNING METHOD ...ttt 428
Sultan OZTURK, Kirsat ICIN, Hulya Kaftelen, Bllent OZTURK, Ugur Topal, Abdurrahim Metoglu

THE INVESTIGATE OF FATIGUE BEHAVIOR IN CULTIVATOR SPRINGS ..o, 434
Hamit Adin, Rasit Koray Ergun

INVESTIGATION OF AA6060 ALUMINUM ALLOY RIBBON PRODUCTION WITH MELT
SPINNING METHOD..........ccoenenee R S STETTTTRP 440
Sultan OZTURK, Sefa Emre SUNBUL, Kirsat ICIN, Bilent OZTURK Murat EROGLU

BENDING PROCESS DESIGN AND SIMULATION OF HOT ROLLED MICROALLOYED
PROFILES USED IN MINING AND ADIT GROUND SUPPORT SYSTEMS........c.ccooiiininininnn, 445
Aytac BASSULLU, Serhat ARALAR, llter KILERCI, Osman CULHA

THE DESIGN OF SCISSOR LIFTING SYSTEM AND ITS ANALYSIS WITH FINITE ELEMENTS
METHOD .......cceevenen. s 451
Cengiz Gorkem DENGIZ, Mahmut Can SENEL, Kemal YILDIZLI, Erdem KOG

COPPER BASED GRAPHENE REINFORCED ELECTRICAL ENGINE BRUSHES ................... 457
Hiseyin IPEK, Hamdullah CUVALCI, Aykut CANAKCI

vii



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

THE EFFECT OF GRAPHENE CONTENT AND SINTERING PROCESS ON HARDNESS OF
ALUMINUM MATRIX COMPOSITES ..ot 462
Mahmut Can SENEL, Mevlit GURBUZ, Erdem KOC

MICROSTRUCTURES AND WEAR BEHAVIOUR OF ZA27 ALLOY AND ITS COMPOSITES
REINFORCED WITH B4C AND GRAPHENE ... oo 467
E. D. Yalcin, A. Canakci

EVALUATION OF ALTERNATIVE METHODS FOR WASTE TIRE RECYCLING............c.oee. 470
Fazliye KARABORK

CHARACTERIZATION OF WOOD POLYPROPYLENE COMPOSITES BY REINFORCED
PUMICE'S POWDER........cuiiiiieite ittt eete et et ettt ettt et et e teeteete et et e ateeteasaenseeteataaseentesaeeaearaeneens 476
Memis Akkus, Goksel Ulay, Nadir Ayrilmig

DEVELOPMENT OF HYDROPHOBIC SURFACE FROM WASTE PET BOTTLES..........ccoee.... 482
Mevlit GURBUZ

AN EXPERIMENTAL INVESTIGATION OF TOOL WEAR ON MICRO MILLING WCu COMPOSITE
MATERIAL FABRICATED THROUGH POWDER METALLURGY METHOD............cccccvvvvvrennnnn. 486
Ali Ergetin, Muzaffer Erdogan, Kubilay Aslantas486

THE WASTE HEAT RECOVERY IN THE FURNACE: A CASE STUDY IN A BISCUIT FACTORY
Gamze KARANFIL and Selmin ENER RUSEN

DETERMINATION OF TRAPPING CENTER PARAMETERS OF ZnO NANOPARTICLES BY
THERMOLUMINESCENCE ...ttt ettt e et e et e et e e et e e et e e et e e eae e e st eeeaas 500
T. Yildinnm, M. Isik, N.M. Gasanly

NONEQUILIBRIUM MAGNETIC PROPERTIES OF THE ISING MODEL ON THE SHASTRY-
SUTHERLAND COMPOUND SrCuU2(BO3)2 ...vvvuuutuiiiniiiiiiiiiiiiiiiiiiiiiiiiiisiiansnessssssnnssnsnesnnesnnsnennnnnne 503
Seyma Akkaya Deviren and Bayram Deviren

COLOUR CHANGE IN ELECTROCHROMIC PRUSSIAN BLUE DEPENDING ON THE PARTICLE
SIZE AND DEPOSITION TIME ...oeeieiii et ettt ettt et e et ettt et e et e ea e e saeeasanenns 508
Ahmet Ozkan, Cansu Noberi, Cengiz Kaya

SOME STUDIES ON HYDROXYAPATITE BASED BIOACTIVE HYBRID COATINGS
REINFORCED WITH METAL OXIDES ... .ot e e et e e e e e 511
Mehmet Topuz, Burak Dikici, Serap Glingor

INVESTIGATION ON MICROSTRUCTURAL PROPERTIES OF Ni-B-Zn BASED
ELECTROCHEMICAL COATINGS ...ttt e e e e e e e e enena s 517
Aydin KARABULUT, Mustafa DURMAZ Bulent KILINC, Ugur SEN, Saduman SEN

EFFECT OF ZIRCONIUM ON MICROSTRUCTURE AND MECHANICAL PROPERTIES OF AZ91

YA TNy LAY, A I 0 2 521
Erkan KOC, Mehmet UNAL, Ercan CANDAN, Yunus TUREN, Halil Ahnmet GOREN

viii



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

MECHANICAL AND BIOACTIVE BEHAVIOR OF HYDROXYAPATITE-WOLLASTONITE-TITANIA
(000 1Y/ 2@ 1 T I TP 525
Nermin Demirkol

THE EFFECT OF FOAM PROPERTIES ON IMPACT RESPONSE OF CURVED SANDWICH
COMPOSITES ..o P PP PP PP 529
Ugur OZMEN, Buket OKUTAN BABA and Bllent Murat ICTEN

MAGNETIC PROPERTIES AND MICROSTRUCTURE OF Cos2Al14Crs FERROMAGNETIC SHAPE
MEMORY ALLOY ..ottt e e e e e e e 533
Soner BUYTOZ, Ercan ERCAN, Mediha KOK, Tirkan GOKHAN ,Fethi DAGDELEN

SHAPE MEMORY METERIALS FOR IMPROVEMENT OF THE HIGH TEMPERATURE
STRENGHT OF MAGNESIUM AND ITS ALLOYS......oiiiiiiiiiiii i 538
Fevzi KELEN, Tarik AYDOGMUS, Mehmet GAVGALI

EXPERIMENTAL DETERMINATION OF MULLINS EFFECT PARAMETERS ON THE MAGNETO-
RHEOLOG|CAL MATER|ALS ..... ............................................................................................................................................. 544
Ugur MAZLUMa, Recep GUMRUK

ROTARY BENDING FATIQUE BEHAVIOR OF STEEL CORD.........cccooiniiiiniiiniiiseis i 551
Hiuseyin KOYMATCIK, Hayrettin AHLATCI, Yavuz SUN, Yunus TUREN , Koray DUSGUN, Gilsah
YILMAZ, Ahmet SERIN, Ziya TOKAN, Sait OZCELIK ve M. Akif BOZTAS

EFFECT OF SEAGRASS ON FLUIDITY AND DENSITY OF THERMOPLASTIC MATERIAL ....554
Yilmaz KISMET, Hasan Celal KILIC

WORK HARDENING BEHAVIOUR OF THE DUAL PHASE STEELS HAVING DIFFERENT
COMPOSATION, MICROSTRUCTURE CONSTITUENT ....uuitiiiiiiiiiiiiieurenmnmnnmennnnnenrnnnesennnnns 559
Bilge Demir, Mehmet Erdogan

CHEMICAL AND MORPHOLOGICAL ANALYSIS OF CERAMIC SHERDS FROM TATARLI
HOYUK (ADANA, TURKEY)............... e 564
Nergis KILING MIRDALI, K. Serdar GIRGINER, Ozlem OYMAN GIRGINER

THE EFFECT OF MICRO ALLOY BORON ADDED ON MICROSTRUCTURE OF AISI 4140
IMPROVEMENT STEEL ...ttt 568
Cemal CARBOGA

THE EFFECT OF THE IZOTHERMAL SOAKING TIME AND OIL QUENCHING ON WEAR
RESISTANT QF GGG 70 CAST IRON ittt ettt et e et e et e e renenen 571
Bilge Demir, Oznur Dincel, Muhammed Elitas, Aydin Esenkar

STUDY OF TRIBOLOGICAL BEHAVIOR THERMOPLASTIC POLYURETHANE RUBBERS ON
A.G. URAL, J.-Y. PARIS, J. DENAPE, M. YAHIAOUI, F.J. MARTINEZ

THEORITICAL INVESTIGATION OF PARAMETER EFFECTS IN DEEP DRAWING PROCESS

FOR COMPLEX FEATURES .....oeiiie ittt ettt ettt e e et e et e e e aneneen 581
Gologlu, C. ve Meral, T.



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

EFFECT OF QUECHING MEDIA AND AGING TIME ON THE STRENGTH OF THE Cu-1.1%Co-
1.19%6Ni-0.5%Be ALLOYS.........cccoorrvreeerrerrnnenen OSSO 587
Abdulkadir KIZILASLAN, ibrahim ALTINSOY, Ibrahim OZBEK

INVESTIGATION OF CORROSION BEHAVIOURS OF SURFACE BORIDED DUAL PHASE
STEELS oot eeeesss e ees s 501
Yusuf KAYALL, Bilal ANATURK  Siikrii TAKTAK, Sinan ULU

PROGRAM IN MATLAB FOR PREPARE COMPOSITE MATERIALS ..., 597
Ahmet KOYUNCU, Emre HAMAMCI and Osman Emre CELIKEL

AN INVESTIGATION OF INTERMETALLIC FORMATION BETWEEN ALUMINIUM AND STEEL
Hilya DURMUS, Nilay YUKSEL, Tayfun CAPAR, Melis TURKOZ

SYNTHESIS OF FeCrNiTiMo HIGH ENTROPY ALLOY COATINGS BY TIG PROCESS........... 605
Cihan Ozorak, Serkan Islak

CHARACTERISATION OF LisFe2(PO4)s/C POWDERS SYNTHESIZED VIA
MECHANOCHEMICAL ACTIVATION METHOD........cciiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 609
Cengiz Bagci, Oncu Akyildiz, Hanefi Cinici

EFFECT OF TEMPERING TEMPERATURES ON MICROSTRUCTURE AND MECHANICAL
PROPERTIES OF AISI 9254 STEEL ....ccouiiiiiiiiiiiiii s 613
Guzide Buse Turedi, Ugur Ozdemir, Omer Faruk Murathan, Volkan Kiligl

IN SITU PRODUCTION AND MECHANICAL PROPERTIES OF ALUMINUM MATRIX ALUMINUM-
COPPER INTERMETALLIC COMPOSITE....ccii it ittt e et e e e e e e naeeae s 617
Diallo Ibrahima Mafouz, Ahmet Hilmi Paksoy, Onur Tazegul, Faiz Muhaffel and Hiseyin Cimenoglu

INVESTIGATION OF AGING TIME EFFECT ON THE PHASESTRUCTURE OF HIGH-
TEMPERATURE Cu-Al-Fe SHAPE MEMORY ALLOY ......ccciiiiiiiiiiiii 620
Koksal YILDIZ, Mediha KOK, Fethi DAGDELEN

INVESTIGATION OF ELECTRODE WEAR RATE IN MICRO-EDM-DRILLING OF DIFFIRENT
HEAT TREATED FORMADUR 2738 ... oo ottt s e e e eettas s e e e e e e e eaattnn s e e eaaeeennnnnnnnns 624
Zafer Selguk Yirmibes, Hakan Dilipak, Murat Sarikaya, Volkan Yilmaz

THE EFFECT OF ACCELERATED COOLING ON MICROSTRUCTURE AND IMPACT
STRENGTH OF S355J2 QUALITY STEELS USED IN POWER TRANSMISSION LINE
(O O N Y I 7 X O 1 1] T 629
Sezgin AYDIN, Oguz C. CANDOGAN, Sait OZCELIK, Hayrettin AHLATCI, Yunus TUREN, Yavuz
SUN, Huiseyin ZENGIN, Alperen ERTAN, Sikrii UGURLU, Ramazan YILDIZ, M. DEMIRKAZIK,
Serafettin ONER

DEVELOPMENT OF CARBIDE FREE BAINITE + MARTENSITE DUPLEX STRUCTURE IN
COMMERCIAL HIGH SILICON SPRING STEEL ....ccvviiiiieee et 634
Omer Faruk Murathan, Volkan Kiligh, Kemal Davut

APPLICATIONS OF MAGNESIUM ALLOYS IN AUTOMOTIVE INDUSTRY ..coiiiieieeeeeeeeee, 638
Faruk Mert



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

INVESTIGATION OF DEVICES USED IN TESTS ACCELERATED AGEING (ARTIFICIAL
AGEING) e 644
Goksel ULAY

METALLOGRAPHIC INVESTIGATION OF Co BASED SHAPE MEMORY ALLOYS AFTER
SUPERCOOLING PROCESS. ...ttt s s e e e e ettt aa s s e e e e e e eatata e e e e e e e e eeennannaaaeeaes 651
Murat Eskil, Kemal Aldas, Zeynep Aylin Sahan

PHYSICAL, MECHANICAL, AND THERMAL PROPERTIES OF WOOD PLASTIC COMPOSITES
CONTAINING HEXAGONAL NANO BORON NITRIDE .......ouuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieinnneeenennnennnees 655
Nadir Ayrilmig, Alperen Kaymakci

UTILIZATION OF PAULOWNIA LUMBER AS CORE LAYER IN GLUED LAMINATED TIMBER 661
Tlarker DUNDAR, Alperen KAYMAKCI, Ayberk AYDOGMUS

HIGH TEMPERATURE WEAR BEHAVIOUR OF Al,03+13TiO, COATING DEPOSITED WITH
APS METHOD..............c...... RS ST 665
Yilmaz KUCUK, M. Sabri GOK Mecit OGE

EXPERIMENTAL INVESTIGATION ON PERCENT ELONGATION AND STRESS BEHAIVORS
OF COMPOSITE PLATES DRILLED CENTRAL EQUILATERAL TRIANGLE WITH ROUNDED
LT L N S 669
Hamit Adin, Rasit Koray Ergln

CORROSION BEHAVIOUR OF AA1050/B4C COMPOSITES ....... oo 674
E. Cevik, Y. Sun, Y. Tlren, H. Ahlatci, S.Yasin, H. Cug

THE EFFECT OF TiAIN COATINGS ON CORROSION BEHAVIOUR OF ..o, 678
Ti6Al4V ALLOY IN USED BIOMEDICAL APPLICATIONS ... .cceiiee e e 678

Sengul DANISMAN, Muharrem TEBER

THE USE OF HYDROXYAPATIT FOR Ti BASED IMPLANT MATERIALS. ..., 684
Mehmet KAYA, Abdurrahman YOLUN

DELAMINATION FACTOR ANALYSIS OF %30 NATURAL ROCKFORCE FIBER REINFORCED
POLYAMIDE 6 COMPOSITE MATERIAL ............c........ OSSO 690
Fatih OZEN, Ferit FIGICI, Mustafa DUNDAR, Hiseyin UNAL

AN INVESTIGATION ON USAGE OF WASTE IN CONSTRUCTION INDUSTRY: IRON-STEEL
WASTES OF PRODUCTION PROCESS.................. s 694
Merve TUNA KAYILI, Gulser CELEBI, Abdulmecit GULDAS

DESIGN AND DEVELOPMENT OF A LIGHT WEIGHT COMPOSITE CHASSIS FOR ELECTRIC
VEHICLE APPLICATIONS ...ttt e et e e e e et e et e e st s e et e e et e eeanaas 699
Himmet Ozarslan, Hakan Yavuz, Fatih Daricik

INVESTIGATION OF DIFFERENT INOCULANTS EFFECT'S ON CAMSHAFT CASTING

(O 7 I I PP TSP P PP PPPPPTRSPPPPN 704
Mehmet Simsir, Habip Kirgezen, Fatih Ozaydin

Xi



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

THE EFFECT OF Mn ALLOYING ELEMENTS ON MICROSTRUCTURE, MECHANICAL
PROPERTIES AND WEAR BEHAVIOR OF 5AI1Ti MAGNESIUM ALLOY .....cooviiiiiiieeeeeeeeiiinnnn. 709
Harun CUG, Hayrettin AHLATCI, Engin CEVIK, Siileyman YASIN, Yunus TUREN ve Yavuz SUN,
Hiiseyin ZENGIN

THE COMPARISION OF LOW VELOCITY IMPACT RESPONSE OF FLAT AND CURVED
SANDWICH COMPOSITE PANELS ..., s 713
Melis YURDDASKAL, Buket OKUTAN BABA and Bulent Murat ICTEN

THE EFFECT OF THE HEAT TREATMENT ON DUCTILITY OF THE GGG70 RAILWAY WAGON
TAMPON MATERIALS .............. PP 717
Bilge Demir, Muhammed Elitas, Oznur Dincel, Cemal Carboga, Aydin Esenkar

THERMOMECHANICAL CYCLIC STABILITY AND SHAPE MEMORY RESPONSE OF POROUS
NITTALLOY e 721
Mehmet Kaya, Omer Cakmak, Behcget Gileng, Kadri Can Ath

USAGE OF WASTES OF NEVSEHIR STONE CLADDING IN CERAMIC TILE GLAZES INSTEAD
OF KAOLIN . ettt e e e ettt e e e e e et e e e e e e s e e e et e e en et b e e e e e e et e ennnnnnanaeeeeas 725
Zahide BAYER OZTURK

CrvC COATING OF GGG70 CAST IRON BY PACK SEMENTATION METHOD AND
INVESTIGATION OF COATING LAYER MICROSTRUCTURE ..o 728
Bulent KURT, Cemal CARBOGA Liitfullah OZDOGAN, Serkan DAL

THE INVESTIGATION OF CRVC COATING LAYER ON AISI D2 TOOL STEEL BY PACK
SEMENTATION METHOD ..ottt 731
Bulent KURT, Erdogan KANCA, Ali GUNEN, Bilal DEMIREL

AN EXPERIMENTAL INVESTIGATION OF ALUMINUM AND STEEL MATERIAL MADE OF
NOZZLES USING PERFORMANCE OF COUNTER FLOW RANQUE-HILSCH VORTEX TUBE
WITH OXYGEN AS WORKING FLUIDS ... .ot 734
Volkan KIRMACI

THE EFFECTS OF UNIFORM PREFORM SURFACE TEMPERATURE ON THE FINAL
PROPERTIES OF THE 1.5 LT CARBONATED SOFT DRINK PET BOTTLE ....cvvieiiiiivieieen 739
Bilal Demirel, Fugen Daver, Ali Yaras, Esra Kilig

INFRARED HEATING SYSTEM DESIGN ON COMMERCIAL PASSENGER VEHICLES. ......... 745
Hayri EREN, Volkan KIRMACI

IN OUR COUNTRY RECUPERATOR DESING USED IN HEAT RECOVERY DEVICES IN THE
AIR CONDITIONING SYSTEMS ..ottt 749
Evren KOCAOGLU, Volkan KIRMACI

THICKNESS OPTIMIZATION OF THERMAL BARRIER COATING OF A DIESEL PISTON BY
STATISTICAL TESTING DESIGN SOFTWARE ECHIP.......cooiiiiiiiiiiiiee e 752
F. Hepbicer, O. Kocaturk, A. Saglam, B. Demirel

CrVC COATING OF AISI 4140 STEEL BY PACK SEMENTATION METHOD AND

INVESTIGATION OF COATING LAYER MICROSTRUCTURE ... 759
Bilent KURT, Cemal CARBOGA Bilal DEMIREL,Hakan UMUR

Xii



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

A STUDY ON THE MATERIALS USED IN PESTICIDE BOXES IN TURKEY .......cccooiiiiiinnn 762
Oktay ERDOGAN

REGULATIONS AND STANDARDS OF FORMALDEHYDE EMISSION AND VOLATILE
ORGANIC COMPOUNDS FROM WOOD-BASED PANELS. ........cuuuiiiiiiiiiiiiiiiiiiiiiiiiiiieiiieennneinenes 767
Tolga Kapti, Nadir Ayriimig

COMPARISON OF ACOUSTIC-BASED NONDESTRUCTIVE TEST METHODS FOR ASSESSING
THE BEI\_I_DING PROPERTIES OI__: LUI_\_/IBERS ............................................................................ 771
Turker DUNDAR, Hizir Volkan GORGUN

THE EFFECT OF MATERIAL COMBINATION ON THE NUGGET FORMATION IN RESISTANCE
SPOT WELDING ..ot eeeeee et seeeeeeeeee e seeseeeeeesees e s eseee e et eeseeeseeseesseeseseeeseseeeeeeseeseeeenes 775
Ahmet AKKUS

THE EFFECT OF FLY ASH ADDITIVE ON HYDROPHOBICITY AND SURFACE FREE ENERGY
OF EPOXY FLOOR COATING MATERIAL.............comrrrrerrnnnen. e 778
Bahri ERSOY, Atilla EVCIN, Tayfun UYGUNOGLU, ibrahim GUNES

INVESTIGATION OF SURFACE AGING TEST TECHNIQUES ON WOODEN AND WOODEN
COMPIOSITES ... ettt e e et e e e e st n e 784
Goksel ULAY, Nevzat CAKICIER

EXPERIMENTAL AND NUMERICAL INVESTIGATION OF HEAT TRANSFER
CHARACTERISTICS OF SILICA AEROGEL AND OTHER INSULATION MATERIALS.............. 791
Nesrin DEMIR, Mehmet Fatih KAYA, Emre YILDIRIM

DETERMINATION OF FORMING LIMIT DIAGRAM OF DUPLEX STAINLESS STEEL SHEETS
Cengiz Gérkem DENGIZ, Kemal YILDIZLI

INVESTIGATE OF RECRYSTALLIZATION PROPERTIES OF THE COLD ROLLED PURE
COPPER BUSBAR ... oottt et e e e e et e st e et e e et e s et e anans 803
Mehmet Erdem, Serdar Altin

PRECIPITATIONS IN SHAPE MEMORY CO BASED SHAPE MEMORY ALLOYS........ccccceee.e. 808
Murat Eskil, Zeynep Aylin Sahan

DAMAGES AND SOLUTIONS IN EXTERNAL COOLING ROLLER ........cvveormrrrermarrresinnenen 813
Ahmet CURUK, Ali GUNEN Erdogan KANCA, Mehmet DEMIR, Faruk CAVDAR

SYNTHESIS AND CHARACTERIZATION OF A,B; TYPE HYDROGEN STORAGE ALLOYS..819
Alanur BINAL AYBAR and Mustafa ANIK

SYNTHESIS OF CoB NANO POWDERS AND DETERMINATION OF THEIR ELECTRODE
PERFORMANCES.......ccovteuuaeteeaiaiesesssasseesss e essss s 823
Nilifer KUGUKDEVECI, Mustafa ANIK

EFFECT OF UREA ON THE SYNTHESIS OF HBN-SiC COMPOSITE POWDER...................... 827
Zuhal Yilmaz, Nuran Ay

xiii



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

EFFECT OF PRODUCTION PARAMETERS ON PHYSICAL PROPERTIES OF THE
INTERCONNECT PLATES PRODUCED BY POWDER METALLURGY .......ccooiiiiiniiiiiiin, 832
Bulent Oztlrk, Omer Necati Cora, Sultan Oztirk, Ahmet Bakal, Alparslan Topcu

LONG-PERSISTENT LUMINESCENT MAIO4:Eu;Dy PHOSHORS SYNTHESIZED BY THE
METHOD OF THE COMBUSTION ...... TP TIPS PP PP PP PP 838
Yusuf Ziya HALEFOGLU, Osman SERINDAG, Nuran KOKER

THE EFFECT OF CERAMIC AND METALLIC REINFORCEMENT MATERIALS ON THE
MECHANICAL PROPERTIES OF MAGNESIUM MATRIX COMPOSITES ..o 842
Ertan KOSEDAG, Tarik AYDOGMUS

EFFECTS OF T5 AND T6 HEAT TREATMENTS ON THE MICROSTRUCTURE AND
MECHANICAL PROPERTIES OF ZNn-15A1-3CU ALLOY ...uuiiiiiiiiieeeee e 849
Ali Pasa Hekimoglu, Temel Savaskan

THE SPECTF\’_AL LIGHT TRANSMITTAI_\ICE OF OPHTHALMIC OPTICAL LENSES ................. 854
Tuba OZDEMIR, Firdevs Banu OZDEMIR

INVESTIGATION OF BARTIN PROVINCE DRINKING WATER TREATMENT PLANT WASTE
SLUDGE’ EFFECT ON FLY ASH ADDED BRICK PROPERTIES........c.coooiiiiiiiin 859
Gilfem BINAL, Ertugrul ERDOGMUS

ENHANCED DYE SENSITIZED PHOTOCATALYTIC HYDROGEN EVOLUTION BASED ON
COBALT SULFIDE/CARBON NANOTUBE NANOCOMPOSITE ..o, 863
Imren Hatay Patir, Emre Aslan and llker Akin

CHARACTERISTICS OF CERAMIC COATING FABRICATED BY MICRO ARC OXIDATION ON
ALUMINIZED STAINLESS STEEL ...uvtiiiiiiiiee ittt e e st a e e e e e e s s snsanneeaaaaeeaannns 868
Cengizhan Tashgay, Yakup Yurekturk, Faiz Muhaffel and Murat Baydogan

SOL-GEL SYNTHESIS AND CHARACTERISATION OF Nb-DOPED Li3Fez(PO4)3
NANOPOWNDERS ......coiiiiitieie et e e e e e e e e eeeeaeeaaas st eeeaeaeeaaaasstsseeaaaaeeeasannsssnnneaeeens 871
Cengiz Bagci, Oncu Akyildiz, Hanefi Cinici

USAGE OF DIFFERENT BORATES IN TRANSPARENT WALL TILE GLAZES...........ccovvvvnnnnnn. 875
Zahide BAYER OZTURK

TiC COATING OF GGG70 CAST IRON BY PACK SEMENTATION METHOD AND
INVESTIGATION OF COATING LAYER MICRQ.STRUCTURE P PP 879
Bulent KURT, Khangardas ASGAROQOV, Baris GUNAY ,Bilal DEMIREL

ATHMOSFERIC CORROSSION BEHAVIOUR OF BORONIZED GRAY CAST IRON IN
SIMULATED MEDIA ... eeesse s 882
Hanbey HAZAR, Ugur OZTURK

WELDING OF 1.2210 AND ST37 STEEL COUPLE BY USING FRICTION HEAT PARAMETER
TECHNIQUE AND INVESTIGATION OF MICROSTRUCTURE PROPERTIES...............co... 888
Ertugrul CELIK

EFFECT OF DIELECTRIC MEDIUM IN ELECTRO DISCHARGE MACHINING .........cccccevvveeee.. 892
Ali Kalyon

Xiv



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

INVESTIGATION OF CORROSION BEHAVIOUR OF SILIMANITE REFRACTORIES USING IN
TABLEWARE GLASS FURNA CES. ...ttt ettt et e e e eaeneen 898
ismail ACAR, Yasemen KALPAKLI

THE STRUCTURAL AND ELECTRONIC PROPERTIES OF AlxBs-xHon (X=1-3, N=0-6)
CLUSTERS .. 905
Iskender Muz

COATING OF NANO METAL PARTICLES IN ACRYLIC CROSS LINKED AGENTS ON TEXTILE
SURFACE.......... R OSSOSO 909
Mustafa TUTAK, Ozlem BILGET

ELECTRODE PERFORMANCES OF ELECTROLESS CoB FILMS oo, 913
Nilifer KUCUKDEVECI, Mustafa ANIK

INVESTIGATION OF THE PROPERTIES OF VERMICULITE BASED BRICKS PRODUCED
USING A CLAY BINDER...............coouee e 916
Serkan DAL, Micahit SUTCU, M. Sabri GOK, Osman GENCEL

ABNORMAL GRAIN GROWTH IN DIFFUSION BONDING OF STEELS..............oooooiiiiii, 920
Bulent KURT

MICROSTRUCTURE INVESTIGATION OF MICRO ALLOY BORON ADDED 205 AUSTENITIC
MANGANESE STEEL JOINED BY GAS-METAL ARC WELDING TECHNIQUE ............c.c.c.... 922
Cemal CARBOGA, Biilent KURT, Serkan DAL, Bilge DEMIR

THE EFFECT OF MICRO ALLOY BORON ADDED ON MICROSTRUCTURE OF 304
ST AINLESS ST EE L .. oottt ettt ettt e et ettt e e et e et e ea e e en s e eneenaaaenns 925
Cemal CARBOGA, Biilent KURT, Serkan DAL

INVESTIGATION OF THE EFFECT OF COATING THICKNESS ON PHYSICAL PROPERTIES OF
ALO3-TiO2 (97/3) COATING ... vt eeeeeeeee e e e e e ee e et e e e e e e e eeeee e e ee et e eee e eeeeeeees 927
Osman ASI, Onder YESIL, Halil Murat ENGINSOY

COMPOSITE SURFACE COATIN__G WITH DYNAMIC CASTING .....coviiiiiiiiiiiienne 932
Serdar Osman YILMAZ, Mustafa OZKAYA, |brahim Savas DALMIS

INCREMENTAL FORMING OF INCLINED SURFACES FOR AA G754 .....ccoeviiiiieeeeeiee e, 936
Gologlu, C. ve Bulut, C.

THE WELDING OF TRIP STEEL WITH DIFFERENT AL CONTENTS BY MIG-MAG WELDING
TECHNIQUE AND ITS MICROSTRUCTURE INVESTIGATION ......ocoiiiiiiiiii 939
Cemal CARBOGA Bulent KURT, Serkan DAL

THE THERMAL CONDUCTIVITY OF HEAT-TREATED WOOD MANUFACTURED BY
THERMOWOOD METHOD ........cooooiiiiiinne, e 942
Hamiyet SAHIN KOL and Sema AYSAL KESKIN

THE WELDING OF TRIP STEEL WITH DIFFERENT Si CONTENTS BY MIG-MAG WELDING
TECHNIQUE AND ITS MICROSTRUCTURE INVESTIGATION ......cooiiiiiiiiine 946
Cemal CARBOGA, Biilent KURT, Serkan DAL

BULK PROPERTY CHANGES DUE TO NEUTRON IRRADIATION IN URANIUM DIOXIDE...... 949
Seckin D. Gunay

XV



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

A NOVEL APPLICATION OF EXPANDED POLYSTYRENE (EPS) FOAM AS ROOF COVERING
N = o U 951
B.Demirel and N.Atay

EFFECT OF BINDER CLAY ADDITIONS ON THE SINTERING PROPERTIES OF FIRECLAY
REFRACTORY BRICKS ...t 957
Serkan DAL, Mucahit SUTCU, M. Sabri GOK, Osman GENCEL

THE COMPACT PRESSURE EFFECT OF POROUS NiTi COATING ON CoCrMo PM ALLOY
SURFACE BY SHS PROCESS ... oottt e e e e e e ettt an e e e e e e e eanaan e aeeaeas 962
Bulent Kurt, llyas Somunkiran, Soner Buytoz, Khangardas ASGAROV

THE MICROSTRUCTURE INVESTIGATION OF DIFFERENT BORON ADDED TRIP STEEL
JOINED WITH MIG-MAG WELDING TECHNIQUE .........ccoooiiiiiiiiii 966
Cemal CARBOGA, Bulent KURT, Serkan DAL

EFFECT OF LATTICE DEFECT DENSITY ON THE IMPACT PROPERTIES OF APl X70
PIPELINE STEEL ...cocouurriermrreeernenee OSSOSO 969
Semih ENGUN, Servet TURAN, Oguz GUNDUZ, Orhan UZUN

EFFECT OF ADDITION OF BORON ON MICROSTRUCTURE OF AISI 8620 (21CrNi5)
CEMENTATiON RS I = = SRS PPPUPPPRRRR 972
Cemal CARBOGA

THE USE OF PEANUT OIL METHYL ESTER IN DIESEL ENGINE AND COMPARISON OF
EMISSION VALUES WITH D-2 FUEL.......ooiiiiiiii 974
Hanbey HAZAR, Ugur OZTURK

MICROSTRUCTURE INVESTIGATION OF MICRO ALLOY BORON ADDED 304 STAINLESS
STEEL JOINED BY GAS-METAL ARC WELDING TECHNIQUE.............cooiiis 979
Cemal CARBOGA, Bulent KURT,Serkan DAL,Bilge DEMIR

INFLUENCE OF Bi** ADDITION ON LUMINESCENT INTENSITY OF SrB2O4......ccovvveeieieeannne. 982
Bilal DEMIREL
PHOTOCATALYTIC HYDROGEN EVOLUTION BY TiO2/CoS NANOMATERIAL ........cccccvveeeen. 986

llker Akin, Emre Aslan and Imren Hatay Patir

THE EFFECT OF MICRO ALLOY BORON ADDED ON MICROSTRUCTURE OF 205
AUSTENITIC MANGANESE STEEL......cccoiiiiiiii 990
Cemal CARBOGA, Bulent KURT, Serkan DAL

P3HT/PCPDTBT/PCDTBT BASED ORGANIC SOLAR CELL......ccooiiiiiiiiiiine 992
Yasin ALTIN, Suleyman GUNGOR Ayse BEDELOGLU

POLYAMORPHIC PHASE TRANSITION IN ALUMINUM NITRIDE .....coveeveeeeeeeeeeeeeeeeeeeeeienae 993
Dr. Murat Durandurdu

PRODUCTION OF POROUS SiC BASED CERAMICS VIA STARCH CONSOLIDATION

TECHNIQUE. ...t e e oo e et s e e e e et e ettt e e e e eea e e e etaaa e e e eaaeeesstssaaasaeaaeeennnes 994
Ayse KALEMTAS and Nigar OZEY

XVi



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

THERMAL, ELECTRICAL AND MECHANICAL PROPERTIES OF STRECTABLE, CONDUCTIVE
NANOFIBER COMPOSITES ........cccoiniiiiiins B PP PP PP 995
Yasin ALTIN, Stleyman GUNGOR, Ayse BEDELOGLU

DESIGN, SYNTHESIS, AND CHARACTERIZATION OF THREE NEW A,Q - DISUBSTITUTED
MOLECULES BASED ON INDENOJ1,2-BJFLUORENE-6,12-DIONE AND THIOPHENE BUILDING
T IO O 1 T 996
Mehmet Ozdemir, Resul Ozdemir, Choongik Kim, Hakan USTA

DETERMINATION OF EFFECTIVE ATOMIC NUMBERS, EFFECTIVE ELECTRONS NUMBERS
AND MASS ATTENUATION COEFFICIENTS FOR SOME STAINLESS STEELS IN THE ENERGY

REGION 10 KEV — 100 GEV . ottt ettt et et e et e et et e st et e e eaaans 997
A. Levet

WASTE MINIMIZATION AS AN ENVIRONMENTAL TOOL IN METAL PLATING INDUSTRY ... 998
Huseyin CUCE , Muhammed BEYAZ

INVESTIGATION TO CONDUCTIVITY MECHANISM OF AI-CD FERRITE .......ccoooeiieeiiiieiiiinn, 999
T. Sasmaz Kuru, E. Sentlrk

FABRICATION OF POROUS SisNs BASED CERAMICS IN AIR ATMOSPHERE...................... 1000
Ayse KALEMTAS and Okan BILGIC

INVESTIGATION TO DIELECTRIC PROPERTIES OF AI-Cd FERRITE.........ccovviiiiiiieeeeeees 1001
T. Sasmaz Kuru, E. Sentlrk

RADIATION INTERACTION PARAMETERS OF SOME COMMON IMPLANTATION MATERIALS
Mehmet Blyulkyildiz

SYSTEMATIC STUDY OF SINGLE ATOMS AND MOLECULES ADSORPTION ON GRAPHYNE

................................................................................................................................................. 1003
Mehmet Emin Kilic

PRODUCTION OF MULLITE-EPOXY Co-CONTINUOUS COMPOSITES..........ccccvvvvviiiiiiien. 1004
Nigar OZEY, Yasin ALTIN, Ayse BEDELOGLU, Onur SARAY, Ayse KALEMTAS

DEVELOPMENT OF FLOOR TILES WITH CLOSED POROSITY ....coovviiiiiiiiiiiiiiiiiiiiieee 1005

Giines CIGDEMIR KORC, Alpagut KARA and Ferhat KARA

ELIMINATION OF BORIC ACID IN ZrCMS GLASS-CERAMIC FRIT COMPOSITIONS BY USING
B O R OIN W A S T E S . ittt ettt ettt ettt ettt et ettt e e et e et e e a et e e et e et e e e e e enraeneens 1006
Fatma Aksu, Ayse Tunali, Neslihan Tamsu Selli, Bugra Cicek, Emre Talsik

THE CLUSTER FORMATION ON GRAPHYNE .. .o 1007
Mehmet Emin Kilic

USAGE OF NANO MATERIALS IN ENVIRONMENTAL TECHNOLOGY .....cccvvveeiiiiiieeeiiieen. 1008
Serkan Sahinkaya

EVALUATION OF ENVIRONMENTAL IMPACT AND OPPORTUNITIES BENEFICIAL USE OF

FOUNDRY WASTE ..ot 1009
Huseyin CUCE, Mustafa YEMEN

XVii



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

WHY IS THE REASONS CHOOSE? MANUFACTURED PIPES FROM POLYETHYLENE (PE)
MATERIAL IN IRRIGATION SYSTEMS ..ot 1010
M. Cuneyt BAGDATLI

REMOVAL OF Cu(ll) BY USING NEVSEHIR PUMICE STONE MODIFIED WITH ULTRASOUND-
1 | 0 PPN 1011
Erkan KALIPCI

AQUEOUS CERAMIC SUSPENSIONS FOR DIGITAL DECORATION OF CERAMIC TILES AND
THE EVALUATION OF INK-JET PRINTABILITY ..ot 1012
Gllsen L. Gungér, Alpagut Kara, Davide Gardini, Magda Blosi, Michele Dondi, Chiara Zanelli

INVESTIGATION OF TREATABILITY METAL CUTTING WASTEWATER BY ELECTRO-
COAGULATION METHOD ....vvoooeaeveesaaaeeeessaeesesssssesssssse s 1013
Hiiseyin CUCE, H. Ibrahim CAMLI

DECOLORIZATION OF REACTIVE RED 120 DYE BY USING NEVSEHIR PUMICE STONE
MODIFIED WITH ULTRASOUND .....ceuuiiiiiiiiiiiiiii ettt e e e e s e ennnes 1014
Erkan KALIPCI

CHARACTERIZATION AND MECHANICAL PROPERTIES OF RECOVERED WASTE ZIRCONIA
POWDERS BY POWDER METALLURGY TECHNiQUI§ .......................................................... 1015
I. Bulent Nilufer, Hasan Gokge, Faiz Muhaffel, M. Lutfi Ovec¢oglu, Hiseyin Cimenoglu

THE EFFECT OF GROWTH RATE ON MICROSTRUCTURE AND MICROHARDNESS IN THE
Al-Si-Ti TERNARY ALLOY ..ot 1016
Pinar Ata Esener, Umit Bayram, Sezen Aks6dz, Kazim Keslioglu, Necmettin Marasl

INVESTIGATION OF MICROSTRUCTURAL AND MECHANICAL PROPERTIES OF BINARY Ti-Ni
EUTECTIC ALLOYS PREPARED BY ARC MELTING ... 1017
H. Ibig, S. Akbasg, U. Blyuk, M. Erol

Posters/Posterler

EFFECT OF Sr AND Ti ADDITION ON MECHANICAL AND MICROSTRUCTURAL PROPERTIES
OF ZAMAK-3 ALLOY ..ot PP PP PP PP 1019
Ibrahim ALTINSOY, Abdulkadir KIZILASLAN, ibrahim OZBEK

INVESTIGATION OF ELECTRODE WEAR RATE IN MICRO-EDM-DRILLING OF DIFFIRENT
HEAT TREATED FORMADUR 2738 .....ccoiiiiiiiiiieeeeeeeee et 1023
Zafer Selguk Yirmibes, Hakan Dilipak, Murat Sarikaya, Volkan Yilmaz

THERMALLY STIMULATED CURRENT MEASUREMENTS IN GA-RICH GALLIUM ARSENIDE

(O S A I PSSRSO 1028
T. Yildirnm, N.M. Gasanly and S. Tizemen

MECHANICAL BEHAVIOUR OF COMPOSITE MATERIALS — WIND TURBINE BLADE CASE

Kadir KAYA, Erdem KOC

Xviii



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

EFFECT OF TEMPERATURE ON LOW-COST CUO THIN FILM GAS SENSING PROPERTIES
GROWN BY SUCCESSIVE IONIC LAYER ADSORPTION AND REACTION (SILAR) METHOD
................................................................................................................................................. 1037
Irmak KARADUMAN, Tugba CORLU, Memet Ali YILDIRIM, Aytung ATES,Selim ACAR

NO, GAS SENSING PROPERTIES OF Al/hfoa/p-Si SCHOTTKY DIODE .........ccovvviiiiiieeeerees 1041
Irmak KARADUMAN, Ozlem BARIN, Selim ACAR

EFFECT OF SODIUM FLUOROSILICATE ON COATING GROWTH PERFORMANCE OF
PLASMA ELECTROLYTIC OXIDATION TREATMENT ON ALUMINUM ALLOY ........ccoeevveeen. 1045
Aysun AYDAY, Mehmet DURMAN

HYDROPHOBIC NANOFIBER COATINGS BY ELECTROSPINNING PROCESS.................... 1049
Ozcan Koéysuren, H. Nagehan Kdéysuren Canan Duran, Irem Arslan

EFFECT OF SURFACE TREATMENT ON THE PROPERTIES OF CARBON
NANOTUBES/POLYMER COMPOSITES.......c.ccciiiiiiiiiiiiii s 1053
H. Nagehan Koyslren, Ozcan Kdysturen, Merve Koca, Blgra Citlak, Osman Altin

EFFECT OF SINTERING TEMPERATURE ON THE PHYSICAL AND MECHANICAL
PROPERTIES OF TILE BODIES CONTAINING HIGH PLASTICITY CLAY .....oovvvieieeeeeeeeeiies 1056
Pelin Glleda Karadeniz, Nermin Demirkol

PRODUCTION OF GLASS CERAMIC SEAL FOR USING IN SOLID OXIDE FUEL-CELL ....... 1060
Semra KURAMA, Gamze SAYDAM

CARRIER MATERIALS USED IN MOVING BED BIOFILM REACTORS ... 1064
Osman Onder NAMAL

SOLID SOLUTIONS HARDENNING IN Zn-Al ALLOYS .....coiiiiiiiiiiin s 1068
Huseyin Ipek, Hamdullah CUVALCI

INVESTIGATION OF THE EFFECTS OF HEAT TREATMENT ON MICROSTRUCTURE AND
MECHANICAL PROPERTIES_IN GRAY CAST IRONS ... 1073
Ahmet BALIN, llyas SOMUNKIRAN

INVESTIGATION ON MICROSTRUCTURAL PROPERTIES OF Ni-B BASED
ELECTROCHEMICAL COATINGS .....ciiiiiiiiie e e e eeeittie e e e e e e e st e e e e e e e s st eeaaaeeeassnnnsnneeeaaeens 1078
Aydin KARABULUT, Mustafa DURMAZ Biulent KILINC, Ugur SEN, Saduman SEN

STUDY ON MICROSTRUCTURES AND WEAR PROPERTIES OF ZA 27 ALLOY AND ITS
COMPOSITES REINFORCED WITH B4sC AND GRAPHENE NANOPARTICLES...........cccvvvee. 1082
E. D. Yalcin, A. Canakci

EFFECT OF LIMESTONE POWDER ON RHEOLOGICAL PROPERTIES OF EPOXY BASED
FLOOR COVERING ......c.cccooeene T 1085
Tayfun UYGUNOGLU, Ibrahim GUNES, Bahri ERSOY, Atilla EVCIN

THE PERFORMANCE EFFECTS OF USING PEANUT METHYL ESTER ON A DIESEL ENGINE

Hanbey HAZAR, Ugur OZTURK

Xix



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

EFFECT QUENCHING TEMPERATURE IN THE TRIBOLOGICAL PROPERTIES OF 7075
ALUMINUM ALLOY....... e PP 1094
Hulya DURMUS, Melis TURKOZ, Nilay YUKSEL, R. Onur Uzun, Tayfun Capar

COATING OF AUSTENITIC STAINLESS STEEL WITH Ni-Al-Cr INTERMETALLIC BY SELF
PROPAGATING HIGH TEMPRATURE SYNTHESIS(SHS) ..o 1100
Ihsan KIRIK, Burhan YILMAZ, Musa KILIC, Nuri ORHAN

AN EXPERIMENTAL STUDY FOR INHIBITION OF COPPER CORROSION IN HYDROCHLORIC
ACID SOLUTION BY KETOPROFEN .....ccttiiiiiiiiiiiiii ittt eea e 1109
F. Kayadibi, S. G. Sagdinc and S. Zor

WIDE BAND GAP MODIFICATION OF Mg DOPED POLYCRYSTALLINE ZnO THIN FILMS .. 1110
Tacettin Yildirim, llker Ocalan, Aliye Cankaya

INFLUENCE OF GROWTH RATE ON MICROSTRUCTURE, MICROHARDNESS, TENSILE
STRENGTH AND ELECTRICALRESISTIVITY OF DIRECTIONALLY SOLIDIFIED Al-Cu-Ti
BEUTECTIC ALLOY .ttt e e et e e e e e e e e e e e en s e e e e e e eennnes 1111
SEZEN AKSOZ, YASIN KARAMAZI, PINAR ATA ESENER, UMIT BAYRAM, KAZIM KESLIOGLU,
NECMETTIN MARASLI

SYNTHESIS, CHARACTERISATION AND ELECTRORHEOLOGICAL PROPERTIES OF SCHIFF
BASE MODIFIED CHITOSAN AND ITS COPPER COI\_/IPLEX..._ ............................................... 1112
Faruk KAYAPA,Omer Yunus GUMUS, Fatma KARIPCIN, Halil ibrahim UNAL

INCORPORATION OF IGNIMBRITE; AHLAT STONE (BITLIS, TURKEY) IN THE
MANUFACTURING OF CERAMIC TILES........coiiiiiiii 1113
Ozgur Cengiz

THE EFFECTS OF LOCAL SINTERED AND FUSED SPINELS ON THERMAL SHOCK
BEHAVIOR OF MgO-MgALO4s REFRACTORIES.......ccoiiieiiiieii et e e e e eeaeees 1114
Asli Cakir, Servet Turan

THE EXPERIMENTAL DETERMINATION OF INTERFACIAL ENERGIES FOR SOLID Zn IN
EQUILIBRIUM WITH Zn-Al-Sb LIQUID.................... e s 1115
SEZEN AKSOZ, YEMLIHA ALTINTAS, ESRA OZTURK, KAZIM KESLIOGLU, NECMETTIN
MARASLI

EXPERIMENTAL MEASUREMENTS OF SOME THERMOPHYSICAL PROPERTIES OF SOLID
CdSb INTERMETALLIC IN THE Sn-Cd-Sb TERNARY ALLOY .........oreerrrrree ST 1116
SEZEN AKSOZ, ESRA OZTURK, YEMLIHA ALTINTAS, KAZIM KESLIOGLU, NECMETTIN
MARASLI

INVESTIGATON OF TAPE CASTING PARAMETERS FOR ALUMINA-SILICA LAMINATED
ARCHITECTURES ...ttt e e e et e et et e e e e e et eennsbe e e e e eaaeeennnes 1117
M. SONUC ISLEK, M. SARIOGLU CEBECI, A. OZER

CALCULATION OF GRAIN BOUNDARY ENERGIES OF GALLIUM ARSENIDE WITH FIRST-

PRINCIPLES STUDY oottt ettt e e e et e et e e et e et e e et e e et e e et e e aaeeeeas 1118
Seckin D. Gunay and Cetin Tagseven

XX



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

INVESTIGATION OF METALLURGICAL PROPERTIES OF WELDED
REGION OF PIPES BY ORBITAL TIG AND MANUAL TIG WELDING

ORBITAL TiG VE MANUEL TiG KAYNAGI iLE BIRLESTIRILEN
BORULARIN KAYNAK BOLGESI METALURJIK OZELLIKLERININ
INCELENMESI

Bekir Cevik?, Alpay Ozer®
aDuzce Ur]_iversitesi, Dizce, Turkiye, E-posta: bekircevik@duzce.edu.tr
b Gazi Universitesi, Ankara, Turkiye, E-posta: aozer@gazi.edu.tr

Ozet

Bu galismada, @42 mm c¢apinda TS EN 1020-1 kalite gelik
borular manuel TIG ve orbital TIG kaynak yontemleri ile
birlestiriimistir. Kaynak bolgelerine metalografik inceleme
yapillmis ve metalurjik 6zellikleri (makro ve mikroyapilari)
karsilagtiriimistir.  Ayrica kaynak bdlgelerinin  sertlik
dagilimi belirlenmigtir. Her iki kaynak yonteminde de tam
nifuziyet elde edilmistir. Ancak manuel TIG kaynak
yonteminde daha genis kaynak metali olusmus ve dikis
kokinde sarkma meydana gelmistir. Orbital TIG kaynagi
ile birlestirilen parcalarda kaynak metali ve isi tesiri altinda
kalan bdlgede daha yuksek sertlik degerleri dlglimustar.

Anahtar kelimeler: Manuel TIG, orbital TIG, boru kaynag,
mikroyapi, sertlik

Abstract

In this study, @42 mm EN 1020-1 quality steel pipes were
welded by manual TIG and orbital TIG welding methods.
Metallographic examinations of welding regions were
made and metallurgical characteristics (macro and
microstructure) of the welds were compared. Also,
hardness distributions of the weld zones were determined.
In both welding method, the full weld penetration was
obtained. However, the larger weld seam was occurred in
the manual TIG welding method. Also, the weld metal
sagging was occurred in the weld seam root. The
specimen was welded by orbital TIG welding, the higher
hardness values were measured in the weld metal and
heat affected zone.
Key words: Manual orbital
microstructure, hardness

TIG, TIG, pipes weld,

1. Girig

Tungsten Inert Gas (TIG) kaynak yontemi demir alasimlar
(celikler, paslanmaz ¢elik v.b.) ve demir digi metal (Al, Ti,
Cu, Mg, Ni, Zr v.b) alagimlarinin birlestiriimesinde yaygin
bir sekilde kullanilan modern bir kaynak yontemidir [1-3].
Bu kaynak yénteminde kaynak arki ergimeyen bir tungsten
elektrot ile is pargasi arasinda olusmaktadir. Ark, elektrot
ve ergimis banyo havanin olumsuz etkisinden soy bir gaz
(argon veya helyum) atmosferi ile korunmaktadir.
Koruyucu gazin soy bir gaz olmasi dolayisiyla oksidasyon
ve nitrir olusumu gibi istenmeyen haller énlemektir [3,4].

TIG kaynagi estetik gorunti ve kaliteli birlestirme saglayan
bir kaynak yéntemdir [1]. ince malzemelere kaynak agzi
gerektirmeden disuk 1si girdisi ile kaynak yapilabilmesinin
yaninda, tim pozisyonlara uygunlugu, ayni ve farkh
kimyasal kompozisyona sahip metallerin birlestirilebilmesi,
aliminyum gibi ¢abuk oksitlenebilen ve kaynagi zor olan
metallerin kolaylikla birlegtirilebilmesi, kaynak Oncesi
dekapana gerek duyulmamasi ve kaynak sonrasi
temizleme gerektirmemesi gibi birgok avantajlara sahip
olmakla beraber, dider birlestirme yontemlerine gére bazi
dezavantajlari da bulunmaktadir [5,6]. Tek pasoda
gerceklestirilen kaynak islemlerinde nifuziyet miktarinin
yetersiz olmasi nedeniyle kalin kesitli pargalar igin
uygulanabilirligi sinirlidir. Ayrica, esas metalin kimyasal
kompozisyonuna bagli olarak kaynak dikis hassasiyeti
bulunmaktadir. Bununla birlikte, diger kaynak yontemleri ile
kiyaslandidinda kaynak hizinin daha yavas olmasi genel
olarak verimi distrmektedir [1,2,4-6].

Orbital kaynagi kelimesi, Latince ‘Orbit’ yani yoriinge
kelimesinden gelmektedir. Orbital kaynaginin gorevi de iki
ayri, birbirine rotasyon simetrigi olan imalat pargasinin,
genelde borularin, yatay eksen (izerinde birbirine
kaynaklanabilmesidir. Bunun tipik kullanim yerleri olarak,
petrol ve do@algaz boru hatlari, merkezi isitma ve su
dagitim boru baglantilari, tesis ve kazan imalatlarindaki
boru baglantilaridir [6]. Orbital kaynak teknolojisi ilk olarak
1960’ll yillarda uzay havacilik alaninda hidrolik devrelerin
birlestirmesinde kullaniimigtir. 1990’ yillardan sonra
mikro-islemci teknolojisindeki gelismelere baglh olarak
daha yaygin ve tercih edilir hale gelmistir. Kaynak
makinesi ve elektrik motoruyla hareket eden tungsten
elektrodun bagh oldugu tor¢ bilgisayar kontrolli sistem ile
kaynak parametrelerinin ayarlanmasina ve daha sonra
ihtiya¢ halinde tekrar kullaniimasina olanak saglamaktadir
[7]. Orbital kaynak teknolojisinde kaynak akimi, ark
uzunlugu, ilerleme hizi gibi kaynak parametreleri
ayarlanabilir ve tekrar edilebilir. Bu 6zellik borularin
birlestiriimelerinde kaliteli, tutarli ve surekli olarak ayni tip
kaynaklarin elde edilmesine olanak saglar. Bununla birlikte
yuksek uUretim hizi, dislk carpilma, 1si girdisinin
kontroliyle daha dar isi tesiri altinda kalan boélge (ITAB)
olusmasi ydéntemin diger avantajlari arasinda sayilabilir.
Manuel kaynakta kaynakgi ¢ok tecribeli olsa dahi insan
faktori dolayisiyla hata yapmasi olagandir [6-9].

Bu calismada, St-37 kalite borular manuel TIG ve orbital
TIG kaynak yontemleri ile birlestirilmistir. Kaynak
bélgelerine metalografik inceleme yapilmis ve metalurjik
ozellikleri (makro ve mikroyapilar) karsilastiriimistir.
Ayrica kaynak bdlgelerinin sertlik dagilimi belirlenmistir.
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2. Deneysel Caligmalar

Bu calismada, 3.6 mm et kalinhgi ve 42 mm capinda TS
EN 1020-1 kalite c¢elik borular kullaniimistir. Deneylerde
kullanilan malzemenin mikroyapisi $ekil 1’de, kimyasal
bilesimi ise Cizelge 1’de verilmistir.

Sekil 1. Deney malzemesinin mikroyapisi

Cizelge 1. Celik borunun kimyasal kompozisyonu

Kimyasal Kompozisyon, (maks.%)
C Si Mn P S
0,18-0,24 0,45 1,4 0,03 0,02

Celik Standarti
TS EN 1020-1

Celik borulara V kaynak agzi acimistir. Celik borular
puntalama isleminden sonra Orbital TIG ve Manuel TIG
kaynak yontemleri ile birlestiriimistir. Deney numunelerinin
sematik géruntiusu Sekil 2'de verilmistir. Kaynak islemleri,
AC akim tipi, 100 A akim siddeti, 12-16 V gerilim, 200
mm/s kaynak ilerleme hizi ve 60° torg agisi ile tek pasoda
yapiimistir. Tungsten elektrot temas ucu ile is pargasi
arasindaki mesafe 5-7 mm arasinda segilmistir. ilave metal
olarak ise 2,4 mm g¢apinda SG 2 kaynak teli kullaniimistir.
Koruyucu gaz (TS EN ISO 14175 I1) olarak saf Argon
(%99.999) kullanilmistir. Koruyucu gaz debisi 9-10 It/dk
secilmistir.  Birlegtirlen numunelerin kaynak bdlgeleri
metalografik olarak incelenmistir. Bu amacla kaynak
yonine dik kesitten alinan numuneler % 3’lik Nital
cozeltisi ile daglanmistir. Kaynak bdlgesindeki sertlik
degisimi de incelenmistir. Sertlik testi icin kesit kalinhgi az
olan celiklerin sertliginin  6lcliimesinde kullanilabilen
Rockwell A (HRa) sertlik yontemi kullaniimistir.

W kaynak afzi
|

_

Sekil 2. Deney numunelerinin sematik goérintisu

3. Deney Sonuglar ve Tartisma

Orbital TIG ve Manuel TIG kaynak ydntemleri ile celik
borulara c¢evresel olarak kaynak dikisleri cekilmigtir.
Kaynak  ybntemlerinin  nufuziyete olan  etkisinin
belirlenmistir. Sekil 3’'de verilen sematik resimdeki gibi

nufuziyet ile ilgili derinlik (P), genigslik (W) ve dikis
yuksekligi (H) degerleri dlgilmustir. Sekil 4 ve 5’te kaynak
dikiglerinin makro géruntileri, Cizelge 2’de ise kaynak
dikislerinin nifuziyet 6zellikleri verilmigtir.

Sekil 3. Kaynakta dikis geometrisinin sematik olarak
gOsterimi, P: Nufuziyet, W: Kaynak genisligi, H: Dikis
yuksekligi [1]

Sekil 4. Kaynak dikiglerinin Ust yiizey makro goriintusu, a)

Orbital TIG, b) Manuel TIG
Orbital TIG kaynag! ile c¢ekilen kaynak dikislerinin dikis
genigliginin (W) daha dar oldugu ve tam nifuziyetin
saglandigi  Sekil 4’de gorilmektedir. Orbital TIG
kaynaginda tam nufuziyetli ve daha dar dikis genisligine,
dusuk 1s1 girdisinde kaynak yapilabilme o6zelligi neden
olustur.

Sekil 5'te verilen kaynak dikislerinin kesit makro gortintiist
incelendiginde her iki kaynak ydnteminde de nufuziyet
problemi yasanmadigi goérilmistir. Ancak manuel TIG
kaynaginda 1si girdisi fazla oldugu icin birim boya yigilan
kaynak metali artmis ve bu da sonugta kaynak
banyosunun blylmesine sebep olmustur. Isi girdisinin
artmasi ve kaynak metalinin blyumesiyle akiskan hale
gelen sivi metal kaynak agzinin altina dogru akmis, bu
durum kaynak dikisinin genis olmasina ve dikis kokinde
sarkmalara neden olmustur (Sekil 5.a). Isi girdisinin daha
distk oldugu Orbital TIG kaynagi ile yapilan birlestirmede
ise dar ve tam nUfuziyetli kaynak dikisi elde edilmis ve
kaynak metalinde sarkma meydana gelmemistir (Sekil
5.b).
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Sekil 5. Kaynak dikislerinin makro gorintiisi, a) Manuel
TIG, b) Orbital TIG

Cizelge 2. Nifuziyet degerleri
Nufuziyet (mm)

Yontem W p H
Orbital TIG 4.1 3.6 0.4
Manuel TIG 8.7 4.3 0.3

Kaynakl parcalardan et kalinhdi kesitinde hazirlanan
numuneler, zimparalama ve parlatma islemlerinin ardindan
%3’luk nital c¢ozeltisi ile daglanmistir. Daglanmig olan
numunelerin  kaynak metali ve ITAB mikroyapilari
degerlendirilmigtir. Sekil 6’da Manuel TIG kaynagi ile
yapilan birlestirmenin gecis bdlgesi ve kaynak metali
mikroyapi goruntuleri verilmistir.

Sekil 6. Manuel TIG kaynagi ile yapilan birlestirmenin
mikroyapi gorintileri a) gecis bolgesi, b) kaynak metali

Sekil 1’de verilen ana metalin mikroyapisi incelendiginde
ince ve eseksenli tane yapisina sahip oldugu
gorilmektedir. Manuel TIG kaynagi ile yapilan
birlestirmede kaynak metal miktarinin fazla olmasi 1si
girdisini arttirmistir. Yiksek 1s1 girdisi ve buna bagli kaynak
sonrasl yavas soguma kaynak metalinde iri ve sutunsal-
karmasik sekilli tanelerin olusmasina neden olmustur
(Sekil 6).

Orbital TIG kaynak yoénteminde kaynak metal miktarinin
manuel TIG kaynak yontemine gére daha az oldugu 6nceki
bolimlerde tartigiimistir. Azalan kaynak metal miktarina
bagh olarak Orbital TIG kaynak yonteminde isi girdisi de
azalmistir ve kaynak sonrasi soguma hizi artmistir.
Dolayisiyla kaynak metali daha ince, sutlnsal-karmasik
sekilli tanelerden olugsmustur (Sekil 7).

Kaynakli pargalardan hazirlanan numunelere Rockwell A
sertlik testleri yapilmistir. Sertlik 6lgcimu yapilacak test
noktalari igin kaynak metali (KM), isi tesiri altinda kalan
bolge (ITAB) ve esas metali (EM) kapsayacak sekilde 2
mm araliklarla 15 nokta belirlenmigtir. Belirtilen bdlgeler
icin tespit edilen sertlik dagilimlari $ekil 8 da verilmistir.
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Sekil 7. Orbital TIG kaynag@i ile yapilan birlestirmenin
mikroyapi gorintileri a) gecis bolgesi), b) kaynak metali
60

Sertlik, HR
9%}
o

[
o
1

—e— Manuel TIG

—&— Orbital TIG
0 T T T T T T T

-16 -12 -8 -4 0 4 8 12 16
Kaynak merkezinden uzaklik, mm

Sekil 8. Kaynak bdlgelerinin sertlik dagilimi

Sertlik degerleri incelendiginde, esas metalin sertlik
ortalamasi 38,7 HRa olarak belilenmistir. Manuel TIG
kaynagi ile yapilan birlestirmede kaynak metali ve isi tesiri
altinda kalan bodlgede ise sertlikler sirasiyla 48 HRa ve 39
HRAa olarak tespit edilmistir. Orbital TIG kaynagi ile yapilan
birlestirmede ise kaynak metali ve isi tesiri altinda kalan
bdlgedeki sertlik degerleri sirasiyla 50 HRa ve 43 HRa
olarak belirlenmistir. Orbital TIG kaynaginda kaynak metal
miktarina, 1s1 girdisine ve soguma hizina bagli ince tane
yapisi olusmustur. Ince tane yapisi ve soguma hizina bagl

hizli katilasmanin etkisiyle Orbital TIG kaynaginda kaynak
bolgesinin sertligi yaklasik 2-4 HRa daha yuksek
Olgulmustar.

7. Sonuglar
Bu ¢alismanin sonugclar asagidaki gibi 6zetlenebilir;

e Manuel TIG kaynak ydénteminde daha genis kaynak
bélgesi olusmustur. Eriyen kaynak metal miktarinin
fazlaligi nedeniyle kaynak kokinde metal sarkmasi
gerceklesmistir.

e Manuel TIG kaynak yénteminde eriyen metal miktarina
bagli olarak si girdisi artmistir. Mikroyapida daha
kaba ve sitinsal-karmasik  sekilli  tanelerden
g6zlenmistir.

e Orbital TIG kaynag: ile birlestirilen pargalarda kaynak
meali ve ITAB'da daha vyiksek sertlik degerleri
olgulmustar.
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Ozet

Bu calismada, 4 mm kalinhigindaki 7039 Al alasimi
levhalar dikey bagh freze tezgahinda 1800 d/dak dénme
hizinda ve 56 mm/dak ilerleme hizinda sirtiinme
karigtirma kaynagi ile birlestiriimiglerdir. Birlestirme sonrasi
levhalardan alinan numunelere optik mikroskop, mikro
sertlik ve cekme deneyleri yapilarak mikro yapi ve mekanik
6zellik karakterizasyonu yapilmigtir. Bu incelemelerden su
sonuclar elde edilmistir; Kaynak kesiti mikro yapisi ana
metal, 1s1 tesiri altinda kalan bdlge, termo-mekanik
etkilenen bdlge ve karigtirma bdlgesi olmak Uzere dort
farkli bélgeden olugsmustur. En disik ve en yiiksek sertlik
degerleri sirasiyla termo-mekanik etkilenen boélgede ve isi
tesiri altinda kalan bolgede elde edilmistir. Kaynakl
baglantinin ¢ekme sonuglari ana metalin ¢cekme
sonuglarina kiyasla dusuk ¢ikmigtir.

Anahtar kelimeler: 7039Al alasimi,SKK, mikro yapi ve
mekanik ozellikler.

Abstract

In this study, Al 7039 plates of 4 mm thickness were joined
by friction stir welding method. Welding was carried out
via the universal milling machine by using rotation rate of
1800 rpm and traverse speeds of 56 mm/min at room
temperature. The stirrer tip was rotated in clockwise
direction during welding. Microstructure, micro hardness
and tensile strength testing were exerted at the samples of
the welded plates and therefore micro structural and
mechanical characterization was made. The following
conclusions were obtained; the micro structure of the
welded cross section was comprised of base metal, heat
effected zone, thermo mechanical affected zone and stir
zone. The lowest hardness value was gained from the heat
affected zone whereas the highest value was obtained
from the thermo mechanical affected zone. The tensile
strength results of the welded samples were of low value
compared to the tensile strength results of the base metal.

Key words: 7039 Al alloy, FSW, microstructure and
mechanical properties.

1. Giris

Teknolojinin gelismesi ile mevcut olan malzemelere yeni
kullanim alanlari kazandiriimakla birlikte, olusan ihtiyaglara

cevap verebilecek niteligi yuksek malzemelere de ihtiyag
duyulmaktadir. Bundan dolay! gelisen sire¢ icerisinde
malzemelerin 6zelliklerini iyilestirme veya alternatif yeni
drlnler ortaya koyma zorunlulugu dogmaktadir.
Aliminyum, geligtirilen Ozellikleri bakimindan sanayi
sektoriinde tercih sebebi olmaktadir [1]. Ozellikle 7XXX
serisi aliminyum alasimlari, yaglandirma 1sil iglemi ile
sertlegstirilebilir, yeniden kristallesme uygulanabilir ve tane
boyutu kontrol edilebilir malzemelerdendir. Ozellikle Al
7039 aliminyum alagimlari ylksek dayanim ve enerji
emme kapasitesine sahip olmasindan dolayr bu konuda
6zel bir 6neme sahiptir. Bu malzemeler muharebe
araclarinda zirh malzemesi olarak kullaniimaktadir [2-4].
7039 Al alagsimi isil iglem yapilabilen bir alagimdir ve
Mg(Zn,Al,Cu)z c¢okeltisinin ¢ok iyi dadilimi sonucunda
alasim dayanikhhg arttirnimaktadir [5].

Ergitme esasli kaynak ydntemleri ile Al ve alasimlarinin
birlestiriimesinde kaynak 1s1 girdisi sonucu ergime ve
yeniden katilasma ile olusan kaynak metali ve isidan
etkilenmis bolgedeki (IEB) metallirjik donusumler buyuk
miktarlarda c¢arpilmalar ve kalinti gerilmelerin olusmasina
neden olmaktadir [6]. Kaynakli malzemelerde olusan
carpilma orani ve kalintt geriime miktari kaynak
esnasindaki Isi girdisine baghdir. Bu nedenle uygulanan
kaynak yontemi ve parametrelerin dodru secilmesi
kaynakli birlestirmelerin emniyeti agisindan énemlidir [1].
Ergitmeli kaynak ydntemlerine oranla surtinme karistirma
kaynagi (SKK) ile birlestirilen pargalardaki 1si girdisi daha
azdir [7,8]. Mukavemet kaybini azaltmak icin SKK
yonteminde kaynak bolgesine i1si1 girisi azaltilabilir. Bu
islem takim dénme hizinin azaltilmasi ve ilerleme hizinin
artirlmasi veya harici su sogutma ile yapilabilir. Bdylece
sertlik ve mukavemet degerleri de artirilabilir [9].

Bu calismada mukavemet ve sertlik degerindeki kayiplari
en aza indirmek i¢in MIL-DTL-46063H standardina sahip
7039 Al alagimi levhalar sirtinme karngstirma kaynagi
(SKK) ile birlestirilmigtir. Bu levhalarin ana metal, 1s1 tesiri
altinda kalan bolge (ITAB) ve termo-mekanik etkilenen
bélge (TMEB) ve karistirma bdlgesi (KB) sertlik degerleri
ve kaynakh baglantinin ¢ekme mukavemeti tespit
edilmistir.

2.MATERYAL VE METOT
Bu calismada, MIL-DTL-46063H standardina [10] sahip 4

mm kalinligindaki 7039 Al alasimi levhalar dikey basli
Universal freze tezgahinda SKK ile birlestiriimiglerdir.
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Karistirici ug¢ olarak 3 mm capinda ters kilavuz ug, dénme
hizi 1800 dev/dak ve ilerleme hizi ise 56 mm/dak
kullanilmistir. Bu levhalarin kimyasal bilesimi ¢izelge 1°’de
mekanik Ozellikleri de Cizelge 2'de verilmistir. Kaynakli
numune metallrjik incelemeler igin enine kesitte
kesilmigtir. Zimparalama ve parlatma isleminden sonra
Keller kimyasalinda (1 ml HF, 1,5 ml HCI, 2,5ml HNOs3, 95
ml H20) daglanmigtir. LEICA DM4000M cihazda optik
mikroskop ve Shimadzu GMV-20 cihazinda 100 gr yuk
kullanilarak mikro sertlik dSlgimleri yapilmigtir. Sertlik
Olguimleri enine kaynak kesitinden 250 pm araliklarla
alinmigtir. Her bir bdlge i¢cin U¢ adet sertlik olgimi
yapilmigtir.  Cekme numuneleri ASTM E 8 M-04
standardinin [11] belirttigi O6lgllerde malzeme yapisini
degistirmeden tel erozyon tezgahinda istenilen olgllere
getirilmistir. Kaynakli levhalardan 3 adet cekme numunesi
hazirlanmistir. Cekme deneyleri 5 ton kapasiteli Zwick100
marka ¢gekme-basma cihazinda yapilmigtir.

Cizelge 1. 7039 Al alasimlarinin kimyasal bilegimi [10].

Element In | Mg | Mo |Cu|Fe|Si| Cr |TiDiger| Al
%Bilegim (7039 | 35 | 23 | 0L L 015
A7) 53| i 0.1]04103 005 0.1 0.I5 | Kalan

Tablo 2. 7039 Al alasimlarinin mekanik 6zellikleri [10].

Aldlasim Kalmik (Cekme Akma %
’ (mm) gerilmesi (MPa) geritmesi (MPa) Uzama
- 3§’e kadar 1136 316 9
38'den kaln 0 11 8
3.SONUCLAR VE TARTISMA

3.1. Mikro yapi incelemeleri

Sekil 1°de MIL-DTL-46063H standardina sahip levhanin
ana metal mikro yapisi verilmistir. Bu resimde tanelerin
hadde yoniinde uzadiklari agikga gortilmektedir. Sekil 2'de
SKK ile birlestirilmis numunenin kaynak kesitinin genel ve
detay mikro yapi resimleri verilmistir. Kaynak kesiti
incelemelerinde ana metal, ITAB, TMEB ve karistirma
bolgesi olmak Uzere dort farkli bdlge tespit edilmistir.
Karistirma bdlgesinde herhangi bir birlesim hatasi
(porozite) gortilmemistir (Sekil 2-a). Bu durum karistirici
ucun dalma derinliginin kaynak boyunca ideal seviyede
ayarlanmis oldugunu goOstermistir. Sekil 2-b’de ITAB’In
tane boyutu ana metal tane boyutuna kiyasla daha iri
oldugu tespit edilmistir. SKK’gi esnasinda karistirici ucun
surtinme 1sis1 bu bdlgedeki tanelerin boyutunu artirmistir.
Kaynak kesiti detay resminde (Sekil 2-c) TMEB'de
karistirict ucun dénme ydniinde tanelerin yonlendigi tespit
edilmistir. Sekil 2-d'de karistirma bdlgesi mikro yapisi
verilmigtir. Bu mikro yapida dinamik yeniden kristallesme
nedeniyle ince taneli bir yapi olusmustur. Bu yapinin
ortalama tane boyutu yaklasik 2-3 p civarinda oldugu
tespit edilmistir.

Sekil 1. MIL-DTL-46063H standardindaki levhanin ana
metal mikro yapisi.

Sekil 2. SKK ile birlestiriimis numunenin genel ve detay
mikro yapi resimleri.

3.2. Mikro sertlik sonuglan

Sekil 3'de Kaynak kesitinden alinan sertlik grafigi
verilmistir. Burada ana metalin sertlik degeri 116 HV olarak
tespit edilmigtir. ilerleme ve yigma bdlgelerinde ITAB
sertlik degeri sirasiyla 109 ve 100 HV'dir. ilerleme
kenarindaki TMEB’nin sertlik degeri 124 HV ile en ylksek
degerdedir. Karistirma bodlgesinin sertlik degeri 114 HV
olarak ol¢ulmustiur. Bu dort boélgenin sertlik degderlerinde
arasinda bir sa¢inim oldugu goérulmustir. Bu degerlerden
de gorildugu gibi ITAB’da sertlikte bir diisiis, TMEB ise az
da olsa bir artis meydana gelmistir. Bu artis termo-mekanik
etki nedeni ile artan dislokasyonlardan kaynaklandigi
distnlimektedir.

Literatirde yapilmis ¢alismalarda da benzer sonuglar elde
edilmistir. Sharma ve arkadaslar [12] farkli kaynak
kosullarinda 7039 Al alasimini SKK ile birlestirmislerdir.
TMEB’nin  ortalama sertliginin ITAB ve karistirma
boélgesinin sertliklerine kiyasla ylksek oldugunu tespit
etmislerdir. Sertlik artisini TMEB'deki dévme sertlesme
etkisinin diger bolgelere kiyasla yiliksek olmasindan
kaynaklandigini ifade etmislerdir. Erdem ve arkadaslari [3]
22 mm kalinhgindaki toz metal 7039 Al alasimi plakayi gift
tarafli SKK ile birlestirmisler ve ITAB'In sertlik degerinin
(92.2 HV) ana metale (107 HV) kiyasla dustiguna,
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TMEB’nin sertlik deg@erinin ise (129 HV) arttigini tespit
etmiglerdir. Karistirma bdlgesinin sertlik degerini de 80.9

HV olarak tespit etmiglerdir.
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Sekil 3. Kaynak kesitinden alinan sertlik degerleri.

3.3. Cekme deneyi sonuglari

Kaynakli 7039 Al alasiminin ortalama c¢ekme deneyi
sonuglari Cizelge 3’de verilmistir. Bu degerler MIL-DTL-
46063 H standardindaki degerlerle kiyasla disuk oldugu
gorilmustir. Cekme mukavemeti de@erinin dusik ¢ikmasi,
karistirici u¢ dénme hizinin yiksek olmasi ve karistirici ug
ilerleme  hizinin  dugstk olmasindan kaynaklandigi
distndlmektedir. Clnkl her ki parametre kaynak
bolgesine 1s1 girdisini kontrol eden ana parametrelerdir.
Erdem ve Tirker [2] 12.7 mm kalinhgindaki 7039 Al
alagimina ait plakalarr MIG kaynagi ile birlestirmisler ve
kaynakli numunenin ¢gekme mukavemetini yaklagik 300
MPa olarak bulmuslardir. Erdem ve arkadaslan [3]
kaynaksiz toz metal 7039 Al alasimina herhangi bir
deformasyon islemi uygulamadan ¢ekme iglemi yapmislar
ve akma mukavemetini 268 MPa, ¢cekme mukavemetini
317 MPa ve % uzama degeri de %9.8 olarak bulmuslardir.
Venkateswarlu ve arkadaslar da [13] 6 mm kalinhgindaki
Al 7039 levhalari SKK ile birlestirmigler ve en ylksek
¢ekme dayanimini 290 MPa olarak bulmuslardir.

Cizelge 3. Kaynakl 7039 Al alagiminin gekme deneyi

sonuglari.
Numune RoMPa) %e Fu(N)  Egp(N) Sertlik(HV)
Al7039 23403 28  SI18471 501254 129
Rm: Cekme dayanimi
% ¢: Kopmadaki toplam uzama yiizdesi
Fm: Malzemenin akma noktasini gectikten sonra

dayanabilecegi en blyUk yuk
Fkop: Malzemenin kopma noktasindaki yik degeri

4. BULGULAR VE TARTISMA

Bu calismada 7039 Al alagimi levhalar SKK ile birlestirilmig
ve numunelerin mikro sertlik, mikro yapi ve ¢ekme
mukavemetleri incelenmis ve asagidaki sonuglar elde
edilmistir.

1- Kaynak kesiti mikro yapi incelemeleri ana metal, ITAB,
TMEB ve karistirma bdlesi olmak tzere dort farkh bolgenin
olustugunu goéstermistir. Ana metal ve karistirma bolgesi
tane yapilari sirasiyla hadde yéninde uzamig taneler ve
dinamik yeniden kristallesen tanelerden olustugu tespit
edilmistir. TMEB’deki tanelerin karigtirici ucun dénme
yoninde ydnlendikleri belirlenmistir. ITAB’daki tanelerde
ise azda olsa irilesme gorilmastir.

2- Ana metal ITAB, TMEB ve karigtirma bdlgelerinin sertlik
degerleri sirasiyla 116, 100, 124 ve 114 HV olarak
Olgulmustir. Beklenildigi gibi ITAB'da sertlikte bir disus,
TMEB ise az da olsa bir artis meydana gelmistir. ITAB’daki
sertlik azalisinin ¢okelti irilesmesinden, TMEB’deki sertlik
artisinin ~ termo-mekanik  etki nedeni ile  artan
dislokasyonlardan kaynaklandigi disundlmektedir.

3- Kaynakli numunelerin %uzama ve gekme mukavemet
degerlerinin sirasiyla %2.8 ve 234,03 MPa oldugu tespit
edilmistir. Mekanik o&zelliklerdeki bu disusun karistirici
ucun yuksek dénme hizi ve yavas ilerleme hizindan
kaynaklandigi dustndlmektedir.
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THE INVESTIGATIN OF INDUCTION SINTERING BEHAVIOUR OF ASISI
1010 STEEL PRODUCED BY POWDER METALLURGY

TOZ METALURJISI METODU ILE BRIKETLENEN AISI 1010 GELIGININ
INDUKSIYON FIRININDA SINTERLENMESININ ARASTIRILMASI

Vahdettin KOC
2 Adiyaman Universitesi Adiyaman Tiirkiye vkoc@adiyaman.edu.tr

Ozet

Bu calismada, AISI 1010 celik tozunun toz metalurjisi
yontemiyle preslenerek koruyucu gaz atmosferli firrnda ve
induksiyon ocaginda sinterlenmesi sonucunun
karsilagtiriimasi yapildi. AISI 1010 tozlari 280 MPa basing
altinda preslenmistir. ~ Preslenen numuneler 1000 °C
koruyucu gaz ortamh firnnda 20 dakika sire ile
sinterlenerek yavas sogutulmaya birakilmistir.  Yine
preslenen numuneler indiksiyon firininda 7000-8000 hz 5
dakika sure ile sinterlenmis ve yavas sogutulmaya
birakilmistir.  Sinterlenen numunelerin mikro yapilarinin
metelografik goéruntuleri alinmig, ytzey sertlik degerleri
Olgulmustar.

Uretilen numunelerin ayni asinma deneyleri yapilarak
surtinme  katsayllari  belirlendi. Asinma  deneyleri
degiskenleri ve parametreleri ayni sartlar altinda yapildi ve
sonuglar incelenerek kiyaslandi.

Anahtar kelimeler: Toz metal, AISI 1010, Sinterleme,
Induksiyon, Asinma

Abstract

In this study, AISI 1010 steel powder pressed with powder
metallurgy method was sintered by protective gas
atmosphere furnace and induction and its sintering
behaviours were investigated. AISI 1010 powders are
pressed under pressure of 280 MPa. Sintering samples
were sintered 1000 °C mediated protective gas
atmosphere slowly cooled to room temperature. Also,
pressed samples were induction sintered at 7000-8000 hz
for 5 minutes and allowed to slow cool. Metelografik
images of the microstructure of sintered samples were
taken, surface hardness was measured. The produced
sample was determined by performing the same coefficient
of friction abrasion test. Wear tests were performed under
the same conditions variables and parameters were
compared and analyzed the results.

Keywords: powder metal, AISI 1010, sintering, induction,
Wear

1. Giris
Toz metallurjisi  ile malzeme Uretimi, geleneksel
yontemlerle ile karsilastinldiginda dusik  maliyeti,

malzemeden maksimum sekilde faydalaniima o6zelligi ve
dustk enerji tiketimi ile artan bir sekilde endustride
kullaniir duruma gelmistir [1,2,3,4]. Toz metallrjisi

yontemiyle, uygun bilesime sahip toz karigimlari ilk asama
olarak kalip icerisinde preslenmektedir [5].

Toz metaliirjisi ile elde edilecek pargalarda ikinci ve 6nemli
asama sinterlemedir. Sinterleme, ergime sicakliginin
altinda ve genellikle koruyucu atmosferde gerceklestirilir.
Sinterleme islemi tamamlandiktan sonra firindan ¢ikan
parca sogumaya birakilir [6].

Sinterleme, birbirine temas eden pargaciklarin yiksek
sicakliklarda birbirine baglanmasini sagdlar. Bu baglanma,
ergime sicakhginin altinda kati halde atom hareketleriyle
olusabilir. Pek ¢ok durumda, sivi faz olusumu ile birlikte
gerceklesir. Baglanma, temas eden pargaciklar arasinda
boyun olugsmasiyla kendisini gosterir [5-6].

Cesitli  teknikler kullanilarak malzemelerin sinterleme
islemleri gerceklestiriimektedir. Hizli sinterleme teknigine
ornek olarak induksiyonla sinterleme islemini verebiliriz.
indilksiyonla sinterleme, degisken akim tasiyan iletken
bobin ile saglanir. Bobinde olugan akim, toz malzeme
icinde girdap akima neden olan manyetik alani olugturur.
Bobin genellikle bakirdan meydana gelir. igerisinden
sogutma suyu geger. indilksiyonla sinterleme ydnteminde
kullanilan frekans 50 Hz ile 50 kHz arasinda olabilir [7].
Buradan yola c¢ikilarak, demir esash AISI 1010 gelidinin
sinterleme islemi indiksiyon firini kullanilarak yapildi.
Uretilen numunelerin mikroyapi, sertlik, asinma direnci
ozellikleri koruyucu gaz atmosferli firinda sinterlenmis
numunelere kargin kiyaslandi.

2. MATERYAL VE METOT

Bu calismada 100 mesh tane boyutlarina sahip AISI 1010
celigi tozlari kullaniimistir. Tozlar tek yonlu hidrolik preste
280 MPa basing uygulanarak kaliplarda preslenmigtir.
Briketlenen numuneler ebatlari, 30 mm ¢apinda 10 mm
yuksekliginde olup sinterlenmis Resim 1 verilmigtir.
Briketlenmis numuneler koruyucu gaz (argon) atmosferli
Isil islem firininda sinterlenmis 1000 °C de 20 dakika
sinterlenmistir. Daha sonra yavas sogumaya birakildi.
Numunelerin yuzeyleri 60-1200 zimparalar kullanilarak
cuha parlatildi. Metal mikroskobunda mikroyapi fotograflari
cekildi. Sekil 4.1 verilmigtir.

Briketlenmis numuneler induiksiyon firininda 7000-8000 hz
orta gucte 5 dakika stre sinterlenmistir. Daha sonra yavas
sogumaya birakildi. Sinter firrninin akim siddeti 100 A,
guicu 50 KW ve frekans 12 kHz teknik 6zelliklere sahiptir.
Numunelerin yuzeyleri 60-1200 zimparalar kullanilarak
guha parlatildi. Metal mikroskobunda mikro yapi
fotograflari ¢ekildi. Sekil 4.2- 4.5. verilmigtir.

Koruyucu gaz Isil islem firininda sinterlenmis AISI 1010
celiginin ve induksiyon firininda sinterlenmis AISI 1010
celiginin sertlik degerleri Sekil 4.6 da verilmistir. Sertlik
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O6lgumid QNESS Q750 marka cihazda alinmigtir. Sertlik
birimi ise Vickers 2,5 kg 10X yapilmigtir.

Sinterlenmis numunelerin asinma deneyleri Tribometre
cihazi kullanilarak yapildi. Asinma deneyi olarak PIN-ON-
DISK yéntemi kullanildi. Asinma yolu sabit olarak
kosturuldu. Ayni zamanda kosturma hizi sabit tutuldu.
Degisken olarak da 3 farkli yik uygulandi. Asindirici olarak
6 mm g¢apinda Cr6 tipi gelik bilye kullanildi. Sekil 4.7.-4.8
asinma veri tablolar verildi.

Asinma deneyleri yapilan numunelerin profilometre
cihazinda  kullanilarak  goéruntileri  alindi.  Ayrica
profilometre cihazi kullanilarak kutle kaybi grafikleri

belirlendi. Sekil 4.9.-4.10.

Tribometre cihazinda aginmalari yapilan numunelerin
surtinme katsayilar belirlenerek grafikleri gizildi. Sekil
4.11.-4.12.

3. DENEYSEL SONUCLAR VE TARTISMA

3.1. Mikroyapi

Sekil 4.1.-4.2. de Koruyucu gaz atmosferli Isil islem
finninda sinterlenmis AISI 1010 c¢eliginin mikro yapi
fotografi (500 X -1000X) verilmistir. Mikro yapi fotografinda
da da gorulecegi gibi tane sinirlari kismen gézikmektedir.
Toz taneleri difize olarak birlesimleri saglanmistir. Tane
sinirlarinda grift bir yapi bulunmaktadir. Tane sinirlarinda
makro bosluklar goérilmekle beraber kilcal bosluklarda
gorilmektedir. Tanelerin merkezinde kuresel, yuvarlagimsi
ve hucre seklinde mikro bogluklar gérulmektedir.

Sekil 4.1.-4.2. de indlksiyon firninda sinterlenmis AISI
1010 celiginin mikro yapi fotografi (500 X -1000X)
verilmigtir. Mikro yapi fotografinda da da gorllecegi gibi
tane sinirlari daha belirgin oldugu goézikmektedir. Toz
taneleri difuze olarak birlesimleri saglanmistir. Tane
sinirlarinda grift bir yapi bulunmaktadir. Tane sinirlarinda
tane igine kiyasla makro bogluklar gértlmektedir. Tanelerin
merkezinde kiresel, yuvarlagimsi ve hicre seklinde mikro
bosluklar gérilmektedir.

3.2. Sertlik

Sinterlenmis numunelerden alinan sertlik degerleri birbirine
yakin énemli derecede bir fark gériilmemektedir.

3.2. Asinma

Sekil 4.7. ve Sekil 4.8. Isil igslem firninda ve indlksiyon
finninda sinterlenmis AISI 1010 c¢eliginin asinma veri
tablosu verilmistir. Tabloda da belirtildigi gibi her iki
islemde ayni asinma tipi, ayni asindirici gelik bilye tipi,
ayni kosturma hizi, k ayni osturma yolu ve ayni alinan
datalar sabit olarak belirlenmigtir. Tabloda sabitlenmis
degerleri Uzerinden yapilan asinma islemleri
gerceklestirildi.

Sekil 4.9. ve Sekil 4.9. Isil islem firninda ve indiksiyon
finninda sinterlenmis AISI 1010 ¢elidinin profilometre
gOruntisi alinarak her geklin alt tarafinda lazerle yikselti
tarama islemi yapilarak kitle kaybi grafigi gizildi.

Sekil 4.12. Isil islem firninda ve indiksiyon firininda
sinterlenmis AISI 1010  celiginin 5N-10N-15N yikler
altinda olgulmus surtinme katsayisi belirlenerek grafigi
cizildi.

4. Sekiller ve Cizelgeler

10

Sekil 4.1.  AISI

fotograflar.

1010 celiginin sinterlenmis numune

Sekil 4.2. Isil iglem firninda sinterlenmis AISI 1010

celiginin mikro yapi fotografi (500 X)

Mikro Bésluklar :
! Py

-

Sekil 4.3. Isil iglem firninda sinterlenmis AISI 1010

geliginin mikro yapi fotografi (1000 X)
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Mikro Bosluklar

Sekil 4.4. indikksiyon firininda sinterlenmis AISI 1010

celiginin mikro yapi fotografi (500 X)

<R

Sekil 4.5.

Mikro Bosluklar

indiiksiyon firininda sinterlenmis AISI

celiginin mikro yapi fotografi (1000 X)

:'.".:1
1010

sinterlenmis AISI 1010

Numune Adi SERTLIK
Hv

Koruyucu gaz  atmosferli | 52,00

firinda sinterlenmis AISI 1010

indiiksiyon firninda | 48,7

Sekil 4.6. Sinterlenmis AISI 1010 cgeliginin sertlik degerleri

ISIL ISLEM FIRININDA SiNTERLENMi$ AISI 1010 CELIGI
ASINMA PARAMETRELERI

5 10 15
Uygulanan Yik NEWTON | NEWTON NEWTON
Pin-On-
Asinma Tipi Disk Pin-On-Disk | Pin-On-Disk
Asindirici Celik
BilyeTipi Crgbmm | Cr g6mm Cr g6mm
Agirlik kaybi (gr) 0,0114 0,0128 0,0144
Kosturma Hizi 250 ppm 250 ppm 250 ppm
Kosturma Yolu 300 m 300 m 300 m
Data 5 5 5
Sekil 4.7. Isil iglem firninda sinterlenmis AISI 1010

¢eliginin aginma veri tablosu

iNDl')[(_SiYON FIRININDA SiNTERLENMiS AISI 1010
CELIGI ASINMA PARAMETRELERI
5 10
Uygulanan YUk | NEWTON |NEWTON 15 NEWTON
Pin-On-
Asinma Tipi Disk Pin-On-Disk | Pin-On-Disk
Asindinici Celik
Bilye Tipi Crgbmm__ | Cr g6bmm Cr g6mm
Agirlik kaybi
(gn 0,0068 0,0115 0,0507
Kosturma Hizi | 250 ppm 250 ppm 250 ppm
Kosturma Yolu | 300 m 300 m 300 m
Data 5 5 5

Sekil 4.8. indiiksiyon firininda sinterlenmis AISI 1010
¢eliginin aginma veri tablosu.
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Karadeniz Teknik Univeritesi
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ekil 4.10. Indiksiyon firininda sinterlenmis AISI 1010
eliginin profilometre gorintisu ve kitlekaybi grafigi
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ISIL ISLEM FIRININDA SINTERLENMIS AISI 1010 GELIGININ
15 N YUK UYGULANMIS NUMUNE

2,0

151

1,0 A

SURTUNME KATSAYISI

0,5

0,0 T T T T T
50 100 150 200 250
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300

Sekil 4.11. Isil islem firininda sinterlenmis AISI 1010
celiginin 5N-10N-15N yukler altinda oélcilmuas surtinme
katsayisi grafigi

INDUKSIYON FIRININDA SINTERLENMIS AISI 1010 GELIGI
5N YUK UYGULANMIS NUMUNE
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INDUKSIYON FIRININDA SINTERLENMIS AISI 1010 GELIGI
15 N YUK UYGULANMIS NUMUNE

1,4
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Sekil 4.12. Indiksiyon firminda sinterlenmis AISI 1010
celiginin 5N-10N-15N yikler altinda 6lgulmus surtinme
katsayisi grafigi

7. Sonug¢

Koruyucu gaz atmosferli Isil islem firininda sinterlenmis
AISI 1010 celik ve indiksiyon firininda sinterlenmis AlSI
1010 celik numunelerinin mikro yapilar sertlikleri ve
asinmalari incelenmis asagidaki sonuglar elde edilmistir.
Her iki yontemle Uretilen numunelerde sinterleme islemi
tam olarak saglanmistir.

Her iki yontemle dretilen numunelerin mikro yapilarindaki
tane sinirlarinda ki birlesme saglanmistir. Tane sinirlarinda
birlesme benzerlik gostermektedir.
Ana matriste ki bosluklar her
numunede de ayni géziikmektedir.
Her iki yontemle Uretilen numunelerin ylzey sertlikleri
birbirine yakindir. Sogutma hizlari degistirilerek sertlik
degerleri degistirilebilir.

Koruyucu gaz atmosferli Isil islem firininda sinterlenmis
AISI 1010 celik numunenin aginmasi profilometrede ve
kitle kaybi seklinde de izlendigi Uzere en fazla 15 N yukte
asinma kaybi ve asinma iz derinligi gorilmektedir. Sirasi
ile 15 N yuk altinda 25-30 um, 10 N yiik altinda 20-25 um,
5 N yuk altinda 10-15 pym goriimektedir. Bu islem orantili
olarak artmaktadir. Siirtiinme katsayilari 5N yikte 0,55 ila
0,65 arasinda, 10N yukte 0,45 ila 0,60 15N yukte 0,40 ila
0,55 arasinda izlenmektedir.

indilksiyon firninda  sinterlenmis  AISI 1010  celik
numunenin asinmasi profilometrede ve kitle kaybi
seklinde de izlendigi Uzere en fazla 15 N ylkte asinma
kaybi ve asinma iz derinligi gérulmektedir. Sirasi ile 15 N
yuk altinda 90-100 ym, 10 N yik altinda 50-60 um, 5 N
yuk altinda 25-35 ym arasinda seyir etmektedir. Bu islem
orantili olarak artmaktadir. Surtinme katsayilari 5N ylkte
0,60 ila 0,80 arasinda, 10N yikte 0,50 ila 0,60 15N yikte
0,50 ila 0,60 arasinda izlenmektedir.

indilksiyon firninda sinterlenmis numuneler, sil islem
firninda sinterlenmis numunelere goére daha fazla
asinmistir.

Toz metaliirjisi deki sinterleme igleminin indiiksiyon firini
ile de yapilacagi izlenmektedir.

AISI 1010 cgeliginin sinterleme islemi induksiyon firinlarinda
yapilabilir. Sinterleme sonucu; Mikro yapisini, sertligini ve

iki yontemle uretilen
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asinma degerlerini 1sitma-sogutma hizlari ayarlanarak
degistirilebilir.
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Abstract

Biomimetics is the science of developing human-made
processes, materials, devices, or systems by the imitation
of nature’s models or taking inspiration from them.
Biomimetic approach for energy systems is a promising
field and requires substantial research. In particular icing is
one of the actual major problems for wind energy systems
waiting for satisfactory and stable solutions. Energy
production from wind is effected by private factors such as
climatic and topographical conditions of project
implementation area, besides this there also exist turbine
technology related problems. Wind turbine’s aerodynamic
condition is affected by wind shear, wind gales, turbulence,
and the overall efficiency of the turbine is affected as a
consequence. In cold weather conditions, icing may occur
on the blades and this decreases power output and
reliability of operation and causes safety problems.
Besides this efficiency and noise/vibration are other actual
problems for wind turbines and recommended solutions
should also take these into account. Biomimetic approach
has a great potential for developing solutions for such
challenges. An overview is given in this article for the
biomimetic approach for wind energy systems’ state of art;
article discusses the actual possibilities, and provides
recommendations and pathways for future studies.

Keywords: Biomimetic, wind turbine, ice protection
1. Introduction

Renewable energy attracts a growing interest in today’s
world. Since the consumption of fossil fuels release green
gases that influence adversely climate with their
contribution to global warming, demand for renewable
energy systems increased and the gaps that wait for
solutions influenced number of scientific investigations in
the field. Wind energy is one of the promising renewable
energies with the advantages of high power output, being
incapacious for land and low requirement for
operating&maintanence with several others. The number
of the onsite implementation of wind turbine plants are
rising from the beginning of the last millennium until this
time, and in particular power output capacity of a single
turbine increases with newer designs and this means that
the dimensions of the turbines get higher. With the
implementation of the wind turbine plants brings
experience on actual operation and the common problems
for these systems are identified more clearly. Development
of a solution for a specific problem should not affect the
healthy operation of the turbine and also should not
adverse another actual problem and the solution should be
useful for more than one problem if possible such as
efficiency of the turbine and noise/vibration problem. The
climatic conditions of the site directly influences wind
turbine performance, nature events; in particular icing
related to cold weather conditions is one of the most
important phenomenons that dramatically decreases

efficiency of the turbine and cause a number of different
detrimental results. The actual biomimetic solutions and a
pathway to potential solutions in near future are discussed
in this paper.

2. Theory
2.1. Protection of Blades in Cold Climates

Areas defined as cold climate where icing incidents occur
or the areas there temperatures are below the limits given
for wind turbines’ operation values. These areas can be
classified under two titles. If icing incidents occur in the
area then the area is defined as ‘Icing Climate’ else it is a
‘Low Temperature Climate’ that implies the measured
temperatures in the site are below the wind turbines’
operation values. The scheme is illustrated in Fig. 1 [1].

Cold Climate (CC)
A
' B

Icing Climate
(IC)

(LTC) L
Low Temperature Climate

Fig. 1. Climate definitions scheme [1].

In Fig. 2 a conventional method for de-icing of turbine
blades is given.

Fig. 2. De-icing task for wind turbine blades. [2].

Icing affects a wind turbine in the following aspects:

* Decrease in the overall performance of turbine

* Turbine may fully stop due to increasing vibrations

* Ice throw of blades can be harmful to occupational safety
* Fatigue begins earlier than usual time

* Noise level of turbines increases

* Ice load on blades influences aerodynamic stability

« Cold start becomes harder

» Power output of the turbine decreases due to icing

« Idle time of the turbines increases

» Annual energy losses can be up to 50 % in cold climates

2.2. Surface Engineering and Hydrophobic Surfaces
Static contact angle is defined as the angle between liquid

particle and the solid surface; it is the main parameter for
wetting. This angle is affected by roughness and
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cleanliness factors. If value is 0° < 8 < 90° liquid steeps the
surface (hydrophilic surface) whereas the value of the
contact angle is 90°< B < 180° surface is not affected
(hydrophobic surface). If the B is between 150° and 180
surface is then superhydrophobic [3]. Roughness has
impact on the hydrophobic property of the surfaces
application of micropatterned roughness and hydrophobic
coatings may be a solution to nonadhesive surfaces.
Rough surfaces shorten the time that water stays in
contact and with the decreased time. When a drop hits
flattens and after then regains a round shape and end the
contact. Wenzel stated that the B changes according to
whether the surface is rough or smooth. Cassie-Baxter
implied that a rough surface has pits and air pockets
trapped in them, and an air, liquid, solid contingence
occurs; this interface differs from homogeneous solid,
liquid interface, Fig. 3. An advancing and receding contact
angle can be defined for a liquid particle on a surface and
hysteresis of the contact angle is defined as the difference
between these two stable values [3]. Surface engineering
techniques are investigated in the frame of several fields
such as automotive, aerospace, biomedical etc., and they
are used for development of several properties such as
physical, mechanical and corrosion-resistant properties of
the surfaces. Airborne objects such as sand or rain have
detrimental effects on wind turbine blades and they also
reduce the energy output of the turbine dramatically. With
the increasing rate of implementations; lands in colder
climates become subject to evaluation. In particular, the
icing problem on surface of blades is the main handicap
comes up for the cold climates operation of the turbines.
There are several solutions commercially available for to
avoid these situations. The primary material of the blades
can be either steel or composites and the protection
method is selected according to this. Some manufacturers
claim that their products extend blade life while improving
their performance. Brush, roll and spray applications are
application methods of protection coatings. Polyurethane is
applicated on the surface directly or over an epoxy or
polyurethane on composite blades and application method
is selected for smooth surfaces. The other method is
electro-thermal heating and as a dynamic one, there
system consumes energy.

(an

J\'up\;r :‘wl:cl\

Vapor Liquid

Fig. 3. a- advancing (Baav) and receding (Brec) contact
angles of a liquid on an inclined surface b-Wenzel
approach, c-Cassie—Baxter approach d-Cassie approach
[3].

Nanoparticle-polymer composites used in [4] for the
demonstration  of  the  anti-icing  potential  of
superhydrophobic surfaces and it is stated that the size of
the particles contacted the surface affects the anti-icing
properties of the surface and it means that capability does
not depend on the superhydrophobicity, and it is stated
that it is uncertain whether a superhydrophobic surface
has an ice resistance property without information about
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the morphology of the surface. In [5] micro and nano
hydrophobic layers with rough and different surface
chemistry studied to examine their ice resistant situations.
In a =10 °C wind tunnel, supercooled water droplets
sprayed and artificial glaze ice was created on the nano-
structure surfaces. According to results; materials’ anti-
icing properties degraded due to breakages on their
surfaces during cycles. The anti-icing situation of the
mentioned surfaces is clearly lower in a moist atmosphere
and it can be concluded that moist decreases the
efficiency of the surface. Studies that are subject to anti-
icing are given in the following titles

2.3. Biomimetic Solutions in Focus-State of Art

Tropical Dart Frog

Researchers are studying on a tropical frog, Fig. 4; a
substance for protection is released from the skin of the
animal and this can be a new anti-ice technique for
transportation and power industries etc. A double layer
coating is designed that mimics the skin, in the inner layer
antifreeze liquid is stored and the outer one is a
superhydrophobic permeable layer. The first layer releases
antifreeze during condensation and thus ice sheet creation
is inhibited. By this skin inception of rime, frost, glaze
accretion is delayed by ratio of 10:1 than
superhydrophobic anti-icing surfaces and as well as
surfaces with lubricant [6].

Fig. 4. Tropical Dart Frog [7].

Nepenthes Pitcher Plant

Inspired by pitcher plant, Fig. 5, a coating created that
repels liquids such as oil and blood, and conducts the
situation even though it is exposed to different conditions
like high pressure and low temperatures. The plant is
carnivorous and for to capture frogs or insects, a low
friction surface is crucial inside its leaf [8]. The pitcher plant
traps a water layer and it is used as a slippery coating. The
approach is based on the concept of the plants use to
provide insects glide into the plant where digestive
enzymes are present. Designed surface is a lubricating
fluid impregnated porous nanomaterial. It is claimed that
these slick liquid impregnated porous surface are anti-
coagulant, self healing, they are repellent to some solids
such as wayx, ice and they are ideal for anti-icing coatings.
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Fig. 5. Nepenthes Pitcher Plant and details [9].
Lotus Plant

Lotus leaf, Fig. 6, is a self-cleaning surface; they repel
water thanks to the structures in nano and micro scale on
the leaf surface. A raindrop touch on the lotus leaf and rolls
off with the sticked contaminating particles on the surface.
Water is more prone to stick smooth surfaces because the
interface between the surface and liquid particle, and
rough surfaces has tiny air spaces and this barriers
sticking due to low attraction potential of water to air. While
rolling water interact with solid particles on the surface and
remove them from surface. On lotus leaves, each drop
flattened in a ‘pancake’ form and then rebounds and
leaves the leaf. The approach is used in roof tiles, paints
and fabrics treatments.

Fig. 6. Lotus Leaf [10].

Spider Hairs

Spiders with hairs on them to stay dry or avoid drowning,
Fig. 7. The hairs vary in length and shape as curved or
straight forming a nonuniform surface. For to mimic the
pattern and the shapes of miniscule hairs on the bodies of
spiders 600 microns plastic is used. The surface repels oil
too besides water.

N

Fig. 7. Spider hairs and details [11].
Nasturtium Leaves and Morpho Butterfly Wings

With application of the nasturtium leaves’ veins of, Fig. 8,
to a silicon surface and mimicking ridges present on the
butterfly wings, Fig. 9, provides 40% increase in the speed
of rebounding water. Here in this technique focus is on
contact time rather than contact angle. A different
generation water-resistant materials are expected to be
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manufactured with this technique. At supercooled
temperatures, water rebound from these materials before
the time run out for freezing [12]. When this method was
applied to aluminium and copper oxides it was noted that
the surface spring back water 40% faster comparing to the
lotus leaf.

Fig. 9. Butterfly wings and details [14].

3. Further Investigation

3.1. Extremophiles-Psychrophiles/Cryophiles, Cold
Tolerate Organisms
With a systematic approach, for ice protection

investigation, cold tolerate organisms such as animals or
plants can be a good source. The method for to utilize the
properties that enable them to survive in cold climates can
be abstracted for utilization in wind turbine blades
protection. An extremophile organism could be described
as a one which can survive in extreme conditions that is
detrimental to most life forms on  earth.
Psychrophiles/cryophiles are the branch of organisms that
can thrive between -20 °C and +10 °C temperatures.
Ectotherm animals can be separated in two branches as
extensive supercooling that avoid freezing and freezing
tolerant species. Psychrophiles are a type of extremophile,
possess enzymes that are adapted to function at low
temperatures and also exhibit polyunsaturated fatty acids
in their lipids and psychrotolerant organisms are
mesophiles that can survive at low temperatures but grow
more slowly [15]. Snowfields, glaciers, and arctic soils and
ice, alpine soils, deep ocean parts are some examples of
the habitats of those organisms. Bacteria, archaea, algae
and fungi are common forms of these type organisms.
Plenty of organisms that can be subject to cold toleration
are given in the following titles

3.2. Insight
Inspirations

for Further Investigation, Promising

Icefishes

Icefishes (Channichthyidae, Notothenioidei) are cryophiles
that live in the Antarctic Ocean Fig. 10. They live in cold
water between -1.9 °C and +3 °C. In general a seawater
temperature range of -2 °C and +4 °C is favorable for
notothenioids. Icefishes are able to survive in the ice-laden
and frozen waters as body and blood fluids of them have
an antifreeze glycoprotein. In a study [16], Pleuragramma
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Antarcticum, high-Antarctic silverfish which belongs to
Notothenioidei is investigated and glycopeptides have
been obtained. At a concentration of 20 mg/ml AFGP, a
maximum hysteresis of 1.19 °C is shown by antifreeze
activity. Decrease in ice content results in a linear increase
in activity of the glycopeptides. Blood serum freezes at
-1.9 °C.

Fig. 10. Icefish [17].

Microorganisms

Bacteria found in sea ice and permafrost soil are able to
survive the temperatures to —20 °C [18]. Eukarya, Bacteria
and Archaea are the three psychrophiles domains [19].
Deep ocean waters, cold caves and glaciers, Polar
Regions are the habitat of microorganisms. Microbial
activity at low temperatures continue in brine channels and
unfrozen water inside the frozen soil or the ice. Bacteria,
fungi and microalgae are main examples for cold tolerate
microorganisms. y-proteobacteria and gram-negative a-, 3-
are the most common microorganisms. Antifreeze proteins
and cryoprotectants play main role for cold tolerance in
bacteria. The temperatures for the organism to live is
lowered by thermal hysteresis and it is realized by
antifreeze proteins binding to ice crystals. Trehalose and
exopolysaccharides are assumed to have a role in
cryoprotection in psychrophiles [10].

Rotifers

Rotifers are microscopic aquatic animals of the phylum
rotifera Fig. 11, and an important part of the freshwater
zooplankton, are about 200 to 500 micrometers long, can
be found in freshwater environments, brackish and marine
waters and soil [19]. Some of rotifers are able to inhabit at
very low temperature ranges however mechanisms for
their cold tolerance is not studied [20]. They can withstand
high levels of radiation- it is believed that dehydration can
cause creation of reactive oxygen that can damage DNA.

Fig. 11. Rotifer [21].

Tardigrades

Tardigrades, Fig. 12, survive at very low temperatures (-
272 °C) in the dehydrated state and also in case of fully
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hydrated state it is stated that they are able to stand to -
196 °C temperature; today the ability of tardigrades for
inhabit in a hydrated state at low temperatures is not
studied widely, in particular there are not many
experimental studies [22]. The microorganism can survive
to temperatures up to 151°C. It is the only animal ability to
survive in the vacuum of space. They can be found on the
tops of the mountains and the deep parts of the oceans.
They can enter a complete ametabolic state with losing
their body water near 100 %, called -cryptobiosis.
Tardigrades can also resistant to high temperatures and
radiation and pressure. Trehalose, a type of sugar,
replaces lost water molecules within cells, and protect
against the damage of desiccation.

Figure 12. Tardigrades [23].

Molluscs

Molluscs, Fig. 13, can stand to freezing; they are found at
different environments like seawater, intertidal zone,
freshwater etc. The type of habitat influences cold
hardiness. While concerning the land snails they are
“freezing avoidant” and their supercooling ability is
influenced by size, and also size effects survival to ice
creation in freezing tolerate intertidal organisms [24]. While
regarding mytilus edulis, ice nucleation proteins provide
freeze tolerance thus they can survive to near -30 °C.

Figure 13. Molluscs [25].
Wood Frogs

Wood frogs can tolerate to freezing of their two thirds
being, they produce high concentrations of cryoprotectants
such as glucose and urea, that lower freezing temperature
of the animal’s tissues, Fig. 14. Cryoprotectants resists to
cellular shrinkage, the process of tissues pulling water
from other cells.

Fig. 14. Wood frog and frozen one [26, 27].
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Winter Rye

Antifreeze proteins of plants differ from the antifreeze
proteins found in fish and insects, these proteins have
hydrophilic and different ice binding ways. In winter season
antifreeze proteins of rye, Fig. 15, accrue in response to
ethylene and dehydration, short day length and of course
to cold [28]. During cold acclimation antifreeze proteins
found in winter rye plants accrue in the crowns and leaves.
In [29] whether mechanism of antifreeze proteins is
investigated there are two possibilities; serving as a
cryoprotectant or altering the freezing process. When there
is not ice nucleator, antifreeze proteins does not influence
the leaves’ supercooling temperature but in the presence
of an ice nucleator, antifreeze proteins decreased the
freezing point by 0.3 °C to 1.2 °C. There is no specific
cryoprotective activity of antifreeze proteins; the freezing
injury is reduced with the interaction directly ice in planta
and decreasing the time for recrystallization and growth of
ice.

Fig. 15. Winter rye [30].

Antarctic Hair Grass

No trees or shrubs grow in Antarctica. Antarctic hair grass
is a perennial grass and one of the two flowering plant
species live in the Antarctica, Fig. 16. These are found in
tufts soil filled cracks on rocky areas. They grow in
summer and survive in winter conditions. In [31] by
examining the form of ice crystals created in the extracts, it
is shown that Antarctic hair grass, Deschampsia Antarctica
performed antifreeze properties in the non-acclimated
condition and after cold acclimation antifreeze activity
increased. It is stated that it is the first plant to show
antifreeze performance is constitutive.

: _'_f‘« ' ~

Fig. 16. Antarctic

grass [32].

Antarctic Pearlwort

Antarctic pearlwort is the other flowering plant species live
in the Antarctica. It has yellow flowers and grows about 5
cm tall, Fig. 17. In [31] by it is found that Antarctic
pearlwort, Colobanthus quitensis has no antifreeze activity.
It avoids freezing, but can survive only to —9.6 °C, possibly
it uses the of snow insulation [33]. In [34] two different
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populations of Colobanthus Quitensis are examined.
Mentioned are genetically similar however it is found that
they show different cold resistant and morphological
ecotypes and it is stated that mechanical basis of the
resistance to freezing of population obtained from
Antarctica was not elucidated.

Fig. 17. Antarctic Pearlwort [35].

4. Results and Discussion

The core question is; what is the main way is for
biomimetic inspiration; coincidence or systematic study?
When the inspiration stories are examined for different
cases, it can be concluded that generally coincidences
play role in these inspirations. It is a good thing that these
coincidences happen to scientists in who study in a
science field that can benefit from biomimetic. So there
comes a question, while considering the biomimetic is a
science branch what can be done more than coincidences,
either each of them play role in inspirations. So for
emerging inventions, deterministic approach also should
be taken in the inventory, and then scientific quest is
conducted with the past achievements in the specific field.
From this point it is a good way to search for animals and
plants those survive in cold weather climates/conditions for
solutions for wind blades icing. Conventionally hydrophobic
surfaces have been subject to anti-icing but according to
latest research several factors affect the situation and
hydrophobic properties are not always sufficient for good
ice protection thus other factors such as the durability of
anti-icing properties should be investigated. Besides the
surface engineering and pattern design the antifreeze
properties also should be taken into account for the
development of the anti-icing surfaces.

5. Conclusions

Installed capacities of wind energy systems are growing
rapidly for last decade in world and cold regions are
subject to new installations. Also more efficiency gain and
noise reduction are the other needs. This brings new
design requirements and biomimetic can be a solution for
these. In this paper different biomimetic approach
examples that are in use or in experimental stage are
given for ice protection. For further study, with a systematic
approach, cold tolerate organisms; extremophiles-
psychrophiles/cryophiles  are investigated. These
promising life forms anti-icing mechanisms expected to
yield fine solutions for wind turbines.
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Abstract

Rare earth (lanthanide series) borates find potential
applications in high performance luminescent and
magneto-resistance devices, electrodes, and catalysts.
This advanced borate materials, possess high vacuum
ultraviolet (VUV) transparency, large electronic band gaps,
chemical and environmental stability, and exceptionally
large optical damage thresholds and used in the
development of plasma display panel (PDPs). In this study
the production of lanthanum borates via solid-state method
is aimed. For this purpose lanthanum oxide (La20s) and
boric acid (H3BO3) are used for the lanthanum and boron
sources, respectively. The experiments were conducted at
a constant reaction temperature and reaction time of
800°C (heating rate of 10°C/min) and 4 h, respectively.
Several molar ratios of 1:1 (as La203:H3BOs3), 1:2, 1:3, 1:4
and 1:5 were used. Following the synthesis identifications
of the synthesized products were made by the techniques
of X-Ray Diffraction (XRD) and Fourier Transform Infrared
Spectroscopy (FT-IR). From the results of the experiments
and analysis three types of lanthanum borates of; LasBOs
(powder diffraction file number (pdf no.) 00-050-1379),
LaBO3z (pdf no. 00-012-0762) and La(BO2)s (pdf no. 00-
023-1140) were found.

Keywords: Boric acid, lanthanum borates, lanthanum
oxide, solid-state synthesis.

1.Introduction

Boron is an element abundant in rocks, soil and water.
Boron bounded oxygen form of compounds are highly
concentrated, economically sized deposits of boron
minerals. These compounds are and found in areas
effected by volcanism or hydrothermal activity [1]. Turkey
and United States are dominating the production of boron
compounds. Together they make up 90% of the world's
boron reserves [2]. According to the 2012 numbers, Turkey
has 72.5 % of total world boron reserves [3].

Generally, four minerals compose 90% of the borates that
are commercially valuable; sodium borate of borax
(Naz[B4Os(OH)4].8H20) and tincalconite (Na2B40O7.5H20),
the calcium borate of colemanite (Ca2Bs0O11.5H20) and
sodium-calcium borate of ulexite (NaCaBs09.8H20) [4].
Glass, ceramic, agriculture, energy, cleaning products,
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wood protection, textile type fiberglass, insulation are
some application areas of boron compounds [5].

There is an increasing attention to complex rare earth
oxides and fluorides due to their practical significance.
Perovskites, garnets, molybdates and borates of rare earth
elements doped with atoms of other rare earth element
have effective scintillation properties. Since the emission
problem is often prevented by doping ion attractions over a
critical concentration, rare-earth containing compounds are
successfully used in laser and photoluminescence
applications. The rare-earth orthoborates show a very high
vacuum ultraviolet (VUV) transparency with great optical
damage thresholds, it has been considered as one of the
most appealing inorganic materials. Eu®* doped yttrium
and lanthanide orthoborates have proven to be potential
candidates for new flat-panel display technologies [6].

Shmyt'ko et al. transformed oxide form of rare earth
elements into nitrate form in aquous nitrate solution during
boiling. Then obtained an amorphous state product with
hydrothermal synthesis with boric acid. With further
annealing solid state synthesis of the amorphous state has
been achieved. It has been stated that the transformation
began at 500°C, 700°C is the two phase state and 1250 °C
is aragonite phase [7]. Doi et al. studied magnetic
properties of lanthanide containing metal borates with 30%
excess of H2BOs. Lanthanide oxide (ytterbium, holmium
and lutetium), metal oxide (Sc, Cr) and boric acid were
mixed homogeneously and pelletized before heated up to
1100 °C (1°C/min) in a flow of N2 gas. After reaching 1100
°C, reaction time was six hours. It was found that magnetic
properties are dependent to metal ions [8].
Rajaramakrishna et al. doped lead lanthanum borate with
gold nanoparticles. Starting materials, La>03, PbO, H3sBO3s
and AuClz-HCI-4H20, were mixed in a ceramic mortar and
heated to 1373 K in a porcelain crucible for 30 min.
Fabricated lanthanum borate glass matrix have been found
to be saturable absorbers in presence of gold
nanoparticles [9]. Lemanceau et al. investigated the
domain of stability for lanthanum orthoborates using solid
state reaction. The reactants were weighed, finely ground,
and mixed. The mixture was then transferred in a platinum
crucible and heated in a furnace. They stated that LaBO3s
below 750°C show clearly the simultaneous presence of H-
LaBOs, LaBOs, and La203 phases in the sample [10].

In literature, most studies were done by solid-state reaction
method for lanthanum borate synthesis between
temperatures  of  500°C-1300°C. However, high
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temperatures or preliminary and secondary treatments are
needed to achieve successful results. In this paper it has
been aimed to synthesize Lanthanum borate occurring by
the reaction of La2Os and HsBOs and to determinate the
suitable molar ratio for a solid state synthesis reaction at
800°C and 4 hours of reaction time.

2.Experimental studies

2.1. Preparation and Characterization of the Raw
Materials

Lanthanum (lll) oxide (La20s) was supplied from Alfa
Aesar and used without any further purification. Boric acid
(HsBOs) was obtained from Bandirma Boron Management
(Turkey). HsBOs was prepared by crushing, grinding
processes and obtained as an average particle size of
75um.

To identify raw materials, X-Ray Diffraction (XRD) and
Fourier Transform Infrared Spectroscopy (FT-IR) methods
were applied. Philips PANalytical XRD was used at 45 kV
and 40mA by using Cu-Ka radiation in the 20 range of 15-
85° (Figure 1).

Figure 1. Philips PANalytical X-Ray Diffraction
Infrared spectroscopy analyses were carried out with

Perkin Elmer Spectrum One Fourier Transform Infrared
Spectroscopy (FT-IR) in the range 650-4000cm™ (Figure

2).
' . |
it
o

Figure 2. Perkin Elmer Spectrum One FT-IR
Spectrometer

2.2. Solid State Synthesis and Characterization

In solid state syntheses, different molar ratios of H3sBOs
which ranged from 1 to 5 were used. The raw materials of
HsBOs and La203 were mixed homogenously and
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pelletized with, Manfredi OL 57, pelletizing equipment
(Figure 3).

Figure 3. Manfredi OL 57 Pelletiser

In the pelletisation process, the samples were pressed at a
pressure of 100 bars for the duration of two minutes. After
the pelletisation processes, the pellets were subjected to
high temperature furnace with the ceramic crucibles. The
temperature increment was selected as 10°C/min and
reaction time as 240 minutes at 800°C.

The influence of changing boron ratios on finished product
was determined by XRD and FT-IR techniques. XRD
method was used to identify the crystal structure of
produced lanthanum borates and FT-IR was used to
indicate the characteristic peaks of borates. XRD was used
at 45 kV and 40mA by using Cu-Ka radiation in the 26
range of 10-75°. FT-IR analyses were carried out in the
range 650-1800cm™t

3.Results
3.1.Raw Material Characterization Results

According to XRD result of HsBOgs, the boron source was
defined as and Sassolite (HzBO3) with pdf code of 01-073-
2158. The XRD result of La203 showed that the lanthanum
source was a Lanthanum Oxide crystal structure with pdf
code of 01-073-2141. XRD patterns of starting materials
are shown in Figure 4.
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Figure 4. XRD patterns of raw materials

Figure 5 shows vibrational spectra of Hs3BO3 and La203
which presents characteristics bands of the raw materials,
lanthanum oxide and boric acid.
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Figure 5. FT-IR spectra of raw materials
3.2.Characterization Results of Produced Lanthanum Borates

Figure 6 shows XRD patterns of products which indicates
the effects of changing HsBOs molar ratios on crystal
structure. According to XRD patterns, the intensity of XRD
peaks for the molar ratio of 1-3 is higher than the others.
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Figure 6. XRD patterns of synthesized lanthanum
borates for different boron ratios

In Table 1, at 800°C reaction time three different types of
dehydrated Lanthanum borates were formed. Also in the
XRD results unreacted La203 was not seen at any of the
ratios means that the formations of Lanthanum borates
were completed at this temperature. The major Lanthanum
borate phase seen at all ratios, was “00-012-0762" coded
Lanthanum borate (LaBOgz). LasBOs (00-050-1379) and
LaBO3z (00-012-0762) score decreased and La(BOz)s (00-
023-1140) score increased as boric acid ratio increases
from 1:1 to 1:5. The highest La(BO2)s crystal score was
obtained at the ratio of 1:3.

Table 1. XRD Results Of Products Synthesized 800°C

La,03:H3BO3

. Pdf no Name Formula Score
Ratio
00-050-1379 ~ Lanthanum b g
Borate
00-012-0762  L@nthanum g 65
Borate
1:1
Lanthanum
00-023-1140 L™ LaBO)s -
Lanthanum
01-073-2141 Oxide La,O3 -
00-050-1379  Lanthanum . b5, -
Borate
00-012-0762  @nthanum -, .pn g3
Borate
1:2
00-023-1140 -@nthanum om0, 45
Borate 23
Lanthanum
01-073-2141 Oxide La,O3 -
00-050-1379 ~ -anthanum oo L
Borate
Lanthanum
00-012-0762 Borate LaBOs 42
1:3
Lanthanum
00-023-1140 L ERI™  La@B0); 76
Lanthanum
01-073-2141 Oxide La,O3 -
Lanthanum
00-050-1379 Borate LazBOg -
00-012-0762  -@nthanum -, pn a9
Borate
1:4
00-023-1140 -@nthanum o mnh 56
Borate 23
Lanthanum
01-073-2141 Oxide La,Os3 -
00-050-1379  -@nthanum o o6
Borate
00-012-0762  @nthanum a5
Borate
1.5 Lanthanum
00-023-1140 Borate La(BO,); 60
Lanthanum
01-073-2141 Oxide La,O3 -

FT-IR spectra of synthesized compounds are presented in
Fig. 7.

23



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

Transmission (%)

Fig. 7 FT-IR spectra of synthesized lanthanum borates for
different boron ratios

The FT-IR spectra of synthesized compounds are stating
that, the peaks between 1400-1200 cm™ are ascribed to
asymmetric stretching of B—O in BOsz. While around 938
cm® symmetric stretching of B—O in BOs is observed. The
peaks in the range of 800-650 cm™ are assigned to out of
plane bending deformation vibrations of B—O in BOs.
Observed characteristic band modes are found to be
compatible with the literature [10].

4.CONCLUSION

In this study, it was aimed to determine the optimum
H3BOs molar ratio for solid state synthesis of lanthanum
borate. With this purpose, for varied molar ratios, reactions
took place by using lanthanum oxide and boric acid at
800°C for 4 hours. For all reactions, lanthanum borate
synthesis was accomplished and products were examined
by XRD and FT-IR analyses.

The analysis results (XRD and FT-IR) showed that low
temperature solid-state lanthanum borate synthesis from
La2Os and HsBOs was achieved in all molar ratios of
lanthanum and boron sources. At 800°C three different
phases of lanthanum borate have been produced.
Formation of the “00-023-1140" coded lanthanum borate
(La(BOz2)s) was the highest crystal score which obtained at
the ratio of 1:5.

It has been concluded that further studies needed to have
a clear opinion. Several other temperatures, atmospheres,
reaction times and different lanthanum and boron sources
with different molar ratios are going to be examined.
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Ozet

Bu calismada, GGG40 ve GGG50 serisi kiresel grafitli
dékme demirlerin  metalurjik ve mekanik 6zellikleri

arastinlmistir.  Malzemelerin  sahip oldugu alasim
elementleri yuzdesi ve olusan mikroyapi farkhliklari
mekanik Ozellikleri degistirmektedir. Mikroyapi

incelemelerinde GGG40 alasimindaki grafitlerin, kiresel
sekilli mikroyapr dagdihmina sahip oldugu gérulirken,
GGG50 alasimindaki grafitlerin ise, lamel yapilardan
meydana geldidi goriimistir. GGG40 numunesinin
makrosertligi 214 HV, mikrosertligi 246,3 HV olarak
Olcllirken, GGG50 numunesinin makro sertligi 234 HV,
mikrosertligi ise 375,5 HV olarak olgtilmistir. Mikrogekme
testlerinde ise GGG40 numunesinin maksimum g¢ekme
mukavemeti 440 N/mm2, GGG50 numunesinin maksimum
cekme mukavemeti ise 580 N/mm2 olarak O6l¢limustar.
Malzemelerin yapisindaki C, Si ve Mn gibi alasim
elementlerinin mikroyapi ve buna bagli olarak mekanik
ozellikleri farkh yonde degistirdigi gorilmis, GGG50
malzemesinde agdirlikca ylzdesi daha yiksek miktarda
bulunan s6z konusu alasim elementleri nedeniyle, bu
malzemede daha yuksek mekanik test sonuglarina
ulagiimistir.

Anahtar kelimeler: KGDD, GGG40, GGG50, mikroyapil,
mekanik 6zellikler

Abstract

In this study, metallurgical and mechanical properties of
GGG40 and GGG50 series spheroidal graphite cast irons
are investigated. The percentage rates of alloying
elements and formed microstructure differences affect
mechanical properties. In the microstructure analyses, it is
observed that GGG40 alloyed graphite has a spherical
microstructure distribution and GGG50 alloyed graphite
has lamellar structure. Macrohardness and microhardness
values of GGG40 materials are 214 HV and 246,3 HV,
respectively. Macrohardness and microhardness values of
GGG50 materials are 234 HV and 375,5 HV, respectively.
In the micro tensile testing, it is measured that the
maximum tensile strength of GGG40 and GGG50
materials are 440 N/mm2, 580 N/mm2, respectively.
Alloying elements such as C, Si and Mn in the structure of
materials change the microstructure and mechanical
properties. GGG50 material has a higher mechanical test
values because it contains more alloying elements.
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Keywords: Spheroidal graphite cast irons (SGCI),
GGG40, GGG50, microstructure, mechanical properties.

1. Giris

1943 yilindan itibaren kiresel grafitli dokme demir (KGDD)
sanayide yogun olarak kullaniimaya baslamistir [1].
KGDD'nin sanayide yogun olarak kullaniimasinin baslica
nedenleri ise; iyi mekanik Ozelliklere sahip olmasi; 6zellikle
yuksek plastiklik 6zelligi, toklugu ve mukavemetinin karbon
celiklerinden daha yuksek olmasidir. Bu nedenle, KGDD
bircok muihendislik uygulamalarinda, otomobil, tarim
makineleri ve madencilik gibi bircok sektérde
kullaniimaktadir [2,3]. KGDD yiiksek mekanik 6zelliklerinin
yani sira; yuksek sicakliklarda calisabilme kabiliyetleri
nedeni ile de firnn, egzoz manifoltu, turbo gdévdeleri gibi
pargalarda yogun olarak kullaniimaktadir[4].

KGDD’in mekanik o6zellikleri; temelde mikroyapisinda
bulunan saf demir yapisina ve yapisindaki grafitlerin sekil,
boyut ve dagihmina baghdir. Matris yapisi, daha sonra
uygulanabilen isil islemler ile gelistirilebilirken, grafit sekli
ve dagilimi ise katilasmaya bagli olmakla beraber, isil
islemlerden ¢ok az miktarda etkilenebilir [5]. KGDD'in
darbe direnci ve mekanik o6zellikleri ile ilgili birgok
arastirma yapilmig, ancak yapida olusan mikrogatlaklarin
yayllmasi ile galismalar sinirli kalmistir [6,7].

Bu calismada GGG40 ve GGG50 KGDD malzemeler
kullaniimig olup, malzemelerin mikroyapisal ve mekanik
ozellikleri arastirimaya calisiimistir. Mikroyapi
incelemelerinde kuresellesme olusumu, grafit dagihmi,
genel mikroyapi, kirik ylzey analizleri ve mikrosertlik
incelenmigtir.  Kiresellesme olusumu, grafit dagihmi ve
kirik yizey analizleri taramali elektron mikroskobu (SEM)
yardimiyla, genel mikroyapi incelemeleri ise, optik
mikroskop yardimiyla goOruntulenmistir. Ayrica yapida
meydana gelen element dadihimindaki farkliigr tespit
etmek icin Element Dagilim Spektrometresi (EDS)
analizleri gergeklestirilmistir. Mikroyapidaki klresel ve
dagihm halindeki farkh grafit yapilanmalarinin, mekanik
ozelliklere etkilerini tespit etmek igin ise, numunelere
makrosertlik ve gekme deneyleri gergeklestiriimistir.
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2. Deneysel Calismalar
2.1. Malzeme ve Metot

Numuneler  mikroyapl  incelemeleri igin  standart
metalografik numune hazirlama yo6ntemlerine uygun
olarak; zimparalama, parlatma ve daglama iglemlerine tabi
tutulmustur. Zimparalanan ve sirasiyla 6 ve 3 pm
solusyonlarla parlatilan numuneler, daha sonra % 2 Nital
dagdlayici kullanilarak daglanmis ve incelemeye hazir hale
getirilmigtir.  Incelemeye hazir numunelerden, Leica
Marka optik mikroskop ve JOEL JSM-5600 SEM
mikroskobu ile géruntuler alinmig, EDS ile de elementlerin
yapi icindeki dagilim morfolojisi belirlenmeye galisiimigtir.

Deneysel calismalarda GGG40 ve GGG50 olmak Uzere, iki
farkli KGDD alagim sistemi kullaniimistir. Kullanilan alagim
sistemlerinin kimyasal analizleri Cizelge 1’deki gibidir.

Cizelge 1. GGG40 ve GGG50 KGDD alasim sistemlerinin
kimyasal analizi
Numune C
GGG40
GGG50

Si Mn P S Mg

348 235 0,15 0,010 0,020 0,040
363 266 020 0,00 0,010 0,044

Alasim sistemlerinin mekanik 6zelliklerini tespit edebilmek
icin numunelere mikrosertlik, makrosertlik ve mikrogekme
testleri gerceklestirilmistir. Mikrosertlik dlcimleri 0,1 kg,
makrosertlik Olgiimleri ise 30 kg yikler kullanilarak
gerceklestirilmistir. Sertlik dlgimlerinde her bir numune igin
farkl bolgelerden mikrosertlik icin 7, makrosertlik icin de 5
adet dlcim yapilarak, ortalamalar hesaplanmistir.

Cekme deneyleri ise Sekil.1'de sematik olarak Oolguleri
verilen numuneler hazirlanarak, 50 kN kapasiteli
mikrogekme cihazinda, 2 mm/dk ¢ekme hizinda, oda
sicakligi  sartlarinda  gergeklestiriimistir. Cekme
deneylerinden numunelerin maksimum ¢ekme
mukavemetleri hesaplanmistir.

7
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Sekil 1. Mikro gekme numunesinin boyutlari (mm)
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2.2. Deney Sonuglari ve Tartigma

Calismalarda kullanilan malzemelerden alinan
numunelerin mikroyapilari 20, 50 ve 100 pm Olgeklerde
Sekil 2'de verilmektedir. Sekil 2.a. GGG40, Sekil 2.b. ise
GGG50 malzemeye ait mikroyapi goruntilerini ifade
etmekte olup, | numarali gortntiler 100 pm, Il numarali
goruntuler 50 ym ve Il numarah gérintuler ise 20 pm
6lgeklerde goriuntilenmigtir.

Mikroyapi goérintuleri incelendiginde, GGG40
numunesindeki grafit kimelesmeleri, kiresel sekilli bir
mikroyapi meydana getirirken, GGG50 numunesindeki

grafit yapilaninin kiresellesmeden, lamelli bir yapiya
donustigu  acikga gorilmektedir  (Sekil 2).  Grafit
formundaki bu farklilagmalara, katilasma esnasindaki

soguma farkliliklarinin neden oldugu duslnulmektedir.
Soguma farkhhklarina bagh olarak; lamelli, sikistiriimis,
vermikular ve kiresel formlar olugabilmektedir [8-11].

b S

Sekil 2. a) GGG40

malzemesine ait mikroyapi gorintuleri
b) GGG50 malzemesine ait mikroyapi gorintuleri

Cekme igslemi sonrasinda numunelerin  kirik yizey
analizleri ise Sekil 3'de gorildugl gibidir. Sekil 3.a.
GGG40 malzemeye, Sekil 3.b. ise GGG50 malzemeye ait
SEM gorintilerini géstermekte olup, gorintilerden |
numara 25, Il numara 100 ve Ill numara ise 250
biyltmeyi ifade etmektedir.

Sekil 3. a) GGG40 malzemesinin kirik ylizey goruntuleri
b) GGG50 malzemesinin kirik yiizey goriintileri
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Goruntiler incelendiginde her iki numunede de kirilma ve
catlaklarin olustugu gorilebilmektedir. Cekme sonrasinda
meydana gelen ¢atlaklarin olusumuna; grafit tanelerinin
bulundugu bélgelerden meydana gelen mikro-catlaklar ve
farklh mekanik yiuklemeler sebep olabilmektedir. Yapilan
benzer calismalarda elde edilen sonuglar bu durumu
destekler niteliktedir [12,13].

Bir sonraki asamada numunelerin EDS analizleri
incelenmistir. EDS analizlerinde her iki numuneden 3 farkli
noktadan islem gergeklestiriimistir. GGG40 numunesine ait
mikroyapi Uzerinden alinan EDS analizi 500 buyitme
olarak Sekil 4’te verilmigtir. Sekil 4'te 1, 2 ve 4 numara ile
gorilen noktalara analiz yapilmis olup, Sekil 4.a, 1
numarali noktanin, Sekil 4.b, 2numarali noktanin, Sekil 4.c
ise 4 numarall noktanin analizini vermektedir. 1 numarali
analizden yapinin tamamen kiresel sekle sahip grafit
oldugu anlasilabilmektedir (Sekil 4.a). 2 numarali analizde
ise yapinin ferritk bir yapida oldugu gorilmektedir
(Sekild.b). 4 numarali analiz sonuglar incelendiginde;
yaplyl elementel olarak agirlikca demir (Fe), silisyumun
(Si), Manganez(Mn) bulundugu ve perlit fazinin
olusturdugu tespit edilmistir. Perlitik olusumda bulunmasi
gereken eser miktarda karbonun EDS ile tespiti oldukga
glc oldugu icin yapida perlitik olusumun karakteristigi
gorsellerle desteklenmektedir (Sekil 4.c).

Grafit

Sekil 4. GGG40 malzemesinin SEM gorintisi

a) 1 numarahl Noktanin EDS analizi,

b) 2 numarali noktanin EDS analizi,

¢) 4 numarali noktanin EDS analizi.
Sekil 5'de ise GGG50 numune mikroyapisi Uzerinden 3
farkl noktadan (1, 2 ve 3) alinan EDS analizleri 500
blyutme olarak verilmektedir. EDS analiz sonuglari
incelendiginde; 1 numaral noktanin yiksek karbon orani
ile grafit yapisina sahip bir yapi (Sekil 5.a) oldugu tespit
edilirken, 2 numarali noktada ferritik yapi (Sekil 5.b), 3
numaral noktada ise perlitik yapinin (Sekil 5.c) olustugu
anlasiimaktadir. Benzer calismalarda  KGDD’lerin
yapisinda olusan ferrit, perlit ve grafit formlar, bu
calismaya benzer Ozellikler géstermekte olup, calismayi
destekler niteliktedir [14, 15].

Mikroyap! incelemelerinden sonra numunelerin mekanik
ozelliklerini incelemek i¢in, numunelere mikrosretlik,
makrosertlik ve mikrocekme deneyleri uygulanmigtir.
Numunelere uygulanan mikrosertlik ve makrosertlik
olgumleri Cizelge 2'de verilmektedir.
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Sekil 5. GGG50 malzemesinin SEM gorintisi
a) 1 numarali noktanin EDS analizi
b) 2 numarali noktanin EDS analizi,
¢) 3 numaral noktanin EDS analizi

Sertlik o6lgimleri genel olarak incelendiginde, GGG50
numunesinin sertlik degerlerinin, GGG40 numunesine
nazaran daha yiksek c¢iktigi tespit edilmektedir (Cizelge
2). Matris Uzerinden alinan mikrosertlik o6lgiimlerinde
GGG50 numunesinin sertlik degerleri ortalamasi 375,5 HV
iken, GGG40 numunesinde sertlik degerleri ortalamasi
246,3 HV olarak tespit edilmistir. Grafit yapidan alinan
olcimlerde yapinin benzerlik teskil etmesi nedeniyle, her
iki malzemede benzer mikrosertlik sonuclarina ulasiimigtir.
Grafit yapi Uzerinden alinan mikrosertlik Olgtiimlerinde
GGG50 numunesinin sertlik deg@erleri ortalamasi 76,5 HV
iken, GGG40 numunesinde, sertlik degerleri ortalamasi
78,34 HV olarak oélgtlmustur. Makrosertlik 6lgimlerinde ise
genel olarak GGG50 numunesinde 234 HV, GGG40
numunesinde 214 HV sertlik degerlerine ulasiimistir. Genel
olarak sertlik degerlerinin yliksek c¢ikmasinda GGG50
malzeme yapisinda bulunan C, Si ve Mn gibi alasim
elementlerinin  agirlikga ylzdesinin, GGG40 malzeme
yapisindakilerden daha yuksek olmasindan
kaynaklanmaktadir (Cizelge 1). S6z konusu alasim
elementlerinin  olusturdugu mikrofazlar incelendiginde
olugsan, perlit fazi ve grafitlerin sertligi arttirici bir etki
olusturdugu bu konuda yapilan benzer calismalarla
desteklenmektedir [16].

Cizelge 2. Numunelerin ortalama sertlik dlgim sonuglari
Numune Mikro Sertlik (Hv 0,1) Makro Sertlik (Hv 30)

Matris Grafit Genel
GGG50 375,5 76,5 234
GGG40 246,3 78,34 214

Sertlik dlgiimleri sonrasinda numunelere mikrogekme

testleri uygulanarak, numunelerin mikrocekme islemi
karsisinda mukavemet O&zellikleri tespit edilmeye
calisiimistir. Mikrogekme testi sonuglari Cizelge 3’de

veriimektedir.
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Cizelge 3. Numunelerin gekme mukavemeti

Numune Max. Cekme Mukavemeti.
GGG40 440 N/mm?
GGG50 580 N/mm?

Mikrogekme islemleri sonucunda GGG50 numunesinin
maksimum c¢ekme mukavemeti ortalamasi 580 N/mm?2,
GGG 40 numunesinin  maksimum c¢ekme mukavemeti
ortalamasi ise 440 N/mm? olarak olctiimistir. Karbir

olusturma tavrinin GGG50 malzemesinde, GGG40
malzemesine oranla daha ylksek olmasi nedeniyle,
maksimum ¢ekme mukavemeti sonuglar, sertlik

sonuglarina benzer sekilde GGG50 malzemesinde daha
yuksek cikmistir (Cizelge 2 ve Cizelge 3). GGG50
malzemesinde maksimum c¢ekme mukavemetinin daha
yuksek ¢ikmasi; yapidaki alagsim elementlerinin mikroyapi
ve mekanik o6zellikleri farkli yonde degistirmesi olarak
yorumlanmaktadir (Cizelge 1).

Yapilan calismada genel itibari ile yapisal dénusimu
kimyasal kompozisyonun vyani sira KGDD'in genel
karakteristigi olan katilasma zamani oldugu aciktir. Buna
dayall olarak degisen mikroyapisal durumun iglenebilirlige
etkileri oldukga ylksektir. Bu durum bir bagka ¢alismada
ele alinmigtir [17].

3. Sonuglar
- Mikroyapi incelemelerinde, GGG40 numunesindeki
grafit kimelesmeleri, kuresel sekilli bir mikroyapi meydana
getirirken, GGG50 numunesindeki grafit yapilarinin
kuresellesmeden,lamelli bir yapiya dénustugu goralmastar.
Kirik ylzeyler incelendiginde; her iki numunede de
kirilma ve ¢atlaklarin olustugu gérulmustar.

- Cekme sonrasinda meydana gelen catlaklarin
olusumuna; grafit tanelerinin  bulundugu bodlgelerden
meydana gelen mikrogatlaklar ve farkli mekanik
yuklemeler sebep olabilmektedir.  Yapilan benzer

calismalarda elde edilen sonuglar bu durumu destekler
niteliktedir.

GGG40 numunesi icin EDS analizleri
degderlendirildiginde; yapinin tamamen kuresel sekle sahip
grafitterden olusan ferritkk ve perlitik bir yapida oldugu
gOrulmustlir. GGG50 numunesi igin  ise dénusimind
tamamlamamis rozetimsi grafitlerden ve ferritik+perlitik
yapinin olustugu anlasiimistir.

Sertlik dlgimleri genel olarak incelendiginde, GGG50
numunesinin sertlik degerlerinin, GGG40 numunesine
nazaran daha ylksek c¢iktigr tespit edilmigtir.Matris
Uzerinden alinan mikrosertlik Olgiimlerinde GGG50
numunesinin sertlik degerleri ortalamasi 375,5 HV iken,
GGG40 numunesinde sertlik degerleri ortalamasi 246,3
HV olarak tespit edilmistir.Grafit yapidan alinan dlgiimlerde
yapinin benzerlik tegkil etmesi nedeniyle, her iki
malzemede benzer mikrosertlik sonuglarina ulasiimistir.
Makrosertlik Olgimlerinde ise genel olarak GGG50
numunesinde 234 HV, GGG40 numunesinde 214 HV
sertlik degerlerine ulagiimigtir.

C, Si ve Mn gibi alasim elementlerinin olusturdugu
mikrofazlar incelendiginde olusan, perlit fazi ve grafitlerin
sertligi arttinci bir etki olusturdugu, bu konuda yapilan
benzer galismalarla desteklenmistir.

Mikrogcekme islemleri sonucunda GGG50 numunesinin
maksimum c¢ekme mukavemeti ortalamasi 580 N/mm2,
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GGG 40 numunesinin maksimum c¢ekme mukavemeti
ortalamasi ise 440 N/mm2 olarak 6lgiimustur.

Karblr olusturma tavrinin GGG50 malzemesinde,
GGG40 malzemesine oranla daha yiksek olmasi
nedeniyle, maksimum gekme mukavemeti sonuglari, sertlik
sonuglarina benzer sekilde GGG50 malzemesinde daha
yiuksek cikmisti. GGG50 malzemesinde maksimum
cekme mukavemetinin daha ylksek ¢ikmasi; yapidaki
alasim elementlerinin mikroyapi ve mekanik 6zellikleri
farkl yonde degistirmesi olarak yorumlanmistir.
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Ozet

Bu g¢alismada, EN-GJS-400-15 , EN-GJS-500-7 , EN-GJS-
600-3 kuresel grafiti dokme demirlerin (KGDD) dokim
islemi yapildi. D6kme demirler furan regineli kalipta dékim
yontemiyle Uretildi. Dokilen pargalar normalizasyon sil
islemine tabi tutuldu. Isil iglem &ncesi ve sonrasi
mikroyapi ve bazi mekanik 6zellikleri incelendi. Sonrasinda
mikroyapi icerisindeki perlit orani, ferrit orani belirlendi.
Mekanik ozelliklerini belirlemek i¢cin cekme mukavemeti ve
uzama miktari tespit edildi. Ayrica mekanik o6zelliklerin
tesbiti icin mikrosertlik analizleri yapildi. Sonu¢ olarak
uygulanan normalizasyon 1sil islemiyle birlikte yapida
perrittesme oraninda artis gbzlendi ve bu da mekanik
ozelliklerde iyilesmeler sagladi. Mikroyapida ise kiiresel
grafitlerin gaplarinin buyukluklerinde artis ve homojen
dagilim gézlendi.

Anahtar Kelime :Kgdd, Isil islem, Mikroyapi, Mikrosertlik
Abstract

In this study, EN-GJS-400-15 , EN-GJS-500-7 , EN-GJS-
600-3 spheroidal graphite cast iron was casting process.
Cast iron produced with furan resin mold casting method.
Then it was subjected to normalizing heat treatment of
spillage. The heat treatment before and after the
microstructure  and  mechanical  properties  were
investigated. Then pearlite and ferrite ratio in the
microstructure were determined. Tensile strength and
elongation of speciment to determine the mechanical
properties were observed. Also microhardness analysis
was done to determine the mechanical properties. As a
resault, with the normalisation heat threatment the
pearlisation rate of increasing was observed in the
structure and increase in mechanical properties. In the
microstructure, was observed increase in the size of the
diameter of the graphite and homogenous distribution

Keywords: Nci, Heat threatment, Microstructure,
microhardness

1. Giris

Kiresel grafiti  dékme demirler, celigin  mekanik

ozelliklerine ve dokme demirin Uretim 6zelliklerine sahip bir
malzeme grubu olarak tanimlanmistir. Kuiresel grafitli
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dékme demirler, gri dokme demirlerden yaklasik iki kat
daha fazla mukavemete sahip olup, celie gore ¢ok daha
kolayca dokiilebilmektedir. Ustelik retimindeki biyik
maliyet avantaji, kullanim alanini hem ¢elik hem de diger
dékme demirlere gbére her gegen gin biraz daha
genigletmistir[1]. Kuresel grafitli dokme demirlerin, diger
dékme demir ve celiklere gore avantajlari nedeniyle,
kullanim alanlari ve Uretim miktarlari her gegen gin biraz
daha artmakta olup, en yaygin kullanim otomotiv ve mimari
uygulamalarindadir. Ornegin, krank milleri, 6n teker destek
kollari, direksiyon baglantilari, fren diskleri, motor baglanti
rotlari, gii¢ iletim baglantilari ve manifoltlar igin yiksek
glvenlik valfleri sayilabilir. Kiresel grafitli dékme demir
boru endustrisi, diger en buylk kullanim alanini tegkil
etmektedir. Ayrica, madencilik ve metalurji sektorinde,
kirici gévdelerde, sicak hadde merdanesi, kalip, ergitme
ve curuf potalarinda da kullaniimaktadir [4,5]. Kiresel
grafiti dokme demirler isil isleme son derece uygun
oldugundan o&zellikleri ¢cok genis bir aralikta degisecek
sekilde dUretilebilirler. Matris yapidaki karbon miktari,
alasim ilavesi, dékiimhane iglemlerinin kontroll ve ya isil
islemler ile matris yapi tamamen ferrit, perlit-ferrit,
tamamanet perlit, martenzit, beynit ve ya tamamen ostenit
olabilmektedir [2]. Uygun isil islem kullanildiginda, lamel
grafiti dokimde en fazla 400 MPa c¢ekme dayanimina
ulasilabilirken, Kiresel grafitli dokme demirde rahatlikla
700 MPa degerleri saglanabilmektedir[3]. Geleneksel
kiresel grafitli dokme demirlerin gekme 6zellikleri, 6zellikle
cekme ve akma mukavemeti ve suneklik degeri mekanik
ozellikler igin belirleyicidir. Kuresel grafitli dbkme demirlerin
akma mukavemet arahgi ise farkh siniflar igin 275 MPa ile
620 MPa arasindadir. Geleneksel kiresel grafitli dokme
demirlerin cekme mukavemeti ise yine farkh siniflar igin
genel olarak 414 MPa ile 1380 MPa arasinda
degismektedir. Kopma uzamasi genelde stnekligin temel
gostergesi olarak kullanilan bir 6zelliktir ve birgok kuresel
grafiti dékme demirin 6zellikleri arasinda belirtilir. Gevrek
malzemeler, gri dokme demir gibi, ¢ekme sirasinda hic
uzama gostermeden kirilir. Fakat ferritik dokme demirler
%25’ten bile fazla uzama gosterirler. Kopma uzamasi
genelde siinekligin temel gostergesi olarak kullanilan bir
ozelliktir ve birgok kuresel grafitli dokme demirin 6zellikleri
arasinda belirtilir. Gevrek malzemeler, gri dékme demir
gibi, cekme sirasinda hi¢ uzama gdstermeden kirilir. Fakat
ferritik ddkme demirler %25ten bile fazla uzama gésterirler
[6]. Bu calismada; kuresel grafiti dékme demir dékim
islemi gerceklestirildi. Dokulen pargalardan numuneler
alinarak normalizasyon 1sil iglemi gerceklestirildikten
sonra, isil islemin mikroyap! ve mekanik 6zelliklerine etkisi
incelendi.
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2. Materyal ve Metot

Dokum islemi gerceklestirilmis olan numunelerin spektral
analizleri Tablo 1.” de gosterildigi gibidir. Uygun oranlarda
hazirlanmig olan dékim malzemeleri potada ergitilerek
Sekil 1.” de gosterilen kum kaliplara dokilmustur.

Tablo 1. Kuiresel grafiti dokme demir spektral analiz
tablosu.
%Fe %C  %Si

%Mn %P %5 %Cr %Sn  %Mg %Cu

269 0167 0.0437 00114 00117 00198 00397 0.0856

GGG40 B4 339

358 209 0143 00447 00137 00247 0.02%6 0.0333 0.1840

GGG50 338

219 0213 0.0450 0.0147 0.0376 00332 0.0451 0.2140

GGGED %6 356

2.1 Kalibin dékiim iglemine hazirlanmasi

Kaliplamada kullanilan dékim kumunun 6zellikleri séyledir;
% 90 geri donlisim, % 10 yeni kum 30 — 35 afs, Bu ikisinin
karismasi sonucu 38 — 42 afs kum elde edilir. Kumun
sicakhidr 30°C, % 8 regine - % 4 sertel igermektedir.

b

gmy o
PR

Sekil 1. (a) Alt ve st derecenin kaliplanmasi, (b) Yolluk ve
giderici kisminin boyanmasi.

Basilan kum iyice sikistirilarak ylzeyindeki fazla kum
siyrilmistir. 5 dk kurlesmesi (sertlesmesi) beklenmistir.
Sekil 1. (a) da gorildigi gibi sertlesen kalp ters
cevrilerek Ust derece yerlestirilip, kum basiimistir. 5 dk
kirlesmesi beklenip kalip agilmistir. Modele tokmaklarla
vurularak kaliptan rahat ¢ikmasi saglanmistir. Sekil 1. (b)
de géruldigu gibi kaliptaki havsa ve yolluk kismi alkol bazli
boya ile boyanmistir. Mala yiizeyine tanfiks (kimyasal
yapistirict) sikilarak kalibin birbirine yapismasi saglanip
kalip kapatiimistir.

2.2 Dokiim iglemi

Kiresel grafitli dokme demir igin ; bos pota igerisine 50 gr
magnezyum,100 gr 6rth asi atiimistir. Ocaktan sivi metal
bu potaya bogaltilarak pota icerisindeki elementler ile sivi
metalin sferolasmasi sadlanmistir. i¢ yapisi lamel
grafitterden olusan sivi metal, magnezyumun etkisiyle
kiresel hale donismustur. Kaliba dokim iglemi yapilirken
sivi metale akinti asi uygulanmistir. Kiresel grafitli dokme
demirlerde kalibin agilmasi 1 saat dir. Kalip agma siresi
dolan kaliplar agilarak malzeme acgik havada sogumaya
birakikilmistir. Sekil 2. de gérildigu gibi kapatilan kalibin
Uzerine agirlik konularak dékim islemi gergeklestirilmistir.
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Sekil 2. Dékim iglemi
2.3 Deney Numunelerinin Hazirlanigi

Cekme deneyi icin hazirlanan numuneler Sekil 3.'te
gosterilen dlgllerde Uretilmigtir.

M 20x2,5
r=20 :
yvy ¥
12,5
_ A
B 18 J 40
= 180 o

- Lt

Sekil 3. Kuresel grafitli dbkme demirin gekme deneyi igin
hazirlanan numunenin oélglleri.

Sekil 3.’te standartlara uygun hazirlanmis olan ¢ekme
numuneleri instron marka 30 ton kapasiteye sahip ¢ekme
test makinasinda test edildiler.

2.4 1sil iglem

Uretilen numunelere normalizasyon 1sil islemi uyguland.
Bu malzemelerde Isil igslemin uygulanma sekli; malzemeler
finna yerlestirildi ve firinla beraber sicaklik 100°C/saat
arttinlarak 8 saatin sonunda 800°C ' de 150 dk. beklendi.
Firin  atmosferinde sogumaya birakildi. 250°C 'de
numuneler firindan ¢ikartilarak hava ortaminda sogumaya
birakildi. Mikro yapi i¢cin malzemenin orta kismindan
numune alindi. Alinan numune soguk bakalite alma
yontemiyle bakalite alind1.

2.5 Metalografik inceleme

Numuneler zimparalama iglemlerinden gegirildi. Sonra
cuhalama islemi vyapildi. Cuhalama isleminde 3pm
boyutunda aliimina stispansiyon ilave edildi. Daha sonra %

3 nital, % 97 alkol ¢oOzeltisi kullanilarak numunelerin
yuzeyleri kimyasal olarak daglandi.

3. Deney Sonuglari ve Tartisma

3.1 Optik Mikroyapi incelenmesi

Normalizasyon tavinin amaci i¢ yaplyl tamamen ve ya
kismen perlite donistirmek ve bu sayede dayanim
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Ozelliklerini gelistirmektir [7]. Bizde c¢alismamizda kuresel
grafitlerin gapini biyutmek ve dagilimini homojenlestirmeyi
ama¢ edindik. Bu sayede doékme demirin mekanik
ozelliklerini iyilestirmeyi diustniyoruz.

3.1.1 GGG - 40

Sekil 4. a) isil islem 6ncesi daglanmamis b) isil islem
Oncesi daglanmis c) 1sil islem sonrasi daglanmamis d) isil
islem sonrasi daglanmis GGG — 40 100X optik
gorintuleri.

Sekil 4. ' teki optik gorintiler incelendiginde daginik ve
yayllmis halde bulunan grafitlerin daha biiylk ve homojen
dagiimis grafit kireleri olusturduklari g6zlenmektedir.
Yapidaki perlittesme oraninin arttigi gézlenmektedir. Grafit
kireleri ferrit fazi tarafindan gevrilmis olup, ferrit halkalari
arasindaki kisimda perlit yer almaktadir. Normalizasyon
1sil isleminden sonra grafit kireciklerinin daha c¢ok
blyadukleri gdzlenmektedir.

3.1.2GG

G-50

»

e
o

® .
a2 .

Sekil 5. a) isil iglem 6ncesi daglanmamig b) isil iglem
oncesi daglanmis c) isil igslem sonrasi daglanmamis d) isil
islem sonrasi daglanmis GGG — 50 100X optik
goruntuleri.
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Sekil 5. Teki optik goruntiler incelendiginde, isil islem
g6érmis numunelerdeki perlittesme oraninin sl iglem
g6érmemis olanlara goére arttigini gézlemekteyiz. Ayrica
GGG-50 numunesinde olugsan grafit kirelerin ve perlit
oraninin  GGG-40° a gbére daha fazla olduklar
g6zlenmektedir. Tablo 2." deki mikrosertlik sonuglari g6z
oniine alindiginda bu sonucu desteklemektedir.

3.1.3 GGG -60

A ; +
JQ:'Q ‘fu o
LY *

Sekil 6. a) isil islem dncesi daglanmamis b) isil islem
oncesi daglanmis c) isil islem sonrasi daglanmamis d) isil
islem sonrasi daglanmis GGG — 60 100X optik
goruntuleri.

Sekil 6.daki optik gorintiler incelendiginde perlittesme
oraninin GGG-40 ve GGG-50 numunelerine gére daha

fazla oldugu gozlenmektedir. Ayni zamanda grafit
oranlarinin  daha yodun ve homojen dagildigi
g6zlenmektedir.  Perlit oranindaki artisin  mekanik

ozelliklerde iyilesme saglayacagi disindlmektedir. Ancak
malzemenin sunekligini azaltacaktir.
3.2 Cekme Testi Sonuglari

3.2.1 GGG - 40

5000

4000

3000

1000

Cekme gerilmesi (kgf/fcm~2)

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Cekme gerinimi (%)

Sekil 7. GGG — 40 Isil islem Oncesi Cekme testi diyagrami
ve tablosu.
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Sekil 8. GGG — 40 Isil islem Sonrasi Cekme testi
diyagrami ve tablosu.

GGG-40 kuresel grafiti dékme demirlerde isil islem
oncesinde malzemenin gekme dayanimi : 478.636 N/mm?,
% uzama : %16.169 , elastisite modull : ort 12.343 GPa ,
akma ylku: 42.446 kN , akma gerilimi: 339.876 N/mm?
olarak Ol¢ulmustur. Isil igslem sonrasinda ise ; c¢ekme
dayanimi: 422.499 N/mm? , %uzama : %21.676 ,elastisite
modili: 8.675 Gpa , akma yiki: 39.574 kN , akma
gerilimi: 322.478 N/mm? oldugu tespit edilmistir. Boylece
1sil igslem oncesinde 12.343 GPa olan elastisite moduli
:8.675 GPa ‘a azalma gOstermis, akma yuki 42.446
kN’'den 39.574 kN’ a azalma gostermis, akma gerilmesi
339.876 N/mm? den 322478 N/mm?ye azalma
gOstermistir. Isil islem O©ncesinde istenen max c¢ekme
dayanimi: 400 N/mm? iken 478.636 % uzama orani min
%15 istenirken %16.169 olarak ,isil iglem sonrasinda
istenen max gekme dayanimi 400 N/mm? iken bu deger
422.499 N/mm? , % uzama orani %15 istenirken %21.676
olarak saptanmistir.

3.2.2 GGG - 50

7000

6000

5000 = !

4000

3000

2000

1000

0

Cekme gerilmesi (kgf/fcm~2)

-1000
-1 0 1 2 3 4 5 6 7 8

Cekme gerinimi (%)

Sekil 9. GGG - 50 Isil islem &ncesi Cekme testi diyagrami
ve tablosu.
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Sekil 10. GGG - 50 Isil islem sonrasi Cekme testi
diyagrami ve tablosu.

GGG-50 kuresel grafiti dokme demirlerde isil islem
oncesinde malzemenin gekme dayanimi : 624.715 N/mm?,
%uzama : %7.438 , elastisite modull : ort 18.143 GPa ,
akma yUki: 50.285 kN , akma gerilimi: 409.763 N/mm?
olarak Olgulmustir. Isil islem sonrasinda ise ; ¢ekme
dayanimi: 454.034 N/mm? , %uzama : %20.577 ,elastisite
modull: 9.467 GPa , akma yuki: 38.708 kN , akma
gerilimi: 342.253 N/mm? oldugu tespit edilmigtir. Boylece
1sil igslem 6ncesinde 18.143 GPa olan elastisite moduli :
9.467 GPa ‘a azalma gOstermis, akma yukiu 50.285
kN’den 38.708 kN’ a azalma gostermis, akma gerilmesi
409.763 N/mm2 den 342.253 N/mm?ye azalma
gOstermistir. Isil islem Oncesinde istenen max c¢ekme
dayanimi: 500 N/mm2 iken 624.71 N/mm?, %uzama orani
%7 istenirken %7.438 olarak ,isil islem sonrasinda istenen
max ¢ekme dayanimi 500 N/mm? iken bu deger 454.034
N/mm2 |, %uzama %7 istenirken %?20.577 olarak
saptanmistir.

3.2.3 GGG -60
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Sekil 10. GGG — 60 Isil islem 6ncesi Cekme testi
diyagrami ve tablosu.
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Sekil 10. GGG - 60 Isil islem sonrasi Gekme testi
diyagrami ve tablosu.

GGG-60 kuresel grafiti dokme demirlerde isil islem
oncesinde malzemenin gekme dayanimi: 620.991 N/mm?,
% uzama :%3, elastisite modull : ort 18.982 GPa , akma
ylk(: 54.124 kN , akma gerilimi: 441.040 N/mm? olarak
Olcilmdistir. Isil islem sonrasinda ise; ¢cekme dayanimi:
451.486 N/mm?, %uzama: %17.820,elastisite modulu:
7.697 GPa, akma yiki: 37.218 kN, akma gerilimi: 322.593
N/mm? oldugu tespit edilmistir. Boylece 1sil iglem
oncesinde 18.982 GPa olan elastisite modili: 7.697 GPa
‘a azalma gdstermig, akma yuki 54.124 kN'den 37.218 kN’
a azalma gostermis, akma gerilmesi 441.040 N/mm? den
322.593 N/mm?ye azalma gostermigtir. Isil islem
oncesinde istenen max gekme dayanimi: 600 N/mm? iken
620.991 N/mm?, % uzama orani %3 istenirken %7.207
olarak, isil igslem sonrasinda istenen max ¢ekme dayanimi
600 N/mm? iken bu deger 451.486 N/mm?2, % uzama orani
%3 istenirken %17.820 olarak saptanmistir.

4. Mikrosertlik incelenmesi

Isil igslem sonrasinda mevcut sertlikie disme meydana
gelmistir. Yapmis oldugumuz normalizasyon tavlamasinda
ic yapidaki empriteler azaldigindan dolay! sertlikte
beklenen distsiin oldugu tablo 2.’de gosterilmistir.

Tablo 2. Kiresel Grafiti Dékme Demirin 1sil islem 6ncesi
ve sonrasi Rockwell sertlik degerleri.

Isil islem Oncesi Rockwell Isi fslem Sonrast

Malzeme . 1 Deder
Serlik Degeri (Hre) Rockw ellézl;l)lk Degeri

GGG40 160 133

GGG 166 140

GGG60 170 143

Sertlikteki bu disis beklenmektedir. Bunun 1sil islem

sonucunda yapidaki empduritelerin  azalmasi, ferrit
oranindaki artistan kaynaklandigi distndlmektedir.

5. Sonuglar

Kuresel grafiti dokme demirlere normalizasyon tavi

uygulanmis olup, bu 1sil iglemin malzemelerin mekanik ve
mikroyapi Ozelliklerine etkisi incelenmistir. GGG40 ,
GGG50, GGGE0 olmak uzere 3 adet kuresel grafitli dokme
demir numunesi hazirlanmistir. Bu numunelere uygulanan
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isil islemin ¢cekme dayanimi, kopma uzamasi, elastisite
moduld, akma yukl, akma gerilimi gibi mekanik ézelliklere
etkisi su sekilde gézlenmistir:

GGG40 numunesinde 1sil igslem sonucunda c¢ekme
gerilmesi ve wuzama gerilmesinde artis gdzlenmigtir.
Elastisite modili , akma yiku, akma gerilmesinde de
azalma gozlenmisgtir.

GGG50 Numunesinde 1sil islem sonucunda g¢ekme
geriimesinde disme ve ylzde uzama degerlerinde artis
g6zlenmistir. Bunun perlittesme oranindaki artigtan
kaynaklandigi distnidlmektedir. GGG50 numunesine 1sil
islemin uygulanmasi hemen hemen malzemenin
incelenen butin mekanik 6zelliklerine etki etmistir.
Elastisite modullli, akma yuki , akma gerilmesi gibi
degderlerin yaklasik yari oraninda dustugu gézlenmigtir.
GGG60 Numunesinde 1sil iglem sonrasinda c¢ekme
gerilimesinda azalma go6zlenmis, uzama degerlerinde ise
alti kat oraninda artis gézlenmistir. Uzama degerlerinin gok
yuksek c¢ikmasinin ostenit bdlgesinde uzun sire
beklemekten kaynaklandigi disundlmektedir. GGG60
numunesine 1sil iglemin uygulanmasi hemen hemen
malzemenin incelenen butin mekanik 6zelliklerine etki
etmistir. Elastisite modull, akma yiki, akma gerilmesi
degerlerinde yaklasik % 50 oraninda dusus gozlenmigtir.

Optik goérintiler incelendiginde; GGG40 numunesinde
daginik ve yayillmis halde bulunan grafitlerin daha biyik
ve homojen dagdilmis grafit kireleri olusturduklari
gbzlenmektedir. Yapidaki perlittesme oraninin  arttig
g6zlenmektedir.

GGG50 numunesinde 1sil islem gérmis numunelerdeki
perlitesme oraninin 1sil islem gdérmemis olanlara gore
arttigini  gézlemekteyiz. Ayrica GGG-50 numunesinde
olusan grafit kirelerin ve perlit oraninin GGG-40" a goére
daha fazla olduklar gézlenmektedir.

GGG60 numunesinde perlittesme oraninin GGG-40 ve
GGG-50 numunelerine gbére daha fazla oldugu
g6zlenmektedir. Ayni zamanda grafit oranlarinin daha
yogun ve homojen dagildigi gdézlenmektedir.

Mikrosertlik analizleri incelendiginde Isil islem sonrasinda
mevcut sertlikte diisme meydana gelmistir. Sertlikteki bu
dists beklenmektedir. Bunun 1sil islem sonucunda
yapidaki empdritelerin azalmasi, ferrit oranindaki artistan
kaynaklandigi digtnulmektedir.
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OZET
Bu c¢alismada, Uretiminde c¢ogunlukla doékim gibi
geleneksel yontemlerin  kullanildigi sekil bellekli NiTi

alasimlarinin, toz metallrjisi yontemi ile uretilebilirligi
arastinlmigtir.  Sekil bellekli alasimlarin igerisinde NiTi
alasimlari énemli bir yer tutmaktadir ve yiksek ergime
sicakliklari nedeniyle doékim isleminde maliyetler ve
harcanan enerji de artmaktadir. Yapilan galismada ©n
alagimh NiTi tozlarinin soguk presleme ve sinterleme
islemleri ile Uretilebilirligi incelenmigtir. inceleme igin ayni
kimyasal komposizyona sahip numuneler ayni sicaklikta,
60 dak., 180 dak. ve 300 dak. slreler de sinterlenmis,
sureye bagl olusan farkhliklar SEM ve EDS cihazlari ile
analiz edilmistir.

Anahtar Kelimeler: NiTi, Sekil Bellekli Alasimlar, Toz
Metalurjisi

ABSTRACT

In this study, production of mostly conventional methods
such as casting which utilize shape memory NiTi alloys,
the reproducibility was examined by powder metallurgy.
NiTi alloys occupy an important place in the shape
memory alloys. However, due to high costs in the melting
and casting process also increases energy expenditure.
The preliminary study of NiTi alloy manufacturability by
cold pressing and sintering of the powder was examined.
Samples having the same chemical composition for review
at the same temperature, 60 min., 180 min. and 300 min.
durations are sintered, the resulting time-dependent
differences were analyzed by SEM and EDS devices.

Keywords: NiTi, Shape Memory Alloys, Powder
Metallurgy

1. Girig

Sekil hafizali alagimlar (SHA), dis etkilerden dolayi

deforme olan malzeme geometrisinin, uygun isil isleme
maruz birakilarak geri doénebilmesi olarak tanimlanir.
SHA'In Uzerine son yillarda sekil bellekli alagimlar tzerine
alinan patent orani hizla artmaktadir. (Son 20 alinan
patentlerde %27’si ilk 10 yilda alinirken %73’ son on yilda
alinmigtir) [1]. Bu vyillarda alinan patentlerin ¢ogu
biyomedikal alaninda olsa bile, gunimizde isitma,
havalandirma, otomotiv ve givenlik gibi genel sanayi
alaninda hizlanmigtir. Ayrica son yillarda havacilik ve uzay
alaninda énemli galismalar yapiimaktadir [2].
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SBA’lar iki yada daha fazla metalin alagimlandiktan sonra
onceden belirlenmis sekline deforme edildikten sonra belirli
bir sicakhkta geri donmesidir (Sekil1) . Bu da sicakhga
bagl kristal yapila olan martenzit ve &stenit yapilarin
sayesinde gerceklesir [3]. Martenzit yapinin kristal yapisi
Ostenitten daha az simetriktir bu yluzden de kayma
gerilimleri olusur. Gerinmenin diismesi ile hem kayma hem
de ikizlenme olusur. SBA iki farkli kristal yapi igermektedir.
Yiksek sicaklik fazina Ostenit ya da ana faz denir ve
hacim merkezli kubik kristal yapidadir. Disuk sicakhk
fazlan ise martenzittir ve dislik simetrilerle karakterize
tetragonal, ortorombik yada monoklinik kristal yapidadir.
Kristalografi sayisi ydnlenme ve malzeme kayma yonlerine
gore es deger olarak farkliliklar gosterebilir [4].
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Sekil.1 Sekil Bellek Mekanizmasi,

NiTi sekil bellekli alagsimlar saglam ve cok islevli olmalari
sebebiyle kaplinler, aktuatorler, sensorler, goézlik camlari,
teksti ve medikal gibi birgok alanda, hafiza ve
superelastiklik 6zellikleri sayesinde birgok alanda kendine
kullanim alani bulmaktadir [5]. Sunduklar bu 6zelliklerinin
kombinasyonuyla iyi biyouyumluluklari ve bunlarla
baglantili yiksek mekanik tepkileriyle, stentler, ortodontik
implantlar ve ortopedik implantlar gibi dental ve
biyomedikal alanlarin da hatiri sayil malzemeler haline
gelmiglerdir [6].

Ni-Ti ikili faz diyagramlari intermetalik ve kati eriyiklerden
olusmaktadir. Bunlarin arasinda egit atomik oranda NiTi
intermetalikleri sekil bellek 6zelligi gostermektedir[23]. Saf
titanyum ergime derecesi 1670°C, saf nikel ergime
derecesi 1455°C’dir. NiTi ergime derecesi ise 1310°C’dir.
NiTi intermetalik yapisi 627°C’den itibaren NiTi arafazi
olusturur (Sekil 2.).
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Sekil 2. NiTi Alagiminin faz diyagrami

Ana faz B2, komposizyon ve termomekanik sartlara bagh
olarak ¢ donidsum yolundan bir tanesini izleyebilir. Su
verilmis Ti-Ni alasimlarinda B2 — B19’ direkt dénisium
olusur. TisNi4 iceren yaslanmis Ti-Ni alagimlarinda, soguk
sekil  degistirmis  Ti-Ni  alasimlarinda ve TiNiFe
alagimlarinda ise B2 R B19" donlsuimu
gerceklesmektedir. B2 - B19 — B19’ donuisimu ise TiNiCu
alagimlarinda meydana gelmektedir [7].

.B19( ortorombik , 2H)
Ti-Ni-Ci
Y (Ti-Ni-Cu) \
/ N
Ble{ubik)i 2 B19"monokhmnik
™~ N (Ti-Ni, gozeltiye abnmug) -~

> Rotrigonal)”
(Ti-Ni-Fe, Ti-Ni Yaslandrinus)

Sekil 3. NiTi 6stenit yapidan martenzit yapiya doniisim
yollari

NiTi sekil hafizalarin Gretiminde kullanilan birgok yontem
vardir. Bunlardan bazilari vakum ark yontemi, vakum
indUksiyon yontemi, elektron 1sin1 ark yéntemi, plazma ark
yontemi gibi ergitmeli ydntemlerdir. toz metalurjisi ile
Uretiminde de kendinden yayilan ylksek sicaklik sentezi,
konvansiyonel sinterleme, sicak izostatik presleme, metal
enjeksiyon kaliplama ve plazma kivilcim sinterleme gibi
yontemler kullanilmigtir [6-11].

Bu c¢alismada, sekil bellekli NiTi alasimlarinin, toz
metallrjisi ile Uretilebilirligi incelenmistir. Sekil bellekli
alasimlarin igerisinde NiTi alasimlari énemli bir yer
tutmaktadir ve yuksek ergime sicakliklari nedeniyle dokim
isleminde maliyetler ve harcanan enerji de artmaktadir.
Yapilan calismada 6n alasimli NiTi tozlarinin soguk
presleme ve sinterleme islemleri ile Uretilebilirligi
incelenmistir.

2. Deneysel GCaligsmalar

Calismada 35um boyutunda 6n alasimli, kiresel sekilli,
nikelce zengin (Ti-ag % 55,52 Ni igeren %99,9 saflikta
Nanoval GmbH and Co. KG tarafindan saglanan) gaz
atomize yontemi ile uretilmis ©on alasimh NiTi tozlan
kullaniimistir.

Kullanilan tozlar 6n ¢alismalar sonrasi belirlenen 785 MPa
basingta 10 mm c¢apinda silindirik kaliplarda preslenmistir.
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NiTi tozlarinin oksitlenme tavri yilksek oldugu igin
sinterleme iglemi sirasinda firin atmosferinin oksijenden
arindiriimasi igin yuksek safliktaki argon gazi 350°C’de
bakir tup icerisinden gecirilerek arindiriimistir. Preslenen
numuneler sinterleme igleminde argon atmosferinde tip
finn igerisinde dnce 10°C/dak. hizda 600°C’ye ¢ikariimis,
bu sicakliktan itibaren ise 5°C/dak. hizda 1050°C sicakhga
cikarilmistir ve bu sicaklikta sirasiyla 60dak., 180 dak. ve
300 dak. bekletilerek sinterlenmistir.

Sinterlenen numuneler zimparalama, parlatma ve daglama
islemleri ile metalografik incelemeler icin hazir hale
getirilmistir. Numunelerin optik mikroskop ve taramali
elektron mikroskop cihazinda mikroyapi incelemeleri
yapiimistir, (Leica Marka optik mikroskop ve JOEL JSM—

5600 SEM). EDS cihazi ile de elementel analizleri
yapimigtir.

3.BULGULAR VE TARTISMA

SEM ve EDS analizleri incelenen numunelerin

goruntulerinde beyaz bdélgenin nikel, koyu gri bolgenin ise
titanyum fazi oldugu gorilmistir. Taneler arasinda
bulunan siyaha yakin bolgelerin ise ikincil bir titanyum fazi
oldugu saptanmigtir.

: z &
Sekil 4. 1050°C’de farkl siirelerde sinterlenen
numunelerin SEM gérintileri a) 60 dak.,
b)180 dak., ¢) 300 dak.

Sekil 4 a.'da 1050°C’de 60 dakika sinterlenen numunenin
SEM goériuntlsinde sinterlemenin basladigi, tanelerin
ortasindan tane sinirina kadar olan bélgelerde difuzyonun
henliz basladigi ve nikel fazinin (beyaz bolgenin) tane
sinirna yakin bolgelerde biriktigi ve tane sinirlarinda da
titanyum  fazinin  (koyu gri  bdlgenin)  olustugu
g6zlemlenmistir.  Boyun buyime bdlgelerininde 60
dakikada henliz olugsmaya basladigi saptanmistir. 180
dakikada sinterlenen numunelerin SEM gorintisiine
bakildiginda ise nikel fazinin tane igerisine dogru difiize
oldugu titanyum fazlarinin ise tane disina ¢ikarak birbirleri
arasinda bag olusturarak taneler arasinda ikincil bir faz
olugsturduklari saptanmigtir ve birbirine yakin taneler de
disa cikan titanyum atomlarinin birbirleri ile baglanarak
boyun biyume bdlgelerinin olustugu belirlenmistir(Sekil
4b). Calismanin en uzun sinterleme siiresi olan 300 dakika
da ise nikel atomlarinin ve titanyum atomlarinin birbiri
icerisinde neredeyse tamamen difiize oldugu goérulmus ve
boyun blyime bbdlgelerinin de stureyle beraber arttig
belirlenmistir (Sekil 4c).
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Sekil 6. SEM Gzerinden alinan noktasal analizler

a) 1. analiz, b) 2. analiz,

c) 3. analiz, d) 4. analiz
NiTi numunesinin SEM gérintisinde gérdigimuiz
kontrast farkliliklari Uzerine yapilan noktasal EDS
analizlerinde, es atomik oranda ki NiTi fazinin tane
merkezinde gri bolgede oldugu gorilmistir. Tane sinirina
gidildikge gorulen beyaz bolgeden alinan 2. Noktanin EDS
analizinde bu bélgenin nikelce yogun bir faz oldugu
saptanmistir(%75 Ni). Boyun blyime bélgesinden alinan
3. Noktanin analizinde ise tane disina g¢ikan titanyum
elementinin bu boélgede toplandidi ve diger tanede bulunan
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titanyum elementi ile difize olarak boyun biyime
bélgelerini olusturdugu gézlemlenmistir(%65 Ti). Tanelerin
arasinda bulunan koyu gri bélgeden 4. Noktanin EDS
analizinde ise burada titanyum elementinin serbest halde
bulundugu ve atmosferden aldig! oksitle tepkimeye girerek
ikincil bir faz olusturdugu saptanmistir (~ %76 Ti, %12 O,
%11 Ni). Tam  yogunlastirma ve  difizyonun
tamamlanabilmesi i¢in farkh slre ve alasim elementleri ile
birlikte sekil bellegin temelini teskil eden fazlarin olusumu
saglanabilir. Bu amagla galismalar devam etmektedir [8].

4.SONUGLAR

Bu cgalismada, 35um c¢apindaki kiresel 6n alagimh NiTi
sekil bellekli alasim tozlarinin sinterlenmesinde surenin
etkisi incelenmistir ve bu amagla SEM ve EDS analizleri
gerceklestiriimistir.

SEM gorintileri incelendiginde 60 dakikada yapilan
sinterlemede diflizyon mekanizmalarinin henlz basladigi
ve boyun buyume noktalarinin henlz olusmaya bagladidi
saptanmistir.  Sinterlemede bekletme siresini 180
dakikaya cikardigimizda ise diflizyon mekanizmalarinin
basladigi ve taneler arasinda ikincil bir faz olan titanyum
yogunluklu fazin olustugu goézlenmistir. Bekletme siiresinin
calismada en yuksek oldugu 300 dakikada ise
difizyonunun tanelerin her yerinde olustugu ve boyun
biyime olayinin tamamlanarak tanelerin birlestigi
saptanmistir ve yapilan EDS analizi ile de elementlerin
olusturdugu faz boélgeleri ve kontrast farklliklari saptanarak
SEM géruntileri  desteklenmigtir. Sonug¢ olarak ayni
sicaklikta sinterleme mekanizmalarinin silre ile arttigi
belirlenmistir.
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INVESTIGATION OF COATING PERFORMANCE OF POLYMERS
CONTAINING MODIFIED GRAPHENE OXIDE
MODIFIYE GRAFEN OKSIT IGEREN POLIMERIK KAPLAMANIN
PERFORMANSININ INCELENMESI
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Ozet

UV ile kir olabilen regine sistemi igerisine, sentezlenmis
akrilat fonksiyonel grafen oksit degisik oranlarda ilave
edilerek kaplama ve serbest filmler Uretilmistir. Kaplamanin
karakterizasyonu igin yapilan testler; ¢apraz kesme testi,
sertlik testi, MEK ovma testi, parlaklik testi, taber asinma
testi yapilmistir. Serbest filmlerin ise shoxlet extraksiyonu
yapilarak kir orani belirlenmistir. Kaplamaya yapilan
testler sonucunda sert, yeteri kadar parlak, yapisma
mukavemeti iyi, disiuk aginma oranina sahip bir kaplama
elde edilmistir.

Anahtar kelimeler: UV ile kir, Grafen oksit, Organik
kaplama, Nano kompozit, PMMA

Abstract

Coating and free films were produces by adding acrylate
functional graphene oxide with different rate of weight into
UV curable resin system. Cross-cut test, hardness test,
MEK rub test, gloss test and taber abrasion test were
performed for characterization of coatings. On the other
hand, cure ratios of free films were obtained by applying
shoxlet extraction. At the results of these test, its observed
that coating have good hardness, adequately bright, good
adhesion strength and low abrasion ratios

Keywords: UV Curable, Graphene oxide, Organic coating,
Nano composites, PMMA

1. Girig

UV ile kur olabilen polimerler teknolojisi gecen birka¢ on
yilda, dusuk enerji tiketimi, disuk ¢alisma sicakhdi, ugucu
organik bilesik (VOC) emilsiyonu bulunmadigindan dolayi
cevre ile dost olmasi ve ylksek kir hizi gibi termal kir
islemine olan Ustinliklerinden dolay! Uzerinde yogdun
olarak calisiimaktadir. Yaygin olarak kullanilan UV ile
sertlesebilen regineler; poliester akrilat, Uretan akrilat,
polieter akrilatir. Ustiin yapisma ve mekanik 6zelliklerinden
dolayi epoksi akrilatlar diger recinelerden ayrilmaktadirlar
[1-6].

Son zamanlarda iki boyutlu ve bir atom kalinliginda karbon
katman malzemesi olan grafen, ustin 6zelliklerinden
dolayi Uzerine kayda deger bir ilgi ¢ekmektedir. Grafen
muikemmel elektriksel, mekanik ve 1sil 6zellikleri nedeniyle
polimer kompozitler, enerji ve sensor uygulamalari, kagit
benzeri malzemelerin yapiminda, alan etkili transistorler ve
biyomedikal uygulamalar gibi bircok uygulama alaninda
Uzerinde yodun calisma yapilan bir malzemedir. Grafen
oksidin (GO) kimyasal donusimi ile grafen elde

39

edilmektedir. GO lzerinde bulunan fonksiyonel gruplar ile
bahsi gegen uygulamalar i¢in iyi bir aday malzeme olmasi
nedeniyle gelecek vadetmektedir [7].

Grafen oksit ilk olarak 1840 da Schafhaeutl ve 1859 da
Brodie tarafindan rapor edilmistir. Grafen oksit halen
Hummers ve Offeman tarafindan 1958 onerilen, grafitin
derisik sulfirik asit, sodyum nitrat ve potasyum
permanganatin susuz bir karigimi ile muamele edilmesi ile
yerine getirilen oksitlenmesi yontemiyle hazirlanmaktadir.
Degisik grafen oksit sentez yontemleri 6nerilse de bunlarin
¢cogu Hummers yo6nteminin iyilestiriimesinden o&teye
gidememektedir. Bu yoOntemler genellikle iyilestiriimis
Hummers yontemleri olarak isimlendirilmistir [8-13].

Grafen oksit (GO) pullari ile yapilan g¢alismalarda en
6nemli sorunlardan birisi bu pullarin topaklanmasidir. Bunu
engellemek icin yapilan c¢alismalarda [14] izosiyanat
turevleriyle reaksiyona sokarak aprotik solventler icerisinde
¢Ozllebilir hale getirmiglerdir. Dider bir calismada GO
karboksilik asit ile modifiye edilerek THF icerisine disperse
dilmigtir [15].

Yapillan bu calismada ise sentezlenen izosiyanat
fonksiyonel 2-hidroksietil metakrilat ile GO reaksiyona
sokularak hem topaklanmanin 6niine gecilmis hem de
matris malzemesi konumundaki epoksi akrilat reginesi ile
kimyasal bag kurmasi saglanmistir. Kaplama malzemesi
olarak kullanilan bu polimerin yapilan kaplamanin
karekterizasyonu bu g¢alismanin igerigini olugturmaktadir.

2. Deneysel

2.1 Malzemeler

UV ile kir olabilen regine; Bisfenol-A gliserolat (1
gliserol/fencol) diakrilat (Bis-GA). Reaktif ¢oziicl; 1.6
hekzandiol diakrilat (HDDA), UV baslatici; (1-hidroksi-
sikloheksil-fenil-keton), sulfurik asit (H,SO,), fosforik asit
(H3PO,), potasyum permanganat (KMnOa4), hidrojen
peroksit (H202), hidrojen klorir % 30 (HCI), etil alkol
(C2H6O), tetrahidrofuran (THF), toluen diisosiyanat (TDI),
2-Hidroksietil metakirilat (HEMA) ve katalizor; dibutiltin
dilaurate Sigma-Aldrich’den alinmistir. Grafit, Morgan
Turkiye’den saglanmistir. 2mm kalinigindaki PMMA levha
Isik plastikten satin alinmigtir.

2.2 Grafen Oksidin Sentezi

Grafen oksit (GO), gelistirilimis bir Hummers metodu olan
Tour metoduna goére sentezlenmistir. Bu amagla; Iki litre
biyudkliginde ¢ boyunlu balon igerisin 360 ml H,SO, ve
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40 ml H3;PO, ilave edilip karistiriimis homojen bir karigsim
saglandiktan sonra 3 gr grafit pulu ve 18 gr KMnOa4
karigima ilave edilmistir. Reaksiyon ekzotermik oldugu icin
reaksiyon sicakligi 35-40 °C sicakliga ¢ikmistir. Bir saat
sonra reaksiyon sicakhgi 50 °C cikarilmis ve 12 saat bu
sicaklikta 200 rpm donUs hizinda mekanik karistirici ile
karigtirilarak  reaksiyon tamamlanmistir. Cozelti oda
sicakhidina sogutulduktan sonra destile sudan yapilmis buz
Uzerine dokllmustlr. Cozelti icerisine buzlu ortamda 3ml
%30 H20: ilave edilmistir. Karisim polyester filtre ile
suzilmis ve 8000 rpm de 30 dakika santrifij edilerek
¢okelme saglanmis, Uzerinde kalan g¢ozelti bosaltilarak
ayristirildi. Geriye kalan kati 200 ml etanol, 200 ml % 30
HCI ile yikandiktan sonra 3 defa da 200 ml etanol ile arka
arkaya yikanmigtir. Tekrar etanol ilave edilen karigim
polyester filtre ile tekrar stzilmistir. Karigim 8000 rpm de
30 dakika santrifiij edilmistir. Son olarak THF ile U¢ defa
yikanarak ve santrifllj edilerek ¢6zlict degistirilmistir [16].

2.3 HEMA -TDI Uriiniiniin Sentezi

Bu Urtnin sentezi igin 20 ml THF, 5.22 gr TDI ve bir damla
katalizér dibutiltin dilaurate, 100 ml lik G¢ boyunlu balon
icerisine konuldu. Manyetik karistirici, damlatma hunisi,
yogunlastirici ve azot gazi girisi bulunan bir sistem icinde
reaksiyon gerceklestiriidi. Damlatma hunisine konulan
HEMA (3,9 gr) 30 dakika sure ile reaksiyon ortamina ilave
edildi. FT-IR ile takip edilen reaksiyon —OH pikini kaybolup
—NH- pikinin olusumu saglanana kadar takip edildi. Olusan
reaksiyonun semasi sekil 1. de verilmistir [17].
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Sekil 1. HEMA-TDI Uriiniiniin reaksiyon semasi

2.4 Grafen Oksidin Yuzey Modifikasyonu

Bu islem icin 1 gr GO ile 5 gr HEMA-TDI urunlt ve
reaksiyon ortamina iki damla dibutiltin dilaurate kataliz
olarak ilave edildi. Azot gazi, manyetik karistiricili ve geri
dénisim sistemi olan reaksiyon ortaminda, 3 saat
reaksiyon sonrasinda reaksiyon sonlandirildi. Grafen
oksidin hidroksil gruplar ile akrilat fonksiyonel izosiyanat
reaksiyona girmis ve grafen oksit UV isinlari ile sertlesebilir
hale getiriimis oldu. Sekil 2. de sematik gosterimi
verilmistir.
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Sekil 2. Reaksiyona girmis akrilat fonksiyonel grafen
oksidin sematik gosterimi

2.5 Kaplama Formiilasyonunun Hazirlanmasi

Kaplamalarin igeridi cizelge 1. de verilmigtir. Regine olarak
Bisfenol-A gliserolat (1 gliserol/fenol) diakrilat (Bis-GA),
Reaktif ¢ozlci olarak 1.6 hekzandiol diakrilat (HDDA) ve
UV baslatici olarak  1-hidroksi-sikloheksil-fenil-keton
(Irgacure 184) Un kullanildigi regine sistemi igerisine belirli
oranlarda (% 0,25, % 0,5, % 0,75, % 1, % 1,25, %1,5, %
1,75, % 2 ) modifiye grafen oksit (MGO) ilave edilerek
ultrasonik banyo igerisinde 30 dakika karistiriimigtir.
Karisim islak film kalinh@i 10 ym olan wire wound aplikator
ile PMMA levha Uuzerine kaplanmistir. Kaplama disuk
basingli civa lamba ve 3mm / dakika konveyor hizinda UV
kurutucu ile kurutularak kaplamalar hazirlanmistir. Shoxlet
ve sertlik testi icin elde edilecek serbest filmler, teflon kalip
icerisine  dokillen reginenin, kaplamaya uygulanan
sartlarda UV kurutucudan gegirilerek serbest filmler elde
edilmigtir.

Cizelge 1 MGO igeren Kaplamalarin Formiilasyonu

MGO UV kir Reaktif Fotobaslatici
iceridi Recine Cozicu (Irgacure 184)
A?I mf o | (Bis-GA) | (HDDA) | Agrriikea %
9 o ¢ Agirlikca Agirhkca
° % %
0 77.6 19.40 3
0.25 77.4 19.35 3
0.50 77.2 19.30 3
0.75 77 19.25 3
1 76.8 19.20 3
1.25 76.6 19.15 3
1.50 76.4 19.10 3
1.75 76.2 19.05 3
2 76 19 3
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2.6. Karakterizasyonlar

Kaplamanin, yapigsma O6zellikleri; capraz kesme testi
(ASTM D-3002), MEK ovma testi (ASTM D-5402), parlaklik
testi (ASTM D-523), shore-D sertlik testi, Taber asinma
testi (asindirici CS-10) yapilmistir.

3. Sonuglar

Bis-GA, HDDA ve Irgacure 184 kullanildig regine sistemi
icerisine belirli oranlarda ilave edilen MGO homojen
karigimi saglandiktan sonra kaplama ve serbest film olarak
eldesin de kullaniimigtir. Elde edilen film ve kaplamalara
yapilan testler sonucun tablo 1. de verilmistir. MGO
Uzerinde bulunan akrilat gruplar, UV regine sisteminin
sertlesmesi esnasinda tipki UV regine gibi agilarak kir
olmaktadir. Dolayisiyla grafen oksit pullari yapiya kimyasal
olarak baglanarak yapinin bir parcasi olmaktadir. Polimer
recginesi igerisine ilave edilen nano yapilar eger polimer
yapl ile kimyasal olarak bag kurmamislarsa belli kosullarda
yapidan digar ¢iktigi bilinen bir gergektir. Bu olumsuzluga
gidermek i¢in grafen oksit nano pullari polimer zincirleri ile
kimyasal bag olusturarak yapidan uzaklagsmadan uzun
sure istenilen performansi sergilemesi bu calismanin
amaglarindandir.

Kaplamalarin sertligini shore-D sertlik dlcme yoéntemi ile
karakterize edilmistir. Buna gore; shore-D ile dlgllen
sertlik degeri MGO oranindaki artma %1.25 MGO oraninda
69 degerine kadar artmakta, sonra %2 de 58 degerine
kadar dismektedir. Sekil 3 e bakildiginda bu degisimi
acikca goérmek muimkindur.
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Sekil 3. MGO igerigi ile shore-D sertlik degerindeki degisim

Kaplamanin, korona iglemi yapilmis PMMA yizeyine
yapisma durumunu karakterize etmede kullanilan gapraz
kesme (Cross-cut) testi sonuglarina gére ASTM D-3002
standardina goére yapismanin 5B degderinde oldugu
gérulmustir. Bu deder kaplamanin ylzeye ¢ok iyi
yapistigini  belirtmektedir. PMMA ylzeyinin korona ile
yuzey islemi yapilmasi ylzeyde hidroksil ve karboksil
gruplarinin  olusturdugu daha &nce yapilan birgok
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calismada belirtilmistir [18,19]. bu fonksiyonel gruplar
recinenin kaplanacak levhayi iyi 1slatmasini saglamaktadir.

Kaplamalarin solvent direnci ASTM D-5402 standardina
gore degerlendirilmistir. Bu test metodu kure olmus polimer
kaplamalarin belli solvente kargi direncini tanimlamada
kullaniimaktadir. Solvent ovma testinde genellikler metil etil
keton (MEK) gibi ¢ozlculer kullanilir. Gidis gelisin bir tur
olarak sayildigi testte tim numuneler 100 turun Uzerine
cilkmayl basararak keton esaslh solventlere karsi iyi
¢6zllme direncine sahip olduklarini kanitlamiglardir.

Sekil 4. de verilen MGO igerigi ile parlaklik degerindeki
degisim gosteren grafik incelendiginde; MGO oranindaki
artma ile % 1 oranina kadar parlaklik degerinde bir artma
goézlemlenmistir. %1 oranindan sonra ise azda olsa bir
azalma goézlemlenmekte egrinin egimi asagiya dogru
hareket etmektedir.
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Sekil. 4 MGO igerigi ile parlaklik degerindeki degisim

Taber asinma deneyinde CS-10 asindirici  disk
kullaniimigtir. Deney agirigr 250 gr olarak belirlenmis ve
60rpm de 100 devir ve 200 devir test edilmistir. Bu
sartlarda kaplamada meydana gelen agirhk kayiplari
Cizelge 2. de verilmistir. Buna gore grafen oksit orani ile
asinmada artma yada azalma var diyecegimiz bir deger
ayrimi ortaya konulamamigtir. Belki daha fazla ylik veya
daha sert asindirici kullanmak suretiyle bu asinma oranlari
artirihr ve buna gére bir yorum yapilabilir.

Verilen sonuglarda anlasilacag! kadariyla CS-10 asindirici
le bu kaplamalarin binde mertebelerinde asindigi diger bir
ifade ile ¢ok dislk oranda asinma meydana geldigi
belirtilebilir.

Elde edilen serbest filmler 8 saat aseton ¢oziicislyle
shoxlet extraksiyonu vyapilmis ve sistemden g¢ikarilan
filmler 36 saat 110 °C de vakum etliviinde kurutulmustur.
Kurutulma sonucu agirlik oranlari cizelge 2. de yuzde
olarak verilmistir. Bu sonuglara gére serbest filmi olusturan
polimer ¢ok iyi reaksiyon girdiginden dolay1 ¢ézilmemis ve
distk molekuler agirlikh ¢ozticliye gegecek polimer miktari
binde 4 G gegcmemistir.
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Cizelge 2. Grafen oksit iceren kaplamanin fiziksel 6zellikleri

% MGO Sertlik | Capraz Taber Asinma Agirhk Kaybi gr _
icerigi (Shore- | Kesme MEK_-Rub Parlaklik | (10%) _ _ Shoxlet Testi
D) (ASTM) Testi 60° 100 devir 200 devir (% kati)
%0 62 5B >100 136.12 0.9 0.33 99.8
% 0,25 65 5B >100 136.24 0,2 0.34 99.9
% 0,50 65 5B >100 136.71 0.21 0.4 99.7
% 0,75 67 5B >100 138.84 0.3 0.17 99.8
%1 68 5B >100 145.63 0.4 0.10 99.9
% 1,25 69 5B >100 134.28 0.28 0.46 99.8
% 1,50 64 5B >100 133.67 0.36 0.47 99.6
% 1,75 64 4B >100 131.73 0.8 15 99.8
% 2 58 5B >100 120.49 0.15 0.24 99.8
4. Degerlendirme quantum electrodynamics,” Solid State

UV ile kir olabilen regine sistemi igerisine, sentezlenmis
akrilat fonksiyonel grafen oksit degisik oranlarda ilave
edilerek kaplama ve serbest filmler Uretilmistir. Kaplamanin
karakterizasyonu igin yapilan testler sonucunda sert, yeteri
kadar parlak, yapisma mukavemeti iyi, dusuk asinma
oranina sahip bir kaplama elde edilmistir.
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Abstract

This study, the application of a thermal power plant using
13CrMo4-5 and X10CrMoVNb9-1 series steel quality in the
stress relieving heat treatment or known as Post-Weld
Heat Treatment (PWHT), is examined related to
mechanical properties of the temperature range. Working
in Thermal Power Plant environment certified by sampling
of the steel used in the project directly welded by welders.
Welding process used in the industry which are TIG +
electric arc welding and current certified in filler material
added to catalog materials are used. Materials associated
with stress relieving heat-treated and standard (EN 12952-
5) min. , mid. and max. to be used as the value 4 are
welded. Under standard conditions according to the
welded material thickness (temperature level ranges
provided) are subjected to stress relieving heat treatment
for 1 hour. Welded materials needed both before and after
heat treatment Non-Destructive Testing (NDT) (such as
Radiographic Testing and Magnetic Particle Testing)
controlled by the process. Welded material weld detected
excluded from the application. Then pull welded materials,
made of tensile, micro-hardness and charpy tests. All
testing standards taking into account standards for testing
made at pieces it sees fit. The tests are compared with
respect to temperature. Tensile and impact tests result in
rupture or breakage occurred on the surface of the
resulting macrostructure examination performed. As a
result, the temperature level of the PWHT process is not
important for the 13CrMo4-5 material, on the other hand
PWHT temperature heat treatment is significant for the
X10CrMoVNDb9-1 material. Using the highest level of
PWHT process temperature level is required for
X10CrMoVNb9-1 material concluded.

Keywords: Mechanical
Power Plant.

Test, NDT, PWHT, Welding,

1.Introduction

Used of 13CrMo4-5 grade steel started before 60’s and
still continues. To increase the energy efficiency of
molybdenum, vanadium and niobium alloying elements,
also known as 2 nd generation by addition steel
X10CrMoVNb9-1 grade steel has been developed. Thus,
the maximum operating temperature reached 593°C. [1]

Produced as a seamless working environment of high
temperature and pressure pipes, during assembly TIG
welding, electric arc welding and seb-merged arc welding
can be combined using the welding method. Cr-Mo steels
are ferritic micro structure and including molybdenum,
chromium and vanadium. Due to several type of alloying
element, the amount of carbon equivalent is higher. Thus,
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the low weldability of the welding is mandatory to make for
pre-weld preheating and PWHT. [2]

Iron and non-ferrous metals applied to such as machining
processing, cold forming and welding formed by prior
manufacturing processes, the annealing process is
performed order to dismiss lasting stresses. [3]

Before welding the weld seam is important to ensure
uniform heat distribution in the region. This region of the
hardening by rapid cooling and preheating is done so in
order to not occur the formation of brittle structures. After
welding is completed, cooling process keep on until room
temperature under control. Condition to wait a long time;
PWHT is done so as to eliminate lasting internal stresses
occurring in the weld. In this process, the annealing
temperature, heating rate and cooling rate are important
parameters. Heating and cooling rate were determined
considering alloy materials thickness and outer diameter.
(acc. to EN 12952-5). In this way not permitted structure
after the formation of unwanted stress relieving, so
improving toughness is reduced a little hardness.
Therefore, in this study in recent years and the importance
of post-weld heat treatment of steel as it is increasing. [4]

After welding the remaining materials exposed to cool air is

forced to be subject to removal stress annealing winning

hardness. Hardening tendency is due to two main factors:
1-Material type and Composition 2-Thickness

Under field assembly to determine whether or stress

relieving right are two standard methods:

1-PWHT graph’s controlled 2-Hardness level

PWHT on graph is be noted to the following points:

Heating rate and cooling rate

Annealing temperature and holding time

The presence of
temperature change [5]

impermanence showing abrupt

Material Al lower critical temperature to heat up to the
recommended temperature range than standard below,
after he waited for a certain period of time depending on
the thickness of the material temperature stress relieving is
done by cooling slowly. [6]

Another important factor is the material thickness for heat
treatment and this value is effective on PWHT. Annealing
to 13CrMo4-5 and X10CrMoVNb9-1, is applied to 13 mm
and a thickness on the steel. [7]
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This study utilized induction heating heat treatment
methods. In this process, the desired material to be heated
is introduced into the oscillating magnetic field. Generates
heat hysteresis and eddy currents induced in part. Ferritic
steel, both of which only the latter is induced in austenitic
steels and thereby reach up to high temperatures. In this
method, the heating is done by keeping the coil around an
artificial welding. Here it is possible to minimize heat loss
by providing in part contains heat. Thus, the inner and
outer surface of the pipe wall temperature difference will
be minimal as possible as it is. [8,9].

In this study, 13CrMo4-5 and X10CrMoVNb9-1 quality to
16 mm steel in the thickness of the pipe, TIG and arc
welding are performed, the different stress relieving
temperature (13CrMo4-5 quality; 620°C, 650°C, 680°C),
(X10CrMoVNb9-1 quality; 750°C, 760°C, 780°C) annealed
for 1 hour (acc. to EN 12952-5 standard). Made of heat
treatment effects on mechanical properties of materials
and the changes that occurred after PWHT examined.

2. Materials, TIG Welding and Experimental
Procedures

In this examination, quality 13CrMo4-5 and
X10CrMoVNb9-1 quality Cr-Mo alloy applied to welding of
the PWHT temperature of the steel; such as hardness,
yield and tensile strength, % elongation and impact
resistance mechanical properties effect examined.

The PWHT process; heating and cooling rate of annealing
time, preheat temperature, and electrode type welding
process is maintained constant. Selected annealing
temperature as the variable parameters and
microstructure and mechanical properties occurring
investigated after PWHT. Thus, we aimed to determine the
optimal annealing temperature.

2.1.Preparing Experimental Specimens

Manufactured according to EN 10216-2+A2 standard 16
mm thick 13CrMo4-5 quality (diameter 108 mm) and
X10CrMoVNb9-1 quality (diameter 139.7mm) pipes
suitable welding groove opening (75° weld angle and 2
mm root penetration gap) a total of 10 passes welding
combined. Root pass (first pass) welded with TIG welding
method and the other passes are welded by the arc
welding method. Variables such as Filler metal and
shielding gas are checked during welding. Filler metals are
used in TIG welding preserved at room temperature. The
root pass welding process as much as possible from not
exposure to the atmosphere during welding is performed.
Based on the basic welding of the fill and cap pass are
used as covered electrode. After the humidity and
temperature values from the store followed in oven at
400°C for 2 hours shocked.
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Table 1 : Chemical Analyses

Quality Grade
X10CrMoVNb9-1 13CrMo4-5
Element (%)

C 0,08-0,12 0,05-0,15
Mn 0,30-0,60 0,30-0,60
Si 0,2-0,5 0,5-1,0
P 0-0,020 0-0,025
S 0-0,01 0-0,025
Cr 8,00-9,50 1,00-1,50
Ni 0-0,40 -
Mo 0,85-1,05 0,44-0,65
\% 0,18-0,25 -

Cu 0,3 03

Nb 0,06-0,10 -

Al 0-0,04 0-0,04

N 0,030-0,070 0,030-0,070

Then, the electrode used where transport thermos with
enough insulation. During the outer surface of the root
pass welding, argon as a shielding gas protect to
atmospherical effects. Both ends of the tube during this
process have been isolated to be airtight. Welded
materials were tested with two different non-destructive
testing process before and after PWHT.

Before and after PWHT magnetic field experiments was
observed acc. to EN 5817-B standard to any surface
cracks and other similar surface defects. Welding cap
height, angle limit, beam width such as all parameters and
width of HAZ are not identified any non-compliances out of
bounds when examined acc. to EN 5817:2014-B class.

In the radiographic examination is not found in any other
process related films to any internal structure fault.
Misalignment, gas cavity, slag, porosity, root penetration,
such as burning groove and HAZ cracks in excess of the
limits set forth in EN 5817:2014-B class not made any
mistakes.

Both all samples according to the results of non-
destructive testing NDT Level 2 level has been approved
by experts. Pass from transition temperature is between
less than 250°C and 400°C. Mentioned mechanism also
certified according to both welding and experts in the
standard EN 9606-1 by welders. All specimens wrapped in
with ceramic heater before welding resistance welded
prepared to 100°C/hour to a maximum of 200°C is
subjected to preheating. Weld temperature measurements
made with chalk heat reaches the expected temperature
and welded in one direction. During the welding operation,
temperature the program tried to be kept constant by
means of the control unit runs fully automatically pre-
heating process with the mobile smart device heat
treatment carried out.

In PWHT main parameters of this operation process is
applied and similarly mobile devices such as heat
treatment in the preheating process is used. Specimen-
based stress relieving temperature of Table 2 are shown.
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Table 2 : Terms and conditions of PWHT Process

Specimen | X10CrMoVNb9-1 13CrMo4-5
Code (6 Group*) (5.1 Group®)
A 750° C (1 hour) | 620° C (1 hour)
B 760° C (1 hour) | 650° C (1 hour)
C 780° C (1 hour) | 680° C (1 hour)
D No PWHT No PWHT

* Acc. to EN 15608

Note 1 : All of the specimens made up Magnetic
Test before and after of PWHT, and additonaly,
Radiographic Test after of PWHT.

2.2.Experimentals

Welding, heat treatment and non-destructive test made of
specimens then made of the examination such as tensile
test, impact test and micro-hardness test carried out.

2.2.1.Micro Hardness Testing

Metallographic specimens prepared in the weld metal,
HAZ and base metal to be made on a total of 15
successful measurements (for every area 3 point). These
measurements are taken at 1 kg load microhardness
(HV=Vickers) device. This test make up acc. to EN 9015-
1:2011 standard.

2.2.2.Tensile Testing

The tensile test according to EN 4136:2012 standard for
welded materials; is test length of 90 mm and a total length
of tensile machine according to the cavity between 180-
200 mm prepared 2 specimen of each welding. Thickness
16 mm tubes are prepared from this specimen are given
for machine a minimum width of 24 mm and for test special
mesure 12 mm in width. Welding are focused on the total
size of the center and on behalf of the generating welding
is machining to the root surface of the notch material
thickness. Asking all these measurements are processed
in automatic CNC milling machine. Tensile specimens
tensile device 1000 kN capacity of and tensile speed 10
mm/min tensile test are conducted.

2.2.3.Impact Testing (Charpy V Type)

Impact test specimens according to EN 9016:2012
standard; 10mm x 10mm x 55mm extent 3 each are
prepared. The surface of specimen are prepared using
boron oil in automatic CNC miling machine become
smooth with 1000 mesh sandpaper. Then, for Cr-Mo steels
of the reactive etchant using VILELLA weld metal, HAZ
and base metal regions are identified. In the 2 mm depth
needed to be made of the impact test and 45° angle with
the notch V-notch is opened in manual vertical hobbing
machine tools in appropriate conditions. V-notched Charpy
impact test of the samples are carried out at room
temperature Charpy impact test equipment.
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3.Conclusions and Discussion
3.1.Micro Hardness Examination

Quality 13CrMo4-5 and quality X10CrMoVNb9-1 Cr-Mo
alloy micro-hardness experiments to investigate of the
steel is discussed separately below.

In the welded material, the base metal is harder than the
weld area. The purpose of PWHT, eliminating the regional
stresses occur in the structure of the base metal hardness
distribution the welding of the right is to be more uniform.
Unwanted ductile and brittle structures of the material
terms of service disproportionate difference in hardness
between the metal and the weld metal will cause hold.

3.1.1. 13CrMo4-5 Quality Steels

The welding materials prepare specimen make up
hardness test 1000 g under load. As expected, the highest
hardness distribution obtained after welding. The hardness
of the welding of this material is higher than the base metal
by approx. 20%. PWHT is applied after welding leads to a
decrease in the hardness values obtained during welding.
Maximum hardness decrease was obtained at the highest
680°C PWHT temperature. From this specimen after
reduction according to the hardness is approx. 70%. A
significant difference in hardness between the welding
region and the base metal are also not available (Figure
1). On the other hand, 620°C and 650°C temperature in
stress relief annealing is also applied to the hardness of
specimens showed a slight decline according to after
welding. However, after PWHT the hardness difference
between the specimen in the weld area and the base metal
even if found to there.

-3l 2

Micro Hardness, HV1

® No PWHT
100 0620°C
A650°C

A 680°C

-5 0 s 15 20

Distance of Weld Metal

Figure 1. Distribution Micro Hardness of 13CrMo4-5
3.1.2. X10CrMoVNb9-1 Quality Steels

The welding materials prepare specimen make up
hardness test 1000 g under load. The results of this
experiment are shown in Figure 3. As expected, the
highest hardness distribution obtained after welding. The
hardness of the welding of this material is greater than
about 40% of the base metal. PWHT applied after the
welding process causes a decrease in the hardness values
obtained during the welding. The lowest hardness values
achieved in the sample applied PWHT 750°C varies by
15% maximum hardness distribution. On the other hand;
760°C and 780°C is made not available significant
difference in hardness between the metal and the main
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welding of the specimens in the PWHT. With these results,
X10CrMoVNb9-1 quality PWHT weld annealing is applied
to the steel has lower hardness values, as well as,
between the welding region and the base metal the
hardness variations is understood to make it
homogeneous.

Figure 2 also from the hardness change, post-weld is set
to be higher than of the welding of the hardness. A
microstructure with a thinner base metal having a lower
hardness, probably the result of internal stresses are high
melting and solidification of the welding process is due to
higher hardness.

After PWHT not constitute a significant difference in the
microstructure of HAZ region. This situation does not seem
to be compatible with the hardness change is a very
important change, depending on the PWHT temperature
observed.

3.2. Tensile Testing and Impact Testing

3.2.1. 13CrMo4-5 Quality Steels

Prepared according to standard EN 9016:2012, PWHT
unimplemented and applied to samples of 13CrMo4-5

grade steel yield strength, tensile strength and elongation
values are shown in Table 3.

400
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o
£ o & 2 2 ° 5 6 ¢ o
T 6 2002 S a]
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2 ® No PWHT
100 0750°C
A760°C
2780°

0
0

Distance of Weld Metal

-5 5
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Figure 2. Distribution Micro Hardness of X10CrMoVNb9-1

13CrMo4-5 quality steels, with the data in Table 3, the
variation of the yield strength of the PWHT temperature is
given in Figure 3. As seen in Figure 3, the yield strength
levels of 339 MPa specimen PWHT not applied. PWHT
observed a decrease in the yield strength with nearly 15%,
but a significant relationship between changes in yield
strength with PWHT temperature not observed.

13CrMo4-5 quality steel prepared in accordance with EN
9016:2012 standards, unimplemented PWHT and different
temperatures PWHT applied to the test specimens V-
notched Charpy impact resistance values are shown in
Table 3.

The average impact energy values of the quality 13CrMo4-
5 specimens is shown in Figure 4. PWHT is not
implemented quality steel 13CrMo4-5 is 96 J impact
resistance level. The impact resistance values by applying
PWHT is increasing. The highest increase obtained at
620°C temperature PWHT of specimen. The stress relief
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annealing conducted at this temperature, impact
resistance gained increased, non PWHT is done by more
than 2-fold state.

Table 3. Tensile and impact test results for 13CrMo4-5

: Yield Tension Impact Ave.
Specimen Elang. Impact
Stress Stress Energy
Code (%) Energy
(MPa) (MPa) (J)
@)
277 395 41 171,62
A 2432 207,58
280 393 31 507 91
298 416 51 137,29
B 214,77 170,31
271 396 50 158 87
280 378 375 209,86
C 186,32 181,75
295 399 43,75 140 06
343 416 43,75 84,34
D 89,24 95,78
335 406 35 113.76

13CrMo4-5 quality steel prepared in accordance with EN
9016:2012 standards, unimplemented PWHT and different
temperatures PWHT applied to the test specimens V-
notched Charpy impact resistance values are shown in
Table 3.

The average impact energy values of the quality 13CrMo4-
5 specimens is shown in Figure 4. PWHT is not
implemented quality steel 13CrMo4-5 is 96 J impact
resistance level. The impact resistance values by applying
PWHT is increasing. The highest increase obtained at
620°C temperature PWHT of specimen. The stress relief
annealing conducted at this temperature, impact
resistance gained increased, non PWHT is done by more
than 2-fold state.

3.2.2. X10CrMoVNb9-1 Quality Steels

Prepared according to standard EN 4136:2012, PWHT
unimplemented and applied to samples of X10CrMoVNb9-
1 grade steel yield strength, tensile strength and
elongation values are shown in Table 4.

500

This line show Yield Stress level for No PWHT specimen
100

300 A

200 4

Yield Stress , Mpa

100

620 650 680

PWHT Temperature , °C

Figure 3. Yield Stress levels for 13CrMo4-5

X10CrMoVNDb9-1 steel of quality, made with the data of
Table 4, showing the variation of yield strength with stress
relieving temperature chart is shown in Figure 5. Yield
strength of 520 MPa level PWHT not implemented
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specimens. A significant change not observed in yield
strength with PWHT.

500 -
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This line show Impact
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200
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620 650

PWHT Temperature , °C

680

Figure 4. Impact Resistance levels for 13CrMo4-5

X10CrMoVNb9-1 steel of quality, made with the data of
Table 4, showing the variation of yield strength with stress
relieving temperature chart is shown in Figure 5. Yield
strength of 520 MPa level PWHT not implemented
specimens. A significant change not observed in yield
strength with PWHT.

X10CrMoVNb9-1 quality steel prepared in accordance with
EN 9016:2012 standards, unimplemented PWHT and
different temperatures PWHT applied to the test
specimens V-notched Charpy impact resistance values are
shown in Table 4.

Table 4. Tensile and impact test results for
X10CrMoVNb9-1

. Yield Tension Impact Ave
Specimen Elang Impact
Stress Stress Energy
Code (%) Energy
(MPa) (MPa) (J)
)
509 643 31 19,61
A 26,48 26,86
523 667 37,5 755
510 645 375 62,76
B 54,92 60,8
521 658 38 64 72
523 670 375 78,45
C 80,41 83,03
517 661 375 90 22
522 666 34 18,63
D 14,71 17,32
518 6549 34 1863
800
700 - i : i
) This line show Yield Stress level for No PWHT specimen
600 -
e 5004 " T
= J
2 400 A
o 4
B 300 -
o
2 1
> 200
100 A
0
750 760 780
PWHT Temperature , °C

Figure 5. Yield Stress levels for X10CrMoVNb9-1
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The average impact energy values of the quality
X10CrMoVNhb9-1 specimens is shown in Figure 6. PWHT
is not implemented to impact resistance X10CrMoVNb9-1
quality steel is 17 J level. Stress relief annealing is applied
with impact resistance values increasing. The highest
increase found in the PWHT materials applied of the
highest value 780°C temperature. And held at this
temperature PWHT, gained increased impact resistance,
PWHT is approx. 4 fold over specimens that are not.

100

80

This line show Impact
Resistance level for No
PWHT specimen

60 4

40 -

Impact Resistance , J

20 [OEEEEEEEN 0 ' DN 0

760
PWHT Temperature , °C

780

Figure 6. Impact Resistance levels for X10CrMoVNb9-1
4.General Conclusions

13CrMo4-5 quality and X10CrMoVNb9-1 quality pipes are
welded on site. Then the temperature range of the EN
12952-5 standard, PWHT is made in the lower, middle and
upper values. Then the prepared specimens performed
tensile, impact and hardness tests. These experiments and
analyzes carried to determine the optimal PWHT
temperature.

The main results obtained are summarized below;

1- PWHT process for steel 13CrMo4-5 quality, yield and
tensile strength decreased approximately 15% and 5%,
respectively. However, a systematic change in resistance
values not observed between the PWHT temperature.

2- PWHT process for quality X10CrMoVNDb9-1 steel,
does not cause a significant change in the yield and tensile
strength.

3- PWHT process increases the impact resistance of
13CrMo4-5 and X10CrMoVNb9-1 quality steel. Impact
resistance of 13CrMo4-5 quality steel, depending on the
stress relieving temperature, while not show a systematic

change, X10CrMoVNb9-1 quality steel in impact
resistance, stress relief increases as temperature
increases.

4- When the TS EN ISO 3580:2012 standard is

considered, which is the lowest value of 47 J impact
resistance value required for welded structures, in
X10CrMoVNb9-1 quality steel could only be obtained by
PWHT. This shows that it is essential for the
implementation of the PWHT process X10CrMoVNb9-1
quality steels.

5- The impact resistance value, this study found that the
baseline EN 12952-5 specified in the standard
X10CrMoVNb9-1 quality steel for the proposed 740 ° C to
780°C, stress relieving the minimum annealing
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temperature unlike the standard of the annealing
temperature should be 760°C.

5. Use to Standard List and ICS Codes

TS EN 12952-5 — ICS 27.040

TS EN 10216-2 — ICS 23.040.10

TS EN ISO 5817 — ICS 25.160.40

TSE CEN ISO/TR 15608 — ICS 25.160.01

TS EN ISO 4136:2012 - ICS Code 25.160.40
TS EN ISO 9016:2012 — ICS Code 25.160.40
TS EN ISO 3580 — ICS Code 25.160.20

TS EN ISO 9015-1:2011 — ICS 25.160.40

Semoooop
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Abstract

Chromium-tanned leather solid wastes from tanning
industry were hydrolyzed with a commercial protease in
alkali medium. In this study, casting method was used to
prepare collagen hydrolysate based films with nano-SiO2
as the reinforcing material. Collagen hydrolysate films
were prepared from collagen hydrolysate solutions (8%
w/v) containing nano-SiOz (0, 1, 2, 3 and 4% w/w of
collagen hydrolysate). Incorporation of nano-SiO:z into
collagen hydrolysate films caused an increase in tensile
strength and decrease in elongation at break values. With
the increase of nano-SiOz content in the collagen
hydrolysate films, the water vapor permeability and water
solubility values were decreased while light transmission
values were increased. This study showed the film forming
ability of collagen hydrolysate extracted from leather solid
wastes and the potential to usage of nano-SiO2 to improve
the mechanical properties of collagen hydrolysate films for
coating/packaging purposes.
Keywords: Collagen hydrolysate, SiO2,
permeability, water solubility

water vapor

1. Introduction

Chromium-tanned leather accounts for over 90% of world
leather production [1]. Treatment of chromium-tanned
leathers by mechanical processes such as shaving,
buffing, splitting and trimming results in chromium-tanned
leather solid wastes (so-called shavings) [2].

There are many studies concerning modified or alternative
leather processing techniques or processes to reduce the
solid wastes from the leather industry [3,4]. However,
these studies have not provided a viable solution because
they are not economical and can’t achieve the desired
properties for leather in the same way as chromium, and
for this reason chromium tanning still keeps its place in the
leather industry [5].

Petrochemical-based plastics such as polystyrene,
polyamides, polyethylene terephthalate, polyethylene etc.,
by virtue of its low cost and easy availability, are widely
used as coating/packaging material. However, increasing
concerns over the non-biodegradable nature
complemented by serious waste disposal problems has led
to enhanced interests all over the world to use recyclable,
compostable or biodegradable alternative to plastics
materials [6,7]. Biodegradable coating/packaging materials
from renewable sources, such as polysaccharides,
proteins and lipids, have attracted considerable interest
due to their potential abilities [7].

Biopolymers exhibit high potential to be used as an
alternative to plastics or synthetic polymers as they are
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more  environmentally friendly and are easily
biodegradable [8]. However, the hydrophilic nature of
biopolymers renders them to be a poor barrier to moisture
and exhibit lower mechanical properties. Besides, the film
additives in the form of plasticizers used to enhance the
flexibility of biopolymer films.

The unique property of proteins to form network and
induce plasticity and elasticity are considered beneficial in
the preparation of biopolymer-based coating/packaging
materials. Collagen hydrolysate is a polypeptide composite
derived from controlled hydrolysis of denatured collagen
present in the bones and skin and has good
biocompatibility and biodegradability [9,10]. Collagen
hydrolysate films derived from proteins have certain
weaknesses such as highly sensitive to moisture and
susceptible to lose their dimensional stability. This may
lead to poor mechanical properties, thus limiting their
application as a coating/packaging material.

The silica nanoparticles have efficient reinforcement
additives with excellent mechanical strength, heat stability,
thermal expansion and permanent stress, improved
abrasion resistance and enhanced optical properties. Their
physico-chemical properties were suitable for catalyst
applications because of the high boundary surface created
by the silica nanoparticles [11].

To our knowledge there is no report on the mechanical
properties of collagen hydrolysate films incorporated with
nano-SiOz. In view of the above problems, in this work, we
tried to investigate the film forming ability of collagen
hydrolysate and determine the mechanical properties of
collagen hydrolysate films incorporated with nano-SiO-.

2. Materials and Methods
2.1. Materials

Shavings were obtained from a local tannery in Izmir,
Turkey. Magnesium oxide (Merck, Germany), Rodazym
ML (Rohm, Darmstadt), silicon dioxide (Sigma-Aldrich,
USA SiOz; nanopowder; 10-20 nm, TEM; 99.5% trace
metals) and Glycerol (Sigma-Aldrich, USA; as plasticizing
agent) were used as received, without further purification.

2.2. Methods
2.2.1. Preparation of collagen hydrolysate

Chromium-tanned leather wastes were soaked in water
five times their weight and treated with 4% MgO at 65°C
for 30 min. In the following step, the enzyme Rodazym ML
was added to this solution at a concentration of 1% (w/v)
and the mixture was digested for four hours. This mixture
was then filtered hot through Whatman # 1 filter paper to
separate the chrome cake, and the liquid collagen
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hydrolysate was dried to powder form in a spray drier (Niro
Atomizer brand).

2.2.2. Preparation of films

The film-forming solutions were prepared by addition of
collagen hydrolysate, glycerol, and nano-SiOz individually
into a flask with distilled water at room temperature (25+1
°C). Followed by this, the mixture was warmed at 60 °C in
a water bath under constant magnetic stirring for 1 h
followed by further cooling at room temperature (25+1 °C)
to obtain a good blend. In the film-forming solution, the
concentration of collagen hydrolysate was 8 g/100 ml
distilled water. The glycerol content used as plasticizer
was 20 g/100 g collagen hydrolysate. Various amounts of
nano-SiOz (0, 1, 2, 3, 4 g/100 g collagen hydrolysate) were
used. Samples thus prepared were cast onto petri plates
for film formation.

For uniformity, the film thickness was controlled by casting
the same amount of film-forming solution on each plate.
Further, the samples were air dried (25t1 °C) for
approximately 24 h followed by oven drying at 40 °C for 24
h. After adequate drying, films were removed from the
plates. Conditioning of samples were performed prior to
use, wherein the prepared films were kept in desiccators
maintained at 0% relative humidity (RH) (silica gel)
followed by 51% RH (saturated magnesium nitrate
solution) for 24 h, respectively, at 25+1 °C.

2.2.3. Film thickness

The thickness of the films was measured using a digital
micrometer (Mitutoyo, Model ID-C112PM, Tokyo, Japan).
Ten random thickness measurements were taken for each
film sample and the average values were recorded for
thickness determination.

2.2.4. Color parameters

The color parameters of the collagen hydrolysate film was
determined by using a CIE colorimeter (Hunter associates
laboratory, Inc., Reston, VA, USA) and the L*, a* and b*
values were reported. Color of the film was expressed as
L*— (lightness), a*
(yellowness/blueness) values. The results were obtained in
triplicate from ten random measurements of the film
surface. Total difference in color (AE*) was calculated
according to the following equation [12]:

AE* = J(ALF)® + (Aa®)® + (AD*)*

where AL*, Aa* and Ab* are the differences between the
corresponding colour parameter of the samples and that of
white standard.

2.2.5. Mechanical properties

The collagen hydrolysate films’ tensile strength and
elongation at break were determined by using TA.XT2
Texture Analyzer (Stable Micro Systems, UK) with a 5-kg
load cell. Firstly, the collagen hydrolysate film samples
were conditioned at 25+1 °C and 51% RH for 48 h and
thickness of the collagen hydrolysate films was determined
at five different points. The mean thickness was used to

— (redness/greenness) and b*—
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mechanical properties of the collagen hydrolysate films.
Then, collagen hydrolysate film samples were cut into
pieces of 10.0 x 2.0 cm after their temperatures reached
room temperature (251 °C). The tensile strength and
elongation at break were obtained with the following
settings: pretest speed 0.5 mm/s and distance: 50 mm.
Eight collagen hydrolysate film samples were measured
and the average values were recorded.

2.2.6. Water vapor permeability

The water vapor permeability (WVP) of collagen
hydrolysate films was determined gravimetrically using the
ASTM E96-05 method [13]. Circular glass cups with a
diameter of 49 mm and a depth of 1.1 cm were applied.
The film samples were sealed onto the cup mouth
containing 6 ml distilled water, located in desiccators at 20
°C and 0% RH including silica gel. The water transported
through the film and adsorbed by the desiccant was
controlled from the weight loss of the glass permeation
cell. The measured water vapor permeability of the
collagen hydrolysate films was calculated using the
equation.

. WVTR =L
Water vapor permeability = —————
AP

where WVTR is the water vapor transmission rate (g
mm/kPa h m?) through a film, determined from the slope of
the straight line divided by the exposed film area (m?), L is
the average film thickness (mm), and AP is the partial
water vapor pressure variance (kPa) across the two sides
of the film. All tests were carried out in three replicates.

2.2.7. Water solubility

The analysis of water solubility was carried out in collagen
hydrolysate film samples weighed (300 mg) and each of
the collagen hydrolysate film samples were immersed in
distilled water (40 mL) and kept under mechanical stirring
for 24 h at 25 °C. After this period, samples were dried
(105 °C, 24 h) and weighed. Final dry mass of the samples
was then determined. Initial mass was determined by the
moisture of the samples. Solubility was expressed in terms
of dissolved dry mass. All tests were carried out in
triplicate.

2.2.8. Light transmission

The ultraviolet (UV) and visible light transmission of the
films were quantified at selected wavelengths between 200
and 800 nm, using a UV-1601 spectrophotometer. Film
strips of 10x40 mm were placed in a spectrophotometer
test cell [14].

2.2.9. Statistical analysis

All the results presented in this study are the mean values
with standard deviations. Data were subjected to analysis
of variance (ANOVA). The level of p<0.05 was considered
to be statistically significant.
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3. RESULTS AND DISCUSSION
3.1. Film thickness

The thickness of the collagen hydrolysate films remained
unchanged with the addition of nano-SiO.. The average
values of film overall thickness were 0.15-0.16 mm (Table
1).

Table 1 Thickness values of collagen hydrolysate films

Nano-SiOz (w/w) Thickness

0.0 (control) 0.15+0.01
1 0.16 + 0.01
2 0.15+0.02
3 0.15+0.02
4 0.16 + 0.01

3.2. Color

The color parameters of collagen hydrolysate films added
nano-SiOz prepared are depicted in Table 2. Overall,
depending on the amount of nano-SiO: added, the
resulting films exhibited an increase in brightness and
different color values. On addition of SiO2 nanoparticle, L*
and b* increased with increasing content of nano-SiO2
while a* decreased. The L* values were varied from
30.64+0.21 to 32.68 + 0.24; the a* values were from —-0.71
+ 0.07 to —0.94 + 0.04 and the values of b* were from 0.59
+ 0.20 to 1.51 £ 0.18. This indicated that an increase in
brightness occurred upon addition of nano-SiO2. Also, the
color became more greenish and vyellowish after
incorporation of nano-SiOz.

Table 2 Color parameters of collagen hydrolysate films

mm / kPa h m? to 1.50 + 0.23 g mm / kPa h m2. Decrease
in the water vapor permeability is of high importance when
developing coating/packaging materials where efficient
barrier properties are desired to minimize moisture transfer
between the coating material and outside packaging
environment. Nanopatrticles, by virtue of their very minute
size, can easily fill in the empty spaces of the porous film
matrix, rendering it difficult for the moisture or water to
easily diffuse [9].

Table 4 Water vapor permeability of collagen hydrolysate
films

Nano-SiO2 (w/w) Water vapor permeability

(g mm/kPa h m?)

Nano-SiO2 L* a* b*
(w/w)

0.0 30.64+0.21 -0.71+0.07 0.59+0.20

(control)

1 31.16+0.17 -0.82+0.03 1.08+0.20

2 31.68+0.07 -0.83+0.03 1.16+0.38

3 32.18+0.11 -093+0.11 1.18%0.22

4 32.68+024 -094+004 151+0.18

3.3. Mechanical properties

From the results depicted in Table 3, addition of nano-SiO2
showed improvement in the mechanical properties of the
collagen hydrolysate films. Results of tensile strength
showed an enhancement corresponding to increasing
content of nano-SiOz. The increase in tensile strength was
from 10.11 + 0.76 to 16.91 + 0.46 MPa and the decrease
in elongation at break (%) was from 67.06 + 9.52 to 32.15
+5.84.

Table 3 Tensile strength and elongation at break
properties of collagen hydrolysate films

0.0 (control) 1.88 £0.20
1 1.81+0.27
2 1.72+0.24
3 1.61+0.21
4 1.50 £ 0.23

3.5. Water solubility

The pure collagen hydrolysate films (as control) prepared
were highly soluble in water (79.97 + 5.92%) due to its
hydrophilic nature. The high solubility might be attributed to
the hydrophilic plasticizer (glycerol) that was added to
provide adequate flexibility of the films. With the addition of
nano-SiO: to the film matrix, the observed decrease in
water solubility can be attributed to the formation of strong
hydrogen bonds between collagen hydrolysate matrix and
nano-SiO: (Table 5). Low water solubility is a desirable
characteristic for coating/packaging applications because
of the coating/packaging films with such characteristic can
resist high humidity condition.

Table 5 Water solubility of collagen hydrolysate films

Nano-SiO2 (w/w) Solubility (%)

Nano-SiO2 Tensile Strength Elongation at
(w/w) (MPa) break (%)

0.0 (control) 10.11£0.76 67.06 £ 9.52

1 11.22 £ 0.52 54.99 + 6.49

2 12.57 £ 0.58 44,54 +7.29

3 14.20 £ 0.66 38.64 +8.28

4 16.91 £ 0.46 32.15+5.84

3.4. Water vapor permeability

Water vapor permeability of the nano-SiO2 added collagen
hydrolysate films (Table 4) decreased from 1.88 + 0.20 g

0.0 (control) 79.97 +5.92
1 75.17 £ 8.51
2 71.41£6.97
3 68.56 + 7.66
4 66.50 £ 6.39

3.6. Light transmission

Transmission of UV and visible light at wavelength range
of 200—-800 nm of collagen hydrolysate films added nano-
SiO2 at different amounts is shown in Table 4. Collagen
hydrolysate/nano-SiO2 showed UV-visible light
absorbance/transmission ranging from 200 to 800 nm with
maximum absorbance at 420 nm. Transparency of films
designed for coating/packaging is an appropriate feature
because it has a direct effect on the coated product
appearance. The values obtained in the prepared collagen
hydrolysate films were particularly low, which represents
the notable transparency of the films.

Table 6 Transparency values of collagen hydrolysate films

Nano-SiO2 (w/w) Transparency
0.0 (control) 1.52+0.17
1 1.70+£0.16
2 1.73+0.12
3 1.75+0.18
4 1.78+0.10
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4. CONCLUSIONS

In the present study, collagen hydrolysate-based
nanocomposite films incorporated with nano-SiO2 were
successfully prepared with improved physical properties.
Further, research needs to be performed for to overcome
the disadvantages (brittleness, poor water resistance) of
biodegradable collagen hydrolysate films with improved
mechanical/physical properties. It is clear that the
reutilization of collagen hydrolysate extracted from leather
solid wastes in the coating/packaging process appears
feasible and promising.
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DESIGNING A BALL-ON-DISC WEAR TESTER AND PARAMETER
OPTIMIZATION FOR POLYMER NANOCOMPOSITES

POLiMER NANOKOMPOZITLER iGiN BALL-ON-_Di_SK ASINMA TEST
CIHAZI TASARIMI VE PARAMETRE OPTIMIZASYONU
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Ozet

Bu calismada, polimer nanokompozitlerin tribolojik
davraniglarinin belirlenmesi icin farkli kayma hizi, yik ve
asindirma elemani opsiyonlariyla kullanilabilecek, ball-on-
disk prensibine gbre calisan asinma test cihazinin temel
tasarim prensipleri ele alinmistir. imal edilen cihaz ile
ornek bir uygulama olarak, %5 (ag.) kil takviyeli disik
yogunluklu  polietilen (LLDPE) kompozitin asinma
davraniglarn Uzerine; kayma hizi, yik ve asindirma
elemaninin etkileri L8 tam eglendirmeli deney tasarim
metoduna uygun olarak incelenmig, asinma orani ve
surtinme katsayisina etki eden parametrelerin etki
degerleri saptanarak optimizasyonu gercgeklestiriimistir.

Anahtar kelimeler: Asinma, polimer kompozit, ball-on-
disk

Abstract

In this study, basic design principles of a ball-on-disc wear
tester for investigating of tribological properties of polymer
nanocomposites using different sliding velocity, load and
counter materials were studied. As a sample application,
the effects of sliding velocity, load and counter materials
on tribological properties of linear low density polyethylene
(LLDPE) / clay 5% (wg.) composite were investigated
using L8 full-factorial experimental design method. The
effects of significant factors influencing the wear rate and
friction coefficient were determined and optimized.

Keywords: Wear, polymer composite, ball-on-disc
1. Giris

Polimer nanokompozitler, ézellikle son 20 yilda dikkatleri
Uzerine c¢eken, en az bir boyutu 100 nm veya altinda
boyutlara  sahip  ¢esitli  takviye elemanlarn ile
katkilandiriimis (agirlikga <%5), klasik kompozitlere goére
Ustln 1sil, bariyer, fiziksel ve mekanik Ozelliklere sahip
malzemeler olup, endustrinin birgok alaninda (makine-
imalat, tekstil, gida, biyomedikal, ambalaj vb.) giderek
artan sekilde kullanim alani bulmaktadirlar [1-4].

Ozellikle tabakali silikatlar (killer) gibi dogada nano boyutta
bulunan malzemelerin varligi ile aralanmis (intercalated)
ve dagilmis (exfoliated) vyapilarin, ylksek kesme
gerilmeleriyle olusturulabildigi disik maliyetli ekstriizyon
¢ozimleri, bu artisin temel nedenlerindedir. Polimer
nanokompozitlerin birgok fonksiyonel Ustlinligl yaninda,
polimer ve polimer kompozitlere gére iyilestiriimis mekanik
ve tribolojik Ozellikleri ile ilgili pek ¢ok c¢alismaya da
ulasilabilir [5-17]. Bu 6zellikler, polimer nanokompozitlerin

53

ozellikle gic iletim ve yapi elemanlarindaki kullanim
potansiyellerini giin gectikge arttirmakta, ucak ve otomobil
parcalarindan vicut igi protezlere kadar pek g¢ok
uygulamada alternatif ¢ézimler sunmaktadir.

Uygulama alanlarinin genisligi, polimer nanokompozitlerin
farkh sartlar altindaki tribolojik 6zelliklerinin arastiriimasi
icin asinma test cihazlarin gelistiriimesini zorunlu
kilmaktadir. Ball-on-disk konfigliirasyonu, temas dogrulugu
yuksek, surtinme ve asinma verilerinin kayit altina
alinmasina izin veren bir test sistemidir.

2. Deneysel Calisma
2.1. Ball-on-Disk Aginma Test Cihazi Tasarimi

Asinma test cihazi ball-on-disk konfiglirasyonunda
tasarlanmis olup prensip semasi Sekil 1’de goérilmektedir.
Disey olarak yerlestirilen silindirik numune yiizeyine Sekil
2'deki yuk kolu yardimiyla asindirma bilyesi Uzerinden
normal kuvvet (Fn) iletiimektedir. Cevresel hiza paralel
yonde (normal yiike dik yonde) olusan sirtinme kuvveti
(Fs), bir yik hicresi yardimiyla deney siresince
kaydedilebilmektedir. Cihaz; polimer esasli malzemelerin
ihtiya¢c duydugu dusuk yukleme sartlarinda galigabilmekte
olup, normal yik (1-10 N), kayma hizi (0.01-1.27 m/s) ve
asindirma bilyesi malzemesi (gelik, Al2Os, SisN4, vb.)
parametrelerinin degisimine izin vermektedir. Ayrica,
asindirma elemani yakinina vyerlegtirilen bir termokupl
sayesinde deney siresince temas sicakhdr kaydi da
yapilabilmektedir. Deney sonunda asinma iz genigliklerinin
olcilmesi ile asinma oranlari ve u=Fs/Fn bagintisindan da
ortalama kinetik slrtinme katsayilari hesaplanabilmekte,
gorintileme ve analiz cihazlan yardimiyla da asinma
mekanizmalari hakkinda yorumlar yapilabilmektedir.

Yk hiicresi pc

Sirtliinme g

kuvveti_+”

Termokupl

Toolkit 490

v
© siirtinme
katsayisi
» @ Asinma
orani

Sekil 1. Ball-on-disk aginma test cihazi prensip semasi.
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Sekil 2. YUk iletimi ve sirtlinme kuvveti 6lgiimi igin
tasarlanan yuk kolu (Fn: Normal kuvvet, Fs: Siirtinme
kuvveti, P: Agirlik askisina asilan yuk).
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2.2. Numune Hazirlama

Asinma testlerinde kullanilacak numuneler igin pelet
Uretimi, LLDPE matriks igerisine %5 (ad.) oraninda
montmorillonit  kilinin ergiyik harmanlama yoéntemi ile
ilavesiyle gergeklestiriimistir. Bu islem icin Sekil 3a’da
sematik olarak gosterilen cift vidal ekstriider (D=16 mm,
L/D=40) kullaniimistir. Kaliptan ¢ikan kompozit cubuk
sogutma banyosundan gegirildikten sonra granilatérde
istenilen boyutlarda pelet haline getirilmis, ardindan Sekil
3b’de 6zetlenen sartlarda 29 mm ¢ap, 15 mm yukseklikte
silindirik numuneler formunda sicak preslenmistir (son
basing 80 bar). Numune yizeyleri 1200 kum su
zimparasinda parlatildiktan sonra asinma testlerine hazir
hale getirilmigtir.

2.3. Tam Eslendirmeli Deney Tasarimi ve Asinma
Deney Sonuglari

Deneysel tasarim, ¢ok sayida dediskenin oldugu karmasik
sistemlerde bile optimum degerlerin bulunmasina olanak
saglayan faydali bir metottur [18]. Eslendirmeli tasarimda,
ana faktorlerin etkileri ve farkli faktorler arasindaki
etkilesimler yiksek dogruluk seviyesiyle tahmin edilebilir.
Tam eslendirmeli bir tasarimda her faktérin her seviyesi,
diger faktorlerin seviyeleriyle eslendirilir. Yaygin kullanilan
bir tasarim, her bir giris faktorinun iki seviyeye sahip

[19].

eslendirmeli

iki diizey belirlenmis (Cizelge 1) ve asinma iz genisligi (3-4
degerin ortalamasi) ile surtinme katsayisina etkileri
incelenmigtir. Deneysel verileri analiz etmek igin MINITAB®
16 istatistik yazilimi kullaniimis ve ‘en disik en iy’
kriterine goére tribolojik 6zelliklere etki eden faktorler ve
etkilesimleri arastiriimistir.

Cizelge 1. L8 Deneyi igin Faktorler ve Seviyeleri.

Sembol Faktor adi Seviye 1 Seviye 2
A Normal yuk (N) 2.5 5
B Kayma hizi (d/d) 3500 ® 1000
C Asindirma bilyesi ¢ Gelik 4 Al,O3

20.245 m/s gevresel hiza karsilik gelmektedir.
®0.490 m/s gevresel hiza karsilik gelmektedir.
¢ 100Cr6 : gap 5 mm, yog. p=7.82 g/cm?, sertlik H=8.8 GPa

4 AlLO; :gap 5mm, yod. p=3.93 g/cm?, sertlik H=17.2 GPa
L8 deney sonuglari Cizelge 2'de ozetlenmektedir. iz
genisligi ve slrtinme katsayisi igin faktér ve

etkilesimlerinin ana etki grafikleri Sekil 4'te, 1000 ve 500
d/d kayma hizlan igin sirtinme katsayilarinin kayma
mesafesine bagli degisimleri Sekil 5’te verilmektedir.
Pareto grafikleri ise Sekil 6'da gorilmektedir. Pareto
grafigi, faktorlerin ve faktorler arasi etkilesimlerin mutlak
degerlerini gézlemlemek icin kullanilir. Grafikteki referans
cizgiyi gecgen faktorlerin nispeten énemli oldugu sonucuna
varilir. Ana etkiler grafigi, faktorlerin etki seviyelerinin
birbirlerine gbére 6nem derecelerini godsteren grafiktir
(grafiklerin teorik temelleri bu calismanin kapsami diginda
olup, [20]den detayli bilgiye ulasilabilir). Pareto
grafiklerinden iz genigligi Uzerinde sirasiyla; normal yik ve
kayma hizi parametrelerinin énemli oldugu, bunlardan
normal yukin ©Onem derecesinin de yiksek oldugu
sonucuna varilabilir. Sekil 7°den de gorulebilecegi gibi iz
geniglikleri oldukga homojendir.

Cizelge 2. L8 Deneyi Sonuglari.

Faktorler ve seviyeleri Deney sonuglari

oldugu deneysel tasarimdir. Béyle bir tasarimda seviyeler c% A B c iz genisligi  Sirtinme
‘yiksek’ ve ‘dusik’ veya ‘+1° ve ‘-1° (veya 2’ ve ‘1’ (um) katsayisi, ¥
seklinde adlandirilir. Her iki seviyeye sahip k adet faktor 1 1 1 1 600.3 0.289
varsa, tam eglendirmeli tasarimin 2k adet cevrimi olacaktir 2 1 1 2 622.5 0.346
Bu calismada, tribolojik 6zelliklere etki eden 3 1 2 1 6460 0.464
faktorlerin etkilerini ve faktorler arasi etkilesimleri tespit g ; i i ?ggg 8282
etmek igin Ug faktorlli ve iki seviyeli (23=8 gevrimli) tam 6 5 1 5 767.8 0.294
deneysel tasarim metodu kullaniimigtir. 7 2 2 1 917.5 0.250
Uygulanan yik, kayma hizi ve asindirma elemani tipi igin 8 2 2 2 968.5 0.306
(a) E ;Pe]&oll;l:]eeryici L/D=40 @ (b) = ; e = "' =y
< Havalandirma D=16 mm ¥ I I Sicak lﬁ
§ Takviye Elemam --.L - Pres —
: Besleme Kalip Graniilator - N -4 - -

T

l N T l
AR AR AR

=) L )™
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Sekil 3. a) Cift vidali ekstrider sematik kesit gériinimd, b) sicak presleme iglemi parametreleri.
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Sdrtunme katsayisi igin de benzer bir egilim gézlenmekle
birlikte, hem iz genisligi hem de sirtinme katsayisi igin
asindirma elemani tipinin 6nem derecesinin duguk oldugu
gorilmektedir. Ana etki grafiklerinden; beklendigi Uzere,
yik ve hizdaki artig ile Al203 bilye kullaniminin iz genigligi
ve surtinme katsayisinda artisa sebep oldugu
g6zlenmektedir. Burada istisna olarak yik artisiyla
surtinme katsayisinin azaldigi tespit edilmistir. Dusuk
asinma ve surtinme katsayisi igin celik bilye tercih
edilmesi gerektigi sonucuna ulasiimistir.

(a)

Yuk Kayma Hizi
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650

T T
5,0 500 1000
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Ana Etki - iz Genigligi (um)

-
———
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700

650+

Celik AI203

(b) Yiik Kayma Hizi
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_—

T
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0,350

0,325

0,300+

0,275+

0,250

T
2,5 5,0 1000

Asindirici
0,350
0,325

Ana Etki - Siirtiinme Katsayisi

0,300 -

0,275

0,250

Celik AI203

Sekil 4. a) iz genigligi, b) strtinme katsayisi igin faktérlerin
ana etki grafikleri.
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Sekil 5. 1000 ve 500 d/d kayma hizlari igin strtinme
katsayilarinin kayma mesafesine bagh degisimleri.
3. Sonuglar

Polimer ve polimer kompozitlerin tribolojik davraniglarinin
belilenmesi igin farkli kayma hizi, yik ve asindirma
elemani  opsiyonlariyla  kullanilabilecek, ball-on-disk
prensibine gore calisan bir aginma test cihazinin temel
tasarim prensipleri arastiriimis olup, bahsedilen tim
parametrelerin bagdimsiz olarak degistirilebildigi  bir
prototipin imalati tamamlanmistir. %5 (ag.) kil takviyeli LL-
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Sekil 6. a) iz genisligi, b) sirtiinme katsayisi igin faktor ve
etkilesimlerinin Pareto grafikleri.

DPE kompozit numune Uzerinde gerceklegtirilen asinma
testlerinde arzu edilen homojen iz genigligi ve stabil
surtinme katsayisi verilerine ulagiimistir. L8 deneyi ile
yapilan optimizasyonda, normal yukin iz genisligi ve
surtinme katsayisi Uzerinde en 6nemli parametre oldugu,
yukin 2.5 N'dan 5 N’a arttinimasiyla birlikte asinma iz
geniglidinin arttid1, surtinme katsayisinin ise azaldidi tespit
edilmistir. Kayma hizinin artmasiyla birlikte hem iz genigligi
hem de surtinme katsayisi degerlerinin  arttigi
gorulmustdr. Asindirma elemaninin 6nem derecesi dusuk
olmakla birlikte Al20s bilye kullaniminin hem asinma iz
genisligini hem de sirtinme katsayisini arttirdigi sonucuna
variimigtir. L8 deney sonuglarina gore 6énemli bir etkilesime
rastlanilmamistir. Sonug olarak; tlkemizin ihtiyag duydugu
farkl sanayi dallarinda arastirma/gelistirme amagcli veya
akademik calismalarda kullanilabilecek bir asinma test

cihazi  prototipi  imalatinin  basarili  bir  sekilde
gerceklestirildigi disunitlmektedir.
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Abstract

In this study, the enhancements of lap shear strength of
epoxy adhesive joints reinforced with different nano-Al203
particles loading have been studied. The adhesive
properties were measured by tensile lap shear test as a
function of nano-Alz0s amount and damaged adhesive
surface roughness. The highest shear and tensile
properties were obtained with 2wt% nano-Al2Os in epoxy
composites. The joint strength increased by 34%, with the
addition of 2 wt % nano-Al2Os.

Keywords: Epoxy, carbon fiber, shear lap, nanoadhesives
1. Introduction

Epoxy adhesives are widely used in applications in
aerospace, automotive, marine and construction industries
due to their adhesive strength, durability and toughness,
chemical resistance, ease of application [1-6]. Recently,
the mechanical properties enhancement of the epoxy
adhesives has been performed by the use of nanoparticle
reinforcement such as nano-rubber particles, carbon
nanotubes, graphene and silver nanowires, nano-clay and
silica nanoparticles [7-12]. Enhancement of tensile
properties of epoxy adhesives is important due to the
adhesively bonded joints in a structure generally subjected
to a combination of tensile and shears loads [13]. While
there are many reports on the nanoparticle filled epoxy
adhesives, there are few reports about nano Al2Os epoxy
adhesives. Furthermore, since no publications were found
in literature related to the carbon fiber (CF) reinforced
epoxy (Ep) laminated composites adhesive joining, this
study was performed.

The present work aimed to improve adhesive joining of
Ep/CF laminated for use in the above mentioned fields. For
this purpose, firstly Ep/CF laminated composites were
produced via (Vacuum Assisted Resin Infusion Method)
VARIM and for prepare the shear lap test specimens. Also,
modification of epoxy resin investigates with tensile tests
as dog bone specimens.

2. Experimental

The epoxy resin as the commercially available
diglycidylether of bisphenol-A (DGEBA) supplied by
Momentive Hexion Inc. Nano-Al203 was purchased from
Mk Nano Co. The average patrticle size of nano-Al2Os was
40 nm (as can be seen in Fig. 1). Carbon fiber fabric and
the all other vacuum infusion equipments were provided by
Dost Kimya Inc., Turkey. The area density of carbon fiber
was 300 g/m2 and each bundle consisted of 12000
filament.
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Fig.1 SEM images of nano-Al203

2.1. Preparation of nano-Al203-Epoxy composites

The nano-Al20s weight content was range from 1 to 5 wt%.
The epoxy and nano-Al203 were stirred for 30 min with an
ultra sonicator. Curing agent was added after dispersing
process in epoxy and degassed at 25 °C/0.6 bar for
20 min. The steel mold covered with release agent and
mixture was poured into preheated mold. Curing was
performed at 80 °C for 1 h, at 120 °C for 2 h and then it
was slowly cooled to room temperature in the oven. All
samples were removed from mold and conventionally
polished with SiC sandpapers with grit numbers of 800 to
minimize effect stress concentration caused by sharp
edges.

2.2. Preparation of nano-Al203-Epoxy/CF composites

Carbon fiber reinforced epoxy laminated nanocomposites
were prepared by means of VARTM [14].Then, the cured
panel was taken out and specimens were cut according to
Standard Test Method for Lap Shear Adhesion for Fiber
Reinforced Plastic Bonding (ASTM D5868-01) standards.
All samples polished with SiC sandpapers identically.

2.3. Preparation of nano-Al20s-Ep/Adhesives

Firstly prepared specimens according to the recommended
dimension (100 mm x 25.4 mm x 0.76 mm) were abraded
with silicon carbide paper to roughen the adhesive
surfaces then degreased with acetone to remove any dust
and dry at 35 °C for 10 min. The nano-adhesives were
prepared by addition of epoxy resin to achieve 1, 2, 3, 4
and 5 wt% nano-AlzOs content, which were then mixed via
ultra sonicator for 30 min and degassed in a vacuum oven
25 °C/0.6 bar for 20 min. Then the hardening agent was
added into the mixture according to supplier instructions.
The adhesive area was signed as 25.4 mm x 25.4 mm.
The schematic view of the samples was given in Fig. 2.
The nano-adhesive mixture was applied on the adhesive
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area on both piece and pressed down via clamp. The
adhesive was cured at 80 °C for 1 h, at 120 °C for 2 h.

Section for Clamping

Carbon Fiber Reinforced
Epoxy Laminated Composite

Epoxy Adhesive + Nano-ALOa

Fig. 2 ASTM-D5868-01 Standard of the shear test
4. Results and Discussions
4.1. Tensile Tests of Epoxy Adhesives

Tensile tests were performed to understand the effect of
modification of epoxy adhesive. These tests were
performed according to ASTM D3039 / D3039M. Tensile
stress-strain curves of modified epoxy with as a function of
different weight percentages of nano-Al20s in the adhesive
showed in Fig. 3. It is clearly seen in Fig.3, elongation of
epoxy and tensile strength behavior show noticeable
change. The 2 wt% nano Al20s-Ep adhesive shows most
efficient nanoparticle loading when it compared with the
neat epoxy adhesive.

5 wt% Alumina-Epoxy
s 4 W% Alumina-Epoxy
3 wit% Alumina-Epoxy
e 7 W% Alumina-Epoxy
e | Wit % Alumina-Epoxy
s () Wit % Alumina-Epox
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Fig.3 Load displacement curves of Alumina-Epoxy
adhesives with different nano-Al20O3 contents

Table 1 summarizes the tensile properties values of
modified and unmodified epoxy adhesives. The tensile
strain and strengths were determined from the maximum
stress or strain point.

Table 1. The strength and strain value at the peak loads.

Material Strength Strain Increase
(MPa) (mm/mm) (MPa %)
Neat Epoxy 53,47 3,21 -

1 wt% nano AI203-Ep. 64,23 3,55 20
2 wt% nano AI203-Ep. 71,65 3,75 34
3 wt% nano AI203-Ep. 60,40 3,49 13
4 wt% nano Al203-Ep. 43,22 2,81 -19
5 wt% nano AI203-Ep. 35,70 2,60 -33

4.2. Tensile lap shear tests of Epoxy Adhesives

Tensile lap shear tests were carried out according to
ASTM-D5868-01 standard. Also, shear strength and shear
strain of the 2 wt% nano Al2Os3-Ep adhesive was
determined optimum concentration.

10

e £ Wit % Alumina-Epoxy
e 4 W% Alumina-Epoxy
e 3 Wit % Alumina-Epoxy
s 2 W% Alumina-Epoxy
e | Wit % Alumina-Epoxy
s () Wit % Alumina-Epoxy

9
8

Shear Stress (MPa)

0

05

1 15 2
Shear Strain (%)
Fig.4 Load displacement curves of Alumina-Epoxy

adhesives with different nano-Al2Oz contents

25 3 35

Table 2 shows the results of the tensile lap shear tests.
The shear strain and shear strengths were determined
from the maximum stress or strain point.

Table 2. The strength and strain value at the peak loads.

59

Material Strength Strain Increase
(MPa) (mm/mm) (MPa %)
Neat Epoxy 7,40 3,21 -

1 wt% nano AI203-Ep. 8,96 3,37 21
2 wit% nano Al203-Ep. 9,92 3,42 34
3 wt% nano AI203-Ep. 8,27 3,28 11
4 wt% nano Al203-Ep. 6,62 3,11 -11
5 wt% nano AI203-Ep. 6,03 2,94 -19

4.3. Optical Microscope Investigation

Mutual bonding surfaces of different samples are given in
the Fig.5. The 5 wt% and 4 wt% nano Al2O3-Ep adhesive
performances are fairly poor, which is consistent with their
smooth adhesive surface, while the 1 wt% and 2 wt% nano
Al203-Ep adhesive shows increased adhesive properties. It
is believed that due to the higher viscosity of nano Al2Os
adhesive.
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Fig. 5 Optic micrographs of adhesive surface with different
nano- Al2Os concentrations: (a) Owt%, (b) 1wt%, (c)
2 wt%, (d) 3 wt%, (e) 4 wt%, (f) 5 wt%.

It is clearly observed that optic micrograph of neat
adhesive surface exhibits. The adhesive surface for the
neat epoxy is depicted in Fig. 5a which reveals a brittle
behavior characterized by distinctive epoxy cracking. In
contrary, 2 wt% nano Al2Os-Ep adhesive surface displays
deformation evidence based on more roughly adhesive
surface. Beside it can be seen in Fig. 5.c, interface joining
of between the composite and epoxy adhesive is quite
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successful. On contrary the smooth separation between
epoxy and composite refer to weak interaction among both
of them (Fig. 5.e and Fig. 5.f)

4.4. SEM Investigation

Fracture surfaces of the nanocomposite specimens were
investigate to comprehend the toughening effect of nano-
Al203. The SEM micrographs of 2 wt% nano Al2Os in the
epoxy matrix are shown in Fig.6. The fracture morphology
of the 2 wt% Al.O3-Ep specimen shows very homogenous

nanoparticle dispersion (Fig. 6).

500 nm

Fig. 6 Dispersion of nano alumina in epoxy matrix

There are a number of toughening mechanisms in
literature which can be associated to the amount of energy
absorbed and fracture toughness increases as the main
toughening mechanisms are crack deflection, crack
pinning, crack bridging and pull-out [15-20]. Fig. 7 shows
the crack deflection and nanoparticle pull-out mechanisms.
This event shows effect of nanoparticle adding on epoxy.
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5. Conclusions

In this paper, nano- Al2O3 / Ep mixture were prepared with
different nanoparticle loading and the effects of nano
particle adding on epoxy adhesive were investigated.
Experimental results show that the 2 wt% nano Al2Os

modification significantly improved epoxy adhesive
strength by 34%. The optic microscopy investigate
revealed that the adhesive surfaces had different

morphologies. This differences and nanoparticle effect
which are observed via SEM are associated with
adhesives strength increasement.


http://www.sciencedirect.com/science/article/pii/S0167732215303238#f0055
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Ozet

Korozyon direncini arttirmak adina celiklerin yuzeylerine
yaplilan sicak daldirma galvaniz kaplama, alagim ilaveleri
olmadan kisa 6mirld koruma saglamaktadir. Korozyon
direncinin arttirlmasi icin ¢inko ile beraber farkli ergiyik
metaller kullanilarak alagim kaplamalar yapilmaktadir.
Korozyona karsi yapilan bu islem ile farkl korozif ortam
kosullarinda galisacak metalin dmri  uzatiimaktadir.
Calisma kapsaminda demire gore oksijen ile tepkimeye
girme egilimi daha yuksek olan Zn, Al ve Mg metallerinden
olusan alasim kullanilarak celik tel ylzeylere kaplama
yapilmistir. Cinko igerisine farkli oranlarda Al ve Mg
eklenmesiyle  Ugli  otektik  fazlar  (Zn/Al/MgZn2)
olusturulmaktadir. ASTM B 117 standardi tuz sisi testine
gore 110 g/m? galvaniz kaplama 288 saat, 110 g/m?
Galfan(%95Zn+%5Al) kaplama 744 saat korozyon direnci
gosterirken, 110 g/m? Zn+Al+Mg kaplama 3000 saat ve
Uzeri korozyon direncine sahiptir. Bu ¢alismada, 450°C de
sicak daldirma yontemi ile SAE 1006 celik tel ylizeyine 110
g/m? Zn, Zn-Al, Zn-Al-Mg kaplama yapilmis numuneler
kullanilmigtir. Segilen numuneler 1g /L Na2SOa ¢ozelti
icerisine H2SO4 ve NaOH eklenerek pH:3,5-4,56-11,5 olan
asidik ve bazik ortam sartlarinda 48 saat sire ile
bekletilerek  %agirhk  kayiplarina  gére  korozyona
dayanikliliklar test edilmigtir.

Anahtar kelimeler: Korozyon, Magnezyum, Agirlik
kaybi, pH

Abstract

Hot dip galvanizing process without additional alloy which
implemented to steels surfaces provides corossion
resisdance for short-lived. Alloy coating process is carried
out with zinc and different molten metals to improve the
corrosion resistance. Thanks to this process, life time of
metal that used at different corrosive condition is improved
against corrosion for all weather condition. In this study, a
metals which consists of Zn, Al, and Mg was used because
of their higher tendancy to react with oxygen according to
iron to coat of steel surface. Corrosion resistance
increases with ternary eutectic phase(Zn/Al/MgZn2) which
created by additively different profortion of Al and Mg into
zinc. According the salt spray test of ASTM B 117,
corrosion resistance of galvanized coating with 110 g/m?is
288 hours, galfan (%95Zn+%5Al) coating with 110 g/m? is
744 hours while Zn-Al-Mg coating with 110 g/m? is more
than 3000 hours. In this research, the samples were used
which coated with 110 g/m? Zn, Zn-Al, Zn-Al-Mg of SAE
1006 C steel wire by hot dip method in 450 C. The
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corrosion resistance of selected samples were examined
in acidic and basic condition by keeping them wait for 48
hours according to loss of their percentage weight in
solution which consists of 1g/L as the Na2SO4 base mix
Jits pH 3,5-4,56-11,5 by adding H2SO4and NaOH.

Keywords: Corrosion, magnesium, weight loss, pH
1. Giris

Korozyon ham madde, enerji, emek, sermaye ve bilgi
israfina neden olan en o6nemli bozunma tirlerinden

birisidir.[1] Korozyonun en fazla goéruldigud malzeme
elektro kimyasal reaksiyonlara egilimlerinin  yuksek
olmasindan dolayr metallerdir. Metallerin korozyona

ugrama miktarlari oksijene olan ilgileriyle alakahdir.[2]
Hidrojene gore daha negatif olan metaller daha aktif yani
iyonlasma egilimi daha fazladir. Bu da elektron verme
egiliminin fazla olmasi anlamina gelmektedir.

Cinko tek basina belli bir noktaya kadar koruma
saglamaktadir. Bu amacla korozyon dayanimi ¢inko
kaplamadan daha yiksek olan Zn+Al(galfan) ve

Zn+Al+Mg alagimlar ile kaplama ¢alismalari yapilmaktadir.
[3] Olusturulan uglu 6tektik faz ile (Zn/Al/MgZnz) korozyon
direncinin galvaniz ve galfan kaplamadan yuksek olmasi
saglanmaktadir.[4,5] ASTM B 117 testine gére pH : 6,5
olan %5 NaCl tuz puskirtme yontemiyle korozyona
dayaniklilk  testi  yapimaktadir.[6] Sadece tuzlu
ortamlardaki dayanima bagl kalmayarak farkh asidik ve
bazik ortamlar hazirlanarak numune yuzeylerindeki
%agirlik kaybi ile de yeni kaplamalarin farkli ortamlardaki
dayanimlari grafikler ile ispatlanabilmektedir.48 saat siire
araliklarla yapilan bu testler sonucu elde edilen veriler ile
grafikler  olusturularak  yapilmasi  planlanan  farkl
kaplamalar igin yol gosterici nitelik tagimaktadir.[7,8]

2. Deneysel Calismalar

Yapilan calismada 5,5mm ISDEMIR 1006C gelik filmasin
kullanilmigtir. Filmasinler soguk deformasyona ugratilarak
¢ap 2,50 mm’e dislrilmistir.2,50mm c¢apa dusurilen
celik tel kaplama oncesi ©on hazirlik islemlerinden
(quench+asitle temizleme+flux) gectikten sonra 450°C’de
kullanilan sicak daldirma ocaklarinda 10 m/dk hizla
cekilerek celik tel ylzeyine 110g/m? ; 1-Zn(Galvaniz) 2-
Zn+Al (Galfan) 3- Zn+Al+Mg kaplama aldiriimigtir. Her
farkh kaplamanin farkli pH ortamlarinda testlerini yapmak
icin 15 cm uzunlugunda tel numuneler kesilmistir.
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pH: 35

Kimyasal : 1000 ml cam beher igerisinde ; 1 litre su
icerisine 1 gr NazSOs4(sodyum siilfat) eklendikten sonra
pH’In 3,5 olmasi igin ¢Ozelti igerisine damlalik vasitasi ile
H2S04 (silfirik asit) eklenmistir. Manyetik karistirici ve pH
metre yardimi ile pH degeri 3,5 olan asidik c¢o6zelti
hazirlanmis oldu. Onceden kesilen 110 g/m? kaplama
miktarina sahip, 15 cm uzunlugundaki tellerin asit igerisine
daldirlmadan hassas terazi ile ilk tartimlari yapilarak 30
cm uzunlugundaki cam tipler igerisine sirasi ile
yerlestiriimistir (Cizelge 1). 48 saat sonra cam tlpler
icerisinden numuneler sirayla cikarilar 6nce saf su ile
yikanip, kurutularak son agirlik élgiimleri yapilmistir.

Cizelge 1 . pH :3,5 olan kimyasal ortamda Zn, Zn+Al,
Zn+Al+Mg kaplamada gorulen agirlik kayiplari

ik Son %Agirhk Ortalama
Agirlik Agirhk  Kaybi %Agirhk

(9) (9) Kaybi

3,142 3,1407  0,041374920

3,1380 3,137 0,031867431

3,2129 3,2116  0,040461888

3,2985 3,2964  0,063665302

3,2274 3,2257  0,052673979

3,3502 3,349 0,035818757 0,040709 Zn
3,1460 3,1448  0,038143675

3,2685 3,2674  0,033654582

3,2197 3,2187  0,031058794

3,1275 3,1263  0,038369305

3,0742 3,0733  0,029275909

2,8745 2,8735  0,034788659

2,8084 2,8074  0,035607463

3,1628 3,1616  0,037941065

2,7111 2,7103  0,029508318 Zn
3,0600 3,0592  0,026143791 0,032942 +
2,8769 2,8758 0,038235601 Al
2,4493 2,4486 0,028579594

2,6108 2,6099 0,034472192

2,56811 2,5802  0,034868854

3,4636 3,4628  0,023097355

3,4117 3,4109 0,023448721 Zn
3,219 3,2182  0,024852439 +
3,3665 3,3658 0,020793109 Al
3,5781 3,5772 0,025153014 0,020763 +
3,4085 3,4078 0,020536893 Mg
3,4857 3,4847 0,028688642

3,3849 3,3842  0,020680079

3,4345 3,4338  0,020381424

3,4439 3,4432  0,020325793

pH:4,56 icin

pH:3,5 olan asidik ¢Ozeltiyi hazirlama yonteminde oldugu
gibi ayni sekilde islem adimlar takip edilerek pH:4,56
ayarlanarak %agirlik kaybi hesaplanmistir.(Cizelge 2)
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Cizelge 2. pH:4,56 olan kimyasal ortamda
Zn,Zn+Al,Zn+Al+Mg kaplamada gorulen agirlik

kayiplari.
pH: 115
ik Son % Ortalama
Agirhk(g) Agirhik(g) Agirhk %Agirhk
Kaybi Kaybi
4,2095 4,2079 0,038009
4,4143 4,4128 0,03398
4,5845 4,5828 0,037081
4,7286 4,7268 0,038066 0,035384 Zn
4,5234 4,5219 0,033161
4,4176 4,4159 0,038482
4,3561 4,3549 0,027548
4,5345 4,533 0,03308
4,3183 4,3166 0,039367
4,6104 4,6088 0,034704
4,2764 4,2753 0,025723
3,7269 3,7261 0,021466
4,0312 4,03 0,029768
3,9059 3,9052 0,017922 7n
4,0689 4,0677 0,029492 0,022327 +
3,7012 3,7006 0,016211 Al
4,2471 4,2462 0,021191
4,4663 4,4655 0,017912
4,7615 4,7605 0,021002
3,9856 3,9847 0,022581
4,8151 4,8142 0,018691
4,3946 4,3934 0,027306
4,3944 4,3935 0,020481
47725 47716  0,018858 Zn
4,4174 4,4165 0,020374 0,020641 Al
45734 45723 0,024052 Mg
4,7871 4,7861 0,020889
4,066 4,0651 0,022135
4,171 4,1703 0,016783
4,7502 4,7494 0,016841

Cozeltinin bazik 6zellik kazanabilmesi icin H2SOa(slfirik
asit) yerine NaOH kullanarak pH:11,5 olarak ayarlanmistir.
Hazirlanan numuneler ve Olgumleri Cizelge 3'te
sunulmustur.
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Cizelge 3 . pH :11,5 olan kimyasal ortamda Zn, Zn+Al,

ilk Son % Agirlik Ortalama
Agirhik(g) Agirhik(g) Kaybi %Agirhk
Kaybi

4,4069 4,4065 0,009077
4,5425 4,5424 0,002201
4,6343 4,6341 0,004316
4,3745 4,374 0,01143
4,5196 4,5191 0,011063 0,010597
4,5511 4,5503 0,017578 Zn
4,3315 4,3314 0,0022309
4,2311 4,2302 0,021271
4,6283 4,6276 0,015124
4,3085 4,308 0,011605
3,4185 3,4184 0,002925
3,9818 3,9813 0,012557
3,8072 3,8068 0,010506
4,1719 4,1714 0,011985
3,6659 3,6658 0,002728 Zn
4,0516 4,0513 0,007404  0,005661 +
3,7936 3,7935 0,002636 Al
3,4073 3,4071 0,00587
3,9697 3,9697 0
3,6862 3,6862 0
4,1517 4,1516 0,002409
3,6322 3,632 0,005662
4,049 4,0488 0,004939 Zn
4,6624 4,6623 0,002145 +
4,053 4,0528 0004935 0,002486 A
4,6061 4,606 0,002171 +
3,8424 3,8423 0,002603 Mg
3,9352 3,9352 0
4,514 4,514 0
4,5734 45734 0

Zn+Al+Mg kaplamada gorulen agirlik kayiplari
3.SONUCLAR

pH degerinin 3,5-4,56 ve 11,5 oldugu asidik ve bazik
ortamlarda kaplama agirlik kayiplari galvaniz, galfan ve
Zn+Al+Mg alasim kaplama igin hesaplanmistir.

pH:3,5
0,040709
0,05 0,032942
g{ 0,020763
z
E" 0
= SE
= K\'s s €]
$1=11] v.\’ Q-\’ \’,@\
<< (G} G} hs
N
Urlinler

Sekil 1.pH:3,5 olan asidik ortamda farkli kaplamalarin
Y%agdirhk kaybi
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pH:3,5 olan asidik ortamlarda celik tel ylzeyindeki
kaplama tirleri kiyaslandiginda en fazla agirhk kaybi
galvaniz kaplamada gozlenir iken; Zn-Al-Mg alasim
kaplamadaki % agirlik kaybi ayni miktardaki (110 g/m?)
galvaniz kaplama gore %48,996,ayni miktardaki (110g/m?)
galfan kaplamaya goére %36,971 azalmistir. % Agirlik
kaybinin az olmasi korozyona dayanimin daha fazla
olacagi anlamina gelmektedir.

pH:4,56
= 0,035348
X 004 0,022327 0,020641
L
&
& 0,02
—
£ o
)&o GALVANIZ GALFAN ZN-AL-MG
Urlinler

Sekil 2. pH: 4,56 olan asidik ortamda farkli kaplamalarin
Y%agirlik kaybi

pH:4,56 olan asidik ortamda galvaniz, galfan, Zn-Al-Mg
kaplamalar kiyaslandiginda % agirhk kaybi en fazla
galvaniz kaplamada goézlenmigtir. Zn-Al-Mg alasim
kaplamadaki % agirlik kaybi galvaniz kaplamaya gore
%41,606, galfan kaplamaya gére %7,55 azalmistir.

pH:11,5
0,02 0,010597
0,005661
001 ' 0,002486
) P =

GALVANIZ GALFAN ZN-AL-MG

% Agirlik kaybi

Urlinler

Sekil 3. pH: 11,5 olan bazik ortamda farkh kaplamalarin
Y%agirlik kaybi

pH:11,5 olan bazik ortamda, asidik ortamda oldugu gibi 48
saat slren test sonucu incelendiginde korozyon
dayaniminin yliksek ,%agirlik kaybinin en az oldugu
kaplama turt Zn-Al-Mg alagim ile kaplanan numunelerdir.
Zn-Al-Mg alasim kaplamadaki %agirlik kaybi galvaniz
kaplamaya gére %76,54,galfan kaplamaya gore %56,085
azalmistir.
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COATING OF FERRITIC STAINLESS STEEL WITH NisAl INTERMETALLIC
BY SELF PROPAGATING HIGH TEMPERATURE SYNTHESIS (SHS) AND
THE INVESTIGATION OF MICROSTRUCTURE

KENDI ILERYEN YUKSEK SICAKLIK SENTEZLEMESI ILE FERRITIK
PASLANMAZ CELIK UZERINE NisAI’NIN KAPLANMASI VE MIKROYAPI
INCELEMESI
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Ozet

Bu calismada, AISI 430 ferritik paslanmaz celik (izerine
(SHS: Self Propagating High Temperature Synthesis)
Kendi Kendine Ilerleyen Yiiksek Sicaklik Sentezlemesi
(KIYSS) yéntemiyle NisAl metallerarasi bilesigi ile
kaplanarak iglem parametrelerinin mikroyapi Uzerindeki
etkileri arastirilmistir.  Kompaktlanan numuneler, 6n
tavlama yapilmaksizin argon atmosferli bir odacikta,
Uzerlerinde 40 N’luk bir kuvvet uygulanarak isitilmis ve
ateslenmiglerdir. Daha o6nce yapilan c¢alismalarda,
atesleme ve yanma ile es zamanli olarak olusan NizAl
tabakasinin paslanmaz c¢elik yuzeyine tutunamadigi
goruldiginden, ateslenen numuneler, pozisyonlari
degistiriimeksizin 1000 ve 1100 °C sicakliklarda 45 dakika
sureyle difizyon islemine tabi tutulmuslardir. NisAl ile

kaplanan numuneler mikrosertlik, optik mikroskop,
Scanning Electron Microscopy (SEM) ve Energy
Dispersive  Spectroscopy (EDS) incelemelerine tabi

tutuldu. Calisma sonucunda ferritik bir paslanmaz celik,
SHS ve bunu izleyen sinterleme yontemi ile N3Al
metallerarasi bilesigi ile kaplanabilinecegi goérilmustir.
Mikroyap! incelemelerinde, ana fazlarla birlikte ara fazlarin
olustugu goérilda.

Anahtar kelimeler: SHS, Ni3Al, kaplama, intermetalik.

Abstract

In this study, specimens from AISI 430 ferritic stainless
steel were coated with NisAl intermetallic by SHS method
and the effects of process parameters on the
microstructures of the coated layer and interface were
investigated. The compacted specimens were ignited in a
chamber under argon atmosphere by applying a force of
40 kN. Since it was seen that in situ coating was not
possible, the specimens were annealed at 1000 and 1100
0C for 45 minutes immediately after ignition. It was
concluded that the time and temperatures were enough for
a sound interface and coating. NisAl and AISI 430 ferritic
stainless steel alloy will be examined with Optical,
Scanning Electron Microscopy (SEM), Energy Dispersive
Spectroscopy (EDS). It examined the microstructure was
observed to occur in conjunction with the main phase of
interphase.

Keywords: SHS; Ni3Al, coating, intermetallic
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1. Giris

intermetalik  bilesikler yiiksek sicaklikta oksidasyon
direngleri, mukemmel termal gerilmeleri, dusuk
yogunluklari ve cazibeli kombinasyonlari nedeniyle
geleneksel siper alasimlar icin  bu malzemelerin
kullanilabilir ~ olabilmeleri umut vericidir [1]. Cesitli

intermetalik aliminidleri arasinda, FeAl, FesAl, NiAl ve
NisAl cevresel saldirida direngli ve yukselmis sicakhk
6zelliklerinin gérinuima agisindan en umut verici olanlari
olarak goérulmektedir [2]. Yuksek sicaklikta kullanilacak
malzemelerin ylksek oksitlenme, sldrinme direnci ve
dusuk yogunluk gibi ézelliklere sahip olmalari arzu edilir.
Bu 6zelliklerin mikemmel bir kombinasyonuna sahip Ni-Al
intermetalikleri, ylksek sicaklik uygulamalari ve kaplama
islemleri icin umut vaat eden malzeme olmasina karsin
gevrekliklerinden dolayi sekillendiriimeleri olduk¢a zordur.
Ni-Al ikili faz diyagraminda AlsNi, AlsNiz, AlaNis, NiAl, NizAl
intermetalik  bilesikleri mevcuttur. Bu intermetalik
bilesiklerden nikelce zengin NiAl ve NizAl, sistemin en
kararli yapilaridir [3-4]. Nikel aluminid (NisAl), yuksek
erime noktasi, basit dizenli kristal yapisi, disiik yogunluga
ve ilging mekanik Ozelliklere sahiptir. NisAl-esash
alagimlar, ylksek sicaklik yapr malzemeleri olarak yaygin
kullaniimaktadir [1,5,6]. Kiiglik miktarda bor ilavesi ile NizAl
% 50 den fazla slineklik gosterebilir. NisAl'un akma
dayaniminin da sicaklik ile arttigi Morsi v.d. tarafindanda
tesbit edilmigtir [2,4]. Nikel alimind tipi koruyucu
kaplamalar son zamanlarda nispeten odak noktasidir.
Nikel Aliminid intermetalik alagimlar (NisAl ve NiAl) yiksek
sicaklik yapisal kaplama uygulamalarinda 6rnegin; celik
dretim firinlarinin rulolari, brilér tapler, dévme kaliplar ve
kimya endustrisi icin korozyona dayanikli parcalar, krom
aliminid kaplamalar, nikel aliminid kaplamalar yuksek
sicaklik  korozif ortamlar iceren genel endtriyel
uygulamalar igin genis dlgekte yerbulmus, celikler Gzerine
kullaniimaya baslanmistir. Belirli ortamlardaki asinma,
oksidasyon, korozyon ve erozyona Kkargl alttabaka
malzemelerini korumak icin farkh bir ylksek sicaklik
uygulamasi olarak NizAl intermetalikleri uygun hale getirir.
Celik  yuzeyine NisAl kaplama alttabakanin yiksek
sicakliklarda tribolojk Ozellikleri yani sira oksidasyon ve
korozyon direncini de gelistirecektir [5-7] Kutu
sementasyon ve sicak daldirma difiizyon kaplama, silisid /
seramik  kaplamalar, plazma pulskirtme teknikleri,
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intermetalik bilesiklerin elektron 1sini, fiziksel buhar
biriktirme, iyon implantasyonu, lazer ylizey modifikasyonu
ve ylzey oksidasyon ile Al-Ti ve Al-Ni intermetalik faz elde
edilerek kaplamalar yapilmaktadir. Ancak bu kaplamalarin
cogu 6zellikle yapisma s6z konusu oldugunda tatmin edici
bulunmamaktadir. Dayanakli kaplamlar igin 6n kosul alt
tabakala gugli ve direngli bir bag elde etmektir. Birgok
durumda, alt-tabaka ve kaplama malzemesi arasinda iyi bir
bad ile baglanmasini tesvik etmek icin ek arayuz
tabakasinin mevcudiyetini gerektirir. Bu acidan, toz
metalurji yontemi ile 6zellikle de SHS, titanium Uzerine
Nikel aliminid koruyucu kaplamalar olusturmak igin ilging
bir yol oldugu kanitlanmistir [8-9]. SHS veya yanma
sentezi (YS) intermetaliklerin elde edilmesi igin nispeten
basit bir yol olarak geligtiriimigtir [10]. Yuksek sicaklik
sentezlenmesi intermetalikler, sermetler, seramikler
Uretmek igin gelismig bir teknolojidir. Ayrica arastirmacilar
su anda SHS ile metal ylzeylerinde, seramik, sermet ve
intermetalik kaplamalar elde etmek icin c¢alisildi§ini
bildirmiglerdir. Bu, kaplama iglemi ile bir alttabkayi
birlestirerek Ureten yeni bir kaplama teknolojisidir [11].
SHS  geleneksel toz  metallrji  yontemleri ile
karsilastirildiginda daha fazla avantajlar sunmaktadir.
sistemi kurmak daha basittir ve fazla masraf gerektirmez.
Hizli ekzotermik reaksiyondan dolay! Uretim yapilirken
daha az zamana ihtiyag vardir. SHS isleminde numune
tutusturularak yanma dalgasi olusturulur. Bu dalga
numune boyunca ilerlerken ugucu Kirlilikleri digari atar [12-
14]. iglem, pratik olarak tozlarin karistirimasi ve bir kalipta
preslenmesi, presten c¢ikartildiktan sonra da bir tutusturucu
ile ateslenmesinden ibarettir [15]. Tutusturma, Grlinin ve
reaksiyonun yuksek termal iletkenliginden dolayi reaksiyon
ve Urin morfolojisinde 6nemli bir rol oynar [16]. Bu
calismada, ferritik paslanmaz celik Uzerine uygun bilesim
oranlarinda hazirlanmig olan kendi ilerleyen yuksek
sicaklik sentezlemesi yoluyla NisAl kaplanmasinin
gelistiriimesi incelendi. Uygun kosullar altinda elde edilen
kaplamalar  sinterleme  iglemi  sonrasi kaplama
tabakalarinin mikroyapilari ve olusan farkh fazlar optik
mikroskop, SEM, EDS, XRD analizleri ile belirlendi.
Kaplama tabakalari mikro sertlik cihaz ile sertlik dlgimleri
gerceklestirildi.

2. Deneysel caligsmalar

Kaplamalarda kullaniimak Uzere altlik malzemesi olarak
ferritik paslanmaz celik ve kiresel forma yakin bir sekilde
% 99 saflikta Ni ve Al tozlari kullaniimistir, Ni ve Al tozlari
agirlikca % 87 Ni ve % 13 Al olacak sekilde tartiimis ve
homojen bir karigim elde etmek igin, igerisinde 12 mm
c¢apinda seramik bilye olan mekanik bir karigtiricida, 16
devir/dk ile 24 saat sureyle kanstirlmistir. Kanigtirilan
tozlar daha sonra 150, 200, 250 ve 300 MPa’lik basinglar
altinda soguk olarak preslendi. Alt tabaka malzemesi ise
yuzeyinde yapisma gerceklesmesi icin uygun bir sekilde
parlatiimigtir. Kaplama ve alt tabaka arasinda daha iyi bir
baglanma gerceklesmesi icin, paslanmaz celigin ylzeyine
ince bir tabaka halinde Ni tozu serilmistir. Kompaktlanan
numuneler, 6n tavlama yapilmaksizin argon atmosferli bir
odacikta, Uzerlerinde 40 N’luk bir kuvvet uygulanarak
onisitma yapilarak ateslenmiglerdir. Atesleme sonrasi
olusan alev dalgasi Ustteki Ni-Al karisimini hizla kat
ederek NisAl tabakasini olusturmustur.Daha énce yapilan
calismalarda, atesleme ve yanma ile es zamanh olarak

olusan NisAl tabakasinin paslanmaz celik ylzeyine
tutunamadigi  gérildigunden, ateslenen numuneler,
pozisyonlari  degistiriimeksizin 1000 ve 1100 °C
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sicakliklarda 45 dakika sireyle sinterleme islemine tabi
tutulmuslardir.Sinterleme sonrasi kaplama islemi
tamamlanan numuneler, hassas kesme cihazi ile ortadan
ikiye kesilmig (Sekil1).

NizAl

Ferritik Paslanmaz
Celik

Sekil 1. Kaplanan numunenin makro resmi.

Kesilen numunelerin ara yizeyleri geleneksel parlatma
yontemleri ile parlatiimis ve akabinde, NisAl tarafi, 50 ml
HCI, 50 ml H20 ve 10 gram CuSOa4 ¢ozeltisinde 30 dakika
sureyle [17] paslanmaz celik tarafi ise 4 gram CuSO4, 20
cm3HCI ve 20 cm® H20 ile daglanmistir [18]. Daglanan

SEM, EDS ve XRD
yapilmistir.

numuneler optik mikroskop,

cihazlarinda analizleri Kaplamalarin

mikrosertligi ise mikrosertlik cihazinda olcllerek tespit
edildi.

3. Sonuglar ve tartisma

Genel manada tim numunelerde kaplama kalitesinin iyi
oldugu tespit edilmistir. Ancak bazi numunelerde NizAl
intermetalik malzemesine 6zgu gerceklesen gbézeneklerin
meydana geldidi goérilmuastir. Kaplama tabakasinin optik
mikroskop incelemelerinde, arakesitlerde bosluk olmadigi
gorilmektedir. Battin numunelerde arakesit bolgesi, 3 farkli
kisimdan olugsmus ve bu kisimlar I. Gézenekli NizAl kismi,
Il. ara kesitte Ni tabakasi ve lll. althk (paslanmaz celik)
olarak belirlenmistir (Sekil 2).
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Sekil 2. Arakesit Bolgesinin Kisimlari.

Reaksiyon sentezlemesi sonrasi olusan yanma oluklari
nedeniyle NisAl kisminda gézenekli bir yapinin olustugu
g6zlenmistir. Yanma oluklarinin alev ilerleme yéniine dik
bir dogrultuda oldugu goérilmuistir. Dolayisiyla, yanma
oluklari arakesitte paralel bir sekilde gelismistir.

ilk atesleme esnasinda, Ni tabakasi ile paslanmaz celik
arasindaki adhezyonun, NisAl ile Ni tozu arasindakinden
daha disik olmasi halinde Ni tabakasinin reaksiyon ile
meydana gelen c¢ekme tesiri ile paslanmaz celik
yuzeyinden ayrilabildigi Sekil 3'te gorilmektedir.

tabakasi

me

==

S
Sekil 3. Ni tabakasinin reaksiyon ile meydana gelen g¢ek
tesiri ile paslanmaz gelik yiizeyinden ayrildigi resim.

3.2. SEM, EDS ve X-Ray Sonuglarinin incelenmesi

Numunelerde olusan fazlar, EDS ve XRD sonuglari Ni-Al
ikili faz ve Fe-Ni-Al Ugli faz diyagramlari yardimiyla
degerlendirilerek belirlenmistir.
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Sekil 4. N2 nolu numunenin SEM gdruntusu.

IOOpm FiratUn
SEM

15.0kV SEI

Kaplama numunelerinin arakesitinde olusan SEM-EDS ve
XRD analizleri ile belirlenmistir (Tablo 4.1). Tablodan
gorildigu gibi ana yapi, kaplama tabakasinda NisAl ve
NiAl fazlarindan olusmaktadir. Yalniz kompaktlama basinci
artisi ile, yapida yari kararli NisCrz, NisAls, Ni2Alz fazlari ile
NisAl gibi fazlarin olustugu goériimektedir. Yine tablodan
ara kesitte saf Ni tabakasinin degismeden kaldig
anlagilmaktadir. ilk 4 numunede NisAls fazinin olustugu da
belirlenmistir. Bu durum, s6z konusu fazin 1100 °C
sicaklikta tamamen ¢6zindiginu gostermektedir.
Tablo 1. Deneylere Ait Parametreler, Deney
Kosullari, SEM-EDS ve XRD sonuglari.

° Fazlar

) X = B

S| 887 | 8§25

EZ| Egs | 88 EDS XRD

S IS = 9

z v @ </E) n

N1 150 1000 a Fe,CrNi NizAl
NiAl; NiAl
NisAlz

N2 200 1000 a Fe,CrNi NizAl
NisAl NisAl,
NiAl;
NisAlz

N3 250 1000 a Fe,CrNi NizAl
NiAl NisAl,
NiAl; NiAl
NisAlz

N4 300 1000 y Fe,Ni NizAl
NiAl NiAl
N|A|3 Ni3Cr2
NisAlz Ni

EDS ve XRD sonuglarindan goérildigiu gibi sinterleme
esnasinda ara Kkesitte bir miktar difizyon meydana
gelmigtir. EDS sonuglari yaklagik 200 ym’luk bir mesafede
ozellikle Ni'in paslanmaz celik tarafina difiize oldugunu
gorilmektedir. Bu kisimda, nikel kadar olmasa da bir
miktar aliminyumun da difiize oldugu EDS sonuglarindan
anlasiimaktadir. Olusan fazlardan NisAl, NiAl, NizAls,
NizCrz, Ni, Ni2Alz, NiAlz EDS ile belirlenmemis olsa da XRD
sonuglari bu fazlarin da meydana geldigini goéstermektedir.
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Sekil 5. N3 nolu numunenin SEM gorintlsi

EDS ve XRD sonuglarindan gorildigi gibi sinterleme
esnasinda ara kesitte bir miktar difizyon meydana
gelmistir. EDS sonuglari yaklasik 200 ym’luk bir mesafede
ozellikle Ni'in paslanmaz celik tarafina difiize oldugunu
goOstermektedir (Sekil 7 ve Tablo 2). Bu kisimda, nikel
kadar olmasa da bir miktar aliminyumun da difiize oldugu
EDS sonuglarindan anlasiimaktadir (Tablo 1). Olusan
fazlardan Ni3Al, NiAl, Ni3Al4, Ni3Cr2, Ni, Ni2AI3, NiAI3
EDS ile belirlenmemis olsa da XRD sonuglari bu fazlarin
da meydana geldigini gostermektedir.

La ve arkadaslarinin yapklari galismalarda NisAl kaplama
tabakasi Uretiminde Ni ve Al tozlar 6n isitmaya tabi
tutulmasi durumunda yapilan hesaplamalarda adyabatik
sicaklik olarak 1827°C gostermigler. Ni ve Ni3Al ergime
sicakliklari sirasiyla 1397 ve 1460 °C yani tozlarin ve
Urtnlerin ergime noktalarindan daha yuksek bir sicaklik
s6z konusudur. Reaksiyon gergeklestiginde NizAl bir sire
sivi halde kalacaktir ve sivi NizAl iginde Ni ¢dziinmekte
veya Ni difiize olmaktadirf20]. Kaplama islemi yapilmis
olan numunelerin SEM ve bu goriintli Gizerinde alinan EDS
noktalari Sekil 4, 5 ve 6 'da sirasiyla verilmistir

Spectrum 4

Spectrum 3

Spectrum 2

Spectrum 1L

i 600pm ! Electron Image 1

Sekil 6. N2 nolu numunenin EDS noktalar

Kaplama iglemi yapiimis olan numunelerin XRD analiz
sonucunda tespit edilmis olan tim fazlar Tablo 1'de
gosterilmis, N2 ve N3 nolu numunelere ait XRD sonuglari
Sekil 8 ve 9 da sirasiyla verilmistir . NisAl fazi NizGaus tipi
kiibik yapinin bir temsilcisi olan CsCI tipi yapinin dizenli
bir hali olan NisAl4 XRD sonuglarindan biitiin numunelerde
mevcut oldugu gortlmistir. Bu faz NisGas tipi bir yapidir
ve CsCl tipi yapinin duizenli bir seklidir ve NizAls basit kiibi
kristal kafese sahiptir[21-22]. Bu faz bir yan riin olup, Ni-
Al denge diyagraminda gérulmemektedir. NisAls kararsiz
bir fazdir ve kolayca NiAl ve Al' a ayrigabilir[22]. Ni3Al4’ln
varligi  Ni-Al sisteminde doénlsimin bazi yerlerde
tamamlanamadigi anlamina gelmektedir.

Kompaklama basinci 300 MPa olan numunede NisCr: fazi
yani Ni esash super alagimlarda gorilen ve sigma fazi
olarak isimlendirilen faz olustugu gorilmektedir(Tablo 1)
[23].Sert nano kompozit kaplamalar Uzerine yapilan
calismalardan (Ni-Ti-Cr) sisteminde paslanmaz celik
tarafinda NisCrz fazinin olustugu baska arastirmalarda
belirtiimistir[24]. Ayni fazin N4 numarali numunede (XRD
sonuglarinda ) olustugu gorilmektedir.

1000 ve 1100 °C’lerde vyapilan tavlamada, diflizyon
mesafeleri agisindan bir fark yaratmadigi anlagiimaktadir.
Ote yandan difiizyon sadece paslanmaz gelik ile nikel ara
tabaka arasinda meydana gelmistir. Diflizyon mesafesi
takriben 150 ym kadardir. Difiize olan elementler, Nikelde
demir , Demirde nikel ve yine Ni icersinde Cr ‘ dir.
Dolayisiyla, yapilan tavlamanin arakesit bolgesi disinda
ozellikle karbur olusturma haricinde bir etkisi olmadigi
gérulmustar.

Tablo 2. N2 nolu numunenin EDS ve XRD sonuglari.

Element AppConc. Intensity Weight% Weight Atomic% Fazlar
Corrn. %Sigma

1 | CrK 12.19 1.1575 14.56 1.37 15.47 o Fe,Cr
Fe K 60.80 0.9834 85.44 1.37 84.53
Totals 100.00

2 | AIK 0.51 0.5781 1.41 0.60 3.01 Ni
Ni K 61.56 0.9980 98.59 0.60 96.99
Totals 100.00

3 | AIK 4.48 0.6197 12.70 1.50 24.04 NisAl
Ni K 48.79 0.9822 87.30 1.50 75.96
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Totals 100.00

4 Al K 5.83 0.6338 16.17 1.53 29.57 NizAl+NisAls
Ni K 46.61 0.9773 83.83 1.53 70.43

Totals 100.00
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Sekil 7. N2 nolu numuneye ait EDS grafikleri

5001
400 )
a) NizAl
z b) NizAly
é 300
=
§
£
2001 | b
i:
| a |
1001 | b l|‘
| it a
H‘ | a b |
0 WJWH__ A o, "L -
10 bl 30 4 50 80 ]
2-Theta(®)

Sekil 8. N2 nolu numunenin XRD grafigi.
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Sekil 9. N3 nolu numunenin XRD grafigi

4. Sonuglar

Bu cgalismada ferritik bir paslanmaz g¢elik SHS ve bunu
izleyen sinterleme yontemi ile N3Al metallerarasi bilesigi
ile kaplanmistir. Elde edilen sonuglari su sekilde 6zetlemek
mimkandir:

1. SHS ve Sinterleme yontemi, paslanmaz celiklerin NiAl
metallerarasi bilesikleri ile kaplanmasinda efektif bir
yontem olarak kullanilabilir.

2. 1100 °Clik sinterleme sicakhdi, vyari kararli
metallerarasi fazlarin tam ¢6zinmesi icin daha iyi sonug
vermektedir.

3. Nikel ara tabaka kullanimi, ylzeyi i1slatarak, kaplama
tabakasinin paslanmaz celik ile daha kolay birlesmesini
saglamaktadir.

4. Kompaktlama basincinin ara fazlann
gelmesi Gizerinde hizlandirici bir etkisi olmaktadir.
5. Sinterleme, reaksiyon sonucu olusan gdzeneklerin
azalmasina yardim etmektedir.
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THE INVESTIGATION OF OPTICAL PROPERTIES OF TRANSLUCENT
DUAL CATION DOPPED a-SIALON CERAMICS

GIFT KATYON KATKILI yari SAYDAM a- SiAION SERAMIKLERIN OPTIK
OZELLIKLERININ ARASTIRILMASI
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Ozet

Bu ¢aligsmada eklenti katyonun a-SiAION seramiklerin optik
Ozellikleri Gzerine etkilerinin arastiriimasi ve kompozisyon
optimizsayonu saglanarak SiAION seramiklerin optik
ozelliklerinin iyilestiriimesi amaclanmistir. Transparan a-
SIAION seramiklerin optik 6zelliklerine sinterleme katkisi
tirintin ve miktarinin etkilerini incelemek amaciyla g
farkli katyon (Dy*3, Y*3, La*®) secilmis ve her katyon
kombinasyonu i¢in m=2, n=1 oranlan ile calisilmigtir.
Geleneksel 6gutme ile hazirlanan tozlar spark plazma
sinterleme (SPS) ybéntemi kullanilarak sinterlenmistir.
Uretilen numuneler taramali elektron mikroskobu (SEM), x-
Isinlari analizi (XRD) ve FTIR ile karakterize edilmistir.
Sonuglar yogunluk, faz kompozisyonu, mikroyapi ve optik
ozellikler g6z énunde bulundurularak degerlendirilmistir.
Anahtar kelimeler: SPS,
Mikroyapi, AIN-politip

a-SiAION, Optik ozellikler,

Abstract

In this study, the investigation of effects of doppand type
on the optical properties of a-SIAION ceramics and
optimization of its optical properties by providing
composition optimization is intended. In order to examine
the effects of the type and amount of the sintering
additives on the optical properties of transparent a-SiAION
ceramics, three different cation (Dy*3, Y*3, La*3) and for
each cation combination m=2, n=1 ratios were selected
and studied. The starting powders produced by
conventional method were sintered by spark plasma
sintering (SPS) technique. Samples were characterized by
scanning electron microscope (SEM), X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR)
measurements. The results were discussed using the

relationship  between density, phase composition,
microstructure and mechanical properties.
Keywords: SIAION, Optical properties, SPS,

Microstructure, AIN-politypes,
1. Giris

Camlara, tek kristalin malzemelere ve birgcok oksit
seramige kiyasla SiAION seramikleri daha iyi isil, kimyasal
ve mekanik 06zellige sahiptir. Son vyillarda a-SiAION
seramiklerin zorlayici uygulama alanlarinda kullanilan
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mevcut gseffaf seramiklere alternatif bir malzeme
olabilecegi birgcok arastirmaci tarafindan fark edilmistir. a-
SIAION seramikleri optik 6zelliklerinin iyilestiriimesiyle
yiksek sicaklik pencereleri, plazma panelleri (PDPs),
koruyucu zirh uygulamalarinda kullanilabilme potansiyeli
yuksek malzemelerdir.

Literatirde SIiAION seramiklerin optik  6zelliklerinin
iyilegtiriimesi  Uzerine  yapilan  calismalar  gittikge
artmaktadir. Karunatne ve ark. 100um kalinhga sahip, yari
saydam ve nadir toprak elementi katkili plaka seklinde a-
SIAION seramiklerini Uretilebildiklerini rapor etmistir [1].
Jones ve ark. a/B-SiAION seramiklerin optik 6zelliklerini
inceleyen calismalar yapmistir [2]. Daha sonraki yillarda
ayni arastirmacilar %70 gegirgenlie sahip Lu-a-sialon
seramiklerin SPS yontemi ile Uretilebildidini rapor etmistir
[3]. Shan Yingchun ve ark. sicak presleme yontemi ile
urettikleri ~ yart  saydam  Y-o-sialon  seramiklerin
gegirgenligini sinterleme kosullarinin optimizasyonu ile
arttirmayi amagclamistir [4]. Xiong 0.5mm kalinhktaki Mg
katkili a-sialon seramikte %66,4 gecirgenlige ulasmistir [5].
Mg ve Lu disinda Yb, Nd, Dy, Y, Lu ve Gd gibi daha birgok
element katti maddesi olarak kullaniimis ve seffaf a-sialon
seramiklerin Uretimindeki etkileri arastinlmigtir. Ancak
yapilan tim bu c¢alismalarda genel olarak tek katyonlu
kompozisyon sistemleri tizerine yogunlasilmis, ift katyonlu
sistemler Uzerinde ¢ok fazla galisma gergeklestiriimemistir.
Ayrica literatlirde La*® katkisinin saydam a-SiAION
seramiklerin  Uretiminde kullanildigini  rapor eden bir
calisma yer almamaktadir. Bu calismada Dy-La, Dy-Y ve
Y-La katkih saydam a-SIiAION seramiklerin spark plazma
sinterleme yontemi ile Uretiminin gergeklestiriimesi ve
katyon cinsinin optik 6zellikler UGzerine etkilerinin
arastinimasi amaglanmistir.

2. Deneysel Caligmalar

a-SiAION seramiklerin optik 6zelliklerine sinterleme katkisi
tirindn etkilerini incelemek amaciyla U¢ farkh katyon
sistemi ( %50 Dy*3 + %50 Y*3), ( %50 Dy*3 + %50 La*3) , (
%50 La*® + %50 Y*3) secilmis ve her katyon sistemi igin
(m=2, n=1) kompozisyonunda c¢ahsilmistir. Kompozisyon
hesaplamalari yapilirken oksit digi tozlarin (SisN4 ve AIN)
yuzeyinde bulunan oksit tabakalar g6z ardi edilmigtir.
Bunun nedeni m=2n oranin sahip kompozisyonlarin SisN4-
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9AIN:M203 bag dogrusu Uzerinde yer almasi, dolayisi ile
yuzey oksitlerini ihmal etmeden oksit dengesini
saglamanin  hayli gi¢ olmasidir. Kompozisyonlarin
hazirlanmasinda a-SisN4 (UBE-10, %1,6 ylzey oksidi), AIN
(Tokuyama, %1 yuzey oksidi), Dy2Os (Aldrich Chemical
Co., %99,9 saflikta), La2Os (Aldrich Chemical Co., %99,9
saflikta) ve Y203 (Aldrich Chemical Co., %99,9 saflikta)
ticari tozlar kullaniimistir. Cizelge 1°de hazirlanan
kompozisyonlarin kodlari ve icerikleri yer almaktadir.
Tozlarin tasarlanan kompozisyonlara gdére tartimindan
sonra Ogutme islemi izopropil alkol ortaminda, SisNg
degirmen ve SisN4 bilyeler kullanilarak, Fritsch firmasina ait
Pulverisette 5 model eksenel degirmende
gerceklestiriimistir. 30’ar gr hazirlanan toz karigimlarina
agirlikga 1/1,5/2 toz/bilye/alkol oranina gére izopropil alkol
ve bilye ilave edilmis, islem 300 devir/dakika hizla
karistinlarak 2 saat surmastir. Hazirlanan ¢amur,
aglomerasyona neden olmadan alkolden arindirmak
amaciyla, sicaklik ve dénme hizi kontrol edilerek, Heidolph
firmasina ait WB2000 model donel kurutucuda
kurutulmugtur. D6nme hizi 30 devir/dk ve su sicakhgi 55°C
tutulmustur. Numunelerin sinterlenmesi spark plazma
sinterleme (SPS) yontemi kullanilarak gercgeklestirilmigtir.
Tozlar 3’er gramlik karigimlar halinde i¢ ylzeyi toz-kalip
etkilesimini 6nlemek amaciyla grafit kagit kapli, grafit
esasli kalibin igine koyulmustur. Kalip daha sonra FCT
GmBH firmasina ait SPS firin haznesindeki iki metal piston
arasina yerlestirilerek, 100 °C/dak 1sitma hizi ve 300
°C/dak sogutma hizyla ve 50MPa basing altinda
sinterlenmistir. islem siresince sicaklik grafit kalip
yuzeyinden optik pirometre ile okunmustur. Sinterlenen
numunelerin - yogunluk degerleri Arsimet ydntemiyle
Olgulmastur. Ayrica, X-1sinlan difraktometresi (Rigaku Rint
2000) yardimiyla 20-60° arasinda faz analizi, taramali
elekron mikroskobu (SEM- Zeiss Supra 50V) ile
mikroyapisal analiz gergeklestiriimis ve FT-IR (Brunker
Tensor 27) ile 1000-7000 cm™ dalga sayisi araliginda optik
Ozellikleri karakterize edilmigtir.

Cizelge 1. Hazirlanan kompozisyonlar ve kodlari

Numune

Kodu Hammadde
SisNg  AIN Y203 Dy20s3  Laz20s
DyY2010 v y v \ -
LaY2010 V V ol - V
DyLa2010 V - \ \
3. Bulgular ve Tartisma
SPS ile sinterlenen numunelerin kodlari, sinterleme

kosullari ve elde edilen yodunluk degerleri gizelge 2’de
yer almaktadir. Cift katyonlu m=2n oranina sahip (Dy*3-
La*3, Y*3-La*3, Dy*3-Y*3) SIiAION seramikler sinterleme
sonrasi yaklagsik %98 teorik yogunluga ulagsmistir. Katki
maddesi olarak Dy*? kullanilan numunelerde daha kolay
yogunlagsma saglandigi ve bu numunelerin yogunluklarinin
YLa2010 numunesine kiyasla daha yuksek oldugu
g6zlemlenmisgtir.

Cizelge 2. Sinterlenen numunelerin kodlari, sinterleme
kosullari ve elde edilen yogunluklar.
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Numune Sinterleme Bekleme Yogunluk
Kodu Sicakhgi Siiresi
(g/cm?)
(°C) (sn.)
DyLa2010 1600 75 3,54
YLa2010 1600 75 3,40
DyY2010 1600 75 3,50

Numunelerin taramali elektron mikroskobu (SEM) ile elde
edilen geri yansiyan elektron gérintileri Sekil 1°de
verilmistir. Goérlntilerde farkli kontrast yaratan (¢ fazin
mevcudiyeti dikkat cekmektedir. En koyu renge sahip (1 ile
isaretlenen  noktalardaki) ignemsi fazin  a-SiAION
seramiklerinde varligina siklikla rastlanan AIN-politip fazi
oldugu yapilan XRD ve EDX calismalari sonucunda tespit
edilmistir. Cizelge 3’te sinterlenen seramiklerin gegirim
degerleri ve faz igerikleri yer almaktadir.

Cizelge 3. Sinterlenen numunelerin kodlari, gegirim
degerleri ve faz igerikleri.

Numune Gegirim Faz Igerigi
Kodu
(%) o-SIAION | AIN-politip
DyLa2010 7,8 *CG **Q
YLa2010 21,489 *GCG **Q
DyY2010 49,9 *CG ***CZ

*CG: ¢ok gigla, **O: orta diizeyde, ***CZ: ¢ok zayif

SEM goéruntilerinde a-SiAION taneleri  AIN-politiplerine
kiyasla daha agik gri renkte gdrunmektedir ve 2 ile
isaretlenmistir. a-SiAION tanelerinin morfolojisi
incelendiginde; genel olarak yuvarlak tane yapisina sahip
olmasinin yani sira az miktarda da olsa uzamis tanelerin
varligi goézlemlenmektedir. Taneler arasinda yer alan
camsi faz atom agirhgr a-SiAION’'a goére daha ylksek
oldugundan beyaz olarak goriinmektedir (3 ile isaretlenen
noktalarda). YLa2010 ve DyLa2010 kodlu numuneler
DyY2010 kompozisyonuna kiyasla hem daha fazla camsi
faz hem de AIN-politip fazi igermektedir. Bu fazlarn
miktarlarinin yani sira mikroyapidaki dagilimlarinin da
DyY2010 kodlu numuneden farkli oldugu acikga
gorilmektedir. DyY2010 numunede genellikle Ggli tane
birlesim noktalarinda konumlanan camsi faz, YLa2010 ve
DyLa2010 kodlu numunelerde a-SIAION tanelerini
tamamen cevrelemekte ve ignemsi AIN-politip taneleri
arasinda yogunlagsmaktadir.
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Yapilan taglama calismalari ile inceltiien numunenin FTIR
sonuglan Sekil 2°’de yer almaktadir. ~0,3mm kalnlik igin
tim numuneler arasinda kizil 6tesi dalga boyunda en fazla
gecirgenlik degerine %49,9 ile DyY2010 kodlu numune
ulasmistir.  Uretilen numuneler arasinda en disiik
gecirgenlige sahip olan DyLa2010 kodlu numunenin
maksimum gegirgenlik degeri 2050-2150cm dalga sayisi
aralidi icin %7,8 iken ayni aralikta DyY2010 kodlu numune
yaklagik olarak 7 kat daha gegirgendir. Numunelerin

gegcirgenlik degerleri arasindaki bu buyik farkin nedeni
morfolojilerindeki degisikliklerdir.

(b)

Sekil 1. Taramali elektron mikroskobu (SEM) ile elde
edilen geri yansiyan elektron goruntileri, () DyY2010, (b)

DyLa2010, (c) YLa2010.

a-SiAION seramiklerin optik 6zelliklerini belirleyen en temel
faktorlerin yogunluk ve faz igerigi oldugu bilinmektedir.
Uretilen tim numunelerin en az %98 teorik yogunluga
ulagtigi géz o6nidne alindiginda porozite mevcudiyetinin
optik gegirgenlikte farkhlik yaratmis olmasi gibi bir olasilik
s6z konusu degildir.
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(©)

Sekil 1 (devami). Taramali elektron mikroskobu (SEM) ile
elde edilen geri yansiyan elektron gérintuleri, (a)

DyY2010, (b) DyLa2010, (c) YLa2010.

Ancak YLa2010 ve DyLa2010 kodlu numunelerde mevcut
ikincil fazlarin miktarinin daha yiksek ve dagiliminin daha
heterojen oldugu ele alindiginda, bu numunelerde elde
edilen gecirgenlik degerlerinin DyY2010 kodlu numuneye
kiyasla daha duisik olusu beklenen bir sonugtur. Ayni
nedenlerden dolay! YLa2010 kodlu numunenin gegirgenlik
degeri %21,489 ile DyLa2010 numunesine kiyasla daha
ylksektir.  Katki malzemesi olarak Dy*® iceren
kompozisyonlarla hazirlanmis numunelerin  gegirgenlik
egrilerinde 3540cmY'de 6His2—6H112 elekton gegisinden
kaynakli sogurma piki gorulirken, YLa2010 numunesine
ait gecirgenlik egrisinde bu pik gérilmemektedir.
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Sekil 2. Karsilastirmali FTIR grafikleri. (a-mavi, DyY2010),
(b-kirmizi, YLa2010), (c- yesil, DyLa2010)

Sekil 3 ve 4’te yer alan EDX analizi sonuglari, spektrum 2
noktasindaki fazin Al ve Dy*¥ca ¢ok daha zengin
oldugunu, spektrum 3 noktasinda ise Si miktarinin daha
fazla oldugunu gostermektedir.
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Al Scale 1500 cts Cursor: 0000

Sekil 3. DyLa2010 kodlu numunde AIN-politip fazi
Uzerinde yapilan EDX analizi.

Ecton mage 1

Ul Scale 1041 cts Curser 0000

Sekil 4. DyLa2010 kodlu numunde o-SiAION fazi tizerinde
yapilan EDX analizi.

Spektrum 3 noktasinda yapilan analiz sonucu bdlgede
%35,64 oraninda Si oldugu gorllmektedir ve spektrum 2
noktasinda sadece %24 oraninda mevcuttur. Cizelge 4’te
de analiz yapilan bdlgelerdeki elementlerin agirlikca
yuzdeleri yer almaktadir. Elde edilen verilere gbre AIN-
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politip fazi a-Sialon faz bdlgesine kiyasla agirlikca %16
daha fazla Al igermektedir.

Cizelge 4. Farkh faz bélgelerindeki elementlerin (%)
agirlikga oranlari.

Element Spektrum 2 Spektrum 3
(% agirlik) (% agirlik)
N 31,98 33,72
0] 6,35 4,94
Al 11,88 27,91
Si 35,64 24,20
Dy 5,93 4,95
La 8,22 4,28
4. Sonug

Sinterlenen cift katyonlu a-SiAION seramiklerinden en
yuksek gegirgenligi DyY2010 kodlu numune sergilemistir.
Bunun temel nedeni, katki maddesi olarak Dy*® ve Y*3
katyonlari kullanilarak Uretilen seramigin daha az ikincil faz
icermesidir. La*® katkisinin a-SiAION fazini Dy*® ve Y*3
kadar kararli kilamadigi, bunun sonucunda da La*? igerikli
kompozisyonlarda daha ylksek miktarda ikincil faz
meydana geldigi tespit edilmistir. ikincil fazlarin varligi
kadar bu fazlarin mikroyapidaki dagiliminin da a-SiAION
seramiklerin  optik &zellikleri Uzerinde etkili oldudu
gorulmustir. DyLa2010 ve YLa2010 kodlu numunelerde
AIN-politip fazinin bolgesel olarak topaklanmasi ve AIN-
politip taneleri arasina camsi fazin hapsolmasi bu
numunelerde bdlgesel kiricilik indeksini  arttirmis  ve
seramiklerin gegirim 6zelligine negatif ydonde etki etmistir.

Sonug olarak yapilan galisma gostermistir ki a-SiAION
seramiklerin optik Ozellikleri (zerine ikincil fazlarin
mevcudiyeti ve mikroyapidaki dagilimi oldukca etkilidir.
Farkli kincihk indeksine sahip birden fazla fazin yapi
icerisindeki ~ varlidi  a-SIAION  seramiklerin  optik
gegirgenligini olumsuz yonde etkilemektedir. Dogru katki
maddesi segimi ile kompozisyon optimizasyonu saglanarak
yiksek optik ve kizil 6tesi gegirgenlige sahip a-SiAION
seramiklerin Uretimi mimkuindar.
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STRUCTURAL TRANSITION IN THE CxBs=nHs (N=0-6) CLUSTERS
CnBs-nHs (N=0-6) TOPAKLARINDAKI YAPISAL GEGIiS
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Ozet

CnBs-nHs (n=0-6) topaklarinda (¢ boyuttan (3D) benzen tipi
dizlemsel yapilara (2D) gegis incelendi. Her bir topagin
olasi izomerlerinin bulunabilmesi igin olasilikli arama
yontemi kullanildi. Duguk enerjili izomerlerin bulunmasinin
ardindan B3LYP seviyesinde optimizasyon ve frekans
hesaplamalari gergeklestirildi. Bagil enerji farklarinin
tahmin edilebilmesi igin CCSD(T) seviyesi kullanildi. Elde
edilen sonuclarin gelecekte yapiimasi planlanan deneysel
galismalara i1s1k tutmasi beklenir.

Anahtar kelimeler: Karboran topaklari, Olasilikli arama
yontemi, Yapisal Gegis, Yogunluk fonksiyonel teorisi.

Abstract

We examined a structural transition from three dimensional
structures to planar benzene-like structures in the
CnBs-nHe (n=0-6) clusters. The possible isomers of each
cluster were investigated using the stochastic search
method. After the low-lying isomers are founded, the
optimization and frequency calculations are performed
using B3LYP level. In order to estimate relative energies,
single-point energy calculations were also carried out
using the CCSD(T) level. The obtained results are
expected to shed light the experimental studies in the
future.

Keywords: Carborane clusters, Stochastic search
method, Structural transition, Density functional theory.

1. Giris

Karboranlar; karbon, bor ve hidrojen atomlarindan olusan
bilesik sinifi olarak adlandirilir. Karbon ve bor atomlari,
guclu kimyasal bag kapasiteleri sayesinde hidrojenle gesitli
kararh bilesikler olusturabilmektedir [1]. Karboran topaklari
essiz fiziksel ve kimyasal 6zelliklere sahiptir. Bu sebeple
yapi bloklari olarak malzeme biliminde, stiper asit ve ligant
olarak kimyada, bor ile nétron tedavi uygulamasi olarak ise
tipta 6Gnemli bir yere sahiptir [2-5].

Literatiirde silisyum ve fosfor atomlarinin karbon atomlari
ile yer degistirmesi sonucunda ¢ boyuttan (3D) benzen
tipi duzlemsel yapilara (2D) gecis oldugunu rapor eden
bazi c¢alismalara rastlanmaktadir [6-8]. Karboran
topaklarinda, karbon atomlarinin bor atomlarinin yerini
almasi sonucunda bdyle bir gegis ise ilgi uyandirmaktadir.
Bununla birlikte karboran topaklari Uzerine literatiirde
simdiye kadar sinirli sayida ¢alisma rapor edilmistir [9-13].
Dahasi bu calismalar incelendiginde karboran topaklarinin
sistematik olarak incelenmedigi gorulmektedir. Sonug¢
olarak karboran topaklarinda atomlarin yer degistirmesi
sonrasinda yapisal bir gegis olup olmadiginin bilinmemesi
literatlirde 6nemli bir eksikliktir.
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Bu bildiride 6ncelikli amag, CnBs-nHs (n=0-6) topaklarinda
bor atomlarinin yerini karbon atomlarinin almasi
sonucunda olasi yapisal gegisin incelenmesi ve bu
gecislerden sorumlu olan yalanci Jahn-Teller etkisinin
nerede etkisi gosterdiginin izlenmesidir. Bu anlamda
karboran topaklarinin olasi tim izomerlerinin bulunabilmesi
icin olasilikh arama yontemi kullanilacaktir [14]. Arama
yontemi sonrasinda elde edilen en kararli izomerler ve
diger bazi izomerlerin yapisal ve enerji durumlari
incelenecektir.

2. Metot

CnBs-nHs (n=0-6) topaklarinin olasi tim izomerlerinin
bulunabilmesi igin olasilikli arama metodu yogunluk
fonksiyonel teorisiyle birlestirilerek uygulandi. ik olarak,
olasi izomerler B3LYP/6-31G teori seviyesinde optimize
edilerek enerjilerine goére siralandi. Daha sonra en kararli
izomer ile arasinda 50 kcal/mol 'e kadar olan dusuk enerijili
izomerlerin tamami igin yeniden optimizasyon ve frekans
hesaplamalari gergeklestirildi. Son olarak daha guvenilir

sonuglar vermesi sebebiyle tek nokta enerijileri
CCSD(T)/aug-cc-pVTZ  teori  seviyesi  kullanilarak
hesaplandl. Tum elektronik yapi hesaplamalar igin
Gaussian-09 programi [15] kullanildi.

3. Sonuglar

Bu calismada, CnBs-nHe (n=0-6) topaklarindaki bor

atomlarinin yerini karbon atomlarinin almasi sonucunda
olasi yapisal gegis durumlari incelendi. Bunun yaninda Ug¢
boyutlu yapilardan diizlemsel yapilara gegisten sorumlu
olan yalanci Jahn-Teller etkisi de arastirildi. Bu anlamda
belirtilen gegislerin net olarak gorilebilmesi i¢in her topak
icin en kararli izomerler ile her topakta yaygin olarak
gorilen birkag izomer Sekil 1'de verildi. En Onemlisi ise
benzen tipi dizlemsel yapinin varligi 6zellikle her topak
icin sergilendi. Bunun yaninda verilen bu izomerlerin en
kararli izomere gore bagil enerji farklan da Tablo 1'de
listelendi.

BesHs: BsHe topaginin en kararli izomeri C1 nokta grubu ve
1A elektronik seviyesi (1.1 yapisi) ile ¢ boyutlu bir
geometriye sahiptir. Bu topakta 4. kararli izomer (1.4)
olarak verilen yapi, yari dizlemsel bir geometriye sahiptir.
iki izomer arasinda enerji farki ise 5.8 kcal/mol olarak
Tablo 1’de gérulmektedir. Ayni serideki 1.6, 1.28 ve 1.39
izomerleri en kararli izomerden sirasiyla 10.6, 29.38 ve
34.89 kcal/mol daha yiksek enerjiye sahiptir. Bununla
birlikte benzen tipi dizlemsel yapi (1.28) doérdinci
dereceden negatif frekansa (NImag=4) sahiptir ve bu
sebeple gercek bir minimum degildir.
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Sekil 1: Be-nCnHs (N=0-6) topaklarinin CCSD(T)/aug-cc-
pvTZ//B3LYP/6-311++G** metodunda en kararl
izomere gore siralamalari, nokta grup simetrileri ve
elektronik seviyeleri.

BsCHs: BsCHe topagdinin en kararl izomeri C1 nokta grubu
ve 2A elektronik seviyesi (Il.1 yapisi) ile i¢ boyutlu bir
geometriye sahiptir. BsHe topagdindaki 1.6 yapisinda bir
karbon atomunun bor atomu ile yer degistirmesi
sonrasinda BsCHe topagindaki (ll.1) en kararli izomer
bulunabilir. Dahasi 1.1 yapisinin benzen bir geometrisi bu
seride ikinci izomer olarak (I1.2) olarak elde edilmigtir.
Bunun yaninda Tablo 1'den goriilecegi Gizere bu topak igin
elde edilen ikinci izomer, en kararli izomerden 26.96
kcal/mol daha ylksek enerjiye sahiptir. Benzen tipi
dizlemsel yapi 41. izomer olarak bulunmustur ve en
kararli izomerden 72.24 kcal/mol daha ylksek enerjiye
sahiptir.

B4C2oHs: B4C2Hs topaginin en kararli izomeri BsCHs
topaginin en kararli izomeri ile ayni geometriye sahiptir.
Fakat bir karbon atomunun bir bor atomu ile yer

degistirmesi yapinin elektronik seviyesini 2A dan !A'ya
tasimigtir. Bunun yaninda nokta gruplarinda herhangi bir
degisim gérilmemektedir. Bu seride elde edilen benzen
tipi dizlemsel yap1 Sekil 1'de goérildugl tzere 34. izomer
olarak siralanmig ve en kararli izomer ile arasindaki enerji
farki Tablo 1’den gorilecegi tzere 71.05 kcal/mol olarak
bulunmustur.

Tablo 1: BenCnHes (n=0-6) topaklarinin CCSD(T)/aug-cc-
pvTZ//B3LYP/6-311++G** metodunda hesaplanmis en
kararli izomer enerjisine gére bagil enerjileri (enerjiler
kcal/mol cinsinden verilmistir).

BeHs Bagil Enerjiler | BsCHs  Bagil Enerjiler
.1 0.0 .1 0.0
1.4 5.8 1.2 26.96
1.6 10.6 1.3 27.63
1.28 29.38 1.5 29.40
1.39 34.89 11.41 72.24
B4CzHes Bagil Enerjiler | BsCsHs  Bagil Enerjiler
.1 0.0 V.1 0.0
1.2 17.03 V.2 4.68
1.3 23.27 V.12 41.19
.4 32.80 V.24 50.24
111.34 71.05
B2CsHs  Bagil Enerjiler | BCsHe  Bagil Enerjiler
V.1 0.0 V1.1 0.0
V.4 28.00 VI.10 40.42
V.15 47.27 VI.21 53.69
V.20 76.55 VI.22 69.36
CesHs Bagil Enerjiler
Vil.1 0.0
VII.2 73.93
VIL.3 100.97
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B3CsHs: B3sCsHes topaginin en kararli izomeri (IV.1), B4C2Hs
topaginin 4. izomerinden (l11.4) gelmektedir. Bu serinin 2.
izomeri (IV.2) en kararli izomerden yalnizca 4.68 kcal/mol
daha ylksek enerjiye sahiptir. Bunun yaninda benzen tipi
dizlemsel yapi (IV.24) ile en kararli izomer arasindaki
enerji farki 50.24 kcal/mol olarak bulunmustur. Buraya
kadar topaklarda dikkat gceken en belirgin 6zelliklerden biri
de 1.6, 1.1 ve lll.1 topaklarindaki tg¢ boyutlu benzer bir
yapinin bundan sonraki serilerde goriilmemesidir.

B2CsHe: B2CsHs topaginin en kararli izomeri (V.1) ile
BsCsHs topaginin en kararli izomeri (1V.1) ayni geometriye
sahiptir. Bir bor atomunun yerini bir karbon atomunun
almasi, yapinin sadece elektronik seviyesinin degismesine
sebep olmustur. Benzen tipi dizlemsel yapi ile en kararl
izomer arasindaki enerji farki Tablo 1’den gorilecegi Gzere
28.00 kcal/mol olarak bulunmustur. Dahasi benzen tipi
dizlemsel yapi en kararli izomere yakin bir enerjiyle
siralanmisgtir. Bu sonug goésteriyor ki yalanci Jahn-Teller
etkisi B2CaHs (n=4 durumu) topaginda gorulebilmektedir.
Literatirde silisyum ve fosfor atomlarinin yerini karbon
atomlarinin almasi sonucunda (SienCnHs ve CxHxPex
topaklari) bu etkinin SisCsHs ve CsHsP3 topaklarinda (n=3
durumunda) goéraldigu rapor edilmektedir. Bu seride dikkat
ceken oOzelliklerden biri de 1.1, 1.2, [l.3 ve IV.12
topaklarindaki benzer bir geometri de bundan sonraki
topaklarda biraz bozulmus bir geometri (benzvalane
yapisi) olarak yerini almigtir.
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BCsHe: BCsHs topaginin en kararli izomeri (VI.1 yapisi)
C2v nokta grubu ve 2B: elektronik seviyesi ile benzen tipi
dizlemsel bir geometriye sahiptir. Bu sonuglar, CnBe-nHs
(n=0-6) topaklarinda ¢ boyuttan benzen tipi dizlemsel
yapilara gegisin BCsHs (n=5 durumunda) topaginda
g6zlendigini gOstermektedir. Literatirdeki benzer
calismalarda silisyum ve fosfor atomlarinin yerini karbon
atomunun almasi sonrasinda U¢ boyuttan (3D) benzen tipi
dizlemsel vyapilara (2D) gegis; Sie-nCnHe icin n=5
durumunda, CxHxPsx icin ise n=4 durumunda gorildugu
rapor edilmektedir [7-8].

CsHe: Bilindigi tUzere CsHe bilesiginin en kararli izomeri
benzendir. Bu seride benzen Den nokta grubu ve Ag
elektronik seviyesi (VII.1) ile dizlemsel bir geometriye
sahiptir. Dahasi diger iki yapida (VII.2 ve VII.3) bu seri
icerisinde gozlenen yapilardan birkag tanesidir. Bu galisma
icin sunu da soylemeliyiz ki BeéHs topagindaki 1.28 yapisi
hari¢ verilen tim izomerler gercek birer minimumdur yani
negatif hicbir frekansa sahip degildir.

4. Tartisma

Bu bildiride, Bs-nCnHes (n=0-6) topaklarinda bor atomlarinin
karbon atomlari ile yer degistirmesi slreci sistematik
olarak incelendi. Bunun igin 6ncelikli olarak B3LYP/6-31G
teori seviyesinde olasilikli arama yéntemi kullanilarak her
bir topak igin olasi tim izomerler bulunmaya calisildi.
Ardindan bu izomerler ayni teorideki daha gelismis bir set
olan 6-311++G** seviyesinde yeniden optimize edilerek
titresim frekans hesaplamalari gerceklestirildi. Son olarak
ise bu izomerlerin geometrileri kullanilarak CCSD(T)/aug-
cc-pVTZ teori seviyesinde enerjileri hesaplanarak izomer
siralamalari yapildi.

Son zamanlarda gergeklestirlen bazi ¢alismalarda
silisyum ve fosfor atomlarinin yerini karbon atomlarinin
almasi sonucunda Jahn-Teller etkisi ve U¢ boyutlu
yapilardan benzen tipi yapilara gecis goéruldigu rapor
edilmektedir. Buna gore, SisnCnHs ve CxHxPsx topaklari
icin Jahn-Teller etkisi sirasiyla n=3 ve x=3 durumlarinda
gorilmektedir. Buna ek olarak, U¢ boyutlu yapilardan
benzen tipi dizlemsel yapilara gecis n=5 ve x=4
durumlarinda gorulmektedir. Bu ¢alismanin bir sonucu
olarak Bs-nCnHs (N=0-6) topaklari igin bor atomlarinin yerini
karbon atomlarinin almasi sonrasinda Jahn-Teller etkisinin
n=4 (B2C4Hs) ve Ug boyutlu yapilardan (3D) benzen tipi
dizlemsel yapilara (iki boyutlu, 2D) gegis n=5 (BCsHs)
durumlarinda gorilmektedir.

Bu teorik c¢alisma bor-karbon bilesiklerinin dogasi,
Ozellikleri ve geometrilerini anlamaya yardimci olabilir. Ek
olarak bu g¢alisma, bu alanda gerceklestirilebilecek
deneysel ¢alismalara yol gbsterici bir arag olabilir.
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Bu bildiride sunulan c¢alisma, Nevsehir Haci Bektas Veli
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TOPOLOGICAL ANALYSIS BETWEEN CARBON DIOXIDE EMISSION
AND ELECTRICITY CONSUMPTION BY USING HIERARCHICAL
STRUCTURE METHODS

ELEKTRIK TUKETiIMI VE KARBONDIOKSIT EMISYONU ARASINDAKI
ILISKININ HIYERARSIK YAPI YONTEMLERI KULLANILARAK
TOPOLOJIK ANALIZI
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aNevsehir Haci Bektas Veli Universitesi, Egitim Fakultesi, ilkégretim Fen Bilgisi Anabilim Dali, 50300, Nevsehir, Turkiye,
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Ozet

Bu calismada, yirmibes Avrupa ulkesinin ¢evre kirlilikleri ve
elektrik tuketimleri arasindaki topolojik iligkiler hiyerarsik
yap! yontemleri [en ki¢lk 6rten aga¢ (MST) ve hiyerarsik
aga¢ (HT)] kullanilarak 1970 ile 2010 yillari arasinda
detaylica incelenmigtir. MST ve HT'ler verilerdeki
hiyerarsiyi, siniflandirmayi ve kiresel yapiyi tespit etmek
ve anlamak icin kullanigh segeneklerdir. Ekonomik, sosyal,
jeolojik iligkilerine ve yakinlklarina gére MST'lerden ve
HTlerden farkli kiimeler tanimlandi ve cevre kirliligi ve
elektrik tuketimleri arasindaki iligkiler belirlendi. Bdylece
kime yapilari ve her bir kimedeki anahtar Ulke/llkeler
tespit edilmistir.

Anahtar kelimeler: Sosyofizik, CO2 emisyonu, elektrik
tiketimi

Abstract

In this study, the topological relationships between the CO2
emissions and electricity consumptions are investigated by
using the concept of hierarchical structure methods
(minimal spanning tree (MST) and hierarchical tree (HT))
for 25 European countries over the period of 1970-2010.
The MST and HT are useful tools for understanding and
detecting the global structure, taxonomy and hierarchy in
data. From the MSTs and HTs different clusters of
countries are identified according to their proximity,
economic/social/geological ties, and the relation among
countries are determined. Hence, the clustered structure of
the countries and the key country/countries in each cluster
are detected.
Keywords: CO2
consumptions

Sociophysics, emissions, electricity

1. Giris

Sosyal sistemlerde incelenen varliklar arasindaki iligkiler
bu varliklar arasindaki korelasyon aglari kullanilarak
aydinlatilir ve bunlar sosyal sistemlerin analizi igin
faydalidirlar. Ornegin ekonofizik’'te mevcut mal degerlerinin
(stocks prices) ve borsa deg@erlerinin (market prices) ciftleri
arasindaki korelasyonlar hesaplanarak bunlarin hiyerarsik
siniflandirmasi hiyerarsik yapi yontemleri ile kapsamlica
incelenmektedir. Bu galismalardan ilk olarak Mantegna [1]
finansal piyasalardaki hiyerargik yapilar ayrintili olarak
incelemistir. Ayrica, finansal varlik ciftleri arasindaki
korelasyon iligkisi, Mantegna ve Stanley [2] taraflarindan
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ekonofizik ile ilgili yazdiklar kitapta kapsamlica verilmistir.
Bu calismada hisse senetlerini ve kimelenme davranisini,
tek bir (ilkedeki (Italya) stoklari kullanarak incelemislerdir.
Bonanno ve arkadaslan [3] ABD'de, New York Menkul
Kiymetler borsasinda (NYSE) islem godren hisse senedi
ciftleri arasindaki korelasyonlari incelemistir. Yine stoklar

arasi korelasyonlarin en kigik orten agag (MST)
kullanilarak incelenmesi, Zherebtsov ve Kuperin [4]
tarafindan yapimistir. Eom ve arkadaslari [5] MST

yontemiyle S&P 500 stock market index (S&P500) ve
Korea Composite Stock Price Index'de (KOSPI) listelenen
hisse senedi getirilerini kullanarak belirli bir hisse senedinin
baglanti sayisini etkileyen faktérii arastirmislardir. Garas
ve Argyrakis [6] MST yOntemini ve rastgele matris teorisi
(RMT)  yontemini  kullanarak ~ 1987-2004  zaman
periyodunda Atina Menkul Kiymetler Borsasinda (ASE)
islem goren Ug farkh portfoyiin 6zelliklerini arastirmiglardir.
Bununla birlikte, Garas ve arkadaslarn [7] bir mali piyasa
aginda zayif ve gigli sebeke baglarinin yapisal rolini
arastirmiglardir. Ayrica, Cukur ve arkadaslar [8] RMT
yontemini  kullanarak  istanbul  Menkul  Kiymetler
Borsasindaki (IMKB)  finansal verilerin gapraz
korelasyonlarini hesaplamiglardir. Avrupa hisse senedi
piyasalari Uzerine ise, Gilmore ve arkadaslari [9] yirmibir
farkh Avrupa Birligi borsa endeksi igin ortak hareketler
surecini MST kullanarak incelemislerdir. Sieczka ve Hotyst
[10], 1998-2007 zaman periyotlarinda emtia (commodity)
piyasalari icin analiz yapmiglardir. Ayrica, Brida ve
arkadaslar [11] hiyerarsik yapi yoéntemlerini kullanarak
ispanya’daki uluslararasi otelcilik enddustrisini
incelemislerdir. Spada ve arkadaslari [12] ise MSTleri
kullanarak hepatit C virlis enfeksiyonunu incelemislerdir.
MST ve hiyerarsik aga¢ (HT) yontemleri ayni zamanda
para piyasalarini analiz etmek ve 6zellikle para birimlerinin
kiimelenme yapisini ve her kiimedeki anahtar para birimini
bulmak i¢in de kullanilmigtir. Mizuno ve arkadaslar [13]
doviz piyasasindaki gesitli para birimlerinin verilerini analiz
ederek para birimlerinin hiyerarsik siniflandirmasini
yapmiglardir. Bunlar, dinya ddviz piyasasina yon veren
biyik  ekonomilerin  para  birimlerinin  hiyerarsik
siniflandirmada  kilit rol oynadiklarini ve hiyerarsik
yapilarda merkezde yer aldiklarini géstermislerdir. Naylor
ve arkadaslari [14] MST ve HT yontemlerini kullanarak
6nemli para birimlerinin topolojik analizini 1995-2001 yillari
icin incelemislerdir. Piyasalarin kriz siiresi boyunca kararli
davrandigini gostermislerdir. Keskin ve arkadaslari [15]
hiyerarsik yapi yéntemlerini kullanarak Turk Lirasi (TL)
dahil 6nemli para birimleri arasindaki korelasyon iligkisinin
topolojisini, 2007, 2008 ve 2007-2008 yillari igin
incelemislerdir. Bununla birlikte S.A Deviren ve B. Deviren
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[16] 33 Ulkenin CO2 emisyonu ve ekonomik buyumeleri
arasindaki iligskileri incelemislerdir. Kocakaplan ve
arkadaslari [17] Turkiye’nin ithalat ve ihracatinda kullanilan
TL dahil énemli para birimleri arasindaki iligkileri 1996-
2010 yillan igin incelemiglerdir. Kantar ve arkadaslari [18]
Turkiye'nin ticaret yaptigi Ulkeler arasindaki iligkileri
kapsamlica analiz etmislerdir. Ayrica ayni grup énemli 18
Tuark ve 80 uluslararasi sirketin hiyerarsik yapisini
hiyerargik yapi yodntemleri kullanarak incelemisler ve
benzer girket gruplarinin, o6zellikle banka ve otomotiv
sanayi sirketlerinin, birbiriyle kuvvetli bir sekilde iligkili
olduklarini elde etmiglerdir [19].

Diger taraftan, sosyal sistemlerdeki varliklarin
kimelenmeleri, kimeleme analiz metotlarindan (Tek
baglanti, Tam baglanti, Ortalama baglanti, Kitle merkezi,
Wards teknig@i) yararlanilarak sosyal bir sistemde varliklarin
kiimelenmelerinin daha iyi gérilmesi saglanabilmektedir.
Bu analiz metotlan fizikgiler tarafindan korelasyon temelli
hiyerargik yapilarin incelenmesinde kullaniimaktadir.
incelenen sistemi olusturan finansal varliklar arasindaki
hiyerarsik yapilari agiklamada tek baglanti kimeleme
metodunun etkinligi izerine ¢alismalar yapiimistir [1, 3, 13,
20-22]. Ayrica, ortalama baglanti kimeleme metodu
kullanilarak finansal varliklarin olusturdugu kiime yapilar
belirlenmigtir [23, 24]. Bununla birlikte, son yillarda zaman
serileri (ortalama, karsitlik, egrilik, basiklik, normalize
ediimis ada¢ uzunlugu) [6, 8, 9, 25-27], korelasyon
matrislerinin 6zdeger ve 6zvektdrlerinin analizi [8, 10, 27-
29] gibi istatistik fizik ve uygulamali matematik yontemleri
kullanilarak Avrupa ve Dinya borsalari, sirketler ve
sektorler, faiz oranlari ve mal piyasalar galisiimistir. Sunu
da belirtmemiz gerekir ki, basta, gelismis, gelismekte olan
ve gelismemis Ulkelerin CO2 emisyonu degerleri ve elektrik
tuketimleri arasindaki iligkiler hiyerarsik yapi ydntemleri
kullanilarak analiz edilmesi ve sonuglarin karsilastiriimasi
ile ilgili bir calisma simdiye kadar, en iyi bilgilerimiz
dahilinde yapilmamistir. Bu c¢alismada, sosyofizik
kapsaminda 1970 ile 2010 yillari arasinda gelismis,
gelismekte olan ve gelismemis ulkelerin ¢evre kirlilikleri ve
elektrik tuketimleri arasindaki topolojik iligkiler hiyerarsik
yap! yontemleri [en kiglk Orten ada¢ (minimal spanning
tree, MST) ve hiyerarsik adac¢ (hierarchical tree, HT)]
kullanilarak detaylica incelenecektir.

2. Data ve Metot

2.1. Data
Bu c¢alismada incelenecek 25 Avrupa lkesinin
karbondioksit (CO2) emisyonu degerleri ve elektrik

tiketimleri ile ilgili veriler Dinya Bilgi Bankasindaki (World
Data Bank) veri tabanlarinda yer alan veriler kullanilarak
asagidaki analizler yapilacaktir. incelenecek olan tilkeler
ise Arnavutluk (ALB), Avusturya (AUT), Belgika (BEL),
Bulgaristan (BUL), Kibris (CYP), Danimarka (DEN),
Finlandiya (FIN), Ingiltere (ENG), Fransa (FRA),
Yunanistan (GRE), Macaristan (HUN), irlanda (IRL), itlaya
(ITA), Luksenburg (LUX), Malta (MLT), Hollanda (NED),
Norve¢ (NOR), Polonya (POL), Portekiz (POR), Romanya
(ROU), ispanya (ESP), isve¢ (SWE), Isvigre (SUl) ve
Turkiye (TUR)’den olusmaktadir.

2.1. En Kiigiik Orten Agag ve Hiyerarsik Agag
Hiyerarsik yapi yontemleri kullanilarak; basta gelismis,
gelismekte olan ve gelismemis Ulkelerin karbondioksit
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emisyonu degerlerinin topolojisini elde etmek igin, ilk
basamakta, bu sosyal sistemlerdeki varliklar arasindaki
senkronizasyon Olgllerek varlik giftleri arasindaki
korelasyon fonksiyonu tanimlanacaktir. ikinci basamakta,
bu sistemlerin her biri i¢in korelasyon bagintilari
hesaplanacak ve o sistemin yapisi ile ilgili bilgiler elde
edilecektir. Daha sonra korelasyonlarin &zelliklerinin
analizlerine bagh olarak, bu sistemlerin davranislari
incelenecektir. incelenecek sistem icin her bir &genin
degerindeki degisim orani,

R,

(t)=InP(t+1)-InP(t), @)
ile tanimlanir ve burada Pi(t) i’inci varhigin t zamanindaki
degerini, T ise kullanilan zaman serisini, guin, hafta, yil gibi,
ifade etmektedir. Denklem (1)'den elde edilecek varliklar

kullanilarak, Ulke giftleri arasindaki korelasyon fonksiyonu,

(RR)-(RIR)
R -G (R))

tanimlanacak ve tanimlanan korelasyon
fonksiyonundan yararlanilarak tim Ulke giftleri arasindaki
korelasyonlar hesaplanacaktir. Burada <R>, <Rj> ve <Ri
Rj> notasyonlari zaman Uzerinden istatistiksel ortalama
anlamina gelmektedir. Cj korelasyon katsayisi -1 ile +1
arasindaki degerlere sahiptir ve Cj=-1 oldugunda
tamamiyla zit-iligkili varliklar, Cij=+1 oldugunda tamamiyla
iliskili varliklar anlamina gelmektedir. Eger Cj=0 olursa, i
ve j varliklari arasinda iligki yoktur.

@

N gesit farkli tlkenin CO2 emisyonu degerleri verildiginde,
verilen varliklar arasindaki butiin kombinasyonlar igin
capraz korelasyon fonksiyonlari hesaplanarak Cj
korelasyon katsayilari icin N x N’lik bir matris elde edilir.
Bu korelasyon matrisini en kiiglik o6rten agaci (minimal
spanning tree) (MST) olusturmak igin uygulariz ve MST
kullanilarak varliklar arasindaki ag sebekesini sezgisel
olarak (anlamh bir iligki ile) kurabiliriz. Normal bir agag,
cevre icermeyen birbiriyle baglantil bir grafiktir ve bir agag
tzerinde N tane dugim (llkelerin CO2 emisyonu degeri)
ve N-1 tane ayrit (edge) bulunur. Bu yiizden, bir agag
Uzerinde bir dugumden baska bir dugume gitmek icin
sadece tek bir yol mevcuttur. MST ise, Uzerinden bir
grafikteki tim ddgimlere ulasilabilen agaclar igerisinde,
toplam agirhgi en dusuk olan agagctir.

Ci korelasyon katsayilari Oklid mesafelerine uygun
aksiyomlara uymaz bundan dolayr kapsaminda ilk kez
Mantegna tarafindan kullanilan varlik ciftleri arasindaki dj
metrik mesafesine asagidaki bagintiyla donustirebilir:

d =

s =y2(1-Cy) @
burada dj metrik mesafesi 0 ile 2 arasindaki degerlere
sahiptir. Kiiglik mesafeler kurlar arasindaki kuvvetli capraz
etkilesim anlamina gelmektedir. Her bir sistemin ag
sebekesi, incelenen sistemler icin olusturulacak mesafe
matrisleri kullanilarak, elde edilir. Kruskal Algoritmasi
kullanilarak en kuglk orten agaci (MST) ve hiyerarsik
agaclar (HT) tespit edilecektir.
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3. Sonuglar
3.1. CO2 Emisyonu

Bu kesimde 25 Avrupa Ulkesinin karbondioksit emisyonu
verileri kullanilarak bu Ulkeler arasindaki etkilesmeler
1970-2010 zaman periyodu igin incelenmistir. Bunun icin
tim Ulkeler arasindaki korelasyonlar ayri ayri hesaplandi
ve Ulkelerin korelasyon matrisi elde edildi. Elde edilen bu
korelasyon matrisi kullanilarak mesafe matrisi olusturuldu.
Mesafe matrisinden yararlanilarak en kiguk o6rten agac
(minimal spanning tree, MST) Kruskal algoritmasiyla elde
edildi. 1970-2010 zaman dénemi igin elde edilen bu MST
Sekil 1'de gorilmektedir. Sekil 1°’de birbiriyle kuvvetli bir
sekilde etkilesen iki temel kime gorlulmektedir. Birinci
kiimede ITA ve FRA'nin anahtar ulkeler oldugu ve bu
Ulkelerin FRA'nin baglantili oldugu GER, LUX, BEL, NED,
FIN, DEN; ITA'nin baglantii oldugu ESP, POR, AUT,
ENG, IRL ve SWE tUlkeler mevcuttur. Diger grupta ise GRE
ve ROU'nin anahtar Ulkeler oldugu ve TUR, CYP, SUI,
MLT, BUL, ALB, POL, HUN ve NOR vyer almaktadir. ik
grupta Ulkeler diger gruba nazaran sanayilerindeki
gelismeden dolayi birbiriyle baglantihdir. Ikinci grup ise
birbiriyle genellikle birbiriyle komsu Ulkeler yer almaktadir.

TUR

BEL / /
DEN || / CYP
FIN __frA MLT
NED N
o ITA —— GRE
L
POR /
AUT BUL |
/ ALB

NOR

Sekil 1. Yirmibes Avrupa ulkesinin CO2 emisyonu degerleri
icin 1970-2010 zaman doneminde elde edilen MST.
Kutularin  igerinde incelenen Ulkelerin  uluslararasi
kisaltmalari yer almaktadir.

Sekil 1'de elde edilen 25 Avrupa lkesinin MST'si ile ilgili
olan hiyerarsik agag (HT) Sekil 2'de gorilmektedir. Sekil 2
incelendiginde MST’deki kiimelere benzer kiimeler oldugu
gorildi. Sekilden de goruldigi gibi Ulkeler arasindaki
ultrametrik mesafenin en kigik degerde oldugu iki ulkenin
ROU ve HUN oldugu goérdlir. Bu durum ROU ile HUN’un
birbirleriyle yiuksek dereceden iligkili olduklarini gdsterirki
iki Ulkenin birbiyle komsu olmasi bu durumdan yakindan
iliskilidir. Ayrica ikinci en kuvvetli etkilesmenin FRA ile ITA
arasinda oldugu gézlenmektedir.
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Sekil 2. Yirmibes Avrupa ulkesinin CO2 emisyonu degerleri
icin 1970-2010 yillari arasindaki déneminde elde edilen
HT. Yatay cizgi Ulkeler arasindaki mesafeye karsilik
gelmektedir.

3.2. Elektrik Tiiketimi

Bu kesimde yirmibes Avrupa ulkesinin tikettikleri elektrik
verileri kullanilarak bu Ulkeler arasindaki etkilesmeler
1970-2010 zaman periyodu igin incelenecektir. Bunun igin
tum ulkeler arasindaki korelasyonlar ayri ayri hesaplandi
ve Ulkelerin korelasyon matrisi elde edildi. Elde edilen bu
korelasyon matrisi kullanilarak mesafe matrisi olusturuldu.
Mesafe matrisinden yararlanilarak en kigik 6rten agac
(minimal spanning tree, MST) Kruskal algoritmasiyla elde
edildi. 1970-2010 zaman dénemi igin elde edilen bu MST
Sekil 3'de gorlilmektedir. Sekil 3 dikkatlice incelendiginde
diger MST'lere yapi olarak benzer sonuglar elde edilmisgtir;
ancak merkezde yer Ulkeler yer degistirerek BEL ve AUT
anahtar Ulkeler olmuslardir. Ayrica ROU, BUL ve ALB
Ulkeleri kiiguk bir alt grup olusturmuslardir. Nedeni ise nu
ulkelerin hem sinir komgulari olmalari hem de sanayilesme
olarak birbiriyle yakindan iligki olduklarindan bu sonug
ortaya ¢ikmistir.
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Sekil 3. Yirmibes Avrupa lkesinin elektrik tiketim
degerleri icin 1970-2010 zaman déneminde elde edilen
MST. Kutularin igerinde incelenen (Ulkelerin uluslararasi
kisaltmalari yer almaktadir.

Sekil 3'de elde edilen yirmibes Avrupa ulkesinin elektrik
tiketimi degerleri igin elde edilen MST'si ile ilgili olan
hiyerargik aga¢ (hierarchical tree, HT) Sekil 4'de
gorulmektedir. Sekil 4 incelendiginde MST'deki kiimelere
benzer kimeler oldugu goruldi. Sekilden de goéraldiugu gibi
ulkeler arasindaki ultrametrik mesafenin en kic¢uk degerde
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oldugu iki Glkenin BEL ve ITA oldugu gorilir. Bu durum

BEL ile ITA'nin birbirleriyle ylksek dereceden iliskili
olduklarini  gdstermektedir. Ayrica ikinci en kuvvetli
etkilesmenin  BUL ile ROU arasinda oldudu

g6zlenmektedir. Bu HT'Ierqui ilk kimelenme BEL, ITA,
NED, IRL, FIN ve HUN'dir. Ikinci kiimelenme ise BUL ve
POL arasindadir.

A AUT GER BEL TR WED TRL PN WUN SUT BF GRE TRA BUL WOU FOU WOW SWE ENG FOR DEN AT TOR TUE TV

Sekil 4. Yirmibes Avrupa (lkesinin elektrik tlketimi
degerleri icin 1970-2010 yillar arasindaki déneminde elde
edilen HT. Yatay cizgi Ulkeler arasindaki mesafeye karsilik
gelmektedir.

4. Ozet ve Tartisma

Bu calismada, 1970-2010 yillar arasinda yirmibes Avrupa
Ulkesinin karbondioksit emisyonlari ve elektrik tuketimleri
arasindaki iligkilerin topolojik analizi, hiyerarsik yapi
yontemleri (en kiguk orten agac (minimal spanning tree,
MST) ve hiyerarsik agac¢ (hierarchical tree, HT))
kullanilarak, yapildi. Bunun icin Oncelikle tim ulkeler
arasindaki korelasyonlar ayri ayri hesaplandi ve ulkelerin
korelasyon matrisleri elde edildi. Elde edilen bu korelasyon
matrisleri  kullanilarak mesafe matrisleri olusturuldu.
Mesafe matrislerinden yararlanilarak ¢aligilan iki farkli veri
seti icin MSTler Kruskal algoritmasiyla elde edildi.
Ekonomik, sosyal, cevresel ve jeolojik iligkilerine ve
yakinliklarina goére olusturulan MST ve HT’lerden Ulkelerin
farkli kimeleri tanimlandi ve Ulkeler arasindaki iligkiler
belirlendi. Ayrica Ulkelerin olusturduklari kime yapilar ve
her bir kiimedeki anahtar (lke/llkeler tespit edildi. Bu
calismadaki yontem kullanilarak tum dunya ulkelerinin
egitim dizeyleri, saglk sektoriu, yasam sireleri, dogum
oranlari gibi pek gok duruma uygulanabilir.
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Abstract

In this study, the mechanical properties of bisphenol-A
based epoxy resin reinforced with Fumed Silica
Nanoparticles were investigated. Fumed silica (surface
area: 200 m? /g) , was pretreated by ethanol/fumed silica
suspansion, reinforced epoxy nanocomposites varied from
1 to 10 wt % consecutively were manufactured and heated
at 40 °C in drying vacuum for 30 minutes. The mechanical
properties of test specimens were detected by tensile,
impact, hardness and flexural tests. Particles dispersion
and fracture surfaces morphologies were characterized by
using scanning electron microscopy (SEM). The results
show that, tensile strength and strain of the fumed silica
reinforced epoxy (FsiE) nanocomposite steadily increase
with increasing fumed silica content until 6 wt % but these
results decrease over about 6 wt % fumed silica content.

Keywords: Nanocomposites, Ethanol/FumedsSilica, Pre-
treated Fumed silica

1. Introduction

Properties of epoxy which is a superior kind of
thermosetting polymers such as high tensile strength,
stiffness, hardness, high glass transition temperature, low
shrinkage during the curing process, thermal, electrical
properties, good dimensional stability, a resistance to
moisture, corrosion and chemicals. These unique
properties have been attractive considerably for
widespread engineering applicability. Various epoxies
structures and composites are widely used in different
industrial segments because of their structural
characteristics. However there are some constraints about
neat epoxy polymers such as low fracture resistance and
undesirable brittle properties due to high crosslink density
of the epoxy network [1,2]. These constraints has been
limited its engineering applicability. For this reason
researches have focused on creating significant epoxy
composite improvements and they have been studying for
improving mechanical properties, especially the fracture
toughness [3,4].

Up to this time some studies have been conducted such as
various structures by incorporating long hydrocarbon
chains, different reinforcing organic or inorganic
nanoparticles, rubber, thermoplastics into the epoxy matrix
to improve mechanical properties of the epoxy matrix.
Particularly, current advanced nanotechnology has allowed

that improving the properties of epoxy resin with
nanoparticles such as carbon nanotubes, silica
nanoparticles to  form  superior  properties  of

nanocomposites [5,7]. There are lots of reports in the
literatures that nanoparticles such as SiO2, ZnO, TiOxz,
nanoclay could improve mechanical properties of the
elastomers, polyurethane, epoxy by increasing
compatibility with the polymer matrix [8,9]. Mora-Barrantes
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and co-workers mixed Fumed Silica nanoparticles that
have very high surface area mixed in ethanol and provided
well-dispersed nanoparticles high mechanical properties
[20].

Silica is one of the important reinforcing fillers provided
strength and abrasion resistance. Silica is categorized with
two different types in industry, precipitated silica and
pyrogenic silica or fumed silica (FSi). Fumed silica
contains with primary particles of silica irreversibly fused
together to occur an open branched particle. Fumed Silica
is also higher surface area, purity and much lower
moisture and particle size [10]. Due to high surface area
and small particle dimensions fumed silica nanoparticles
present attractive reinforcing filler in matrix and is used
rubbers and thermoplastic or thermosetting matrices to
improve mechanical properties [11,12]. However, due to
having considerably aggregation tendency of nanoparticles
the properties of nanocomposite materials can be reduced
[13,14]. Therefore, to develop the properties of
nanocomposites there are many serious efforts to prevent
aggregation by providing homogeneous dispersivity and
strong compatibility with the matrix. On the other hand due
to fluffy powder and very low bulk density the direct
addition of the FSi powder and well-dispersed into matrix is
difficult process efficiently due to the tendency of floating in
the air and high volume. Also, floating of the power in the
air is unproper condition in term of the safety because of
dusty and unhygienic of the workplace [15-17].

In this study, fumed silica (surface area: 200 m? /g)
reinforced epoxy nanocomposites varied from 1 to 10 wt %
consecutively were manufactured. Fumed Silica/Ethanol
suspension in equal ratio was firstly occurred for well-
dispersed Fsi and becoming the addition of fumed silica
nanoparticles in epoxy resin easier and efficiently.So pre-
treated fumed silica was obtained [18-19]. By means of
fumed silica/ethanol suspension behaviour the mechanical
properties of fumed silica reinforced  epoxy
nanocomposites was improved [20-21]. This study is
important that evaluating ethanol/fumed silica suspension
effecting on dispersivity and agglomeration of fumed silica
nanoparticles in epoxy matrix. Samples were characterized
mechanically by tensile, impact, hardness and flexural
tests. Dispersion and agglomeration of fumed silica
nanoparticles were characterized by scanning electron
microscopy (SEM).

2. Materials and Method
2.1. Materials

Epoxy resin Epikote 828 based on diglycidyl ether of
bisphenol-A based (reactive resin) and its curing agent
Epikure F 205 hardener was purchased from Hexion.
BDMA (Benzy dimethylamine) accelerator, ethanol and
Dibutyltin dilaurate catalyst (DBTL) were purchased from
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Aldrich. Teflon mould was purchased from APT PTFE.
Pyrogenic Silica — Fumed Silica HDK N20 nanoparticle
(200 m?/g) was purchased from Wacker. All materials were
used as received.

2.2 Preparation of Fumed Silica Nanoparticles/Ethanol
Suspension

In order to increasing wettability and dispersivity of fumed
silica in epoxy matrix, the unmodified fumed silica particles
were mixed with ethanol by mechanical stirrer for 4 hours
in beaker to prepare % wi/w silica/ethanol suspension in
equal ratio. By means of the ethanol, the volume of fumed
silica nanoparticles was decreased in large measure. The
suspension was heated at 40°C in drying vacuum oven for
30 minutes.

2.3 Preparation of Fumed Silica Reinforced Epoxy
Nanocomposite

The suspension mixtures containing fumed silica
nanoparticles and ethanol was varied from 1 to 10 wt %
consecutively and added into the epoxy resin, stirred
mechanically as homogeneous for 5 hours and then the
process curing agent was added stoichiometrically. The
mixtures into teflon moulds BDMA was added as
accelerator and stirred for 5 minutes and poured into the
teflon moulds was cured in room temperature for 5 hours.
The specimens were taken from the moulds and degassed
at 40 °C and 80 °C respectively in drying vacuum oven a
day long to remove residue ethanol, solvent and moisture
from the samples.

2.4.Characterization of Test Specimens

Ten different types of composites with different mass
percentages of fumed silica varied from 1 wit% to 10 wt%
were prepared. The specimens were prepared for
mechanical test and the result of mechanical tests were
presented as the average of repeated (three times)
measurements. The specimens were characterized by
mechanically and microstructure observations of these
specimens were performed by field emission scanning
electron microscope (FESEM) Carl Zeiss Ultra Plus
machine with an energy-dispersive X-Ray spectroscopy
(semi-quantitative EDX) analysis system. Tensile test was
carried out at room temperature at a crosshead speed of 5
mm/min by a Zwick Z010 test machine. The tensile tests
were performed according to ASTM D 638 to measure the
modulus, ultimate tensile strength, and elongation at
break.

The flexural test was performed by Zwick Z010 equipment
at a speed of 10mm/min according to ASTM D 790. Izod
Impact resistance was performed according to ASTM D
256 by using Ceast Resil Impact Analyser with a hammer
of 5.4J.

The D Shore hardness of the specimens was measured by
Qness hardness measurement device. The fractured
surfaces of the specimens for evaluating the dispersivity
and its agglomeration of the fumed silica nanoparticles
were observed by Zeiss Ultra Plus FESEM at an
acceleration voltage of 10 kV and with Secondary Electron
(SE2) detector.
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3. Results and Discussion

3.1.Mechanical Properties of Nanocomposite

The tensile strength of the fumed silica reinforced epoxy
(FsiE) nanocomposite was shown in table 1. FO represents
the sample with pure resin. For comparison, the
mechanical properties such as the ultimate tensile strength
(UTS) and total elongation (TEL) are presented in Figure
1. Itis clearly seen in Fig. 1, the existence of nanoparticles
significantly increased the mechanical properties of FsiE
as Preghenella et al. reported in their study [22].
Mechanical tests were performed to measure the overall
effect of the filler on the performance of the composites.
Ultimate tensile strength—strain values relation to Fsi
reinforcement ratio is shown in Fig. 1. From neat epoxy to
6 % wt. the tensile strength and strain of the fumed silica
reinforced epoxy (FsiE) nanocomposite steadily decrease
with increasing fumed silica content. But these results has
decreased between 6 % wt. to 10 % wt. This is evidence
of the agglomeration of Fsi nanoparticles within the range
of 6 % wt. to 10 % wt [21,22]. Neat epoxy presented a tensile
strength of 37.55 + 3.5 MPa, which increased to 45.09 + 3.0
MPa (20% rise) by the addition of Fsi nanoparticles within the
range of 6 % wt. to 10 % wt. Literature generally presents a
decreasing trend in tensile strength and strain with incorporating
Fsi nanoparticles in epoxy matrix composites. Several studies
are reported that the ultimate tensile strength decrease in a
different epoxy matrix composites containing 6.3 wt.%, 12.6
wt.% and 18.9 wt. % Fsi nanoparticles ( 200 m? /g ) [20-
22]. Moreover, in another study the ultimate tensile
strength of epoxy matrix composites containing 0.1 vl.%,
0.3 vL.% and 0.5 vl.% Fsi nanoparticles ( 380 m?/g, 7nm)
also has increased after adding low contents of Fsi
nanoparticles in contrast to using high loadings of
nanoreinforcements [23].

The tensile strain also increased by the addition of Fsi
nanoparticles within the range of 6 % wt. to 10 % wt. i.e.
7.49 £ 0.2 (19 % rise) in comparison to neat epoxy, i.e.
6.29 £ 0.1, which is an indication of improved ductility and
toughness of the nanocomposites. However, tensile strain
decreased in nanocomposites within the range of 6 % wt.
to 10 % wti.e 6.02 + 0.1 (4% decrease).

Two different trends, increasing and decreasing, have
been presented in Fig.1 about the tensile strain by
reinforcing Fsi nanoparticles in epoxy matrix. In another
study [22] epoxy matrix composites containing 6.3 wt.%,
12.6 wt.% and 18.9 wt.% Fsi nanoparticles ( 200 m? /g )
the tensile strain was not significantly changed and in M.
Battistella et. al. [23] study the tensile strain was
decreased in very low volume ratio, 0.1 % vol. , 0.3 % vol.,
0.5 % vol.( surface area, 380 m?/g ) compared to neat

epoxy

The flexural strength of the fumed silica reinforced epoxy
(FsiE) nanocomposite was shown in table 2. FO represents
the sample with pure resin. Similar to tensile properties,
the addition of Fsi nanoparticles increased the flexural
strength of neat epoxy. The flexural strength of neat epoxy
is 39.32 + 3.8 MPa, which increased to 42.13 + 4.0 Mpa
(7%) by adding of 6 wt.% of Fsi nanoparticles but the
addition of larger ratio showed a decrease in the flexural
strength to 10 wt.% (1%) , i.e. 38.17 £ 4.5 MPa (Fig. 2).
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There is a different situation from Fig.1 because of the
inversion trend up to 1 wt.%,i.e. 29.37 + 4.0 Mpa.

In paralel with of flexural tensile stress, the tensile strain in
flexural testing increased by the addition of Fsi
nanoparticles within the range of 0 % wt. to 6 % wt. in
epoxy matrix, i.e. 8.04 + 0.15%, (4% rise) as compared to
pure epoxy 7.67 +0.1% but larger ratio of Fsi nanoparticles
effected adversely and decreased the flexural strain, i.e.
7.28 £ 0.15% (5% fall). As the flexural tensile stress, there
is an inversion trend to 1 % wt., i.e. 5.8 £ 0.15%.

Izod impact test was performed on samples of neat epoxy
and nanocomposites to evaluate the impact resistance by
the addition of of Fsi nanoparticles within the range of 0 %
wt. to 10 % wt. in epoxy matrix (Fig. 3). Neat epoxy
presented the impact resistance of 7.07 + 0.9 kJ/m?, which
increased to 7.17 £ 1.2 kJ/m? (1% rise) by the addition of 2
wt.% Fsi nanoparticles. The composites containing 2 wt. %
Fsi nanoparticles showed a slight increase in impact
resistance but the addition of Fsi nanoparticles within the
range of 2 % wt. to 10. The impact resistance decreased to
591 + 0.9 kJ/m?> % wt. which was demonstrated a
decrease of 16 %.

Neat epoxy presented a hardness value of 53.78 +0.4 (Fig.
4), which increased to 69.37 + 0.3 (28% rise) by the
addition of 6 wt.% of Fsi nanoparticles. It is easily
observed that the low content of Fsi nanoparticles, 1% wit.
affected significantly the hardness value, i.e. (24 % rise)
and a modest increase was observed in the range of 1 %
wt. and 10 % of Fsi nanoparticles. Larger ratios than 6 %
wt. of Fsi nanoparticles showed an insignificant decrease
compared to tensile, flexural strength, impact resistance
due to the increase the ratio of nanoparticles. Hence,
Hardness values of larger ratio than 1 % wt. of Fsi
Nanopatrticles in epoxy matrix is stable in Fig.4

3.2.SEM Morphologies

Homogenous dispersivity of fumed silica nanoparticles was
excellent in SEM microstructures.[9,12]. At high
magnification (50000X) the fracture surface of the matrix
appeared very smooth. It was observed that from fig 5, the
specimens contained %6 wt. Fsi shows the best
homogenous dispersivity. However as seen in fig. 6 the
local distribution was obtained from specimen contained
over % 6 Fsi. These observations also support the

mechanical results.

4. Conclusion

The effect on mechanical properties of fumed silica
reinforced Epoxy has been evaluated. Fumed silica
nanoparticles were varied from 1 % wt to 10 % wt. for
detailed investigation. Due to the tendancy in
agglomeration of fumed silica nanoparticles, which have so
high surface area (200 m? / g) ethanol/fumed silica
suspension in equal weight was prepared before mixing
with epoxy resin. Hence, to provide uniform dispersion of
nanoparticles and strong bonding with the epoxy matrix,
pre-treated Fsi was obtained by ethanol. Mechanical tests
of the nanocomposites presented an increase in tensile
(20%), flexural (7%) strengths, hardness (27%), izod
impact resistance (1%) in comparison to neat epoxy;
Tensile strain increased in both the tensile (19%) and
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flexural test (4%). The hardness of the nanocomposites
was increased in 27% while a significant increase (1%) in
the impact resistance was not observed. Homogeneous
dispersion was observed in SEM images without the
significant agglomeration of Fsi nanoparticles. The
increase in mechanical properties of the nanocomposites
is related with the homogeneous dispersion of nanofillers
and their strong interfacial adhesion with the epoxy matrix
[22,23].
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Fig. 5 SEM analysis on the tensile fracture surface of
specimens; a) FO, b) F6, c) F8 and d) F10
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THE EFFECT OF MICRO ALLOY BORON ADDED ON
MICROSTRUCTURE OF AISI 1040 STEEL
AIS| 1040 GELIGINE DEGISIK ORANLARDA BOR ILAVESININ
MIKROYAPIYA ETKIiSI

Cemal CARBOGA

Nevsehir Haci Bektag Veli University, Engineering and Architecture Faculty, Metallurgy and Materials Engineering,
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Ozet

Orta karbonlu celiklerden yaygin olarak transmisyon
milleri, raylar ve digliler gibi alanlarda kullaniimaktadir. Bu
calismada, AISI 1040 celigi 1640 °C’de ergitilerek igerisine
9, 15, 23 ve 30 ppm bor ilave edilmigtir. D6kim sonrasi
elde edilen farkli oranlardaki bor iceren 1040 celigi 3
pasoda haddelenerek yaklasik % 200-300 deformasyon
uygulanmistir. Haddelenmis numunelerin optik mikroskop
ile mikroyapilari incelenmigtir. Ayrica mikrosertlik dlgimleri
gerceklestiriimis ve elde edilen sonuglar literatir ile
karsilastirilarak tartisiimistir.

Anahtar kelimeler: 1040 Celigi, Borlu Celik, Mikroyapi
Abstract

AISI 1040 steel has the many area such as transmission
shafts, rails, machine tools, crank shafts. In this study, AlSI
1040 steel was melted and boron added at different ratios
of 9, 15, 23 and 30 ppm. After the casting process, the
boron free and boron added steels were rolled in three
passes, and a deformation of totally 200-300 percent was
obtained. The rolled specimens were examined by optical
microscopy. Also, micro-hardness analysis of the samples
taken different regions and the results were compared with
the literature.

Keywords: 1040 Steel, Boron Steel, Microstructure
1. Giris

Dogada yaklagik 230 cesit bor bilesigi (Tinkal, Uleksit,
Kolemanit gibi) bulunmaktadir. Bu bilesikler yaklasik
450’den fazla alanda kullaniimaktadir [1]. Yuzlerce farkh
kullanim alanina sahip olan bor ve bor tirevi Urlnlerin
endustriyel anlamda yeni sayilabilecek uygulama
alanlarindan  biri  de c¢elik endUstrisidir[2]. Celik
endustrisinde bor, alasim elementi olarak katildigi celige
yuksek oranda sertlesme kabiliyeti kazandirdidi
belirtiimektedir [3,4].

Bor, genellikle demir esasli malzemelerde ylzey
sertlestirme islemi yapmak amaciyla kullaniimaktadir.
Borun alasim elementi olarak kullanimi dinyada
yayginken, Turkiye'de ¢ok fazla degildir. Borlu celiklerin
ozelliklerini yapidaki borun dagilimi ve diger alagim
elementleriyle etkilesimi belilemektedir. Ornegin disiik
alasimli geliklerde bor, éstenit déonlisimunl yavaglatarak
sertlesme kabiliyetini artirmaktadir. Paslanmaz celiklerde
ise, ppm oranlarinda bor kullaniminin kaynak kabiliyetini,
surinme direncini ve taneler arasi korozyon direncini
artirarak sicak yirtilmalari dnledigi bilinmektedir [5,6]. Borlu
celikler, hizh sogutuldugunda (hizla su vererek) tane iginde
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borun kati eriyik olarak bulundugu durumlarda
sertlesebilirlik Gzerine en buyuk etkiyi sergilemektedirler
[7]. Isil islemlerin borlu c¢eliklerin akma ve ¢ekme
dayanimlari énemli seviyede iyilestirdigi gérilmektedir [8].
Borlu celiklerde 1sil iglemler ile siriinme davranisini ve
deformasyon 6zellilerini iyilestirdigi de gézlenmistir [9,10].

Bu calismada, yaygin kullanilan 1040 celigi  ¢eligi
kullanilmigtir. 1040 celigi genel olarak otomobil-ingaat-
ziraat makine parcalari, takim tezgahlari, krank milleri ve
diglilerde kullaniimaktadir. 1040 celigine bor ilavesinde,
borun oksijen ve azota ilgisinin ylksek olmasi nedeniyle,
oksijenden korumak i¢in 400 ppm aliminyum, azottan
korumak igin ise 400 ppm titanyum ilave edilmistir. Elde
edilen borsuz, 9, 15, 23 ve 30 ppm bor iceren 1040 celigi 2
pasoda haddelenmis ve isil islem igin 980 °C de 30 dakika
bekletildikten numuneler optik mikroyapi inceleme ve
mikrosertlik analizine tabi tutulmustur.

2. Materyal ve Yontem

Bu calismada, indiksiyon ocagi kullanilarak 1040 celigi
icerisine 1635 °C’de aliminyum, titanyum ve bor ilave
edilmistir. Dokim islemi 950 °C’ye kadar isitilan 40x40 mm
kalinligindaki kare sekilli seramik kaliplara ergiyik
dokulerek ve havada sogutularak gerceklestiriimistir. Elde
edilen 40x40 mm ebadindaki kare malzemeler, Avcilar
Demir ve Celik Cekme Sanayi fabrikasinda 980 °C’de 30
dakika bekletildikten sonra 2 pasoda haddelenerek % 95
oranlarinda  deformasyon uygulanmigtir.  indiiksiyon
ocaginin vakumsuz olmasi ve atmosfere agik olmasi
nedeniyle literatlrde boru oksijen ve azottan korumak igin
400 ppm Al ve Ti ilave edilmistir. Cizelge1. de dokim
sonrasinda elde edilen numunelerin kimyasal analiz
sonuglari gorilmektedir.

Cizelge 1: Degisik oranlarda B katilan 1040 celiginin %
agirlik olarak kimyasal
analizleri.

Kimyasal Bilesim (% Agirlikga)

Numune No

Si B Al Ti Pves

(ppm)

0,42 095 021 0,089 0,039 0,015-0,008

0,45 093 020 9 0,089 0,032 0,014-0,006

0,45 091 019 15 0,087 0,032 0,013-0,007

0,46 091 020 23 0,081 0,028 0,015-0,009

0,45 079 020 30 0,074 0,035 0,014-0,007

Haddeleme islemi sonrasinda kesilen numuneler Nevsehir
Universitesi Miih. Mim. Fak. Metallirji ve Malzeme Mih.
Bolimu Laboratuarlar’'nda bulunan isil iglem firininda 975
°C de 30 dakika bekletildikten sonra buzlu suda, normal
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suda, oda sicakliginda ve firinda surekli sogutma iglemine
tabi tutulmustur. Metalografik olarak hazirlanan numuneler
Nikon MA 100 mikroskobu ve Clemex gorinti analiz
sistemi kullanilarak mikroyapi incemeye ve Future-Tech
FM 700 mikrosertlik cihazi kullanilarak ise mikrosertlik
analizine tabi tutulmustur.

3. Sonuglar ve Tartisma

Elde edilen optik mikroyapi fotograflarindan, tim

numunelerde perlitik yapi olusumu meydana gelmistir.

Sekil 1. Borsuz, 9, 15, 23 ve 30 ppm bor igeren numunenin
mikroyapi fotograflari.

Tdm numunelerde belirlenen kaynak parametreleriyle
birlikte tam nlfuziyet elde edilmistir. Kaynak metalin
mikroyapi analizlerinden mikroyapida herhangi bir gézenek
ve g¢atlak olusumunun meydana gelmedigi acgikca
gorulmektedir.

Cizelge 2: Farkh oranda bor
mikrosertlik degerleri tablosu.

iceren 1040 celiginin

Bor Borsuz 9 15ppm 23 30 ppm
Miktarlan ppm ppm

(ppm)

Mikrosertlik 199 197 237 237 240
Degerleri

(HV)
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300

250

/_—/

200

-
15
=]

=
=)
=1

Microhardness{Hv)

5]
=]

Boron Free 9 ppm 15 ppm 23 ppm 30 ppm

Boron Rate {ppm)

Sekil 2: Farkh oranda bor iceren 1040 celiginin mikrosertlik
degerleri grafigi.

Mikroalagim bor katkil numunelerde alinan mikrosertlik
analizleri sonucunda optimum degerde olan numunede
mikrosertlik degerlerinin arttigi gordlmustir (cizelge 2).
Artan bor orani ile 15 ppm bor katkisinin mikrosertlik
degderini arttigi ve literatirde belirtilen optimum degerler
plan 15-25 ppm degerlerin izerine ¢iktiginda yani 32 ppm
bor oraninda ise sertligin distigu goéralmektedir (Sekil 2).
4.Sonuglar

Farkli oranda bor ilave edilmis 1040 celiginde;

e Optimum bor orani (15 ppm) ile birlikte
mikrosertlik degerleri de artmis, fakat 9 ppm’de
mikrosertlik degerleri digmastur.
mikrobogluk  ve

Hicbir  numunede catlak

olugsmamisgtir.

Tdm numunelerde ferritik+perlitik yapi agik bir
sekilde gorilmektedir.
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Abstract

The magnetic properties of mixed spin-1 and spin-3/2 Ising
nanoparticles with FesN structure are studied by using the
effective-field theory with correlations. We investigate the
thermal variations of the core, shell and total
magnetizations and the Q-, R-, P-, S-, N- and L-types of
compensation behavior in Néel classification nomenclature
exists in the system. The effects of the crystal-field, core
and shell interactions and interface coupling, on the phase
diagrams are investigated in detail and the obtained phase
diagrams are presented in three different planes. The
system exhibits both second- and first-order phase
transitions besides tricritical point, double critical end point,
triple point and critical end point depending on the
appropriate values of the interaction parameters. The
system strongly affected by the surface situations and
some characteristic phenomena are found depending on
the ratio of the physical parameters in the surface shell
and the core.

Keywords: Nanoparticles, Ising model, FesN structure,
Critical temperature, Phase diagram.

1. Introduction

Nowadays, magnetic nanoparticles are a developing
subject of great interest for both theoretical and
experimental researchers due to their great potentially
technological applications from a wide range of disciplines,
including medical applications [1], environmental
remediation [2], catalysis [3], sensors [4], biotechnology
[5], magnetic particle imaging [6], magnetic recording
media [7], data storage [8], nonlinear optics, nanofluids,
bio-separation, and propagation losses. The investigation
and improvement of the magnetic nanoparticles can lead
to the discovery of advanced magnetic materials with great
impact on the new challenges and technologies [9].
Magnetic nanoparticles also display a wide variety of
remarkable magnetic properties such as
superparamagnetism, high field irreversibility, high
saturation field, extra anisotropy contributions or shifted
loops after field cooling as compared with those in
respective bulk materials. These phenomena arise from
the finite size and surface effects that dominate the
magnetic behavior of individual nanoparticles [10]. Much
effort has been devoted to achieving a better
understanding of the behavior of magnetic nanoparticles
experimentally, analytically, and in computer simulations.
Over the last few decades, the magnetic properties of
mixed spin Ising systems have been investigated both
experimentally and theoretically due to their great potential
for technological applications [11]. Since these systems
have less translational symmetry than their single spin
counterparts, they exhibit many new phenomena which
cannot be observed in the single-spin Ising systems and
the study of these systems can be relevant for
understanding of bimetallic molecular systems based
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magnetic materials that have properties such as low
density, electrical insulation, and low temperature
fabrication [12]. Moreover, these systems are well adapted
to study a certain type of ferrimagnetism and
nanomagnetic materials which are of great interest
because of their interesting and possible useful properties
for technological applications as well as academic
researches. One of the well-known and most studied
mixed spin Ising systems is the mixed spin-1 and spin-3/2
Ising system. From the experimental point of view, Stanica
et al. synthesized quasi-one-dimensional heterotrinuclear
complex [NiCrz(bipy)2 (C20a4)4(H20)2]H20, which shows a
rare case [13] of antiferromagnetism between Ni(ll) S=1
and Cr(Ill) S=3/2. We should also mention that the mixed
spin-1 and spin-3/2 system is stipulated by a possible
prototype of the model for the metal-organic compound
[Co(hfac)2].BNO* studied by Numata et al. [14], which
embodies Co(ll) ions with spin-3/2 and the chiral triplet
biradical ligands BNO* with spin-1 [15]. From the
theoretical point of view, the mixed spin-1 and spin-3/2
Ising model with core/shell structure have been studied by
using a wide variety of methods in equilibrium statistical
physics, recently.

In this talk, the effects of the crystal-field, core and shell
interactions and interface coupling, on the phase diagrams
and compensation behavior of the mixed spin (1, 3/2) with
FesN structure are investigated within the framework of the
EFT with correlations. The obtained phase diagrams are
presented in the (D/Jc, T/Jc) plane. Some characteristic
phenomena are found depending on the ratio of the
physical parameters in the surface shell and the core.

2. Model and Formulations

We consider a magnetic mixed spin Ising nanoparticle with
FesN structure consisting of surface shell and core, as
depicted in figure 1. The sites of the core are occupied by
o =+ 1, 0 spins, while those of shell are occupied by S = +
3/2, = 1/2 spins. Each spin is connected to the nearest-

neighbor spins with an exchange interaction. The
Hamiltonian of the system is given by
H= - ‘]stisj _‘]CZGKGI - Jlmzsick
(i) ) (ik)
@

_D(zsiazcﬁ]_h(zsi +Z(5kj,
i k i k

where Js, Jc and Jint are the exchange interaction
parameters between the two nearest-neighbor magnetic
particles at the surface shell, core and between the shell
and core, respectively. D represents the single ion
anisotropy or the crystal-field interaction parameter. The
indexes <ij>, <kI> and <ik> denote the summations over all
pairs of neighboring spins at the shell surface, core and
between the shell and core, respectively. The surface
exchange interaction and interfacial coupling r=Jin/Jc are
generally defined to clarify the effects of surface and
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interfacial exchange interactions on the physical properties
in the nanosystem.

"0
N

7

Figure 1. Schematic representation of a mixed spin Ising
nanoparticle with FesN structure. The open and solid
circles indicate magnetic atoms at the surface shell and
core, respectively.

Within the framework of the EFT with correlations and the
core-shell concept, one can easily obtain the
magnetizations (mc1 and me2), the quadrupole moments
(ge1 and gce2) in the core; the magnetizations (ms1 and ms2),
the quadrupole moments (gs1 and gQsz), the octupolar
moments (rs1 and rs2) on the surface shell as coupled
equations, for the mixed spin Ising nanoparticle system as
follows:

{:11} [1+ m,,sinh(J. V)+q,,(cosh(J. V) - )J {f ((:))Iixo} 2)
{qcz} [1+mcls|nh (Jc V)+ 0y (cosh(I, V) - )J
[1+m sinh(J V)+qc2(cosh(JCV)fl)}2 @)
I:A msl+c(a)qsl+D(a) rsl]
[Ma)+a(e)m, e(e)a, Do) {0
q: [1+m Slnh(JImV)+qC2(cosh( it ) 1)}
Bl
[E(b)+F (b)m, +G(b) dyy+H (D) o] 0, (X)heo {
9. (ko
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q: =[1+m,,sinh (3, V)+q,,(cosh (3, V) - 1)}2
0 (k)
[E(b)*F(b)m, +G(b) g +H (D) 1, ] {0, (X)heo
9 (%) heo

where a=Jint/\, b=JsA and A=d/ox is the differential
operator. The functions fm(x), fq(x), gm(x), gq(x) and gr(x)
are defined by

2sinh| B(x+h
o (x)= 2COSh|:B(X+|:i?)(:.+eX§(—ﬂ D)’ ©)
2cosh| B(x+h
()= 2 cosh| B( x+[hB§+ex1)o](—/)’ D)’ @
_ 3sinh[3p(x+h)/2]+sinh[ #(x+h)/2]exp(-2 p D)
90 ()= 2 cosh[ 3B(x+h)/2 |+2cosh| f(x+h)/2]exp(-2 B D) (®)
_ 9cosh[3p(x+h)/2]+cosh[ B(x+h)/2 | exp(-2 p D)
% ()= 4cosh| 3(x+h)/2 ] +4cosh| B(x+h)/2]exp(-2 f D) ©
)= 27sinh[ 3(x+h)/2 |+sinh[ #(x+h)/2 ] exp(-2 § D) (10)

8 cosh| 3p(x+h)/2]+8cosh[ B(x+h)/2 ] exp(-2 B D)

where B=1/ksT, T is the absolute temperature, ks is the
Boltzmann constant and ks=1.0 throughout the paper.
Since the model did not include the biguadratic exchange
interaction parameter in Eq. (1), we did not evaluate the
thermal behavior of gc1, Qc2, Qs1, Os2, fs1 and rs2. However,
Egs. (2)-(5) is necessary for determining the thermal
behavior of the magnetizations meci1, Mc2, Ms1 and Mmsz2. By
using the definitions of the order parameters in Egs. (2)-
(5), the magnetizations per site of the shell surface (ms),
the core (mc) and the total (mt) magnetizations can be
defined as ms = (Ms1tms2)/2, Mc = (Mca+6mMe2)/7 and
mTt=(6(Ms1+Ms2)+Mc1+6mc2)/19, respectively. The total
magnetization (mr) vanishes at the compensation
temperature (Tcomp). Then, the compensation point can be
determined by looking for the crossing point between the
absolute values of the sublattice magnetizations. We also
require that Tcomp<Tc, where Tc is the critical point
temperature. In the next section, we will give the numerical
results of these equations.

3. Numerical Results and Discussions

In this section, we present some interesting and typical
results of the mixed spin (1, 3/2) Ising nanoparticles with a
crystal field at a zero longitudinal magnetic field. The
magnetic properties (core and shell magnetizations, total
magnetization, compensations points and phase diagrams)
of the system are investigated and discussed for several
values of the interaction ratio r, As and crystal field (D).
Moreover, the thermal behavior of the total magnetization
will be investigated to find the types of the compensation
behavior of the system.

3.1. The Thermal Behaviors of Magnetizations
In this subsection, we investigate the thermal behaviors of

magnetizations of system. This study leads us to
characterize the nature (continuous or discontinuous) of
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transitions as well as to obtain the phase transition points.
We have fixed Jc = 1.0 and ks = 1.0 throughout of the
paper. A few explanatory and interesting results are plotted
in figures 2 (a)-(g) to illustrate the calculation of the
transition points as well as the characterization of the
nature of the transitions. Figure 2(a) illustrates the thermal
variation of the magnetizations for r = 1.0, As=0.0 and D =
1.0. In this figure, the core magnetizations (mc1 and mcz)
are equal to each other and they start form 1.0 (mc1 = mcz
= 1.0), and the shell magnetizations (ms1 and msz) are also
equal to each other and they start from 1.5 (ms1 = msz2 =
1.5) at zero temperature, and they decrease to zero
continuously as the reduced temperature increases;
therefore, a second-order phase transition occurs at Tc =
4.75 and the phase transition is from the ferrimagnetic-1
phase (i1) to the paramagnetic phase (p). Figure 2(b)
shows the temperature dependence of the magnetizations
forr=1.0, As =0.0 and D = -1.8. In this figure, mc1 = mc2 =
1.0 and ms1 = ms2 = 0.5 at zero temperature. While the
core magnetizations mc1 and mcz decrease continuously
and becomes zero at Tc=2.75 as the temperature
increases; the magnetizations ms1 and ms: firstly increase
from the saturation values (0.5) and then decrease
continuously with the increasing values temperature and
finally become zero at Tc=2.75; therefore, a second-order
phase transition from ferrimagnetic-2 phase (iz) to the p
phase occurs at the critical temperature. Figure 2(c) is
obtained for the values of r= 1.0, As =0.0 and D = -3.6.
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Figure 2. Thermal behavior of the magnetizations with the
various values of r, As and D for the mixed (1, 3/2) Ising
nanoparticles. Tc and T: are the second- and first-order
phase transition temperatures, respectively.
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Figure 2

In this figure, the core magnetizations (mci1 and mc2)
continue around 0.0 (mc1 = mcz = 0.0), but the shell
magnetizations (msi1 and msz) are equal to each other and
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they start from 0.5 (ms1 = ms2 = 0.5) at zero temperature,
and they decrease to zero continuously as the temperature
increases; therefore, a second-order phase transition
occurs at Tc = 0.38 and the phase transition is from the
non-magnetic phase to the paramagnetic phase. Figure
2(d) shows the temperature dependence of the
magnetizations for r = 1.0, As =0.0 and D = -3.0. In this
figure, mc1 = mc2 = 1.0 and ms1 = ms2 = 0.5 at zero
temperature. The system exhibits a first-order phase
transition as the temperature increases, because the
discontinuities occur for the magnetizations (mc1, mcz, ms1
and msz) at Tt = 0.625. Figure 2(e) is obtained for the
values of r = 0.001, As =0.0 and D = 1.0. In this case, the
system undergoes two successive second-order phase
transitions: The first one is occurred at Tc = 2.70 from the
ferrimagnetic-1 i1 phase to the non-magnetic nm phase
that is mc1 = mc2 = 0.0 and ms1 = msz2 # 0 (Or ms1 = msz2 =
0.5 at zero temperature). The second is also a second-
order phase transition from the nm phase to the p phase at
Tc = 3.125. Figure 2(f) is obtained for r = 1.0, As = 1.75
and D = -3.0, and this figure presents one of the very
interesting behaviors of the system and in this case the
system undergoes two successive phase transitions. At
zero temperature, mc1 = mc2 = 0.0 and ms1 = ms2 = 0.5;
hence the system exhibits the nm phase; as the
temperature increases, the magnetizations increase
discontinuously at Tt = 0.75; hence, the system undergoes
a first-order phase transition from the nm phase to the i1
phase. Then, the magnetizations decrease continuously
with the increasing the values of temperature and they
become zero at Tc = 3.70; hence the second-order phase
transition occurs from the i1 phase to the p phase. Figure
2(g) is plotted for r = 0.05, As = 0.5 and D = -2.0. The
behavior of Fig. 2(g) is similar to Fig. 2(f), therefore the
system undergoes two successive phase transitions. At
zero temperature, mc1 = mcz2 = 0.5 and ms1 = msz2 = 1.0;
hence we have the iz phase; as the reduced temperature
increases, the magnetizations decrease discontinuously at
Tt = 0.40; hence, the system undergoes a first-order phase
transition from the i2 phase to the nm phase. Then, the
magnetizations decrease continuously with the increasing
the values of reduced temperature and they become zero
at Tc = 0.575; hence the second-order phase transition
occurs from the nm phase to the p phase. Two successive
phase transitions were also experimentally observed in
DyVOas. Moreover, two successive transitions have also
been theoretically found on the ternary mixed Ising
nanoparticles with core/shell structure by using the EFT
with correlations, on the spin-1 Ising model with a two-
layer Bethe lattice.

3.1. The Phase Diagrams

Since we obtained the phase transition points in previous
subsections, we can now present the phase diagrams of
the system. In the phase diagrams, the dashed and solid
lines represent the first- and second-order phase transition
temperatures, respectively. The special points are the
tricritical point with a filled circle, the double critical end
point (B), the triple point (TP), the critical end point (E) and
separating point depicted as the filled and unfilled
triangles.

Figure 3 represents the phase diagrams in the (D/Jc,
keT/Jc) plane for various values of the interaction
parameters, and four main distinct topological types of
phase diagrams are obtained. From these figures, the
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following interesting phenomena and main results are
observed.

(i) Figure 3(a) is obtained for r=0.01, As =0.0. For low
values of the interfacial coupling (r), i.e., r=0.01, the phase
diagrams contain the one ferrimagnetic-1 (i1), one
ferrimagnetic-2  (i2), two nonmagnetic (nm) and
paramagnetic (p) phases or regions. The phases are
generally separated from each other with second-order
phase transition lines, but the boundaries between the i2
and nm phases; and the iz and p phases are the first-order
one. The phase diagram exhibits only one tricritical point
where the second-order phase transition line turn to the
first-order one; the critical end point (E) in which the
second-order phase transition line ends with the first-order
phase transition line. The unfilled triangles separate the i1
phase from iz phase. The nonmagnetic (hm) phase in
which the positive high values of the crystal-field and
temperature is only shown for low values of the interfacial
coupling (r).

(ii) Figure 3(b) is calculated for r=0.5, As =0.0 and the
phase diagram is similar to figure 3(a) but only differs from
figure 3(a) in which positive high values of crystal field and
temperature, one of the nm phase disappears.

(i) Figure 3(c) is constructed for r=1.0, As =0.0, the
topology of the phase diagram is similar to figure 3(b),
except that the boundary between the iz and nm phases
disappears and the first-order phase transition line is
merged to the second-order phase transition line; hence
one more tricritical point at the low values of the
temperature also exists in the phase diagram.

(iv) Figure 3(d) is presented for r=1.0, As =1.0, the phase
diagram is similar to figure 4(b) but only differs from figure
3(b) in which the first-order phase boundary between the i1
and i2 phases appears and this boundary is emerged the
other first order phase transition line; hence the phase
diagram also exhibits triple point (TP).

(v) The results show that the phase diagrams strongly
depend on the interaction parameters.

(vi) The similar phase diagram with Fig. 3(b) has been
obtained in the ternary mixed spin Ising nanoparticles, in
the mixed spin (1/2, 1) hexagonal Ising nanowire, and in
the ferrimagnetic spin-1/2 and spin-1 Ising nanowire
system.

(a) (b)

(e)

(d)

ke TH,

Figure 3. Phase diagrams in the (D/Jc, ksT/Jc) plane for
the mixed spin-1 and spin-3/2 Ising nanoparticle system
with core/shell structure. Dashed and solid lines indicate

the first- and second-order phase transition temperatures,
respectively. The special points are the tricritical point with
a filled circle, the double critical end point (B), the triple
point (TP), the critical end point (E) and separating point
depicted as the filled and unfilled triangles. (a) For r=0.01,
As =0.0, (b) for r=0.5, As =0.0, (c) for r=1.0, As =0.0, (d) for
r=1.0, As =1.0.

4. Summary and Conclusion

In this work we studied, within a effective-field theory with
correlations, the magnetization curves and phase
diagrams of the mixed spin-1 and spin-3/2 Ising
nanoparticles with FesN structure. The temperature
dependence of the core and shell magnetizations have
been investigated to obtain the phase transition points as
well as to characterize the nature (continuous or
discontinuous) of transitions. The effects of the crystal-
field, core and shell interactions and interface coupling, on
the magnetizations and phase diagrams are investigated in
detail. According to the values of Hamiltonian parameters,
the system undergoes first- and second-order phase
transitions. The obtained phase diagrams are presented in
the (D/Jc, keT/Jc) plane. From the phase diagrams, some
characteristic phenomena are found depending on the
ratio of the physical parameters in the surface shell and
the core. For example, the system exhibits exciting critical
behaviors such as the first- and second-order phase
transitions; tricitical point, double critical end point, triple
point and critical end point. Finally, we hope that our
detailed theoretical investigation may stimulate further
researches to study magnetic properties of nanoparticles
systems, and also will motivate experimentalists to
investigate the compensation behavior in real nano
material systems.
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Ozet

Bu calismada, GGG40 ve GGG50 serisi klresel grafitli
dokme demirlerin  metalografik 6zellikleri incelenerek,
tornalama islemi sonrasinda ylzey purtzllluk degerleri
arastinimigtir. SEM incelemelerinde GGG40 alagimindaki
grafitlerin, kiiresel sekilli mikroyapi dagilimina sahip oldugu
gorulirken, GGG50 alasimindaki grafitlerin ise, lamel
yapilardan meydana geldigi gorilmustir. Malzemelerin
yapisindaki C, Si ve Mn gibi alasim elementlerinin
mikroyapi ve buna bagl olarak ylizey purizltlik
dzelliklerini degistirdigi tespit edilmistir. ilerleme miktari ve
kesme hizi arttikca ylzey purizliluk degerlerinin arttigi
gOrulmustar.

Anahtar kelimeler: KGDD, Mikroyap!, islenebilirlik, Yiizey
purazlGlagi

Abstract

In this study, the metallographic properties of GGG40 and
GGG50 series spheroidal graphite cast iron is investigated
and values of surface roughness are examined after
turning process. In the SEM images, it is observed that
GGG40 alloyed graphite has a spherical microstructure
distribution and GGG50 alloyed graphite has a lamellar
structure. It is found that the alloying elements such as C,
Si and Mn in the structure of materials change the
microstructure and surface roughness. As a result, it is
observed that values of surface roughness increase with
increasing the feed rate and the cutting speed.

Keywords: SG Cast Iron, Microstructure, Machinability,
Surface Roughness

1. Giris

Yuksek asinma direnci, iyi ylzey Kkalitesi, Ustin
dokulebilme o6zelligi, , 1sil isleme uygun olmasi, dusuk
ergime noktasi ve maliyeti gibi ozellikler kuresel grafitli
dokme demir (KGDD) malzemeleri diger dokim

malzemeler ve cgeliklerden ayiran Ustun 6zelliklerdendir [1-
5]. KGDD malzemeler bu ustin o6zellikleri sayesinde;
makine pargalarinda, boru imalatinda, krank millerinde ve
bircok  endustriyel uygulamalarda yaygin  olarak
kullaniimaktadir [6-8].

Dékme demir malzemelerin islenebilirlikleri, malzemelerin
yapl ve sertliklerine baglidir. Kiresel grafiti dokme
demirdeki grafit yapisi, malzemenin sineklik ve tokluk
degerlerini  belirleyerek, mekanik 6zellikleri dogrudan
etkiler. Grafitin kiresel sekle sahip olmasi ile hem
malzemede catlak olusumunun dniine gegilmekte, hem de
malzeme  toklugu ve elastikligi olumlu  yonde
gelistirilebilmektedir [9,10]. KGDD malzemelerde farkh
grafit tiplerini elde edebilmek igin, ilave edilen alasim
elementlerinin tir ve miktarlari 6nem olusturmaktadir
[11,12]. Olusan grafit partikillerinin sekli kesme kuvveti ve
yuzey purizliliguni dogrudan etkilerken, takim omrind
ise ana matris yapisi belirlemektedir [7,13]. KGDD
malzemelerde kimyasal kompozisyonun etkisiyle olusan
mikroyapilardan ferrit, perlit ve grafitlerin dagilim oranlari
ile sekilleri, malzemenin mekanik 6zelliklerini (¢cekme,
akma, uzama ve sertlik v.b.) dogrudan etkileyerek
islenebilirlik parametrelerini degistirebilmektedir. Celiklere
oranla Ustlin vasiflar sergileyen KGDD’lerin islenebilme
oOzellikleri, bu malzemelerin kullanim alanlarinin  ve
uygulama  metotlarinin  gin  gectikce  artmasini
saglamaktadir [14-16].

KGDD’in mekanik ve metalurjik 6zellikleri Gzerine birgok
deneysel calisma gerceklestiriimistir. Ancak KGDD'in
metalurjik dzelliklerinin ylzey islemi uygulamasi ve sonrasi
ylzey plrizliligine etkileri hakkinda ok fazla calisma
bulunmamaktadir. Bu ¢alismada farkli metalurjik yapilara
sahip olan GGG40 ve GGG50 KGDD malzemelere,
tornalama islemleri uygulanmis ve bu islemlerin ylzey
purGzliligine etkisi ylzey form 6zelliklerine bakilarak
arastinimistir.

2. Deneysel Calismalar

2.1. Materyal ve Metot

Deneysel calismalarda GGG40 ve GGG50 KGDD
malzemeler kullaniimis olup, GGG40 malzemesi igin farkl
kimyasal kompozisyonlara sahip A ve B numunesi,
GGG50 numunesi igin ise C numunesi alinarak deneysel
calismalar gergeklestirilmistir. Deneysel caligmalarda
kullanilan malzemelere ait kimyasal analiz sonuglan
Cizelge 1’deki gibidir.
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Cizelge 1. Deneylerde kullanilan KGDD malzemelerin
kimyasal analizi

kullaniimigtir.  Deneylerde  kullanilan  kesici
geometrik Ozellikleri ise Cizelge 3’te verilmektedir.

uglarin

Numune / c si Mn P s Mg Cizelge 3. Kullanilan kesici uglarin geometrik 6zellikleri
Element Kesici DNMG HMNC310
€sSICl U¢ 150608
GGG40 (A 0,044
(A) | 353 | 2,68 | 0,14 | 0,027 | 0,009 Talas agist (y) g0 o
GGG40 (B) | 348 | 2,35 | 0,15 | 0,010 | 0,020 | 0,040 Bosluk acisi (q) 0° 70
GGG50 (C) | 3,63 [ 2,66 | 0,20 0,00 0,010 0,044 Ug agisi (€) 550 55°
&i _70 o
Cizelge 1’de kimyasal kompozisyonlari verilen numuneler; Egim agisi(A) ! 0
standart metalografik numune hazirlama ydntemlerine Yanasma Agisi 93° 93°
uygun olarak; zimparalama, parlatma ve daglama )
islemlerine tabi tutularak, mikroyapi incelemelerine hazir Ug yarigap (r) 0.8 0.8
hale getirilmistir. Numunelerin daha sonra JOEL JSM- i '
5600 SEM mikroskobu ile géruntileri alinmistir. Takim tutucu PDJIJNR2525M15 PDJNL2525M15

Deneylerde kullanilan ve farkli metalurjik yapilara sahip
olan GGG40 ve GGG50 serisi KGDD malzemelerin ylzey
plrGzIGlagund  incelemek igin, malzemelere tornalama
islemleri uygulanmis ve bu islemlerin ylzey purazltlugine
etkisi arastinlmigtir.  Yuzey purGzldlugld  dlgumleri
kapsaminda, her bir islem igin malzemelere Uger adet talas
kaldirma islemi uygulanmis olup, elde edilen ylzey
purtzliligu degerlerinin aritmetik ortalamasi hesaplanarak
ortalama ylizey puruzlilik degerleri elde edilmistir.

Tornalama Islemi

Tornalama islemleri ShokMill kontrol (nitesine sahip,
Taksan TTC 630 sanayi tipi CNC torna tezgahinda
gerceklestiriimistir. islem icin tercih edilen kesme
parametreleri Cizelge 2'de gorilmektedir. Cizelge 2’de
goruldigi  Gzere tornalama iglemleri, sabit talas
derinliginde, farkli ilerleme miktari, kesme hizi ve devir
sayisinda gergeklestiriimistir. Kesme hizi degerleri, g
farkl degerde alinmis ve tornalama islemi igin toplam 9
adet deney yapilmigtir.

Cizelge 2. Deneylerde kullanilan kesme parametreleri

Kesme Devir ) Talas
llerleme
Hizi Sayisi Derinligi
Numuneler Miktari
v) (N) @
mm/dev.
m/dak. dev/dak. mm
A 0,10
B 100 1592 0,20 1
C 0,30
A 0,10
B 150 2388 0,20 1
C 0,30
A 0,10
B 200 3184 0,20 1
C 0,30

Tornalama islemlerinde, her bir numune igin farkh kesici
uclar kullaniimigtir. Deneylerde; kimyasal buhar ¢dkelmesi
(CVD) ile 9 ym’lik TICN — Al203 — TiN katmanlari ile ¢ok
kath kaplanmis ISO K10 sinifi, sementit karbir kesici uglar

Yiizey Piiriizliiliik Olgiimleri

Yizey pUrtzltlik olgimleri Mitutoyo Surftest 201 tipi
masaustu yuzey purazlulik Olgim cihazinda
gerceklestirilmistir. Ylzey purdzlulik olcumleri, her bir
kesici takimla talas kaldirma isleminden (tornalama) sonra
elde edilen islenmis ylzeyler izerinde, Ug¢ farkli noktadan
yapiimis ve elde edilen purizlilik degerlerinin aritmetik
ortalamasi alinarak hesaplanmistir. Tornalama ve
matkapla delme islemleri sonucunda ortalama ylzey
purGzluluk degerleri elde edilmigtir

3. Deney Sonuglari ve Tartisma

Sekil 1. a, b, ve c’/de GGG40 ve GGG50 malzemelerden
alinan  numunelerin  SEM  mikroyapr  gorintlleri
verilmektedir. SEM goruntileri incelendiginde; GGG40
KGDD malzemeden alinan A ve B numunelerinin tamamen
kiiresel bir yapida olustugu gorilmektedir (Sekil 1.a ve b).
A ve B numuneleri birbiri ile mukayese edildiginde, A
numunesinde kiresel grafitlerin perlit yapi igerisinde
dagihm gosterdigi, B numunesinde ise kuresel grafitler,
yakin gevresindeki C’'u blnyesine alarak, etrafinda C'dan
arinmig bir ferrit yapi olusmasina neden oldugu yapilan
calismalarda goérilmektedir [17]. Bu durum ise grafit
tanelerinin C’a olan ilgisiyle birlikte grafitin blylme
mekanizmasindan kaynaklanmaktadir [18]. GGG50 KGDD
malzemeden alinan C numunesinde ise sodjuma
neticesinde perlitk yapinin tamamen kiresel hale
gelmeden, grafit tanelerinin etrafinda ve mikroyapi
genelinde homojen bir sekilde lamel yapida dagdildid
gorilmektedir. C numunesinin  SEM gorintlsiinde; B
numunesinde goruldugl gibi grafit tanelerinin etrafinda
ferrit kimelesmeleri meydana gelmektedir. Sekil 1'te
olugan farkh tirdeki mikroyapilar; kimyasal kompozisyona
(Fe, C ve Si) ve soguma hizina bagh olarak lamelimsi ve
kiresel yapih olmak Uzere iki farkh formda
gerceklesmektedir [19-21]. Mikroyapilar incelendiginde
GGG40 ve GGG50 numunelerinde olugsmasi beklenen,
muhtemel yapilarin benzer ¢alismalarda da olustugu tespit
edilmistir [22].

101



International Conference on Material Science and Technology in Cappadocia (IMSTEC’16), April 6-8, 2016, Nevsehir, Turkey

Graphite
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Sekil 1. a) A numunesine ait SEM gorintisi
b) B numunesine ait SEM goruntisi
¢) C numunesine ait SEM goriintlsu
(1. 200 buyutme, II. 500 blyitme)

Cizelge 2'de
gerceklestirilen

verilen  parametrelere

tornalama islemleri sonucunda
numunelerin  yuzey pulruzlalik degerleri  dlgulmustir
(Cizelge 4). En dislUk ylzey pduriazlGlik degeri, C
numunesinde 0,75 um olarak oél¢ilirken, en ylksek ylzey
purzlilik degeri ise yine C numunesinde 4,00 ym olarak
tespit edilmigtir. En disik ve en ylksek ylzey purizlilik
degerlerinin  C numunesinde goérilmesi durumuna, C
numunesinin sahip oldugu kimyasal kompozisyon ve
neticesinde mikroyapisinda olusan lamelli grafit yapisinin
neden oldudu disiiniilmektedir. llerleme miktar ve kesme
hizinin artmasi ile birlikte numunelerin timinde yuzey
plrizlGlik degerlerinin arttigi  goértlmektedir. Cizelge 4
incelendiginde; tornalama isleminde ilerleme miktarinin
ylzey purizliglu degeri uzerinde etkin bir parametre
oldugu da gorilebilmektedir. Benzer c¢alismalarda elde
edilen sonuglar, c¢alismanin dogruluunu destekler
niteliktedir [7, 23-25].

uygun olarak

Cizelge 4. Tornalama sonrasi olusan yiizey purizlilik
(Ra) degerleri

Kesme Ilerleme Yiizey Purizlilik Degeri pm O\r(tglzaer;a
Numune Hizi \/ Miktari Plrizlaligi
(mimin) (mmidev,) 1.Olgim 2.0lim 3.0lgim Ra ((um)
A 1,51 2,26 2,15 1,97
B 100 0,10 2,06 2,30 2,55 2,30
c 0,81 0,85 0,58 0,75
A 2,56 2,98 3,01 2,85
B 150 0,20 2,12 2,57 2,44 2,38
c 2,08 1,70 1,90 1,89
A 3,58 3,45 3,78 3,60
B 200 0,30 3,55 3,38 3,62 352
C 391 3,88 4,20 4,00
4. Sonuglar
« SEM goéruntlleri incelendiginde; GGG40 KGDD

malzemeden alinan A ve B numunelerinin tamamen
kiiresel bir yapida olustugu gortlmastar.

* A numunesinde kuresel grafitlerin perlit yapi igerisinde
dagihm gosterdigi, B numunesinde ise kiresel grafitlerin,
yakin gevresindeki C’'u blnyesine alarak, etrafinda C'dan
arinmis bir ferrit yapi olugsmasina olanak sagladigi
gérulmustar.

* GGG50 KGDD malzemeden alinan C numunesinde
ise soguma neticesinde perlitik yapinin tamamen kuresel
hale gelmeden, grafit tanelerinin etrafinda ve mikroyapi
genelinde homojen bir sekilde lamel yapida dagildigi
gOrulmustir.

*  C numunesinin SEM gorintisinde; B numunesinde
goruldugl  gibi  grafit tanelerinin  etrafinda  ferrit
kimelesmeleri meydana gelmigtir.

»  SEM goriintlleri incelendidinde; mikroyapilar kimyasal
kompozisyon (Fe, C ve Si) ve soguma hizina bagli olarak
lamelimsi ve kiresel yapili olmak Uzere iki farkli formda
olusmustur.

* En disuk ylzey purizlilik degeri, C numunesinde
0,75 um olarak olgulirken, en yiksek ylzey purizlilik
degeri ise yine C numunesinde 4,00 pm olarak tespit
edilmistir.

+ llerleme miktari ve kesme hizinin artmasi ile birlikte
numunelerin timinde ylUzey purlzltluk degerlerinin arttigi
gérulmustar.
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Ozet

Egrisel evolvent profilli disliler, ok disliler ve diz dislilerle
kiyaslandiginda daha gurultistz gahistiklari, yuk tagima
kabiliyetlerinin daha iyi oldugu literatirde yapilan
c¢alismalarla ispatlanmigtir. Ancak bu digliler standart
disli dretim metotlariyla Uretilememektedirler. Bu
sebepten dolaylr mevcut dislilerin endustride kullanimi
yaygin degildir. Bu calismada, imalat yontemlerinde
karsilagilan  zorluklardan  dolayr yaygin  olarak
kullanilmayan  egrisel  evolvent  profilli  dislilerin
kullanilabilmesini saglamak amaciyla alternatif bir Gretim
metodu olabilecek 3D yaziciyla bu digli carklarin Gretimi
gerceklestiriimis ve dogruluk analizi yapilmistir.

Anahtar kelimeler: Egrisel evolvent profilli digli ¢arklar,
disli c¢ark dUretim yontemleri, 3D vyazici ile imalat
yontemleri

Abstract

When curvilinear profiled involute gears compared to
spur gears and herringbone profiled gears, they work
less noise, is better load-carrying capability proven by
studies in the literature. However, these gears cannot be
manufactured with standard manufacturing methods. For
this reason, it is not widely used in industries of these
gears. In this study, in order to ensure the availability of
curvilinear profiled involute gears which are not widely
used due to difficulties enforced in manufacturing
methods have been manufactured with 3D printer which
can be an alternative manufacturing methods and
accuracy analysis of these gears have been performed.

Keywords: Curvilinear tooth profile gear, gear

manufacturing methods, manufacturing method with 3D
printer

1. Giris

Egrisel evolvent profilli digliler diger diglilere gore
avantajli olduklarindan, bu diglilerin Uretim metotlarinin

gelistiriimesi  gerekmektedir. Egder Uretim sirasinda
karsilagilan  guglikler  asilabilirse  bu  diglilerin
endustrideki  kullanimi diz diglilere ve ok diglilere

kiyasla yayginlagsacaktir. Bu diglilerin dis profilleri
konveks ve konkav oldugundan dolay! standart Uretim
metotlariyla

Uretilememektedirler. Yeni metotlarla bu disli ¢arklarin
Uretimi yapilirken her bir disli moduli ve egrilik yaricapi
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icin ayri boyutta kesici ve takim tutucuya ihtiyag
duyulmaktadir. Bu durum hem zaman kaybina hem de
yuksek maliyete neden olmaktadir. CNC tezgahlariyla
birlikte basarli Uretim metodlari gelistirilmistir ancak
imalat icin tek bir Gretim metoduna sahip olmak bu
digliler icin bir dezavantajdir. Bu ylUzden standart
olmayan egrisel evolvent profilli disliler endiistride genis
bir sekilde kullaniimamaktadir. Ancak bu dislilerin imalati
icin uygun bir Uretim metodu gelistirilirse bu diglilerin
kullanilabilirligi  endustride  yayginlasacaktir.  Cunki
egrisel disli carklarin yik tasima, eksenel kuvvetleri
dengeleme, yaglama oOzellikleri ve sessiz c¢alisma
kabiliyetleri gibi 6zellikler agisindan duz diglilere ve ok
diglilere kiyasla birgok avantajlari bulunmaktadir. Forster
kendi adini verdidi bir makine gelistirmis ve bu makine
ile ilk olarak egrisel evolvent silindirik dislileri imal
etmistirf1]. Bu makinede karsilikh calisan iki adet
silindirik kafali kesici bigak kullaniimigtir. Bu bigaklar digli
taslagi tzerinde zit yonli donerek disli taslagi tGzerinde
dairesel profilli disi tretirler. Ancak bu makinede her bir
modul i¢in ve egrilik yarigapi igin ayri birer ¢aki ve c¢aki
tutucu imal edilmesi gerektiginden bu Uretim metodu
dezavantajli olmaktadir.

Caki Tutucu

Disli Taslag

Sekil 1. Forster makinesi

Son zamanlarda bu diglilerin Uretimi i¢cin devam eden
bazi calismalar bulunmaktadir. Bu dislilerin geleneksel
freze tezgahlarinda uretilmesi icin Ozel kesici takimlar
gelistiriimis ve bu diglilerin lazerle sinterleme yolu ile
uretilebilecegi  hakkinda Oneride  bulunulmustur[2].
Mevcut cakilardan farkh olarak silindirik kafal bir ¢aki
geligtiriimistir ve bu 6zel ¢aki bir malafaya baglanarak
plastik disli imal edilmistir. Bu galismada her bir dis
yuzeyini elde etmek icin koni seklinde iki farki caki
kullaniimistir (Sekil 2). Bu ¢akilardan biri konkav ylzeyi
digeri ise konveks ylzeyi elde etmek icin kullaniimistir.
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Her bir egrilik yarigapi igin ayri Uretilen bu ¢akilar belli bir
acl ile tezgaha baglanmakta ve parga ise divizér benzeri
dénen bir aparata baglanmaktadir. Cakilar dodnerek
pargayi islemekte, evolvent edrinin olusabilmesi icin ise
parca, kendi ekseni etrafinda dondurilmekte ve bir
dogru boyunca ilerlemektedir. Ancak bu yéntemde digli
cark genigligi boyunca dis ylksekligi esit olmamaktadir.

Ayrica evolvent egri profili tam olarak
olusturulamamaktadir.
Sag Yanak Cakisi
Sol Yanak Cakisi
Digli Taslag1
Sekil 2. Konik silindirik kesici ile imalat
Dis yanak geometrisinin  optimizasyonu, egrilik

yaricapinin kayma hizlarina etkileri, egrilik yaricapinin
dis kavramasina olan etkileri ve dis profillerinin
performanslari deneysel olarak incelenmistir[3]. Ayni
¢alismada plastik tozlarinin lazerle sinterlenmesinden bu
disli elde edilmeye galisiimigtir. Sekil 3° den gorulecegi
Uzere silindirik bir kabin iginde ¢ok ince bir tabaka
seklinde toz serilmekte (2,6) ve XY duzleminde kontrol
edilebilen lazer (1) ile tozlar erime noktasina yakin
isitimakta (4) ve sinterleme yolu ile tozlar birbirine
yapismaktadir. Piston (5) asadl dogru hareket ederek
tabakalar seklinde ayni islem defalarca
tekrarlanmaktadir. Dislinin tamami bittikten sonra fazlalik
olan tozlar (3) ayristirimakta ve sinterlenmis olan tozlar
bir arada kaldigindan bdylece egrisel evolvent profilli
silindirik digli cark elde edilmeye calisiimistir[9]. Ancak
bu Uretim yonteminde disli garkin ylizey kalitesi ¢ok kotu
ciktigindan, ve evolvent profii tam olarak elde
edilemediginden endustride kullanilamamistir.

Sekil 3. Lazerle sinterleme metodu([3]
Literatirde kullanilan diger bir yéntemde ise bir kesici
kalem tasarlanmis (2) ve bu kesici kalem belirli bir agi

(B) ile bir takim tutucuya (1) tespit civatalari (4) ile
baglanmistir. (Sekil 4). Egrilik yaricapinin olusmasi igin
belirli bir boyda olan bu takim tutucu, kelemin tutucuya
baglandigi ac¢i ile tezgaha baglanarak takim tutucun
dénmesi ile kalemin kesici agzinin(3) parcayi islemesi
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neticesinde digli imal edilmistir. Burada da digliyi
olusturabilmek igin her iki dis yanagi icin iki ayri caki
kullanilmigtirf9]. Bu imalat y6nteminin  sonucunda
gOrulmustdr ki yine istenilen evolvent tam olarak elde
edilememektedir. Dis dibi yuksekligi; disli genisligi
boyunca her noktada esit olmamakta, ylzey puruzlGligu
fazla olmakta ve en 6nemlisi her bir modil ve egrilik
yarigapl igin ayri ayri ¢akilara ve takim tutuculara ihtiyag
duyulmaktadir. Sekil 4'te Rg dis profili egrilik yari ¢agi,
Rb ise temel dairesi yarigapini ifade etmektedir.

Sekil 4. Ozel gaki ile imalat metodu[9]

Farkh bir calismada, farkli geometri ve farkli kesme
oranlariyla digli ¢arklar uUretilmistirf4]. Ayrica standart
olmayan egrisel evolvent digliler 6zel ¢akilar kullanilarak
uretiimis ve g¢alisma kosullari  simulasyon ile
arastinlmistir[5,6]. Bltlin bu c¢alismalara ilave olarak
standart imalat metotlarindan farkli sekilde 6zel gakilar
ve kesiciler kullanilarak episikloid ve sikloid planet digliler
tasarlanmis ve imal edilmistir[7].Ti-6Al-4V alagimli duz
disli elektro erozyon yodntemiyle Uretilmistir[8]. Egrisel
evolvent diglilerin Gretimi igin yeni bir metod 6nerilmistir.
Bu metotta disli garkin dnce 3D modeli olusturulmus ve
bu model Uzerinde CAM kodlarn tlretilerek CNC
tezgahta digli carkin imal edilebilecedi 6nerilmistir[9].
Egrisel disli carklarin CNC freze tezgahi ile Uretim
zamani Uzerine arastirma yapiimistir[10]. 3D modeli
olusturulduktan sonra CAM kodlari turetilen egrisel
digliler, CNC freze tezgahlarinda basariyla Uretilmistir.
Bu uretim metoduyla imalat yapabilmek icin evolvent
profil adizli parmak freze cakisi, CATIA CAD/CAM
programinda modellenmistir ve parmak frezenin kati
modeli olusturulduktan sonra bu takimin imalat kodlari,
tel erezyon tezgahlari icin yaygin olarak kullanilan
GOElan CAD/CAM programi tarafindan tiretilmistir.
Evolvent profilli egrisel diglinin katt modeli CIMATRON
CAD/CAM programina aktariimis ve gerekli imalat
kodlari bu program araciligiyla olusturulmustur. Bu
Uretim kodlari, ayni programin simulasyon modilinde
test edildikten sonra ve gerekli dogrulamalar yapildiktan
sonra imalat i¢in hazir hale getiriimis ve
tamamlanmistir(Sekil 5)[11].
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Sekil 5. Konveks-konkav dislinin CNC freze tezgahinda
islenmesi[11]

Son yillarda 3D yazici teknolojisindeki ilerlemeler dikkate
alindiginda, bir nesnenin 3D modeli olusturulduktan
sonra; bu nesne 3D vyazici ile kolaylkla imal
edilebilmektedir. Bu dogrultuda egrisel evolvent profilli
disli carkin modeli olusturuldugunda 3D vyazici ile
Uretilebilecedi dusunulmugstir. 3D yazici metoduyla
bircok farkli imalat basariyla gerceklestirilmistir. Scott
Crump tarafindan bulunan eriyik yigma modelleme
(Fused Deposition Modelling , FDM) bir eklemeli
Uretimdir (Additive Manufacturing , AM) ve Scott Crump
1990’larda bunu “ an apparatus for creating three-
dimensional object by fused deposition modelling
method” adi altinda patentini almistir. Bu c¢alismada
portatif ekstrlizyon baslidi, yazici platform bir tabaka
kalinhgi yoluyla z ekseni hareketinden farkli olarak ug
boyutlu nesnenin formunda ©nceden belirlenmis bir
sekilde X ve Y eksenleri boyunca hareket etmekte ve 3D
nesneleri Uretmektedir[12].  Sicakligi kontrol edilen
ekstruze edilmis malzeme yazici platform Uzerinde
dokuldigli zaman biyidk oranda hemen katilasir.
Ekstrizyon agzindan dokulen malzeme, tabakalar
halinde birleserek ¢ boyutlu nesneyi olusturur(Sekil 6).
Katilastiginda o6nceki katmana vyapisan tabaka,
termoplastik regine, epoksi, kopuk plastik, akrilonitril
butadiyen sitren (ABS) ve polilaktik asit (PLA) gibi kendi
kendine sertlesebilen malzemeler kullanilabilir. Diglinin
3D modelinin olusturuimasiyla dijital Gretim suregleri
baglar. 3D CAD model datasi MakerWare™ dilimleme
yaziliminda daha fazla islem yapmak amaciyla STL
dosya formatina donUsturilir[13]. Daha sonra digli
carkin 3D modeli birbirini izleyen 2D katmanlarin icine
dogru dilimlenir. Hem katmanlar hem de ekstrizyon
bashd Unitesinin gezme hareketleri MakerWare™
dilimleme igsleminde hesaplanir. Sonra butin bu
dilimleme datalari 3D FDM vyazicida digli modelinin
Uretilmesi icin ya “gcode” ya da “x3g” dosya formatina
dondstardlir.
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Sekil 6. FDM dijital Gretim metodu [14].
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Bu calismada egrisel evolvent profilli digli, 3D FDM
yazici kullanilarak Uretildi ve endustride bu diglilerin
kullanimini  artirmak amaciyla geometrik olgimleri
yapilarak sunuldu. Bodylece egrisel evolvent profilli
dislinin uretimi igin alternatif Gretim metodu olusturuldu.

2. MATERYAL VE METOT

2.1. Diglinin 3D Modeli

Son yillarda , 3D yazicilarin gelismesinden dolayi ¢ok
cesiti ve kompleks pargalar Uretilebilmektedir. Bu
calismada, literatiirde faydali oldugu kanitlanan ve su
ana kadar sadece CNC tezgahlarla basarili bir sekilde
Uretilebilen bu digli carklar icin yeni Uretim metotlari
gelistirebilmek amaciyla 3D yazici metoduyla egrisel
evolvent diglilerin iretilebilirligi arastirildi. ilk olarak,
egrisel evolvent profilli dislinin 3D modeli CAD
yaziliminda modellendi(Sekil 7). Olusturulan 3D modelin
Olguleri Tablo1'de verilmistir. Kullanilan diglinin dig ¢api
103.6 mm , kalinhgi 20 mm ve dis sayisi 15 tir.
Modelleme tamamlandidinda 3D model, yazicida
Uretilebilmesi igin “STL” dosya formatina donistirildi.

+0./22000/ s oM

DA RIDE SHBNE GO D6

N B (P E

==y~ m— )

Sekil 7. CAD yazihminda egrisel diglinin modeli.

2.2, Evolvent Tabakalar Halinde

Modellenmesi

Dislinin

Disli carkin 3D yazicida Uretilebilmesi i¢in gerekli olan X
ve Y koordinatlarinda yazici basliginin hareket yolunun
ve 3D modelin yazilabilmesi igin gerekli olan tabaka
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sayisinin hesaplanmasi igin MakerWare™  yaziliminin
3.4.1.48 versiyonu kullanildi. Baslangigta diglinin 3D
modeli yazici platformuna yiklendi ve oryantasyonu
yapildi. Digli Uretilirken, konumu boyutsal dogrulugu ve
yuzey kalitesini etkiler. Ayrica tabakalarin kalinligi da
yuzey kalitesi uzerine dnemli bir rol oynar. Katman sayisi
ne kadar fazla olursa ylizey puriizsizligi o kadar az
olur. Yazici igin modelleme isleminde egrisel dislinin 3D
modeli, ardisik 2D tabakalar halinde dilimlenir. Bu
calismada, disli ¢cark yazici icin modellenirken 125 pm
yuksekliginde 161 adet tabaka olusturuldu (Sekil 8).
Yazici igin 26 saat tahmini isleme suresi hesaplandi ve
bu siurede imal edilecek digli carkin, modelleme yazilimi
tarafindan yaklasik agirhgi 126 gram olarak hesaplandi.

Tablo 1. Digli boyutlari

Biiylkliikler Sembol Uygulama
Modiil m 6

Dis sayisi z 15

Dis Ustii capi Da 103,6 mm
Dis genisligi b 20 mm

@ MakerBot.

Untitled

Lz ]
Cose

Sekil 8. 3D digli modelinin tabaka seklinde dilimlenmesi
ve ekstriizyon yolunun hesabi

2.3. Egrisel Diglinin 3D Giktisi

Egrisel digli carki tretiminde (Sekil 9)da goéruldigu gibi
Flashforge Creator 3D FDM yazici kullanildi. Disli ¢ark
Uretilirken sarf malzeme olarak ABS plastigi kullanildi.
Kimyasal formili (CsHs)x * (CaHe)y * (CsHsN): olan
plastigin 6zellikleri Tablo 2 de verilmistir. Kullanilan ABS
plastiginin tel capt 1.75 mm’dir. Bu yazicinin isleme
platformu 6énceden 110 °C’ye isitildi ve ayrica egrisel
dislinin platforma iyi yapismasini saglamak amaciyla
isitici rezistans ile kaplandi. Yazdirma sureci boyunca
bu platformun sicakhgi 110 °C de sabit tutuldu.

Sekil 9. Flashforge Creator 3D FDM yazici

Tablo 2. ABS plastik malzemesinin 6zellikleri

Ozellikler Biiyiikliik
Yogunluk (g/cc) [18 - 23 gf10 dk. Akma Miktarinda] 1.04
Akma Miktan (g/10 dk.) 18-23
sertlik, Rockwell R 103-112
Gerilme Direnci, Akma(MPa) 42.5-44.5
Cahsma Sicakhi, Atmosferde(°c) 83
Yumusama Sicaklig, (°C) a9

Malzemenin erimesi igin ABS plastik teli, ekstriizyon basligi
icerisinde 226 °C’ye isitildi. Yazdirma islemi 26 saat kadar
strdli ve yaklasik olarak 126 gram ABS teli kullanildi.
Uretilmis olan egrisel digli (Sekil 10)'da gésterilmistir.

Sekil 10. FDM yazicidaki 3D egrisel disli ¢cark

Uretilmis olan disli carkin, 0.001 mm hassasiyete sahip
3D tarama metodu kullanilarak geometrik dogrulugu
tespit etmek amaciyla deneysel Olgimleri yapild.
Uretilen diglinin 3D modeli, 3D tarama metodu
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kullanilarak olusturuldu. Hem 3D modeli hem de Uretilen
disli carkin bir dis yanak yuzeyinin; sol taraf, orta taraf ve
sag taraf ylzeyi Uzerinden ayni noktalar olmak lzere 8
noktadan élgimler yapildi(Sekil 11). Elde edilen sonuglar
(Sekil 12)'de sirasiyla verildi.

., g
Y

s Do Tos
Sur Dt 0,187 0387 O
B surt pi14 » surtpt13 Vosurpt1s |V surtp13

st pt12
Mess Doy Test Mo DevTest SurDst
Dist 0,488 0,198 O SurfDist 0,369 0369 O

Mo Doy Test Meas Dy Test
SuDit 0064 0094 O SurDat 0.0% 000 O

Sekil 11. Taranmis model ve 3D model tizerindeki
deneysel dlgiimler

0.5

0.4F

—— Orjinal disli cark
—e— Dis yanak yuzeyinin sol tarafi

0.3 ——— Dis yanak yizeyinin ora tarafi
-S4

—— Dig yanak yizeyinin sag tarafi

0.2

0.1

Hata miktan (mm)

01} 4
0.2 1 1 Il 1 1 T
1 2 3 4 5 6 7 8
Dis yanak yiizey genigligi iizerindeki noktalar
Sekil 12. Digli 6lgiim degerleri
3. Sonuglar

Bu calismada egrisel evolvent profilli digliler igin
kullanilan Uretim yéntemleri incelendi ve bu digliler en
az 4 eksen calisabilen CNC tezgahlarinda, kiresel ve
diiz parmak freze gakilariyla tamamen dogru bir sekilde
Uretilebildigi gorildi. Ancak basarih imalat yéntemi
olarak, bu yontem disli carklarin endustride
kullanilabilmesi igin yeterli olmadigindan; alternatif
Uretim metodu gelistirmek amaciyla bu yonteme ek
olarak egrisel evolvent profilli digliler 3D vyazici
kullanilarak tretildi. Uretilmis olan dislilerin dogrulugunun
tespiti amaciyla 3D tarama metodu kullanildi. Bu
yontemde digli c¢arklar taranarak 3D modelleri
olusturuldu. 0,001 hassasiyetle olusturulmus olan bu
modelin bir disi Gzerinden 24 ayri noktadan olgiimler
alinarak, CATIA CAD/CAM programinda birebir
olusturulmus olan 3D model Gzerindeki ayni noktalar ile
karsilastirilmasi yapildi ve sapma degerleri tespit edildi.
Gercek modelle kiyaslandiginda, dis ustiine yakin bir
noktada negatif sapma gorildi, dis dibine yakin bir
noktadan yapilan dl¢iimlerde ise bir miktar pozitif sapma
gOrildi. Ayrica bu istenmeyen sapma degerlerinin, 3D
yazici ile Uretilen digli c¢ark plastiginin  hizh
sogumasindan kaynaklandigi goruldi. Ayrica disin yan
profilinde Uretim esnasinda her bir katman tarafindan
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olusturulan gizgilerin, ylizey piruzltligine neden oldugu
goruldu. Disli gark 26 saat gibi uzun bir zaman diliminde
Uretilebildi. Bu uzun slre bu yontem igin bir
dezavantajdir. Eger plastik malzemeler igin geligtirilen bu
yéntem metal malzemeler Uzerinde de bagarili bir
sekilde uygulanabilirse ve gelistiriimis uygun bir taglama
yéntemiyle ylzey purazliligtd ortadan kaldirilirsa;
ayrica imalat zamani makul bir degere indirilebilirse,
endustride faydasi kanitlanmis olan egrisel evolvent
profilli diglilerin yaygin kullanimina engel olan kisitli
Uretim ydntemlerine ek olarak basarili bir Uretim yontemi
kazandiriimig olur.
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