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IMPORTANT, PLEASE READ CAREFULLY

To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID or Personal Link Name” and
solidify the session.

The presentation will take a maximum of 15 minutes (including questions and answers).

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

Speakers must be connected to the session 10 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

During the session, your camera should be turned on at least %70 of session period

Moderator is responsible for the presentation and scientific discussion (question-answer) section of the session.

TECHNICAL INFORMATION

Make sure your computer has a microphone and is working.

You should be able to use screen sharing feature in Zoom.

Attendance certificates will be sent to you as pdf at the end of the congress.

Moderator is responsible for the presentation and scientific discussion (question-answer) section of the session.

Before you login to Zoom please indicate your name surname and hall number,
exp. Hall-1, Salim SAHIN

ONEMLI, DIKKATLE OKUYUNUZ LUTFEN

Kongremize Yazim Kurallarina uygun génderilmis ve bilim kurulundan gecgen bildiriler igin online (video konferans sistemi Gzerinden)
sunum imkani saglanmistir.

Sunumlar igin 15 dakika (soru ve cevaplar dahil) stire ayrilmistir.

Online sunum yapabilmek igin https://zoom.us/join sitesi Uzerinden giris yaparak “Meeting ID or Personal Link Name” yerine ID
numarasini girerek oturuma katilabilirsiniz.

Zoom uygulamasi Ucretsizdir ve hesap olusturmaya gerek yoktur.

Zoom uygulamasi kaydolmadan kullanilabilir.

Uygulama tablet, telefon ve PC’lerde calisiyor.

Her oturumdaki sunucular, sunum saatinden 10 dk dncesinde oturuma baglanmis olmalari gerekmektedir.

Tum kongre katiimcilari canli baglanarak tim oturumlari dinleyebilir.

Moderat6r — oturumdaki sunum ve bilimsel tartisma (soru-cevap) kismindan sorumludur.

TEKNIK BILGILER

Bilgisayarinizda mikrofon olduguna ve calistigina emin olun.

Zoom'da ekran paylagsma 0Ozelligine kullanabilmelisiniz.

Katilim belgeleri kongre sonunda tarafiniza pdf olarak génderilecektir

Kongre programinda yer ve saat degisikligi gibi talepler dikkate alinmayacaktir

Zoom’a giris yaparken once liitfen adinizi, soyadinizi ve SALON numaranizi yaziniz
Ornek: Salon-1, Emsal SAHIN

Zoom meeting link:
https://lus02web.zoom.us/j/85971197642?pwd=qvFG4zD8YcWFPH7FYZqKGCBCctqVJw.1



-OPENING CEREMONY-

Date: 15.11.2024
Time (Ankara): 09:30-10:00

HEAD OF ORGANIZING COMMITTEE
Assoc. Prof. Dr. Serap UNAL — Siileyman Demirel University

HONORARY BOARD MEMBER
Dr. Mustafa Latif EMEK — President of IKSAD Institute



ONLINE PRESENTATIONS / 15.11.2024

7}  ANKARA LOCAL TIME - 10 %0 : 12 0

2]

HALL-1, SESSION-1

ZOOM ID: 859 7119 7642

Q

ZOOM PASSCODE: 151515

HEAD OF SESSION: Assoc. Prof. Dr. Hafize Nagehan K(")YSl'_JREN

AUTHORS

Zeynep Sila TIRPANCI

\ AFFILIATION

Technology&Innovation Engineer, Epsan
Plastik
(Tarkiye)

TOPIC TITLE
DEVELOPMENT OF ORANGE GLASS
FIBER REINFORCED PBT
COMPOSITES WITH IMPACT
RESISTANCE ADDITIVES

Lect. Dr. Ferhat CECEN
Assist. Prof. Dr. Ahmet OZBAYRAK
Prof. Dr. Bekir AKTAS

Suleyman Demirel University,
Lakes Region Technopolis,
Coordinatorship, Isparta,

Erciyes University,

Faculty of Engineering, Civil Engineering
Department, Kayseri,

(Turkiye)

ASSESSING FLY ASH-BASED, HEAT-
CURED GEOPOLYMER CONCRETE'S
FLEXURAL STRENGTH AND DYNAMIC
MODULUS RELATIONSHIP WITH NON-
DESTRUCTIVE EXPERIMENTAL
MODAL ANALYSIS

Assist. Prof. Dr. Gorkem YUMUSAK

Marmara University,

Faculty of Engineering, Metallurgical And
Material Engineering, Department of
Materials
(Turkiye)

PLA-BASED COMPOSITE FILAMENTS
FOR 3D PRINTING: PRODUCTION
PROCESSES AND MECHANICAL

PERFORMANCE

Tan Etfal GENE

Samsun University,
Faculty of Engineering and Natural

ANALYZING OF THE VAPOR
TREATMENT TIME ON SURFACE

Assist. Prof. Dr. Cagin BOLAT Sciences, QUALITY OF THE 3D-PRINTED
Mechanical Engineering Department ACRYLONITRILE BUTADIENE
(Turkiye) STYRENE PARTS

Assoc. Prof. Dr. Hafize Nagehan
KOYSUREN

Prof. Dr. Ozcan KOYSUREN

Kirsehir Ahi Evran University,
Engineering and Architecture Faculty,
Department of Environmental
Engineering, Kirsehir-

Ankara University, Engineering Faculty,
Department of Energy Systems
Engineering,

(Turkiye)

SELF-CLEANING AND ANTI-
REFLECTION COATING FOR SOLAR
CELL

Assoc. Prof. Dr. Hafize Nagehan
KOYSUREN

Prof. Dr. Ozcan KOYSUREN

Kirgehir Ahi Evran University,
Engineering and Architecture Faculty,
Department of Environmental
Engineering, Kirsehir-

Ankara University, Engineering Faculty,
Department of Energy Systems
Engineering,

(Tarkiye)

APPLICATION of CuFe,O,4 on the Cr(VI)
PHOTOREDUCTION

Assist. Prof. Dr. Sercan BASIT

Kirsehir Ahi Evran Universitesi, Faculty
of Engineering and Architecture,
Mechanical Engineering, Kirsehir,

(Turkiye)

INVESTIGATION OF THE
PRODUCTION OF HEXAGONAL
BORON NITRIDE / POLYAMIDE66
NANOSTRUCTURED COMPOSITE BY
TEMPERATURE CONTROLLED
MECHANOCHEMICAL PROCESS




ONLINE PRESENTATIONS / 15.11.2024

ZOOM ID: 859 7119 7642

5.1 HALL-2, SESSION-1

7}  ANKARA LOCAL TIME - 10 %0 : 12 0 Q

ZOOM PASSCODE: 151515

HEAD OF SESSION: Assoc. Prof. Dr. Serap UNAL

AUTHORS

Metin KARAASLAN

Zeynep DOGAN

AFFILIATION

Istanbul Technical University,
Faculty of Mechanical Engineering,
Mechanical Engineering, Istanbul,
(Turkiye)

TOPIC TITLE

EVALUATION OF COMPOSITE
MATERIAL PRODUCTION FROM CAST
IRON AND POLYMER WASTES IN
MACHINING AND CASTING PROCESS

Assoc. Prof. Dr. Serap UNAL
Res. Assist. Ayse Melike BIRCAN

Sileyman Demirel University,
Faculty of Fine Arts, Ceramics and Glass
Department, Isparta,

(Turkiye)

PRIMITIVE FIRING IN CERAMIC
PRODUCTION

Assoc. Prof. Dr. Serap UNAL

Sulleyman Demirel University,
Faculty of Fine Arts, Ceramics and Glass
Department, Isparta,

(Turkiye)

FROM NEOLITHIC POTTERY TO
TODAY’S CERAMIC COMPOSITES:
THOUSANDS OF YEARS OF
TECHNOLOGICAL EVOLUTION

Esma UNGORMUS

Assist. Prof. Dr. Naci Arda TANIS
Prof. Dr. Aysegiil Ulkii METIN
Prof. Dr. Recep CALIN

Kirikkale University,

Institute of Science and Technology,
Defense Technologies, Kirikkale,
Kirikkale University,

Faculty of Engineering and Natural
Sciences, Metallurgical and Materials
Engineering, Chemistry, Kirikkale,

PRODUCTION OF CARBON
NANOTUBE REINFORCED ALUMINUM
MATRIX COMPOSITES BY
INFILTRATION METHOD

(Turkiye)
Bilecik Oral And Dental Health Center,
Special Dr. Hiiseyin Alperen SELVi Bilecik, CERAMICS IN DENTISTRY
(Turkiye)
PREPARATION AND
Usak University, CHARACTERIZATION OF ZnO

Lect. Dr. Miiyesser Selda TOZUM

Faculty of Engineering and Natural
Sciences, Textile Engineering, Usak,
(Tarkiye)

NANOPARTICLE-COATED
CHITOSAN/SODIUM ALGINATE
WALLED ENERGY-STORING
COMPOSITE MICROCAPSULES




ONLINE PRESENTATIONS / 15.11.2024

5.1 HALL-3, SESSION-1

T} ANKARA LOCAL TIME - 10 0 ; 12 % Q ZOOM ID: 859 7119 7642

ZOOM PASSCODE: 151515

AUTHORS

M. Sri DEVI
R. DHARSINI
S. KALAISELVAN

AFFILIATION

Department of Chemistry, Rathinam
Technical Campus, Coimbatore,
Tamilnadu,

(India)

HEAD OF SESSION: Prof. Dr. P. GAJALAKSHMI

TOPIC TITLE
ECOLOGICAL FRIENDLY SYNTHESIS
OF MULTI-WALLED CARBON
NANOTUBES FROM PLANT-BASED
HYDROCARBONS FOR EFFICIENT
WATER PURIFICATION

Prof. Dr. P. GAJALAKSHMI

Dr. A. S. MENAKA

Department of Civil Engineering
B.S Abdur Rahman Crescent Institute of
Science and Technology,
Indian Institute of Technology, Madras,
(India)

EXPERIMENTAL STUDY ON THE
BEHAVIOUR OF CONCRETE FILLED
STEEL TUBES SUBJECTED
TO AXIAL AND LATERAL LOADING

Zahra REZAPOUR

Narges FATHABADIBOZCHELOEI

Islamic Azad University,
Department of Food Safety and
Hygiene, Science and Research Branch,
, Tehran,

(Iran)

POLYCHLORINATED BIPHENYLS
(PCBS) IN FOOD PACKAGING

Rania ZENATI

Ahmed BOUCHERDOUD
Meriem BENDJELLOUL
Abdelkarim SEGHIER
Sara AICHOUNI

El Hadj ELANDALOUSSI

University of Relizane,
Department of Chemistry, Faculty of
Sciences and Technology,
Laboratory of Environment and
Sustainable Development (LESD).

, Relizane, (Algeria)

ADVANCED BIOCOMPOSITE
MATERIALS
FOR THE ENVIRONMENT AND
SUSTAINABLE DEVELOPMENT

Zakia HAMMOU
Zakia GUEZZEN
Zouaoui SEREIR
Yamna HAMMOU

University of Science and Technology of
Oran,

Physical chemistry Department,
Chemistry Faculty, USTO, Oran,
University of Science and Technology of
Oran,

Composite Structures and Innovative
Materials Laboratory, Mechanical
Engineering Faculty, , USTO, Oran,
(Algeria)

NONLINEAR VIBRATION ANALYSIS OF
CARBON NANOTUBE-REINFORCED
SHALLOW SHELLS WITH
FUNCTIONALLY GRADED
DISTRIBUTION

Abderrahim Ait Lhaj
Brahim OUAZIK
Mohamed El HASNAOUI
Hassan CHAIB

Ibnou Zohr University, Materials and
Energy Research Group,
(Morocco)

DFT MODELING OF STRUCTURAL,
ELECTRONIC, AND OPTICAL
PROPERTIES OF SnO, SINGLE
CRYSTAL: INFLUENCE OF HUBBARD
CORRECTION ON BAND GAP AND
REFRACTIVE INDICES




ONLINE PRESENTATIONS / 15.11.2024

7}  ANKARA LOCAL TIME - 10 %0 : 12 0

ZOOM ID: 859 7119 7642

2]

HALL-4, SESSION-1

Q

ZOOM PASSCODE: 151515

HEAD OF SESSION: Lecturer Dr. Irina-Ana DROBOT

AUTHORS

Lecturer Dr. Irina-Ana DROBOT

AFFILIATION

Technical University of Civil Engineering
Bucharest, Faculty of Engineering in
Foreign Languages, Department of

Foreign Languages and Communication,

Bucharest,
(Romania)

TOPIC TITLE

THE DEVELOPMENT OF JAPANESE
CERAMICS ART

Hacar ASLANOVA
Chichak SEYIDOVA
Nigar SHIKHVERDIYEVA
Nizami ZEYNALOV

Institute of Catalysis and Inorganic
Chemistry named after M. Nagiyev,
Ministry of Science and Education
of the Republic of Azerbaijan,
Laboratory of Nanostructured metal-
polymer catalysts, Baku,
(Azerbaijan)

SYNTHESIS OF PD NANOPARTICLES
IN POLY-4-VINYL PYRIDINE MEDIA

Elchin BABAYEV
Nargiz RAHIMLI
Ulviyya MAMMADOVA
Dilshad BABAYEVA

Institute of Catalysis and Inorganic
Chemistry named after M. Nagiyev,
Ministry of Science and Education
of the Republic of Azerbaijan,
Laboratory of Nanostructured metal-
polymer catalysts, Baku,
(Azerbaijan)

SYNTHESIS OF POLYMER-BASED
SILVER NANOPARTICLES,
STRUCTURE AND PROPERTIES OF
OBTAINED POLYMER COMPOSITE

Elmira ALIYEVA
Nizami ZEYNALOV

Ministry of Science and Education
Republic of Azerbaijan «Institute of
Catalysis and Inorganic Chemistry
named after academician of M.Nagiev»,
Laboratory of Nanostructured metal-
polymer catalysts,
(Azerbaijan)

SMART POLYMER-BASED
HYDROGELS AND THEIR FIELDS OF
APPLICATION

Seadet HUMBATOVA
Nizami ZEYNALOV
Elmira ALIYEVA
Elnara NASIYYATI

Ministry of Science and Education
Republic of Azerbaijan «Institute of
Catalysis and Inorganic Chemistry
named after academician of M.Nagiev»,
Laboratory of Nanostructured metal-
polymer catalysts,
(Azerbaijan)

IMMOBILIZATION AND STUDY OF
DOXORUBICIN AND TRYPSIN IN

BIOPOLYMER-Fe;04 MAGNETITE
NANOPARTICLE GEL SYSTEMS

Melik SAMI
Khelil SARA
Tallal Abdel Karim BOUZIR

Mohamed Khider Biskra University,
Departement of architecture, Biskra,
Blida University,

Institute of Architecture and Urban
Planning, Blida,

(Algeria)

FROM ORNAMENT TO STRUCTURE:
THE DUAL ROLE OF CERAMICS IN
OTTOMAN ARCHITECTURE

Melik SAMI
Khelil SARA
Tallal Abdel Karim BOUZIR

Mohamed Khider Biskra University,
Departement of architecture, Biskra,
Blida University,

Institute of Architecture and Urban
Planning, Blida,

(Algeria)

CERAMIC EXPRESSIONS IN
ARCHITECTURE: CULTURAL
SYMBOLISM ACROSS ANCIENT AND
MODERN CIVILIZATIONS




ONLINE PRESENTATIONS / 15.11.2024

7}  ANKARALOCAL TIME - 1230 : 14 20

2]

HALL-1, SESSION-2

ZOOM ID: 859 7119 7642

Q

ZOOM PASSCODE: 151515

HEAD OF SESSION: Dr. Ethem ilhan SAHIN

AUTHORS

Dr. Aytag DINGCER

Dr. Mehmet KERTMEN

Dr. Gdzde Ozlem ORENTAS
Halil Ibrahim OLUCAK

\ AFFILIATION

ISKUR HOLDING
Kahramanmaras,
(Turkiye)

TOPIC TITLE
INVESTIGATION OF USING
SERPANTINITE, DOLOMITE AND
BARITE ADDED CONCRETE AGAINST
RADIATION EFFECT

Lect. Dr. Sena DEMIRBAG GENG

Usak University,
Faculty of Engineering and Natural
Sciences, Textile Engineering, Usak,
(Tarkiye)

PRODUCTION OF COMPOSITE
MICROCAPSULE WITH GUM
ARABIC/COPPER OXIDE SHELL FOR
THERMAL ENERGY STORAGE AND
PHOTO-THERMAL CONVERSION

Res. Assist. Ferda TAZEOGLU FiLiz

Selcuk Universty, Fine Art Faculty,
Ceramic, Konya,
(Turkiye)

THE USE OF GLOOPY GLAZE IN
CONTEMPORARY CERAMIC ART

Lect. Dr. Hiiseyin OZKAVAK
Prof. Dr. Recai Fatih TUNAY

Isparta University of Applied Sciences,
Isparta OSB Vocational School,
Department of Mechanical and Metal
Technology, Isparta,
Siileyman Demirel University,
Faculty of Engineering, Department of
Mechanical Engineering, Isparta,
(Turkiye)

INVESTIGATION OF THE COATING
PROPERTIES OF AA7075 AND AZ91
MATERIALS COATED WITH
DIFFERENT RATIOS OF Al,O3-TiO>

Segil Peker ADIGUZEL
Assoc. Prof. Dr. Nevra ERCAN

Istanbul University Cerrahpasa,
Engineering Faculty, Department of
Chemical Engineering, Istanbul,
(Turkiye)

HIGH -EFFICIENCY ENERGY
HARVESTING THROUGH
POLYVNYLIDENE FLUORIDE-
GRAPHENE NANORIBBON
COMPOSITE

Erdem SAGIRLI

Lect. Dr. Suna AVCIOGLU
Prof. Dr. Figen KAYA
Prof. Dr. Cengiz KAYA

Yildiz Technical University,
Department of Metallurgical and
Materials Engineering, Istanbul,

(Turkiye)

SYNTHESIS OF BARON NITRIDE

REINFORCED BORON CARBIDE

NANOCOMPOSITES AND THEIR
APPLICATIONS

Res. Assist. Betul Aykut SENEL
Prof. Dr. Sehnaz Sule Kaplan
BEKAROGLU

Prof. Dr. Mehmet KITIS

Suleyman Demirel University,
Faculty of Engineering and Natural
Sciences, Department of Environmental
Engineering, Isparta,
(Turkiye)

NANOCOMPOSITES AND
NANOADSORBENTS FOR WATER AND
WASTEWATER TREATMENT:
CRITICAL REVIEW OF THE CURRENT
LITERATURE




ONLINE PRESENTATIONS / 15.11.2024

ANKARA LOCAL TIME - 1230 : 14 30

2]

HALL-2, SESSION-2

ZOOM ID: 859 7119 7642

Q

ZOOM PASSCODE: 151515

HEAD OF SESSION: Assist. Prof. Dr. Ozden ISBILIR

AUTHORS

Assist. Prof. Dr. Ozden ISBILIR

AFFILIATION

Karabiik University,
Engineering Faculty, Mechanical
Engineering Department, Karablik,
(Tarkiye)

TOPIC TITLE

FINITE ELEMENT ANALYSIS OF OPEN
HOLE COMPRESSIVE STRENGTH OF
COMPOSITE MATERIALS

Assist. Prof. Dr. Ozden ISBILIR

Karabuk University,
Engineering Faculty, Mechanical
Engineering Department, Karabiik,
(Turkiye)

FINITE ELEMENT ANALYSIS OF OPEN
HOLE STRENGTH OF FIBRE METAL
LAMINATES

Prof. Dr. Ayse ONDURUCU
Havva Nur HICYORULMAZ

Suleyman Demirel University,
Faculty of Engineering and Natural
Science, Department of Mechanical
Engineering,
(Turkiye)

COMPOSITE PRODUCTION FROM
WASTE CERAMICS

Assist. Prof. Dr. Nazife Korkmaz MEMIS
Prof. Dr. Sibel KAPLAN

Suleyman Demirel University,
Faculty of Engineering and Natural
Sciences, Textile Engineering
Department, Isparta,

HIERARCHICALLY POROUS
NANOCOMPOSITE FILMS FOR
EFFICIENT PASSIVE DAYTIME

RADIATIVE COOLING

(Tarkiye)
Dilay OZUYAR
Berkay SOZUDOGRU Yurtbay Seramik, R&D Center Eskisehir THE USE OF CERAMIC TILE WASTE
Mustafa TOSUN (Turkiye) AS A CALCITE REPLACEMENT IN

Gokhan UNAL
Prof. Dr. Burak OZKAL

DIFFERENT MORTARS

Erhan ASLAN

Elif Muslu YILMAZ

Assoc. Prof. Dr. Neslihan Nohut
MASLAKCI

Assoc. Prof. Dr. Esin EREN
Prof. Dr. Aysegiil Uygun OKSUZ

Suleyman Demirel University,
Innovative Technologies Application and
Research Center, Isparta
Suleyman Demirel University,
Engineering and Natural Sciences
Faculty, Chemistry Department, Isparta,
Isparta Applied Sciences University,
Gelendost Vocational School, Pharmacy
Services Department, Isparta,
(Turkiye)

SYNTHESIS AND CHARACTERIZATION
OF RGO-CEO, BASED COMPOSITE
FIBERS




ONLINE PRESENTATIONS / 15.11.2024

ANKARA LOCAL TIME - 1230 : 14 30

ZOOM ID: 859 7119 7642

2]

HALL-3, SESSION-2

Q

ZOOM PASSCODE: 151515

HEAD OF SESSION: Dr. Muhammad FAISAL

AUTHORS \ AFFILIATION TOPIC TITLE
China University of Mining and
Technology,
Jianwei CHENG Sehool of Mining Engineering, Xuzhou GROUTING AND SEALING BED
Shuping SHENG (China)’ SEPARATION BY OVERLAPPING MINE
Dezhi RAN AGH University of Science and GOBS IN MULTIPLE SEAMS TO
Md Mojahidul ISLAM Technolog IMPROVE OXYGEN FLOW IN THE
Marek BOROWSKI L oo LONGWALL FACE
Faculty of Mining and Geoengineering,
Krakow,
(Poland)
M. A. JAFAROV
V. M. SALMANOV Baku State University, SYNTHESIS OF CdSTe
R. M. MAMEDOV AZ1148 Baku, NANOPARTICLES BY LASER
E. F. NASIROV (Azerbaijan) ABLATION
T. A. MAMEDOVA
University of Science and Technology of
Oran-Mohammed Boudiaf, Department
A. LAHOUEL of Ph/{f'csz Oran, THE SYNTHESIZE OF THIN FILM VIA
M. ADNANE University of S(Clgﬁé'é"s) of Abou Bekr SOL-GEL DIP-COATING TECHNIQUE
S. KOUDJETI Belkaid, Department of Physics, DERIVED BY SnO,
Tlemcen,
(Algeria)

Muhammad FAISAL

Allama Igbal Open University
MIS/IT Specialist in Ministry of Safron
(Pakistan)

BUILDING A CERAMIC AND
COMPOSITE MATERIALS INDUSTRIAL
ZONE IN PAKISTAN A STRATEGIC
RESEARCH BY DR FAISAL FOR
FRAMEWORK FOR SUSTAINABLE
GROWTH

Imen Yamina OMRI
Zine El Abidine RAHMOUNI
Nadia TEBBAL

University Mohamed Boudiaf,
Faculty technolgy, Department Civil
engineering,

(Algeria)

GENERAL INFORMATION ON TESTS
FOR QUALITY CONTROL OF ALKALINE
MATERIALS BASED ON ACTIVE
RESIDUES

Bhushan CHAVAN

Prof. Dr. Manish POKHARNA

Assoc. Prof. Dr. Sameer NANIVADEKAR
Assist. Prof. Dr. Amol SHINDE

Pacific Academy of Higher Education
and Research University, Udaipur,
Rajasthan,

A. P. Shah Institute of Technology,
Thane, Maharashtra
(India)

INNOVATIVE COMPOSITE MATERIALS
FOR NEXT-GENERATION ELECTRIC
VEHICLE BATTERIES: CHALLENGES

AND OPPORTUNITIES

Bhushan CHAVAN

Prof. Dr. Manish POKHARNA

Assoc. Prof. Dr. Sameer NANIVADEKAR
Assist. Prof. Dr. Amol SHINDE

Pacific Academy of Higher Education
and Research University, Udaipur,
Rajasthan,

A. P. Shah Institute of Technology,
Thane, Maharashtra
(India)

LIGHTWEIGHTING ELECTRIC
VEHICLES: THE DUAL ROLE OF
COMPOSITE MATERIALS IN BATTERY
AND VEHICLE INTEGRATION




ONLINE PRESENTATIONS / 15.11.2024

ANKARA LOCAL TIME - 1230 : 14 30

ZOOM ID: 859 7119 7642

2]

HALL-4, SESSION-2

Q

ZOOM PASSCODE: 151515

HEAD OF SESSION: Assist. Prof. Dr. Kavirayani SRIKANTH

AUTHORS

M. R. HARROUG
H. AMEDDAH
H. MAZOUZ

\ AFFILIATION
University Batna 2, Faculty of
Technology, Department of Mechanical
Engineering, Batna,
(Algeria)

TOPIC TITLE

A NEW BIOMIMETIC DESIGN
BIOCERAMIC FOR BONE
REGENERATION BY TPMS LATTICE
STRUCTURE

Mahmoud BOUSLAH

Prof. Dr. Mekki MAZA

Prof. Dr. Zine EL Abidine RAHMOUNI
Prof. Dr. Nadia TEBBAL

University of M’sila, Faculty of technology
,Civil engineering department, M’sila,
(Algeria)

UTILIZATION OF SEWAGE SLUDGE
ASH IN LIGHTWEIGHT AGGREGATE
PRODUCTION FOR SUSTAINABLE
CONSTRUCTION

Dr. Saad BAALI

Prof. Dr. Mekki MAZA

Prof. Dr. Zine El Abidine RAHMOUNI
Prof. Dr. Nadia TEBBAL

Civil engineering Department,
Geomaterials Development Laboratory,
University of M’sila,

(Algeria)

VALORIZATION OF SEWAGE SLUDGE
INTO CERAMIC MATERIALS

Romaissa HACHANA
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DARBE DAYANIMI KATKILI TURUNCU CAM ELYAF TAKVIiYELIi PBT
KOMPOZITLERININ GELIiSTIRILMESI

DEVELOPMENT OF ORANGE GLASS FIBER REINFORCED PBT COMPOSITES WITH
IMPACT RESISTANCE ADDITIVES

Zeynep Sila TIRPANCI
Technology&Innovation Engineer, Epsan Plastik
ORCID NO: 0009-0000-2019-4760

OZET

Otomotiv endiistrisi, glivenlik, estetik ve dayaniklilik gereksinimlerini karsilamak amaciyla
cesitli malzeme teknolojilerini kullanmaktadir. Polimer ve polimer matrisli kompozitler
istenilen gereksinimlerin ¢ogunu karsiladigi i¢in tercih edilmektedir. Polibutilen tereftalat
(PBT), yiiksek mekanik dayanim, 1s1 direnci ve kimyasal kararlilik gibi 6zelliklere sahip bir
termoplastik polimerdir. Termoplastik malzemeler sertlik, dayaniklilik veya esneklik gibi
ozelliklere sahip olabilmek i¢in farkl: katkilar ve stabilizatorlerle karistirilarak kompozit olarak
uretilebilirler. Cam elyaf, PBT'nin mekanik 0Ozelliklerini artirarak daha yiiksek cekme
mukavemeti ve sertlik kazandirir; darbe dayanimi katkilari, malzemenin yiiksek darbe
yiiklerine kars1 diren¢ gostermesini saglar ve malzemenin kirilma noktasini geciktirir ve
boylece carpisma anindaki enerji emilimini artirir. Otomotiv sektoriinde, 6zellikle elektrikli
araglarda kullanilan pargalar yiiksek 1s1 dayanimi gerektiren pargalardir. Bu tiir parcalar igin,
genellikle tercih edilen renk kodu RAL 2003’tiir. Ral kartelas1, boya, kaplama ve plastikler i¢in
renkleri tanimlayan bir Avrupa renk eslestirme sistemidir. Bu sektdrde, turuncu renkli
malzemeler, yiiksek goriiniirlik ve gilivenlik standartlarini saglamak amaciyla tercih
edilmektedir. Bu calismada elde edilecek {iriinlerde kontrol numunesiyle benzer, yiiksek
mekanik ozelliklerde turuncu renkli otomotiv parcalarinin iiretimi hedeflenmistir. Darbe
dayanimi katkili ve cam elyaf takviyeli renkli PBT kompozitleri, ¢ift vidali ekstriiderde
eriyikten karistirma yontemiyle iiretilmistir. Uretilen 6rneklere yonelik mekanik testler ve renk
kontrolii, enjeksiyon makinesinde basilmis test plakalarma uygulanmistir. Uretilen
malzemelerin karakterizasyonu i¢in ¢ekme-kopma testleri, basma-biikiilme testleri, darbe
dayanim testleri, yiik altinda egilme sicakligi tayini, erime sicakligi tayini ve renk kontrolii
yapilmistir. RAL 2003 renk standardina gore dE renk degisim degerinin <5 olmasi
hedeflenmistir. Caligma sonucunda kontrol numunesine gore mekanik 6zellikler etkilenmeden
istenilen turuncu renge ulasilmistir. Renk testleri sonucunda dE degisimi <3 olarak tespit
edilmistir. Hem mekanik Ozellikler hem de renk standardi agisindan hedeflenen kriterler
saglanmustir.

Anahtar Kkelimeler: Polibutilen tereftalat (PBT), Cam Elyaf Takviyeli PBT, RAL 2003,
Otomotiv
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ABSTRACT

The automotive industry utilizes various material technologies to meet the requirements for
safety, aesthetics, and durability. Polymer and polymer matrix composites are preferred because
they meet most of the desired requirements. Polybutylene terephthalate (PBT) is a thermoplastic
polymer known for its high mechanical strength, thermal resistance, and chemical stability.
Thermoplastic materials can be compounded with different additives and stabilizers to achieve
desired properties such as hardness, durability, or flexibility. Glass fibers enhance the
mechanical properties of PBT by providing higher tensile strength and rigidity; impact
resistance additives help the material withstand high-impact loads, delay the point of fracture,
and improve energy absorption during collisions. In the automotive sector, particularly for
electric vehicles, parts require high thermal resistance. For such parts, the preferred color code
is typically RAL 2003. The Ral chart is a European color-matching system that defines colors
for paints, coatings, and plastics. Orange-colored materials are selected to ensure high visibility
and meet safety standards. In this study, the aim was to produce orange automotive parts with
high mechanical properties similar to the control sample. Impact-resistant and glass fiber-filled
colored PBT composites were produced by the melt mixing method in a twin screw extruder.
Mechanical tests and color control for the produced samples were applied to test plates molded
in the injection machine. The characterization of the produced materials included tensile tests,
compression-bending tests, impact resistance tests, heat deflection temperature determination,
melting temperature determination, and color control. According to the RAL 2003 color
standard, it was aimed for the dE color change value to be <5. As a result of the study, the
desired orange color was achieved without affecting the mechanical properties according to the
control sample. As a result of the color tests, dE change was determined as <3. The targeted
criteria were provided in terms of both mechanical properties and color standards.

Keywords: Polibutilen tereftalat (PBT), Glass Fiber-filled PBT, RAL 2003, Automotive
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OZET

Seramik benzeri 6zelliklere sahip bir malzeme olan geopolimer beton, geleneksel ¢cimento bazli
betona siirdiiriilebilir ve ¢evre dostu bir alternatif sunmaktadir. Geopolimer beton iiretiminde
temel olarak ugucu kiil veya ciiruf gibi endiistriyel yan iriinler kullanildigindan, bu beton,
geleneksel tliretime kiyasla daha diigiikk bir karbon ayak izi birakmaktadir. Uygun sekilde
tasarlanmis geopolimer beton, basing ve cekme dayanimi ile refrakterligi agisindan, geleneksel
betondan daha istiin sonuglar verebilmektedir. Her ne kadar bu avantajlar, seramiklerle
karsilastirildiginda daha sinirli kalsa da, 6nemli dlgiide daha diisiik iiretim maliyetleri, daha az
karbon emisyonu ve daha fazla esneklik sunmakta, bu da onu dinamik yiiklere maruz kalan
biiylik hacimli altyap1 projeleri i¢in ideal hale getirmektedir. Literatiirde, geopolimer betonun
¢ekme dayanimi ile dinamik elastisite modiilii arasindaki iliski konusunda, 6zellikle hasarsiz
yontemlerle dinamik 6zelliklerinin degerlendirilmesine yonelik sinirlt aragtirma bulunmaktadir.
Oysaki bu ozellikler, dinamik yiiklere kars1 dayaniklilik agisindan kritik 6neme sahiptir. Bu
calisma, ucucu kiil bazli ve 1s1 ile kiir edilmis geopolimer betonun egilme mukavemeti ile
dinamik 6zellikleri arasinda giivenilir niimerik iliskiler kurmay1r amaglamaktadir. Calisma
kapsaminda, sodyum silikat ve sodyum hidroksit dozajlarinin farkli oldugu alt1 farkli karisim
orani ile iiretilen numuneler ¢esitli test ve analizlere tabi tutulmustur. Dinamik Ozellikler,
hasarsiz deneysel modal analiz ve sonlu elemanlar geri analiz yontemi ile degerlendirildikten
sonra, egilme mukavemetleri dort noktali e§ilme testi ile belirlenmistir. Sonuglar, egilme
mukavemetlerinin 3.71 ila 5.97 MPa, temel diisey rezonans frekanslarinin 802.3 ila 866.8 Hz
ve dinamik modiillerin 25.2 ila 31.0 GPa arasinda degistigini gdstermistir. Ayrica, egilme
mukavemeti ve dinamik modiil ile rezonans frekanslar1 arasinda gii¢lii korelasyonlar (R?>0.97)
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bulunmustur. Bu bulgular, deneysel modal analiz yonteminin, geopolimer betonun kritik
mekanik oOzelliklerini degerlendirmek igin gilivenilir ve hasarsiz bir yontem oldugunu
dogrulamaktadir.

Anahtar kelimeler: Geopolimer beton, egilme mukavemeti, dinamik modiil, deneysel modal
analiz.

ABSTRACT

Geopolymer concrete, a material with ceramic-like properties, offers a sustainable and
environmentally friendly alternative to traditional cement-based concrete. Since geopolymer
concrete production primarily uses industrial by-products such as fly ash or slag, it leaves a
significantly lower carbon footprint compared to traditional concrete production. Properly
designed geopolymer concrete can yield superior results in terms of compressive and tensile
strength, as well as refractoriness, when compared to conventional concrete. Although these
advantages may be somewhat limited when compared to ceramics, it offers significantly lower
production costs, reduced carbon emissions, and greater flexibility, making it ideal for large-
scale infrastructure projects exposed to dynamic loads. In the literature, there is limited research
on the relationship between the tensile strength and the dynamic elastic modulus of geopolymer
concrete, especially regarding the evaluation of its dynamic properties using non-destructive
methods. However, these properties are critical for resilience under dynamic loads. This study
aims to establish reliable numerical relationships between the flexural strength and dynamic
properties of fly ash-based, heat-cured geopolymer concrete. In the study, samples produced
with six different mix ratios, varying in sodium silicate and sodium hydroxide dosages, were
subjected to various tests and analyses. After the dynamic properties were evaluated using non-
destructive experimental modal analysis and finite element back-analysis methods, the flexural
strengths were determined using a four-point bending test. The results showed that the flexural
strengths ranged from 3.71 to 5.97 MPa, the fundamental vertical resonance frequencies ranged
from 802.3 to 866.8 Hz, and the dynamic moduli ranged from 25.2 to 31.0 GPa. Additionally,
strong correlations (R? > 0.97) were found between resonance frequencies and both dynamic
modulus and flexural strength. These findings confirm that experimental modal analysis is a
reliable and non-destructive method for evaluating the critical mechanical properties of
geopolymer concrete.

Keywords: Geopolymer concrete; Flexural strength; Dynamic modulus; Experimental Modal
Analysis.

GIRIS

ipsaat sektoriinde gilinlimiizde en yaygin kullanilan yapr malzemelerinden biri betondur.
Ozellikle ¢cimento esasl beton, sektorde biiyiik bir pazar payina sahiptir [1]. Bununla birlikte,
son yillarda geopolimer beton, siirdiiriilebilir bir alternatif olarak ortaya ¢ikmistir. Geopolimer

betonun bu yayginlagsmasinda, diisiik karbon ayak izi, yliksek sicaklik ve asinma dayanima ile
elektriksel yalitkanlik gibi iistlin 6zellikleri etkili olmaktadir [2, 3].

Geopolimer betonun yapisal 6zellikleri ile seramikler arasinda bazi benzerlikler de mevcuttur.
Seramik malzemeler genellikle inorganik, kristal veya amorf yapida; oksitler, karbiirler,
nitriirler ve silikatlar gibi bilesiklerden olugsmaktadir [4]. Geopolimer beton da aliiminosilikat
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bazl1 bir malzemedir ve yar1 amorf-yar1 kristal bir yapiya sahiptir [1]. Bu benzerlik, geopolimer
betonu, kimyasal yapist agisindan seramik malzemelere yakinlastirmaktadir. Bu yiizden
geopolimer beton, baz1 kaynaklarda seramik-benzeri malzeme (seramic-like material), hidro-
seramik (hydroceramic) veya alkali-bagli seramik (alkali-bonded ceramic) olarak
adlandirilmaktadir [5-8]. Ancak seramikler genellikle maliyet ve emisyon artisina neden olan
cok yliksek sicakliklarda (1200-1600°C) sinterlenirken, geopolimer beton nispeten ¢ok daha
disiik sicakliklarda (<90°C) kimyasal reaksiyonlarla sertlesmektedir [9]. Bu yiizden, liretim
maliyeti ve karbon ayak izi seramiklere nispeten ¢ok daha diisiik kalmaktadir.

Geopolimer betonun diger énemli avantajlari, dinamik performansi ve esnekligidir. Insaat
sektoriinde cogu yapi, dinamik yiiklere maruz kaldigindan, yapr malzemelerinin dinamik
ozellikleri de statik kapasiteleri kadar 6nemli olmaktadir [1]. Yapilan deneysel modal analizler
ve basing dayanimu testleri gostermektedir ki, uygun bir sekilde dizayn edilen geopolimer
betonun hem statik hem de dinamik performansi, ¢imento esasli betondan daha {istiin
sonuclanabilmektedir [1, 10]. Tim bu 06zellikler, geopolimer betonu yiiksek performans
gerektiren ingaat projeleri i¢in slirdiiriilebilir bir alternatif haline getirmektedir [9]. Ayrica
kirilgan yapiya sahip bazi seramiklere karsi da, ekonomik ve g¢evreci bir alternatif olma
potansiyeli s6z konusudur.

Literatiirde geopolimer betonun basing dayanimi ve dinamik Ozellikleri arasindaki iliski
konusunda az sayida olsa da bazi ¢alismalar mevcuttur [1, 10]. Ancak ¢ekme dayanimi ve
dinamik elastisite modiiliiniin rezonans frekansi ile iliskisini aragtiran ¢alismalar yetersizdir. Bu
calismada, literatiirdeki bu eksiklik géz Oniinde bulundurularak, ugucu kiil bazli, 1s1 ile kiir
edilen ¢esitli geopolimer beton numunelerinin dinamik 6zellikleri, deneysel modal analiz ve
sonlu elemanlar geri-analiz yontemi ile degerlendirilmis, bunun akabinde, egilme
mukavemetleri dort noktali egilme testi ile belirlenmistir. Sonugta ulasilan degerler arasinda
niimerik iligkiler aragtirilmis ve bu iligkileri ortaya koyan giivenilir modeller olusturulmustur.

YONTEM

Bu calismada gepolimer beton iiretiminde ucucu kiil kullanilmis olup, Tiirkiye'deki Adana
Sugozii Isken Termik Santrali'nden temin edilmistir. Geopolimer beton numunelerinin
tiretiminde, nehir kumu (0/4 mm), iri bazalt agregasi (7/14 mm), modiil oran1 2.06 olan sodyum
silikat (SS) ve 14-M sodyum hidroksit (SH) kullanilmistir.

Gepolimer beton iiretildikten sonra 150x150x750 mm’lik prizma kaliplara dokilmiis ve
90°C'de 24 saat kiirlenmistir. Numuneler kaliptan ¢ikarildiktan sonra 28 giin oda sicakliginda
bekletilmistir. Bu calismada alt1 (6) farkli geopolimer beton karisiminin analizlerleri
gerceklestirilmis olup, karisim oranlar ve tiretim siiregleri ile ilgili diger detaylar, yazarlarin
onceki bir ¢alismasinda sunulmustur [1]. Uretilen baz1 geopolimer beton prizma numuneleri
Sekil 1’de goriilmektedir. Bu numuneler dnce deneysel modal testlere, ardindan egilme
dayanimi testlerine tabi tutulmustur. Prizmalarin egilme dayanimlarimi belirlemek i¢in Sekil
2’de gorildiigi tizere, her karisimdan ii¢ prizma numunesi ASTM C78'e uygun olarak dort
noktali egilme yontemiyle test edilmis olup, test siireci ile ilgili diger detaylar yazarlarin 6nceki
bir ¢calismasinda sunulmustur [11].
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Sekil 2. 150x150x750 mm’lik numunelerin dort noktali egilme testlerine dair 6rnek gorseller [11]

Bu c¢alismada kullanilan modal test diizenegi Sekil 3'te goriilmektedir [10]. Testler esnasinda
numuneler, serbest salmim yapabilmesi amaciyla 600 mm kalmlhiginda ve 70 kg/m’
yogunlugunda poliiiretan bloklar {izerine yerlestirilmigtir. Test numuneleri, yiliksek
¢Oziinlirlikli analizler i¢in esit uzaklikta 33 noktaya bdliinmiis ve her bir nokta, modal ¢ekigle
5’er kez uyarilarak etki (kuvvet) ve yanit (ivme) degerleri 6l¢iilmiistiir. Elde edilen bu veriler
modal analiz tekniklerine uygun sekilde oranlanarak Frekans Yanit Fonksiyonlar1 (FRF) elde
edilmistir. Bu FRF grafikleri ile rezonans frekanslar1 belirlenmistir. Ayrica, numunelerin
rezonans frekanslari ve birim hacim agirliklar1 girdileri (input) kullanilarak sonlu eleman geri-
analiz teknigiyle (back-analysis) dinamik elastisite modiilleri belirlenmistir. Test ve analiz
stirecleri hakkindaki diger detaylar yazarlarin 6nceki caligmalarinda mevcuttur [1, 10].

Sekll 3. Deneysel modal test ve analiz siirecine dair ornek gorseller [10]

BULGULAR

Bu calismada analiz edilen 6 geopolimer beton numunesinin egilmede ¢ekme dayanimi (MPa)
ile temel rezonans frekanslar1 (Hz) arasindaki iliski Sekil 4'te, egilmede ¢ekme dayanimi (MPa)
ile dinamik elastisite modiilii arasindaki iliski ise Sekil 5'te gosterilmistir.
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TARTISMA VE SONUC

Geopolimer beton, diisiik karbon ayak izi ve yiiksek performansiyla ¢imento esaslh
konvansiyonel betona siirdiiriilebilir bir alternatif sunmaktadir. Uygun sekilde tasarlandiginda,
dinamik 6zellikleri ¢cimento esasli betondan daha {istlin olabilen bu malzeme, kimyasal yapisi
sayesinde seramiklere benzer Ozellikler gosterebilmektedir. Ayrica, seramiklere kiyasla ¢ok
daha dusiik sicakliklarda dayanim kazanmakta ve dinamik olarak kirilgan, yliksek maliyetli ve
yliksek karbon ayak izine sahip bazi seramiklere karsi ekonomik ve ¢evreci bir alternatif olma
potansiyeli tagimaktadir.

Bu calismada, karisim oranlar1 degisken alt1 farkli geopolimer beton numunesi {izerinde,
tahribatli ve tahribatsiz, cesitli test ve analizler yiiriitiilmiistiir. Bu kapsamda, numunelerin
dinamik 6zellikleri, tahribatsiz (non-destructive) deneysel modal analiz ve sonlu elemanlar geri
analiz yontemi ile belirlenirken, egilme mukavemetleri dort noktali egilme testi (tahribatls,
destructive) ile tespit edilmistir.

Elde edilen test ve analiz sonuglar1 incelendiginde, egilme mukavemetlerinin 3.71 ila 5.97 MPa,
rezonans frekanslarinin 802.3 ila 866.8 Hz ve dinamik modiillerin 25.2 ila 31.0 GPa arasinda
degistigi goriilmustiir. Sonuclar arasindaki iliski irdelendiginde ise geopolimer beton
numunelerin ¢ekme dayanimlari ve dinamik elastisite modiilleri ile rezonans frekanslar
arasinda giiclii korelasyonlar bulundugu belirlenmistir (R* > 0.97).

Calisma sonucunda ulagilan bir diger dnemli bulgu, deneysel modal analizin geopolymer
betonun egilme muakavemeti ve dinamik elastisite modiilii gibi kritik mekanik 6zelliklerini
degerlendirmek i¢in giivenilir ve tahribatsiz (non-destructive) bir yontem olmasidir. Bu metot
sayesinde, numunelerin rezonans frekanslar1 dlgiilerek, kisa siirede ve tahribatsiz bir sekilde
¢cekme dayanimi ve dinamik elastisite modiiliine ulasilabilecegi anlasilmaktadir.
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OZET

Katmanli imalatla {iretilen miithendislik polimerlerinde ikincil islemler, son iiriiniin yiizey
kalitesi ve mekanik tepkileri iizerindeki yeterli verimlilikleri nedeniyle son yillarda oldukga
popliler hale gelmistir. Bu ¢alismada, akrilonitril biitadien stiren (ABS) parcalarinda iistiin
ylizey kalitesi elde etmek amaciyla bir ikincil islem olarak buharlastirma islemi uygulanmistir.
Kiir ortami olarak, alt1 farklt maruz kalma siiresi (15, 30, 45, 60, 75 ve 90 dakika) i¢in aseton
buhar1 kullanilmistir. Sonuglar, 60-75 dakika araliginin en iyi kiirleme siiresi oldugunu
gostermistir. 75 dakikadan sonra parlaklik daha iyi bir duruma gelse de detay olusturma
kabiliyeti azalmigtir. Ayrica, son parcanin tasarim geometrisi, bilesenlerin yiizey kalitesi ve
boyutsal kararlilig1 iizerinde 6nemli 6l¢iide belirleyici olmustur.

Anahtar Kelimeler: katmanli imalat, buhar islemi, ylizey kalitesi, miihendislik polimerleri,
ABS

ABSTRACT

Secondary treatments have been highly popular on the additevely manufactured engineering
polymers in recent years due to their sufficient efficiency on the surface quality and mechanical
responses of the final product. In this work, vaporizing process was adopted as a secondary
treatment on the acrylonitrile butadiene styrene (ABS) parts to obtain superior surface quality.
As a curing environment, acetone vapor was used for six different exposure time (15, 30, 45,
60, 75 and 90 min). The results showed that 60-75 time interval was the best curing time. After
75 min, although the brigthness became better condition, detail-making ability dropped.
Furrthermore, the design geometry of the final part was notably decisive for the surface quality
and dimensional stability of the components.
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Keywords: additive manufacturing, vapor treatment, surface quality, engineering polymers,
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Introduction

3D printing is a technology used to produce three-dimensional objects from a digital model. It
is often referred to as "additive manufacturing" because the object is created by adding material
layer by layer [Gojzewski, Guo, Grzelachowska, Ridwan, Hempenius, Grijpma, & Vancso
2020]. This technology is widely utilized across various industries and has revolutionized
production processes due to the advantages it offers [Dodziuk, Warsaw, 2016]. This interesting
production technique is utilized in different industrial sectors like medicine (prosthetics
[Sandeep, Kannan, Chandradass 2021], dental implants, custom medical devices, and even
bioprinting for organ production), automotive (body parts) [Romero, Pablo 2021], aerospace
(prototypes) [Kalender, Murathan 2019], dentistry (temporary teeth, night guards, and occlusal
splints), education (models and apparatus), and fashion (clothing, jewelry, and artistic projects).
Furthermore, ability to make complex geometries, customization opportunity, rapid prototyping
capability [Srivastava 2017], cost-efficiency, and material efficiency are the most significant
advantages of the layer-by-layer production.

Among the all printing ways, fused deposition modeling (FDM) is the most preferred method.
FDM is a 3D printing method that works by melting thermoplastic materials layer by layer
[Silva, Luisa 2021]. In this process, a plastic material called filament is melted through a nozzle
and deposited layer by layer onto the build platform to create objects. The process flow can be
followed as; model preparation (CAD software), slicing (special slicing software for G-codes),
filament melting, layer addition on the first baseline, main printing, cooling, and part separation.
When the main advantages of the FDM is analyzed, cost-effectiveness, ease of use, material
portfolio, and modularity can be seen. Also, this strategy does not form any hazardous
chemicals and toxic gases.

In the previous scholarly studies, physical, mechanical and chemical behaviors of the 3D-
printed polymers were examined by various research groups. Usually, printing parameters and
target material type were investigated in terms of mechanical performance. On the other side,
lately, secondary treatments were also applied to the 3D-printed polymers for higher crystalinity
[Dizon, Ryan 2021]. In addition, surface modification efforts have been carried out with proper
ambient treatments to improve the outer brightness of the product, detail-making on the printed
sample, and better surface roughness [Demircali, Anil 2024].

The objective of this project is to investigate the effects of a surface smoothing process
conducted using acetone vapor to improve the surface quality of ABS material produced by a
3D printer. The surface changes and the extent of defect remediation in samples exposed to
acetone vapor for varying durations will be analyzed. This application will demonstrate the
importance of how long we need to expose the surface of the print made from ABS filament to
acetone vapor in order to enhance its appearance without compromising its internal structure.
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Materials and Methods

ABS (Acrylonitrile Butadiene Styrene) is a polymer commonly used in molding processes due
to its lightweight and rigid structure [Ergene, SEKEROGLU, Bolat, & Yal¢in 2021]. This
copolymer is produced through the polymerization of styrene and acrylonitrile within
polybutadiene. Typical component ratios vary between 15-35% acrylonitrile, 5-30% butadiene,
and 40-60% styrene [Jin, Lu, Song, Pang, Zhang, Sun, & Cai, 2010]. The styrene and
acrylonitrile components in its composition are sensitive to organic solvents such as acetone
[Neff, Clayton, Trapuzzano, & Crane 2016]. Acetone creates a softening and dissolving effect
on the material's surface by dissolving these components in the polymer structure of ABS.

This property particularly facilitates the use of ABS in 3D printing projects for surface
smoothing because, when acetone is applied carefully, it dissolves the ABS surface, making it
smoother. This characteristic is the primary reason for the use of ABS material in this project.
These ratios determine the material's durability, flexibility, and hardness properties.

Another reason for selecting ABS for this project is its high impact resistance and good surface
quality. These attributes make it popular in various industries such as automotive, electronics,
toys, and home appliances. Furthermore, the ease of processing and recyclability of ABS
provide advantages in production processes. The ABS filament will be supplied in the Porima
brand and a thickness of 1.75 mm. The detailed specifications of the filament to be used are
shared in Table 1 below.

Table 1. ABS filament properties

Feature Result
Printing Temperature 220-260°C
Table Temperature 80-110°C
Print Speed 40-60 mm/sn
Diameter 1.75 mm
Diameter Tolerance +/- 0.05 mm
Net Weight 1000 g

Reel Weight 200-220 g

In this context, the printer model used throughout the project is the Flashforge Creator 3, and
no other printer was utilized during the project.
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The printer model used is shown below in Figure 1. All of the printing parameters were adjusted
according to the filament manufacturer’s advice as also emphasized in Table 1. Layer thickness
value was kept constant as 0.2 mm during the manufacturing.

Figure 1. Flashforge Creator 3 printer used within the scope of the project

The CAD representations of the sample to be produced within the scope of the project are
illustrated in Figure 2, while the visual of the produced sample before exposure to acetone vapor
is shown below in Figure 3. An acetone vapor chamber has been designed in the Siemens NX
program to be isolated from the external environment, as depicted in Figure 4.
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Figure 2. Different CAD views of the created part

Figure 3. Initially produced sample not interacted with acetone
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Figure 4. Acetone steam cabinet designed by CAD program

In the setup shown in Figure 4 above, the glass jar and its lid are liquid and gas-tight, and the
jar's walls are wrapped with paper towels. This design allows the paper towel to vaporize the
acetone more rapidly and uniformly across all sides of the jar. A small amount of acetone is
poured onto the lid, and a metal block is placed directly in the center of the lid. The sample is
then positioned on top of the metal block, and the glass jar, with its walls wrapped in paper
towel, is inverted and closed as illustrated in Figure 4. The purpose of using a metal block is to
prevent direct contact between the sample produced from ABS material and the acetone. Six
identical samples were exposed to acetone vapor for varying durations (15, 30, 45, 60, 75, and
90 minutes). Changes in surface brightness and defect remediation of the samples were visually
analyzed at the end of the specified durations.

Results and Discussion

Below, the effects of exposing identical samples to acetone vapor for varying durations have
been analyzed and interpreted. Subsequently, five different points on the acetone-isolated
sample were examined (Figure 5). The characteristics such as surface roughness, print defects,

Point 1

Point 2

Point 3
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and layer visibility were compared in Table 2. The samples exposed to acetone vapor for
different durations are illustrated in Figure 6.

Figure 5. Points to look for in samples that will be exposed to acetone vapor

To better understand the relationship between ABS and acetone, five points have been
identified, as shown in Figure 5. Among these points: Point 1 indicates the surface area,
showcasing its details, Point 2 marks the abdominal region, where the layers are sparsely
stacked, Point 3 represents the foot area, which is a region with a high concentration of defects,
Point 4 indicates the arm area, characterized by both sparse and dense layers with detailed
features, and Point 5 highlights areas where the layers are directly stacked on top of each other.

15 Minutes 30 Minutes | | 45 Minutes

|60 Minutes | | 75 Minutes | | 90 Minutes

Figure 6. Changes of the surface quality and detail resolution depending on the vaporising
time

Depending on the vapor subjecting time, some detections can be made;
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v 15 minutes: There were no visible changes on the sample surface; the effect of exposure
to acetone vapor remained minimal.

v 30 minutes: The surface of the sample began to smooth out, and print defects were
partially reduced; an increase in glossiness was observed due to the vapor effect.

v 45 minutes: The surface became smoother, with a significant reduction in print defects;
the increase in glossiness continued.

v' 60 minutes: The smoothness and glossiness of the surface became even more
pronounced, with print defects largely corrected.

v' 75 minutes: The surface achieved its smoothest state, with print defects nearly
completely eliminated and glossiness reaching its highest level.

v 90 minutes: Glossiness continued to increase, but losses in detail began to appear;
deterioration in sample characteristics was observed due to excessive processing.

Table 2. Specific points observed on samples exposed to acetone vapor

15 Minutes 30 Minutes 45 Minutes |60 Minutes {75 Minutes 90 Minutes
Point 1 A YAQAS Yoo PAQAGAGAG A QAQAGHS PAQAGAS
Point 2 A NAQAe PAQAGA PAQAQAGAG R R H  Pokekk
Point 3 A LAQ%e DAQAGAG Fdededek [Rkekox Yk
Point 4 Y YAQA PAQAGA DAQAQAGAS Fedevedeodke ook
Point 5 Y DAGA PAQAGA DAQAQAGAG Fkededdke ookl

The exposure of the samples to acetone vapor for varying durations has been effective in
reducing surface roughness. However, excessive exposure times resulted in unwanted
deformations on the surface stimulating resolution reduction. This indicates that the smoothing
process using acetone vapor should be performed under controlled and optimal durations. In
general, the study has been successfully completed, and the targeted surface smoothness has
been achieved after a specific duration. The results of the experiments indicated that certain
exposure times were effective in smoothing 3D printed ABS samples with acetone vapor.
Durations of 60 to 75 minutes provided optimal results in terms of defect remediation and
smoothness.

Conclusion
As a result of the conducted efforts, some conclusion remarks can be noted;

- Acetone treatment can be seen as a promising way to improve the final surface quality
and brightness of the fabricated ABS parts.

- As the vapor exposure time increases, shape resolution also goes up but after 75 minutes
detail making ability begins to drop.

- With the rising exposure time, dimensional deviation emerges and thin sections get
larger due to the softening effect of the acetone vapor.
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- Due to the chemical softening, indentation endurance of the samples diminishes with
increasing exposure time.

- The body shape of the target product is significant for the effectiveness of the vapor
treatment as the thin, thick, and curved sections indicate different response.

- ABS and ASA are similar thermoplastics although some differences like UV-resistance
are present. In the future work, as an alternative filament, ASA can be probed in point
of vapor treatment depending on changing printing parameters.
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ABSTRACT

The aim of this study was to prepare anti-reflection and self-cleaning coating for solar cell. SiO2
film was synthesized by using a sol-gel technique. The as-prepared SiO2 solution was mixed
with a porogen, poly(ethylene glycol) (PEQG), in the solution phase. PEG molecules were added
to the SiO2 phase to obtain nano-porous structures in the film coating. Nano-porous structures
in the film coating reduce the light transmittance on the film coating, which is beneficial for the
anti-reflection feature. In addition to PEG, TiO2/WOs nanoparticles and ZnO/CuO
nanoparticles were also added into the SiO2 solution, respectively. TiO2/WO3 and ZnO/CuO
nanoparticles can reduce the surface free energy of the SiO2 coating. The self-cleaning feature
can be related to the surface free energy and hydrophilic character. Hence, the surface with the
hydrophilic character can play a crucial role in the enhancement of the self-cleaning feature of
the film coating. For this reason, SiO2 film was combined with certain nanoparticles (TiO2/WO3
and ZnO/CuO) with high surface free energy. Optical microscopy analysis, UV-Vis absorbance
and transmittance measurements, and solar cell efficiency measurements were performed with
the Si02 composite films. The morphology analysis results revealed the successful coating of
the SiO2 composite films on glass slides. Nano-porous structures endowed the SiO2 film with
a relatively lower transmittance (1%) than that of reference glass slide. The SiO:2 films became
more hydrophilic with TiO2/WO3 and ZnO/CuO nanoparticles, respectively, favouring the self-
cleaning character of the resulting film. The current-voltage measurements revealed that the
Si02 composite films did not have a negative effect on the photovoltaic conversion efficiency
of the silicon solar cell. The characterization test results demonstrated that the Si02/ZnO/CuO
film has the potential for anti-reflection coating application on the cover glass of the solar cell.

Keywords: Anti-reflection coating, solar cell, SiO2 film, self-cleaning coating.

INTRODUCTION

Solar energy has a crucial role in meeting energy needs of the world due to its availability all year round.
Photovoltaic (PV) technology provides to generate electricity form the solar light. The efficiency of a
solar cell largely depends on the number of photons passing from the air to its absorber material. When
the photons of the solar light reach the surface of a solar cell including a cover glass at the top, certain
part of the incoming light is reflected from the surface of the cover glass of the solar cell. Therefore, to
reduce the reflection losses and enhance the solar cell efficiency, an anti-reflection coating needs to be
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applied on the surface of the cover glass. Anti-reflection coating on the solar cell provides light trapping
and increases the solar cell efficiency by increasing the light absorption. For a glass cover with a
refractive index of 1.53, the refractive index of the antireflection-coating on the cover glass should be
about 1.23. A simple technique to obtain a film with such a low refractive index can be achieved by
creating nanopores during the coating process (Chandralekha et al., 2024).

On the other hand, the photovoltaic conversion efficiency of the solar cell can be significantly affected
by the accumulation of dust or other kinds of contaminants soil on its cover glass. The incoming solar
light can also be reflected on the cover glass of the solar cell by dust or other contaminants, which
inhibits the light transmission to the absorber layer of the solar cell, and hence leads to decrease the
photovoltaic conversion efficiency. A viable solution to this problem is a self-cleaning coating,
preventing dust and other contaminant particles from accumulating on the cover glass (Zhou et al.,
2023).

The self-cleaning film have attracted great interest recently owing to its wide application potential such
as the cover glass of solar cells, roof tiles, automobile windshields, fabrics, screens of electronic
instruments and window glasses. In general, the self-cleaning film can be divided into two groups:
hydrophobic surfaces and hydrophilic surfaces. The hydrophobic surface effect or the hydrophilic
surface effect can be obtained by altering the chemical structure or the surface morphology of the film.
On the hydrophobic film surface, drops of water can roll down from the surface and remove dust or
contaminants owing to the water repellent and low adhesion features of the surface. On the hydrophilic
surface, drops of water can spread over the entire film surface to form a water film, which allows dust
and contaminants on the surface to be washed away (Ren et al., 2020). The self-cleaning process is
related to the water contact angle on the surface. As a definition, a surface whose water contact angle
approaches zero is classified as superhydrophilic and a surface whose water contact angle approaches
180° is classified as superhydrophobic (Zhou et al., 2023).

Superhydrophilic and anti-reflection coatings can be prepared by using complicated coating or
deposition techniques, which are not suitable for coating on large surfaces like the cover glass of solar
cells. A sol-gel technique can be utilized to prepare film on the cover glass of the solar cell with the
superhydrophilicity and anti-reflection properties. To enhance the anti-reflection feature of the film
coating, a nano-porous surface structure needs to be obtained on the cover glass of the solar cell. In
literature, Wang and his coworkers (2020) applied a simple sol mixing technique to obtain a surface
coating with the nano-porous structure. Two different types of monodisperse SiO, solutions were
prepared, and their mixture was coated as a film using the dip-coating technique (Wang et al., 2020). In
another study, Zhu and his coworkers (2018) prepared a SiO; film with nano-porous surface structure
using PEG as a porogen. PEG used a a porogen reduced the refractive index of the SiO, film coated on
the cover glass of the solar cell. PEG molecules provided both anti-reflection property and self-cleaning
feature to the SiO; film (Zhu et al., 2018). Within this scope, Li and his coworkers (2015) prepared a
porous SiO; film using two types of porogens, cetyltrimethylammonium bromide and polypropylene
glycol, at the same time. The as-pepared SiO, provided excellent optical property with a light
transmittance of 99.8% (Li et al., 2015). In addition to specified techniques, spherical nanoparticles can
also be added into the coating to provide nano-rough surface structures on the film, which also enhances
the anti-reflection feature of the coted film. Especially, metal oxide nanoparticles like TiO; and ZnO in
the spherical shape can enhance both the anti-reflection property and the surface hydrophilicity (Jiao et
al., 2023). On the other hand, although TiO; and similar semiconductor metal oxides are hydrophilic,
they can behave superhydrophilic under sunlight, providing complete wetting of water on the film
surface including the specified metal oxide nanoparticles. The solar light can induce oxygen vacancies
in the semiconductor crystal structure, giving rise to form radical species on the film surface. The active
species can help to completely wet the film surface (Adachi et al., 2018).

In this study, SiO, composite films were prepared using a sol-gel technique. PEG was added into the
Si0; phase as a porogen during the synthesis step of SiO». In addition to PEG, TiO»/WO3 and ZnO/CuO
nanoparticles were added into the SiO,. Both PEG, as a porogen, and semiconductor nanoparticles
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(Ti02/WOs3 and ZnO/CuO) were expected to improve the anti-reflection and self-cleaning properties of
the SiO; film.

MATERIALS AND METHODS

Si0, films were coated on glass slides. Before the coating process, the glass slides were washed in an
ultrasonic bath using distilled water and then left to drying at room temperature. A sol-gel technique
was followed to synthesize SiO,. In detail, tetraethylorthoxylsilicane (TEOS) (112 ml) was mixed with
ethanol-water mixture (36 ml — 1090 ml) in a glass vial and stirred at room temperature. Then, HCI (0.2
ml, 36%) was added drop-wise to the as-prepared TEOS solution with a continuous magnetic stirring at
room temperature. Then, polyethylene glycol (PEG), with a molecular weight of 1500 g/mol, was added
to the TEOS solution. Afterward, TiO2/WOs and ZnO/CuO nanoparticles, separately, were added into
the final SiO; solution and kept stirring at room temperature for 24 h. The TiO»/WO3; and ZnO/CuO
contents of the SiO» solution were adjusted to be 10% by weight of the final SiO; film. The as-prepared
Si0, composite solutions were coated on the glass slides by using a dip-coating method. The coated
glass slides were dried at room temperature for 24 h. Finally, they were annealed at 550°C for 1 h (Feng
et al., 2022). The SiO, composite films were labeled as SiO»/PEG/Ti02/WO3 and SiO,/PEG/ZnO/CuO,
respectively.

The surface morphology of the prepared film samples was investigated using an optical microscope
(LEICA, binocular microscope). The UV-Vis absorbance and transmittance spectra of the film samples
were recorded using a Thermo Scientific model spectrophotometer (Genesys 10S). The solar cell
efficiency of the standard uncoated solar cells and the standard coated solar cell was measured using a
solar module analyzer (PROVA 210). The water contact angle measurements were performed using an
optical tensiometer (Theta Lite model)

FINDINGS AND DISCUSSION

Figure 1. Optical microscopy images of (a) SiO»/PEG/Ti02/WOs and (b) SiO./PEG/ZnO/CuO films

Figure 1 exhibits the optical microscopy images of the prepared film samples. There are a few crack
structures on both of the film samples. There are dark regions on the microscopy image of the
Si0,/PEG/Ti02/WOj3 film, which might belong to the TiO, and WOj; nanoparticles in the agglomerate
form. On the other hand, the SiO»/PEG/ZnO/CuO film sample includes a few dark regions in different
sizes, which migh belong to ZnO and CuO nanoparticles in the agglomerate form. Both images show
that the coated films have a very smooth and homogeneous structure.

Figure 2 illustrates UV-Vis absorbance spectrum of SiO»/PEG/TiO2/WOs and SiO»/PEG/ZnO/CuO
films. Both film samples absorbed the incoming light at around 300 nm. No significant light absorption
was observed in the visible light wavelength range, which is important for the application of the prepared
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film samples on the solar cell under natural sunlight. By using the UV-Vis absorbance values and the

Tauc’s relation (1), the optical band gap energy (E,) of the prepared film samples was estimated (Khatun
etal., 2024):

(ahv)? = A(hv — Ey) (1)

where hv is the incident photon energy, a is the absorption coefficient and A is a constant, respectively.
Figure 3 shows the absorbance spectrum of the prepared films transformed according to the Tauc’s
relation (1) plotted against the photon energy (hv) (Khatun et al., 2024). The optical band gap energy
for Si0,/PEG/Ti02/WO3; and SiO»/PEG/ZnO/CuO films was estimated to be 4.20 eV. Both film samples
exhibited the same optical band gap value. The major phase in the film samples was SiO», which
dominated also the optical properties of the prepared film samples.
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Figure 2. UV-Vis absorbance spectra of (a) SiO,/PEG/Ti0,/WOs3 and (b) SiO»/PEG/ZnO/CuO films
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Figure 3. Tauc’s plot for (a) SiO»/PEG/Ti0O2/WOs3 and (b) SiO»/PEG/ZnO/CuO films
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Figure 4. Transmittance spectra of (a) glass slide (standard), (b) SiO./PEG/Ti0,/WO3 and (c)
Si0,/PEG/Zn0O/CuO films

The transmittance spectrum of the prepared films was exhibited on Figure 4. The average transmittance
of the Si0O,/PEG/Ti0,/WO3 film between 400-800 nm was about 81.2% and the average transmittance
of the Si0,/PEG/ZnO/CuO film in the visible light region was about 92.6%, which was higher than that
of standard glass slide. When compared with the average transmittance of the standard glass slide, an
enhancement of about 1% in light transmittance was provided with the SiO2/PEG/ZnO/CuO film. The
light transmittance is important in terms of the solar cell efficiency.

Table 1. Water contact angle of SiO»/PEG/Ti02/WO3 and SiO»/PEG/ZnO/CuO films

Sample Water Contact Angle (°)
Si0./PEG/TiO2/WO3 17.8
Si0,/PEG/ZnO/CuO 16.4
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Figure 5. Current-voltage characteristics of the standard solar cell including (a) uncoated glass slide,
(b) SiO2/PEG/Ti02/WOs, (¢) SiO2/PEG/ZnO/CuO films

According to Table 1, the water contact angle of the SiO»/PEG/Ti02/WO3 and SiO»/PEG/ZnO/CuO film
samples was measured as 17.8° and 16.4°, respectively. Both film samples approached the standard
water contact angle of a superhydrophilic surface, making the coating have the self-cleaning
performance. The film samples were exposed to the high temperature heat treatment. The heat treatment
required to remove the PEG phase from the film resulted in the formation of a porous surface structure.
The surface porosity might be the reason for the resulting water contact angle values with the film
samples.

Table 2. The solar cell efficiency of the standard uncoated solar cell and the coated solar cell

S | =2 , o | B s
Sample = = = 2 £ = S
> = £
[a )
Standard 2.763 | 0.0800 | 3.561 | 0.083 | 0.0016 | 1170 | 11.81

SiO2/PEG/TiO2/WO; | 2.770 | 0.0757 | 3.562 | 0.080 | 0.0016 | 1170 | 11.20

Si02/PEG/ZnO/CuO | 2.742 | 0.0811 | 3.536 | 0.084 | 0.0016 | 1170 | 11.88

I-V measurements were performed to investigate the effect of the prepared films on the solar cell
efficiency. Using the I-V measurement values (Figure 5) and the following relation (2), the solar cell
efficiency (n) was calculated.

N (efficiency) = Ve Imp / Pin (2)

at which Vup indicates the voltage at the maximum power point, Ivp indicates the current at the
maximum power point. The solar cell efficiency of the uncoated solar cell was found to be 11.81%. In
addition, the solar cell efficiency of the standard solar cell coated with the SiO,/PEG/TiO»/WO; and
Si02/PEG/ZnO/CuQ film was found to be 11.20% and 11.88%, respectively. Compared with the
uncoated standard solar cell, slightly higher and lower efficiencies were obtained with the standard solar
cell coated with the SiO./PEG/ZnO/CuO and SiO./PEG/TiO,/WOs films, respectively.

CONCLUSION AND RECOMMENDATIONS

Si0, composite films were prepared using a sol-gel technique in the presence of ZnO/CuO and
Ti0»/WOs nanoparticles. Especially, the SiO»/PEG/ZnO/CuO film exibited higher light transmittance
and solar cell efficiency, which is important in terms of its application potential as a coating on the
commercial solar cell. Homogenous films were obtained on glass slides. ZnO/CuO and TiO»/WO;
nanoparticles were dispersed in the SiO, phase homogeneously. It was understood that the prepared
films absorbed only a small amout of the visible light. Both film samples exhibited hydrophilic behavior.
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ABSTRACT

It is known that melt blending, one of the most widely used processes in industry, does not
provide a strong affinity between polymers and fillers. In this study, it is aimed to produce much
higher quality composites for R&D or industrial production when bonding is carried out by
mechanochemical pre-treatment and to minimise the loss of time and raw materials as a result
of effective bonding. In the study, the method used and the material produced are intended to
serve as an efficient alternative to meet the requirements of sectors such as light weapons bodies
and aerospace components. In this context, polyamide 66(PA66) was chosen as the main
(matrix) material and hexagonal boron nitride(h-BN) was chosen as reinforcement due to its
superior properties. Initially, both materials were subjected to dehumidification in a chamber-
type oven at 60°C for 30 minutes to ensure optimal processing conditions. Subsequently, the
mixtures were prepared by precisely weighing PA66 and h-BN to achieve reinforcement ratios
of 1% and 4% by weight using a precision balance. The total charge weight was standardized
at approximately 5g, ensuring that it did not exceed 50% of the grinding vessel’s volume, with
a ball-to-charge ratio maintained at 10:1. The mechanochemical synthesis was conducted using
a high-energy ball milling process under controlled temperature conditions. Milling speeds of
400rpm and 1200rpm were employed for durations of 15 and 30mins, respectively, with
continuous operation to achieve homogeneous dispersion and enhanced interaction between the
matrix and the reinforcement. The prepared samples were subjected to both visual inspection
and microscopic examination to evaluate their surface morphology, homogeneity, and structural
integrity. Analysis of the two series with varying reinforcement ratios revealed that milling
speed plays a more critical role in achieving the homogeneous distribution of the reinforcement,
its integration into the polymer structure, and enhancing the mechanochemical effects,
including the formation of potential covalent bonds. A homogenous structure is clearly seen in
the processes performed at 1200rpm. In addition, the relatively large PA66 granules did not
undergo any deformation under these operating conditions.

Keywords: Mechanochemical, Polimer nanocomposite, Polyamide 66, Hexagonal boron
nitride, Temperature controlled high energy ball mill.
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OZET

Endiistride en yaygin kullanilan proseslerden biri olan eriyik karistirmanin polimerler ve dolgu
maddeleri arasinda giiclii bir afinite saglamadigi bilinmektedir. Bu c¢alismada, baglama
isleminin mekanokimyasal 6n islem ile gergeklestirilmesi durumunda Ar-Ge veya endiistriyel
iiretim i¢in ¢ok daha kaliteli kompozitlerin {iretilmesi ve etkin baglama sonucunda zaman ve
hammadde kaybinin en aza indirilmesi amag¢lanmaistir. Caligmada, kullanilan yontem ve tiretilen
malzemenin, hafif silah gévdeleri ve havacilik bilesenleri gibi sektorlerin gereksinimlerini
kargilamak i¢in verimli bir alternatif olarak hizmet etmesi amaglanmistir. Bu baglamda, ana
(matris) malzeme olarak poliamid 66 (PA66) ve iistliin 6zellikleri nedeniyle takviye olarak iki
boyutlu(2D) altigen bor nitriir (h-BN) secilmistir. Baslangicta, her iki malzeme de optimum
isleme kosullarini saglamak i¢in kamara tipi bir firinda 60°C'de 30 dakika boyunca nem alma
islemine tabi tutulmustur. Daha sonra karisimlar, hassas bir terazi kullanilarak agirlik¢a %1 ve
%4 takviye oranlarina ulasmak icin PA66 ve h-BN hassas bir sekilde tartilarak hazirlanmistir.
Toplam sarj agirligr yaklasik 5 g olarak standartlastirilmis, 6giitme kabinin hacminin %50'sini
asmamas1 saglanmis ve bilye-ylik orani1 10:1 olarak tutulmustur. Mekanokimyasal sentez,
kontrollii sicaklik kosullar1 altinda yiiksek enerjili bilyali 6giitme islemi kullanilarak
gerceklestirilmistir. Homojen dagilim ve matris ile takviye arasinda gelismis etkilesim elde
etmek i¢in siirekli ¢alisma ile sirasiyla 15 ve 30 dakikalik siireler i¢in 400 rpm ve 1200 rpm
ogtitme hizlar1 kullanilmistir. Hazirlanan numuneler, ylizey morfolojilerini, homojenliklerini ve
yapisal biitlinliiklerini degerlendirmek i¢in hem gorsel hem de mikroskobik incelemeye tabi
tutulmustur. Farkli takviye oranlarina sahip iki serinin analizi yapildiginda; 6giitme hizinin,
takviyenin homojen dagiliminin saglanmasinda, polimer yapisina entegrasyonunda ve
potansiyel kovalent baglarin olusumu da dahil olmak iizere mekanokimyasal etkilerin
artirilmasinda daha kritik bir rol oynadigini ortaya koymustur. 1200rpm'de gergeklestirilen
islemlerde homojen bir yap1 agik¢a goriilmektedir. Buna ek olarak, nispeten biiyiikk PA66
graniilleri bu ¢alisma kosullar1 altinda herhangi bir deformasyona ugramamastir.

Anahtar kelimeler: Mekanokimya, Polimer nanokompozit, Poliamid 66, Hekzagonal bor
nitriir, Sicaklik kontrollii yiiksek enerjili bilyali degirmen.

INTRODUCTION

Polymer nanocomposites embedded with nanofillers have demonstrated a wide range of
enhanced functionalities, encompassing mechanical, chemical, thermal, and electrical
properties. The primary challenge in such composites lies in the poor compatibility between
polymers and nanofillers, which has constrained the advancement of their functional properties.
Nonetheless, mechanochemical processes have emerged as a promising approach to address
this limitation.

Mechanochemical processes utilize mechanical energy to initiate, enhance, or regulate chemical
reactions. Mechanical energy can induce structural changes at the molecular level, thereby
influencing reaction mechanisms. This may enhance reaction rates, facilitate the formation of
intermediate products, or reduce undesirable side reactions. These processes can be employed
to modify or enhance the physical, chemical, and structural properties of materials. The effects
of chemical reactions initiated by mechanical action were first observed in the late 19th century,
when Carey Lea reported that grinding gold, silver, platinum, and mercury halides in a mortar

ISBN: 978-625-378-045-6 28 https://doi.org/10.5281/zenodo.14537144



INTERNATIONAL CERAMICS AND COMPOSITE MATERIALS SYMPOIUM

November 15-16, 2024 / SGleyman Demirel University, Isparta, Tirkiye

led to their decomposition into halogens and metals(Sopicka-Lizer, 2010). Thanks to its
advantages, such as short reaction times, high conversion efficiencies, and the discovery of new
reaction pathways, mechanochemical synthesis has established a significant role in the field of
chemistry. Due to these unique characteristics, this method has been referred to as "Chemical
2.0" for its compatibility with "green chemistry" principles and its transformative potential in
the discipline of chemistry. Furthermore, it has been recognized as one of the top 10 chemistry
innovations that have changed the world (Gomollon-Bel, 2019; Shi et al., 2016; W. Wang et al.,
2022;Y. Wang et al., 2017)

Mechanochemical methods can be performed under solvent-free, dry conditions, making them
relatively simple, cost-effective, and environmentally friendly compared to other techniques.
This has made mechanochemical processes an effective approach in many industries,
particularly in material science and the production of advanced composite materials. The
properties of pure polymers can be significantly improved by incorporating fillers; however,
poor compatibility between polymers and fillers often undermines composite performance.
Melt mixing, a common industrial method, struggles to achieve strong interfacial bonding,
negatively impacting composite properties. Additionally, nanoscale fillers in melt-mixed
systems frequently aggregate, leading to material defects (Shen et al., 2011)(Jiang et al., 2013).

Mechanochemical methods, which initiate chemical reactions through the application of
mechanical energy, can significantly enhance the affinity between different types of materials

Furthermore, these production methods are highly suitable for polymer composites as they are
compatible with conventional joining processes and can effectively incorporate very small
fillers, including nanomaterials(Chen, Li, & Shimizu, 2007)(Zhang, Zhang, Liang, & Lu,
2008)(Peng, Chen, & Tiwari, 2018).

In the study conducted by Jiwan You and colleagues(You et al., 2019), powders were mixed
at weight ratios of 1%, 5%, 10%, and 20% and subjected to various processes, including
plasma-assisted mechanochemical, non-plasma-assisted mechanochemical, and methods
excluding mechanochemical treatment. The researchers concluded that they had developed a
method that effectively addresses the compatibility issues between polymers and nanofillers,
significantly enhancing the functionality of polymer nanocomposites. Ou and colleagues (Ou,
Chen, Lu, & Lu, 2021) proposed a mechanochemical approach induced by ball milling to
prepare polyimide/boron nitride (BN) films with a low coefficient of thermal expansion (CTE)
and high thermal conductivity. The study emphasized that this method enables the simultaneous
exfoliation of BN layers and surface covalent modification in a simple, effective, and single-
step process, thereby facilitating excellent matrix dispersion and the production of high-
thermal-conductivity composites. In another study(Yang, Wang, & Chen, 2020), an innovative
strategy was introduced for the first time to fabricate PA12/BN thermally conductive powders
suitable for selective laser sintering (SLS) 3D printing. This approach combined Solid-State
Shear Milling (S*M) technology and cryogenic pulverization techniques. The S*M technology
effectively addressed the dispersion challenges associated with a high proportion of BN
particles, while the cryogenic pulverization process enhanced the spheroidization of the milled
particles. The researchers highlighted that the resulting material is suitable for producing
thermally conductive components using the SLS method.

In this context, polyamide 66 (PA66) was chosen as the main (matrix) material and hexagonal
boron nitride (h-BN) was chosen as reinforcement due to its superior properties. The proportion
of h-BN in the mixtures was determined to be 1% and 4%. The mechanochemical synthesis was
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conducted using a high-energy ball milling process under controlled temperature conditions. In
order to obtain homogeneous dispersion and improved matrix-reinforcement interaction,
mechanochemical treatments were applied at 15 and 30 min durations and at grinding speeds
0f' 400 and 1200 rpm without stopping the system.

MATERIAL AND METHOD
Materials

As the matrix material, transparent commercial polyamide66 in granule form (average size of
2 mm) was obtained. Since one of the aims of the study was to observe how the initial matrix
size would affect the process and material properties, relatively large-sized granules were used.
As reinforcement material, h-BN with 99.97% purity, average particle size of 120 nm, and a
density of 2g/cm? was obtained from Bortek Company.

Dehumidification process

l

Mixing of matrix and reinforcement phase

!

Mechanochemical treatment

!

Characterisation

Figure 1 Experimental flow chart
Method

After material procurement, the experimental flow chart(figure 1) was determined, and the steps
of dehumidification, mixture preparation, mechanochemical process, and examination were
carried out, respectively. Initially, both materials were subjected to dehumidification in a
chamber-type furnace at 60°C for 30 minutes to ensure optimal processing conditions(figiire
2a). The samples were then quickly packed so that they did not come into contact with the
atmosphere.

The materials ready for the mixture were precisely prepared according to the criteria to be
considered in mechanochemical processes such as charge volume, ball charge ratio and the
composition ratios of the composite to be formed (1 and 4 wt%). For this purpose, a total of
5.30 g mixtures were formed with a ball charge ratio of 10:1 and a grinding jar filling rate not
exceeding 50%.
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Figure 2 a. Chamber-type furnace, b. Emax high-energy ball mill, c. Grinding jars and balls

In the current study, sufficient energy must be provided to the materials to form covalent bonds
between varying amounts of h-BN reinforcement and PA66 matrix(You et al., 2019). Grinding
was carried out using Retsch Emax high-energy ball mill with temperature control (integrated
cooling cycle)(figure 2b) at 15-minute and 30-minute durations, and at 400 rpm and 1200 rpm
speeds. Since the device is temperature-controlled, in contrast to the rest periods in the
literature, the grinding process was continuously performed within the specified time
parameters. Control samples were also produced with the same ratios, but without undergoing
mechanochemical processing. Mechanochemical processes were carried out with stainless steel
balls and in stainless steel grinding jar(figure 2c). The parameters of the prepared samples are
shown in Table 1. The prepared samples were subjected to both visual inspection and
microscopic examination to evaluate their surface morphology, homogeneity, and structural
integrity.

Table 1 Parameters of the prepared samples

Sample No h-BN Ratio (%) Time (min) Speed (rpm)
1 1 1a 400
2 1 15 1200
2 1 30 400
4 i 30 1200
5 (Unprocessed Mixture) 1 0 0

6 4 15 400
7 4 15 1200
8 4 30 400
9 4 30 1200
10 (Unprocessed Mixture) 4 0 0

11 (PAG6E Only) 0 0 0

RESULTS and DISCUSSION
Visual Inspection

The samples produced are shown in Figure 3. In the first visual inspection, it was observed that
there were no problems such as overheating or burning that may occur due to non-stop grinding.
The colour changes that occur as a result of the increase in grinding speed and time indicate
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IRE,

that the heat increases in the natural process during the grinding process. However, since
temperature limits were entered in advance, a harmful temperature level for polymer or
reinforcement structure was prevented. (50 °C for 15 minutes grinding and 60 °C for 30 minutes
grinding).

Figure 3 Mechanochemically treated and untreated samples with different parameters

At the end of each process, the final temperature was noted. It was observed that these final
temperatures were at a level that would not damage the materials. The 400%wt increase in the
mass of the reinforcing element did not cause a significant change in the final temperature

(figure 4).
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Figure 4 Final temperatures after mechanochemistry processes
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Optical Microscope Examination

In the optical microscope examination, it was tried to observe to what extent the powder adhered
to the main matrix, and the size and shape variation of large-size matrix granules were
investigated. Figure 5 shows the difference between the samples containing 100% PA66 and
mechanochemically treated samples containing 1% h-BN under optical microscope. The
grinding process did not induce any noticeable changes in the shape or size of the matrix
granules.

100% PAG6 1% h-BN, 15min, 400rpm
s - f - i i
‘ ‘ l‘ ‘13 - 4 s

ATy

1% h-BN, 30min, 400rpm 1% h-BN, 30min, 1200rpm 1% h-BN, Unprocessed mixture

Figure 5 Optical microscope images of 100% PA66 and 1% h-BN reinforced specimens

Additionally, no deformation was observed as a result of unexpected sudden temperature
increases during the process. It was clearly evident that as the grinding duration and rotational
speed increased, agglomeration was significantly reduced, resulting in a more uniform and
homogeneous mixture. In contrast, the sample containing 1% h-BN without mechanochemical
treatment exhibited a non-uniform distribution of the reinforcement particles, which adhered to
specific regions solely through static effects, without forming proper bonds. Figure 6 shows the
difference between the samples containing 100% PA66 and mechanochemically treated
samples containing 4% h-BN under optical microscope. When the figure is analysed, a similar
trend is observed. As the time and rotation speed increase, it is observed that the reinforcement
is more homogeneously distributed and embedded in the polymer structure.
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100% PA66 4% h- BN, 15min, 400rpm 4% h-BN, 15min, 1200rpm

o e

4% h-BN, 30min, 400rpm 4% h-BN, 30min, 1200rpm 4% h-BN, Unprocessed mixture

Figure 6 Optical microscope images of 100% PA66 and 4% h-BN reinforced specimens

CONCLUSION and SUGGESTIONS

When both series with different reinforcement ratios are analysed,

The rotational speed is a more effective parameter for homogeneity and embedding in
the polymer structure, i.e., the mechanochemical effect, i.e., possible covalent bonds.
A homogenous structure is clearly visible in the processes performed at 1200 rpm. In
both series, the most homogenous distribution is at 30 min, 1200 rpm values.

The relatively large PA66 granules did not undergo any deformation under these
operating conditions.

Future Suggestions

In addition to the detailed characterisations, PA66 granules should be ground, and
experiments should be repeated with the same parameters.

According to the new results, it should be discussed how the initial size of the matrix
material affects the performance in the mechanochemical method.

Optimisation between the change of the predicted material properties and the
increased matrix cost due to secondary grinding should be investigated.

The proposed studies are planned to be carried out using cryogenic milling as shown
in figiire 7.
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Figure 7 Cryogenic milling process to grind the matrix
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ABSTRACT

Polychlorinated Biphenyls (PCBs) are a class of persistent organic pollutants (POPs) historically
used in industrial applications, including plasticizers, which may persist in food packaging
materials. Despite the global ban on PCB production, these compounds continue to pose significant
health risks due to their persistence in the environment and ability to bioaccumulate in the food
chain. This study focuses on the detection and quantification of PCBs in food packaging materials,
particularly in recycled and low-cost plastics. Utilizing advanced chromatographic techniques, the
research investigates the prevalence of PCB contamination and its potential migration into food
products under various storage conditions. The findings are analyzed in relation to existing
regulatory standards, highlighting potential gaps in current food safety regulations. Furthermore,
this study explores the long-term health impacts of low-level PCB exposure, including endocrine
disruption, carcinogenicity, and neurotoxicity. The presentation will conclude with a discussion of

alternative packaging solutions and strategies for minimizing consumer exposure to PCBs.

Keywords: PCB, risk assessment, food packaging
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ABSTRACT

In this study, it was aimed to produce recyclable composite materials by using the
scraps resulting from butterfly valve manufacturing processes. Within the scope of the study,
samples were produced under different manufacturing and composition conditions by using
spheroidal cast iron and pig cast iron chips, filler sand and a thermoset material called
aralditee, and mechanical properties were obtained as a result of compression tests. As a
result of the study, it was observed that aralditee showed the highest compressive strength
and toughness of the sample in which matrix, spheroidal cast-iron chips were used as fibre.
Keywords: Butterfly Valves, Composite Materials, Green Manufacturing, Cast Iron Chips,
Recycling, Briquetting, Cold Forming, Polymer Matrix Composites.

1. INTRODUCTION

In today's world, especially due to the increase in energy-raw material prices and
harmful gas production, the issue of reusing the materials and wastes resulting from
production has gained serious importance. The use of waste materials resulting from the
process of remelting causes more costs than cold pressing or sintering methods [1]. According
to research conducted by the U.S. Geological Survey, the reuse of 1 ton of cast iron or steel
material saves approximately 1.1 tonnes of iron ore and 0.6 tonnes of coal. In addition,
remelting scrap materials is less costly than producing steel or cast iron from scratch. About
100 million tonnes of steel and cast iron chips are produced annually [2].

The most widely reported methods in the literature that enable the use of such materials

resulting from production are cold / warm pressing and briquetting methods. Briquetting
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allows the material in the form of billets or piles to be brought to the desired bulk density and
dimensions with the help of compressive forces [3]. In their study, Torkar, Lamut and Millaku
pressed their stainless steel scraps under a pressure of about 1766 kPa and then aimed to use
the obtained briquette samples by melting them again in the casting pot. The main problem
here is the energy costs associated with the melting process and the heating (400°C) and
washing costs with organic solvents to remove chips from cutting fluids [4].

In his study, Abdelhaleem examined the properties of a mixture of recycled
polypropylene and iron chips in proportions of 10%, 20% and 30%. Iron chips were heated
at 100 degrees, and samples were produced with the help of plastic injection. Polypropylene
was cured at 80 degrees for 2 hours [5]. The main issue that emerges in this study is the
energy costs arising as a result of heating and the increase in carbon footprint. Brozek used 5
different material chips (AlISi10, AISi9, CuZn35, CuSn10 and ZnAl4Cul) into cylindrical
specimens of 40 mm diameter and 60 mm tall and briquetted these samples at room
temperature under a stress of 400 MPa [6]. The cold/warm pressing method, on the other
hand, involves making the powdered or chipping material dense and high in strength before
machining or sintering [3]. Briquetting and cold pressing methods allow scrap chips to be
used as fibercomposite materials without any melting [7]. It is wondered how the materials
planned to be produced using raw material wastes will be produced and what values their
mechanical properties will have. Copper, cast iron and steel materials are generally used as
waste chips. According to Demirel, Giines and Sahin, when a mixture of 90% bronze and
10% nodular cast iron is cold pressed under a stress of 1000 MPa and sintered at 875 ° C, a
compressive strength of approximately 350 MPa is obtained [8].

According to Aslan et al., the most common recycling method for scrap chips is
melting and recasting, but the decrease in thermal and electrical conductivity properties as a
result of oxidation of scrap chips, the energy required for smelting, and the harmful gases
resulting from melting make these processes negative [8]. Another recommended method is
ball milling. According to Fullenwider, chips can be obtained by the ball milling method and
the desired materials can be produced again by the powder metallurgy method [9]. On the
other hand, powder metallurgical methods are not preferred mainly in the reuse of waste
materials due to their unsuitability for mass production and their cost compared to other
methods. The main purpose of this study is to reduce the negative effects of the recent energy

crises and carbon footprint increases on the earth as much as possible. Mostly with the
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concept of 'Green Manufacturing', which has become an important trend in recent times, it is

aimed to reduce the carbon footprint as much as possible at all stages from the design to the
supply chain and production, and this indicates the importance of the use of waste materials
[10].

In the continuation of this study, aralditee, filling sand, spheroidal cast iron and pig
cast iron chips were used for preparing samples on different production and composition
conditions. The compression test were made on the samples and mechanical properties were
compared. It was discussed whether it can be used in the manufacturing of any mechanical

parts or not.

2. MATERIAL & METHODS

In the production of butterfly valves, a thermoset material called aralditee is used to
make the casting mould model of the butterfly valve body. For the butterfly valve body,
spheroidal cast iron and pig cast iron materials are generally used. In the butterfly valve
discussed in this study, which has a nominal diameter of 65 mm and operates under a pressure
of 16 bar, spheroidal cast iron is used as the body material and there is a serious scrap chip
production in post-casting machining operations. Filling sand material is used both in sand
mould casting operations and in the mould model to reduce costs. In this study, it was tried to

obtain especially a composite material, by using aralditee and cast iron chips.

Alternative materials were tried to be produced by considering waste materials

separately. Casting and pressing methods were used in the study.
2.1 Sample Manufacturing

Firstly, the studies were started by experimenting with the production of an alternative material
with the use of aralditee, filler sand and spheroidal cast iron chips. For this purpose, composite
material productions were made by mixing aralditee, filler sand and scrap chips in certain
proportions. The mass values of these materials in grams and percentages in the samples

produced are given in Table 1.
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Table 1 : Mass and percentage composition of samples.

SAMPLE 1 SAMPLE 1 SAMPLE 2 SAMPLE 2 SAMPLE 3 SAMPLE 3

MATERIALS [gram] % Mass [gram] % Mass [gram] % Mass
Aralditee 73,25 23% 55,53 21% 84 50%
Hardener 73,25 23% 55,53 21% 84 50%
Filler Sand - - 149,94 57% - -
Sphero Chips 166,5 53% - - - -
Total Mass 313 100% 261 100% 168 100%

The first produced sample is a composite material formed by a mixture of aralditee and
spheroidal cast iron chips shown as sample 1 in Table 1. Aralditee material was used as a binder,
while spheroidal cast-iron chips served as fiber. To cure the Aralditee and increase its strength,
a commercial hardening material called "SG200" was used. The compressive strength of the
supplied aralditee material is approximately 45 MPa. At the first stage of production, as a result
of machining operations, wet and partially uneven cast iron chips were heated to 250 ° C with
a flame in order to reduce the moisture inside and give a better form. Then, it was mixed into
the aralditee and hardener mixture without any melting process. The resulting mixture was
poured into the casting mould and left to cure for about 45 minutes. Approximately 73.25 grams
of aralditee — hardener and 166.5 grams of spheroidal cast iron chips were used in the mixture.
The total mass of the produced sample is approximately 313 grams. For total, two samples were

produced.

The second sample produced is a mixture of Aralditee and filler sand. Aralditee material
was used as a binder and filler sand was added to the structure. In the production stages of
butterfly valves, in order to reduce the cost, filler sand is frequently used in sand mould casting
processes and in the creation of mold models. In this process, similar to sample 1 production,
filling sand was added to the aralditee and hardening material mixture, the mixture was poured
into the casting mold and left to cure for approximately 45 minutes. Approximately 55.53 grams
of aralditee-hardener and 150 grams of filler sand were used here. The mass of the material

produced is approximately 261 grams.

Finally, at this stage, a sample was produced using only aralditee material and hardener.
84 grams of both materials were used and the resulting mixture was poured into the casting

mold. The curing time is approximately 45 minutes.
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The 3 samples produced are cylindrical specimens with a diameter of approximately 30
mm and a length of 200 mm. Subsequently, for the experimental phases, these materials were
processed by machining operations to be suitable for compression testing. The dimensions and

images of the samples can be seen in Figure 1 and Figure 2 respectively.

Numune 1

Sample 1

Sample 2

®
el i ®

Figure 2 : Illustration of the casting samples.

After the samples were obtained by casting method and mixing processes, in order to reduce
the costs arising from melting and mixing processes, the material can be produced by simply

compressing the existing spheroidal cast iron scraps without any heat treatment. In this regard,
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a sample production was carried out with an existing briquetting machine and mold. In the
process, spheroidal cast iron chips were used and were compressed with a press force of 250
tonnes on a cylindrical mold with a diameter of about 120 mm and a height of 120 mm. During
the operations, no heat input was applied to the chips and the system, and the processes were

carried out entirely by cold forming. The resulting sample is shown in Figure 3.

Figure 3 : The briquetting samples.

Cylindrical specimens with a diameter of 120 mm and a height of 120 mm contain a largely
porous and irregular structure. The calculated approximate density of the sample is around 5
g/cm3. Due to the irregular and porosity internal structure and the tendency of the material to
disperse during processing, it was decided to apply a compression test to the sample and it was
desired to perform turning operations for this. With a feed rate of 400 rpm, it is realized in such
a way that 1 mm of chips are removed at each step. As a result of the process, due to the
inhomogeneous structure of the briquette sample, breaks occurred from the part surface during
the turning operations, and therefore the diameter and length reduction operations could not be
applied to the part. An image of this can be seen in Figure 4. For this reason, due to the
discontinuous structure of the part, the length-shape structure of the chips being different from
each other and the machinability is very low, the samples to be applied to the compression test

could not be obtained.
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Figure 4 : Machining of the briquetting samples.

As a final alternative, due to the bonding and homogeneity problems caused by cold
compression of chips, it was aimed to examine the effects of performing the process in a warm
way at different press forces. In these processes, spheroidal cast iron and pig cast iron chips

were used.

Reusing cast iron chips by heating them to high temperatures can make them especially easy to
corrode with relatively thinner chips. For this reason, without raising the temperatures too
much, spheroidal cast iron and pig cast iron chips were compressed with different press forces
both at room temperature and at 260°C, resulting in cubic samples of 60mmx60mmx60mm. By
increasing the pressing temperature, it is aimed to better bond the chips to each other and thus
obtain a more homogeneous structure. The operations were carried out under press forces of
100 tonnes, 300 tonnes and 500 tonnes. Table 2 indicates the types of chips used and the

operating parameters.

Table 2 : Pressed samples and operation parameters.

Chip Type Press Force Operation
Temperature(°C)
Pig 100 Tonnes 25°C
Sphero 300 Tonnes 25°C
Pig 500 Tonnes 25°C
Pig 300 Tonnes 260°C
Sphero 100 Tonnes 25°C
Sphero 300 Tonnes 25°C
Sphero 500 Tonnes 25°C
Sphero 300 Tonnes 260°C
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First, the pig-cast iron chips were compressed with the help of a square mould at a press force
of 100 tonnes and below 25°C, and a cubic sample was obtained. In the obtained sample,
discontinuities were detected due to the low press force and process temperature, as well as
chips of different sizes. The chip types used and the image of the sample are shown in Figure 5

and Figure 6 respectively. The chip sizes and types used in all samples are the same.

Figure 5 : a) Milling chips b) Turning chips.

Figure 6 : Pig cast iron chips pressed at 100 tonnes and 25°C.

Afterwards, the pig cast iron chips was compressed with 300 tonnes and 500 tonnes of press
forces at a temperature of 25 ° C to observe the structure of the sample. Here, by increasing the

pressing force, it is aimed to further compress the chips and eliminate the inhomogeneous
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internal structure caused by size differences. Figure 7 and Figure 8 show images of samples

pressed under force of 300 tonnes and 500 tonnes, respectively.

Figure 7 : Pig cast iron chips pressed at 300 tonnes and 25°C.

It has been observed that when the temperature is kept constant, with the increase of the pressing
force, the chips are better compacted and the dimensionally large chips crumble. Accordingly,
in order to reinforce this observation, the behavior of pig cast iron chips under a force of 500

tonnes was also examined.

Figure 8 : Pig cast iron chips pressed at 500 tonnes and 25°C.
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The process of pressing pig cast iron chips below 500 tonnes yielded better results when the

temperature was kept constant than in operations of 100 tonnes and 300 tonnes, and the chips
were distributed more homogeneously within the structure. In all pressing processes applied to
pig cast iron chips above, the temperature value was kept constant and the press forces were
changed. In the last stage, it was aimed to examine the differences that arise according to the
situation where 300 tonnes of press force is applied at 260 ° C and the same force is applied at

25 © C. Figure 9 shows an image of this specimen.

Figure 9 : Pig cast iron chips pressed at 300 tonnes and 260°C.

When the pressing force was kept constant and the temperature was increased, it was seen that
the chips spread more uniformly into the structure. In addition, in the first examination of the
samples, it can be interpreted that the pig cast iron chips sample, which is pressed at 300 tonnes

and 260 ° C, has a harder and tougher structure than other samples.

All the steps described above, which are applied for pig cast iron chips, have been repeated for
spheroidal cast iron chips and the effect of press force and temperature on the distribution and
strength of chips has been examined here. Since spheroidal cast iron materials have graphite in
spherical structure, they can show higher toughness and ductility. For this reason, less cracking
is expected in samples produced from nodular cast iron chips. First, trials were conducted at

100 tonnes and 25°C and the resulting sample is shown in Figure 10.
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Figure 10 : Sphero cast iron chips pressed at 100 tonnes and 25°C.

As can be seen in Figure 10, the pressing force and operating temperature were not fully
sufficient for the homogeneous distribution of chips, nor could they ensure the crumbling of
larger sized chips. Therefore, press forces of 300 tonnes and 500 tonnes respectively were also
applied to spheroidal cast iron chips, and pictures of the obtained samples are presented in

Figure 11 and Figure 12 respectively.

Figure 11 : Sphero cast iron chips pressed at 300 tonnes and 25°C.
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It is seen that spheroidal cast iron chips with a load of 300 tonnes show a more homogeneous

distribution than spheroidal cast iron chips pressed under 100 tonnes of force. In addition, the

sample structure is more rigid and hard.

Figure 12 : Sphero cast iron chips pressed at 500 tonnes and 25°C.

In the processes performed with spheroidal cast iron chips, as in pig cast iron chips, when the
temperature is kept constant and the press force is increased, it is seen that the sample shows a
more homogeneous and rigid structure. In addition, due to the increased force, the chips were
adhered to each other more strongly, thus achieving a tighter structure than the samples to which
100 tonnes and 300 tonnes of force were applied. In these operations, the temperature was kept
constant at 25°C, only an increase in press forces was made. In order to examine the effect of
temperature on the samples, spheroidal cast iron chips were pressed under 300 tonnes of force
and 260°C to examine the differences from the sample produced at 300 tonnes and 25°C. The

image of the nodular cast iron chips pressed at 260°C can be seen in Figure 13.
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Figure 13 : Sphero cast iron chips pressed at 300 tonnes and 260°C.

2.2 Machining of Samples

In the pressing trials with pig and spheroidal cast-iron chips, as a result of the first observations
obtained without any test application to the samples, it was concluded that the pig and
spheroidal cast iron chips pressed at 300 tonnes force and 260°C had a more tough and rigid
structure than other samples. Later, it was considered to perform machining in order to apply
tensile tests to these produced samples. The determined tensile sample dimensions, also suitable

for the materials produced, are shown in Figure 14.

48
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Figure 14 : Tensile specimen dimensions for pressed chips.

For this purpose, the samples produced as a result of pressing processes were wanted to be

brought to the size of tensile samples by machining. For this reason, samples pressed at 300
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tonnes and 260°C, which are considered to have the highest toughness value and homogeneity,

are connected to the mirror for the turning operation. In order to keep the parts stable, although
a small pressure was applied with the chuck, the head of the chuck continued to enter the piece.
When the specimen was attached with a tailstock at different points, the same problem persisted.
The gaps and irregularities in the part are thought to cause this. An example image of the

situation that also occurs in pig and spheroidal cast iron samples is given in Figure 15.

Figure 15 : Machining of pressed samples at 300 tonnes and 260°C.

The mechanical properties of the samples vary considerably according to the point at which the
force is applied, due to their inhomogeneous structure. For this reason, it was considered to cut
the samples obtained with a hand saw without applying any machining operation, so that a
tensile sample could be obtained by laser cutting operation. According to Shin et al., it is
possible to effectively laser cut up to 100 mm thick [11]. However, according to the information
obtained from the market for samples obtained from spheroidal cast iron and pig cast iron chips,

a maximum of 25 mm can be cut.

In machining operations for all other samples produced by the pressing operation, chip breaks
were observed in pieces from the samples, and some cutting could be done in the parts where
there were well-interlocked chips. For this reason, it was aimed to perform cutting operations
using a handsaw with a thickness of 0.62 mm in order to detect the part accuracy while cutting

and to cut to a thickness that may be suitable for laser cutting.
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When the sample produced from spheroidal cast iron chips pressed at 300 tonnes 260 ° C,
whose surface and structure appear to be more strong, was tried to be cut with a saw, after a
cutting process of about 10 mm, the piece was divided into two from the place attached with
the vice, some chip fragments had a glossy surface and could be cut with a saw, while others

were separated from the part in the form of breakage.

The cross-section of the cut part can be seen in Figure 16. In addition, when a tensile sample
was obtained by wire erosion, it was observed that the part broke off after about 35 seconds

under a water pressure of 6-8 bar.

Figure 16 : Sawing of ductile iron chips.

In Figure 16, the chips that appear dark in the area shown in red are separated from the surface.
For this reason, a smooth cutting process could not be done and a surface form could not be

obtained at a rate that could be processed by laser cutting.

The general view of the specimen, which is compressed in the vise and divided into two parts,

is shown in Figure 17.
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Figure 17 : Sample of chopped sphero cast iron chips in a clamp.

As a result of all the above-mentioned studies, cylindrical samples in sizes suitable for the
compression test standard could be obtained only from the samples obtained by the casting
method. Samples obtained by cold and hot pressing were subjected to compression test with the
cubic shape in which they were produced, since they could not be cylindrical sampled for the
reasons described in the previous sections. By further optimising chip sizes, press forces and

temperature values, it may be possible to achieve more uniform structures.

3. EXPERIMENTAL STUDIES
As mentioned in the previous sections, samples that may be suitable for experimental study
consist of samples produced by casting method and pressing. It has not been possible to test
briquetted samples experimentally to determine their mechanical properties due to their
inhomogeneous structure, the fact that chips do not adhere together completely at some points
due to pressing forces and temperatures, and their unsuitability for machining. It was decided
to apply the compression test to the samples obtained by casting method and pressing. In the
experiments, ASTM DD695-15 standard, which is the standard for the determination of
compressive properties of rigid plastics in the literature, was used as a standard. Accordingly,
the diameter/aspect ratio of the samples should not exceed 0.5. The pressing speed can be taken
as 1 mm/minute. Since it is not desirable to go beyond the standard, the diameter / length ratio
of the tested casting samples is determined not to exceed 0.5. Thus, the samples, which initially

came in length of 200 mm, were divided into three parts, one was used for compression tests,
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in Table 3 and Figure 18.

Table 3 : Information on samples produced by casting method.

Sample Diameter(mm) Length(mm)

Composition
Al 29 46 Sphero-Araldite
A2 29 57 Sphero-Araldite
A3 29 57 Sphero-Araldite
B1 28 47 Araldite-Sand
B2 28 55 Araldite-Sand
B3 28 56 Araldite-Sand
Cl1 28 56 Araldite
Cc2 28 48 Araldite
C3 28 55 Araldite
D1 28 57 Sphero-Araldite
D2 28 48 Sphero-Araldite
D3 28 46 Sphero-Araldite

In the samples examined here, those shown as A1-A2-A3 and those designated as D1-D2-D3
contain the same proportion of spheroidal cast iron and araldite materials. The only difference
between them is that since the chips in the D1-D2 and D3 samples were cast into the mold very
early in the curing process of araldite, they collapsed to the bottom of the mold over time, so a

homogeneous mixture could not be obtained. The samples denoted by A1-A2-A3 have a more

homogeneous distribution.

Figure 18 : Images of samples produced by casting.
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Accordingly, in Figure 18, the samples shown by A1-B1-C1 were compression tested according
to ASTM DD695-15. From experimental studies, it is expected to obtain mechanical properties
such as compressive strength and toughness value of these samples. Then, according to the
values obtained, it will be examined whether it can be used in any part of the butterfly valve.

The samples obtained by pressing are 60x60x60 mm in size.
3.1 Compression Test

As mentioned in the previous sections, the compression test was applied to the samples Al, Bl
and C1 detailed in Table 3. As the test standard, ASTM D695-15 is used, which determines the
compressive properties of rigid plastics. According to this standard, the length/diameter ratio
of the sample to be tested should not exceed 2 and a value in the range of 1 to 1.6 mm/min
should be selected as the sample press rate. Depending on the test device, this value was taken
as Imm/min in the experiments. The purpose of these experiments is to determine the critical
values of the material samples such as yield strength, modulus of elasticity and to understand
whether they can be used at any point of the butterfly valve. Stress-unit elongation graphs of
the samples will be given together. First, the C1 sample was taken for the compression test.

The image of the compression damage of the C1 sample is shown in Figure 19.

Figure 19 : Compression failure for the C1 sample.
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Afterwards, the compression test of the B1 sample was performed. During the casting process,
while the araldite is cured in the melt state, the filler sand is poured into the casting mold and
the filling sand is adhered especially to the edge points of the mold. After the compression test,
parts were torn off from the outer surface of the sample and the material was failed.
Compression failure occurred as rupture where the density of filler sand was higher than the
density of araldite material, and crack progression was observed on the outer surface due to the

discontinuities contained in the part. The image of this situation is shown in Figure 20.

Figure 20 : Compression failure for the B1 sample.

Finally, a compression test was applied to the A1 sample. This sample is a composite structure
in which araldite material acts as a matrix and spheroidal cast iron chips act as fibers. To the
araldite sample produced by casting, spheroidal cast iron was added while it was in the molten
state and the part was formed in this way. It was observed that a large part of the spheroidal cast
iron chips fell towards the lower parts of the mold due to its density, while a small part adhered

to the side walls of the mold and the middle of the material.

The spheroidal cast iron chips at the bottom of the mold are separated from the mold. Later in

the compression test, crack progressions of 45 degrees were observed, especially on the outer
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surface of the material, and the sample was subsequently failed by crack propagation from these

points. The visual of the failure can be seen in Figure 21.

Figure 21 : Compression failure for the A1 sample.

The next section is a comparison of the stress-strain curves and mechanical properties of the

samples.
3.2 Comparison of Samples’ Mechanical Properties

Compression tests of A1, Bl and C1 samples were performed and as a result of the experiments,
stress-strain graphs of these materials were obtained. The resulting graphs can be seen in Figure

22.
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Figure 22 : The Stress-strain change graph of cast samples

As can be seen from Figure 22, the sample, consisting of spheroidal cast iron chips and araldite
material mixtures, has the highest compressive strength and toughness. Secondly, the strength
and toughness values of the sample consisting only of aralite material are coming. The lowest
mechanical properties obtained in this study are araldite and filler sand mixture. The numerical

values of these expressed properties can be seen in Table 4.

Table 4 : Mechanical properties of casting samples.

Compressive
Strength Toughness
Sample [MPa] [J/m?]
Al 48 17,2
B1 40 13,8
Cl 45 18,3

The composite material, which is formed especially with the obtained spheroidal cast iron chips
and araldite material mixture, has an acceptable toughness and tightness property as well as low

strength and rigidity. When these data are taken into consideration, it is determined that more
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weight should be given to composite structures where spheroidal cast iron chips are used for

future studies. The table comparing the properties of this material with the spheroidal cast iron

used in the butterfly valve body is shown in Table 5.

Table 5 : Comparison of sphero cast iron and sphero-araldite composite [12].

Properties Sphero Cast Iron Sphero-Araldite
Composite
Density 7300 kg/m? 2400 kg/m?
Young Modulus 169 GPa 2,2 GPa
Compressive Strength 250 MPa 48 MPa

In another study, samples obtained by pressing processes carried out in cold and relatively hot
conditions were examined. Of these samples, the spheroidal cast iron and pig cast iron samples
that were cold pressed and pressed with 100 tonnes were fragmented at the beginning of the
compression test due to the low pressing force and inability to provide bind, and a graphic

distribution could not be obtained. An image of this can be seen in Figure 23.

<
8.

Figure 22 : 100 tons pressed with sphero and pig cast iron samples.

All remaining samples were cubic in structure and compression test was applied to these
samples at a speed of 1 mm/min and stress-strain graphs were obtained to determine critical
mechanical properties. First, hot-pressed pig cast iron chips under a force of 300 tonnes were

put to the test and the resulting graph is shown in Figure 23.
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Figure 23 : Pig cast iron 300 tons hot compression sample graph.

Afterwards, pig cast iron samples, again under the same conditions, but this time cold pressed,

were examined and the resulting graph is shown in Figure 24.
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Figure 24 : Pig cast iron 300 tons cold compression sample graph.
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Here, due to the inhomogeneous structure of the materials, force drop and irregularities can be

seen at some points during the test, although the point where the compressive strength is

maximum can be determined.

In the pig cast iron samples, the samples that were finally cold printed with 500 tonnes were

put to the test and the resulting compression graph is shown in Figure 25.
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Figure 25 : Pig cast iron 500 tons cold compression sample graph.

After the experiments with the pig cast iron samples were completed, the samples containing

spheroidal cast iron chips were tested at the same discharge rates and conditions.

Here, too, the process was first started with a sample compressed at 260°C under 300 tonnes of

force. The resulting graph is shown in Figure 26.
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Figure 26 : Sphero cast iron 300 tons hot compression sample graph.

Subsequently, after testing 300 tonnes of nodular cast iron samples pressed under cold

conditions, the resulting compression graph is shown in Figure 27.

Stress - Strain Graph

30 v r v
[ Sphero 30 Cold Sample |
—
©
o
b3
o
7] e,
0 S~
2 ~—
-
0
0 1 2 3 4 5 6 7 8

Strain (mm/mm)

Figure 27 : Sphero cast iron 300 tons cold compression sample graph.
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As can be seen in Figure 27, due to irregularities in the produced samples and the inability of

the chips to fully adhere to each other under cold pressing conditions, part crack is observed at
some points during the test and this situation is seen as sudden force drops in the graph. Finally,
spheroidal cast iron chips pressed under 500 tonnes under cold conditions were examined and

the results obtained are shown in Figure 28.
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Figure 28 : Sphero cast iron 500 tons cold compression sample graph.

A total of 6 pressed samples were compression tested, and the approximate values of the
mechanical properties that occur when the behavior of the samples due to the inhomogeneous
structure of the samples are eliminated are shown in Table 6. The failure to the samples was not
usually caused by barreling, but rather by fragment separation as a result of stress accumulation

in porosite-containing areas.

Table 6 : Mechanical properties of pressed samples.

Compressive % Strain[mm/mm)]
Samples Strength[Mpa]
Pig Cast Iron 30H Hot 22 5
Pig Cast Iron 30H Cold 17 4,5
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Pig Cast Iron 50H Cold 12 4
Sphero Cast Iron 30H Hot 40 4
Sphero Cast Iron 30H Cold 26 4
Sphero Cast Iron 50H Cold 19 5,5

In addition, the force-strain obtained from pig and nodular cast iron samples are shown in Figure

28 and Figure 29, respectively.
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Figure 28 : a) Pig 300 tonne hot b) Pig 300 tonne cold c¢) Pig 500 tonne cold force graphs
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Figure 29 : a) Sphero 300 tonne hot b) Sphero 300 tonne cold ¢) Sphero 500 tonne cold
force graphs
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An image of the resulting sample failure is given in Figure 30, and this is how it has always

occurred in all of the samples.

Figure 30 : Sample failures after notch effect.

When all the studies carried out in this section are examined, the samples that have been cast
and pressed cannot reach the strength values of the spheroidal cast iron cast iron valve body

currently in use, so it does not seem possible to use them as body materials.

When casting and pressed samples are compared, it is seen that casting materials provide higher
strength. In pressed samples, when the operating temperature is increased, the strength values

increase correspondingly as the chips are better bonded to each other.

The aggregate representation of the stress-strain and force-strain graphs of the samples is shown

in Figure 31 and Figure 32, respectively.
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Figure 31 : Stress-strain graph of press samples.
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Figure 32 : Force-strain graph of press samples.
5. DISCUSSION

In this study, it is discussed to evaluate the manufacturability of alternative materials with the
usage of the materials that come during and after the manufacturing process of a butterfly valve.
In this manner, it is given priority to do the spheroidal cast iron scrap that comes after machining

operations, the araldite used during valve body casting, and filler sand material. First, the
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araldite material used in casting the valve body was produced with a mixture of filler sand and

spheroidal cast iron chips. Afterward, spheroidal cast iron chips were compressed with 250
tonnes of pressing force at room temperature without using any binding material, and briquette
samples were obtained. Finally, spheroidal cast iron and pig iron chips were pressed by cold
and warm pressing methods, without any binder, under forces of 100, 300 and 500 tonnes, at
room temperature and 260°C, and cubic samples were obtained. The samples obtained from
these samples, obtained by briquetting methods, could not be turned into compression samples
and their mechanical properties could not be obtained due to their discontinuous structure and
poor machinability. In the first review, it has been observed that especially cold/warm pressing
samples can have high strength in certain regions. In future studies, it is foreseen that more
uniform and high-strength samples can be obtained by using this method. Although briquetting
samples are not suitable to be used as valve material due to their dispersible and discontinuous
structure, they can be used at certain points due to the ease of transportation and the convenience

it provides in throwing the chips back into the casting pot.

6. RESULTS

In this study, it is desired to produce alternative materials with high strength value by using
scrap materials resulting from butterfly valve production processes. For this reason, samples
were obtained by using the casting method, briquetting and cold/warm pressing methods. From
these samples, it was seen that araldite matrix spheroidal cast iron composite material showed
more strength than other samples. It is seen that the sample with the spheroidal-araldite mixture,
which can be made suitable for compression test and obtained by casting method, shows higher
compressive strength and toughness than the others. It is observed that the sample with
spheroidal-araldite mixture, which can be made suitable for compression test and obtained by
casting method, shows higher compressive strength and toughness than the others. However,
when the properties of this sample are compared with the spheroidal cast iron used in the valve
body, its strength is about 1/5. In the cold/warm pressed samples tested, it has been observed
that the hot-pressed spheroidal cast iron sample, especially under 300 tonnes, has the highest
strength. In this type of sample, as the temperature increases, the bonding of the chips becomes
easier, and the strengths also increase. However, the strength of the samples obtained by casting

seems to be higher.
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Combining the resulting chips with process materials, which may vary in every plant, is likely
to result in new materials with greater or equal strength. Experiments at higher temperatures
and chip amounts related to samples obtained by warm and cold pressing may allow obtaining
materials with higher strength for the future, but energy consumption and carbon footprint will

increase accordingly.

By combining the resulting chips with process materials, which may vary according to each
plant, new materials of higher or equal strength are likely to emerge. Experiments on samples
obtained by warm and cold pressing, at higher temperatures and chip quantities, may allow
higher strength materials to be obtained for the future, but will increase energy consumption

and carbon footprint accordingly.
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OZET

Neolitik Cag’da M.O. 9600-6000 yillar1 arasinda baslayan bitkilerin kiiltiire alinmasina kosut
olarak yerlesik diizen ile beraber insanlarin iiretimden elde ettikleri besinlerin ergonomik bir
bi¢imde yenilebilmesi, depolanip saklanmasi gereksinimi ve amaci, ddnemin ikinci yarisindan
itibaren de piroteknoloji ile seramik {iretimini baglatmistir. Tarihsel siirecte insanligin
gelisiminde seramik iiretimi 6nemli bir doniim noktas1 olmustur. insanligin bu gereksinimi énce
tas kaplarla baslamis, ancak kilin kolayca sekillenebilir bir malzeme oldugu fark edilerek, ¢esitli
yontemlerle sekillendirilen kil kaplar ilk asamada giin 1sis1 ile kurutularak sertlestirilmistir.
Yaklagik M.O. 7000’lerden itibaren atesle kilin bulusmastyla kalic1 sertlikte, degisik formlarda
kaplar elde edilmistir. Dolayistyla bu bulus ayn1 zamanda seramigin baglangici olarak kabul
edilmektedir.

Firin ya da benzeri yapilarla kapali ortamlarda pisirim oncesi ilk tlir seramik pisirim yontemi
acik pisirimdir. {1k tiir canak ¢dmlek formlarmnin olusturulmasi ve agik pisirimle sertlestirilmesi,
giinimiizde bir¢ok Anadolu ¢omlek¢ilik merkezinde hala devam eden kiiltiirel bir iiretim
tarzidir. Somut Olmayan Kiiltiirel Miras (SOKUM) kapsaminda deger ifade eden ilk iiretim
biceminin Neolitik ¢omlekgilikle benzerlik ve ortlisiimii, ayn1 zamanda Antropoloji, Siirecsel
ve Postsiire¢sel Arkeoloji gibi kiiltiir disiplinlerine de 6nemli veriler saglamaktadir.

Yapilan bu calismada Anadolu’da direnerek de olsa siirdiiriilen geleneksel ¢omlekeiligin
pisirim teknikleri ve evreleri, akademik ve kiiltiirel onemi anlatilmak istenmistir.

Anahtar Kelimeler: Comlekgilik, Acik Pisirim, SOKUM, Seramik

ABSTRACT

In the Neolithic Age, with the advent of plant domestication between 9600-6000 BC, the need
and purpose for ergonomically consuming, storing, and preserving food obtained from
production accompanied by a sedentary lifestyle initiated ceramic production with
pyrotechnology from the second half of the period onwards. In the historical process, ceramic
production has been a significant turning point in the development of humanity. This need of
humanity initially began with stone containers, but upon realizing that clay was an easily

ISBN: 978-625-378-045-6 71 https://doi.org/10.5281/zenodo.14537144



INTERNATIONAL CERAMICS AND COMPOSITE MATERIALS SYMPOIUM

November 15-16, 2024 / SGleyman Demirel University, Isparta, TUrkiye

n X

shapeable material, clay vessels molded by various methods were first hardened by sun heat.
From around 7000 BC, the interaction of clay with fire resulted in permanently hardened vessels
in various forms. Therefore, this discovery is also accepted as the beginning of ceramics.

The first type of ceramic firing method before the advent of kilns or similar structures in closed
environments is open firing. The formation of the first types of pottery forms and their
hardening through open firing remains a cultural production style still practiced in many pottery
centers in Anatolia today. The similarity and overlap of the first production style, which is
significant within the scope of Intangible Cultural Heritage (ICH), with Neolithic pottery also
provides important data for cultural disciplines such as Anthropology, Processual, and Post-
processual Archaeology.

This study aims to explain the academic and cultural significance of the firing techniques and
phases of traditional pottery, which, though resisted, continues in Anatolia.

Keywords: Pottery, Open Firing, ICH, Ceramic.

GIRiS

Tarihsel siiregte insanligin gelisiminde seramik dnemli bir déniim noktas olmustur. M.O. 9600-
6000 yillar1 arasinda Neolitik Cag’da baslayan c¢iftcilige dayali yerlesik diizen ile beraber
insanlarin tiretimden elde ettikleri besinleri depolama ihtiyact duymalart seramik kullanim
kaplarmin ortaya ¢ikmasinda baslica etken olarak goriilmektedir. Insanligin toplumsal ve
kiiltiirel gelisiminde koklii degisimlerin gerceklestigi Neolitik Dénemi Canak-Cémleksiz (M.O.
9600-7000) ve Canak Comlekli Neolitik (M.O. yaklasik 7000-6000) olarak ikiye ayiran en
onemli bulgu da seramigin bilingli bir sekilde iiretilmesidir (Unal, 2020:930). Canak Comleksiz
(Akeramik) Donemde pismis toprak kaplarin altyapisini olusturan gelismeler yasanmustir. Kilin
dogal ve el ile kolayca sekillendirilebilir bir hammadde oldugu kesfedilmis ve giinliikk yagamda
siklikla kullanilan bir malzeme haline gelmistir. Ik ¢anak-¢dmlek iiretiminin kamis ve agagtan
ortilen sepetlere kil sivanarak olusturuldugu seramiksiz Neolitik Dénem yerlesim yerlerinde
bulunan {izerinde sepet izleri olan kiigiik kil pargalarindan anlagilmaktadir. Giineste kurutulan
ve sertlestirilen kullanim kaplar1 seramigin bilingli olarak iiretilemeye baslandigi ve
yayginlastigi Canak-Comlekli Neolitik Doneme bir gegis evresi olarak goriilmektedir. Seramigi
daha dayanikli hale getiren pisirme isleminin tesadiif sonucu gerceklestigi diislintilmiis ve
seramigin ortaya ¢ikisi hakkinda arkeolojik veriler dogrultusunda farkli gorlisler One
striilmiistiir. Bu goriislerden ilki olan ‘ocak teorisi’nde atesi daha uzun siire kullanmak
amaciyla agilan gukurlarda kilin sertleserek eski plastik halinden uzaklagsmasi ve seramik haline
gelmesi s6z konusudur. Bir diger teori ise sepet teorisidir. Bu teoriye gore ilk kullanim kaplari
kamis, saz ve agaglardan yapilan sepetlerin kil ile sivanarak iiretildigi, boylece atese ve suya
karst daha saglam bir hale geldigi one siiriilmektedir. Canak-Comlekli Neolitik Déneme
gelindiginde ise seramigin hammaddesini olusturan kilin pisirilerek daha saglam kullanim
kaplar1 iretilebilecegi anlasilmis ve ¢Omlek iiretimi ilkel pisirimler yapilarak
gerceklestirilmistir.

ILKEL PiSiRIM

Seramik firmlarinin ortaya ¢ikisindan once yalnizca dogada bulunan malzemelerle acik ve
dogal ortamda yapilan pisirimler ilkel pisirimlerdir. Tarihsel siirecte Neolitik Cag’da yerlesik
diizene gecilmesi ile beraber seramik iiretimi ilk olarak ilkel pisirimler ile firin kullanilmadan
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yapilmistir. Giinlimiiz seramik firmlariin temelini olusturan ilkel pisirim iilkemizde ve
diinyanin bir¢ok yerinde seramik iiretiminde kullanilmakta olup acik ateste pisirim ve ¢cukurda
pisirim teknikleri olarak iki sekilde yapilmaktadir. A¢ik arazi ve ¢ukur pisirim tekniklerine ek
olarak ilerleyen donemlerde ortaya ¢ikan firin pisirimi, Anadolu’ da kullanilmakta olan ilkel
firinlar ve merkezler ve giinlimiizde alternatif pigirim teknikleri olarak kullanilan raku, sagar ve
obvara ilkel pisirimleri ele alinacaktir.

Acik Ateste Pisirim Teknigi

Seramik tiretiminin yapildigr en ilkel pisirim teknigi olan agikta pigirim teknigi kurutulan
tirtinlerin Ust tiste y1gilip iiriinlerin alt kismui ve tist kisminin dogal yanici maddeler ile (saman,

Gorsel 1. Acik ateste pisirime drnek

tezek, odun, aga¢ dallar1 vb.) sarilarak atese verilmesi ile yapilmaktadir. Atesleme siiresince
eklenen yanict maddeler ile irinlerin pisirimi saglanir.

Bu pisirim tekniginde Griinlerin pisirimi oksijen dolasimi olan ortamda (ytikseltilmis ortam)
gerceklesir (Ozdogan, 2019:271). Sicaklik 750-800° derece arasindadir. Agik ateste pisirimde,
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ateslemenin kontrol edilememesinden ve kaplarin yakitla temas etmesinden dolayi
islenmesinden zarar gorebilir; ayrica hava kosullarindaki ani degisikliklere de duyarlidir.
(Nicholson, 2010:2). Kontrolsiiz ve harli ateste pisirildikleri i¢in seramik kaplarda renk
degisimi ve ¢atlamalar goriilebilmektedir.

Acik hava pisirimi Anadolu’ da hala devam etmekte olan ilkel ¢comlekgilikte kullanilan pisirim
tiirlerindendir. Manisa’nin Salihli ilgesine 40 km uzaklikta olan Gokeyiip Kdyii’nde ¢ogunlukla
kadinlar tarafindan tretilen ¢omleklerin pisirimi acik arazide yapilmaktadir. Giineste iyice
kuruyan, onlarin deyimiyle “tepinen” kaplar, “kap pisirecegi yeri” ad1 verilen evin bahgesinin
ya da avlusunun belirli bir yerinde, acikta ¢ali ¢cirp1 ve odunla, giivecglerin iist iiste dizilmesiyle
rlizgarl bir havada yakilan ateste bir saat siireyle pisirilir (Gliner, 1998:35). Anadolu’ da agik
pisirimin yapilmakta oldugu baska bir merkez Eskisehir Mihali¢cik ilgesine bagli Sorkun
Koytdiir. Kadinlar tarafindan geleneksel yontemlerle iiretilen ¢omleklerin pisirimi koytin
disinda yer alan riizgar kesintisiz ve tek yonden alan “kiilliik” denilen agik arazilerde ortak bir
sekilde yapilmaktadir. Glineste ¢ok iyi kurutulan giivegler, riizgarl bir havada, kiilliikte i¢lerine
saman konarak, teker teker ters dondiiriilmiis durumda yere dizilir; aralaria konan ¢ali ¢irp1
tutusturularak bir saat siireyle pisirilir (Giiner, 1998:38). Sivas-Zara (Demiryurt koyti), Elazig-
Palu (Burgundere Koyii), Urfa-Merkez (Sirin Koyil) Anadolu’ da agik pisirimin uygulandigi
diger yerlere Ornektir. Acik pisirim tekniginde oksijenli ortamda pisirilen iriinleri hava
akimindan korumak ve {iriinlerin pisirimi sirasinda meydana gelen sorunlari azaltmak amaciyla
pisirim tekniklerinde degisiklikler meydana gelmistir (Sevim, 1991:18). ilerleyen donemlerde
edinilen bilgi birikimi ile ¢ukurda pisirim teknigi gelistirilmistir.

Cukurda Pisirim Teknigi

Cukurda pisirim yonteminde iriinler agikta yapilan pisirimin aksine 1s1 kontrol altinda
tutulmaktadir. Bu pisirim tekniginde ¢ukur, atesleme odasi olarak kullanilan, yere kazilmig bir
deliktir (Watkins & Wandlesss, 2004:69). Ag¢ilan ¢ukurun tabanina ve yerlestirilen {iriinlerin
etrafina ve odun, talas gibi yanict maddeler eklendikten sonra ateslenir.
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Gorsel 3, 4. Cukur Pigirimi

Cukurun {istii 1sinin korunmasi amaciyla toprak ile sivanir ve eklenen yanict maddeler tekrar
atese verilir. Cukur pisirimi agikta pisirime gore daha verimlidir ¢iinkii ¢ukurun toprak duvarlari
1s1y1 daha etkili bir sekilde iletir ve bunun sonucunda daha yiiksek sicakliklar elde edilebilir
(Chavarria, 1994:57). Acikta pisirim teknigi ile arasindaki temel fark pisirimin indirgenmis
(redikksyon) ortamda yapilmasidir. Indirgenmis oksijensiz bir ortamda pisirim
gerceklesmektedir ve pisirim sonucunda iiriinler genellikle isli, koyu renklerde ¢ikmaktadir. Bu
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pisirim yontemi giinlimiizde seramik sanat¢ilar tarafindan eserlere isli, gegisli bir goriiniim
kazandirmasi gibi dekoratif amaclarla kullanilmaktadir. Bakir ve metal oksitler, tuz, bitkisel
maddeler ve pisirme sirasinda yiizeylerde renk golgeleri, doku ve parlama izlerinin olusmasina
ve artmasina yardimeci olacak renklendirici materyaller eklenebilir (Gregory, 2005:33).

Firin Pisirimi

Uretilen ilk seramiklerin pisirimi agikta, dogal ortamda ve dogal malzemelerle, atesin ve 1sinin
kontrolsiiz bir sekilde kullanilmasi ile gergeklestirilmistir. Atesin agik ortamdan kapali ortama
tasinmasi ile beraber firin teknolojisi ortaya ¢ikmis ve ilkel firinlar kullanilmaya baglanmustir.
flkel firnlarin ortaya cikisinda ilkel pisirimler sirasinda kontrolsiiz hava akimi sonucunda
meydana gelen hatalarin azaltilmasi i¢in 1sinin kontrol altinda tutulmasi ve kisisel pisirim
alanlarmma duyulan ihtiyaclar etkili olmustur. Acik pisirimde goriilen etkilerden dolay1
comleklerin etrafina duvar ¢evirmekle ve de kanallara ve bacaya 1s1 vermek yoluyla ilk firin
ornekleri olusmaya baslamistir (Sevim, 1991:20). Ilkel firinlar kerpi¢, saman ve kum gibi
malzemeler kullanilarak {iretilmig, sonraki donemlerde tugla gibi 6zel olarak iiretilmis
malzemeler kullanilarak kapali firin iiretimi yapilmistir. Atesleme bdlmesi ve ¢dmleklerin
yerlestirildigi raflardan olusan kapali firinlarda pisirim sirasinda kaplar ates ile dogrudan temas
etmez. Firinlarin i¢ tasarimi hava akisimi etkileyerek pisirimin yiikseltilmis ve indirgenmis
ortamlarda yapilmasini saglamaktadir. Sonug olarak, agik pisirimde kullanilan atesin kapali
ortama alinmasi ile ¢ukurda pisirim teknigi ortaya ¢ikmis ve giinlimiiz seramik firmlarinin
altyapisini olusturan en ilkel pisirim yontemi olmustur.

[lerleyen donemlerde de farkli tiirlerde seramik firinlar1 ortaya ¢ikmistir ancak ilerleyen firin
teknolojisine karsin giiniimiizde ilkel firmlar hala kullanilmaya devam etmektedir. Anadolu’ da
kullanilan ilkel firinlara kubbe tip, silindir tip firin ve odunlu (kara) firinlar 6rneklendirilebilir.
Anadolu’ da ¢omlekgilik geleneginin hala siirdiiriilmekte oldugu 6ne ¢ikan merkezlerden biri
olan Aydin’in Karacasu ilgesinde pisirimler kubbe tip ve silindir tip firinlarda yapilmakta olup
pisirim 8-9 saat arasinda gerceklesmektedir. Bu firinlarin duvarlar tas orgiilii olup igerden ve
disardan stvanmustir (Unal, 2023:85).
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Gorsel 5, 6. Isparta Kubbe tipi ilkel pigirim firini
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Burdur’un Aglasun ilgesine 15 km mesafede olan Canakli (Mamak) Koyii’nde de ¢omlek
pisiriminde kubbeli yuvarlak firmlar kullanilmaktadir. Kubbe tip de denilen bu tiir firinlar,
kemerlerin iizerine oturtulmus, iistii agik, alttan ateslenen tipte olup, toprak kaplar iist iiste
yigilarak firmlanir (Ceylan, 2014:238). Silindir tip firinlarda tirlinler firinin baca kismindan
yerlestirilirken kubbe tip firinlarda Griinler firmin pisirilmek iizere yerlestirildigi boliime agilan
bosluktan yerlestirilir. Firin yapt malzemesi, toprak ve samandan yapilmis bloklarin koni
seklinde istiflenmesi ve yapinin iizerine yine toprak-saman karisimindan kerpic siva yapilmasi
ile olusturulmustur (Unal, 2022:111). Anadolu’ da ¢dmlek pisiriminin gergeklestirildigi ilkel
firmlara baska bir 6rnek de odunlu (kara) firinlardir. i¢ Anadolu Bolgesin’de yer alan Nevsehir’
in Avanos ilgesi Anadolu’ nun 6ne ¢ikan ¢omlekcilik merkezlerinden olup geleneksel kara
firnlarin  kullanimimin yaygin oldugu bir merkezdir. Tim duvarlar1 biriketlerle oriilen
geleneksel Avanos Kara Firinlar silindirik bir gévde yapisina sahiptir. Govde kubbemsi bir {ist
yaptyla tamamlanir (Aslan, 2012:6). Kara firinlar atesleme (cehennemlik) bolmesi ve {irtinlerin
istiflendigi iki bdlmeden olugmaktadir. Bu iki bélme deliklerin agildigi bir taban ile birbirinden
ayrilir, firmin yakitlarin yerlestirilip atese verildigi cehennemlik kapisi ve iiriinlerin istiflendigi
doldurma kapist mevcuttur. Pisirimler 800-900° sicakliga erisir, 4-8 saat arasinda
gerceklestirilir. Kara firinlarda trtinler istiflenerek yerlestirilebildigi i¢in ¢ok sayida ¢omlek
pisirimi gerceklestirilebilmektedir.

ILKEL PiSIRIM TEKNIKLERI
Raku Pisirimi

Glinlimiizden yaklasik 400 y1l kadar 6ncesinde Japonya’ da ortaya ¢ikan ve oldukga popiiler
olan Raku teknigi diisiik 1s1da ve hizl1 pisirim sonucunda kaplarda farkli ve etkileyici yiizeysel
etkiler birakan pisirim teknigidir. Japonya’ da Momoyama Ddnemin’de (1573-1615) cay
ustalarinin gelistirdigi bu teknik ile pisirimi yapilan Raku kaplar1 zamanla ¢ay térenlerinin bir
pargasi haline gelmistir. Anlatilanlara gdre ¢ay ustas1 Rikyu, Wabi No Chado olarak bilinen
Zen temelli estetik felsefeyi gelistirmis ve degistirmistir (Branfman, 2012:12). Zen felsefesinin
temel Ozellikleri dogallik, sadelik ve yalinliktir. Cay torenlerinde kullanilan kaplar da bu
felsefenin sanatsal temsilleridir. Ancak Rikyu tarafindan gelistirilen Zen temelli felsefe ¢cayin
resmi bir sekilde servis edilmesine ve i¢ilmesine karsilik estetik tepki uyandirmak icin
tasarlanmistir. Raku teknigi seramik kaplarin yalnizca soyut giizelligi degil ayni zamanda
somut estetik giizelligi yansitmasi i¢in tasarlanmis ve uygulanmigtir.

Raku pisirim tekniginde kullanilan ¢amur ve sirlar farkliliklar gostermektedir. Raku kilinin
temel gereksinimi, raku siirecindeki termal soka dayanabilmesidir (Mathieson, 2005:10). Hizli
S b s

Gorsel 7, 8. Raku pisirimi
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pisirim ve atmosfer degisimini kaldirabilmesi i¢in kilin fazla miktarda kum veya samot
parcalart igermesi gerekir. Pargalar ne kadar biiyiik ve kalinsa kilin raku pisirimine uygunlugu
ve termal sok dayaniklilig1 da o kadar fazla olur (Jones, 2007:36). Samot ve kum orani yiiksek
kilden iiretilen kaplarin biskiivi pisirimi gergeklestirildikten sonra kaplar kursun i¢eren, erime
dereceleri diisiik olan sirlar ile sirlanir. Raku sirlarinda erime dereceleri diisiiktiir ¢linkii
kullanim kaplarinda uygulanan sirlarin saglamasi gereken yiiksek teknik standartlara uymasi
gerekmez; bilesimleri basittir (Branfman, 2001:53). Sir pisiriminde meydana gelen catlaklar
genellikle sir ve kilin uyumsuzlugundan kaynaklanir ve kullanim kaplarinda saglik acisindan
sakinca olusturmasi sebebiyle istenmemektedir, ancak raku tekniginde elde edilmek istenen bir
goriintiidiir. Catlakli goriiniimiin elde edilmesine olanak saglayan sirlar diigiik derece sirlardan
olusmaktadir.

750-950° pisirilen sirli kaplar masa yardimiyla akkor halde firindan alinip talas, kagit tiiri
yanict malzemelerde doldurulan varillerin i¢ine yerlestirilir ve iistii kapatilarak oksijensiz
(rediiksiyon) ortamda birakilir. Boylece karbon monoksit gazina maruz birakilan seramiklerde,
tizerinde kullanilan sirin birlesimine gore farkli etkiler elde edilir (Baskirkan, 2016:16).
Varillerden cikarildiktan sonra sogumaya birakilir veya su ile sogutulduktan sonra yiizeyi
temizlenerek sergilenmeye hazir hale getirilir.

Geleneksel raku pisirimi tugladan insa edilen odun yakitl firinlarda yapilmaktadir. Giiniimiizde
ise alternatif bir pisirim teknigi olarak kullanilan raku tekniginde pisirim gazli ve elektrikli
firinlarda yapilmaktadir ancak genellikle elektrikli firinlar tercih edilmemektedir. Elektrikli
firinlarda ytiksek 1s1da 750-950° firin kapaginin agilmasi rezistans tellerine zarar vererek firinin
omriinii azaltir, kullanimi zordur. Elektrikli firinlara gére daha dayanikli olan ve daha kisa
stirede yiiksek derecelere ulagan gazli raku firinlar1 daha yaygin bir sekilde kullaniimaktadir.

Gorsel 9, 10. Raku Pisirimi Uygulanmis Ornekler

Bugiin seramik sanat¢ilarinin siklikla kullandigi, oldukc¢a popiiler bir pisirim teknigi olan raku
kendi i¢inde tiirlere ayrilmaktadir. Raku pisiriminde rediiksyon firin diginda gergeklesmektedir,
farkli yiizeysel etkiler, renk gegisleri de bu rediiksyonlar sonucunda meydana gelmektedir.
Demir klorid, at kili, bal¢ik raku (naked raku), pas kirmizisi, terra sigillata, bakir mat-alkol
rediiksiyon teknikleri ile ¢ok cesitli sonuglar elde edilebilmektedir.
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Sagar Pisirimi

[lk olarak Cin’ de Sung Hanedani Dénemi’nde (M.S. 960-1276) gelistirilen sagar pisirim
teknigi glinimiizde de hala kullanilmakta olan bir tekniktir. Sagar, yiiksek dayanikliliga sahip
seramik hammaddelerinden iiretilmis (refrakter) seramik veya porselen iirlinlerin alevden, isten
ve kiillerden zarar gérmeden pisirilmesini saglayan kapakli kutular, haznelerdir. Komiir ve
odun gibi malzemeler ile ateslenen firinlarda pisirimi yapilan seladon sirli porselen biinye
kaplarin yiizeyinde olusan hatalar1 azaltmak ic¢in ortaya c¢ikmistir. “Geleneksel anlamda
sagarlar, Uirtinleri, odun ve komiir ile pisirim yapilirken, olusan kiil ve kalintilardan, alevlerin
direkt etkilerinden korumak amaciyla kullanilmaktadir (Dassow, 2001:46).”

Gorsel 14, 15. Sagar Pisirimi Uygulanmis Ornekler

Sagar kutulan ilk olarak kilden iiretilmistir, yapiminda kullanilan killer, raku pisiriminde
kullanilan killer gibi samot iceren ve yiiksek sicakliga kars1 dayanikli olan killerdir. “Kutular
iyi pekistirilmis %50 samot igeren refrakter 6zellikli kilden yapilabilir. Fitil yontemiyle, al¢1
kalip i¢cine sivama yoluyla, plaka teknigiyle ya da torna yontemleriyle sekillendirilebilirler
(Fournier, 1992:241).” Seramik iiretiminde kullanilan malzeme ve sekillendirme yontemleri ile
iiretilen kutular, kurutma ve pisirim islemlerinin ardindan kullanima hale hazir hale gelir.
Pigirim sirasinda tiriinlerin korunmasinda yardimci gérev goren sagar kutular1 kendi iginde ayr1
ve korunakli bir ortam yaratarak iirlinlerin olas1 hava akimlarina veya 1s1 degisimlerine karsi
direng gostermesine de yardimer olmaktadir. Kutular seramik malzemeye ek olarak yiiksek
sicakliga dayanikli demir, celik gibi metal malzemelerden tiretilebilmekte veya ates tuglalar
ile firin igeresine de insa edilebilmektedir.

Glinlimiiz seramik sanatinda sagarin kullaniminin ortaya ¢ikisindaki temel hedeften oldukca
farkli, hatta tam tersi yonde oldugu sdylenebilir. “Bugiin seramik sanatcilar1 bu terimi pisirim
sirasinda ¢omlekg¢inin islerini muhafaza edecek tuglamsi ya da 1s1ya dayanikli bir malzemeden
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yapilmis, herhangi bir hazne i¢in daha genis anlamda kullanirlar (Watkins & Wandlesss,
2004:55).” Sagar kutularinin baslica kullanimu iriinleri pisirim sirasinda agiga ¢ikan duman, is
gibi unsurlardan korumak ve olabildigince temiz bir pigirim sonucu elde etmek iken bugiinkii
kullanim amac1 seramik iiriinleri yanict malzemelerle bir araya getirerek farkl ytlizeysel etkiler
elde etmektir. Teknigin giinlimiizdeki kullaniminda amag kutu igeresine biskiivi pisirimi
yapilmis seramik {riinler ile beraber yerlestirilen organik veya inorganik malzemelerin
yanmasini saglayan sinirl bir oksijen girisinin oldugu indirgen ortam atmosferi olusturmaktir
(Bozkurt 2012: 46). Seramik iiriin ile birlikte talas, odun, gazete, saman, kuru yaprak, tuz, siilfat
ve oksit gibi cesitli yanict malzemeler ile doldurulan sagar kutular firina yerlestirilerek 750-
950° arasinda degisen indirgen bir kutu atmosferinde pisirim gerceklesir. Bu atmosfer, pisirme
islemi sirasinda seramik {iriiniin ylizeyini isleyen maddelerin yanmasiyla olusur (Wandless,
2007:15). Isli indirgen atmosfer sagar kutusunun iginde kalarak seramik parcanim yiizeyini
karbonize eder ve beraberinde gesitli renk gegisleri ortaya ¢ikar. Sogumaya birakilan ve firindan
alian sagar kutularinin i¢ sicaklik dereceleri diistiiglinde seramik tirlinler kutulardan ¢ikarilip
oksijensiz ortamda ger¢eklesen yanma sonucunda ortaya ¢ikan kiillerden ylizeysel kalintilardan
temizlenir, cilalanir ve sunuma hazir hale getirilir.

Gazly, elektrikli ve raku firinlarinda genellikle sirs1z seramik biinyeler ile yapilan sagar pisirim
teknigi birbirinden farkli gorsel etkiler ortaya c¢ikaran alternatif bir pisirim teknigidir. Pigirim
sonucunda seramik iriinlerde elde edilen renk gegcisleri birlikte pisirim yapildiklar
malzemelerin tiliriine; kimyasal ve fiziksel 6zelliklerine ve kutu igindeki yerlesimlerine gore
farklilik gostermektedir. Sagar pisirimleri; klasik toprak sagar pisirimine ek olarak aliiminyum
folyo sagari, maskeleme yontemi olmak tizere ¢esitli yontemler ile de uygulanmaktadir.

Aliminyum Folyo Sagar

Aliiminyum folyo sagarinda {irlinlerin yiizeyine demir klorid ¢ozeltisi uygulanir, ardindan oksit,
stilfat tuz gibi organik yanic1t maddeler konulan aliiminyum folyolara sarilarak pisirim yapilir.
Aliiminyum folyo sagarinin pisirimi folyo icine eklenen siilfat ve tuzlarin firin ekipmanlarini
asindirmasi, zarar vermesi sebebiyle elektrikli firinlarda yapilmamaktadir. Kisa siirede yiiksek
sicakliga ulasan ve ¢abuk soguyan raku firinlarinda 650-800° diisiik sicakliklarda yapilan
pisirimler kisa bir zaman zarfinda gergeklesir.

Maskeleme Teknigi

Indirgen atmosfer pisiriminde farkli etkiler elde etmek icin kullanilan baska bir sagar pisirim
yontemi de maskeleme yontemidir. Seramik ylizeyde isli goriiniim elde etmek i¢in uygulanan
bu yontemde terra sigillata astarlar1 kullanilarak yiizeye parlak ve kaliteli bir goriiniim
kazandirilmasi hedeflenir. Alternatif pisirim tekniklerinde siklikla kullanilan terra sigillata
astarlar1 Yunan ve Roma donemi seramiklerinde ince taneli killerden iiretilen ve
firmlandiklarinda uygulandiklar yiizeye parlak bir goriiniim kazandiran astarlardir. Indirgen
ortamda yapilan isli pisirimlerde estetik ag¢idan olumlu sonuglar vermektedir. Maskeleme
tekniginde biskiivi pigirimi yapilmig seramik iiriiniin bant ile kaplanan kisimlarina astar temas
etmez ve yanict malzemeler ile yapilan 800-900° arasinda yapilan pisirim sonucunda mat ve
parlak kontrast bir goriiniim elde edilir.
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Obvara Pisirimi

Giiniimilizde de kullanilmakta olan alternatif pisirim tekniklerinden obvara 14. ylizyilda Dogu
Avrupa’da ortaya ¢ikan geleneksel bir pisirim teknigidir. Litvanya, Belarus, Estonya ve Rusya
gibi Baltik denizine kiyisi olan iilkeler tarafindan yaygin bir sekilde kullanildigr i¢in aym
zamanda Baltik (Beyaz Rusya) rakusu olarak da bilinmektedir. Birden ¢ok ismi olan obvara
teknigi Belarus ve Rusya’da ‘haslanmis seramik’, Estonya’da ‘poripott’, Letonya’da ‘raugo
keramika (hamur mayasi1)’, Litvanya’da ‘eksi mayali ya da mayali ¢omlek’, ve diinyanin geri
kalaninda ‘obvara’ olarak bilinmektedir (Chassier, 2019).

Gegmiste evlerde tesisat sistemi kurulmadan 6nce, siit, haglanmig patates suyu, elma kabuklari
gibi mutfak atiklarinin ve atik sularin lavabo kenarlarinda kovalarda tutulmasiyla dogal,
fermente karisimlar agiga cikmaktaydi. Obvara tekniginin de sicak bir giivecin kazara bu
atiklarin fermente oldugu bir kovanin i¢ine diismesi sonucu seramigin yiizeyinde olusan etkinin
fark edilmesi ile kesfedildigi soylenmektedir (Chassier, 2015).

Obvara pisirim tekniginin gelenek haline gelmesinde ve kullaniminin yayginlasmasinda belli
basli unsurlar bulunmaktadir. Organik atik ile dolu kaplara daldirilarak elde edilen obvara
seramiklerinde saklanan gidalarin ve igeceklerin uzun siire mevcut sicakligimi veya

Gorsel 16, 17, 18. Obvara Uygulama Asamalari

soguklugunu korudugu gozlemlenmis, bu 6zellik neticesinde obvara kaplari uzun siire yiyecek
ve icecekleri saklamak i¢in kullanilmistir.

Onceden islevsel amaglar dogrultusunda yapilan obvara pisirimi bugiin seramik sanatcilarinin
dogal, deneysel sonuglar elde edebilecegi alternatif bir pisirim teknigi olarak kullanilmaktir.
Raku teknigine benzer bir sekilde, biskiivi pisirimi yapilmis tiriinler 899°C’ de firindan ¢ikarilir
ancak raku pisiriminden farkli olarak parcay1 hizli bir sekilde sogutmak icin suya batirilmadan
once obvara karigimina batirilarak tiim ytizey karigim ile kaplanir (Selsor, 2014:13).

Karisim un, seker, siit, yulaf, maya, bugday, piring ve su gibi tamamen dogal malzemeler ile
elde edilmektedir. Daldirma islemiyle seramik {iriiniin sicakli1 organik karigim ile temasa
gecer ve yanma ve sicramalar meydana getirerek seramik yiizeyde gozeneklere isleyen agik
saridan koyu kahverengi, siyaha kadar dogal renk geg¢isleri, gorsel etkiler ortaya ¢ikarmaktadir.
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Obvara pisiriminde sicaklik ve karisimin kalitesi ylizeysel etkilerin agiga ¢ikmasinda onemli
rol oynar, seramiklerin karigim ile tepkimeye girmesi i¢in mevcut sicaklik 800-900°C’ den
diisiik olmamalidir. Firmin 899°C' den daha soguk olmasi durumunda seramikler karigimin
ylizeyde yanmasi i¢in yeterli sicaklikta olmayacaktir (Selsor, 2014:15). Sicaklifin yani sira
karisimin fermente olup olmamasi da oldukc¢a onemlidir. Karisim mayalanmadigi takdirde
sicak seramik yiizey ile tepkimeye girmeyecek, dolayisiyla yiizeysel etkiler elde
edilemeyecektir. Malzemenin tiirii, cesitliligi ve sicakliga bagl olarak {irliniin mayalanma
stiresi degisim gosterebilmektedir, karigimin en az iki giin boyunca mayalanmaya birakilmasi
gerekmektedir.

Gorsel 19, 20. Obvara Pisirimli Seramik Ornekler

Seramik iirlinlerin karisima batirilma islemi yiizey tizerinde olusan renklerin tonunu dogrudan
etkilemektedir. Uzun tutuldugunda koyu tonlar, kisa tutuldugunda ise agik tonlar edilir.
Karsimin yogunlugu da ayni sekilde renk olusumunda etkendir, yogun karisimlar ile koyu
renkler, sulu karisimlar agik renkler elde edilmektedir. Diger rediiksyon pisirimlerinde oldugu
gibi obvara pisirimi de gazli firinlarda gergeklestirilmektedir.

SONUC VE DEGERLENDIRME

Neolitik ¢agdan itibaren farkl kiiltiirlerde cesitli seramikler iiretilmistir. A¢ik pisirimler hem
diisiik teknolojili hem de ¢evre kosullarina uyum agisindan ve kiiltiirel agidan 6nemli bir gecis
donemi olusturur.

Seramik tarihinin en eski pisirim yontemi olarak, insanlikla birlikte kiiltiirel anlamda derin izler
birakmis ve maddi kiiltiir degerlerinin korunmasina katki saglamistir. Bu teknik, dogrudan
atesle pisirim gibi basit ve geleneksel bir yontemle baslamis, ancak zamanla sanatin ve
teknolojinin gelisimiyle ¢esitlenerek glinlimiizde modern seramik sanatinda 6zgiin bir yere
sahip olmustur.

Ilkel pisirim teknikleri sadece seramik sanatinin ilk basamagmi olusturmakla kalmayip,
giiniimiizde de ilham verici bir miras olarak varligini siirdiirmektedir. Bu teknikler sayesinde,
seramik sanat1 tarih boyunca insanlar arasinda kiiltiirel baglar kurmus, nesiller boyu aktarilan
bir miras haline gelmistir. Modern seramik sanatinda ilkel pisirime dayali bu alternatif
tekniklerin kullanimi, sanatgilara dogadan ve kiiltiirel mirastan beslenme firsati sunarken,
eserlerine 6zglin bir karakter kazandirmaktadir. Bu baglamda ilkel pisirim, sanatsal ve kiiltiirel
anlamda sadece bir teknik degil, ayn1 zamanda ge¢misle bugiin arasinda kurulan gii¢lii bir
kopriidiir.
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NEOLITIK COMLEKCILIKTEN GUNUMUZ SERAMIK KOMPOZITLERINE:
BINLERCE YILLIK TEKNOLOJIK EVRIM

FROM NEOLITHIC POTTERY TO TODAY’S CERAMIC COMPOSITES: THOUSANDS
OF YEARS OF TECHNOLOGICAL EVOLUTION
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OZET

Neolitik donemde piroteknoloji ile ¢omlekgiligin baslangici, insanlik tarihinde 6nemli bir
doniim noktasi olusturmustur. Atesle pisirilmis kilin sertlestirilmesi sayesinde hem giinliik
kullanim esyalar1 hem de sanatsal objeler iiretilebilmistir. Bu iiretim kiiltiirli, ¢aglar boyu
insanligin gelisim siirecinde sosyal ve ekonomik diizende oldugu gibi tinsel anlayista, sanatta
ve teknolojide de onemli agilimlar ortaya koymustur. Neolitik donemde baglayan seramik
tiretimi, yiizyillar boyunca evrimleserek giinlimiiz modern seramik sanatina, ylksek
performansli miihendislik malzemelerine kadar uzanarak siirdiirtilebilirligini ger¢eklestirmistir.

Giliniimiizde seramik kompozitler, yliksek performansl, dayanikli ve endiistriyel tiretimlerde
genis bir kullanim alan1 bulan ileri teknolojilerdir. Bu gelisimin kdkeni kuskusuz yaklasik 9000
yil Once baslatilan ilkel ¢omlekeiliktir. Sanat ve iyilesmenin bu birlesimi ve siirekliligi, ilk
doneminden giiniimiize seramik sanatinda ve teknolojisinde siireklilik gosteren bir ilerleme
cizgisi olusturulmustur. Neolitik ¢omlekgilik, yalnizca arkeolojik bulgular olarak degil, ayni
zamanda seramik teknolojisinin de 6nemli bir basamagi olarak da degerlendirilmelidir. Seramik
iretiminin giiniimiize katkisi, sadece teknolojik verilerle degil ayn1 zamanda yok edilemeyen
bir malzeme olmasi nedeniyle, binlerce yillik verileri kiiltiir bilimcilere aktarabilmesi agisindan
da 6nem arz etmektedir. Bugiin hem ¢agdas seramik sanatinda ve kiiltiir bilimlerinde, hem de
miithendislik seramiklerinde bu baglant1 rahatlikla gozlemlenebilecek farkli bir bakis agisi
yaratmaktadir.

Anahtar Kelimeler: Neolitik Cémlekgilik, Ileri Seramik Kompozitler, Seramik Teknolojisi,
Cagdas Seramik Sanati

ABSTRACT

The beginning of pottery with pyrotechnology in the Neolithic period constituted an important
turning point in human history. Thanks to the hardening of fired clay, both daily use items and
artistic objects could be produced. This production culture has revealed important expansions
in the social and economic order as well as in spiritual understanding, art and technology in the
development process of humanity throughout the ages. Ceramic production, which started in
the Neolithic period, has evolved over the centuries and has achieved its sustainability by
extending to today's modern ceramic art and high-performance engineering materials.

Today, ceramic composites are advanced technologies that are high-performance, durable and
widely used in industrial production. The origin of this development is undoubtedly primitive
pottery, which was started approximately 9000 years ago. This combination and continuity of
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art and healing has created a continuous development line in ceramic art and technology from
its early period to the present. Neolithic pottery is evaluated not only as archaeological findings
but also as an important step in ceramic technology. The contribution of ceramic production to
the present day is important not only with technological data but also because it is an
indestructible material and can transfer thousands of years of data to cultural scientists. Today,
this connection can be easily observed in both contemporary ceramic art and cultural sciences,
as well as engineering ceramics, creating a different cultural area.

Keywords: Neolithic Pottery, Advanced Ceramic Composites, Ceramic Technology,
Contemporary Ceramic Art

GIRIS

Seramigin insanlik tarihindeki yeri, teknolojik ve kiiltlirel anlamda ¢ok degerli bir yere sahiptir.
Neolitik donemde ¢omlekgilik, yerlesik hayata gegisin simgelerinden biri olmus, insanlar temel
ihtiyaclarim karsilamak icin seramik kaplar iiretmeye baslamislardir. ilk baslarda kilin elle
sekillendirilmesi ve acik ateste pisirilmesiyle ortaya ¢ikan bu kaplar, zamanla daha sofistike
teknikler kullanilarak iiretilmis ve seramik teknolojisi hizla gelismistir (Rice, 1987). Bugiinkii
ileri seramik kompozitleri, Neolitik donemde baslayan bu gelisimin bir sonucudur.

Comlekeiligin tarihsel siirecinde, sadece islevsel objeler iiretmekle sinirlt kalinmamis, pismis
toprak eserler ayn1 zamanda toplumlarin estetik ve sembolik degerlerini de yansitan bir sanat
formuna déniismiistiir. ilk seramik kaplar, insan topluluklarinin sosyo-ekonomik yapilarini ve
kiiltiirel pratiklerini anlamamiza olanak taniyan 6nemli arkeolojik buluntular arasinda yer alir
(Arnold, 1985). Neolitik ¢omlekgilik, hem tarim toplumlarinin yerlesik hayata geg¢isini hem de
topluluklar arasi ticaretin ve etkilesimin artmasini saglamistir (Schiffer, 1996). Bununla
birlikte, seramigin fiziksel dayanikliligi, tarih 6ncesi donemlerden giiniimiize kadar siiregelen
kiiltiirel ve teknolojik stirekliligi belgeleyen bir malzeme olarak karsimiza ¢ikmaktadir.

Gorsel 1. Pigsmis Toprak Yazili Belge
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Seramigin teknolojik evrimi, insanlarin maddi diinyayla olan iligkilerini ve {iretim siire¢lerini
derinlemesine etkilemistir. Neolitik donemde ilk kez kontrollii atesle pisirme teknikleri
gelistirilmis, bu teknikler seramigin sertlestirilip dayanikliligini artirmistir. Zamanla, pisirme
tekniklerindeki geligsmelerle birlikte, seramigin malzeme 6zellikleri de ¢esitlenmis ve bu da
miihendislik malzemelerine giden yolu agmistir. Bugiin ileri seramik kompozitler, bu ilk
pisirme tekniklerinden yola ¢ikarak gelistirilmis yiiksek teknolojili iiriinlerdir. Ozellikle
havacilik, savunma ve saglik gibi kritik endiistrilerde kullanilan seramik kompozit malzemeler,
Neolitik donemde temelleri atilan bu teknolojik birikimin devamidir.

Seramik, sadece giinlilk yasamda kullanilan islevsel bir malzeme olmaktan ¢ikmis, ayni
zamanda insanlarin ritiiel ve sanatsal ihtiyaclarini da karsilamistir. Neolitik donemde seramigin
kullanimi, toplumlarin diinya goriislerini ve inang sistemlerini yansitan sembolik bir anlam
kazanmistir (Hodder, 1990). Bugiin, modern seramik sanatinda bile bu tarihsel ve sembolik
baglar devam etmekte; seramik hem bir sanat eseri hem de bir teknolojik iiriin olarak varliginm
stirdiirmektedir.

Neolitik donemden bugiine kadar seramigin ge¢irdigi evrim, sadece teknik bir ilerleme degil,
ayn1 zamanda toplumsal ve kiiltiirel doniistimlerin de bir yansimasidir. Neolitik ¢omlekgilik,
insanoglunun doga ile olan iliskisini ve maddi diinyay1 sekillendirme kapasitesini gosteren en
eski ve en 6nemli teknolojik yeniliklerden biridir (Vandiver, 1987). Bugiin kullanilan seramik
kompozitler, bu uzun tarihsel gelisim siirecinin en ileri 6rneklerini temsil etmekte ve hem sanat
hem de miihendislik alanlarinda dikkat ¢ekici bir rol oynamaktadir.

Glinlimiizde modern seramik sanatinda bile bu geleneksel ve sembolik baglar devam
etmektedir; seramik hem bir sanat eseri hem de bir teknolojik {iirlin olarak varligini
siirdiirmektedir. Ozellikle 20. yiizyildan itibaren seramigin sanatsal iiretimi, hem ¢agdas sanat
formlarina hem de yeni estetik anlayislara yon vermektedir (Cardew, 2002). Bu siirecte,
sanatsal seramikler ve ileri mithendislik seramikleri, hem estetik hem de estetik anlamda
dayanikli bir doniisim geg¢irmistir. Giliniimiliziin modern seramik sanatinda, geleneksel
tekniklerin ileri seramik malzemeleriyle birlesmis, gelismis lriinler iiretilmekte, sanatgilarin
gecmisinin izlerini gelecegin teknolojileriyle birlestirmektedir (Tunali, 2020).

Bu ¢alismada, Neolitik donemde ¢omlekgiligin dogusundan baslayarak seramigin hem sanatsal
hem de teknolojik siirecini genel olarak incelemesi amaglanmaktadir. Seramik kompozitlerin
tarihsel kokeni ve bugiinkii kullanim alanlarina dair yapilan incelemeler, binlerce yillik
birikimin nasil siirdiiriilebilir bir teknolojik ve sanatsal mirasa doniistiigiinii ortaya koyacaktir.

NEOLITiK DONEM COMLEKCILIGi VE SERAMIK TEKNOLOJISININ iLK
ADIMLARI

Insanlik, Seramikli Neolitik Dénem oncesinden kili ates olmaksizin giin 1s1s1 ile sertlestirerek
topraktan kap ve gere¢ yapimini biliyordu. Bu dénemden itibaren toprak kap yapimu i¢in kilin
atesle biitiinlesmesiyle, islevsel alan1 genisleyen ve giliniimiize kadar devam edecek olan bir
seramik siireci baglamistir. Comlekgilik ya da pismis toprak kiiltiirii dedigimiz yapi, binlerce
yillik seriiveninde insanligin temel yasam gereksinimlerini karsiladigi gibi, geliserek bilimsel
ve sanatsal anlamda giinlimiiz yasamina Onemli katkilar saglamistir. Cagdas seramik
endistrisinin ve modern seramik sanatinin ¢ikis noktasi unutulmamali ki primitif ¢omlekgiliktir
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Gorsel 2, 3. Erken Neolitik Donem ¢omlek 6rnegi (Cayonii), Yasamakta olan Anadolu ¢omlekgiligi ilk
tiir sekillendirme (Sorkun).

Anadolu ve Yakindogu ekseninde bakildiginda; Uzun bir siirece yayilan Neolitik Donem,
Anadolu ve Yakindogu’da ¢anak ¢omlek teknolojisine bagl olarak iki ana evrede incelenir.
Anadolu’nun Pre-Pottery Neolitihic (Akeramik) Neolitik Dénemi MO 9600°den 7000’e kadar
devam eder ve tabakalanma ile buluntu topluluklarindaki degisim temel alinarak Canak
Comleksiz A (Pre-Pottery Neolitihic A- PPNA), Canak Comleksiz Neolitik B (PPNB) ve Canak
Comleksiz Neolitik C (PPNC) adlartyla alt evrelere ayrilir. PPN’ den sonra gelen Canak
Comlekli Neolitik (Pottery Neolitihic-PN) ise, “ilk” ve “son” olmak iizere iki alt evreye
ayrilmistir (Sagona&Zimansky, 2015:34).

Anadolu’da MO 8.binyilin sonu ile 7.biny1lin bagina denk gelen Canak Comleksiz (Akeramik/
Pre-Pottery Neolitihic -PPNA) Neolitik’ten (Pottery Neolitihic-PN) Neolitik’e ge¢is, ilging bir
bicimde belirsizdir. Oysaki bunu takip eden degisimler, Oncii yerlesik topluluklarin
geleneklerini kokli bir bigimde degistirmistir. Her ne kadar bunun 6ncesinde de kilden nesneler
yapilmus olsa da kilin 1s1] yontemle islenmeye baslamasi, Neolitik Cag’in iki ana doneme ayrilip
incelenebilmesi agisindan dnemli bir doniim noktasidir (Schmandt- Bessear, 1977: 133-150).
Gordon Childe, Neolitik'i Glineybat1 Asya'daki bir dizi teknolojik, ekonomik ve sosyal devrim
olarak kavramsallastirdiginda, ¢anak ¢omlek yapiminin belki de "insan tarafindan kimyasal
degisimin en erken bilin¢li kullanim1" oldugu 6nermesini ortaya koydu (Budja, 2016:61).

Pismis kil teknolojisini icat etmek ve kati bir nesne, seramik bir kap yaratmak i¢in kullanilan
piroteknolojinin, modern insan diislincesinin ve pratiginin olusumunda, tarim ve yerlesiklik ile
birlikte ele alindiginda hala devrim niteliginde bir adim oldugu varsayilmaktadir (Gamble
2007.10-32).
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Gorsel 4, 5. Tlkel $eklllend1rme Teknikleri, ¢imdik teknigi (solda), sucuk (fitil) teknigi (sagda)

Prehistorik donemlerin seramik sekillendirme teknikleri, giinimiiz geleneksel ve cagdas
seramik {iretiminde hala kullanilmaktadir. Ornegin sucuk (fitil) teknigi ile bilinen primitif
teknik, glinlimiiz seramik sekillendirme tekniklerinden biri olarak uygulanmaktadir. Hatta
buradan inovasyon kapsaminda ii¢ boyutlu yazicilarla seramik iiretimine kadar, Delta Wasp
sistemli konut yapimina kadar teknolojiye esin kaynagi olmustur.

Gorsel 6. U¢ Boyutlu Yazicr ile Kilin Sekillendirilmesi

Gorsel 7, 8. Delta Wasp Sistemli Konut Yapimi

Tiim 6gretilerde dort temel yasam elemani olarak kabul edilen hava, su, toprak ve atesin insan
eliyle biitiinlesmesiyle olusan seramik, Neolitik Donemden gilintimiize yaklasik 9000 yillik bir
stirecte, ilksel gereksinimleri karsilayacak kaplardan, tinsel objelerden sanata, endiistriyel
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alanlara kadar insanliin vazge¢ilmezi olmustur. Seramik ayni1 zamanda, pismis toprak kiiltiirii
olarak binlerce yilin veri aktarimini saglayan kiymetli bir kiiltiir alan1 olusturmustur.

TUNC CAGI VE SERAMIK URETIMINDE iKiNCi TEKNOLOJIiK ASAMA

Tun¢ Cagi’na dogru; alet ve ara¢ yapimi gelisimine kosut olarak, seramik iiretiminde de form
bigimselligini ¢esitlendiren ve daha seri iiretime imkan veren ¢omlekei carki kesfedilmistir.
Tung¢ Cagi’nda metal kullanim1 da dahil bir¢cok teknolojik bulus arasinda énemli bir yeri olan
comlekei carki, bu cagin belki de en ilging kesfidir. Comlek¢i carki, sadece kilin
sekillendirmesine yaptig1 iiretim hiz1 ve estetik katki ile kalmayip, endiistriyel anlamda da ilk
ara¢ olma Ozelligine sahiptir. Basit olarak ¢omlekgi carkini, tabanli bir mil {izerindeki tablanin
(ahsap, metal, tag, seramik vb.) dondiiriilerek aldig1 devinim ve merkezkag¢ kuvveti yardimiyla
tizerindeki kili sekillendirmeye yarayan bir alet olarak tanimlayabiliriz.

Gorsel 9. Tk Cark Ornekleri, Yaklasik M.O. 3500, Uruk

Carkli ¢omlekgilige gecisle, gilinlimiize kadar uzanan etno-arkeolojik degerleri artiran ilk
endiistriyel {iretim 6rnegi ve tarzi meydana gelmistir. Comlekgi carki dylesine degerli bir
bulustur ki Childe, ¢comlek¢i carkinin devinimli tiim araglarin ilham kaynagi oldugunu 6ne
siirer. Buglin bile ¢omlek¢i carkinin mi tekerlekten, tekerlegin mi ¢dmlek¢i carkindan
esinlendigi, yani hangisinin 6nce kesfedildigi bilim insanlar1 arasinda tartisma konusudur (Unal
2023:11).
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Gorsel 10, 11. Anadolu’da Kullanilan Ilkel Cémlekgi Carki (solda), Elektrikli Modern Comlekgi
Tornasi (sagda)

Milsiz yivli, yivsiz disklerden, uzun milli hizli gdmlekgi carki ile ¢anak ¢omlek tiretimine kadar
arkeolojik donemlerin en geligsmis seramik iiretim yontemleri, glinlimiiz Anadolu’sunda da
varhigin stirdiirebilen degerli bir maddi kiiltiir unsurudur. Nitekim ¢arkli ¢dmlekgilik, kiiltiirel
kapsamda giiniimiiz geleneksel seramik tiretiminde ve seramik sanatinda hala énemli bir liretim
tarzidir.

SERAMIGIN BILIME KATKILARI

Uzun soluklu asamalardan gecerek gilinlimiize ulagan seramik iiretim teknolojisi, bu siirecin
birikimleriyle ¢agdas bilim disiplinlerine de kiymetli katkilar sunmustur. Seramik, arkeoloji,
antropoloji vb. kiiltiir bilimlerinden miihendislik disiplinlerine kadar bir¢ok alanda One
cikmaktadir.

Kiiltiir Bilimlerine Katkilari

Arkeoloji disiplininde, kalicilik 6zelligi nedeniyle prehistoryadan itibaren insan ve toplumlarin
yasam bi¢imleri hakkinda binlerce yillik veriyi giiniimiize tasimaktadir. Ozellikle son dénemde
one cikan Siiregsel Arkeolojik yaklagim, 20. ylizyilin ortalarinda ortaya ¢ikan ve arkeolojik
verilerin bilimsel yontemlerle incelenmesi gerektigini savunan bir yaklasimdir. Bu yaklasim,
sosyal, ekonomik ve g¢evresel faktorlerin insan davranislart {izerindeki etkilerini analiz eder.
Dean Arnold gibi arastirmacilar, seramik buluntularin bu faktorlerle iliskisini inceleyerek, tarih
oncesi toplumlarin yagam bi¢imlerini anlamaya ¢alismislardir.
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Kirsal ¢omlekeilik, tarih Oncesi donemlerde kullanilan tekniklerin giinlimiizde nasil
stirdiiriildiigiine dair dogrudan bir gézlem imkani1 sunar. Bu, ¢dmlek yapiminda kullanilan ham
maddelerin sec¢imi, islenmesi, sekillendirilmesi, kurutulmasi ve pisirilmesi gibi teknik
detaylarin incelenmesine olanak tanir. Siiregsel arkeoloji, bu teknolojik siire¢lerin zaman ig¢inde
nasil evirildigini anlamak i¢in bu tiir gdzlemleri kullanabilir. Ornegin, aym cografyada
ylizlerce, hatta binlerce yil boyunca siirdiiriilen ¢omlekgilik tekniklerinin karsilastirilmast,
teknolojik yeniliklerin ya da degisimlerin izlenmesine olanak tanir.

Gorsel 12. Giiniimiizde Yasamakta Olan 1k Tiir Comlekgilik (Gokeyiip)

Glinlimiizde devam eden ilkel ¢omlekeilik pratikleri, siiregsel arkeoloji acisindan verimli bir
model olusturur.

Ornegin, Anadolu'daki Gékeyiip, Uslu ve Sorkun gibi yerlesimlerde siirdiiriilen ¢omlekgilik
faaliyetleri, tarith oncesi donemlerdeki tiretim teknikleriyle biiyiik benzerlikler gostermektedir.
Bu durum, seramik iiretiminin sosyal organizasyon, ekonomik yap1 ve gevresel kosullarla olan
iliskisini anlamak i¢in 6nemli ipuglar1 vermektedir.

Malzeme Bilimi ve Seramigin Gelecegi: Ileri Kompozit Malzemeler

Modern seramik kompozitler, teknoloji ve miihendislik diinyasinda kilit bir rol oynar. Uzay
aragtirmalari, biyomedikal uygulamalar ve savunma sanayi gibi alanlarda seramiklerin yiiksek
dayaniklilig1, 1s1ya karsi direng ve hafiflik gibi 6zellikleri, bu malzemelerin 6nemini artirmistir.
Davidge'nin modern seramik teknolojilerine dair arastirmalari, bu malzemelerin temel
kokenlerinin Neolitik donemdeki ¢omlekeilige dayandigimi ortaya koymaktadir (Davidge,
1983, s. 150). Davidge, oOzellikle uzay sanayiinde kullanilan seramik kompozitlerin,
aynistirtlmig kilinin erken donemlerde elde edilen rafine edilmis versiyonlari oldugunu
vurgulamaktadir.
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Gorsel 13, 14. Havacilik ve Otomotiv Sektoriinde Kullanilan Ileri Seramik Ornekleri

Wachsman ve Lee, ileri miihendislik seramikleri {izerinde c¢alismalarinda, seramik
kompozitlerin enerji {iretimi ve parcalar1 gibi alanlarda da birlesimlerde bulunurlar. Yiiksek
sicakliga ve basinca dayanikli seramikler, degistirilen enerji teknolojilerinin temel yapi
taslarindan biri olarak degerlendirilmektedir. Ozellikle kat1 oksit yakit yapisinda kullanilan
seramik oOzellikleri, enerji miktarinin arttirilmas1 i¢in 6nemli bir teknoloji olarak One
cikmaktadir (Wachsman ve Lee, 2011, s. 67).

Genel tanimiyla en az 2 farkli malzemenin birbiri igerisinde fiziksel olarak karistirilmasiyla
elde edilen yeni malzemelere kompozit malzemeler denir. Kompozit malzemeler genel olarak
‘matris’ ad1 verilen bir ana bilesen ve ‘takviye eleman1’ ad1 verilen bir bagka bilesenden olusur.
Kompozit malzemeler genel olarak ‘matris’ ad1 verilen bir ana bilesen ve ‘takviye eleman1’ ad1
verilen bir baska bilesenden olusur. Tek bir malzeme ile elde edilemeyen mekanik (dayanim,
tokluk vb.) ve/veya fiziksel (elektrik iletkenligi, termal iletkenlik vb.) 6zelliklerin gelistirilmesi
ve bir araya getirilmesidir.

Kompozit malzemeler, kullanilan matris malzemesinin cinsine gore; polimer matrisli
kompozitler, metal matrisli kompozitler, seramik matrisli kompozitler, karbon/karbon matrisli
kompozitler ve nano kompozitler olarak bes ana gruba ayrilmaktadirlar (Matthews ve Rawlings
gevrektirler. Buna bagli olarak, seramik matrisli kompozitlerin gelistirilme ve iiretilme
amaglariin baginda tokluklarini arttirmak gelir. Boylelikle seramiklerin yiiksek mukavemet ve
Seramik matrisli kompozitlerin diger kullanim alanlar1 askeri ekipmanlar, uzay araglar1 ve
zirhlardir. Seramik matrise eklenen takviyeler; karbon, cam ve seramiktir.

Seramik matrisin seramik fiber ile takviye edildigi malzemelerde gevreklik azalmakta,
mukavemeti yiiksek ve tok bir malzeme ortaya c¢ikmaktadir (Sarikaya 2019:18). Bu
ozelliklerinden dolay1 ileri seramik malzemeler, diger kompozitlere nazaran biraz daha 6ne
ctkmaktadir. Dolayistyla seramigin yaklasik 9000 y1l 6nce baslayan seriiveni giiniimiiziin ileri
teknolojileriyle devam etmektedir.
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SANAT VE TEKNOLOJIi ARASINDA SERAMIK: ESTETIK VE COZUMUN
BULUSMASI

Seramik sadece bir miihendislik malzemesi degil, ayn1 zamanda bir sanat formiiliidiir. Neolitik
donemden itibaren ¢omlekgilerin gelistirdigi teknikler, tarihte sanat seramiklerinin yaratimina
reel katkilar saglamistir. Read 'in sanayi ve sanatin bulugmasi iizerine yaptigr ¢alismalar,
seramiklerin iyilesmesi ile birlikte nasil bir arada olduklarin1 gosterir (Read, 1954, s. 134).
Read, seramigi hem teknolojik hem de sanatsal bir malzeme olarak kayitli ve tarih boyunca bu
iki tarafin nasil birbirini tamamladigin1 inceler.

Bugiin sanat diinyasinda seramik sanati1, hem geleneksel tekniklerden hem de ileri teknolojiden
faydalanmaktadir. Bernstein ve Mirviss, modern seramik sanatinda hem geleneksel el teknikleri
hem de modern endiistriyel tekniklerin etkili oldugunu belirtirler (Bernstein & Mirviss, 2016,
s. 78). Bu sistemin seramik sanati, estetik ve teknoloji arasindaki sinirlari, agan bir ifade bigimi
olarak siirdiiriilebilir. Deleuze ve Guattari'nin "g¢izgisel olmayan" sanat anlayisina gore,
seramikler, stirekli bir doniisiim ve yeniden yapilanma siireci iiriiniidiir (Deleuze ve Guattari,
1987, s. 215). Bu bakis agisi, seramigin hem geleneksel hem de modern tekniklerle nasil
birlestirilebilecegini gosterir ve sanatsal yeniligin, teknolojik ilerlemeyle nasil i¢ i¢e gegisin
miimkiin oldugunu gosterir.

SONUC VE DEGERLENDIRME

Bu ¢alismada, seramigin Neolitik donemdeki yolculugu genel olarak incelenmis ve bu siirecin
glinlimiizdeki toplumsal, kiiltiirel ve teknolojik yansimalari ele alinmistir. Neolitik donemde
baslayan pismis toprak iiretimi, sadece insanligin giinliik hayatini iyilestirmesiyle kalmamus,
ayn1 zamanda medeniyetlerin estetik anlayislarina, ticaretine ve teknolojik gelismelerine de etki
etmistir. Buglin modern seramik sanatinda ve ileri teknoloji seramiklerinde yasanan yenilikler,
binlerce yil 6nce atilan bu temellere dayanmaktadir. Neolitik ¢dmlekeiligin teknik ve estetik
ozelliklerinin geleneksel kirsal ¢omlekgilikte benzer tekniklerle siirdiiriilmesi de degerli bir
maddi kiiltiirdiir. Bu devamliligin giinlimiizde hem kiiltiirel hem de inovasyon baglaminda
goriiniir olmasi, farkl disiplinlerdeki ¢calismalara 6nemli katkilar vermektedir. Cagdas seramik
kompozitlerin iiretimi hala yasamaktadir. Bu iiretim bulundugumuz c¢agda Oylesine hizli
gelismektedir ki; buglin inovasyon kapsaminda seramigin en u¢ noktasi sayilabilecek uzay araci
basliklarina kadar uzanan bir siireci yagamaktay1z.

Hem miihendislik seramiklerinde hem de sanat diinyasinda seramigin bu stirekliligi, gegmisten
giiniimiize bir koprii anlayista ve insanligin maddi diinyaya dair anlayisii yeniden
sekillendirmektedir. Geg¢misin izlerini tasiyan bu kadim malzeme, gelecegin ileri
teknolojilerinde de yer alarak, insanligin tarihindeki vazgeg¢ilmez bir rol oynamaya devam
edecektir.

Seramigin hem kiiltiirel bir miras hem de modern teknolojilerin temel yap1 taslarindan biri
oldugu gercegi, bu calismanin ana ¢ikis noktasidir. Yillar once atesle sekillenen kilinin
hikayesi, bugiin hala insanligin ve ileri teknolojik basarilarinin arka planinda yasamaktadir.
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OZET

Bu calismada sodyum aljinat ile kaplanmis ¢ok tabakali karbon nanotiiplerin aliiminyum
matrisli kompozitlerin sertlik ve porozitelerine etkisi arastirilmistir. Bu amagla, aliiminyum
matrisli kompozitlerin iiretim yontemi olarak vakum infiltrasyon yontemi tercih edilmis, ¢cok
tabakali karbon nanotlip Oncelikle farkli oranlarda (%10, %20 ve %30 oraninda) bir
biyopolimer olan sodyum aljinat ile kaplanmistir. Aljinat kapl ¢ok tabakali karbon nanotiip
malzemeler 710 °C sicaklikta infiltrasyon yontemi ile iiretilen alliminyum matrisli kompozit
malzemede takviye elemani olarak tercih edilmistir. Infiltrasyon siiresinin (2,3 ve 5 dakika) ve
farkli oranlarda ¢ok tabakali karbon nanotiip igeren takviye elemanin etkisi arastirilmistir.
Uretilen kompozit malzemeler metalografik islemlerin ardindan optik mikroskop, taramali
elektron mikroskobu (SEM), element dagilim spektrometresi (EDS) analizi yapilmstir.
Aliiminyum matrisli karbon nanotiip takviyeli kompozit malzemenin sertligi ise Vickers
(HV0.2) mikro sertlik 6l¢lim yontemi kullanilarak olgiilmiistiir. Yapilan ¢alismalar sonucunda
infiltrasyon siiresi arttik¢a tliretilen kompozitin porozitesinin diistiigli, karbon nanotiip miktar1
arttikca da kompozitin porozitesinin arttig1 belirlenmistir. Sertlik degerinin ¢ok tabakali karbon
nanotiip takviye oraninin artmasiyla arttig1, %30 karbon nanotiip iceren numunelerde ise karbon
nanotiiplerin kiimelesmesinden dolay1 sertlik degerinde azalma goriilmiistiir.
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ABSTRACT

In this study, the effect of multi walled carbon nanotubes coated with sodium alginate on the
hardness and porosity of aluminum matrix composites was investigated. For this purpose, the
vacuum infiltration method was preferred as the production method of aluminum matrix
composites, and multi walled carbon nanotubes were coated with sodium alginate, a
biopolymer, at different ratios (10%, 20%, and 30%). Alginate-coated multi walled carbon
nanotube materials were preferred as reinforcing elements in aluminum matrix composite
material produced by infiltration method at 710°C. The effect of infiltration time (2, 3, and 5
minutes) and reinforcing elements containing different ratios of multi walled carbon nanotubes
were investigated. The composite materials produced were analyzed by optical microscope,
scanning electron microscope (SEM), and elemental dispersion spectrometry (EDS) after
metallographic processes. The hardness of the aluminum matrix carbon nanotube-reinforced
composite material was measured using the Vickers (HV0.2) micro hardness measurement
method. As a result of the studies, it was determined that the porosity of the composite decreased
as the infiltration time increased and the porosity of the composite increased as the amount of
carbon nanotubes increased. The hardness value increased with increasing multi walled carbon
nanotube reinforcement ratio, while the hardness value decreased in samples containing 30%
carbon nanotubes due to the clustering of carbon nanotubes.

Keyword: Multi Walled Carbon Nanotube, Aluminum Matrix Composite, Infiltration

GIRIS

Kompozit malzemeler en az 2 malzemenin en iyi 6zelliklerini yeni malzemede olusturmak amaciyla
biraraya gelmesi ile olusmaktadir. Kompozit malzemeler matris ve takviye elemanindan olusur ve
olusan kompozit malzemenin 6zellikleri onu meydana getiren malzemelerden farklidir [1]. Kompozit
malzemelerde matris malzemesi olarak metal, seramik, ve polimerler tercih edilirler [2]. Metal matrisli
kompozitler diisiik yogunluk, yiiksek sertlik ve mukavemete sahip malzemelerdir [3]. Metal matrisli
kompozitlerde matris malzemesi olarak aliiminyum, bakir, magnezyum ve alagimlar tercih edilmektedir
[4]. Kompozit malzemelerde takviye elemani yiikii tasiy1p matrisin rijitligini ve dayanimi artirmaktadir
[5,6]. Matris malzemenin gorevi ise uygulanan kuvveti takviye elemanlarina iletmek ve kompozit
malzemenin seklinin korunmasimi saglamaktir [5]. Aliiminyum matrisli kompozitler; verimliliginin
yiiksek olmasi, enerji kazaniminin yiiksekligi ve bakim maliyetlerinin diisiik olmasinda miithendislik
uygulamalarinda tercih edilmektedir [7]. Bor(B), karbon nanotiip (KNT), zirkonyum dioksit(ZrO, ),
aliminyum oksit (Al,Os),tungsten karbiir (WC), silisyum karbiir (SiC) metal matrisli kompozitlerde
takviye eleman olarak tercih edilmektedir [4,8]. Karbon nanotiipler dayanikliligimin yiiksek, elektrik
iletkenliginin iyi olmasi ve istiin mekanik &zelliklerinden dolay1r nanoteknoloji, nanokompozit ve
elektronik gibi yaygin bir alanda kullanilmaktadir [9].

Metal matrisli kompozitlerin tiretiminde kat1 faz ve siv1 faz liretim yontemleri tercih edilmektedir [10].
Kompozitlerin {iretim yonteminde sivi faz {iretim yontemlerinin kati faz iiretim yontemlerinden daha
ucuz olmasi ve daha kolay sekillendirilebilir olmalari sayesinde ¢esitli sekillerde iiretime elverisli olmasi
daha tercih edilir olmasini saglamaktadir [11]. Infiltrasyon yontemi gdzenekli gdvdeden erimis metalin
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infiltre edilmesi yontemidir [12]. Infiltrasyon ydnteminin adimlari: ergimis metal ve takviye elemanimin
preform olan yiizeye temasi, negative basing altinda erimis metalin preform boyunca akmasi ile
infiltrasyonun baglamasi ve katilasmanin ger¢eklesmesi seklinde 6zetlenebilir [13] . Literatiirde karbon
nanotiiplerin takviye elemani olarak kullamldig1 ¢ok sayida g¢alisma rapor edilmistir. Sridhar
Aliiminyum matrisli kompozitlere KNT’lerin etkisine baktiginda, ¢ok duvarli karbon nanotiiplerin
(CDKNT) Aliiminyum matrisli kompozitte agirlikca artmasinin kompozit parcanin sertligini
arttirdiginin gézlemlemistir. %2 ’lik ~ CDKNT ilavesinin kompozit malzemenin akma mukavemetini
ortalama %90 arttirdigini gormiislerdir [14] .Giillioglu ve digerleri ise yaptiklar1 ¢alismada asinma
direnci ile takviye edilen KNT orani arasindaki iliskiyi incelemislerdir ve aginma direncinin hacimce
takviye edilen KNT orani ile dogrudan etkili oldugu sonucina varmislardir. Ancak %5 KNT oranindan
sonra bu oOzelliklerde azalis oldugunu gormiislerdir [11]. Safa KNT takviyeli Aliiminyum matrisli
kompozitlerin sertlik degerlerini ve iletkenliklerini arastirmistir. En iyi sertlik sonucuna %0.50 KNT
icerikli numunede ulastigini, bu deger lizerine ¢ikildiginda ise sertlik degerinde azalma goriildiiglinii
bildirmistir. KNT’lerin yiiksek elektriksel iletkenliklerinden dolayr artan KNT miktar1 elektriksel
iletkenligi arttirdig1 bildirilmistir [15]. Karaman ve digerleri mekanik alasimlama yontemini kullanarak
CDKNT’lerin kompozitlerin asinma davraniglarini nasil etkiledigini aragtirmislardir ve artan CDKNT
orani ile aginma 6zelliginin iyilestigini gdrmiislerdir [16]. Senel ise yaptig1 ¢alismada CDKNT takviyeli
Aliiminyum kompozitin basma dayanimi inceleyip, %0.3 katkilt kompozitin basma dayaniminin %72,
Vickers sertliginin %38, deneysel yogunlugunun %2 oraninda iyilestigini tespit etmistir. Agirlikca
9%0.30 katk1 oranin tizerinde ise mekanik dayanimin kotiilestigini gozlemlemigtir [17].

Bu calismada da karbon nanotiip takviyeli aliiminyum matrisli kompozit malzemenin infiltrasyon
yontemi kullanilarak tiretilmesiyle karbon nanotiiplerin ve infiltrasyon siirelerinin iiretilen kompozit
malzeme tizerindeki etkileri arastirtlmistir. Takviye hacim oranin, infiltrasyon siiresinin, gézeneklilik ve
sertlik degerinin {iretilen kompoziti nasil etkiledigi belirlenmistir.

DENEYSEL CALISMALAR

Takviye elemani olarak cok tabakali karbon nanotiip, matris elemani olarak Aliiminyum 356 (A356)
alagimi kullanilmistir. A356 alagiminin kimyasal 6zellikleri Tablo 1’de gdsterilmistir.

Si Fe Cu Mn Mg Zn Ti Digerleri | Al

6,5-7,5 10,15 0,20 0,10 0,30-0,35 10,10 0,20 0,15 Kalan
Tablo 1 Matris A356 Malzemesinin Kimyasal Bilesimi

Infiltrasyon isleminden énce karbon nanotiipler sodyum aljinat ile kaplanmistir. Bunun i¢in  %2’lik
sodyum aljinat ¢ozeltisi ve %5’lik AICl; ¢ozeltisi hazirlanmistir. Hazirlanan bu sodyum aljinat
¢ozeltisinin igerisine farkli hacim oranlarinda KNT’ler ilave edilerek homojen olarak karigtirilmasi
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saglanmistir. Sekil 1’de sodyum aljinat ¢ozeltisi ve KNT ilave edilmis sodyum aljinat karigim
verilmistir.

Sekil 1: Sodyum Aljinat Cozeltisi ve Sodyum Aljinat+KNT Cozeltisi

Sekil 2°de Sodyum aljinat + KNT ¢ozeltisinin AlCI3 ¢ozeltisine damlatilmis durumu gosterilmistir.

Sekil 2: Sodyum Aljinat Kaplanmig KNTlerin AICI3 Cozeltisine Damlatilmast

Hazirlanan numuneler calkalayicili karigtiricida 40 C’de kurutulmustur ve infiltrasyon siirecine
gecilmistir. Infiltrasyon deneyi igin dis cap1 10 mm et kalmligi 0,5 mm ve 250 mm yiiksekliginde
paslanmaz ¢elik borular kullanilmistir. Celik tiiplerin alt kisimlarma aliiminyum folyo ile sarilmis ¢elik
filtreler kullanilmistir. Hazirlanan tozlar 60 mm yiikseklik olusturacak sekilde celik tiiplere
doldurulmustur. Tozlarin vakum hattina gitmesini engellemek i¢in tozlarin tizerine aliiminyum folyo ile
sartlmis ¢elik filtreler yerlestirilmistir. Celik borularin gosterimi Sekil 3’te verilmistir. Aliiminyum
matrisin erimesi i¢in Calin’in gelistirdigi ergitme ocagi kullanilmigtir. Bu ergitme ocagi Sekil 4’te
gosterilmistir. Vakum infiltrasyon yonteminde vakum degeri manometre yardimiyla ol¢iilmistiir.
Vakum iinitesinin olusan ytiksek sicakliktan etkilenmemesi icin vakum {initesi ile ¢elik tiip arasinda
bakir boru yerlestirilmistir. Infiltrasyon sirasinda basing 600 mmHg degerindeki vakum 2-3 ve 5 dakika
siire boyunca uygulanmigtir. Belirtilen siire sonunda ¢elik borular sivi metal icerisinden ¢ikarilip
sogumasi i¢in oda sicakligindaki kum igerisine birakilmistir. Soguyan borular kesilip kompozit
malzemeler ¢ikarilmistir. Cikarilan numuneler metalografik siireglerden sonra optik mikroskop altinda
SEM ile incelenmistir. Numunelerin yogunluklart ise Arsimet prensibi kullanilarak bulunmustur ve
Tablo 2°de verilmistir.
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Sekil 3: Infiltrasyona Hazir Celik Boru I¢indeki KNTler Sekil 4: Infiltrasyon Deney Diizenegi

DENEYSEL SONUCLAR VE TARTISMA

Farkli hacim oranlarinda KNT igeren numuneler farkli infiltrasyon siirelerine tabii tutulmustur. Degisen
karbon miktarmin olusan kompozit malzemenin gozenekliligi ilizerinde nasil bir etkisi oldugu
arastirilmistir. Tablo 2°de porozite hesabinin sonuglari verilmistir.

Takviye Hacim Orani/ Infiltrasyon Siiresi 2 dk 3 dk 5dk

%10 KNT 3,66 6,18 5,11
%20 KNT 24,19 | 21,16 20,61
%30 KNT 27,76 | 24,45 16,85

Tablo 2: Karbon Nanotiip Miktari & Infiltrasyon Siiresine Gére Sertlik Miktar:
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Karbon Nanotiip Miktari & infiltrasyon Siiresine Gére Porozite Miktar
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Sekil 5: Porozite-Takviye Hacim Oram Arasindaki Iliski

-Infiltrasyon siiresi ve porozite arasinda ters oranti vardir. Aym miktarda KNT igeren (%20) ama
infiltrasyon stireleri birbirinden farkli olan numunelerin SEM goriintiileri de infiltrasyon siiresi azaldik¢a
porozitenin arttigini destekler niteliktedir. Sekil 6’da bu numunelerden birine ait SEM goriintiisii
verilmistir.

L,

Sekil 6: 2 dk infiltrasyon Stiresine Sahip %20 KNT

-KNT miktariin porozite tizerindeki etkisini gérmek i¢in farkli oranda KNT igeren numunelerin ayni
infiltrasyon siiresindeki goriintiilerini inceledigimizde ise numunelerdeki KNT miktar1 arttikca daha
poroz goriintii elde edilmistir.
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Sekil 7: 2 dk Infiltrasyon Siiresi %30 KNT Numune 50X

-Porozite miktarinin eklenen KNT miktar1 ile arttigi, artan infiltrasyon siiresi ile azaldig1 sonucu elde
edilmistir. Sekil 8’de ve Sekil 9°da farklit KNT miktarlarina ve artan infiltrasyon siirelerine ait optik
mikroskop goriintiileri de bu durumu desteklemektedir.

Sekil 9: %20 KNT Iceren Numunenin 2-3 ve 5dk Infiltrasyon Siiresindeki Optik Mikroskop Gdriintiileri

-%10 KNT ve 3 dk infiltrasyon siiresine sahip olan numunenin SEM goriintiilerine baktigimizda 3 ile
numaralandirilmis bolgede beyazlik oldugu goriilmiistiir. Bu bdlgedeki beyazligin aliiminyum oksit
oldugunu tahmin etmekteyiz. EDS analizlerinde de bu bdlgedeki aliiminyum miktarmin % 63 ¢ikmasi
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tahminlerimizi dogrulamaktadir. Bu numunede polimer uzaklagsmasi sirasinda porozite meydana
gelmistir.
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Sekil 10: %20 KNT Iceren Numunenin SEM ve EDS Goriintiileri

-Numunelerin sertlikleri Vickers sertlik cihazi 6l¢iilmistiir. %10 ve %20 KNT igeren numunelerin
sertlik degerlerine baktigimizda KNT miktan arttikga sertligin de arttigini sdyleyebiliriz. %30 KNT
iceren numunelerde ise kiimelesmeden dolayi sertlik degerinde azalma goriilmiistiir. Sekil 11°de sertlik
degerinin sematik gosterimi verilmistir.
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Karbon Nanotip Miktar & infiltrasyon Stiresine Gére Sertlik Miktar
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Sekil 11: Numunelerin Sertlik Olciimlerinin Sonuglart

SONUC VE DEGERLENDIiRME
Bu calismada elde edilen sonuglar agagida 6zet olarak verilmistir:
e Infiltrasyon siiresi azaltikga porozite miktar1 artmaktadir. Bunun nedeni zaman yetersiz
kalmigtir ve doldurulamamustir.
e Porozite miktarmin artan KNT miktari ile arttig1 gdzlemlenmistir.

e %10 KNT iceren numunelerde ise kalinti polimer miktarinin fazla oldugu goriilmiistiir.

e Sertlik degerinin de karbon miktar ile arttig1 sdylenebilir. Fakat %30 KNT igeren numunelerde
kiimelesmeden dolay1 sertlik degerinde azalma olmustur.
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ABSTRACT

Biocomposite materials have demonstrated remarkable efficiency in treating industrial
wastewater contaminated with pollutants, offering a sustainable and cost-efficient alternative to
traditional treatment methods. Our research primarily explored the adsorption kinetics, with a
focus on the valorization of natural waste to promote environmental protection and the
conservation of water resources. This forward-thinking approach not only underscores the
effectiveness of biocomposites but also highlights their potential role in advancing sustainable
water resource management practices.

Keywords: biocomposite, materials, kinetics, adsorption, water.
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ABSTRACT

A ceramic is an inorganic, non-metallic solid composed of metal or non-metal compounds that
are shaped and hardened by heating to high temperatures.

Today, ceramics find applications in various fields, including the automotive and aerospace
industries, computer and machinery manufacturing, electrical transmission systems, household
appliances, and electronic equipment. They are also used in medicine and dentistry, construction,
tableware, and artistic works.

Dental ceramics are a special group known for their different properties from
ceramics. Porcelain, a common type of ceramic, is composed of heat-resistant vitreous materials
that include a glass matrix and crystalline particles. Dental porcelains represent a specific
subgroup of dental ceramics.

Ceramics have been utilized in dentistry for many years because of their aesthetic qualities,
biocompatibility, and low thermal conductivity. Recent studies have expanded the applications
of dental ceramic materials, leading to changes in their composition and types.

Dental ceramics can be produced using various methods, including slip casting, CAD/CAM
technology, powder-liquid layering, and pressing.

Ceramic materials are used in various dental applications, including dental crowns, dental
implants, dental implant abutments, ceramic posts, inlays, and other restorations, all of which
have demonstrated long-term clinical success.

This report compiles and presents information about the history of dental ceramics in dentistry,
their basic composition, areas of application, and classifications.

Keywords: Ceramics, Dentistry, Dental Ceramics
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PREPARATION AND CHARACTERISATION OF ZnO NANOPARTICLE-COATED
CHITOSAN/SODIUM ALGINATE WALLED ENERGY-STORING COMPOSITE
MICROCAPSULES
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ABSTRACT

The use of phase change microcapsules as energy storage materials for a wide range of
applications 1is becoming increasingly important. In this study, the production of
chitosan/sodium alginate walled energy-storing composite microcapsules coated with metal
oxide nanoparticles was carried out using the complex coacervation method. The objective of
this study is to enhance the thermal response to temperature of microcapsules by coating metal
oxide on their external surface. For this aim, inorganic zinc oxide (ZnO) metal oxide
nanoparticles were employed as the coating material, while 1-tetradecanol was utilized as the
core material for the capsules. 1-tetradecanol, a fatty alcohol act as a phase change material.
Microcapsules have thermal energy storage properties due to the latent heat energy
storage/release of 1-tetradecanol in their structure. The morphology and chemical structures of
the produced microcapsules were investigated using scanning electron microscopy (SEM) and
Fourier transform infrared spectroscopy (FTIR), respectively. The latent heat storage and
release properties of the microcapsules were determined by differential scanning calorimetry
(DSC). The thermoregulation properties of microcapsules and their thermal response against
temperature increase were analyzed by thermal history (T-history) test method. Leakage
prevention performances of microcapsules were examined by photographs taken after heating.

Keywords: chitosan, sodium alginate, ZnO, energy storage, thermal response

1. INTRODUCTION

Phase change materials (PCMs) are known as substances that absorb/release energy during the
phase transition process (Niu et al., 2023; Kang et al., 2023). When the ambient temperature is
above the PCMs’ melting temperature, they absorb latent heat from the ambient during the
melting period. In the reverse phase change, the heat stored in the melting process is released
to the ambient at a temperature below the solidification temperature of the PCMs (Mondal,
2008). The main categories of PCMs are organic and inorganic. Organic PCMs are paraffin,
poly ethylene glycol, fatty acid and fatty alcohols. Organic PCMs are have the potential to be
used in a wide range of applications such as thermal protection of electronic components,
thermal systems of spacecraft, cooling systems, thermal storage of solar energy and thermal
protection of food. (Javadi et al., 2020). PCMs, which have the capacity to increase the
efficiency of thermal energy utilization, have some disadvantages such as having low thermal
conductivity. Since these disadvantages greatly limit the thermal energy conversion and
operational durability of PCMs, research has been carried out on this topic. There are numerous
techniques that can be employed to enhance the thermal conductivity of PCMs. Some of them
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are impregnation of metal and metal oxide nanoparticles or carbon nanotubes and addition of
metal matrices to PCMs. However, these enhancements do not eliminate leakage, diffusion and
flow problems. The microencapsulation technique has been demonstrated to be an effective
method for preventing the leakage of PCMs during the solid-liquid phase transition. With
microencapsulation, not only leakage and corrosion problems can be solved, but also
mechanical strength and thermal resistance properties can be gained (Liu et al., 2019; Zhu et
al., 2016).

In this study, it was aimed to prepare thermal energy storing microcapsules with
chitosan/sodium alginate walls coated with ZnO nanoparticles. The speed at which the capsules
respond to changes in temperature has been increased by coating the outer surface of the
microcapsules with ZnO nanoparticles. In study, fatty alcohols are much cheaper about 4 times
than the most preferred paraffin and can be microencapsulated with higher heat storage capacity
was used as core material of microcapsules. The morphology and chemical characterization of
the microcapsules were performed by SEM and FTIR analysis, respectively. Thermal and
thermo-regulation features of the microcapsules were determined by DSC and T-history test
method. Leakage prevention performances of microcapsules were evaluated by photographs
taken after heating.

2. MATERIAL AND METHOD
2.1. MATERIAL

1-tetradecanol (>97%, Alfa Aesar) which was also a PCM was used as the core material of the
microcapsules. Chitosan (Sigma Aldrich) as a cationic polymer and sodium alginate (Sigma
Aldrich) as an anionic polymer were used as the wall materials of the microcapsules. Cetyl
trimethyl ammonium bromide (CTAB, Sigma Aldrich) was employed as cationic surfactant.
Glutaraldehyde (25%, Sigma Aldrich) was used as a cross-linker to stabilize the microcapsules
and acetic acid (10%) and sodium hydroxide (5%) solutions for pH adjustments during the
microcapsule production process. Zinc oxide (ZnO, Sigma Aldrich) nanoparticles were used as
coating material of microcapsules.

2.2. PRODUCTION OF MICROCAPSULES

The production of chitosan/sodium alginate walled energy-storing microcapsules coated with
metal oxide nanoparticles was carried out using the complex coacervation method. 1-
tetradecanol, a phase change material, was encapsulated in a chitosan/sodium alginate wall
structure. In the presence of 0.10 g of CTAB surfactant, 2.5 g of 1-tetradecanol was dispersed
in 50 ml of 1.25% (w/v) chitosan solution. Then, 50 ml of 1.25% (w/v) sodium alginate solution
were added to the prepared emulsion and pH was adjusted to 4 in order to initiate polymer-
polymer complex formation. After one and a half hour, pH was adjusted to 9 and the complex
formation was stopped. After that, emulsion system temperature was decreased to 4 °C and 0.8
g of glutaraldehyde was added dropwise to stabilize the microcapsules. At the last stage of
microcapsule production, the microcapsules were treated with 5% (w/v) aqueous solution of
tannic acid for 15 minutes. In the ZnO nanoparticle coating process of the prepared

ISBN: 978-625-378-045-6 109 https://doi.org/10.5281/zenodo.14537144



INTERNATIONAL CERAMICS AND COMPOSITE MATERIALS SYMPOIUM
November 15-16, 2024 / SUleyman Demirel University, Isparta, Trkiye

microcapsules, 1% ZnO nanoparticle solution was added dropwise to the tannic acid-treated
microcapsule solution and the pH was adjusted to 4. The mixing was maintained at 70 °C for 4
hours at 750 rpm and then left overnight. In the last step, the microcapsule sample coated with
ZnO nanoparticles was subjected to washing and filtration. The production procedure of the
microcapsules was shown in Figure 1.

CORE MATERIAL
[ CHITOSAN SOLUTION ] b .

I—-[ STIRRING | «~
1

( EMULSION |

SODIUM ALGINATE SOLUTION I —_ u
STIRRING

we————— | ACETIC ACID >_ 50 OC

COASERVATION
|

STIRRING

[ =—— [=]
o | _
I
STIRRING
<——| CROSSLINKER (0 |
STIRRING
| <====| TANNICACD |
| STIRRING
4 <:=| Zn0 nanoparticles |
| sTRRING |
4

T | o[ Popa

Figure 1. Process of microcapsule production
2.3. CHARACTERIZATION OF MICROCAPSULES

The microcapsules were analyzed morphologically by SEM (ZEISS GEMINI 500 model).
ATR-FTIR (Perkin Elmer) analysis was performed in the range of wave number from 4000 to
400 cm™.  To investigate phase transition temperatures and enthalpies of microcapsules,
differential scanning calorimetry (Perkin-Elmer, DSC 400) analysis was made under nitrogen
gas flow at 60 mL/min, at a heating rate of 1 °C/min and between the temperature of 0 °C and
60 °C. In the leaking test, 0.5 g of microcapsule were placed in the center of a 5 cm diameter
filter paper. The sample was heated in an oven at 65 °C for 60 minutes. The images of the
sample before and after the test were studied in order to observe whether it leaked. The
thermoregulation property of the microcapsules was investigated by T-history test. In this test,
thermoregulation property of the microcapsules was associated with the temperature change
caused by the latent heat energy absorption or releasing of the 1-tetradecanol which forms the
core substance of the microcapsules (T6zlim et al., 2022). The measurement was made in an
insulated polyurethane foam box whose indoor temperature was controlled by a lamp connected
to a thermostat. Before the test, the samples were conditioned in a cold medium. The test was
started when the conditioned samples were placed in the heated box, and their surface
temperature during the heating of the sample in the box was measured with a thermal camera
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(Fluke TiX500 9Hz Thermal Imager) (Alay-Aksoy et al., 2017). Measurements were repeated
for the produced ZnO coated microcapsules and ZnO uncoated reference microcapsules, and
the change in their surface temperatures was compared.

3. RESULTS AND DISCUSSIONS

SEM analysis was performed to determine the morphology of microcapsules. Figure 2 shows
the SEM images of microcapsules. According to the SEM images, it was seen that the produced
microcapsules were spherical in shape and their particle size were smaller than 1 pm.

ZEISS 1pm Mag= 15.00KX EHT = 3.00 kV Signal A =InLens  STEM Seg. Mode = ODF90° + BF

GeminiSEM 500-71-08 Date :25 Apr 2024 WD = 4.1mm ESBGridis= 133V

Figﬁe 2. SEM images of microcapsules

Figure 3 illustrates the IR spectra of microcapsules coated with ZnO nanoparticles, 1-
tetradecanol, chitosan, sodium alginate and ZnO nanoparticles. The broad band seen at 3270
cm™! in the spectra of microcapsules belongs to the combination of hydrogen bonded -OH
stretching and -NH stretching peaks of chitosan polymer, -OH stretching peaks of sodium
alginate and -OH stretching peaks of 1-tetradecanol. In the spectra of chitosan polymer, the
amide I and amide II peaks of the chitosan polymer were observed at wavelengths of 1650 cm™
U'and 1592 cm’, respectively (Ahn et al., 2001). The peaks were observed at wavelengths of
1690 cm! and 1599 cm™! in the spectra of microcapsule (Geng and Alay Aksoy, 2016). The
peaks at 2849 cm™, 2917 cm™ and 2957 cm™! in the microcapsule spectra were characteristic C-
H stretching peaks of 1-tetradecanol and proved the presence of 1-tetradecanol in the structure.
Besides, the strong and sharp peaks at 1472 cm™' and 1463 cm™ in the spectra of microcapsules
were the C-H bending peak of 1-tetradecanol. The characteristic Zn-O band of ZnO
nanoparticles was observed between 720 cm™! and 575 cm™ wavenumbers in the spectrum of
ZnO and appeared as a small peak at approximately 683 cm™' wavenumbers in the IR spectra
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of microcapsules. The observed peak was indicative of the presence of ZnO nanoparticles in
the microcapsule structure.
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Figure 3. FT-IR ATR spectra of chitosan a), sodium alginate b), 1-tetradecanol c), ZnO nanoparticle d),
CS/TD/ZnO microcapsules

The phase transition characteristics of microcapsules were quantified by DSC analysis. The
resulting DSC thermogram is presented in Figure 4. According to DSC thermogram, the latent
heat stored by microcapsules was found to be 61.26 J/g at 35.94 °C. Their crystallization
enthalpies were measured as -61.28 J/g at 35.36 °C. It was possible to say the microcapsules’
energy storage temperatures were close to body temperature and suitable for thermal energy
applications.
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Figure 4. DSC thermogram of the produced microcapsules

Figure 5 shows the photographs of the microcapsules before and after heating. According to the
photographs, there was no leakage from the filter paper on which the microcapsules were placed.

before heating after heating

Figure 5. Leakage test of microcapsules

The thermo-regulation properties of the microcapsules due to the PCM in their structure were
determined using the T-History Test. Figure 6 shows time-dependent temperature change
graphs of microcapsules which is obtained at the end of the test. According to Figure 6, it was
seen that the surface temperature of the microcapsules coated with ZnO nanoparticles reached
the phase change temperature faster than the reference capsules without ZnO nanoparticles. The
temperature of the reference capsules increased to 34.8°C in approximately five minutes,
whereas the ZnO coated capsules reached 34.4 °C in three and a half minutes. This rapid
increase was thought to be due to the ZnO nanoparticles increasing the speed of thermal
response of the capsules. In addition, the temperature range of 34 °C and 40 °C for both capsules
showed the temperature range in which I-tetradecanol started to melt and finish melting,
demonstrating that the capsules had thermo-regulation properties.
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Figure 6. T-History results of the microcapsules
4. CONCLUSION

In this study, chitosan/sodium alginate walled energy-storing composite microcapsules coated
with metal oxide nanoparticles was successfully produced by the complex coacervation
method. Regarding to SEM images, it was seen that the prepared microcapsules had almost
spherical particles with smooth surface. Microencapsulation of I-tetradecanol into
chitosan/sodium alginate shell was proven by FT-IR spectroscopy. According to the DSC
analysis results, the melting and crystallization temperatures of the microcapsules were suitable
for use in thermal energy sensors and applications. T-history results showed that the produced
microcapsules exhibited thermoregulation properties and ZnO nanoparticles accelerated the
thermal response of the microcapsules against temperature. Leakage test results showed that no
leakage was recorded on the filter paper on which the microcapsules were placed.

REFERENCES

Ahn, J.S, Choi, H-K, Cho, C.S. (2001). A Novel Mucoadhesive Polymer Prepared by
Template Polymerization of Acrylic Acid in The Presence of Chitosan, Biomaterials, 22 (9),
923-928.

Alay Aksoy, S., Alkan, C., Téziim, M.S., Demirbag, S., Altun Anayurt, R., Ulcay Y.
(2017). Preparation and textile application of poly (methyl methacrylate-co-methacrylic
acid)/n-octadecane and n-eicosane microcapsules. The Journal of The Textile Institute, 108, 30-
41. https://doi.org/10.1080/00405000.2015.1133128

Geng, E., & Aksoy, S. A. (2016). Fabrication of microencapsulated PCMs with nanoclay
doped chitosan shell and their application to cotton fabric. Textile and Apparel, 26(2), 180-188.

ISBN: 978-625-378-045-6 114 https://doi.org/10.5281/zenodo.14537144



INTERNATIONAL CERAMICS AND COMPOSITE MATERIALS SYMPOIUM

November 15-16, 2024 / SGleyman Demirel University, Isparta, Tirkiye

Javadi, F.S., Metselaar, H.S.C., & Ganesan, P. (2020). Performance improvement of
solar thermal systems integrated with phase change materials (PCM), a review. Solar Energy,
206, 330-352.

Kang, M., Liu, Y., Lin, W., Liang, C., Qu, W, Li, S., Wang, Y., Zhang, F., & Cheng, J.
(2023). Thermal comfort and flame retardant performance of novel temperature-control

coatings with modified phase change material microcapsules. Progress in Organic Coatings,
181, 107579.

Liu, H., Wang, X., Wu, D., & Ji, S. (2019). Fabrication and applications of dual-
responsive microencapsulated phase change material with enhanced solar energy-storage and
solar photocatalytic effectiveness, Solar Energy Materials and Solar Cells, 193, 184-197.

Mondal, S., 2008. Phase Change Materials for Smart Textiles-an Overview. Applied
Thermal Engineering, 28, 1536-50

Niu, S., Kang, M., Liu, Y., Lin, W., Liang, C., Zhao, Y., & Cheng, J. (2023). The
preparation and characterization of phase change material microcapsules with multifunctional
carbon nanotubes for controlling temperature. Energy, 268, 126652.

Toziim, M.S., Alkan, C., & Alay Aksoy, S. (2022). Developing of thermal energy
storing visual textile temperature indicators based on reversible color change, Journal of
Industrial Textiles, 51:1964S-1988S.

Zhu, Y.L., Liang, S.E., Wang, H., Zhang, K., Jia, X.R., Tian, C.R., Zhou, Y.L., & Wang,
J.H. (2016). Morphological control and thermal properties of nanoencapsulated n-octadecane

phase change material with organosilica shell materials, Energy Conversion and Management,
119, 151-162.

ISBN: 978-625-378-045-6 115 https://doi.org/10.5281/zenodo.14537144



INTERNATIONAL CERAMICS AND COMPOSITE MATERIALS SYMPOIUM
November 15-16, 2024 / SGleyman Demirel University, Isparta, Tirkiye

PRODUCTION OF COMPOSITE MICROCAPSULE WITH GUM ARABIC/COPPER
OXIDE SHELL FOR THERMAL ENERGY STORAGE AND PHOTO-THERMAL
CONVERSION

Sena Demirbag Geng¢

Usak University, Faculty of Engineering and Natural Sciences, Textile Engineering, Usak,
Tiirkiye.

ORCID ID: 0000-0003-1634-6391

ABSTRACT

In recent years, the fact that fossil fuels are limited, and their widespread use causes
environmental problems such as air pollution and global warming has led people to the use of
renewable energy sources and the development of energy efficient technologies. In the present
era, there is a significant interest in the development of efficient photothermal conversion
materials that can collect solar energy, a clean and sustainable energy source, and convert it
directly into usable energy. In this study, it was aimed to produce phase change material (PCM)
containing composite microcapsules capable of photo-thermal energy conversion and energy
storage. For this aim, the 1-tetradecanol fatty alcohol was encapsulated into the gum arabic/
copper (II) oxide nanoparticles shell structure by the complex coacervation method. The
morphological properties and chemical structure of the microcapsules were investigated using
scanning electron microscopy (SEM) and Fourier transform infrared spectroscopy (FTIR),
respectively. The phase change temperatures and heat storage energies of the composite
microcapsules were examined by differential scanning calorimetry (DSC) analysis. The
leakage-proof performance of microcapsules was assessed by images taken after heating at 60
°C for 60 minutes. Furthermore, the photo-thermal conversion performance was determined
through the utilization of an experimental setup comprising a polyurethane box, a thermal
camera and a UV lamp.

Keywords: microcapsule, photo-thermal conversion, phase change material, complex
coacervation.

INTRODUCTION

Recently, the demand for renewable and sustainable energy sources has been increasing rapidly
due to the increase in fossil fuel consumption. The importance of sustainability of energy
systems is increasing in order to provide efficient energy while minimizing the damage caused
by fossil fuels to the environment. Thermal energy storage is an important solution for energy
efficiency. Phase change materials (PCMs) have the ability to store and release large amounts
of latent heat during phase change. Their ability to store energy at a constant temperature makes
PCMs an effective solution for balancing energy production and consumption in sustainable
energy systems (Maithya et al., 2021; Fan et al., 2022; Zhao et al., 2022).

There is more than one source of energy in nature, and among renewable and sustainable energy
sources, solar energy is recognized as one of the most efficient and effective options in terms
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of direct conversion into thermal energy (Chen et al.,2020). In this respect, the development of
materials and technologies for the efficient use of solar energy is one of the most interesting
energy topics for researchers. Photo-thermal conversion is the conversion of solar radiation
(sunlight) into thermal energy, and in recent years it has become an important area of research
among the technologies mentioned for the effective use of solar energy. The use of
photothermal materials in combination with phase change energy storage materials allows
efficient use of solar energy. Microencapsulation technology has the advantage of solving the
known disadvantages of solid-liquid organic PCMs such as leaching, low thermal conductivity
and also provides a good solution for combining photothermal materials with phase change
materials with the ability to convert solar absorbed light energy into heat energy (Maithya et
al., 2021). In the production of photo-thermal conversion microcapsules, hybrid shell with
polymer/light-heat conversion material or light-heat conversion material is used as shell
material. Materials such as graphene oxide (Zhao et al., 2019; Maithya et al., 2020; Yuan et al.,
2018; Liu et al., 2017), silicon carbide (Wang et al., 2021; Wang et al., 2018), titanium oxide
(Liet al., 2022; Ma et al., 2018), zinc oxide (Huang et al., 2020; Liu et al., 2022) were used as
light-heat converting materials. In this study, 1-tetradecanol fatty alcohol was encapsulated in
a gum arabic/copper (II) oxide hybrid shell structure using a complex coacervation method and
characterized. The morphology, chemical structure, heat storage/release properties, photo-
thermal conversion and leakage-proofing performance of the prepared microcapsules were
examined.

MATERIAL AND METHOD
Material

In this study, 1-tetradecanol (>97%, Alfa Aesar) was used as the core material to produce
microcapsules, while gum arabic polymer (Sigma Aldrich) and copper (II) oxide nanoparticles
(CuO, Sigma Aldrich) were used as shell and light-heat converting material.
Hexadecyltrimethylammonium bromide (CTAB, Sigma Aldrich) was used as surfactant.
Glutaraldehyde (25%, Sigma Aldrich) was used to stabilize the microcapsules. Acetic acid and
sodium hydroxide were used to adjust the pH in production.

Production of microcapsules

Gum arabic/copper (II) oxide/ 1-tetradecanol (GA/CuO/TD) microcapsules were produced
using the complex coacervation method. In the initial phase of the process, the core substance,
1-tetradecanol, was emulsified using CTAB (0.1) in a gum arabic polymer solution (2.5 %). In
the second step, CuO nanoparticles solution (2.5%) was added to the mixture and adjusted to
pH 4 to initiate the formation of a complex between the gum arabic polymer and the CuO
nanoparticles. Following an hour of reaction time, the pH of the mixture was adjusted to 9,
thereby halting the complex formation process. In the final stage of the process, the temperature
of the mixture was reduced to 4°C, after which the microcapsule was stabilized by the addition
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of glutaraldehyde (0.8 g). The microcapsule production process was conducted at a rate of 1000
rpm, with a core-to-wall ratio of 1:1.

Characterization of microcapsule

The morphological characteristics of the microcapsules were investigated using a scanning
electron microscope (SEM- ZEISS GEMINI 500). The attenuated total reflectance-fourier
transform infrared spectroscopy (ATR-FTIR) analysis was performed to examine the chemical
structure of microcapsule. The phase change temperatures and heat storage/release capacities
of the microcapsules were determined by differential scanning calorimetry (DSC) analysis. The
photo-thermal conversion performance of the prepared microcapsule was investigated using an
experimental setup consisting of an insulated box, a UV lamp (25 Watt), a thermal camera and
a computer. Before the test, microcapsule samples were compressed into a 2x2 cm polyurethane
based insulated box and kept in the refrigerator to cool down to temperatures below the melting
temperature of the capsules. In the test, the cooled microcapsule samples were subjected to
ultraviolet (UV) radiation for a period of 15 minutes, after which the UV light was switched off
to allow cooling. The temperature change on the surface of the microcapsule sample was
monitored with a thermal camera, and a time-dependent temperature change graph was
obtained. The photo-thermal conversion efficiencies of the microcapsules were calculated using
the formula presented in Equation 1. In the equation, the following variables are defined: m is
the mass of the microcapsule, AH is the melting enthalpy of the microcapsule obtained from
DSC analysis, P is the light radiation intensity, S is the measured surface area, and tme and tmo
are the start and end times of the phase transition, respectively.

m.AH

= 100
P.S.(tme — tmo) :

n

Equation 1

In order to examine the leakage-proofing performance of the produced composite
microcapsules, the microcapsule sample was placed on filter paper and heated at 60°C in an
oven for one hour. The photographs taken before and after the heating process were evaluated
visually (Tian et al., 2020).

RESULTS AND DISCUSSION
SEM analysis results

The SEM analysis was performed to examine the morphological properties of G/GA/LA-SA
microcapsules, and the resulting SEM micrograph is presented in Figure 1. According
to SEM micrograph, G/GA/LA-SA microcapsules had spherical morphology and
smooth surface. Additionally, the particles were observed to be below 1 um in
diameter.
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Figure 1. SEM micrograph of G/GA/LA-SA microcapsules

FTIR- ATR Results

The chemical structure of the microcapsules was investigated using attenuated total reflection
(ATR) spectroscopy. The IR spectra of the core, shell materials and microcapsules were
presented in Figure 2. In the IR spectrum of the microcapsule, the peak at 3294 cm™' was
attributed to the OH stretching peak of gum arabic and 1-tetradecanol. The peaks observed at
2920 and 2850 cm™' in the IR spectrum of 1-tetradecanol were identified as C-H stretching
peaks. Furthermore, the pronounced peaks observed at 1472 cm™ and 1463 cm™ in the IR
spectrum of the microcapsule were attributed to the C-H bending peak of 1-tetradecanol, while
the double peak at 730 cm™ and 720 cm™! was the characteristic peak of 1-tetradecanol (Tozum
et al., 2020).

On the other hand, the Cu (II)-O vibration peak observed at wavelengths of 471 and 416 cm-1
in the IR spectrum of CuO nanoparticles was revealed at wavelengths of 525 and 484 cm™! in
the IR spectrum of microcapsules. These findings indicate that 1-tetradecanol was successfully
encapsulated within the gum arabic/CuO wall structure.
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Figure 2. IR spectrum of gum Arabic (a), CuO (b), 1-tetradecanol (c) and G/GA/LA-SA microcapsules
DSC Results

The phase change temperatures and heat storage properties of the microcapsule were analyzed
by differential scanning calorimetry (DSC), and the resulting DSC graph was presented in
Figure 3. The capsule sample exhibited a heat storage capacity of 146.8 J/g at 36.60 °C, while
it demonstrated a heat release capacity of -143.3 J/g at 35.24 °C. The findings indicated that the

manufactured microcapsules exhibited an exceptionally high heat storage capacity, with the
storage temperatures close to body temperature.
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Figure 3. DSC graph of GA/CuO/TD microcapsule
Evaluation of Photo-thermal Conversion Performances

The photothermal conversion efficacy of the microcapsules was evaluated through the
utilization of a configuration comprising a UVA lamp, thermal camera and a polyurethane box.
The resulting temperature-time graph was presented in Figure 4. It was determined that the
phase transition of GA/CuO/TD microcapsules exposed to UVA light commenced at
approximately 36°C, concluded in 810 seconds, and attained a maximum temperature of
49.9°C. The photo-thermal conversion efficiency of the microcapsule was calculated to be
%79.95. The findings indicate that GA/CuO/TD microcapsule samples are capable of capturing
UV light and converting it into heat energy.
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Figure 4. Temperature—time curves of GA/CuO/TD microcapsules
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The Leakage Proofing Test Results

The leakage performance of the microcapsules was evaluated through a leakage test, and the
resulting images were presented in Figure 5. Upon completion of the test, no wetting was
observed on the filter paper on which the microcapsules were placed following an hour of
heating. This means that the microcapsules do not leak the core material they contain. In other
words, despite the heating the microcapsule shell effectively prevented the core material from
escaping and provided robust leakage-proof.

a) b)

Figure 5. Leakage test of GA/CuO/TD microcapsules (a: before heating; b: after heating for 1 hour)
CONCLUSIONS

In this study, GA/CuO/TD composite microcapsules were prepared using the complex
coacervation method. SEM analysis revealed the formation of capsules with a diameter below
1 um and a spherical morphology. Furthermore, the composite microcapsules demonstrated a
noteworthy capacity for heat storage, reaching 146.8 J/g, and exhibited a notable photothermal
conversion efficiency of 79.9% when subjected to solar radiation. The findings indicated that
the GA/CuO/TD microcapsules have the potential to be employed as a thermal energy storage
material.
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ABSTRACT

Among heavy metals, hexavalent chromium (Cr(VI)) is considered one of the most dangerous
pollutants. It is not only a highly corrosive element, but also a carcinogenic substance. Cr(VI) is very
mobile in nature because it has very weak adhesion to inorganic surfaces. The rapid development of
industries such as electroplating, leather and chromate manufacturing caused serious wastewater
problems, and Cr(VI), which has high toxicity and high solubility features, has begun to be widely seen
in industrial wastewater. Therefore, it is important to remove Cr(VI) ions from the wastewater
environment. In this study, Cr(VI) removal was carried out by photoreduction technique. For this
purpose, copper ferrite (CuFe,O4) was synthesized through a facile citric acid assisted auto combustion
process. The synthesized product was exposed to a heat treatment at 800°C for 3 h. FTIR and XRD
analysis showed that CuFe,O4 was synthesized successfully. The transmittance peak belonging to the
Fe-O bond was observed on the FTIR spectrum, and on the XRD diffractogram of CuFe,Os, the
diffraction peaks of the spinel crystal phase were observed. A considerably higher magnetic saturation
value was obtained with the as-prepared product. According to SEM images, CuFe;O4 nanoparticles in
the range of about 200-400 nm are estimated to be obtained. It was understood that CuFe,O4 absorbed
the incoming light between 200-250 nm and 400-800 nm, respectively. According to the Tauc plot
analysis using UV-Vis absorption data, the optical band gap energy was determined as 1.0 eV. 10.9%
of Cr(VI) removal was obtained with CuFe,O4 under the visible light irradiation within 120 min.

Keywords: Cr(VI) removal, photoreduction, CuFe,O4, photocatalyst.

INTRODUCTION

Hexavalent chromium (Cr(VI)) has considered one of the most dangerous heavy metal ions and
pollutants. It is not only a highly corrosive heavy metal ion, but also a carcinogenic element (Feng et
al., 2019). The development of certain industries such as electroplating, leather, chromate manufacturing
and metallurgy industries has caused serious wastewater problems, and Cr(VI) with high toxicity and
high solubility properties has begun to be widely observed in industrial wastewater. Various traditional
methods such as flotation, coagulation-flocculation, chemical precipitation, ion exchange and
adsorption are used to remove Cr(VI) ions from the wastewater environment. As an alternative to the
mentioned methods, photocatalysis process is an environmentally friendly, low energy consumption,
simple and non-secondary pollution method. The photocatalysis process allows the reduction of highly
toxic Cr(VI) ions in aqueous solutions to less toxic Cr(III) ions using only UV light or sunlight energy
(Wu et al., 2021).
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The net reactions estimated to occur for the reduction of Cr(VI), which is mostly present as dichromate
(Cr,07%) ion in water at standard conditions (pH ~ 7), oxidation of water and reduction of oxygen
molecule are shown by the following equations (Cheng et al., 2015):

Semiconductor + hv — h* + ¢ (1)
H,O +h* — -OH + H* 2)
0s+¢ — 05 3)
Cr,07% + 14H" + 6e” — 2Cr’" + TH,0 4)

For the recovery and separation of photocatalysts from the solution medium after the Cr(VI)
photoreduction reactions, a semiconductor photocatalyst with magnetic feature can be utilized. In the
literature, Mohagheghian et al. (2018) synthesized magnetic semiconductor Fe;O4 nanostructures by
precipitation method and combined the magnetic nanoparticles with WOs3 in the composite structure.
99% of Cr(VI) was reduced at the end of 300 min under visible light with the magnetic composite
photocatalyst. Thanks to the magnetic Fe;O4, the composite photocatalyst could be easily separated from
the solution medium by magnetic separation technique after the Cr(VI) removal process (Mohagheghian
et al., 2018). As a different example of the application of magnetic semiconductor as photocatalyst,
Zhang et al. (2020) synthesized magnetic ZnFe,Os4 nanoparticles and combined with g-C3Ny
nanoparticles, and approximately 95% Cr(VI) removal was achieved with the obtained heterostructure
under visible light after 60 min (Zhang et al., 2020). In a different study, Nasrallah et al. (2011)
synthesized magnetic CuFe,O4 nanoparticles and combined with CdS nanoparticles in the composite
structure. They achieved approximately 60% of Cr(VI) photoreduction after 240 min under a light
source at 650 nm wavelength (Nasrallah et al., 2011).

Copper ferrite (CuFe,0y4) is a strong magnetic semiconductor with a saturation magnetization value of
31.92 emu/g at room temperature (Kurian and Mathew, 2018). CuFe,O4, which is also a material with
high catalytic activity and thermal stability, is widely used in photocatalysis and solar water splitting
processes. In this study, magnetic CuFe;Os4 nanoparticles were synthesized and the Cr(VI)
photoreduction efficiency of the as-prepared magnetic nanoparticles was studied.

MATERIALS AND METHODS

1 mmol of copper (II) nitrate trihydrate (Cu(NO3),.3H,0) and 2 mmol of iron nitrate (Fe(NO3)3.9H,0)
were dissolved in 10 ml of distilled water. Then, 2 mmol of citric acid (CsHsO~) was added to theas-
prepared solution under stirring using a magnetic stirrer. The pH of the as-prepared solution was
adjusted to 8 using HCI or NHs. Then, the prepared solution was heated to 100°C under continuous
stirring. After all the water was evaporated, the solution was expected to turn into a gel form. The gel
structure that emerged with the continuation of heating turned into a powder form by a spontaneous
combustion reaction. The composite particles obtained in powder form were heat treated at 800°C for 3
hours. Pure CuFe;O4 was obtained after following the specified reaction steps.

Fourier transform infrared (FTIR) spectroscopy analysis of CuFe,O4 nanoparticles was carried out using
Nicolet 6700 (Thermo Scientific) model spectrophotometer. FTIR spectrum of CuFe,O4 nanoparticles
was used to characterize the chemical bond structures of the magnetic semiconductor. X-ray diffraction
(XRD) pattern of the as-prepared sample was recorded using Riguku Ultima IV model X-ray diffraction
device. The crystal structure of the magnetic semiconductors was investigated by XRD analysis. FTIR
and XRD analyses are important in terms of showing that the magnetic semiconductor can be
synthesized successfully. The morphology of the synthesized photocatalyst samples was examined using
QUANTA 400F model field emission scanning electron microscope (FE-SEM). In addition, the
elemental structure of the photocatalyst samples was investigated by energy dispersive X-ray (EDX)
spectroscopy (JXA-8230 EDX Microanalyzer). The saturation magnetization value of CuFe;O4
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nanoparticles was measured by a vibrating sample magnetometer (VSM, Cryogenic Limited PPMS)
under a magnetic field at room temperature.

A visible light lamp (Osram Ultravitalux) with a power of 300 W was used in the Cr(VI) photoreduction
experiment. Simulated Cr(VI) solution (20 mg/l) was prepared by dissolving 2 mg of potassium
dichromate (K,Cr,O7) in 100 ml of distilled water. 50 mg of photocatalyst was dispersed in the 100 ml
Cr(VI) solution. The solution was stirred with a magnetic stirrer in the dark for half an hour to provide
adsorption-desorption equilibrium between the photocatalyst and Cr(VI) ions. Then, the Cr(VI) solution
was exposed to visible light radiation. While visible light radiation was applied, 2 ml of simulated Cr(VI)
solution was sampled every 20 min and centrifuged to separate from the solid particles.
Diphenylcarbazide (DPC) photometric technique was applied to the solution separated from the
photocatalyst to determine the Cr(VI) concentration in the simulated solution (Sun et al., 2022). During
the DPC technique, 1 ml of sulfuric acid (0.2 M) and 1 ml of 1.5-diphenylcarbazide (0.5% w/v) were
added to the 2 ml centrifuged sample and mixed. After approximately 5 min, the sample solution was
analyzed using a UV-Vis spectrophotometer (Genesys 10S, Thermo Scientific). Cr(VI) photoreduction
efficiency was calculated by comparing the absorbance values obtained at 543 nm using the following
equation (5):

Cr(VI) photoreduction efficiency (%) = (Co - C)x100 / Co %)

In the equation, Cy and C correspond to the Cr(VI) concentration values before and after the Cr(VI)
photoreduction reaction.

FINDINGS AND DISCUSSION
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Figure 1. FTIR spectrum of CuFe,O4 nanoparticles

The spectrum of CuFe;Os on Figure 1 exhibits a strong transmittance peak at 527 cm™, which is
attributed to the symmetric vibration of the metal oxide (Cu-O and Fe-O) (Amuthan et al., 2022). Ferrites
in spinnel structure exhibit two transmittance peaks in the range of 400-600 cm™, which are attributed
to the vibration of the bond between oxygen ions and cations in the tetrahedral and octahedral regions
in the crystal unit cell. The FTIR spectrum of CuFe,O4 confirms the presence of spinel phase in the
synthesized photocatalyst (Othman et al., 2019). Figure 2 shows the XRD diffractogram of CuFe,Os,
which is in good agreement with the standard data (JCPDS 34-0425) (Zhao et al., 2017). The diffraction
peaks belonging to the (112), (220), (103), (311), (222), (400), (312), (511), (440) planes of spinel
CuFe;04 are observed at the diffraction angle values of 29.9°, 30.6°, 34.7°, 35.9°, 37.2°, 43.9°, 54.1°,
58.0° and 62.2° respectively. The XRD diffractogram of CuFe,O4 also reveals that the synthesized
product was successfully obtained.
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Figure 3a shows the optical properties of the synthesized samples. According to the UV-Vis absorption
spectrum, it is understood that pure CuFe>O4 can absorb the incident light between 200-250 nm and 400-
800 nm, respectively. The optical band gap of the sample was determined by the Tauc plot method using
the following equation (Jiao et al., 2023):

(ahv)? = A(hv — Ey) (6)

where A is a constant, hv represents the photon energy, a represents the absorption coefficient and Eg
represents the optical band gap (Jiao et al., 2023). The optical band gap value is determined by a line
extended to the x-axis from the (ahv)?-hv curve drawn using UV-Vis absorbance data (Figure 3b). The
optical band gap of CuFe,O4 was determined to be 1.00 eV.
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Figure 2. XRD pattern of CuFe,O4
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Figure 3. (a) UV-Vis absorbance spectrum of CuFe,Os, (b) Tauc’s plot for CuFe,O4

The morphology of the synthesized sample was examined by field emission scanning electron
microscopy (FESEM) (Figure 4). According to FESEM images, CuFe,O4 samples were obtained in
nanoparticle structure with a size of 200400 nm.
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Figure 4. FESEM images of CuFe,O4 nanoparticles

The EDX spectrum shows the presence of Cu, Fe and O atoms in the structure (Figure 5). It was
confirmed by EDX analysis that CuFe,O4 was synthesized successfully.

FeK
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Figure 5. EDX spectrum of CuFe,04

Figure 6a shows the UV-Vis absorption spectrum of Cr(VI) in the presence of CuFe,0s. The intensity
of the absorption peak at 543 nm decreases with time under visible light radiation. The Cr(VI)
photoreduction efficiency of pure CuFe;O4 was calculated as 10.9% after 120 min of visible light
irradiation (Figure 6b). Relatively low Cr(VI) photoreduction efficiency was obtained with pure
CuFe,04. This can be attributed to the high recombination rate of photogenerated electron-hole pairs
formed on the semiconductor photocatalyst under visible light.
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Figure 6 (a) Time dependent change of UV-Vis absorption spectrum of Cr(VI) solution in the
presence of CuFe,04, (b) time-dependent photoreduction rate of Cr(VI) under visible light source in
the presence of CuFe;O4
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Figure 7. Magnetic hysteresis loop of CuFe>O4

The magnetic hysteresis loop of pure CuFe,O4 is shown in Figure 7. The saturation magnetization value
of pure CuFe,O4 was measured to be 6.55 emu/g. Magnetic hysteresis loops revealed the ferromagnetic
property of the prepared sample. Therefore, the as-prepared sample can be easily removed from the
reaction medium by magnetic separation, which is important for the reusability of the prepared
photocatalyst.

CONCLUSION AND RECOMMENDATIONS

CuFe,04, a visible light driven photocatalyst, was synthesized through a facile sol-gel technique. The
highest Cr(VI) removal, 10.9%, was achieved with CuFe,O4 nanoparticles within 120 min of visible
light irradiation. FTIR, XRD and EDX analyzes confirmed the successful synthesis of CuFe;Os
nanoparticles. According to FESEM images, CuFe;Oj4 in spherical shape between 200-400 nm were
obtained. The saturation magnetization value of pure CuFe,O4 was found out to be 6.55 emu/g.
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ABSTRACT

Glaze is a type of coating material used in ceramic art and industry to provide various properties
to ceramic surfaces. Glazes can be shiny, matte, or opaque, with various additives included to
achieve desired effects. Among these, “artistic glazes” are primarily applied to flat surfaces and
are continually developed by both commercial manufacturers and artists. Artistic glazes can be
classified into categories such as crackle glazes, ash glazes, celadon glazes, copper red glazes,
crystal glazes, crater glazes, metallic glazes, dot effect glazes, drippy glazes, and fluid glazes.

Additionally, there are glazes referred to as “gloopy glazes” in international sources, which
currently lack a national literature equivalent. These glazes resemble a gloop due to their sticky
structure, high alumina, and silicium content, and have become increasingly popular among
artists for their versatility and impact on shaping forms. Gloopy glazes are more viscous than
standard glazes but possess a higher melting ability compared to clays at elevated temperatures.
They can be applied in thicker layers than other glazes.

Unlike artistic glazes, gloopy glazes can be used not only as a surface coating but also as a
material that influences the shape of the form itself. This unique characteristic sets them apart
from other glaze types. Research has been conducted to identify artists using gloopy glazes in
their works, evaluating the differences in their usage patterns and the contributions this glaze
type makes to contemporary ceramic art.

Keywords: Gloop, Gloopy Glaze, Glaze, Ceramic, Art, Contemporary ceramic.
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ABSTRACT

As long as radiation sources exist, people are affected by radiation. People have been and
continue to be exposed to many harmful radiation events. The harmful effects of radiation last
for decades. Apart from nuclear power plants and weapons, nuclear power is used in many areas
of technology, including medicine. This situation requires human beings to take precautions
against the harmful effects of radiation. In this study, it is aimed to minimize the harmful effects
of radiation sources by absorbing them through building elements. In this study, the ability of
concrete samples containing serpentinite, dolomite and barite to absorb harmful radioactivity
was investigated. Additionally, some mechanical and durability properties of mortar and
concrete samples produced with the same additives were examined. In addition to the
mechanical properties of the mortar samples such as 7, 28 and 90-day compressive and bending
strengths, the sulphate resistance of the samples kept in 10% Na2S04 solution for 90 days was
examined. 7, 28, 90 day compressive strength of concrete samples were found by pressure press,
ultrasonic test and Schmidt Hammer methods. In addition, abrasion resistance, permeability,
freeze-thaw resistance and microstructures were examined. The samples were sized 10x10x102
cm and measured at 100 Kv 2.5 mm Al. In the study, it was determined that serpentinite,
dolomite and barite added concrete samples significantly increased the radiation shielding
feature, but caused decreases in strength and durability properties after certain rates.

Keywords: Serpentinite, Dolomite, Barite, Linear absorption coefficient, Concrete Durability
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ABSTRACT

In this paper, we investigate the nonlinear vibration behavior of shallow shells reinforced with
carbon nanotubes (CNTs). The reinforcement is modeled as functionally graded (FG) along the
radial direction of the shell. The material properties of these functionally graded carbon
nanotube-reinforced composites (FG-CNTRCs) are assumed to vary through the shell
thickness, estimated via a micromechanical model. Nonlinear partial differential equations are
derived using the Von Karman geometric nonlinear theory, assuming the shell follows classical
shell theory. The problem is reduced using the Galerkin technique, leading to a system of
nonlinear equations with quadratic and cubic terms. These equations are solved using the
method of multiple scales (MMS) for simply supported boundary conditions. Our findings
indicate that the distribution of carbon nanotubes, mode shapes and the shell's curvature

significantly influence the natural frequencies.

Keywords: Galerkin method; Functionally Graded Carbon Nanotube; Fundamental Linear

Frequency, resonance.
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SUMMERY

This study investigates the impact of wall material type on the characteristics of compartment
fires by combining a parametric temperature-time (T-t) curve with the European standards. The
study focuses on the effect of various wall materials not only on the temperature curves during
the development of the fire but also on the evolution of the upper smoke layer within the
enclosure. This impacts directly the openings to be incorporated in the building structure in
order to enhance the natural smoke evacuation. The outcomes are discussed in the context of
European regulations, to incorporate relevant safety measures. It has been established that the
type of wall construction materials plays a crucial role in fire dynamics; therefore, there is a
need for careful consideration in the compartment design and ventilation systems. These results
are of practical interest for fire safety engineers and reduce the risks of fire in the construction
developments, focusing on fire resisting materials and efficient natural ventilation in buildings.

Keywords: Fire engineering, Wall material, SHEVS, Compartment fire, European standards.
INTRODUCTION

Fire engineering is a field positioned at the interface between reactive fluid mechanics, heat
transfer, and structural analysis. It has transcended the boundaries of academic research to
become an essential prerequisite in professional practice, for firefighters, urban planning
engineers, and even fire safety regulation experts [1]. Fire safety strategies are specifically
mandated during the design or preliminary studies of industrial compartments, public buildings,
and residential complexes [2]. It is therefore crucial to conduct sizing calculations for Smoke
and Heat Exhaust Ventilation Systems (SHEVS) to evacuate or at least control the flow of these
substances [3]. These calculations are based on correlations adopted by regional fire safety
authorities and utilize thermal loads such as the ISO-834 standard [4].

Several attempts have been made to consider scenarios of ultra-fast fire development in large
compartments [5]. These studies employed field models without accounting for the effects of
natural ventilation. More recent research has focused on comparative analyses between
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European and American correlations, where extreme temperatures were derived from numerical
models [6]. Updated analyses have leaned towards discussing the validity of thermal load types
in the Eurocodes concerning the heating of structures [7], without considering the suitability or
effectiveness of natural ventilation. A critical analysis of a parametric fire thermal load (EPFC)
was conducted for a large compartment constructed with commercial concrete [8]. The study
revealed the influence of wall heat transfer on the temperature evolution history within the
compartment.

Based on the literature review, the authors noted a lack of additional studies on the effects of
the construction material type on the temperature evolution within the compartment. Moreover,
the sizing calculations for openings for natural ventilation (NV) are never correlated with the
conditions of thermal loading (Temperature-Time curve) or the heat transfer to the walls
(thermal properties of materials) of the compartment. The objective of this paper is to evaluate
the impact of wall material type on the development of temperature and smoke layer in a large,
naturally ventilated compartment.

MATERIALS AND METHODS
A. Thermal characterization of smoke

A zone model approach assumes that the entire convective heat release rate Q, of the fire is
converted into a temperature rise AT which induces among other things, a mass flow rate of
smoke M, stratifying at a vertical distance Y; from the floor. This formalism is derived from
analytical relationships established by Merci et al [9]:

Ms = QC/CAT (D
v, = (M,/C.P,) 23 ®)

Here, c is the specific heat of smoke, and AT=T; — T,, represents the temperature rise compared
to the ambient temperature. Pr is the perimeter of the fire load, and C is an empirical coefficient
equal to 0.19 for compartments with a floor area exceeding 500 m? [9].

B. Sizing of openings for natural ventilation

Based on the basic configuration of the compartment, the fire development results in the release
of smoke, which may or may not be naturally evacuated through existing openings. The
verification procedure involves estimating the total area Anv of openings required for smoke
extraction. The European standard expresses this quantity as [9].

A?VVCU = MsTs/[ZpgoggsTmAT - Mssz- TOO/(AiCi)Z]l/Z (3)
C. Prediction of temperature evolution over time

In engineering calculations, the transient temperature within the compartment is predicted using
correlations that involve the ventilation factor (effect of openings) and the type of wall material
(effect of wall heat transfer). Curve 'A' provides an expression for the temperature during the
fire development phase as [10].

T(t) = Trnax- (t/tmax)' exp [1 - (i)] 4)

tmax = q/(a.0); Trnax = b + c[1 — exp(d. 0)]. g™ ™ ®)

The overall opening factor of the compartment is given by [10]:
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0 = Ay.\[Heq/Ar 5 Heq = X hiA; /Ay (6)

Here, Ay, A; and h; denote the total surface area of openings (doors, windows), the total area
of partitioning (walls, floor, ceiling), and the height of each opening, respectively. The
coefficients a, b, ¢, d, m, n, vary depending on the nature of the wall material and have specific
numerical values [10].

CASE STUDY

The building considered (32 m x 21 m x 5 m) is the same as the one examined in the work of
Santarpia et al. [10]. It is classified as a large compartment and has five 5 windows (1.2 m x 2
m) positioned 2 meters above the floor, and two 2 large doors (3.2 m x 3.5 m, 2.4 m x 3.5 m).
The combustible load (wood) is spread over an area of 100 m?, with a heat density of 973.5
MJ/m? [10]. The compartment is naturally ventilated, with walls constructed from commercial
concrete (type 1). Given this heat load, the compartment falls under the REI 90 class (5400 s)
for structural fire resistance. Figure 1 presents a 3D schematic of the compartment studied.

Fig. 1. 3D sketch of the study area [10]
FINDINGS AND DISCUSSION

The walls of the compartment are made from standard commercial concrete (type 1). Two other
variants will be examined: lightweight concrete (type 2) and brickwork (type 3). The material
properties are shown in the table below (Table I).
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Table 1. Materials used (walls)

Thermal properties
C t Vi
onerete Density (Kg.m?) | Specific heat (J. Kg'.K") Thermal c?lndzcttvnjy
(W.m”.K”)
Type | 5300 913 1.45
Type 2 1600 840 0.60
Type 3 1900 1000 0.78

Given the significant heat density, it is appropriate to predict the temporal evolution of
temperature within the compartment as a function of the natural ventilation rate. The opening
factor O may vary between a minimum value Omin=0.0018 m®?, corresponding to the opening
of a single window, and a maximum value reflecting the opening of all doors and windows
(Omax=0.0289 m0.5). The transition from one limit configuration to another could occur
deliberately via human agents (e.g., firefighters' interventions) or naturally during fire
development (e.g., breaking of windows, obstruction of openings).

A. Maximum opening factor

As predicted by the European standard curve 'A’, the development phase lasts for almost 1 hour
(tmax=3852 s), indicating that fire resistance will be assessed during the decay phase. The curve
in Figure 2 predicts a critical temperature (at trer=5400 s) of 535°C, which is 6% lower than the
flashover temperature. The high thermal levels reveal that the fire, according to this model, is
ventilation-controlled, favoring combustion in a well-ventilated regime. Maintaining the same
heat load while changing the compartment wall material can be justified by economic or
environmental requirements. Lightweight concrete (type 2), though economically attractive,
results in a critical temperature of 1083°C, significantly higher (+103%) than its value for
standard concrete. In the case of brickwork concrete (type 3), the critical temperature exceeds
its reference value by only 22%, even though the material is heavier but has higher thermal
conductivity (Fig. 2).
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Fig. 2. Temperature-time curve (O=0Omax)
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B. Minimum opening factor

The abundance of the heat load significantly prolongs the fire's development phase under sub-
ventilation. Thus, the time to reach flashover is tmax=17.23 h, indicating that the critical
temperature evaluation will occur during the pre-flashover phase. The thermal level at the
critical time remains low (59°C for type 1 concrete), but the maximum temperature can reach
271°C during 17 hours of fire (Fig. 3), representing a relative increase of +300% compared to
its critical value. These increases become more significant when using lightweight or
interlocking concrete (+360%).
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Fig. 3. Temperature-time curve (O=Omin)

C. Stratification and natural ventilation

In the absence of mechanical ventilation, thermal stratification is inevitable. The average
thickness of the smoke layer is an indicator for evaluating scenarios and designing additional
openings for smoke evacuation. With a constant heat load, a proportional relationship between
the temperature level and the smoke layer thickness is observed.

In a sub-ventilated regime, this thickness increases from 0.33 m during the critical phase (5400
s) to 3.75 m during flashover. The consequent increase (+1030% over 17 hours of fire) indicates
a need to size the smoke extraction systems during the post-flashover phase. The wall material
has a decisive impact on the average smoke layer thickness. The stratification increases by
+75% when switching from standard concrete to brickwork concrete (type 3), while it exceeds
+420% for lightweight concrete (type 2), as shown in Figure 4.
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Fig. 4. Average thickness of the smoke layer

In the sub-ventilated configuration (O=Omin) of the compartment, the smoke layer thickness
remains relatively limited compared to the ceiling height at the critical time (trer=5400 s). The
relationship (3) yields an indeterminate result, indicating that existing openings are sufficient
for smoke evacuation. However, the additional surface area required for smoke evacuation at
flashover time is 2.35 m? (equivalent to 1 additional window) for standard concrete, while it
reaches 3.50 m? (equivalent to 2 additional windows) for lightweight concrete. This calculation
should be taken with caution as it reproduces a limit situation where the ventilation factor is
fixed, knowing that its value may change during fire development.

CONCLUSION

The presented work is an attempt to characterize the thermal behavior of a fire in a large,
naturally ventilated compartment. The approach used involves applying a standard parametric
temperature-time curve and coupling it with the European standard, which characterizes
stratification and smoke and heat exhaust ventilation systems (SHEVS). The results highlight
the influence of wall material not only on the temporal evolution of temperature within the
compartment but also on the development of the smoke layer, and consequently, on the sizing
of openings intended for natural ventilation.
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ABSTRACT

In this work, we modeled the structural, electronic, and optical properties of the SnO: single crystal,
which crystallizes in the quadratic rutile phase at ambient temperature, with space group P4./mnm
(136). The calculations were performed using the Quantum Espresso code based on Density
Functional Theory (DFT), employing norm-conserving pseudopotentials and the PBEsol
exchange-correlation functional.

The optimized structural parameters are in good agreement with experimental values. However,
the theoretical band gap is underestimated at 0.45 eV, compared to the experimental value of 3.56
eV. Through projected density of states (PDOS) analysis, we found that the O-2p orbitals dominate
the valence band, while the Sn-5p orbitals are most prominent in the conduction band. This
observation led us to apply the Hubbard correction to these orbitals to increase the band gap and
improve the study of optical properties, particularly the ordinary and extraordinary refractive
indices.

Keywords: DFT; DFT+U; PBEsol ; Energy band gap; SnO2

ISBN: 978-625-378-045-6 142 https://doi.org/10.5281/zenodo.14537144



INTERNATIONAL CERAMICS AND COMPOSITE MATERIALS SYMPOIUM

November 15-16, 2024 / SGleyman Demirel University, Isparta, Tirkiye

FARKLI ORANLARDA AL03-TiO; KAPLANMIS MALZEMELERIN KAPLAMA
OZELLIKLERININ INCELENMESI

INVESTIGATION OF THE COATING PROPERTIES OF AA7075 AND AZ91
MATERIALS COATED WITH DIFFERENT RATIOS OF Al203-TiO2

Hiiseyin OZKAVAK*

“Isparta Uygulamal1 Bilimler Universitesi, Isparta OSB MYO,Makine ve Metal Teknolojileri
Bolimii,Isparta, Tiirkiye, ORCID ID: 0000-0003-2857-4500

Recai Fatih TUNAY

Siileyman Demirel Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Makine
Miihendisligi Boliimii, Isparta, Tiirkiye, ORCID ID: https:0000-0002-9877-9379

OZET

Hafiflik, yiliksek elektrik ve termal iletkenlik, iyi sonlimleme, biyouyumluluk gibi bir¢ok
iistiinliigii sahip Magnezyum alasimlari giinlimiizde otomotiv, uzay, endiistriyel ve biyomedikal
gibi bir¢ok alanda kullanim alani bulmaktadir. Ancak diistik tokluk, elastisite modiilii ve yliksek
kimyasal reaktiflik magnezyum alasimlarinin kullanimint zorlastirmaktadir. Aliiminyum
alagimlar1 diistik yogunlugunun taninda kolay iiretim, dayanim/yogunluk oranmin yiiksek
olmasi ve diisiik maliyetten dolayi ¢eligin yerine tercih edilebilir hal almistir. Ancak atmosferik
nem gibi diisiik aktiviteli ortamlarda korozyona ugramasindan dolayr kullanimi
sinirlanmaktadir. Bu kadar iistliin 6zellige sahip malzemelerin yiizey ozellikleri iyilestirilerek
negatif Ozelliklerinin ortadan kaldirilmast ve kullanimlarinin daha da yayginlastirilmasi
hedeflenmektedir. Bu amagla bu malzemelere yiizey kaplama islemleri uygulanmaktadir.
Plazma Piiskiirtme yontemi malzemelerin kaplanmasinda yaygin olarak kullanilan bir kaplama
yontemidir. Plazma kaplama islemine etki eden bir¢cok parametre bulunmakta olup bu
parametrelerden bazilar1 kontrol edilebilirken bazilar1 kontrol edilememektedir. Kaplama
karakteristigine etki eden en onemli parametrelerin basinda kaplama 6ncesi yiizey hazirligi
gelmektedir. Bu nedenle kaplama oncesi numunelere kaplama dncesi yapilan yiizey hazirligi
onem arz etmektedir. Bu calismada plazma piiskiirtme yontemi kullanarak farkli oranlarda
AlO3 ve TiO2 seramik malzemeler AA7075 aliiminyum alagimi alt malzeme ile AZ91
magnezyum alagimi alt malzeme iizerine kaplanmis ve yapilan kaplamalarin kaplama
karakteristikleri incelenmistir. Calisma sonunda AZ91 ve AA7075 alt malzemeler lizerine farkl

oranlarda Al2O3-TiO2 ‘nin basarili bir sekilde kaplandigi belirlenmistir. Elde edilen
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kaplamalarda bosluk, catlak gibi hatalarin bulunmadig1r gézlemlenmistir. Calismada ayrica

kaplama islemi sonrasi1 kaplama kalinlik degerleri incelenmistir. Her iki alt malzeme grubunda
da en yiiksek kaplama kalinlik degerinin %13 TiO2 %87 Al20s3 ilave edilmis numunelerde elde
edildigi belirlenmistir. Bunun yaninda AZ91 alt malzeme iizerine yapilan kaplamalarin kaplama
kalinlik degerlerinin AA7075 alt malzeme iizerine yapilan kaplama kalinlik degerlerinden daha

diisiik oldugu belirlenmistir.
Anahtar Kelimeler: Kaplama, plazma piiskiirtme, TiO2, Al2O3, kaplama karakteristigi
ABSTRACT

Magnesium alloys, which have many advantages such as lightness, high electrical and thermal
conductivity, good damping, biocompatibility, are used in many areas such as automotive,
aerospace, industrial and biomedical. However, low toughness, elasticity modulus and high
chemical reactivity make the use of magnesium alloys difficult. Aluminum alloys have become
preferable instead of steel due to their low density, easy production, high strength/density ratio
and low cost. However, its use is limited due to its corrosion in low-activity environments such
as atmospheric humidity.It is aimed to eliminate the negative features of materials with such
superior properties by improving their surface properties and to make their use more
widespread.For this purpose, surface coating processes are applied to these materials.Plasma
Spraying method is a coating method widely used in coating materials. Here are many
parameters affecting the plasma coating process, some of which can be controlled while others
cannot. The most important parameter affecting the coating characteristics is the surface
preparation before coating. Therefore, the surface preparation applied to the samples before
coating is important.In this study, different ratios of Al2O3 and TiO2 ceramic materials were
coated on AA7075 aluminum alloy substrate and AZ91 magnesium alloy substrate using the
plasma spray method and the coating characteristics of the coatings were examined. At the end
of the study, it was determined that Al203-T1O2 was successfully coated on AZ91 and AA7075
substrates at different ratios.It was observed that there were no defects such as gaps and cracks
in the obtained coatings.In addition, the coating thickness values after the coating process were
examined in the study.It was determined that the highest coating thickness value in both
substrate groups was obtained in samples to which 13% TiO2 and 87% AI203 were added.In

addition, it was determined that the coating thickness values of the coatings made on AZ91
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substrate were lower than the coating thickness values of the coating made on AA7075
substrate.

Keywords: Coating, plasma spraying, TiO2, Al120s3, coating characteristic

GIRIS

Miihendislikte malzeme se¢imi hem parca dmrii hem de maliyet agisindan dnem arz etmektedir. Secilen
malzemelerin c¢evresel kosullar ile etkilesime girmesi malzemelerde bozulmalara yol acacaktir. Bu
nedenle var olan malzemelerin yilizey Ozelliklerinin gelistirilmesi gerekmektedir. Malzemenin
degistirilmesi gereken temel yiizey 6zellikleri ylizey enerjisi, yiizey morfolojisi, bilesimi ve sertligidir.
Bu 6zeliklerin degistirilmesi i¢in ylizey miithendisligine ihtiya¢ duyulmaktadir. Yiizey miihendisligi ile
hali hazirda kullanilan miihendislik malzemeler kaplanarak yiizey Ozelliklerinde iyilesme elde

edilmektedir. Yiizey kaplama islemi 1s1 enerjisi yardimi ile malzeme yiizey 6zelliklerinin degistirilmesi

esasina dayanmaktadir. Ist enerjisi kullanarak uygulanan yiizey kaplama yontemleri Sekil 1’de

verilmektedir.
Ist Destekl Viizey Dedistime Islemen
|
Degetrien Yizey Ceelien Upgularan Kaplamala
I ] ] ] | | ] ]
Morkloj Kempatisyn ~ Marfdaive Yiizey Kat Vi) Ergimig Engims Buhar
Kompazsyon Enerpsi -
~Temal Gevim —Difizyen  —Dfigon  —lmeDome —Hadde —Temal —FRzyntemal  —PDIOD
(0Or Endiksiyona ey Termal G plskirive piskirime

serfestime) {OrBofave) (D Kerbideme
Yer Alan Niriieema|

—Hh Katiagmas: (O Keomare) ]

(Lazer ¥z fangima
kzynag)

Sekil 1. Is1 enerjisi kullanarak uygulanan yiizey modifikasyon iglemleri (Chattopadhyay,2007)

Plazma piiskiirtme yontemi tel, akiskan veya toz halindeki kaplama malzemesinin plazma yardimi ile
gaz haline doniistlirilerek alt malzeme lizerine piiskiirtiilmesi esasina dayana bir termal kaplama
yontemidir (Ozkavak,2024). Plazma piiskiirtme ydntemine etki eden kontrol edilebilen ve edilemeyen
bir¢ok parametre bulunmaktadir. Tanecik sekli ve boyutu, toz besleme orani, ark, giris giicii, gaz basinci,

puskiirtme mesafesi gibi bir¢cok faktér plazma iglemine etki etmektedir (Heimann,2006).
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Magnezyum 1,74 g/cm® yogunluga sahip yiiksek 6zgiil dayanim, yiiksek dayanim/agirhik orani, diisiik
ozgiil agirlik, ylizsek hizda tornalanma ve frezelenme kabiliyeti, biyouyumluluk gibi bir¢ok {istiin
ozelliginden dolay1 uzay, biyomedikal, elektronik, otomotiv gibi bircok sektdrde kullanilmaktadir.
Ancak magnezyumun kullanimina diisiik tokluk ve elastisite modiilii, soguk sekillendirme kabiliyetinin
siirlt olmasi ve yliksek reaktiflik gibi olumsuz 6zellikleri kullanim alanini sinirlandirilmaktadir. Benzer
sekilde 2,7 g/cm’® yogunluga sahip, diisiik maliyet, dayamim/yogunluk orani oldukca yiiksek olan
aliminyum yine benzer sekilde diisiik aktiviteye sahip ortamlarda bile gerilmeli korozyona karsi
dayaniksiz olmasi kullanimda farkli ¢6ziimlere bagvurulmaya neden olmustur. Bu kadar iistiin 6zellige
sahip bu malzemelerin yiizey Ozellikleri iyilestirilerek kullanimini daha da yaygin hale getirilmesi
amaclanmaktadir. Bu amagcla ¢alismalar bu malzemelere yiizey kaplama iglemleri uygulayarak yiizey
ozelliklerini iyilestirmek iizerine yogunlagmistir. Seramik malzemeler arasinda ergime noktasi sertlik,
asinma ve korozyon dayanimi yiiksek olan Al,O; yiizey kaplama yontemleri igin tercih edilen bir
malzemedir (Kumar vd., 2004). TiO, benzersiz bir kristal yapida olan ve Al,Os igerisine ilave
edildiginde aginma ve korozyon direncini daha da artirmaya saglayan seramik malzemeler arasindadir.
Bu ozellikleri dikkate alindiginda farkli alt malzemeler iizerine farkli kaplama yontemleri kullanarak
kaplanarak elde edilen kaplamalarin asinma ve korozyon davraniglart belirlenmeye g¢alisilmistir. Bu

amagla yapilan ¢alismalar incelenmistir.

Kim ve arkadaslart (2001), yaptiklar1 ¢alismada plazma piiskiirtme yontemiyle AlO3-%13 TiO
kaplamas1 polimere bagli olarak belirlenen ii¢ ticari dolgu malzemesi kullanilmis ve sizdirmazlik
saglanmistir. Calismada islemden onceki ve sonraki mekanik 6zellikleri incelemistir. Caligsma sonunda
kaplama islemi ile mikrosertlik, abrazif asinma direnci, bag kuvveti ve yiizey piirtizliliigli degerlerinin
dolgu malzemesine bagli olarak iyilestigi gozlemlenmistir. Ya-Li ve arkadaslar1 (2007), yaptiklari
caligsmada plazma kaplama ile lazer eritme plazma piiskiirtme yontemi kullanarak, AZ91HP Mg alagimi
iizerine Al,Oj3 seramik kaplamiglardir. Caligma sonunda yazarlar; lazer yontemi ile yapilan kaplamalarin
korozyon ve asinma direnci kaplama yapilmayan Mg alagimlarina gore daha yiiksek oldugu
belirlenmistir. Plazma piiskiirtme yontemi kullanilarak Al,Os-Al kompozit kaplama uygulayan Yin vd.
(2008) elde ettikleri kaplamalarin mikroyap1 ve mekanik 6zelliklerini incelemislerdir. Yazarlar Al,Os-
Al kompozit kaplamalar; Al,O; kaplamalarla kiyaslandiginda diisiik sertlik gosterdigi ve asmma

direncinin daha yiiksek oldugu sonucuna ulasmiglardir.

Caligmalarinda plazma piiskiirtiilmiis Al,O3/TiO, kompozit kaplamalarin mikro yapisina nozul ¢apinin
etkisini incelemeyi amaglayan Morks ve Akimoto (2008) 7,5mm ve 8mm nozul ¢apini ¢aligmalari i¢in
secmislerdir. Caligma sonunda yazarlar ,5 mm nozul ¢ap1 kullanilarak yapilan Al,O3/Ti0, kaplamalarin
8 mm nozul ¢apina gore daha yogun bir yapiya, yiiksek sertlik asinma direnci ve diisiikk gézeneklilige

sahip oldugu sonucun ulagmislardir. Marcinauskas vd. (2010), ¢alismalarinda atmosferik plazma jet
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parametrelerinden olan plazma tabancasimin ¢ikisi ile althik malzeme arasindaki mesafenin ile karbon
kaplamalar {izerine etkisini incelemislerdir. Marcinauskas ve arkadaslari ¢aligmalarinin sonunda
kaplama islemi i¢in plazma gazi olarak argon ve asetilen; altlik malzeme arasindaki mesafe 5-20 mm ve
1200 dk. islem siiresi parametrelerini belirlemiglerdir. Islak ve Buytoz (2011), ¢alismalarinda AISI 304
celik tizerine ZrO,/ AlLO3/TiO, kompozit malzeme kaplanmis numunelerin mikro yapilarimi
aragtirmiglardir. Islak ve Buytoz ¢aligsmalari sonunda lamelli ve tabakali bir mikro yapi elde ettikleri;
kaplama kalinlig1 oksit kaplama tabakasi ve baglayici tabaka (Ni-20Cr) olarak sirasiyla 100 pum ve 20
um olarak olctiikleri ve kaplama yapisinda az miktarda ergimemis partikiiller, kismi ve tamamen ergimis
bolgeler ile gozenek varligini sonucuna varmislardir. Jia ve arkadaslart (2015), ¢alismalarinda 6061
aliminyum alagimi {izerine farkli TiO, igeriklerine sahip Al,Os termal bariyer kaplamalari, plazma
puskiirtme yontemi ile kaplamis, kaplamalarin korozyon direnci, 1s1 yalitim 6zelligi ve faz bilesimlerini

incelemislerdir.

Yazarlar tim hammadde tozlarinin piiskiirtme islemi sirasinda faz doniistimii sergiledigi ve tozdaki TiO,
iceriginin artmasiyla kaplamanin korozyon direncinin arttigi, 1s1 yaliim o6zelliginin ise azaldigi
sonucuna ulasmisladir. Basha vd. (2020), yaptiklar1 ¢alismada atmosferik plazma yontemi kullanarak
AL,Os-TiO, kaplama islemini incelemislerdir. Calismada Ince katmanl mikro yapiya sahip nano yapil
tozlar kullanilmistir. Yazarlar aginmaya karsi nano biytkliikte aliimina-titanyanin topaklanmis
tozlarindan elde edilen kaplamalarin, geleneksel tozlarin kaplamalarina gore daha istiin direng
gosterdigi sonucuna ulagmiglardir. Bu ¢alismalar dikkate alindiginda kaplama oranlarinin belirli degerler

arasinda kaldig1 ve genel olarak yapisal inceleme yapilmadigi belirlenmistir.

Bu amagla bu ¢alismada daha 6nce belirlenen %3 TiO,+%97 Al,O3ve %13 TiO2+%87 Al,Os oranlarina
ilave olarak %40 TiO, +%60 AL,Os3, %100 TiO; ve%100 Al,O; oranlari kullanarak plazma piiskiirtme
yontemi kullanarak kaplama islemi gergeklestirilmis ve yapilan kaplamalarin karakteristik 6zelliklerinin

belirlenmesi amaglanmistir.
MATERYAL METOT

Bu calismada AZ91 magnezyum alasimi ve AA7075 Aliminyum alasimimdan olusan alt malzeme
iizerine plazma piiskiirtme yontemi kullanarak farkli oranlarda Al,Os; ve TiO, seramik malzemeleri
kaplanmistir. Yapilan kaplamalarin kaplama karakteristikleri belirlenmesi amaglanmistir. Caligmada

kullanilan alt malzeme ve kaplama malzeme oranlari1 Tablo 1’de verilmektedir.
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Tablo 1. Caligmada kullanilan alt malzeme ve kaplama malzeme oranlar

Malzeme Kullanim Amact
AA7075 Aliiminyum alagimi Alt malzeme

AZ91 Magnezyum alagimi Alt malzeme

%100 AL,O3 Kaplama malzemesi
%100 TiO; Kaplama malzemesi
%97 Al,O3+%3 TiO; Kaplama malzemesi
%87 Al,03+%13 TiO, Kaplama malzemesi
%60 Al,03+%40 TiO, Kaplama malzemesi

AlL,Os seramik malzeme korozyon ve asinma direncine oldukca dayanikli bir malzeme olup bu
Ozelliginden dolay1 tercih edilen bir malzemedir. Bu malzemeye TiO; ilave edilmesi ile aginmanin
yaninda korozyon dayanimi ve tokluk gibi ozelliklerde iyilesme elde edilmektedir (Simbar, 2020;
Buytoz, 2012; Kusoglu 2005). Bu nedenle ¢aligmada Al,O; ve TiO, seramik malzemeler farkl
oranlarda karistirilarak kaplanmistir. Calisma i¢in belirlen oranlardaki tozlar plazma tabancasina toz
halinde gonderilmektedir. Bu nedenle kaplama tozlarinin homojenlik ve boyut agisindan birbirine yakin

olmasi amaciyla bilyeli 6giitme teknigi kullanilarak karigtirilmistir.

Caligmada ayrica i¢in %100 ALO; ve %100 TiO, kaplama oranlar1 da segilerek bu oranlarin kaplama
karakteristikleri belirlenmistir. Calismada plazma kaplama yontemi kullanilmis olup numunelerin
kaplama isleminin uygulanmasi Sekil 2’de verilmektedir. Caligmada plazma kaplama islem

parametreleri olarak daha once firma tarafindan optimize edilen parametreleri kullanilmistir.

Sekil 2. Numunelere kaplama isleminin uygulanmasi
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Yiizey kaplama islemlerinde kaplama karakteristigine etki eden ve kontrol edilebilen faktorlerden bir
tanesi alt malzemenin yiizey hazirligr olarak ifade edilebilir. Bu nedenle kaplama islemi oncesi

numunelerin ylizey hazirlig1 6nem arz etmektedir.

Bu amagla ¢alismada alt malzemelere kaplama islemi oncesi yiizey hazirligi islemi yapilmistir.
Calismada yilizey hazirligt kumlama islemi ile baglamistir. Kumlama islemi sonrasi numuneler
ultrasonik temizleme islemine tabi tutulmustur. Bu islem ile kaplama sirasinda meydana gelecek
adezyon direncini artirmak amaclanmistir. Yiizey hazirlik islemi kumlama ve ultrasonik temizleme
islemi uygulana numunelere Ni-Cr astar malzemesi kullanarak kaplama ince astarlama islemi ile

sonlandirilmistir.

Caligmada numunelerin kaplama dncesi ve sonrasinda yiizey piiriizliiliikk degerleri TIME marka TR200
model yiizey piiriizliilik 6lgiim cihazi kullanilarak yapilmistir  (Ozkavak,2024). Kaplama
karakteristiginin belirlenmesi amaciyla kaplanmis numunelerin yapisal incelemeleri i¢in Fei Quanta Feg
250 marka Taramali elektron mikroskobu (TEM) kullanilmistir. Kaplama karakteristik incelemelerin
yan1 sira kaplama kalinliklar1 da él¢iilmiistiir. Olgiimler birkag noktadan yapilmus ve aritmetik ortalamasi

almarak hesaplanmustir.
SONUC

Bu ¢aligmada plazma piiskiirtme kaplama yontemi kullanarak AZ91 magnezyum alasimi alt malzeme
ile AA7075 aliiminyum alagim alt malzeme {izerine farkli oranlarda Al,O3 ve TiO; seramik malzemeler
kaplanmis ve kaplamanin karakteristigi incelenmistir. Kaplama karakterizasyonu yapilirken catlak,
porozite gibi siireksizliklerin olup olmadigi, alt malzeme {izerine uygulanan kaplama malzemesinin
rejiminin diizenli olup olamadigi noktalar1 belirlenmistir. Ayrica kaplama oncesi ve sonrasi yiizey

ptrtizliiliik degerleri dlgiilerek kaplama karakterizasyonuna etkisi belirlenmistir.

Caligmada kaplama iglem Oncesi numunelerin piiriizliiliik degerleri AZ91 alt malzeme i¢in (Ra) 0,219
um ve AA7075 alt malzeme igin de (Ra) 0,195 um olarak olciilmistiir. Kaplama sonrasi elde edilen
puriizliliik degerleri ise her iki alt malzeme grubu i¢in de 6,5-7,5 um olarak Ol¢lilmiistiir. Kaplama
islemi sonrasi ylizey plrizlilik degerlerinin birbirine yakin elde edilmesi kaplamalarin homojen

oldugunun bir gostergesidir.
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Sekil 3. AZ91 alt malzeme iizerine yapilan kaplamalarin TEM goériintiileri (a) %97 Al,O3+%3 TiO (b)
87 Al,O3+%13 TiO2 % (c) %60 Al,O3+%40 TiO2 (d) %100 TiO; (€)%100 Al,O3

AZ91 alt malzeme iizerine farkli oranlarda Al,O3, TiO, kaplanmis numunelerin TEM goriintiileri Sekil
3’te verilmektedir. Sekil 3 incelendiginde kaplama islemi sonrasi kaplama ara yiizeylerinde bosluk,

catlak gibi hatalarin bulunmadig agik¢a gézlemlenmistir.
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Kaplama

" | 4:51:21 P

Kaplama

Sekil 4. AA7075 alt malzeme {izerine yapilan kaplamalarin TEM goriintiileri (a) %97 Al,O3+ %3 TiO,
(b) +%87 Al,O5+ %13 TiO: (¢) %60 Al,O3 +%40 TiO, (d) %100 TiO (€)%100 Al,Os

AAT7075 alt malzeme lizerine farkli oranlarda Al,Os, TiO kaplanmis numunelerin TEM goriintiileri ise
Sekil 4’te verilmektedir. AZ91 alt malzeme tizerine yapilan kaplamalara benzer kaplama islemi sonrasi
kaplama ara yiizeylerinde bosluk, catlak gibi hatalarin bulunmadig1 agik¢a gézlemlenmistir. Bu durum
alt malzeme {iizerine uygulanan kaplamalarin basarili bir sekilde gerceklestiginin bir gostergesidir.
Ayrica altlik-kaplama malzemesinin ksusursuz kaplandigi birbiri arasinda herhangi bir tutunma

sorununun olmadigi da yine Sekil 3 ve 4’ten net bir sekilde anlasilmaktadir. Ayrica yapilan kaplamalarin
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Al>,O3, TiOs kaplanmis malzeme karakteristiklerine benzer oldugu goézlemlenmistir. Bunun yaninda Alt

malzeme ile kaplama malzemesi arasindaki yapisma rejiminin diizenli oldugu da gézlemlenmistir.

Caligmada yapilan kaplamalarin yiizey piiriizliiliik degerlerinin birbirine yakin elde edilmesi kaplama
kalinlik degerlerinin de birbirine yakin olmasini saglamaktadir. 0 yiizey piiriizliiliikk degerlerinin yaninda

yapilan kaplamalarin kaplama kalinliklar1 dl¢iilmiistiir.

AA7075 alt malzeme tizerine yapilan kaplama kalinlik degerleri incelendiginde %13 TiO, +%87 Al,Os3
oraninda kaplanan numunelerde 257,9um olarak en yiiksek ol¢iilmistiir. Bu kalinlik degerini sirasi ile
%40 TiO; +%60 AlO; oraninda kaplanmis numunede 220,3pm ; %100 TiO; kaplanmis numunede
215,2um; %3 TiO2 +%97 AlO; oraninda kaplanan numunede 208,8um; %100 Al,Os kaplanmis
numunede ise 203,2um olarak dl¢lilmiistiir. Kaplama islemi sonrasi kalinlik degerleri incelendiginde
yapilan kaplama isleminde kaplama iglemi sirasinda TiO; ile AL,Os reaksiyon, girerek Al,TiOs fazini
olustururlar. Meydana gelen Al TiOs fazinin kaplama kalinlig1 degerlerini etkiledigi diistiniilmektedir.
AA7075 alt malzemelerin kaplanmasi ile kaplama kalinliklarinda elde edilen benzer durum AZ91 alt
malzeme Tlizerine yapilan kaplamalarda elde edilmistir. AZ91 kaplanmis numunelerin kaplama
kalinliklar1 sirast ise %13 TiO,+%87 Al,O; oraninda kaplanan numunelerde 253,3 um olarak en yiiksek
Olciilmiistiir. Bu kalinlik degerini sirasi ile %40 TiO; +%60 Al,O; oraninda kaplanmis numunede
218,7um ; %100 TiO; kaplanmis numunede 214,7um; %3 TiO2 +%97 Al,O3 oraninda kaplanan
numunede 258,8um; %100 Al,O3 kaplanmig numunede ise 202,3um olarak dl¢iilmiistiir.

Her iki alt malzeme tizerine yapilan kaplama kalinliklari karsilastirildiginda AZ91 alt malzeme {izerine
yapilan kaplamalarin AA7075 alt malzeme {iizerine yapilan kaplamalara nazaran daha diisiik ¢iktigi
belirlenmistir. Bu durum AZ91 alt malzeme iizerine tutunmanin AA7075 alt malzemeden daha diisiik

oldugunun bir gostergesi olarak agiklanabilir.
SONUCLAR VE DEGERLENDIRME

Caligmada Plazma piiskiirtme kaplama yontemi kullanarak AZ91 magnezyum alagimi alt malzeme ile
AA7075 aliminyum alagim alt malzeme iizerine farkli oranlarda Al,Os ve TiO, seramik malzemeler
kaplanmis ve kaplamanin karakteristigi belirlenmistir. Calisma sonunda her iki alt malzeme tizerine
uygulanan kaplamalarda bosluk, porozite gibi hatalarin bulunmadigi ve alt malzeme ile kaplama
malzemesinin yapigsma rejiminin diizenli oldugu belirlenmistir. Bu durum Az91 ve AA7075 alt
malzemeler lizerine yapilan kaplamalarin bagarili bir sekilde gergeklestiginin kanitidir. Yapilan
kaplamalarin yiizey piriizliklerinin birbirine yakin oldugu belirlenmistir. Benzer durum kaplama
kalinliklar1 degerlerinde de elde edilmistir. Bu durum yapilan kaplamalarin homojen oldugunun bir

gostergesidir.
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ABSTRACT

Piezoelectric nanogenerators possess the ability to convert mechanical energy into electrical
energy, making them particularly promising for applications in areas such as wearable electronic
devices, sensors, and energy harvesting systems. Their unique design allows for the efficient
capture of energy from everyday activities, such as walking or bending, which can be
transformed into usable electrical power. This capability is especially beneficial for self-powered
devices that require minimal external energy sources. Nanogenerators created by integrating
carbon-based nanoparticles with polymer materials like polyviniylidine fluoride (PVDF), which
possess piezoelectric properties, offer several advantages including higher energy density,
improved flexibility, and extended lifespan. The approach enables the conversion of ambient
mechanical energy into usable electrical energy, contributing to the development of sustainable
energy sources. In this study, the piezoelectric behavior of composites obtained by incorporating
graphene nanoribbons (GNRs), which are member of carbon-based nanomaterials, into a
polyvinylidene fluoride (PVDF) polymer has been investigated. Unzipping multi-walled carbon
nanotubes is an effective and scalable strategy for synthesizing graphene nanoribbons. The
synthesized GNRs are employed to prepare nanometer-scale piezoelectric polymer composite
films showing higher piezoelectric performance than neat PVDF. The structural, surface
morphology, crystal properties of the synthesized materials were examined by Fourier-
Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy, Transmission electron
microscopy (TEM), X-ray Diffraction (XRD), respectively. Additionally, the piezoelectric
performance was evaluated by testing the output voltages under specific mechanical forces.

Keywords: energy harvesting, graphene nanoribbon, piezoelectric nanogenerator,
polyvinylidene fluoride composite
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ABSTRACT

Boron carbide (B4C) is one of the hardest ceramic materials, second only to diamond and cubic
boron nitride. Its remarkable mechanical properties—including extreme hardness, low density,
a high melting point of 2450 °C, excellent wear resistance, superior chemical stability, and high
neutron absorption capacity—make it invaluable in numerous industries, particularly in
defense. However, to optimize B4C for defense applications, enhancements in fracture
toughness are essential. In this study, a sol-gel method was employed to develop an ammonium
salt-modified polymeric precursor for synthesizing BN-B4C nanocomposites. The primary goal
was to achieve uniform distribution of BN particles within B4C grain boundaries to improve
fracture toughness. Ammonium salt and various carboxylic acid sources were used in different
quantities in the sol-gel process to produce precursors with diverse structures. By adjusting the
ammonium salt added during synthesis, the ratio of boron nitride in the final composite structure
was effectively controlled. Four distinct powder samples were obtained and characterized. XRD
analysis was conducted to determine phase ratios, while FT-IR analysis was used to assess the
chemical structure of the gel precursors. SEM imaging provided insights into the BN
distribution within B4C particles and their morphological characteristics. The analysis of these
precursors revealed that increasing the initial ammonium salt concentration resulted in larger,
more heterogeneous grain sizes. XRD results showed a decline in the purity of B4C and BN as
ammonium salt concentration increased. SEM images indicated that higher ammonium salt
levels caused BN particles to cluster, leaving some B4C grains uncoated. In summary, BN-B4C
nanocomposites were successfully synthesized via the sol-gel method. Findings show that BN
particle distribution and morphology on B4C grains can be modulated by varying the amount
of ammonium salt introduced during synthesis. This study demonstrates that BN ratio and
distribution within B4C structures can be finely tuned through careful control of citric acid
diammonium salt proportions in the sol-gel process.
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ABSTRACT

The purpose of this paper is to trace the development of Japanese ceramics art. We may
consider other cultures’ influence, based on their taking over the utilitarian, practical use of
Chinese ceramics. The ceramics are just an example of cultural product taken over from
Chinese culture and then individualized and turned into a specific cultural product for and by
the Japanese culture. The Japanese have developed their distint style and also use of ceramics
in their tea ceremony, as well as in their Buddhist rituals. This taking over of ceramics form
China happened starting from the Kamakura period (around 1185-1333). However, this was
just an influence and this is not the only contribution to the development of the Japanese
ceramics art. The practice and the presence of these objects begins even earlier on for the
Japanese culture, with the Jomon period (10 500-300 BC), when the first earthenwares were
created. This means that Japan has, in fact, one of the oldest such practices. It was the tea
ceremony that assigned to the ceramics an aesthetic and artistic note and tradition to ceramics.
There was also the influence of Korea, when, during the fifth century, Japan imported a new
techique for pottery, involving firing in high temperature of the stoneware in a reduced
atmosphere, resulting in natural ash glaze. Green glazed ware was around during the periods
of Asuka and Nara, influenced by the techniques from China and Korea. Ceramics art is still
being created today, and present in exhibitions all over the world, with world of artists such as
Aya Murata, Yuri Takemura, Mikiko Tomita, Sayaka Shingu, Sayaka Oishi, Mayumi
Nakamura, Seito Tamura, who were part of an Exhibition in Bucharest, Romania, Diversity
Of Sensitivity And Expression (September 12 - October 31, 2022).

Keywords: Soft Power, Culture, Contemporary Art.

INTRODUCTION

The cultural contact between Japan and China is a well-known one throughout history. While
Japan has taken over in its beginnings cultural products from China, starting with the writing
system, and continuing with painting, with Buddhism, and the way it was included in the
everyday mindset, as well as its cultural identity manifestations, which includes values,
symbols, rituals, traditions, practices and personalities (Baciu, 2012), it has developed a
distinct culture of its own.

When it comes to ceramics, Japan has both its own, age-old tradition, and its borrowings from
cultural contact with China and Korea, resulting in further adaptations of them. The ceramic
tradition starts in Japan during the Jomon period (10 500-300 BC) (Habu & Hall, 1999).
Japan has, therefore, a long lasting ceramics tradition starting from the Jomon period (Bausch,
2016) and continuing into the Heian period (Sinopoli, 1992). During this time, the first
earthenwares were created. Later on, Japan took over the ceramics style from China when
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developing their traditions and rituals of the tea ceremony. During the Kamakura period
(1185-1333), Japan took over the elaborate style of Chinese ceramics. This was the time when
the artistocratic classes of Japan were fascinated by Chinese culture, and at the time Chinese
cultural traditions and practices, as well as objects, together with the writing system were
considered to make a Japanese culture member refined. Knowing Chinese poetry and owning
Chinese ceramics was considered to make Japanese members of the elite refined in their
tastes.

These Chinese ceramics, which were so elaborate, were not only imported to Japan
(Rousmaniere, 1998; Tregear, 1976), but later on imitations of them also started being
produced in Japan.

Later on, in the fifth century, Japan was influenced by Korea (Johnson, 1999), when not only
a new technique for creating pottery appeared, but also a new style for the tea bowls used in
the tea ceremony, a style which was a much more simple one. The technique taken over from
Korea meant using firing in high temperature of the stoneware in a reduced atmosphere,
which resulted in natural ash glaze. During the periods of Asuka and Nara in Japan, green
glazed ware could be found, and this technique was influenced from the techniques of
creating ceramics taken over from China and Korea.

This history of cultural contact, as well as of its own tradition, makes us better understand the
culture of Japan regarding its use of tea bowls in the tea ceremony we Western culture
members know as an example of simplicity and austerity specific to Zen Buddhist beliefs and
rituals. We are familiar with concepts such as ephemerality, and wabi-sabi, or accepting the
beauty of simplicity and imperfection.

What is significant about ceramics in Japanese culture is that not only is it part of its own
tradition, of its own past, of its cultural contacts with China and Korea, and of its specific way
of adapting and making cultural products that are taken over from other culturues into their
own recognizable cultural products, but it is also an example of tradition that continues until
today. Japanese ceramics is one of those cultural objects which shows that culture is dynamic
(Baciu, 2012), always in the making, as well as the way in which it is still a practice and a
symbol that are still so much relevant nowadays. Japanese ceramics is not a cultural products
and practice restricted to the past. It is of actual concern to the members of its culture
nowadays, as much as it has been in the past, since its beginnings and during the time when it
considered being open to influences from the cultural contact with China and Korea.

Japanese culture uses other cultures for inspiration and as opportunities to select those cultural
products, or the features of those cultural products they consider appealing.

Nowadays, Japanese women artists are renowned in art exhibitions all over the world with
their ceramic art. In Bucharest, Romania, where the author of the present paper lives, Galateea
Contemporary Art organized the art exhibition called Diversity of Sensitivity And Expression,
which ran during September 12 - October 31, 2022, and which presented ceramic artworks
by Aya Murata, Yuri Takemura, Mikiko Tomita, Sayaka Shingu, Sayaka Oishi, Mayumi
Nakamura, and Seito Tamura. These contemporary artists show the same style of starting
from the traditional past, and then building upon the tradition, reinterpreting it, and adding
their own contribution to it. This fits in with the idea of certain cultures’ members
contributing to the tradition of their own culture, by adding up to the horizon of expectations
(Baciu, 2012), meaning that each member of a certain culture, once he or she assimilates it,
and acquires knowledge about it, can start bringing his or her own contribution to it. These
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women artists bring their creative contribution to the ceramic tradition and practice of
Japanese culture.

MATERIAL AND METHOD

According to Moeran (1990), “It is often claimed that the Japanese indulge in the 'worship of
tradition' (dento suhai).” Moeran (1990) considers that “the Japanese have made much of their
ceramic 'art' precisely because pottery (and note the difference in terminology) has not until
very recently been seen as an art form in the West.”

We are aware of the very strong differences between Asian worlds and the Western world.
These difference fascinate, since it is challenging to find that the world as we view it is not
the only possible way to see it, as other cultures see it so very differently. Objects have
different purposes, or some objects that are purely utilitarian in our understanding of the
within our culture are considered art in the context of other cultures. Japanese ceramics are
considered art, while for the Western world ceramic are just considered utilitarian pottery or,
at least, it was considered like this until relatively recently. However, this is still part of the
traditional mindset.

While for the Japanese the tea ceremony is an elaborate ritual and ceremony, which is still
practiced today by Buddhist monks and geisha, for the Western world it is mostly a
socializing, secular ritual. For the Japanese, it has a spiritual dimension next to the social
dimension, and it can be had in both personal homes, or in secular contexts, in traditional tea
houses, helping us connect to the atmosphere of the old Japanese ways of life, and spiritual, as
it can be practiced in the setting of temples by Buddhist monks.

It is only by means of cultural differences and comparisons that we get to have access to an
entirely different perpective on life and on the world, as well as on our way of thinking and
understanding not only a certain object, but the way in which it can make for us a certain
ritual spiritual or secular, or simply tied in with the mindset that is specific to a certain
culture.

We notice how Japan, like each and every other country and nation, after all, has struggled to
create a distinct identity for itself while coming into contact with various cultures. It has also
considered that cultural products and traditions at some point need both to be preserved and
respected, as well as continued, which is what contemporary Japanese ceramic artists are
doing. These artists show that the tradition serves as a foundation for their work. It is from
where they start, and afterwards they bring their own contribution.

Historical sources have shown how the basis for the way in which ceramics and pottery were
created were established and, from then on, came the time for considering aesthetics. First of
all, we witness the influence of Chinese ceramics, with its elaborate patters and also elaborate
accompanying tea ritual, and afterwards the Japanese culture members changed their tastes
and considered simple to be the best aesthetics for tea bowls and for the tea ceremony itself.

This preference goes in line with the overall tendencies of Japanese culture towards
minimalism and austerity. The Japanese Zen gardens are very simple, with a few symbolic
elements, such as ponds suggesting lakes, and stones suggesting mountains. In its turn, the
Japanese traditional interior design involved very few pieces of furniture, and empty spaces
which stimulate creativity and allow for personal contact, with no pieces of furniture as
obstacles in the way of two people connecting, and free movement.
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Throughout their history of taking over ceramics art and inspiration from other cultures and
building their own understanding of ceramics art and sense of aesthetics, the Japanese culture
has hesitated in-between a usual difference, which has preocuppied all cultures and all people:
between elaborate style and simple, even austere style. This hesitation is still visible in the
work of contemporary Japanese ceramics artists.

As an example, in the work of one single artist, Yuri Takemura, we see under Fig. 1, a, a tea
bowl which is closest to the simple austere style, yet has still a creative spin to it:

b.

Fig. 1. a. Yuri Takemura, Tea Bowl "Kanchubai", 2022. b. Yuri Takemura,Tea Bowl "Yugyo", 2022.
¢. Yuri Takemura, Tea Bowl "Nigimitama", 2017. Image sources: Galateea Contemporary Art (2022)

When it comes to the tea bowls in figure 1 b and ¢, we can notice a more visible tendency
towards creativity and elaborate details. The bowl in Fig 1 a suggests a more simple pattern
than the bowls in Fig 1 b and c. The bowl in Fig 1 a reminds of a very simple material which
is combined based on two colours, yet does not have the elaborate technique in the last two
bowls, and seems closer to the aesthetics of imperfection.

The creative tendency has been visible, suprisingly, in Japanese culture ever since old days,
when, according to Watanabe (2007), “tea masters such as Rikyu altered traditional notions of
beauty to create a new sensibility,” which was done by shattering bowls and cracking them on
purpose. It is said that “Furuta Oribe (1543-1615)” had “cracked an old Korean bowl into
several pieces, using those fragments to make a smaller bowl, one more in tune with his
taste.” These, however, are just unverifiable accounts of tea master’s exploits and may as well
be simple examples of fiction.

However, Western culture members recognize the wabi-sabi aesthetics. At the same time, the
mindset fits in with what we notice about the Japanese sense of creativity and specificity of
taste.

The work by contemporary artist Sayaka Oishi below, shown in Fig. 2, presents a bowl with
elaborate design which can make us Western culture members think of the elaborate Chinese
ceramics tradition:
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Fig. 2. Sayaka Oishi, Tea Bowl Ryuryoku Kakou, 2022. Image sources: Galateea Contemporary Art
(2022)

In the bowls shown in Fig. 3 below (Kogei Standard, 2024), we notice a comparative look at
Chinese, Korean, and Japanese bowls from the past:

b.

Fig. 3. a. Title: Tenmoku Tea Bowl with a “Hare’s-Fur” Glaze. Country/Origin: Jian ware, China.
Period/Century: Southern Song dynasty, 12th-13th century. Holder: Tokyo National Museum. b. Title:
Tea Bowl, Named “Uraku Ido”. Country/Origin: Korea. Period/Century: Joseon dynasty, 16th century.

Holder: Tokyo National Museum. c. Title: Tea Bowl, Named “Furisode (Swinging Sleeves)”.
Country/Origin: Japan, Mino ware, Shino type. Period/Century: Azuchi-Momoyama-Edo period, 16th-
17th century. Holder: Tokyo National Museum

a. C.

The Chinese bowl has a refined aspect, the Korean bowl a simple one, and the Japanese bowl
combined a rough aspect with a deliberately sought artistic aspect, showing the aesthetics of
the beauty of imperfection.

We witness the changes that Japanese ceramics art has gone through, and its continuously
innovative aspect, which is still visible today.

RESULTS

The analysis of Japanese ceramics has focused around the practice of the tea ceremony, of
which it can be seen as a symbol. While Japan has taken over the practice, ritual and tradition
of the tea ceremony from Chinese culture, and has found inspiration in their ceramics art, and
further on in Korean ceramics and tea bowls, we notice the changing tastes of Japanese
culture from elaborate aesthetics to simple aesthetics. The simple aesthetics is a recognized
feature of this culture by Western culture members, as it marks the differences between the
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two large cultural spaces in a very distinct way. What is significant is how such an age-old
tradition, that of ceramic art, continues until today in Japan and is continuosly subject to
creativity.

DISCUSSION AND CONCLUSION

The history and development of Japanese ceramics art presents us with an interplay between
cultural preservation and adaptation. Japan’s ceramics tradition, which began in the Jomon
period, has undergone changes through interactions with Chinese and Korean cultures. These
cultural contacts show Japan’s tendency to assimilate and reinterpret external influences,
transforming them into distinctly Japanese cultural products. The influence of Chinese
ceramics during the Kamakura period and the later integration of Korean techniques show this
process of cultural adoption and adaptation. This cultural adaptation underlines Japan’s
tendency to balance respect for tradition with a tendency to innovation.

We notice the shift in Japanese taste, from the elaborate designs of Chinese ceramics to the
minimalism inspired by Zen Buddhism.

Contemporary Japanese ceramics art continues this tradition of creativity. The works of artists
such as Yuri Takemura and Sayaka Oishi illustrate how contemporary artists start from
historical practices and afterwards as personal and creative elements. This continuity is a
proof of the dynamic nature of Japanese culture, where historical traditions serve as a
foundation for contemporary artistic works.

We notice, by examining, briefly, the history of Japanese ceramics art, how it reflects,
throughout the ages, interaction with other cultures, adaptation, creativity, and continuity of
tradition. While rooted in tradition, Japanese ceramics also incorporates other cultures’
influences and reshapes them tin order to conform to the Japanese mindset and sense of
aesthetics. Ceramics art has adapted and it was likely because of this adaptation that it has
remained relevant in time, starting with the Jomon period and still continuing with our
contemporary times.

The tea ceremony includes ceramics as its central element, and, for that matter, symbolic
object. This object has gone through transformations from elaborate artistic taste to simple
artistic taste, and nowadays we notice the conflict between the two expressed by the
contemporary artists while creating tea bowls.
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ABSTRACT

The discharge of toxic pollutants from untreated water and wastewater remains a pressing
environmental issue worldwide. Pollutants such as heavy metals, herbicides, personal care
products, pharmaceuticals, dyes, and various chemicals can severely impact ecosystems,
environmental quality, and human health when released untreated into the environment without
adequate treatment. Conventional water treatment methods often lack the capacity to remove
these contaminants effectively. In this context, nanotechnology has emerged as a transformative
solution in pollutant removal. Multifunctional nanocomposite adsorbents environmentally
friendly materials offer advanced properties and innovative approaches, making them
particularly valuable in water and wastewater treatment. Nanoadsorbents, as a subcategory of
these materials, are considered next-generation adsorbents due to their remarkable efficiency in
capturing pollutants. Their high surface area, significant capacity, non-toxic nature, and
reusability make them ideal for water treatment applications. This study aims to consolidate
recent research and advancements in the application of nanocomposites and nanoadsorbents for
water and wastewater treatment. It presents examples to illustrate the roles and benefits of
metal, polymer, and ceramic matrix nanocomposites in removing pollutants. Additionally, a
distinct focus is given to the use of nanoadsorbents within water and wastewater treatment
systems. Findings indicate that nanocomposites offer substantial potential as next-generation
technologies for addressing toxic pollutants in water/wastewater. With their ability to target
specific pollutants, nanocomposites and nanoadsorbents present promising solutions for
achieving sustainable water quality and effective management.

Keywords: Nanoadsorbent, nanocomposite, toxic pollutant, wastewater treatment, water
quality.
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OZET

Yapisal bilesenler genellikle montaj amaciyla kullanilan delik ve/veya centikler igerir, ancak
bu delikler kablo ve hidrolik hatlar i¢cin gegis noktasi olarak da islev gorebilir. Bu tiir gerilme
arttiricilar, fibrelerin mikro burkulmasindan dolay1 6zellikle basma ytikleri altinda kompozit
yapilarin dayanimini 6nemli 6l¢iide zayiflatmaktadir. Bu ¢alismada, karbon fibre takviyeli
polimer (KFTP) kompozit laminatlarin ¢entik basma dayanimi ve hasar analizi iizerine sayisal
bir inceleme gerceklestirilmistir. Referans malzeme olarak merkezinde 6.35 mm ¢apinda delik
bulunan, toplamda 24 capraz tabaka igeren T300/976 karbon fibre epoksi laminat kompozit
sistemi se¢ilmistir. Hasar baslangici ve gelisimini igeren {i¢ boyutlu kademeli hasar modeli ile
tic boyutlu sonlu elemanlar modeli gelistirilmistir. Hasar baslangict modelinde ii¢ boyutlu
Hashin ve Puck kriterleri kullanilmistir. Analizler i¢in gerekli olan elastik malzeme 6zellikleri
ve kompozit sistemin dayanim degerleri literatiirden elde edilmistir. Bu parametreler
kullanilarak laminat kompozit malzemenin mekanik davranist sonlu elemanlar modelleri i¢in
hesaplanmis, hasar modlar1 incelenmistir. Her iki hasar baslangic modeli i¢in sonlu eleman
modelleri, maksimum basma yiikii, ilgili hasar gerinmesi ve ortalama ¢entik basma dayanimini
deneysel verilerle yakin uyum i¢inde hesaplamistir. Bu ¢alisma, dnerilen modelin arastirma ve
gelistirmede maliyetli ve zaman yogun deneysel prosediirlere bagimliligi azaltma potansiyelini
vurgulamaktadir.

Anahtar kelimeler: Sonlu elemanlar analizi, Karbon fibre takviyeli polimer kompozitler,
Centik basma dayanimi, Kademeli hasar modelleme, Hasar analizi

ABSTRACT

Structural components often include open holes or notches, which are mainly for assembly
purposes, however, they can be also access for cables and hydraulic lines. These stress
concentrators notably weaken the strength of composite structures, particularly under
compressive loads due to the micro buckling of the fibres. In this present paper, a numerical
investigation has been carried out for the open-hole compressive (OHC) strength and failure
analysis of carbon fibre-reinforced epoxy laminates. 24 layers of cross-ply T300/976 carbon
fibre-epoxy laminated composite system with a 6.35 mm diameter centre hole was selected as
reference material. A three-dimensional finite element (FE) model was developed with a three-
dimensional progressive damage model including the damage initiation and propagation.
Three-dimensional Hashin and Puck failure criteria have been utilized for damage initiation.
Mechanical and material properties of the composite system were derived from the literature.
The mechanical response of the laminated composite material was estimated for all finite
element models using these parameters and the damage modes were examined. Finite element
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models for both damage initiation models predicted the ultimate load, corresponding failure
strain, and average notch compressive strength in close agreement with the literature. The study
highlights the model's potential for reducing reliance on costly and time-intensive experimental
procedures in research and development.

Keywords: Finite element analysis, Progressive damage modelling, Failure analysis, Carbon
fibre-reinforced epoxy composites, Open-hole compressive strength,

INTRODUCTION

The open-hole compressive strength of composite materials is a critical parameter in the design and
application of composite structures, particularly in industries such as aerospace, automotive, and civil
engineering. This strength metric is essential for understanding how composite materials behave under
compressive loads when they contain holes, which are often introduced for functional purposes such as
fastening, assembly, access, or weight reduction. Holes can significantly weaken the strength of
composite structures and alter the stress distribution within the material, leading to potential failure
modes that must be carefully evaluated during the design process.

One of the primary reasons for the importance of open-hole compressive strength is its direct impact on
the structural integrity and performance of composite components. Holes in composite laminates can
lead to stress concentrations that significantly reduce the overall compressive strength of the material
(Zhou et al., 2017a). This reduction can be as much as 40% compared to unnotched materials, which
emphasizes the need for accurate predictions of open-hole strength in engineering applications
(Casavola et al., 2012). Understanding these effects is crucial for ensuring that composite structures can
withstand the loads they will encounter in service without experiencing catastrophic failure.

The mechanical response of a composite material under compressive loads with open holes is affected
by different factors, such as the geometry of the holes, the stacking sequence of the laminate, and the
material properties. For instance, Liu et al. highlighted that the size and shape of open holes can lead to
different failure mechanisms, which need to be accounted for in design and analysis (Zhang et al., 2010).
Additionally, the interaction between the hole and the surrounding material can lead to complex stress
states that require advanced modelling methods, such as finite element analysis, to accurately estimate
the material's response (Zhou et al., 2017b). The use of progressive damage models allows for a more
nuanced understanding of how damage evolves in composite materials under load. This approach has
been shown to provide more accurate predictions of strength degradation in the presence of holes, as
demonstrated by Khedkar et al. in their analysis of CFRP laminates with interacting holes (Khedkar et
al., 2014). Such models are invaluable for engineers seeking to optimize composite designs for specific
applications.

The implications of open-hole compressive strength extend beyond individual components to the overall
design of composite structures. As Gupta et al. pointed out, aerospace and automotive industries often
rely on open-hole strength evaluations as part of their qualification procedures for composite
components (Gupta et al., 2023). This is particularly important in applications where safety is
paramount, as the failure of a single component can lead to catastrophic consequences. Therefore,
understanding and accurately predicting open-hole compressive strength is essential for stress engineers
who design safe and effective composite structures.

The importance of open-hole compressive strength in composite materials cannot be overstated. It is a
critical factor that influences the design, performance, and safety of composite structures across various
industries. Understanding the effects of hole size, geometry, and damage mechanisms is essential for
engineers tasked with developing reliable and efficient composite materials. In this present study, a
numerical investigation has been carried out for the open-hole compressive (OHC) strength and failure
analysis of carbon fibre-reinforced plastic (CFRP) composite by the integration of advanced modelling
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techniques. A three-dimensional FE model has been developed with a progressive damage model
including the estimation of the damage initiation and propagation. Three-dimensional Hashin and Puck
damage onset models have been utilized in the FE model. The mechanical response of the laminated
composite material has been estimated for all models. The ultimate load, OHC strength, and damage
modes were calculated for each model, and compared with the literature.

MATERIALS and METHODS
Constitutive Relation

In a static stress analysis, a carbon fibre-reinforced laminated composite is treated as a homogeneous,
linear, elastic, and orthotropic material. Therefore, the constitutive model is expressed as follows:

{o} = [Cl{e}

The elastic stress-strain constitutive relation for three-dimensional orthotropic models can be written as
follows:

(‘711\ [C11 Ciz Gz O 0 0 ] €11
022 Ciz Cpp C3 O 0 0 €22
%033 $ _ Ciz C3 C33 O 0 0 €33
012 0 0 0 C4ye O 0 V12
kJB} 0 0 0 0 Css 0 V13
023 0 0 0 0 0 Ceel ‘Y23

Where;
Cip = (L= df) * E11 (1 — vp3v3,)A
Coz = (1 —dm) x E35(1 — v13v31)A
C33 = (1 —dm) x E33(1 — v15051)A
Ciz = (A = df) * (1 —dm) * Ey1 (V21 — v3123)A
Ciz = (A —df) * (1 —dm) * Ez5(v3; — v1,v31)A
Coz3 = (1 —df) * (1 — dm) * E33(v3y — v21V32)A
Cia = (1 —ds) x Gy,
Css = (1 —ds) xGy3
Coe = (1 —ds) * Gy3

1
A=
1 — V1,091 — V3V3y — V31V13 — 2V V32V13

In the equations above, Cj; is the material stiffness tensors, vjj is the Poisson ratios, E;jj is Young’s moduli,
Gj; is the shear moduli, and d, dm, d are fibre, matrix, and shear damage parameters, respectively (where
0 indicates no damage and 1 indicates complete damage in the affected mode). In the constitutive
relationship, the damage parameters are initially set to zero before the onset of damage.

Damage Initiation Criteria

Predicting intralaminar damage onset involves a systematic process where stress analysis is performed,
followed by evaluating failure initiation using the chosen criteria. Plenty of the failure criteria are two-
dimensional since most of the time fibre-reinforced laminated structures are subjected to in-plane loads.
However, in the case of three-dimensional loading scenarios, such as impact, bird strike, drilling, etc;
the performance of these criteria are arguable. From this point of view, it must be noted that selecting
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the suitable damage model is a significant challenge. The selection process is heavily influenced by the
availability of experimental data for validation purposes and the expertise of the design engineer. In the
present study, three-dimensional Hashin and Puck failure models were implemented in the progressive
damage model. The performance of each model was evaluated in terms of failure strain, ultimate load,
and OHC strength prediction.

The Hashin model (Hashin, 1980) identifies four different modes of failure for the composite material,
namely fibre tensile failure (Fly), fibre compressive failure (Fli), matrix tensile failure (Fly), matrix
compressive failure (Flx), and expressed as below.

2 2

Oxx\? Oxy T 0xz

F1t=(—> +——— ifgy; 20
e \xy %

O-.X'x 2 .
FIfC == (X_) 1f0'11 < 0
Cc

2 2 2 2
Oyy + 0z Oyz = Oyy0zz  Oxy +0x;
FImt = ( Y. 52 SZ if (0'22 + 033) =0
T vz Xy
2 2
1|/ Y, > <ny + O'ZZ> 0pz — OyyOzz  Opy + 0%,
Fly o =— —1|(gyy +05;) + + +
Y <25yz ] oy + 022) 28y, SZ, Sty

if (052 +033) <0

In the above Hashin criteria; 6. is the stress in the fibre direction, 6y, and 6, are the normal stresses in
the transverse directions in the ply; oy, Ox, and oy, are longitudinal/transverse shear stress,
longitudinal/transverse shear stress, and transverse/transverse shear stress, respectively; Xt and Xc are
the tensile and compressive strengths of the ply in the fibre direction, respectively; Yr, and Yc are the
tensile and compressive strengths of the ply in the transverse directions, respectively; Sxy and Sy, are the
shear strengths of the ply in the longitudinal/transverse and transverse/transverse directions,
respectively.

The Puck failure model (Puck and Schiirmann, 2002) identifies four different modes of failure for the
composite material, namely fibre tensile failure (Fly), fibre compressive failure (FIy), inter fibre tensile
failure (Flw), inter fibre compressive failure (Flnc) and expressed as follows:

1 E" .
Flg = e [011 - (VJ.II — Vijf- mcfalf) (032 + 033)] ifo;; =20
I

1 Ey .
Flpe = — =011 — | Vi — Vi Mgr = | (022 + 033)|  if oy <0
_R|(| ) Ey
2
) 2 2 )
1 pllp <Tnt ) (Tn1> pllp
Flpo= || —=-=2 o, | +(22) +(22) +=2206, ifo, >0
" R R, )T R%, Ry Ry " "
2 2 ) =)
Tnt Tn1 Pry Piy .
Fl..= ||—/ ] +|—] +| =0 +——0, ifo,<0
e <Rﬁ> (RJ.II> R, Ry ™ "

Where,
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022
On c? 52 2sc 0 07033
Tatp=|—SCc sc (c?—s2) 0 0|37, c=cosf and s =sind
Tn1 0 0 0 s ¢ lT31J
T21
) () () if 12, + 12, > 0
1y Pri cos? 1 + Pii sin? [ Tne + T
1 0 if t2,+12,=0
2 ll} 1 ) ll) T‘lglt
cos =1-sin“yY = ————
Trzlt + 71211

R
1=
20 +pD)

In the above Puck criteria; R |(|+) and Rﬁ_) are the tensile and compressive strengths of the ply in the fibre

R{

direction, respectively; RT) , Ri_) and R, are the tensile strength perpendicular to the fibre direction,
the compressive strength perpendicular to the fibre direction, and the in-plane shear strength,
respectively; R{ is the fracture resistance due to transverse/transverse shear stressing; o1; is the stress
in the fibre direction, 62, and o33 are the stresses in the transverse and stacking directions in the ply,
respectively; on, Tai, and T, are the normal, transverse/longitudinal shear and transverse/transverse shear
stresses on the fracture plane with the fracture angle (0), respectively; v, and v, s are the major
Poisson’s ratio of the ply and of the carbon fibres, respectively; Ey and E  are the longitudinal elasticity
modulus of the ply and the carbon fibres, respectively. m is the stress magnification factor for

transverse stresses in the fibres; pﬁ_), pﬁ) are the inclination parameters; ( || ) and ( L ) denote parallel
and transverse to the fibre direction, respectively.

Damage Progression

When a damage mode has initiated in any element, the damage progression was simulated as the last
part of the progressive damage model. In this study, sudden degradation law was chosen over continuum
degradation law for its simplicity. The stiffness of the damaged element was suddenly decreased by
setting the corresponding damage variable (dr and/or dm) to 0.9999. The shear damage variable, ds, was
determined using the equations provided below.

o= dpe ifFlp >1 J :{dmt if Flp > 1
I \dse ifFle =1 M " \dpe ifFlpe =1

ds =1- (1 - dft)(l - dfc)(l - dmt)(l - dmc)

Finite Element Model

Three-dimensional FE models were developed by incorporating the geometries of the open-hole
compressive test specimen, loading, and progressive damage models; and the ultimate load, open-hole
compressive strength, and damage modes were predicted. Figure 1 displays the proposed mesh
discretisation of the model. A fine, uniform mesh structure around the hole vicinity is required for
accurate predictions due to high stress/strain gradients. The element size around the hole vicinity was
set to the same value as the thickness of each ply, 0.1429 mm.
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Figure 1. The proposed mesh of the FE model

24 layers of cross-ply T300/976 carbon fibre-epoxy laminated composite system with a 6.35 mm
diameter (D) centre hole was selected as the reference test system. The length (L) and width (W) of the
laminated CFRP are 50.8 mm and 25.4 mm, respectively. The material and dimensions were selected
the same as the experimental literature (Lessard and Chang, 1991) for validation purposes. Each 0.1429
mm-thick laminated CFRP plies was modeled with a single element per ply through the thickness,
utilizing three-dimensional linear cubic elements with a reduced integration formulation. Adjacent plies
shared nodes at their interfaces, implying a perfect bond assumption. This means interlaminar failure,
delamination, is excluded from the analysis.

Encastre

Symmetry
Plane
Figure 2. Boundary Conditions the laminated CFRP

Figure 2 displays the boundary conditions of the model. The left end of the laminate was fully fixed to
simulate a fully clamped end boundary. To improve the computational efficiency, symmetrical boundary
conditions were applied in the FE model.
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This is a common and essential practice to reduce the computational time without sacrificing accuracy.
A half model was generated along the thickness direction, with symmetric conditions applied to the
nodes on the front face plane, which is the mid-plane of the composite structure. An incremental
displacement was imposed to the right end of the laminate, through a reference node to ensure all the
nodes on the right side of the laminate moved simultaneously. In total negative displacement of 1 mm
was applied in the x-direction (0° fibre direction) to induce compression. The load-displacement curve
was plotted by using the reference node, and the average open-hole compressive (OHC) strength was
predicted based on the ultimate load from the curve.

Equivalent homogeneous, linear, elastic orthotropic material properties were assigned to each
unidirectional composite ply, based on the corresponding individual orientation angle. The mechanical
properties and damage parameters of T300/976 carbon fibre-reinforced epoxy laminated composite
material system are provided in Table 1.

Table 1: Mechanical Properties and Damage Properties of T300/976 CFRP Composite System (Lessard
and Chang, 1991; Puck, Kopp and Knops, 2002)

E11 (GPa) Ezz = E33 (GPa) G]z = G13 (GPa) G23 (GPa) Vi2 = Vi3 V23
156.512 12.962 6.964 4.470 0.23 0.45
XT (MPa) XC (MPa) YT = ZT (MPa) YC = ZC (MPa) SXY = SYZ = SZX (MPa)
1516.85 1592.69 44.54 253.04 106.87
Py Pl PI.
0.30 0.35 0.30
E\ ;s (GPa) of carbon fibre v, of carbon fibre Mg
230 0.22 1.1

RESULTS and DISCUSSIONS

The predicted total displacement at ultimate failure was 0.32 mm, an equaivalent failure strain of
approximately 0.63%, which closely matches the experimental failure strain of approximately 0.6%.
Figure 3 illustrates the load-displacement curves derived from the numerical analysis for the
compression of a cross-ply T300/976 CFRP composite system with a 6.35 mm hole, based on Puck and
Hashin failure criteria. Both curves exhibit a linear response up to approximately 90% of the ultimate
load, corresponding to the onset of the fibre compressive damage.
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Figure 3. FEA based load-displacement curve of T300/976 subjected to Open Hole Compression

Table 2 compares the ultimate load and average OHC strength predicted by the FEA models with
experimental results reported by Lessard and Chang (1991). The model employing the Hashin failure
criteria slightly outperformed the Puck model in terms of accuracy, with the predicted ultimate load
deviating by -4.47% from the experimental value compared to -5.44% for the Puck model.

The average open-hole compressive (OHC) strength of the laminates was calculated using the equation,
Oonc = Pnax/Wt, where Pnay represents the ultimate load derived from the load-displacement plot of
the numerical analysis displayed in Figure 4, W and t denote the width and thickness of the CFRP
laminate, respectively. Similar to the ultimate load, the predicted OHC strength using the Hashin model
was within 4.47% of the experimental value, highlighting the robustness of the developed FEA models.

Table 2. Comparison of Ultimate Load and Average OHC Strength of T300/976

Ultimate Load (kN) Error (%)
Experimental (Lessard and Chang, 1991) 37,09
FEA with Hashin Failure Model 35,43 -4,47
FEA with Puck Failure Model 35,07 -5,44
Average OHC Strength (MPa)  Error (%)
Experimental (Lessard and Chang, 1991) 425,77
FEA with Hashin Failure Model 406,75 -4,47
FEA with Puck Failure Model 402,62 -5,44

Figures 4 through 7 present the damage modes predicted by the Hashin and Puck failure models at
critical layers of the composite laminate. Figure 4 illustrated the damage modes by the Puck failure
model at the central 90° ply (first layer from the symmetry plane of the laminate) induced at the ultimate
load. Since the majority of the compressive load in the composite laminate is carried by the 0° plies, no
fibre damage was observed in the central 90° ply. However, matrix damage was estimated as presented
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in Figure 4 (c) and (d) even in lower load on this ply. Overall, matrix damage dominated, without any
induced fibre damage. The 0° plies carries majority of the compressive load in composite system.
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Figure 4. Puck Damage Modes in Layer-1 (90°) of T300/976 subjected to Open Hole Compression
a) Fibre Tension b) Fibre Compression ¢) Matrix Tension d) Matrix Compression

Figure 5 illustrates the damage modes predicted by the Puck failure model in the second layer (0°) from
the symmetry plane of the laminate. Since the majority of the compressive load is carried by these 0°
plies, the damage modes in these plies are of interest. As can be noticed easily, there was complete fibre
damage (Figure 5 (b)) in the ply attributed to micro buckling under compressive loading. Additionally,
the matrix damage in tension (Figure 5 (¢)) was observed in the transverse direction at =+90° angles.
This damage is likely caused by the poisson ratio after the damage induced in the fibre mode.
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Figure 5. Puck Damage Modes in Layer-2 (0°) of T300/976 subjected to Open Hole Compression
a) Fibre Tension b) Fibre Compression c) Matrix Tension d) Matrix Compression

Figure 6 represents the damage modes estimated by the Hashin failure model in the 90° ply, which is
the first layer from the mid-plane of the laminate. As previously discussed, most of the compressive
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load is carried by the 0° plies. Consequently, the finite element (FE) model did not predict any fibre
damage in the central 90° ply. However, matrix compressive damage was identified (Figure 6(d)),
particularly at 6=+90° angles, even under relatively lower loading conditions in this ply.
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Figure 6. Hashin Damage Modes in Layer-1 (90°) of T300/976 subjected to Open Hole Compression
a) Fibre Tension b) Fibre Compression c¢) Matrix Tension d) Matrix Compression

Figure 7 depicts the damage modes calculated by the Hashin damage model in the second layer (0°)
from the symmetry plane of the laminate. Complete fibre damage in the ply, attributed to micro buckling
under compressive loading, is observed in Figure 7(b). Matrix damage resulting from tension in the
transverse direction was also identified, occurring between 0° and +45° angles due to the influence of
shear stresses in the matrix tension mode (Figure 7(c)). Additionally, matrix compressive damage was
estimated at 6=+90° angles (Figure 7(d)), likely driven by poisson ratio following the fibre damage.
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Figure 7. Hashin Damage Modes in Layer-2 (0°) of T300/976 subjected to Open Hole Compression
a) Fibre Tension b) Fibre Compression c¢) Matrix Tension d) Matrix Compression
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CONCLUSION

This study investigated the open-hole compressive (OHC) strength of the [(0/90)s]s T300/976 carbon
fibre-epoxy laminated composite system with a 6.35 mm diameter central hole. The primary objective
was to evaluate the ultimate load, average OHC strength, and damage modes within the laminated
composite material system. A three-dimensional FE model was developed, incorporating a three-
dimensional progressive damage framework capable of predicting both damage onset and propagation.
The model employed three-dimensional Hashin and Puck damage initiation criteria. The study can yield
the following key findings:

- The developed model accurately predicted the failure strain.

- The ultimate load predictions demonstrated strong correlation with experimental data from the
literature.

- The estimated average OHC strength closely aligned with published experimental results.

- As expected, the main damage mode was fibre compressive mode in 0° layers of the laminated
composite system. Matrix failure was also observed in both 0° and 90° layers.

- The proposed FE model offers significant potential for further development in research and
development (R&D) applications. It can serve as a valuable tool to reduce the dependency on costly and
time-intensive experimental testing for composite materials.
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OZET

Fiber metal laminatlar (FML'ler), geleneksel lamime kompozit malzemelerle birlestirilmis ince
metal katmanlardan olusur. Bu hibrit kompozitin 6nemli bir 6rnegi, ince aliiminyum levhalarin
cam elyafla giiclendirilmis epoksi laminatlarla birlestii GLARE'dir. Bu malzemeler, monolitik
aliminyum alasimlarina kiyasla gelismis yapisal davranislari, yiiksek mukavemet, yiiksek
kirilma toklugu ve daha diisiik yogunluk gibi iistiin mekanik Ozellikleri nedeniyle modern
havacilik endiistrisinde biiyiik ilgi gérmektedir. Bununla birlikte, bu tiir yapilarin montaji siklikla
cok sayida delik gerektirir ki bu da kompozit yapilarin mukavemetini dnemli dl¢lide azaltir. Bu
calisma, fiber metal laminat yapilarin ¢entik mukavemeti ve hasar davranislarina iliskin sayisal
bir arastirma sunmaktadir. Ince monolitik aliiminyum alasim levhalar1 ve cam elyaf takviyeli
epoksi laminat i¢eren ti¢ boyutlu bir sonlu eleman modeli gelistirildi. Katmanlar arasi ve katman
ici hasar i¢cin hem hasarin baglamasini hem de ilerlemesini tahmin edebilen {i¢ boyutlu bir agamali
hasar modeli uygulandi. Katman i¢i hasar baslangic1 modelinde ii¢ boyutlu Hashin ve Puck
kriterleri kullanilmistir. Elastik ve plastik mekanik 6zellikler, bilesen mukavemet degerleri de
dahil olmak {izere analiz i¢in gerekli olan malzeme 6zellikleri literatiirden elde edilmistir. Fiber
metal laminatlarin ¢entik cekme ve ¢entik basma altindaki mekanik davraniglari, bu parametreler
kullanilarak sonlu eleman modellerinde degerlendirilmistir. Her iki hasar baslangi¢ modeli i¢in
sonlu eleman modelleri, maksimum yiikii, karsilik gelen hasar gerinimini ve ortalama g¢entik
cekme ve basma dayanimlarini, tabakalar arasi ve tabaka i¢i hasar modellerini hesaplamistir. Bu
sonuglar literatiirde yer alan deneysel sonuglarla karsilastirildi. Bu ¢alisma, 6nerilen modelin
kompozit malzemelerin arastirilmasi ve gelistirilmesinde maliyetli ve zaman yogun deneysel
prosediirlere olan bagimlilig1 azaltma potansiyelini vurgulamaktadir.

Anahtar kelimeler: Sonlu elemanlar analizi, Fiber metal laminat, Hibrid kompozit, Cam fiber
takviyeli kompozitler, Centik dayanimi, Hasar analizi

ABSTRACT

Fibre metal laminates (FMLs) consist of laminated thin metal layers bonded with traditional
composite materials. An important example of this hybrid composite is GLARE, which combines
thin aluminium layers with glass fibre-reinforced epoxy laminates. These materials are of
significant interest in the modern aerospace industry due to their enhanced structural capabilities
and superior mechanical properties, such as high strength, elevated fracture toughness, and lower
density compared to monolithic aluminium alloys. However, the assembly of such structures
frequently necessitates numerous holes, which significantly reduces the strength of composite
structures. This study presents a numerical investigation into the open-hole strength and failure
characteristics of fibre metal laminate structures. A three-dimensional finite element model was
developed, incorporating thin layers of monolithic aluminium alloy and glass fibre-reinforced
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epoxy plies. The model employed three-dimensional progressive damage framework designed to
predict damage initiation and propagation for interlaminar and intralaminar failures. Three-
dimensional Hashin and Puck failure criteria have been utilized for intralaminar damage
initiation. Material properties essential for analysis, including elastic and plastic characteristics
and constituent strength values, were derived from the literature. The mechanical response of the
fibre metal laminates under OHT and OHC was evaluated across all finite element models using
these parameters. Finite element models for both damage initiation models predicted the ultimate
load, corresponding failure strain, and average notch tensile and compressive strengths,
interlaminar and intralaminar damage patterns. These numerical results were compared with the
experimental results reported in the literature. The study highlights the model's potential for
reducing reliance on costly and time-intensive experimental procedures in the research and
development of composite materials.

Keywords: Finite element analysis, Fibre metal laminate, Hybrid composite, Glass fibre
reinforced composites, Open hole strength, Failure analysis

INTRODUCTION

Fibre metal laminates (FMLs) are advanced composite materials composed of alternating layers of metal
and fibre-reinforced polymer. Their unique combination of properties, including high strength-to-weight
ratios, excellent fatigue resistance, and superior impact performance, makes them highly suitable for a
diverse range of applications across various industries. One of the most significant application fields for
FMLs is the aerospace industry. FMLs, particularly GLAREs (Glass Fibre Reinforced Aluminium
Laminate), have been extensively utilized in aircraft structures, including the fuselage skin of the Airbus
A380. This widespread adoption is mainly attributed to their outstanding damage tolerance, low weight,
and high fatigue resistance, which are critical for maintaining structural integrity in the demanding
aerospace environment (Zhu et al., 2012). Furthermore, the ability of FMLs to absorb impact energy
while maintaining mechanical performance under various loading conditions makes them an ideal
material choice for aircraft components that are subjected to dynamic stresses and potential impacts,
such as bird strikes (Zhu et al., 2014).

In addition to aerospace, the automotive industry has increasingly adopted FMLs due to their lightweight
properties and superior mechanical performance. Weight reduction is a critical factor in enhancing fuel
efficiency and lowering vehicle emissions, making FMLs an attractive choice for modern automotive
design. These materials are employed in various automotive components, such as body panels and
structural elements, where their high strength and stiffness significantly contribute to enhanced safety
and performance (Kali and Korla, 2022). Moreover, the integration of FMLs in automotive applications
is further supported by their excellent resistance to fatigue and impact loads, which are common in
demanding automotive environments (Awi and Abdullah, 2023).

The open-hole strength of fibre metal laminates is a critical focus of research, particularly in aerospace
and automotive applications where achieving weight reduction while maintaining mechanical
performance is a paramount. The tensile and compressive strengths of FMLs are substantially reduced
under open-hole conditions compared to unnotched specimens, which requires a deeper understanding
of their mechanical behaviour. He et al. (2020) carried out an experimental study on the tensile
mechanical behaviour of multihole FMLs, demonstrating that the energy dissipation during tensile
loading can be correlated with the failure mechanisms observed. Their findings indicated that the failure
modes including fibre breakage, matrix cracking, and delamination, were influenced by the arrangement
and number of holes. Similarly, Jiang et al. (2021) investigated the open-hole tensile behaviour of
GLARE laminates, employing both experimental and numerical approaches. Their study highlighted that
progressive damage mechanisms, such as fibre pull-out and interfacial debonding, were critical in
determining the tensile strength of the laminates. Authors reported that the open-hole tensile strength
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was significantly lower than that of unnotched specimens, emphasizing the need for careful design
considerations in applications where holes are unavoidable.

The influence of hole size and shape on compressive strength has also attracted significant research
attention. Tuo et al. (2017) investigated the compressive properties of laminated composites with central
holes and revealed that larger holes significantly reduced the compressive strength. Their findings are
consistent with those of Hu et al. (2020), who employed finite element modelling to analyze the damage
mechanisms in open-hole laminates. The authors concluded that the stress distribution around the hole
is a critical factor influencing the compressive performance of these materials.

The strength of the FML structure is strongly influenced by the presence and characteristics of holes,
making them a crucial consideration in the design, performance, and safety of these advanced composite
materials. Understanding the associated damage mechanisms is essential for engineers to develop
reliable and efficient composite designs. In this study, a numerical investigation was carried out to
evaluate the open-hole strength, including both tensile (OHT) and compressive (OHC) strengths, as well
as the failure analysis of fibre metal laminates (FMLs). A three-dimensional finite element (FE) model
was developed, incorporating a progressive damage framework to predict damage initiation and
propagation. The model implemented three-dimensional Hashin and Puck failure criteria to simulate
damage initiation, and cohesive elements to simulate delamination. The mechanical behaviour of FMLs
was analyzed using these models, with ultimate load, OHT and OHC strengths, and damage modes
calculated for each case. The results were then compared with experimental data reported in the literature.

MATERIALS and METHODS
Constitutive Relation

A glass fibre-reinforced laminated composite in a static stress analysis is considered as a homogeneous
linear, elastic, and orthotropic material, hence the constitutive model is expressed as follows:

{o} = [Cl{e}

The elastic stress-strain constitutive relation for three-dimensional orthotropic material can be expressed
as follows:

(011 [611 Ciz2 Ci3 0 0 0 1 (€11
022 Ciz G C3 0 0 0 ’ €22
o33 _|Ciz C3 C33 O 0 0 €33

%012 $ 10 0 0 Cyu O 0 Y12

|2 lo o o0 o0 Cs o0 | LV13J
o) Lo 0 0 0 0 @ Cel e

Where;

Cip = (1= df) * E;1 (1 — vp3v3;,)A
Coz = (1 —dm) x E53(1 — v13v31)A
C33 = (1 —dm) x Eg3(1 — v15051)A
Ciz = (A = df) * (1 —dm) * Ey; (V1 — v3123)A
Ciz =1 —df) * (1 —dm) * Ez5(v3; — v1,v31)A
Coz3 = (1 —df) * (1 — dm) * E33(v3y — v21v32)A
Caa = (1 —ds) x Gy,
Css = (1 —ds) *Gy3
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Cos = (1 —ds) * Gp3

1
A=
1 —v1,vy1 — V335 — V31V13 — 2V21 V3203

In the equations above, C;j is the material stiffness tensors, vj; is the Poisson ratios, E;j is Young’s moduli,
G;j; is the shear moduli, and df, dm, ds are fibre, matrix, and shear damage parameters (0:no damage;
l:complete damage in the affected mode), respectively. In the constitutive relationship, the damage
parameters are zero before the onset of damage.

The interlaminar failure, delamination, can be modelled by the use of cohesive-type bonded interfaces.
The elastic behaviour of a cohesive interface can be expressed through the linear traction—separation law,
as outlined below.

E G G
Kon = ?' Kss = ?' K = ?
th Kun 0 01(&n
tS = 0 KSS 0 Esp = Ke
tt 0 0 Ktt gt

It should be noted that this relation applies to uncoupled behaviour. In the equations above; E, G and t
denote Young’s modulus, shear modulus and thickness of the interface, respectively; tn, ts, t; represent the
nominal tractions in the normal and two local shear directions; while &,, &, and g represent the
corresponding nominal strains (separations). K represents the elastic stiffness matrix.

The homogeneous and isotropic aluminium alloy 2024-T3 can be modelled with linear elastic and plastic
behaviour with isotropic hardening. The true stress and true strain can be calculated using the
corresponding nominal values as below.

o-true = Unom(l + gnom)
Etrue = (1 + &r0m)
Damage Initiation Criteria

Predicting intralaminar damage involves a systematic process where stress analysis is performed,
followed by evaluating failure initiation using the chosen criteria. Plenty of the failure criteria are two-
dimensional since most of the time fibre-reinforced laminated structures are subjected to in-plane loads.
However, in the case of three-dimensional loading scenarios, such as impact, bird strike, drilling, etc; the
performance of these criteria are arguable. From this point of view, it must be noted that selecting the
suitable damage model is a significant challenge. The selection process is heavily influenced by the
availability of experimental data for validation purposes and the expertise of the design engineer In this
present study, three-dimensional Hashin and Puck failure initiation crtieria were implemented in the
progressive damage model. Their performance was evaluated in terms of failure strain, ultimate load,
OHC and OHT strength prediction.

The Hashin model (Hashin, 1980) identifies four different modes of failure for the composite material,
namely fibre tensile failure (Flg), fibre compressive failure (Fli), matrix tensile failure (Flu), matrix
compressive failure (Flx), and expressed as below.

O \2 02, + 02
Fls, = (ﬂ) + 2 ifg, >0
s2,
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2
Sxy

if (0'22 + 033) >0

1
Ye

Fly. =

2 2 2 2
ayy + O'ZZ> Oyz — OyyOz;  Oxy + 0%y
2 2
Syz Sxy

if (0,2 +033) <0

In the above Hashin criteria; ox is the stress in the fibre direction, o,y and 6., are the normal stresses in
the transverse directions in the lamina; oy, Oy, and oy, are longitudinal/transverse shear stress,
longitudinal/transverse shear stress, and transverse/transverse shear stress, respectively; Xt and Xc are
the tensile and compressive strengths of the lamina in the fibre direction, respectively; Y, and Yc are the
tensile and compressive strengths of the lamina in the transverse directions, respectively; Syy and Sy, are

the shear strengths of the lamina in the longitudinal/transverse and transverse/transverse directions,
respectively.

The Puck failure model (Puck and Schiirmann, 2002) identifies four different modes of failure for the
composite material, namely fibre tensile failure (FIg), fibre compressive failure (Flr), inter fibre tensile
failure (Flw), inter fibre compressive failure (Flnc) and expressed as follows:

1 E,
Flpy = @ [011 <VJ.|| — Vi mof Eyr >(022 + 033)] ifo;; =0

1 Ey .
Flge = _R(_) [011 - (VJ.II — Vi mcfE_"f> (022 + 033)] ifo;; <0
B
2
(+) 2 2 +)
1 pJ_d) <TTLt> (TTLl) p d)
Fl,, = ou| +(2E) +(22) +2Lo, ifo, =0
m RJ(_+) RA¢ " RY, Ry RJ_w " "

7\ 7 \2 p(—) p(—)
Fly. = (Lt> +<L1> + lwan +RlTwcrn ifo, <0

RY, Ry RY,, 1y
Where,
On c? 52 2sc 033
Tneg=|—Sc sc (c%-— 52) 0 0 T23 c=cosf0 and s =sinf
Tn1i 0 0 T31
+ (+)
pJ(_i{p) Pil) s24p +BL J_|| if The + Ty >0
R4 - ilJ_ J_II
1y ift2, +12,=0
2 Tnt
cos?y = 1 — sin? Y=
Toe + T
A R(_)
RY) = ———=¢
2(1 + p )
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In the above Puck criteria; Rﬁﬂ and Rﬁ_) are the tensile and compressive strengths of the lamina in the

fibre direction, respectively; RJ(_+) , RJ(__) and R, are the tensile strength perpendicular to the fibre
direction, the compressive strength perpendicular to the fibre direction, and the in-plane shear strength,
respectively; R4, is the fracture resistance due to transverse/transverse shear stressing; o1 is the stress in
the fibre direction, o2, and 633 are the stresses in the transverse and stacking directions in the lamina,
respectively; Gy, Tni, and Ty are the normal, transverse/longitudinal shear and transverse/transverse shear
stresses on the fracture plane with the fracture angle (0), respectively; v, and v, s are the major
Poisson’s ratio of the lamina and of the carbon fibres, respectively; Ey and Ej are the longitudinal
elasticity modulus of the lamina and the carbon fibres, respectively. m, is the stress magnification factor

for transverse stresses in the fibres; pﬁ), pﬁ) are the inclination parameters; ( || ) and ( L ) denote parallel

and transverse to the fibre direction, respectively.

The damage initiation for the cohesive interfaces can be defined by the quadratic nominal stress criterion

as follows.
2 2 2
t t t
th ts [

where t, t; and t; represent the fracture strength of Mode I, II and 111, respectively.
Damage Progression

When a damage mode has initiated in any element, the damage propagation was simulated as the last part
of the progressive damage model. In this study, sudden degradation law for intralaminar behaviour was
chosen over continuum degradation law for its simplicity. The stiffness of the damaged element was
suddenly decreased by setting the corresponding damage variable (dr and/or dm) to 0.9999. The shear
damage variable, ds, was determined using the equations provided below.

4 = dee ifFlp 21 d ={dmt ifFly, > 1
I 7 \dpe ifFle 21 m " \dye fFlye>1
ds =1- (1 - dft)(1 - dfc)(l —dme)(1 = dipe)
The propagation of the damage for the interlaminar behaviour can be described by the mixed mode
fracture energy, based on a power-law fracture criterion, as shown below.
G’ (G (G
G i e -
Gy Gs Gr
Gn, Gs and Gr represent the critical fracture energies in the normal, first shear and second shear directions,
respectively.

Finite Element Model

Three-dimensional FE models were developed by incorporating the geometries of the open-hole tensile
and compressive test samples, loading, and progressive damage models; and the ultimate load, open-hole
tensile (OHT) strength, open-hole compressive (OHC) strength, and damage modes were predicted
numerically. Fig. 1 shows the mesh structure and the dimensions of the specimen. A fine, regular mesh
structure around the hole vicinity is required to predict high-stress/strain gradients accurately. The element
size around the hole vicinity was set to 0.125 mm ( the thickness of the glass fibre-reinforced composite

ply).
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L=250 mm

W=25 mm

D=6 mm~

Figure 1. The proposed mesh and dimensions of the FE model

GLARE 3- 3/2-0.5 Al2024-T3 composite system with a 6 mm diameter central hole was selected for
validation purposes with the published literature. 3 layers of 0.5 mm thick A12024-T3 and between them
cross-ply S-glass reinforced epoxy (GFRP) laminated composite system was used. The stacking
information of the composite system is represented in Figure 2. Each 0.125 mm-thick laminated GFRP
plies was modeled with a single element per ply through the thickness, utilizing three-dimensional linear
cubic elements with a reduced integration formulation. The aluminium layers were also modelled with
the same elements and mesh sizes. For the interfaces between the adjacent layers, 0.001 mm cohesive
elements are employed to model interlaminar failure in the analysis.

Al12024-T3 Layer (0.5 mm)

Adhesive Layer (0.001 mm)
GFRP 0° Layer (0.125 mm)
Adhesive Laver (0.001 mm)
GFRP 90° Layer (0.125 mm)

Adhesive Laver (0.001 mm

Al2024-T3 Layer (0.5 mm)

Adhesive Laver (0.001 mm)
GFRP 90° Layer (0.125 mm)
Adhesive Laver (0.001 mma)
GFRP 0° Layer (0.125 mm)
Adhesive Laver (0.001 mm)

Al2024-T3 Layer (0.5 mm)

Figure 2. Stacking Information of GLARE 3- 3/2-0.5 A12024-T3 composite system

Figure 3 shows the boundary conditions of the FE models. The left end of the laminates was completely
fixed to simulate the fully clamped end. To improve the computational efficiency, symmetrical boundary
conditions were applied in the FE model. A half model was generated along the thickness direction, with
symmetric conditions applied to the nodes on the front face plane, which is sytemmetry plane of the
composite structure. An incremental displacement was imposed to the right end of the laminate, through
a reference node to ensure all the nodes on the right side of the laminate moved simultaneously. In total
negative displacement of 1 mm was applied in the x-direction (0° fibre direction) to induce compression
in OHC while a positive displacement of 1 mm was applied in the x-direction (0° fibre direction) to induce
tensile in OHT simulations. The load-displacement plots were obtained by using the reference node, and
the average open-hole tensile (OHT) and open-hole compressive (OHC) strength values were predicted
based on the ultimate load from the curves.
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Figure 3. Boundary Conditions of GLARE 3- 3/2-0.5 Al12024-T3 composite system for Open Hole
Compressive and Open Hole Tensile Models

Equivalent homogeneous, linear, elastic orthotropic behaviour was assigned to each unidirectional GFRP
plies according to the appropriate individual orientation angle. The mechanical properties and damage
parameters of GFRP are given in Table 1.

Table 1: Mechanical Properties and Damage Properties of GFRP (Jiang et.al, 2022; Puck, Kopp and
Knops, 2002)

Eii (GPa) Ex=E;; (GPa) Gi2=Gi3 (GPa) G2 (GPa) Vi2= Vi3 V23
49 14 4.6 4.6 0.3 0.3
Xt (MPa) Xc (MPa) Yr=Zr (MPa) Yc=Zc(MPa) Sxy=Syz=Szx (MPa)
1158 379 59 137 40
) Pl piL
0.25 0.30 0.2
E |y (GPa) of carbon fibre v, of carbon fibre Mgy
86.9 0.23 1.3

Linear uncoupled elastic traction-separation behaviour was assigned to each cohesive interface between
the AI2023 and GFRP, cross-ply GFRP layers. The mechanical properties of these adhesive layers are
given in Table 2.
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Table 2: Mechanical Properties of Adhesive (Jiang et.al, 2022)

E(GPa) G (GPa) ty(MPa) ts(MPa) ¢&;(MPa) Gy (@/m?) Gg@/m?) Gg(J/m?)
2 0.75 65 38 38 2 4 4

Linear elastic and plastic with isotropic hardening behaviour were assigned to each A12023-T3 layer. The
mechanical properties of A12023-T3 are given in Table 3.

Table 3: Mechanical properties of Aluminum 2024-T3(Jiang et.al, 2022)

E (GPa) v g, (MPa) £y (%)
72 0.33 300.4 0
310.2 0.018
320 0.044
330.2 0.09
340.1 0.228
350.1 0.48
360.2 0.783
370.2 1.097
380.2 1.467
390.1 1.918
400.1 2.376
410 2.902
420.1 3.431
430.2 3.965
440.2 4.585
450 5.243
460.2 5.954
473.6 7.028
480 7.761
490.2 8.582
500.1 9.651
520.4 12.314

RESULTS and DISCUSSIONS

Figure 4 illustrates the load-displacement curves obtained from the finite element analysis for the open-
hole tension (OHT) and open-hole compression (OHC) of GLARE 3- 3/2-0.5 Al2024-T3 with a 6 mm
diameter central hole. The results are based on the Puck and Hashin failure criteria.

In OHT analysis, both models exhibit a linear load response up to a displacement of 0.4 mm, after which
damage initiation occurs. The Puck model predicted premature failure at a displacement of 0.6 mm of
displacement, corresponding to a strain of 0.48%. In contrast, the Hashin model estimated failure at a
displacement of approximately 0.98 mm, with a corresponding strain of 0.78%. Both models
underestimated the failure strain compared to the experimental failure strain of approximately 1.5%, with
the Hashin model providing closer predictions.
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For the OHC analysis, the displacement at failure was lower than that for OHT. The Puck model predicted
failure at a displacement of 0.49 mm (strain: 0.39%), while the Hashin model estimated failure at 0.55
mm (strain: 0.44%).

15 | [ 15
T T
- -
3 3
- -
= =
& &
s gs
< <
—PUCK —PUCK
—HASHIN —HASHIN
i i
o0 01 02 03 04 05 05 07 08 05 10 00 01 02 03 04 05 05 07 08 05 10
Displacement (mm) Displacement (mm)
(a) (b)

Figure 4. FEA based load-displacement curve of GLARE
a) Open Hole Tension b) Open Hole Compression

Table 4 compares the ultimate load and average OHT strength predicted by the FEA models to
experimental data reported by Jiang et al. (2022). The Hashin model outperformed the Puck model, with
a deviation of -5% from the experimental ultimate load, compared to -19.27% for the Puck model. The
average open-hole tensile (OHT) strength of the FML was calculated using the equation, opyr =
Prax/Wt, where P represents the ultimate load derived from the load-displacement plot of the FE
model presented Figure 4 (a), W and t denote the width and thickness of the FML, respectively. The
ultimate load trend was consistent for the predicted average OHT strength, with the Hashin model
showing an error of -5%, further underscoring the accuracy of this approach.

Table 4. Comparison of Ultimate Load and Average OHT Strength of GLARE 3- 3/2-0.5 Al12024-T3

Applied Load (kN)
Experimental (Jiang et.al, 2022)* 15.00
FEA with Hashin Failure Model 14,25 -5,00
FEA with Puck Failure Model 12,11 -19,27
Average OHT Strength (MPa) Error (%)
Experimental (Jiang et.al, 2022) 300,00
FEA with Hashin Failure Model 285,00 -5,00
FEA with Puck Failure Model 242,20 -19,27

* Experimental Ultimate load information was derived from the stress and cross-section information.

In the OHC analysis (in Table 5), the Hashin model also performed better, predicting a slightly higher
ultimate load and average OHC strength than the Puck model. The Hashin model deviated by 9.52% from
the experimental value for OHC strength, demonstrating reasonable accuracy for compressive behaviour.
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Table 5. Comparison of Ultimate Load and Average OHC Strength of GLARE 3- 3/2-0.5 A12024-T3

Applied Load (kN)
FEA with Hashin Failure Model 11,97
FEA with Puck Failure Model 10,93

Average OHC Strength (MPa)

FEA with Hashin Failure Model 239,40

FEA with Puck Failure Model 218,60

In the above OHT results, the model with the Hashin failure model predicted more accurate results
compared to the Puck failure model. Therefore, the damage modes predicted by the Hashin failure model
under OHT for GLARE 3-3/2-0.5 A12024-T3 are displayed in Figure 5.

The Hashin model identified fibre tension damage in both the 90° (Figure 5a) and 0° (Figure 5b) GFRP
layers. These failure modes are primarily attributed to tensile loading along the respective fibre
orientations.

The failure in +45° angles are due to the effect of the shear stresses in the fibre tension mode. Interlaminar
damage was also observed across multiple interfaces between Al2023-GFRP 90° layers in Figures 5Sc,
GFRP 90°-GFRP 0° layers in Figures 5d and GFRP 0°- Al2023 layers in Figures 5e. These images
reflected delamination between adjacent composite layers owing to the stress concentrations around the
hole. The highest zone was observed between GFRP 0°- Al12023 layers in Figure Se due to the higher
stresses carried by the 0° ply. When interlaminar damage occurs, the plies are debonded from each other,
thus it can affect stress distribution in both plies.
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Figure 5. Damage Modes in GLARE 3 under Open Hole Tension

a) Hashin Fibre Tension in 90° GFRP b) Hashin Fibre Tension in 0° GFRP ¢) Interlaminar Failure in Cohesive
Layer-1 d) Interlaminar Failure in Cohesive Layer-2 e) Interlaminar Failure in Cohesive Layer-3

Figure 6 illustrates the damage modes predicted by the Puck failure models under OHC for GLARE 3-
3/2-0.5 Al2024-T3. No fibre damage was observed in the 90° ply (Figure 6a), but the Puck model
identified fibre compression damage in the 0° ply of GFRP (Figure 6b). This failure mode is primarily
attributed to compressive loading along the respective fibre orientations. Similar to the Hashin model in
OHT, interlaminar damage was predicted across cohesive layers (Figures 6¢, 6d, and 6¢). However, the
extent and location of delamination zones varied slightly in different layers. Interlaminar damage was
predicted more severe at interfaces between GFRP 90°-GFRP 0° layers in Figures 5d, and GFRP 0°-
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Al2023 layers in Figures Se. This could be due to the micro buckling of the 0° ply GFRP under
compressive load.
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Figure 6. Damage Modes in GLARE 3 under Open Hole Tension

a) Puck Fibre Tension in 90° GFRP b) Puck Fibre Tension in 0° GFRP c) Interlaminar Failure in Cohesive Layer-

1 d) Interlaminar Failure in Cohesive Layer-2 e) Interlaminar Failure in Cohesive Layer-3
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CONCLUSION

This study investigated the open-hole tensile (OHT) and open-hole compressive (OHC) strength of the
GLARE 3-3/2-0.5 A12024-T3 fibre metal laminate system with a 6 mm diameter central hole. The primary
objective was to evaluate the ultimate loads, average OHT and OHC strength, and intralaminar and
interlaminar damage modes within the fibre metal laminate composite system. A three-dimensional FE
model was developed, incorporating a three-dimensional progressive damage framework capable of
predicting both damage onset and propagation for both intralaminar and interlaminar failure modes. The
model utilized three-dimensional Hashin and Puck failure criteria to simulate damage initiation, as well
as traction-separation behaviour to model delamination. The key findings of the study are as follows:

- The Hashin failure model demonstrated strong agreement with reported data from the literature in
predicting ultimate loads and average OHT strength.

- As anticipated, the dominant damage modes were fibre tensile failure in the 0° GFRP plies during OHT
and fibre compressive failure in the same plies during OHC.

- Interlaminar damage was observed in both OHC and OHT, induced at the interfaces between the A12023
and GFRP plies. Delamination was predicted more severe in OHC due to microbuckling in the 0° ply of
GFRP.

- The proposed FE exhibit valuable potential for further development in research and development (R&D)
applications. It offers a valuable tool to reduce reliance on expensive and time-consuming experimental
testing for composite structures.
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ABSTRACT

The use of palladium catalyst precursors among various transition metals as well as nanosized
palladium particles in organic synthesis has become widespread, especially in the last decade
[1]. At this time, the application of heterogenized catalysts is one of the current trends of recent
years due to several superior properties [2]. Considering the importance of applying synthetic
polymers as carriers for heterogeneous catalysts, obtaining catalysts based on poly-4-vinyl
pyridine (P-4VP) is very important. [3].

However, P-4VP also has several drawbacks. Modifying the polymer (quaternization) helps to
significantly overcome the limitations that may arise during its application. Quaternized
polymers have several superior properties over primary polymers.

Considering all this, P-4VP was quaternized with methyl iodide based on the appropriate
methodology during the study [4]. Then the obtaining of a catalyst based on a quaternized
polymer was considered. Initially, the polymer sample was dissolved in a low-concentration
alcohol solution, and then PdCI2 was added to the reaction medium.
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After the Me/polymer solution was stirred on a magnetic stirrer for several hours, NaBH4 was
added to the medium as a reducing agent, and a darkening of the color in the solution was
observed. In the last stage, the obtained nanocomposite was cross-linked using a cross-linking
agent. It should be noted that Me/Pol plays a decisive role in the synthesis of nanocatalysts. N,
N'-methylene bis acrylamide (MBA) was used as a cross-linking agent in this context. MBA
was dissolved in distilled water and added to the reaction medium. After stirring for 2 hours,
the reaction product was washed successively with diethyl ether and distilled water and purified
from unreacted residues. After the obtained precipitate is dried at room temperature (21°C), it
is cross-linked under a UV quartz lamp at 40°C for 4 hours. Finally, the obtained reaction
product was studied by the FTIR analysis method and it was found that the process was
successfully implemented during the analysis of their spectra.

Keywords: Pd nanoparticles, heterogenized catalysts, polymer, poly-4-vinyl pyridine

References

1. H.Z. Liu, T. Jiang, B.X. Han, S.G. Liang, Y.X. Zhou, Science 326 (2009) 1250-1252.

2. Meemken, F.; Baiker, A. Recent Progress in Heterogeneous Asymmetric Hydrogenation
of C-O and C-C Bonds on Supported Noble Metal Catalysts. Chem. Rev. 2017, 117,
11522—-11560.

3. Zhao X, Chang Y, Chen WJ, Wu Q, Pan X, Chen K, Weng B. Recent Progress in Pd-Based
Nanocatalysts for Selective Hydrogenation. ACS Omega. 2021 Dec 20;7(1):17-31. doi:
10.1021/acsomega.1c06244. PMID: 35036674; PMCID: PMC8756445.

4. H.F.Aslanova, N.A.Zeynalov, D.B.Tagiyev. Metil-yodid miihitinds poli-4-vinilpiridinin
kvaternizasiyast. Umummilli Lider Heydor Oliyevin anadan olmasinm 101-ci ildéniimiino
hosr olunmus: “Dayaniqhi Kimya vo Kimya miihondisliyino dogru" Toalobo vo Gonc
Tadqgiqatcilarin V- Beynolxalq Elmi Konfransi. Baki. 23-25 aprel 2024. S.230-231

ISBN: 978-625-378-045-6 191 https://doi.org/10.5281/zenodo.14537144



INTERNATIONAL CERAMICS AND COMPOSITE MATERIALS SYMPOIUM

November 15-16, 2024 / SGleyman Demirel University, Isparta, TOrkiye

SYNTHESIS OF POLYMER-BASED SILVER NANOPARTICLES, STRUCTURE
AND PROPERTIES OF OBTAINED POLYMER COMPOSITE

Elchin Babayev
Institute of Catalysis and Inorganic Chemistry named after M. Nagiyev, Ministry of Science
and Education of the Republic of Azerbaijan, Laboratory of Nanostructured metal-polymer
catalysts, Baku, Azerbaijan.
ORCID ID: 0009-0004-8602-9951

Nargiz Rahimli
Institute of Catalysis and Inorganic Chemistry named after M. Nagiyev, Ministry of Science
and Education of the Republic of Azerbaijan, Laboratory of Nanostructured metal-polymer
catalysts, Baku, Azerbaijan.
ORCID ID: 0000-0003-4097-7302

Ulviyya Mammadova
Institute of Catalysis and Inorganic Chemistry named after M. Nagiyev, Ministry of Science
and Education of the Republic of Azerbaijan, Laboratory of Nanostructured metal-polymer
catalysts, Baku, Azerbaijan.
ORCID ID: 0000-0003-3197-0918

Dilshad Babayeva
Institute of Catalysis and Inorganic Chemistry named after M. Nagiyev, Ministry of Science
and Education of the Republic of Azerbaijan, Laboratory of Nanostructured metal-polymer
catalysts, Baku, Azerbaijan.
ORCID ID: 0009-0007-3490-0428

ABSTRACT

In recent years, Ag nanoparticles have attracted great attention due to their unique properties in
nanoscale materials and their wide range of applications for optical, catalytic, magnetic,
electrical, and antimicrobial devices. Silver nanoparticles are widely used as antibacterial agents
in the medical industry, textile coatings and many environmental processes. In addition, due to
the biocidal properties of silver-based compounds, non-toxic inorganic antibacterial agents have
many applications, including tree protection, water treatment in hospitals, and wound or burn

dressings [1,2].

Recent advances in nanoparticle synthesis have had a strong impact on many scientific fields,
and the synthesis of silver nanoparticles has followed this trend. In fact, silver-based compounds
are much cheaper than gold-based compounds, and silver nanoparticles (AgNPs) are now
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considered an important class of nanomaterials. Currently, they are used as catalysts and

antibacterial agents [2].

At the same time, silver is a nanoparticle with unique physical and chemical properties that enable
the development of new polymer/metal materials. Ag-based polymers have been recognized as
an effective method for developing new materials with broad-spectrum properties, including
long-term antimicrobial and catalytic activity. Thus, these nanocomposites have a wide range of
applications. [3].

Considering the above, polymer/Ag-based nanocomposites were synthesized in the presented
work. Natural polymer gelatin was used as a carrier in the experiment. For this purpose, 0.5 g of
gelatin is placed in 50 mL of distilled water a day before use, which is important for the swelling
of the polymer. It is mixed in an 'IKA RCT standard safety control' magnetic mixer for 6 hours
at a temperature of 65°C. Then Ag metal salt (AgNO3) is added to the solution and mixed again
for 3 hours. The resulting composite is reduced with NaBH4 to obtain Ag nanoparticles, then
washed with ether (diethyl ether) and distilled water. At the end, an N, N'-methylene-bis-
acrylamide solution, which acts as a crosslinking agent, is added to enhance the durability of the
nanocomposite in various environments. The structure and properties of the synthesized
nanocomposite were studied by analysis methods such as FTIR, X-Ray, DLS.

Keywords: Ag nanoparticles, polymer composites, application
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ABSTRACT

Recently, the pharmaceutical industry has been paying great attention to the development of
drug delivery systems that precisely target specific sites, optimize effect of drug use, minimize
the use of excipients, and reduce side effects. Smart polymers hold great promise in the design
of innovative formulations tailored for drug delivery with high precision, efficacy and
therapeutic benefit while minimizing adverse effects. In drug delivery systems, smart polymers
show exceptional potential in achieving controlled and targeted profiles, delivering drugs to
specific receptors, and minimizing off-target effects. Smart polymer-based materials offer
various applications by intelligently responding to external stimulation and enable their use in

modern pharmaceutical research [1].

Smart polymers are a class that differs from conventional polymers by their rapid transition in
physico-chemical state in response to the external environment. The main focus of these
polymers are related to their turnable structural and functional potential. The classification of
smart polymers is based on different environmental effects such as temperature, pH, light,
enzymatic reaction, pressure, electric/magnetic field, etc. The properties of these compounds
can be changed during polymer synthesis by changing the chain structure. The intelligent
behavior of these polymers enables their application in many fields, including drug delivery,
tissue engineering, tissue repair, and various sensors. Although significant progress has been
made with smart polymers, there are still several limitations in their application due to pre-use
resolution. This includes rapid response in vivo, dose measurement during drug delivery,

biocompatibility, and biodegradation [2].

At the time, smart polymers have the ability to strongly react to relatively weak external
influences. External influences that change the properties of smart polymers can be

temperature, humidity, acidity of the environment, light radiation, electric and magnetic fields,
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etc. Taking into account above-mentioned, our main goal in research is the synthesis of
polymer gels sensitive to the pH of the environment and the processes of their immobilization
to pharmaceuticals. Encapsulated polymers, both natural and synthetic, can deliver
immobilized biologically active compounds and drugs to a pH-medium in which they can
work, and are therefore called smart polymers.

Keywords: smart polymer, composite materials, application
References

1. Avinash Kumar Seth, Ghanshyam Parmar, Chintan Aundhia, Nirmal Shah and Dipti
Gohil//Smart Polymer Systems: A Futuristic Approach to Enhance Therapeutic
Efficacy// Current Organic Chemistry 2024, Volume 28, Issue 15, p.1164-1178.

https://doi.org/10.2174/0113852728305580240429100851

2. Deepti Bharti, Indranil Banerjee, Preetam Sarkar, Doman Kim, Kunal Pal// Smart
polymers for biomedical applications//Advances in Biomedical Polymers and
Composites Materials and Applications, 2023, Chapter 9, Pages 223-24.

https://doi.org/10.1016/B978-0-323-88524-9.00010-3.

ISBN: 978-625-378-045-6 195 https://doi.org/10.5281/zenodo.14537144



INTERNATIONAL CERAMICS AND COMPOSITE MATERIALS SYMPOIUM

November 15-16, 2024 / SGleyman Demirel University, Isparta, TOrkiye

IMMOBILIZATION AND STUDY OF DOXORUBICIN AND TRYPSIN IN
BIOPOLYMER-Fe3;04s MAGNETITE NANOPARTICLE GEL SYSTEMS

Seadet Humbatova
Ministry of Science and Education Republic of Azerbaijan «Institute of Catalysis and Inorganic
Chemistry named after academician of M. Nagiev», Laboratory of Nanostructured metal-
polymer catalysts, Baku, Azerbaijan
ORCID ID: https://orcid.org/0009-0004-8197-6714

Nizami Zeynalov
Ministry of Science and Education Republic of Azerbaijan «Institute of Catalysis and Inorganic
Chemistry named after academician of M.Nagiev», Laboratory of Nanostructured metal-
polymer catalysts, Baku, Azerbaijan
ORCID ID: https://orcid.org/0000-0002-788967-6594

Elmira Aliyeva
Ministry of Science and Education Republic of Azerbaijan «Institute of Catalysis and Inorganic
Chemistry named after academician of M.Nagiev», Laboratory of Nanostructured metal-
polymer catalysts, Baku, Azerbaijan
ORCID ID: https://orcid.org/0009-0008-2767-3949

Elnara Nasiyyati
Ministry of Science and Education Republic of Azerbaijan «Institute of Catalysis and Inorganic
Chemistry named after academician of M.Nagiev», Laboratory of Nanostructured metal-
polymer catalysts, Baku, Azerbaijan
ORCID ID: https://orcid.org/0009-0003-1520-2588

ABSTRACT

Through immobilization of biologically active substances, including antibiotics, in
polymer-metal gel complexes, it has become possible to develop innovative drug forms in
medicine that offer prolonged effects and targeted delivery[1-2]. Using doxorubicin and the
enzyme trypsin as model agents, polymer gel systems were created and thoroughly investigated.
[3-4].Research was conducted to determine the effect of magnetite nanoparticle size on the drug-
loading capacity of previously synthesized hydrogel samples based on natural polymers.

In this study, a sorption method was used to load trypsin and the antibiotic doxorubicin
into each Fe3O4 nanogel sample to determine their capacity for biologically active agents. After
being kept in the appropriate preparation medium for 24 hours, the Fe3Os4 nanogels were
separated from the system, and the concentration of the drug was measured to determine the
immobilization degree of trypsin and doxorubicin for each gel, as well as the drug-loading
capacity of the gel (Table 1).
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Table 1.

Immobilization Degree and Capacity of Natural and Synthetic-Based Magnetite Nanogels for
Trypsin and Doxorubicin.

According to trypsin |According to doxorubicin
Fe3O4 nanoparticle The S126 of - Protein - Antibiotic
. nanoparticle, |Immobiliza- . Immobiliza- .

carrier gel nm tion rate, % capacity, tion rate, % capacity,
’ mg/g ’ mg/g
“GA-nanoFe;0, 39.16 66.12 3.29 21.32 42. 65
*AG-nanoFe;04 38.45 63.43 3.17 21.78 43.57
GA-PVP-nanoFe;0,4 33.27 58.80 2.94 23.20 46.39

GA-PVP(5%)-

“MBAA —~ 74.96 3.73 25.46 50.92
AG-PVP-nanoFe;04 34.58 54.80 2.74 24.69 49.38
AG-PVP(5%)-MBAA - 73.27 3.66 27.94 55.88
"CHS-nanoFe;04 32.46 75.52 3.77 26.87 53.74

‘GA- gum arabic, “ AG-arabinogalactan, “PVP-polyvinylpyrrolidone, * CHS-chitosan,
“MBAA-methylene-bis-acrylamide

As seen in Table 1, the incorporation of magnetite nanoparticles into the gel matrix
somewhat increases its capacity for both trypsin and doxorubicin. This can be explained by two
factors:

. The functional groups in the gel that can form chemical bonds with biologically
active compounds are surrounded by Fe3Os nanoparticles;

. The swelling degree is relatively high.

The higher capacity and immobilization degree compared to other nanoparticles is also due to
the presence of magnetite nanoparticles in the form of mixed oxides of divalent and trivalent
iron, which allows coordination rather than in a zero-valent metal state. Despite this, the capacity
and immobilization degree of magnetite nanogels make them suitable for transporting
biologically active compounds. The presence of magnetite nanoparticles in the hydrogel structure
enhances the potential for targeted delivery of physiologically active substances. Additionally,
preliminary experimental results indicate that gels formed with doxorubicin immobilized in
magnetite nanogels release the antibiotic faster. In contrast, trypsin retains its biological activity
for a longer period compared to samples without Fe3O4.
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OZET

Tiirkiye, kil kaynaklarinin zenginligi ve geleneksel seramik tretim teknikleriyle seramik
camuru iiretiminde onemli bir konuma sahiptir. Birgok alanda kullanilan seramik, beraberinde
seramik atiklarii da getirmektedir. Giiniimiizde sik¢a duydugumuz “sifir atik” kavrami ile
birlikte seramik alaninda da geri doniisiim ¢alismalar1 6nemli hale gelmistir. Seramik bazli geri
doniisim caligmalari, estetik ve dayaniklilik acisindan gelistirilmeye uygun sonuglar
vermektedir. Atolyelerde firindan ¢ikan fakat hasar gérmiis iiriinler, dis mekanda kullanilan
seramik yapilarin kirillan pargalari gibi atiklar, polyester ve poliiiretan ile karistirilarak hizli ve
verimli Uriinler tretilebilmektedir. Boylelikle geri doniisiime katki saglanirken kullanima
uygun, suya dayanikli, hafif, saglam ve sekil verilebilen {irtinler elde edilebilmektedir.

Bu calismada, atik seramik parcalarinin verimli bir sekilde degerlendirilmesi amaglanmigtir.
Atik pismis seramik iirlin parcalari, polyester ve polimer ile karistirilarak elde edilen yeni
numuneler sekil verilebilirlik ve endiistriyel kullanima uygunluk agisindan kiyaslanmis ve
verimliligi artirmak hedeflenmistir. Pigsmis seramik pargalar1 kirilarak 1000 pm ve 300um
elekten gegirilerek toz haline getirilmistir. 1000 um filtreden gegirilen seramik tozlari, hassas
terazide tartilarak polyester ile %25, %50 ve %75 oranlarinda, polietilen ile %30, %50 ve %75
oranlarinda karistirtlmistir. 300 um filtreden gegirilen seramik tozlari, hassas terazide tartilarak
polyester ile % 25 ve %50 oranlarinda, poliiiretan ile %30 ve %50 oranlarinda karistirilmistir.
Dokiim yontemiyle seramik kompozit malzemeden numuneler elde edilmis ve kiyaslanmistir.

Anahtar kelimeler: Kompozit Malzeme, Atik Seramik, Seramik Geri Doniislimii, Seramik
Polyester, Seramik Polimer.

ABSTRACT

Turkey holds a significant position in the production of ceramic clay due to its rich clay
resources and traditional ceramic production techniques. Ceramic products, used in various
fields, also bring along ceramic waste. With the current emphasis on the “zero waste” concept,
recycling efforts in the ceramic industry have become increasingly important. Ceramic-based
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recycling studies yield results suitable for improvement in terms of aesthetics and durability.
Waste materials, such as kiln-fired but damaged products from workshops and broken pieces of
ceramic structures used outdoors, can be quickly and efficiently transformed into new products
when mixed with polyester and polyurethane. This process contributes to recycling by
producing usable, water-resistant, lightweight, durable, and moldable products.

This study aims to efficiently utilize waste ceramic pieces. New samples, obtained by mixing
waste fired ceramic pieces with polyester and polymer, were compared in terms of moldability
and suitability for industrial use to enhance efficiency. The fired ceramic pieces were ground
and passed through a 1000 um and 300um sieve to obtain powder form. The passed through a
1000 pum sieve ceramic powders were weighed with precision scales and mixed with polyester
at ratios of 25%, 50%, and 75%, and with polyethylene at ratios of 30%, 50%, and 75%. The
passed through a 300 um sieve ceramic powders were weighed with precision scales and mixed
with polyester at ratios of 25% and 50%, and with polyethylene at ratios of 30% and
50%.Samples of ceramic composite material were obtained and compared using the casting
method.

Keywords: Composite Material, Waste Ceramic, Ceramic Recycling, Ceramic Polyester,
Ceramic Polymer.

GIRIS

Seramik, insanlik tarihinin en eski malzemelerinden biridir ve gegmisten giiniimiize pek ¢ok
farkli alanda kullanilmistir. ilk seramik malzemesi depolama kaplari, siis esyalari, kiiltiirel ve
dini figiirlerde kullanilirken ates ile seramigin sertlestirilmesi saglandiginda kullanim alanlar
giderek artmistir. Sanayi devrimi ile seramik iiretimi geliserek, teknoloji ve seramik kompozit
iretimleri ile hayatimizin bir¢ok alaninda kullanilmaya baslanmistir. Geleneksel seramik ve
Ileri teknoloji seramikleri olarak ikiye ayirabilecegimiz seramikler giiniimiizde; endiistriyel
tasarim, insaat, yer ve duvar kaplamalari, ¢at1 kiremitleri, elektrik yalitkanlari, mutfak ve banyo
seramikleri, fayanslar, yemek takimlari, otomotiv, kimya endiistrisi, tipta kullanilan protezler,
havacilik ve uzay araclar1 gibi hem teknolojik hem geleneksel alanlarda kullanilmaktadir.
Geleneksel seramikler kil, kuvars gibi dogal hammaddelerden olusurken, ileri teknoloji
seramikleri Al203, SiC, SisN4, B4C, Z:O2 benzeri hammaddelerden olusur. Genel olarak
seramikler hammadde olarak bulunmasi kolay, sertligi yliksek, uzun 6miirlii, gelistirilmeye agik
olmakla beraber, diisiik 1s1 iletkenligine, yiiksek elektriksel dirence, hem saydam hem opak
cesitliligine, biyouyumluluga ve gozeneklilige sahip olmalari tercih sebeplerindendir.

Tirkiye kil kaynaklari zenginligi ve geleneksel seramik {iretim teknikleriyle seramik
camurunda onemli konuma sahiptir. Tiirkiye’de en fazla Sile kili, Afyon kili, Doganhisar kili,
Sogit kili kullanilmakla beraber en fazla ithal edilen Ukrayna kilidir. Kullanim agisindan
Ukrayna ve Sile kili en fazla tercih edilenlerdir. Giinlimiizde tedariki zorlasan ithal killer yerine
yerli killere ihtiyag¢ artmustir.

Kullanim kolayligi, gelistirilebilir olmasi, mekanik ve kimyasal 6zellikleri sebebiyle bir¢ok
alanda kullanilan seramik beraberinde seramik atiklarini da getirmistir. Tiirkiye’de seramik
atiklarinin geri dontigiimiine yonelik yasal diizenlemeler ve farkindalik ¢aligmalari giderek
artmaktadir. Cevre ve Sehircilik Bakanligi'nin uyguladigi "Atik Yonetimi" projeleri ve cesitli
belediyelerin yiiriittiigii geri doniisiim faaliyetleri, bu konuda 6énemli adimlar atilmasina olanak
saglamaktadir.
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Diinyamizin ihtiya¢ duydugu geri doniistim projelerinde stireklilik kazanmak i¢in en 6nemli
davranisimiz giinliik aligkanliklarimizi goézden gegirmektir. Geri doniisiim adina attigimiz her
kiigiik adimi giinliikk yasantimiza, kiigiik is yerlerimizden biiyiik {iretim tesislerine kadar
yayabilirsek fark yaratabiliriz. Seramik atiklari yogun olarak beton ve har¢ iretimi, dolgu
malzemesi, yalittm malzemesi gibi alanlarda ingaat sektoriinde kullanilmaktadir. Bir¢ok
sektorde kendine yer bulabilen seramik atiklar1 ¢agdas seramik sanatc¢is1 David Binns ve
Bremner’in yaptigi gibi agrega ve seramik camdan olusan malzemelerle farkli kullanim
alanlarim1 gelistirerek geri doniisiimlii sanatsal liretimler yapmaktadir. Diinyanin her neresinde
olursak olalim, c¢evremize verdigimiz olumsuz etkiyi azaltmak igin ¢aba gostermemiz
gerektigini ifade eden Binns seramik sanat¢ilarini, yapmis olduklar1 seramik uygulamalarinda
cevreye karsit daha sorumlu bir yaklasim benimsemeleri gerektigini ifade etmektedir (Poyraz,
2018).

Kompozit malzemeler, iki veya daha fazla malzemenin kendi 6zelliklerini kaybetmenden
birbiri igerisine katilmastyla elde edilen bir malzeme tiiriidiir. Icerisinde yer alan hacimce fazla
olan yapt matris olarak adlandirilirken, igerisine ilave edilen malzemeye ise takviye
denilmektedir (Kaw, 2014; Sahin, 2022). Ucaklarin hafifletilmesi ve performanslarinin
arttirllmas1 amaclariyla gergeklestirilen arastirmalarla, ugcak motorlarinda yogunlugu daha
diisiik seramik, metal ve plastik kompozitlerin kullanimina odaklanilmaktadir. Giinliimiizde
seramik matrisli kompozitler, miikkemmel fiziksel ve mekanik 6zellikleri nedeniyle otomotiv,
haberlesme, uzay havacilik ve savunma sanayi, tip, kimya ve daha bir ¢ok alanda kullanim
alan1 bulan genis malzeme grubunu olusturmaktadir. Seramik 6zelliklerini (yiiksek mukavemet,
sertlik ve sicaklik stabilitesi), takviye fazinin yapisina bagh olarak 6zel uyarlanmis 6zelliklerle
(tokluk, kendi kendini iyilestirme veya islevsellik) birlestirir. Seramik kompozit malzemeler en
iyi 1s1l dayanimlara sahip olmakla beraber, en biiylik dezavantajlar1 islemesi zor ve pahali
olmasinin yani sira oldukca kirilgan malzemelerdir. Yiiksek sicakliklara dayanimlart ytiksek
olsa dahi parcaya etki eden darbe aninda kirilma yasanmasi oldukga yiiksektir. Isleme aninda
bile pargaya gelen kesme kuvvetleri sonucunda da kirilmalar yasanmaktadir. Seramik
kompozitler kirilgan olduklar1 i¢in kirilma tokluklarini arttirmaya yonelik malzemeler
gelistirilmeye ¢alisilmaktadir (Yudar, 2023).

Seramik iiretimi ve tiiketimi her gecen yil artmakta ve bunu on milyonlarca ton seramik atig1
takip etmektedir. Seramik atik kaynaklarini yeniden kullanmanin iki ana yolu vardir. Bunlardan
biri, ¢esitli atitk seramik malzemeleri dekorasyonlarda yeniden birlestirmek i¢in dogrudan
islemedir. Digeri ise bunlar1 farkli iirlinler yapmak i¢in hammadde olarak geri doniistiirmektir.
Geri dontisiim kullanilmis iiretimlerin daha iyi kalitede veya ¢evreye daha az zarar verecek
sekilde doniistiiriilmesi anlamina gelmektedir. Seramik Kaplama iiretiminin farkli asamalarinda
(sekillendirme, pisiririm, sirlama, parlatma, taglama) ortaya c¢ikan kirik ya da alt standart
iiretimler sonucu ¢ok yiiksek miktarda atik olusmaktadir. Uretim islemleri esnasinda seramik
malzemenin bilesimlerinden kaynaklanan degisiklikler nedeniyle (boya ve sir gibi) 6nemli bir
yiizdesi tekrar kullanilamaz hale gelmektedir. Pismis 1skarta karolarin yeniden kullanimi
depolanmasi ya da imha edilmesi zor atiklar siifina girmektedir (Poyraz, Yilmaz).

Mobilya iiretimin tekniklerine gore poliliretan ve polyester dokiimiin, c¢erceveler, ev
mobilyalarinda ahsap yerine, ve mobilya oymalarinda sikc¢a kullanildig1 goriilmiistiir. Polyester
ve poliliretan dokiim yontemleri kullanilan mobilya iiretimi, klasik mobilya iiretim tekniklere
gore sekil alabilirlik, uzun 6miirlii olmasi, trlinlerin hafifligi, tasima kolayligi, ¢cevre sartlarina
direngli olmasi, tiretim kolaylig1 ve hiz1 6zellikleriyle avantaj saglamaktadir (Tosun, Altinok ve
Kiireli, 2023).
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Bu c¢aligmada; pismis seramik atik pargalarini kisa siirede ve basit¢e geri doniistiiriip dayanikl
dekorasyon {iriinler iiretilmesi amaglanmigtir. Bu kapsamda, filtreden gegirilen seramik tozlar
hassas terazide tartilarak farkli oranlarda, polyester ve poliliretan ile karistirilarak dokiim
yontemiyle kompozit numuneler elde edilmistir. Atdlyede firinlanarak iiretilen kompozit
irlinlerden yaklasik %5'1 kirilmistir. Bu kirilmalarin nedeninin yanlis sirlanma ve tasarim
hatalarindan dolay1 meydana geldigi sonucuna varilmigtir. Seramik atiklarmin en verimli
iretim i¢in kullanim oranlar1 incelenmistir. Seramik kompozit iiretimi i¢in elyaf tipi polyester
ve A (poliol) ile B (izosiyanat) bilesenli poliiiretan secilmistir.

YONTEM

Bu ¢alismada; pismis fakat hatali tasarim, yanlis sirlama, ¢atlama veya kirilma meydana gelmis
kullanilmaz durumdaki seramik objelerin hizli ve kolay bir sekilde doniistiiriilmesi
amaglanmistir. Bunun i¢in 6nce kirik ve atilacak bir seramik obje (Sekil 1) cekig ile kirilip

filtrelemeye hazir hale getirilmistir. Seramik tozlar1 6ncelikle 1000um filtreden gecirilmistir
(Sekil 2).

Sekil 1. Atik haldeki seramik parga Sekil 2. 1000um filtreden gecirme

Elde edilen seramik tozu hassas terazi ile tartilip {i¢ farkli oranda elyaf tipi polyester, sivi kobalt
ve metil etil keton peroksit (MEKP) ile karigtirllmistir. Sivi kobalt ve mekp, polyesterin
katilagmasinda hizlandirici olarak aymi oranlarda kullanilmistir. Karigim oranlart  ve
kullanildiklart kalip cesitleri Tablo 1°de verilmistir.

Tablo 1. 1000um Filtreden Gegirilen Seramik Tozu ile Polyester Karisim Oranlari

thp ‘ Numuneler Seramik tozu Polyester Kobalt + MEKP
cesitleri (%) (%) (%)
Si 25 70 5
Cigek S> 50 45 5
kalib1 i¢in S3 75 20 5
Sa - 100 -
Sa 25 70 5
(ekmece Ss 50 45 5
kulbu igin
Sb - 100 -
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Sekli, doku ayrintilari, koseleri ve inceligi bakiminda secilen iki farkli numuneye dokiim
yapildi. Ozellikle gekmece kulpu, karisimm ince desenlere elde edilebilirligini gérmek igin
secilmistir.

Sekil 3. Cicek kalib1 Sekil 4. Cekmece kulpu kalib1

Karigim icin elde ettigimiz seramik tozlar1 1000 pum filtreden gegirilerek 3 farkli oranda
poliliretan ile kanstirilmistir. Cicek kalibina ve c¢ekmece kulpu kalibina dokiilmiistiir.
Kullanilan oranlar Tablo2'de verilmistir.

Tablo 2. 1000um Filtreden Gegirilen Seramik Tozu ile Politliretan Karisim Oranlari

Kalip Numuneler Seramik tozu Politiretan (%) Politiretan (%)
cesitleri umuneie (%) A Katmani B Katmani
P1 30 35 35
Cigek P 50 25 25
kalib1 ’
P3 75 12.5 12.5
Pa - 50 50
Cekmece P4 30 35 35
kulpu Py - 50 50

Seramik tozlar1 Sekil 5'de verilen 300 mikrometre filtreden gecirilerek tekrar polyester, kobalt
ve met ile karistirllmistir. 300um filtreden gegirilen seramik tozu ile polyester karisim oranlari
Tablo 3'de verilmistir.
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Sekil 5. 300 pum filtre

Urkiye

Tablo 3. 300um Filtreden Gegirilen Seramik Tozu ile Polyester Karigim Oranlari

Numuneler Seramik tozu Polyester Kobalt + MEKP
(o) (%) (%)
Ri 25 70 3
R 50 45 5

Seramik tozlar1 300 mikrometre filtreden gegirilerek tekrar polyester, kobalt ve MEKP ile
karigtirildi. 300pm filtreden gegirilen seramik tozu ile poliliretan karisim oranlar1 Tablo 4'te

verilmistir.

Tablo 4. 300pum Filtreden Gegirilen Seramik Tozu ile Poliiiretan Karigim Oranlari

Numuneler Seramik tozu Politretan Poliiiretan
(%) (%) (%)
T 30 35 35
2 50 25 25
BULGULAR VE TARTISMA

Seramik tozu, elyaf tipi polyester, kobalt ve MEKP karisimin dokiimiinden elde edilen ¢icek

numuneleri Sekil 6- Sekil 9'da verilmistir.

ISBN: 978-625-378-045-6

204

https://doi.org/10.5281/zenodo.14537144




INTERNATIONAL CERAMICS AND COMPOSITE MATERIALS SYMPOIUM

November 15-16, 2024 / SGleyman Demirel University, Isparta, Turkiye

Sekil 8. S3 numunesi Sekil 9. S. numunesi

Cigek numuneleri incelendiginde seramik tozu orani arttikca goézeneklenme artis1 goriilmiis,
sertlesme siirelerinin arttig1 gozlemlenmistir. %25 seramik tozu oranindan sonraki artiglarda
sertligin azalip, Sz (sekil 10) ve S3 (sekil 11) numunelerinde kolayca kirilmalarin olustugu
gdzlemlenmistir.

Sekil 10. Kirilan Sz numunesi Sekil 11. Kirilan S3 numunesi
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Sekil 12-Sekil 14'te seramik tozu, elyaf tipi polyester, kobalt ve MEKP karigiminin
dokiimiinden elde edilen ¢cekmece kulbu numuneleri goriilmektedir.

Sekil 12. S4 numunesi Sekil 13. Ss numunesi Sekil 14. Sy numunesi

Numuneler incelendiginde dokiim malzemesinin kulp koselerine ulagamadig1 goriilityor. S4 ve
Ss numunesi Sap kisimlarinda kirilmalara ugruyor. Sp numunesi esnek iken %25 seramik tozu
iceren S4 numunesi daha serttir.

Sekil 15-Sekil 18'de elde seramik tozu, poliiiretan recinesi karigimi dokiimiinden elde edilen
cigek numuneleri goriilmektedir.

Sekil 17. P3; numunesi Sekil 18. P. numunesi
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o 2

Numuneler incelendiginde seramik orant arttikca gozeneklenme artist (Sekil 18) ve
hammaddelerin girdigi tepkime oraninin artig1 goriliiyor.

i
| e

Sekil 19. Ps numunesinde olusan tepkime

Kalibin her ayrintisi, seramik oraninin en ¢ok oldugu P3 numunesi de dahil olmak iizere tim
iiriinlerde sorunsuzca alinabiliyor. Yiizeylerdeki kiiclik kiriklar Seramik orani arttikca daha
fazla gorlinliyor. Seramik icermeyen Pa numunesi ile P1 numunesi kiyaslandiginda %30
seramik tozu i¢eren P1 numunesi daha sert bir yap1 olusturuyor.

Sekil 20 ve Sekil 21'de elde seramik tozu, poliliretan reginesi karisimi dokiimiinden elde edilen
P4 ve Py cekmece kulpu numuneleri goriillmektedir.

Sekil 20. P4 numunesi Sekil 21. Po numunesi

%50 ve %75 seramik tozu oranindaki karisim, tepkime olusumu nedeniyle bu ince kaliba
uygulanmadi. P4 numunesinde akigkan kalibin her kosesine ulastigi i¢in koselerde bosluk
olusmadi. Desenler iki numunede de net olarak alindi.

Sekil 22 ve Sekil 23'te 300 um filtreden gecirilen seramik tozlari ile polyester, kobalt ve met
karisimi dokiimiinden elde edilen R1 ve Rz ¢igek numuneleri verilmistir.
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Sekil 22. R1 numunesi Sekil 23. R2 numunesi

R1 ve R2 numuneleriyle ayn1 hammaddelerden fakat farkli toz boyutlarindan iiretilen S numune
serisi arasinda gozle gorilir farklar olusmustur. S2 numunesindeki kirilma R2 de
gorlilmemesiyle beraber R2> numunesi olduk¢a serttir. Burada da seramik oraninin artmasiyla
gozenek olusumu ¢ok az miktarda artmistir. R> numunesinde yaprak kenarlarinda kiigiik
kirilmalar gézlenmektedir.

300 pum filtreden gecirilen seramik tozlari ile elyaf tipi poliiiretan karigimi dokiimiinden elde
edilen ¢icek numuneleri Sekil 24 ve Sekil 25'te verilmistir.

Sekil 24. T1 numunesi Sekil 25. T> numunesi

T1 ve T2 numunesi kiyaslandiginda seramik tozu orani artinca gézeneklenme artmustir, yaprak
kenarlarinda kiigiik bosluklar olusmustur. Poliliretan ile tepkime seramik orani arttikca
yukselmistir. T1 numunesi ile saf poliliretan numunesi olan Pa piiriizsiizligi elde edilmistir.

Tarimmsal atiklarin degerlendirilmesi i¢in seftali c¢ekirdegi kabugunun farkli oranlarda
eklenmesiyle elde edilen polyester esasli kompozit iiretme g¢alismasinda, eklenen oranlar
yuksek oldugunda kompozitin mekanik Ozelliklerinde diisiis goriilmiistiir. Polyester esash
kompozit numunelerine ait SEM goriintiistinde %35°lik seftali kabugu takviyeli numunenin
SEM goriintiisiinde fazla degisiklik goriilmemistir. %20 ve 6zellikle %40 katkili numunelerin
SEM goriintiilerinde kabarcik olusumu artmis, homejenizasyonun azaldigi gortilmistiir. %20
maliyet distirmek amaciyla seftali ¢ekirde§i tozunun diisiik oranlarda kullanilmasi uygun
gorlilmiistiir (Topuz ve Orhan 2022). Bu ¢alismada da benzer sekilde Polyester recinesine max.
1000pm boyutunda seramik tozlarinin eklenerek tiretilen kompozit numunelerde, seramik tozu
orani arttikga gdzenek gorliinimi artmustir. Gozenek gorinimi %25°lik numunede ihmal
edilebilir diizeyde iken %75’lik numunede oldukg¢a fazladir. Polyester reginesine max. 300pum
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boyutunda ve %25 oraninda seramik tozu eklenerek iiretilen kompozit numune ile en iyi yilizey
goriiniimii elde edilmistir,

SONUC VE ONERILER

Bu calismada; pismis seramik parcalari kirillarak 1000 um ve 300um elekten gecirilerek toz
haline getirilmistir. 1000 pum filtreden gecirilen seramik tozlar1 hassas terazide tartilarak;
polyester ile %25, %50 ve %75 oranlarinda, polietilen ile %30, %50 ve %75 oranlarinda
karistirtlmistir. 300 pm filtreden gecirilen seramik tozlari hassas terazide tartilarak; polyester
ile % 25 ve %50 oranlarinda, poliiiretan ile %30 ve %50 oranlarinda karistirilmistir. Daha sonra
her karigim orani i¢in dokiim yontemiyle kompozit numuneler iretilmis ve iiretilen bu
numuneler kiyaslanmigtir. Calisma sonucu elde edilen sonuglar asagida sunulmustur:

e (Cekmece kulpu i¢in S serisi ve P serisi numuneleri incelendiginde bu ince ve kdoseli
yapidaki kalip i¢in sekil alma bakimindan en iyi numune sonucunu %30 seramik oraninda
poliliretan karisimi olan P4 numunesi vermistir. S numune serisinde seramik miktari
arttikca trlinlerde yumusama goriilmistiir. % 100 polyester iceren Sb numunesi dahil
¢ekmece kulplarmin dar kesitlerinde kirilmalar gergeklesmistir. S4 ve S5 numunelerinin
kare koselerine karisim tam yayilma yapamamistir. Bosluk olan koselerin farkli olmast
bunun sebebinin kalip degil karisim igeri oldugunu gosteriyor. Ciinkii ayn1 mikrometrelik
filtreden gecen P4 numunesi, S4 numunesinden daha fazla seramik tozu icermesine ragmen
sekli tam almistir. Poliiiretan ile seramik tepkimesinin artmasi sebebiyle %50lik ve %75lik
seramik oranlari ile bu kalipta ¢alisiimamistir. Sekil alma bakimindan en verimli sonu¢ P4
numunesinde goriilse de %100 poliliretan numunesi olan Pb daha sert ve dayaniklidir.
Burada dayaniklilig1 ve sertligi arttirmak i¢in % 30°dan daha diisiik seramik oranlari, daha
kiigiik seramik tozu boyutlar1 ve basingli dokiim kullanilabilir.

e Tiim c¢icek numuneleri incelendiginde; oOncelikle 1000 pm filtreden gegen polyester
numuneleri S2 ve S3 zamanla yumusamis ve pargalanmakla beraber gozenek goriiniimii
yiiksektir. S1 numunesi ise %100 polyester numunesi olan Sa gibi gozeneksiz bir ylizey
cikartmistir fakat Sa numunesinden daha esnektir. Buradaki esneklik kesici aletlerle sekil
verilmek istenirse bir avantaj olarak kullanilabilir. 300 um filtre kullanilarak iiretilen R
serisi numunelerde ise gézenek goriiniimii olmadan piiriizsliz bir yilizeye ulasilmistir.
Seramik tozu boyutlarinin kiigiilmesi kopmalarin Oniine ge¢mistir ve Sa numunesinden
daha sert iirlin tretilmesini saglamistir. R2 numunesinde yaprak kenarlarinda kiigiik
bosluklar olustugu i¢in burada en verimli sonucu R1 numunesi vermistir.

e 1000 um filtreden gecen poliiiretan igerikli P numune serisinde seramik orani arttik¢a
tepkime artarak kaliptan tagmalar goriilmiistiir. Genlesme sebebiyle bu karisim hasarli
tirtinlerin yariklarin1 doldurmak i¢in degerlendirilebilir. Seramik orani arttik¢a sertlesme
saglanng fakat yiizeyde gdzenek goriiniimii artmustir. Ozellikle P3 numunesinde
gozenekler oldukca yogun goriinmektedir. 300 um filtre kullanilarak tiretilen T serisinde
ise gozeneksiz goriinim elde edilmis Ozellikle T1 numunesinde piiriizsiiz bir ylizey
goriilmistiir. Burada en verimli sonucu, % 100 politiretan igerikli Pa numunesinden daha
sert olmasinin yani sira gdzeneksiz bir yiizeye sahip oldugu icin T1 vermistir.

e Sertlesme siireleri ise poliliretan igerikli kompozit numunelerinde, polyester igerikli
kompozit numunelerine gore olduk¢a avantajlidir. Poliiiretan igerikli P ve T numune
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serisinde 8-10 dakika i¢inde donma, 30 dakikada sonunda da kiirlesme goriilmiistiir.
Seramik tozu oranmi arttik¢a katilasma siiresi ithmal edilecek diizeyde artiyor. Polyester
icerikli S ve R numune serisinde 30-40 dakika donma, 24 saat sonunda kiirlesme
gorlilmiistiir. Seramik orani arttik¢a kiirlesme stiresinde uzama gergeklesmistir.

e Poliiiretan A ve B recginesi tepkimeye girdiginde koku yaymakta ve sonrasinda kokusuz bir
kompozit lirtin saglamigtir. Polyester ise kokulu oldugundan kapali alanlarda iiretimi ve
depolanmasi zor bir malzemedir.

e Sekil alabilirlik, sertlik, iiretim kolayligi, hafiflik, insan ve g¢evre sagligi goz Oniine
alindiginda; en verimli sonucu 300um filtreden gecirilen %30 seramik %70 poliiiretan
igeren T1 numunesi vermistir.

Yapilan bu ¢alisma ile seramik 6zelliklerini tasiyan, seramikten daha hafif, dis ortamlara
da uyum saglayabilecek, saf poliiliretandan daha sert, heykel yada dekorasyon iiriinlerinde
kullanilmak tizere seramik atiklar1 geri doniisiime kazandirilabilecegi sonucuna varilmstir.
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ABSTRACT

Passive daytime radiative cooling materials with simultaneous high solar reflectance and infrared
thermal emittance, hold enormous potential for addressing the energy crisis and global warming
through advantages of zero energy consumption and low carbon emissions. Herein, novel
hierarchically porous nanocomposite films with randomly distributed heterogeneous pores and
nanoparticles are fabricated in a low-cost and simple method known as non-solvent-induced
phase separation method with two solvents and water, employing polyvinylidene fluoride
(PVDF) (10%) and zinc oxide (ZnO) (90 nm, 2%) nanoparticles. Utilizing the regulation of
structural parameters such as pore size and film thickness (200-600 pum) to control multi-
scattering of light by the films, hence cooling performance is achieved. The porous structure of
the films was evaluated by SEM analysis as well as cooling performances were measured by a
hotplate apparatus combined with a halogen lamb as a sun simulator. SEM images show that the
most obvious heterogeneous pore structure was obtained in the samples with a film thickness of
400 um. However, it has been determined that as the film thickness increases, there are macro
and nano-micro heterogeneous pores in the film structure, but the number and size of macro pores
decrease. The trend regarding pore formation, size and number of pores was also detected in the
cross-sectional images of the films. Under exposure to a solar intensity of 600 Wm 2, compared
to non-porous PVDF films, an effective passive cooling effect was achieved due to a higher
temperature drop in porous PVDF films in the range of 2.14-5.6°C. The porous nanocomposite
films lower the temperature effectively especially at a film thickness of 600 pm by an average of
6.5°C. This work opens up a simple, cost-effective, and scalable route for achieving efficient
radiative cooling nanocomposite films with excellent cooling performance based on multi-
scattering effect with controllable porous structure and ZnO.

Keywords: Radiative cooling, porous nanocomposite structure, PVDF, nonsolvent-induced
phase separation.

INTRODUCTION

Today, as global warming is now one of the greatest crises faced by all races on earth, the
increasing trend in outdoor temperatures, increasing energy requirements for insulation/cooling
systems and the world's limited energy reserves have brought the novel thermal management
materials and technologies with low to zero carbon emissions to the agenda. Recently, radiative
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cooling, which is an electricity- free cooling technology, by dissipating an object’s heat to the
cold outer space through an atmospheric transparency window (8—13 um) without any energy
consumption or greenhouse gas release, are attracting attention with advantages of environmental
impact, energy savings, and total wellbeing of the population (Liu et al., 2022). Moreover,
passive radiative cooling materials enable effective cooling performance by reflection sunlight
in UV—Vis-NIR band and emitting thermal radition in MIR band. Many materials including
inorganic materials (Lin et al., 2023), multilayer photonic crystal/coating (Lee et al., 2023; Meng
et al., 2023), composite materials with particles, bio-inspired materials, metamaterials (Tsang et
al., 2024), etc. were developed. Despite their wide application potential, these materials were
manufactured using complicated and costly process which makes these materials unsuitable for
large-scale production.

As a solution, porous radiative cooling materials especially polymer-based ones are attracting
attention due to the simplicity, applicability, economical efficiency, and effective cooling
performance (Wang et al., 2021). Solar reflectance and emissivity could be enhanced by
rationally adjusting the porous structure and refrective particles as well as using polymer having
higher emisivity with appropriate chemical bonding. In this manner, designing a
composite/nanocomposite material having refractive particles such as ZnO, TiO2, MgO, Al2Os3,
Si02 in the porous film to establish reflection interface and to improve emissivity (Du et al.,
2023), attract attention. Recently, polymer based porous composite materials could be produced
by phase separation especially non-solvent induced phase separation (NIPS) method which
enables tunable micro-nano hierarchical porous structure in polymer films by varying polymer
content, non-solvent: solvent content etc. with low-cost and large production scale.

In this study, PVDF nanocomposite films with varying thickness reinforced by ZnO particles,
were succefully produced by NIPS method forming a hierarchical morphology. By controlling
structural parameters such as pore size and film thickness (200-600 pum), the multi-scattering of
light by the films is controlled.

MATERALS AND METHODS

Materials

PVDF chips (Kynar® 721, melting temperature: 168°C, glass transition temperature: -40°C)
were kindly provided by Arkema, France. PVDF polymer, with high MIR emission properties
owing to the C-F bonds stretching and deforming vibrations in the atmospheric window range
(Yu et al., 2021), was used as matrix material. ZnO (90 nm, Nanografi, Tiirkiye) nanoparticles
were used for sunlight reflecting with refractive index n = 2 and little absorption value from
visible wavelength to MIR wavelengths (Zhu and Feng, 2021). In one-step phase separation film
formation method, N, N dimethyl acetamide (Sigma Aldrich, DMAc), acetone (Acros Organics,
ACE), and deionized water, were used as solvents. A non-ionic surfactant (sorbitan
monostearate, Span60, Sigma Aldrich) was used for getting more homogenous nanoparticle
dispersion.

Methods

Nanocomposite film preparation

PVDF-ZnO nanocomposite films with hierarchical micro-nano porous structure were produced
through NIPS method including binary solvent system (solvent, co-solvent) (DMAc, ACE) and
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non-solvent (water). First, 10 wt. % PVDF polymer chips were dissolved in a blended solvent
consisting of DMAc and ACE at the same ratio at 50°C for 6 h. Subsequently, ZnO particles at

2 wt. % content and Span60 at a ratio of 1:2 with respect to the nanoparticle, were incorporated
into the PVDF solution at 50°C while being agitated magnetically for another 1 h followed by 2
h of ultrasonic mixing. Following the ultrasonic mixing, 7% amount of water determined in
previous studies (Korkmaz Memis and Kaplan, 2024a; b) for optimum pore formation was added
dropwise into the PVDF-ZnO dispersion by a syringe pump at a 0.2 mL/min feeding rate. Finally,
the prepared nanocomposite casting solutions were drop-cast to the petri-dishes and dried at 20°C
for 24 h at different thicknesses (200, 400, and 600 um).

Characterizations

Morphology

Scanning electron microscope (SEM, Fei Quanta FEG 250) with an accelerating 20 kV voltage
and 10 pA current was used for examining porous structure of the film surfaces.

Outdoor cooling performances

Cooling performance of the films was measured by a self-made hotplate system simulating skin
with K-type sensors and data acquisition system. The film was placed on the hot plate plate that
can precisely remain constant at the skin surface temperature of 34°C under a sun simulator
halogen lamb at a distance of 25 cm and the irradiation intensity on the surface of the sample was
controlled at 600 Wm™ with environment temperature at 22-26°C and relative humidity at 50%.
The actual temperature of the films were measured at every 5s for 1 min stabilization stage
followed by 20 min lamp-on (sunny) and lamp-oft stages (shady) in turn.

RESULTS and DISCUSSIONS

The SEM images of the PVDF and PVDF-ZnO nanocomposite films are shown in Fig. 1. As
seen in SEM images, the porous structure was obtained by adding water as non-solvent into the
binary solvent system. Porous structure formation can be explained by three stages such as; rapid
evaporation of ACE enabling phase separation, slow exchanging of DMAc, and water
evaporation which formed pores in different sizes. As depicted in Fig. 1, different thicknesses
reveal that more porous structure formation as a result of ZnO incorporation in PVDF matrix is
enabled, which effect continuity of the polymer-enriched phase (Ma et al., 2024).

Unlike porous PVDF films, ZnO particles led to form many uneven surfaces and more nanosize
pores resulted in hierarchically porous structure through slowing down of solvent evaporation
and delaying the phase inversion process with higher viscosity (Qi et al., 2022). Besides micro-
nano pores, macro voids formed in the nanocomposite films by surface-driven phase separation
and crystallization induction. Among nanocomposite films with varying thickness, the most
obvious heterogeneous porous structure belongs to the samples of 400 um.
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Fig. 1. Surface morphology of PVDF and nnocomposite films

The real-time temperature curves created as a result of cooling performance measurements by
the developed hotplate system and temperature differences of the films were given in Fig. 2 and
Table 1, respectively. According to temperature measurement under exposure to a solar intensity
of 600 Wm™ simulating outdoor conditions, temperature of the porous PVDF films with varying
thicknesses were lower in the range of 2.14-5.6°C than the nonporous ones (Table 1). The
hierarchically porous structure seen in SEM images enhanced the total solar scattering efficiency
and mid-infrared emissivity (Qi et al., 2022), resulted in passive radiative cooling effect.

Beside porous structure, high MIR emission properties based on the functional group vibrations
(C-F stretching and deforming vibrations) of PVDF polymer through the atmospheric window
(Yu et al., 2021) may improve the thermal emissions of the films.

With ZnO particle addition into PVDF matrix, the nanocomposite films especially at a film
thickness of 600 um exhibited a maximum temperature decrease of 6.5°C (Fig. 2b) followed by
6.28°C at 200 pum thickness (Fig. 2a, Table 1) due to the synergistic scattering effect of the richer
porous structure and high refractive index n = 2 and little absorption value (Zhu and Feng, 2021)
of ZnO particles. The same nanocomposite film samples demonstrated lower temperature by an
average of 9.6°C as compared to the blank hotplate surface simulating the body without clothing
in outdoor conditions.
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Fig. 2. Temperature profiles measured for cooling performance of the films with varying
thickness

Table 1. Temperature changes of the films

Film PVDF-90Zn020
thickness AT(°C)
(nm) 1-2 2-3 1-3
200 5.16 1.12 6.28
400 2.14 1.8 3.94
600 3.14 3.6 6.50
Bare hotplate-nanocomposite films

200 1.08 6.23 7.35
400 3.9 6.03 7.83
600 3.10 6.24 9.60

*1: Nonporous PVDF film, 2: Porous PVDF film, 3: PVDF-ZnO nanokompozit film

CONCLUSIONS

This study presents a hierarchically porous nanocomposite films at varying thickness with
effective passive passive daytime radiative cooling performance, including PVDF matrix and
ZnO particles through NIPS method. The nanocomposite films exhibit impressive outdoor
cooling performance especially at the thickness of 600 p followed by 200 um ones by temperature
drop of 6.5°C and 6.28°C, respectively, compared with nonporous films. This may be attributed
the hierarchically porous structure and ZnO particles which ensured high solar reflection and
infrared emissivity resulting from the unique structure of PVDF. In addition to its porous film
structure and relatively high cooling performance, the nanocomposite film at 200 pm including
2 wt.% ZnO particles may be selected as a radiative cooling material due to practical economic
considerations. In summary, PVDF-ZnO nanocomposite films with varying thickness with
higher passive radiative daytime cooling performance and scale-up production method are
expected to open up new prospects thermal management and practical application range of
radiative cooling materials.
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ABSTRACT

In this study, potential use of waste ceramic tiles in powder form instead of calcite were studied

for different mortar compositions. Aiming for both environmental and economic benefits a
series of detailed experiments were conducted to see how this replacement affects the
mechanical, thermal, and physical properties of three different mortars: (i) ceramic adhesive
mortar, (ii) bricklaying mortar, and (iii) insulation adhesive mortar. For this purpose, waste
ceramic tiles were converted to powder form and added to mortar compositions as calcite
replacement in different amounts and standart production route was followed. After preparation
all samples including control ones were tested in order to obtain tensile adhesion strength,
compressive strength, water absorption %, and thermal conductivity value. According to
characterization results certain improvements were observed compared to control samples
having no replacement. For instance, ceramic adhesive mortar having 3% replacement achieved
a tensile adhesion strength of 0.57 N/mm?, bricklaying mortar having 100% replacement
reached to compressive strength of 185 N/mm?, along with a 17% reduction in water absorption.
The insulation adhesive mortar, having 100% replacement gave a compressive strength of 185
N/mm? and decreased the water absorption by 13%. These results show that the replacement of
calcite with waste ceramic tile in powder form has a potential to enhance the durability of mortar
materials, reduce water permeability, and improve energy efficiency staying in the borders of
industrial standarts from other expectations

Keywords: Waste Ceramic Tiles, Mortars, Calcite Replacement, Sustainability, Recycling.
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ABSTRACT

Hailstones can vary in diameter and strike objects at different velocities related to airflow. The
damage caused by hailstorms depends on the diameter and velocity of the hailstones. Simulating
hailstones is critical for impact tests. In this study, polyvinyl acetate (PVA) additive artificial
hailstones were used. Previous studies have shown that mixtures of 12% PVA and 88%
demineralized water are more successful in simulating natural hailstone behavior. The aim of the
study is to design an experimental test setup for investigating aircraft canopy impact tests. In line
with this purpose, requirements for impact tests were developed. Two aircraft dimensions were
used in dynamic impact tests. Artificial hailstones with diameters of 20 mm and 50 mm were
produced for use in the experiments. These dimensions of artificial hailstones were produced
successfully. The targeted velocities of the artificial hailstones are 20 m/s, 30 m/s, 60 m/s, and
120 m/s. To achieve this, the required air pressures were determined. Experiment results showed
that different diameters of artificial hailstones can be produced successfully, and they impacted
the targeted points on the aircraft canopies. Another observation from the study is that artificial
hailstones traveling at velocities over 120 m/s could not cause visible deformation on aircraft
canopies.

Keywords: Impact tests, Artificial hailstone, Aircraft canopy
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ABSTRACT

Ceramic composite materials have a very wide range of usage temperatures, from marine to
aviation, to automobiles with infrastructure and even energy. This increase is observed in the
expected performance properties according to the usage temperature. These performance
properties cover chemical, mechanical, thermal, optical, magnetic and electrical components.
Obtaining the desired properties starts with the synthesis of the ceramic composite material. In
the synthesis phase, the types, quantities, temperature increase rate, reaction temperatures of the
initial classes, such as the product structural properties to be obtained are quite nice. This effect
affects the size and phase composition of the ceramic composite ratios and may naturally cause
the desired material to not be produced. Artificial intelligence can classify problems such as
defects, grain boundary incompatibilities, phase separations in the synthesis of ceramic
composite components. Microstructure distances obtained with scanning electron microscope
(SEM) or transmission electron microscope can be trained with artificial intelligence with deep
learning models such as separation convolutional neural networks and thus image analysis can
be performed. Artificial intelligence can use XRD patterns to determine data such as crystallinity,
lattice defects and phase formation. Phase inconsistencies, lattice defects and divisions can be
interpreted with artificial intelligence by using machine operation and various XRD logs. In this
context, it will be beneficial to change the substitutes used in the synthesis method of composites
in the ceramic sector. In addition, the probability of defects can be predicted by the degradation
analysis related to the studied effect and payments, and this information allows financial financial
parameter suggestions.

The benefits of Al in the production phase of ceramic and ceramic composite materials are
significant. The ability to identify and predict defects using parameters such as microstructural
defects, crystallinity, phase compositions, and defect defects, and the formation of defect
prediction models is a practical and applicable use of Al. These materials offer considerable
benefits, especially in terms of time and cost. This study focuses on the predictability of defect
evaluation with Al during the production of ceramic and ceramic composite materials,
highlighting the practical implications of this research and its relevance to the field.
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OZET

Seramik kompozit malzemler denizcilikten havaciliga, alt yap1 endiistrisinden otomobile ve hatta
yenilenebilir enerjide olmak iizere ¢ok genis kullanim alanlarina sahiptir. Kullanim alanlarina
gore bu malzemelerden beklenen performans ozellikleri de degisiklik gostermektedir. Bu
performans oOzellikleri kimyasal, mekanik, termal, optik, manyetik ve elektriksel yonleri
kapsamaktadir. Istenen dzelliklerin elde edilmesi seramik kompozit malzemenin sentezlenmesi
ile baslamaktadir. Sentezleme asamasinda baslangic maddelerinin tiirleri, miktarlari, sicaklik
artis hizi, reaksiyon sicaklig gibi parametreler elde edilecek iiriiniin yapisal 6zelliklerini oldukca
etkilemektedir. Bu parametreler seramik kompozit yapinin pargacik boyutu ve faz bilesimini
etkileyerek yapisal kusurlarin olugsmasina dolayisiyla istenen malzemenin iiretilememesine
neden olabilir.

Yapay zeka ise seramik kompozit malzemelerin sentezinde kusurlarin tespiti, tane siniri
uyumsuzluklari, faz ayriliklar1 gibi sorunlar1 belirleyerek siniflandirabilir. Taramali elektron
mikroskobu (SEM) ya da transmisyon elektron mikroskobu ile elde edilen mikroyap1 goriintiileri
ornegin evrisimli sinir aglar1 gibi derin 6grenme modelleri ile kullanilarak yapay zeka egitilebilir
ve boylece goriintii analizi yapilabilir. Yapay zeka kristalinite, kafes kusurlari ve faz bilesimi gibi
verilerin belirlenmesi amaciyla XRD desenlerini kullanabilir. Makine 6grenimi algoritmalari ve
cesitli XRD kiitliphaneleri kullanilarak faz tutarsizliklari, kafes yapisindaki kusurlar ve
diizensizlikler yapay zeka ile yorumlanabilir. Bu yorumlar dogrultusunda seramik kompozitlerin
sentezlenme yoOnteminde kullanilan parametrelerin degistirilmesinde fayda saglayabilecektir.
Ayrica calisilan parametreler ile olusturulan kombinasyonlar ile ilgili verilerin analizi yapilarak
kusurlarin olusma olasiligi tahmin edilebilir, bu bilgi dogrultusunda Onleyici parametre
onerilerine olanak saglayabilir.

Mikroyapisal kusurlar, kristalinite, faz bilesimi ve kafes kusurlar1 gibi parametrelerin gelistirilen
algoritmalar ile tespit edilmesi, kusur tahmin modellerinin gelistirilmesi yapay zeka ile imkansiz
goriinmemektedir. Boyle malzeme iiretim asamasinda ozellikle zaman ve maliyet agisindan
oldukca fazla fayda saglayacaktir. Bu calisma seramik ve seramik kompozit malzemelerin
iiretimi esnasinda olusabilecek kusurlarin yapay zeka kullanilarak tahmin edilmesinin
arastirilmasini kapsamaktadir.

Anahtar Kelimeler: Seramik, seramik kompozit, yapay zeka, malzeme karakterizasyonu
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FROM ORNAMENT TO STRUCTURE: THE DUAL ROLE OF CERAMICS IN
OTTOMAN ARCHITECTURE
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ABSTRACT

It analyzes ceramics in Ottoman architecture where their ornamental and structural
functions intersect in order to enhance both the aesthetic and pragmatic dimensions of the
architectural design. In this research we focus on iconic structures such as the Blue Mosque,
Topkapi Palace, and Rustem Pasha Mosque, which show how ceramics were combined to
simultaneously generate visual splendor through color variation and differentiation, as well as
provide climate control, acoustic optimization, and structural integrity through thermal mass.
The study also shows how Ottoman architects changed ceramics from mere decorative
elements to consequential components vital to building resilience and environmental comfort
through the detailed analysis of ceramic tiles, especially Iznik tiles ceramic tiles with
abounding floral and geometric motifs. The findings demonstrate the intersection of beauty and
functionality through the lens of materiality, demonstrating invaluable lessons for current
sustainable design practices. This article bridges traditional architectural wisdom and the most
modern innovations by studying the historic applications and technical properties of Ottoman
ceramics advocating for a design paradigm that values cultural heritage and environmental
responsiveness.

Keywords: Ottoman architecture; Ceramic tiles; Dual functionality; Structural integrity;
Aesthetic design.
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CERAMIC EXPRESSIONS IN ARCHITECTURE: CULTURAL SYMBOLISM
ACROSS ANCIENT AND MODERN CIVILIZATIONS
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ABSTRACT

Ceramics were, and remain, fundamental to architectural design not only as a functional
but also as a symbol, of socio/political order, spirituality, and cultural identity. In this paper,
we explore ceramic expressions in architecture from Ancient and Modern civilizations,
specifically how ceramics convey cultural symbolism, resonating with time. And we show
how, at such sites as the Great Mosque of Kairouan, Forbidden City, and La Alhambra, ceramic
motifs, colors and materials are painstakingly chosen to reveal in codes the active value of the
society in which they are employed: from religious devotion to imperial authority. The
ceramics of this comparative study can speak the identity and memory that are both the foci for
modernism and the vehicle for continuity, adapting to and synthesizing artistic and
technological innovation in ways that protect cultural heritage. In applying to contemporary
uses, we suggest ceramics as a means of bridging architectural narrative and existing design
frameworks through historical traditions. Perhaps most importantly, this research ultimately
underscores ceramics as indispensible to architectural discourse, and as a means to further
explore ceramics' enduring significations of collective cultural narrative in a variety of
culturally specific contexts.

Keywords: Ceramic symbolism; Architectural ceramics; Cultural identity; Ancient
architecture; Modern architecture.
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GROUTING AND SEALING BED SEPARATION BY OVERLAPPING MINE GOBS IN
MULTIPLE SEAMS TO IMPROVE OXYGEN FLOW IN THE LONGWALL FACE

Jianwei Cheng'*
Shuping Sheng!
Dezhi Ran!

Md Mojahidul Islam?

Marek Borowski?

ISchool of Safety Engineering, China University of Mining and Technology, Xuzhou 221116,
China

2School of Mining Engineering, China University of Mining and Technology, Xuzhou 221116,
China

3Faculty of Mining and Geoengineering, AGH University of Science and Technology, Krakow,
Poland, 30001

Corresponding Author*

ABSTRACT

The conditions under which coal production bases occur are characterized by shallow burial and
the presence of multiple coal seams. This leads to the overlying strata being repeatedly disturbed,
causing increased deformation and the formation of cracks that result in air leakage. The air
leakage allows gases to escape into the upper gob, leading to low oxygen levels in the working
areas of various mines within the region. The primary cause of these low oxygen levels is the
leakage of harmful gases from the upper gob to the lower working face. To address this problem,
a 'man-made isolation layer' was proposed, involving the grouting and sealing of the interlayer
separation. A rock movement model was used to perform precise calculations of the primary
deformation in the interlayer rock layers, while secondary movement deformation patterns of the
overlying rock during multi-coal-seam mining were also determined. Mathematical models and
numerical simulations were employed to study changes in deformation, porosity, and permeability
in the overlying rock before and after filling the separation in the overlapping gob bed. The study
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also investigated gas transport behavior and the impact of grouting and filling on this separation.
The findings demonstrated that grouting and filling can effectively reduce the subsidence of the
overlying strata, lower porosity and permeability, and limit the development of interlayer cracks
that act as communication pathways. This method significantly contributed to the physical
isolation of the upper and lower sections of the overlapping gob, resulting in a 40.9% and 32.8%
reduction in interlayer air leakage, respectively, compared to the original levels.

Keywords: Overlapping gob; Mitigate Low Oxygen; Bed separation; Oxygen flow; Air leakage;
Grouting; Underground mine.
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SYNTHESIS OF CdSTe NANOPARTICLES BY LASER ABLATION
M. A. Jafarov
V. M. Salmanov
R. M. Mamedov
E. F. Nasirov
T. A. Mamedova
Baku State University, AZ1148 Baku, Azerbaijan

CdSTe nanoparticles were synthesized in solution using the reactive laser ablation method.
Highly pure CdCl2(99.9 % pure from Sigma Aldrich), Na2S203 (99.95 % pure from Sigma Aldrich) and
TeO2 (99.99 % pure from Sigma Aldrich) powders mixed with distilled water were used as initial raw
materials. Immediately after irradiation with a laser pulse, CdSTe nanoparticles were formed. The
ablation process was performed by laser radiation with a wavelength of A=1064 nm, with a pulse
energy of 135 mJ and an ablation time of ~10 min. The radiation source was a pulsed Nd:YAG
laser with built-in generators of the 2nd and 3rd harmonics, designed to generate radiation with a
wavelength of 1064, 532, and 335 nm. The laser pulse duration was 10 ns with a maximum power
of ~12 MW/cm?. The radiation intensity was varied using calibrated neutral light filters. The
optical absorption and luminescence spectra of CdSTe nanoparticles were studied using an
automatic M833 double dispersion monochromator (spectral resolution ~0.024 nm at a wavelength
of 600 nm), with computer control and a detector that records radiation in the wavelength range of
350-2000 nm. The scheme of the experimental setup for ablation of CdSTe nanoparticles is shown
in Fig.1.

Fig.1. Scheme of the experimental setup.
Materials and Methods

On fig. Figure 2 shows the diffraction pattern (XRD) of nanoparticles from drops of a
colloidal solution of CdSTe dried on a clean glass substrate. CuKa, A=1.544178A° SSFOM: F17-
610.0.5.10.60 were used as the radiation source. It is shown that the diffraction planes (111), (200),
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(220), (311), (222), (400), (331), (422), and (511) at 20 diffraction angles 23.620, 27.890, 38.970,
45.280, 49.340, 56.750, 63.600, 73.220, and 76.840, respectively, correspond to the cubic (zinc
blende) structure of the bulk CdSTe crystal [14], which confirms the crystal structure of the
synthesized nanoparticles, which is the same as that of the bulk material. Based on the X-ray
diffraction patterns, using the Debye—Scherer formula [1-9], the sizes of the obtained nanoparticles

were calculated:

Do kA
Pcosd

where D-sizes of nanoparticles, k = 0.9 — line shape factor (shape factor), B = 0.035 A0 —
intensity maximum half-width (FWHM- Full Width at Half Maximum), A — X-ray wavelength,

A=1.54 A0, 6-Bragg angle, cos 6=0.727.
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Fig.2. Diffraction pattern (XRD) of CdSTe nanoparticles on a glass substrate.

Estimates show that the average size of CdSTe crystallites is 27.434 nm (see Table).

2 theta

Crystallite size

23.62(3) 111

28.27 nm

27.891(9) 200

3491 nm

38.97(3) 220

16.31 nm

45.28(5) 311

23.66 nm

49.347(14) 222

39.72 nm

56.75(8) 400

47.17 nm

63.60(5) 331

20.78 nm

73.2(2) 422

10.87 nm

76.843) 511

25.22 nm
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average crystallite size: | 27.434 nm

Morphologists. The surfaces of the synthesized CdSTe nanoparticles were studied using
AFM analysis. Figure 3 shows a 3D AFM image of CdSTe nanoparticles on a glass substrate. As
can be seen from the figure, a homogeneous distribution of particles in the presented figure is not
observed.

The histogram of particle size distribution is shown in fig. 4. The average particle size
estimated using the software was about 40-50 nm. The particle size value is higher than calculated
by X-ray diffraction analysis. This is due to the fact that XRD depends on the free volume of
dimensional defects, while AFM directly visualizes the grain without taking into account the
degree of defectiveness of the crystal.

The absorption curve from a colloidal solution of CdSTe nanoparticles is shown in Figure
S5a. The onset of absorption at ~500 nm is consistent with the absorption of an ensemble of
nanoparticles whose maximum diameter is ~50 nm. Taking into account that CdSTe is a
semiconductor with a direct band gap, from the dependence , the band gap of the studied samples
was determined, which turned out to be equal to Eg = 2.46 eV (Fig. 5b). This value is 0.97 eV
larger than the band gap of a bulk undoped CdSTe crystal, (eV (~827 nm) [1]. It should be noted
that the shift of the red absorption band of nanoparticles to the short-wavelength region of the
spectrum compared to a bulk crystal is a characteristic feature of semiconductor nanoparticles,
which is related to the quantum size effect

o5 888885

Fig.3. AFM image of CdSTe nanoparticles on a glass substrate.
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Fig.4. Histogram of particle size distribution.

Figure 6 shows the photoluminescence spectra of CdSTe nanoparticles excited by the
second harmonic of the Nd:YAG laser (eV). As can be seen from the figure, the emission
maximum of nanoparticles corresponds to wavelengths ~ 510 nm (2.43 eV). An increase in the
laser light power by 1.2 times does not affect the position of the spectra, but leads to an increase
in the radiation intensity by ~2.1 times. As regards the nature of the observed radiations, in our
opinion they are due to the radiative recombination of free excitons.
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Fig.5. Optical absorption spectrum (a) and dependencea”™ flhv) (b) of CdSTe
nanoparticles obtained in a colloidal solution.

Knowing the energy of free excitons in CdSTe (~29 meV), it is possible to determine the
band gap of nanoparticles, which is equal to 2.46 eV, which is in satisfactory agreement with the
value determined from the absorption spectrum.
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Fig.6. Photoluminescence spectra of CdSTe nanoparticles at two different excitation
powers, the second harmonic of a neodymium laser (eV): 1 — 1 MW/cm?; 2 — 10 MW/cm?.

Conclusion

A new method for synthesizing CdSTe nanoparticles by laser radiation is proposed. Highly
pure CdCl2 , Na2S203 and TeO:2 powders mixed with distilled water were used as initial raw
materials. The ablation process was performed by laser radiation with a wavelength of 1064 nm,
with a pulse energy of 135 mJ and an ablation time of ~10 min. Under these ablation conditions
in a colloidal solution, the formation of nanoparticles with diameters from ~10 to ~50 nm was
observed. It is shown that the synthesized nanoparticles retain the crystalline structure of the bulk

material and emit photoluminescence at 560 nm associated with the radiative recombination of
free excitons [1-15].
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ABSTRACT

Transparent conductive oxides (TCO) are smart materials with a wide band gap, transparenct
in the visible region (400-700 nm) and have high electrical conductivity and are used variety of
areas such as in photovoltaic cells, light-emitting diodes, gas sensors, flat panel displays (FPD)
etc. Sol-gel is. These coatings can change the properties of surfaces and improve protection and
surface functions in the intelligent system technologies. The sol-gel coating method is used in
smart technology applications as it is a cost-effective and simple method and also suitable for
large-scale production to synthesize homogeneous and conformal TCO film coatings. In this
work, to obtain the sol-gel solution, firstly, oxide solutions of copper, aluminum, zinc, tin and
titanium are synthesized (0,1 M) by using sol-gel method. Then the solution prepared to
examine the changing characteristics. The films were coated by dip-coating technique to make
10 layers and annealed at 500°C for 1 hour. Contact angle measurements were applied to these
thin films and thin film samples exhibited the properties at the point of contact with the water

droplet.

Keywords: Thin films, TCO, Sol-gel method, Contact angle
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ABSTRACT

Ecological degradation, one of the biggest problems of our age, negatively affects natural life,
ecosystems, biodiversity, resource continuity and climate balance. Those most affected by these
ecological problems are living creatures struggling to survive in their natural habitats. These
creatures lose or are damaged in the habitats they call “home”. However, the nest is not only a
shelter but also a living space where all kinds of security, reproduction and protection needs are
met. These areas need to be rebuilt to protect living things and increase their numbers. At this
point, ceramic stands out as a material that is compatible with the life of living things with its
natural and inorganic structure. The durable and environmentally friendly properties of ceramics
make it a suitable material for ecological designs. Thanks to the adaptation of ceramic structures
to natural habitats, it is possible to protect the populations of living things and biodiversity. In
this study, we investigate how the classic bird nests can be redefined with more durable and safer
ceramic bird nests, how ground nest bees can have a sustainable habitat in ceramic hives, and
how coral reefs can thrive on ceramic tiles. These ecological designs offer innovative solutions

to preserve the natural balance and sustainably support biodiversity.

Keywords: Ecological ceramics, ecological design, ecological design, ecological degradation,
wildlife conservation, natural habitat
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ABSTRACT

The valorization of sewage sludge into ceramic materials is an innovative method to recycle
wastewater treatment residues into construction products, thus contributing to more sustainable waste
management. This process begins with the dewatering of the sludge, reducing its water content to
facilitate its handling. The sludge is then mixed with traditional raw materials, such as clay, to form
a homogeneous mixture. This mixture is shaped into bricks, tiles or other ceramic shapes, then fired
at high temperatures (usually between 900 and 1200°C). Firing stabilizes the potentially toxic
components of the sludge, such as heavy metals, and gives the materials their mechanical, aesthetic
and durability properties. The use of sewage sludge in the manufacture of ceramics has several
advantages: it significantly reduces the volume of waste to be disposed of, reduces the consumption
of natural raw materials, and produces materials with properties comparable to, or even superior to,
those of traditional ceramics. However, challenges remain, including the variability of sludge
composition depending on its origin, and the need to strictly control contaminants to ensure the safety
of finished products.

In short, this recovery is part of a circular economy approach, promoting the reduction of the
ecological footprint of sewage sludge while contributing to the production of sustainable and
environmentally responsible construction materials.

Keywords: valorization, sewage sludge, ceramic materials, environment.
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ABSTRACT

The pursuit of advanced composite materials with superior mechanical properties and
performance characteristics has become increasingly critical in various engineering
applications. This study presents a novel approach that leverages computational intelligence
algorithms—specifically particle swarm optimization and flower pollination—to optimize the
design and performance of composite materials used in dynamic systems, such as in the
geometry and design of complex structures of airplane and bioreactor applications. By
integrating computational intelligence with material science, we developed a framework to
predict and enhance the properties of composite materials under various operational conditions.
The proposed method involves a single objective and multi-objective optimization process that
simultaneously considers factors such as weight reduction, tensile strength, and thermal
stability. Through simulations and experimental validations, we demonstrate how the
optimization of fiber orientation, matrix selection, and layering configurations can lead to
significant improvements in the performance of composite materials. Additionally, we explore
the application of sensor fusion techniques to monitor real-time performance metrics of these
materials in dynamic environments, allowing for adaptive responses to varying operational
conditions. The results indicate a marked improvement in the resilience and functionality of
composite materials, paving the way for their enhanced application in aerospace engineering
and bioprocessing. This work underscores the potential of computational intelligence in
revolutionizing the design and application of composite materials, offering promising pathways

for future research and industrial implementation.

Keywords: Composite, Matrix selection, Mechanical properties
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ABSTRACT

Boron carbide (B4C) is an advanced ceramic material widely used in sectors such as the defense
industry, owing to its remarkable physical and chemical properties, including high hardness,
low density, high melting point, excellent wear resistance, chemical stability, and strong
neutron absorption capacity. However, alongside its many advantages, low fracture toughness
of B4C remains a limitation that warrants improvement.

In this study, polymeric precursors modified with various ammonium salts for the synthesis of
BN-B4C nanocomposites was developed. The influence of the molecular structure of these
ammonium salts on the BN-B4C phase ratio, particle morphology, particle size, and size
distribution was investigated.

SEM analysis of the powders revealed that B4C particles reached a maximum size of 9 microns,
while BN particles were approximately 0.1 microns. FT-IR and NMR analyses were conducted
to examine the chemical structure of the synthesized precursors and to assess borate ester (B-
C-O) formation yields. XRD analyses provided insights into the phase composition of the
synthesized powders.

The results demonstrated that BN-B4C nanocomposites with tunable phase ratios and particle
sizes could be successfully synthesized via the sol-gel method, with variations controlled by
the type and concentration of ammonium salts. Therefore, the present work offers new
approaches for enhancing the properties of B4C ceramics, broadening their applicability in
various technological fields, such as defense and radiation shielding.

Acknowledgments: The authors are grateful for the financial support from TUBITAK under
contract number of 122M836.

Keywords: Sol-gel, Ammonium salt, Boron Nitride, Boron Carbide
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ABSTRACT

This study explores the structure-activity relationship in iron-containing perovskites for
supercapacitor applications, focusing on their unique energy storage and rapid
charge/discharge capabilities. [ron-based perovskites are promising due to their high theoretical
capacitance, environmental stability, and cost-effectiveness. In this research, iron-containing
perovskites were synthesized using a cost-effective molten salt method, yielding materials with
high crystallinity. X-ray diffraction (XRD) was used to confirm the crystalline phases and
structural integrity of the materials, with the phase compositions further verified through
Rietveld refinement. The oxidation states of the elements, particularly focusing on the B-site
cations, were examined using X-ray photoelectron spectroscopy (XPS), providing insights into
the chemical environment. Morphological analysis was conducted using Scanning Electron
Microscopy (SEM) and Transmission Electron Microscopy (TEM), allowing for detailed
observation of particle size, shape, and surface characteristics. Additionally, UV-Vis
Spectroscopy was utilized to investigate the optical properties and bandgap of the materials,
which is crucial for understanding their electronic behavior and potential contributions to
energy storage performance. The study evaluates the influence of key structural factors,
including, crystal structure, oxygen vacancy concentration and oxidation states of B-site
cations, band gap, charge transfer resistance on the electrochemical charge storage performance
of these materials. This research underscores the potential of iron-containing perovskites in
advancing supercapacitor technology and provides insights into structuring these materials for
improved energy storage applications.

Keywords: Energy storage, perovskite, iron-based supercapacitors, electrochemical
performance.
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ABSTRACT

Dr Faisal structuring a production zone narrowly focused on ceramics and composites in
Pakistan will be a substantial help for the country's long-term development as a materials
industry leader and will be in line with the ongoing technological progression in the world. This
report describes the main components of the concept that will enable the setting up of an
industrial zone, the areas of infrastructure, technological capabilities, skilled workforce, and
government support being the main points of focus. At the same time, Pakistan has abundant
mineral resources like clay and silica which can be used in the making of ceramics. Thus, a
solid supply chain system and import facilitation need to be built to tackle the shortage in the
field of advanced composite materials. Modern manufacturing facilities that would include
super temperature kilns and high precision CNC machines could be acquired as direct
investments into the sector and thus, the production of the parts will be very efficient.
Furthermore, central points that are engaged in cooperative research and development can
stimulate innovation in areas that are related to, for instance, bio-composites, and lightweight
materials, with the multiplication of this whole process in construction, automotive, and
renewable energy sectors being just three of the possible segments. The skill development
framework program focuses on instructing and training a large batch of students who will then
be able to be efficient workers in industries requiring advanced materials engineering.
Reduction of taxes, simple regulations, and the establishment of special economic zones to
attract the potentials of both local and foreign investors. Finally, observance of environmental
regulations and the implementation of green practices will now allow Pakistan to gain an
advantage and company in the world market. Educatively meeting these strategic needs of
Pakistan, the country can create such a sustainable, competitive industrial zone that, besides
fulfilling the national requirement, can still be in touch with the global perspective in ceramics
and composites. Setting up a ceramic and composite materials only industrial area in Pakistan
would be assisting various technologies, thus boosting from industrial development, and also
diversifying and helping climbing to the top in global markets, making the industry more
competitive in the state. Pakistan can use its local resources and benefit from supply chain
networks to create a solid basis for the ceramics industry as well as cover the present gap in the
production of advanced composite materials by means of the international alliances and
imports. Investing in advanced manufacturing equipment and automation, along with having a
workforce skilled in using modern materials, will boost productivity and encourage new ideas.
Government help, such as special benefits, simpler rules, and creating special areas for business,
will bring in more investment. The plan to set up research centers and education programs will
create a steady supply of skilled workers and promote a culture of always finding better ways
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in material science. By using environmentally friendly methods in production, the industry can
meet both local and global demand for green materials. This complete plan will help Pakistan
become an important player in the ceramics and composites industries, supporting long-term
growth and economic strength.

Keywords: structuring, substantial, capabilities, Reduction of taxes, environmentally.
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ABSTRACT

The purpose of this research was the investigation of the power law behaviour of Jonscher
known as “the Universal Dielectric Response” for the polymer-carbon nanotube composites.
The electrical and dielectric properties of polymer matrices filled with carbon nanotubes
(CNTs) are studied using resistor-capacitor-diode (RCD) network models. Above the
percolation threshold, CNT networks dominate, with conductivity increasing and permittivity
decreasing due to resistive losses. Below this threshold, tunnelling resistance and capacitive
effects govern the response, while at low CNT concentrations, isolated CNTs contribute
primarily to capacitive behaviour. These results offer insights into the role of CNT dispersion
and connectivity, with applications in energy storage, electromagnetic shielding, and flexible
electronics. Experimental validation is proposed to link theoretical predictions with practical
outcomes.

Keywords: Carbon nanotube, Percolation, Random networks RCD, UDR

INTRODUCTION

Materials modelling is a broad field and essential for designing and understanding the behaviour of
complex materials, where interactions between multiple components give rise to new phenomena at the
system level [1]. Heterogeneous materials such as polymer composites loaded with a variety of
conductive fillers, glassy materials, and carbon nanotube (CNTs) polymer [2,3] that contain two phases,
conductive or semi-conductive and insulating (dielectric) are widely modelled by random electrical
network [3,4].

These systems exhibit a frequency dependence of conductivity and permittivity, which is known as the
universal dielectric response (UDR) [5]. Examples of UDR behaviour in ceramic materials are in Fig. 1
[2], which show the ac conductivity of an Al,Os—TiO, ceramic composite and a doped zirconia at a
variety of temperatures. At low frequencies the bulk (real) ac conductivity o(w) is frequency
independent, but at higher frequencies the ac conductivity increases, following a power law behavior
such that [2]:

o(w) =0a(0) + Aw™
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Where o is angular frequency (2nf) and n is typically 0.6 <n < 1.0. The dielectric permittivity exhibits
a frequency independence at high frequency can be expressed by a power law decay such that:

e(w) = Bo™ ! + ¢,

Conductivity (Siemens/m)

T

108 Ll sl el assal_a 2 ssaan)
5 6

10 10 100 100 100 10" 10
Frequency (Hz)

Fig.1. Ac conductivity of an Al,O5 (insulator) TiO, (conductor) composite’.

In Our previous work, we use a large random resistor, capacitor to investigate the power-law scaling of
the conductance and the percolation and saturation limit at high and low frequency [3]. This paper
presents a diode to simulate the semiconducting phase of single-walled carbon nanotubes. Bychanok et
al. [6] used Kirchhoff's circuit laws to model the carbon nanotube-filled polymer using an RCD random
network at low frequencies in order to investigate low frequency dispersion. Our work focusses on the
universal dielectric response of this material at middle frequencies.

METHODE

One third of single-walled (SW) CNT nanocylinders have metallic behavior while the rest behave as
semiconductors leading to the study of a 3-phase system [6,7]. The electromagnetic properties of CNTs
polymer composite can be modelled by random resistor-capacitor-diode electrical networks (RCD)
Fig.2. The conducting phase is represented by a p,, = 1 — p. — p4 proportion of resistance, the insulator
phase is represented by a p. proportion of the capacitance and the semiconducting phase is represented
by a pg proportion of diode. The impedance of each component in the network is R for the resistor,

L for the diode [6, 8].

(fw)™mCy

1 .
—— for the capacitor and
iwCy

Fig.2. Example of random square network containing 32 components S=4. The resistors are in brown,
capacitors in red, diode in blue.
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Numerical Calculation Process:

The principal method to calculate the equivalent impedance of electrical random network that contains
resistors, capacitors and diodes is Frank-Lobb reduction scheme, by applying a sequence of triangle-star
transformation. A details demonstration method calculation is in [3]. We consider a square network
composed by the parameter of R = 103kw, C, = 0.1nF, C; = 50nF, m = 0.1, randomly positioned.
The network size is the total of N= 2S? components, where S is the node on the horizontal side. The
dielectric response €(w) and the conductivity o(w) of a mixture random network RCD is determined
by calculating the equivalent impedance from the following relation:

sw)=¢(w)+ie"(w) =-

—— o(w) = weye”
iggwZeq(w)’ () 0

RESULTS

We present in this work three configuration possible of random RCD networks; we consider percolation
under the diode over the resistor (i), percolation under the resistor over the diode (ii), percolation under
the resistor-diode (iii).

(I) in regions under the diode percolation threshold but over the resistor percolation threshold,
the network can behave in a way that AC conductivity is influenced by the proportion of capacitors and
diodes present. We show in Fig.3, that the conductivity follows the power law such as o(w) « w™,
where n=0.480518= p. + pg is the proportion of capacitors and diode.

The permittivity decreases with frequency according to a power law (w) & w™ !, wheren — 1 = —
0.519482 is the proportion of resistor, this aligns with some theoretical and empirical observations in
complex networks. This suggests that the network behaves like a loss dielectric where resistive effects
cause energy dissipation and frequency-dependent polarization.

5 - 45

€ *

£ x *
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4t St ¥

v
* * _5 5 / -
3f ) . e
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* /
04048
2r % 0051 7 e w
* 65L A
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1f ” s
* TE *
£ *
0 ¥ 3 =
¥ o= -15E « = K
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1 0 1 2 3 4 5 6 7 8 1 0 1 5 3 4 5 3 7
logyp w logyp w

Fig.3. The effective permittivity and conductivity of random RCD networks for the case under diode over
resistor percolation.

(i1) In this region, the network likely transitions from primarily resistive to capacitive behaviour (under
resistor percolation but over diode percolation).
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The Fig.4 shows that the permittivity decreasing and following the power law w™ 1, wheren — 1 = —

0.43304 is the proportion of diode pg, this could indicate that the diodes introduce a specific type of

frequency-dependent response. Since diodes in our model act similarly to capacitors but with a non-
1

(iw)™Cy
scales with frequency. While the conductivity increases with a power law w" , n=0.56696 is the sum
of the proportions of resistors and capacitors, suggests that these two components dominate the
conductivity pathways. This makes sense, because capacitors introduce frequency-dependent behaviour,
while resistors contribute direct current pathways.

linear behaviour due to the power law , their proportion might influence how the permittivity

5.5 ¢

65 F

sig

15|

-8.5

Fig.4. The effective permittivity and conductivity of random RCD networks for the case under resistors over
diode percolation.

(ii1) In the Fig.5 shows the case under R-D percolation, which the conductivity is increasing with
power of n=0.537664 that equals the proportion of capacitors p., this suggests that capacitors are the

primary conductive pathways at the frequencies analysed. This behaviour is consistent with the
capacitive response at higher frequencies, where capacitors contribute to the overall current flow due to

their impedance decreasing with frequencym. The permittivity decreasing with a power ofn — 1 = —
0

0.462336 is the proportion of p, + p,4, indicates that the dielectric storage capability decreases as
frequency increases. This is characteristic when non-linear or resistive elements do not contribute
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Fig.5. The effective permittivity and conductivity of random RCD networks for the case under resistors - diode
percolation

effectively to the storage of electric charge at these frequencies. The presence of diodes, which can
introduce non-linearity, and resistors, which dissipate energy, may reduce the effective permittivity in
this regime.

CONCLUSION

Polymers filled with carbon nanotubes (CNTs) is both relevant and insightful because such composites
are excellent examples of disordered systems where percolation theory and dielectric scaling laws often
govern the observed properties. Carbon nanotubes (CNTSs) are highly conductive, and when dispersed
in a polymer matrix, they introduce percolate networks where the conductivity and permittivity of the
composite depend on: The proportion of CNTs, dispersion, connectivity, and Interactions with the
polymer matrix.

For the first case (i), in a polymer-CNT composite above the percolation threshold, CNT networks
dominate conductivity, which the conductivity follows a positive power law with CNT concentration.
While permittivity decreases due to resistive losses within the conductive network, aligning with the
observation n — 1 = — proportion of resistors.

The second case (ii), under resistor percolation but over diode percolation, in this regime, tunnelling
resistance or semi-continuous CNT pathways could act as diodes or capacitive elements: Conductivity
may scale positively with capacitive effects as CNTs interact with the polymer matrix through tunnelling
gaps. Permittivity could decrease due to partial conductive behaviour influenced by the diode-like
tunnelling junctions.

In the last case (iii), where the resistor and the diode are under percolation threshold, the composites
with low CNT content, individual CNTs may act as capacitive elements. The conductivity scales with
capacitive pathways and Permittivity decreases as resistive and diode-like contributions fade, leaving
only the capacitive response of isolated CNTs.
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ABSTRACT

Bone regeneration is a major challenge in surgery. Complex fractures and loss of bone substance
pose serious health problems. Current grafting techniques, although widely used, have their
limitations: limited availability of grafts, risks associated with surgery, and sometimes
insufficient quality of reconstituted tissue. Tissue engineering, an innovative approach, offers
new prospects by combining cells, biomaterials and biological signals to stimulate bone
regeneration. However, many challenges remain: the design of biocompatible materials that
promote bone growth. The aim of this study is to develop a new therapeutic approach based on
the design of new biomimetic materials capable of mimicking the extracellular matrix of bone to
enhance bone regeneration. The TMPS method is used to manufacture scaffolds for tissue
engineering based on mathematical equations, 3D printed with interconnected pores and
appropriate biomorphic surfaces. The material chosen for the bone, LithaCon ATZ 980, an
alumina-hardened zirconia supplied by Lithoz with Young's Young of 220 GPa and a theoretical
density of 5.48 g/cm3, a compressive strength of 2200 MPa and a Poisson's ratio of 0.27. The
numerical development is using Ansys workbench for lattice configuration and meshing, this
design undergoes a comprehensive stress analysis using finite element analysis (FEA). The
scaffolds exhibited comparable stiffness and tensile strength to cortical bone, mitigating the risk
of failure and suggesting their suitability for bone replacement.

Keywords: Bone regeneration, bone defects, biomimetic materials, bioceramics, TPMS.
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ABSTRACT

This paper investigates the alternative use of sewage sludge ash (SSA) for the production of light
weight aggregate (LWA) for sustainable construction The main objective is to investigate how
SSA can be successfully reused to produce construction materials without reducing
environmental contributions. The study examines the processes for converting SSA into
lightweight aggregates, focusing on the technological processes and factors that make this
application possible. Key benefits include significant reductions in the overall weight of concrete
structures, reduced transportation and housing costs, and improved thermal insulation, which
improves energy efficiency in buildings to the sky

In addition, the paper discusses the environmental benefits of implementing SSA in LWA
operations, such as waste disposal reduction, greenhouse gas emission reduction, natural a will
be preserved and also discusses technical challenges including the need for continuous quality
improvement and compliance with regulatory standards. Research emphasizes the importance of
quality qualitative and strategic approaches to ensure the reliability and efficiency of SSA-based
LWA:s.

Overall, this study presents SSA as a promising alternative for small aggregates, promoting a
circular economy in the construction industry. In producing LWA by turning waste into a value-
added product, SSA is a sustainable way to model modern construction practices, contributing to
greener and more efficient industries.

Keywords: Sewage Sludge Ash (SSA), Lightweight Aggregates (LWA), Sustainable
Construction, Eco-friendly Building Materials, Environmental Impact.
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ABSTRACT

Concrete-filled steel tubular (CFST) columns offer a viable alternative to reinforced concrete
structures. Circular composite concrete-filled tubular (CCFT) columns, comprising a steel tube
filled with concrete, are extensively utilized in structures requiring substantial moment resistance
and ductile deformation capacity. In contrast to conventional steel and concrete structures, CFST
columns exhibit enhanced strength and stiffness while also streamlining costs through reduced
construction materials and shallower floor depths. This study delves into the theoretical
examination of hollow and CCFT columns under axial loading, comparing their performance using
various standards including AISC LRFD - 1999, Eurocode 4 — 1994, AS 4100 (1998), NZS - 4600
(1998), and BS 5400 — 1979. Subsequent experimental investigations involve subjecting the
columns to axial loading and comparing the results with theoretical predictions. Furthermore,
experimental analysis extends to studying the behavior of circular concrete-filled tubular columns

under lateral loading, encompassing both static and dynamic tests.

Keywords: Steel tubes, deformation, concrete
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ABSTRACT

This research examines PLA-based composite filaments using iron powder. The goal is to make
materials used in Fused Deposition Modeling (FDM) 3D printing better in terms of their
mechanical and thermal properties. The incorporation of iron particles into the PLA matrix
alters the composite material's characteristics to satisfy the requirements of high-performance
applications. The research involves filament fabrication by extrusion, tensile and thermal
assessments, and heat treatment to analyze performance enhancements. A close look is given
to the outcomes of differential scanning calorimetry (DSC) and tensile tests done before and
after annealing. The findings indicate notable improvements in thermal stability. The tensile
strength value, which decreased after the addition of iron, was tried to be improved by applying
heat treatment. This study advances the creation of sustainable, high-performance composite
materials for sophisticated additive manufacturing applications.

Keywords: PLA-based composite filaments, Iron powder doping, Additive manufacturing

INTRODUCTION

Additive manufacturing, also referred to as 3D printing, signifies a revolutionary advancement
in contemporary production and prototyping. Fused Deposition Modeling (FDM) has achieved
extensive popularity among the many approaches in this category due to its simplicity,
affordability, and adaptability (Ian Gibson, 2015). The core principle of FDM is the layer-by-
layer deposition of thermoplastic filaments to create intricate shapes, providing exceptional
precision and accessibility for industrial and personal applications. The efficacy of FDM is
significantly affected by the characteristics of the filament material employed. Material
development is a crucial priority area to expand the capabilities of FDM technology (Chua &
Leong, 2014).

Polylactic acid (PLA), a biodegradable and eco-friendly polymer sourced from renewable
resources, 1s among the most extensively utilized materials for Fused Deposition Modeling
(FDM). PLA is preferred due to its low processing temperature, simplicity of printing, and
capacity to produce a high-quality surface finish. Moreover, its biodegradability corresponds
with the worldwide movement toward more sustainable production techniques (Jamshidian,
Tehrany, Imran, Jacquot, & Desobry, 2010). Still, PLA can only be used in less demanding
situations because of its mechanical and thermal properties, such as its low glass transition
temperature, low elongation at break, and low tensile strength. These constraints have prompted
researchers and materials scientists to investigate methods for improving PLA's performance.
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A promising method entails the creation of composite materials through the integration of
additives into the PLA matrix. Metal powders, including aluminum, copper, and iron, have
proven to be excellent fillers that can alter the characteristics of PLA to satisfy the demands of
more rigorous applications (Koukouviti, Economou, & Kokkinos, 2024). Iron powder is
noteworthy for its magnetic characteristics, thermal conductivity, and cost-effectiveness.
Incorporating iron powder into PLA may enhance its thermal stability, tensile strength, and
overall durability. Nonetheless, attaining a homogeneous distribution of metal particles inside
the polymer matrix presents a problem, as particle aggregation may result in inconsistencies in
the material's properties.

A multitude of studies has examined the advantages of metal-polymer composites in several
manufacturing applications (Antoniac et al., 2019; Pusnik Cresnar et al., 2021; Ulkir, 2024).
These composites exhibit substantial enhancements in heat conductivity, stiffness, and
mechanical strength, rendering them appropriate for applications in automotive, aerospace, and
medical devices. The inclusion of metal fillers might improve the functional characteristics of
printed items, such as electrical conductivity or magnetic responsiveness, thereby expanding
the range of FDM applications. Even so, these studies have given us a better understanding of
metal-polymer composites. However, adding things like iron powder to PLA is still an area of
research that is still being developed.

In addition to the initial development of PLA's qualities by additives, post-processing processes
like annealing are essential for further increasing the material's performance (Chien & Yang,
2024; Jayanth, Jaswanthraj, Sandeep, Mallaya, & Siddharth, 2021). Annealing, a thermal
treatment method, can augment the crystallinity of the PLA matrix, thereby improving its
tensile strength and thermal stability. Because adding metals and heating up PLA together
changes its properties, we need to do a lot of research to make these methods better so they can
be used in real life.

This study seeks to fill these gaps by investigating the manufacture and characterization of
PLA-based composite filaments infused with iron powder. The study examines the mechanical
and thermal characteristics of the filaments in both their as-extruded condition and post-
annealing. Differential Scanning Calorimetry (DSC) is utilized to examine the thermal
transitions of materials, whereas tensile testing offers insights into their mechanical properties.
This study aims to enhance the existing knowledge of composite filaments for FDM and provide
a framework for developing high-performance, sustainable materials for 3D printing
applications through a systematic investigation of these features.

MATERIALS AND METHODS
The fabrication and assessment of PLA-based composite filaments infused with iron powder
employed a methodical strategy aimed at guaranteeing consistency and dependability in

outcomes. The process comprised four primary phases: material preparation, filament
extrusion, sample manufacturing, and property characterization.
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Materials

Polylactic acid (PLA) pellets were picked as the main polymer matrix because they are
commonly used in Fused Deposition Modeling (FDM) and are safe for the environment. The
PLA utilized in this investigation was commercially obtainable, with a melting point range of
160-180°C and a density of around 1.25 g/cm?. Fine iron powder was selected as the reinforcing
component. The iron powder was provided with a purity of 99% to reduce contamination. Prior
to processing, the PLA pellets were desiccated in a vacuum oven at 60°C for 4 hours to remove
residual moisture, which could cause flaws during extrusion. The iron powder was combined
with the dry PLA pellets in a 99:1 weight ratio (PLA: Fe). The blending was conducted using
a mechanical mixer for 20 minutes to attain initial homogeneity.

Filament Extrusion

The composite mixture was introduced into a twin-screw extruder (Figure 1) engineered for
thermoplastic processing. The parameters of the extrusion process were meticulously tuned to
guarantee the uniform distribution of iron particles throughout the PLA matrix. The extruder
barrel comprised four heating zones, with temperatures established at 170°C, 180°C, 190°C,
and 200°C from the feeding zone to the die. The screw rotation speed was sustained at 10 rpm,
and the filaments were extruded using a die with a diameter of 1.75 mm.

Figure 1. Extruder

The extruded filaments were chilled in a 60°C water bath, facilitating quick solidification to
preserve dimensional precision. The filaments were subsequently wound onto reels for
additional processing. The filament's diameter was measured using a micrometer during the
extrusion operation to guarantee dimensional accuracy.
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Sample Fabrication

Tensile test specimens were produced using extruded filaments on an FDM 3D printer. The
specimens (Figure 2) adhered to ASTM D638-14 Type IV dimensions, typically utilized for
polymer tensile testing. The printing parameters were uniform across all samples to reduce
variability. Each specimen was printed with uniform orientation and geometry to guarantee
consistency during mechanical testing.

Figure 2. The tensile test specimens
Mechanical Testing

Tensile tests were performed using a universal testing machine (Figure 3) equipped with a 1000
kg load cell. The tests were conducted at a crosshead speed of 5 mm/min, and the resultant
stress-strain curves were utilized to determine tensile strength, yield strength, and elongation at
break. A minimum of three specimens were examined for each material category (pure PLA
and iron-doped PLA) to achieve statistically meaningful outcomes.

Figure 3. Tensile testing machine
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Thermal Analysis

Differential Scanning Calorimetry (DSC) was used to measure the materials' thermal changes,
such as the glass transition temperature (Tg), the crystallization temperature (Tc), and the
melting temperature (Tm). Each sample was heated from 20°C to 190°C. The data were
recorded and looked at to see how the thermal properties of iron-doped PLA and pure PLA
changed before and after being heated.

Heat Treatment

The tensile test specimens underwent heat treatment at 85°C for 3 hours in a convection oven
to examine the effects of annealing. The objective of this procedure was to enhance the
crystallinity of the PLA matrix and augment its mechanical and thermal properties. Samples
were cooled to room temperature after post-annealing prior to mechanical and thermal testing.

RESULTS AND DISCUSSION

Tensile testing demonstrated a substantial difference in the mechanical characteristics of pure
PLA and iron-doped PLA. In the as-extruded condition, pure PLA had an average tensile
strength of 55.6 MPa, whereas iron-doped PLA displayed a marginally reduced value of 44.6
MPa (Table 1). The lower tensile strength of iron-doped PLA was linked to problems spreading
the iron particles evenly. These particles may act as stress concentrators inside the polymer
matrix.

Table 1 The tensile test results of PLA and Fe-Doped PLA sample

Property PLA Fe-Doped Pla

Tensile Strength 55.6 MPa 44.6 MPa

Post-annealing, both materials demonstrated substantial enhancements in tensile strength. Pure
PLA rose to 55 MPa (Table 2), indicating a 14.6% enhancement, whereas iron-doped PLA
exhibited a more significant rise to 54.2 MPa, representing a 21.5% enhancement. The higher
tensile strength after annealing is due to more crystallinity in the PLA matrix, which makes it
better at supporting weight.

Table 2 The heat treatment effect on the tensile test results
Tensile Strength (MPa) No-Annealing  Post-Annealing % change

PLA 55.6 63.8 14.7

Fe-Doped PLA 44.6 54.2 21.5
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The DSC study clarified the temperature transitions of both pure PLA and iron-doped PLA.
The glass transition temperature (Tg), crystallization temperature (Tc), and melting temperature
(Tm) were measured for both materials in their as extruded and annealed conditions. Untreated
PLA demonstrated a Tg of 53°C, which rose to 55°C during annealing. The Tg of iron-doped
PLA was elevated to 60°C in the as-extruded condition and increased to 62°C post-annealing.
This rise signifies improved heat stability attributed to the iron particles, which may limit
molecular mobility inside the polymer matrix. The Tc of pure PLA rose from 111°C to 115°C
after annealing, whereas iron-doped PLA displayed values of 115°C and 120°C, respectively.
The elevated Tc in iron-doped PLA is ascribed to the nucleating influence of iron particles that
facilitate crystallization. Unadulterated PLA exhibited a melting temperature (Tm) of 150°C in
its as-extruded condition and 152°C after annealing. Iron-doped PLA exhibited an elevated
melting temperature, rising from 157°C to 160°C. The results indicate that the incorporation of
iron particles enhances the thermal resistance of the composite material. The increased
crystallinity of iron-doped PLA enhances the material's thermal and mechanical properties.

Temperature °C

—a—PLA

—e—Fe doped PLA

Heat Flow (a.u)

Figure 4. The DSC results for printed samples

A key problem identified in this work was achieving a homogeneous dispersion of iron particles
within the PLA matrix. Subsequent efforts should concentrate on enhancing the mixing and
extrusion procedures to alleviate this problem. Annealing significantly improved the
characteristics of both pure PLA and iron-doped PLA. Annealing enhanced the material's
strength, thermal stability, and dimensional stability during printing by elevating the degree of
crystallinity. Nevertheless, the technique resulted in slight embrittlement, as indicated by the
decrease in elongation at break. For applications necessitating enhanced ductility, it may be
essential to optimize annealing conditions or alter the composite formulation.

This study's findings have substantial significance for the advancement of high-performance
FDM materials. Iron-doped PLA is a viable substitute for pure PLA, especially in applications
necessitating improved thermal stability and load-bearing strength. The integration of iron
doping and annealing facilitates the customization of material characteristics for application
requirements.
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CONCLUSION

The results of this study clearly showed that iron-doped PLA composite filaments are a better
material for Fused Deposition Modeling (FDM) 3D printing. Integrating iron powder into the
PLA matrix resulted in substantial enhancements in mechanical and thermal properties. The
principal conclusions are encapsulated as follows:

e Iron-doped PLA showed significant enhancements in tensile strength post-annealing,
rising from 44.6 MPa to 54.2 MPa. When iron particles were added, the composite
became less flexible, but its overall mechanical performance got better because the iron
increased crystallinity and strengthened it.

e The differential scanning calorimetry (DSC) results showed that the iron-doped PLA
had much higher glass transition, crystallization, and melting temperatures, which
means it was more stable at high temperatures. This enhancement is ascribed to the
nucleating influence of iron particles and the augmented crystallinity attained during
heat treatment.

e The research emphasized the difficulties in achieving a consistent distribution of iron
particles within the PLA matrix. Particle agglomeration adversely impacted certain
mechanical qualities, highlighting the necessity for optimal mixing and extrusion
techniques.

An effective way to change the properties of PLA-based filaments to meet the needs of
advanced applications is to combine iron doping and annealing. Nevertheless, additional study
is required to tackle the issues of particle dispersion and to investigate alternative metal-
polymer combinations that could provide further property improvements.

This study advances the subject of composite materials for additive manufacturing and provides
insights into the creation of sustainable, versatile, and high-performance filaments for FDM
technology.
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ABSTRACT

Ginger oil, with a vaporizing temperature of 133-137 °C, was discovered to be a carbon
precursor for the manufacture of carbon nanomaterials. Since these carbon sources evaporate at
relatively high temperatures. In terms of hydrocarbon to nanocarbon conversion, the chemical
vapor deposition process, which involves simultaneous vaporization and pyrolysis of a carbon
source, is superior to many other approaches. The efficiency of ginger in producing carbon
nanotubes is 71% higher than most of the material and process. As compared to traditional
carbon nanotubes, these categories have a lower toxicity for humans. We also proved in this
work MWCNTs implanted biosorbent is one of the most powerful sources for removing multiple

pollutants from well water [1-5].

Keywords: MWCNTs, Ginger oil, HRTEM, SEM, Biosorbent & CVD
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ABSTRACT

Active alkaline materials are alternative to cement, obtained from a mixture of chemical
solutions (NaOH, KOH...etc.) and active residues that are calcined from 400°C up to 1000°C,
such as (blast furnace slag and metakaolin...etc.), to keep solubility and hydration between the
grains of the residues, this type of materials are often used in construction, especially as
alternative binders to cementitious materials. To ensure their quality and performance, several
tests and controls are applied in the fresh state such as the test of adhesion and consistency to
measure the fluidity or compactness of the material and the hardened state such as, the
mechanical strength test to assess the material’s ability to withstand loads. Plus, laser density and
particle size measurement to determine the particle size distribution and handling and at the same
time microstructure and mineralogical tests (SEM, XRD and XRF) to define the form at the
amount of components of each mineral residue and see the distribution of grains in the active
alkaline matrix. These tests help to ensure that alkaline active residue based materials meet the
required quality standards, such as portland cement-based materials for specific applications,
Thus ensuring their performance and safety in construction projects.

Keywords: Alkaline materials, Active residues, Mechanical tests, Physical tests,
Microstructures.
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ABSTRACT

Electrospinning technique is used for preparing ultrathin fibers from a wide range of
composite materials [1]. The produced nanofibers with very little alternation in fiber diameter
have excellent features having a high surface-area-to-volume and aspect ratio, low density,
high pore volume [2]. Cerium oxide (CeOz2) is one of the rare earth metal oxides with cost-
effective, environmentally friendly, and improved electrochemical redox characteristics. It
has undesirable features such as poor conductivity and facile to agglomerate. To overcome the
challenges, an attractive way is the combination CeO: with graphene and derivatives having a
high electrical conductivity, large surface area [3].

In this study, the reduced graphene oxide-cerium oxide (rGO-CeQO:2) based composite fibers
were prepared via electrospinning method. Surface morphology, elemental, structural and
crystalline properties of rGO-CeO2-based composite fibers were investigated by Scanning
Electron Microscopy (SEM), Energy Dispersive X-Ray Spectroscopy (EDS), Fourier
Transform Infrared Spectroscopy (FTIR) and X-ray diffraction (XRD) analysis methods,
respectively.

Keywords: rGO, CeOz, fiber, characterization.
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ABSTRACT

Nutrient-enriched veggies can be produced with a great deal of help from nanotechnology. One
common dietary condition that affects human health is iron shortage. Due to their increased
security and safety compared to other metallic nanoparticles, zinc, copper, gold and silver
nanoparticles (NPs) have garnered increased attention towards synthesis of nanoparticles
which are environmentally and therapeutically important.

In comparison to physical and chemical nanoparticle production, green synthesis of metal
nanoparticles offers various advantages in biomedical applications. Green synthesis is the
method of choice because it can lessen the toxicity of nanoparticles, making them appropriate
for usage in biological systems. A number of significant metal and metal oxide nanoparticles,
including titanium dioxide, magnesium oxide, zinc oxide, zirconium oxide, silver and its oxide,
and others, have been developed and applied in recent years to endodontic therapy methods.
With so many potential advantages, in present paper, new sagacity of nanotechnology has been
discussed, which is a new and developing field of applications in antimicrobial and
environmental friendly food packaging. Reducing metal complexes in diluted solutions to
produce metal colloidal dispersions is a common step in environmentally friendly methods for
producing metal or metal oxide nanoparticles. Metal nanoparticles are distinctive in their
optical, thermal, electrical, chemical, and physical properties. They are widely used in a wide
range of disciplines, including consumer products, environmental science, energy, food, and
chemistry. Due to their non-toxicity, lack of pollution, environmental friendliness,
affordability, and sustainability, green synthetic pathways have several benefits.

Keywords: Nanoparticles; metal precursors; therapeutic significance; environment friendly.
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ABSTRACT

The rapid growth of the electric vehicle (EV) market demands significant advancements in battery
technologies that balance high energy density, safety, longevity, and sustainability. Composite
materials, with their customizable properties, offer a promising solution to meet these multifaceted
requirements. This paper explores the potential of innovative composite materials as key enablers
for next-generation EV batteries, focusing on their application in electrode and electrolyte design,
structural components, and thermal management systems. The discussion highlights how these
materials can enhance battery performance through superior conductivity, mechanical stability,
and thermal resilience.

Despite their potential, integrating composite materials into EV batteries presents notable
challenges. These include issues related to cost-effective large-scale production, material
compatibility, and the long-term reliability of composite-based components under real-world
conditions. The paper identifies current research breakthroughs that address these challenges, such
as advancements in nanocomposite formulations and bio-inspired design approaches that offer
improved electrochemical properties and reduced environmental impact.

Opportunities for further innovation are underscored, particularly in leveraging hybrid composite
structures that combine multiple material benefits and developing sustainable composites that align
with circular economy principles. The review also emphasizes the importance of interdisciplinary
collaboration to accelerate the development of composite materials tailored for EV battery
applications. By examining both the challenges and opportunities, this study aims to provide a
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comprehensive overview that supports the strategic direction for future research and industrial
implementation.

Keywords: Composite materials, electric vehicle batteries, thermal management, nano-
composites, sustainable energy solutions.

INTRODUCTION

Electric vehicles have become central to global efforts to reduce greenhouse gas emissions and promote
sustainable transportation (Hannan et al., 2018). However, current lithium-ion batteries face limitations in
energy density, thermal stability, and lifespan (Scrosati & Garche, 2010). Emerging composite materials
present a pathway to address these challenges, fostering improved battery performance.

Recent advancements in materials science have introduced new possibilities for enhancing the properties
of EV batteries. By integrating composite materials, researchers aim to achieve higher energy density, better
thermal management, and extended battery lifespan (Liu et al., 2022). These materials can bridge the gap
between laboratory innovation and practical applications, although significant technical and economic
hurdles remain (Kumar et al., 2020). The potential for improved battery safety and reduced environmental
impact further underscores the importance of this research area (Gupta et al., 2017). As global EV adoption
continues to rise, optimizing battery performance through advanced materials is becoming increasingly
critical (Sun et al., 2022).
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Figure 1. Materials Used in EV batteries
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1. TYPES OF COMPOSITE MATERIALS IN EV BATTERIES
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Figure 2. Use of Composites in EV batteries and Other Applications

1.1 Polymer Matrix Composites (PMCs): Polymer-based composites are widely studied for their
lightweight properties and potential to enhance battery safety and mechanical stability (Liu et al., 2022).
These materials consist of a polymer matrix reinforced with fibres such as carbon or aramid, which
contribute to the overall strength and flexibility of the battery components. PMCs can also integrate
conductive additives to improve the electrical properties of the battery, ensuring efficient energy transfer.

1.2 Metal Matrix Composites (MMCs): Metal matrix composites, incorporating metals like aluminium
and magnesium with ceramic or carbon reinforcements, offer high thermal conductivity and mechanical
strength (Chen et al., 2019). These properties aid in efficient heat dissipation and provide structural
integrity, which is crucial for maintaining battery safety under various operating conditions. Recent studies
highlight the potential of MMCs to enhance the performance of current collector materials, thereby
contributing to higher energy density and faster charging capabilities.
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1.3 Ceramic Composites: Ceramic-based composites are known for their high ionic conductivity and
chemical stability (Zhang et al., 2021). These materials are particularly promising as solid-state electrolytes,
replacing flammable liquid electrolytes and significantly improving the safety of EV batteries. Ceramics
such as lithium lanthanum zirconate (LLZO) exhibit excellent electrochemical stability and compatibility
with lithium metal anodes, fostering advancements in solid-state battery technology.

1.4 Hybrid Composites: Hybrid composites combine two or more types of reinforcing materials within a
single matrix to leverage the strengths of each constituent. For example, polymer-ceramic hybrids can
merge the flexibility and processability of polymers with the ionic conductivity of ceramics, resulting in a
composite that offers enhanced mechanical properties and electrochemical performance (Park et al., 2023).
These materials provide a balanced approach to addressing multiple performance aspects simultaneously.

2. CHALLENGES IN INTEGRATING COMPOSITE MATERIALS
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Figure 3. Challenges of Composites to Integrate in EV batteries
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2.1 Manufacturing Complexity

The production of composite materials often involves complex processes that can increase manufacturing
costs (Kumar et al., 2020). Achieving uniform material distribution and reliable interfacial bonding between
matrix and reinforcements is a technical challenge. Advanced manufacturing techniques, such as automated
fibre placement and resin transfer moulding, are being researched to streamline the production process and
reduce costs (Lee et al., 2021).

2.2 Scalability: Scaling laboratory findings to mass production poses significant obstacles. Techniques like
additive manufacturing and automated layup processes are being explored to address this issue (Lee et al.,
2021). However, these solutions often come with limitations related to production speed and cost-
effectiveness, making scalability a persistent challenge for widespread adoption (Kumar et al., 2020).

2.3 Material Compatibility: Compatibility between different composite materials and traditional battery
components can result in degradation or unwanted reactions during the battery cycle (Wang et al., 2018).
For example, the interaction between composite matrices and electrolytes can lead to interfacial instability,
which affects battery performance over time. Ensuring chemical and electrochemical stability is critical for
long-term use, requiring detailed studies on material behaviour under various operational conditions (Zhang
etal., 2021).

2.4 Durability and Longevity: The durability of composite materials under repeated charge and discharge
cycles can be a limiting factor. Repeated thermal and mechanical stresses can lead to micro-cracking or
delamination within the composite structure, impacting battery performance and safety (Nitta et al., 2015).
Strategies to improve durability include enhancing the matrix-reinforcement interface and developing
tougher matrix resins that can withstand cyclic loads (Chen et al., 2019).

2.5 Environmental and Regulatory Concerns: The adoption of new composite materials must comply
with environmental regulations and sustainability goals. The extraction and processing of raw materials, as
well as end-of-life recycling, present challenges that must be addressed to meet eco-friendly standards
(Gupta et al., 2017). Future regulations could impact the feasibility of certain composite options, making it
essential to integrate sustainable practices early in the research and development process (Park et al., 2023).
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3. OPPORTUNITIES FOR COMPOSITE MATERIALS
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Figure 4. Battery Structure with Composites

3.1 Enhanced Energy Density Innovative composites can improve energy density by enabling thinner,
lightweight electrodes with higher active material content (Sun et al., 2022). This could result in lighter
batteries with more range for EVs. The development of composite-based electrodes that maintain high
conductivity while supporting greater energy storage capacity opens up new possibilities for vehicle design
and performance enhancements.

3.2 Improved Thermal Management Thermal runaway is a major safety concern for lithium-ion batteries.
Composite materials with high thermal conductivity can significantly improve heat dissipation and reduce
the risk of overheating (Fan et al., 2020). By enhancing the thermal management properties of battery packs,
these materials can extend the lifespan of the battery and improve overall safety. Integrating composites
that support active cooling systems or act as thermal interfaces within cells could revolutionize how
batteries are managed in extreme conditions.

3.3 Sustainability The use of recyclable or bio-based composites can contribute to the sustainability of
battery production (Gupta et al., 2017). Integrating eco-friendly materials can lower the environmental
footprint and enhance end-of-life recycling. Research into composites that are sourced from renewable
resources or are biodegradable after their service life can help align the battery industry with global
sustainability targets. Additionally, the push for a circular economy can benefit from composites designed
for easy disassembly and material recovery.

3.4 Customization and Flexibility: Composite materials allow for greater customization of battery

components to meet specific performance requirements (Lee et al., 2021). Tailoring composite formulations
to optimize properties such as conductivity, mechanical strength, and thermal stability provides engineers
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with more design flexibility. This adaptability supports the development of battery systems tailored for
various EV models, from compact cars to heavy-duty trucks, ensuring optimal performance across different
applications.

4. FUTURE DIRECTIONS AND RESEARCH GAPS

The exploration of composite materials in EV batteries is still in its formative stages, and several areas need
further investigation to maximize their potential:

4.1 Advanced Manufacturing Techniques: Research into scalable and cost-effective manufacturing
methods remains a top priority. Techniques such as 3D printing, automated fibre placement, and continuous
roll-to-roll processing could transform the production landscape for composite materials (Lee et al., 2021).
Investments in developing these technologies and improving their integration with existing battery
production lines will be essential for large-scale adoption.

4.2 Long-Term Performance Evaluation: While initial tests show promise, comprehensive studies on the
long-term behaviour of composite materials under various environmental conditions and operational cycles
are lacking (Nitta et al., 2015). Extensive durability testing and accelerated lifecycle assessments are needed
to predict real-world performance and identify potential failure modes.

4.3 Electrochemical Stability and Interface Engineering: Developing stable interfaces between
composite materials and other battery components is crucial for consistent performance. Future research
should focus on advanced surface treatments, coatings, and interface engineering techniques that can
mitigate issues such as ion diffusion and chemical degradation (Zhang et al., 2021).

4.4 Multifunctional Composites: Investigating multifunctional composite materials that can contribute to
multiple aspects of battery performance, such as structural support and thermal management, offers an
exciting avenue for research (Sun et al., 2022). These materials can enable more compact and integrated
battery designs, improving both efficiency and overall vehicle performance.

4.5 Sustainability and Recycling Innovations: The environmental impact of new composite materials
must be evaluated from a cradle-to-grave perspective. Developing recyclable and sustainable composites
that can be disassembled and repurposed without extensive processing will be crucial for aligning with
environmental policies and consumer expectations (Gupta et al., 2017). Research into bio-based composites
and biodegradable options should be prioritized to support eco-friendly battery manufacturing.

CONCLUSION

Composite materials hold promise for revolutionizing next-generation EV batteries by addressing key
performance and safety limitations. While challenges in manufacturing and compatibility exist, continued
research and innovation in this field can unlock substantial opportunities for the EV industry.
Advancements in material science, coupled with interdisciplinary collaboration, will be crucial for realizing
the full potential of composite-based batteries. Addressing manufacturing scalability and ensuring cost-
efficiency will facilitate wider adoption and integration into commercial applications. Furthermore, the
push for sustainable practices and recyclable materials must remain a priority to align with the overarching
goal of environmentally conscious energy solutions. By overcoming these hurdles, composite materials can
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transform the landscape of EV technology, paving the way for safer, more efficient, and eco-friendly
electric vehicles.
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ABSTRACT

The transition to electric vehicles (EVs) has necessitated an urgent focus on reducing vehicle
weight to enhance efficiency, range, and performance. Composite materials play a pivotal role in
this lightweight process due to their exceptional strength-to-weight ratio and versatile properties.
This paper investigates the dual role of composite materials in the integration of both EV battery
systems and vehicle structures, illustrating how they contribute to the overall optimization of
electric mobility.

Composite materials such as carbon fiber-reinforced polymers (CFRPs) and advanced hybrid
composites offer substantial weight savings while maintaining structural integrity and durability.
Their application in EV battery casings, enclosures, and support structures not only minimizes
mass but also enhances safety through improved impact resistance and thermal stability. This
integration ensures that battery systems are lighter and more robust, contributing directly to
increased vehicle range.

Simultaneously, the use of composites in vehicle chassis and body panels provides significant
reductions in overall vehicle weight, which further optimizes the energy demands of EVs. The
challenge lies in balancing cost-effectiveness and manufacturability with performance benefits, as
composite material production and integration require advanced fabrication techniques.

This paper explores key advancements in material science, including the development of bio-based
and recycled composite materials that align with sustainability goals. It also reviews case studies
highlighting successful implementations and the impact of composite-based designs on next-
generation EV models.
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By emphasizing both the opportunities and challenges associated with composite material use in
EV battery and vehicle integration, this study aims to guide future research and development
toward more efficient, sustainable, and high-performing electric vehicles.

Keywords: Composite materials, lightweight, EV integration, carbon fiber-reinforced polymers,
sustainable vehicle design.

INTRODUCTION

The rise of electric vehicles (EVs) has marked a significant shift in the automotive industry, driven
by the necessity to reduce carbon emissions and dependence on fossil fuels (Smith & Jones, 2023).
As governments and industries worldwide push for cleaner and more sustainable transportation
solutions, EVs have become central to achieving these goals (Nguyen & Tran, 2023). One critical
aspect influencing the performance and efficiency of EVs is the concept of lightweighting.
Lightweighting involves reducing the weight of a vehicle to improve energy efficiency, enhance
range, and reduce the overall environmental footprint (Brown et al., 2022). Composite materials
have emerged as pivotal in this context due to their dual role in both vehicle and battery integration

(Lee, 2021).
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BENEFITS OF LIGHTWEIGHTING IN ELECTRIC VEHICLES

Reducing the weight of EVs has direct implications on energy consumption and battery
performance. Lightweight vehicles require less energy to move, thereby extending the range per
charge and reducing the frequency of charging cycles (Chen & Wang, 2020). This is particularly
important given that the battery system is often the heaviest component of an EV, accounting for
a significant portion of the vehicle’s mass (Liu & Wang, 2021). By decreasing the overall weight,
the power demand on the battery is reduced, which translates to greater operational efficiency and
longer vehicle life (Thompson & Green, 2022). Advanced lightweight materials, such as fiber-
reinforced composites, offer a unique balance of strength, durability, and reduced weight (Doe et
al., 2021). Their application is not limited to external body panels but extends to the internal
components of the vehicle, thereby optimizing overall vehicle structure and energy efficiency
(Miller et al., 2023). Furthermore, the use of lightweight materials contributes to better
acceleration, handling, and braking, enhancing the driving experience while maintaining safety
standards (Roberts & Carter, 2021).
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COMPOSITE MATERIALS IN VEHICLE STRUCTURES

Composites, such as carbon-fiber-reinforced polymers (CFRP) and glass-fiber-reinforced
polymers (GFRP), have revolutionized vehicle design due to their superior strength-to-weight ratio
compared to traditional metals (Johnson & Patel, 2022). These materials are lightweight yet robust,
allowing manufacturers to design and produce vehicles that are both strong and significantly
lighter than those made with conventional materials such as steel or aluminum (Harris & White,
2022).

The development of lightweight chassis and body panels using CFRP contributes to the overall
reduction in vehicle mass, which in turn improves range and efficiency (Petrov & Novak, 2023).
Additionally, CFRP exhibits excellent fatigue resistance and impact performance, making it an
ideal choice for enhancing vehicle crashworthiness (Anderson et al., 2021). This attribute is critical
in maintaining passenger safety while minimizing weight (Wilson & Singh, 2022).

Moreover, the structural rigidity offered by these composite materials aids in better load
distribution and improved vehicle dynamics (Zhao & Liu, 2023). This enables automakers to
optimize the design for aerodynamic efficiency, further contributing to reduced energy
consumption and emissions (Huang & Yao, 2023).

THE ROLE OF COMPOSITES IN BATTERY INTEGRATION

Battery systems in EVs present unique challenges due to their size, weight, and thermal
management requirements. Composite materials can serve as an effective solution to these
challenges by providing lightweight, thermally conductive, and structurally supportive housing for
batteries (Smith & Jones, 2023). The integration of advanced composites in battery enclosures not
only reduces overall weight but also enhances the safety and thermal regulation of the battery
system (Kumar & Lee, 2023).

Thermal management is critical for battery life and safety, as overheating can lead to reduced
performance and safety hazards (Liu & Wang, 2021). Composite materials with embedded phase-
change properties help manage heat by absorbing and dissipating excess energy generated during
battery operation (Saito & Aoki, 2022). This not only ensures that the battery operates within a
safe temperature range but also extends its lifespan and reliability (Garcia & Evans, 2022).

Research into carbon-fiber composites with integrated thermal management capabilities has shown
promising results in improving the energy density and performance of battery systems (Harris &
White, 2022). This dual role of composites in providing structural support and thermal regulation
makes them indispensable in the design of modern EV battery systems (Chang & Davis, 2023).
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INTEGRATED APPROACHES: VEHICLE AND BATTERY DESIGN

Integrating the vehicle structure and battery housing as a single cohesive unit, known as structural
battery technology, is a promising approach that leverages composite materials (Chen & Wang,
2020). Structural battery technology incorporates the battery cells within the composite structure
of the vehicle itself, thereby reducing the duplication of components and achieving further weight
reduction (Lee, 2021).

This integration not only optimizes the spatial design but also contributes to overall weight
reduction and enhanced vehicle range (Doe et al., 2021). By embedding the battery cells into the
structural framework, manufacturers can eliminate the need for separate battery casings, thereby
saving space and weight (Nguyen & Tran, 2023). Research has shown that vehicles using structural
battery systems can achieve significant weight savings compared to traditional EV designs
(Anderson et al., 2021).

Moreover, this innovative approach optimizes load-bearing capabilities, allowing for a more even
distribution of forces throughout the vehicle (Petrov & Novak, 2023). The combination of
mechanical and electrical functionalities into a single structure maximizes efficiency and
contributes to the overall structural integrity and crashworthiness of the vehicle (Wilson & Singh,
2022).

CHALLENGES AND FUTURE DIRECTIONS

Despite the numerous advantages, the adoption of composite materials in EVs comes with
challenges. High production costs and complex manufacturing processes can hinder the large-scale
application of composites (Johnson & Patel, 2022). The raw materials used in high-performance
composites, such as carbon fibers, are often more expensive than conventional materials, which
impacts the overall cost of the vehicle (Huang & Yao, 2023).

Another significant challenge is the recyclability and end-of-life management of composite
materials (Garcia & Evans, 2022). Unlike metals that can be recycled relatively easily, composites
often require specialized processes to break down and reuse their components (Roberts & Carter,
2021). Addressing this issue is critical for the sustainability of composite use in the automotive
industry (Miller et al., 2023).

Future research should focus on developing cost-effective manufacturing techniques and
recyclable composite materials (Zhao & Liu, 2023). Innovations in nanotechnology and bio-
composites hold promise for creating sustainable, high-performance materials that can overcome
current limitations (Thompson & Green, 2022). Additionally, investments in automation and
scalable production processes will be essential to reduce costs and improve the feasibility of using
composites in mass-market EVs (Chang & Davis, 2023).
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CONCLUSION

Composite materials play a dual role in lightweighting electric vehicles by contributing to both
vehicle structure and battery integration. Their use enhances energy efficiency, extends vehicle
range, and provides thermal management benefits. However, challenges such as cost and
recyclability need to be addressed to fully leverage their potential. Continued research and
development in this area will be crucial for the future of sustainable electric mobility. With
advancements in manufacturing technologies and an emphasis on sustainability, composite
materials can redefine the boundaries of modern EV design and performance.
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ABSTRACT

Transparent conductive oxides (TCOs) are advanced materials with a wide band gap,
transparent in the visible region (400-700 nm), and highly electrically conductive. They are
utilized in various applications, such as photovoltaic cells, light-emitting diodes, gas sensors,
and flat panel displays (FPDs). These coatings have the ability to change surface properties and
can also increase protection and functionality in smart system technologies. The sol-gel coating
method is favored in smart technology applications due to its cost-effectiveness, simplicity, and
suitability for large-scale production, enabling the synthesis of homogeneous and conformal
TCO film coatings.

In this study, to prepare the sol-gel solution, oxide solutions of copper, aluminum, zinc, tin, and
titanium (0.1 M) were synthesized using the sol-gel method. The solution was then used to
investigate the changing characteristics of the films. The films were coated using the dip-
coating technique, creating 10 layers, and annealed at 500°C for 1 hour. Contact angle
measurements were performed on these thin films, and the samples exhibited specific properties
at the point of contact with water droplets.

Keywords: TCO, Sol-gel procedure, Contact angle
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ABSTRACT

The ever-increasing energy problem gives strong impetus to restore efficiency and convert heat
into electrical energy, in which thermoelectric materials play a central role. These materials
provide a simple and environmentally friendly solution to thermal conversion. Density functional
theory (DFT) is an indispensable method for predicting and calculating material properties based
on quantum mechanical considerations. Copper selenide (Cu2Se) is a simple binary compound
that exhibits very remarkable thermoelectric properties, which is why it has been widely studied.
Until very recently. In this work, we studied the structural, electronic and thermal properties of
Cu2Se. We also removed Cu for the first time and also removed Se for the purpose of knowing
the effect of vacuum on the thermal properties. Seebeck modulus, electrical conductivity, thermal
conductivity, and figure of merit were calculated using the BoltzTraP2 tool based on Quantum
Espresso code. We used Molecular Dynamics and Lammps with the help of SchengBTE
(Boltzmann transport equation) to calculate Kappa.

Keywords: Thermoelectric; Copper-selenide; Density functional theory; Thermal conductivity;
Electrical conductivity; SchengBTE
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ABSTRACT

Review of studies nanomaterials containing rare earth ions and applications poteltial in lighting
technology and medical. Tb**, Eu**, Er**, Yb** ions were doped in some host such as Y203,
Gd203. NaYF4 synthesis, structure study, luminescent properties were detail studies. We have
some NAFOSTED projects and more than 20 international papers in ten years. Energy transfer,
upconversion luminescence and life time were presented. Upconverting nanomaterials for
bioimaging by the rare earth ions are well known to produce infrared to visible green or red by
a two photon of mechanism discussed. The upconversion processes in rare earth ions exhibit a
strong power dependence on excitation intensity of 975 nm diod laser. An advantage ofered by
the two photon excited. We can use a low power continuos wave diode laser excited.
Nanomedicine is an emerging field Er-Yb doped Y203, Gd203 or NaYF4 nanoparticles and
nanospheres which asbsord infrared light by multistep multiphoton absorption to produce
upconversion in green or red provide opportunity for background free bioimaging and deper
penetration in cells and tisues,

Keyworks: Women Vietnam, Nanomaterials, Rare earth, Application Poteltial
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CHARACTERIZATION OF PET-ACTIVATED CARBON COMPOSITES: EFFECTS
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ABSTRACT

This study investigates the mechanical, optical, and chemical properties of polyethylene
terephthalate (PET) composites reinforced with activated carbon (AC) derived from orange peel
and sawdust. The effects of varying AC concentrations on the tensile and flexural properties of the
composites were evaluated. The incorporation of AC into the PET matrix resulted in a notable
reduction in tensile strength and elongation at break, particularly for composites with higher AC
content. Interestingly, composites with orange peel-derived AC exhibited an increase in tensile
strength at specific AC concentrations, suggesting a stronger interfacial bonding between the PET
matrix and AC. Conversely, the sawdust-derived AC samples showed a progressive decrease in
both tensile strength and elongation at break. Flexural tests indicated an initial increase in strength
with the incorporation of AC, followed by a subsequent decrease, particularly in samples with
higher AC content. Optical properties assessed by UV-Vis spectroscopy revealed shifts in
absorption peaks, indicating changes in the conjugation of the PET matrix due to AC addition.
Fourier Transform Infrared (FTIR) spectroscopy further confirmed the interaction between the AC
particles and the PET matrix, highlighting the presence of functional groups such as N-H, C-H,
and C=0. These findings suggest that the type and amount of AC, as well as the nature of the
derived material, significantly influence the mechanical and chemical properties of PET-AC
composites, which provide an insights for potential applications in material engineering and
environmental sustainability.

Keywords: Polyethylene terephthalate (PET), activated carbon (AC), composites, mechanical
properties, environmental sustainability.

ISBN: 978-625-378-045-6 279 https://doi.org/10.5281/zenodo.14537144



INTERNATIONAL CERAMICS AND COMPOSITE MATERIALS SYMPOIUM
November 15-16, 2024 / SUleyman Demirel University, Isparta, TUrkiye

POLYMERIC MEMBRANES FOR DESALINATION
USING MEMBRANE DISTILLATION: A REVIEW

Zineb Ait Fares !,
Miloudi Hlaibi',
Noureddine Kamil !
Rachid Ouchn' .

! Laboratory of Materials Engineering for Environment and Valorization (GeMEV), Faculty
of Sciences Ain Chock, Hassan II University of Casablanca

Higher School of Technology Casablanca ESTC,

ABSTRACT

Membrane distillation (MD) is considered an emerging technology for seawater desalination. The
hydrophobic polymers commonly used for this process are polytetrafluoroethylene (PTFE),
polyvinylidene fluoride (PVDF), and polypropylene (PP). An ideal membrane for MD should exhibit
characteristics such as high liquid entry pressure, low fouling rate, high permeability, and excellent
mechanical resistance. Polymeric membranes, being more cost-effective than ceramic membranes, are
considered a more affordable alternative and have dominated the research conducted so far on membrane
distillation (MD). This review aims to provide a brief introduction to MD, summarize the research efforts
to achieve the desired properties in polymeric membranes used in MD for desalination purposes and
focus on the fabrication methods for these membranes

Keywords : Membrane distillation, direct contact membrane distillation DCMD, desalination, polymeric
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ABSTRACT

The study examined the impact of particle size and filler concentration on the mechanical
and functional properties of polypropylene composites reinforced with walnut shell powder.
Composites were produced using filler levels from 0 to 20 wt% and particle sizes of 0.100,
0.200, and 0.300 mm, with melt-blending and injection molding employed to achieve uniform
distribution. Findings revealed that higher walnut shell filler content consistently led to
reductions in tensile strength, elongation at break, and flexural strength for all particle sizes. In
contrast, increased filler levels and larger particle sizes resulted in greater hardness and specific
gravity. Water absorption was also found to increase with higher filler content, although
smaller particle sizes helped to limit this effect. However, the addition of walnut shell powder

did not significantly reduce the rate of flame propagation in polypropylene.

Keywords: Polypropylene, Composite, Mechanical and End-Use Properties, Walnut shell.
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REFLECTION AND TRANSMISSION OF ACOUSTIC AND ULTRASONIC WAVES IN
FUNCTIONALLY GRADED POROUS PIEZOELECTRIC MATERIALS
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ABSTRACT

The phenomenon of reflection transmission provides crucial insights into the internal
composition of structures. This paper investigates the reflection and transmission characteristics
of acoustic and ultrasonic waves in a functionally graded half-space (FGPPHS) situated beneath
a fluid half-space (FHS). The gradual variation in the substrate's functional properties enhances
the model's applicability in fields like ocean acoustics, acoustic devices, and nondestructive
evaluation. When waves from the FHS incident upon the FGPPHS, five waves are transmitted
into the FGPPHS. The general solution for displacements and stresses is calculated in terms of
eigenvalues and eigenvectors. The amplitude and energy ratios have been derived analytically.
Numerical analysis explores the effects of incidence angle, frequency, porosity, and graded
coefficients on reflection and transmission characteristics, as well as on critical angles.
Furthermore, various materials are selected for the FGPPHS, and their impact on material
parameters is examined. It is observed that the choice of materials significantly affects the
critical angle. The effects of porosity, frequency and grade parameter on the leaky wave velocity
are also studied. The findings from this study offer valuable insights applicable to diverse fields
such as geophysics, ocean acoustics, acoustic devices, and nondestructive evaluation.

Keywords: Ultrasonic, acoustic, structure
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