OZET

Tirkge ve ingilizce 6zetlerin projenin (a) kariyer gelistirme potansiyeli, (b) 6nemi, (c) 6zgiin degeri, (d) arastirma sorusu
veya hipotezi, (¢) amag ve hedefleri, (f) yontemi ve (g) yaygin etkisinin ana hatlarini kapsamasi beklenir. Turkge 6zet 450,
Ingilizce 6zet ise 600 kelime ile sinirlandiriimalidir. Bu bélumin en son yazilmasi dnerilir.

Proje Ozeti

Tukenen enerji kaynaklari, artan nifus ve 6zellikle ihtiyagc duyulan temiz enerji dinyanin enerji ihtiyaci alaninda alarm
seviyesine gelmesine sebep olmustur. Hidrojenin yiiksek enerji iceridi, ¢evre dostu, hafif ve gesitli kaynaklardan elde
edilebilir olmasi dikkatlerin Gzerine c¢ekilmesine, bilimsel ve endistriyel ¢alismalarin hizla yogunlasmasina neden
olmustur. Ancak hidrojenin yiksek saflikta Uretlememesi, Uretim asamasindan sonra istenmeyen gazlarin
uzaklastinimasi gerekliligini dogurmustur. Hidrojenin Uretildigi kaynada ve prosese bagli olarak hidrojen beraberinde
6nemli miktarda CO2 ve disuk miktarlarda CO, CHa4 ve H2S getirir. Dolayisiyla hidrojen uretimi gaz ayirma surecinden
bagimsiz disunilemez. Dusuk maliyetli, yiksek verimli ve yiiksek saflikta gaz uUretimi gaz ayirma icin membran
teknolojilerinin kullanimini gerekli kilmaktadir. Son zamanlarda sirekli faz olarak polimerlerin ve daginik (disperse) faz
olarak cesitli inorganik malzemelerin kullanildigi karigik matrisli membranlar (KMM) uretilmektedir. KMM’lerdeki ayirici
tabakanin kalinligi 1 mikrondan az olmasi istendiginden, bu tabakaya yerlestirilen inorganik malzemelerin nano boyutta
olmasi ve polimer ile inorganik malzeme arasinda bosluklar olusmamasi istenir. iki boyutlu (2D) malzemeler nano
boyutta sentezlerinin nispeten kolay olmasi ve kolaylikla KMM’lerde dagitilabilmelerinden dolay: tercih edilmektedir. Son
on yil icerisinde kesfedilmis 6zgiin 2D nanomalzeme olan MXene ailesinden TisC.Tx'in hidrojen ayirma performansi var
olan diger malzemelere gore ustlnlik gostermistir. TisC2Tx'in hidrojen ayirmadaki basarisinin literatirdeki sinirli sayida
calisma ile agiklanmaya calisildigini ve yizlerce farkli MXene gesidinin gaz ayirma kapasitelerinin bilinmedigini g6z
oniine alirsak, hidrojen ayrimi icin en yuksek performansi sergileyen MXene cesidinin belirlenmesinin ivedilikle ele
alinmasi gereklidir.

Bu projenin amaci, hizla birgok alanda kullanim potansiyeli bularak gesitli gelismelere imza atmig olan MXene
gesitlerinin hidrojen ayirma performanslarinin molekiler seviyede belirlenmesidir. Sentezlenmis ve hipotetik olarak
ortaya atilmis bitiin MXene cesitleri toplanip yapilari optimize edilerek MXene Kitliphanesi olusturulacaktir. MXene
ailesinin her ferdinin adsorban performans 6l¢itleri ile membran gegirgenlik ve segicilik katsayilari H2/CO2 gaz ayrimi
icin hesaplanacaktir. Béylece zaman ve maliyet tasarrufu yaparak molekiler similasyon yaklasimiyla bitin MXene
cesitlerinin gaz ayirma performansi hesaplanacak ve en iyisinin belirlenmesi icin hizli bir 6n eleme galismasi
gerceklestirilecektir. Taranan butin MXene c¢esitlerinden en iyi hidrojen ayrimi verenin belirlenmesi deneysel
calismalara i1sik tutacaktir. Ancak daha detayli inceleme ve gaz ayirma mekanizmasinin ortaya konulmasi amaciyla en
iyi U¢g MXene cesidi, deneysel sistemlere daha yakin sonug veren fakat daha uzun sirdidgi icin maliyetli olan
similasyon yontemleriyle incelenecektir. Proje bulgulari hem membran teknolojisinin hem de bu teknolojinin kullanildigi
hidrojen Uretimi gibi diger alanlarin gelisimini saglayacaktir.

Yirutlcu gergeklestirecedi bu 6zgln gcalisma ile akademik kariyerinde membran teknolojisine katkilar saglamayi ve yeni
kesfedilen MXene ailesinin gelisiminde yer almayi hedeflemektedir. Projenin ¢iktilari grubun web sayfasi Uzerinden
yayinlanarak MXene cesitlerinin hidrojen Uretimindeki potansiyeli diinya biliminin dikkatine sunulacaktir. Yuritucu
ilerleyen cgalismalarinda, yiksek performans sergilen MXene gesitlerinin gaz ayirma potansiyelinin deneysel olarak
incelenmesi igin yeni bir proje énermeyi planlamaktadir. Bunun yaninda, MXene’'nin gaz ayirmadaki yerinin ortaya
konulmasiyla farkli ayirma uygulamalar igin gerek yurtici gerekse yurtdisinda ¢esitli ortakliklarin  kurulmasi
planlanmaktadir.
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TUBITAK

Title : Molecular investigation of hydrogen separation potential of MXene nanomaterials for efficient and economical
energy production

Summary

Depleted energy sources, continuous growth of the world population, and especially increasing demand for “clean” and
efficient energy made the world come to the alarm level for the energy requirement. Since hydrogen has a high
energetic efficiency and zero carbon emission, and is produced from a wide range of resources, it received considerable
attention and caused rapid intensification of scientific and industrial studies. However, due to the high-purity
requirements of various potential applications where hydrogen is used, the requirement of downstream separation
processes becomes apparent. Depending on the resource and process where hydrogen is produced, it can contain
considerable amount of CO2, and low amount of CO, CH4, and H2S. Therefore, hydrogen production cannot be
considered independent from the gas separation process. Since low cost, high efficiency, and purity are required in gas
separation, membrane technology is a promising technology due to its simplicity of operation and low energy
consumption, cost-effectiveness, and environmental friendly features. Recently, mixed matrix membranes (MMM) have
been fabricated by combining a continuous polymeric phase and an inorganic dispersed phase. Inorganic materials
should be synthesized in nano size in order to be able to produce thin (less than 1 micron) selective layers and avoid
gaps between polymeric and inorganic phases. This could be addressed by constructing the material in 2D form to
produce an ultrathin MMM with less than 1um thickness. A novel nanomaterial discovered in the past decade, TizC2Tx
from MXene family, revealed superior hydrogen separation performance within the 2D nanomaterial families. If we
consider the success of TisC2Tx in hydrogen separation introduced by the limited number of studies in the literature and
the availability of hundreds of different MXene types to be investigated for the hydrogen separation, this issue needs to
be dealt with urgently.

The purpose of this project is to investigate the hydrogen separation potential of MXenes at molecular level which
rapidly enables identification of the feasible use in many areas and undertake various developments. The aim of this
project is to create a MXene library which includes both existing and hypothetical MXene structures and optimize them.
Adsorbent performance metrics and membrane separation properties as permeability and selectivity of each MXene for
H2/CO2 gas separation will be computed. Therefore, this high throughput computational study will enable us to screen
all MXene types to define their hydrogen separation potential with a cost- and time-effective manner. Identification of top
performing MXene types for hydrogen separation will guide and encourage the experimental studies. However, in order
to investigate in detail and reveal the gas separation mechanism of MXene types, gas fluxes of three top performing
MXenes will be computed by more complex model which exactly represents experimental conditions. Output of this
project will help to improve the membrane technology as well as the other application areas such as hydrogen
production where membrane technologies are used.

Project principal investigator, with this novel study, aims to make significant contributions to membrane technologies in
her academic career and take part in the development of the newly discovered MXene family. The potential of MXenes
in hydrogen separation will be presented to the attention of scientific and engineering community by publishing the
outputs on the group webpage. The principal investigator also plans to propose a new project in the near future about
the measurement of hydrogen separation potential of top performing MXene types proposed by this high throughput
computational screening project. In addition, it is aimed to collaborate with both national and international scientists to
identify the potential of MXene materials in other separation areas.
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