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BU SAYIMIZDA

Degerli Okuyucularimiz,

Istanbul Teknik Universitesi Prof. Dr. Dincer-
Topacik Ulusal Membran Teknolojileri Uy-
gulama ve Arastirma Merkezi (MEM-TEK)
olarak yayinlamaya basladigimiz MEM-TEK
Bulteninin on Uclncl sayisi ile karsinizda-

yiZ.

2016 yilindan itibaren hem Ulkemiz hem de
dinyamiz icin glncel ve énemli konulara
deginilerek genis kapsamli hazirladigimiz
bilgileri ve goérselleri siz degerli okuyucula-
rimiz i¢cin bir araya getirmekteyiz.

Membran prosesleri konusunda Turkiye’'de
ilk ve tek arastirma merkezi olan MEM-TEK
blnyesinde akademisyenlerimizin ve aras-
tirmacilarimizin yaptiklari calismalar dog-
rultusunda, hem literatlre katki saglamak-
tayiz hem de yerli ve milli GrlUnler Ureterek
Turkiye’ye ve DUnya’ya yenilik¢i prosesler
gelistirmekteyiz. Membran arastirmalari
konusunda Turkiye’de ilk ve tek arastirma
merkezi oldugumuz icin hem kendi yaptigi-
miz c¢alismalari hem de literatlrde yapilmis
olan calismalari sizlere sunmaktayiz. Bugu-
ne kadar yayinlanan bultenlerimizde icme
suyu aritimindan, atiksu aritimina, kaynak
geri kazanimindan desalinasyon prosesine
kadar bircok farkli konuda 6ncl calismalar
incelenmistir. MEM-TEK’in kurulusunun 10.
Yilina &zel sayimizda ise tUm calismalari-
mizi derledigimiz bultenimiz yayinlanmistir.
2019 yilinda Ulkemizin de icinde oldugu ku-
resel bir pandemi olan, SARS-Cov-2 virlsu-
ndn sebep oldugu COVID-19 pandemisinin
saglik ve cevre Uzerindeki etkileri kapsa-
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* Prof. Dr. ismail KOYUNCU

Dear Readers,

We are here with the thirteenth issue of
the MEM-TEK Bulletin, which we started
to publish as Istanbul Technical University
Prof. Dr. Dincer Topacik National Membrane
Technologies Application and Research
Center (MEM-TEK).

Since 2016, we have been bringing togeth-
er comprehensive information and visuals
for you, our valued readers, touching on
current and important issues for both our
country and the world.

In line with the studies carried out by our
academicians and researchers within MEM-
TEK, which is the first and only research
center in Turkey on membrane processes,
we both contribute to the literature and de-
velop innovative processes for Turkey and
the World by producing domestic and na-
tional products. In our bulletins published
to date, pioneering studies on many differ-
ent subjects, from drinking water treatment
to wastewater treatment, from resource
recovery to desalination processes, have
been examined. In our special issue com-
memorating the 10th anniversary of MEM-
TEK’s establishment, our bulletin compil-
ing all our work has been published. Our
issue, which includes the studies carried
out within the scope of the effects of the
COVID-19 pandemic caused by the SARS-
Cov-2 virus, which is a global pandemic in
which our country is included in 2019, on
health and the environment, and the opin-
ions of experts on this subject, has attract-
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minda yapilan calismalarin ve bu konuda
uzmanlarin goérlslerinin de yer verildigi
sayimiz buyuk ilgi gérmustir. 2022 yilinda
ise Ulkemizde 6zellikle Marmara Denizi’nde
yogun sekilde goérilen musilaj konusunda
MEM-TEK blnyesinde yapilan saha calis-
malari da dahil olmak UGzere tim calismala-
ra yer verdigimiz bultenimiz yayinlanmistir.
Son sayimizda ise MEM-TEK’in de en dnem-
li odak noktalarindan biri olan membranlar
ve sUrdUrulebilirlik konusu incelenmistir.

Bu sayimizda, son vyillarda olduk¢ca &énem
kazanmis ve MEM-TEK’in de arastirma ko-
nularindan biri olan “Gaz Ayirma Membran-
lari ve Karbon Geri Kazanimi” konusu ele
alinmistir. ilk olarak hem gaz ayirma memb-
ranlarinin hem de karbon geri kazanimi icin
Uretilen membranlarin performanslari ve
hem ekonomik hem de cevresel etkileri de-
gerlendirilmistir. Bu membranlarin strduri-
lebilirlik hedeflerine katkilari ve gelecekte
membran teknolojilerinin potansiyeli ince-
lenmistir. Ayrica, gaz ayirma memlbranlari
ile ilgili konusunda uzman yerli ve yabanci
akademisyenler ve ydneticilerle yapilan ro-
portajlar, MEM-TEK’te yapilan glncel ¢alis-
malar ve projeler, Dinyadan, Ulkemizden ve
MEM-TEK’ten haberler de bu sayida sizlere
sunulmustur.

Degerli okuyucular, sizleri MEM-TEK Bulte-
ni'ne hem fikren hem de fiilen katki ve des-
tek vermeye davet ediyoruz. Sizlerden ge-
lecek 6neriler alanimizla ilgili kisa ve uzun
vadede planlayacadimiz calismalara yon
verecektir.

Bu konudaki 6nerilerinizi,
memtek@itu.edu.tr posta adresine
iletebilirsiniz.

Bu saylya, réportaj, yazi ve haberler ile kat-
kida bulunan herkese ve yayina hazirlan-
masindaki katkilarindan dolayi tim calisma
arkadaslarima tesekklrl bir borc biliyor,
bundan sonra da emekleri gececek olan
herkese simdiden stkranlarimi sunuyorum.

Prof. Dr. ismail KOYUNCU
MEM-TEK Bulteni Yayin Kurulu Adina
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ed great attention. In 2022, our bulletin was
published, which included all the studies,
including field studies carried out within
MEM-TEK, on mucilage, which is seen ex-
tensively in our country, especially in the
Marmara Sea. In our last issue, membranes
and sustainability, which is one of the most
important focal points of MEM-TEK, were
examined.

In this issue, the subject of “Gas Separa-
tion Membranes and Carbon Recovery”,
which has gained great importance in re-
cent years and is one of the research top-
ics of MEM-TEK, is discussed. Firstly, the
performances and economic and environ-
mental impacts of both gas separation
membranes and membranes produced for
carbon recovery were evaluated. The con-
tributions of these membranes to sustaina-
bility goals and the potential of membrane
technologies in the future were examined.
In addition, interviews with local and for-
eign academicians and managers who are
experts in their fields regarding gas sep-
aration membranes, current studies and
projects at MEM-TEK, and news from the
world, our country and MEM-TEK are also
presented to you in this issue.

Dear readers, we invite you to contribute
and support the MEM-TEK Bulletin both in
thought and deed. Your suggestions will
guide the work we will plan in the short and
long term in our field.

You can send your suggestions on this sub-
ject to the e-mail address
memtek@itu.edu.tr

| would like to thank everyone who contrib-
uted to this issue with interviews, articles
and news, and all my colleagues for their
contributions to its preparation for publica-
tion, and | would like to express my grati-
tude in advance to everyone who will con-
tribute in the future.

Prof. Ismail KOYUNCU
On Behalf of MEM-TEK Bulletin
Editorial Board
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GAZ AYIRMA MEMBRANLARI
VE KARBON GERI KAZANIMI

Gaz Ayirma Membranlarinin Onemi ve

Uygulama Alanlari

Yazarlar / Authors: Ars. Gor. Enise Pekgenc, Ars. Gor. Tugce Akca-Gller,
YUk. MUh. Gizem Tuncay, YUk. MUh. Oguz Orhun Teber, Mih. Batuhan Sadiks6z

Gaz ayirma membranlari, gaz parca-
cik boyutlari arasindaki farkin minimal
oldugu durumlarda gaz karisimindan
gazlari ayirmak icin kullanilan ince ba-
riyerlerdir, Bu membranlar, dogdalgaz
isleme, karbon yakalama ve depolama,
gaz saflastirma gibi bircok endistride
oénemli bir role sahiptir (Shindo & Nagai,
2013).

Gaz ayirma membranlari, polimerler, se-
ramikler ve karisik matris kompozitleri
gibi cesitli malzemelerden Uretilebilir.
Bu malzemeler, belirli fonksiyonel grup-
lara veya g6zenek boyutlarina sahip
olacak sekilde tasarlanarak bazi gaz-
larin tercihli olarak adsorbe edilmesini
veya gecmesini saglarken, digerlerini
reddederler (Liu vd., 2022). Membran-
larin yapisi ve bilesimi kontrol edilerek
yUksek ayristirma verimliligi ve seciciligi
elde edilebilir.

Gazlarin membranlarla ayrilmasi, dina-
mik ve hizla bGyUyen bir alandir. Memb-
ran ayirma sUrecleri, disUk enerji kul-
lanimi ve sermaye yatirimlari acisindan
bircok avantaj sunar. Bu slrec¢, basit, ko-
lay isletilebilir ve kompakt ekipman ge-
rektirir. Sonuc¢ olarak, gazlarin kimyasal

6 - MEM-TEK - EYLUL - 2024

Gas separation membranes are thin bar-
riers used to separate gases from a gas
mixture when the difference in gas par-
ticle sizes is minimal. These membranes
play a crucial role in many industries
such as natural gas processing, carbon
capture and storage, and gas purifica-
tion (Shindo & Nagai, 2013).

Gas separation membranes can be
made from various materials, includ-
ing polymers, ceramics, and mixed ma-
trix composites. These materials are
designed to have specific functional
groups or pore sizes, allowing them to
preferentially adsorb or pass certain
gases while rejecting others (Liu et al.,
2022). By controlling the structure and
composition of the membranes, high
separation efficiency and selectivity
can be achieved.

The separation of gases using mem-
branes is a dynamic and rapidly grow-
ing field. Membrane separation process-
es offer many advantages in terms of
low energy use and capital investments.
This process requires simple, easy-to-
operate, and compact equipment. As a
result, this process has gained signifi-
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hammadde enduUstrisinde merkezi bir
rol oynamasi nedeniyle bu slrec, eko-
nomik acidan 6énemli bir endUstriyel rol
kazanmistir.

1970’lerin sonlarinda, endustriyel ilgiye
sahip gaz karisimlarinin membranlarla
ayrilmasi belirli uygulamalar icin eko-
nomik olarak rekabetci hale gelmistir.
1980’lerde sentetik polimerikmemb-
ranlarin gelistirilmesi ve iyilestiriime-
si ile membran bilimi ve teknolojisinde
onemli ilerlemeler kaydedilmistir (Smith
vd., 2021).

Son zamanlarda, maddelerin memb-
ranlardan yUksek seciciligi ve diferansi-
yel gecirgenligi, arastirmacilarin gazlari
karisimlarindan ayirmak icin membran
teknolojisine olan ilgisini artirmistir. Ce-
sitli gazlarin gaz karisimlarindan ayril-
masl, degerli gazlarin kabul edilebilir
saflik seviyesinde verimli bir sekilde geri
kazanilmasi icin énemli bir islemdir ve
ayni zamanda hava kirliligini kontrol et-
mede dnemli bir adimdir. Cesitli endlst-
rilerde bu tUr ayirmalar icin benimsenen
geleneksel teknikler arasinda absorpsi-
yon, adsorpsiyon ve kriyojenik damit-
ma yer alir. Ancak bu ydntemler yUksek
aritma maliyetleri, bUyUk ekipmanlar ve
dolayisiyla ekipmanlarin yerlestirilmesi
icin daha genis alanlar gerektirir. Memb-
ran bazli gaz ayirma islemlerinin bu ge-
leneksel tekniklere gdére daha dusUk
sermaye maliyeti, basit isletme slreci,
yUksek secicilik, dustk enerji tuketimi
ve daha verimli gaz giderimi gibi cesitli
avantajlari vardir (Sidhikku Kandath
Valappil vd., 2021).

Yakit, elektrik, plastik, sentetik lifler,
glbreler, boyalar, yapistiricilar ve sente-
tik boyalar ve kaplamalara olan kuresel
talebin artmasi nedeniyle dogalgaz Ure-
timi artmaktadir. Gaz ayristirma tesis-
lerinde, gaz giris alimi, kurutma ve civa
giderme, dogalgaz sivilari geri kazanimi
ve fraksiyonlama gibi islemler kullanila-
rak metan, etan, propan, bltan ve C5+
bilesenlerinin dogal gazdan ayristiril-
masi yapilmaktadir. Onimuzdeki yillar-
da da klresel gaz talebinin artmasi bek-
lenmektedir. Bu artan talep, gaz ayirma
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cant industrial importance economic-
ally, as gases play a central role in the
chemical raw materials industry.

By the late 1970s, the separation of in-
dustrially significant gas mixtures with
membranes had become economically
competitive for certain applications.
Significant advances in membrane sci-
ence and technology were made in
the 1980s with the development and
improvement of synthetic polymeric
memlbranes (Smith et al., 2021).

Recently, the high selectivity and dif-
ferential permeability of substances
through membranes have increased
researchers interest in membrane tech-
nology for separating gases from mix-
tures. The separation of various gases
from gas mixtures is an important pro-
cess for the efficient recovery of valu-
able gases at acceptable purity levels
and is also a significant step in control-
ling air pollution. Traditional techniques
adopted for such separations in various
industries include absorption, adsorp-
tion, and cryogenic distillation. However,
these methods involve high purification
costs, large equipment, and therefore,
require more extensive spaces for pla-
cing the equipment. Membrane-based
gas separation processes have various
advantages over these conventional
techniques, such as lower capital costs,
simple operation processes, high se-
lectivity, low energy consumption, and
more efficient gas removal (Sidhikku
Kandath Valappil et al., 2021).

Due to the global demand for fuel,
electricity, plastics, synthetic fibers,
fertilizers, dyes, adhesives, and syn-
thetic paints and coatings, natural gas
production is increasing. In gas separ-
ation plants, processes such as gas in-
take, drying, mercury removal, natural
gas liquids recovery, and fractionation
are used to separate methane, ethane,
propane, butane, and C5+ components
from natural gas. Global gas demand is
also expected to increase in the com-
ing years. This increasing demand also
raises interest in gas separation mem-

MEM-TEK - EYLUL - 2024 - 7
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membranlarina olan ilgiyi de artirmakta,
cUnkd bu membranlar, gazlarin verimli
ve ekonomik bir sekilde ayrilmasini sag-
layarak enduUstriyel slrecleri optimize
etmektedir.

Bu noktada, optimum enerji verimliligi
ile yUksek verimlilik ve saflik elde etmek
icin uygun bir ayirma isleminin secilme-
si ve tasarlanmasi dnemlidir. Cesitli ayir-
ma teknolojileri arasinda membran bazl
ayirma, enerji, su, kimya, saglik ve gida
enduUstrilerindeki cesitli uygulamalari
nedeniyle disiplinler arasi ilgi kazanmis-
tir. Cevreye duyarli, yiksek enerji verim-
liligi ve klcUk ayak izi avantajlarina sa-
hip membran ayirma, aritma ve ayirma
icin rekabetci ve gelisen teknolojilerden
biridir (Yong & Zhang, 2021).

BuglUne kadar, gaz karisimlarinin ayril-
masinda membran teknolojisinin uygu-
lamalarinin %60’Indan fazlasi, havadan
azot ayrilmasi ve amonyak veya sentez
Unitelerinin gaz akislarindan hidrojen
geri kazanimut ile ilgilidir. Bu Uniteler, po-
limerin dogasini etkileyen veya tikayici
gazlardan arindirilmis temiz gazlar ice-
rir. Ancak, membran teknolojisinin do-
galgaz aritimi, rafineriler ve petrokimya
Uniteleri alaninda kullaniminda drama-
tik bir artis gézlemlenmektedir
(Ghanbari & Nabipour, 2021).

Dogalgaz beslemelerinde bulunan bas-
lica kirleticilerden biri olan karbondi-
oksit (C0O2), bnemli bir sera gazi olarak
kabul edilmekte olup, hem endUstriyel
sUreclerin verimliligini distrmekte hem
de kuresel iIsinmaya yol acmaktadir.

(TaghvaieNakhjiri vd., 2020). Bunun ya-
ninda CO2 gazin enerji icerigini azaltip
satis fiyatini da etkiledigi icin optimal
olarak cikarilmalidir. Ayrica, su varligin-
da asidik ve korozif hale gelerek boru
hatlarina ve ekipman sistemine zarar
verme potansiyeline sahiptir. Dogalga-
zin ¢cok uzak mesafelere tasinmasi sz
konusu oldugunda, boru hatlarinin kul-
lanimi cok pahali olacagindan, sivilasti-
rilmis dogalgaz, gazdan siviya dénlsim
ve kimyasallar alternatif secenekler ola-
rak degerlendirilir. Sivilastirilmis dogal-
gaz isleme tesislerinde, dogalgazi c¢cok
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branes because these membranes opti-
mize industrial processes by allowing
the efficient and economical separation
of gases.

At this point, selecting and designing
an appropriate separation process to
achieve high efficiency and purity with
optimum energy efficiency is essential.
Among the various separation tech-
nologies, membrane-based separation
has gained interdisciplinary interest
due to its applications in energy, water,
chemicals, healthcare, and food indus-
tries. Membrane separation, with its en-
vironmentally friendly, high energy effi-
ciency, and small footprint advantages,
is one of the competitive and emerging
technologies for purification and separ-
ation (Yong & Zhang, 2021).

To date, more than 60% of membrane
technology applications in gas mixture
separation involve nitrogen separation
from air and hydrogen recovery from
gas streams of ammonia or synthesis
units. These units contain clean gases
free from polymer-impairing or block-
ing gases. However, there has been a
dramatic increase in the use of mem-
brane technology in natural gas treat-
ment, refineries, and petrochemical
units (Ghanbari & Nabipour, 2021).

One of the main contaminants in nat-
ural gas feedstocks, carbon dioxide
(CO2), is considered a significant green-
house gas, reducing the efficiency of
industrial processes and contributing
to global warming (Taghvaie Nakhjiri
et al,, 2020). Additionally, CO2 must be
optimally removed because it reduces
the energy content of the gas and af-
fects the sales price. Moreover, in the
presence of water, it can become acid-
ic and corrosive, potentially damaging
pipeline and equipment systems. When
transporting natural gas over long dis-
tances, liuefied natural gas (LNG), gas-
to-liquid conversion, and chemicals are
considered alternative options because
pipeline usage would be very expen-
sive. In LNG processing plants, CO2 can
freeze and clog pipelines during cool-
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dusuk bir sicakliga soguturken, CO2 do-
narak boru hatlarini tikayabilir ve tasima
sorunlarina neden olabilir. Bu nedenle,
dogalgazdaki COz2 varhgi, proses mdu-
hendisliginde ¢&zUlmesi gereken zorlu
gaz ayristirma sorunlarindan biridir. Bu
ylUzden, dogalgazin saflastirma slrecle-
ri ile CO2’den arindirilmasi, Grin kalite-
sinde iyilesme saglamak i¢cin hayati 6ne-
me sahiptir (Shimekit & Mukhtar, 2012).

Karbon Geri Kazaniminin Cevresel Ve
Ekonomik Avantajlari

Dinya’nin ortalama sicakhdi, sana-
yi devriminden o6nceki déneme gbre
1°C’den fazla artmistir ve kaydedilen on
en sicak yil 1998’den bu yana gercek-
lesmistir. Klresel sicaklik artisi baslica
antropojenik sera gazi emisyonlarina
baglanmaktadir. iklim Degisikligi Huku-
metlerarasi Paneli'ne (Intergovernmen-
tal Panel on Climate Change) gdre COz,
kUresel insan kaynakh (antropojenik)
emisyonlarin %70’ten fazlasini olustu-
ran baslica etken olup, geri kalan emis-
yonlar ise metan, azot oksitleri ve cesitli
florlu gazlardan meydana gelmektedir.

insan faaliyetleri, karbon déngUsinin
ormanlar gibi dogal depolar araciligiyla
antropojenik emisyonlari absorbe etme
yetenegdini etkileyemedidi icin atmos-
ferde CO:z birikimine neden olmaktadir.
Klresel 1sinmanin hizini azaltmak icin
CO2 emisyon kaynaklarini azaltma veya
sera gazl emicilerini artirma yoluyla acil
muUdahalenin gerektigi konusunda KkuU-
resel bir uzlasma bulunmaktadir. iklim
degisikligini hafifletmeye yobnelik po-
litikalarin uygulanmasina ragmen, CO:z
emisyonlari mevcut seviyelerinde kalir-
sa klresel ylUzey sicakliginin 2052’den
once 1.5 °C’ye ulasmasi 6ngdérulmekte-
dir (Godin vd., 2021). Buna karsin Avru-
pa Birligi 2050 yilinda karbon ndétrlGgu
hedeflemektedir (Avrupa Parlamento-
su ve Avrupa Birligi Konseyi ) (Malabi
Eberhardt vd., 2023).

Atmosferdeki karbon miktarini azaltma
hedefinin sagladig faydalar cesitlendi-
rilebilir. Baslica cevresel ve ekonomik
faydalar asagidaki gibi siralanabilir;
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ing to very low temperatures, causing
transportation problems. Therefore, the
presence of CO:z in natural gas is one of
the challenging gas separation prob-
lems that need to be addressed in pro-
cess engineering. Thus, purifying natural
gas to remove CO2 through purification
processes is vital for improving product
quality (Shimekit & Mukhtar, 2012).

Environmental and Economic Benefits
of Carbon Recovery

The Earth’s average temperature has in-
creased by more than 1°C compared to
the pre-industrial era, with the ten hot-
test years recorded since 1998. The rise
in global temperature is primarily at-
tributed to anthropogenic greenhouse
gas emissions. According to the Inter-
governmental Panel on Climate Change
(IPCC), COz2 is the most significant con-
tributor, accounting for more than 70%
of global anthropogenic emissions, with
the remainder consisting of methane,
nitrous oxides, and various fluorinated
gases.

Human activities lead to the accumula-
tion of CO:z in the atmosphere because
the carbon cycle’s natural sinks, such as
forests, cannot absorb anthropogenic
emissions. There is a global consensus
that urgent intervention is required to
reduce CO2 emission sources or in-
crease greenhouse gas sinks to slow
down global warming. Despite imple-
menting policies to mitigate climate
change, it is projected that global sur-
face temperature will reach 1.5°C before
2052 if CO2 emissions remain at current
levels (Godin et al., 2021). However, the
European Union aims for carbon neu-
trality by 2050 (European Parliament
and Council of the European Union)
(Malabi Eberhardt et al., 2023).

The benefits of achieving the goal of
reducing the amount of carbon in the
atmosphere can be diversified. The
main environmental and economic
benefits can be listed as follows:

MEM-TEK - EYLUL - 2024 - 9
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Cevresel Faydalar

. Sera Gazi Emisyonlarinin Azaltil-
masi

Karbon geri kazanimi, CO2’nin yakalanip
yeniden kullanilmasiyla sera gazi emis-
yonlarini azaltir. Bu durum, iklim degi-
sikligini ve cevre Uzerindeki olumsuz
etkilerini hafifletmek icin cok dnemlidir.

. Hava Kalitesinin lyilestirilmesi
CO:2 ve diger kirleticilerin emisyonlari-
ni azaltarak, karbon geri kazanim tek-
nolojileri hava kalitesini énemli &lctde
iyilestirebilir. Bu durum, &zellikle kent-
sel ve endUstriyel bélgelerde yasayan
insanlarin solunum ve kardiyovaskuler
hastaliklarini azaltarak dogrudan saglik
yararlari saglar.

. Yenilenebilir Enerji
nuna Destek

Karbon geri kazanim teknolojileri, faz-
la CO2’yi depolama ve kullanma yollari
saglayarak yenilenebilir enerji sistemle-
rini tamamlayabilir. Bu durum, degisken
dogasi olan glnes ve rlUzgar enerjisi
gibi yenilenebilir enerji kaynaklarinin is-
tikrarint ve glvenilirligini destekler (Ha-
uke Engel vd., 2020).

Entegrasyo-

Ekonomik Faydalar

. istihdam Yaratma ve Ekonomik
BlyUme

Karbon geri kazanim teknolojilerinin
uygulanmasi, bu sistemlerin gelistiril-
mesi, kurulumu ve bakimi alanlarinda
is imkanlari yaratarak ekonomik buyU-
meyi tesvik eder. Ornedin yapilan bir
calismada, karbon yakalamay! iceren
projelerin fosil yakit projelerine kiyasla
dolar basina daha fazla is yarattigi be-

- www.memtek.org °

Environmental Benefits

* Reduction of Greenhouse Gas Emis-
sions

Carbon recovery reduces greenhouse
gas emissions by capturing and reusing
COa2. This is crucial for mitigating cli-
mate change and its adverse environ-
mental impacts.

* Improvement of Air Quality

By reducing emissions of CO2 and other
pollutants, carbon recovery technolo-
gies can significantly improve air qual-
ity. This provides direct health benefits,
particularly for people living in urban
and industrial areas, by reducing res-
piratory and cardiovascular diseases.

e Support for Renewable Energy Inte-
gration

Carbon recovery technologies can com-
plement renewable energy systems by
providing ways to store and use excess
COoa. This supports the stability and reli-
ability of renewable energy sources like
solar and wind, which have variable na-
tures (Hauke Engel et al.,, 2020).

Economic Benefits

» Job Creation and Economic Growth
Implementing carbon recovery tech-
nologies promotes economic growth
by creating job opportunities in the de-
velopment, installation, and mainten-
ance of these systems. For example, a
study indicates that projects involving
carbon capture generate more jobs per
dollar compared to fossil fuel projects
(Hauke Engel et al., 2020).

Government spending on renewable

Yenilenebilir
Teknolojiler
Renewable Technologies

Enerji Verimliligi
Energy Efficiency

Fosil Yakit
Fossil Fuel

(Riizgar, Giines,

Geothermal, Hydro

(Endiistriyel Ener;ji

Biyoenerji, Jeotermal, Verimliligi,
Hidrotermal) Akillh Sebeke, Oil And Gas, Coal
Toplu Tasima)
Wind. Solar, Bioenergy, Industrial Energy

Efficiency, Smart Grid,
Mass Transit

Petrol, Gaz ve Kémiir
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Sekil 1. 10 milyon dolarlik harcama basina dogrudan ve dolayli olarak yaratilan
istihdamin sektdrel dagilimi (Hauke Engel vd., 2020).

Figure 1. Sectoral distribution of direct and indirect employment created per
10 million dollars of spending (Hauke Engel et al., 2020).

lirtilmektedir (Hauke Engel vd., 2020).
Yenilenebilir enerji ve enerji verimliligi-
ne yonelik hikimet harcamalarinin, fo-
sil yakitlara yapilan harcamalardan daha
fazla istihdam yarattigi ortaya cikti.

10 milyon dolarlik harcama basina dog-
rudan ve dolayli olarak yaratilan istih-
dam, Sekil T’de gbsterilmistir.

. Maliyet Tasarrufu ve Verimlilik
Yakalanan karbonun kullaniimasi, en-
duUstriyel sUreclerde &dnemli maliyet ta-
sarruflarina yol acabilir. Ornegdin, geri
kazanilmis CO2, petrol cikariminin ve-
rimliligini artiran ve yeni sondaj operas-
yonlarina olan ihtiyaci azaltan gelismis
petrol geri kazaniminda kullanilabilir
(Biniek vd., 2020).

. Inovasyon ve Rekabet Glicl

Karbon geri kazanim teknolojilerine ya-
pilan yatirimlar, yeni malzemelerin, sU-
reclerin ve Urunlerin gelistiriimesini tes-
vik ederek inovasyonu artirir. Bu durum,
endUstrilerin uzun vadede daha surdu-
ralebilir ve verimli hale gelmesini sag-
lar. Ayrica, bu teknolojileri benimseyen
sirketler, dUzenleyici tesviklerden yarar-
lanabilir ve gelecekteki karbon fiyatlan-
dirma ve emisyon cezalarindan kacina-
bilirler (Sridhar & Bhargava, 2014).

energy and energy efficiency has been
shown to create more jobs than spend-
ing on fossil fuels.

The direct and indirect employment
generated per $10 million of expendi-
ture is shown in Figure 1.

» Cost Savings and Efficiency

Using captured carbon can lead to sig-
nificant cost savings in industrial pro-
cesses. For instance, recovered CO2 can
be used in enhanced oil recovery, in-
creasing the efficiency of oil extraction
and reducing the need for new drilling
operations (Biniek et al., 2020).

* Innovation and Competitiveness
Investments in carbon recovery tech-
nologies stimulate innovation by pro-
moting the development of new ma-
terials, processes, and products. This
makes industries more sustainable and
efficient in the long term. Additionally,
companies adopting these technolo-
gies can benefit from regulatory incen-
tives and avoid future carbon pricing
and emission penalties (Sridhar & Bha-
rgava, 2014).

MEM-TEK - EYLUL - 2024 - 11
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Gaz Ayirma Membranlari:
Calisma Prensibi ve Malzeme Secimi

Geleneksel ayirma islemlerinden fark-
Il olarak, membranli gaz ayirma bir faz
degdisikligi gerektirmez. Ayrica, hare-
ketli parcalarin bulunmamasi, gaz ayir-
ma sistemlerini 6zellikle gUvenilirligin
onemli oldugu uzak konumlarda kulla-
nima uygun hale getirir; ek olarak, kap-
ladigi alanin klGicUk olmasi, bu sistemleri
acik deniz gaz isleme platformlari gibi
uzak uygulamalar icin oldukc¢a cazip ki-
lar (Bernardo vd., 2009).

Membranlarin enduUstriyel sUreclerde
kullanilmasinin, geleneksel streclere ki-
yasla bircok dikkate deger avantaji var-
dir, bunlar asagida listelenmistir:

. Cok yuksek secicilikle tutarli Gre-
tim saglama yetenedi,

. Faz degistirme veya kimyasal kat-
ki maddelerine gerek duyulmamasi,

. Basit kavram ve operasyon,

. Modduler tasarim ve 6lcek buyUut-

meyi kolaylastirma; klUcuk ayak izi ge-
reksinimi ve genis alan gerektirmemesi,
. Nispeten dUsuk enerji tiketimi,

. Hammadde kullaniminda yUksek
verimlilik ve yan UrUnlerin geri dénusi-
mU potansiyeli,

. Ekipman boyutunun esasen azal-
tilmasi,
. Basit otomasyon ve uzaktan

kontrol sistemlerine kolay entegrasyonu
(Rezakazemi vd., 2014).

Cesitli gaz ayirma membranlari, hava

12 - MEM-TEK - EYLUL - 2024

Unlike traditional separation processes
(e.g., cryogenic distillation and adsorp-
tion processes), membrane gas separa-
tion does not require a phase change.
Additionally, the absence of moving
parts makes gas separation systems
particularly suitable for use in remote
locations where reliability is crucial.
Furthermore, the small footprint of
these systems makes them highly at-
tractive for remote applications such
as offshore gas processing platforms
(Bernardo et al.,, 2009).

Using membranes in industrial process-
es offers several notable advantag-
es compared to traditional processes,
which are listed below:

. The ability to consistently provide
production with very high selectivity,

. No need for phase changes or
chemical additives,

. Simple concept and operation,

. Modular design and ease of scal-

ing up; small footprint requirement and
lack of need for large areas,

. Relatively low energy consump-
tion,
. High efficiency in raw material

usage and the potential for recycling
by-products,

. Significant reduction in equip-
ment size,
. Easy integration into simple au-

tomation and remote control systems
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ayristirma, dogal gazdaki asidik gazla-
rin uzaklastirilmasi, hidrojen Uretimi ve
saflastirma, biyogaz yukseltme, olefin/
parafin ayristirma, petrokimya endust-
risi uygulamalari, ucucu organik buhar
geri kazanimi ve nem alma gibi cok ce-
sitli uygulamalar icin tasarlanmistir. Ay-
rica, fosil yakit yakma tesislerinden CO2
yakalama da bu uygulamalar arasinda-
dir. Membran bazl sUrecler, gaz ayirma
ve saflastirmada enerji acisindan verim-
lidir., Bunun sonucunda, saflastirilmis
veya yUkseltilmis gazlar (6rnegin, sen-
tez gazi, dogal gaz ve biyogaz) enerji
Uretimi icin kullanilan glc¢ tesislerinin
verimliligini  artirabilir.  Membranlarin
enerji Uretimiyle olan iliskisi oldukca
glcladur. Ayrica, bu membranlar oksi-
jenle zenginlestirilmis hava Uretimin-
de de kullanilabilir, bu da bir firin veya
motorun yakit is1 verimliligini artirmak
icin faydalidir. Boylece, daha fazla enerji
veya elektrik, glc tesisleri ve/veya yan-
ma motorlari ile Uretilebilir (Liang vd.,
2019).

Membran gaz ayirma pazarlarini genis-
letmek icin pek cok firsat bulunmak-
tadir. Ancak bazi durumlarda, mevcut
membran malzemeleri, konfiglUrasyon-
lari ve hazirlama ydntemleri bu yeni
alanlardan tam anlamiyla yararlanmak
icin yeterli degildir. Zamanla, bu alanda
cesitli malzemeler Uzerinde arastirma-
lar yapilmis ve farkli gelismeler kayde-
dilmistir. Arastirmalarin buyUk bir kis-
mi, yeni malzemelerin incelenmesine
ve hem daha yuUksek secicilik hem de
belirli gazlara karsi gecirgenlik sunan
yeni membran yapilarin gelistirilmesine
odaklanmaktadir (Bernardo vd., 2009).

Gaz ayirma, Uc¢ temel tasima mekaniz-
masindan birine dayanan membranlar
kullanilarak gerceklestirilebilir: Knudsen
difGzyonu, molekller eleme ve cozel-
ti-difGzyonu. Knudsen difizyonu, boyu-
tu O,1 umm’den klUg¢Uk olan ve g&zenek
capl gaz molekullerinin ortalama ser-
best yolu ile ayni boyutta veya daha ku-
cUk olan gbzeneklerde meydana gelir.
Bu durumda, gaz molekdulleri gdzenek
duvarlariyla birbirlerinden cok daha sik

EYLUL/2024 - MEM-TEK BULTEN - Bu/letin

(Rezakazemi et al., 2014).

Various gas separation memlbranes are
designed for a wide range of applica-
tions, such as air separation, removal of
acidic gases from natural gas, hydro-
gen production and purification, biogas
upgrading, olefin/paraffin separation,
petrochemical industry applications,
volatile organic vapor recovery, and de-
humidification. Additionally, COz2 cap-
ture from fossil fuel combustion plants
is among these applications. Mem-
brane-based processes are energy-effi-
cient in gas separation and purification.
As a result, purified or upgraded gas-
es (e.g., synthesis gas, natural gas, and
biogas) can enhance the efficiency of
power plants used for energy produc-
tion. The relationship between mem-
branes and energy production is quite
strong. Additionally, these membranes
can be used for the production of oxy-
gen-enriched air, which is beneficial for
increasing the fuel heat efficiency of a
furnace or engine. Thus, more energy
or electricity can be produced by pow-
er plants and/or combustion engines
(Liang et al., 2019).

There are many opportunities to ex-
pand the markets for membrane gas
separation. However, in some cases,
current membrane materials, configu-
rations, and preparation methods are
not sufficient to fully exploit these new
areas. Over time, research has been
conducted on various materials in this
field, and different developments have
been made. A large portion of the re-
search focuses on examining new ma-
terials and developing new membrane
structures that offer both higher selec-
tivity and permeability to specific gases
(Bernardo et al.,, 2009).

Gas separation can be achieved us-
ing membranes based on one of three
fundamental transport mechanisms:
Knudsen diffusion, molecular sieving,
and solution-diffusion. Knudsen dif-
fusion occurs in pores smaller than O.1
um and where the pore diameter is the
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etkilesime girer. DUsUk molekul agirlik-
Il gazlar, daha agdir olanlara goére daha
hizli yayilir ve ayrilma bu sekilde ger-
ceklesir. Bir bilesenin tercihli adsorp-
siyonunun oldugu durumlarda yUksek
secicilik elde edilebilir. MolekUler eleme,
farklh boyutlardaki molekullerin ayrilma-
sinda potansiyel olarak yararhdir; gdze-
nekler yeterince kUc¢cUk oldugunda, buU-
yUk molekulller gecemez ve membranin
disinda kalir. Cozelti-difGzyonu, secici
polimer katmanlari araciligiyla gercek-
lesir ve sadece mevcut ticari cihazlar-
da kullanilmaktadir. Cézelti-difGzyon
mekanizmasinin U¢ asamadan olustugu
disUnUlmektedir: (a) yukari akis sini-
rindaki absorpsiyon, (b) membran bo-
yunca aktif difGzyon (¢c6zUnlrlik) ve
(c) diger tarafta desorpsiyon veya bu-
harlasma. Bu mekanizma, membranin
yukari ve asagdi fazlarinda mevcut olan
termodinamik aktivitelerdeki farkliliklar
ve ayrica membran malzemesini olustu-
ran molekuller ile nGfuz eden molekdller
arasindaki etkilesim kuvvetleri tarafin-
dan ydénlendirilir. CézUnurlukteki fark-
lihklar, membran malzemesinin nidfuz
eden turlerle olan molekller dlzeydeki
etkilesimlerindeki dedisikliklerden kay-
naklanir. Bu farkliliklar, membranlardan
yayilan malzeme miktarini etkiler ve bu
sayede farkli sGzUntUler arasinda bir
ayirma saglanir (Murali vd., 2013).
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same size or smaller than the mean
free path of the gas molecules. In this
case, gas molecules interact with the
pore walls much more frequently than
with each other. Lighter gas molecules
diffuse faster than heavier ones, re-
sulting in separation. High selectivity
can be achieved in cases where there
is preferential adsorption of one com-
ponent. Molecular sieving is poten-
tially useful for separating molecules
of different sizes; when the pores are
small enough, larger molecules cannot
pass through and remain outside the
membrane. Solution-diffusion occurs
through selective polymer layers and is
only used in existing commercial devic-
es. The solution-diffusion mechanism is
thought to consist of three stages: (a)
absorption at the upstream boundary,
(b) active diffusion (solubility) through
the membrane, and (c) desorption or
evaporation on the other side. This
mechanism is driven by differences in
thermodynamic activities present in
the upstream and downstream phases
of the membrane, as well as the inter-
action forces between the molecules
that make up the membrane material
and the penetrating molecules. Differ-
ences in solubility arise from changes
in the molecular-level interactions be-
tween the membrane material and the
penetrating species. These differences
affect the amount of material diffused
through the membranes, thus enabling
separation between different perme-
ates (Murali et al., 2013).

Polimer matriste gecis

Sekil 2. Gaz ayirmaya yonelik mekanizmalar (Murali vd., 2013).
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Membran Uretimi icin cok cesitli mal-
zemeler kullanilir. Metaller, molekuler
elekler, polimerler ve camlar en yaygin
kullanilan malzemelerdir. Malzemele-
rin cesitliligi, membranlarin hava ayir-
ma, hidrojen geri kazanimi, dogal gaz
isleme ve hafif gaz ayirma dahil olmak
Uzere ¢cok cesitli endUstriyel ayirma pro-
seslerinde uygulanabilir olmasini saglar.
Inorganik membranlarin (6rnedin, si-
lika, zeolitler vb.) ve karbon bazli mo-
lekUler eleklerin gelistiriimesi 6zellikle
ilginctir cinklU bu malzemeler agresif
kimyasallara ve yUksek sicakliklara da-
yanabilirler. Ancak, bu malzemelerin
bazi dezavantajlari da vardir. YUksek
maliyet, orta derecede tekrarlanabilir-
lik, kirilganlik, disik membran alani/
modul hacmi orani ve dUsUk gecirgenlik
baslica dezavantajlaridir (Bernardo vd.,
2009). inorganik membranlarin blylk
dlcekli uygulamalari icin kusursuz/ha-
tasiz (defect-free) membran hazirlama
diger dezavantajidir. Malzeme bilimci-
ler, metallerden plastige kadar bircok
malzeme Uzerinde calismaya devam
ederek, yeni malzemelerin yaratilma-
sina ve mevcut malzemelerin mukave-
met, hafiflik, islenebilirlik ve dayanikllik
gibi 6zelliklerinin iyilestirilmesine blUyUk
odnem vermektedir. 20. ylUzyilda ylUksek
performansl polimerlerin ortaya ciki-
s, malzeme bilimi acisindan bir dénim
noktasi olmus ve o zamandan beri bu
polimerlerin Uretimi, genis bir Grin yel-
pazesini blUyuk olctde etkilemistir (Xu
vd., 2021).

Onemli iyilestirmeler icin en iyi umutlar

Moleculer Sieving

®, °®

Q

:

Figure 2. Mechanisms for Gas Separation (Murali et al.,
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2013).

Metals, molecular sieves, polymers, and
glasses are the most commonly used
materials. The diversity of these materi-
als allows membranes to be applicable
in a wide range of industrial separation
processes, including air separation, hy-
drogen recovery, natural gas process-
ing, and light gas separation. The devel-
opment of inorganic membranes (e.g.,
silica, zeolites, etc.) and carbon-based
molecular sieves is particularly interest-
ing because these materials can with-
stand aggressive chemicals and high
temperatures. However, these materi-
als also have some disadvantages. High
cost, moderate reproducibility, brittle-
ness, low membrane area/module vol-
ume ratio, and low permeability are the
main disadvantages (Bernardo et al.,
2009). Another disadvantage for the
large-scale applications of inorganic
memlbranes is the preparation of de-
fect-free membranes. Material scien-
tists continue to work on various ma-
terials, from metals to plastics, placing
great importance on the creation of
new materials and the improvement of
properties such as strength, lightness,
processability, and durability of existing
materials. The emergence of high-per-
formance polymers in the 20th century
was a turning point in material science,
and since then, the production of these
polymers has significantly influenced a
wide range of products (Xu et al., 2021).

The best hope for significant improve-
ments lies in new categories of mate-
rials. Metal-organic framework (MOF)

MEM-TEK - EYLUL - 2024 - 15
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yeni malzemeler kategorisindedir. Ole-
fin/parafin ayirmalari icin metal organik
cerceve (MOF) karisik matris memlb-
ranlari ve yuUksek serbest hacimli ter-
mal olarak yeniden duUzenlenmis (TR)
membranlardir. icsel mikro gézeneklere
(PIM) sahip polimer gibi yUksek perfor-
mansli polimerler kullanilarak &nemli
bir atilm yapildi. PIM’in sert, bUktlmus,
merdiven benzeri omurgas! paketleme
kabiliyetini kisitlar ve polimer zincirleri-
nin dénme 6zgurligunl azaltir. PIM, ge-
leneksel camsi ve kaucuk polimerlerden
cok daha yuksek gecirgenlige izin veren
genis bir birbirine bagl serbest hacme
sahiptir. PIM membranlarinin bu &zellik-
leri, gaz ayirma endustrisini canlandira-
rak Robeson Ust sinirini yeniden tanim-
ladi. Bununla birlikte, PIM membranlari
hala neredeyse tim polimerlerin iki te-
mel sorunu olan plastiklesme ve yas-
lanma sorunlariyla karsi karsiyadir. Gaz
membrani gelistirme de yeni memb-
ran malzemelerin, 100 pm kalinhgindaki
filmlerden, bUylik membran alan mo-
dulleri olarak yapilan mikron alti kalin
secici katmanlara sahip membranlara
gelistirilmesi ginimuzde ele alinmasi
gereken en 6nemli sorunlardan biri ola-
rak gelistiriimeye ihtiyaci vardir (Baker
ve Low, 2014; Bernardo vd., 2009; Xu
vd., 2021).

16 - MEM-TEK - EYLUL - 2024

- www.memtek.org °

mixed matrix membranes and high free
volume thermally rearranged (TR) mem-
branes are promising for olefin/paraffin
separations. A significant breakthrough
was achieved using high-performance
polymers, such as polymers of intrinsic
microporosity (PIM). The rigid, twist-
ed, ladder-like backbone of PIM re-
stricts packing ability and reduces the
freedom of rotation of polymer chains.
PIM possesses a large interconnected
free volume, allowing for much higher
permeability compared to tradition-
al glassy and rubbery polymers. These
properties of PIM membranes have re-
vitalized the gas separation industry by
redefining the Robeson upper bound.
However, PIM membranes still face the
issues of plasticization and aging, which
are fundamental problems for almost
all polymers. In gas membrane devel-
opment, one of the most important
current challenges is the development
of new membrane materials from films
with a thickness of 100 pm to mem-
branes with submicron-thick selective
layers produced as large membrane
area modules (Baker and Low, 2014;
Bernardo et al., 2009; Xu et al., 2021).
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Karbon Geri Kazanimi Icin Gaz

Ayirma Membranlari

Gaz ayirma membranlari, 6zellikle enerji
santralleri ve endUstriyel tesislerde CO,
yakalama, secici ayirma ve geri kazani-
minda kullanilmaktadir. Bu proseslerde
kullanilacak membranlarin performansi-
ni artirmak ve uzun sUreli dayanmasini
saglamak icin ise termal olarak yeniden
dlUzenlenebilen polimerlerin kullanildi-
g, MMM JUretim sUrecinde uygulandigi
membran malzeme ve konfiglrasyon-
lari gelistirilmistir (Chawla et al., 2020).
Ornedin, PIMs ve TR polimerler, CO,
‘nin nitrojen (N2) gibi diger gazlardan et-
kin bir sekilde ayrilmasini saglar (Tong &
Sekizkardes, 2021). Bu teknolojiler, daha
dUsUk enerji maliyetleri ve daha az cev-
resel etki ile karbon yakalama ve geri
kazanimint mimkun kilmaktadir.

Karbon yakalama ve depolamadaki ge-
lismeler, membran tabanli streclerin en
cok tercih edilen ydntem olarak kullanil-
masina yol acmistir. Uzun zamandir kul-
lanilan ve aminin konsantre c&zeltilerini
kullanan fircalama sureci ile karsilastiril-
diginda, membran tabanli sUrecler ce-
sitli operasyonel avantajlar sunmakta-
dir. En 6nemli avantaj, membran tabanli
sUreclerde korozif ve zararh ¢dézUlculerin
islenmesine gerek olmamasidir. Bu du-
rum, ¢c6zlculler ve bunlarin yan Grlnleri
tarafindan salinan emisyonlari énlemek
icin ek ekipman ve muhendislik gerek-
sinimlerinden kaynaklanan ekstra mali-
yetleri azaltir (Shah vd., 2020).

Membran bazli teknoloji, blyuk &lcekli
enerji santrali tesislerinde énemli bir ya-
tirnm gerektirmediginden karbon yaka-
lama ve depolamada blyuUk potansiyel

Gas separation membranes are particu-
larly used for CO2 capture, selective sep-
aration, and recovery in power plants
and industrial facilities. To enhance the
performance of the membranes used in
these processes and ensure long-term
durability, membrane materials and
configurations that utilize thermally
reconfigurable polymers in the mixed
matrix membrane (MMM) production
process have been developed (Chaw-
la et al.,, 2020). For example, PIMs and
TR polymers effectively separate CO:
from other gases such as nitrogen (N2)
(Tong & Sekizkardes, 2021). These tech-
nologies enable carbon capture and re-
covery with lower energy costs and re-
duced environmental impact.

Developments in carbon capture and
storage have led to membrane-based
processes becoming the most preferred
method. Compared to the traditional
scrubbing process using concentrated
amine solutions, membrane-based pro-
cesses offer various operational advan-
tages. The most significant advantage
is that membrane-based processes do
not require the handling of corrosive
and harmful solvents. This reduces extra
costs associated with additional equip-
ment and engineering requirements
needed to prevent emissions from sol-
vents and their by-products (Shah et
al.,, 2020).

Membrane-based technology has
shown great potential in carbon cap-
ture and storage as it does not require
significant investment in large-scale
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gbstermistir. Ayrica bu teknoloji, sol-
venti yeniden Uretmek icin blUyUk mik-
tarlarda 1s1 gerektiren geleneksel sol-
vent bazl teknolojiler gibi enerji yogun
degildir. Ustelik membranlarin yalnizca
kullanim 6mriU doldugunda degistiril-
mesi gerekir. Ozel konfiglirasyonlarina
bagli olarak membranlar, ayirma islem-
lerinin farkli ihtiyaclarina uyacak sekilde
de tasarlanabilir (Yuan vd., 2019).

CO, Yakalama Yoéntemleri ve
Teknikleri

Absorpsiyon

. Kimyasal absorpsiyon

. Aminler (MEA, DEA, MDEA),
amonyak, PZ, digerleri

. Fiziksel absorpsiyon

. Rectisol, Selexol, Purisol, iyonik

sivilar, digerleri

Kriyojenik
. Gaz ayirma
. Gaz absorpsiyonu

Membran Ayirma
. Seramik membran
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power plant facilities. Additionally, this
technology is not as energy-intensive as
traditional solvent-based technologies,
which require large amounts of heat to
regenerate the solvent. Furthermore,
membranes only need to be replaced
at the end of their lifecycle. Depending
on their specific configurations, mem-
branes can also be designed to suit dif-
ferent separation process needs (Yuan
et al,, 2019).

CO, Capture Methods and Tech-
niques

Absorption

. Chemical absorption

. Amines (MEA, DEA, MDEA), am-
monia, PZ, others

. Physical absorption

. Rectisol, Selexol, Purisol, ionic li-
quids, others

Cryogenic
. Gas separation
. Gas absorption

Membrane Separation
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. Polimerik memlbran

. Hibrit membran

Adsorpsiyon

. Kimyasal adsorpsiyon

. Amin bazli adsorbanlar, metal ok-
sitler, digerleri

. Fiziksel adsorpsiyon

. Aktif karbon, zeolitler, MOF’lar,
digerleri

. PSA (Basin¢c Salinimli Adsorpsi-
yon)

. TSA (Sicaklik Salinimli Adsorpsi-
yon)

. VSA (Vakum Salinimli Adsorpsi-
yon)

. PTSA (Basinc¢ ve Sicaklik Salinimli
Adsorpsiyon)

Kimyasal Déngil

. Kalsiyum ddéngl yanmasi
. Metal oksitler (demir,
bakir) (Madejski vd., 2022)

mangan,

Dogal gaz isleme teknolojilerini secer-
ken temel faktorler, ham dogal gazdaki
CO, parcacik basinci ve tesis konumu
(karada veya denizde) dikkate alinir.
Kimyasal absorpsiyon, distk CO, ice-
riklerine (<20%) en uygun olanidir, ¢ctin-
kil daha yuUksek CO, icerigi, ¢6zlcU
dolasim hizini ve i1s1 yakdnua artirir. Orta
ila yluksek CO, parcacik basincinda,
membran gecirgenligi kimyasal absorp-
siyonu geride birakir. Cok yuksek CO,

icerigi icin - Brezilya’nin Pre-Salt saha-
sindaki Libra (%48) ve Jupiter (%78)
ve Wyoming’deki La Barge gaz sahasi
(%65) gibi - devreye giren kriyojenik
distilasyon sivi CO, Uretme avantajina
sahiptir ve boru hatti tasimaciligi icin
uygundur (Araujo & de Medeiros, 2017).
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. Ceramic membrane

. Polymeric membrane

. Hybrid membrane

Adsorption

. Chemical adsorption

. Amine-based adsorbents, metal
oxides, others

. Physical adsorption

. Activated carbon, zeolites, MOFs,
others

. PSA (Pressure Swing Adsorption)
. TSA (Temperature Swing Ad-

sorption)
. VSA (Vacuum Swing Adsorption)
. PTSA (Pressure and Temperature

Swing Adsorption)

Chemical Looping

. Calcium looping combustion

. Metal oxides (iron, manganese,
copper) (Madejski et al., 2022)

When selecting natural gas processing
technologies, key factors include the
CO, partial pressure in the raw natural
gas and the facility’s location (onshore
or offshore). Chemical absorption is
most suitable for low CO, contents
(<20%) because higher CO, content in-
creases the solvent circulation rate and
heat load. At medium to high CO, partial
pressures, membrane permeability sur-
passes chemical absorption. For very
high CO, content - such as Libra (%48)
and Jupiter (%78) in Brazil’s Pre-Salt
field and the La Barge gas field (%65) in
Wyoming - cryogenic distillation, which
has the advantage of producing liquid
CO,, becomes applicable and is suitable
for pipeline transportation (Araudjo & de
Medeiros, 2017).
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Gaz Ayirma Membranlarinin
Performansi ve Optimizasyonu

Gaz ayirma membranlarinin performan-
sl membran malzemesi, membran yapi-
s, kalinhgi, membran konfiglrasyonu,
modul ve sistem tasarimi gibi paramet-
relere baglidir. Bu parametreler iceri-
sinde, kullanilan membran malzemesi
membranin gecirgenlik ve seciciligini
etkileyerek, gaz ayirma performansini
karakterize eder ve prosesin verimliligi-
ni belirler (Pandey ve Chauhan, 2001).
Bu sebeple hem gecirgenligi hem de
seciciligi yuksek olan malzemeler gaz
ayirma prosesinde tercih edilmektedir.
Ancak, genel olarak, yUksek secicilige
sahip membranlar daha dustk gecir-
genlige sahiptir.

Gecirgenlik, herhangi bir Dbilesigin
membrandan gecme hizini ifade eder-
ken secicilik ise membranin ayirma is-
lemini gerceklestirme yetenegidir. Se-
cicilik, gaz ayirma prosesinde yUksek
ardn safligina ulasmak icin énemli bir
parametredir. Dolayisiyla daha secici
membranlarin kullanima sunulmasi ha-
linde membran teknolojisi ile gaz ayir-
ma prosesi blUyUk bir blylime potan-
siyeline sahiptir (Bernardo vd., 2009).
Dogal gazdan karbondioksiti, petro-
kimya isleme uygulamalarinda nitrojen
ve oksijeni veya hidrokarbon karisim-
larindan hidrojeni ayirmak icin kullani-
lan gaz ayirma membranlarinda ticari
olarak genelde Uretiminin kolay olmasi
ve malzeme maliyetinin disik olmasi
nedeniyle polimerik membranlar tercih
edilmektedir (Freeman, 1999). Bulun-
dugu sicakliga gére camsi veya kaucuk
yaplya sahip olabilen polimerlerin fizik-
sel ozellikleri ve kimyasal yapilari Greti-
len membran karakterini etkilemektedir.
Polimerlerin camsi halden kaucuk hale
gectigi ve polimer malzemenin zincir
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The performance of gas separation
membranes depends on parameters
such as membrane material, membrane
structure, thickness, membrane con-
figuration, module, and system design.
Within these parameters, the membrane
material used affects the permeability
and selectivity of the membrane, char-
acterizing the gas separation perform-
ance and determining the efficiency
of the process (Pandey and Chauhan,
2001). For this reason, materials with
high permeability and selectivity are
preferred in the gas separation process.
However, in general, membranes with
higher selectivity have lower perme-
ability.

While permeability refers to the speed
at which any compound passes through
the membrane, selectivity is the ability
of the membrane to perform the separa-
tion process. Selectivity is an important
parameter to achieve high purity in the
gas separation process. Therefore, the
gas separation process with membrane
technology has great growth potential
if more selective membranes become
available (Bernardo et al., 2009). In gas
separation membranes used to separate
carbon dioxide from natural gas, nitro-
gen and oxygen in petrochemical pro-
cessing applications, or hydrogen from
hydrocarbon mixtures, polymeric mem-
branes are generally preferred commer-
cially because they are easy to produce
and have low material costs (Freeman,
1999). The physical properties and
chemical structures of polymers, which
can have a glassy or rubbery structure
depending on the temperature, affect
the character of the membrane pro-
duced. There is a glass transition tem-
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oOzelliklerinin degistigi bir camsi gecis si-
cakhgi (Tg) bulunmaktadir. Tg degerinin
altinda polimer zincirleri distk hareket
kabiliyetinde ve sinirli hareketler ger-
ceklestirmektedir. Tg degerinin Ustinde
ise polimer zincirleri daha hareketlidir.
Tg’nin altindaki polimerler camsi poli-
merler olarak adlandirilir, kati ve rijit ya-
pidadirlar. Tg’nin Ustindeki polimerler,
kaucuksu polimerler olarak adlandirilir,
yumusak ve esnek yapidadirlar (Mush-
taqg vd., 2013).

Genellikle camsi polimerler yliksek me-
kanik &zelliklere ve secicilige, daha iyi
ince film olusumuna ve disik molekl
agirlikh tarlere karsi daha yuksek gecir-
genlige sahiptir. Ancak uzun vadede ca-
listiklarinda membranlarin gecirgenlik-
leri azalmaktadir. Kaucuksu polimerler
ise dusuk secicilik ve plastiklesmeyi 6n-
leme Ozellikleriyle birlikte yuksek gecir-
genlige sahiptir (Abbasian ve Takht Ra-
vanchi, 2023). Sellloz asetat, poliimid,
polikarbonat, poli(fenilen oksit) ve po-
lisGlfon gibi camsi polimerlerden Ureti-
len membranlar, endUlstride yUksek gaz
seciciligi nedeniyle tercih edilmektedir
(Hou vd., 2022). Ancak, gecirgenligin ve
seciciligin ayirma sUrecinde belirleyici
bir rol oynadigi ¢ézelti difizyon meka-
nizmasiyla calisan polimerik gaz ayirma
membranlari, distk kimyasal ve termal
stabiliteleri ve fiziksel yaslanmayla za-
manla disen gecirgenlikleri nedeniyle
sinirlamalarla karsi karsiyadir. Ticari ola-
rak uygun bir membran, fizikokimyasal
stabiliteyi daha uzun bir &murle korur-
ken, Ustln gecirgenlige ve secicilige sa-
hip olmalhidir (Singh vd., 2024).

Literatirde polimerik membranlarin
ayirma performansini gelistirmek icin
cesitli polimer modifikasyon teknikleri
arastirilmistir.

Bunlar:

. Capraz baglanma,

. Karisik matris membran,

. Polimer karistirma,

. lyonik sivilarin kullanimi olarak si-

niflandirilabilir (Adewole vd., 2013; Shei
Ming vd., 2022).
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perature (Tg) at which polymers tran-
sition from a glassy state to a rubbery
state, and the chain properties of the
polymer material change. Below the Tg
value, polymer chains have low mobility
and limited movements. Above the Tg
value, polymer chains are more mobile.
Polymers below Tg are called glassy
polymers and have a solid and rigid
structure. Polymers above Tg are called
rubbery polymers and have a soft and
flexible structure (Mushtaq et al., 2013).

Generally, glassy polymers have high
mechanical properties and selectivity,
better thin film formation, and higher
permeability towards low-molecular-
weight species. However, when they
work over the long term, the perme-
ability of the membranes decreases.
Rubbery polymers, on the other hand,
have high permeability with low selec-
tivity and anti-plasticization properties
(Abbasian and Takht Ravanchi, 2023).
Membranes produced from glassy poly-
mers such as cellulose acetate, poly-
imide, polycarbonate, poly (phenylene
oxide), and polysulfone are preferred in
the industry due to their high gas selec-
tivity (Hou et al.,, 2022). However, poly-
meric gas separation membranes oper-
ating by solution diffusion mechanisms,
where permeability and selectivity play
a decisive role in the separation pro-
cess, face limitations due to their low
chemical and thermal stability and per-
meability that decreases over time with
physical aging. A commercially viable
membrane should have superior per-
meability and selectivity while main-
taining physicochemical stability with a
longer lifetime (Singh et al., 2024).

Various polymer modification tech-
niques have been investigated in the lit-
erature to improve the separation per-
formance of polymeric membranes.

These:

* Cross-linking,

* Mixed matrix membrane,

* Polymer mixing,

* |t can be classified as the use of ionic
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Capraz baglanma, polimer zincirleri
arasinda ag yapisi olusturan bir islemdir.
Capraz baglanma metodunun avantaji,
Uretilen membranin termal, kimyasal ve
mekanik stabilitesinin artmasidir. Cap-
raz baglanma isleminde polimer zinciri-
nin hareketliligi azaldiginda gecirgenlik
de azalir ancak secicilik artar. Capraz
baglanma kimyasal reaksiyon, radyas-
yon, 1isil islem ve fiziksel ag olusturma
yoluyla saglanabilir (Liu, 200T1).

Nano-kompozit membranlar olarak
da bilinen karisik matris membranlar,
membranin  performansini  arttirmak
icin polimer matrise zeolitler gibi dolgu
maddeleri ekleyen Uretim ydéntemleri-
dir. Dolgu malzemelerinin eklenmesiyle
membranlar daha yogun hale gelir ve
daha sert yapilar olusturur. Bu kombi-
nasyon ayni zamanda secicilik ve gecir-
genlik dahil olmak Gzere membran 6zel-
liklerini de gelistirebilir (Al-Rowaili vd.,
2023).

Polimer karistirma ydntemi, membran
imalatinda yaygin olarak kullaniimak-
tadir. Bu yoéntem, iki farklh polimerin
oOzelliklerini gbsteren yeni sentezlenmis
polimerik membranlar olusturmasi ne-
deniyle bir avantaja sahiptir. Polimerle-
rin ayirt edici fiziksel ve kimyasal &zel-
likleri gaz ayirmada kullaniimak Uzere
yUksek performansa sahip bir polimerik
membranin sentezlenmesi icin birlesti-
rilebilir. Camsi bir polimer kaucuksu bir
polimerle karistirildiginda, saf bir poli-
mere gdre daha ylUksek mukavemete
ve termal stabiliteye sahip yeni bir po-
limer elde edilebilir. Polimer karistirma
yoéntemi, imalat maliyetini azaltmasinin
yaninda polimerik membranlarin seci-
ciligini, gecirgenligini ve performansini
optimize etmek icin tercih edilmektedir
(Mannan vd., 2013).

Organik katyonlar ve inorganik anyon-
lardan olusan iyonik sivilar kullanilarak
membranlar yUksek secicilik ve gecir-
genlikle Uretilebilmektedir. iyonik sivilar,
benzersiz fiziksel ve kimyasal &zellikle-
rinden dolayl gaz ayirma uygulamala-
rinda ilgi gérmustir (Friess vd., 2021).
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liguids (Adewole et al., 2013; Shei Ming
et al,, 2022).

Cross-linking is a process that creates
a network structure between polymer
chains. The advantage of the cross-link-
ing method is that the thermal, chem-
ical, and mechanical stability of the
produced membrane increases. When
the mobility of the polymer chain de-
creases in the cross-linking process, the
permeability also decreases, but the se-
lectivity increases. Cross-linking can be
achieved through chemical reactions,
radiation, heat treatment, and physical
networking (Liu, 2001).

Mixed matrix membranes, also known
as nanocomposite membranes, are
manufacturing methods that add fill-
ers such as zeolites to the polymer ma-
trix to improve the performance of the
membrane. With the addition of filler
materials, membranes become dens-
er and form more rigid structures. This
combination can also improve mem-
brane properties, including selectiv-
ity and permeability (Al-Rowaili et al.,
2023).

The polymer mixing method is wide-
ly used in membrane manufacturing.
This method has an advantage in that
it creates newly synthesized polymeric
membranes that exhibit the properties
of two different polymers. The distinct-
ive physical and chemical properties
of polymers can be combined to syn-
thesize a high-performance polymeric
membrane for use in gas separation.
When a glassy polymer is mixed with
a rubbery polymer, a new polymer
with higher strength and thermal sta-
bility than a pure polymer can be ob-
tained. The polymer mixing method is
preferred to optimize the selectivity,
permeability, and performance of poly-
meric membranes, as well as reduce
the manufacturing cost (Mannan et al,,
2013).

Membranes can be produced with high
selectivity and permeability by using
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MOF’lar, genis yuzey alanlari, kimya-
sal islevsellikleri, ayarlanabilir gbzenek
boyutlari ve yUksek gbdzeneklige sahip
olmalarindan dolayr membran malze-
meleri olarak kullanilmaktadir. Bunun-
la birlikte, MOF iceren membranlarinin
blyuk olcekli imalatt MOF kristallerinin
kontroll sebebiyle zorludur. Ancak, son
yillarda MOF ve karisik matris memb-
ran teknolojisi kullanilarak olusturulan
membranlar, gaz ayirma performansi
icin yUuksek gecirgenlik ve secicilik elde
etme konusunda umut vaat etmekte-
dir (Sekil 3.) (S. Yu vd., 2024; Duan vd.,
2023). Daglar vd. (2022) yaptiklari bir
calismada, MOF/polimer karisik matris
membranin Ust performans sinirlarini
belirlemislerdir. Farkli MOF/polimer ka-
risik matris membranin gaz gecirgenligi
ve seciciligi, 11 farkh ayirma icin (He/Hz,
He/N2, He/CHa, He/CO2, H2/N2, Hz/CHa,
O2/N2, CO2/N2, CO2/CHa, N2/CHa, H2/
CO2) 41 farkh polimerde dolgu madde-
si olarak MOF kullanilarak incelenmis-
tir. Bu calisma sonucunda, MOF dolgu
maddelerinin eklenmesi ile bu calisma-
da ele alinan tim polimerlerin (41) gaz
gecirgenligini arttirdigi dolayisiyla yuk-
sek membran yUzey alani ihtiyacini ve
sermaye maliyetini 6nemli &l¢ctde azal-
tilabilecegini belirtilmektedir (Daglar
vd., 2022).
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ionic liquids consisting of organic cat-
ions and inorganic anions. lonic liquids
have attracted interest in gas separation
applications due to their unique physic-
al and chemical properties (Friess et al.,
2021).

Metal-organic frameworks (MOFs) are
used as membrane materials due to
their large surface area, chemical func-
tionality, adjustable pore sizes, and high
porosity. However, large-scale fabrica-
tion of MOF-containing membranes is
challenging due to the control of MOF
crystals. However, in recent years, mem-
branes formed using MOF and mixed
matrix membrane technology have
shown promise in achieving high per-
meability and selectivity for gas separ-
ation performance (Figure 3) (S. Yu et
al.,, 2024; Duan et al., 2023). Daglar et al.
(2022) determined the upper perform-
ance limits of the MOF/polymer mixed
matrix membrane in their study. Gas
permeability and selectivity of different
MOF/polymer mixed matrix membranes
for 11 different separations (He/H2, He/
N2, He/CHas, He/CO2, Hz2/N2, H2/CHa4, O2/
N2, CO2/N2, CO2/CHa, N2/CHa, H2/CO2)
were examined using MOF as filler in 41
different polymers. As a result of this
study, it is stated that the addition of
MOF fillers increases the gas perme-
ability of all polymers (41) discussed in
this study, thus the need for high mem-
brane surface area and capital cost can
be significantly reduced (Daglar et al.,
2022).
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Sekil 3. MOF iceren karisik matris membranlari (Duan vd., 2023).

MOF-containing
Mixed Matrix Membranes
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Figure 3. MOF- containing mixed matrix membranes (Duan vd., 2023).

MOF’lar disinda, karisik matris memb-
ranlarin gecirgenlik ve seciciliginin arti-
rilmasi icin kovalent organik cerceveler
(COF’ler) (Zhang vd., 2022), gbzenekli
organik cerceveler (POF’ler) (G. Yu vd,,
2017), metal-organik kafesler (MOC’ler)
(Jia vd., 2023) ve grafen nanotabakalar
(GN’ler) (Chen vd., 2020) son vyillarda
kullanilan dolgu malzemeleridir.
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Apart from MOFs, covalent organic
frameworks (COFs) (Zhang et al., 2022),
porous organic frameworks (POFs) (G.
Yu et al, 2017), metal-organic cages
(MOCs) (Jia et al., 2023) and graphene
nanosheets (GNs) (Chen et al, 2020)
are filling materials used in recent years
to increase the permeability and selec-
tivity of mixed matrix membranes.
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Karbon Geri Kazaniminda Ekonomik ve

Cevresel Etkiler

Karbon geri kazanimi karbondioksitin
endUstriyel sUreclerden yakalanmasini,
sikistirilmasini ve asiri emisyonlarin at-
mosfere girmesini dnlemek icin yeral-
tinda depolanmasini icermektedir. Bu
teknolojiler iklim degdisikligini azaltmak
ve dustk karbonlu ve sUrdurudlebilir bir
gelecedi mUmkudn kilmak icin cok 6nem-
lidir (Kim ve dig., 2020).

Karbon geri kazanim (karbon yakalama
ve depolama (CCS)) teknolojileri, kar-
bon emisyonlarinin azaltilmasinda hem
ekonomik avantajlar hem de dezavan-
tajlar sunmaktadir. Karbon geri kaza-
nimindan gelir elde etme potansiyeli,
ekonomik cekiciligini artiran unsurlarin
basinda gelmektedir. Temiz enerji sek-
térinde yeni endUstrilerin gelistirilmesi
ve istihdam olusturulmasiyla bliylme-
yi tesvik edebilmesi, sirketlerin karbon
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Carbon recovery is the process of cap-
turing carbon dioxide from industrial
processes, compressing it, and storing
it underground to prevent excess emis-
sions from entering the atmosphere.
These technologies are crucial to mit-
igating climate change and enabling a
low-carbon and sustainable future (Kim
et al,, 2020).

Carbon recovery (carbon capture and
storage (CCS)) technologies offer both
economic advantages and disadvan-
tages in reducing carbon emissions.
The potential to generate income from
carbon recovery is one of the factors
that increases its economic attractive-
ness. It has other advantages, such as
being able to stimulate growth in the
clean energy sector by developing new
industries and creating jobs, helping
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fiyatlandirma dUzenlemelerine uyma-
sina ve uzun vadede potansiyel olarak
maliyet tasarrufu saglamasina yardimci
olabilmesi gibi diger avantajlari da mev-
cuttur (Bento ve dig., 2021; Sohail ve
dig., 2021). Ayrica, enerji kaynaklarini
cesitlendirerek enerji glvenligine kat-
kida bulunmasi da CSS teknolojilerinin
avantajlari arasinda yer almaktadir. Bu-
nunla birlikte, yiksek yatirim maliyetleri,
belirsiz finansal strdurulebilirlik ve CO2
kacagi riski gibi zorluklar, yayginlasma-
nin é6ninde dnemli engeller olusturmak-
tadir. CCS’nin ekonomik faydalarindan
tam olarak yararlanmak icin politika ya-
picilarin ve sektdr paydaslarinin bu zor-
luklari yenilik¢i ¢c6zUmler ve destekleyici
politika cerceveleri araciligiyla ele alma-
si gerekmektedir (Zhang ve dig.,2015;
Philbien ve Wang, 2019).

Son otuz yilda CO:z icin membran gaz
ayirma (MGS) uygulamalari, dogal gaz-
dan CO2/CHa4 ayristirmasi, yanma sonra-
si yakalama (baca gazlarindan COz/N-2
veya CO2/N2/O2 ayirma) ve yanma On-
cesi yakalama (COz2/Hz ayirma) Uzerine
yayinlanmis olan ¢ok sayida calisma ile
rapor edilmektedir (Scholes ve digerle-
ri, 2010b). Dogal gazdan CO2'nin uzak-
lastiriimasi icin MGS’nin kullanimi 1980’
yillardan itibaren ticari olarak uygulan-
maya baslamistir ve strekli olarak blyU-
mektedir. Bu alandaki pazarin 2030 vyi-
linda 1,6 milyar dolara ulasacagi tahmin
edilmektedir (URL-1). Bu alandaki tica-
ri MGS’ler su anda Medal (Air Liquid),
W.R. Grace, Separex (su anda UOP’un
bir parcasl), Cynara (su anda Schlum-
berger’in bir parcasi) ve ABB/MTR da-
hil olmak Uzere bircok sirket tarafindan
tedarik edilmektedir. Ticari uygulama-
larda halihazirda kullanilan tim memb-
ranlar, Uretim kolaylklarindan dolayi
polimerik membranlardir. GUnUmuUzde
ticari membranlarda (UOP Separex™
ve Schlumberger Cynara gibi) sellloz
asetat kullanimi hala hakimken, poliimid
(Air Liquide) ve polistlfon (Air Produ-
cts) gibi alternatif malzemelerin kullani-
mi da sUrekli artmaktadir. CO2 yakalama
membrani icin organikler, inorganikler
ve organik-inorganik kompozitler dahil
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companies comply with carbon pricing
regulations, and potentially providing
cost savings in the long term (Bento et
al., 2021; Sohail et al., 2021). Additionally,
CSS technologies contribute to energy
security by diversifying energy sources,
which is one of their advantages. How-
ever, challenges such as high invest-
ment costs, uncertain financial sustain-
ability, and the risk of CO2 leakage pose
significant obstacles to widespread
adoption. To fully realize the economic
benefits of CCS, policymakers and
industry stakeholders need to address
these challenges through innovative
solutions and supportive policy frame-
works (Zhang et al., 2015; Philbien and
Wang, 2019).

Many studies have published on mem-
brane gas separation (MGS) applica-
tions for CO2, CO2/CHa separation from
natural gas, post-combustion cap-
ture (CO2/N2 or CO2/N2/O2 separation
from flue gases), and pre-combustion
capture (CO2/H2 separation) over the
last three decades. Numerous studies
(Scholes et al., 2010b) have reported on
it. Commercial implementation of MGS
to remove CO:2 from natural gas has
been ongoing since the 1980s and con-
tinues to grow. Researchers estimate
that the market in this field will reach 1.6
billion dollars in 2030 (URL-1). Current-
ly, several companies, including Separ-
ex (now part of UOP), Cynara (now part
of Schlumberger), and ABB/MTR, sup-
ply commercial MGSs in this area. All
memlbranes currently used in commer-
cial applications are polymeric mem-
branes due to their ease of production.
Commercial membranes like UOP Se-
parexTM and Schlumberger Cynara still
mostly use cellulose acetate, but other
materials like polyimide (Air Liquide)
and polysulfone (Air Products) are be-
ing used more and more. The perfor-
mance and properties of gas separation
membranes depend on several factors,
such as membrane material, structure,
thickness, and configuration (e.g., hol-
low fiber, flat sheet), as well as module/
system design (Siagian et al., 2019). For
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olmak Uzere kendi tipik avantajlari ve
sinirlamalari olan cesitli malzemeler ge-
listirilmistir. Gaz ayirmaya yonelik ticari
membranlarin cogu, organik veya poli-
merik membranlarin hakimiyetindedir;
inorganik malzemeyle karsilastirildigin-
da daha dusUk Uretim maliyeti vardir ve
hem dUz hem de ici bos fiber modul ha-
linde imal edilmesi kolaydir.

Gaz ayirma membranlarinin cevresel
etkilerine odaklanildiginda ise memb-
ranlarin yasam doéngulerinin sonunda
uygun bertaraf edilmesi yoénetiimedigi
takdirde polimerler ve katki maddeleri
gibi malzemeler cevre kirliligine sebep
olabilmektedir. Bu hususta cevresel et-
kileri en aza indirmek icin daha strduri-
lebilir membran malzemeleri ve Uretim
teknikleri gelistirmeye odaklaniimakta-
dir (Zhang ve dig., 2021). Gaz ayirma
membranlari, Uretim ve imha ile ilgili
etkilerin yani sira, isletme sirasinda da
cesitli cevresel sorunlara neden olabilir.
Membran tikanmasi, ayirma verimliligi-
nin azalmasina ve operasyonel enerji
gereksinimlerin ve cevresel ayak izinin
artmasina sebep olmaktadir (Zhang ve
dig., 2018; M. Chen ve dig., 2020). Bu
nedenle, bu operasyonel ve malzemeyle
ilgili sorunlarin ele alinmasi, gaz ayirma
membranlarinin karbon geri kazanim
sUrecine olumlu katkida bulunurken ge-
nel cevresel etkilerinin en aza indirme-
sini saglamak acisindan ¢cok 6nemlidir
(Brown ve dig., 2023).

Surdurtlebilir Kalkinma Hedefleri ile
Uyum: Karbon Yakalama ve Depolama
(CCS), cesitli Surdurulebilir Kalkinma
Hedefleri (SDG’ler) ile uyumlu olup, yal-
nizca emisyon azaltmanin 6tesinde cok
yonlU faydalarini ortaya koymaktadir:

SDG 13 (iklim Eylemi): SDG 13 iklim de-
gisikligi ve etkileri ile mUcadele konu-
sunda acilen eyleme gecilmesi planlan-
layan bir kalkinma hedefidir. CCS’nin
temel amaci COz2 emisyonlarinin azal-
tilmasi oldugundan, iklim degisikligiyle
muUcadele amaciyla bu emisyon azaltim
potansiyeli SDG 13’e dogrudan katkida
bulunmaktadir. HukUmetlerarasi iklim
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CO2 capture membranes, researchers
have developed a variety of materials,
including organics, inorganics, and or-
ganic-inorganic composites, each with
unique advantages and limitations. Or-
ganic or polymeric membranes dom-
inate most commercial gas separation
membranes due to their lower produc-
tion cost compared to inorganic materi-
als and ease of fabrication into both flat
and hollow fiber modules.

When it comes to the environmental
impacts of gas separation membranes,
improper disposal of materials like poly-
mers and additives at the end of their life
cycles can lead to environmental pollu-
tion. In this regard, the focus is on de-
veloping more sustainable membrane
materials and production techniques
to minimize environmental impacts
(Zhang et al, 2021). Gas separation
memlbranes can cause a variety of envi-
ronmental problems during operation,
as well as impacts on production and
disposal. Membrane clogging reduces
separation efficiency while increasing
operational energy requirements and
environmental footprint (Zhang et al,,
2018; M. Chen et al., 2020). Therefore,
addressing these operational and mate-
rial issues is crucial to ensuring that gas
separation membranes contribute pos-
itively to the carbon recovery process
while minimizing their overall environ-
mental impact (Brown et al., 2023).

Alignment with Sustainable Develop-
ment Goals: Carbon Capture and Stor-
age (CCS) demonstrates multi-faceted
benefits beyond just emissions reduc-
tion, aligning with several Sustainable
Development Goals (SDGs).

SDG 13 (Climate Action): SDG 13 is a de-
velopment goal that calls for urgent ac-
tion to combat climate change and its
effects. Since the main goal of CCS is to
reduce CO2 emissions, this emission re-
duction potential directly contributes to
SDG 13 to combat climate change. The
Intergovernmental Panel on Climate
Change (IPCC) report demonstrates
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Degisikligi Paneli (IPCC) raporu, CCS
olmadan Birlesmis Milletler iklim Degi-
sikligi Cerceve So6zlesmesi (UNFCCC)
Paris Anlasmasi’nin hedeflerine ulasila-
mayacagdini gosteriyor (Mikunda ve dig.,
2021).

SDG 7 (Erisilebilir ve Temiz Enerji): Sur-
durulebilir Kalkinma Hedefi 7, uygun
fiyatl ve temiz enerji tedarikinin artiril-
masina odaklanmaktadir. Mevcut enerji
kaynaklari, toplam sera gazi emisyonla-
rinin %60’In1 olusturarak iklim degisikli-
gine yol acmaktadir. Bunun sonucunda
yenilenebilir enerji kaynaklari gibi cev-
reye olumsuz etkisi olmayan alternatif
enerji kaynaklari arastirilmaktadir. Kar-
bon yakalama teknolojileri yenilenebi-
lir enerji kaynaklariyla entegre edilerek

Karbon geri
kazaniminin
suirdirilebilirlik

- www.memtek.org °

that the United Nations Framework
Convention on Climate Change (UNF-
CCC) Paris Agreement cannot achieve
its goals without CCS (Mikunda et al.,
2021).

SDG 7 (Affordable and Clean Energy):
Sustainable Development Goal 7 focus-
es on increasing the supply of afford-
able and clean energy. Current energy
sources account for 60% of total green-
house gas emissions, leading to climate
change. Researchers are investigating
alternative energy sources, such as re-
newable energy sources, that do not
negatively impact the environment.
Carbon capture technologies increase
performance and production by inte-
grating with renewable energy sources.

IKLIM
EYLEMI

Climate Action

13

hedeflerine katkisi
Contribution of

Carbon Recovery to

Sustainability Goals
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performans ve Uretim arttirmaktadir.
Bu nedenle, karbon yakalama teknolo-
jilerinin entegre edilmesinin Sdrdurle-
bilir Kalkinma Hedefi 7 ile guclu iliskisi
vardir. Ayrica karbon yakalama tekno-
lojilerinin temel amaci sifir emisyonlu
hidrojen ve yakit Uretimini arttirmaktir.
Sifir emisyonlu Uretimdeki bu iyilestir-
me, SUrdurulebilir Kalkinma Hedefi 7’ye
olumlu katki saglamaktadir.

SDG 9 (Sanayi, Yenilikcilik ve Altyapi):
CCS, karbon yakalama teknolojilerinde-
ki yeniligi ve CO2 tasima ve depolama
icin yeni altyapinin gelistiriimesini tes-
vik eder. EnduUstrilerin Uretimden 6dun
vermeden emisyonlarini azaltmalarina
olanak taniyarak sUrdurGlebilir sanayi-
lesmeyi tesvik eder. Surdurulebilir Kal-
kinma Hedefleri'nin 9.4 numarali he-
defi kaynak verimliliginin artirilmasina,
temiz teknolojilerin benimsenmesinin
tesvik edilmesine ve sUrdurilebilir sa-
nayilerin desteklenmesine odaklaniyor.
CCS, fosil yakitlarin cevresel etkilerini
onemli dlclde azaltarak fosil yakitlarin
sUrekli kullanimina olanak saglar. Ener;ji
glvenligini saglar ve dustk karbonlu bir
gelecege gecisi destekler, enerjiyi daha
sUrdurulebilir hale getirir ve enerji Ure-
timindeki karbon yogunlugunu azaltir.
Ozellikle de membran kullananlar, altya-
p! ve endUstriyel sektdrlerde cok 6Gnemli
bir rol oynamaktadir. Gelismis membran
malzemeleri, karbon yakalamayla ilis-
kili maliyetleri dUsUrme potansiyeline
sahiptir; membran teknolojisinin verim-
liligi, CO2 yakalama oranina yakindan
bagldir. Membran teknolojisi yoluyla
yanma sonrasi CO:2 yakalama, giderler-
de %55’lik potansiyel bir azalmayla bir-
likte maliyet avantajlari sunar (Olabi ve
dig., 2023).
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Therefore, integrating carbon capture
technologies has a strong relationship
with Sustainable Development Goal 7.
In addition, the main purpose of carbon
capture technologies is to increase ze-
ro-emission hydrogen and fuel produc-
tion. This improvement in zero-emission
production makes a positive contribu-
tion to Sustainable Development Goal
7.

SDG 9 (Industry, Innovation, and Infra-
structure): The CCS promotes innova-
tion in carbon capture technologies as
well as the development of new infra-
structure for CO2 transport and storage.
It promotes sustainable industrializa-
tion by allowing businesses to reduce
their emissions without compromising
production. Goal 9.4 of the Sustainable
Development Goals focuses on increas-
ing resource efficiency, encouraging
the adoption of clean technologies,
and supporting sustainable industries.
By significantly reducing their environ-
mental impact, CCS enables the contin-
ued use of fossil fuels. It ensures energy
security and supports the transition to a
low-carbon future, making energy more
sustainable and reducing the carbon in-
tensity of energy production. In partic-
ular, membrane users play a significant
role in the infrastructure and industrial
sectors. The efficiency of membrane
technology closely links to the CO:
capture rate, and advanced membrane
materials have the potential to reduce
carbon capture costs. Post-combustion
COz2 capture via membrane technology
offers cost advantages, with a potential
55% reduction in expenses (Olabi et al.,
2023).
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Uygulama Alanlari ve Gelecek

Uygulamalar

Membran teknolojileri kapsaminda son
yillarda &énemli bir gelisme olarak ta-
nittigimiz bu gaz ayirma membranlari,
gazlarin molekuler boyutlari, ¢é6zUnlr-
lUkleri ve difGzyon hizlarindaki farklilik-
lardan yararlanarak yuksek verimlilikte
ayirma saglayarak bircok endUstrinin
ihtiyaclarini karsilamaktadir. Kimya, pet-
rokimya ve enerji sektdrleri gaz ayirma
membranlarinin  yaygin olarak kulla-
nildigr endustrilerdir. Ornedin, kimya
sektdérinde gaz ayirma membranlari,
cesitli gaz karisimlarinin yUksek saf-
likta bilesenlere ayrilmasinda kritik bir
rol oynar bu kapsamda hidrojen Ureti-
mi, karbondioksit giderimi, azot Ure-
timi ve ucucu organik bilesiklerin geri
kazanimi saglanir. Hidrojen Uretiminde,
polimer ve perovskit bazli gaz ayirma
memlbranlari 6zellikle reforming reaksi-
yonlari sonucu elde edilen karbon mo-
noksit ve karbondioksit gibi safsizlikla-
rin hidrojenden ayrilmasini saglayarak
hidrojenin saflastirilmasinda kullanilir
(Vilanova et al,, 2024). Bunun yaninda
metal-organik-cerceve (MOF) bazli gaz
ayirma membranlari kullanilan sistem-
ler, en iyi bilinen sera gazlarindan biri
olan karbondioksit (CO2) emisyonlarinin
azaltilmasini saglayarak klresel 1Isinma-
y1 Odnlemeye yardimci olur (Duan et al.,
2023). Ote yandan membran teknolojisi
hava ayirimi yoluyla azot Uretiminde de
dnemli bir rol oynar. Gaz ayirma memb-
ranlari, oksijeni azottan ayirarak yluksek
saflikta azot gazi elde edilmesine olanak
tanir. Ayrica ucucu organik bilesiklerin
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Gas separation membranes, which we
have introduced as a significant devel-
opment in membrane technologies in
recent years, provide highly efficient
separation by utilizing the differences
in molecular sizes, solubilities, and dif-
fusion rates of gases. In this regard, they
meet the needs of many industries. The
chemical, petrochemical, and energy
sectors are among the industries where
gas separation membranes are widely
used. For example, in the chemical in-
dustry, gas separation membranes play
a critical role in separating various gas
mixtures into high-purity components,
facilitating hydrogen production, car-
bon dioxide removal, nitrogen genera-
tion, and the recovery of volatile organic
compounds (VOCs). In hydrogen pro-
duction, polymer and peroxide-based
gas separation membranes are used for
purifying hydrogen by separating im-
purities such as carbon monoxide and
carbon dioxide, which are produced
during reforming reactions (Vilanova
et al.,, 2024). Additionally, systems us-
ing MOF-based gas separation mem-
branes help mitigate global warming
by reducing CO2 emissions, one of the
best-known greenhouse gases (Duan
et al., 2023). Moreover, membrane tech-
nology plays a crucial role in nitrogen
production through air separation. Gas
separation membranes enable the ex-
traction of high-purity nitrogen gas by
separating oxygen from nitrogen. They
also contribute both economically and
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(VOC'ler) ayristirilmasi ve geri kaza-
nilmasini da saglayarak 6zellikle kimya
endUstrisinde siklikla kullanilan solvent-
lerin geri kazanimini ve tekrar kullanimi-
ni saglamis, bu sayede hem ekonomik
hem de cevresel acidan katkida bulun-
mustur (Da Conceicao et al,, 2023). Ra-
fineri/biyofineri endUstrinde gaz ayirma
membran teknolojilerine bakildiginda
ise yine hidrojen ayirimi/geri kazanimi,
katalitik reforming ile hidrojen Uretimi,
ucucu organik bilesik giderimi ve VOC
geri kazanimi alanlarinda kullanildigi
gorulur. Petrokimya endustrisinde ise
olefin/parafin ayristirilmasi, én yanma-
dan(pre-combustion) COz/Hz ayirimi,
son yakmadan (post-combustion) COz/
Nz ayrimi, dogal gaz aritimi alanlarinda
bu membranlar kullanilir(lulianelli&D-
rioli, 2020). Enerji sektérinde ise do-
gal gazin ve nitrojen, CHa ve CO:2 kari-
simindan olusan biyogazin kurutulmasi
konusunda gaz ayirma membranlari
teknolojisine basvurmaktadir. Ozellikle
biyogazdan CO2’in ayristirilmasi yliksek
saflikta metan elde edilmesi saglayarak,
biyogazin eneriji icerigini artirir ve daha
verimli bir yakit kaynagi haline getiril-
mesi saglanir.

Gelecekte gaz ayirma membranlari ve
karbon geri kazanimi teknolojilerinde
onemli gelismeler beklenmektedir. Yeni
nesil membranlar, ézellikle polimerikna-
nokompozit malzemeler, MOF'lar ve ze-
olit bazli yapilar gibi yenilik¢ci malzeme-
lerin kullanimi ile daha yUksek secicilik
ve gecirgenlik saglayacaktir (Kundu&-
Haldar, 2023). Bu membranlar, hidro-
jen ve karbondioksit gibi gazlarin daha
verimli ayristiriilmasint mimkun kilacak,
bdylece enerji verimliligi artacak ve is-
letme maliyetleri dlsecektir(Zhao et
al.,, 2022). Ayrica, karbon geri kazanimi
teknolojilerinde yapay zeka ve makine
dgrenimi tekniklerinin entegrasyonu ile
proses optimizasyonu saglanacak ve
karbon yakalama verimliligi artirilacak-
tir(Tayyebi et al., 2022). Elektrokimyasal
ve biyoteknolojik ydntemlerin de kar-
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environmentally by enabling the sepa-
ration and recovery of VOCs, which al-
lows for the reclamation and reuse of
solvents frequently used in the chemi-
cal industry (Da Conceicao et al., 2023).
In the refinery/biorefinery industry, gas
separation membrane technologies are
used in hydrogen separation/recovery,
hydrogen production via catalytic re-
forming, VOC removal, and VOC recov-
ery. In the petrochemical industry, these
membranes are employed in olefin/par-
affin separation, pre-combustion CO2/
H2 separation, post-combustion CO2/N2
separation, and natural gas purification
(lulianelli & Drioli, 2020). In the energy
sector, gas separation membranes are
utilized for the dehydration of natural
gas and biogas, which consists of Nz,
CHas, and COzmixtures. Specifically, the
separation of CO2 from biogas enables
the production of high-purity methane,
increasing the energy content of biogas
and makingitamoreefficientfuel source.

Significant advancements are expect-
ed in gas separation membranes and
carbon recovery technologies in the fu-
ture. Next-generation membranes, par-
ticularly those incorporating innovative
materials such as polymeric nanocom-
posites, MOFs, and zeolite-based struc-
tures, will offer higher selectivity and
permeability (Kundu & Haldar, 2023).
These membranes will enable more effi-
cient separation of gases like hydrogen
and carbon dioxide, thereby increasing
energy efficiency and reducing opera-
tional costs (Zhao et al,, 2022). Further-
more, integrating artificial intelligence
and machine learning techniques into
carbon recovery technologies will op-
timize processes and enhance carbon
capture efficiency (Tayyebi et al., 2022).
The inclusion of electrochemical and
biotechnological methods in carbon
recovery processes will also contribute
to accelerating innovations in this field.
From a sustainability perspective, the
integration of membrane technologies
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bon geri kazanimi streclerine dahil edil-
mesi, bu alandaki inovasyonlarin hizlan-
masina katki saglayacaktir.

Gelecekte karbon geri kazanimi adina
membran teknolojilerinin  sUrdurlle-
bilirlik acisindan degerlendirildiginde,
bu teknolojilerin kimyasal ayirma sU-
reclerine entegre edilmesi endustrinin
cevresel sUrdurdlebilirligini  artirirken
gaz ayirma uygulamalari icin yeni yol-
lar acacaktir. Enerji santralleri ve en-
duUstriyel tesislerde CO2 emisyonlarini
blUylk 6lclde azaltarak karbon ayak
izinin kGcultllmesine katkl saglayacak-
tir. Bununla birlikte, bu membranlarin
genis capta benimsenmesi, membran
malzemelerinin gelistiriimesi, membran
verimliliginin artirilmasi, Gretim maliyet-
lerinin azaltilmasi ve Olceklenebilirligin
saglanmasi ile mUmkin olacaktir. Bu
hedeflere ulasmak icin strekli arastir-
ma, yenilik ve akademi, endUstri ve poli-
tika yapicilar arasinda isbirligi gereklidir.
Surdurulebilir gaz ayirma membranlari,
yalnizca teknolojik bir ilerleme dedgil,
ayni zamanda daha surdurulebilir ve so-
rumlu bir gelecege yoénelik stratejik bir
degisimdir. Bu teknolojilerin uygulan-
masi, enerji verimliligi, maliyet azaltimi
ve cevresel sUrdurulebilirlik acisindan
endUstrilere 6nemli avantajlar sunmak-
tadir. Enerji ekonomisi ve disuk karbon
ayak izi dikkate alinarak, endustriyel gaz
ayirma ve saflastirma islemlerinin sir-
durulebilir membran bazli teknolojiler
kullanilarak yapilmasi gerekmektedir.
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into chemical separation processes will
enhance the environmental sustainabil-
ity of industries while opening new av-
enues for gas separation applications.
By significantly reducing CO2 emissions
in power plants and industrial facili-
ties, these technologies will help mini-
mize the carbon footprint. However, the
widespread adoption of these mem-
branes will depend on the development
of membrane materials, improvement
of membrane efficiency, reduction of
production costs, and ensuring scal-
ability. Achieving these goals will re-
quire continuous research, innovation,
and collaboration among academia,
industry, and policymakers. Sustain-
able gas separation membranes repre-
sent not only a technological advance-
ment but also a strategic shift towards
a more sustainable and responsible
future. Considering the energy econo-
my and the need for a reduced carbon
footprint, industrial gas separation and
purification processes must be carried
out using sustainable membrane-based
technologies.
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TC. Cevre, Sehircilik ve Iklim Degisikligi
Bakanligl, |klim Degisikligi Baskani

- Sayin hocam biraz kendinizden bah-
seder misiniz? Membran prosesler ve
doéngisellik, strdurilebilirlik ile tanis-
ma hikdyeniz nedir?

TesekkUr ederim. Lisans ve lisansUstu
derecelerimi c¢evre muhendisligi ala-
ninda aldim. Doktora calismalarima
2001 yilinda membran prosesler Uzeri-

- Professor, can you tell us a little about
yourself? What is your story of becom-
ing acquainted with membrane process-
es, circularity, and sustainability?

Thank you. | earned my undergraduate and
graduate degrees in environmental engi-
neering. | completed my doctoral studies
in 2001, focusing on membrane processes.
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netamamladim. Akademik kariyerimde
2002 yilinda Yardimci Docent, 2004 yi-
linda Docent, 2009 yilinda ise Profesoér
unvanlarini aldim.

Meslek hayatim boyunca enerji verimli
aritma sistemleri, membran teknoloji-
leri ve cevresel altyapilar gibi konular-
da bircok ulusal ve uluslararasi projede
yer aldim. Ornegdin, 2006-2007 vyillari
arasinda Arizona StateUniversityBiode-
signinstitute’te, 2011 yilinda ise irlanda
UniversityCollege Dublin’de “enerji ve-
rimli aritma teknolojileri” Gzerine dokto-
ra sonrasi arastirmalar yGrattim. Ayrica,
Turkiye, GUney Kore ve Almanya ortak
is birligi projelerinde “biyoteknolojik ¢6-
zUmlemeler” gelistirdim.

Surdurulebilirlik ve dénguUsellik ile tanis-
mam, membran teknolojilerinin sadece
su ve atik su aritiminda degil, ayni za-
manda dénglsel ekonomiye geciste kri-
tik bir rol oynadigini fark ettigim surecle
basladi. Bu dogrultuda, iTU bUnyesinde
Ulusal Membran Teknolojileri Arastirma
Merkezi'nin (MEM-TEK) kurulmasinda
gorev aldim ve halen bu merkezde y6-
netim kurulu Gyesiyim.

Akademik alanda 70’in Uzerinde SCI
yayinim ve 200’Un Uzerinde bilimsel
calismam bulunmakta. Ayrica, cevresel
sUrdurulebilirlik alaninda TUBITAK dahil
bircok projede yUrutlcU, arastirmaci ve
danisman olarak goérev aldim. Cevre ve
Sehircilik Bakanhgi tarafindan yayinla-
nan, su ve atik su aritiminda membran
teknolojilerine dair Uc ciltlik bir eserin
yazarlarindan biriyim.

Surdurulebilir teknolojilerin gelistirilme-
si ve cevre mUhendisligi alanindaki bilgi
birikimimin Ulkemize ve dlUnyaya katki
sunacak sekilde uygulanmasi her zaman
dnceligim oldu. Bugln iklim Degisikli-
gi Baskanlhgrndaki gdrevimle, cevresel
sorunlarla mUcadeleye stratejik katkilar
sunmay! strddrdyorum.

Benim icin cevre mihendisligi sadece
bir akademik titr ya da meslek dedildir.
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In my academic career, | was appointed
as Assistant Professor in 2002, Associate
Professor in 2004, and achieved the title of
Professor in 2009.

Throughout my professional career, | have
participated in numerous national and in-
ternational projects related to energy-ef-
ficient treatment systems, membrane
technologies, and environmental infra-
structures. For example, between 2006 and
2007, | conducted postdoctoral research on
"energy-efficient treatment technologies"
at the Biodesign Institute of Arizona State
University. In 2011, | pursued further post-
doctoral research on the same topic at Uni-
versity College Dublin in Ireland. Addition-
ally, I contributed to joint projects involving
Turkey, South Korea, and Germany, devel-
oping "biotechnological solutions."

My journey into sustainability and circu-
larity began with the realization that mem-
brane technologies play a critical role not
only in water and wastewater treatment
but also in transitioning to a circular econ-
omy. Consequently, | contributed to the
establishment of the National Membrane
Technologies Research Center (MEMTEK)
within Istanbul Technical University and
continue to serve as a board member at the
center.

In the academic field, | have authored over
70 SCl-indexed publications and more than
200 scientific studies. Furthermore, | have
served as a principal investigator, research-
er, and consultant on numerous projects,
including those funded by TUBITAK, focus-
ing on environmental sustainability. | am
also one of the authors of a three-volume
work on membrane technologies in water
and wastewater treatment, published by
the Ministry of Environment and Urbaniza-
tion.

Developing sustainable technologies and
applying my knowledge in environmental
engineering to benefit both my country and
the world have always been my priorities.
Currently, as the Head of Climate Change, |
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Benim icin iklim degisikligiyle micadele
etmek sadece mesleki bir zorunluluktan
ibaret degdildir. Evlatlarimizin istikbalini
tehdit eden buyUk bir soruna karsi mu-
cadele eden ve bu anlamda calismalar
yapan bir birey, yesil sevdalisi, cevre go-
nGllust ve Sifir Atik géonUllist hareket
etmek Onceliklerim arasindadir. CUln-
kG asmamiz gereken blyUk bir sorun,
cdzmemiz gereken pek cok digum var.
Bu anlamda atilabilecek en bUyUk adim
ddnyanin yani yasamin surekliligini te-
min icin surddrulebilir ve cevreci yon-
temleri merkeze almak sarttir.

iklim degisikligi kiresel bir sorun ve bu
sorun Ozellikle Akdeniz Havzasi’'nda
kendini gdsteriyor. Yagis, sicaklik ve bu-
harlasma basta olmak Uzere cesitli iklim
etkenleri godllerin seviyelerinde belirli
ddnemlerde artis ve azalmalara neden
oluyor. Bazi gollerde ise kuraklik geri
dénllemez seviyelere ulasmis bulun-
makta... Bu kapsamda Ulkemizin Uzun
Doénemli iklim Stratejisi’ni, iklim Degisik-
ligine Uyum Stratejisi ve Eylem Plani’ni
ve iklim Degisikligine Azaltim Stratejisi
ve Eylem Planrni gelistirdik.

Ayrica uzunca bir sUredir Uzerinde ca-
lismis oldugumuz iklim Kanunu’nun tas-
lagini hazirladik.iklim Kanunu’nun Mec-
lismizde onaylanmasi ile Turkiye’nin
Ulusal Yesil Taksonomisi ve Emisyon Ti-
caret Sistemi’mizin de uygulama calis-
malari baslayacak.

Iklim degisikligi etkilerinin son yillarda
artmasi, insanlarin iklim degisikligi ile
mucadele énemini anlamasi ve iklim de-
gisikligi ile mUcadelenin strdurulebilirlik
yaklasimi ile mUimkUin olacaginin kav-
ranmasl ile cevresel strdurulebilirligin
onemi artmistir.

Gelecegdin iklim kosullari hakkinda &n-
goériude bulunmak ve Turkiye olarak iklim
stratejilerimizi gelistirmek icin Glkemizin
2100 yilina kadar “iklim Projeksiyonlari”-
ni olusturuyoruz. Turkiye’'de bir ilk olan
6 klresel iklim modelini 3 km &lcegdin-
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continue to make strategic contributions to
addressing environmental challenges.

For me, environmental engineering is not
just an academic title or a profession. Fight-
ing climate change is not merely a profes-
sional obligation; it is a personal commit-
ment to addressing a significant problem
that threatens the future of our children.
Acting as an advocate for environmen-
talism, sustainability, and the Zero Waste
movement is one of my top priorities. Be-
cause we face a monumental issue and
many challenges to solve, it is essential to
adopt sustainable and environmentally
friendly methods to ensure the continuity
of life on Earth.

Climate change is a global issue, and its ef-
fects are particularly visible in the Mediter-
ranean Basin. Various climatic factors, such
as precipitation, temperature, and evapora-
tion, cause periodic increases or decreases
in the levels of lakes, while some lakes have
reached irreversible levels of drought. In
this context, we have developed our coun-
try’s Long-Term Climate Strategy, Climate
Change Adaptation Strategy and Action
Plan, and Climate Change Mitigation Strat-
egy and Action Plan.

Additionally, we have prepared the draft
of the Climate Law, which we have been
working on for quite some time. Once the
Climate Law is approved by our Parliament,
we will also begin implementing Turkey's
National Green Taxonomyand Emissions
Trading System.

The increasing impacts of climate change
in recent years, the growing awareness
of its significance, and the realization that
combating climate change is only possible
through a sustainability-oriented approach
have heightened the importance of envi-
ronmental sustainability.

To predict future climate conditions and
develop strategies as Turkey, we are creat-
ing the country’s Climate Projections up to
the Year 2100. For the first time in Turkey,
we are applying six global climate models
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de Ulkemize uyguluyor ve iklim projek-
siyonlarini hesapliyoruz. Bu kapsamda;
kuraklik, sel, rizgar, sicak hava dalgasi,
firtina olmak Gzere 40 indis yani iklim
tehlikesinin etkileri Uzerine calisiyoruz.
Iklim degisikliginden en fazla etkilene-
cek sektorleri belirliyor ve risk analizle-
rini yapiyoruz. Calismalarimiz sonucun-
da, sektdreldnceliklendirmeye yapacak
ve yerel iklim eylem planlarimizi hayata
getirecegiz.

- Hocam, iklim Degisikligi Baskani ola-
rak gaz ayirma membranlari ve karbon
geri kazanimi konularinin iklim degi-
sikligine ve siirdiiriilebilirlige etkisi ko-
nusunda neler diisiiniiyorsunuz?

Gaz ayirma membranlari ve karbon geri
kazanimi, hem iklim degisikligi ile maU-
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on a 3-kilometer scale to our country and
calculating these projections. In this con-
text, we are examining the impacts of 40
climate indices—including drought, floods,
wind, heatwaves, and storms. We are iden-
tifying the sectors most affected by climate
change and conducting risk analyses.
Based on the results, we will establish sec-
toral priorities and implement local climate
action plans.

- As the Head of the Climate Change De-
partment, what are your thoughts on the
impact of gas separation membranes
and carbon recovery on climate change
and sustainability?

Gas separation membranes and carbon re-
covery are among the critical technologies
for both combating climate change and
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cadelede hem de sUrdurulebilir bir tGre-
tim icin kritik &neme sahip teknolojiler
arasindadir. Bu teknolojiler, sanayi kay-
nakli karbon emisyonlarini azaltmak ve
dénglsel ekonomiye gecisi hizlandir-
mak acisindan oldukca etkili cdézUmler
sunmaktadir.

Gaz ayirma membranlari, enerji yogun
ayristirma slUreclerine dustk maliyetli ve
cevre dostu bir alternatif olarak dne cik-
maktadir. Ozellikle karbon dioksit (CO,)
ayristirma ve saflastirma islemlerinde
kullanilarak, atmosferik karbon salimini
sinirlama potansiyeline sahiptir. Bu si-
recte yakalanan karbon, geri kazanila-
rak ya depolanmakta ya da kimya, enerji
ve insaat sektdrlerinde yeniden kullanil-
maktadir. Bu da sadece emisyonlarin
azaltilmasina degil, ayni zamanda eko-
nomik fayda saglanmasina da olanak
tanimaktadir.

iklim degisikligi baglaminda bu tekno-
lojilerin 6nemi, 2053 net sifir hedefimiz-
le de &6rtismektedir. Karbon geri kaza-
nimi, fosil yakitlara bagimlhligi azaltarak
yenilenebilir enerji kaynaklarinin enteg-
rasyonunu desteklerken, ayni zaman-
da sanayi slUreclerinde yesil dénlisimu
hizlandirmaktadir. Bununla birlikte, bu
teknolojilerin genis capli uygulanabilirli-
gi icin enerji verimliligi, maliyet etkinligi
ve teknik altyapinin gelistirilmesi gerek-
mektedir.

Surdurulebilirlik acisindan ise gaz ayir-
ma membranlarinin kullanimi, kaynak-
larin daha etkin ydnetilmesini ve dogal
cevrenin korunmasini saglamaktadir.
Ornedin, atik gazlarin geri kazanimi ile
kaynak tUketimi minimize edilirken, cev-
resel etki de azaltilmaktadir. Bu anlam-
da, iklim Degisikligi Baskanhgdi olarak
karbon yobnetimi ve temiz teknolojile-
re yodnelik calismalara oncelik veriyor,
bu teknolojilerin yayginlastirilmasi icin
stratejikplanlar gelistiriyoruz.

achieving sustainable production. These
technologies provide highly effective solu-
tions for reducing industrial carbon emis-
sions and accelerating the transition to a
circular economy.

Gas separation membranes stand out as a
cost-effective and environmentally friendly
alternative to energy-intensive separation
processes. They are particularly useful in
carbon dioxide (CO,) separation and purifi-
cation processes, limiting atmospheric car-
bon emissions. The captured carbon in this
process is either stored or reused in sec-
tors such as chemicals, energy, and con-
struction. This not only reduces emissions
but also offers economic benefits.

The significance of these technologies in
the context of climate change aligns with
our 2053 net-zero target. Carbon recovery
supports the integration of renewable en-
ergy sources by reducing dependence on
fossil fuels while accelerating green trans-
formation in industrial processes. Howev-
er, for the widespread application of these
technologies, advancements in energy ef-
ficiency, cost-effectiveness, and technical
infrastructure are necessary.

From a sustainability perspective, the use
of gas separation membranes ensures
more efficient resource management and
the preservation of the natural environ-
ment. For example, the recovery of waste
gases minimizes resource consumption
while reducing environmental impacts. In
this regard, as the Climate Change Depart-
ment, we prioritize efforts on carbon man-
agement and clean technologies, develop-
ing strategic plans to promote the adoption
of these technologies.
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- Hem Cevre Miihendisligi Bolimii’niin
hocasi olarak hem de Iklim Degisikli-
gi Baskani olarak sizin ve ekibinizin bu
konularda yiriittiigii projelerden bah-
sedebilir misiniz?

iklim Degisikligi Baskanhdimizin yarit-
tugu projeleri, surdlrulebilir kalkinma
ve iklim degdisikligi ile micadele hedef-
lerimize katki sunacak bir sekilde sekil-
lendirmeye 6zen gdsteriyoruz.

Simdi bu konulardaki calismalarimizdan
bahsetmek isterim.iklim Degisikligi Bas-
kanlgi olarak, Turkiye’nin 2021 yilinda
Paris Anlasmasi’ni onaylamasi ve 2053
Net Sifir Emisyon hedefini aciklamasiyla
hiz kazanan iklim politikalarinin uygu-
lanmasinda &nemli sorumluluklar Ust-
leniyoruz. Bu cercevede, 2023 yilinda
TUrkiye’'nin ilk GUncellenmis Ulusal Kat-
ki Beyani (NDC) sunulmus ve emisyon
azaltim hedefi 2030 yili icin referans
senaryoya goére %2T7den %47e yUkseltil-
mistir. Bu Ulkemiz ic¢in tarihi bir karardir.
Bu karar Uzerine Ulkemizde iklim degi-
sikligiyle mucadelede daha kararh bir
sUrec baslamistir.

NDC’de belirlenen hedeflere ulasmak
amaciyla, 2024-2030 ddnemini kapsa-
yan iklim Degisikligi Azaltim ve Uyum
Stratejileri ve Eylem Planlari hazirlan-
mistir.Azaltim Eylem Plani kapsaminda
enerji, sanayi, binalar, ulastirma, atik, ta-
rim ve arazi kullanim degisikligi sektor-
lerinde 49 strateji ve 260 eylem tanim-
lanmistirUyum Eylem Plani ise tarim, su
yOnetimi, biyolojik cesitlilik, turizm ve
halk saglhgl gibi sektdrlerde 40 strateji
ve 129 eylemi icermektedir.

Ayrica, Turkiye’nin 2053 Net Sifir Emis-
yon hedeflerine ulasiimasi icin bir yol
haritas! niteligi tasiyan Uzun Dd&nem-
li Iklim Stratejisi (LTS)hazirlanmis ve
COP29’da uluslararasi kamuoyuna du-
yurulmustur. Bu strateji, strdurulebilir
kalkinma hedeflerini desteklemek ama-
clyla finansman, teknoloji transferi, ka-
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- As both a professor in the Environ-
mental Engineering Department and
the Head of the Climate Change Depart-
ment, could you share some of the pro-
jects you and your team are working on
in this area?

We are dedicated to designing the projects
led by our Climate Change Departmentin a
way that contributes to our sustainable de-
velopment and climate change mitigation
goals.

Let me share some of our initiatives in this
context. As the Climate Change Depart-
ment, we have taken on significant respon-
sibilities in implementing climate policies
that gained momentum with Turkey's rati-
fication of the Paris Agreement in 2021 and
the announcement of the 2053 Net Zero
Emission target. In this framework, Tur-
key submitted its first Updated Nationally
Determined Contribution (NDC) in 2023,
raising the 2030 emission reduction target
from 21% to 41% compared to the reference
scenario. This decision marks a historic
milestone for our country, paving the way
for a more resolute approach to combating
climate change.

To achieve the targets set in the NDC, Cli-
mate Change Mitigation and Adaptation
Strategies and Action Plans covering the
2024-2030 period have been developed.
The Mitigation Action Plan includes 49
strategies and 260 actions across sectors
such as energy, industry, buildings, trans-
portation, waste, agriculture, and land-use
change. Meanwhile, the Adaptation Action
Plan outlines 40 strategies and 129 actions
in sectors such as agriculture, water man-
agement, biodiversity, tourism, and public
health.

Additionally, a Long-Term Climate Strategy
(LTS) has been prepared as a roadmap to
achieve Turkey's 2053 Net Zero Emission
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pasite gelistirme, egitim ve adil gecis
gibi kritik unsurlari kapsamaktadir. LTS,
Turkiye’nin iklim degisikligiyle micade-
lede uzun vadeli vizyonunu ortaya ko-
yarken, hem ulusal dizeyde ekonomik
dénlisimU hem de uluslararasi is birlik-
lerini glclendirecek bir temel olustur-
maktadir.

Turkiye’nin Avrupa Yesil Mutabakati ile
uyumunu saglamak adina Yesil Muta-
bakat Eylem Plani ¢cercevesindeyesil fi-
nansmanve yesil taksonomi alanlarinda
calismalar yUrUtmekteyiz.Yesil Takso-
nomi, yatirimlarin ¢evresel strdUrtlebi-
lirlik kriterlerine gdre siniflandirilmasini
saglayarak 6zel sektdrin dusik karbon-
lu projelere yonlendirilmesini amacla-
maktadir.Turkiye, Avrupa Birligi’'nin Si-
nirda Karbon Dilzenleme Mekanizmasi
(CBAM) kapsamindaki yukumlaltklere
uyum saglamak icin sanayi sektérinde
doénlsim projeleri gelistirmektedir.

2025 yilinda yurarlige girmesi hedef-
lenen Emisyon Ticaret Sistemi (ETS)
altyapisini  olusturmak icin kapsam-
Il calismalar yapiyoruz.ETS’ye hazirlik
sUrecinde, Turkiye genelinde sera gazi
emisyonlarinin etkin izlenmesi ve ra-
porlanmasi icin gerekli kapasite artirimi
saglanmaktadir.Ayrica, 8 Kasim 2024'te
ilk iki Yillk Seffaflik Raporu (BTR) vya-
yimlanarak Paris Anlasmasi kapsaminda
seffaflik taahhlidUnl glclendirmistir.

Baskanligimizin ve ekibimizin c¢alisma-
lari, Tarkiye’nin 2053 Net Sifir Emisyon
hedefi dogrultusunda stratejik yol ha-
ritalarini belirlerken, ayni zamanda yU-
rattlen calismalar bilimsel bir zeminde
degerlendirmekte ve uluslararasi isbir-
likleriyle daha kapsamli hale gelmek-
tedir. Ozellikle Avrupa Birligi uyum
projeleri ve uluslararasi fon kaynaklari
ile gerceklestirilen kapasite gelistirme,
teknoloji transferi ve iklim finansma-
ni projelerinde Universitelerin katkisini
dnemsiyoruz. Bu calismalarimizla, hem

target. This strategy was presented to the
international community at COP29. The
LTS incorporates critical elements such
as financing, technology transfer, capaci-
ty building, education, and a just transition
to support sustainable development goals.
It provides a long-term vision for Turkey's
climate change efforts while fostering both
national economic transformation and in-
ternational cooperation.

To ensure alignment with the European
Green Deal, we are conducting studies in
areas such as green financing and green
taxonomy under the Green Deal Action
Plan. Green Taxonomy facilitates the clas-
sification of investments based on environ-
mental sustainability criteria, encouraging
the private sector to invest in low-carbon
projects. Furthermore, Turkey is develop-
ing transformation projects in the industrial
sector to comply with obligations under the
European Union's Carbon Border Adjust-
ment Mechanism (CBAM).

We are also conducting extensive efforts to
establish the infrastructure for an Emissions
Trading System (ETS), which is expected to
come into effect in 2025. During the prepa-
ration phase for ETS, we are enhancing
capacity across Turkey to monitor and re-
port greenhouse gas emissions effective-
ly. Additionally, on November 8, 2024, we
published the first Biennial Transparency
Report (BTR), reinforcing our transparency
commitments under the Paris Agreement.

The work carried out by our department
and team not only defines strategic road-
maps in line with Turkey's 2053 Net Zero
Emission target but also ensures that these
efforts are evaluated on a scientific basis
and enriched through international collab-
orations. We particularly value the contri-
butions of universities in capacity building,
technology transfer, and climate financing
projects implemented through EU harmo-
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Ulkemizin iklim hedeflerine hem de kU-
resel dlcekte iklim degisikligi ile mlca-
deleye katki saglamayi hedefliyoruz.

-Gaz ayirma membranlarinin mevcut
durumdaki performansini ve piyasada-
ki yerini nasil degerlendiriyorsunuz?

Gaz ayirma membranlari, enerji verimlili-
gi ve cevresel strdurulebilirlik acisindan
oldukca umut vadeden teknolojilerdir.
Ozellikle duistik enerji tiketimi, kompakt
tasarimlari ve c¢cevre dostu olmalari sa-
yesinde bircok endustriyel uygulamada
kullanim alani bulmaktadir. Bu memb-
ranlar, karbon yakalama, dogal gaz is-
leme, hidrojen ayristirma ve endustriyel
gaz saflastirma gibi alanlarda kritik bir
rol oynamaktadir.

GUnUmuizde gaz ayirma membranlari-
nin performansi, secicilik ve gecirgenlik
parametreleriyle degerlendirilmektedir.
Son vyillarda, polimer bazli membran
teknolojilerinde &énemli ilerlemeler kay-
dedilmistir. Ozellikle polimer nanokom-
pozitmembranlar, yuUksek gecirgenlik
ve secicilik sunan bu membranlar, gaz
ayirma sureclerinde verimliligi artirmak-
tadir.Mikro gdzenekli organik polimerler
ve metalik-organik iskeletler (MOF) gibi
yeni nesil malzemeler, performans aci-
sindan geleneksel membranlarin 6ntne
gecmistir.Karbon yakalama uygulama-
larinda, CO,/N, ve CO,/CH, ayriminda
daha yuksek verimlilik elde etmek icin
hibritmembran sistemleri kullaniimakta-
dir.

Gaz ayirma membranlari, hala gelenek-
sel ayirma teknolojileri (d6rnegin, ab-
sorpsiyon, kriyojenik ayrim) ile kiyas-
landiginda belirli sinirlamalara sahiptir.
Ancak bu sinirlamalar hizla asiimakta-
dir. Dogal gaz sektérinde membran
sistemleri, 6zellikle su buhari ve CO,'nin
ayristirilmasinda blyUk bir pazar payina
sahiptir.Hidrojen ekonomisi kapsamin-
da yapilan hidrojen saflastirma ve kar-
bon emisyonlarini azaltma calismalari,
membranlarin potansiyelini artirmakta-
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nization initiatives and international fund-
ing sources. With these efforts, we aim to
contribute to both Turkey's climate goals
and the global fight against climate change.

- How do you evaluate the current per-
formance and market position of gas
separation membranes?

Gas separation membranes are highly
promising technologies in terms of energy
efficiency and environmental sustainability.
Their low energy consumption, compact
design, and eco-friendly nature have ena-
bled their use in various industrial applica-
tions. These membranes play a critical role
in fields such as carbon capture, natural
gas processing, hydrogen separation, and
industrial gas purification.

Currently, the performance of gas sepa-
ration membranes is assessed based on
selectivity and permeability parameters.
In recent years, significant advancements
have been made in polymer-based mem-
brane technologies. Notably, polymer na-
nocomposite membranes, offering high
permeability and selectivity, have improved
the efficiency of gas separation processes.
Next-generation materials, such as micro-
porous organic polymers and metal-or-
ganic frameworks (MOFs), have surpassed
traditional membranes in performance. Hy-
brid membrane systems are being utilized
in carbon capture applications to achieve
higher efficiency in CO,/N, and CO,/CH,
separations.

While gas separation membranes still
face certain limitations compared to con-
ventional separation technologies (e.g.,
absorption, cryogenic separation), these
challenges are being rapidly addressed. In
the natural gas sector, membrane systems
hold a significant market share, particularly
for separating water vapor and CO,. Efforts
in hydrogen purification and reducing car-
bon emissions, especially under the scope
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dir.Karbon Yakalama ve Depolama’da
(CCS) isedzellikle enerji santralleri ve
sanayi tesislerinden CO, ayristirma su-
reclerinde membranlar énemli bir yere
sahiptir.

Bununla birlikte, membran teknolojileri-
nin yayginlasmasi éntnde bazi zorluk-
lar bulunmaktadir. Ornegdin, membran
dayaniklihgi, maliyet etkinligi ve yUksek
basinc¢li uygulamalarda performans gibi
konular Uzerinde daha fazla calisma ya-
pilmasi gerekmektedir.

Turkiye’de gaz ayirma membranlari-
nin endustriyel kullanimi hala sinirli-
dir, ancak hidrojen ekonomisine yéne-
lik yatirimlar ve karbon emisyonlarinin
azaltilmasi hedefleri dogrultusunda bu
teknolojilere ilgi artmaktadir. Akademik
arastirmalar ve sanayi is birlikleriyle yer-
li membran Uretimine yonelik calismalar
yapilmaktadir.

Gaz ayirma membranlari, hem ekonomik
hem de cevresel faydalariyla gelecedin
onemli teknolojilerinden biri olarak de-

of the hydrogen economy, are further en-
hancing the potential of these membranes.
In Carbon Capture and Storage (CCS),
membranes play a vital role in separating
CO, from power plants and industrial facil-
ities.

However, there are still some obstacles
to the widespread adoption of membrane
technologies. Issues such as membrane
durability, cost-effectiveness, and perfor-
mance under high-pressure applications
require further research and development.
In Turkey, the industrial use of gas sepa-
ration membranes is still limited. Howev-
er, investments in the hydrogen economy
and efforts to reduce carbon emissions are
driving increased interest in these technol-
ogies. Academic research and industrial
collaborations are supporting the develop-
ment of domestic membrane production.

Gas separation membranes are considered
one of the key technologies of the future
due to their economic and environmental
benefits. Current advancements indicate
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gerlendirilmektedir. Mevcut gelismeler,
bu teknolojinin enerji sektérinden kim-
ya endUstrisine kadar genis bir yelpa-
zede yayginlasacagini godstermektedir.
Turkiye’nin de bu alandaki potansiyelini
artirmak icin Ar-Ge faaliyetlerine ve yer-
li Gretim kapasitesine daha fazla yatirim
yapmasi gerektigini distintyorum.

-Karbon geri kazanimi i¢in en uygun
gaz ayirma membranlari hangileri-
dir? Malzeme sec¢imi nasil olmahdir?
Karbon geri kazanimi i¢in gaz ayirma
membranlarinin kullanimi yayginlas-
masini engelleyen faktorler var midir?

Karbon geri kazanimi uygulamalarinda
kullanilan gaz ayirma membranlarinin
performansi, temel olarak secicilik ve
gecirgenlik 6zelliklerine dayanir. Karbon
dioksit (CO,) ile diger gazlar (érnegin,
N, ve CH,) arasindaki ayrimi optimize et-
mek icin farkll memlbran turleri gelistiril-
mistir. Bu memlbranlar, malzeme yapisi
ve performans &zellikleri acisindan bir-
birinden farklilik g&sterir.

Polimer Bazli Membranlar genellikle
karbon ayirma icin en yaygin kullani-
lan seceneklerdir. Polieterimidler (PED),
polistlfonlar ve poliamid bazli memb-
ranlar, bu alanda sikca tercih edilen
polimerlerdir. Ozellikle polyimide gibi
yUksek termal vekimyasal dayanikhliga
sahip polimerler, hem CO, gecirgenligi
yUksek hem de secici &zellikleriyle dne
cikar.

KompozitMembranlar, polimer malze-
meler ile metal-organik iskeletler (MOF)
veya zeolitler gibi malzemelerin birles-
tirilmesiyle olusturulur. Bu hibritmemb-
ranlar, CO,/N, ve CO,/CH, ayriminda
yUksek secicilik ve mekanik dayaniklilik
sunar. Bu nedenle, daha iyi performans
arayisinda olan karbon yakalama uygu-
lamalari icin gUc¢lU bir secenektir.

Inorganik Membranlar, yiksek sicaklik
ve basin¢ kosullarinda stabil calisabilme
avantajiyla bilinir. Zeolit bazli memb-
ranlar ve karbon molekuUler elekler bu
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that these technologies will become more
prevalent across a wide range of indus-
tries, from the energy sector to the chem-
ical industry. | believe that Turkey should
increase its investments in R&D activities
and domestic production capacity to real-
ize its potential in this field.

- Which gas separation membranes are
most suitable for carbon recovery? How
should material selection be made? Are
there factors hindering the widespread
use of gas separation membranes for
carbon recovery?

The performance of gas separation mem-
branes used in carbon recovery applica-
tions primarily depends on their selectivity
and permeability properties. Various types
of membranes have been developed to
optimize the separation of carbon dioxide
(CO,) from other gases (e.g.,, N, and CH,).
These membranes differ in terms of mate-
rial structure and performance characteris-
tics.

Polymer-Based Membranes are the most
commonly used option for carbon recovery.
Polyetherimides (PEI), polysulfones, and
polyamide-based membranes are widely
preferred polymers in this field. Particular-
ly, polymers like polyimides, which exhib-
it high thermal and chemical resistance,
stand out for their high CO, permeability
and selectivity.

Composite Membranes, created by com-
bining polymer materials with other ma-
terials such as metal-organic frameworks
(MOFs) or zeolites, offer high selectivity
and mechanical durability for CO,/N, and
CO,/CH, separations. These hybrid mem-
branes are a strong option for carbon cap-
ture applications seeking improved perfor-
mance.

Inorganic Membranes are known for their
stability under high temperature and pres-
sure conditions. Zeolite-based membranes
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gruba dahildir. Ancak, bu membranla-
rin Gretim maliyetlerinin ylUksek olmasi,
kullanim yayginhgini sinirlayan bir fak-
térdar.

Polimerik Mikro Gb&zenekli Malzeme-
ler (PIMs), gbdzenekli yapilari sayesinde
CO,'vi etkin bir sekilde ayirabilir. Bu mal-
zemelerin yUksek gecirgenlik 6zellikleri,
karbon geri kazanimi uygulamalarinda
dnemli avantajlar saglar.

Karbon geri kazanimi icin membran
secimi yapllirken, cesitli kriterler g6z
onlnde bulundurulur. Gaz gecirgenligi,
ozellikle CO,'nin yluksek gecirgenliginin
saglanmasiacisindan &dnemlidir. YlUksek
gecirgenlik, bUyUk hacimli gaz akisla-
rinda enerji tasarrufu saglar. Secicilik,
CO,'nin diger gazlardan (brnegin, N,
ve CH,) etkin bir sekilde ayrilmasini ifa-
de eder ve polimer yapiya gézeneklilik
ve polar gruplar eklenerek artirilabilir.
Ayrica, termal ve kimyasal dayanikli-
ik, yUksek sicaklik ve korozif kosullar-
da membranlarin uzun dmdurld olmasi-
ni saglar. Maliyet, hem Uretim hem de
bakim acisindan dusuk olmalidir. Bunun
yani sira, membranlarin endustriyel te-
sislere kolayca entegre edilebilmesi de
onemli bir faktdérdar.

Gaz ayirma membranlarinin karbon geri
kazaniminda yayginlasmasinin  6nln-
deki en dnemli engellerden biri maliyet
etkinligidir. Polimer ve hibritmembran-
larin Gretim maliyetleri, geleneksel tek-
nolojilere (drnegin, absorpsiyon veya
kriyojenik ayirma) kiyasla daha yUksek-
tir. Ayrica, membranlarin dtzenli bakim
ve yenilenmesi ek maliyetler yaratabilir.
Bir diger sinirlayici faktér, membranla-
rin performans sinirlamalaridir. Mevcut
membranlar, yuksek basin¢ altinda veya
coklu gaz karisimlarinda sinirlh perfor-
mansgosterebilmektedir. Yiksek gecir-
genlik ve secicilik arasinda denge sag-
lama, hala tasarim acisindan ¢cozilmesi
gereken bir problemdir.

Operasyonel

dayaniklilik, endustriyel
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and carbon molecular sieves fall into this
category. However, the high production
costs of these membranes limit their wide-
spread use.

Polymeric Microporous Materials (PIMs),
with their porous structures, effective-
ly separate CO,. Their high permeability
properties provide significant advantages
in carbon recovery applications.

When selecting a membrane for carbon re-
covery, several criteria must be considered:
Gas Permeability: High CO, permeability is
essential for large-scale gas flows to save
energy.

Selectivity: The effective separation of CO,
from other gases (e.g., N, and CH,) is criti-
cal and can be enhanced by adding poros-
ity and polar groups to the polymer struc-
ture.

Thermal and Chemical Durability: Ensuring
long membrane life under high-tempera-
ture and corrosive conditions.

Cost: Both production and maintenance
costs should be minimized.

Ease of Integration: The membranes must
be easily adaptable to industrial facilities.
The primary barrier to the widespread use
of gas separation membranes in carbon
recovery is cost-effectiveness. The pro-
duction costs of polymer and hybrid mem-
branes are higher compared to traditional
technologies (e.g., absorption or cryogenic
separation). Additionally, the need for regu-
lar maintenance and replacement of mem-
branes adds extra costs.

Another limiting factor is the performance
limitations of membranes. Current mem-
branes may exhibit restricted performance
under high pressure or with complex gas
mixtures. Balancing high permeability and
selectivity remains a design challenge that
needs to be addressed.

Operational durability is another challenge
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uygulamalarda karsilasilan bir diger
zorluktur. Ozellikle, CO, ile birlikte gelen
kirleticiler (6rnegin, su buhari, kukirt
vb.) membranlarin bozulmasina neden
olabilir. Teknolojiye gecis slUreci, mev-
cut karbon yakalamaydntemlerinden
membran teknolojilerine gecisi zorlasti-
ran baska bir etkendir. Bu slre¢, zaman
ve yatirim gerektirir.

Son olarak, bircok Ulkede yasal ve regU-
lasyon desteginin eksikligi, karbon ya-
kalama ve depolama projelerine ydnelik
tesviklerin yetersiz kalmasi nedeniyle
membran teknolojilerinin yayginlasma-
sini zorlastirmaktadir.

Gaz ayirma membranlari, karbon geri
kazanimi teknolojileri arasinda eneriji
verimliligi ve cevre dostu 0Ozellikleriy-
le 6ne cikmaktadir. Ancak, teknolojinin
yayginlasmasi icin maliyetlerin dusurul-
mesi, performansin optimize edilmesi
ve endustriyel dayanikhhgin artirilmasi
gerekmektedir. Bunun yani sira, devlet
tesvikleri ve Ar-Ge yatirimlari, bu tekno-
lojinin potansiyelini tam anlamiyla orta-
ya c¢cikarmada kritik bir rol oynayacaktir.

-Uzun vadede membran proseslerin
kullanilmasiyla iklim degisikligi konu-
sunda ne gibi farkhiliklar gézlenebilir?

Membran proseslerinin karbon yaka-
lama ve geri kazaniminda uzun vade-
de yaygin kullanimi, iklim degisikligiyle
mucadelede dnemli katkilar saglayabilir.
Bu teknolojiler, enerji santralleri, cimen-
to fabrikalari ve petrokimya tesisleri gibi
blUylUk emisyon kaynaklarindan karbon
dioksiti etkin bir sekilde ayristirarak at-
mosferdeki CO, konsantrasyonunun ar-
tisinl yavaslatabilir. Bu durum, iklim de-
gisikliginin olumsuz etkilerini hafifletme
potansiyeline sahiptir.

Karbon geri kazanimi teknolojileri, do-
gal gaz ve diger fosil yakitlarin daha
surdurulebilirkullanimint mdmkdn  kila-
bilir. Ayrica, biyokutle bazli enerji sis-
temleri ile kombine edildiginde karbon
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in industrial applications. Contaminants
that accompany CO, (e.g., water vapor, sul-
fur compounds) can degrade membranes
over time. Transitioning from existing car-
bon capture methods to membrane tech-
nologies also poses difficulties due to the
required time and investment.

Finally, in many countries, the lack of legal
and regulatory support, along with insuf-
ficient incentives for carbon capture and
storage projects, makes it difficult for mem-
brane technologies to gain traction.

Gas separation membranes stand out
among carbon recovery technologies due
to their energy efficiency and environmen-
tally friendly characteristics. However, for
the technology to become widespread, it
is crucial to reduce costs, optimize perfor-
mance, and enhance industrial durability. In
addition, government incentives and R&D
investments will play a critical role in fully
realizing the potential of this technology.

- What long-term differences can be
observed in combating climate change
through the use of membrane process-
es?

The widespread long-term use of mem-
brane processes in carbon capture and
recovery could significantly contribute to
combating climate change. These technol-
ogies can effectively separate carbon diox-
ide from major emission sources such as
power plants, cement factories, and petro-
chemical facilities, slowing the increase in
atmospheric CO, concentrations. This has
the potential to mitigate the adverse effects
of climate change.

Carbon recovery technologies can enable
the more sustainable use of natural gas
and other fossil fuels. Additionally, when
combined with biomass-based energy sys-
tems, they can achieve carbon-negative
energy production. This helps the energy
sector reach carbon-neutral or even nega-
tive levels, allowing fossil fuels to serve as
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negatif enerji Uretimi saglanabilir. Bu,
enerji sektérinin karbon ndétr veya ne-
gatif bir seviyeye ulasmasina yardimci
olur. Bdylece fosil yakitlar, yenilenebilir
enerji sistemlerine gecis sltrecinde kdp-
r bir teknoloji olarak kullanilabilir.
Sanayi sektérinde karbon dioksitin geri
kazanimi, sUrdUrtlebilir Gretim sUrecle-
rini desteklerYakalanan karbon, sente-
tik yakitlar, kimyasallar veya polimerler
gibi Urdnlerin UGretiminde kullanilabilir.
Bu yaklasim, karbon dénglsinl kapa-
tarak daha az atik ve daha cevreci bir
sanayi modeli olusturur. Ayni zamanda,
endUstriyel uygulamalarda karbon ya-
kalama membranlarinin kullanimi, dén-
gusel ekonomi hedefleri dogrultusunda
onemli bir adim olarak gérilmektedir.
Atmosfere salinan karbon miktarinin
azaltilmasi, sera gazi etkisini sinirlaya-
rak klresel sicaklik artisini kontrol altina
alabilir. Bilimsel modellere gbre, karbon
emisyonlarinin azaltilmasi, asirt hava
olaylarinin sikligini ve siddetini azal-
tabilir, deniz seviyesindeki ylUkselmeyi
yavaslatabilir ve biyocesitlilik kaybini
Onleyebilir. Bu baglamda, membran tek-
nolojileri, iklim degisikliginin etkilerinin
azaltilmasinda kritik bir rol oynar.

Membran prosesleri, diger karbon yaka-
lama ydntemlerine kiyasla enerji acisin-
dan daha verimlidir. Daha az enerji tike-
timi, hem karbon ayak izini azaltir hem
de ekonomik acidan avantajlar sunar.
Enerji yogun sektérlerde enerji verim-
liligini artirarak diUsUk karbonlu Uretim
modellerine gecisi kolaylastirabilir. Bu
durum, uzun vadede hem cevresel hem
de ekonomik strdurulebilirligi destekler.
Sonuc¢ olarak, membran proseslerinin
karbon yakalama ve geri kazaniminda
yaygin kullanimi, kiresel iklim degdisikli-
giyle mUcadelede etkili bir c6zUm olarak
one cikmaktadir. Uzun vadede bu tek-
nolojilerin benimsenmesi, karbon emis-
yonlarinin azaltilmasini, yenilenebilir
enerji sistemlerinin desteklenmesini ve
surdUrulebilir Gretim sUreclerinin tesvik
edilmesini saglar. Ancak bu potansiye-
lin hayata gecirilmesi, teknolojinin ma-
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a bridging technology during the transition
to renewable energy systems.

In the industrial sector, carbon dioxide re-
covery supports sustainable production
processes. Captured carbon can be used
to produce synthetic fuels, chemicals, or
polymers. This approach closes the carbon
cycle, creating less waste and fostering a
more environmentally friendly industri-
al model. Furthermore, the use of carbon
capture membranes in industrial applica-
tions is considered a significant step to-
ward achieving circular economy goals.

Reducing the amount of carbon released
into the atmosphere limits the greenhouse
effect, potentially controlling global tem-
perature increases. According to scientif-
ic models, reducing carbon emissions can
lower the frequency and intensity of ex-
treme weather events, slow sea-level rise,
and prevent biodiversity loss. In this con-
text, membrane technologies play a criti-
cal role in mitigating the effects of climate
change.

Membrane processes are more energy-ef-
ficient compared to other carbon capture
methods. Reduced energy consumption
not only lowers the carbon footprint but also
offers economic advantages. By improving
energy efficiency in energy-intensive in-
dustries, these technologies facilitate the
transition to low-carbon production mod-
els. In the long term, this supports both en-
vironmental and economic sustainability.

In conclusion, the widespread adoption of
membrane processes for carbon capture
and recovery emerges as an effective solu-
tion for combating global climate change.
In the long term, these technologies can
help reduce carbon emissions, support re-
newable energy systems, and promote sus-
tainable production processes. However,
realizing this potential will require making
the technology cost-effective, enhancing
its durability, and strengthening interna-
tional collaboration.
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liyet etkin hale gelmesi, dayanikliliginin
artirilmasi ve devletler arasi is birliginin
guclendirilmesi ile mUimkun olacaktir.

-Gelecekte membranlarin kullaniminin
yayginlasacagini diisiindiigiiniiz yeni
alanlar var mi? Karbon geri kazanimina
yoénelik yatirimlar i¢cin ne gibi tesvikler
mevcut?

Membran teknolojilerinin kullanim alan-
larl, karbon geri kazanimi disindaki
uygulamalara dogdru genislemektedir.
Gelecekte hidrojen enerjisinin  énem
kazanmasiyla birlikte, membranlar hid-
rojen Uretimi ve saflastirma sUreclerin-
de kritik bir role sahip olabilir. Ozellikle,
mavi ve yesil hidrojen Uretiminde kar-
bon yakalama ile entegre sistemler, str-
durulebilir enerji hedeflerini destekleye-
cek sekilde membranlarin kullanilmasini
saglayabilir.

Biyogaz saflastirma, membran teknolo-
jilerinin gelecekteki 6nemli bir kullanim
alanidir. Biyogazin metan ve karbondi-
oksit gibi bilesenlerine ayrilmasi, do-
gal gaz kalitesinde yakit elde edilmesi-
ne imkan tanir. Bu durum, yenilenebilir
enerji kaynaklarinin etkin sekilde kulla-
nilmasini destekler.
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- Are there any new areas where the
use of membranes could become wide-
spread in the future? What incentives
are available for investments in carbon
recovery?

The application areas of membrane tech-
nologies are expanding beyond carbon re-
covery. In the future, with the increasing im-
portance of hydrogen energy, membranes
are expected to play a critical role in hydro-
gen production and purification processes.
Particularly in blue and green hydrogen
production, integrated systems with car-
bon capture could enable membranes to
support sustainable energy goals.

Biogas upgrading is another significant
area for the future use of membrane tech-
nologies. Separating the components of bi-
ogas, such as methane and carbon dioxide,
allows for the production of fuel-grade nat-
ural gas. This supports the efficient utiliza-
tion of renewable energy resources.

Industrial gas separation is another area
where membranes could become more
widely used. In sectors such as steel,
chemical, and petrochemical industries,
membranes can offer advantages in puri-

- —s————

Biyogaz saflastirma, membran teknolojilerinin gelecekteki
6nemli bir kullanim alanidir. Biyogazin metan ve karbondioksit
gibi bilesenlerine ayrilmasi, dogal gaz kalitesinde yakit elde
edilmesine imkan tanir. Bu durum, yenilenebilir enerji kaynak-
larinin etkin sekilde kullaniimasini destekler.

Biogas upgrading is another significant area for the future use of
membrane technologies. Separating the components of biogas,
such as methane and carbon dioxide, allows for the production of
fuel-grade natural gas. This supports the efficient utilization of
renewable energy resources.
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EnduUstriyel gaz ayrimi da membranla-
rin yayginlasabilecegi bir alandir. Celik,
kimya ve petrokimya gibi sektdrlerde
azot, oksijen ve argon gibi gazlarin saf-
lastirilmasinda membranlar, distk ener-
ji tiketimi ve maliyet avantaji sunarak
one cikabilir.Ayrica, yenilenebilir enerji
kaynaklarindan karbon ndétr amonyak
ve metanol Uretiminde membranlarin
kullanimi, bu kimyasallarin karbon dén-
guslne entegre edilmesini saglayabilir.
Karbon yakalama ve depolama (CCS)
sUreclerine entegre edilen membran
sistemleri, 6zellikle yUksek performans
ve dusuk maliyet gerektiren uygulama-
larda dnemli bir potansiyel tasir. Bu tar
teknolojiler, deniz alti karbon depolama
projelerinde ve enerji Uretim tesislerin-
de karbon ydnetimini daha verimli hale
getirebilir. Ayrica, membranlar deniz
suyundan karbondioksit yakalama ve
su aritimi gibi yenilik¢i uygulamalarda
kullanilabilir.

Karbon geri kazanimini tesvik etmek
icin bircok hikimet ve uluslararasi ku-
rulus cesitli destek mekanizmalari ge-
listirmistir. Vergi indirimleri ve karbon
kredileri, bu tesviklerin basinda gelir.
Ornegin, ABD’deki 45Q Vergi Kredisi,
belirli miktarda karbon yakalayan sir-
ketlere mali kolaylk saglar. Bu tir me-
kanizmalar, karbon yakalama teknoloji-
lerinin ekonomik fizibilitesini artirmada
etkili olmaktadir.

Hibe ve dUsUk faizli krediler, karbon
yakalama projelerinin finansmaninda
oénemli bir rol oynar. Avrupa Birligi’nin
InnovFin Enerji ve Iklim Projeleri gibi
programlari, disik karbonlu teknolo-
jilere yatirrm yapan sirketleri destekler.
Benzer sekilde, Dinya Bankasi ve Asya
Kalkinma Bankasi gibi uluslararasi kuru-
luslar, karbon yakalama ve geri kazanim
teknolojilerine 6zel finansman sagla-
maktadir.

Karbon piyasalari ve emisyon ticareti,
karbon geri kazanimi tesvik eden bir
baska mekanizmadir. Avrupa Emisyon
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fying gases like nitrogen, oxygen, and ar-
gon due to their low energy consumption
and cost-effectiveness. Additionally, mem-
branes could be utilized in the production
of carbon-neutral ammonia and methanol
from renewable energy sources, integrat-
ing these chemicals into the carbon cycle.

Membrane systems integrated into carbon
capture and storage (CCS) processes hold
significant potential, especially in applica-
tions requiring high performance at low
costs. Such technologies can improve car-
bon management in subsea carbon stor-
age projects and energy production facil-
ities. Moreover, membranes could be used
in innovative applications like capturing
carbon dioxide from seawater and water
purification.

To promote carbon recovery, many govern-
ments and international organizations have
developed various support mechanisms.
Tax credits and carbon credits are among
the primary incentives. For example, the
45Q Tax Credit in the United States pro-
vides financial benefits to companies that
capture a specific amount of carbon. Such
mechanisms are effective in improving
the economic feasibility of carbon capture
technologies.

Grants and low-interest loans also play a
critical role in financing carbon capture
projects. Programs like the European Un-
ion’s InnovFin Energy and Climate Projects
provide support to companies investing in
low-carbon technologies. Similarly, inter-
national organizations such as the World
Bank and the Asian Development Bank of-
fer dedicated financing for carbon capture
and recovery technologies.

Carbon markets and emissions trading
systems are additional mechanisms that
incentivize carbon recovery. Systems like
the European Emission Trading System
(EU ETS) provide an effective tool for limit-
ing carbon emissions and supporting car-
bon reduction projects. Companies can
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Ticaret Sistemi (EU ETS) gibi sistemler,
karbon salimini sinirlamak ve karbon
azaltimi projelerini desteklemek icin et-
kin bir arac sunar. Sirketler, yakaladiklari
karbon icin kredi kazanarak ekonomik
avantaj elde edebilir.

Arastirma ve gelistirme destegi, karbon
yakalama teknolojilerinin ilerlemesinde
kritik bir rol oynar. Devletler, Universite-
ler ve 6zel sektdr is birligiyle gelistirilen
Ar-Ge projeleri, membranlarin perfor-
mansini ve dayanikliligini artirarak daha
genis uygulama alanlari bulmasini sag-
lar. Ornedin, ABD Enerji Bakanhgdi du-
zenli olarak karbon yakalama ve ayirma
teknolojilerini destekleyen projelere fon
ayirmaktadir.

Yenilenebilir enerji entegrasyonuna yo-
nelik destekler, karbon yakalama tekno-
lojilerinin benimsenmesini hizlandirabi-
lir. Ozellikle hidrojen Uretimi veya eneriji
depolama gibi yenilik¢ci uygulamalarda
membran sistemleri dnemli bir potansi-
yele sahiptir. Gelecekte membran tek-
nolojilerinin kullaniminin yayginlasmasi,
hem enerji hem de sanayi sektdrlerin-
de surdurulebilirlik hedeflerini destek-
leyecek sekilde cesitlenebilir. Ancak bu
teknolojilerin gelistirilmesi ve uygulan-
masi, tesvik mekanizmalarinin etkinligi-
ne, maliyetlerin distrdlmesine ve ulus-
lararasi is birliginin glclendirilmesine
baghdir. Membran proseslerinin daha
genis alanlarda kullaniimasi, iklim degdi-
sikligiyle mUcadelede etkili bir ¢6zim
sunabilir.
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gain credits for the carbon they capture,
offering economic advantages.

Research and development (R&D) sup-
port is crucial for advancing carbon cap-
ture technologies. Collaborative R&D pro-
jects involving governments, universities,
and the private sector enhance the perfor-
mance and durability of membranes, ena-
bling their application in a wider range of
fields. For example, the U.S. Department of
Energy regularly allocates funding to pro-
jects supporting carbon capture and sepa-
ration technologies.

Support for renewable energy integration
could accelerate the adoption of carbon
capture technologies. In innovative appli-
cations such as hydrogen production or
energy storage, membrane systems hold
significant potential. The widespread use of
membrane technologies in the future could
diversify in ways that support sustainability
goals in both the energy and industrial sec-
tors. However, the development and imple-
mentation of these technologies depend on
the effectiveness of incentive mechanisms,
cost reduction, and strengthened interna-
tional cooperation. The broader application
of membrane processes could provide an
effective solution for combating climate
change.
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Oznur Vurgun

- Sayin hocam biraz kendinizden bah-
seder misiniz? Membran prosesler ve
doéngiisellik, sirdirilebilirlik ile tanis-
ma hikayeniz nedir?

ismim Seda KESKIN AVCI. Koc¢ Univer-
sitesi Kimya ve Biyoloji MUhendisligi
bolimuinde profesér olarak gérev ya-
piyorum. Bogazici Universitesi Kimya
MUhendisligi bélimUnden lisans ve yUk-
sek lisans derecelerimi aldim. Ardindan
doktorami Carnegia Mellon’da baslayip
Georgia Tech’te tamamladim. Doktora
tezim gdzenekli malzemeler olan metal
organik yapilarin membran olarak ato-
mik dlzeyde modellenmesi ve karbon-
dioksit-metan karisiminin ayrilmasi icin
calisilmasi Gzerineydi. 2009 yilinda dok-
torami aldiktan hemen sonra Turkiye’ye
Koc Universitesi’ne déndim. Yaptigimiz
isi bir cimle ile tanimlamak gerekirse
“hem membran hem de adsorbent ola-
rak kullanilabilecek gbzenekli malzeme-
ler olan metal organik yapilarin atomik
dlUzeyde modellenmesi, simUlasyonu ve
makine &dgrenmesi algoritmalarinin son

- Dear Seda KESKIN AVCI, can you tell
us a little about yourself? What is your
story of meeting membrane processes,
circularity and sustainability?

My name is Seda Keskin Avcl. | am a pro-
fessor in the Chemical and Biological
Engineering Department at Ko¢ Univer-
sity. | received my bachelor’s and mas-
ter’'s degrees in Chemical Engineering
from Bogazici University. Afterwards,
| started my PhD at Carnegie Mellon
University and completed it at Geor-
gia Tech. My doctoral thesis focused on
modeling porous materials, specifically
metal-organic frameworks (MOFs), at an
atomic level for membrane applications
and separation of carbon dioxide-meth-
ane mixtures. After completing my PhD
in 2009, | returned to Turkey and joined
Koc¢ University. If | were to summarize
our work in one sentence, it would be
“the atomic-level modeling, simulation,
and application-oriented selection of
porous materials that can be used as
both membranes and adsorbents, es-
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yillarda eklenmesi ile birlikte uygulama-
ya yonelik en akilli ve en iyi malzemenin
secimi” olarak &zetleyebilirim.

-Gaz ayirma membranlarinin mevcut
durumdaki performansini ve piyasada-
ki yerini nasil degerlendiriyorsunuz?

Membranlar gaz ayirma teknolojileri-
nin en énemli elemanlari ve ¢ok uzun
bir gecmisleri var. Aslinda biz membran
dendiginde hep uzun yillardir kullanil-
makta olan, ticarilesmis ve piyasada yer
almis polimer membranlarini distntyo-
ruz. Ama artik bu polimer membranla-
rin icine koyulan ve bizim de calistigi-
miz metal organik yapilar gibi yeni nesil
ve nano godzenekli malzemelerle birlikte
polimer membranlarin performansi son
derece arttirildi. Ornedin, karbondiok-
sit - metan gibi bir gaz karisimini ayir-
mak icin kullanilan bir karisik yatakli bir
membran ile hem karbondioksit secici-
ligini hem de gecirgenligini iyilestirmek
polimerin icine katilan metal organik ya-
pilar sayesinde mumkun. Bilindigi Gzere
yUz binlerce malzeme sentezleniyor ve
yUzlerce de polimer mevcut bu durum
g6z 6nlne alindiginda elimizde milyon-
larca metal organik yapi - polimer kom-
binasyonu mevcut olmus oluyor. Bizim
de aslinda yapmaya calistigimiz sey “bu
blUyUk dlUnya icerisinde hangi MOF ile
hangi polimeri bir araya getirirsek daha
iyi bir gaz ayirma membrani buluruz” bu
sorunun cevabini bulmaya calisiyoruz.

-Karbon geri kazanimi i¢in en uygun
gaz ayirma membranlari hangileri-
dir? Malzeme se¢imi nasil olmahdir?
Karbon geri kazanimi i¢cin gaz ayirma
membranlarinin kullanimi yayginlas-
masini engelleyen faktorler var midir?

Bizim calistigimiz MOF dolgulu polimer
membranlarda malzemeyi secerken
dikkat etmemiz gereken bircok faktér
var. Burada sadece performans yani se-
cicilik ve gecirgenlik degerlendirmesi
yapmak yetmiyor. Secilecek MOF mal-
zemesinin o polimerle uyumlu olmasi,
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pecially with the recent addition of ma-
chine learning algorithms.”

- How do you evaluate the current
performance of gas separation mem-
branes and their place in the market?

Membranes are crucial elements in gas
separation technologies and have a
long history. When we think of mem-
branes, we think of the polymer mem-
branes that have been commercialized
and established in the market for many
years. However, the performance of
these polymer membranes has been
significantly enhanced by incorporat-
ing new-generation and nano-porous
materials such as metal-organic frame-
works (MOFs). For example, improving
both the selectivity and permeability of
a mixed-matrix membrane used to sep-
arate carbon dioxide-methane is made
possible by adding MOFs into the pol-
ymer matrix. Considering the hundreds
of polymers and the hundreds of thou-
sands of materials synthesized, there
are millions of MOF-polymer combina-
tions available. What we are trying to
do is to find the answer to the question
“which MOF combined with which pol-
ymer will yield a better gas separation
membrane” within this vast world.

- Which gas separation membranes
are most suitable for carbon recov-
ery? How should material selection
be? Are there any factors that prevent
the widespread use of gas separation
membranes for carbon recovery?

In our MOF-loaded polymer mem-
branes, there are many factors to con-
sider when choosing the material. Sim-
ply evaluating performance in terms
of selectivity and permeability is not
enough. It is crucial that the selected
MOF material is compatible with the
polymer, uniformly distributed within
it, and does not adversely affect the
structural and chemical durability of
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malzemenin polimerin icerisinde homo-
jen bir sekilde dagilmasi, polimerin yapi-
sal ve kimyasal dayaniklilik 6zelliklerini
koétlh anlamda etkilememesi gibi faktor-
lerde cok dnemli. Ayrica yapilan MOF
icerikli polimer membranlarin uzun slre
ve tekrar tekrar kullanilabilir olmasi ve
karbon geri kazanimi s6z konusu oldu-
gunda nem gibi ya da daha zor kimya-
sal kosullarda 6rnegdin ylUksek basing¢ ve
yUksek sicaklikta bozunmadan calisan
membran olmasi cok énemli. BUtlin bu
faktorleri gdz dnline alarak secim yap-
mamiz gerekiyor. Genelde literatlrde
sadece yuksek seciciligi ve gecirgenli-
gi olan malzemelere odaklaniliyor ama
bu malzemelerin az 6nce bahsettigim
zor kimyasal kosullar altinda dayanikli-
ik 6zellikleri ve tekrar tekrar kullanilabi-
liyor olmalari hem maliyet icin hem de
strdurulebilirlik icin oldukca dnemli.

-Uzun vadede karbon geri kazaniminin
siirdiiriilebilirlige katkilari nelerdir?

Genelde membranlar ile calistigimiz iki
dnemli gaz ayirma islemi var. Bunlardan
bir tanesi karbondioksit-metan ki biz
karbondioksiti ayirdigimizda dogalgazi
saflastirmis oluyoruz. Yani aslinda temiz
bir enerji kaynagdinin daha temiz daha
verimli olmasini ve karbondioksitten
arinmis olmasini sagliyoruz. Diger ca-
listigimiz ayirma islemi ise karbondiok-
sit - nitrojen ayirma islemi ki bunun da
dnemi baca gazi olarak bilinmesi. En-
dustride ve Uretim yapilan her yerde bu
baca gazi disari salinmis oluyor, nitrojen
havaya verilebilir tabi ki ama karbondi-
oksitin hele ki simdi Avrupa Birligi’nin
ve bizim Ulkemizin de getirdigi kurallar
geregi kiresel 1sinma ile mlUcadele et-
mek icin karbondioksitin bacadan disari
direkt salinmamasi ve ayirilmasi gereki-
yor. BUtun bu calismalarda membranlar
cok bUyuk énem tasiyor.

-Gelecekte membranlarin kullaniminin
yayginlasacagini diisiindiigiiniiz yeni
alanlar var mi?

EYLUL/2024 - MEM-TEK BULTEN - Bu/letin

the polymer. Additionally, it is impor-
tant that the MOF-containing polymer
membranes can be used for long pe-
riods and under challenging chemical
conditions, such as high pressure and
temperature, without degradation. Tak-
ing all these factors into account, we
need to make our selection. Typically,
the literature focuses only on materials
with high selectivity and permeability,
but the durability properties of these
materials under challenging chemical
conditions and their ability to be reused
multiple times, especially for carbon re-
covery, are crucial for both cost-effec-
tiveness and sustainability.

-What are the contributions of carbon
recovery to sustainability in the long
term?

Typically, we work with two important
gas separation processes with mem-
branes. One of these is carbon diox-
ide-methane separation, where sepa-
rating carbon dioxide means purifying
natural gas. This ensures that a clean en-
ergy source becomes cleaner and more
efficient, free from carbon dioxide. The
other process is carbon dioxide-nitro-
gen separation, which is important as
it pertains to flue gas. In industry and
production facilities, this flue gas is re-
leased into the atmosphere. Nitrogen
can be released into the air, but due
to regulations from the European Un-
ion and our country, combating global
warming requires that carbon dioxide
should not be released directly into the
atmosphere and should be separat-
ed. Membranes play a crucial role in all
these studies.

-Are there any new areas where you
think the use of these membranes will
become widespread in the future?

Actually, until now, we have only dis-
cussed applications where membranes
are used to separate carbon dioxide
from natural gas, flue gas, or other gas-

MEM-TEK - EYLUL - 2024 - 55



MEM-TEK BULTEN - Bul/letin « EYLUL/2024

Aslinda su ana dek hep membranlarin
karbondioksitin dogalgazdan, baca ga-
zindan ya da baska gazlardan arindi-
rilmasi icin kullanildigr uygulamalardan
bahsettik. Ama tabii ki bu membranla-
rin sadece gaz ayirma islemlerinde de-

1
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es. However, membranes have a signifi-
cant importance not only in gas separa-
tion processes but also in many diverse
biological, chemical, and environmental
processes. As your work in MEM-TEK
Research Center, membranes are need-

—

Burada yaptigimiz sey su aslinda teorik olarak
hesaplanmasi olduk¢a zor olan bazi 6zellikleri

kendimiz simiilasyonlarla hesapliyoruz.

What we are actually doing here is calculating
some properties that are theoretically very

difficult to compute by using simulations

ourselves.

3

gil cok daha cesitli bircok biyolojik, kim-
yasal ve cevresel islemlerde de dnemi
var. MEM-TEK Arastirma Merkezi’nde
calisildigr gibi su ve atiksu aritiminda da
membran gerekiyor.

Ben genelde ayirma islemleri dersi-
ni verdigim zamanlarda &grencilerime
vUicudumuzu da bir membran gibi di-
sunudn derim. B&bregimizin kani temiz-
leme islemini disindigimuizde ya da
akcigerlerimizde oksijenin, karbondiok-
sitin nasil hareket ettigini disindugu-
mUuzde bunlarin hepsinin birer memb-
ran gibi calistigini séyleyebiliriz. Zaten
yapay bobrekler ve vyapay solunum
cihazlari bir nevi membran mekaniz-
masini taklit ederek calisan cihazlardir.
Bunlarin tip dinyasinda ve biyomedikal
dUnya da buUyuUk yeri var bundan dolayi
membranlari disindigimuizde sade-
ce gaz ayirma islemleri olarak degil de
cevreye, insan sagligina ve dogaya kat-
ki sunan cok dnemli teknolojik cihazlar
olarak disinmek gerekiyor.

-Avrupa Birligi ve ulusal anlamda
da destekli ¢ok sayida projeniz var.
Membran malzemeleri konusundaki
projelerinizin detaylarini bizlerle pay-
lasir misiniz?
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ed in water and wastewater treatment
as well.

When | teach separation processes, |
often tell my students to think of our
bodies as membranes. When we think
about how our kidneys cleanse blood or
how oxygen and carbon dioxide move
through our lungs, we can say that all
of these work like membranes. Indeed,
artificial kidneys and artificial respira-
tory devices operate like as the mech-
anism of membranes.. These have a
significant place in the medical and bio-
medical world, so when we think about
membranes, we should consider them
not only as gas separation processes
but also as very important technologi-
cal devices contributing to the environ-
ment, human health, and nature.

-You have many projects supported
by the European Union and nationally.
Could you share with us the details of
your projects on membrane materials?

Currently, our main focus is, as | men-
tioned before, to use artificial intelli-
gence techniques to understand which
of the thousands of MOF materials will
be better for a specific target applica-



- www.memtek.org °

Bizim su anda agirlikla Gzerinde durdu-
gumuz konu az d&nce bahsettigim gibi
yUz binlerce MOF malzemesi arasindan
hangisinin belirli bir hedef uygulamada
daha iyi olacagini anlamak icin yapay
zeka tekniklerini kullanarak bir arama
yapmak. Bunu sdyle basitce dlsu-
nebiliriz. Samanlkta igne aramak
dedigimiz bir is. Yani disdnin ki
elinizde yuUz binlerce MOF var.
Bunlardan membran yapabilirsiniz
veya bunlari polimer membranla-
ra bir dolgu malzemesi olarak ek-
leyebilirsiniz. Ama hangi polimere
hangi MOF’u koydugunuzda daha
iyi bir performans elde edecedini-
zi bilemiyorsunuz. Hakikaten yluz
binlerce aday oldugu icin bu sa-
manlikta igne aramak gibi zor bir
problem. Bu noktada biz su an ki
projemizde yapay zekayl, teori-
yi ve deneyleri birlestiren bir yaklasim
gelistiriyoruz. Burada yaptigimiz sey
su aslinda teorik olarak hesaplanmasi
oldukca zor olan bazi 6zellikleri kendi-
miz simuUlasyonlarla hesapliyoruz. Fa-
kat bunu belirli sayida malzeme grubu
icin yaplyoruz. Sonrasinda buradan elde
ettigimiz sonuclari makine &grenme-
si teknigi kullanarak makineye 06greti-
yoruz ve makine bize daha &énce bizim
teorik olarak hesaplarini yapmadigimiz
MOF’lar icin de tahminler sunuyor. O
MOF’larin nasil bir gecirgenligi olacagi-
ni tahmin edebiliyoruz. Diyelim ki 1000
malzeme icin hesap yaptik. Geri kalan
90 bin klUsur malzeme icinde makine-
ye tahmin yaptirdik. Batin bu 100 bin
kGsur malzemenin verisine bakip hangi
malzeme bize daha iyi bir karbondiok-
sit gecirgenligi ya da seciciligi sunuyor
bunu gbézlemleyebiliyoruz. Sonrasinda
laboratuvar ortaminda deneyler yardi-
miyla bunlari test ediyoruz. Bu benim
cok sevdigim bir konu ¢cUnkU hem icin-
de deneyin hem teorinin hem de veri
biliminin oldugu bu Uc¢ teknigin bulustu-
gu ve isleri aslinda hizlandirmaya ydne-
lik kurgulanmis bir proje. Birazcik bunu
akilll malzeme tasarimi ve secimi olarak
dUstnUyoruz. Membran dinyasinda ¢ok
malzeme olmasi her ne kadar blyuk bir
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tion. We can think of it simply as looking
for a needle in a haystack. Imagine hav-
ing hundreds of thousands of MOFs. You
can make membranes by using them or
add them as a filling material to polymer
membranes. But we don’t know which
MOF to put with which polymer to get
better performance. Because there are
hundreds of thousands of candidates,
this is a difficult problem like looking
for a needle in a haystack. At this point,
we are developing an approach that
combines theory and experiments us-
ing artificial intelligence. What we do
here is actually calculate some proper-
ties that are quite difficult to calculate
theoretically with simulations. However,
we do this for a limited number of ma-
terial groups. Later, we teach the ma-
chine by using machine learning tech-
niques and the data we obtained. The
machine gives us predictions for MOFs
that we haven’t calculated theoretically
before. We can predict how permeable
those MOFs will be. Suppose we have
calculated for 1000 materials. We had
the machine predict for the remaining
90 thousand materials. We can observe
which material among all these over 100
thousand materials offers better carbon
dioxide permeability or selectivity. Then
we test them in the laboratory environ-
ment with the help of experiments. This
is a topic that | love because it is a pro-
ject that is designed to accelerate the
work by combining experiments, theo-
ry, and data science. We think a little bit
of it as smart material design and selec-
tion. Although having many materials in
the membrane world seems like a big
advantage, finding the right material is
quite difficult. It is a long and difficult
process to do this job with simulations
alone and experimentally test each ma-
terial in the laboratory. That’s why we
try to speed up the process by adding
machine learning, artificial intelligence
techniques, and data science to these
steps.
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avantaj gibi goérilse de dogru malze-
meyi bulmak oldukca zordur. Tek basi-
na simulasyonlarla da bu isi yapmak ve
deneysel olarak da tek tek her bir mal-
zemeyi laboratuvar ortaminda test et-
mek uzun ve zor bir slre¢ oldugu icin
bu adimlara makine 6grenmesini, yapay
zeka tekniklerini ve veri bilimini de ko-
yarak sUreci hizlandirmaya calisiyoruz.

- Son olarak, 2017 yilinda COSMOS ile
Tirkiye’de milhendislik alaninda ERC
Baslangi¢c Destegi alan ilk kadin aras-
tirmaci oldunuz. Ayni zamanda da
gene ERC kapsaminda da ilk konsoli-
dator projemizi de llkemizde siz aldi-
niz. Gen¢ bilim insanlarina ne tavsiye
edersiniz?

Oncelikle ben herkesin ERC kapsamin-
da mutlaka sansini bir kere deneme-
si gerektigini dustnUyorum. Basvuran
arastirmaci ERC destegdini aldigi takdir-
de oynadidi ligi dedistirmesine yardimci
olan yani bir Ust lige cikmasina sebep
olan, Avrupa’da da Amerika Birlesik
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- Finally, in 2017, you became the first
female researcher to receive ERC Start-
up Support in the field of engineering
in Turkey with COSMOS. At the same
time, you took over our first consolida-
tor project in our country, also within
the scope of ERC. What advice would
you give to young scientists?

First of all, | think everyone should defi-
nitely try their luck once under the ERC.
If the researcher applying for the ERC
support wins, it is a very nice funding
mechanism that helps them change
their league, helping them move up to
the top league, a funding mechanism
that is very respected in the United
States, Europe, and many places where
many Nobel-winning scientists have
come from. It would be beneficial to try
this out. Since there are starting consol-
idator and advanced levels, | think it is
very useful for everyone to write their
project idea and apply at their own lev-
el and age. Besides, | believe that be-
cause the number of ERCs coming from
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Often times, we have to make a lot of revisions in articles
and projects, we need to work again and again, we need
to work for the best without giving up and working hard to

succeed on the path to success.

Devletleri’'ne de Uzak Dogu’da da cok
saygl duyulan ve bircok Nobel’li bilim in-
saninin da daha énce aldigi cok glizel bir
fon mekanizmasi. Mutlaka ki denemekte
fayda var. Zaten baslangi¢c konsolidator
ve ileri seviyeleri oldugu icin herkesin
kendi seviyesinde, kendi yasi geldiginde
proje fikrini yazarak basvurmasinin ¢cok
faydali oldugunu dusUntyorum. Ayri-
ca bizim Ulkemizde de ERC sayisi git-
tikce arttigi icin artik TUrkiye’den gelen
basvurulara daha olumlu bakildigina da
inantyorum. Benim konum acik¢asi ¢ok
yeni bir konu oldugu ve uygulama alan-
lari da cok genis oldugu icin ERC’de bu
anlamda da sansim oldu diye dusinU-
yorum.

Genel olarak genc¢ bilim insanlarina tav-
siyem ulusal, uluslararasi tim fon me-
kanizmalarini, yayinlar icin en prestijli
dergileri denemeleri gerektigi olacak.
Burada denemek diye kullaniyorum
cUnkU her yolladigimiz makale malesef
kabul olmuyor. Disaridan belki bodyle
bir izlenim var ama bu kesinlikle dogru
degil. Her basvurdugumuz proje de ka-
bul edilmiyor. Cogu zaman makalelerde
olsun projelerde olsun c¢cok fazla reviz-
yon yapmamiz tekrar tekrar calismamiz
gerekiyor. Dolayisiyla hi¢c vazgecmeden
basarisizliklarda olsa onlari da kabul
ederek moralimizi bozmadan kendimizi
daha tekrar tekrar daha iyisi icin calisip
basariya giden yolda azimle ilerleme-
miz gerekiyor.

Turkey is increasing, it is believed that
the applications from Turkey are now
looked upon more positively. | think my
position is very new and because it has
very wide applications, | think | have
been lucky in ERC.

In general, my advice to young scien-
tists will be to try all national and inter-
national funding mechanisms and try
the most prestigious journals for pub-
lications. | use the word “try” here be-
cause unfortunately not every article
we send is accepted. There is no such
thing as every article we send is accept-
ed. Often times, we have to make a lot
of revisions in articles and projects, we
need to work again and again, we need
to work for the best without giving up
and working hard to succeed on the
path to success.

MEM-TEK - EYLUL - 2024 - 59 .



MEM-TEK BULTEN - Bu/letin « EYLUL/2024

Roportaj

Dr. Ing. Oana Cristina David,

Enerji ve Cevre
Bolumu, Tecnalia

Dr. Miren Etxeberria,
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Enerji ve Cevre BolUumd,

Tecnalia

- Sayin hocam biraz kendinizden bah-
seder misiniz? Membran prosesler ve
doéngiisellik, sirdirilebilirlik ile tanis-
ma hikayeniz nedir?

ici bos fiber (capi 0,5 mm’den kUcUk)
geometriye sahip membran gelistiri-
yoruz. Bu geometri, slreci yogunlas-
tiran, onu daha moduler ve herhangi
bir besleme akisi boyutuna uyarlanabi-
lir (dlceklenebilir) hale getiren yUksek
membran paketleme yogunluguna ola-
nak tanir. Ayrica ici bos fiber membran-
lar adsorpsiyon proseslerine gdre cok
daha az yer kaplar. Bu cok 6nemlidir,
cUunkl endustrideki Gretim sUreclerinde,
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-What is your story of meeting mem-
brane processes, circularity and sus-
tainability?

We are developing membrane with a
hollow fiber (diameter lower than 0.5
mm) geometry. This geometry allows
for a high membrane packing densi-
ty that intensifies the process, makes
it more modular and adaptable to any
feed flow size (scalable). Also, hollow
fiber membranes occupy much less
space than adsorption processes. This
is very important, because the produc-
tion processes in industry have limit-
ed space to give away for an adjacent
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CO2’yi yakalamak icin bitisik teknolojiye
ayrilacak alan sinirlidir.

Ayrica monolitik, i¢ci bos bir fiber memb-
ran da yapiyoruz. Bu, membranin tama-
minin ayni malzemeden, yani &mrindn
sonunda baslangic monomerlerine geri
dénUsturulebilen bir polimerden yapil-
digi anlamina gelir.

-Gaz ayirma membranlarinin endiistri-
deki 6nemi ve giincel durumu hakkin-
da ne disiiniiyorsunuz? Bu membran-
larin karbondioksit ayirma verimliligi
hakkinda neler séyleyebilirsiniz?

Membranlarla gaz ayirma, biyo-ga-
zin iyilestirilmesi, sentez gazi oraninin
ayarlanmasi, hava ayirma vb. icin uzun
sUredir uygulanan bir sUrectir. CO2’nin
Nz2’den ayrilmasi durumunda (karbon
yakalama) ise membran teknolojisi ¢o-
gunlukla daha az bilinen bir prosestir
cUnkl simdiye kadar daha dusUk bir en-
dUstriyel talep gdérulms ve alternatifler
yontemleri endlstride daha iyi bilin-
mektedir. Bununla birlikte, su anda cok
ivi verimliliklerle pilot &lcekli cdzUmlere
ulasan iki sirketin oldugu séylenebilir.
Pazar bUyUkligu katlanarak arttigindan
dolayl, yeni sirketlerin birlesebilecedi
blyUk bir alan var.

-Gaz ayirma membranlari enerji verim-
liligine nasil katkida bulunuyor?

Faz degisimiyle ydnlendirilen rakip tek-
nolojilerle karsilastirildiginda, membran
prosesler ile gaz ayirma daha az enerji
tUketir. Daha enerji verimli bir strec¢ de
daha ucuzdur. Bu nedenle, membran-
larla gaz ayirmanin maliyeti, hUkimet
yasalarinin zorunlu kildigi karbon emis-
yon maliyetleriyle eslesebilir ve karbon
yakalamay! endUstri icin ilgi ¢cekici hale
getirebilir.

-Karbon geri kazanimi ekonomik ag¢i-
dan nig¢in 6nemlidir?

Sera gazi emisyonlarinin mahsullere, in-
san sagligina, sicak hava dalgalarina ve
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technology to capture COa.

We also make a monolithic hollow fiber
membrane. This means that the entire
membrane is made from the same ma-
terial, a polymer, that at the end of life
can be recycled back into the starting
monomers.

-What do you think about the impor-
tance and current situation of gas sep-
aration membranes in industry? What
can you say about the carbon dioxide
separation efficiency of these mem-
branes?

Gas separation with membranes is a
mature process for bio-gas upgrading,
syngas ratio adjustment, air separation,
etc. In the case of CO2 separation from
Nz (carbon capture) membrane technol-
ogy is less established mostly because,
until now, there was a lower industrial
demand, and the alternatives are better
known in industry. Nevertheless, there
are two companies reaching pilot scale
solutions with very good efficiencies.

The market size is increasing exponen-
tially and there is a big room for new
companies to merge in.

-How do gas separation membranes
contribute to energy efficiency?

In comparison with the competing
technologies, that are driven by a phase
change, gas separation with mem-
branes consumes less energy. A more
energy efficient process is cheaper.
Therefore, the cost of gas separation
with membranes can match carbon
emission costs imposed by governmen-
tal laws and make carbon capture inter-
esting for industry.

-Why is carbon recovery economically
important?

It is worldwide acknowledged that the
environmental impact of greenhouse
gas emissions, such as damage to the

MEM-TEK - EYLUL - 2024 - 61



MEM-TEK BULTEN - Bul/letin « EYLUL/2024

kurakliga zarar vermesi, su baskini ve
deniz seviyesinin yukselmesi nedeniyle
mal kaybi gibi cevresel etkilerinin uzun
vadede 6nemli ekonomik dezavantaj-
lara neden olabilecedi dinya capinda
kabul edilmektedir. Bu nedenle karbon
geri kazanimi oldukca &énem tasimak-
tadir. Ayrica yakalanan CO:z basli basina
degerli bir Grin haline gelebilir ve CO:2
yakalamay! daha karli hale getirebilir.
CO:2 icin halihazirda kullanilan uygula-
malar mevcuttur (seralar, betonda kar-
bon mineralizasyonu ve gelistiriimekte
olan yeni uygulamalar; sentetik yakitlar,
kimyasallar). Sifir emisyonlu bir endUst-
ri olusturmak icin yakalanan blyUk mik-
tardaki CO2’yi kullanabilir.

-Ekibinizin yirittiigi Ar-Ge projeleri-
nizden birkag¢ iyi uygulama 6érnegi ve-
rebilir misiniz?

Bu projelere ait birkac baglanti gdbnde-
riyorum. Proje web sayfasinda, insanlar
okuyabilecekleri bultenleri bulabilirler

https://cordis.europa.eu/project/
id/608490

https://member-CO2.com/content/
home

https://biocomem.eu

https://cumeri.eu/

ENSE EEEE

s [a]

- Karbon geri kazaniminin ¢evresel
etkilerini nasil degerlendiriyorsunuz?
Karbon geri kazanimi uzun vadede siir-
diiriilebilirlige nasil katkida bulunur?

Enerji kullaniimadan enduUstriyel proses-
ler mUmkUn olmamaktadir. Bu neden-
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crops, human health, heat waves and
droughts, and loss of property from
flooding and sea level rise, can induce
on the long run important economic
drawbacks to the society.

In addition, captured CO2 can become
a valuable product by itself and make
CO:2 capture more profitable. There are
already established applications for CO:2
(greenhouses, carbon mineralization
in concrete) and the new applications
under development (synthetic fuels,
chemicals) can use the huge amount of
captured CO:2 to create a zero-emitting
industry.

-Can you give best practice examples
on your R&D projects carried out by
your team?

| send a few links to these projects. On

project webpage people can find the
bulletins to read.

https://cordis.europa.eu/project/
id/608490

https://member-COz2.com/content/
home

https://biocomem.eu

https://cumeri.eu/

-How do you assess the environmental
impacts of carbon recovery? How does
carbon recovery contribute to sustain-
ability in the long term?

There is no industrial process without
the use of energy. Therefore, carbon
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le karbon yakalama teknolojileri ancak
kullanilan enerjinin yenilenebilir kaynak-
lardan saglanmasi durumunda anlam
kazanmaktadir.

Dolayisiyla uzun vadede insanhgin sUr-
darulebilirligi ancak ¢c6zimlerin bir kom-
binasyonunun uygulanmasiyla mimkun
olacaktir.

-Gelecekte bu teknolojinin gelismesiy-
le ilgili beklentileriniz nelerdir? Karbon
geri kazanimina yonelik yatirimlar igin
ne gibi tesvikler mevcut?

Teknik fizibilite nedeniyle, emisyon ma-
liyetlerinin cok ylksek olmasi ve dlinya
capinda uygulanmasi durumunda bu
teknolojinin yakin gelecekte tam olarak
gelistirilecegini tahmin ediyorum. Emis-
yon maliyetleri, karbon geri kazanimina
yatirm icin en dnemli tesviktir. Bu ne-
denle, hikUmet yasalari ve politikalari
en 6nemli rolG oynamaktadir.

Buna ek olarak, COz2'nin yeni kimyasal
sentez rotalarinda besleme olarak kul-
laniimasi, degerli bir Urin olarak gorua-
lecek olan CO2'ye bakis acisini degisti-
recektir.

Dr. Ing. Oana Cristina David

Tecnalia, ispanya, Hidrojen, Malzemeler
ve SUrecler Bo6IUmMU, Membran Teknolo-
jisi Arastirma Grubu’'nda Kidemli Aras-
tirmaci.

Eylil 2007’de Dr. Ing. Oana Cristina
David, Romanya Bukres Politeknik Uni-
versitesi Uygulamali Kimya ve Malzeme
Bilimi Fakultesi’'nden Kimya MUuhendi-
si olarak mezun oldu. Temmuz 2012’de
Ispanya Universidad de Cantabria’da
Kimya ve Proses MUhendisligi alanin-
da doktorasini tamamladi. Daha sonra
Almanya’nin Aachen kentindeki RWTH
Universitesi'nde 2 bucuk vyil doktora
sonrasl calismalarini yapti. Artik kim-
ya mUhendisliginde, &6zellikle membran
teknolojisi alaninda deneyimli bir aras-
tirmacidir.
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capture technologies make sense only
if the used energy would be provided
from renewable sources.

Therefore, in the long term, humanity
sustainability will be possible only if a
combination of solutions will be ap-
plied.

-What are your expectations for the
development of this technology in the
future? What incentives are available
for investments in carbon recovery?

Because of technical feasibility, | expect
that this technology will become fully
developed in the near future, if the emis-
sion costs become extremely high and
implemented worldwide. The emission
costs are the most important incentive
for investment in carbon recovery. So,
governmental laws and politics play the
most important role.

Added to this, the use of COz2 as feed
to new chemical synthesis routes will
change the perspective over CO:z that
will be seen as a valuable product.

Dr. Ing. Oana Cristina David

Senior Researcher at Tecnalia, Spain,
Division of Hydrogen, Materials and
Processes, Membrane Technology Re-
search Group.

InSeptember 2007, Dr.Ing. Oana Cristina
David graduated as Chemical Engineer
from Faculty of Applied Chemistry and
Materials Science, Polytechnic Universi-
ty of Bucharest, Romania. In July 2012
she finished the PhD in Chemical and
Process Engineering, Universidad de
Cantabria, Spain. Later she performed a
2.5 years and half post-doctoral studies
in RWTH University Aachen, Germany.
Now she is an experienced researcher
in chemical engineering, particularly in
the field of membrane technology.

MEM-TEK - EYLUL - 2024 - 63



MEM-TEK BULTEN -« Bul/letin « EYLUL/2024

Dr. Miren Etxeberria

Miren Etxeberria Benavides, 2008 yi-
linda Basque Country Universitesi’nde
(UPV-EHU) Makromolekulller uzmanhgi
ile Kimya diplomasini aldi. 2013 yilinda
ayni Universitede Uygulamall Kimya ve
Polimerik Malzemeler alaninda yuUksek
lisans derecesi aldi. 2021 yilinda Hol-
landa’nin TU Delft Kataliz MUhendisligi
grubunda “CO2 yakalama icin yuksek
verimli ici bos fiber membranlar” bas-
ikl Kimya MUhendisligi doktorasini ta-
mamladi.

2008 yilindan bu yana Tecnalia (ispan-
ya), Enerji Malzemeleri B6IUmU, Memb-
ran Teknolojisi Arastirma Grubu’'nda
arastirmaci olarak calismaktadir. Calis-
malari gaz ayirma icin polimerik ve kari-
sik matris memlbranlar Gzerine odaklan-
mistir. Faz inversiyon teknigi ile polimer
sentezi ve dUz ve ici bos fiber membran
hazirlama konusunda deneyime sahip-
tir.
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Dr. Miren Etxeberria

In 2008 Miren Etxeberria Benavides ob-
tained her Degree in Chemistry with the
specialization in Macromolecules at the
University of the Basque Country (UPV-
EHU). In 2013 she obtained a Master
degree in Applied Chemistry and Pol-
ymeric Materials at the same university.
In 2021 she finished the PhD in Chem-
ical Engineering entitled “high produc-
tivity hollow fiber membranes for CO:2
capture” in the group of Catalysis En-
gineering of TU Delft, The Netherlands.

Since 2008 she works as a researcher
at Tecnalia (Spain), Division of Materi-
als for Energy, Membrane Technology
Research Group. Her work is focused
on polymeric and mixed matrix mem-
branes for gas separation. She has ex-
perience in polymer synthesis and flat
and hollow fiber membrane preparation
by phase inversion technigue.
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MEM-TEK’te gerceklestirilen

calismalar

Yazarlar / Authors: Ars. Gor. Muhammed Furkan Aras, Ars. Gor. SUmeyye Yasar

Hava Ayrimi icin Si-
loksan Yapul
Polibenzoksazin ile
Ici Bos Fiber
Membranlarin
Gelistirilmesi

MEM-TEK Arastirma Merkezi ekibimiz-
den Prof. Dr. Vahid Vatanpour Sarghein
yUratculigunde gerceklestirilen “Hava
Ayrimi icin Siloksan Yapili Polibenzok-
sazin ile ici Bos Fiber Membranlarin
Gelistirilmesi” projesi Disiplinler Arasi
Arastirma Projesi (DAP) olarak destek-
lenmeye hak kazanmistir. Proje ekibin-
de arastirmaci olarak MEM-TEK Merkez
MUdari Prof. Dr. ismail Koyuncu, Fen
Edebiyat FakuUltesi Kimya BolumUd’nden
Prof. Dr. Baris Kiskan, Kimya-Metalur-
ji Fakultesi Metalurji ve Malzeme MU-
hendisligi Bo6IUmU’nden Prof. Dr. Bihter
Zeytuncu Gdkoglu ve doktora dégrencisi
Oguz Orhun Teber yer almaktadir.

Son vyillarda, membran teknolojisiyle
gaz ayirma hizla ilerlemistir. Bu teknolo-
ji, kullanim kolayligi, disuk eneriji tuketi-
mi ve ekonomik olmasi nedeniyle tercih
edilmektedir. Gaz ayirma sureclerinde
en yaygin olarak polimerik membranlar
kullanilmaktadir. Havacilik sektérinde
ise yakit depolarinin gtvenligi i¢cin hafif
ve etkili bir ¢6zim olarak ici bos fiber
membranlar kullanilmaktadir.

Our project titled “Development of
Hollow Fiber Membranes with Silox-
ane-Structured Polybenzoxazine for
Air Separation,” led by Prof. Dr. Vahid
Vatanpour Sarghein from the MEM-TEK
Research Center team, has been award-
ed support as an Interdisciplinary Re-
search Project (DAP). The project team
includes MEM-TEK Center Director Prof.
Dr. ismail Koyuncu, Prof. Dr. Baris Kiskan
from the Chemistry Department of the
Faculty of Science and Letters, Prof. Dr.
Bihter Zeytuncu Gékoglu from the Met-
allurgical and Materials Engineering De-
partment of the Faculty of Chemistry
and Metallurgy, and PhD student Oguz
Orhun Teber.

In recent years, gas separation technol-
ogy using membranes has advanced
rapidly. This technology is preferred due
to its ease of use, low energy consump-
tion, and cost-effectiveness. Polymer-
ic membranes are the most commonly
used in gas separation processes. In the
aviation sector, hollow fiber membranes
are used as a lightweight and effective
solution for the safety of fuel tanks.
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Bu projede, polisulfon ile gaz ayirma
membrani Uretilecek ve optimizasyon
calismalari sonrasi, membranlar yeni-
likci siloksan yapili polibenzoksazin ile
kaplanacaktir. Hedef, hem tekli gaz hem
de hava kullanarak yuUksek gecirgenlik
elde etmektir. Performansin artirilmasi
icin zeolitlerle karisik matrisli membran-
lar test edilecektir. Uretilen membranla-
rin karakterizasyonu ve performansina
gobre ¢cozelti, Uretim ve kirleme kosullari
dedistirilecektir.

Sonu¢ olarak 24 ay sUrmesi planlanan
bu projede potansiyeli gérilen yenilikci
kaplama ile yeni nesil membran Uretimi
hedeflenmektedir.
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In this project, gas separation mem-
branes will be produced with polysul-
fone, and after optimization studies, the
membranes will be coated with innova-
tive siloxane-structured polybenzox-
azine. The aim is to achieve high perme-
ability using both single gases and air.
Mixed matrix membranes with zeolites
will be tested to enhance performance.
The solution, production, and curing
conditions will be modified based on
the characterization and performance
of the produced membranes.

As a result, this 24-month project aims
to produce a new generation of mem-
branes with innovative coating that
shows potential.
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Otomotiv
Uyumlu PEM Tipi
Yakit Pili Modul
ve Sistem
Bilesenlerinin
Gelistirilmesi ve
Entegrasyonu

Enerji Enstitisd’nden Prof.
Dr. Nilgin Karatepe Yavuz
yUrGtUculuginde gercek-
lestirilen "Otomotiv Uyumlu
PEM Tipi Yakit Pili Modul ve
Sistem Bilesenlerinin Gelis-
tirilmesi ve Entegrasyonu”
konulu "Cevreye Uyumlu
Surdurdlebilir ileri Arac Tek-
nolojileri” projesi TUBITAK
1004 programi kapsaminda
desteklenmeye hak kazanmistir. Proje
ekibinde arastirmaci olarak MEM-TEK
Merkez Mudird Prof. Dr. ismail Koyuncu,
Cevre MUhendisligi B&lIUmU’nden Prof.
Dr. Vahid Vatanpour Sarghein, Dog¢. Dr.
Borte Kose Mutlu, Kimya Boélumd’nden
Prof. Dr. NilgUn Kizilcan ve Doc¢. Dr. Nes-
rin Kbken yer almaktadir.

PEM vyakit hlcreleri, yiksek enerji yo-
gunluguna ve verimlilige sahip oldukla-
rindan elektrikli araclarda menzil artirici
olarak kullanilan en ideal sistemlerdir. Bu
projede, TkW (300 mW/cm?) cikis glici-
ne sahip, dlceklendirilebilir bir PEM yakit
hlcresinin tasarimi ve THS 6 seviyesin-
de bir prototip Urln gelistirilmesi amacg-
lanmaktadir. Proje kapsaminda; karbon
destekli (grafen gibi) Pt’li ve Pt’siz kata-
lizbrlerin Uretilmesi, grafen oksit katkil
sUlfonlanmis polistlfon membranlarin
sentezlenmesi, karbon/iyonomer ora-
ninin belirlenmesi, mirekkep hazirla-
ma ve membran &n-sartlandirma gibi
asamalar sonrasinda membran elektrot
Uniteleri (MEU) gelistirilecektir.

Ozgin bipolar plaka tasarimi kullani-
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The project titled “Devel-
opment and Integration of
Automotive-Compatible
PEM Fuel Cell Module and
System Components,” led
by Prof. Dr. Nilgin Karate-
pe Yavuz from the Energy
Institute, has been award-
ed support under the TU-
BITAK 1004 program for
“Environmentally Friendly
Sustainable Advanced Ve-
hicle Technologies.” The project team
includes MEM-TEK Center Director
Prof. Dr. ismail Koyuncu, Prof. Dr. Va-
hid Vatanpour Sarghein from the En-
vironmental Engineering Department,
Assoc. Prof. Dr. Borte K&se Mutlu, Prof.
Dr. NilgUin Kizilcan from the Chemistry
Department, and Assoc. Prof. Dr. Nesrin
Kodken as researchers.

PEM fuel cells, with their high energy
density and efficiency, are considered
the most ideal systems for range ex-
tension in electric vehicles. This proj-
ect aims to design a scalable PEM fuel
cell with an output power of 1 kW (300
mW/cm?®) and develop a prototype
product at TRL 6 level. The project will
involve the production of Pt and non-Pt
catalysts supported by carbon (such as
graphene), synthesis of sulfonated poly-
sulfone membranes with graphene ox-
ide, determination of carbon/ionomer
ratio, ink preparation, and membrane
pre-conditioning to develop membrane
electrode assemblies (MEAS).

The process will include stack prepa-
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larak Uretilecek plakalardan olusacak
yigin hazirlama sUreci, MEU ve hiicre
yipranma modellerinin olusturulmasi,
sizdirmazlik saglayan conta sistemle-
ri ve yuksek performansli yigin tretimi
calismalari icerecektir. Son olarak, yi-
gin entegrasyonu ile otomotive uyumliu
bir sistem olusturulacaktir. Bu projeden
elde edilecek sonuclar ile, GUlkemizin bu
alandaki ticari potansiyelinin ve rekabet
glcunun artirilmasi hedeflenmektedir.
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ration using uniquely designed bipolar
plates, development of MEA and cell
degradation models, sealing systems to
ensure impermeability, and production
of high-performance stacks. Finally,
an automotive-compatible system wiill
be developed through stack integra-
tion. The results of this project aim to
enhance the commercial potential and
competitiveness of our country in this
field.
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TURKIYE’DEKI GUNCEL
UYGULAMALAR/HABERLER

Yazarlar / Authors: Ogr. Gér. Bahriye Eryildiz-Yesir

Hizli sanayilesme ve ekonomik blylime,
son yillarda insanhdin faaliyetlerini ge-
listirmis ancak ayni zamanda c¢evresel
bozulmaya ve dogal kaynaklarin kiresel
olarak tiUkenmesine de katkida bulun-
mustur. Hava kirliligi insan sagligini, cev-
reyi, iklimi ve ekonomiyi tehlikeye sokan
onemli bir ktresel tehlikedir. EndUstriyel
faaliyetler, ulasim, tarim ve enerji Gretimi
de dahil olmak Uzere atmosfere salinan
kirleticiler baslica nedenlerdir. Hava kir-
liligini azaltmak icin potansiyel bir yéon-
tem, Kkirletici emilimi ve sUrdurulebilir
enerji Uretimi icin benzersiz alternatifler
sunan membran teknolojisidir. Bu kap-
samda gaz ayirma membranlari, islet-
me maliyetlerini disirmeye ve verim-
liligi artirmaya odaklanan muUhendislik
alaninda uzun sUredir merkezi bir strec
olmustur. Bultenin bu kisminda Turkiye
ve Dlnya’da gaz ayirma membranlari ve
karbon geri kazanimi kapsaminda yeni-
likci ve gelecege 1sik tutabilecek calis-
malari derledik.

Rapid industrialization and economic
growth in recent years have advanced
human activities but have also con-
tributed to environmental degradation
and the global depletion of natural re-
sources. Air pollution is a significant
global threat that endangers human
health, the environment, the climate,
and the economy. The primary causes
are pollutants released into the atmo-
sphere from industrial activities, trans-
portation, agriculture, and energy pro-
duction. A potential method to reduce
air pollution is membrane technology,
which offers unique alternatives for
pollutant absorption and sustainable
energy production. In this context, gas
separation membranes have long been
a central process in engineering, focus-
ing on reducing operating costs and
increasing efficiency. In this section of
the bulletin, we have compiled innova-
tive and forward-looking studies on gas
separation membranes and carbon re-
covery in Turkiye and around the world.
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Yenilikci Membran
Platformu, ‘Bir Avuc
Dolusu Gaz Atomuna
Kadar’ Analiz Yapil-

masint Sagliyor

Northwestern Universitesi arastirmaci-
lari, gaz molekdullerini gercek zamanl
olarak analiz ederken barindiran yeni
bir ydntem gelistirdi. Bu ydntemde, do-
gada bulunan petek yapilarindan ilham
alarak 6rnegi kaplayan ultra ince sera-
mik bir membran kullanildi.

Gaz atomlarinin 6zgun baglari aracili-
giyla imzalarini cikarmanin yani sira, bu
kapsulleme stratejisi yUksek vakumlu
gecirimli elektron mikroskoplari icin-
de kati nanoyapilarin gérinttlenmesini
artirmak icin calismaktadir. Bu araclar,
temel arastirmalar yapan ulusal labora-
tuvarlardan, pratik uygulamalar yaratan
yenilik¢i girisimlere kadar genis bir yel-
pazede kullanilabilmektedir.

Elektronlar bir 6érnekten gecerken oriji-
nal yollarindan saptiginda, gérintld ¢co-
zUnUrlGgU ve kontrasti bozulmaktadir.
bir malzeme bilim-

Northwestern’daki

- www.memtek.org °

Researchers at Northwestern University
have developed a new method for re-
al-time analysis of gas molecules. This
method involves using an ultra-thin ce-
ramic membrane, inspired by naturally
occurring honeycomb structures, to en-
capsulate the sample.

Besides extracting signatures of gas at-
oms through their unique bonds, this
encapsulation strategy enhances the
imaging of solid nanostructures within
high-vacuum transmission electron mi-
croscopes. These tools are employed
in a wide range of applications, from
fundamental research in national labo-
ratories to innovative ventures creating
practical applications.

When electrons deviate from their orig-
inal paths while passing through a sam-
ple, the image resolution and contrast
are compromised. The resulting silicon

Bilim insanlari, her iki tarafinda memlbran bulunan bir hicre saglamak icin petek
yapl Uzerine ultra ince bir silikon nitrar filmi sabitlediler.

Scientists have affixed an ultra-thin silicon nitride film onto a honeycomb struc-
ture to create a cell with a membrane on each side.
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Sekil 1. Kapsulleme dncesi (Ustte) ve sonrasi (altta) Au nanopartikillerinin yUksek
cH6zUnUrluklt gecirimli elektron mikroskobu gdrintileri

Figure 1. High-resolution transmission electron microscope images of Au
nanoparticles before (top) and after (bottom) encapsulation.

ciler ekibi tarafindan tasarlanan sonuc-
ta ortaya cikan silikon nitrGr mikrocipi,
arka plan saciimasini minimize etmistir.

“Ekibimiz, elektronlarin nanoreaktérden
minimum sapma ile gecebilecegi kadar
ince bir membran gelistirdi,” ifadelerini
kullanan malzeme bilimci Vinayak Dra-
vid, “Petek yapimiza ultra ince silikon
nitrar filmi sabitledik ve bu bize her iki
tarafinda da zar bulunan bir hicre sag-
ladl.” seklinde ekledi.

“Geleneksel zarlarin kalinligi, mikrosko-
pun yarattigi son derece yuUksek vakum
altinda mekanik batunltgu korumak icin
genellikle cok bUyuk olur,” dedi Dravid.
“Cok kalin goézluklerim olmasi ve bu ne-
denle cok fazla istk emmesi gerektigini
hayal edin, sonuc¢ olarak pek bir sey go6-
remem. Bizim icadimizla Urettigimiz gb-
rantuler, sanki goézlUkleri bugusuz hale
getirmis gibi gérintyor.”

Dravid, bu farki, daha énce gérinme-
yen cisimlerin odaklandigi James Webb
Uzay Teleskobu’na benzetti. Onemli
olarak, membran, ekibin “bir avu¢ gaz
atomuna” kadar bir analiz yapabilmek
icin spektroskopiyi kullanmasina olanak
tanidi — 6rnegdin, karbon dioksit ve kar-
bon monoksit gibi, daha dnce ayni go6-
rinen molekUller arasindaki farki ayirt

nitride microchip, designed by a team
of materials scientists at Northwestern,
minimizes background scattering.

“Our team developed a membrane thin
enough for electrons to pass through the
nanoreactor with minimal deviation,”
explained materials scientist Vinayak
Dravid. “We affixed an ultra-thin silicon
nitride film to our honeycomb structure,
which provided us with a cell that has a
membrane on each side.”

“The traditional membranes are typ-
ically too thick to maintain mechani-
cal integrity under the extremely high
vacuum created by the microscope,”
said Dravid. “Imagine having very thick
glasses that absorb a lot of light, result-
ing in seeing very little. The images pro-
duced with our invention look like the
glasses have been defogged.”

Dravid compared this difference to the
James Webb Space Telescope, which
brought previously unseen objects into
focus. Importantly, the membrane al-
lowed the team to use spectroscopy
to analyze “down to a handful of gas
atoms”—distinguishing between mole-
cules that previously appeared identi-
cal, such as carbon dioxide and carbon
monoxide, which is critical in emerging
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ederek, bu da gelismekte olan temiz
enerji teknolojilerinde kritiktir.

Spektroskopi, arastirmacilarin goérin-
tuledikleri atomlarla elektronlarin nasil
etkilesime girdigini gérmelerini saglar,
nasil enerji absorbe ettigini, yansittigini
veya yaydigini gdsterir ve benzersiz bir
spektroskopik parmak izi ortaya cikarir.

Zaman, basin¢ ve sicaklikla birlikte na-
sil dedisiklikler oldugunu analiz etme
yoéntemi gelistirmek ve sivilarin nano-
partikullerle nasil etkilesime girdigini
gdrmek, molekller dlizeyde gelismekte
olan temiz enerji ve pil teknolojileri icin
kritiktir. Bu yeni ilerleme ile, fotovoltaik-
ler ve katalitik enerji sistemleri gibi uy-
gulamali teknolojiler, nano ve elektronik
uzunluk 6lceklerinde daha iyi analiz edi-
lebilir.

“Ultra ince seramik membran, yalnizca
elektron mikroskopisi ile sinirli kalmaya-
rak daha genis bir disipline uygulanabi-
lir” dedi Hu. “Ornegdin, i1sik veya X-isini
karakterizasyonlari icin daha iyi sonuc-
lar beklenmektedir. Ve strateji, dlistk
kalinlik ama yuksek mekanik dayaniklilik
gerektiren diyaframlar ve mekanik bile-
senler icin genis dlctde uygulanabilir.”

Yeni teknikle, arastirmacilar énceki de-
neylere kiyasla yaklasik 2.36 angstrom-
dan yaklasik 1.02 angstrom c¢o6zUnurlG-
ge kadar goérebilmektedir. Ekip, buglne
kadar kendi alanlarinda kaydedilen en
yUksek mekansal ¢ézUnlrlUk ve spekt-
ral gérinurltge ulastiklarini sdyledi.

Mikroskoplarin 6tesinde, ekip platform
teknolojilerini diger sorunlara uygula-
may1 umuyor, ¢cinkU kapsulleme teknigi
herhangi bir mikrocip veya optik tabanli
teknige uygulanabilir.

“Her alanda, daha ince daha iyidir cin-
kG kalin kaptan alinan bilgi, icerideki
nesneden alinan bilgiye gdére daha az-
dir,” dedi Koo.
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clean energy technologies.

Spectroscopy enables researchers to
see how electrons interact with the at-
oms they are imaging, showing how
they absorb, reflect, or emit energy,
and revealing a unique spectroscopic
fingerprint.

Developing methods to analyze how
these interactions change with time,
pressure, and temperature, and see-
ing how liquids interact with nanopar-
ticles at the molecular level, is crucial
for emerging clean energy and battery
technologies. With this new advance-
ment, applied technologies like photo-
voltaics and catalytic energy systems
can be better analyzed at nano and
electronic length scales.

“The ultra-thin ceramic membrane is
not limited to electron microscopy but
can be applied across a broader range
of disciplines,” said Hu. “For instance,
better results are expected for light or
X-ray characterizations. The strategy
can be widely applied to diaphragms
and mechanical components that re-
quire low thickness but high mechani-
cal durability.”

With the new technique, researchers
can achieve resolutions of approxi-
mately 1.02 angstroms compared to
around 2.36 angstroms in previous ex-
periments. The team stated that they
have reached the highest spatial reso-
lution and spectral visibility recorded in
their field to date.

Beyond microscopes, the team hopes
to apply their platform technologies to
other problems, as the encapsulation
technique can be applied to any micro-
chip or optics-based technique.

“In every field, thinner is better because
the information obtained from a thick
container is less than the information
from the object inside,” said Koo.
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Evonik, SEPURAN
Green membranlari
kullanarak 1.000’Iinci
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bivogaz vukseltme
tesisi kurulumunu
kutluyor

Evonik’in SEPURAN Green membranla-
riyla biyogaz yuUkseltme icin 1.000’inci
referans tesisi, Almanya’nin Kuzey
Ren-Vestfalya eyaletindeki Heek’te insa
ediliyor.

The “PurePac” biyogaz yuUkseltme pro-
jesi, Hollandali tesis insaatcisi Bright
Renewables tarafindan Uc¢ yerel ciftlik
sahibi adina Heek, Kuzey Ren-Vestfalya,
Almanya’da gerceklestiriliyor. Baslica
glbrelerden olusan organik kutlesi, bi-
yogaz Uretimi icin kullanilacaktir. Biyo-
kUtle, Evonik’'in Sepuran Green ici bos
fiber membranlari kullanilarak yuUksek

Evonik’s 1,000th reference plant for
biogas upgrading using SEPURAN
Green membranes is being constructed
in Heek, North Rhine-Westphalia, Ger-
many.

The “PurePac” biogas upgrading proj-
ect, undertaken by Dutch facility build-
er Bright Renewables on behalf of
three local farm owners in Heek, North
Rhine-Westphalia, Germany, is set to
utilize organic mass primarily consist-
ing of major fertilizers for biogas pro-
duction. Biomass will be processed to

Sekil 2. SEPURAN Green membrani
Figure 2. SEPURAN Green membrane.

saflikta biyometan ve 1.200 kg/saat Bi-
yokarbondioksit Uretecek sekilde 1.600
Nm?3/saat ham biyogaz Uretecektir.

YUksek konsantre biyometan yerel do-
gal gaz sebekesine verilecektir. Gida
sinifi  Biyokarbondioksit tesis icinde
Uretilecek ve 06rnegdin bdlgesel icecek
endUstrisi icin baska bir yenilenebilir
hammaddesi kaynagdi olarak kullanila-
caktir.

generate 1,600 Nm3*/h of raw biogas,
producing high-purity biomethane and
1,200 kg/h of food-grade bio-CO2 using
Evonik’s SEPURAN Green hollow fiber
memlbranes.

The high-concentration biomethane will
be fed into the local natural gas grid,
while food-grade bio-CO2 will be pro-
duced on-site, serving as a renewable
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“Sepuran Green membranlariyla ilk bi-
yogaz test tesisi arasinda sadece on iki
yil var,” diyor Evonik’in Zarlar inovasyon
BlUyUme Alani baskani Dr. Goetz Baum-
garten. “Zar isimizin pazar basarisi, Evo-
nik’in polimer uzmanhgindan kaynakla-
nan yenilikcilik glicine dayanmaktadir.”
Sepuran 2017de piyasaya suruldugun-
den beri, Evonik secilmis ortaklarla
birlikte zar teknolojisini biyogaz yuk-
seltmede yeni bir kalite standardina do-
ndstirmek icin calismistir.

Almanya’da yilda yaklasik 95 teravat
saat (TWh) biyogaz Ureten yaklasik
10.000 biyogaz tesisi bulunmaktadir.
Bunun yaklasik 85 TWh’si yerinde elekt-
rik ve i1sitya dénustlrilmektedir. Memb-
ranlar kullanilarak biyogaz yUkseltme,
yenilenebilir enerji kaynagini yuksek
saflikta bilesenler biyometan ve biyo-
karbondioksit olarak verimli bir sekilde
kullanmanin baska bir yoludur.

Sepuran Green membranlari, Evonik’in
Avusturya’nin Schérfling sehrindeki te-
sisinde Uretilmektedir. Temel malzeme
olan yUksek performansli bir polimer ise
komsu Lenzing’de Uretilmektedir.
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feedstock source for regional beverage
industries, among others.

“There are just twelve years between
the first biogas pilot plant with SEPU-
RAN Green membranes,” says Dr. Goetz
Baumgarten, Head of Membranes In-
novation Growth Field at Evonik. “The
success of our membrane business re-
flects the innovative power stemming
from Evonik’s polymer expertise.”

Since its launch in 2011, SEPURAN has
been a cornerstone technology for
Evonik and its selected partners in set-
ting a new quality standard for biogas
upgrading. In Germany alone, there are
approximately 10,000 biogas plants
producing around 95 terawatt-hours
(TWh) of biogas annually. About 85
TWh of this biogas is converted into
onsite electricity and heat. Using mem-
branes for biogas upgrading offers an
efficient way to utilize renewable en-
ergy sources in the form of high-purity
components like biomethane and bio-
COa..

SEPURAN Green membranes are manu-
factured at Evonik’s facility in Schorfling,
Austria. The base material—a high-per-
formance polymer—is produced near-
by in Lenzing. This integration ensures
quality control and supports Evonik’s
commitment to sustainable and effi-
cient biogas upgrading solutions.
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Karbondioksit
salinimini engelle-
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yen membran
gelistirildi

Gebze Teknik Universitesi (GTU) Na-
noteknoloji Enstitlst bilim insanlari,
verimli ve ekonomik enerji Gretimi icin

karbondioksidin havaya salimini engel-
leyen membran gelistirdi.

Gebze Teknik Universitesi (GTU) Nano-
teknoloji Enstitist bilim insanlari, ve-
rimli ve ekonomik enerji Gretimi icin kar-
bondioksidin havaya salimini engelleyen
membran gelistirdi. TUBITAK tarafindan
desteklenen projede Dr. OJretim Uyesi
Sadiye Velioglu ve ekibince iklim degi-
sikligine ¢d6zUm olarak sera gazi emis-
yonlarini sifira indirmek icin gelistirilen
membranlarin, cesitli gazlardan karbon-
dioksidi ayristirmada kullanilacagi belir-
tildi.

Iklim degisikliginin tim canlilari tehdit
eden kithk, kuraklik, yangin ve sel baski-
ni gibi ciddi sonuclara neden oldugunu
belirten GTU Nanoteknoloji Ensititi-
st Dr. Ogretim Uyesi Sadiye Velioglu,
membran teknolojilerinin mevcut kulla-
nilan teknolojilere gbére cok fazla avan-
tajinin bulundugunu belirtti.

Gebze Technical University (GTU) Nan-
otechnology Institute scientists have
developed a membrane that prevents
the release of carbon dioxide into the
atmosphere, aiming for efficient and
cost-effective energy production. Sup-
ported by TUBITAK (The Scientific and
Technological Research Council of Tur-
kiye), the project led by Dr. Assistant
Professor Sadiye Velioglu and her team
focuses on developing membranes to
zero out greenhouse gas emissions as a
solution to climate change. These mem-
branes are designed to separate carbon
dioxide from various gases.

Dr. Assistant Professor Sadiye Veliog-
lu from GTU Nanotechnology Institute
emphasized the severe consequenc-
es of climate change, such as scarcity,
droughts, wildfires, and floods threat-
ening all life forms. She highlighted the
significant advantages of membrane
technologies over currently used meth-
ods.
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Yeni

membran

tabani, gaz aritma
maliyetlerini dokuz
kat azaltacak

AV. Topchiyev Petrokimya Sentezi Ens-
titis’ndeki Rusya Bilimler Akademisi
(RAS) bilim insanlari, dogal gazdan agir
hidrokarbonlarin uzaklastiriilmasi icin
kullanilan zarlar icin yeni bir taban gelis-
tirdi. Bu taban, kukurt iceren bir polimer
olan polistlfon’dan yapilmis olup, gaz
ayirma icin kullanilan enerjiyi dokuz kat
azaltacak ve gaz aritma sUrecinin hizini
ikiye katlayacak. Arastirmanin sonuclari
Separation and Purification Technology
dergisinde yayimlandi.

Agir hidrokarbonlari (¢ veya daha faz-
la karbon atomu iceren) dogal gazdan
uzaklastirmanin en verimli yolu, silisli
polimerlerin bazinda yapilan gaz ayirma
membran Unitelerini kullanmaktir. Bu
tar Unitelerdeki membranlar, yogun bir
ayirma tabakasi ve gbzenekli bir taban
icerir. Ayirma, dogal gaz bilesenlerinin
farkl gecirgenligi sayesinde yapilir: agir
hidrokarbonlar (etan, propan, butan),
metandan onlarca kez daha hizli bir se-
kilde gecirgen bir tabaka olan ayirma
katmanindan gecer. Ayirma tabaka-
sindan sonra, metan/etan/propan/bu-
tan karisimi gdzenekli tabandan gecer
ve bu, metandan yabanci kirleticilerin
uzaklastirilmasina yol acar.

ideal olarak, taban gaz hareketi icin
herhangi bir engel olusturmamalidir.
Bu, adir hidrokarbonlarin ayirma kat-
manindan hizli bir sekilde gecmesi ve
metandan kirleticilerin daha hizli uzak-
lastirilmasi icin gereklidir. Bu nedenle,
gaz aylrma membranlarin verimliligi, ta-
banin gecirgenligine baglidir ve bu da
direncin ters orantisinda bulunur.
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Russian Academy of Sciences (RAS)
scientists at the AV. Topchiev Institute
of Petrochemical Synthesis have de-
veloped a new base for membranes
used in the removal of heavy hydrocar-
bons from natural gas. This base, made
from a sulfur-containing polymer called
polysulfone, is set to reduce the ener-
gy used in gas separation by nine times
and double the speed of the gas puri-
fication process. The research results
were published in the journal Separa-
tion and Purification Technology.

The most efficient method for remov-
ing heavy hydrocarbons (containing
three or more carbon atoms) from nat-
ural gas involves using gas separation
membrane units based on silica poly-
mers. These units consist of membranes
with a dense separation layer and a po-
rous base. Separation occurs due to the
different permeabilities of natural gas
components: heavy hydrocarbons (eth-
ane, propane, butane) pass through a
separation layer that is orders of mag-
nitude more permeable than methane.
After passing through the separation
layer, the methane/ethane/propane/
butane mixture passes through the po-
rous base, which removes impurities
from methane.

Ideally, the base should not pose any
obstacles to gas movement. This is nec-
essary for the rapid passage of heavy
hydrocarbons through the separation
layer and the faster removal of impu-
rities from methane. Therefore, the ef-
ficiency of gas separation membranes
depends on the permeability of the
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Rusya Bilimler Akademisi Petrokimya-
sal Sentez EnstitUust’ndeki bilim insanla-
r1, duvar kalinhgr 300 mikrometre (um)
olan kuUkurt iceren fiber polimer (poli-
sulfon) taban gelistirdiler, bu da yakla-
sik olarak tek bir insan teline gore 10 kat
daha incedir. Zarin maksimum direncini
saglamak icin, gelistiriciler, bazin icinde
doymus hidrokarbonlari (pentan, hek-
sen, heptan) tasiyan fiberlerin ylzey
yapisint degdistirdiler. Bu, tabanin gaz
gecirgenligini daha &nce bilinen tim
gbdzenekliici bos fiber analoglarindan 10
kat daha yUksek hale getirdi. Boylelikle,
bu gelisme kompozit membranlarin ge-
cirgenligini ikiye katlayabilir ve gaz ayir-
ma enerji maliyetlerini dokuzdan fazla
azaltabilir.

“Su anda laboratuvarimiz, gaz ayirma
membranlarinin ayirma tabakalari icin
sadece tabanlari degdil, yeni malzeme-
ler de gelistiriyor. Su anda oldukc¢a kalin
ayirma katmanlar kullaniliyor - yakla-
sik olarak 3 bin nanometre. Onlari daha
ince yapmanin ve kompozit membran-
larin gecirgenligini daha da artirmanin
bir yolunu bulmaya c¢alisiyoruz,” Rus
Bilimler Vakfrnin arastirmanin yazarla-
rindan biri olan Dmitry Matveyev’i, RAS
Petrokimyasal Sentez EnstitUst polimer
zarlar laboratuvari muhendisi olarak
alintiliyor.
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base, which inversely correlates with
resistance.

Scientists at the RAS Institute of Pet-
rochemical Synthesis have developed a
sulfur-containing fiber polymer (poly-
sulfone) base with a wall thickness of
300 micrometers (um), which is ap-
proximately 10 times thinner than a sin-
gle human hair. To maximize the mem-
brane’s resistance, developers altered
the surface structure of fibers carry-
ing saturated hydrocarbons (pentane,
hexane, heptane) within the base. This
increased the gas permeability of the
base to be 10 times higher than all pre-
viously known porous hollow fiber an-
alogs. Consequently, this development
could potentially double the perme-
ability of composite membranes and
reduce gas separation energy costs by
more than nine times.

“At our laboratory, we are not only de-
veloping bases for the separation layers
of gas separation membranes, but also
new materials. Currently, quite thick
separation layers are used—approxi-
mately 3,000 nanometers. We are try-
ing to find ways to make them thinner
and further increase the permeability of
composite membranes,” quoted Dmitry
Matveyev, an engineer at the RAS Insti-
tute of Petrochemical Synthesis poly-
mer membranes laboratory and one of
the authors of the research, from the
Russian Science Foundation.
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Wyoming’deki kémur
santralinde membran
tabanli CO2 yakalama
pilotu su anda insa

edilmektedir

- www.memtek.org °

2024 yilinda isletmeye gectiginde, MTR
Karbon Yakalama projesinin, dinyadaki
temiz membran teknolojisine dayali en
blUyUk yakalama tesisi olacagini soylu-
yor.

Membrane Technology and Research
(MTR) Carbon Capture, Basin Electric
Power Cooperative’nin Dry Fork ko-
murle calisan elektrik santralinden CO:2
yakalamak icin bir pilot proje insaatina
basladi.

MTR Carbon Capture, Gillette, Wyo-
ming’deki Dry Fork tesisinde bulunan
bir karbon yakalama ve kullanimi test
tesisi olan Wyoming Entegre Test Mer-
kezi’nden faaliyet gbsterecek. Test tesi-
si, CO2 yakalama teknolojisi sirketlerine,
aksi takdirde tesisin atik gazindan sali-
nacak olan egzoz gazina erisim imkani
saglar.
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In 2024, when operational, the MTR Car-
bon Capture project claims it will be the
world’s largest carbon capture facility
based on clean membrane technology.
Membrane Technology and Research
(MTR) Carbon Capture has begun con-
struction on a pilot project to capture
CO:2 from Basin Electric Power Cooper-
ative’s Dry Fork coal-fired power plant.

MTR Carbon Capture will operate from
the Wyoming Integrated Test Center, a
carbon capture and utilization test fa-
cility located at the Dry Fork facility in
Gillette, Wyoming. The test facility pro-
vides access to exhaust gas otherwise
emitted from the plant for carbon cap-
ture technology companies.

MTR Carbon Capture will utilize the



- www.memtek.org °

MTR Carbon Capture, Dry Fork Sant-
ral'nda gunlik 150 metrik ton CO2 'den
fazlasini yakalamak icin 6zel Polaris po-
[imerik membrani kullanacak. Sirketin
Karbon Yakalama DirektodrU Brice Free-
man’a gdre, pilot proje “ylzde 90’a ka-
dar ve &tesinde bir yakalama oraniyla”
isletilecek.

Bu tur pilotlarin cogunda oldugu gibi,
bu cabaya destek veren 6dul depola-
may! icermemektedir, ancak Freeman,
“MTR Carbon Capture’in, yuksek saflik-
ta, tasima icin hazir COz2 saglama konu-
sunda ilgilenen alicilarina acik oldugu-
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proprietary Polaris polymeric mem-
brane to capture more than 150 metric
tons of CO2 daily at the Dry Fork Pow-
er Station. According to Brice Freeman,
Director of Carbon Capture at the com-
pany, the pilot project will operate with
“capture rates of up to and exceeding
90 percent.”

Similar to many such pilots, this effort
does not include carbon storage, but
Freeman noted that “MTR Carbon Cap-
ture is open to potential buyers inter-
ested in high-purity, transport-ready
CO2 supply.”

nu” belirtti.
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MEM-TEK’TEN HABERLER

Profesorluk

MEM-TEK Arastirma Grubumuzdan
Prof. Dr. Bihter ZEYTUNCU GOKOGLU,
Prof. Dr. Hale OZGUN ERSAHIN, Prof.
Dr. Mahmut ALTINBAS ve Prof. Dr. Mus-
tafa Evren ERSAHIN hocalarimiz 2024
yilinda Profesdr Unvanlarini almislardir.
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ZEYTUNCU GOKOGLU,
Prof.

Prof. Bihter__
Prof. Hale OZGUN ERSAHIN,

Mahmut ALTINBAS ve Prof. Mustafa
Evren ERSAHIN from our MEM-TEK Re-
search Group received the title of Pro-
fessor on 2024.
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Mezuniyet

Dr. MEHMET EMIN PASAOGLU,
Rwth Aachen Universitesi’nde
Doktora Sonrasi Calismalarini

Tamamladi

Merkez Midur Yardimcimiz Dr. Ogr. Uye-
si Mehmet Emin Pasaoglu Nisan 2023’te
1 yil streyle Almanya’nin Aachen seh-
rinde bulunan RWTH Aachen Univer-
sitesi’'nde “Biobased Fabrication and
Fate Carboxymethyl Chitosan-Oxalic
Acid- Hydrogel (CMCS-0OA-NaAlg) with
Bio-Graphane Polyelectrolyte Tubular
NF Membrane” isimli arastirma proje-
sini Prof. Dr. Matthias Wessling danis-
manliginda Center for Next Generation
Processes and Products (NGP?) (AVT-A-
achener Verfahrenstechnik) Kimyasal
Proses MuUhendisligi Bolumi’'nde ba-
sariyla tamamlamistir. Calisma kapsa-
minda polimerik malzemelerden Ureti-
len membranlarin kullanimi sonucunda
Omdurlerinin tikenmesiyle dogada ya-
rattigr kirliligin énlenmesi amaciyla ta-
mamiyla biyolojik olarak parcalanabilir
malzemelerden tuUbuller nanofiltrasyon
membrani Uretimi alaninda calismalar
yvapmistir.
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Our Center Deputy Director Dr. Lectur-
er Member Mehmet Emin Pasaoglu suc-
cessfully completed his research proj-
ect named “Biobased Fabrication and
Fate Carboxymethyl Chitosan-Oxalic
Acid-Hydrogel (CMCS-OA-NaAlg) with
Bio-Graphane Polyelectrolyte Tubular
NF Membrane” Chemical Process Engi-
neering Department at the Center for
Next Generation Processes and Prod-
ucts (NGP?) (AVT-Aachener Verfahren-
stechnik) under the supervision of Prof.
Matthias Wessling at RWTH Aachen
University in Aachen, Germany, for 1
year in April 2023. Within the scope
of the study, he carried out studies on
the production of tubular nanofiltration
membranes from completely biode-
gradable materials in order to prevent
the pollution caused in nature by the
end of their life as a result of the use of
membranes produced from polymeric
materials.
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OYKU MUTLU SALMANLI,
MEM-TEK’TE Gerg¢eklestirdigi
Calismalar ile Doktora

Tezini Tamamladi

2015 yilindan beri MEM-TEK’te dokto-
ra calismalarini yariten Oykd MUTLU
SALMANLI, Prof. Dr. ismail KOYUNCU
danismanliginda yurattigu “Concent-
rate Treatment via Membrane Distillati-
on/Crystallization Method” baslikli tez
calismasini Agustos 2023’de savunarak
doktorasini basariyla tamamlamistir.

Tez kapsaminda membran distilasyonu
(MD) prosesi kullanilarak bor giderimi
ve bor geri kazanim teknikleri incelen-
mistir. Membran distilasyonu kisminda
hem hava bosluklu (AGMD) hem de va-
kum destekli hava bosluklu (VAGMD)
olmak Gzere 2 farkli MD konfiglrasyonu,
3 farkli vakum basinci, 3 farkli polimer
tarinde ve 2 farkli por ¢capina sahip ol-
mak Uzere toplamda 6 farkli membran
ve 3 farkli besleme suyu kullaniimistir.
VAGMD isleminden sonra elde edilen
konsantreye kristalizasyon islemi uygu-
lanmistir.
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Concentrate Treatment via Membrane
Distillation/Crystallization

Oykl MUTLU SALMANLI, who has been
carrying out her doctoral studies at
MEM-TEK since 2015, successfully com-
pleted her doctorate by defending her
thesis titled “Concentrate Treatment via
Membrane Distillation/Crystallization
Method”, which she carried out under
the supervision of Prof. ismail KOYUN-
CU, in August 2023.

Within the scope of the thesis, boron
removal and recovery techniques using
membrane distillation (MD) processes
were examined. In the membrane dis-
tillation section, a total of 6 different
membranes and 3 different feed wa-
ters are used, including 2 different MD
configurations, both air gap (AGMD)
and vacuum assisted air gap (VAGMD),
3 different vacuum pressures, 3 differ-
ent polymer types and 2 different pore
diameters. Crystallization process was
applied to the concentrate obtained af-
ter the VAGMD process.
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BASAK KESKIN,
MEM-TEK’te Ger¢eklestirdigi
Calismalar ile Doktora
Tezini Tamamladi

2018 yilindan beri MEM-TEK’te dokto-
ra calismalarini yiriten Ogr. Gér. Basak
KESKIN, Prof. Dr. ismail KOYUNCU da-
nismanliginda yuarattdgu “Kiymetli me-
tal iceren endUstriyel atiksulardan kay-
nak geri kazanimi icin polimer iceren
membran (PIM) Uretimi ve uygulanma-
sI” baslikl tez calismasini Mart 2024 ta-
rininde savunarak doktorasini basariyla
tamamlamistir.

Tez kapsaminda yenilik¢ci membran pro-
sesi olan polimer iceren membranlar
(PIM) prosesi kullanilarak altin, palad-
yum ve boyar maddenin adsorpsiyon
ve ekstraksiyon ydntemleri kullanilarak
geri kazanim teknikleri incelenmistir.
PIM membranlari Uretilirken 3 farkli baz
polimeri 2 farkli tasiyici ve plastiklesti-
rici kullanilmistir. Adsorpsiyon deneyle-
ri sonrasi optimum membran secilerek
ekstraksiyon deneyleri tamamlanmistir.
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KIYMETLi METAL ICERE
ATIKSULARDARN
KAYNAK GERI KAZANIMI ICIN POLIMER 76 &%
MEMBRAN (PIM) URETiMI VE UYGULANMAS

Basak Keskin-501172710

Lecturer Basak KESKIN who has been
carrying out her doctoral studies at
MEM-TEK since 2018, successfully com-
pleted her doctorate by defending her
thesis titled “Production and applica-
tion of polymer inclusion membrane
(PIM) for resource recovery from indus-
trial wastewater containing precious
metals”, which she carried out under
the supervision of Prof. ismail KOYUN-
CU, in March 2024.

Within the scope of the thesis, recovery
techniques of gold, palladium and dye-
stuffs using adsorption and extraction
methods were examined using the
polymer inclusion membranes (PIM)
process, which is an innovative mem-
brane process. While producing PIM
membranes, 3 different base polymers,
2 different carriers and plasticizers were
used. After the adsorption experiments,
the optimum membrane was selected
and the extraction experiments were
completed.
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BAHRIYE ERYILDIZ YESIR,
MEM-TEK’TE Gerg¢eklestirdigi
Calismalar ile Doktora Tezini
Tamamladi

2017 yilindan beri MEM-TEK’te dokto-
ra calismalarini yiriten Ogr. Gér. Bah-
riye ERYILDIZ YESIR, Prof. Dr. ismail
KOYUNCU danismanliginda yUrattdgu
“Fate, Environmental Impact And Tre-
atability of Favipiravirand Surveillance
of SARS-CoV-2 RNA: Comparisonwith
COVID-19 Cases” baslikli tez calismasini
Ekim 2024 tarihinde savunarak dokto-
rasini basariyla tamamlamistir.

Tez kapsaminda istanbul'daki iki atik su
aritma tesisinde favipiravir ve SARS-
CoV-2 RNAnin uzun vadeli varhgu, giris,
cikis atik sulari ve camur 6rneklerinde
arastirilmistir. Ayrica, favipiravirin po-
tansiyel cevresel riskleri iki model or-
ganizma kullanilarak degerlendirilmistir.
AAT’lerde tam olarak giderilemeyen fa-
vipiravir icin ileri oksidasyon ve memb-
ran prosesleri ile aritimi cesitli isletim
parametrelerine bagh olarak arastiril-
mistir.
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¥ .
ate, Environmenta] Impact and Treatability of A ngiyi
Dass Iy Miviral
Bahriye Eryildsz Yesir

Thesis Advasor: Peof: D Isrsail Koyuncu

Since 2017, Lecturer BahriyeEryildizYe-
sir has been pursuing her doctoral stud-
ies at MEM-TEK. Under the supervision
of Prof. Dr. ismail Koyuncu, she success-
fully defended her thesis titled “Fate,
Environmental Impact and Treatability
of Favipiravir and Surveillance of SARS-
CoV-2 RNA: Comparison with COVID-19
Cases” in October 2024, thereby com-
pleting her

The thesis investigated the long-term
presence of favipiravir and SARS-CoV-2
RNA in influent, effluent, and sludge
samples from two wastewater treat-
ment plants in Istanbul. Additionally, the
potential environmental risks of favip-
iravir were evaluated using two model
organisms. The removal of favipiravir,
which could not be fully eliminated by
conventional wastewater treatment
processes (WWTPs), was investigated
through advanced oxidation process
and membrane processes, depending
on various operational parameters.
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MEHMET ZAHID DEMIR,
Gergeklestirdigi Calismalar ile
Doktora Tezini Tamamladi

Doktora calismalarint yliriten Mehmet
Zahid DEMIR, Prof. Dr. ismail KOYUNCU
danismanhiginda yurattdgu “Life Cyc-
le Assessment of Package and Ultra-
filtration Systems and Four Disinfecti-
on Technologies for a Full Scale Water
Treatment Plant” baslikli tez ¢calismasi-
ni savunarak doktorasini basariyla ta-
mamlamistir.
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Mehmet Zahid DEMIR who has been
carrying out his doctoral studies, suc-
cessfully completed his doctorate by
defending his thesis titled “Life Cycle
Assessment of Package and Ultrafil-
tration Systems and Four Disinfection
Technologies for a Full Scale Water
Treatment Plant”, which he carried out
under the supervision of Prof. ismail
KOYUNCU, in 2024.
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TUGCE AKCA GULER,
MEM-TEK’te Gergeklestirdigi
Calismalar ile Yiiksek Lisansini
Tamamladi

2021 yilindan beri MEM-TEK’te yuUksek
lisans calismalarini yUrUten Aras Gor.
Tudce AKCA GULER, Prof. Dr. ismail
KOYUNCU danismanliginda yUrattdgu
“Innovative membrane with recovered
carbon black (rCB)” baslkli tez calis-
masini Subat 2024’te savunarak yuksek
lisansini basariyla tamamlamistir.

Tez kapsaminda yuksek iletkenlige ve
olaganUstl mekanik dayanikliliga sahip
bir diz plaka iletken membrane Uretil-
mistir. YUksek iletkenlik saglamasi icin
karbon siyahi malzemesi kullanilarak
poliviniliden florGr (PVDF), polietersul-
fon (PES), poliakrilonitril (PAN) ve po-
lisGlfon (PSf) gibi polimerler incelenmis
ve iki farkli tip membran Uretim yéntemi
uygulanmistir. Bu benzersiz membran
daha sonra, en son teknolojiyi birlestir-
menin yeni bir yolu olan bir elektrode-
pozisyon prosesi kullanilarak metal geri
kazanilmasini saglamistir.
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Research Assistant Tugce AKCA GULER,
who has been carrying out her master’s
degree studies at MEM-TEK since 2021,
successfully completed her master’s
degree by defending her thesis titled
“Innovative membrane with recovered
carbon black (rCB)”, which he carried
out under the supervision of Prof. ismail
KOYUNCU, in February 2024.

Within the scope of the thesis, a flat
plate conductive membrane with high
conductivity and extraordinary mechan-
ical durability was produced. Polymers
such as polyvinylidene fluoride (PVDF),
polyethersulfone (PES), polyacryloni-
trile (PAN) and polysulfone (PSf) were
examined using carbon black material
to provide high conductivity, and two
different types of membrane produc-
tion methods were applied. This unique
membrane then enabled metal recov-
ery using an electrodeposition process,
a new way of combining state-of-the-
art technology.
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SEMANUR SOYLU,
MEM-TEK’TE Gerg¢eklestirdigi
Calismalar ile Yiiksek Lisansini
Tamamladi

2021 yilindan beri MEM-TEK’te yuUksek
lisans calismalarini yUrGten Semanur
SOYLU, Doc. Dr. Bérte KOSE MUTLU
danismanhiginda yurdttigd “Quorum
guenching membran biyoreaktérlerde
kullanilan immobilizasyon medyalarinda
malzeme tercihinin etkisinin incelenme-
si” baslhkl tez calismasini Aralik 2023’te
savunarak yuksek lisansini basariyla ta-
mamlamistir.

Tez kapsaminda sinyal molekullerinin
degradasyonu saglanarak QQ meka-
nizmasi gerceklestirilmistir. QQ aktivi-
tesine sahip bir bakteri tirt olan Rho-
dococcus sp. BH4 kullaniimistir. Bakteri
cogaltilarak farkli medyalara immobilize
edilmistir. Uretilen medya cesitleri opti-
mize edildikten sonra cesitli analizler-
den gecirilmistir. Bu analizler ile med-
yanin dayanimi, fiziksel yapisi, kimyasal
yapisi gibi konular én plana cikariimistir.
Yapilan calismalar neticesinde avantaj
saglayan immobilizasyon medyasinin
bulunmasi gelecek projeler acisindan
onem tasimaktadir.
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Semanur SOYLU, who has been carry-
ing out her master’s degree studies at
MEM-TEK since 2021, successfully com-
pleted her master’s degree by defend-
ing her thesis titled “Examination of the
effect of material choice in immobiliza-
tion media used in Quorum quenching
memlbrane bioreactors”, which she car-
ried out under the supervision of Assoc.
Prof. Borte KOSE MUTLU, in December
2023.

Within the scope of the thesis, the QQ
mechanism was realized by ensuring
the degradation of signal molecules.
Rhodococcus sp., a bacterial species
with QQ activity. BH4 was used. The
bacteria were propagated and immo-
bilized on different media. After the
media types produced were optimized,
they were subjected to various anal-
yses. With these analyses, issues such
as the strength, physical structure and
chemical structure of the media were
brought to the fore. As a result of the
studies carried out, finding advanta-
geous immobilization media is impor-
tant for future projects.
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ELiF CEREN ESEN,
MEM-TEK’TE Gerg¢eklestirdigi
Calismalar ile Yiiksek Lisansini
Tamamladi

MEM-TEK’te yUksek lisans calismalarini
yUrUten Elif Ceren ESEN, Dr. Odretim
Uyesi Turker TURKEN danismanliginda
yUrattagu “Performance tests of hybrid
membrane bioreactor (IFAS MBR) sys-
tem in different sludge and hydraulic
retention time” baslikli tez calismasini
Temmuz 2024 tarihinde savunarak yUk-
sek lisansini basariyla tamamlamistir.
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Elif Ceren ESEN, who has been carry-
ing out her master’s degree studies at
MEM-TEK, successfully completed her
master’s degree by defending her the-
sis titled “Performance tests of hybrid
memlbrane bioreactor (IFAS MBR) sys-
tem in different sludge and hydraulic
retention time”, which she carried out
under the supervision of Assist.

Prof. Tirker TURKEN, in 2024.
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RABIA ARDIC,

MEM-TEK’TE Gerg¢eklestirdigi
Calismalar ile Yiiksek Lisansini
Tamamladi

MEM-TEK’te yUksek lisans calismalarini
yUriten Rabia ARDIC, Prof. Dr. Ismail
KOYUNCU danismanliginda yUruattagu
“Tuzluluk, sulfat ve kursun iceren kent-
sel atiksularin membran biyoreaktor-
lerde aritiminda Quorum Quenching
mekanizmasinin incelenmesi” baslikl
tez calismasini Temmuz 2024 tarihinde
savunarak yuksek lisansini basariyla ta-
mamlamistir.
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Rabia ARDIC, who has been carry-
ing out her master’'s degree studies
at MEM-TEK, successfully completed
her master’s degree by defending her
thesis titled “Investigation of Quorum
Quenching mechanism in the treatment
of urban wastewater containing salinity,
sulfate and lead in membrane bioreac-
tors”, which she carried out under the
supervision of Assoc. Prof. Béorte KOSE
MUTLU, in 2024.
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MUHAMMED AHMET
DEMIRBILEKLi, MEM-TEK’te
Gerceklestirdigi Calismalar ile
Yiiksek Lisansinit Tamamladi

MEM-TEK’te yUksek lisans calismala-
rint yurdten Muhammed Ahmet DE-
MIRBILEKLI, Prof. Dr. ismail KOYUNCU
danismanhiginda yurattdgt “Compari-
son Between Membrane Bioreactorand
Hybrid Membrane Bioreactor (IFAS
MBR) Systems: A Pilot ScaleStudy” bas-
likli tez calismasini Kasim 2024 tarihin-
de savunarak yUksek lisansini basariyla
tamamlamistir.
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Muhammed Ahmet DEMIRBILEKLI, who
has been carrying out his master's de-
gree studies at MEM-TEK, successfully
completed his master's degree by de-
fending his thesis titled " Comparison
Between Membrane Bioreactor and Hy-
brid Membrane Bioreactor (IFAS MBR)
Systems: A Pilot Scale Study”, which
he carried out under the supervision of
Prof. Dr. ismail KOYUNCU, in November
2024.



- www.memtek.org °

EYLUL/2024 - MEM-TEK BULTEN - Bu/letin

MEM-TEK 2023 Sempozyumu

Duzenlendi

7.Si dlUzenlenen

MEM-TEK  Ulusla-

rarasi Membran

Teknolojileri ve Uy-

gulamalari Sem-

ozyUmu (MEM- MEMTE:{::R
TEK2023) istanbul f AP

Teknik Universitesi,
MEM-TEK ve Gebze
Teknik  Universite-
si isbirligiyle orga-
nize edilmistir. ITU
Stleyman Demirel
Kultar Merkezinde
17-19 Ekim 2023 ta-
rihlerinde gerceklesmistir. iki yilda bir
dlizenlenen MEM-TEK sempozyumla-
ri Turkiye’de membran teknolojileri ve
uygulamalari alaninda geleneksel hale
gelmistir ve bu alanda 6ne cikan bilim
insanlarini bir araya getirmekte, bilgi ve
fikir alisverisi icin glizel bir ortam sagla-
maktadir. Bu yil, 17 farkli Glkeden 310’un
Uzerinde arastirmaci sozli ve poster
bildirileri ile sempozyuma zenginlik kat-
mistir. Sunum programinda genel baslik-
lar geri kazanim ve konsantre ydonetimi,
seramik membranlar, yenilikci membran
Uretimi ve modelleme, ileri osmoz, ters
0osmoz ve gaz ayirma membranlari sek-
linde gruplandirilmistir. Surdarulebilir
bir dinya icin her katilimcimiz ve spon-
sorlarimiz adina iTU 250. yil Hatira Or-
maninda fidan dikilmis ve fidan sertifi-
kalari kendilerine verilmistir.

N and Applications

\ﬂnbﬂ T7-19, 2025
Istanbul, TURKIYE

Acilis oturumu Her biri alaninin yetkin
ismi olan davetli konusmacilarimiz Prof.
Dr. Harsha RATNAWEERA (Norwegi-
an University of Life Sciences, Norvec),

International Symposiumon
Membrane Technolagles

The 7th MEM-TEK Interna-
tional Membrane Technolo-
gies and Applications Sym-
posium (MEM-TEK2023)
was organized in coopera-
tion with Istanbul Technical
University, MEM-TEK and
Gebze Technical University.
It took place at ITU Suley-
man Demirel Cultural Center
on 17-19 October 2023.
MEM-TEK symposiums, held
every two years, have be-
come a tradition in the field
of membrane technologies
and applications in Turkey and bring to-
gether prominent scientists in this field
and provide a good environment for the
exchange of information and ideas. This
year, more than 310 researchers from 17
different countries enriched the sym-
posium with oral and poster presenta-
tions. General topics in the presenta-
tion program are grouped as recovery
and concentrate management, ceramic
membranes, innovative membrane pro-
duction and modeling, forward osmo-
Sis, reverse osmosis and gas separation
membranes. For a sustainable world,
saplings were planted in the ITU 250th
Anniversary Memorial Forest on behalf
of each of our participants and spon-
sors and sapling certificates were given
to them.

The opening session was attended by
our invited speakers, each of whom is
an expert in his field, Prof. Harsha RAT-
NAWEERA (Norwegian University of
Life Sciences, Norway), Prof. How Yong
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Prof. Dr. How Yong NG (National Uni-
versity of Singapore, Singapur), Prof.
Dr. izzet OZTURK (istanbul Teknik Uni-
versitesi, Turkiye), Prof. Dr. Mihail BAR-
BOIU (Institut Européen des Membra-
nes, University of Montpellier, Fransa),
Prof. Dr. Volodymyr V. TARABARA
(Michigan State University, ABD) bir-
birinden farkli ve glUncel c¢alismala-
ra deginmistir. Sektérde bir ¢igir acan
membran teknolojilerinde dijital arac-
larin kullanimi Uzerine yapilan konus-
manin ardindan MBRIlerin kirlenme
kontrolinde hem titresim hem quorum
guenching (QQ) tekniginin kullaniimasi
literatlre kazandirilmis yeni bir proses
olarak sunulmustur. Bir konusmacimiz
membran prosesler ile atiksularda virls
yakalama ve giderme Uzerine sunum
yaptiktan sonra bir diger konusma pep-
titleri yapay su kanallari olarak memb-
randa kullanma ve seciciligi arttirma
Uzerine olmustur. Son olarak zorlu atik-
su tiplerinden olan ¢6p depolama saha-
si sizinti sularinda membran proseslerin
kullaniminin dneminden bahsedilmistir.
Davetli konusmacilarimiza iTU ve GTU
amblemli 6zel hediye takdimi yaninda
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NG (National University of Singapore,
Singapore), Prof. izzet OZTURK (Istan-
bul Technical University, Turkiye), Prof.
Mihail BARBOIU (Institut Européen des
Membranes, University of Montpelli-
er, France), Prof. Volodymyr V. TARA-
BARA (Michigan State University, USA)
touched upon different and current
studies. Following the speech on the
use of digital tools in membrane tech-
nologies that broke new ground in the
sector, the use of both vibration and
guorum quenching (QQ) techniques in
the contamination control of MBRs was
presented as a new process introduced
to the literature. After one of our speak-
ers gave a presentation on capturing
and removing viruses in wastewater

with membrane processes, another talk
was about using peptides in membranes
as artificial water channels and increas-
ing selectivity. Finally, the importance
of using membrane processes in landfill
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plaket ve ITU 250. yil
Hatira Ormaninda dikilmek Uzere fidan
sertifikasi sunulmustur.

Sempozyumun Uc¢lncl glnltnde iki te-
sise teknik gezi dlizenlenmistir. Bunlarin
ilki membran biyoreaktdér (MBR) cikisi-
na nanofiltrasyon (NF) prosesi uygula-
yan KémurclUoda Duzenli Depolama Sa-
hasi Sizinti Suyu Aritma Tesisidir. Sizinti
suyu atiksuyunun aritilmasi icin birincil
coOktirme, MBR (nitrifikasyon denitri-
fikasyon-UF membranlari), NF Unitesi
ve camur susuzlastirma Unitelerinden
olusan aritma tesisi kurulmustur. ikinci
ziyaret noktasi ise Agdva ileri Biyolojik
Atiksu Aritma Tesisidir ve Turkiye’nin
ilk ulusal MBR modulU uygulamasi olan
TUrk patentli MBR sistemine sahiptir.

Sempozyum kapanis oturumunda en
basarili 3 s6zI0 bildiri ve en basarili 3
poster bildirisi ddullendirilmistir. Gebze
Teknik Universitesi Cevre Mihendisligi
B&lUm Baskani Prof. Dr. Bilent KESKIN-
LER hocamizin emekli olmasi hasebiy-
le dgrencileri ve calisma arkadaslarinin
hazirladigr ve cesitli hatiralara dair fo-
tograflardan olusan bir nostalji sunumu
yapilmistir. Ardindan Merkez Mudurud-
mUz Prof. Dr. ismail KOYUNCU 6zel bir
konusma yapmis ve kendisine bir arma-
gan takdim etmistir. MEM-TEK ekibinin
Ozveri ile hazirlandigi bir sempozyum
daha basari ile sona ermistir.
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leachate, which is one of
the difficult wastewater
types, was mentioned. In
| addition to a special gift
with the ITU and GTU em-
blems, our invited speak-
ers were presented with
a plague and a sapling
certificate to be planted
in the ITU 250th Anniver-
sary Memorial Forest.

On the third day of the
symposium, a technical
visit was organized to
two facilities. The first of
these is the Kdmdlrcuo-
da Sanitary Landfill Lea-
chate Treatment Plant, which applies
the nanofiltration (NF) process to the
membrane bioreactor (MBR) outlet. A
treatment plant consisting of primary
sedimentation, MBR (nitrification-de-
nitrification-UF membranes), NF unit
and sludge dewatering units was estab-
lished to treat leachate wastewater. The
second visit point is Agva Advanced
Biological Wastewater Treatment Facil-
ity and it has the Turkish patented MBR
system, which is Turkey’s first national
MBR module application.

At the closing session of the sympo-
sium, the 3 most successful oral pres-
entations and the 3 most successful
poster presentations were awarded. On
the occasion of the retirement of Gebze
Technical University Environmental En-
gineering Department Head Prof. Bulent
KESKINLER, a nostalgia presentation
consisting of photographs of various
memories prepared by his students and
colleagues was made. Then our Center
Director Prof. ismail KOYUNCU made a
special speech and presented him with
a gift. Another symposium prepared by
the MEM-TEK team with dedication has
ended successfully.
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IWA AD18 SEMPOZYUMU
YOGUN KATILIMA

SAHNE OLDU

IWA AD18 Konferansi, anaerobik tekno-
lojiler konusunda en son gelismelerin
paylasildigr 6énemli uluslararasi etkin-
liklerden biridir. istanbul Teknik Univer-
sitesi (iTU), MEM-TEK Ulusal Membran
Teknolojileri Uygulama ve Arastirma
Merkezi ile Uluslararasi Su Birligi (IWA)
isbirligiyle dizenlenen 18. DUnya Anae-
robik CUritme Konferansi, 2-6 Haziran
2024 tarihleri arasinda, “anaerobik ¢U-
rtme araciligiyla atigr degere dénUs-
tirmek” temasiyla bu yil istanbul’da ilk
kez gerceklestirildi.
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IWA AD18 Conference is one of the im-
portant international events where the
latest developments in anaerobic tech-
nologies are shared. The 18th World
Anaerobic Digestion Conference, or-
ganized in cooperation with Istanbul

Technical University (ITU), MEM-TEK
National Membrane Technologies Ap-
plication and Research Center and the
International Water Association (IWA),
will be held between 2-6 June 2024,
with the theme of “converting waste
into value through anaerobic diges-
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Anaerobik curitme teknolojileri, atik
aritimi icin distk maliyetli bir ydntem
olarak yaygin sekilde kullaniimaktadir
ve atik su aritma stratejisinin 6tesine
gecerek atiktan kaynaga geri kazanima
yonelik entegre bir ydnteme gecmistir.
Daha surdurulebilir bir gezegen yarat-
mak icin anaerobik teknolojiyi gelistir-
menin hayati 6nem tasidigini ciddi ola-
rak distnUyoruz. Sempozyumun temasi
“anaerobik clritme yoluyla atiklari de-
gere donustirmek” olarak belirlenerek
anaerobik cUrdtmenin strdurulebilirlik-
teki rolinU vurgulamak hedeflenmistir.
43 farkl Ulkeden dinya akademisyen-
lerini bulusturan konferansin acilis otu-
rumunda, gelecek nesillere yesil bir ge-
lecek birakmanin ekolojiyle uyumlu bir
muUhendislik ve sanayi anlayisini gelis-
tirmekle mimkUn olduguna dikkat ce-
ken Rektébrimiz ve Merkez Mudurimuiz
Prof. Dr. ismail Koyuncu, konusmasinda
su cUmlelere yer verdi:

“Tarkiye’'nin en kdékli mUhendislik egiti-
mi kurumu olan istanbul Teknik Univer-
sitesi olarak, cevre dostu muUhendislik
alaninda diinya genelinde yUritulen bi-
limsel calismalari yakindan takip ediyor,
dogayla barisik bir gelecek ideali icin

tion”. It was held for the first time in Is-
tanbul this year.

Anaerobic digestion technologies are
widely used as a low-cost method for
waste treatment and have moved be-
yond the wastewater treatment strat-
egy to an integrated method of waste-
to-source recovery. We seriously believe
that developing anaerobic technology
is vital to create a more sustainable
planet. The theme of the symposium
was determined as “converting waste
into value through anaerobic digestion”
and it was aimed to emphasize the role
of anaerobic digestion in sustainability.
In the opening session of the confer-
ence, which brought together world
academics from 43 different countries,
our Rector and Center Director Prof. is-
mail KOYUNCU pointed out that leav-
ing a green future to future generations
is possible by developing an under-
standing of engineering and industry
compatible with ecology and included
the following sentences in his speech:

“As Istanbul Technical University, Tur-
key’s most established engineering edu-
cation institution, we closely follow the
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) 18" 1WA Wu[ld Gonference on

i ~ Anaerobic Digestion

Bridging waste to value .
through anaerobic digestion - 3

June 2-6, 2024
Istanbul, Tiirkiye

BED

-

elimizi tasin altina koyuyoruz. DlUnya
capinda en surdurdlebilir kampUs alan-
larina sahip yUksek 6gretim kurumlarin-
dan biri olmasi yonuyle dikkatleri Gzeri-
ne ceken Universitemiz, destek verdigi
cevre dostu teknoloji calismalariyla da
kUresel bilim birikimine katkl saglamak-
tadir.”

Doc.Dr. Hale Ozglin ve Doc.Dr. Mustafa
Evren Ersahin hocalarimizin organizas-
yonlugunu vyaptigi uluslararasi konfe-
ransta; anaerobik sUreclerde mikrobi-
yal cesitlilikten; endUstriyel ve tarimsal
atiklarin aritimina; anaerobik sUreclerin
modelleme, optimizasyon, enstriman-
tasyon ve kontrolinden, kaynak kisitli
topluluklarda su, sanitasyon ve hijyen
konularina kadar bircok alanda bilimsel
sunumlara yer verildi.
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scientific studies carried out worldwide
in the field of environmentally friendly
engineering and take responsibility for
the ideal of a future in peace with nature.
Our university, which attracts attention
as one of the higher education institu-
tions with the most sustainable campus
areas in the world, also contributes to
the global scientific knowledge with
the environmentally friendly technol-
ogy studies it supports.”

At the international conference organ-
ized by Assoc. Prof. Hale Ozgin and
Assoc.Prof. Mustafa Evren Ersahin; sci-
entific presentations were included in
many areas, from modelling, optimiz-
ation, microbial diversity in anaerobic
processes, treatment of industrial and
agricultural wastes, instrumentation
and control of anaerobic processes
to water, sanitation and hygiene in re-
source-limited communities.
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WMCC 2024
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SEMPOZYUMUNA KATILDIK

., == 3RD INTERNATIONAL CONFERENCE
- ON WATER MANAGEMENT

IN CHANGING CONDITIONS

Almanya’nin MUnih sehrinde 14-15 Ma-
yis 2024 tarihinde dlzenlenen Inter-
national Water Association (IWA) ve
European Water Association (EWA)
isbirligiyle yurutilen “3rd International
Conference on Water Management in
Changing Conditions (WMCC2024)”
sempozyumunda Merkez Mudirimuiz
Prof. Dr. ismail KOYUNCU oturum bas-
kanligi yapti.

Our Center Director Prof. Dr. ismail KO-
YUNCU chaired the session at the “3rd
International Conference on Water
Management in Changing Conditions
(WMCC2024)” symposium held in Mu-
nich, Germany, on 14-15 May 2024, in
cooperation with the International Wa-
ter Association (IWA) and the Europe-
an Water Association (EWA),
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Ogr. Gér. Bahriye ERYILDIZ YESIR “Glo-

bal Pandemic Effect on Wastewater
Treatment with Focus of Virus and An-
tiviral Drug Load” baslikli sunumuyla
doktora calismalarindan bazi sonuclari
paylasirken Dr. Ogr. Uyesi Mehmet Emin
PASAOGLU “The Digital Future of Wa-
ter Management” konusunda glncel ve
yenilikci gelismeleri aktarmistir.
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E Global Pandemic Effect on Wastewater Treatment
with Focus of Virus and Antiviral Drug Load

Babriye Eryildiz-Youir, Bahar Yanuerk Gai**, limail Koyencu™**

Lecturer Bahriye ERYILDIZ YESIR
shared some results of her doctor-
al studies with her presentation titled
“Global Pandemic Effect on Wastewater
Treatment with Focus of Virus and An-
tiviral Drug Load”, Asst. Prof. Mehmet
Emin PASAOGLU conveyed the current
and innovative developments on “The
Digital Future of Water Management”.
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IGRS’24

SEMPOZYUMUNA

KATILDIK

iITU LisansUstl Egitim EnstitUsa tarafin-
dan 8-10 Mayis 2024 tarihlerinde dizen-
lenen “3. Uluslararasi LisansUstU Aras-
tirmalar Sempozyumu (IGRS’24)’nda
yUksek lisans calismalarinda Urettikleri
bilgiyi Muhammed Ahmet DEMIRBI-
LEKLI ve Aras. Gor. Berk ESENLI poster
sunumu ile Aras. Goér. SUmeyye YASAR
ve Duygu OSMAN ise s&zIU bildiri olarak
sempozyumda paylasmistir.
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Muhammed Ahmet DEMIRBILEKLI| and
Res. Asst. Berk ESENLI with his post-

er presentation Res. Asst. SUmeyye
YASAR and Duygu OSMAN shared their
oral presentations at the “3. Interna-
tional Graduate Research Symposium
(IGRS’24)” organized by ITU Graduate
Education Institute on 8-10 May 2024.
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Cevre Festivali

iSTANBUL §

TEKNIK ONIVERSITESI
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Cevre, Sehircilik ve iklim Degisikligi Ba-
kanliginca dizenlenen ve Baskent Mil-
let Bahcesi’nde “Hepimizin Bir DUnyasi
Var” temasiyla kapilarini acan ve 6-9
Haziran arasinda gerceklesen festivalde
iTU olarak Cevre, Sifir Atik ve Yenilene-
bilir Enerji projeleriyle 6ne cikan Univer-
siteler arasinda yer aldik.

Her yastan katilimcinin yer aldigi fes-
tival kapsaminda MEM-TEK’te Uretilen
membranlar ile ziyaretcilerimizle hem
memlbran prosesler ile ilgili hem de sur-
durulebilirlik ile ilgili bilgilerimizi paylas-
tik.

EYLUL/2024 - MEM-TEK BULTEN -« Bu/letin

As ITU, we were among the universities
that stood out with their Environment,
Zero Waste and Renewable Energy
projects in the festival organized by the
Ministry of Environment, Urbanization
and Climate Change, which opened its
doors in the Capital National Garden
with the theme “We All Have a World”
and took place between 6-9 June.

Within the scope of the festival, whi-
ch included participants of all ages, we
shared our knowledge about memb-
rane processes and sustainability with
our visitors, using the membranes pro-
duced at MEM-TEK.
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Ziyaretler

£ Internation:

Uc yildir devam eden ve 2024 yili Ni-
san ayinda tamamlanmis olan uluslara-
rasi CONCERT-Japan Joint Call hibeli
“Removal of obstacles in widespread
application of membrane technology:
Toward smart water management in
future cities (RealMethod)” projesinin
partnerlerinden olan Almanya Karlsru-
he Institute of Technology Universitesi
Ogretim Uyesi Prof. Dr. Andrea Iris Scha-
fer 16 Ekim 2023 gunli MEM-TEK’e ziya-
rette bulundu.

25 Ekim 2023 tarihinde Cibuti Ylkse-
kdgretim ve Arastirma Bakani Nabil Mo-
hamed Ahmed ve beraberindeki heyet
MEM-TEK’i ziyaret etti. Ziyaret esnasin-
da ticarilesmis Urlnlerimiz, AR&GE fa-
aliyetlerimiz ve yUrlyen is birliklerimiz
hakkinda konusuldu. Ziyarete rektdr ho-
camizin yaninda rektér yardimcilarimiz
ve insaat fakuUltesi dekanimiz eslik etti.

Nadir Toprak Elementleri Arastirma
Enstitist (NATEN) ve MEM-TEK is bir-
ligi ile Gc¢ yildir basarili bir sekilde yuU-
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The faculty of Karlsruhe Institute of
Technology, Germany, which is one of
the partners of the international CON-
CERT-Japan Joint Call grant “Remov-
al of obstacles in widespread applica-
tion of membrane technology: Toward
smart water management in future cit-
ies (RealMethod)” project, which has
been going on for three years and was
completed in April 2024 member Prof.
Dr. Andrea Iris Schafer visited MEM-TEK
on October 16, 2023.

On October 25, 2023, Djibouti Minister
of Higher Education and Research Nabil
Mohamed Ahmed and his accompany-
ing delegation visited MEM-TEK. During
the visit, our commercialized products,
R&D activities and ongoing collabora-
tions were discussed. In addition to our
rector, our vice rectors and the dean of
the faculty of construction accompan-
ied the visit.

Officials from NATEN one of the part-
ners of the “Gain of Rare Earth
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ratdlen “Kémlr Kuillerinden ve Kémur
Yikama Atiklarindan Nadir Toprak Ele-
mentlerinin Kazanimi” projesinin part-
nerlerinden NATEN ve Turkiye Ké&mur
Isletmeleri yetkilileri 29 Mart 2024 ta-
rininde MEM-TEK’e yaptiklar ziyarette
aynl projenin doktora calisani Gizem
TUNCAY ve proje arastirmacisi Dr. OJr.
Uyesi Ayse YUKSEKDAG tarafindan
agirlandi. Gizem TUNCAY doktora tezi
olarak yUruttigu calismalarini; tibuler
seramik membran deney setini, kbmur
kUllerinden li¢ Gretim islemlerini ve test
sUreclerini uygulamalil olarak sundu.

23-24 Nisan 2024 tarihlerinde Bosna
Hersek Federasyonu Federal Egitim ve
Bilim Bakani Prof. Dr. Jasna Durakovic
ve vaninda gelen Saraybosna Bakanla-
ri Heyeti MEM-TEK’e ziyarette bulundu.
MEM-TEK’te yapilan mevcut calismala-
rimizi ve projelerimizi kendileriyle pay-
lastik.
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Elements from Coal Ashes and Coal
Washing Waste” project, which has
been carried out successfully for three
years in cooperation with the Rare Earth
Elements Research Institute (NATEN)
and MEM-TEK, and and Turkish Coal
Enterprises visited MEM-TEK on March
29, 2024. It was hosted by PhD student
Gizem TUNCAY and project researcher
Asst. Prof. Ayse YUKSEKDAG. Gizem
TUNCAY carried out her studies as a
doctoral thesis; she presented the tubu-
lar ceramic membrane experiment set,
coal ash leaching production processes
and testing processes in practice.

On 23-24 April 2024, Federal Minister
of Education and Science of the Feder-
ation of Bosnia and Herzegovina Prof.
Dr. Jasna Durakovic and the Sarajevo
Ministerial Delegation accompanying
her visited MEM-TEK. We shared our
current work and projects at MEM-TEK
with them.
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Prof. Dr. Vahid Vatanpour Sarghein, 8
Mart 2024 tarihinde istanbul Teknik
Universitesi 2023 yili Gen¢c Akademis-
yen Odili’ne layik gdérilmistar.

istanbul Teknik Universitesi 2024 yili
Akademik Performans Odil Téreni’nde
MEM-TEK Merkez Mudirimuz Prof. Dr.
ismail Koyuncu, arastirma grubumuz-
dan Prof. Dr. Vahid Vatanpour Sarghe-
in, Doc¢. Dr. Mahmut Altinbas, Doc¢. Dr.
Hale Ozgln ve Doc. Dr. Mustafa Evren
Ersahin, “2021-2023 Yillar1 Arasi Yuksek
Akademik Performans Odullu” ve “2023
Yili Yayin Odult” olmak Gzere iki farkli
kategoride &édule layik gérilmustar.

Prof. Vahid Vatanpour Sarghein was
deemed worthy of the Istanbul Techni-
cal University 2023 Young Academician
Award on March 8, 2024.

Our MEM-TEK Center Director Prof. is-
mail Koyuncu, from our research group.
Prof. Vahid Vatanpour Sarghein, As-
soc. Prof. Mahmut Altinbas, Assoc. Prof.
Hale Ozgln and Assoc. Prof. Musta-
fa Evren Ersahin was deemed worthy
of awards in two different categories:
“High Academic Performance Award
between 2021-2023” and “2023 Publi-
cation Award” at the Istanbul Technical
University 2024 Academic Performance
Award Ceremony,
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Projelerimizde Guncel Durum

2024 vyili itibariyle halen ylrimekte
olan ulusal ve uluslararasi projelerimiz
asagida listelenmistir. Bunlarin yaninda
yeni bir TUBITAK 1004, TUBITAK 2247,
ERA-min ve bir Avrupa Birligi projesine
basvuru yapilmistir.

. Digitalization of Water Industry
By Innovative Graduate Water Educa-
tion (DIGIWATER), Avrupa Birligi Eras-
mus+ KA2 (Call: EAC/A02/2019), (Tur-
kiye, Almanya, Belcika, Romanya, Kibris,
Norvec, Avrupa Su Birligi (EWA)), 2021-
2024.

. Kentsel Atiksularin MBR ile Ariti-
minda Quorum Quenching Mekanizma-
sinin Pilot Olcekte Uygulanabilirliginin
Arastiriimasi (TUBITAK 1001), Arastir-
maci, 2021 - Devam ediyor.

. Kémuar Kduallerinden ve Kémdar
Yikama Atiklarindan Nadir Toprak
Elementlerinin Kazanimi - Membran

Prosesler ile Secici Ayrim ve Konsant-
rasyon, TENMAK - Turkiye Enerji, NUk-
leer ve Maden Arastirma Kurumu, 2021
- Devam ediyor.

. Ters Osmoz Membranlarinda Bi-
yotikanma KontrollU Amaciyla Biyokata-
litik Membran Uretimi (TUBITAK 1001),
2022 - Devam ediyor.

106 - MEM-TEK - EYLUL - 2024

Our national and international projects
that are still ongoing as of 2024 are list-
ed below. In addition, applications have
been made for a new TUBITAK 1004,
TUBITAK 2247, ERA-min and a Europe-
an Union project.

. Digitalization of Water Industry
By Innovative Graduate Water Edu-
cation (DIGIWATER), European Union
Erasmus+ KA2 (Call: EAC/A02/2019),
(Turkey, Germany, Belgium, Romania,
Cyprus, Norway, European Water Asso-
ciation (EWA)), 2021- 2024.

. Investigation of the Applicability
of the Quorum Quenching Mechanism
at Pilot Scale in the Treatment of Urban
Wastewater with MBR (TUBITAK 1001),
Researcher, 2021 - Ongoing.

. Recovery of Rare Earth Elements
from Coal Ashes and Coal Washing
Wastes - Selective Separation and Con-
centration by Using Membrane Process-
es, TENMAK - Turkish Energy, Nuclear
and Mining Research Council, 2021 -
Ongoing.

. Biocatalytic Membrane Produc-
tion for Bioclogging Control in Reverse
Osmosis Membranes (TUBITAK 1001),
2022 - Ongoing.



- www.memtek.org °

. Gubre Tahrikli ileri Osmoz Saye-
sinde Fonksiyonlandirilmis Hidrojellerin
Ekolojik ve Akilli Tarimda Uygulanabi-
lirliginin Arastiriimasi (TUBITAK 1001),
2022 - Devam ediyor.

. Tekstil Endustrisi  Atiksularinda
Sifir Desarjli Hibrid Membran Sistemi ile
Su ve Kimyasal Geri Kazaniminin Aras-
tirllmas) (YOK&ITU BAP destekli Yetkin
Alan Projesi-YAP), 2022 - Devam Edi-
yor.

. Ufuk Avrupa Programi Kime 4
EndUstri Alani “Hedef 1: iklim ndtr, dén-
glsel ve dijital UGretim” ve “Hedef 2:
Dayanikli endustri icin Kilit stratejik de-
ger zincirlerinde artan &zerklik”, HORI-
ZON-CL4-2022-RESILIENCE-O1 cagdrisi,
CUMERI: Yesil ve dayanikl endustriler
icin Ozellestirilmis membranlar, (TUrki-
ye, Ispanya, Hollanda, Fransa, Belcika),
2023 - Devam Ediyor.

. Otomotiv Uyumlu PEM Tipi Yakit
Pili Modul ve Sistem Bilesenlerinin Ge-
listirilmesi ve Entegrasyonu (TUBITAK
1004), 2023 - Devam ediyor.

. Do6nglsel Ekonomi Konseptin-
de Kentsel Atiksu Aritma Tesislerinde
Enerji ve Amonyum Geri Kazanimi (TU-
BiTAK 1001), 2023 - Devam ediyor.

. Hava Ayrimi icin Siloksan Yapil
Polibenzoksazin ile ici Bos Fiber Memb-
ranlarin Gelistirilmesi, Istanbul Teknik
Universitesi, Bilimsel Arastirma Projeleri
Birimi, 2024 - Devam ediyor.

. Lityum-iyon Bataryalarda YUksek
Performansli Seperatdr Tasarimi: Modi-
fiye Kil Katkili Poliimid Kompozitlerin
Potansiyeli (TUBITAK 1001), 2024 - De-
vam ediyor.

EYLUL/2024 - MEM-TEK BULTEN - Bu/letin

. Investigation of the Applicability
of Functionalized Hydrogels Through
Fertilizer-Induced Forward Osmosis
in Ecological and Smart Agriculture
(TUBITAK 1001), 2022 - Ongoing.

. Research on Water and Chemical
Recovery with Zero Discharge Hybrid
Membrane System in Textile Industry
Wastewater (YOK&ITU BAP supported
Competent Area Project-YAP), 2022 -
Ongoing.

. Horizon Europe Program Cluster
4 Industry Area “Goal 1. Climate neu-
tral, circular and digital production”
and “Goal 2: Increased autonomy in
key strategic value chains for resilient
industry”, HORIZON-CL4-2022-RE-
SILIENCE-O1 call, CUMERI: Green and
customized membranes for durable in-
dustries, (Turkey, Spain, Netherlands,
France, Belgium), 2023 - Ongoing.

. Development and Integration of
Automotive Compatible PEM Type Fuel
Cell Module and System Components
(TUBITAK 1004), 2023 - Ongoing.

. Energy and Ammonium Recov-
ery in Urban Wastewater Treatment Fa-
cilities in the Circular Economy Concept
(TUBITAK 1001), 2023 - Ongoing.

. Development of Hollow Fiber
Membranes with Siloxane Structured
Polybenzoxazine for Air Separation, Is-
tanbul Technical University, Scientific
Research Projects Unit, 2024 - Ongo-
ing.

. High-Performance Separator De-
sign in Lithium-lon Batteries: Potential
of Modified Clay-Reinforced Polyimide
Composites (TUBITAK 1001), 2024 -
Ongoing.
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Yayinlarimizda Guncel Durum

Hem projelerimizin bir Grint hem de li- The following articles were published

sansUstl 6grencilerimizin tez calismala- in the first 6 months of 2024, both as

rinin ¢iktisi olarak 2024 yilinin ilk 6 ayin- a product of our projects and as the

da asagidaki makaleler yayinlanmistir. output of our graduate students’ thesis
studies.

. Keskin, B., Zeytuncu, B., & Koyuncu, |. (2024). Efficient Separation and Re-
covery of Precious Metal lons by Polymer Inclusion Membranes (PIMs): A Mini Re-
view. Solvent Extraction and lon Exchange, 1-23.

. Keskin, B., Teber, O.0., Zeytuncu, B., Koyuncu, |., (2024), Effects of memb-
rane content, feed phase, and stripping phase for palladium solution extraction by
using a polymer inclusion membrane, Water Science and Technology.

. Vatanpour, V., Soylu, S., Osman, D., Tuncay, G., Mobaraki, A., Marjani, Z., Hali-
mehjani, A.Z., Koyuncu,l., (2024), Improvement in dye and lead removal efficiency
of PES membranes by blending sulfur containing adsorbent nanomaterials, Jour-
nal of Environmental Chemical Engineering, Volume 12, Issue 5, 113308, ISSN 2213-
3437.

. Al-Shaeli, M., Benkhaya, S., Al-Juboori, R.A., Koyuncu, |, Vatanpour, V.,
(2024), pH-responsive membranes: Mechanisms, fabrications, and applications,
Science of The Total Environment, Volume 946, 173865,ISSN 0048-9697.

. Tuncay, G., Yuksekdag, A., Kose Mutlu, B., Koyuncu, |, (2024), A review of
greener approaches for rare earth elements recovery from mineral wastes, Envi-
ronmental Pollution, Volume 357, 124379, ISSN 0269-7491.

. Vatanpour, V., Mehrabani, S.A.N., Dehgan, A., Arefi-Oskoui, S., Orooji, Y.,
Khataee, A., Koyuncu, |., (2024). Performance improvement of polyethersulfone
membranes with Ti3ZAICN MAX phase in the treatment of organic and inorganic
pollutants, Chemosphere, Volume 362, 142583, ISSN 0045-6535.
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. Al-Shaeli, M., Teber, O. O., Al-Juboori, R. A., Khataee, A., Koyuncu, |., & Va-
tanpour, V. (2024). Inorganic layered polymeric membranes: Highly-ordered po-
rous ceramics for surface engineering of polymeric membranes. Separation and
Purification Technology, 127925.

. Vatanpour, V., Camadan, |., Kara, N., Mehrabani, S. A. N., Feizpoor, S., Habi-
bi-Yangjeh, A., & Koyuncu, I. (2024). TiO2/AgBr nanocomposite as a novel hyd-
rophilic and photocatalytic modifier in the fabrication of polyethersulfone memb-
rane for wastewater treatment. Separation and Purification Technology, 127905.

. Abdelrahman, A. M., Tebyani, S., Talabazar, F. R, Tabar, S. A,, Berenji, N. R,,
Aghdam, A. S., Koyuncuy, I. ... & Ozgun, H. (2024). The flow pattern effects of hyd-
rodynamic cavitation on waste activated sludge digestibility. Chemosphere, 357,
141949.

. Arahman, N., Rosnelly, C. M., Aulia, M. P,, Haikal, R. D. U., Ambarita, A. C,,
Gunawan, P., Koyuncu, I.... & Takagi, R. (2024). Exploring the effect of CNTs and
Pluronic on Characteristics and Stability of Polyethersulfone (PES) and Polyviny-
lidene Fluoride (PVDF) Membranes. Case Studies in Chemical and Environmental
Engineering, 100777.

. Vatanpour, V., Ardic, R., Esenli, B., Eryildiz-Yesir, B., Pazoki, P. Y., Jarahiyan,
A, ... & Koyuncu, |. (2024). Defected Ag/Cu-MOF as a modifier of polyethersul-
fone membranes for enhancing permeability, antifouling properties and heavy
metal and dye pollutant removal. Separation and Purification Technology, 345,
127336.

. Gulhan, H., Dizaji, R. F., Hamidi, M. N., Abdelrahman, A. M., Basa, S., Cingoz,
S., ... & Ozturk, I. (2024). Modelling of high-rate activated sludge process: Assess-
ment of model parameters by sensitivity and uncertainty analyses. Science of The
Total Environment, 915, 170102.

. Gul, B. Y, Teber, O. O., Tuncay, G., Pekgenc, E., Arabi, N., Hemmati-Eslamlu,
P., ... & Koyuncu, |. (2024). Modification of PAN electrospun nanofiber membranes
with g-C3N4 nanotubes/carbon dots to enhance MBR performance. Chemosphe-
re, 349, 140866.

. Yilmaz, M., Guven, H., Ozgun, H., Ersahin, M. E., & Koyuncu, |. (2023). The
application of Life Cycle Assessment (LCA) to anaerobic technologies for the
treatment of municipal wastewater: A review. Process Safety and Environmental
Protection.

. Tuncay, G., Turken, T., & Koyuncu, I. (2024). Investigation of different mo-
lecular weight Polyvinylidene Fluoride (PVDF) polymer for the fabrication and
performance of braid hollow fiber membranes. Environmental Technology, 45(3),
404-417.
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. “Electrospinning of nanocellulose”, Elastomeric Nanocellulose Composites
Woodhead Publishing Series in Composites Science and Engineering

. Korkut, S., Ormanci-Acar, T., Keskin, B., Adtas, M., Karahan, O., Demir, T. U.,
... & Koyuncu, . (2024). Effect of Photocatalytic Pretreatment on the Membrane
Performance in Nanofiltration of Textile Wastewater. Water, Air, & Soil Pollution,
235(5), 266.

. Ambarita, A. C,, Mulyati, S., Arahman, N., Bilad, M. R., GuUl, B. Y., Korkut, S., &
Koyuncu, I. (2024). Chemical Stability and Additive Leach Out in Polyethersulfo-
ne Membranes Blended with Dragon Blood Resin: An Investigative Study. Korean
Journal of Chemical Engineering, 1-11.

. Teber, O. O., Altinay, A. D., Naziri Mehrabani, S. A., Zeytuncu, B., Ates-Gence-
li, E., Dulekgurgen, E., ... & Koyuncu, i. (2024). Characterization and comparative
evaluation of polysulfone and polypropylene hollow fiber membranes for blood
oxygenators. Journal of Applied Polymer Science, 141(12), e55121.

. Gul, B. Y, & Koyuncu, I. Siyirici Olarak Kullanilan Polimer Boncuklarinin ve
Farkh Havalapdlrma Yogdunluklarinin Membran Tikanmasi Uzerine Sinerjistik Etkisi.
Dokuz Eylul Universitesi MUhendislik FakUltesi Fen ve MUhendislik Dergisi, 25(75),
585-596.

. Haikal, R. D. U., Marom, A. Z., Aulia, M. P, Ambarita, A. C., Azwar, A., Fahrina,
A., Koyuncu, l.... & Arahman, N. (2023). Morphology and characteristics of pol-
yethersulfone membrane modified with polyethylene glycol hexadecyl ether and
nanocarbon. Applied Chemical Engineering, 7(1).
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Sosyal Etkinliklerimiz

Yodun calisma ddnemlerinin ardindan
MEM-TEK arastirmacilarinin da ihtiyaci
olan sosyallesmek ve rahatlatici zaman-
lar gecirmek icin c¢esitli organizasyonlar
gerceklestirdik. Yil basinda yapilan ye-
mek organizasyonu 2024 yilina girerken
hepimize umut ve enerji verdi. Ekibimi-
zin yani sira ITU rektdr yardimcilarimiz,
genel sekreterimiz, cevre muhendisligi
bolim baskanimiz ve En3Lab Uyeleri
de aramizdaydi. Enfes istanbul Sariyer
manzarasina ¢ok yakistik:)

Nisan ayinda ailelerimiz ile beraber ka-
tildigimiz bizi bir araya getiren gele-
neksel iftarimiz ise uzun ve kalabalik bir
masa ile hafizalara kazindi. inanmasi zor
ama herkes o karenin icinde:)

We organized various organizations to
socialize and have relaxing times, which
MEM-TEK researchers also need after
intense working periods. The dinner or-
ganization held at the beginning of the
year gave us all hope and energy as we
entered 2024. In addition to our team,
our ITU vice rectors, general secretary,
environmental engineering depart-
ment head and En3Lab members were
among us. We suit the exquisite Istan-
bul Sariyer view very well :)

Our traditional iftar, which we attended
with our families in April and brought us
together, was etched in memory with a
long and crowded table. It’s hard to be-
lieve, but everyone is in that frame :)
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The International Symposium on the Environment and
Morals (ISEM) will convene on Nov. 21-23 2024 in Istanbul
Technical University under the main theme of “Green
Transformation and Sustainability”.

Abstract Submission  June 07, 2024
Full-Text Submission Sept 20, 2024

ISEM2024 5:-:;::::?: s t?tf::‘zﬁ’-ig?;m

THE m-lo'l'éw-ﬁh Visit our website https://www.i-sem.info for more info.
SYMPOSIUM THE

ENVIRONMENT “Don’t forget to share the symposium with your collegues.”
AND MORALS
Prof. Dr. ISMAIL KOYUNCU
Symposium Chair

Tp® 2% | @
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Organizing Institutes
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Uluslararasi Cevre ve Ahlak
Sempozyumu (ISEM24)

Uluslararasi Cevre ve Ahlak Sempoz-
yumu (ISEM- International Symposium
on the Environment and Morals) bu yila
kadar muhtelif sehir ve Ulkelerde 6 kez
dlUzenlenmis bir akademik etkinlik olup
cevre konusunda disiplinler arasi calis-
malar yapan akademisyenleri periyodik
olarak bir araya getirmeyi amaclamak-
tadir. Cevre Vakfi tarafindan organize
edilen ISEM 2024, bu yil 21-23 Kasim’da
istanbul Teknik Universitesi'nin ev sa-
hipliginde, Cevre Kuruluslari Dayanisma
Dernegi (CEKUD), Sakarya Universitesi
ve Akademik Platform’un ortakligi ile
gerceklestirilecektir ve ana temasi “Ye-
sil DOnUsUmM ve Surdurulebilirlik” olarak
belirlenmistir.

114 - MEM-TEK - EYLUL - 2024

The International Symposium on Envi-
ronment and Morality (ISEM - Interna-
tional Symposium on the Environment
and Morals) has been held six times in
various cities and countries until this
year. It is an academic event aimed at
periodically bringing together scholars
engaged in interdisciplinary studies on
environmental issues. Organized by the
Environment Foundation, ISEM 2024
will take place on November 21-23 this
year, hosted by Istanbul Technical Uni-
versity in partnership with the Associa-
tion for the Solidarity of Environmental
Organizations (CEKUD), Sakarya Uni-
versity, and the Academic Platform. The
main theme of the symposium has been
set as “Green Transition and Sustaina-
bility
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MEM-TEK 2025’e

bekliyoruz!

MEMTEK 2025

8t International Symposium on

Membrane Technologies
and Applications |

www.memtek2025.org

MEM-TEK 2025 Organizasyon Komitesi
olarak sizleri 12-14 Kasim 2025’de izmir,
Turkiye’de dlzenlenecek olan 8. Ulusla-
rarasi Membran Teknolojileri ve Uygula-
malari Sempozyumu MEM-TEK 2025’e
davet etmekten mutluluk duyariz.

MEM-TEK Uluslararasi Sempozyumlari
Istanbul Teknik Universitesi’nde bulun-
makta olan Prof. Dr. DincerTopacik Ulu-
sal Membran Teknolojileri UYG-AR Mer-
kezi (MEM-TEK) tarafindan baslatiimis
olup, Turkiye’de membran Uretimi ve

Wyndham Grand Izmir Ozdilek, izmir-Tiirkiy

It is a great honor for us to invite you
to the International Scientific Sympo-
sium MEM-TEK 2025, the 8th Interna-
tional Symposium on Membrane Tech-

nologies and Applications, between
November 12-14, 2025, in Izmir, Turkiye.

The MEM-TEK international membrane
symposiums were initiated by MEM-TEK
(National Research Center on Mem-
brane Technologies, Istanbul Technical
University, Turkiye), and MEM-TEK has
become the only symposium organized
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karakterizasyonu, ayirma ozelliklerinin
degerlendirilmesi, membranlarin cesitli
amaclarla kullanimi ve ¢evreyi koruma-
ya yonelik yeni teknolojik yéntemlerin
tanitilmasi alanlarinda Turkiye'de du-
zenlenen tek sempozyumdur.

MEM-TEK sempozyumlari ¢esitli arastir-
ma ve uygulama uzmanlarini bir araya
getirerek deneyim alisverisinde bulun-
mak ve yeni fikirler yaratmak icin bir-
cok firsat sunmaktadir. MEM-TEK 2025
sempozyumu da endUstri ve akademi
arasinda baglanti kurulmasina firsat
sunacak ve ayrica endUstrinin bilimle
bulustugu bir platform olusturacaktir.
MEM-TEK 2025 ayrica membran pro-
sesleri alaninda enduUstriyel ve yenilikci
sirketlerin UrUnlerini sergilemesi ve bu
arlnlerin ilgili kitleye ulasmasi icin ge-
rekli ortami saglayacaktir.

MEM-TEK 2025 vizyonu; dgrenciler ve
genc¢ arastirmacilar tarafindan gercek-
lestirilen arastirma calismalarinin sunu-
mu icin uygun bir akademik alan sagla-
maktir.

Sizler ile MEM-TEK 2025'te izmir'de bu-
lusmak icin sabirsizlaniyoruz.
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in TUrkiye in the fields of membrane
preparation and production, assessment
of their separation properties, utilization
of membranes for various purposes,
and introduction of new technological
procedures to protect the environment.

This meeting, MEM-TEK 2025, will bring
together experts from various research
and application areas and will offer
many opportunities to exchange ex-
periences and create new ideas. More-
over, this symposium will present a
connection between industry and ac-
ademia. Also, it will establish a plat-
form where industry meets science.
MEM-TEK 2025 will also offer oppor-
tunities for exhibition and presentation
of industrial and innovative companies
in the field of membrane processes.

Our vision is to provide sufficient
space for the presentation of re-
search work performed by stu-

dents and young researchers as well.

We look forward to receiving your con-
tributions at MEM-TEK 2025 and meet-
iNg you in lzmir.
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Vizyonumuz

Su ve atiksu uygulamalarinda membran tretimi,
modiil imalati ve proses gelistirilmesi tzerine
dunya capinda lider bir arastirma merkezi haline
gelmekdir.

Prof. Dr. Dincer Topacik Ulusal Membran
Teknolojileri Uyg-Ar Merkezi (MEM-TEK)

ileri Teknolojiler Merkezi, 34469
Maslak/istanbul

Telefon: +90 (212) 285-3473
Fax: +90 (212) 285-6667

E-posta: memtek@itu.edu.tr
Web: www.memtek.org

MEM-TEK

Prof.Dr. Dincer Topacik

ULUSAL MEMBRAN TEKNOLOJILERi UYG-AR MERKEZi
NATIONAL RESEARCH CENTER ON MEMBRANE TECHNOLOGIES

Misyonumuz

Arastirma ve Gelistirme: MEM-TEK mevcut
teknolojileri gelistirmek ve yeni teknolojiler
uretmek amaciyla arastirmalar yapacaktir.

Sanayiye destek: MEM-TEK sanayinin buttn
alanlarina membran teknolojileri uzerine
ihtiyac duyduklar teknik bilgi birikimini ve
altyapiyi saglayacaktr,

Arastirmacilarin ve bilim insanlarinin
yetistirilmesi: En son teknolojiler
arastirmacilara sunulacaktir.




