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WELCOME TO ICACCHE 2018

On behalf of the organizing committee, we are pleased to announce that the
International Conference on Application in Chemistryand Chemical Engineering
(ICACCHE-2018) is heldfrom October 10 to 14, 2018 in Belgrade-SERBIA.
ICACCHE 2018 provides an ideal academic platform to present the latest
research finding on design, manufacture and operation of plants and machinery,
the development of new materials or substances, developing novel materials and
processes, analyzing substances, measuring the physical properties of substances
and testing theories. This event gives a chance for all the professionals to gain
and share information on Chemistry and Chemical Engineering and other related
science branches issues and research.

Chemistry and Chemical engineering are multidisciplinary branchs of applied
engineering and science consisting of the application of physical science
(Chemistry & Physics), life sciences including biochemistry with applied
mathematics and economics to produce transform and use of chemicals,
molecules materials, energy to make the whole production process successful with
economic benefits.

Over the last 50 years, the discoveries in the basic sciences and the engineering
of these inventions have been targeted at the development of applied technology
and the prosperity of mankind and the distant and high quality of life away from
environmental destructions for a sustainable future. Mathematics, physics,
chemistry, and biology, which are accepted as basic sciences, and their
engineering applications are now accepted in the scientific circles that have been
intertwined and one of which is not worthless. It is foreseen by sectoral and
academic stakeholders that these interdisciplinary relationships will continue to
increase over the next several years.

The ability to identify, model, and solve engineering problems, and the ability to
apply engineering knowledge develops with the knowledge of basic sciences. So,
in terms of engineering education and the application of the engineering
profession, the basic sciences have an important place and the necessary
importance should be given.

Our goal is to transform this conference into an exchange of views on future vision
and scenarios in chemistry, chemical engineering and related sciences, and to make
science a tool of peace and justice.

Best regards,

Prof. Dr. Omer SAHIN
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The Use of Carbon Nanotube-Supported Co-
Cu-B Catalyst in the Hydrolysis of Sodium
Borohydride

Orhan Baytar’, Omer Sahin, Mehmet Giirsoy

Abstract

The carbon nanotube (CNT) synthesized by the chemical vapor deposition method was used as support
material for the Co-Cu-B catalyst. Then, the effect of CNT supported Co-Cu-B catalyst on sodium
borohydride hydrolysis was investigated. The effects of CNT/catalyst ratio, NaBH4 concentration,
catalyst amount and temperature parameters were investigated in sodium borohydride hydrolysis studies.
It was determined that sodium borohydride hydrolysis rate increased with increasing catalyst amount and
temperature. The initial hydrogen production rates for carbon nanotube-supported Co-Cu-B and
unsupported Co-Cu-B catalyst catalysts were 6325 and 1533 ml*min'*g"!, respectively. Decomposition
kinetics and activation energy of sodium borohydride were determined. The order of kinetic and
activation energy of sodium borohydride hydrolysis were determined as 0.14 and 53.5 kj*mol™
respectively. The carbon nanotube synthesized by us was found to increase the active surface area of the
Co-Cu-B catalyst used in the hydrolysis of sodium borohydride and to be used in applications

Keywords: sodium borohydride, carbon nanotubes supported

1. GIRiS
Mevcut olan fosil yakitlarn titkenmesi ve ayn1 zamanda neden oldugu kiiresel 1sinma ve ¢evre kirliligi temiz
ve silirdiiriilebilir bir enerji sistemine olan talebi artirmaktadir [1]. Alternatif bir yakit olarak hidrojen
diisiiniilebilir ¢iinkii hidrojen enerjisi temiz ve sifir emisyon nedeniyle gelecegin enerjisi olarak bakilmaktadir
[2]. Bu yiizden giivenli ve pratik kullanigli bir hidrojen iiretim sistemine ihtiya¢ vardir. Hidrojenin
yanabilirligi ve depolama problemi nedeniyle iiretimi, depolanmasi ve tiiketimi olduk¢a zordur. Bunun igin
metal hidritin kararli hale getirilmis sulu bir ¢ozeltisi, hidrojen depolanmasi i¢in uygun bir malzeme olarak
diistiniilebilir [3]. Metal hidritler NaBHa, NaH, CaHa, MgHa, LiAlH: gibi bilesiklerdir [4]. Bu metal hidritler
arasinda en avantajli ve dikkat g¢ekici olan NaBH4 diir ve bu avantajlar sunlardir; (i) yliksek hidrojen
depolama kapaistesi(%10,8), (ii) yliksek pH’lerde yiiksek stabilitesi ve yanmazligi, (iii) destekli katalizorler
ile hidrojen iiretim hiz1 iizerindeki optimum kontrol, (iv) diisiik sicaklikta bile kabul edilebilr hidrojen iiretim
hiz1, (v) kullanilabilirlik ve kullanim kolayligi[5], (vi) Elde edilen 4 mol hidrojenin 2 molunun sudan
gelmesi ve asagidaki reaksiyon ile hidrojen elde edilecektir[6].
NaBHa(aq) + 2 H2O(1) — NaBO2 + 4 Ha(g)
Sodyum bor hidriiriin kendi kendine hidrolizi yiiksek pH degerlerinde olmamaktadir. Bu yiizden sodyum bor
hidriir hidrolizi uygun katalizér varliginda ger¢eklesmektedir. Sodyum bor hidriir hidrolizinde Co-B-P[7],
Co-W-BJ[8], Co-Cu-B[9], Ceo.0s-Ni-W-B[10], Karbon nanotiip destekli CoB[11], Karbon destekli Ru[12] gibi
bircok katalizoér kullanilmaktadir. Katalizorlerin aktivitesi partikiil boyutu ve ylizey alaniyla dogrudan
baglantili olup kiigiik partikiil boyutu ve yiiksek yiizey alanina sahip katalizor reaktant ile daha ¢ok temas
ettiginden dolay1 daha etkilidir.

! Corresponding author: Siirt University, Faculty of Engineering, 56100 Siirt, Turkey. baytarorhan@gmail.com




Reaksiyon hizini énemli derecede arttirmak igin yiiksek miktarda katalizér kullanilmasi gerekmektedir. Bu
yiizden yiiksek yiizey alana sahip bazi materyaller destek malzemesi olarak kullanilmaktadir [13].

2. DENEYSEL

Katalizér Hazirlanmasi

Karbon nanotiip destekli Co-Cu-B katalizorii kimyasal emdirme ve indirgenme metoduyla hazirlandi.
Katalizor hazirlanma prosediiri; belli bir miktarda CoCl2.6H20 ve CuCl2.2H20 50 ml etil alkol ¢oziindi
daha sonra gerekli miktar karbon nanotiip eklenip 24 saat oda sicakliginda metallerin karbon nanotiip’e
emdirilmesi saglandi. Daha sonra ortamdaki etil alkol 50 °C’de uzaklastirildi ve metal emdirilmis karbon
nanotiip tizerine 50 ml saf su eklenerek buz banyosunda birakildi. Toplam metal mollerinin 5 kati kadar
olacak sekilde hazirlanan NaBH4 ¢6zeltisi metal emdirilmis karbon nanotiip iizerine azot gazi ortaminda
damla damla eklendi. Elde edilen katalizor siiziildii ve birkag kez saf su en son olarak ta susuz etil alkol ile
yikandi. Sentezlenen katalizor azot ortaminda 80 °C de 6 saat boyunca kurutuldu. Elde edilen katalizor

NaBH3 hidrolizinde kullanilmak i¢in kapali bir kapta azot ortaminda muhafaza edildi.

3. BULGULAR VE TARTISMA

Metal/aktif karbon Orani Etkisi
Co-Cu-B/aktif karbon oranit (%5-20 Co-Cu-B yiiklenmis) etkisi; 10 ml ¢ozelti %2,5 NaBH4+%2 NaOH, 30
°C sicaklikta ve 100 mg katalizor varliginda incelenmistir. Hidrojen baslangi¢ hizinin % Co-Cr-B ile degisimi

Sekil 1°de verilmistir.
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Sekil 1: Hidrojen baslangig iiretim hizinin CNT iizerine yiiklenmis Co-Cu-B miktari ile degigimi

Sekil 1’ten NaBHa4 hidrolizinde desteksiz iiretilen Co-Cu-B katalizoriin hidrojen baslangi¢ iiretim hizinin
1533 mlg!.dk."! iken %5 Co-Cu-B yiiklenmis karbon nanotiip destekli katalizériin hidrojen iiretim hizinin ise
6325 mlg'.dk.”! oldugu goriilmektedir. Bu durumun muhtemel nedeni aktif olan Co-Cu-B katalizdriiniin
destekli karbon nanotiip ile yiizey alaninin artmasi ve karbon nanotiip yiizeyinde aktif bolgelerin artmasidir.
% 5°den daha bilyiikk miktarlarda hidrojen baslangi¢ iiretim hzunmn azaldigir goériilmektedir. Bu durumun
muhtemel nedeni Co-Cu-B miktart arttikga karbon nanotiip yiizeyinde ¢ok tabakali katalizér katmanlari

olmasindan kaynaklanmaktadir.

NaBH Konsantrasyonu Etkisi
Sodyum borhidriiriin hidrolizi sadece katalizor etkinligine bagli degil ayn1 zamanda NaBH4 konsantrasyonu,

katalizor miktar1 ve sicaklik gibi faktorlere de baghidir. 10 ml ¢6zelti ortaminda %2 NaOH konsantrasyonu,




100 mg karbon nanotiip destekli Co-Cu-B katalizdr (%5 Co-Cu-B yiiklenmis) ve 30 °C sicaklik ortaminda
farkli konsantrasyonlarda NaBH4 hidrolizi incelenmistir. Farkli NaBH4 konsantrasyonlarda zaman ile aciga

¢ikan hidrojen hacmi Sekil 2 te verilmistir.
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Sekil 2: Farkli NaBH4 konsantrasyonlari i¢in zamanla hidrojen hacminin degisim grafigi

Sekil 2’den goriildiigii gibi NaBHa konsantrasyonu arttik¢a hidrojen iiretim baslangic hizi azaltmaktadir.
Ozellikle NaBH4 konsantrasyonu %5 oldugunda hidrojen iiretim hizinda gok ciddi bir azalma s6z konusudur.
Bu durumun muhtemel nedeni NaBH4 ve NaBH4’tin hidrolizinde yan iiriin olan NaBO: sudaki
¢Oziinlirliliigiin smirli olmasidir. Bu durumun diger bir nedeni ise ortamda bulunan NaBH4 ve NaBO:
konsantrasyonlarinin yiiksek olmasi sonucu ¢dzeltinin vizkositenin artmasi buda ¢ozelti ortaminda bulunan

sodyum borhidriiriin katalizor yiizeyine olan kiitle transferini yavaslatmaktadir.

Katalizor Miktart Etkisi
Sodyum borhidriir hidrolizine 10 ml ¢ézelti %2,5 NaBH4 + %2 NaOH konsantrasyonunda 30 °C sicaklikta

farkli miktarlarda katalizor etkisi incelenmigtir. Farkli katalizor miktari i¢in zaman ile iiretilen hidrojen hacmi

Sekil 3’de verilmistir.
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Sekil 3: Farkli katalizér miktarlarin i¢in zaman ile hidrojen hacminin degisim grafigi
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Sekil 4’den goriildiigli gibi katalizér miktar1 arttikca hidrojen hizi da artmaktadir. Bu sonugta sodyum

borhidriiriin hidrolizinin katalizr kontrollii oldugunu géstermektedir.

Cozelti Sicakligimin Etkisi
Sodyum borhidriir hidrolizine sicakligin etkisi 20-50 °C araliginda 10 ml ¢dzelti %2,5 NaBH4 + %2 NaOH
konsantrasyonu ve 100 mg karbon nanotiip destekli Co-Cu-B(%5 Co-Cu-B yiiklenmis) katalizér varliginda

incelenmistir. Farkli sicakliklarda zamanla {iretilen hidrojen hacminin degisimi sekil 4’te verilmistir.

800

®20C @30C ®40C @50C

0 5 10 15 20 25 30 35
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Sekil 4: Farkli sicakliklar i¢in zaman ile hidrojen hacminin degisim grafigi

Sekil 4’den goriildiigii gibi sicaklik arttikga sodyum bor hidriiriin hidrolizinde elde edilen hidrojen hacminde
ciddi bir artig olmaktadir. Sekil 4’ten goriildiigii gibi %2,5’lik sodyum bor hidriir hidrolizi 20 °C de 30
dakikada 30 °C ‘de 12 dakikada ve 50 °C de 4 dakika zarfinda reaksiyon tamamen gerceklesmektedir.

Farkl1 sicakliklarda herhangi bir reaksiyonun yiiriiyiisiinii dl¢tilmesindeki en temel sebeplerden bir tanesi de
reaksiyon hiz sabitinin belirlenmesi ve buna bagli olarak reaksiyonun gergeklesmesi icin gerekli olan
aktivasyon enerjisinin belirlenmesidir. Bu nedenle oncelikle farkli sicakliklardaki hiz sabitlerini belirlemek
iizere n. derecede bir reaksiyon baz alinmig olup bu reaksiyona ait reaksiyon hiz sabiti agsagida verilen
esitlikle belirlenmistir.

1 1 1
(g g = e :
Esitlik 1 diizenlenirse Esitlik 2 elde edilir.
L= (n— Dkt + =

Ca Chy

1
cpt
bu esitlik uygulanirken n degerleri o seklide segilir ki regrasyon katsayisi 1’e yakin olana kadar degistirilir.
En uygun n degeri belirlendikten sonra elde edilen egrinin egiminden k bulunur.

Esitlik 2°ye gore kargin t grafiginde egimden reaksiyon hiz sabiti k farkli sicakliklar i¢in bulunur. Fakat

Yukaridaki prosediir dahilinde en uygun hiz derecesi 0.14 olarak belirlenmistir. Farkli sicakliklarda bulunan
hiz sabitleri agagidaki tabloda verilmistir. Farkli sicakliklarda bulunan bu hiz sabitleri asagida verilen
arhenius esitligi ile aktivasyon enerjisi belirlenmistir.

Sicaklik(°C) Hiz sabiti,k(mlg'.dk.!) Derece
20 0.0246 0.14
30 0.0688 0.14
40 0.1058 0.14
50 0.2148 0.14

-E
k = Aerr 3




Esitlik lineerlestirildiginde Esitlik 4 elde edilir.

- _E
In(k) = InA o 4
Esitlik 4’e gore In(k)-1/T grafigi(Sekil 5) cizildiginde elde edilen dogrunun egiminden NaBH4’lin karbon

nanotiip destekli Co-Cu-B katalizorii varligindaki hidrolizi i¢in gerekli olan aktivasyon enerjisinin 53.5
kj/mol oldugu belirlenmistir.

1T
0
0,00305 0,0031 0,00315 0,0032 0,00325 0,0033 0,00335 0,0034 0,00345
-0,5
-1
-15 e..
z , y=-6575,7x+18,836
- o R?=0,9792
-2,5
..
3
-3,5
[ ]

Sekil 5: In(k)-1/T ile degisim grafigi

4. SONUCLAR

Bu caligmada NaBH4’tin hidrolizinde kullanilmak igin karbon nanotiip destekli Co-Cu-B katalizorii
hazirlanmistir. Sentezlenen karbon nanotiip destekli Co-Cu-B katalizoriin hidrojen iiretim 6325 mlg!.dk.™!
iken desteksiz Co-Cu-B katalizériin hidrojen iiretim hizi ise 1533 mlg™'.dk.”" oldugu tespit edilmistir. Co-Cu-
B katalizoriinlin  karbon nanotiip yiizeyine tutulmasiyla aktivitesinin yaklagik olarak 4 kat arttig
belirlenmistir. Karbon nanotiip destekli Co-Cu-B katalizériin NaBH4 hidrolizinde kullanilmasinda; Co-Cu-
By/aktif karbon orani, NaBH4 konsantrasyonu, katalizor miktar1 ve sicakligin etkisi incelenmistir. %5 Co-Cu-
B yiiklenmis katalizoriin hidrojen iiretim hizinin daha iyi oldugu belirlenmistir. Artan NaBH4 konsatrasyonu
ile hidrojen iiretim hizinin azalirken artan katalizor miktari ile hidrojen tiretim hizinin arttig1 tespit edilmistir.
Artan sicaklik ile hidrojen iiretim hizinin ¢ok ciddi sekil arttigi belirlenmistir. NaBH4 hidrolizinin karbon
nanotiip destekli Co-Cu-B katalizor varliginda bozunma kinetiginin 0.14. oldugu ve aktivasyon enerjisinin ise

53,5 kJ/mol oldugu belirlenmistir.
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the Cr (VI) Adsorption by Surface Response
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Abstract

In this study, activated carbon was synthesized from beech wood by chemical activation method using ZnCl, activator. The
effect of impregnation rate, impregnation time, activation temperature and activation time parameters were investigated in
the synthesis of activated carbon. Iodine numbers of synthesized activated carbons were determined. Characterization of
activated carbon-containing high iodine number was determined by BET, SEM and FTIR devices. The surface area of
activated carbon was determined as 908 m?g. Adsorption of Cr (VI) using the synthesized activated carbon was
investigated by experiment design. Experimental design was performed with Box-Behnken design model of Surface
Response Method in Dizayn Expert package program. The effects of temperature, time and initial concentration parameters
were investigated in the experimental design. In the surface response method, the experimental design was carried out by
selecting the adsorption capacity (qe) response parameter. It was determined that the best model was quadratic by using
Box- Behnken design model. The ANOVA table was created and 3D graphics were plotted to examine the effect of the
selected parameters on Cr (VI) adsorption. According to the ANOVA table, the initial concentration of the solution was
determined as the most effective parameter for Cr (VI) adsorption. According to ANOVA table, it was determined that
single parameters were more effective than binary parameters. As a result of the analysis, Box-Behnken model was suitable
and regression equation was obtained by regression process with this model. The values of the selected parameters have
been optimized with the Box-Behnken design model.

Keywords: Activated carbon, Experiment design, Cr (VI) adsorption

1. GIRIiS

Boyalar anyonik, katyonik ve iyonik olmayan olarak gruplandiralabilir. Boyalar biyolojik olarak
bozundurulmayan organik kompleks bilesiklerdir. Boyalarmm uzaklastirilmasi zor bir islemdir. Boyar
maddelerin sulardan giderilmesi i¢in adsorpsiyon, ¢oktiirme, membran filtrasyonu ve iyon degisimi gibi
teknolojiler kullanilmaktadir. Atik sulardan agir metallerin, organik kirleticilerin ve boyarmaddelerin
giderilmesinde hem ekonomik olmast hem de etkin giderim saglamasi agisindan adsorpsiyon islemi 6nemli
bir alternatiftir. Sularin temizlenmesi igleminde, aktif karbon, silica ve grafen gibi farkli adsorbentler yaygin
bigimde kullanilmaktadir [1]. Yiiksek yiizey alani ve gbzenekli yapisinin yani sira yapisinda bulunan
fonksiyonel gruplar nedeniyle aktif karbon diger adsorbentlerden ¢ok daha avantajlidir. Aktif karbon
hazirlanmasinda iki yontem vardir. Bunlar, fiziksel aktivasyon ve kimyasal aktivasyondur. Fiziksel
aktivasyon, hammaddenin CO: veya su buhar ile aktivasyon islemidir [2]. Kimyasal aktivasyon tek
basamaktan olusur ve ZnCl2, KOH, K2COs, H3PO4 gibi aktiflestiricilerin kullanildig1 yontemdir. Kimyasal
aktivasyon yonteminin karbon yiizdesi fiziksel aktivasyondan daha yiiksektir. En iyi gelismis gozenekli aktif
karbonlar kimyasal aktivasyon ile elde edilmektedir [3]. Aktif karbon birgok hammaddeden iiretilmektedir.

2. DENEYSEL

Kimyasallar

Deneysel ¢aligmalarda kullanilan biitiin kimyasal malzemeler merck firmasindan temin edilmis ve
analitik safliktadir. Deneysel caligmalarda deiyonize saf su kullanilmustir. Aktif karbon iiretilmesinde
kullanilan kayin agac1 talas1 Konya mobilyacilar sanayisinden temin edilmistir.

Aktif karbon hazirlanmasi

Kayin agaci talasindan ZnClz aktiflestiricisi kullanilarak kimyasal aktivasyon yontemiyle aktif karbon elde
edilmistir. Kayin agaci talagi 6giitiilmiis ve elenmistir. Kaym agaci talagimnm -500+250 um partikiil boyut
araligindaki kisimlart aktif karbon hazirlanmasinda kullanilmustir.

! Corresponding author: Siirt University, Faculty of Engineering, 56100 Siirt, Turkey. baytarorhan@gmail.com
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Elenen kayin agaci talasi kullanilmadan dnce de-iyonize saf su ile yikanarak 80 °C’deki etiivde 24 saat
kurutulmustur. Kayin agaci kimyasal aktivasyon ile aktif karbon hazirlanmasinda asagidaki parametreler
incelenmistir.

»  Aktiflestirici/hammadde orani (impragnasyon orant) (% 30, 50, 90, 150, 200)
>  Impragnasyon siiresi (24 ve 48 saat)

»  Aktivasyon sicakligi (400, 500, 600 °C)

»  Aktivasyon siiresi (30, 60, 90 dk.)

Kimyasal madde emdirilmis her bir hammadde 24 ve 48 saat bekletildikten sonra siiziilmiis ve 80 °C’de 4
saat kurutulmugtur. Kimyasal emdirilmig numune aktivasyon igin 400, 500, 600 °C sicaklik ve 30, 60, 90 dk.
stireleri igin azot ortaminda bekletilerek aktiflestirilmistir. Oda sicakligina kadar soguyan numune firindan
alindiktan sonra oncelikle 0.5 M HCI ¢ozeltisi ile daha sonra ise pH degeri 6-6.5 oluncaya kadar sicak de-
iyonize saf su ile ytkanmustir. Elde edilen her bir aktif karbonun iyot sayis1 belirlenmistir.

Adsorpsiyonun deney tasarimi ile modellenmesi

Cr(VI) adsorpsiyonu i¢in segilen yiiksek yiizey alanina sahip aktif karbon kullanildig1 adsorpsiyon
¢aligmalar1 deney tasarimi kullanilarak modellenmistir. Deney tasariminda en ¢ok tercih edilen yontemlerden
birisi olan Yiizey Yanit Yontemi ve Yiizey Yanit Yontemi igerisinde bulunan Box-Behnken tasarim modeli
kullanilmigtir. Segilen aktif karbonlar kullanilarak Cr(VI) birim adsorbent bagina adsorplanan madde miktart
(qe) cevap parametresi secilerek deney tasarimi gerceklestirilmistir. Incelenen parametreler ve seviyeleri
Cizelge 1 de verilmistir.

Cizelge 1.Yiizey Yanit Yonteminde kullanilan faktorlerin etkinlik araliklari

Parametreler Kod En diisiik deger En yiiksek deger
Zaman(dk.) A 60 150
Sicaklik(°C) B 20 50
Cozelti baslangi¢ derisimi(ppm) C 50 500

Box-Behnken tasarim modeline gore tasarlanan deney kosullar1 Cizelge 2°de verilmistir. Yonteme
gore 15 fakli deneyden olusan bir set ortaya ¢ikmistir. Her bir deney en az 2 defa tekrarlanarak deney
sonuglarinin ortalamasi alinmustir.

Cizelge 2.Yilizey Yanit Yontemiyle Box-Behnken tasarimina gore tasarlanan deneysel kosullar

Deney No | Zaman Sicaklik Konsantrasyon qe
1 105 50 50 33
2 150 50 275 45
3 105 35 275 57
4 150 35 50 33
5 105 20 50 22
6 60 35 50 33
7 60 50 275 29
8 105 35 275 58
9 150 35 500 87
10 105 35 275 58
11 105 20 500 64
12 105 50 500 146
13 60 20 275 37
14 60 35 500 107
15 150 20 275 72




3. BULGULAR VE TARTISMA

Aktif karbon karakterizasyonu

Kaym agaci talagindan ZnClz aktiflestiricisi ile hazirlanan aktif karbonlarin iyot sayilar yiiksek
olanlar segilerek BET yiizey alanlar1 tespit edilmistir. Secilen aktif karbonlar, ylizey alanlari ve gozenek
dagilimlart Cizelge 3 verilmistir.

Cizelge 3:.Kayin agaci talagindan ZnCl» aktiflestiricis ile iiretilen aktif karbonlarin yiizey alan1 ve gézenek

dagilimlar:
Aktif Karbon Yiizey Toplam Mikro Gozenek Ortalama BJH Adsorpsiyon
Alani(m?/g) Gozenek Hacmi(cc/g) Gozenek Cap Ortalamasi(nm)
Hacmi (cc/g) Dagilimi(nm)
KCACS85 908 0.463 0.43 1.02 1.497
KCAC87 868 0.426 0.429 1.02 2.87

ZnCl aktiflestiricisi ile hazirlanan KCACS85 ve KCACS87 kodlu aktif karbonlarin yiizey alanlarinin
sirasiyla 908 ve 868 m*/g ve toplam gdzenek hacmi, mikro gozenek hacmi ve BJH adsorpsiyon ortalamasi
sirastyla 0.42-0.465 cc/g, 0.43 cc/g ve 1.496-2.87 nm araliginda degismektedir. Ortalama gozenek cap
dagilimi 1.02 nm oldugu tespit edilmistir. Bu sonu¢ hazirlanan aktif karbonlarin mikro gozenekli yapida
oldugunu gostermektedir.

Sekil 1°da herhangi bir isleme tabi tutulmamis kaym agaci talagimin(a), % 200 oraninda ZnCl>
aktiflestirici ilave edilerek 24 saat bekletilen ancak heniiz aktivasyon islemi uygulanmamis karisimin(b) ve %
200 oraninda aktiflestirici emdirilerek 24 saat bekletilen numunenin 500 °C sicaklikta 90 dakika siire ile
aktivasyon iglemine tabi tutulmasi sonrasi ele gecen aktif karbonun(c) SEM goriintiisii verilmektedir.

Signal A = SE1 EHT = 20.00 kv e
@ WD = 9.5 mm | Probe = 50 pA ’ =

Signal A = SE1 EHT = 20.00 kv Mag = 1.00 KX 10 pm i
WD = 9.0 mm I Probe = 50 pA |—i
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&5 Signal A = SE1 EHT = 20.00 kv Mag = 1.00 K X 10 pm o
l, = WD = 9.5 mm | Probe = 50 pA |—| ~

Sekill: .a-)Kayin aga¢1 talaginin b-)% 200 oraninda ZnCl: aktiflestiricisi ile islem gormiis hammaddenin c-)
KCACSS kodlu aktif karbonun SEM goriintiileri

Sekil 1(a)’dan goriildiigi gibi kayin agaci talasinin yiizeyi piiriizli ve yiizeysel goézeneklere
sahiptir. % 200 oraninda ZnCl, aktiflestirici ile islem goérmesinin ardindan yiizeyindeki bosluklarin
aktiflestirici ile doldugu ve daha piiriizsiiz bir sekilde oldugu goriilmektedir (Sekil 1(b)). % 200 oraninda
aktiflestirici emdirilerek 24 saat bekletilen numunenin 500 °C sicaklikta 90 dakika siire ile aktivasyon
islemine tabi tutulmasi sonrasi hazirlanan aktif karbonun (KCACS85) homojen goézenek dagilimina ve
plirlizsiiz bir yiizeye sahip oldugu goriilmektedir. Ayn1 zamanda aktif karbon ylizeyinde ¢ok sayida mikro ve
az saylida mezo gozeneklerin varligi da goriilmektedir.

Kaym agaci talaginin, % 200 oraninda ZnCl> aktiflestirici ile kanstirilarak 24 saat emdirilme
islemine tabi tutulan kayin agaci talasinm ve % 200 oraninda ZnCl» aktiflestiricisi ile 24 saat emdirilme
isleminin ardindan 500 °C’de 90 dakika aktivasyona tabi tutularak hazirlanan aktif karbonun (KCACS5)
4000-400 cm’!' dalga sayisi aralifinda taranarak elde edilen FT-IR spektrumlari Sekil 2’de
verildigi gibidir.

Kayin agaci

islem gérmiis kayin agaci

KCACS8S5 kodlu aktif karbon
=
[
2
O
[
(O]
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T T T T T T T T T T T T T
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Sekil 2: KCACS85 kodlu aktif karbonun FT-IR analizi

Sekilde 2°den goriildiigii gibi, islem gérmemis kaymn agaci talasinin yapisinda, 3400-3200 cm! dalga sayist
araliginda maksimum 3333 c¢m’!' dalga sayisinda hidrojen baglariyla bagh hidroksil (~OH) fonksiyonel
gruplarindan kaynaklanan, 1627 cm™' dalga sayisinda olefenik gruplardan kaynaklanan C-C fonksiyonel
gruplarinim, 1506 cm! dalga sayisinda karboksilik veya lakton gruplarindan kaynaklanan C=0 fonksiyonel




gruplarinmin, 1368 cm! dalga sayisinda aromatik bilesiklerin yapisinda bulunan C-C gruplarindan
kaynaklanan pikler bulunmaktadir. 1000-1300 cm™' dalga sayisi araliginda bulunan soniik pikler yapida asit,
alkol, fenol, ester ve eter gibi gruplarda bulunan C-C ve C-O gruplarimin ve 1027 cm™ dalga sayisindaki
keskin pik yapida C-O-C fonksiyonel grubun oldugunu gostermektedir. Sekil 2’den, % 200 oraninda
aktiflestirici emdirilmesinin ardindan kaymn agaci talasinin yapisinda yeni fonksiyonel gruplarin olustugu,
bazi gruplarmn belirgin hale geldigi ve baz1 fonksiyonel gruplarm da yok oldugu gériilmektedir. 3333 cm’!
dalga sayisindaki pikin (hidroksil(~O-H) grubundan kaynaklanan) yok oldugu ve 2919 cm™! dalga sayisinda
C-H grubunun varligim gosteren pikin daha da belirginlestigi goriilmektedir. 2341-2151 cm™! dalga sayist
arahigindaki C=C ve —COOH varligim1 gosteren pikler yeni olusmus ve soniik bir sekilde olan 1018 cm™!
dalga sayisinda —C-OH grubunun varligin1 gosteren pik keskinlegmistir. 1018 cm! dalga sayisinda C-O-C
fonksiyonel grubunun varligini gosteren pik de daha keskinlesmistir. Sekil 2°den goriildiigi gibi, % 200
oraninda aktiflestirici emdirilerek 48 saat bekletilen numunenin 500 °C sicaklikta, 90 dakika siire ile
aktivasyon islemine tabi tutulmasi sonrasi ele gegen aktif karbonun yapisinda yeni fonksiyonel gruplarin
olustugu, bazi gruplarin belirgin hale geldigi ve bazi fonksiyonel gruplarin da yok oldugu goriilmektedir.
2919 ¢cm! dalga sayisinda C-H grubunun varh@ini gosteren pik belirginlesmistir. 2332 cm™! dalga sayisimda —
COOH fonksiyonel gruplarmin, 1623 ve 1549 cm! dalga sayilarinda sirasiyla amit ve C=0 (karboksilik ve
lakton gruplarindan kaynaklanan) fonksiyonel gruplarinin, 1366 cm™! dalga sayisinda —C-CH3 fonksiyonel
gruplarmin varhig goriinmektedir. 124 5cm™! dalga sayisindaki pik, karboksilik asitlerin bozulmasiyla olusan
C-O fonskiyonel gruplarinin ve 1037 cm! dalga sayisindaki pik ise —~C-OH fonsksiyonel gruplarinin varligini
gostermektedir.

Aktif karbon hazirlanmasinda parametrelerin etkisi

Kayin agaci talasindan aktif karbon iiretiminde farkli oranlarda ZnClo/hammadde (% 30, % 50, %
90, % 150 ve % 200) etkisi incelenmistir. Iyot sayilarinda artan emdirilme oram ile birlikte dnemli bir artigin
oldugu tespit edilmistir(Tablo gosterilmemistir). 48 saat emdirilme zamani, 500 °C aktivasyon sicakligi ve 90
dakika aktivasyon siiresi i¢in emdirilme oran1 % 30 oldugunda iyot sayis1 188 mg/g iken, % 200 emdirilme
orani igin ise iyot sayisinin 1177 mg/g oldugu goriilmektedir. Emdirilme oranin artmasi ile iyot sayisinda
ortaya ¢ikan artisin yeni mikro gozeneklerin olugsmasi ve mevcut mikro gozeneklerin i¢ yiizeylerinin
genisleyerek mezo gézenek formuna gegmesi sebebiyle oldugu diisiiniilmektedir.

Emdirilme oraninin belirlemesinin ardindan emdirilme siiresinin etkisi de 24 ve 48 saatlik bekleme
zamanlari i¢in ayr1 ayr1 incelenmistir. Emdirilme siiresinin uzamasi ile iyot sayilarinda belirgin bir azalis s6z
konusu oldugu belirlenmistir. 500 °C aktivasyon sicakligi, 90 dakika aktivasyon siiresi ve % 200 emdirilme
oraninda 24 saat emdirilme siiresi sonrasinda iyot sayist 898 mg/g iken, emdirilme siiresi 48 saat oldugunda
iyot sayisi 878 mg/g olarak bulunmustur. Bu sonu¢ emdirilme siiresinin kisa tutulmasminin geregini ortaya
koymaktadir.

Kaym agaci talasindan ZnCl: aktiflestiricisi kullanilarak aktif karbon hazirlanmasinda aktiflestirici
emdirilmis maddelerin aktivasyonu 400, 500 ve 600 °C olmak {izere 30, 60 ve 90 dakika aktivasyon siireleri
icin gerceklestirilmistir. Aktivasyon sicakliginin 400 °C den 500 °C artmas: ile birlikte iyot sayisinin arttig
ve aktivasyon sicakliginin 600 °C olmasi durumunda ise iyot sayisinin azaldigi tespit edilmistir. 24 saat
emdirilme siiresi, % 200 emdirilme oran1 ve 90 dakika aktivasyon siiresi i¢in aktivasyon sicakligi 400, 500 ve
600 °C’de gergeklestirilen aktivasyon sonrasi bulunan iyot sayilarinin sirasiyla 580, 899 ve 687 mg/g oldugu
tespit edilmistir. Kaymn agaci talasindan ZnCl> aktilestiricisi ile aktiflestirme sonrasinda hazirlanan aktif
karbon i¢in 400 °C’de bulunan iyot sayisinin diisiik olmasinin muhetemel sebebi, mevcut gdzeneklerin tam
acilmasi ve yeni gozeneklerin olugmasi i¢in aktivasyon sicakliginin yetersiz kalmasi oldugu diisiiniilmektedir.
Aktivasyon sicakligiim 500 °C’ye yiikselmesi ile mevcut gézenekler gelismeye ve yeni mikro gozenekler
olusmaya baglamistir. 600 °C’de ise mikro gozenekler genisleyerek mezo gbzeneklere doniismekte ve mevcut
gbzenek yapilart ¢okmektedir.

Kaym agac1 talasindan ZnCl; aktiflestiricisi kullanilarak aktif karbon hazirlanmasinda aktiflestirici
emdirilmis maddelerin aktivasyonu 400, 500 ve 600 °C olmak iizere 30, 60 ve 90 dakika aktivasyon siiresi
icin gerceklestirilmistir. Iyot sayilarmin aktivasyon siiresinin artmasi ile birlikte azalis gosterdigi
belirlenmistir. 24 saat emdirilme siiresi, % 150 emdirilme oran1 ve 600 °C aktivasyon sicakliginda aktivasyon
stiresi 30, 60 ve 90 dakika olmasi halinde iyot sayilari sirasiyla 773, 668 ve 664 mg/g olarak bulunmustur.
Kaym agaci talasindan ZnClz aktiflestiricisi ile aktif karbon hazirlanirken yeni gozeneklerin olusmasi ve
mevcut gozeneklerin gelismesi icin 30 dakika aktivasyon siiresi yeterli iken, aktivasyon siiresinin artirilmast
mevcut gozeneklerin geniglemesine ve ¢okmesine sebep olmaktadir. Bu durum iyot sayisinin azalmasina
neden olmaktadir.

Kaymn agaci talasindan ZnCl. aktiflestiricisi ile aktif karbon hazirlanmasi i¢in maksimum iyot
sayisi; % 200 emdirilme orani, 24 saat emdirilme zamani, 500 °C aktivasyon sicakligi ve 90 dakika
aktivasyon siiresi oldugu sartlarda 898 mg/g olarak belirlenmistir.

Cr(VI) adsorpsiyonunun Deney Tasarimi ile modellenmesi

Kayin agacindan elde edilen aktif karbon kullanilarak Cr(VI) adsorpsiyon isleminin Yiizey Yanit Yontemi ile
sayisal modellenmesi gergeklestirilmistir. Sayisal modelleme Dizayn Expert paket programui ile
tasarlanmistir. Cr(VI) adsorpsiyon calismalarinda elde edilen adsorpsiyon kapasitesi sonuglar1 Cizelge 2’de
verildigi gibidir.

Cizelge 2’deki sonuglari verilen her bir deney en az iki kez gerceklestirilmis olup sonuglarin ortalamalari
alinarak kullanilmistir. Sonuglarin Design Expert programu igerisinde yer alan Yiizey Yanit Yontemi (Box-
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Behnken modelleri) kullanilarak modellenmesinin  uygunlugu regresyon (R?) ile

degerlendirilmistir. Elde edilen regresyon katsayilar1 Cizelge 4’de verildigi gibidir.

katsayilar1

Cizelge 0: Cr(VI) adsorpsiyonu i¢in dnerilen modellerin uygunlugunun test edilmesi amaciyla verilen
regresyon katsayilari

Dojgrusal Iki Faktorlii Etkilesim Kuadratik Kiibik

R? 0,5569 0,5352 0,5292 0,9997

Kiibik model haricinde, segilen tiim aktif karbonlar igin, en yiiksek R? degeri dogrusal modele aittir.

Aktif karbon kullanilarak Cr(VI) adsorpsiyon kapasitesi ge’nin, zaman, sicaklitk ve baslangi¢ derisimi
parametrelerinin tekli ve ¢oklu etkileri altindaki degisimini ifade eden model denklemi dogrusal model
yardimryla ¢ikartilmis olup Esitlik 1 *de verildigi gibidir.

qe = —16.53320 + 0,130759 * A + 0,483333 * B+ 0,166152 * C 1

Esitlikte, zaman: A, sicaklik: B, basglangi¢ derigimi: C ile verilmektedir. Esitlik 1 kullanilarak tahmin edilen
Cr(VI) adsorpsiyon kapasitesi ile deney sonucu bulunan adsorpsiyon kapasitesi arasindaki iligki Sekil 3’da
verildigi gibidir.

Design-Expert® Software
Trial Version

Predicted vs. Actual

e 160

Color points by value of
qe: 140
22 146
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Sekil 3:Cr(VI) adsorpsiyon kapasitesi i¢in deney sonuglari ve model sonug¢larinin karsilagtirilmasi

Sekil 3’den dogrusal model ile tahmin edilen sonuglarmin gergek deney sonuglarina yakin oldugu
goriilmektedir. Bu sonug, aktif karbonun Cr(VI) adsorpsiyonu islemi i¢in Esitlik 1’de verilen model
denklemin giivenle kullanilabilecegini gostermektedir.

Segilen her bir parametrenin tek basina veya birlikte Cr(VI) adsorpsiyon kapasitesine etkilerini belirlemek
icin dogrusal model i¢erisinde ANOV A ¢izelgesi olusturulmustur. Elde edilen sonuglar Cizelge 5’da verildigi
gibidir.

Cizelge 5: Cr(VI) adsorpsiyon kapasitesi igin ANOVA tablosu- dogrusal model

Kaynak Kareler S.S Karelerin F p>F
Toplami Ortalamasi Degeri

Model 9872,21 3 3290,74 6,45 | 0,0105 | significant
A-Zaman 234,15 1 234,15 | 0,4587 | 0,5136
B-sicaklik 420,50 1 420,50 | 0,8238 | 0,3854
C-baslangig 9451,64 1 9451,64 18,52 | 0,0016
konsantrasyonu
Residual 5104,65 | 10 510,46
Lack of Fit 5103,98 8 638,00 | 1913,99 | 0,0005 | significant
Pure Error 0,6667 2 0,3333
Cor Total 14976,86 | 13
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b) zaman-baslangic derisimi
Sekil 0. Secilen parametrelerin aktif karbonun Cr(VI) adsorpsiyon kapasitesine tekli etkisi

Cizelge 5’dan goriildiigii gibi F degeri en yiiksek olan degisken, baslangic derisimi degiskenidir. Zaman ve
sicaklik F degerleri de dikkate alinacak biiyiikliiktedir. ANOVA tablosuna gore en etkin parametre baglangi¢
derisimi olup ve baglangic derisimi degiskenin degismesi adsorpsiyon kapasitesinin 6nemli oranda
degismesine yol agmaktadir. Parametrelerin tekli etkilerine ait 3 boyutlu-kontur grafikleri Sekil 4’de verildigi
gibidir. Sekil 4(a)’dan sabit baslangi¢ derisimi i¢in artan zaman ve sicaklik ile birlikte Cr(VI) adsorpsiyon
kapasitesinde cok degisiklik olmadig1 goriilmektedir. Bu sonu¢ ANOVA tablosunda verilen baslangic
derisiminin F degeri ile iliskili olmaktadir. Cr(VI) adsorpsiyon kapasitesini etkileyen parametre olan
baglangi¢ derisiminin sabit oldugu durumda, artan sicaklik ve adsorpsiyon zamaninin adsorpsiyon
kapasitesi lizerine belirgin bir etkisi bulunmamaktadir.

4. SONUCLAR

Kayin agacindan ZnCl, aktiflestiricisi kullanilarak kimyasal aktivasyon yontemiyle aktif karbon
sentezlenmistir. Kayim agaci talagindan ZnClz aktiflestiricisi ile aktif karbon hazirlanmasinda maksimum iyot
sayist ve BET yiizey alani; %200 kimyasal emdirilme orani, 24 saat emdirilme siiresi, 500 °C aktivasyon
sicaklig1 ve 90 dakika aktivasyon siiresi sartlarinda 898 mg/g ve 908 m?/g olarak tespit edilmistir. Elde edilen
yiiksek ylizey alanina sahip aktif karbon kullanilarak Cr(VI) adsorpsiyonu deney tasarimu ile incelenmistir.
Deney tasarimi Dizayn Expert programu igerisindeki Yiizey Yanit Yontemi Box-Behnken tasarim modeli ile
sayisal olarak modellenmistir. Adsorpsiyon isleminin dogrusal model ile tanimlanmasinin uygunlugu tespit
edilmistir. Adsorpsiyon islemi {izerine en etkin parametrenin ise ¢dzelti baslangic konsantrasyonu oldugu
belirlenmistir.

KAYNAKLAR

1. Baytar, O. 2015, “Igde Cekirdegi Ve Kayin Agacindan Uretilen Aktif Karbonun Agir Metal Ve
Boyarmadde Gideriminde Kullanilmasi”, Doktora, Selguk Universitesi, Konya

2. Baytar, O., Sahin O., Saka C., 2018, “Sequential application of microwave and conventional
heating methods for preparation of activated carbon from biomass and its methylene blue
adsorption”, Applied Thermal Engineering, (138) 542—551.

3. Sahin O., Saka C., Ceyhan A. A., Baytar O., 2016,” The pyrolysis process of biomass by two-stage
chemical activation with different methodolog and iodine adsorption”, Energy Sources, Part A:
Recovery, Utilization, and Environmental Effects, 12(38), 1756-1762.

21



r 2018 Belgrade

Comparison of properties of Eu(2+) doped
ZnS and Eu(3+) doped ZnS quantum dots

Sabit HOROZ!

Abstract

In this study, x-ray diffraction (XRD) and ultraviolet-visible region (UV-Vis) spectroscopy were used to investigate the
structural and optical properties of Eu doped ZnS quantum dots synthesized using the wet-chemical method. In the XRD
data obtained, it was determined that the Eu doped ZnS quantum dots were in a cubic structure. Furthermore, in the
presence of Eu additive, it has been observed that the bandgap energy of the Eu doped ZnS quantum dots is wider than the
un-doped ZnS.

Keywords: Characterization, doping, rare-earth ions, synthesis

Eu (2+) katkilhh ZnS ve Eu (3+) katkili ZnS
kuantum noktalarinin ozelliklerinin
karsilastirilmasi

Ozet

Bu ¢alismada 1slak-kimyasal yontemi kullanilarak sentezlenen Eu katkilt ZnS kuantum noktalarimin yapisal ve optiksel
ozelliklerinin incelenmesi icin sirasiyla x-ray kirimimi (XRD) ve ultraviolet gériiniir bolge (UV-Vis) spektroskopisi
kullamilmigtir. Elde edilen XRD verilerinde Eu katkili ZnS kuantum noktalarimin kiibik yapida oldugu tespit edilmigtir.
Ayrica Eu katln maddesinin varliginda Eu katkili ZnS kuantum noktalarimin yasak enerji band aralhigimin katkisiz ZnS'ye
oranla daha genis oldugu gozlemlenmistir.

Keywords: Karakterizasyon, katkilama, nadir toprak

1. GIRIS

Gegmis yillarda, II-VI yariiletken kuantum noktalarinin (QD) hazirlanmasi ve karakterizasyonu,
indirgenmis boyutlarda yeni fizigi ortaya ¢ikarmis ve yeni materyaller liretme olanagi saglamistir.
ZnS, optoelektronik ve fotovoltaik enerji uygulamalar1 igin, daha iyi kimyasal stabilitesi ve ¢evre
dostu olmas1 nedeniyle diger malzemelere kiyasla dnemli bir fosfor olarak yaygin kullanilan ve
her yerde bulunan yari iletken malzemelerden biridir [1-2]. Katkili yar1 iletken nanokristaller /
QD'ler, yeni bir aragtirma alani ve ayni zamanda nanoyapili malzemelerin uygulanmasi i¢in yeni
firsatlar yaratan yeni bir liminesan materyal sinifidir. ZnS nanopargaciklarinin gegis metali
iyonlar1 ile katkilanmasi, (6rnegin Mn?*, Cu?* ve nadir toprak iyonlar1 olan Eu** / Eu?") seyreltik
manyetik yariiletkenlere (DMS) neden olabilir. Bu iyonlar manyetik olmayan ev sahibi yar1
iletkenin orgii kafesinde rastgele dagilir ve birbirleriyle uzun menzilli degisim etkilesimi ile yerel
manyetik momentler olusturabilir. Boylece, katkilama tipine bagli olarak ZnS yar1 iletken
malzemeler paramanyetik veya ferromanyetik davranis gosterebilmektedir [3-5].

Bu calismada 1slak-kimyasal yoOntemi kullanilarak sentezlenen Eu katkili ZnS kuantum
noktalariin yapisal ve optiksel 6zelliklerinin incelenmesi i¢in sirastyla x-ray kirmimi (XRD) ve
ultraviolet goriiniir bolge (UV-Vis) spektroskopisi kullanilmistir. Elde edilen XRD verilerinde Eu
katkili ZnS kuantum noktalarinin kiibik yapida oldugu tespit edilmistir. Ayrica Eu katki
maddesinin varliginda Eu katkili ZnS kuantum noktalarinin yasak enerji band araliginin katkisiz
ZnS'ye oranla daha genis oldugu gozlemlenmistir.

! Corresponding author: Siirt University, Faculty of Engineering, 56100 Siirt, Turkey. sabithoroz@siirt.edu.tr
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2. DENEYSEL YONTEM
Eu katkili ZnS kuantum noktalar1 1slak-kimyasal bir yontem kullanilarak sentezlenmistir. Zn
kaynagi olarak ticari c¢inko asetat, Eu kaynagi olarak evropiyum kloriir ve S kaynagi olarak
sodyum siilfiir kullanilmistir. Tipik bir prosediirde, uygun miktarlarda Zn (CH3;COO) .2H,0, EuCl,
ve NaoS sulu c¢ozeltileri, metakrilik asit ve sitrik asit iceren bir ¢ozeltiye eklenmistir. Daha sonra,
sonugtaki ¢ozelti N, altinda birkag saat geri akitildi ve oda sicakligina kadar sogutuldu. Elde
edilen tozlar santrifiij ile ayrildi ve oda sicakliginda vakumda kurutuldu. Bu islem sonucunda Eu®*
katkili ZnS kuantum noktalar1 sentezlenmistir. Daha sonra, elde edilen Eu®" katkili ZnS kuantum
noktalar1 500 °C lik sicaklikta 2 saat boyunca kalsine edilerek Eu?" katkili ZnS kuantum noktalar1
sentezlenmesi gergeklestirilmistir.

3. BULGULAR VE TARTISMA
Sekil 1 1slak-kimyasal yontemi ile sentezlenen ZnS, Eu’' katkili ZnS ve Eu?" katkili ZnS kuantum
noktalarina ait XRD desenlerini gdstermektedir.

Eu(3+):ZnS QDs
Undoped ZnS QDs
Eu(2+):ZnS QDs

Intensity

20 30 40 50 60 70
2 THETA

Sekil 1. ZnS, Eu®* katkil1 ZnS ve Eu®* katkil1 ZnS kuantum noktalarina ait XRD desenleri.

Elde edilen {i¢ genis kirinim desenlerinin (111), (220) ve (311) diizlemlerine karsilik gelmektedir.
XRD Kkiitiiphanesinde var olan ZnS’ye ait standart veriler ile elde edilen veriler kiyaslandiginda
sentezlenen her ii¢ numunenin kiibik yapida oldugu tespit edilmistir. Eu** katkih ZnS ve Eu?*
katkili ZnS kuantum noktalarina ait XRD desenlerinde herhangi bir ekstra piklerinin

gbzlemlenmemesi sentezleme isleminin basarilt bir sekilde yapildiginin bir gostergesi kabul
edilebilir.

ZnS, Eu** katkili ZnS ve Eu?* katkili ZnS kuantum noktalarinin pargacik boyutlar Esitlik (1)’ de
verilen Scherrer bagintist kullanilarak belirlenmistir.

d= (k*A)/Bx*cosf (3.3.1)

Burada, d= nanopartikiil boyutu nanometre cinsinden, k=ylizey faktorii (genellikle 0.9 olarak
kullanilir.), A= kullanilan XRD cihazinin dalga boyu, B= elde edilen pikin yar1 yiikseklikteki
genisligi ve 6= diizlemin gozlendigi Bragg acisidir. Bdylece, ZnS, Eu** katkili ZnS ve Eu?* katkih
ZnS kuantum noktalariin pargacik boyutlart sirasiyla 3.04 nm, 2.7 nm and, 2.6 nm olarak tespit
edilmigtir. Katkilama isleminin bir yar1 iletkenin pargacik boyutunun degistirilmesinde etkin bir
rol oynadigi bu sonug ile gosterilmistir. Eu katkili ZnS kuantum noktalarinin optik 6zelliklerini
incelemek i¢in ultraviolet goriiniir bolge (UV — Vis) spektroskopisi kullanilarak optik absorpsiyon
Olgiimleri yapilmistir.  ZnS, Eu®* katkili ZnS ve Eu?' katkili ZnS kuantum noktalar1 igin
kaydedilen optik absorpsiyon spektrumlar1 Sekil 2’de gosterilmektedir.
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Sekil 2. ZnS, Eu’' katkili ZnS ve Eu?* katkili ZnS kuantum noktalar: icin oda sicakliginda
kaydedilen optik absorpsiyon spektrumlari.

Saf ZnS kuantum noktalarina ait optik absorpsiyon spektrumumun 310 nm (4 eV) oldugu
gbzlemlenmistir. Bu enerji band aralik degeri bulk ZnS (3.67 eV)’nin enerji band araligindan daha
genistir. Bu durumum muhtemel sebebi kuantum smirlandirma etkisi ile agiklanabilir. Ciinki
kuantum smirlandirma etkisinde bir yari iletkenin parcacik boyutu kiiciildiikge o yari iletkenin
enerji band aralign artig gdstermektedir. Eu®* katkili ZnS ve Eu?" katkili ZnS kuantum noktalarina
ait opitk absorpsiyon spektrumlari ile saf ZnS kuantum noktalarina ait optik absorpsiyon
spektrumu kiyaslandiginda pargacik boyutundan dolayr Eu katkili ZnS kuantum noktalarinin saf
ZnS’ye nazaran daha genis bir enerji arali§ina sahip olduklar1 gézlemlenmistir.
4. SONUCLAR

Bu ¢alismada ZnS, Eu** katkili ZnS ve Eu?* katkili ZnS kuantum noktalari 1slak-kimyasal teknigi
kullanilarak sentezlenmistir. Sentezlenen ZnS, Eu’®" katkili ZnS ve Eu?" katkili ZnS kuantum
noktalarinin yapisal ve optik ozellikleri sirastyla XRD ve UV-Vis spektroskopisi kullanilarak
incelenmistir. Elde edilen XRD desenleri sonucunda tiim numunelerin kiibik yapida oldugu tespit
edilmistir. Ayrica XRD verileri kullanilarak ZnS, Eu®" katkili ZnS ve Eu?" katkili ZnS kuantum
noktalarinin pargacik boyutlari sirastyla 3.04 nm, 2.7 nm and, 2.6 nm olarak hesaplanmigtir. Bu
sonu¢ ile katkilama isleminin kuantum noktalarmin par¢acik boyutundaki etkisi agikga
goriilmiistiir. UV-Vis spektroskopisi kullanilarak optik absorpsiyon spektrumlari elde edilmistir.
Bu spektrumlar baz alindiginda, Eu®* katkili ZnS ve Eu?' katkili ZnS kuantum noktalarinin saf
ZnS kuantum noktalarina kiyasla daha genis enerji band araliklarmna sahip olduklar1 tespit
edilmigtir. Boylece bu calisma ile katkilama isleminin ZnS kuantum noktalarinin hem pargacik
boyutu hem enerji band aralif1 iizerindeki etkisi incelenmistir.
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Investigation of the Effect of Synthesis
Temperature on the Band Energy of Cds
Nanoparticles

Sabit Horoz!, Omer Sahin, Arzu Ekinci

Abstract

In our study, we reported the synthesis of un-doped CdS nanoparticles. Samples were prepared by wet-chemical method
using 1-thioglycerol as a capping agent at different temperatures. We studied the structural and optical properties of un-
doped CdS nanoparticles synthesized at different temperatures. The effect of synthesis temperature on optical properties
were discussed.

Keywords: Synthesis, nanoparticles, cadmium sulfide, optical properties

Sentezleme Sicakhiginin CdS
Nanopartikiillerin Bant Enerjisine EtKisinin
Incelenmesi

Ozet

Calismamizda, katkisiz CdS nanopartikiillerinin sentezini bildirdik. Numuneler, farkll sicakliklarda bir ajan maddesi
olarak 1-tiyogliserol kullanilarak islak-kimyasal yéntemle hazirlandi. Farkli sicakliklarda sentezlenen katkisiz CdS
nanopartikiillerin yapisal ve optik ozellikleri incelendi. Sentez sicakliginin optik ézellikler tizerindeki etkisi tartisildi.

Keywords: Sentez, nanopartikiiller, kadmiyum siilfit, optik 6zellikler

1. GIRIS

Son zamanlarda, II-IV bilesiklerinin mono dispersiyonlu nanopartikiillerinin sentezi ve
karakterizasyonunda biiyilk dikkat c¢ekilmistirr. Bunun nedeni, nanometre araligindaki
pargaciklarin optik, elektronik ve termodinamik 6zelliklerinin, genellikle kuantum sinirlandirma
etkisine bagli olarak bulk malzemelerin optik, elektronik ve termodinamik 6zelliklerinden farkli
olmasidir. Bu benzersiz 6zelliklerinden dolayr nanopartikiiller Teknolojik uygulamalarda biiyiik
potansiyele sahiptirler. Ornegin; bu benzersiz ozellikler, diizensiz DNA yapilar1 igin
optoelektronik problar, peptidlerde floresan problar1 gibi ilging dogrusal ve dogrusal olmayan
optik dzelliklere neden olabilir [1-3]. Bu II-VI yart iletkenler arasinda, kadmiyum siilfiir (CdS),
515 nm'de optik bir kesime karsilik gelen 2.42 eV'lik bir dogrudan bant bosluguna sahiptir. Bu
ozelliginden dolayr CdS’ler fotonik, fotovoltaik ve fotokatalizde gibi farkli uygulamalarda
katalizor olarak genis bir sekilde kullanilmaktadir.

CdS nanopartikiiller bulk CdS’lerekiyasla farkli fiziksel, optiksel, kimyasal ve yapisal 6zellikler
gostermektedirler. Bu 06zellikler, pargacik biiyiikliigiinden kuantum hapsi etkisinden etkilenir.
Ornegin, bant boslugu ve bdylece bant kenar1 emilimi dogrudan pargacik biiyiikliigii tarafindan
kontrol edilir [4-5].

Calismamizda, katkisiz CdS nanopartikiillerinin sentezini bildirdik. Numuneler, farkli
sicakliklarda bir ajan maddesi olarak 1-tiyogliserol kullanilarak 1slak-kimyasal ydntemle
hazirlandi. Farkli sicakliklarda sentezlenen katkisiz CdS nanopartikiillerin yapisal ve optik
ozellikleri incelendi. Sentez sicakliginin optik 6zellikler iizerindeki etkisi tartisildi.

!Corresponding author: Siirt University, Faculty of Engineering, 56100 Siirt, Turkey. sabithoroz@siirt.edu.tr
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2. DENEYSEL YONTEM

Katkisiz CdS nanopartikiilleri sentezlemek i¢in ticari Cd (CH3COO),. 2H,0 ve Na,S kullanildi.
Sentezlenmis nanopartikiillerin herhangi bir kiimelesmesini 6nlemek ig¢in, baslik ajani olarak 1-
tiyogliserol kullanilmustir. Tipik bir 1slak-kimyasal yontemde, 0.1 M Cd (CH3COO),. 2H,0, 40 ml
dimetil siilfoksit (DMSO) icine ¢6ziilmiis, daha sonra karigima 0.5 ml 1-tiyogliserol damla damla
eklenmistir. Reaksiyon karisimi, 55-130 °C araligindaki istenen sicaklikta 1sitildi ve sonra 10 ml
sulu Na2S ¢ozeltileri, yukaridaki ¢ozeltiye enjekte edildi. Cozelti, birkag saat boyunca sabit bir
sicaklikta geri akisa alindiktan ve oda sicakligina kadar sogutulduktan sonra, CdS nanopartikiiller,
aseton ilave edilerek ¢ozeltiden ayrildi. Daha sonra numuneler santrifiij edildi ve kiimelerin
disinda kalan reaksiyona girmemis iyonlardan kurtulmak i¢in birkag¢ kez durulandi.

3. BULGULAR VE TARTISMA
Sekil 1 farkli sicakliklarda 1slak-kimyasal yontemi ile sentezlenen CdS nanopartikiillere ait x-ray
kirmim (XRD) desenlerini gostermektedir.
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Sekil 1. Farkli sicakliklarda sentezlenen CdS nanopartikiillere ait kaydedilen XRD desenleri.

130 °C'de hazirlanan CdS nanopartikiillerin XRD desenleri, kiibik fazin (111), (220) ve (311)
kafes diizlemlerinden ii¢ genis tepe noktas1 gosterirken, 55 °C ve 75 °C'de hazirlanan numuneler
sadece iki genis difraksiyonun tepe noktasint géstermektedir. Sentezleme sicakligi diistiikce (220)
ve (311) diizlemlerine karsilik gelen XRD piklerinin birlestigi gézlemlenmistir. Bunun muhtemel
sebebi sentezlenme sicakligindaki diisiisiin parcacik boyutunda ki diisiise sebep olmasidir. Farkli
sicakliklarda sentezlenen CdS nanopartikiillerin parcacik boyutu XRD verileri taban
alinarakEgsitlik (1)’de verilen Scherrer bagintis1 kullanilarak belirlenmistir.

d= (k*A)/B*cosf (3.3.1)

Burada, d= nanopartikiil boyutu nanometre cinsinden, k=yiizey faktorii (genellikle 0.9 olarak
kullanilir.), A= kullanilan XRD cihazinin dalga boyu, B= elde edilen pikin yar1 yiikseklikteki
genigligi ve &= diizlemin goézlendigi Bragg agisidir. 55 °C, 75 °C ve 130 °C'de hazirlanan
numuneler i¢in ortalama pargacik boyutu sirasiyla 1.7 nm, 2.1 nm ve 2.7 nm olarak tespit
edilmistir.

CdS nanopartikiillerin optik 6zelliklerini incelemek icin ultraviolet goriiniir bolge (UV — Vis)
spektroskopisi kullanilarak optik absorpsiyon Ol¢limleri yapilmistir.  Farkli sicakliklarda




sentezlenen CdS nanopartikiiller i¢in kaydedilen optik absorpsiyon spektrumlar1 Sekil 2°de
gosterilmektedir.
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Sekil 2. Farkli sicakliklarda sentezlenen CdS nanopartikiiller i¢in oda sicakliginda kaydedilen
optik absorpsiyon spektrumlari. Sentez sicakligi azaldik¢a spektrumlarin tepe pozisyonlarinda
(392 nm'den 310 nm'ye) sistematik bir kayma oldugu gozlemlenmistir. Bu kayma literatiirde mavi
kayma olarak adlandirilmaktadir. Elde edilen spektrumlar baz alinarak, 55 °C, 75 °C ve 130 °C'de
hazirlanan CdS nanopartikiiller i¢in belirlenen yasak enerji degerleri sirasiyla 4, 3.94 ve 3.38
eV'dir. Sicaklik arttik¢a yasak enerji degerlerindeki azalisin muhtemel sebebi sicaklik arttik¢a
parcacik boyutlarinda gézlemlenen artis olabilmektedir.

4. SONUCLAR

Bu caligmada farkli sentezlenme sicakligi kullanilarak saf CdS nanopartikiiller 1slak-kimyasal
teknigi kullanilarak sentezlenmistir. Sentezlenme sicakligi sirasiyla 55 °C, 75 °C ve 130 °C olarak
belirlenmistir. Farkli sicakliklarda sentezlenen CdS nanopartikiillerin yapisal ve optik 6zellikleri
sirastyla XRD ve UV-Vis spektroskopisi kullanilarak incelenmistir. Elde edilen XRD desenleri
sonucunda tiim numunelerin kiibik yapida oldugu tespit edilmistir. Ayrica XRD verileri
kullanilarak 55 °C, 75 °C ve 130 °C sicakliginda sentezlenen CdS nanopartikiiller pargacik
boyutlari sirastyla 1.7 nm, 2.1 nm ve 2.7 nm olarak hesaplanmistir. Bu sonug ile sentezlenme
sicakligimmin nanopartikiillerin pargacik boyutundaki etkisi acik¢a goriilmiistir. UV-Vis
spektroskopisi kullanilarak optik absorpsiyon spektrumlari elde edilmistir. Bu spektrumlar baz
almarak 55 °C, 75 °C ve 130 °C sicakliginda sentezlenen CdS nanopartikiillerin yasak enerji
araliklart sirasiyla 4, 3.94 ve 3.38 eV olarak tespit edilmistir. Béylece bu ¢aligma ile sentezlenme
sicakliginin CdS nanopartikiillerinin hem pargacik boyutu hem yasak enerji araligi {izerindeki
etkisi incelenmistir.
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Hydrogen Production via TiO; Based Fe (II)-
Schiff Base Complex

Dilek Kilin¢', Omer Sahin

Abstract
This work present to use the Fe-Schiff Base complex that we previously synthesized [1] to support
titanium dioxide and to research catalytic effects on NaBH, hydrolysis reaction to hydrogen production.
The prepared catalyst was characterized with some of analyzed technique. Titanium dioxide supported
Fe-Schiff Base complex catalyzed NaBH, hydrolysis reaction study depend on many parameters.
Activation energy that belongs to hydrolysis reaction is 29.266 kJmol' and H, generation rates are
13892 and 31084 mL H»/g... min in order of 30°C and 50°C for this reaction.

Keywords: Hydrogen generation, Catalyst, Hydrolysis, Schiff Base, Complex

1. Introduction

Hydrogen is a wonderful energy source and a notable clean energy carrier, attracting great
interest all over the world [2]. That's why to improve the hydrogen economy, scientists make an
effort to find effective hydrogen storage materials with provide safe and green hydrogen
production techniques. Recently, H» is mainly stored in a lot of form like metal hydrides, liquefied
hydrogen, organic hydrides, etc. Between them, H, stored in the form of complex hydrides
especially sodium borohydrides has been widely studied because of its specific suitability for all
applications [3]. Schlesinger et al. [4] indicated that the hydrogen generation from sodium
borohydride with this reaction:

NaBH, +2 H,0 ——— 4H, + NaBO, + Q (217 kj) (1)

With  present study  we utilized 4,4-methylenebis(2,6-diethyl)aniline-3,5-di-tert-
butylsalisilaldimine-Fe(II) complex [1] to supported on TiO, and it was used as a catalyst to
hydrogen generation from NaBHs hydrolysis with based on some parameters as temperature,
concentration of Fe complex, NaBH4, NaOH, and amount of catalyst. Catalyst was also analyzed
with FT-IR, XRD, SEM and BET. As a result it was seen that TiO, supported Fe(Il) complex is
effective catalyst in NaBH4 hydrolysis reaction for H, production.

2. Experimental Study
Preparation of TiO: supported-Fe (II)-Schiff Base Complex Catalyst

The TiO, supported4,4-methylenebis(2,6-diethyl)aniline-3,5-di-tert-butylsalisilaldimine-
Fe(II)-Schiff Base complex catalysts were prepared by mechanical mixing method With
different percentages 4,4-methylenebis (2,6-diethyl)aniline-3,5-di-tert-butyl salisilaldimine-
Fe(IT) complex was dissolved in ethanol (10 mL) and stirred. After this, 100 milligram
powdered TiO, was added and stirred about 72 hour then filtered.

!Corresponding author: Department of Chemistry, Faculty of Science and Letters, Siirt University, 56100 Siirt, Turkey,
dkilinc@siirt.edu.tr
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Fig.1. Structure of 4,4-methylenebis(2,6-diethyl)aniline-3,5-di-tert-butylsalisilaldimine-Fe(II) complex

Hydrogen Generation

For Sodium borohydride hydrolysis, reaction system consist from 10 % NaOH, 2.0 %
NaBH, and different amounts of catalyst in 10 mL solution with using a 100 mL flask. The
predicted hydrogen volume is 560 mL at 30 °C.

Effect of NaOH concentration

Fig. 2. displayed that the hydrolysis reaction rates changing with 0 %, 5 %, 7 %, 10 %
NaOH concentrations, with 5 %-Fe-Schiff Base complex in 15 mg of TiO; supported-Fe (II)-
Schiff Base complex in 2.0 % NaBHj solution at 30 °C.
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Fig. 2. Effect of NaOH concentration on the hydrogen generation rate

Effect of Fe(II)-complex percentage in total TiO: supported complex

Fig. 3. displayed that the hydrolysis reaction rates changing with several Fe(Il)-Schiff Base
complex concentrations like 1 %, 5 %, 7 %, 10 % in 2.0 % NaBH4 solution with 10 %-NaOH, 15
mg of TiO; supported-Fe (II)-Schiff Base complex catalyst at 30 °C.
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Fig.3. Effect of Fe (II)-complex ratio in total polymer supported complex
Effect of catalyst amount
Fig. 4. displayed that the hydrolysis reaction rates changing with several amounts of TiO,

supported-Fe (II)-Schiff Base complex catalyst concentrations like 5, 15, 25, and 50 mg with 5%
Fe (II)-Schiff Base complex in 2.0 % NaBHj solution and 10 % NaOH at 30 °C.
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Fig.4. Effect of catalyst amount on hydrogen generation

Effect of NaBH4 Percentage

Fig. 4. displayed that the hydrolysis reaction rates changing with several percentages of
NaBHj as 2, 5, 7 and 10 % with using 5 %-Fe-Schiff Base complex in 15 mg of TiO, supported-
Fe (II)-Schiff Base in 10 % NaOH solutions at 30 °C.
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Fig.5. Effect of NaBH4 concentration on the hydrogen generation rate

Effect of Temperature

Fig. 6. displayed that the hydrolysis reaction rates changing with several temperatures as
20, 30, 40, 50 °C with using 5 %-Fe-Schiff Base complex in 15 mg of TiO; supported-Fe (II)-
Schiff Base complex in 10 % NaOH solutions and 2 % NaBHa.
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Fig.6. Effect of temperature on the hydrogen generation rate

Conclusion

TiO, supported-Fe (II)-Schiff Base complex was prepared to investigate its catalytic
activity in NaBH4 hydrolysis reaction for hydrogen production. TiO, supported-Fe (II)-Schiff Base
complex was studied with based on temperature, Fe-complex concentration in catalyst and TiO,
supported-Fe (II)-Schiff Base catalyst amount, Fe-complex in total complex catalyst, TiO;
supported-Fe (II)-Schiff Base catalyst amount, NaOH concentration and NaBH4 concentration.
Activation energy that belongs to hydrolysis reaction is 29.266 kJ.mol! and H, generation rates
are 13892 and 31084 mL Hy/gca. min in order of 30 °C and 50 °C for this reaction. And if all of the
results are examined, seen that TiO, supported-Fe (II)-Schiff Base complex catalyst is highly
active catalyst in NaBH4 hydrolysis reaction to hydrogen production.
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Adsorption of Gas-Phase Benzene onto
Formaldehyde-Treated Walnut shells:
Kinetics, Equilibrium and Thermodynamics

Sinan Kutluay'

Abstract

In this paper, formaldehyde-treated walnut shells were used as biosorbent for the adsorption of gas-
phase benzene. The adsorption process was carried out using a laboratory-scale fixed-bed reactor, under
atmospheric pressure. According to the knowledge published hitherto, there is no research on adsorption
of gas-phase benzene onto formaldehyde-treated walnut shells, in a dynamic system. For this reason,
within the context of the main purpose of this research, the adsorption process was investigated
depending on the nitrogen (N,) flow rate (50-120 mL min™) as the gas-phase benzene carrier,
formaldehyde-treated walnut shells amount (0.25-1.00 g), gas-phase benzene concentration at the inlet
(10-15 mg L) and temperature (20-50°C). The adsorption process of gas-phase benzene onto
formaldehyde-treated walnut shells can be well represented by the pseudo-second-order kinetic model.
Equilibrium isotherm data were analyzed by Langmuir and Freundlich isotherm models and results
indicated that the adsorption process was described well by the Langmuir isotherm model.
Thermodynamic parameters, AG° = -7.99 kJ mol!, AH°= -11.87 kJ mol*, AS°= -0.008 kJ mol! K/,
showed that the adsorption process of gas-phase benzene onto formaldehyde-treated walnut shells was
spontaneous exothermic and physical. The maximum monolayer adsorption capacity (qme) of
formaldehyde-treated walnut shells was determined to be 14.48 mg g for 303 K. The results suggested
that formaldehyde-treated walnut shell was an efficient adsorbent for the adsorption of gas-phase
benzene.

Keywords: Benzene Adsorption; Kinetics; Isotherms; Thermodynamics; Walnut shells

1. INTRODUCTION

Air pollution, which is a very important environmental problem and which affects human health in particular,
first begins with the change of the compounds forming the atmosphere. In recent years, many different types
of Volatile Organic Compounds (VOCs) have been used in daily life as a result of advances in petrochemical
and related industries. However, there are a number of sources that cause VOCs to be generated and
introduced into the atmosphere. It is known that VOCs have various effects on human health [1, 2]. VOCs
delivered from many sources to the atmosphere have direct or indirect negative effects on the human health,
as well as on the natural composition of other living things and the atmosphere. (Among VOCs, the most
notable because of their health risks; benzene, toluene, ethylbenzene, xylene and styrene. Benzene is even
more prominent in terms of health effects. Respiratory benzene is easily absorbed by the lungs. The most
important health effect of this component is that it causes cancer [3, 4]. VOCs, their number and diversity, is
particularly noteworthy in scientific fields due to their own resources and potential harmful effects on human
health. Because of their carcinogenicity and frequent occurrence, VOC sampling and analysis are very
common in both indoor and outdoor air. [5]. Developed countries have determined the maximum permissible
concentration values in the air of VOCs with harmful environmental effects by environmental policies. As a
result, sanctions have been imposed on industrial processes to reduce the pollutants released to the
environment to the determined concentration values during production [6, 7]. In the literature, the methods
developed for the removal of VOCs in the environment are collected in two classes as oxidation and bio-
filtration. The chemical structure of VOC is completely degraded by the process applied in the removal
method. Recovery methods can be collected under absorption, condensation, membrane separation and
adsorption. Among the VOCs removal and recovery techniques, the adsorption process using high surface
area adsorbents with many advantages in terms of process conditions and applicability is the most preferred
method [6, 8, 9]. Adsorption is usually carried out on a fixed bed filled with adsorbents. Some solids used as
adsorbents in the adsorption process have a porous structure and the inner surface areas are larger than the
outer surface areas. The adsorption on the inner surface of the layer does not occur as easily as the outer
surface.

! Corresponding author: Siirt University, Faculty of Engineering, Department of Chemical Engineering, Siirt, Turkey.
kutluays2012@gmail.com
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Because gas molecules interact with atoms, molecules or ions when entering. In this case, condensation
occurs in the inner spaces called capillary condensation. Adsorption may take place in the form of physical
adsorption (or van der Waals adsorption) or chemical adsorption (or chemisorption). In the physical
adsorption, the forces holding the adsorbed substance bound to the adsorbent surface are van der Waals
forces. Van der Waals forces are effective from a long distance but are weak forces. The enthalpy of the
physical adsorption is typically about 20 kJ/mol. Such a small enthalpy change is insufficient to cause
ligation and therefore a physically adsorbed molecule protects its identity. Physical adsorption is observed at
low temperatures and the amount of adsorption usually decreases when the temperature is increased [10].
There are many studies on fixed bed modeling in literature [5, 10]. Allen et al. [11] revealed theoretical
mathematical equations for the adsorbed particles in the adsorbent particles given by injection to a gas
stream. Equations in the same study were solved in parameters such as different gas flow rate and adsorbent
feed rate and the results were analyzed. In the other studies, theoretical and experimental results were
evaluated together [12, 13].

In this study, the adsorption of gas-phase benzene onto formaldehyde-treated walnut shells was performed
using a laboratory-scale fixed-bed reactor, under atmospheric pressure. The effects of nitrogen (N2) flow rate
as the gas-phase benzene carrier, amount of formaldehyde-treated walnut shells, concentration of gas-phase
benzene at the inlet and the adsorption temperature on adsorption process were investigated separately. For
the analysis of adsorption kinetics, pseudo-first-order and pseudo-second-order models were applied.
Equilibrium isotherm data were analysed by Langmuir and Freundlich models. Thermodynamic parameters
such as Gibbs free energy (4G°), enthalpy change (4H°) and entropy change (45°) were also calculated using
van't Hoff equation to characterize the adsorption process.

2. MATERIALS AND METHODS

In this study, the samples of walnut shells were obtained from the province of Siirt which is located in the
South-East of Turkey. Walnut shells were ground in a mortar and sieved to a particle size of -850+500 pm.
The obtained samples were stored in closed containers. In order to be used as an adsorbent in the process of
gas-phase benzene adsorption, walnut shells were treated with 1% formaldehyde solution at a ratio of 1:5
(walnut shells: formaldehyde; w/v) at room temperature for 24 h. The walnut shells were then removed by
filtration and washed with hot deionized water to remove formaldehyde in the medium. Washed walnut shells
at 80°C for 24 hours after drying the adsorption experiments were taken to be used in closed containers. The
adsorbate used in this study is gas-phase benzene at analytical grade (Sigma Aldrich, 99.0%). The
experimental setup used in gas-phase benzene adsorption studies is schematically shown in Figure 1.
Adsorption experiments of gas-phase benzene onto formaldehyde-treated walnut shells were performed in the
fixed bed of a Pyrex-glass reactor with the height of 16 cm and an internal diameter of 0.9 cm. To determine
the effects of adsorption conditions, the study was carried out under atmospheric pressure at different N2 flow
rates (50-120 mL min!) as a gas-phase benzene carrier, amounts of formaldehyde-treated walnut shells
(0.25-1.00 g), concentrations of gas-phase benzene at the inlet (10.00-15.00 mg L!) and adsorption
temperatures (20-30°C). For this purpose, 300 mL of the benzene solution to be subjected to the dynamic
adsorption was placed in a 500 mL glass balloon and then placed in the thermostat set to the study
temperature. Gas-phase benzene was introduced into the fixed bed by using N2 as a carrier gas and it was
continuously adsorbed onto formaldehyde-treated walnut shells. The internal temperature of the jacketed
adsorbent, in which the adsorption is carried out, and the gas-pahse benzene temperature was kept constant
by using the thermostat connected to both the adsorber and the heat exchanger. The concentration of gas-
phase benzene at the inlet of the adsorber was analyzed while the valve-2 line was closed and the valve-1
bypass line was open. When the concentration of gas-phase benzene at the inlet of the adsorber reached the
steady state, about 0.50 g of formaldehyde-treated walnut shells was weighed out and formaldehyde-treated
walnut shells ged into the adsorption column and then the experiments were carried out by turning the valve-
1 line to closed and the valve-2 line to the open position. The concentrations of gas-phase benzene at the inlet
and outlet (after adsorption) of the adsorber were produced using a PID controlled heated thermostat at 20,
30, 40 and 50°C, respectively. The formaldehyde-treated walnut shells particles were supported by
microsieve at the outlet of the adsorber. Then, the carrier gas containing a previously arranged concentration
of gas-phase benzene was passed through the column until the gas-phase benzene concentration become
constant and stable. The concentrations of gas-phase benzene at the inlet and outlet of the adsorber were
measured by a Gas Chromatograph equipped with a Flame Ionization Detector (GC-FID, GC 910, Buck
Scientific) and recorded by a computer.

The dynamic adsorption capacity was determined using the following equation [14]:

q= %fot(cin — Cepp)dt (1)

The integrated form of Eq. (1), which was used in this study to determine the adsorption capacity of gas-
phase benzene onto formaldehyde-treated walnut shells, can be defined as:

Ge = 28 [ (Cin = Cepp)irt] @

Where, g: (mg g!) is the gas-phase benzene adsorption capacity, as shown in Eq. (1), which is integrated
from =0 to ¢ (min), m (g) is the amount of adsorbent, ' (L min™") is the gas flow rate, n is the number of
samples taken, Ci» (ppm) and Ces (ppm) are the concentrations of gas-phase benzene at the inlet and outlet
(after adsorption) of the adsorber, respectively. In the adsorption process, g—=ge is achieved when the
equilibrium time (%) is reached and refers to the adsorption capacity at equilibrium.

The adsorption efficiency of gas-phase benzene onto formaldehyde-treated walnut shells is defined as below:




Adsorption ef ficiency (%) = % % 100 3)

Where, Cin (mg L") and C. (mg L) are the concentrations of gas-phase benzene at the inlet and equilibrium,
respectively.
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Figure 1. Experimental setup for the adsorption of gas-phase benzene onto formaldehyde-treated walnut shells

3. RESULTS AND DISCUSSION

In the study, the effects of adsorption conditions such as nitrogen (N2) flow rate as the gas-phase benzene
carrier, amount of formaldehyde-treated walnut shells, concentration of gas-phase benzene at the inlet and the
adsorption temperature on the adsorption process of gas-phase benzene onto formaldehyde-treated walnut
shells were determined, in a continuous system. In addition, adsorption kineticss, isotherms and
thermodynamics of adsorption process were investigated.

Effect of Flow Rate on Adsorption Process

To determine the effect of the flow rate on both the adsorption capacity and the adsorption efficiency of gas-
phase benzene onto formaldehyde-treated walnut shells, the experiments were performed at different flow
rates (50, 75, 100 and 120 mL min'"), and the results are given in Figure 2. To determine the equilibrium time
of the adsorption, the adsorption capacity was investigated depending on the time (0-120 min) (Figure 2a).
As shown in Figure 2a, depending on the increase in the flow rate, the adsorption capacity is increased and
the maximum adsorption capacity is achieved in a shorter time. However, in Figure 2b, the adsorption
capacity at equilibrium is increased with increasing flow rate, while the adsorption efficiency is not changed.
This result means that the flow rate in the equation (Eq. 2), in which the adsorption capacity is determined,
changes the adsorption capacity in proportion to the numerical value it has. In other words, it has been
observed that the amount of gas-phase benzene adsorbed onto formaldehyde-treated walnut shells does not
increase at higher flow rates.
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Figure 2. Effect of flow rate of N, as the carrier gas on the adsorption capacity with time (a) and the adsorption capacity
at equilibrium and the adsorption efficiency (b) of gas-phase benzene (conditions: amount of formaldehyde-treated walnut
shells 0.50 g, concentration of gas-phase benzene at the inlet 12.50 mg L and temperature 30°C)

Effect of the Amount of Formaldehyde-Treated Walnut Shells on Adsorption Process

The amount of adsorbent is one of the important parameters for the adsorption process. To determine the
effect of the formaldehyde-treated walnut shells amount on both the adsorption capacity and the adsorption
efficiency of gas-phase benzene onto formaldehyde-treated walnut shells, the experiments were performed at
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different formaldehyde-treated walnut shells amounts (0.25, 0.50, 0.75 and 1.00 g), and the results are in
Figure 3. To determine the adsorption equilibrium time, the adsorption capacity was investigated based on
time (0-90 min) (Figure 3a). Figure 3a shows that an increase in the amount of formaldehyde-treated walnut
shells causes a decrease in the adsorption capacity. As seen in Figure 3b, it was observed that the adsorption
capacity at equilibrium decreased with the increasing amount of formaldehyde-treated walnut shells, the
adsorption efficiency increased up to 0.50 g of formaldehyde-treated walnut shells, and did not change with
higher amounts of formaldehyde-treated walnut shells. In this work, the minimum amount of adsorbent
corresponding to maximum adsorption for formaldehyde-treated walnut shells is 0.50 g.

18 18 55
0-025¢g ~O— Adsorption capacity
101 5 os0g P 16 O Adsorption efficiency | 5o
— :
14 075¢ 14 <
>
g
—%-1.00g o Rl
_g—0o— 80610 T 2
¥ 40 2
s 2
0 H
502
8 <
% x—%—%—X
% —*
6 30
4 25
0 025 05 0.75 1 125
60 80 100 formaldehyde-treated walnut shell amount (g)
€ (min)
(@) (b)

Figure 3. Effect of formaldehyde-treated walnut shells amount on the adsorption capacity with time (a) and the adsorption
capacity at equilibrium and the adsorption efficiency (b) of gas-phase benzene (conditions: gas flow rate 100 mL min™,
concentration of gas-phase benzene at the inlet 12.50 mg L and temperature 30°C)

Effect of Concentration of Gas-Phase Benzene at the inlet on Adsorption Process

In order to investigate the effect of concentration of gas-phase benzene at the inlet on both the adsorption
capacity and the adsorption efficiency of gas-phase benzene onto formaldehyde-treated walnut shells, the
experiments were performed at different concentrations of gas-phase benzene at the inlet (10.00, 12.50,
13.50, 15.00 mg L"), and the results are shown in Figure 4. To determine the adsorption equilibrium time,
the adsorption capacity was investigated based on time (0-100 min) (Figure 4a). As shown in Figure 4a, it
was observed that the adsorption capacity increased up to 12.50 mg L' and did not change at higher
concentrations due to the increase in gas-phase benzene concentration at the influent. In addition, the increase
in the concentration of gas-phase benzene at the inlet shows that equilibrium adsorption capacity has been
reached in a shorter time. In Figure 4b, the increase in the concentration of gas-phase benzene at the inlet
shows that the adsorption capacity at equilibrium increases up to 12.50 mg L' and does not change at higher
concentrations. However, the adsorption efficiency was observed to decrease at concentrations greater than
12.50 mg L' (Figure 4b). For all these evaluations, the concentration of gas-phase benzene at the inlet was
taken as 12.50 mg L'! in other adsorption experiments.
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Figure 4. Effect of concentration of gas-phase benzene at the inlet on its adsorption capacity with time (a) and the
adsorption capacity at equilibrium and the adsorption efficiency (b) of gas-phase benzene (conditions: amount of
formaldehyde-treated walnut shells 0.50 g, gas flow rate 100 mL min"' and temperature 30°C)

Effect of Temperature on Adsorption Process

In the adsorption process, temperature plays an important role in adsorption behavior. To illustrate the effect
of adsorption temperature on both the adsorption capacity and the adsorption efficiency of gas-phase benzene
onto formaldehyde-treated walnut shells, the experiments were performed at different adsorption
temperatures (20, 30, 40 and 50°C), and the results are shown in Figure 5. To determine the adsorption
equilibrium time, the adsorption capacity was investigated based on time (0-90 min) (Figure Sa). Figure 5a
shows that, depending on the increase in adsorption temperature, the adsorption capacity does not change up
to 30°C and decreases at higher temperatures. As shown in Figure 5b, both the adsorption capacity at
equilibrium and the adsorption efficiency did not change up to 30°C, while decreasing at higher temperatures
with the increase in temperature. Since gas adsorption is an exothermic process, the adsorption capacity




decreases with the increasing temperature. This result shows that physical adsorption is a mechanism that
separates the vapor [15].
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Figure 5. Effect of adsorption temperature on the adsorption capacity with time (a) and the adsorption capacity at
equilibrium and the adsorption efficiency (b) of gas-phase benzene (conditions: amount of formaldehyde-treated walnut
shells 0.50 g, gas flow rate 100 mL min™ and concentration of gas-phase benzene at the inlet 12.50 mg L)

Adsorption Kinetics

In order to understand the adsorption process of gas-phase benzene onto formaldehyde-treated walnut shells,
pseudo-first-order and pseudo-second-order kinetics models were applied to experimental data obtained at
different temperatures. The pseudo-first-order and pseudo-second-order kinetics models are shown in Figure
6. Figure 6a shows that the pseudo-first-order kinetics model not give beneficient results for adsorption of
gas-phase benzene onto formaldehyde-treated walnut shells, indicating that it is not in good agreement with
adsorption data. On the other hand, Figure 6b shows that the pseudo-second-order kinetics model gives
beneficient results for adsorption of gas-phase benzene onto formaldehyde-treated walnut shells and shows a
satisfactory agreement with experimental adsorption data.
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Figure 6. Pseudo-first-order (a) and pseudo-second-order (b) kinetic models for adsorption of gas-phase benzene onto
formaldehyde-treated walnut shells

Adsorption Isotherms

In order to be able to analyse the adsorption process of gas-phase benzene onto formaldehyde-treated walnut
shells, experimental adsorption equilibrium data obtained at different temperatures were evaluated by
applying Langmuir and Freundlich isotherm models. Adsorption tendencies are investigated as the functions
of equilibrium concentration. Plots of Langmuir and Freundlich isotherm models are presented in Figure 7.
As can be seen from Figure 7a and 7b, it is clear that the plots of the Langmuir isotherm model fit well with
the experimental data, while the plots of Freundlich isotherm models do not fit. The compatibility of
adsorption equilibrium data with the Langmuir isotherm suggests that the surface of the formaldehyde-treated
walnut shells has a homogeneous structure and identical active sites. In addition, this result indicates that the
surface energy is homogeneously distributed and that single-plate adsorption occurs [16]. The maximum

monolayer adsorption capacity (gma) of formaldehyde-treated walnut shells was calculated to be 14.48 mg g!
for 30°C.
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Figure 7. Langmuir (a) and Freundlich (b) isotherm models for adsorption of gas-phase benzene onto formaldehyde-
treated walnut shells

Adsorption Thermodynamics

In an adsorption study, the determination of the adsorption mechanism is rather essential [17]. Adsorption
mechanism can be explained by thermodynamic parameters such as Gibbs free energy change (4G°),
enthalpy change (4H°) and entropy change (4S°) [18]. In order to determine the thermodynamic
parameters, experiments were carried out at four different temperatures (20, 30, 40 and 50°C). The negative
sign of AG° (-7.986 kI mol') indicates that the adsorption process of gas-phase benzene onto
formaldehyde-treated walnut shells was appropriate and spontaneous [19]. The AG® values between -20 kJ
mol! and 0 kJ mol™! were reduced to the physical adsorption range [20]. This result shows that physical
adsorption was the dominant mechanism for adsorption of gas-phase benzene onto formaldehyde-treated
walnut shells. The AH° value for gas-phase benzene was calculated as -11.872 kJ mol!. The negative value
of the calculated 4H° indicates that the adsorption process was exothermic. This means that the energy in
the form of heat was released to the environment during the adsorptive process as new bonds were formed.
Furthermore, the magnitude of AH° (<20 kJ mol!) indicates that physical adsorption was predominant [21].
The negative value of 45° (-0.008 kJ mol! K-!). indicates that the entropy of the system decreases. This
means that the disorder of the system during the adsorption process and the randomization of the adsorbate
at the solid/gas interface were reduced [22]. That is, gas-phase benzene molecules pass from a random step
to a regular step (on the surface of the adsorbent).

4. CONCLUSIONS

In this study, the adsorption of gas-phase benzene onto formaldehyde-treated walnut shells was performed,
under atmospheric pressure. Adsorption parameters such as N2 flow rate as the gas-phase benzene carrier,
amount of formaldehyde-treated walnut shells, concentration of gas-phase benzene at the inlet, and
adsorption temperature are effective on both the adsorption capacity and the adsorption efficiency of gas-
phase benzene onto formaldehyde-treated walnut shells. Experimental results were showed that the
adsorption capacity decreases with increasing temperature and amount of formaldehyde-treated walnut shells,
while increasing with gas flow rate and the concentration of gas-phase benzene at the inlet. The results
indicated that the adsorption process follows pseudo-second-order kinetics model in the most efficient way. It
was observed that the data obtained for the adsorption of gas-phase benzene onto formaldehyde-treated
walnut shells were in a good fitting with the Langmuir isotherm. Thermodynamic parameters, AG®° = -7.99 kJ
mol”!, AH°= -11.87 kJ mol"!, AS°= -0.008 kJ mol"! K'!, showed that the adsorption process of gas-phase
benzene onto formaldehyde-treated walnut shells was spontaneous exothermic and physical. The maximum
monolayer adsorption capacity (qmax) of formaldehyde-treated walnut shells was determined to be 14.48 mg
¢! for 303 K. The results suggested that formaldehyde-treated walnut shell was an efficient adsorbent for the
adsorption of gas-phase benzene.

REFERENCES

[1] H. Guo, S. Lee, W.M. Li, J. Cao, Source characterization of BTEX in indoor microenviroments in Hong
Kong, Atmospheric Environment 37 (2003) 73-82.

[2] A.L. Hinwood, C. Rodriguez, T. Runnion, D. Farrar, F. Murray, A. Horton, D. Glass, V. Sheppeard, J.W.
Edwards, L. Denison, T. Whitworth, C. Eiser, M. Bulsara, R.W. Gillett, J. Powell, S. Lawson, 1. Weeks, 1.
Galbally, Risk factors for increased BTEX exposure in four Australian cities, Chemosphere 66 (2007) 533-
541.

[31J.N. Cape, D. Fowler, A. Davison, Ecological effects of sulfur dioxide, fluorides, and minor air pollutants:
recent trends and research needs, Environment International 29 (2003) 201-211.

[4] Delia M. Pinto, James D. Blande, Silvia R. Souza, Anne-Marja Nerg, J.K. Holopainen, Plant Volatile
Organic Compounds (VOCs) in Ozone (O3) Polluted Atmospheres: The Ecological Effects, Journal of
Chemical Ecology 36 (2010) 22-34.

[5] M.A. Parra, D. Elustondo, R. Bermejo, J.M. Santamaria, Quantification of indoor and outdoor volatile
organic compounds (VOCs) in pubs and cafés in Pamplona, Spain, Atmospheric Environment 42 (2008)
6647-6654.




[6] V.K. Gupta, N. Verma, Removal of volatile organic compounds by cryogenic condensation followed by
adsorption, Chemical Engineering Science 57 (2002) 2679-2696.

[7] W.-T. Tsai, A review of environmental hazards and adsorption recovery of cleaning solvent
hydrochlorofluorocarbons (HCFCs), Journal of Loss Prevention in the Process Industries 15 (2002) 147-157.
[8] K.S. Hwang, C. Dae Ki. G. Sung Yong, C. Sung Yong, Adsorption and thermal regeneration of
methylene chloride vapor on an activated carbon bed, Chemical Engineering Science 52 (1997) 1111-1123.
[9] F.I. Khan, A. Kr. Ghoshal, Removal of Volatile Organic Compounds from polluted air, Journal of Loss
Prevention in the Process Industries 13 (2000) 527-545.

[10] D.M. Ruthven, Principles of Adsorption and Adsorption Processes, John Wiley, New

York, 1984.

[11] R-W.K. Allen, E. D Archer, J. Maclnnes, Adsorption by Particles Injected into a Gas Stream, Chemical
Engineering Journal - CHEM ENG J 83 (2001) 165-174.

[12] R.W.K. Allen, E.D. Archer, J.M. Maclnnes, Theoretical account of a dry sorption injection experiment,
AIChE 47 (2001) 2684-2695.

[13] E.D. Archer, R.W.K. Allen, J.M. MacInnes, Measurements of VOC take-up by adsorbing particles in a
gas stream, Filtration & Separation 37 (2000) 32-39.

[14] Z. Zhao, S. Wang, Y. Yang, X. Li, J. Li, Z. Li, Competitive adsorption and selectivity of benzene and
water vapor on the microporous metal organic frameworks (HKUST-1), Chemical Engineering Journal 259
(2015) 79-89.

[15] D. Ramirez, S. Qi, M.J. Rood, K.J. Hay, Equilibrium and Heat of Adsorption for Organic Vapors and
Activated Carbons, Environmental Science & Technology 39 (2005) 5864-5871.

[16] Y. Guo, Y. Li, T. Zhu, J. Wang, M. Ye, Modeling of dioxin adsorption on activated carbon, Chemical
Engineering Journal 283 (2016) 1210-1215.

[17] H.N. Tran, S.-J. You, H.-P. Chao, Thermodynamic parameters of cadmium adsorption onto orange peel
calculated from various methods: A comparison study, Journal of Environmental Chemical Engineering 4
(2016) 2671-2682.

[18] P. Ammendola, F. Raganati, R. Chirone, CO2 adsorption on a fine activated carbon in a sound assisted
fluidized bed: Thermodynamics and kinetics, Chemical Engineering Journal 322 (2017) 302-313.

[19]J. He, S. Hong, L. Zhang, F. Gan, Y.-S. Ho, Equilibrium and Thermodynamic Parameters of Adsorption
of Methylene Blue onto Rectorite, Fresenius Environmental Bulletin 19 (2010) 2651-2656.

[20] D. Duranoglu, A.-W. Trochimczuk, U. Beker, Kinetics and thermodynamics of hexavalent chromium
adsorption onto activated carbon derived from acrylonitrile-divinylbenzene copolymer, Chemical
Engineering Journal 187 (2012) 193-202.

[21] A.A. Adelodun, J.C. Ngila, D.-G. Kim, Y.M. Jo, Isotherm, Thermodynamic and Kinetic Studies of
Selective CO2 Adsorption on Chemically Modified Carbon Surfaces, Aerosol and Air Quality Research
(2016) 3312-3329.

[22] A. Giirses, C. Dogar, M. Yal¢in, M. Acikyildiz, R. Bayrak, S. Karaca, The adsorption kinetics of the
cationic dye, methylene blue, onto clay, Journal of Hazardous Materials 131 (2006) 217-228.

BIOGRAPHY

Sinan KUTLUAY was born in 1988 in Agri/Tutak. He graduated from Yildiz Technical University, Faculty
of Chemistry-Metallurgy, Department of Chemical Engineering in 2010. Between the years 2010-2012, he
completed his master's degree at Yildiz Technical University, Graduate School of Natural Sciences,
Department of Chemical Engineering. Between the years 2014-2018, he completed his doctorate's degree at
Selguk University, Graduate School of Natural Sciences, Department of Chemical Engineering. In 2011, he
was appointed as research assistant at Siirt University, Department of Chemical Engineering. He is currently
working as Assist. Prof. Dr. in the same department. Sinan KUTLUAY is married and has one child.

39



“/e¥» ICACChE

ber 2018 Belgrade

Investigation of Adsorption Kinetics,
Equilibrium and Thermodynamics of
Toluene Vapor onto Formaldehyde-Treated
Walnut Shells

Orhan Baytar, Omer Sahin, Sinan Kutluay'

Abstract

In this study, the adsorption kinetics, equilibrium and thermodynamics of toluene vapor onto
formaldehyde-treated walnut shells were investigated. The effects of nitrogen (N,) flow rate (50-120 mL
min™) as the toluene vapor, amount of formaldehyde-treated walnut shells (0.25-1.00 g), concentration of
toluene vapor at the inlet (10-15 mg L") and temperature (20-50°C) on adsorption process were
investigated separately, under atmospheric pressure. The results indicated that the adsorption process
follows pseudo-second order kinetic model in the most efficient way. It was observed that the data
obtained for the adsorption of toluene vapor onto formaldehyde-treated walnut shells were in a good
fitting with the Langmuir isotherm. Thermodynamic parameters, AG° = -8.67 kJ mol!, AH°= -16.04 kJ
mol™, 48°= -0.024 kJ mol’ K, showed that the adsorption process of toluene vapor onto formaldehyde-
treated walnut shells was spontaneous exothermic and physical. The maximum monolayer adsorption
capacity (qma) of formaldehyde-treated walnut shells was determined to be 19.15 mg g for 30°C.

Keywords: Kinetics; Isotherms; Thermodynamics; Toluene Adsorption; Walnut shells

1. INTRODUCTION

Volatile organic compounds (VOCs) are important air pollutant components found in the atmosphere
originating from all municipal and industrial areas [1]. VOCs are pollutants that are given to the environment
from the chemical, petrochemical and many other industries. Evaporation of chemicals such as solvents,
thinners, scrubbers and lubricants, flue gas emissions from the burning of fossil fuels for industrial and urban
activities, incineration of wastes resulting from urban life, oil refineries and stations, etc. there are numerous
sources of VOCs [2-5]. VOCs, which are not removed before being released to the environment in their
source, have serious detrimental effects on the environment and thus on living things. Global warming is a
significant environmental problem [6]. VOCs, which can be readily mixed with direct evaporation into air,
can lead to fatal degrees by inhalation. Some VOCs can cause persistent health problems due to their
irritating properties. VOCs accumulate on the leaves and refine crops with a degree of influence that affects
photosynthesis. Some other volatile organic compounds, which are carcinogenic, can lead to death by toxin
[3]. Among VOCs, the most notable because of their health risks; toluene, benzene, ethyltoluene, xylene and
styrene. Toluene is a VOC within the risk group of components that do not carry cancer risk. The most
important health effect of toluene is its acute and chronic effects on the central nervous system [7, 8]. VOCs,
their number and diversity, is particularly noteworthy in scientific fields due to their own resources and
potential harmful effects on human health. Because of their carcinogenicity and frequent occurrence, VOC
sampling and analysis are very common in both indoor and outdoor air. [9]. In the literature, the methods
developed for the removal of VOCs in the environment are collected in two classes as oxidation and bio-
filtration. The chemical structure of VOC is completely degraded by the process applied in the removal
method. Recovery methods can be collected under absorption, condensation, membrane separation and
adsorption.

Among the VOCs removal and recovery techniques, the adsorption process using high surface area
adsorbents with many advantages in terms of process conditions and applicability is the most preferred
method [3, 10, 11]. Adsorption is usually carried out on a fixed bed filled with adsorbents. There are many
studies on fixed bed modeling in literature [9, 12]. Allen et al. [13] revealed theoretical mathematical
equations for the adsorbed particles in the adsorbent particles given by injection to a gas stream.

! Corresponding author: Siirt University, Faculty of Engineering, Department of Chemical Engineering, Siirt, Turkey.
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Equations in the same study were solved in parameters such as different gas flow rate and adsorbent feed rate
and the results were analyzed. In the other studies, theoretical and experimental results were evaluated
together [14, 15].

In this study, the adsorption kinetics, equilibrium and thermodynamics of toluene vapor onto formaldehyde-
treated walnut shells was performed using a laboratory-scale fixed-bed reactor, under atmospheric pressure.
The effects of nitrogen (N2) flow rate as the toluene vapor carrier, amount of formaldehyde-treated walnut
shells, concentration of toluene vapor at the inlet and temperature on adsorption process were investigated
separately. For the analysis of adsorption kinetics, pseudo-first order and pseudo-second order models were
used. Equilibrium isotherm data were analysed by Langmuir and Freundlich isotherm models.
Thermodynamic parameters such as Gibbs free energy (4G°), enthalpy change (4H°) and entropy change
(4S°) were also calculated using van't Hoff equation to characterize the adsorption process.

2. MATERIALS AND METHODS

In this study, the samples of walnut shells were obtained from the province of Siirt which is located in the
South-East of Turkey. Walnut shells were ground in a mortar and sieved to a particle size of -850+500 pum.
The obtained samples were stored in closed containers. In order to be used as an adsorbent in the process of
toluene vapor adsorption, walnut shells were treated with 1% formaldehyde solution at a ratio of 1:5 (walnut
shells: formaldehyde; w/v) at room temperature for 24 h. The walnut shells were then removed by filtration
and washed with hot deionized water to remove formaldehyde in the medium. Washed walnut shells at 80°C
for 24 hours after drying the adsorption experiments were taken to be used in closed containers. The
adsorbate used in this study is toluene at analytical grade (Sigma Aldrich, 99.0%). The experimental setup
used in toluene vapor adsorption studies is schematically shown in Figure 1. Toluene vapor adsorption
experiments of the formaldehyde-treated walnut shells adsorbent were performed in the fixed bed of a Pyrex-
glass reactor with the height of 16 cm and an internal diameter of 0.9 cm. To determine the effects of
adsorption conditions, the study was carried out under atmospheric pressure at different N> flow rates (50-
120 mL min’") as a toluene vapor carrier, amounts of formaldehyde-treated walnut shells (0.25-1.00 g),
concentrations of toluene vapor at the inlet (10.00-15.00 mg L") and temperatures (20-50°C). For this
purpose, 300 mL of the toluene solution to be subjected to the dynamic adsorption was placed in a 500 mL
glass balloon and then placed in the thermostat set to the study temperature. Toluene vapor was introduced
into the fixed bed by using N> as a carrier gas and it was continuously adsorbed onto formaldehyde-treated
walnut shells. The internal temperature of the jacketed adsorbent, in which the adsorption is carried out, and
the toluene vapor temperature was kept constant by using the thermostat connected to both the adsorber and
the heat exchanger. The concentration of toluene vapor at the inlet of the adsorber was analyzed while the
valve-2 line was closed and the valve-1 bypass line was open. When the concentration of toluene vapor at the
inlet of the adsorber reached the steady state, about 0.50 g of formaldehyde-treated walnut shells was
weighed out and formaldehyde-treated walnut shells ged into the adsorption column and then the experiments
were carried out by turning the valve-1 line to closed and the valve-2 line to the open position. The
concentrations of toluene vapor at the inlet and outlet (after adsorption) of the adsorber were produced using
a PID controlled heated thermostat at 20, 30, 40 and 50°C, respectively. The formaldehyde-treated walnut
shells particles were supported by microsieve at the outlet of the adsorber. Then, the carrier gas containing a
previously arranged concentration of toluene vapor was passed through the column until the toluene vapor
concentration become constant and stable. The concentrations of toluene vapor at the inlet and outlet of the
adsorber were measured by a Gas Chromatograph equipped with a Flame lonization Detector (GC-FID, GC
910, Buck Scientific) and recorded by a computer.

The dynamic adsorption capacity was determined using the following equation [16]:

q == [} (Cin = Copp)at (M

The integrated form of Eq. (1), which was used in this study to determine the adsorption capacity of toluene
vapor onto formaldehyde-treated walnut shells, can be defined as:

Ge = 28 [ (Cin = Cepp)it] 2

Where, g: (mg g') is the toluene vapor adsorption capacity, as shown in Eq. (1), which is integrated from =0
to ¢ (min), m (g) is the amount of adsorbent, ' (L min') is the gas flow rate, n is the number of samples
taken, Ci» (ppm) and Cey (ppm) are the concentrations of toluene vapor at the inlet and outlet (after
adsorption) of the adsorber, respectively. In the adsorption process, gi=qe is achieved when the equilibrium
time (Z.) is reached and refers to the adsorption capacity at equilibrium.

The adsorption efficiency of toluene vapor onto formaldehyde-treated walnut shells is defined as below:

Adsorption ef ficiency (%) = % % 100 3)

Where, Cin (ppm) and C. (ppm) are the concentrations of toluene vapor at the inlet and equilibrium,
respectively.
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Figure 1. Experimental setup for the adsorption of toluene vapor onto formaldehyde-treated walnut shells

3. RESULTS AND DISCUSSION

In the study, the effects of adsorption conditions such as nitrogen (N2) flow rate as the toluene vapor carrier,
amount of formaldehyde-treated walnut shells, concentration of toluene vapor at the inlet and temperature on
the adsorption process were determined, in a continuous system. In addition, adsorption kinetics, isotherms
and thermodynamics of adsorption process were investigated at different temperatures.

Effect of Flow Rate on Adsorption Process

To determine the effect of the flow rate on both the adsorption capacity and the adsorption efficiency of
toluene vapor onto formaldehyde-treated walnut shells, different flow rates as 50, 75, 100 and 120 mL min-!
were investigated, and the results are given in Figure 2. To determine the equilibrium time of the adsorption,
the adsorption capacity was investigated depending on the time (0-120 min) (Figure 2a). As shown in Figure
2a, depending on the increase in the flow rate, the adsorption capacity is increased and the maximum
adsorption capacity is achieved in a shorter time. However, in Figure 2b, the adsorption capacity at
equilibrium is increased with increasing flow rate, while the adsorption efficiency is not changed. This result
means that the flow rate in the equation (Eq.2), in which the adsorption capacity is determined, changes the
adsorption capacity in proportion to the numerical value it has. In other words, it has been observed that the
amount of toluene adsorbed onto formaldehyde-treated walnut shells does not increase at higher flow rates.
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[m, 0 0 u] 66

q; (mg g)

qc (mg g™)
o
Adsorption efficiency (%)
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Figure 2. Effect of flow rate of N, as the carrier gas on the adsorption capacity with time (a) and the adsorption capacity
at equilibrium and the adsorption efficiency (b) of toluene vapor (conditions: amount of formaldehyde-treated walnut
shells 0.50 g, concentration of toluene vapor at the inlet 12.50 mg L' and temperature 30°C)

Effect of the Amount of Formaldehyde-Treated Walnut Shells on Adsorption Process

The amount of adsorbent is one of the important parameters for the adsorption process. To determine the
effect of the formaldehyde-treated walnut shells amount on both the adsorption capacity and the adsorption
efficiency of toluene vapor onto formaldehyde-treated walnut shells, different formaldehyde-treated walnut
shells amounts as 0.25, 0.50, 0.75 and 1.00 g were investigated, and the results are given in Figure 3. To
determine the adsorption equilibrium time, the adsorption capacity was investigated depending on the time
(0-90 min) (Figure 3a). Figure 3a shows that an increase in the amount of formaldehyde-treated walnut shells
causes a decrease in the adsorption capacity. The possible causes of this result can be expressed as the
increase in the amount of formaldehyde-treated walnut shells and the increase in the number of activated
sites available and non-saturation of these zones [17], the increase of the activated site ratio of the toluene
vapor and adsorbent surface, the absence of toluene ions in the medium [18]. As seen in Figure 3b, it was
observed that the adsorption capacity at equilibrium decreased with the increasing amount of formaldehyde-
treated walnut shells, the adsorption efficiency increased up to 0.50 g of formaldehyde-treated walnut shells,
and did not change with higher amounts of formaldehyde-treated walnut shells. An increase in the amount of




adsorbent increases the number of active sites available for adsorption, thereby increasing the adsorption
efficiency [19]. In this work, the minimum amount of adsorbent corresponding to maximum adsorption for
formaldehyde-treated walnut shells is 0.50 g.
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Figure 3. Effect of formaldehyde-treated walnut shells amount on the adsorption capacity with time (a) and the adsorption
capacity at equilibrium and the adsorption efficiency (b) of toluene vapor (conditions: gas flow rate 100 mL min™,
concentration of toluene vapor at the inlet 12.50 mg L' and temperature 30°C)

Effect of Concentration of Toluene vapor at the inlet on Adsorption Process

To determine the effect of concentration of toluene vapor at the inlet on both the adsorption capacity and the
adsorption efficiency of toluene vapor onto formaldehyde-treated walnut shells, different concentrations of
toluene vapor at the inlet as 10.00, 12.50, 13.50 and 15.00 mg L' were investigated, and the results are given
in Figure 4. To determine the adsorption equilibrium time, the adsorption capacity was investigated
depending on the time (0-100 min) (Figure 4a). As shown in Figure 4a, it was observed that the adsorption
capacity increased up to 12.50 ppm and did not change at higher concentrations due to the increase in toluene
vapor concentration at the influent. In addition, the increase in the concentration of toluene vapor at the inlet
shows that equilibrium adsorption capacity has been reached in a shorter time. These tendencies can be
explained with the constant present specific surface area and adsorption area on the formaldehyde-treated
walnut shells surface, and with the fact that an increase in the concentration of toluene vapor at influent
would naturally result in a shorter exhaustion time. In Figure 4b, the increase in the concentration of toluene
vapor at the inlet shows that the adsorption capacity at equilibrium increases up to 12.50 mg L' and does not
change at higher concentrations. However, the adsorption efficiency was observed to decrease at
concentrations greater than 12.50 mg L' (Figure 4b). Possible reasons for these may be the fact that the
adsorption capacity, which is a function of the equilibrium concentration, is increased by the increasing
concentration of toluene vapor at the inlet [20], or the increase in the number of adsorbate molecules in the
vapor that accelerated the adsorption to reach the equilibrium [21]. For all these evaluations, the
concentration of toluene vapor at the inlet was taken as 12.50 mg L'! in other adsorption experiments.
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Figure 4. Effect of concentration of toluene vapor at the inlet on its adsorption capacity with time (a) and the adsorption
capacity at equilibrium and the adsorption efficiency (b) of toluene vapor (conditions: amount of formaldehyde-treated
walnut shells 0.50 g, gas flow rate 100 mL min™ and temperature 30°C)
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Effect of Temperature on Adsorption Process

In the adsorption process, temperature plays an important role in adsorption behavior. To determine the effect
of temperature on both the adsorption capacity and the adsorption efficiency of toluene vapor onto
formaldehyde-treated walnut shells, different adsorption temperatures as 20, 30, 40 and 50°C were
investigated, and the results are given in Figure 5. To determine the adsorption equilibrium time, the
adsorption capacity was investigated depending on the time (0-90 min) (Figure 5a). Figure 5a shows that,
depending on the increase in adsorption temperature, the adsorption capacity does not change up to 30°C and
decreases at higher temperatures. As shown in Figure Sb, both the adsorption capacity at equilibrium and the
adsorption efficiency did not change up to 30°C, while decreasing at higher temperatures with the increase in
adsorption temperature. Since gas adsorption is an exothermic process, the adsorption capacity decreases
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with the increasing temperature. This result shows that physical adsorption is a mechanism that separates the
vapor [22].
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Figure 5. Effect of adsorption temperature on the adsorption capacity with time (a) and the adsorption capacity at
equilibrium and the adsorption efficiency (b) of toluene vapor (conditions: amount of formaldehyde-treated walnut shells
0.50 g, gas flow rate 100 mL min™ and concentration of toluene vapor at the inlet 12.50 mg L)

Adsorption Kinetics

In order to understand the adsorption process of toluene vapor onto formaldehyde-treated walnut shells,
pseudo-first-order and pseudo-second-order kinetics models were applied to experimental data obtained at
different temperatures. The pseudo-first-order and pseudo-second-order kinetics models are shown in Figure
6. Figure 6a shows that the pseudo-first-order kinetics model not give beneficient results for adsorption of
toluene vapor onto formaldehyde-treated walnut shells, indicating that it is not in good agreement with
adsorption data. On the other hand, Figure 6b shows that the pseudo-second-order kinetics model gives
beneficient results for adsorption of toluene vapor onto formaldehyde-treated walnut shells and shows a
satisfactory agreement with experimental adsorption data.
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Figure 6. Pseudo-first-order (a) and pseudo-second-order (b) kinetic models for adsorption of toluene vapor onto
formaldehyde-treated walnut shells

Adsorption Isotherms

In order to be able to analyse the adsorption process of toluene vapor onto formaldehyde-treated walnut
shells, experimental adsorption equilibrium data obtained at different temperatures were evaluated by
applying Langmuir and Freundlich isotherm models. Adsorption tendencies are investigated as the functions
of equilibrium concentration. Plots of Langmuir and Freundlich isotherm models are presented in Figure 7.
As can be seen from Figure 7a and 7b, it is clear that the plots of the Langmuir isotherm model fit well with
the experimental data, while the plots of Freundlich isotherm models do not fit. The compatibility of
adsorption equilibrium data with the Langmuir isotherm suggests that the surface of the formaldehyde-treated
walnut shells has a homogeneous structure and identical active sites. In addition, this result indicates that the
surface energy is homogeneously distributed and that single-plate adsorption occurs [23]. The maximum

monolayer adsorption capacity (¢ma) of formaldehyde-treated walnut shells was calculated to be 19.15 mg g!
for 30°C.
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Figure 7. Langmuir (a) and Freundlich (b) isotherm models for adsorption of toluene vapor onto formaldehyde-treated
walnut shells

Adsorption Thermodynamics

In an adsorption study, the determination of the adsorption mechanism is rather essential [24]. Adsorption
mechanism can be explained by thermodynamic parameters such as Gibbs free energy change (4G°),
enthalpy change (4H°) and entropy change (4S°) [25]. In order to determine the thermodynamic
parameters, experiments were carried out at four different temperatures (20, 30, 40 and 50°C). The negative
sign of AG° (-8.67 kJ mol!) indicates that the adsorption process of toluene vapor onto formaldehyde-
treated walnut shells was appropriate and spontaneous [26]. The 4G° values between -20 kJ mol! and 0 kJ
mol'! were reduced to the physical adsorption range [27]. This result shows that physical adsorption was
the dominant mechanism for adsorption of toluene vapor onto formaldehyde-treated walnut shells. The 4H°
value for toluene vapor was calculated as -16.04 kJ mol-'. The negative value of the calculated AH°
indicates that the adsorption process was exothermic. This means that the energy in the form of heat was
released to the environment during the adsorptive process as new bonds were formed. Furthermore, the
magnitude of 4H° (<20 kJ mol!) indicates that physical adsorption was predominant [28]. The negative
value of 45° (-0.024 kJ mol! K!). indicates that the entropy of the system decreases. This means that the
disorder of the system during the adsorption process and the randomization of the adsorbate at the solid/gas
interface were reduced [29]. That is, toluene vapor molecules pass from a random step to a regular step (on
the surface of the adsorbent).

4. CONCLUSIONS

In this study, the adsorption kinetics, equilibrium and thermodynamics of toluene vapor onto formaldehyde-
treated walnut shells was performed using a laboratory-scale fixed-bed reactor, under atmospheric pressure.
Adsorption parameters such as N2 flow rate as the toluene vapor carrier, amount of formaldehyde-treated
walnut shells, concentration of toluene vapor at the inlet, and adsorption temperature play important role on
both the adsorption capacity and the adsorption efficiency of toluene vapor onto formaldehyde-treated walnut
shells. Experimental results were showed that the adsorption capacity decreases with increasing temperature
and amount of formaldehyde-treated walnut shells, while increasing with gas flow rate and the concentration
of toluene vapor at the inlet. The results indicated that the adsorption process follows pseudo-second order
kinetic model in the most efficient way. It was determined that the data obtained for the adsorption of toluene
vapor onto formaldehyde-treated walnut shells were in fitting with the Langmuir isotherm. Thermodynamic
parameters, AG® = -8.67 kJ mol!, AH°= -16.04 kJ mol-!, AS°= -0.024 kJ mol! K'!, showed that the
adsorption process of toluene vapor onto formaldehyde-treated walnut shells was spontaneous exothermic
and physical. The maximum monolayer adsorption capacity (qmax) of formaldehyde-treated walnut shells was
determined to be 19.15 mg g™ for 30°C.
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Abstract

Conductive polymers have the highest possibility to become promising candidates for energy storage,
solar cells, supercapacitors and also bio-applications due to provide remarkable difference such as
environmental stability, low cost, high capacitance, and high conductivity when compared with metals. In
recent years, especially energy storage has been attracting much interest, since conductivity is the key
parameter for the materials used in this application area. Poly (3, 4-ethyleendioxythiophene) (PEDOT) is
a well-preferred conductive polymer owing to its attractive combination of properties including long-
term mechanical and chemical stability coupled with a multiplicity of synthesis options, high
transparency and enabling cost-effective mass production. In this study, the polymeric films were
prepared by using different amount of gelatin (Gel), sodium alginate (SA), and hyaluronic acid (HyA) via
solvent casting method. Following that, the different amounts of PEDOT:PSS were incorporated into
polymeric structure to provide conductivity to polymeric  films. PEDOT:PSS-based conductive
polymeric films were characterized by FT-IR analyses. The water uptake capacity of the films was
determined via swelling tests gravimetrically. The electrical conductivity of PEDOT:PSS-based
conductive films was derived from the sheet resistivity determined by the four-point probe technique.
According to the obtained results, optimum amount of PEDOT:PSS and polymeric content were
determined for the best film formulation. Additionally, it was concluded that the obtained polymeric films
which were produced based on optimum conditions would be used in energy storage applications for
future works

Keywords: Conductive film, Energy storage, Hyaluronic acid, Gelatin, Sodium alginate, PEDOT:PS

1. INTRODUCTION

Conductive polymers are attractive materials for researchers due to their unique properties including
environmental stability, low cost, high capacitance, and high conductivity [1]. The property of electrical
conductivity is improved by the addition of conductive particles such as carbon nanotubes [2], graphene-
family materials (graphene, graphene oxide (GO), reduced graphene oxide (RGO) etc.) [3]-[5], metallic
nanoparticles [6], into the polymeric network or modifications of polymeric structure with inherently
conducting polymers including polyaniline (PANI) [7], poly(pyrrole) [8], Poly(3,4-ethylenedioxythiophene)
(PEDOT) [9].

PEDOT, can conduct charge like metals and are also flexible like conventional polymers, is commonly
preferred for using in many applications such as; optical devices, polymeric light emitting diodes (LEDs),
electrochromic windows and displays, chemical and biological sensors, corrosion protective coatings,
electrodes of batteries and electromagnetic shielding materials [10]-[13]. However, its applications especially
in biotechnology application field is limited because of toxicity and nonbiocompatibility.

Electroconductive polymeric films can be fabricated as biocompatible by using biomolecules. Natural
polymers like alginate, collagen, agarose, fibrin, hyaluronic acid (HyA), cellulose and chitosan are generally
used for this purpose. These biopolymers have specific properties according to their sources and chemical
structure. HyA, fibrin and collagen are obtained from mammalian tissues. Alginate and agarose are marine
algal polysaccharides [14],[15]. HyA is used in wound healing and tissue engineering which found in
extracellular matrix [16]. Native HyA degrade rapidly in living organisms [17]. Its poor mechanical
properties can be enhanced by producing HyA-based polymeric structures. Alginate gels are created easily by
means of divalent cations (Ca+2, Mg+2) [18]. However, losing of these ions causes uncontrollable and
incalculable dissolution. Covalent crosslinking of alginate enhances mechanical and/or swelling properties

! Corresponding author: Marmara University, Faculty of Engineering, Chemical Engineering Department, 34722,
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[15],[16]. Gelatin (Gel) obtained through controlled hydrolysis of collagen has also desired features such as
biodegradability, biocompatibility, film forming ability and solubility at body temperature for biomedical
applications [19].

Based on the all brilliant properties, it is visualized that the combination of Gel/SA/HyA and PEDOT could
be used as a potential electroconductive and biocompatible material for future applications.

2. MATERIALS AND METHODS
2.1 Materials

Sodium Alginate (SA, medical grade, viscosity 250 cps, 25°C),gelatin (Gel, medical grade, 280-320 bloom,
Type A), hyaluronic acid (HyA, food grade, MW= 8 x 105Da) and 1-Ethyl-(3-3-dimethylaminopropyl)
carbodiimide (EDC) were purchased from Heze Better Biochemical Co., Ltd. (China). 3,4-
ethylenedioxythiophene (EDOT), sodium polystyrene sulfonate (NaPSS), iron (III) nitrate nonahydrate and
ethanol were purchased from Sigma Aldrich. All the chemicals were used as received,

2.2 Synthesis of PEDOT:PSS

Firstly, EDOT (0.8 ml) was added into NaPSS solution (15 ml) and mixed for 30 min. 153 g
Fe(NO3)3.9H20, which was dissolved in 5 ml distilled water, was added into first solution. The solution
obtained after the reaction was centrifuged at 6500 rpm during 10 min. Following that, precipitate were
placed into glass petri dishes and dried under vacuum for 24 h.

2.3 Preparation of conductive composite film

Gel/SA/HyA/PEDOT:PSS composite films were prepared by using a solvent casting evaporation method. 3
different formulations were used for film composition. In the first formulation step, Gel, SA and HyA were
each dissolved in distilled water (0.5 w/v) until homogenous solutions were obtained. These solutions were
mixed in proportion of 45 v. % Gel, 45 v. % SA and 10 v. % HyA. Stock suspension of PEDOT:PSS (1 w.
%) was prepared by ultrasonic treatment for 10 min and then it was added to Gel/SA/HyA solution with
different concentrations (4 v.%, 6 v.% and 8 v.%). EDC was used as a crosslinker. Its solution was prepared
in ethanol (0.5 w.%) and added to polymeric mixture. The final polymeric mixtures were dried in petri dishes
at 37 °C for 3 days. The same procedures were repeated for other 2 formulations but with different amount of
Gel, SA, HyA and PEDOT:PSS. While Gel, SA and HyA amounts in the polymeric mixture were kept
constant in formulation 2, PEDOT:PSS suspension was added to polymeric mixture with concentrations of 1
v.%, 3 v.% and 5 v.% to investigate the effect of the amount of PEDOT:PSS in the polymeric network. In
formulation 3, Gel, SA and HyA amounts in the polymeric mixture were changed as 60 v.% Gel, 30 v.% SA
and 10 v.% HyA to observe the effect of the polymeric mixture composition.

2.4 Characterization of Gel/SA/HyA w/out PEDOT:PSS composite films

The chemical structure of Gel/SA/HyA w/out PEDOT:PSS composite films was verified by Fourier
transform infrared spectroscopy (FT-IR). FT-IR analysis was carried out with Perkin Elmer Spectrum One
FT-IR with attenuated total reflectance (ATR) unit and film samples were scanned in the range of 600 and
4000 cm™' .

2.5 Electrical conductivity test

The electrical conductivity of the composite films was derived from the sheet resistivity determined by the
four-point probe technique which is a characterization tool used widely for examining the electrical
properties of solids and thin films. In this study, Lucas Labs S-302 Four Point Resistivity Probing Equipment
which was connected to a Gamry Instruments power source to supply the constant current and to read the
voltage, was used.

Sheet resistivity (p) was calculated by using Eq. (1);

nxtxV
= Tnaxi ey

Where, V (volt) is the potential difference between the two inner probes, I (ampere) is the current through
the outer pair of probes, t is the film thickness (cm). Then, the conductivity values of the films were

calculated by using Eq. (2) (Ref);

o- =
2
2.6 Swelling tests

1
p

The water uptake capacity of the films was determined via swelling test based on measuring the equilibrium
water content in the films after immersing it in distilled water for a certain period at a fixed temperature.
After 24 h, swollen film samples were taken out and were immediately weighed. Swelling ratios were
calculated by using Eq. (3);

Swelling ratio = WS‘;/‘;V” x 100 3)

where, W and W, are the weights of the swollen and dry film samples, respectively.




3. RESULTS AND DISCUSSION
3.1 Characterization of Gel/SA/HyA w/out PEDOT:PSS composite films

Fig. 1 shows FT-IR spectrums of Gel/SA/HyA w/out PEDOT:PSS composite films. The FT-IR spectra reveal
that characteristic bands of Gel, SA and HyA. The peaks located at 1540 and 3250 cm ! are associated with —
OH stretching and N-H bending vibrations of Gel. The peaks appearing at 1030 and 1300 cm -, which are
due to C-O-C stretching and ester band for C-H bending of saccharide structure, provides the presence of SA
in the composite film structure. The bands at about 3300 and 1600 ¢cm ! represent stretching vibrations of O-
H and N-H bonds which come from HyA structure, respectively. The characteristic absorption bands of C=C,
C-C and C-S stretching coming from PEDOT:PSS structure at 1550, 1300 and 600 cm ! were overlapped
with the peaks of Gel/SA/HyA. Furthermore, the peaks at about 3300 ¢cm ! corresponding —OH stretching
decreases due to reaction between hydroxyl groups and SO3H which is the functional group of PEDOT:PSS.
It confirms that PEDOT:PSS was successfully incorporated into Gel/SA/HyA polymeric network.

—— Gel/SA/HyA (45:45:10)

Gel/SA/HyA/PEDOT:PSS

%T

Cc-0C

4000 3500 3000 2500 2000 1500 1000 500
Wavelength (cm™)

Fig. 1. FT-IR spectra of Gel/SA/HyA w/out PEDOT:PSS

3.2 Electrical conductivity test

The PEDOT:PSS based conductive films were prepared by using 3 different formulations and PEDOT:PSS
content. Electrical conductivity measurements obtained by four-probe technique were listed in Table 1 and
Fig. 2. In formulation 1, Gel/SA/HyA/ 4 v.% PEDOT:PSS showed highest conductivity. The conductivity of
Gel/SA/HyA/ 6 v.% PEDOT:PSS is lower than that of Gel/SA/HyA/ 4 v.% PEDOT:PSS because of
agglomeration of high amount of PEDOT:PSS molecules. However, the conductivity value increased with
the increasing amount of PEDOT:PSS to 8 v.%. This situation could be explained by the low dispersion of
PEDOT:PSS in the polymeric network. As seen, trend of conductivity change with respect of PEDOT:PSS
amount is similar for both formulation 2 and formulation 3.
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0.000154 e

0.000104
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4% 6% 8%
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Fig. 2 Effect of PEDOT:PSS amount on the electrical conductivity of Gel/SA/HyA composite films
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Table 1. Conductivities of Gel/SA/HyA/PEDOT:PSS composite films

Film Conductivity
Sample Thickness (S.em™)
(cm) c=1/p
Formulation 1- 4 v.% PEDOT:PSS 0,006 2,05x107
Formulation 1- 6 v.% PEDOT:PSS 0,005 1,30x107
Formulation 1- 8 v.% PEDOT:PSS 0,007 1,41x107
Formulation 2- 1 v.% PEDOT:PSS 0,007 1,19x107
Formulation 2- 3 v.% PEDOT:PSS 0,007 8,77x10°8
Formulation 2- 5 v.% PEDOT:PSS 0,007 1,62x107
Formulation 3- 4 v.% PEDOT:PSS 0,008 3,63x107
Formulation 3- 6 v.% PEDOT:PSS 0,008 3,30x107
Formulation 3- 8 v.% PEDOT:PSS 0,008 3,58x107

3.3 Swelling tests

Swelling tests of composite films w/out PEDOT:PSS were carried out to investigate the effect of
PEDOT:PSS amount on the water uptake capacity of composite films. While Gel/SA/HyA v.%4
PEDOT:PSS protected its integrity after 24 h for formulation 1, composite films with 6 and 8 v.% and all
film samples of both formulation 2 and 3 could not. This result could be attributed that filling of the voids in
the polymeric network with PEDOT:PSS molecules instead of water molecules causes to decrease the
crosslinking density. Therefore, effect of PEDOT:PSS amount on swelling capacity was studied by
comparing pure and 4 v.% PEDOT:PSS film sample of formulation 1. Also, this result is consistent with the
conductivity results of the films. As illustrated in Fig. 3, the swelling capacity of the composite film
approximately doubled by incorporating PEDOT:PSS into polymeric network.

30004

20004

1

10004

Swelling capacity (%)

0% v/v PEDOT:PSS 4% viv PEDOT:PSS

Fig 3. Effect of PEDOT:PSS amount on the swelling ratio of Gel/SA/HyA composite films

4. CONCLUSIONS

The Gel/SA/HyA based electroconductive and biocompatible composite films were fabricated by
incorporating of PEDOT:PSS into polymeric network. Three different formulation for film composition was
used to optimize parameters. The results of swelling tests indicate that the best composition of the composite
films is formulation 1 with the 4 v.% PEDOT:PSS. Additionally, Gel/SA/HyA/4 v.% PEDOT:PSS has the
highest conductivity value as 2.05x10”7 S/cm for formulation 1 in keeping with water uptake capacity results.
At the end of the study, it was understood that Gel/SA/HyA/PEDOT:PSS formulation could be used as an
electroconductive and biocompatible material in bioelectronics, biosensor, supercapacitor, drug release and
battery applications for future works.

REFERENCES

[1] M. A. Enas, “Hydrogel: Preparation, characterization, and applications: A review”, Journal of Advanced Research, vol.
6(2), pp. 105-121, 2015.




[2] C. Chen, C. Yang, S. Li, and D. Li, “A three-dimensionally chitin nanofiber/carbon nanotube hydrogel network for
foldable conductive paper,” Carbohydrate Polymers, vol. 134, pp. 309-313, 2015.

[3] T. Tungkavet, N. Seetapan, D. Pattavarakorn, and A. Sirivat, “Graphene/gelatin hydrogel composites with high storage
modulus sensitivity for using as electroactive actuator: Effects of surface area and electric field strength,” Polymer, vol. 70,
pp. 242-251,2015.

[4] A. Alam, Q. Meng, G. Shi, S. Arabi, J. Ma, N. Zhao, and H. C. Kuan, “Electrically conductive, mechanically robust,
pH-sensitive graphene/polymer composite hydrogels,” Composites Science and Technology, vol. 127, pp. 119-126, 2014.
[5] G. Sun, B. Li, J. Ran, X. Shen, and H. Tong, “Three-dimensional hierarchical porous carbon/graphene composites
derived from graphene oxidechitosan hydrogels for high performance supercapacitors,” Electrochimica Acta, vol. 171, pp.
13-22,2015.

[6] P. Baei, S. Jalili-Firoozinezhad, S. Rajabi-Zeleti, M. Tafazzoli-Shadpour, H. Baharvand, and N. Aghdami, “Electrically
conductive gold nanoparticlechitosan thermosensitive hydrogels for cardiac tissue engineering,” Materials Science and
Engineering: C, vol. 63, pp. 131-141, 2016.

[7] B. S. Kaith, K. Sharma, V. Kumar, S. Kalia, and H. C. Swart, “Fabrication and characterization of gum ghatti-
polymethacrylic acid based electrically conductive hydrogels,” Synthetic Metals, vol. 187(1), pp. 61-67, 2014.

[8] X. Liang, B. Qu, J. Li, H. Xiao, B. He, and L. Qian, “Preparation of cellulose-based conductive hydrogels with ionic
liquid,” Reactive and Functional Polymers, vol. 86, pp. 1-6, 2015.

[9] Y. Han, M. Shen, Y. Wu, J. Zhu, B. Ding, H. Tong, and X. Zhang, “Preparation and electrochemical performances of
PEDOT/sulfonic acid-functionalized graphene composite hydrogel,” Synthetic Metals, vol. 172, pp. 21-27,2013.

[10] Z. Lizhi, S. Zhiping, Z. Jingyu, T. Jing, Z. Hui, Z. Yunhang, and Z. Caimao, “PEDOT: Cathode Active Material with
High Specific Capacity in Novel Electrolyte System,” J. of Electrochimica Acta, vol. 53, pp. 8319-8323, 2008.

[11] Y. Wen and J. Xu, “Scientific Importance of Water-Processable PEDOT-PSS and Preparation, Challenge and New
Application in Sensors of Its Film Electrode: A Review,” Journal of Polymer Science, vol. 55, pp. 1121-1150, 2017.

[12] A. Guiseppi-Elie, “Electroconductive hydrogels: Synthesis, characterization and biomedical applications,”
Biomaterials, vol. 31(10), pp. 2701-2716, 2010.

[13] R. Balint, N. J. Cassidy, and S. H. Cartmell, “Conductive polymers: Towards a smart biomaterial for tissue
engineering,” Acta Biomaterialia, vol. 10(6), pp. 2341-2353,2014.

[14] N. A. Peppas, J. Z. Hilt, A. Khademhosseini, and R. Langer, “Hydrogels in biology and medicine: From molecular
principles to bionanotechnology,” Advanced Materials, vol. 18(11), pp. 1345-1360, 2006.

[15] K. Y. Lee and D. J. Mooney, “Hydrogels for tissue engineering,” Chemical Reviews, vol. 101(7), pp. 1869-1879,
2003.

[16] F. Lee and M. Kurisawa, “Formation and stability of interpenetrating polymer network hydrogels consisting of fibrin
and hyaluronic acid for tissue engineering,” Acta Biomaterialia, vol. 9(2), pp. 5143-5152, 2013.

[17] M. Al-Sibani, A. Al-Harrasi, and R. H. H. Neubert, “Study of the effect of mixing approach on cross-linking
efficiency of hyaluronic acid-based hydrogel cross-linked with 1.4 — butandiol diglycidyl ether,” European Journal of
Pharmaceutical Sciences, vol. 91, pp. 131-137, 2016.

[18] W. Zhao, X. Jin, Y. Cong, Y. Liu, and J. Fu, “Degradable natural polymer hydrogels for articular cartilage tissue
engineering,” Journal of Chemical Technology and Biotechnology, vol. 88(3), pp 327-339, 2013.

[19] B. Cohena, A. Shefy-Pelega, and M. Zilbermana, “Novel gelatin/alginate soft tissue adhesives loaded with drugs for
pain management: structure and properties,” Journal of Biomaterials Science, vol. 25, pp. 224-240, 2014.

BIOGRAPHY

Didem Ayecan is currently Ph.D. student in the Department of Chemical Engineering at Marmara University,
Istanbul, Turkey. Aycan received her Bachelor Degree from Hacettepe University in Chemical Engineering
in 2013 and received her Master Degree from Istanbul Technical University in Chemical Engineering in
2016. During 2013-2016, she worked as a Research Assistant at Istanbul Technical University at Chemical
Engineering Department. Her research interests are focused on the synthesis of smart polymers and
conductive polymers, their characterizations and its application for drug delivery systems, biosensor and
tissue engineering applications and also oil-based film production for coating applications.

Recent Publications

1. Dolap¢t N., Karaca O.G., Aycan D., Alemdar N. (2018) Production of PEDOT:PSS-Based Conductive
Polymeric Film For Future Energy Storage Applications"”, VII. Polymer Science & Technology Congress
With International Participation (POLYMER 2018).

2. Aycan D., Alemdar N. (2018) Fabrication of reduced graphene oxide-based conductive film for controlled
drug delivery applications"”, 8th World Congress on Biopolymers Bioplastics.

3. Aycan D., Alemdar N. (2018) Development of pH-Responsive Chitosan-Based Hydrogel Modified with
Bone Ash for Controlled Release of Amoxicillin. Carbohydrate Polymers 184:401-407.

4. Aycan D., Alemdar N. (2017) Production Of pH-Stimuli Responsive Hydrogel for Treatment of Gastric
Ulcer. Advanced Polymers via Macromolecular Engineering (APME 2017).

5. Aycan D., Alemdar N. (2017) Fabrication of Bone Ash-Reinforced Smart Hydrogel with Enhanced
Mechanical and Thermal Performance. European Polymer Federation Congress (EPF 2017).

6. Alemdar N., Uluturk C., Aycan D., Akyuz D., Koca A., Albayrak F.K. (2017) PANI-Based Hydrogel For
Glucose Sensing. International Conference on Applications in Chemistry and Chemical Engineering
(ICACCHE 2017).

7. Aycan D., Alemdar N (2016) Chitosan-Based Hydrogel with A High Water Uptake Capacity for
Biomedical Applications. 80th Prague Meetings on Macromolecules, Self-assembly in the world of polymers
(80th PPM).

8. Aycan D., Ercives A.T. (2015) An Easy Way to Modify Triglyceride Oils for Oil Based Binder
Preparation", Bayreuth Polymer Symposium (BPS 2015).

51



ICACChE

er 2018 Belgrade

A Country-Based Comparison of Global
Warming Potential of National Electricity
Generation

Giilsah Yilan', Gokcen Ciftcioglu, Neset Kadirgan

Abstract

Since the electricity generation activities from fossil fuels are the main contributor to climate change
problems, especially for the countries that rely on fossil fuels to supply their electricity demand, impacts
associated with the electricity generation activities should be carefully analyzed. As the sustainability
concept emerges with the rising environmental awareness, policy-making strategies have changed in a
way to consider all related issues like technical, environmental, and socio-economic factors. Among
these factors, environmental issues are one of the least studied ones compared to financial and technical
aspects. In order to investigate the environmental impacts related with electricity sector in Turkey, a life
cycle assessment methodology is applied for the 2014 electricity generation mix. The IPCC 2013 impact
assessment method is used for calculating the global warming potential (GWP) of electricity generation
activities. As the computation results indicate, fossil fuel technologies are the main responsible for
environmental burdens generated. In a global warming potential basis, country-based comparisons are
also conducted with electricity mix of various countries. In this study, environmental impacts for 2014
electricity mix is compared with other studies concerning Turkey and also with different countries as
follows: the Czech Republic, China, Portugal, India, US, Thailand, and New Zealand. Selected studies
apply the same methodology with this paper in terms of functional unit and impact assessment method.
The comparison is conducted with environmental impacts of national electricity mix expressed in kg CO,
equivalents per kWh. The GWP scores for fossil fuel technologies are consistent with Turkey-specific
studies available in the literature with respect to their order of magnitude affirming the reliability of the
inventory data.

Keywords: country-based comparison, electricity generation, global warming potential, sustainability,
Turkey.

1. INTRODUCTION

Fossil fuel related environmental impacts draw attention to emerging climate change mitigation problems for
the last decades. Especially for the countries like Turkey, that supply their energy demand from fossil fuel
technologies, environmental burdens should be comprehensively analyzed. There exist a number of impact
assessment studies in the literature for Turkey [1 — 3]. Yet, published studies have limited scopes, outdated
input data, and significant errors in the assumptions.

This study is an investigation of electricity generation technologies in Turkey with the up-to-date input data
for the year 2014 since it is the latest verified year in the calculation process. The aim of this study is to
assess the environmental burdens generated in terms of global warming potential (GWP) per kWh electricity
for each generation technology. Also the impact assessment results are compared with the previously
published studies about Turkey and also with different countries as the Czech Republic [4], China [5],
Portugal [6], India [7], US [8], Thailand [9], and New Zealand [10]. The selected studies are screened in a
way to apply the same methodology with this paper in terms of functional unit, system boundaries and impact
assessment methodology. The comparison is conducted with environmental impacts of national electricity
mix expressed in kg CO:z equivalents per kWh.
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2. MATERIAL AND METHOD

The methodology used in the calculation of environmental impacts is LCA, which is described in the ISO
standards [11, 12]. According to the standards, an LCA study consists of four phases, namely, (i) goal and
scope definition; (ii) inventory analysis; (iii) impact assessment; (iv) interpretation. In the first phase, goal of
the study is defined as well as the scope and functional unit. In the second phase, inventory data of the
investigated generation technology is collected and introduced to the computer program. In the third phase,
an impact assessment methodology is selected and environmental impact scores are obtained from inventory
data. In the last phase, input and output data belonging to the previous steps are evaluated and a final report is
proposed.

Goal and Scope Definition

The aim of this study is to investigate the environmental impacts related to electricity generation in Turkey
for the year 2014. Functional unit is selected as 1 kWh electricity generated by the investigated technology.
The scope of this study is “cradle-to-gate” including extraction, processing and transport of fuels; operation
of the power plants along with power plant construction. The environmental impacts are also compared with
the previously published country-based studies with the same functional unit, system boundary, and impact
assessment methodology.

Inventory Analysis

The schematic of electricity generation technologies in Turkey by the year 2014 are given in Figure 1.
Background data is obtained from Ecoinvent v3.01 database [13]. Total electricity generated in 2014 is
gathered from Turkish Electricity Transmission Company (TETC) statistics [14]. Lignite and hard coal data
is gathered from Turkish Statistical Institute (TSI) [15] and Turkish Coal Enterprises [16]. Natural gas data is
gathered from Turkish Petroleum (TP) [17]. Hydropower, wind and solar PV processes are based on the
Ecoinvent database due to the lack of country-specific data.
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Figure 1. The distribution of electricity generation technologies in 2014, Turkey (TETC)

Impact Assessment

The single issue IPCC 2013 impact assessment method is used for calculating the global warming potential
(GWP) of electricity generation activities. GWP score indicates how much a given gas warms the Earth
compared to COz over that specific time period. The time period usually referred for GWPs is 100 years.

Interpretation

Final reporting of the assessment results are discussed in the following section in detail.

3. RESULTS AND DISCUSSION

The interpretation phase of an LCA study includes the reporting of the findings gathered from the previous
three phases. First, the results of GWP scores of electricity generation technologies in 2014, Turkey are
discussed and then a comparison is conducted with the literature studies applying the same methodological
basis.

Estimation of Global Warming Potential Scores of Current Generation Technologies

GWP scores indicate how much energy the emissions of 1 ton of a gas absorbs over a given period of time,
relative to the emissions of 1 ton of carbon dioxide (COz). As the generation technologies are considered
individually, the highest environmental burden is calculated for lignite with a score of 1.27 kg CO2-eq/kWh
(Figure 2). Hard coal and natural gas technology scores follow the lignite technology. Compared to the fossil
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fuel counterparts, alternative renewable energy technologies have dramatically lower scores. The lowest
score is calculated for onshore wind technology as 9.32x10 kg CO2-eq/kWh.
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Figure 2. Life cycle impact assessment analysis results for2014 electricity generation mix in Turkey

In addition to the individual scores, the total GWP score of the year 2014 is also calculated to depict the full
picture of energy generation. Almost all of the equivalent emissions of CO2 are resulted from the fossil fuel
technologies due to their high carbon content as seen in the Figure 3. In order to reduce the GWP scores,
countries are aiming to shift from fossil fuel technologies to low-carbon policies; this shift is possible via the
utilization of renewable energy technologies.
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Figure 3. Contribution of generation technologies to the total GWP score in 2014, Turkey

Comparison of Country-Based Global Warming Potential Scores

In order to check the consistency of GWP scores, a comparison is conducted with previously published
studies in terms of the same functional unit, system boundary, and impact assessment methodology. The
environmental impacts for 2014 electricity mix are compared with other studies concerning Turkey and also
with different countries as follows: the Czech Republic, China, Portugal, India, US, Thailand, and New
Zealand. The country-based GWP scores of national electricity generation mix of selected countries are
expressed in kg COz equivalents per kWh. The GWP scores for fossil fuel technologies are consistent with
Turkey-specific studies available in the literature with respect to their order of magnitude affirming the
reliability of the inventory data (Figure 4). However, renewable energy technology scores differ from each
other in a wide range (Figure 5). This variation may come about as a result of the assumptions made,
geographic location characteristics, and power plant characteristics. As the investigation of environmental
impacts arising from the renewable technologies proceeds, more consistent comparison studies may be
performed.
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Figure 4.Comparison of GWP scores of fossil fuel technologies with the previous studies
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Figure 5. Comparison of GWP scores of alternative technologies with the previous studies

4. CONCLUSION

Environmental problems caused by the electricity generation activities have drawn great attention as the
sustainability concept becomes popular among the societies. In order to investigate the environmental
impacts associated with electricity sector in Turkey, a life cycle assessment methodology is applied for the
2014 generation mix. The IPCC 2013 impact assessment method is used for calculating the global warming
potential scores of commercially-available electricity generation technologies. According to the computation
results, fossil fuel technologies are the main responsible for environmental burdens generated. In a global
warming potential basis, country-based comparisons are also conducted with electricity mix of various
countries in order to check the consistency of calculation methodology. The global warming potential scores
for fossil fuel technologies are consistent with Turkey-specific studies available in the literature with respect
to their order of magnitude affirming the reliability of the inventory data affirming the reliability of inventory
data.
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Electricity Sector Investments in Turkey with
the Comparison of Environmental Burdens
Generated

Giilsah Yilan', Gokcen Ciftcioglu, Neset Kadirgan

Abstract

Energy generation activities are the main contributor to environmental burdens generated country-wide.
In order to suggest environmental-friendly policies for future energy planning studies, a comprehensive
analysis is required to depict the actual generation profile. With this aim, an impact assessment analysis
of electricity generation activities in Turkey for the year 2014 is conducted via life cycle assessment
methodology. The midpoint CML 2001 impact assessment method is used for calculating the
environmental burdens of electricity generation. As the computation results indicate, fossil fuel
technologies are the main responsible for each category of environmental impacts generated. The results
also state that increasing the share of renewable technologies is essential in response to meet the
increasing energy demand. However, electricity sector investments do not reflect the best case in terms of
environmental issues. According to the investments made in the energy sector since 2014, new
investments of the Turkish electricity market still depend on fossil fuel technologies despite its being a
country of considerable potential regarding renewable energy sources. The trend of investments does not
show a linear change throughout the years not only for the total installed power but also for any type of
technologies. The fluctuation in the new investments may result from the socio-eco-political situation of
the country, the increase in energy efficiency scores of available technologies, and also the public
opinion of related power generation technique. Even the investment trend cannot be received from the
short-term statistics, renewable energy shares can be supposed to increase from a broad perspective in
order to meet sustainable policy-making goals.

Keywords: electricity generation, energy investment, environmental burdens, Turkey.

1. INTRODUCTION

In energy decision making process, generally financial and technical aspects are of great importance while
environmental factors are ignored. In order to propose a sustainable future scenario, current situation and all
possible circumstances should be carefully analyzed. Although electricity generation mix in 2016 is still
dominated by fossil fuels with a total share of 67%, shares of renewable energy sources tend to increase
during the last decade in Turkey as sustainability concept emerges with increasing awareness about the
environment [1].

In the Institute for Energy Economics and Financial Analysis [2] report, authors propose a future scenario for
Turkey with diversifying its energy mix by adding larger amounts of renewable - wind and solar- resources to
keep away from fossil fuels. Since national consensus clearly favors better energy security and greater
diversification in how the country fuels its electricity grid, renewable energy has the potential to provide
greater benefits and a better economic alternative for Turkey on its path to becoming a more competitive
economy. There are various studies in the literature concerning with the sustainability of electricity
generation technologies. Incekara and Ogulata [3] emphasize the need for energy policies in reduction on
emissions of greenhouse gases, minimization of the use of power plants that use fossil fuels that have
significant impacts on ecosystem, environment and causes of climate change. Also, Balat [4] mentions that
the fossil fuel dependency problem of Turkey may be solved via diversification of the electricity generation
mix from a sustainable point of view. Reducing the share of fossil fuels in the electricity mix would not only
reduce the environmental impacts, but also the costs, injuries and fatalities, while also improving energy
security problem [5,6]. The aim of this study is to make a comprehensive analysis of electricity sector in
Turkey via a life cycle assessment (LCA) methodology for the year 2014. In addition, investment profile of
electricity generation technologies is investigated to depict a throughout perspective of the energy sector
trends.
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2. MATERIAL AND METHOD

The methodology used in the calculation of environmental impacts is LCA, which is described in the ISO
standards [7,8]. According to the standards, an LCA study consists of four phases, namely, (i) goal and scope
definition; (ii) inventory analysis; (iii) impact assessment; (iv) interpretation. In the first phase, goal of the
study is defined as well as the scope and functional unit. In the second phase, inventory data of the
investigated generation technology is collected and introduced to the computer program. In the third phase,
an impact assessment methodology is selected and environmental impact scores are obtained from inventory
data. In the last phase, input and output data belonging to the previous steps are evaluated and a final report is
proposed.

Goal and Scope Definition

The aim of this study is to investigate the environmental impacts related to electricity generation in Turkey
for the year 2014. Functional unit is selected as the total electricity generated by commercially available
technologies. The scope of this study is “cradle-to-gate” including extraction, processing and transport of
fuels; operation of the power plants along with power plant construction. Also, energy sector investments are
investigated for a time period of 2010 — 2017 in order to see the trend of the priorities of the energy policy-
making strategies.

Inventory Analysis

The available electricity generation technologies in Turkey by the year 2014 are given in Table 1. Background
data is obtained from Ecoinvent v3.01 database [9]. Total electricity generated in 2014 is gathered from
Turkish Electricity Transmission Company (TETC) statistics [1]. Lignite and hard coal data is gathered from
Turkish Statistical Institute (TSI) [10] and Turkish Coal Enterprises (TKI) [11]. Natural gas data is gathered
from Turkish Petroleum (TP) [12]. Hydropower, wind and solar PV processes are based on the Ecoinvent
database due to the lack of country-specific data. The energy sector investment data is gathered from the
online database of Ministry of Energy and Natural Resources (MENR) [13].

Table 1.The electricity generation technologies in 2014, Turkey

Alternative Resource/Fuel Characteristics

Lignite Domestic lignite Steam turbine based pulverized

coal plants

Hard coal Imported and domestic Steam turbine based pulverized
coal coal plants
Natural gas (Conventional) Natural gas Conventional natural gas turbine
plants
Natural gas (CC) Natural gas Combined cycle gas turbine plants
Hydro (dam) Water flow Reservoir (dam) plants
Hydro (r-o-1) Water flow Run-of-river (r-o-r) plants
Wind (onshore) Wind Onshore wind farms
Solar PV Solar radiation Photovoltaic solar panels
Impact Assessment

The multiple issue CML 2001 impact assessment method is used for calculating the environmental burdens
of electricity generation activities. The midpoint indicators used in this study are abiotic depletion,
acidification, eutrophication, global warming, ozone layer depletion, human toxicity, fresh water aquatic
toxicity, marine aquatic toxicity, terrestrial ecotoxicity, photochemical oxidation.

Interpretation

Final reporting of the assessment results are discussed in the following section in detail.

3. RESULTS AND DISCUSSION

The interpretation phase of an LCA study includes the reporting of the findings gathered from the previous
three phases. First, the results of CML 2001 methodology are discussed and then electricity sector
investments are investigated for a time scale of 2010 — 2017.

Estimation of Environmental Burdens of Electricity Generation Technologies

In order to draw a general perspective of environmental burdens resulting from the electricity generation
activities, ten different indicator scores are expressed as contribution percentages. Contribution analysis
allows depicting the individual shares of each generation technology for a specific indicator regardless of its
dimension across the other indicators. As clearly seen in the Figure 6, fossil fuel technologies constitute a




great share of each indicator score. Especially lignite and hard coal technologies create more than 75% of the
indicator scores of acidification, eutrophication, human toxicity, fresh water, aquatic and terrestrial
ecotoxicity, as well as photochemical oxidation mainly due to their high carbon content. Natural gas
technology has moderate burdens for the remaining indicator scores except for ozone layer depletion. Since
ozone layer depletion score is strictly based on the long-distance transfer of fuels, pipeline transport of
imported natural gas makes a considerable contribution. On the other hand, renewable technology scores
have minor contributions to the total scores due to their small generation shares. But even if their share is
larger, the environmental burdens they generate are quite lower compared to the fossil fuel counterparts. The
results clearly show the necessity of employing renewable energy alternatives instead of conventional fossil
fuel technologies.
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Figure 6. Contribution analysis results for 2014 electricity generation mix in Turkey

Electricity sector investments in Turkey

Although the life cycle analysis shows the environmental burdens of fossil fuel related technologies, energy
sector investments do not follow the findings driven by only environmental concerns. As well as
environmental issues; financial, technical, and social issues are considered comprehensively in policy-making
strategies. Despite being a country of significant potential for renewable energy sources, Turkey electricity
sector mainly depends on the fossil fuels. As seen in the Figure 7, except for the year 2015, new investments
are based on the fossil technologies, too. The trend of new investments does not show a linear change
throughout the years not only for the total installed power but also for any type of technologies. The
fluctuation in the new investments may result from the socio-eco-political situation of the country, the
increase in energy efficiency scores of available technologies, and also the public opinion of related power
generation technique. Even the investment trend cannot be received from the short-term statistics, renewable
energy shares can be supposed to increase from a broad perspective.

100% - — — = [ 8000

” 7000
- 6000

60% - 5000
L 4000
40% 1 L 3000
L 2000
20% -
- 1000
0% - . . . . . . . Lo

2010 2011 2012 2013 2014 2015 2016 2017

80% -

Investment share, %
Installed power, MW

. natural gas . coal s hydropower
m— wind mmmmm geothermal [ solar PV
E— other Installed power, MW

Figure 7. Life cycle impact assessment analysis results for2014 electricity generation mix in Turkey
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4. CONCLUSION

The current electricity generation profile of Turkey is analysed comprehensively for the first time with up-to-
date country-specific data. LCA methodology is applied for the year 2014 considering generation technology
alternatives with different midpoint indicators. LCA results indicate that, fossil fuel technologies are the main
reasons of environmental impacts related to electricity generation activities. In order to decrease the
environmental burdens, fossil fuel technologies should be substituted with renewable energy technologies for
future scenarios. Yet, new investments of the Turkish electricity market still depend on fossil fuel
technologies despite its being a country of considerable potential regarding renewable energy sources. The
trend of investments does not show a linear change throughout the years not only for the total installed power
but also for any type of technologies. Even the investment trend cannot be received from the short-term
statistics, renewable energy shares can be supposed to increase from a broad perspective in order to meet
sustainable policy-making goals.
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metal nanoparticles and polymer film
modified electrodes
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Abstract

The polymerization of phenol phthalein (PP) has been studied on a glassy carbon electrode (GCE)
modified with multi-walled carbon nanotubes (MWCNT) and the surface have been coated with Au
nanoparticles by electrochemical reduction technique. The AuNPs/MWCNT/poly(PP)/GC electrode is
fabricated and the electrochemical behavior of hydrazine on this modified electrode surface was tested.
The AuNPs/MWCNT/poly(PP)/GC electrode has been used as a sensing platform for the detection of
hydrazine in Britton Robinson buffer (pH 10.0). A shift in the overpotential to more negative direction
and an enhancement in the peak current indicate that the AuNPs/MWCNT/poly(PP)/GC electrode
presents an efficient electrocatalytic activity toward oxidation of hydrazine. The nanocomposite modified
electrode can be expected to enhance the mass transfer rate and will reduce the over potential for
hydrazine electro-oxidation. The electrochemical performance of the modified electrode is investigated
using cyclic voltammetry and amperometric technique. Modifying electrodes have been characterized by
scanning electron microscopy (SEM).

Keywords: Gold nanoparticles, hydrazine, multi-walled carbon nanotube, phenol phthalein

1. INTRODUCTION

Conducting polymers have received much attention due to their high surface area, high stability and low
resistance. Polymer thin films improve their use as supporting material for the development of new
electrocatalytic materials. Because of the high electric conductivity of some polymers, it is possible to shuttle
the electrons through polymer chains between the electrode and dispersed metal nanoparticles [1].

Hydrazine is also an ideal fuel for a direct fuel cell system with high hydrogen content (12.5 wt%) and have a
very negative potential for electro-oxidation. The oxidation of hydrazine does not induce poisoning effects
(CO) on the electrode surface [2]. Hydrazine has been studied as a corrosion inhibitor, rocket, emulsifier,
antioxidant, reducer, starting material for pesticides, explosives and manufacture of fuel cells etc. Moreover,
hydrazine is an efficient and nontoxic alternative fuel [3]. For the hydrazine determination, were reported
several techniques such as spectrophotometric, colorimetric, choromatografic and electrochemical
techniques. Voltammetric techniques offer an opportunity for portable, rapid, sensitive and economical
methodologies. However, direct electrochemical oxidation of hydrazine at ordinary solid electrodes is a slow
electrode process requiring a large overpotential [4]. By modifying the electrodes, the electron transfer rate of
hydrazine can be increased and the excess potential can be reduced.

Cyclic voltammetry (CV) is a simple, rapid and powerful method commonly employed to investigate the
reduction and oxidation processes of molecular species [5]. CV technique is based on varying the applied
potential at a working electrode in both forward and reverse directions while monitoring the current [6].

Metal nanoparticles among the nanomaterials have played an important role in applications such as optics,
electronics, magnetics, catalysis and biology because of various unusual chemical and physical properties
compared with those of metal atoms or bulk metal [7]. Metal nanoparticles generally exhibit small sizes in a
narrow size distribution and well defined regular shapes. They provide very fast kinetics and enhanced
sorption capacity due to their high surface to volume ratio [8].
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In this study, composite electrodes were prepared by modifying with conductive polymers-carbon nanotube-
metal nanoparticle (AuNPs/MWCNT/poly(PP)/GCE) which can increase selectivity and sensitivity and the
electrocatalytic oxidation of hydrazine was investigated. Optimum conditions were determined. The
electrochemical performance of the modified electrode was investigated using cyclic voltammetry.
Modifying electrodes were characterized by scanning electron microscopy technique (SEM).

2. EXPERIMENTAL

Materials and Methods

Voltammetric measurements were carried out by Autolab PGSTATI101 voltammetric analyzer. A three
electrode system consisted of the GCE as the working electrode, a platinum wire as the auxiliary electrode
and Ag/AgCl (std. KCI) electrode was used as the reference electrode. Cyclic voltammetry was used during
the electroanalytical studies.

Hydrazine (N2H4) and phenol phthalein were obtained from Sigma Aldrich. All other reagents used were of
analytical grade. The solutions were prepared with ultrapure water from a Millipore water system. Britton
Robinson buffer (BRB) solution was prepared from a mixture of H3BOs, H;POs and CH3COOH and the pH
was set at 10.0 by addition of necessary amount of NaOH solution.

Under optimal conditions, electrochemical polymerization of phenol phthalein was carried out in 1.0 mM
phenol phthalein solution by cyclic voltammetry. The polymerization voltammogram was obtained by
repetitive 15 potential cycles from -1.2 V ile +1.8 V in 0.1 M NaNOs solution media at a scan rate of 200
mVs! (Figure 1a).

A 10 pL of MWCNT suspension was injected on poly(PP)/GCE surface. The solvent (DMF) of the
suspension on the poly(PP)/GCE surface was evaporated at infrared lamp.

The gold nanoparticle was electrochemically deposited on the MWCNT/poly(PP)/GCE by cyclic
voltammetry scanning between -0.9 and 0.6 V in HAuCls with a scan rate of 100 mV/s for 15 cycles (Figure
1b).
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Figure 1. Cyclic voltammogram during electropolymerization of phenol phthalein on GC electrode (scan rate: 200 mV/s)
(a), Au nanoparticle deposition on MWCNT/poly(PP)/GCE, at 100 mV/s for 15 cycles in 1 mM HAuCl, solution (b).

3. RESULTS AND DISCUSSION

The hydrazine oxidation behavior was studied by using cyclic voltammetry on the GCE, MWCNT/GCE,
poly(PP)/GCE, MWCNT/poly(PP)/GCE and poly(PP)/MWCNT/GC electrodes (Figure 2). At the bare GCE
electrode, the oxidation potential of hydrazine is +0.47 V, +0.31 V when the phenol phthalein monomer is
coated, +0.29 V when the MWCNT/poly(PP) is coated. In the peak potential and current, the best
electrocatalytic effect was observed on the MWCNT/poly(PP)/GC electrode surface. The best catalytic
activity in terms of peak potential was obtained with MWCNT/poly(PP)/GC electrode with a 0.18 V potential
shift to negative as compared to the bare GCE.
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Figure 2. Cyclic voltammograms for the oxidation of hydrazine in bare GCE and modified electrodes in pH 10.0 BRB.

Poly(PP)/GCE and poly(PP)/MWCNT/GC modified electrode surfaces have been characterized by SEM
analyses as given in Figure 3. In the SEM images, the morphology of the poly(PP) on GC electrode showed
in Figure 3a almost homogeneously distributed porous polymer surface. SEM image of acid-treated
MWCNT (Fig. 3b) showed the distribution of tubular like carbon nanotubes on the GCE surface with a

smooth and rather uniform pattern. MWCNT are also homogeneously distributed on the poly(PP) surface.
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Figure 3. SEM analysis for poly(PP)/GCE (a) and poly(PP)/MWCNT/GCE (b)

The amperogram indicated that the currents of hydrazine oxidation are stabilized and stay constant after 500
s. The oxidation currents reached steady-state quickly after constant potentials were applied and displayed no
sign of decrease within the test period (Figure 4).
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Figure 4. Chronoamperometry measurement of bare and modified electrode at constant potential (0.29 V) and 900
duration time

The electrochemical impedance spectroscopy (EIS) data were fitted with an R(C(RctW)) equivalent circuit.
A large semicircle was obtained as a high electron transfer resistance (1270 ohm) in the poly(PP)/GC
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electrode compared to the other electrodes. The Rct for the bare GCE was 189 ohm, which was higher than
the Rct values obtained for MWCNT/GCE (77.0 ohm). The smaller Rct value confirmed the good
conductivity observed for MWCNT/poly(PP)/GCE (64.9 ohm) (Figure 5). The polymerization of the phenol
ftale to the glass carbon surface is clearly understood from the increase the resistance of electron transfer on
the electrode surface.
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Figure 5.Nyquist plots for bare GCE, MWCNT/GCE, poly(PP)/GCE, poly(PP)/MWCNT/GCE and MWCNT/poly(PP)/GCE
in SmM K;[Fe(CN)s]/K,[Fe(CN)s] (1:1) containing 0.1 M KCI with frequency of 0.01 Hz — 50,000 Hz.

In order to obtain the best electro-polymerization of phenol phthalein, the different solutions media were
studied. The maximum peak was observed for 0.1 M NaNOs that it was chosen for further studies (Figure
6a). The NaNOs concentration was varied in a range of 0.01-0.3 M. The best result was obtained in 0.1 M
NaNOs (Figure 6b). The electro-polymerization scan rates of phenol phthalein in 0.1 M NaNOs were studied
by varying potential scan rate (25-200 mV/s). The best electro-polymerization scan rate of phenol phthalein
was choosen as 200 mV/s (Figure 6¢). The oxidation reaction of the prepared hydrazin was studied at pH 2.0-
12.0 BRB solution. The best results were obtained in pH 10.0 and further experiments were carried out at pH
10.0 BRB (Figure 6d).
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Figure 6. Effect of the different solutions media for the electropolymerization of phenol phthalein (a), Effect of NaNO;
concentration (b), Effect of the electropolymerization scan rate of phenol phthalein (c), Effect of pH for 1 mM hydrazine
(d)




MWCNT/poly(PP)/GC modified electrode was prepared by electrodeposition various metal nanoparticles
such as Au, Pt, Cu, Ni, Co and the effect of modified electrodes on hydrazine oxidation was studied. It was
observed that these modified electrodes were increased hydrazine oxidation peak current. It was observed
that AuNPs/MWCNT/poly(PP)/GCE and PtNPs/MWCNT/poly(PP)/GC electrode surfaces shifted hydrazine
oxidation peak potentials to negative compared to other modified electrodes. Pt nanoparticle modified
electrode surface shifted hydrazine oxidation peak potential to more negative (-0.53 V) while Au nanoparticle
modified electrode surface indicated the highest peak current for hydrazine oxidation (177 pA) (Figure 7).
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Figure 7. Effect of different metal nanoparticles modification on hydrazine oxidation on MWCNT/poly(PP)/GCE surface

4. CONCLUSION

This study indicates the electro-catalytic oxidation of hydrazine on metal nanoparticle, carbon nanotube and
thin polymers film modified electrode. Modification of GC electrode was performed with electrodeposition
of phenol phthalein monomer. Platinum and gold nanostructures resulted in a significant increase in the
hydrazine peak current and shifted negatively direction at peak potential. Consequently,
PINPs/MWCNT/poly(PP)/GC and AuNPs/MWCNT/poly(PP)/GC electrodes developed can find many
applications in energy conversion and sensor systems, respectively.
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Optimization of Electrochemical Processes for
the Treatment of Raw Woollen Yarn Dye
Wastewater

Kubra Ulucan-Altuntas’, Fatih Ilhan, Can Dogan, Ugur Kurt

Abstract

The textile industry is an important source of pollution due to its intensive water consumption and the
toxic content of dye and, this wastewater deteriorate the quality of water when they received to surface
waters. In this study, electrochemical treatment methods, which are less costly than many treatment
methods, have been investigated for raw woollen yarn dye wastewater. Four iron electrodes connected
parallel for electrocoagulation process. As optimization method, response surface methodology was
applied by having current density (20 -100 A/m2), reaction time (5-25 minutes) and initial pH (pH 4-
pH 8) as independent conditions. The highest Colour and COD removal were obtained as 94% and
38.6%, respectively. High colour removal rate can be achieved in as little as 18,3 minutes.
Electrocoagulation can reduce the time required for colour treatment. In order to obtain these results, it
is necessary to apply a current density of 85,4 A/m2 to the wastewater which has been set to an initial pH
of 5 and 15 minutes. Although the colour removal is high, COD removal does not meet discharge
standards. In order to enhance COD removal rate, electrofenton process was also applied.
Electrofenton process increased COD removal rate to 77%, where the colour removal rate stayed almost
the same as 96,5%.

Keywords: Electrocoagulation, Electrofenton, Parallel Electrodes, Iron electrodes, COD, Colour

1. INTRODUCTION

Industrial activities take an important place among the pollution sources. The textile industry is one of the
sectors that need to be considered in order to prevent industrial pollution and to protect water resources. The
fact that the textile industry has an important position in the export and employment of developing countries
makes the subject even more sensitive.

One of the products used in textile industry is woollen products, which are subjected to processes such as
washing and carbonization before painting. A good cleaning can be achieved without damaging the wool
fibre if the basic conditions are provided in the washing bath. After washing, carbonization process should be
applied properly because it affects the dyeing properties of the woollen product. Generally, there is only one
application and in this application, it is applied by absorbing the acid solution by the wool product. Before
dyeing the woollen material, dyestuff selection is made according to the material form to be dyeing (fabric,
yarn, tops fiber). Acidic dyes are one of the most applied dyes and their applications can be varied according
to enterprises. Even their molecular structure varies, typical applications can be summarize as follows. All
acidic dyestuff groups are prepared in paste form with cold water before wool dyeing. At a later stage, the
water temperature is increased to 100°C and dissolved. The temperature of the dye bath water is increased to
100°C in 30-45 minutes and the dyeing process is expected to be at this temperature for 45-90 minutes
depending on the colour intensity.

Different conventional treatment methods are used in the treatment of these acidic wastewater from dye
baths. Baban et.al. has studied with wool dyeing and finishing wastewater, after application of biological
treatment, they investigated ozone efficiency. They found 98-99% colour can be removed by combination of
biological treatment and ozonation [1]. Different advanced treatment methods are used in the treatment of
textile industry wastewater [1-6]. Since the dyeing process of each industrial products is different from each
other, the suitability of the treatment methods has to be investigated for each dye bath wastewaters.

!Corresponding author: Yildiz Technical University, Environmental Engineering Department, 34220 Istanbul, Turkey.
kulucan@yildiz.edu.tr




In this study, the suitability of electrochemical methods for the treatment of acidic wastewater of the woollen
yarn dye was investigated and the system was optimized by using response surface methodology. With the
use of the information obtained by optimization, the effectiveness of the electrofenton process has been
demonstrated in order to increase COD removal.

2. MATERIAL AND METHOD

The waste water used in the experimental studies was obtained from the wool yarn dyeing shop. After the
wool yarn dyeing, the dyeing bath wastewater and the bath washing water are collected in the balancing pond
without being combined with the domestic wastewater.

Table 2. Properties of the acrylic yarn dye wastewaters

Col
CcoD TOC oour Conductivity
pH
mg/L mg/L < < < ps/cm
436 525 620 Abs
1.140 470 0,095 0,082 0,127 0,314 4,37 1.860

Experimental studies were carried out with 250 ml sample volume in plexiglas reactors with size of 6.5 cm x
6.5 cm x 18 cm. Fe and Al electrodes were used in dimensions of 5 cm x 18 cm. In electrocoagulation
studies, 4 electrodes with a total active anode area of 101 ¢cm? were placed in parallel with 15 mm intervals.
In contrast to the electrocoagulation treatment reactor, two electrodes were used as 1 anode and 1 cathode in
electrofenton experiments and the electrode intervals were determined as 6 cm.

Response surface methodology has been used to optimize the experimental data in which the following
second-degree polynomial regression model has been used.

Y=g+ 24X, + D4 X, D ax]
where; y is the response variables, ao is the constant, ai, a;; and ajj are the linear coefficients and x;, X;j are the
independent variables. Variables have been coded by the following equation.
_XN X
Ax
where; oc gives the code value of the independent variables, x;is the real value, X, is the real value in the
medium point and Ax gives the change in xi variable.

a

A five-level three-factor CCD was applied and current Density (x1), initial pH (x2) and reaction time (x3) are
the selected as independent variables. o is selected as £2. Codded factors can be seen in Table 2.

Table 3. Study matrix for the electrocoagulation

. Factor Levels
Independent Variables X; w=2 1 0 T p—y
Current Density (A/m?) X, 20 40 60 80 100
Initial pH X, 4 5 6 7 8
Reaction time (min) X3 5 10 15 20 25
3. RESULTS AND DISCUSSION

Considering the pH value (pH = 4,37) of the wollen yarn dye wastewater, in order to observe the effect of
pH, the pH range has been determined as pH 4 and pH 8. The conductivity value of wastewater was
measured as 1.860 ps/cm. With increase of pH, conductivity values have been reached to 2.500-2.600 ps /
cm, which is sufficient for a current density of 150 A/m? without electrolyte addition, but it was found not
sufficient for 200 A/m? current density. Therefore, the preliminary study was conducted at a current density
of 60-150 A/m?at pH6 with 15 min reaction time. The obtained results are given in Table 3. Since there is no
significant increase in COD and Colour removal efficiency, the current density range to be used is defined as
20-100 A/m? in Table 2. With the light of the data obtained in preliminary study, CCD was conducted as in
Table 4 and Table 5 for aluminium and iron electrodes, respectively.

Table 4. Results of the preliminary study conducted for the electrocoagulation process

Current Density

Al Electrodes

Fe Electrodes

(A/m?) COD removal (%) Colour Removal (%) COD removal (%) | Colour Removal (%)
60 25,28 83,75 30,35 95,22
80 26,36 85,60 35,83 94,95
100 28,84 84,85 36,59 97,13
150 31,47 86,35 38,12 96,41
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Table 5. RSM results conducted with aluminium electrodes

Curr?nt Influent Rea‘ction COD Colour TOC Energy‘ Dried Sludge
No DenSIZty pH Tn‘ne Removal | Removal | Removal Consumpt;on (mg)
(A/m*) (min) (%) (%) (%) (kWh/m’)
X1 X2 X3 Yi Y2 Y3 Y4 Ys

1 -1 -1 -1 20,32 79,85 19,33 1,28 613

2 1 -1 -1 25,72 82,16 25,35 4,7 718

3 -1 1 -1 20,03 76,65 21,12 1,2 779
4 1 1 -1 25,12 81,56 25,09 421 527

5 -1 -1 1 24,02 80,23 22,89 2,57 813

6 1 -1 1 33,54 83,06 29,89 9.4 1049

7 -1 1 1 24,18 77,86 25,85 2,41 548

8 1 1 1 29,69 82,63 29,12 8,42 1467

9 0 0 0 25,61 82,9 24,13 39 688
10 0 0 0 25,42 83,13 23,85 3,9 706
11 0 0 0 25,83 83,24 24,34 39 707
12 0 0 0 25,14 83,63 23,66 39 705
13 -2 0 0 17,74 76,73 17,72 0,61 449
14 2 0 0 31,69 83,51 29,65 10,2 1229
15 0 2 0 27,79 80,95 25,76 4,27 622
16 0 2 0 25,05 77,11 27,02 3,28 718
17 0 0 2 20,66 80,12 20,26 1,3 285
18 0 0 2 33,83 82,56 30,15 6,51 1067
19 0 0 0 25,37 83,85 23,88 3,9 784
20 0 0 0 25,11 83,51 24,75 39 713

Table 6. RSM results conducted with iron electrodes
Curre_}nt Influent Rea.ctlon (6(0))) Colour TOC Energy_ Dried Sludge
No Density pH Tlr.ne Removal | Removal | Removal | Consumption (mg)
(A/m?) (min) (%) (%) (%) (KWh/m?)
X1 X2 X3 Y1 y2 V3 V4 Ys

1 -1 -1 -1 25,15 87,91 21,96 1,18 470
2 1 -1 -1 31,72 92,32 25,89 4,21 690
3 -1 1 -1 2791 90,74 23,41 1,12 500
4 1 1 -1 36,86 92,36 30,13 4 844
5 -1 -1 1 31,25 89,32 24,65 2,35 848
6 1 -1 1 36,92 93,68 30,14 8,42 1830
7 -1 1 1 33,76 92,77 27,17 2,24 977
8 1 1 1 38,15 94,47 31,14 7,99 1740
9 0 0 0 32,04 93,83 26,15 3,54 1079
10 0 0 0 32,44 93,95 25,98 3,54 1129
11 0 0 0 31,84 92,98 25,69 3,54 1142
12 0 0 0 31,55 93,65 25,72 3,54 1134
13 -2 0 0 24,52 88,12 20,23 0,28 473
14 2 0 0 40,35 94,55 32,94 7,58 1756
15 0 -2 0 27,53 88,52 25,56 3,72 982
16 0 2 0 33,12 94,32 27,89 3,42 1192
17 0 0 -2 28,44 89,05 23,22 1,18 325
18 0 0 2 38,22 92,62 31,2 5,9 1573
19 0 0 0 30,91 93,19 26,35 3,54 988
20 0 0 0 32,31 93,12 26,56 3,54 995

The ANOVA results for COD, Colour, TOC removal efficiencies, energy consumption and dried sludge
production of both aluminium and iron electrodes are given in Table 6. Relevance and regression coefficients
of each design are high, which shows the applied CCD is suitable.




Table 7. ANOVA results attained for electrocoagulation

Electrode Depended Variables Coded R? Relevance
COD Removal Yi 0,990 2,07 E-07

Colour Removal Y2 0,992 9,87 E-08

Al TOC Removal V3 0,994 1,60 E-08
Energy Consumption Va4 0,999 1,28 E-14

Dried Sludge Vs 0,925 3,54 E-03

COD Removal Vi 0,989 4,79 E-07

Colour Removal Y2 0,989 4,36 E-07

Fe TOC Removal V3 0,982 4,68 E-06
Energy Consumption Va4 0,994 1,37 E-09

Dried Sludge Ys 0,989 3,50 E-07

The equations obtained with efficient parameters are given in Table 7. Efficient parameters are selected when
confidence range is higher P>0,05. From the equations obtained for COD and Colour removal by aluminium
electrode, it can be said that all independent parameters are effective. In addition, the effective parameters for
both COD and Colour removal are the same for both aluminium and iron electrodes. Independent parameters
can be ordered in their effectiveness on COD as current density, reaction time and pH, respectively.
However, it can be ordered for Colour removal as current density, pH and reaction time, respectively. The
effective parameters can also be seen in Figure 1 and Figure 2 for COD and Colour removal.

Table 8. Equations attained with Aluminum and Iron electrodes

Electrode | Depended Variables Equation
COD Removal y1=25,30 +3,339x; — 0,629, + 2,91 1x3 — 0,40 x;?
Colour Removal  |y,= 83,29 + 1,774x; — 0,893x, + 0,528x; +0,568x,.x, — 0,857x,% — 1,129x,%— 0,552x5°
Al TOC Removal y3= 24,1 +2,758x; +0,39x, — 0,723x; + 0,57x,% + 0,274 x5°
Energy Consumption |y;= 3,905 + 2,403x; — 0,23x, + 1,364x; — 0,154x,.x, + 0,801x,.x3 + 0,379x,?
Dried Sludge y3= 733,30 + 160,5x; + 175,25x; +162,75 X1 X3
COD Removal y1=31,98 +3,578x, + 1,426, +2,375x; — 0,437 x3*
Colour Removal  |y,=93,44 + 1,56x; + 1,169x, +0,878x3 — 0,681x;.x5 — 0,535 x,° — 0,514x, — 0,66X5>
Fe TOC Removal y3=26,1 +2,845x, +0,867x, +1,729x;3

Energy Consumption

ya=3,593 +2,021x; + 1,246x3 + 0,738x%,.X3

Dried Sludge

y3=1065,159 +304,688x, + 336,688x3+147,625 X, X3

Aluminium

Figure 8. Effect of Current Density and Reaction Time on COD removal
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Aluminium

Figure 9. Effect of Current Density and Initial pH on Colour Removal

In the electrocoagulation treatment of woollen yarn wastewater it can be said from the coefficients that most
effective parameter is the current density. While initial pH effected COD and Colour removal negatively for
aluminium electrodes, it effected positively for iron electrodes (Figure 1 and Figure 2).

As it could be seen in Figure 1; approximately 44% COD removal could be achieved with iron electrodes
while 40% could be achieved with the aluminum electrodes. This also can be observed in Figure 2 for colour
removal, while colour removal by aluminium is 83%, it is higher than 90% by iron electrodes.

When the TOC removals for both electrodes are compared (Table 7), it can be said that initial pH and
reaction time are more effective in electrocoagulation by aluminium than iron electrodes. The effect can be
seen in Figure 3. TOC removal for both electrodes are similar.

Aluminium

Figure 10. Effect of Current Density and Reaction Time on TOC Removal

As predicted, the most effective parameter in energy consumption is current density and, energy consumption
was increased with the increment in current density for both electrodes (Table 7). It is also found that initial
pH was not an effective parameter for energy consumption with the treatment by iron electrodes, while it is
effective with aluminium electrodes. Furthermore, the initial pH was found not to be effective parameter for
the amount of produced dried sludge and, the effect of current density and reaction time is almost equal.

The intercepts for all CCD systems shows that iron electrodes are more effective in electrocoagulation
treatment of woollen yarn wastewater than aluminium electrodes. This also can be gathered from surface
plots in Figure 1 and Figure 2. Furthermore, from the intercepts for dried sludge amount, it can be said that
iron electrodes produced more sludge than aluminium electrodes. It is generally specified that iron electrodes
are as effective as aluminum electrodes in the removal of COD from wastewaters. This is due to the fact that
the iron oxidation capacity increases the efficiency of COD removal [7].

Optimum conditions have been calculated via MathCad by the equations attained for the iron electrodes
given in Table 7. The results can be seen in Table 8, and according to table 38,6 % COD, 94% Colour and 28
% TOC removal could be achieved according to these optimized values. When optimum conditions applied
in electrocoagulation process, 39,4% COD, 95,1% colour, 28,9% TOC removal was obtained which are in
the 95% confidence interval. Required energy is calculated as 5,54 kWH/m? textile wastewater. Energy




consumption in Turkey was 0,08 US $/kWH for industry, the cost of electrocoagulation process by iron
electrodes will be 0,44 US $/m? textile wastewater. When dried sludge is calculated with optimum values,
1760 mg sludge will be produced.

Table 9. Optimization of the electrocoagulation process

Independed Factors Coded Levels Real Values
Current Density (A/m?) 1.27 85,4 A/m?
Initial pH -1 pHS
Reaction Time (min) 0,665 18,3 min

While colour removal could be achieved in high ratio with the electrocoagulation process, COD and TOC
removals have remained less than 40%. The electrofenton process has been applied within the direction of the
study data attained as a result of the optimization of the electrocoagulation process. In this study, initial pH
was adjusted as 3, H2O2 concentration of 1200 mg/L and reaction time of 30 minutes was chosen.

Table 10. Removal Efficiencies with Electrofenton process

Current Density, A/m? COD Removal Rate,% Color Removal Rate, % TOC Removal Rate, %
50 67,1 85,4 48,0
100 74,9 95,5 55,1
150 73,9 95,2 53,2
200 77,0 96,5 65,5

As seen in Table 9; even 50 A/m? of current density is applied, which is less than the optimum current density
in electrocoagulation process, the COD removal rate was increased from 38,6% to 67,1%. COD, Colour and
TOC removals was increased as 74,9 %, 95,5 % and 55,5 % when a current density of 100 A/m?is applied,
thus the discharge limits will be provided. Removal rates were achieved in higher ratio when compared to
the electrocoagulation.

CONCLUSION

Treatment of woollen yarn dye wastewaters by electrochemical processes was compared. In
electrocoagulation process, the most effective parameter on removal of COD, Colour and TOC was
determined as current density for both electrodes. 4 iron electrodes placed parallel was found to be more
effective than aluminium electrodes. Energy consumption is studied and required energy is calculated as 5,54
kWH/m? textile wastewater which is cost 0,08 US $/m? textile wastewater. By electrocoagulation process,
maximum 44% of COD removal can be achieved. Thus, electrofenton process is investigated and even in less
current density, removal rate was increased to 67,1%. In addition, in electrofenton process 100 A/m?> of
current density was determined as suitable to reach discharge limits. Electrofenton process can be applicable
for woollen yarn dye wastewaters as a treatment process that provides high removal rate in less space
compared to conventional treatment systems.
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Termal Yontem ile indirgenmis Grafen
Oksit Sentezi ve Karakterizasyonu

Osman Eksik!

Ozet

Grafen yapt olarak grafitin tek bir tabakasim olusturmakta ve karbon atomlarinin sp’ melezlesmesi yaptigu iki boyutlu
planar yapidir. Elektronik iletkenligi, 1s1l ve mekanik dayamikiigi, yiizey alam olduk¢a yiiksek bir malzemedir. Yapilan
calismada, pul grafitten az katmanly indirgenmis grafen oksit iiretimine odaklamldi. Ayrica grafen oksit (GO) ve indirgenmis
grafen oksidin (RGO) iiretimi ve karakterizasyon yontemleri arastirildr. Oncelikle grafit, biiyiik olgekli iiretime elverigli
yontemlerden olan Staudenmaier yontemiyle grafen oksit (GO) yapisina doniistiiviilmiistiir. Elde edilen grafen oksit
numuneleri termal yontemle indirgendi. Grafen oksit ve indirgenmis grafen numuneleri FT-IR, SEM, XRD, XPS, BET ve
Raman spektroskopisiyle karakterize edilmistir. FT-IR spektroskopisi sonuglari, oksijen iceren fonksiyonel gruplarin
(OH, C=0, C-OH) sentezlenmis grafen oksitin yapisina girdigini kanitlamaktadir. XRD analizi sonucunda tabakalar
arast mesafelere bakildiginda ise grafit i¢in 0,32 nm, grafen oksit igin ise 0,85 nm degerlerine ulagiimaktadir. Bu
sonuglar oksitleme isleminin basariyla gerceklestigini gostermektedir. XPS spektrumu grafen oksit ve indirgenmis grafen
oksidin kimyasal yapisindaki atomik C:O oranlarimin sirasiyla yaklasik 1,88 ve 11,17 oldugunu gostermektedir. SEM
goriintiilerinden saydam ve kirisik indirgenmis grafen oksit (RGO) yapilart tespit edilmistir. RGO drnekleri raman
spektroskopisinde yeni sp? yapilarin olustugu ve diizenli yapr miktarinmn arthgin goriilmiistiir. Indirgenmis grafen oksit
numunelerinin BET analizi sonucunda yiizey alammin 1g basina yaklasik 600 m’g”" oldugu tespit edilmistir. Bu durum
sentezlenen RGO larin az tabakali yapida olduklarini gostermektedir.

Anahtar kelimeler: Grafen, Indirgenmis Grafen Oksit, Termal Indirgeme.

1. Giris

Grafen karbon allotropu olup, karbon atomlarinin tek diizlemde hekzagonal yapida dizilmesiyle olusan iki
boyutlu bir yapiya sahiptir. Kendine 6zgii elektriksel ve yapisal 6zelliklere sahip iki boyutlu yeni bir malzeme olan
grafen son yillarda oldukga ilgi ¢ekmistir. Grafenin bu yapisi ona olaganiistii 6zellikler kazandirmaktadir.
Grafen kiitle oranma gore oldukga genis spesifik yiizey alanina (teorik olarak, 2630 m2g™!), oldukca yiiksek
termal iletkenlige (~5000 Wm™'K-!, bakirdan 10 kat daha yiiksek) ve optik gecirgenlige (~ %97.7) sahiptir.
Grafenin bagka bir ilging 6zelligi de esnek ve ¢ok dayanikli olmasidir. Sp? hibridizasyonu adi verilen bir
bag sekli yiizinden, belli yonlerdeki kuvvetlere karsi elmas kadar dayaniklidir ve yiiksek young modiiliine
(~1100 Gpa) sahiptir. Grafenin bu olaganiistii 6zelliklerinden dolay: farkli kullanim alanlarinda uygulama
yapilmasina olanak saglamaktadir. Termal ve elektrik iletkenliginde, nanokompozitleri giiglendirmede,
saydam iletken filmlerde, ultra ince karbon filmlerde, elektronik devrelerde, sensorlerde (kimyasal ve
biyosensorler), ilag ve gen salimim araglarinda, agir metalleri ayrigtirmada, nanoelektronikte, ekranlar igin
saydam ve esnek elektrotlarda, enerji depolama cihazlar1 gibi karbon tabanli malzemelerde grafen
uygulama alanlar1 bulmaktadir [1-6]. Ayn1 zamanda hizla ilerleyen teknolojik gelismeler ile grafenin yakin
gelecekte robot yapimi, giines hiicreleri, telekomiinikasyon, biyokimya, tip gibi bircok alanda karsimiza
¢ikacagmi gostermektedir. Grafenin farkli yontemlerle elde edilmelerine bagli olarak, o6zellikleri ve
kullanim alanlar1 degisiklik gostermektedir.

Giintimiizde devam eden grafen ile ilgili yogun bilimsel arastirmalar grafenin giinliik hayattaki uygulama
alanlarin1 ve iiretim metotlarini gelistirmek i¢in yapilmaktadir [7,8]. Bununla birlikte grafenin diisiik
maliyette ve yliksek miktarlarda iiretiminde halen zorluklar yasanmaktadir. Yiiksek miktarlarda grafen
tiretiminin yolunu agacak olan metot grafitin oksitlenmesidir. Bu ¢alismada, grafitin oksidasyonu igin ucuza
satilan dogal grafit tozu baslangic malzemesi olarak kullanilmis ve Staudenmaier metodu kullanilarak
grafen oksitlenmistir. Elde edilen grafen oksitin termal yontemle indirgenmesiyle birkag tabakali grafen
iretimi gergeklestirilmistir.

1.1. Grafen Oksit Uretimi

Grafen elde etmek igin en umut verici yontemlerden birisi grafitin oksidasyonudur. Grafen oksit
sentezindeki ilk Ornek 1859 yilinda Brodie’nin grafitin yapisim1 kesfetmesidir. Gergeklestirdigi
reaksiyonlardan birisi, derisik nitrik asit (HNOs) igindeki grafit bulamacina potasyum klorat (KCIO3)
ilavesi seklindedir [9]. Brodie grafitin toplam agirliginda artisla olusan malzemenin karbon, hidrojen ve
oksijenden olustugunu belirlemistir.
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Basaril1 bir oksitleyici muamelesiyle, dort reaksiyon sonrasinda limit degere ulasan bir oksijen icerigi artisi
ile oldugunu ortaya koymustur. Brodie bu malzemenin saf veya normal su igerisinde dagitilabildigini fakat
asidik ortamda dagitilamadigini belirlemistir. Bu durum, onu malzemeyi “grafit asit” olarak tanimlamaya
sevk etmistir.

Brodie*nin grafitin oksitlenebilirligini kesfinin ardindan Staudenmaier 1898 yilinda potasyum klorat™
(KCl10Os3), dumanlt nitrik asit (HNO3) ve derisik H2SO4 karisimina Brodie“nin yaptig1 gibi tek seferde ilave
etmek yerine yavasca ekleyerek gelistirmistir [10]. Daha sonra Hofmann, Staudenmaier ve Brodie“nin
yonteminde kullanilan dumanli nitrik asitin yerine derisik nitrik asit (HNOs3) kullanarak grafen oksit sentezini
gergeklestirmistir [10]. Staudenmaierden yaklasik 60 yil sonra Hummers grafitin potasyum permanganat
(KMnOs4) ve derisik siilfiirik asit (H2SO4) karisgimiyla reaksiyonuna dayanan ve benzer oksitlenme
seviyelerine ulagsan bir yontem gelistirmistir [10]. Brodie, Staudenmaier ve Hofmann yaklasimlarinda
genellikle KC1O3, derisik HNO3 ve H2SO4 kullanilmustir. Nitrik asit yaygin kullanilan bir oksitleyicidir ve
karbon nano tiipleri de igeren aromatik karbon yiizeyleri ile kuvvetli etkilesimleri bilinmektedir. Tepkime,
karboksiller, laktonlar ve ketonlar gibi ¢esitli oksijen i¢eren tiirlerin olusumu ile sonuglanmaktadir. Nitrik asit
ile oksitleme NO2 ve/veya N204 gazlarmin salinimu ile sonuglanir [10]. Ayn1 zamanda, KC1O3 da kuvvetli bir
oksitleyicidir. Hummers yontemi potasyum permanganat (KMnO4) ve siilfiirik asit (H2SOas) bilesimini
kullanir. Permanganat kuvvetli bir oksitleyicidir ve bu dzelligiyle aktif grafen oksit (GO) yiizeyinde farkli
oksijen gruplarim (karboksil, hidroksil ve epoksi vb.) icererek, GO yapisini hidrofilik hale getirir [11].

1.2. Grafen Oksit indirgeme Yontemleri

Grafen oksitin termal ve kimyasal yontemlerle indirgenmesiyle tek ve ¢ok tabakali grafen iiretimi
gerceklestirilebilmektedir. Grafen oksitin indirgenmesi igin termal ve kimyasal bir¢ok yaklagim one
stirlilmiistiir. Grafen sentezinde kullanilan termal indirgeme yontemleri; 1s1l tavlama, mikrodalga ve foto
indirgemedir [12]. Grafen iiretiminde kullanilan diger bir yontem ise kimyasal indirgemedir. Kimyasal
indirgeme yontemi ise baslica; kimyasal ayirici indirgeme, foto katalitik ve elektrokimyasal indirgemeden
meydana gelmektedir [13].

Isil tavlama ydntemi, grafen tabakalari arasindaki CO ve CO:z gazlarinin grafit oksidin hizli 1sitilmasi
esnasinda olusup ani genlesmesi siireglerinin igermektedir. Bu islem 1050°C*“da gerceklestirilmekte ve bu
sicaklikta y1gm halindeki grafen oksit katmanlar1 birbirinden ayrilarak grafen tabakalarini olugturmaktadir
[12]. Diger bir termal indirgeme isleminde ise mikrodalga [14] ve foto 1smlamayla [15] grafen sentezi
gerceklestirilmektedir.

2. Materyal ve Metot

2.1. Staudenmaier Metodu ile Grafen Ooksit Sentezi

Grafen oksidin sentezlenmesi i¢in uygulanan yontemlerden birisi olan Staudenmaier yonteminde
oncelikle kuvvetli oksitleyici olarak kullanilan dumanli nitrik asit (HNO3; %98, 45 mL) ve
stlfiirik asit (H>SO4 , %95-98, 90 mL) mekanik karistirict vasitast ile karistirilmig, karisimin
sicakligi buz banyosu kullanilarak 5°C’ e disiiriilmiistiir. Sentez siireci sicaklik kontrollii
gergeklestirilmis olup, sicaklik artis egilimine girdiginde buz ilavesi yapilarak tiim sentez
stiresince sicakligin 5°C civarinda kalmasi saglanmistir. Daha sonra 5 g grafit, hazirlanan
karisima yavasca ilave edilmistir. Bu agamadan sonra 55 g KClO3, buz banyosunda karigmakta
olan karisimin iizerine yavasca eklenmistir. Bu islem, karigma kesintiye ugratilmaksizin 12 saat
siire ile gerceklestirilmistir. 12 saat sonunda, karisim 4 giin boyunca sicakligi 50°C’yi
gegmeyecek sekilde karistirllmaya devam edilmistir. Bu islem sonunda grafitin oksitlenme
stireci tamamlanmis ve grafen oksit elde edilmistir. Elde edilen grafen oksit yapisinin
saflastirilmas1 amaciyla sirasiyla %5“lik HCI ¢ozeltisi ve aseton ile yikama islemi yapilmistir.
Saflastirilan numune etiivde 105°C’de igerisinde nem kalmayacak sekilde 24 saat boyunca
kurutulmustur.

2.2. Termal indirgeme ile Grafen Sentezi

Grafen oksitin  termal indirgenmesiyle tek ve ¢ok tabakali grafen {iretimi
gergeklestirilebilmektedir. Termal indirgeme metodunda, grafen oksit numunesi, argon gazi akisi
altinda 1050°C*deki boru firmn sistemine kisa siireli yerlestirilmis (45 san.) ve termal sok ile
indirgenerek grafen elde edilmistir. Termal indirgeme sirasinda grafen oksidin yapisindaki
oksijen iceren fonksiyonel gruplar (epoksi, hidroksil ve karboksil vb.) yapidan uzaklasmaktadir.
Tabakalar arasinda olusan CO ve CO; gazlan yiiksek basing olusturarak genlesmek suretiyle
termal eksfoliasyona ugramaktadir. Bu islemler Grafik 1°‘de sematik olarak gosterilmistir.
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Grafik 1. Grafen oksidin termal yontem ile indirgenmesi.
3. Bulgular ve Tartisma

3.1. Grafit, Grafen OKktit ve indirgenmis Grafenin TGA Analizleri

Grafik 2’de TGA analizi ile grafit, grafen oksit (GO) ve indirgnenmis grafen oksite (RGO) ait termal
ozellikler incelenmistir.
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Grafik 2. Grafit, GO ve RGO 'nun TGA sonuglari.

Grafitin termal Ozellikleri incelendiginde, grafitte sicaklik degisimine bagli bir agirhk degisimi
goriilmemistir (Grafik 2). Buna karsilik Staudenmaier yontemiyle elde edilen GO’da ii¢ asamali
degredasyonun oldugu gozlemlenmistir. ilk evre, 50-150 °C araliginda GO’ya adsorbe olmus suyun kiitle
kayb1 ile yapidan uzaklasmasidir. ikinci evre, 150 °C ile 400 °C arasindadir. Buradaki kiitle kaybi, GO
yapisindaki oksijen igeren hidroksil, epoksi ve karboksil gibi gruplarin grafien oksit yapisindan uzaklagmast
olarak aciklanabilir. Ugiincii evre ise 400 °C ile 800 °C arasidir. Bu araliktaki kiitle kaybi ise GO
icerisindeki kararli olmayan karbon yapilarmm pirolizinden kaynaklanmaktadir. Termal indirgeme
yontemi kullanilarak elde edilen RGO, agirligmim %25’ ini kabetmistir. Bunun sebebi RGO’nun yapisinda
kalan oksijen igeren gruplarin yapidan uzaklasmasidir ve bu degerler literatiir ile uyusmaktadir [16,17].

3.2. Grafiti Grafen Oktitin XRD Analizleri

Grafik 3’de grafit ve grafen oksitin (GO) XRD analizleri goriilmektedir.
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Grafik 3. Grafit ve Grafen Oksit numunelerinin “in XRD spektrumlari.

Grafik 3’de grafit icin 26=26.12°"de grafite ait bir pik goziikmektedir. Grafen oksite ait pik degeri ise
20=11.02° olarak goziikmektedir. Literatiirden bakilan degerler dogrultusunda bu pikler sirasiyla grafit i¢in
26.48°, grafen oksit icin ise 10.90° olarak bilinmektedir [18]. Elde edilen verilerle literatiir verileri
kiyaslandiginda oksitleme isleminin basarrya ulastigi goriilmektedir. Tabakalar arasi mesafelere
bakildiginda ise grafit i¢in 0.32 nm, grafen oksit i¢in ise 0.85 nm degerlerine ulasilmaktadir. Oksitleme
islemi sonucunda grafen oksit tabakalari arasi mesafenin artmasi, oksitleme isleminin basariyla
gergeklestigini gostermektedir.

3.3. Grafit, Grafen Oktit ve indirgenmis Grafenin FT-IR Analizleri

Grafit tozundan GO sentezlendiginde goriilmesi gereken FT-IR frekanslari, alinan FT-IR spektrumlarinda
gozlemlenmistir (Grafik 4).

GO’nun FT-IR spektrumunda &nemli olan karboksilik asit gruplarinin, hidroksil gruplarinin ve epoksi
gruplarinin gdzlemlenmis olmasidir. Grafik 4’de goriildiigii iizere, OH gerilme titresimi 3377 cm™!, C=0
gerilme titresimi 1731 ¢cm’!, C=C gerilme titresimi 1620 cm™!, C-OH gerilme titresimi 1226 cm™ ve C-O
gerilme titresimi 1056 cm! olarak dlgiilmiistiir. Literatiir arastirmas1 sonucunda, OH gerilme titresimi 3391
cm!, C=0 gerilme titresimi 1721 cm™!, C=C gerilme titresimi 1620-1680 cm', C-OH gerilme titresimi
1226 cm! ve C-O gerilme titresimi 1046 cm’! olarak bulundugu tespit edilmistir [19]. Grafit numunesi bu
titresimlerden hig¢ birine sahip degildir. GO’daki tiim bu gerilmeler grafen oksidin basariyla olustugunu
ortaya koymaktadir.
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Grafik 4. Grafit ve GO 'ya ait FTIR spektrumu.

Calisilan sartlarda ayrica 1s1l indirgemenin etkisi incelenmistir. Grafik 5’de goriilebilecegi gibi indirgeyici
olarak termal yontem kullanildiginda grafen okside ait karakteristik piklerin kayboldugu goriilmektedir
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Grafik 5. GO ve RGO ya ait FTIR spektrumu.
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3.4. Grafen Oksit ve Indirgenmis Grafen Oktitin XPS Analizleri

GO ve RGO’nun yapilan XPS analizleri sonuglart ile tespit edilen karbon, oksijen elementler miktar1 ile
karbon/oksijen orani sonucu, Tablo 1’de verilmistir.

Tablo 1. Grafen oksit ile thermal yontemle indirgenmis olan grafenin C/O oranlari.

Element GO Isil indirgeme RGO
% C 65.27 91.78
% O 35.73 8.22
C/O 1.88 11.17

GO’nun yapisinda %35 oksijenin varligi, GO yapisi igerisinde fonksiyonel gruplarin olustugunu
gostermektedir. GO’nun termal indirgemesi ile elde edilen RGO’daki oksijenin varlig1 ise %8.22 ye kadar
diismiistiir. . Bu sonuglara bakildiginda termal yontem ile indirgeme sonucunda oksijenli fonksiyonel
gruplarin yapidan uzaklagtigi anlagilmaktadir. GO ve RGO’ nun C/O orani sirasiyla 1,88 ve 11,17 olarak
bulunmustur. Bu sonuglar literatiir ile uyumlu sonug vermistir [19, 20].

3.5. Termal indirgeme Metoduyla Sentezlenmis Grafenin Raman Analizi

RGO’nun yapisal 6zellikleri Raman spektroskopisi ile analiz edilmistir. Grafik 6’da termal yontem ile elde
edilen RGO’nun yapisindaki de@isimi gosteren Raman spektroskopisindeki D (sp?) bandi, aromatik
yapidaki diizensizlikleri, amorf yapilar1 ve oksidasyon sonucunda olusan alifatik yapilar1 ifade ederken, G
(sp?) band1 diizenli/aromatik yapilar1 gostermektedir. Raman deseninde 2D bandi graphene ait karakteristik
piki gdstermektedir. Raman spektrumunda beklendigi gibi D piki 1350 cm™"’de, G piki 1585 cm! *de ve 2D
piki, 2685 cm™!’de goriilmektedir. D pikinin siddeti (Ip) diizensiz yapilarin derecesini, G pikinin siddeti (I)
diizenli yapilarin siddet degerini vermektedir. Literatiirde belirtildigi gibi karbon esasli materyallerin In/Ic
orant 0,95-1,22 araliginda olmasi beklenmektedir [20, 21]. Caligmamiz da ise RGO yapisinin Ip/Ig orant
0,97 bulunmustur. Dolayisiyla, Raman spektroskopisi, sentezlenen RGO’da sp2 yapilarin olustugu ve
diizenli yap1 miktarinin arttig tespit edilmistir.
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Grafik 6. Thermal metod ile elde edilen graphene ait Raman deseni.

3.6. Grafit, Grafen Oksit ve indirgenmis Grafenin SEM Analizleri

SEM cihazi ile 200nm (30.00kx) yakinlastirilarak grafit, GO ve RGO yapilarinin gériintiileri elde
edilmistir (Grafik 7).

Grafik 7. Saf grafit tozu (a), grafen oksit (b) indirgenmis grafen oksit (c).

Grafik 7’de goriildiigii iizere, grafitin (a) oksitleme isleminden sonra, grafit tabakalarinin arasi agilmigtir
(b). Bu goriintiiler, oksitleme isleminin bagarili bir sekilde ger¢eklestigini gostermektedir. Termal olarak




indirgenmis grafenin SEM goriintiileri (c), seffaf, kirigmus grafen yapilarinin elde edildigini
gostermektedir.

3.7.  BET Sonug¢larinin Degerlendirilmesi

Brunauer, Emmet ve Teller (BET) methoduyla 77 K’deki sivi azot ortaminda, azot (N2) gaz1 adsorpsiyonu
teknigine dayali olarak yiizey alan1 ve gozeneklilik O6l¢iimii yapilmustir. Isil indirgeme metoduyla
sentezlenmis grafenlerin (RGO) BET analizi sonuglart Tablo 2’deki gibidir.

Tablo 2. Isil indirgeme metoduyla sentezlenmis grafene (RGO) ait BET analiz sonuglar

BET yiizey alan1 Hacim Gozenek cap1
(m?/g) (cc/g) (4V/S, Nanometer)
RGO 600 1.176 9.02

Termal metod yoluyla iiretilen grafen galismasina ait numunenin BET analizi sonucunda grafenin yiizey
alan1 600 (m*g) ¢ikmistir. Bunun sebebi, Staudenmaier-GO’nun termal inirgeme yapilarak grafen eldesi
sirasinda oksijenli gruplarin daha etkin ayrilarak daha gozenekli yap1 olusturmasi ve yiizey alaninin yiiksek
olmasini saglamustir.

4. Sonuc ve Oneriler

Bu arastirmada, pul grafitten az katmanli indirgenmis grafen oksit iiretimine odaklanildi. Ayrica grafen
oksit (GO) ve indirgenmis grafen oksidin (RGO) iiretimi ve karakterizasyon yoOntemleri aragtirildi.
Oncelikle grafit, biiyiik dlgekli {iretime elverigli yontemlerden olan Staudenmaier yéntemiyle grafen oksit
yapisina doniistiiriilmiistiir. Elde edilen grafen oksit numuneleri termal yontemle indirgendi. Grafen oksit
ve indirgenmis grafen numuneleri FT-IR, SEM, XRD, XPS, BET ve Raman spektroskopisiyle karakterize
edilmistir. FT-IR spektroskopisi sonuglari, oksijen igeren fonksiyonel gruplarm (OH, C=0O, C-OH)
sentezlenmis grafen oksit blinyesindeki varligina isaret etmektedir. XRD analizi sonucunda tabakalar arasi
mesafelere bakildiginda ise grafit i¢in 0.32 nm, grafen oksit i¢in ise 0.85 nm degerlerine ulagilmaktadir. Bu
sonuglar oksitleme isleminin basariyla gergeklestigini gostermektedir. XPS spektrumu GO ve indirgenmis
grafen oksidin kimyasal yapisindaki atomik C:O oranlarinin sirasiyla yaklasik 1.88 ve 11.47 oldugunu
gostermektedir. RGO 6rnekleri raman spektroskopisinde yeni sp? yapilarin olustugu ve diizenli yapi
miktarmin arttigini goriilmiistiir.SEM goriintiilerinden saydam ve kiristk RGO yapilart tespit edilmistir.
Indirgenmis grafen oksit numunelerinin BET analizi sonucunda yiizey alanmin 1g. basina yaklasik 600 m?2
oldugu tespit edilmistir. Bu durum sentezlenen RGO’larin az tabakali yapida oldugunu gostermektedir.
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Abstract

This study evaluates the feasibility of UV-C-driven advanced oxidation process in degrading ciprofloxacin (CIP)
in urban wastewater effluents, using H>O: as oxidant at various concentrations for the process optimization.

The results revealed that a complete degradation of CIP was achieved within 15 min of treatment under the
optimum concentration of H,O,which it was found to be 10 mg L. Also CIP decay exhibited a pseudo-first-order
kinetics pattern under the different experimental conditions applied.

The phytotoxicity and ecotoxicity of the treated samples was investigated against one plant species (Sinapis alba)
and a crustacean (D. magna), respectively. At the end of the process the phytotoxic effect was eliminated. In
addition, this study demonstrated the ability of the UV-C process to reduce the toxicity towards D. magna since
the immobilization of the organisms was significantly reduced comparatively to the untreated wastewater. The
antibacterial activity of the treated samples was investigated and a total inactivation of CIP-resistant Escherichia
coli within 2 min of treatment was recorded.

Keywords: antibiotics; ciprofloxacin, UV-C/H,O,; toxicity, antibiotic resistance.

1. INTRODUCTION

Ciprofloxacin (CIP), poorly biodegradable, consists of a recalcitrant quinolone structure and a piperazine
moiety is a second generation fluoroquinolone. The antibiotic is one of the most prescribed antibiotics
worldwide for the treatment of urinary and respiratory tract infections [1,2]. Some studies demonstrated that
CIP can be extremely genotoxic [3] and can also exhibit acute toxic effect towards algal species and various
aquatic organisms [4,5]. Moreover, bacterial strains harbouring resistance to CIP have been detected in
various environmental compartments. Many studies on the degradation of CIP in distilled water have been
conducted, including heterogeneous photocatalysis [6] ultrasound irradiation [7] ozonation [8] electron
ionizing energy [9] photooxidation with UV irradiation [10] but only very few studies have been performed
in real wastewater effluents and at a concentration of CIP close to real environmental levels (50 uM). Despite
all of the research studies that have been conducted, no studies were performed to evaluate the efficiency of
the UV-C/H202 process in removing toxicity of treated wastewater, as well as CIP-resistant bacteria. Thus,
the aim of this study was to assess the efficiency of a UV-C-driven chemical oxidation process in the
presence of HxO2, to degrade CIP at environmentally relevant concentration level in urban wastewater
effluents. The treatment efficiency through the evaluation of phyto- and eco-toxicity effects, towards Sinapis
alba and Daphnia magna, respectively, was explored. Also, the study investigated the removal of E. coli
harbouring resistance to CIP during UV-C irradiation. According to the authors” knowledge, this work is the
first one revealing comprehensive data regarding the oxidation of CIP by UV-C/H20z process, the assessment
of the process in removing phyto- and exo-toxicity, and finally antibiotic-resistant bacteria.

!Corresponding author: Centre de Recherche Scientifique et Technique en Analyses Physico-Chimiques, BP 384 Bou-
Ismail, RP 42004 Tipaza, Algeria, boud lil@yahoo.fr.

’Department of Civil and Environmental Engineering and Nireas-International Water Research Centre, School of
Engineering, University of Cyprus, P.O. Box 20537, 1678 Nicosia, Cyprus.
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2. MATERIALS AND METHODS

All experiments were run in a photochemical apparatus consisting of an immersion well, batch
type bench-scale cylindrical reaction vessel with a total capacity of 600 mL. The aqueous solution
was irradiated with 9 W low-pressure mercury monochromatic lamp (254 nm).

The oxidation experiments were performed using secondary treated wastewater (taken after the
secondary clarifier). All wastewater samples were grab samples and they were conserved in amber
glass bottles (1 L each) after filtration through 0.45 pm.

CIP concentration evolution was monitored using an ACQUITY TQD UPLC-MS/MS system.

Toxicity Assessment

The phytotoxicity of the treated samples was evaluated towards Sinapis alba using the Phytotestkit
microbiotest (MicroBioTests Inc.), which measures the direct effect of chemical compounds on
plants.

The ecotoxicity of the treated samples were evaluated towards the crustacean Daphnia magna
using the Daphtoxkit magna toxicity test. Ecotoxicity was expressed as the percentage of the
immobilized organisms after an exposure time of 24 h and 48 h, for each sample.

Enumeration of total cultivable and CIP-resistant E. coli

The prevalence of total cultivable and CIP-resistant E. coli prior to and after the UV-C oxidation
treatment was evaluated. E. coli were enumerated on TBX agar or on this medium supplemented
with CIP. The antibiotic concentration in the culture medium (1 mg L') was chosen based on its
environmental relevance and its minimum inhibitory concentration (MIC) to E. coli. The treated
samples were passed through cellulose ester membranes using a membrane filtration apparatus to
ensure a reliable count in each sampling time. Then, the membranes were placed onto the culture
media and incubated for 24 h at 44 °C. The prevalence of CIP-resistant E. coli was calculated by
directly comparing the CFU mL 'counts on the antibiotic plate supplemented culture medium with
the corresponding counts without antibiotic.

CFU ml~! medium with CIP
CFU ml~1 medium without CIP

Resistance (%) = x 100 (1)

3. RESULTS AND DISCUSSION
Phytotoxicity

Seed Germination Inhibition (GI)

From Fig. 1 (a), it is evident that the wastewater samples spiked with 100 pg L' of CIP (WW),
exhibited no inhibition effect on the germination of S.alba, indicating that the presence of this
antibiotic in wastewater did not have any adverse effect on the germination. Similar results were
obtained with the same plant species when adding ofloxacin and trimethoprim in secondary treated
wastewater at 100 ug L' [11].

The treated samples collected afterl5 min and 60 min of treatment caused low inhibition on the
germination of S. alba (3.33%) possibly due to the formation of new oxidation products which
apparently were toxic to these seeds. However, at the end of treatment (180 min), no seed
germination inhibition was observed, indicating that the toxic intermediates were eliminated (or
further transformed to less toxic compounds) at the end of the process.

Root growth inhibition (RI)

The phytotoxicity effect against root growth was higher compared to that observed on seed
germination, indicating that the roots were more sensitive (Fig. 1 (b)). In the case of untreated
wastewater, a favourable effect on root growth was observed (negative inhibition values), which
can be possibly assigned to the presence of nutrients in the wastewater samples. Similar negative
values were obtained when investigating the efficiency of a sulfate radical-based oxidation process
under UV-C irradiation in degrading erythromycin [12].

RI increased at 15, 30 and 60 min of treatment yielding 2.8%, 7% and 18.1% of inhibition,
respectively, implying thus the formation of new oxidation products that are more toxic than the
original wastewater matrix. From that time onwards, RI decreased at 90 and 120 min (2.56% and
0.13%, respectively), indicating the removal or transformation of the toxic oxidation products. At




the end of the treatment (120 min), the value of RI was lower than that observed for the untreated
wastewater sample (6.89%), meaning that the oxidation process reduced significantly the
phytotoxicity of the matrix. Michael-Kordatou [12] investigated the phytotoxicity of
erythromycin-spiked wastewater effluents subjected UV-C/sodium persulfate treatment. The
maximum inhibition of root growth of S.alba reached 54%, within 30 min of treatment, and
beyond this time RI was significantly decreased up to 5%.
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Figure 1. (a) Seed germination inhibition (GI), (b) Root growth inhibition (RI) during the UV-C
oxidation treatment. Experimental conditions: [CIP]p=100 pg L', [H20,]¢=10 mg L-!, pH=7.8.
Ecotoxicity assessment

In further experiments, toxicity tests were performed by exposing D. magna to the treated samples
collected at different times of treatment. The ecotoxicity profile was expressed as %
immobilization of D. magna after 24 and 48 h of exposure (Fig. 2).
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Figure 2. Immobilization of D. magna during UV-C/H,0,. Experimental conditions: [CIP];=100
pg L, [H20:]0=10 mg L, pH=7.8.
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The untreated CIP-spiked wastewater resulted in a complete immobilization (100%) of D. magna
after 24 h exposure time, indicating the toxic effects of dE{OM originally present in the matrix.
From that time onwards, the immobilization decreased and reached 15% after 24 h exposure time.
When increasing exposure time to 48 h, the toxic effect towards daphnids was found to be higher
and the immobilization reached its maximum value (85%) at 60 and 90 min of treatment. After
increasing the treatment time to 120 min, a sharp decrease in the immobilization by 55% occurred
compared to the untreated wastewater.

Similar observations were obtained by Rozas [13] during the UV/H,0; treatment (UV dose=1200
mJ cm?; [H202]=10 mg L") of a mixture of microcontaminants (i.e. diclofenac, triclosan, atrazine,
carbamazepine). The immobilization of D. Magna was found to be 20 and 42% after 24 and 48h,
respectively. In another study, the increase of the toxic effect towards D. magna induced by the
early degradation of diclofenac (10 mg L) using UV-A/TiO; treatment was reported [14]. It was
found that the toxicity rapidly increases within the first 15 min of treatment before gradually
decreasing up to 60 min. The toxicity effect to D. magna, induced by the oxidation products

derived from antibiotics oxidation, has already been explored in previous studies using other
AOPs [11,15].

Considering the low concentration of the spiked antibiotic (i.e. 100 pg/L), it can be assumed that
D. magna was not affected by the presence of CIP photo-oxidation products but the observed
toxicity can be assigned to the oxidation of the various organic constituents prevailing in the
dE:OM of the wastewater samples. Of course, additional runs (in the absence/presence of CIP in
the reaction solution) accompanied with statistical validation should be carried out, in order to
exclude (or not) the contribution of the TPs resulted from the oxidation of the parent compound.

Removal of total and CIP-resistant Escherichia coli during UV-C/H20:

E. coli typically detected in UWTPs effluents [16], was selected as model microorganism due to
its wide use as indicator of faecal contamination and antibiotic resistance in wastewater [17].
Therefore, theability of the UV-C/H,O, treatment to remove total cultivable E. coli and CIP-
resistant E. coli against irradiation time was investigated (Fig. 3). A complete inactivation of E.
coli occurred within 1 min of UV-C treatment. The total cultivable (medium without CIP) and
CIP-resistant E. coli (medium with CIP) decreased rapidly, with time irradiation, nevertheless the
removal of E. coli in the culture medium enriched with CIP, was lower compared to that observed
in the medium without CIP.
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Figure 3. Total cultivable and CIP-resistant E. coli during UV-C (expressed as CFU mL™"). Inset
graph illustrates the resistance percentage profile during the treatment. Experimental conditions:
[CIP]o = 100 pg L', [H202]o= 10 mg L', pH = 7.8.

The resistance percentage (inset of Fig.3), decreased significantly from 55% to 15% after 1 min of
UV-C treatment, and it was eliminated within 2 min of treatment. The total and fast disinfection




can be mainly attributed to the combination of three effects. The UV-C irradiation (254 nm) can
contribute to the inactivation of microorganisms, through the damage caused to intracellular
chromophores due to radiation absorption [17, 18]. In addition, the reactive oxygen species (ROS)
generated during oxidation, like HO", can inhibit a wide range of microorganisms.

To date there have been few and conflicting reports regarding the efficiency of UV-based
processes in removing ARB from wastewater. For example, Michael-Kordatou [12] showed that
under the optimum experimental conditions, the UV-C oxidation process resulted in total
inactivation of erythromycin-resistant E. coli within 90 min.

4. CONCLUSION
A complete reduction in the inhibition percentage was achieved for seed germination and root
growth, at the end of the treatment. Furthermore, the root growth of S. alba were shown to be
more sensitive to the oxidation products formed during the treatment compared to seed
germination.
The toxicity to D. magna, was decreased at the end of treatment, comparatively to the untreated
wastewater. Further studies are needed however, to reveal the dEf{OM-associated compounds’
nature and characteristics that are responsible for their potential toxic effects.
Finally, this study showed the ability of the UV-C process in inactivating both total E. coli and
those carrying resistance to CIP.
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Abstract

This study evaluates the feasibility of UV-C driven advanced oxidation process induced by sulfate radicals in degrading
sulfaquinoxaline (SQ-Na) sodium in water.

The results show that SO-Na was decomposed at 90% within 300 min of irradiation under the optimum concentration (200 mg/L) of
sodium persulfate (SPS). The SQ-Na decay exhibited a pseudo-first-order kinetics when the initial sulfate radical anion concentration
varied from 0 to 240 mg/L.

The decomposition of SO-Na via UV/sodium persulfate process was strongly favorable under acidic conditions but was slowed down
at inherent pH (6.8) and almost inhibited under alkaline conditions (pH 9).

This study revealed that UV/SPS system is a good alternative to eliminating veterinary drugs residues, such as SQ-Na, before they
are released into natural waters.

Keywords: Sulfaquinoxaline sodium, UV-C, degradation, pH effect, ions efficiency.

1. INTRODUCTION

Sulfonamides are one of the oldest and more consumed groups of veterinary drugs, having been used since many years. As
these compounds are not completely metabolized, both the unmetabolized antibiotics and their metabolites are released to
the environment at high proportion, either directly in aquacultures and by grazing animals or indirectly during the
applications of manure or slurry [1,2]. It is therefore important to focus on eliminating residues of veterinary drugs in
wastewater before they are released into natural waters or for agricultural purposes.

In the recent years, a great scientific interest is being placed on the sulfate radical based-advanced oxidation processes
(AOPs) due to their high efficiency in degrading a wide range of recalcitrant microcontaminants in aqueous matrices,
including pharmaceuticals [3-5]. Persulfate radicals can be produced by the activation of persulfate, peroxymonosulfate,
potassium persulfate and ammonium persulfate anion [6] by various methods, such as heat [7], ultrasonic [8] and UV [9].
Within this context, the current study investigated the efficiency of UV-C-activated persulfate process in degrading
sulfaquinoxaline sodium (SQ-Na), which consists of a sulfa group and a quinoxaline group, often used as a drug to prevent
coccidiosis in poultry, swine, and sheep by inhibiting the synthesis of nucleic acids and proteins in microorganisms [10, 11].
Therefore, in this work, special attention was paid to the optimization of the process with regard to various operating
parameters such as oxidant dose, presence or absence of UV-C irradiation, antibiotic initial concentration, solution pH and
radicals nature.

It should be noted that the degradation of sulfaquinoxaline sodium was carried out during the UV/H202 [12], but no studies

have been conducted in the presence of sulfate radicals.
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Figure 1. Chemical structural formula of sulfaquinoxaline sodium.
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2. MATERIALS AND METHODS

2.1. Chemicals

Sulfaquinoxaline sodium salt (SQ-Na) (Ci14H11N4sNaO,S, molecular weight 322.32 g/mol, purity > 92.5 %,
Sigma-Aldrich).

Sodium persulfate (SPS) (Na2S»0s, > 98%, Sigma-Aldrich), Anhydrous sodium sulfite (Na,SOs, 98.7 %, VWR
Chemicals), hydrogen peroxide (H202, 30% w/w, Merck).

NaOH (99 %, Merck) and HNO3 (65%, VWR Chemicals) aqueous solutions were used to adjust the pH. Stock
solutions were prepared in Ultrapure Water System (arium® mini —Sartorius, German).

2.2. Experimental Procedures

Experiments to investigate the UV/SPS degradation of SQ-Na were carried out at room temperature in a
photochemical apparatus in batch mode. A volume of 0.7 L of the antibiotics aqueous solution (10 mg/L) is put
into 1 L glass reactor at fixed agitation speed (400 rpm) for a period of 300 min. The appropriate amount of SPS
was added to achieve the desired oxidant concentration and subsequently the solution was irradiated with 5 W
low-pressure mercury monochromatic lamp (UVC-Lamp G8T5, A=254 nm). All the assembly was put in a
cabinet in order to avoid external light penetration during the experiment.

For all experiments, samples were withdrawn using a syringe at pre-determined time intervals, were then filtered
through 0.2 pm (PES, Agilent) syringe-driven filter and transferred in vials previously filled with the
appropriate volume of reagents to quench further reactions before measurements (methanol and anhydrous
sodium sulfite for the HPLC and total organic carbon analysis, respectively).

Experiments were triplicate; the results of the analysis are presented as the mean with a standard deviation less
than 5%.

2.3. Analytical Method

The analyses were performed on a HPLC Shimadzu chromatographic apparatus (Shimadzu Corporation, Kyoto,
Japan) equipped with solvent delivery systems. The system control, data acquisition, and data evaluation were
performed by Shimadzu “Lab-Solution” software (Shimadzu Corporation, Kyoto, Japan). The isocratic mobile
phase was prepared by on-line mixing in HPLC gradient grade organic solvents. The mobile phase consisted of
acetonitrile and potassium phosphate monobasic buffer (32.5: 67.5, v/v), pH 2.5, at a flow rate of 1 ml.min"'.
The column temperature was set as 35 °C, and the injected volumes were 50ul. Three parallel injections were
performed for each sample, and photometric UV detection at 254 and 208 nm were applied. The peak profile
data were acquired at the frequency of 100 Hz.

3. RESULTS AND DISCUSSION

3. 1. UV/S0y Advanced Oxidation/Degradation Kinetics

In order to determine the optimum oxidant concentration, the degradation of SQ-Na during the UV-

C/SOy process was investigated under various sodium persulfate (SPS) concentrations (ranging from 20 to 240
mg/L) while the initial concentration of SQ-Na was maintained constant ([SQ-Na]o =10 mg/L) in each
experimental run. The results (Fig. 2) demonstrated that under UV-C irradiation alone (in the absence of SPS)
there was no effect on the SQ-Na until 300 min of irradiation, which may be due to the high molar absorption
coefficient of SQ-Na at 254 nm [12].

Then, the degradation occurs when only 80 mg/L of SPS was added in the photolytic experiments. The rate was
rapidly increased from 63% to 90% by increasing the concentration of SPS from 80 to 200 mg/L, respectively,
within 300 min of irradiation. At 240 mg/L SPS concentration, the SQ-Na degradation rate remained constant
(90%).
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Figure. 2. Effect of SPS concentration on the degradation of SQ-Na under UV-C irradiation. Experimental conditions: [SQ-
Na]o=10 mg/L; pH=6.8.

Similar results on the high performance of UV irradiation in presence or absence of sulfate radicals have been
reported, as in the degradation of chloramphenicol [4], erythromycin [3] and sulfamethoxazole [6].

A linear relationship between Ln([SQ-Na]/[SQ-Na]o) against UV irradiation time was obtained, related to
pseudo first-order kinetics, knowing that [SQ-Na]o and [SQ-Na] refer to the concentrations of the antibiotic at
times 0 and t (min), respectively.

[SQ-Na]
Ln oo = ki (1)
The removal rate of dissolved organic carbon (DOC) was determined. This parameter brings information about
the mineralization rate of the treated samples. After 300 min of irradiation and under the various SPS
concentrations, DOC does not change significantly, indicating the formation of recalcitrant organic compounds
derived from the oxidation of SQ-Na in water, despite 90 % degradation of SQ-Na was achieved. Similar results
were reported by Liao et al. [12] on the same antibiotic under UV/H,0, oxidation, where the DOC decreased
only by 10% even the antibiotic was completely degraded.

As shown in Fig. 3, the rate degradation became slow and significantly decreases from 100 % to 25 %, at 60
min of reaction, as the initial SQ-Na concentration increase from 1 mg/L to 10 mg/L. The degradation followed
a pseudo-first-order kinetics pattern (R%>0.988). The rate constant kap, declined and followed the order kg
(1mg/L) >Kapp (5 mg/L) >kqpp (10 mg/L). The decrease could be attributed to the competition of SQ-Na with SPS
radicals, which makes the system more efficient when the SQ-Na is less predominant, compared to the SPS
radicals.
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Figure 3. Effect of initial SQ-Na concentration on the degradation of SQ-Na under UV-C irradiation. The right figure
indicates the rate constants (kapp) at different SQ-Na concentration. Experimental conditions: [SPS]o=200 mg/L; pH=6.8,
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3. 2. pH effect
pH plays an important role in the degradation efficiency of antibiotics by AOPs based sulfate radicals [13]. The
decomposition of SQ-Na during the UV/SPS process, at optimal oxidant concentration and at three pH values
(3, 6.8 and 9) was investigated in this study, knowing that the pH around 6.8, is the inherent pH of the synthetic
solutions of SQ-Na.
In addition to these three pHs, a SQ-Na degradation monitoring test; at pH = 3, without UV and without oxidant
was also studied, to evaluate the effect of acidity on the degradation of the antibiotic.
Fig. 4, shows that under UV/SPS, the degradation rate of SQ-Na increased from 28 % to 100 % with decreasing
pH from 9 to 3 within 300 min of reaction. This means that the amount of radicals and the composition of active
species during UV-C irradiation-closely depend on the pH of the medium.
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Figure 4. SQ-Na degradation during UV-C activated persulfate oxidation under various pH conditions. The right figure
shows the effect of pH on the degradation rate constant, Kapp.
Experimental conditions: [SQ-NaJo= 10 mg/L; [SPS]0=200 mg/L.

Several studies have shown that pH plays an important role in the degradation of antibiotics under UV based

sulfate radicals. Some authors [4,14] have demonstrated that during the activation of persulfate, sulphate
radicals become predominant and play a determining role in the elimination of the antibiotic at pH <7. Under
acidic conditions, other sulfate radicals can be formed from acid-catalysis, which favor the degradation process.

When pH is between 7 and 10.5, the hydroxyl and sulfate radicals coexist at the same time in the solution, and
can therefore interact with each other inducing the inhibition of the substrate decomposition.

Note that the influence of pH on the degradation of SQ-Na during UV/SPS irradiation is a complex issue since it
concerns not only the generation of SO5~and HO', but also the ionization state of the chemicals (pKa) during
the process[6].

The monitoring of SQ-Na degradation in an acidic medium without UV irradiation (Fig.4.) proves that the acid
medium alone does not allow degradation of the antibiotic. Only, the combination of UV radiation with acidic
conditions makes the process efficient.

4. CONCLUSION

UV/SPS system was used to remove SQ-Na antibiotic from water. Several parameters were studied and assessed
for a better efficiency of the treatment process. The experimental results revealed that the degradation rate
increased with increasing oxidant dosage. The SQ-Na degradation fitted the pseudo-first-order kinetics and
optimum oxidant concentration was found at 200 mg/L. However, a very low SQ-Na mineralization was
obtained.

The maximum SQ-Na degradation occurred at acidic conditions, whereas at pH 9 the contribution of both
SO} and OH: radicals was very slow.

SO;" was found to be the predominant radical species formed in the UV-C/SPS system yielding 69 %
degradation of SQ-Na, whereas the contribution of HO* was estimated to be much lower (8 %).

An evaluation of the toxic effect of transformation products (TPs) derived from SQ-Na degradation under
UV/SPS will be investigated using a battery of tests based bioassays.
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Borohydride Hydrolysis
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Abstract

One of the chemical compounds with high energy density, which removes the problem of the storage of hydrogen from the
clean energy sources, is sodium borohydride. The basic parameter that determines the hydrolysis of sodium borohydride,
hydrogen production efficiency and reaction course is the catalyst. Energy sources are undoubtedly one of the greatest
challenges facing humanity due to increasing concerns over a series of worldwide energy and environmental problems. In
the past decades, research around nano scale interface technologies related to photovoltaic, batteries and fuel cells has
brought fascinating breakthroughs in energy conversion and storage. In particular, hydrogen has become one of the most
promising future energy resources due to concerns about global warming and the depletion of fossil fuels. Metal hydrides
like sodium borohydride (NaBH,) have attracted much attention worldwide as a source of high purity hydrogen for
portable and stationary applications.

In this study, Co-B-Ag catalyst was studied for hydrogen generation from the hydrolysis of the sodium borohydride
solution. Then, the optimal metal ratio, the amount of catalyst, the concentration of different, and the catalytic activity at
different temperatures were examined for sodium borohydride hydrolysis. The kinetic model of first order and according to

the values obtained the activation energy was determined as 20.301 kJ/mol.

Keywords: Sodium Borohydride, Co-B-Ag, Catalyst, Hydrogen Energy

1. GIRIS
Hayatimizda 6nemli bir yeri olan enerji gelismis iilkelerde oldugu gibi gelismekte olan iilkelerin
de en oOnemli ihtiyaci haline gelmis, bununla birlikte enerji iiretimi ve tiiketimi iilkelerin
geligsmislik diizeylerini belirleyen bir 6lgiit olarak ortaya g¢ikmustir. Diinya niifusu artisi ve
teknolojik gelismelere paralel olarak enerji ihtiyacit hizli bir sekilde artmaktadir. Mevcut enerji
sistemi, basta fosil kaynakli yakitlar olmak iizere tlikenebilir Ozellikteki kaynaklardan
saglanmaktadir. Bu kaynaklarin tiikenir olmasi ve ¢evre lizerindeki olumsuz etkileri iilkelerin;
ucuz, ¢evreyle dost ve yenilenebilir 6zellikteki enerji kaynaklarina olan ihtiyaclarini giinden giine
arttirmaktadir. Hidrojen teknolojisi de; enerji tagiyici sistemlerin yerini alabilecek; yenilenebilir bir
enerji kaynagi olarak gelecegin enerji sistemleri i¢in potansiyel teskil etmektedir. Hidrojeni
yenilenebilir kaynaklardan iiretmek ve yiiksek verimli yakit hiicrelerinde veya motorlarda

kullanmak, kiiresel 1stnmay1 ve ¢evre kirliligini 6nemli dlgiide azaltacaktir.

!Corresponding author: Siirt University, Faculty of Engineering, Department of Chemical Engineering,
saitizgi@hotmail.com
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Icten yanmali motor teknolojisi veya tiirbin teknolojisinin yam sira ¢ok daha verimli yakit
hiicreleri de hidrojenden gii¢ elde etmek i¢in kullanilir. Simdiden yakit hiicresi teknolojisi verimi
%65 gibi biiyiik oranlara sahiptir [1]. Hidrojenin kullanilmaya baslanmasiyla birlikte kimyasal
enerjinin elektrik enerjisine direkt ¢evirilmesi, yakit hiicrelerinin gelistirilmesini netice vermistir.
Zaman igerisinde, hidrojenin depolama ve liretim proseslerinin de gelistirilmeye baslanmistir.
NaBH4, en dengeli alkali metal bor hidriirlerden biri olup, nemli havada ¢ok yavas reaksiyon
verirken kuru havada kararli bir yap1 gdstermektedir. Suyla reaksiyonu ile yapisindaki hidrojen
serbest kalmaktadir. Suyun sicakligi, oda sicaklifinda veya altinda ise hidrojenin serbest kalmasi
yavastir [2]. NaBH4’iin sudaki kararlilig1 sicakliga ve pH’a bagli olarak degisir. Sicakligin artmasi
ve pH’1n azalmasi asagida verilen Esitlik 1’e gore hidroliz reaksiyonunu hizlandirmaktadir.
NaBH; + 2H,O0 — NaBO, + 4H @)
NaBH4 12-13 pH araligindaki depolama kosullarinda bozunma goézlenmez. Belirtilen pH
araliklarinda sodyum bor hidriir kararlidir. Kararli olan sodyum bor hidriiriin hidrolizinde sadece
katalizor etkin olarak rol almaktadir. Bu sayede katalizorlin katalitik etkisi Olgiilebilmekte
karakteristik 6zellikleri yorumlanabilmektedir. Yiiksek sicaklilarda bile kararli bir yapiya sahip
olan sodyum borhidriir, yapisindaki hidrojenin katalizér varliginda hidroliz edilerek ayriliyor
olmasi, hidrolizde kullanilan katalizoriin 6nemini arttirmaktadir.

Sodyum bor hidriiriin hidrolizi sonucu elde edilen hidrojende katalizérler 6dnemli rol
oynamaktadir, Co-Cu-B katalizorii [3], Ru katalizorii[4] (Liu vd., 2008; Krishan vd., 2005), Co-B
katalizorii [5], gibi katalizorler sodyum bor hidriiriin hidrolizinde kullanilan katalizérlerdendir.
Ancak bunlardan bazilarinin pahali olmasi sebebiyle bunlarin arasinda en iyi katalitik aktiviteye ve
diistik maliyete sahip olan Co-B katalizorleri daha ¢ok dikkat ¢ekmektedir. Bunun i¢in bizim
sentezleyecegimiz katalizorlerin Co bazli olmasi oldukca dnem arz etmektedir. Bunun yaninda bu
katalizorleri sentezledikten sonra katalizoriin aktifligini arttirmak adina son yillarda kullanilmaya
baglanilan mikrodalga ve plazma sistemiyle de katalizorlerin katalitik etkisi artirtlarak sodyum bor

hidriir hidrolizinin gerg¢eklestirilmesi amaglanmistir .

2. MATERYAL VE YONTEM
Oncelikle indirgenmede kullanima uygun bir erlen belirlenir. Bu erlene yukaridaki kimyasallar
eklenir. Ayrica manyetik karistirict katilarak 50 mL saf su eklenir. Olusturulan karisim oda
sicakliginda 300 RPM de bir saat karigtirilir. Bir saatlik karistirmanin sonunda karisimin sicakligi
4-5 °C olacak sekilde sogutulmak iizere, karisim buz banyosuna alinir. Bu esnada NaBH4’iin
%2.5’Iuk 50 mL ¢ozeltisi hazirlanir. 5 °C’ ye sogutulmus karisima %2.5’luk NaBHa, ve %1 lik
NaOH ¢ozeltisi esliginde N, ortaminda damlatilarak katalizor indirgenir. Katalizér sentezinin
indirgenmesine iligskin gorsel Sekil 1°de verilmistir. indirgenmenin ardindan karisim siiziiliir.
Siiziilen karisim alkolle yikanarak su molekiilleri ortamdan uzaklastirilir. Daha sonra elde edilen

katalizor etiivde yine N, ortaminda 70 °C de 6-8 saat kurutulur.

123



NaBHs Cozeltisi
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Sekil 1. Co-Ag-B, katalizorlerinin sentezlenmesinde kullanilan diizenek

Sodyum bor hidriiriin katalizor varliginda, hidrolizine iliskin deneysel ¢alismalarda kullanilan
sistem; bir gaz biireti, kapakli bir erlen ve bir termostath g¢alkalayicidan meydana gelmektedir.
Belirli bir miktar ve konsantrasyona sahip sodyum borhidriir ¢ozeltisi kapakli erlene konularak,
daha onceden hazirlanmis olan katalizorler ¢alisma kapsaminda belirlenen kiitle oranlarinda
eklenerek hidroliz olayr gerceklestirildi. Sentezlenen katalizorlerin miktarma, NaOH
konsantrasyonu, farkli katalizor miktar1, farkli NaBH4 Konsantrasyonu ve farkli sicakliklarda
NaBHy’ iin hidroliziyle elde edilen hidrojen gazi, hazirlanan su tuzagi kullanilarak hidrojen gaz
biiretinde toplatildi. Biirette toplanan hidrojen gazinin hacim degerleri, belirli zamanlarda
okunarak grafiksel olarak katalizoriin etkinligi belirlendi. Elde edilen bu grafiklere gore
tepkimelere iliskin aktivasyon enerjisi, tepkime derecesi gibi reaksiyon kinetigine iliskin veriler

olusturuldu.

3. SONUCLAR
Deneysel ¢alismalarda belirtildigi sekilde sentezlenen Co-Ag-B katalizoriiniin sodyum bor hidriir
hidrolizinde kullanmadan dnce stabiliteyi saglamak amaciyla sodyum hidroksit etkisinin ayrica
incelenmesi ve hidroliz i¢in optimum sartlarin belirlenmesi i¢in 30 °C’de %2.0 sodyum bor hidriir

cozeltiye farkli konsantrasyonlarda sodyum hidroksit konularak ¢6ziindiiriilmiis ve buna
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miitakiben 25 mg Co-Ag-B katalizorii ilave edilerek zamana bagli olarak elde edilen hidrojen
degisimleri Sekil 2’°de verilmistir. Sekil 2°de hidrojen tiretim hiz1 grafiginde acikca goriilecegi gibi
% (1-7,5) NaOH varliginda hidrolizin 15 dakikada tamamlandigini ve %5 NaOH varliginda
doniisiimiin daha hizli oldugu goriilmektedir. Bu nedenle Ni-B katalizorii varliginda optimum

NaOH konsantrasyonu bundan sonraki ¢alismalarda %5 olarak alinacaktir.
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Sekil 2. Farkl1 NaOH konsantrasyonlardaki NaBHjy hidrolizine etkisi (30 °C, %2 NaBH4, 25 mg
katalizor, 10 mL ¢ozelti)

Hidrojen iiretim hizin1 etkileyen onemli parametrelerden biriside optimum ¢o6zelti igindeki
katalizor miktarinin belirlenmesidir. Buna bagl olarak farkli katalizér miktarlarinin 30 °C’de %2
NaBHy iceren ¢ozeltinin hidrolizinde kullanildiginda ag¢iga ¢ikan H, hacimlerinin zamanla
degisimi Sekil 3’te verilmistir. Sekilde goriilecegi gibi katalizor miktar: arttik¢a hidroliz siiresi
kisalmakta 15 mg katalizor varliginda ayni sartlar altinda hidroliz reaksiyonu 30 dakikada biterken
50 mg katalizor varliginda ise 8 dakikada bitmektedir.
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Sekil 3. Farkli katalizér miktarlarinin NaBHy hidrolizine etkisi

Ancak burada 50 mg katalizor varliginda hidroliz siiresini daha kisa siirede bitirmesine karsilik 25
mg katalizor varliginda hidrojen tiretim hizinin daha etkin oldugu goériilmektedir.

Ayn1 sekilde NaBH,4 hidrolizinde diger bir parametre ise sodyum borhidriiriin konsantrasyonu
olup, kullanilan NaBH4 konsantrasyonu arttik¢a aktivitesinin artmast ya da aktivitesini korumasi
yakit pilleri iiretiminde kullanilacak hidrojen i¢in Onem arz etmektedir. Farkli NaBH4
konsantrasyonlar1  varliginda Co-Ag-B  katalizorii  varliginda  gergeklestirilen  hidroliz
reaksiyonunda elde edilen hidrojen hacimlerinin zamanla degisimi Sekil 4. te verilmistir. Sekilden

goriilecegi iizere NaBH4’iin konsantrasyonu arttik¢a hidrojen iiretim hizinin arttigi goriilmektedir.
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Sekil 4: Farkli NaBH4 konsantrasyonlarinin, NaBH, hidrolizine etkisi

Katalizor ¢aligmalarinda diger 6nemli parametre ise sicaklik degisimi ile katalizorlerin katalitik
etkilerinin ve dolayisiyla hidrojen tiretim hizlarinin degisiminin kinetiksel incelemesi olup Sekil

5’te farkli sicakliklard NaBH4 hidrolizinden elde edilen H, hacimlerinin zamanla degisimi

verilmigtir.
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Sekil 5: Farkli sicakliklarin NaBHjy hidrolizine etkisi

Sekilde de goriilecegi gibi sicakligin artmastyla birlikte hidrojen iiretim hizlar1 artmakta ve
hidroliz reaksiyonu daha kisa siirede tamamlanmaktadir.
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Sodyum bor hidriiriin hidroliz esitligini ifade eden Esitlik (1)’de gegen suyun konsantrasyonu
degisimi ihmal edilerek Ni-B-Ag katalizorii varligindaki hidrojen {iretim degerlerinden
yararlanilarak elde edilen degerlere karst t grafigi cizildiginde Sekil 5°te gorildiigi gibi
tepkimenin 1. dereceden oldugu anlagilmaktadir. Saf su ortaminda sentezlenen Ni-B-Ag
katalizoriiniin  farkli sicakliklarda elde edilen hidrojen hacimlerinin zamanla degisimi
degerlerinden yararlanilarak hiz sabitlerinin, reaksiyon hiz derecesinin ve aktivasyon enerjisini
bulmak amaciyla 1. derecede reaksiyon hiz esitligi kullanilmistir. 1. derecede kinetik esitligi
uygulanirken sodyum borhidriiriin hidroliz esitligini, yukarida gosterilen Esitlik 1.de gecen suyun
konsantrasyonu degisimi ihmal edilerek agagidaki sekilde yapilmustir.

Bu caligmada 1. derece kinetik modeli uygulanarak saf su ortaminda sentezlenen Ni-B-Ag
katalizoriiniin davranisinin NaBHy4 hidrolizi {izerine etkisi integrasyon metodu uygulanarak

reaksiyon derecesi belirlendi.

dc
"NaBH4 = % = kCnapua )
Esitligi integre edilirse
C -
ln( NaBH4 (t—0)> -kt 3)
CNaBHa4 (t=t)

Seklinde integral hiz denklemi elde edilir. Buradan 30 °C, 40 °C, 50 °C ve 60 °C’ye ait kinetik

degerlendirme yapilmistir. Esitlik 3’e gore t’ye karsi In CNaBH4 (t=0)
CNaBH4 (t=t)

grafige ¢izilirse Sekil 6 grafigi
elde edilir. Sekil 6’da goriildigi gibi farkli sicakliklarda elde edilen konsantrasyon zaman
degisimlerinin dogrusal oldugu goriilmektedir. Bu da bize buldugumuz 1. derece degerlerinin ve

reaksiyon hiz sabitlerinin ne kadar uygun oldugunu gostermektedir.
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Sekil 6. Co-B-Ag katalizoriiniin farkli sicakliklardaki 1. dereceye dayali reaksiyon kinetigi
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Farkli sicakliklarda elde edilen reaksiyon hiz sabitleri kullanilarak hidroliz reaksiyonuna ait

aktivasyon enerjisini bulmak amaciyla yukarida verilen Esitlikleri kullanarak Arhenius esitligi

belirlenmistir.
-0.8 =
Equation y=a+b'x
1 Adj. R-Squar 0,9857
-0.9 - N Value Standard Erro
B Intercept 642898 053372
B Slope -2441,9151 169,40861
1.0 H
1,1 —H
=
1.2 +
)
- -1,3 -
1,4 4 =
1,5 o
-1,6 - -
-1.7 T T T T T v T v T T T T T
0,00300 0,00305 0,00310 0,00315 0,00320 0.00325 0,00330
InK

Sekil 7. Etanollii ortamda sentezlenen Ni-B katalizoriiniin n. dereceye gore Arhenius esitligi

Esitlik 2°ye gore Ink degerlerine karsin 1/T grafigi cizildiginde Sekil 7°de elde edilen dogrunun
egiminden aktivasyon enerjisi bulunur. Kayiminda ise Arhenius sabiti olan (A) bulunur. Elde
edilen dogru denklemi Sekil 7°de verilmis olup bu degerlere gore aktivasyon enerjisi 20,301

kJ/mol olarak belirlenmistir.
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Hydrogen Production from Hydrolysis of
Sodium Borohydride in the Presence of Ni-B-Ag
Catalyst

Mehmet Sait I7gi’

Abstract

One of the chemical compounds with high energy density, which removes the problem of the storage of hydrogen from the
clean energy sources, is sodium borohydride. The basic parameter that determines the hydrolysis of sodium borohydride,
hydrogen production efficiency and reaction course is the catalyst. Energy sources are undoubtedly one of the greatest
challenges facing humanity due to increasing concerns over a series of worldwide energy and environmental problems. In
the past decades, research around nano scale interface technologies related to photovoltaic, batteries and fuel cells has
brought fascinating breakthroughs in energy conversion and storage. In particular, hydrogen has become one of the most
promising future energy resources due to concerns about global warming and the depletion of fossil fuels. Metal hydrides
like sodium borohydride (NaBH,) have attracted much attention worldwide as a source of high purity hydrogen for
portable and stationary applications.

In this study, Co-B-Ag catalyst was studied for hydrogen generation from the hydrolysis of the sodium borohydride
solution. Then, the optimal metal ratio, the amount of catalyst, the concentration of different, and the catalytic activity at
different temperatures were examined for sodium borohydride hydrolysis. The kinetic model of first order and according to

the values obtained the activation energy was determined as 20.301 kJ/mol.

Keywords: Sodium Borohydride, Co-B-Ag, Catalyst, Hydrogen Energy

1. GIRiS

Hayatimizda 6nemli bir yeri olan enerji gelismis iilkelerde oldugu gibi gelismekte olan
iilkelerin de en dnemli ihtiyac1 haline gelmis, bununla birlikte enerji iiretimi ve tiiketimi iilkelerin
geligsmislik diizeylerini belirleyen bir 6lgiit olarak ortaya ¢ikmustir. Diinya niifusu artisi ve
teknolojik gelismelere paralel olarak enerji ihtiyact hizli bir sekilde artmaktadir. Mevcut enerji
sistemi, basta fosil kaynakli yakitlar olmak iizere tlikenebilir Ozellikteki kaynaklardan
saglanmaktadir. Bu kaynaklarin tiikkenir olmasi ve cevre lizerindeki olumsuz etkileri iilkelerin;
ucuz, ¢evreyle dost ve yenilenebilir 6zellikteki enerji kaynaklarina olan ihtiyaclarini giinden giine

arttirmaktadir.

!Corresponding author: Siirt University, Faculty of Engineering, Department of Chemical Engineering,
saitizgi@hotmail.com
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Hidrojen teknolojisi de; enerji tasiyict sistemlerin yerini alabilecek; yenilenebilir bir
enerji kaynagi olarak gelecegin enerji sistemleri ig¢in potansiyel teskil etmektedir. Hidrojeni
yenilenebilir kaynaklardan iiretmek ve yiiksek verimli yakit hiicrelerinde veya motorlarda
kullanmak, kiiresel 1stnmay1 ve cevre kirliligini 6nemli 6lciide azaltacaktir. i¢ten yanmali motor
teknolojisi veya tiirbin teknolojisinin yani sira ¢ok daha verimli yakit hiicreleri de hidrojenden giig
elde etmek i¢in kullanilir. Simdiden yakit hiicresi teknolojisi verimi %65 gibi biiyiik oranlara
sahiptir [1]. Hidrojenin kullanilmaya baslanmasiyla birlikte kimyasal enerjinin elektrik enerjisine
direkt ¢evirilmesi, yakit hiicrelerinin gelistirilmesini netice vermistir. Zaman igerisinde, hidrojenin
depolama ve iiretim proseslerinin de gelistirilmeye baslanmistir.

NaBH4, en dengeli alkali metal bor hidriirlerden biri olup, nemli havada ¢ok yavas reaksiyon
verirken kuru havada kararli bir yap:1 gostermektedir. Suyla reaksiyonu ile yapisindaki hidrojen
serbest kalmaktadir. Suyun sicakligi, oda sicakliginda veya altinda ise hidrojenin serbest kalmasi
yavastir [2]. NaBHy’lin sudaki kararlilig1 sicakliga ve pH’a bagl olarak degisir. Sicakligin artmasi

ve pH’1n azalmasi asagida verilen Esitlik 1’e gore hidroliz reaksiyonunu hizlandirmaktadir.

NaBH, + 2H,0 — NaBO, + 4H, (1)

NaBH4 12-13 pH araligindaki depolama kosullarinda bozunma goézlenmez. Belirtilen pH
araliklarinda sodyum bor hidriir kararlidir. Kararli olan sodyum bor hidriiriin hidrolizinde sadece
katalizor etkin olarak rol almaktadir. Bu sayede katalizoriin katalitik etkisi Olgiilebilmekte
karakteristik 6zellikleri yorumlanabilmektedir. Yiiksek sicaklilarda bile kararli bir yapiya sahip
olan sodyum borhidriir, yapisindaki hidrojenin katalizér varliginda hidroliz edilerek ayriliyor
olmasi, hidrolizde kullanilan kataliz6riin 6nemini arttirmaktadir.

Sodyum bor hidriiriin hidrolizi sonucu elde edilen hidrojende katalizérler 6nemli rol
oynamaktadir, Co-Cu-B katalizorii [3], Ru katalizorii[4] (Liu vd., 2008; Krishan vd., 2005), Co-B
katalizorii [5], gibi katalizorler sodyum bor hidriiriin hidrolizinde kullanilan katalizérlerdendir.
Ancak bunlardan bazilarinin pahali olmasi sebebiyle bunlarin arasinda en iyi katalitik aktiviteye ve
diisiik maliyete sahip olan Co-B katalizorleri daha ¢ok dikkat ¢ekmektedir. Bunun igin bizim
sentezleyecegimiz katalizorlerin Co bazli olmasi olduk¢a dnem arz etmektedir. Bunun yaninda bu
katalizorleri sentezledikten sonra katalizoriin aktifligini arttirmak adina son yillarda kullaniimaya
baslanilan mikrodalga ve plazma sistemiyle de katalizorlerin katalitik etkisi artirilarak sodyum bor

hidriir hidrolizinin gerceklestirilmesi amaglanmustir .

2. MATERYAL VE YONTEM
Oncelikle indirgenmede kullanima uygun bir erlen belirlenir. Bu erlene yukaridaki kimyasallar
eklenir. Ayrica manyetik karistirict katilarak 50 mL saf su eklenir. Olusturulan karigim oda
sicakliginda 300 RPM de bir saat karigtirilir. Bir saatlik karistirmanin sonunda karisimin sicakligi
4-5 °C olacak sekilde sogutulmak iizere, karigim buz banyosuna alinir. Bu esnada NaBH4’{in

%2.5’luk 50 mL ¢ozeltisi hazirlanir. 5 °C’ ye sogutulmus karisima %2.5’luk NaBH4, ve %1 lik
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NaOH ¢ozeltisi esliginde N, ortaminda damlatilarak katalizor indirgenir. Katalizor sentezinin
indirgenmesine iliskin gorsel Sekil 1°de verilmistir. indirgenmenin ardindan karisim siiziiliir.
Siiziilen karisim alkolle yikanarak su molekiilleri ortamdan uzaklastirilir. Daha sonra elde edilen

katalizor etlivde yine N ortaminda 70 °C de 6-8 saat kurutulur.

NaBHas Cozeltisi

N2 Gan

1
Termometre %;'

Co-Ag-B Cozeltisi

Manyetik
Kanstina

Sekil 1. Co-Ag-B, katalizorlerinin sentezlenmesinde kullanilan diizenek

Sodyum bor hidriiriin katalizér varliginda, hidrolizine iligkin deneysel g¢alismalarda kullanilan
sistem; bir gaz biireti, kapakl1 bir erlen ve bir termostath ¢alkalayicidan meydana gelmektedir.
Belirli bir miktar ve konsantrasyona sahip sodyum borhidriir ¢ozeltisi kapakli erlene konularak,
daha onceden hazirlanmis olan katalizorler ¢aligma kapsaminda belirlenen kiitle oranlarinda
eklenerek hidroliz olay1 gerceklestirildi. Sentezlenen Kkatalizorlerin miktarma, NaOH
konsantrasyonu, farkli katalizor miktari, farkli NaBH4 Konsantrasyonu ve farkli sicakliklarda
NaBH,4’ iin hidroliziyle elde edilen hidrojen gazi, hazirlanan su tuzag: kullanilarak hidrojen gaz
biiretinde toplatildi. Biirette toplanan hidrojen gazinin hacim degerleri, belirli zamanlarda
okunarak grafiksel olarak katalizoriin etkinligi belirlendi. Elde edilen bu grafiklere gore
tepkimelere iliskin aktivasyon enerjisi, tepkime derecesi gibi reaksiyon kinetigine iliskin veriler

olusturuldu.
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SONUCLAR

Deneysel ¢aligsmalarda belirtildigi sekilde sentezlenen Co-Ag-B katalizoriiniin sodyum bor hidriir
hidrolizinde kullanmadan Once stabiliteyi saglamak amaciyla sodyum hidroksit etkisinin ayrica
incelenmesi ve hidroliz i¢in optimum sartlarin belirlenmesi i¢in 30 °C’de %2.0 sodyum bor hidriir
¢ozeltiye farkli konsantrasyonlarda sodyum hidroksit konularak ¢6ziindiiriilmiis ve buna
miitakiben 25 mg Co-Ag-B katalizorii ilave edilerek zamana bagli olarak elde edilen hidrojen
degisimleri Sekil 2°de verilmistir. Sekil 2°de hidrojen iiretim hiz1 grafiginde agikga goriilecegi gibi
% (1-7,5) NaOH varliginda hidrolizin 15 dakikada tamamlandigini ve %5 NaOH varliginda
doniigiimiin daha hizli oldugu goriilmektedir. Bu nedenle Ni-B katalizorii varliginda optimum

NaOH konsantrasyonu bundan sonraki ¢aligmalarda %5 olarak alinacaktir.
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400
£
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C
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g
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T
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Sekil 2. Farklit NaOH konsantrasyonlardaki NaBH4 hidrolizine etkisi (30 °C, %2 NaBHa, 25 mg
katalizor, 10 mL ¢ozelti)
Hidrojen iiretim hizin1 etkileyen Onemli parametrelerden biriside optimum ¢o6zelti icindeki
katalizor miktarinin belirlenmesidir. Buna bagl olarak farkli katalizér miktarlarinin 30 °C’de %2
NaBHy igeren ¢ozeltinin hidrolizinde kullanildiginda ag¢iga c¢ikan H, hacimlerinin zamanla
degisimi Sekil 3’te verilmistir. Sekilde goriilecegi gibi katalizor miktar: arttik¢a hidroliz siiresi
kisalmakta 15 mg katalizor varliginda ayni sartlar altinda hidroliz reaksiyonu 30 dakikada biterken

50 mg katalizor varliginda ise 8 dakikada bitmektedir.
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Sekil 3. Farkli katalizér miktarlarinin NaBHy hidrolizine etkisi
Ancak burada 50 mg katalizor varliginda hidroliz siiresini daha kisa siirede bitirmesine karsilik 25
mg katalizor varliginda hidrojen tiretim hizinin daha etkin oldugu goriilmektedir.
Ayni sekilde NaBH,4 hidrolizinde diger bir parametre ise sodyum borhidriiriin konsantrasyonu
olup, kullanilan NaBH4 konsantrasyonu arttik¢a aktivitesinin artmast ya da aktivitesini korumasi
yakit pilleri iiretiminde kullanilacak hidrojen i¢in Onem arz etmektedir. Farkli NaBH4
konsantrasyonlar1  varliginda Co-Ag-B  katalizorii  varliginda  gergeklestirilen  hidroliz
reaksiyonunda elde edilen hidrojen hacimlerinin zamanla degisimi Sekil 4. te verilmistir. Sekilden

goriilecegi iizere NaBH4’iin konsantrasyonu arttik¢a hidrojen iiretim hizinin arttigi goriilmektedir.
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Sekil 4: Farkli NaBH4 konsantrasyonlarinin, NaBHj4 hidrolizine etkisi
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Katalizor caligmalarinda diger dnemli parametre ise sicaklik degisimi ile katalizorlerin katalitik
etkilerinin ve dolayisiyla hidrojen iiretim hizlarmin degisiminin kinetiksel incelemesi olup Sekil

5’te farkli sicakliklard NaBHs hidrolizinden elde edilen H, hacimlerinin zamanla degisimi

verilmistir.
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Sekil 5: Farkli sicakliklarin, NaBH4 hidrolizine etkisi

Sekilde de goriilecegi gibi sicakligin artmasiyla birlikte hidrojen iiretim hizlari artmakta ve
hidroliz reaksiyonu daha kisa siirede tamamlanmaktadir.

Sodyum bor hidriiriin hidroliz esitligini ifade eden Esitlik (1)’de gecen suyun konsantrasyonu
degisimi ihmal edilerek Ni-B-Ag katalizorii varligindaki hidrojen {retim degerlerinden
yararlanilarak elde edilen degerlere karsi t grafigi ¢izildiginde Sekil 5’te gorildigi gibi
tepkimenin 1. dereceden oldugu anlagilmaktadir. Saf su ortaminda sentezlenen Ni-B-Ag
katalizoriiniin ~ farkli sicakliklarda elde edilen hidrojen hacimlerinin zamanla degisimi
degerlerinden yararlanilarak hiz sabitlerinin, reaksiyon hiz derecesinin ve aktivasyon enerjisini
bulmak amaciyla 1. derecede reaksiyon hiz esitligi kullanilmigtir. 1. derecede kinetik esitligi
uygulanirken sodyum borhidriiriin hidroliz esitligini, yukarida gosterilen Esitlik 1.de gecen suyun
konsantrasyonu degisimi ihmal edilerek asagidaki sekilde yapilmistir.

Bu calismada 1. derece kinetik modeli uygulanarak saf su ortaminda sentezlenen Ni-B-Ag
katalizorliniin davramiginin NaBHy4 hidrolizi tizerine etkisi integrasyon metodu uygulanarak

reaksiyon derecesi belirlendi.

dac
"NaBH4 = 71\1;3144 = kCyapHa 2
Esitligi integre edilirse
C —
ln( NaBH4 (t_O)) — kt 3)
CNaBHa4 (t=t)
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Seklinde integral hiz denklemi elde edilir. Buradan 30 °C, 40 °C, 50 °C ve 60 °C’ye ait kinetik

. e C =
degerlendirme yapilmistir. Esitlik 3’e gore t’ye karsi In —NaBH1 (t=0)
CNaBHa4 (t=t)

grafige cizilirse Sekil 6 grafigi

elde edilir. Sekil 6’da goriildiigli gibi farkli sicakliklarda elde edilen konsantrasyon zaman
degisimlerinin dogrusal oldugu goriilmektedir. Bu da bize buldugumuz 1. derece degerlerinin ve

reaksiyon hiz sabitlerinin ne kadar uygun oldugunu gostermektedir.
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Sekil 6. Co-B-Ag katalizoriiniin farkli sicakliklardaki 1. dereceye dayali reaksiyon kinetigi

Farkli sicakliklarda elde edilen reaksiyon hiz sabitleri kullanilarak hidroliz reaksiyonuna ait
aktivasyon enerjisini bulmak amaciyla yukarida verilen Esitlikleri kullanarak Arhenius esitligi

belirlenmistir.
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Equation y=a+b'x
Adj. R-Squar  0,9857
-0,9 N Value Standard Erro
B Intercept 6,42898 0,53372
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Sekil 7. Etanollii ortamda sentezlenen Ni-B katalizoriinlin n. dereceye gore Arhenius esitligi

Esitlik 2°ye gore Ink degerlerine karsin 1/T grafigi cizildiginde Sekil 7°de elde edilen dogrunun
egiminden aktivasyon enerjisi bulunur. Kayiminda ise Arhenius sabiti olan (A) bulunur. Elde
edilen dogru denklemi Sekil 7°de verilmis olup bu degerlere gore aktivasyon enerjisi 20,301

kJ/mol olarak belirlenmistir.
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Effect of Microwave Irritated Ni-B-P Catalyst
on the Hydrolysis of Potassium Borohydride

M. Salih Keskin', M. Salih Agirtas?, Omer Sahin’, Mehmet Sait IZGI?

Abstract

Hydrogen can be produced using a wide variety of techniques without the emission of pollutants and
greenhouse gases, and as technology improves, production costs are targeted to reach levels comparable
to other sources. Nowadays, hydrogen is produced by catalytic conversion from natural gas or hydrolysis
of water. However, these methods are not fast enough and flexible for portable PEM fuel cells. This work,
Ni-B-P catalysts were synthesized from Ni(NO;),. 9H,O and NaHPO, compounds by using KBH, as
chemical reducing agent at temperature range of 3—8°C. The microwave irradiation method utilized
depends on different gas medium (N,, Ar, CO;), microwave power (0—1,000 W), and microwave applying
time (0-20 min) to increase the catalytic activity of Ni-B-P catalysis used in the hydrolysis of KBH,. It
was found that the Ni-B-P catalyst with best catalytic activity for KBH, hydrolysis was produced under
microwave conditions of N, gases for 10 min treatment time and 300 W applying power. Hydrolysis of
KBH, is completed in 15 min by using Ni-B-P catalysis treatment optimum irradiation microwave
conditions and it is completed in 18 min in the case of non-microwave treatment of Ni- B-P.

Keywords: Hydrolysis, KBH4, Catalyst, Microwave

1. GIRIS
Hidrojen enerjisi enerji bakimindan 6neme sahip, dogada en ¢ok bulunan elementtir, renksiz,
kokusuz, zehirsiz gaz halinde bir elementtir. Bir proton ve bir elektrondan olusan hidrojen
periyodik cetvelde en iistte yer almakta ve dogada genellikle iki atomlu(H») halde bulunmaktadir.
Dogada bol miktarda bulunan, yiiksek verime sahip ve ¢evre dostu bir enerji tagtyicidir. Yanmasi
ile ¢ok yiiksek verim elde edilir ve yanmasi sonucunda ¢evreye sadece su buhari saliir. Molekiil
agirhigr 1,008 olup, bilinen en hafif elementtir [1]. Bununla birlikte, Hidrojen diger yeni enerji
kaynaklarindan daha avantajli olmasi1 nedeniyle gelecege yonelik yeni bir enerji kaynagi olarak
imit vermektedir. Borhidriirler (NaBH4, KBH4) gelecegin enerjisi olarak diigiiniilen hidrojenin
iiretimi ve depolanmasi icin kullanilan, bir¢ok agidan avantajlari olan bir maddedir. Ancak
potasyum bor hidriirle alakali ¢gok az galisma mevcuttur [2]. KBH4’den hidrojen eldesi sadece
secilen katalizorler varliginda kontrollii bir sekilde gerceklesir ve reaksiyon firlinleri gevreye

zararl degildir.

!Corresponding author: Siirt University, Faculty of Education,
?Yiiziincii Yil University, Science of Faculty, Department of Chemical

3Siirt University, Faculty of Engineering, Department of Chemical Engineering
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Fakat potasyum bor hidriir sodyum bor hidriire nazaran hidroskobik 6zelligi daha iyi ve hidroliz
icin gerekli olan 1s1 daha az olacag igin reaktdr dizayninda 6nemli bir yere sahiptir [3]. Aym
zamanda potasyum bor hidriiriin katalizor varligindaki davranigi hala tam olarak bilinmemektedir.
KBHyiin su igerisindeki ¢oziiniirliigl yiiksektir, ancak sulu ¢dzeltilerde oldukga hizli bir sekilde
bozunur. Ortamin pH’1 arttikca bozunma hizi azalmakta ve sicaklik arttikca da bozunma hizi
artmaktadir [4].

KBHs + 2H,O — 4 H; + NaBO; + Q (300 kj) (1.1)

Reaksiyonuna gore hidroliz olmakta ve reaksiyon kinetiksel olarak sifirinct dereceden oldugu i¢in

hidrojen iiretim hizi katalizér tarafinda kontrol edilmektedir. Genellikle Pt [5], Ru [4]), Rh
gibi pahali katalizorler borhidriilerin hidrolizinde kullanilmaktadir. Ancak son
zamanlarda ikili ve ti¢lii ucuz metal katalizorler kulanilarak sodyum bor hidriiriin
hidrolizinde kullanilmislardir. Bunlar Co-B, Ni-B, Co-B-P, Co-B-Cr, Co-Cu-B,
Co-Ni-B, Co-Mo-B, Co-W-B gibi katalizorler kullanilmaktadir. Ancak potasyum
borhidriir ile alakali pek fazla calismaya rastlanilmadigindan dolayi; bu calisma
potasyum borhidriiriin hidrolizi i¢in 6zgiin bir ¢alisma olacaktir. Dahas1 temiz bir

teknoloji olan yakit pilleri i¢in de 6n plana ¢ikmaktadir. Bor hidriirlerin gogu su ile gok
hizli reaksiyona girmektedir. Diger hidriirlerle kiyaslandiginda KBH4’den hidrojen gazi {iretiminin
bazi avantajlart vardir. KBH4 ¢ozeltileri yanici degildir bu nedenle reaksiyonlar daha giivenli ve
verimlidir ayrica ¢ozeltiler aylarca kararliliini koruyarak bozunmadan saklanabilir. H> olusumu
sadece segilen katalizoriin varliginda gergeklesir ve olusum hizlar1 kolayca kontrol edilebilir.
Hacimsel ve gravimetrik H, depolama verimi yiiksektir ve en dnemlisi reaksiyon iiriinleri geri
doniistiirtilebilir.

Kuvvetli indirgenme o0zelligine sahip bir bor bilesigi olan potasyum borhidriir bir katalizér
varliginda su ile tepkimeye girerek hidrojen gazi iiretme 6zelligine sahiptir. Potasyum bor hidriirde
hidrojen depolamanin en énemli iistiinliigli depolanan hidrojenin oda sicakliginda geri alinabilmesi
ve geri alimi katalizér yardimi ile kolaylikla kontrol edilebilmesidir. Potasyum bor hidriir iin
hidrojen amagl kullannminda en Onemli sorun, olusan metaboratin tekrar KBH4 e
dontstiiriilmesidir. Hidrojen depolamada sodyum bor hidriir kullanmanin diger bir avantaji,
hidrojenin patlayicilik riskinin azaltilmasidir. Potasyum bor hidriir, belli kosullarda yanmayan,

ancak istendiginde hidrojeni ag1ga ¢ikartan bir 6zellige sahiptir.

2. MATERYAL VE YONTEM
Deneysel ¢aligmalarda kullanilan sistemin agik semasi Sekil 1 de verilmistir. Sistem, kapaklt bir
erlen, bir gaz biireti ve bir adet termostatli ¢alkalayicidan olugsmaktadir. Kapakli erlene konan
belirli miktar ve konsantrasyona sahip sodyum bor hidriir ¢dzeltisine, daha 6nceden hazirlanmis
olan katalizorler eklenerek hidroliz olayr gergeklestirildi. Potasyum borhidriir hidrolizine katalizor

miktari, potasyum hidroksit konsantrasyonu, mikrodalga ortaminda farkli gazlarin etkisi, farkli
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stirelerin etkisi ve farkli giiglerin etkileri ayrur ayri incelendi ve bu parametreler uygulanirken
aciga c¢ikan hidrojen gazi su tuzagi kullanilarak gaz biiretinde toplatildi. Reaksiyonun yiiriiyiisii su
dolu biiretteki suyun hidrojen gaziyla yer degistirmesi sonucunda hacim degerleri zamanla

okunarak, takip edildi.

Hidrojen

1000 mL

-
AR _
T ey

e =
KatalizOr + NaBHz ¢Ozeltisi
E=a

Su Banvosu
Sekil 1. Deney sisteminin agik semasi

3. SONUCLAR

Bu calisma kapsaminda saf su ortaminda Ni-B-P katalizorii sentezlendi. Bu katalizériimiiziin
potasyum borhidriir hidrolizle hidrojen iiretimine yonelik sirasiyla; KOH etkisi, farkli katalizor
miktarlarmin etkisi farkli sicaklik etkisi gibi 6zelliklerin degisimi, her seferinde sabit tutulan
degerlere karsilik bir degisken degistirilerek katalizoriin davraniglari, etkinligi ve buna bagl
olarakta kinetigi ¢ikarilarak reaksiyon derecesi ve aktivasyon enerjisi hesaplanmustir..

Oncelikle farkli KOH baslangig konsantrasyonlarinda (%0-10) sodyum bor hidriiriin hidrolizi
incelendiginde, % 2,5 KOH konsantrasyonuyla yapilan hidrolizde tepkimenin daha erken
sonuclandigr tespit edilmistir. Ni-B-P Kkatalizorii ile yapilacak bundan sonraki hidroliz
calismalarinda sodyum borhidriir ¢6zeltisinin baslangic KOH konsantrasyonu % 2.5 olacak sekilde

Ol¢limlere devam edilecektir.
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0 «¥e=%10 KOH2
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Sekil 2. Ni-B-P katalizorii varligindaNaBH4iin hidrolizinde KOH etkisi
Daha sonra belirlenen mikrodalga ortaminda farkli gazlar varliginda 50 mg Ni-B-P katalizorii 500
W, 10 dakika maruz birakildiktan sonra 30 °C de potasyum bor hidriiriin hidrolizi incelendi. Sekil

3’te agik¢a goriillmediginden dolay1 hidrojen {iretim hizlarinin zamana baglh grafigi ¢izilmistir.

450
400
350
300
250
200
150
100
50
0

Hacmi (ml)

0 5 10 15 20
zaman (dak)

Sekil 3. Ni-B-P katalizoriiniin mikrodalga varligindaki farkli gazlarin etkisi.

Sekil 4’ten goriilecegi iizere azot gazi varliginda hidrojen iiretiminin hizinin daha etkin oldugu
goriilmektedir.
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Sekil 4. Ni-B-P katalizoriiniin mikrodalga varligindaki farkli gazlarin hidrojen iiretimine etkisi.

Bir sonraki adimda ise potasyum bor hidriiriin Ni-B-P katalizoriine mikrodalgada azot gazi
varliginda farkli giicleri incelendi. Sekil 5-6 dan goriilecegi iizere 300 Watt giiciiniin Ni-B-P

katalizorii varliginda potasyum bor hidriir hidrolizi {izerinde etkin oldugu goriildii.

450
400
350
T 300 ——100 w
= 250 —B—150 W
£
S 200 —4—300 W
T
~ 150 e 500 W
T
100 =750 W
50 —©—1000 w
0
0 5 10 15 20

zaman(dak.)

Sekil 5. Ni-B-P katalizoriiniin mikrodalga varligindaki farkli gazlarmn etkisi.

Farkli sicakliklarda elde edilen reaksiyon hiz sabitleri kullanilarak hidroliz reaksiyonuna ait
aktivasyon enerjisini bulmak amaciyla yukarida verilen Esitlikleri kullanarak Arhenius esitligi

belirlenmistir.
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Sekil 6. Ni-B-P katalizoriiniin mikrodalga varligindaki farkli giiglerin hidrojen iiretimine etkisi
Ni-B-P katalizoriiniin mikrodalga ortaminda 300 Watt ve azot gazinin belirlenmesinden sonra
mikrodalga ortaminda en etkin siirenin belirlenmesi i¢in 5-15 dakika arasinda mikrodalgaya maruz

birakildi.
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Sekil 7. Ni-B-P katalizériiniin mikrodalga varligindaki farkl: siirelerin etkisi.

Sekilden goriilecegi gibi 10 dakika mikrodalga siiresinin katalizoriin katalitik aktivitesini artirdigi,

daha yiiksek stirelerde ise katalizoriin aktivitesini negatif yonde etkiledigi goriilmiistiir.
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The Design of Organohybrid Structures

Rodlovkaya E.N.', Vasnev V.A., Izmailov B.A.

Abstract

One of the most urgent problems in the informational nanotechnology is the development of
photochromic recording media for three-dimensional optical memory with a high information capacity.
Usually these light-sensitive materials are developed using thermally irreversible photochromic
compounds, particularly 1,2-diarylethenes, in polymer binders [1]. Unfortunately, the information
capacity (resolution) of these recording media is limited by diffusion and low content (up to 5 mass %) of
photochromic compounds in a polymer matrix.

This report represents synthesis and spectral-kinetic study of photochromic three-dimensional silicone
polymers (coatings) based on 1,2-dihetarylethenes with N-hydroxyethyl and N-allyl groups, polysiloxanes
and polysilazanes. The polymers obtained contain photochromic moieties linked to the polymer chain by
covalent bonds that allow achieving of photochromic units with a high concentration (up to 40%).

Keywords: Photochromic compounds. 1,2-diarylethenes, polymer matrix

1. INTRODUCTION

Thiophene-containing polymers, primarily polythiophene and its derivatives, have attracted the attention of
researchers owing to their wide range of properties, such as conductance, luminescence, and
electroluminescence [1-3]. These properties predetermine their possible application as organic conductors
and semiconductors [1-4], light-emitting diodes [1, 5], sensors [1, 4], etc. However, the infusibility and
insolubility of polythiophenes make them difficult to process and restrict their practical applications. The
processability of thiophene-containing polymers may be improved via incorporation of hinge bridge
fragments into their chains. However, simultaneously with improving processability of rigid-chain polymers,
the incorporation of hinge bridge fragments into the structure of rigid-chain polymers may lead to the
breakage of their conjugation chains and deterioration of their electrophysical properties. Therefore, from our
point of view, the most promising method includes the incorporation of bridge fragments that will not break
the conjugation chain or that will restore it through polymer-analogous transformations in the processing.

Previously, we synthesized new arylene-bis(2-ami-nothiophene-3-carbonitrile)s (1) and (2) [7] via the
Gewald reaction. In our opinion, these compounds are promising as monomers for the synthesis of thiophene-
containing polymers characterized by improved processibility and the ability to form poly-conjugated
structures. At the same time, the presence of nitrile groups in thiophene fragments is interesting from both the
synthesis of polymers with new photoelectric properties and the feasibility of their subsequent chemical
transformations point of views. In this study, we investigated the synthesis of polythiophenes with main-chain
acrylamide groups via the interaction of compounds (1) and (2) with arylenedicarboxylic acid dichlorides
(3a), (3b), (4a), and (4b).

! Corresponding author: A.N. Nesmeyanov Institute of Organoelement Compounds Russian Academy of Sciences, ul.
Vavilova 28, Moscow, 119991, Russia. Corresponding author e-mail: rodlovskaya@mail.ru
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Ar= (1) and \©/(2)

Fig. 1. Scheme of synthesis of polythienothiophenes 1, 2

Samples of organic light-emitting devices were fabricated through the use of a combined technique of
centrifugation and thermal evaporation in vacuum and had the following structure:
Substrate/ITO/PEDOT/Polythiophene(1, 2)(~30 nm)/QD/TAZ(30 nm)/Al(100 nm) (see Fig. 2).

Al

Alg3

CdSe/CdS/ZnS
Polythienothiophene

PEDOT-PSS
ITO
Substrate

Fig. 2. Scheme of a light-emitting diode with a polythienothiophene hole injection layer and QDs as the
active layer.

Layers of PEDOT (poly(3,4)-ethylenedioxythiophene, Aldrich), new polythiophenes, and QDs were
produced by centrifugation from solutions in water, dimethylformamide, and toluene, respectively. The
solvents of polythiophenes and QDs have strongly different polarities, which makes impossible their direct
mixing and formation of a composite. Nevertheless, these layers are strongly mixed when successively
deposited, especially if the QD layer is deposited immediately after the deposition of polythiophene, before
its complete drying. The electron conducting layer of TAZ (3-(4-biphenyl-5-tert-butylphenyl-1,2,4-triazole,
Lumtec Corp.) and the aluminum cathode were deposited by thermal evaporation in vacuum at a residual
pressure in the chamber not exceeding 10—5 mbar.

The EL spectra of the samples, shown in Fig. 3, coincide with the photoluminescence spectra of QDs in
toluene. Good coincidence of both the emission peaks (I, 635 nm; II, 638 nm: III, 641 nm) and the shapes of
the spectra indicates that we do observe the emission from QD-LEDs. The shift of the emission peaks of the
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diodes, independently of the applied voltage, may be due to the different degrees of conjugation of the
polymers and QDs for different samples.
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Fig. 3. Emission spectra of LEDs with QDs and polythiophenes as holeconducting layers: (1) (solid line)
polythiophene (dashed line) polythiophene 2.

Thus, it was showed that polymeric conducting materials based on aminobithienyls can be effectively used to
develop hybrid organo-inorganic structures based on cadmium chalcogenides. The results obtained give
reason to believe that optimization of the properties of the polymeric modifier would give effective hybrid
active layers for electroluminescent devices, which would combine the high technological convenience of
polymeric materials and the good photophysical properties of inorganic emitters for QD-OLEDs.
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Investigation of Linear Growth Rates of
Potassium Pentaborate tetrahydrate in
Stationary Medium of Single Crystal System

Halil Demir', Omer Sahin', Mustafa Kaya'

Abstract

Although boron minerals are composed of more than 150 compounds containing boron oxide (B,Os) which contain
different proportions of boron in nature. Boron minerals are found naturally in the form of hydrate compounds with Na, K,
Mg and Ca elements. Some of the commercial boron compounds produced by crystallization are not investigated as well as
sodium compounds. Potassium 1:5 borates (potassium pentaborate tetrahydrate, KBsOs.4H,0) are obtained by maintaining
a molar ratio of B,03 / K,O of the reaction of boric acid and KOH in aqueous medium at 5. The production equation of
potassium pentaborate tetrahydrate can be given as follows:

5H;BO; + KOH 2>  KBs034H,0 + 4H,0

In this study, the linear growth rates of potassium pentaborate tetrahydrate in the stagnant medium of single crystal system
were investigated due to temperature and supersaturation. It was determined by experimental studies that a single crystal of
potassium pentaborate tetrahydrate was scattered at the linear growth rate. In the presence of Ca impurity, linear growth
rates due to different supersaturation were investigated and it was determined that scattering continued at growth rates.

Keywords: potassium pentaborate tetrahydrate, growth rate, supersaturation, single crystal

1. INTRODUCTION

Although boron minerals are composed of more than 150 compounds containing borax (B203) which contain
different proportions of boron in nature, boron minerals are found naturally in the form of hydrate compounds
with Na, Mg and Ca elements. Nowadays, these natural compounds do not have much material income,
although they are worthy. For this reason, the production of special boron products such as boric acid, sodium
perborate tetrahydrate and monohydrate such as ammonium borate, potassium borate, lithium borate, boron
carbide, boron nitride, boroxide, and boron acid with high added value by using these natural compounds and
determination of industrial production conditions. It is very important for our country which has around 70%
of its deposits. Commercially available boron minerals; tincal, colemanite, ulexite, probesite, boracite,
pendermite, hydroboracite and kernite.

The reaction of potassium pentaborate tetrahydrate, can be obtained by using boric acid and KOH in aqueous
medium by maintaining a mole ratio of B203/K20 [1, 2, 3]. In some studies K2CO3 have been used instead of
KOH [4]. The production equation of potassium pentaborate tetrahydrate can be given as follows.

5SH3BO3; + KOH — 4 KBs0s.4H20 + 4H20

On the other hand, the calcination of potassium pentaborate tetrahydrate in the fluidized bed has been
investigated depending on the calcination temperature, flow rate and particle size [5].

In addition, the use of potassium pentaborate tetrahydrate, which is increasing in use, has been determined by
this study and the production conditions have been determined. At the rate of growth, the scattering event is
expressed as the growth of the crystals having the same size at the beginning of the experiment, ie at different
rates of growth under the same experimental conditions (temperature, supersaturation, solution).

! Corresponding author: Siirt University, Faculty of Engineering, Department of Chemical Engineering, Siirt, Turkey.
halildemir@siirt.edu.tr
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This scatterin can easily be observed in measurements made in single crystal cells. In order to eliminate the
effects of these deviations a large number of particle size-dependent growth models were developed in
between 1970 and 1980 years [6]. In later studies, the physical causes of these deviations were emphasized
and kinetic models were rearranged.

Fabian [11], in their dissolution experiments with K2SO4, identified a scattering phenomenon just as in
growth. The presence of scattering in the dissolution zone was also determined experimentally by Sahin [12,
13] for boric acid and sodium perbororate tetrahydrate. In these studies, the scattering at the growth and
dissolution rates suggested that the static load on the crystal surface was the cause and proved experimentally.
This phenomenon also shows that dissolution is affected by the specific characteristics of the surface. Two
basic models have been developed for the evaluation of such properties in the crystallization design phase.

Scattering at growth rates does not only occur in small and imperfect crystals, but also to large-sized and
large-sized crystals of the same size.

The first view on the causes of scattering at growth rates was done by Janse and De Jong [14]. Janse and De
Jong suggested that scattering at growth rates was not due to the velocity of the solution in the environment in
which the crystals grew, but because of the reaction on the crystal surface. Later, in the studies conducted by
many researchers on this subject; [15] showed that the cause of scattering in growth should be related to
surface reaction. The oldest theory to explain these scatterings is the BCF theory developed by Burton,
Cabrera and Frank [17]. This theory shows that there may be different growth rates depending on the
distribution of dislocation points on the crystal surface.

Botsaris [20], in his work, showed that the growth of different surfaces of the same crystals at different rates
was due to the impurities in the crystallization environment and the adsorption of impurities.

Potassium pentaborate tetrahydrate

Potassium pentaborate tetrahydrate, KBsO8.4H20 has a formula weight of 293.20 the crystal structure is
orthorhombic prism, heat capacity at 296.6 K is 329.0 J / (mole K) and solubility) is lower than sodium
pentaborate. The heat capacity measurements of the solid state were carried out over a wide temperature
range [24]. Potassium pentaborate tetrahydrate is stable under normal conditions. The dehydration
temperature was calculated to be 110.8 K J / mol between 106-134 °C [25]. The thermal stability of
potassium pentaborate tetrahydrate is highly dependent on the partial vapor pressure of the water in the
environment.

1.3. Factors affecting the kinetics of crystallization

While crystallisation processes are carried out, there may be many factors affecting the crystallization in the
crystallization environment. But the most effective of these are temperature and impurity.

1.3.1. Effect of temperature

When examining the effect of temperature on a chemical reaction or physical change, it is first necessary to
find activation energy. The relation between the reaction rate constant and temperature in any reaction
equation by Arrhenius,

dink _ _E
dt RT? (2.10)

It is expressed as. If this equation is integrated,

_E
k=Ae * @.11)

takes shape. Ln of Equation 2.8 can be taken and linearized as follows.
— E
Ink=InAd-+= (2.12)

Ifthe 1/ T graph is plotted against Ink, the slope E is obtained.
We can examine the effects of growth and habit change on three main topics.
1.3.2. Effect of impurities

The solvent used in the solution medium and the matter to be crystallized can be considered as impurity.
Impurities sometimes affect crystallization when not desired, and sometimes they are added to the medium in
order to direct the crystallization process and change the quality of the product. The impurities used for
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aqueous solutions can be subdivided into free acids and bases, inorganic or organic impurities or different
solvents.

2. MATERIAL AND METHOD
2.1 Stationary Media Single Crystal Studies

In the experiments performed with single crystal in a stagnant medium single crystal system was used. The
system used in experimental studies is given in Figure 2.1. As can be seen in the figure, the system consists
mainly of microscope and the connected camera, image analyzer, computer and monitor. The experiments
were carried out with jacketed cell flexiglass and the temperature was adjusted by a cooled thermostat. The
cell temperature was recorded every five minutes by means of the thermocouple in the cell.

The crystals used in the experiments were chosen under a microscope prior to the experiments to be of almost
the same quality. The selected crystals were placed in the center of the cell to which the solution was placed
beforehand and the experiment was placed in the center of the cell to be carried, the top of the cell was
immediately covered with a watch glass and thus contacted with air. The experiments were carried out for 40
minutes.

Camera

Microscope

Growth Cell

Termoeleman
Light Source

Figure2.1. Steady Medium Single Crystal Measurement System

Cooler

Since the crystal particles used in this method have different shape factors, the projective area provided by the
image analyzer cannot be used directly. For this reason, the equivalent diameter of the sphere with equivalent
projection area is shifted from the projective area.

A, :%Lf @.1)

The average linear growth rate is calculated according to the Expression of 2.2. Here

AL L L

G=2C2—
At At

2.2)

Lo, the diameter of the particle at t =0

Li, shows the diameter of the particle at time t = t.
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On the other hand, growth is between linear growth rate and supersaturation.
G=k . AC?E (2.3)

ke is growth velocity constant in this relation, g gives the degree of growth velocity, and AC gives the amount
of supersaturation.

3. RESULTS AND DISCUSSION
3.1. Steady Meduma Single Crystal Studies
3.1.1. Studies in Pure Environment

In the first step of the experimental studies performed on the stagnant medium single crystal system, the
variation of the equivalent diameters of the different crystals taken in the pure medium of potassium
pentaborate tetrahydrate is given in Figure 3.1 and Figure 3.2. In Figure 3.1 we can say that the crystal
measured in the equivalent diameter at a certain time intervals for 40 minutes increases in diameter, but in
Figure 3.2, the crystal diameter decreases.

As shown in Figure 3.1 and Figure 3.2, the linear variation of the equivalent particle diameter over time
indicates that the dL / dt values are constant so that the linear growth and dissolution rates of the potassium
pentaborate tetrahydrate are not dependent on the particle size.

0.00081
y =0.000001x + 0.000780
0.00081 -
R2=10.994119

L(C  0.00080 A
m)

0.00080 -

0.00079 -

0.00079 r - T T T T T T

0 5 10 15 20 25 30 35 40 45

Time (min.)

Figure 3.1. Variation of equivalent particle size with time in 0.524 g salt/100 g sat. Solution medium
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Figure 3.2. The variation of equivalent particle size with time in 0.500 g of salt / 100 g unsaturated solution
medium
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In the next section of the study, 20 crystals of potassium pentaborate tetrahydrate were taken and grown in
different supersaturation environments for about 40 minutes in the saturated solution at about 30 ° C. The
linear growth rate change with temperature is given in Figure 3.3. The reason for giving this shape is to show
that the saturation temperature of the solution cannot be found by crystal growth or dissolution.

G (m/s)

3.0
.
2.0 A
1.0 - . ¢ .
* e o
0.0 T T T T ¢ .\3 6.\ T T
P 23 24 25 26 27 %2 M 30 3
-1.0 A .
Temperature (° C)
2.0

Figure 3. Variation of linear growth rates of potassium pentaborate tetrahydrate with temperature.

As can be seen in the figure, the linear growth rates of potassium pentaborate tetrahydrate are dispersed. The
change of linear growth rate and temperature can’t be expressed with any equation. Because there is
scattering at growth rates.
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Figure 3. 4. The change of linear growth rates of potassium pentaborate tetrahydrate with supersaturation

By using temperatures given in figure 3, solubility of potassium pentaborate tetrahdrate and saturation
temperature of saturated solution depending on supersaturation used figure 3.4 is obtained
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Figure 3.5. Change of linear growth rates of potassium pentaborate tetrahydrate crystals in the presence of 50

ppm Ca (II) with temperature
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One of the most common compound in aqueous media is calcium. Therefore, the water used in the solution
medium is found in trace amounts even if the water is cleaned as desired. Investigation of the calcium activity
in the environment with crystallization is important. In this part of the study, it is aimed to investigate how the
calcium impurity affects the crystal appearance and linear growth rates.

In Figure 3.5 and Figure 3.6 the linear growth rates change with temperature in the presence of calcium
impurity in different concentrations in the solution medium

3.0
2.5 1 *
2.0 ¢
1.5 - i .
1.0 - * I
0.5 -

0.0 T T T T T e
22 23 24 25 26 27 28

Temperature ( °C)

G (m/s).108

Figure 3.6. Change of linear growth rates of potassium pentaborate tetrahydrate crystals in the presence of
100 ppm Ca (II) with temperature
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Figure 3.7. Change of linear growth rates of potassium pentaborate tetrahydrate crystals in the presence of
250 ppm Ca (II) with temperature

The variation of linear growth rates in the presence of calcium impurities in different concentrations of
potassium pentaborate tetrahydrate crystals is given in Figure 3.7 and 3.8. As can be seen from the figures, as
Ca (II) impurity increases, scattering at the growth rates of potassium pentaborate tetrahydrate crystals
continues just like in pure medium.
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Figure 3.8. The change of linear growth rates of potassium pentaborate tetrahydrate crystals with
supersaturation in the presence of 50 ppm calcium,
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Figure 10. The change of linear growth rates of potassium pentaborate tetrahydrate crystals with
supersaturation in the presence of 250 ppm calcium

The variation of linear growth rates in the presence of calcium impurities in different concentrations of
potassium pentaborate tetrahydrate crystals is given in Figure 7-8. As can be seen from the figures, as Ca (II)
impurity increases, scattering at the growth rates of potassium pentaborate tetrahydrate crystals continues just
like in pure medium. As can be seen in the figures, the increase in the presence of Ca (II) impurity in the
solution medium reduces the saturation temperature of the solution. For example, for pure medium 30,5 °C,
in the presence of 250 ppm Ca(Il) 27,5 °C.

In this study, it was determined that a single crystal of potassium pentaborate tetrahydrate was scattered at the
linear growth rates. In the presence of Ca impurity, linear growth rates depending on different supersaturation
were investigated and it was determined that scattering continued at growth rates. In the first part it was
determined that the growth and dissolution rates of Potassium Pentaborat Tetrahydrate do not depend on the
particle size. In the second part the linear growth rates depending on different supersaturation in both pure
environment and in the presence of impurities were investigated. For all cases, the same crystals of the same
particle size were found to be scattered at the same growth rates. For this reason, it is not possible to say
clearly the effects of pure environment and impurities on the crystal surface because of scattering.

This work was Supported by TUBITAK with the project number 108M043
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Recent Advances in Photocatalytic
Treatment by Metal Doped Graphene
Nanoparticles

Kubra Ulucan-Altuntas’

Abstract

Graphene has unique properties due to its two-dimensional nanostructure properties. It is an important
material that draws attention recently, because it has an excellent mobility of charge carriers, superior
chemical stability and high specific surface area. Graphene oxide, a derivative of graphene, has many
oxygen functional groups on the surface and has similar advantages of graphene. Graphene and
graphene oxide are nano materials used in many different industries and in particular for adsorption of
pollutants due to its many advantages such as high pore volume and surface area. Over the past decade
researchers have been developing a variety of materials such as graphene oxide-based composites,
graphene oxide-carbon nanotubes, and metallic nanoparticle production. Metal-doped graphene
nanoparticles as photocatalysts have begun to attract attention as novel materials for water treatment
and environmental remediation applications. These graphene-based composites are doped with various
metals, making them more effective in many areas. These nanoparticles synthesized by doping of various
metals can be produced with low cost, and researchers gain great attention in applying as photocatalyst
in the removal of pollutants. This review summarizes the recent advances in pollutant removal of
graphene based nanoparticles, which have recently been investigated as an innovative nanomaterial.

Keywords: Graphene, Graphene oxide, Nanoparticle, Photocatalysts

2. INTRODUCTION

Catalysis is carried out by substances containing salts, complexes or transition metals. The investigation of
alternatives to noble and expensive metals has led to the discovery of catalytic activity of metals mostly found
in nature, such as Fe, Ni, Cu or Al, as well as the development of the concept of carbocatalysis.
Carbocatalysis is the process in which predominantly carbon-containing substances are used as catalysts.
Carbocatalysis became more important with the use of graphene (G) widely. In the early period, the discovery
of fullerenes as carbon allotropes was followed by the development of carbon nanotubes (CNT). However,
the high costs of the CNTs have made it difficult to produce the required amount of treatment. The use of
activated carbon in combination with various metal nanoparticles (NP) such as Au, Ag, Pt, Ti has been
recently studied. These metal NPs and their combination with carbonaceous materials have been found to be
effective catalysts in the applications under visible light and are particularly suitable for improving especially
the optical properties of carbonaceous materials such as graphene, activated carbon and carbon nanotubes.

Graphene is a thin two-dimensional (2D) layer of carbon atoms in a highly crystalline and electronic
honeycomb crystal lattice (Fig.1). Graphene as a promising new material, has properties, such as good
electronic properties, have high strength and are lightweight, and are considered to be the strongest in
mechanical strength.

!Corresponding author: Yildiz Technical University, Environmental Engineering Department, 34220 Istanbul, Turkey.
kulucan@yildiz.edu.tr
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Graphene as a promising new material, has properties, such as good electronic properties, have high strength
and are lightweight, and are considered to be the strongest in mechanical strength. The electronic
transmission property of the graphene layer provides the doping of various metal NPs. The graphene layers
doped with metal nanoparticles attracted attention with their innovative catalytic properties and, have great
potential in many areas such as water treatment and energy storage.

The specific surface area, exceptional optical transmittance, and electron-conductance properties of the
graphene and its derivatives have been used in photocatalytic applications operating under both UV and
visible light. Nanoparticles such as Pf, Ag, TiO2 and ZnO are used to improve photocatalyst efficiency.
High theoretical specific
surface area
(~2630 mg™")

Y

Superior carrier mobility

High transparency
. (~200 000 cm?V-'s )

(~97%)

High thermal conductivity “High electrical conductivity
(~5000 Wm'K") sheet (~2.02x 10%S/cm)

Strength
(130 GPa)

Figure 1. Properities of graphene [1]

This review aims to summarize the current state of graphene-based nanocomposites, a new photocatalyst for
degradation of especially non-biodegradable pollutants, and its use in photocatalytic treatment. In addition,
future perspectives are discussed at the end of the study.

3. GRAPHENE AND GRAPHENE OXIDE SYNTHESIS METHOD

To date, various methods have been developed for graphene preparation, such as micromechanical
exfoliation, epitaxial growth, chemical and electrochemical reduction. In general, these techniques can be
separated into to two techniques: the bottom up and top down methods. In bottom-up methods, graphene is
synthesized from atoms or molecules by chemical reactions (epitaxial growth). Nevertheless, these methods
are not widespread due to their complexity, small amount of production and high cost. The most commonly
used method is the method called Hummer method which is based on the chemical reduction of GO. In this
method the graphic oxide obtained by the oxidation of natural graphite with strong oxidants (KMnOs, HNO3
etc.) is exfoliated (Figure 2). Resulting solution is washed in order to remove metal impurities. This
exfoliated GO has oxygen-containing groups such as carboxylic, hydroxyl and epoxide functional groups.
Oxygen functions in the GO provide reactive sites for nucleation and growth of nanoparticles by interactions
with cations. This leads to the rapid growth of various graphene-based composites.

e e
- %fr g;f;f"'—" Oxidation
B o e

Graphite

Graphite oxide Graphene oxide
(Go)

Figure 2. Synthesizing graphene oxide by Hummers’ Method [2]

In order to enhance the photocatalytic activity of G and GO, graphene based composite have been synthesized
with a variety of metals such as TiO2, ZnO, SnO2, Cu20, Fe203, NiO and MnOz. The most commonly used
method for synthesizing graphene based metal composites is in-situ growth strategy. In this method, the metal
salt is generally mixed with GO and then the GO-metal composition is formed by reducing the GO. By
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adding Ti**solution to the GO solution, they are deposited at low temperature TiO2 nanoparticles (Figure 3.a).
For example, in the synthesis of Zn-O graphene composites, Zn* 2 ions adsorbs in graphene oxide layers and
converted to ZnO nanoparticles with the addition of NaOH and NaBH4. The nanocomposite is obtained after
drying with air at 150°C. Example of TEM Analysis belong to metal doped graphene oxide can be seen on
Figure 3.

~

Figure 3. TEM Analysis of a) TiO2-GO[2] and b) Pd-GO [3]

4. PHOTOCATALICTIC APPLICATIONS ON WATER TREATMENT

Dopping graphene and graphene oxide with metal nanomaterials improves the important properties of
graphene and graphene oxide. Adsorption capacity and photocatalytic properties are improved. Also,
graphene enlarges the absorption range of the metal from the visible light region. Especially after the water
treatment systems, graphene and graphene oxide provides a support material for nanoparticles and avoiding
and additional expensive methods for the separation of nanoparticles. In addition, long life-time, easy
recycling, extended light absorption range are the other properties of metal doped graphene oxide and
graphene.

The photocatalytic degradation mechanism can be shown as in Figure 4. Accordingly, by photocatalytic
reduction of oxygen and oxidation of water, reactive oxygen species (ROS) occur under visible light [1]. The
resulting ROS species are effective in pollutant degradation. In addition, Fermi energy, which is formed as a
result of combining two different materials, metal and graphene, increases the photocatalytic effect by
promoting photogenerated electrons and holes[1, 4, 5].

Visible
light

Figure 4. Removal mechanism of Metal doped graphene oxide [1]

12



Particularly, great numbers of studies are being made to produce solutions against particularly difficult
pollutants. Within these technologies, the most researched techniques are catalytic applications. Graphene is
named as the rising star in the literature, due to the exceptional feature of graphene. The use of semiconductor
photocatalysts with graphene results in improved photocatalytic activity. In this sense, some studies on
degradation of organic compounds have been studied in Table 1.

This metal doped graphene oxide has been investigated both for its high adsorption capacity and for the
removal of organic matter with its improved light absorption potential. Studies performed under both UV and
visible light are shown in Table 1. Both dye and Bisphenol-a are observed to be highly eliminated under

visible light.

Table 1. Photocatalytic degradation by metal doped graphene oxides

[?l?(irtl(l))f::;iys " Target Compound Irradiation source Photocatalytic activity | Ref
CdS-Graphene | Methylene Blue 400 W lamp (A > 500 nm) 94.5%and 5 h [5]
Ti02-GO Methylene blue UV light 99% and 15 min [6]
TiO>-G Methylene blue Sunlight 75% [7]
TiOrxrGO | Bisphenol a Visible light irradiation I mg/L Bisphenola - .o
96% - and 60 min
RGO/Ti02/ZnO | Bisphenol a A 350-550 nm 99.9% and 3 h [9]
TiO2-GO Butane Visible light (A > 420 nm) 75% and 40 h [10]
Au- TiO-G Acid blue 92 (A>574 nm) 72% and 120 min [11]
Au-Pd-GO 2-Chlorophenol Sunlight 100% and 180 min [12]
Pd-Pt-G Basic indigo carmine | Visible light (A > 420 nm) 70% and 50 min [13]
Pt-GO/ TiO2 Methylene blue LED lamp (8 W, > 420 nm) |93% and 150 min [14]
Pt/graphene Rhodamine B 8 W, halogen lamp 70% and 180 min [15]
AgBr-rGO Bisphenol a Visible light 87% and 30 min [16]
Ag/AgBr/GO Methylene blue Visible light 85% [17]
Ag-Au-GO 4-Nitrophenol Visible light 100% and 360 s [18]
Au-G Methylene blue Visible light 65% and 7 h [19]
%igﬁ‘ie Bisphenol a Visible light 76% and 3 h [20]

5. FUTURE ASPECTS

In the synthesis of metal dopped graphene and graphene oxide, it should be focused on the investigation of
green and environmentally friendly synthesis approaches. In addition, in order for real industrial applications
to be possible, many cases still need to be addressed. In particular, high-quality and large-scale production is
still difficult.

They have great potential for use as a photocatalyst in environmental applications. Studies have generally
been studied in the removal of organic dyes. The effects of the removal of many pollutant materials and the
potential removal mechanism are among the issues to be investigated.

Synthesis of metal dopped graphene oxide with excellent photocatalytic activity using green production
methods and easy techniques can be a promising area for environmental improvement applications.
Therefore, they will be able to solve various wastewater treatment and environmental problems as well as
energy problems.
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