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ONSOZ

Bu proje ile farkli tiirdeki atik sular ileri aritma teknikleri ile aritilarak g¢evrenin daha
yasanabilir olmasi, ayrica aritma ¢iktilarinin degerlendirilmesi amaglanmistir. Bu amaca
yonelik olarak sizinti suyu, deri atik suyu gibi farkli karakterlerdeki atik su tiirleri ile
calisilmigtir.

Proje ekibinde sirec¢ icerisinde bir ¢ok olumsuzluklar yasanmasina, degisikliklere ragmen
sonug raporunu yazmakta oldugumuz su an itibari ile 2 adet SCI/SCI-Exp., 1 adet Hindavi-
IOSR indekslerinde taranan toplamda 3 adet makale ve 1 adet sempozyum bildirisi (poster
olarak) yaymlanmistir. Yine indeksli dergilerde 1 adet makale hakem degerlendirme
siirecindedir. Bdylesi miiskiill durumlarda gayretleri ile olumlu neticelerin alinmasinda
yadsinamaz katkilarindan dolay1 tiim proje ekibimize ve projemizi destekleyen “Yildiz
Teknik Universitesi, Bilimsel Arastirima Projeleri Koordinatérliigii’ne (2012-05-02-

KAPO2 nolu proje numarasi ile desteklenmistir) siikranlarimi arz ederim.

Dog.Dr. Ugur KURT
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OZET

Atik sularin aritilmasi ile ¢evre problemlerini ortadan kaldirma hedefine ilave olarak artik
glinimiizde enerji kazanimi ve suyun yeniden kullanimi1 amag edinilmektedir.

Bu amaca yonelik olarak bu proje ¢alismasinda Sizint1 Suyu ve Deri Endiistrisi Atik Sular1
gibi oldukga kompleks Kkirleticiler iceren, yuksek kirlilik yiikiine sahip atik sularin
Elektrokimyasal yontemlerle aritilmalar1 ¢alisilmis, aritma ¢iktilarinin enerji potansiyelleri
ve yeniden kullanilabilirlikleri degerlendirilmistir.

Sizint1 suyunun elektrokoagiilasyon ile aritilmasi ¢alismalart sonucunda teorik olarak 1336
ml/L-atiksu gaz toplanmasi beklenirken, 560 ml/L gaz toplanmistir. Bu gazin Hidrojen
icerigi ise yaklasik %95 seviyelerindedir. 532 ml/L Hidrojen gazina tekabil etmektedir.
Sonug olarak gaz toplama verimi yaklasik % 40 seviyelerinde kalmistir. Bu durumun iyi
izolasyon saglanamamasindan kaynaklandigi, sistemden Onlenemeyen gaz kacaklarinin

tespit edildigi gozlemlenmistir.

Deri sanayi atiksular ile yapilan ¢alismalardan ise, 1600 ml H, / 2,5 L atiksu i¢in
iiretilmistir. Bunun enerji olarak karsilig1 1943 kCal/1 m? atik su, elektrik enerjisi esdegeri

ise 1.13 kWatt (%50 doniisiim verimi ile) dizeyindedir.

Camur kompozisyonunun 9%9-25 oranlarinda organik muhteva igerdigi goriilmiistiir.

Camurun biiyiik oranda stabilize oldugu sdylenebilir.

Artilmis suyun tarim iriinlerini sulamadaki kalitesi 3 farkli iilke (Tiirkiye, Filistin ve
Urdiin) icin karsilastirilmis ve farkli tarim diriinleri i¢in uygun kriterlerde oldugu

gOrilmiistiir.



ABSTRACT

In addition to the objective of eliminating environmental problems with the treatment of
wastewater, nowadays energy conservation and reuse of water are aimed.

For this purpose, in this project study, wastewaters with highly pollutant loads including
highly complex pollutants such as Leachate and Leather Industrial Wastewater have been
studied by electrochemical methods and the energy potentials and reusability of treatment
outputs have been evaluated.

Electrocoagulation of the leachate resulted in theoretical collection of 1336 ml / L of
wastewater and 560 ml / L of gas. The hydrogen content of this gas is about 95%. 532 ml / L
corresponds to hydrogen gas. As a result, the gas collection rate remained at about 40%. It has
been observed that gas leaks that can not be prevented from the system due to the failure to
provide good isolation have been observed.

It is produced for 1600 ml H2 / 2.5 L wastewater from the studies made with the wastewater
of the leather industry. The energy equivalent is 1943 kCal / 1 m3 waste water and the electric
energy equivalent is 1.13 kWatt (with 50% conversion efficiency).

It has been observed that the sludge composition contains organic content of 9-25%. It can be
said that the mud is stabilized in large scale.

The quality of treated water in irrigation of agricultural products in 3 different countries
(Turkey, Palestine and Jordan) were compared to and was found to be in accordance with the
criteria for different agricultural products.



1. GIRIS

Cevre kaynaklarinin korunmasi agisindan ¢esitli faaliyetler sonucunda olusan ve gol, akarsu,
deniz gibi yasamsal kaynaklara desarj edilen atiksularin kalitesi olduk¢a 6nemlidir. Bu
atiksular suyun insani amacgl olarak kullanilmasi ile Evsel Atiksu olarak, Kati Atik Depo
Sahas1 Sizint1 Suyu olarak, liretim amacli proseslerden Endiistriyel Atiksu olarak ve daha bir
cok sekilde cevre kaynaklarini kirleten potansiyeller olarak karsimiza ¢ikmaktadirlar.

S1zint1 sular gibi direngli yapida ve yiiksek konsantrasyondaki kirletici formlar1 biinyesinde
bulunduran atiksularin da konvansiyonel yontemlerle desarj limitlerine ulagsmasi miimkiin
olamamaktadir. Son donemde yaygin olarak uygulanan membran aritma yontemleri de
ttkanma ve konsantre sorunlari nedeniyle problemin nihai ¢éziimiinii saglayamamaktadir.
Endiistriyel atiksulara (Deri end., Tekstil end., v.b.) baktigimizda ise, gerek toksisiteleri ve
gerekse yukarida saydigimiz her bir 6zellige sahip olmalari nedeniyle aritilabilirlikleri

noktasinda sorun yasatmaktadirlar.

Yukarida bahsi gegen tiim atiksu tipleri i¢in, partikiiler ve/veya koloidal yapida, toksik ve/veya
diren¢li formda kirletici igermeleri, yiiksek debilerde olusmalari, ¢oziinmiis madde
konsantrasyonlarimin yiiksekligi, enerji potansiyellerinin var olmasi ve bilindik aritma

yontemleri ile aritilmalarinda sorunlar yasanmasi genel karakteristikler olarak tanimlanabilir.

Bu baglamda elektrokimyasal aritma yontemleri hizlari, elektrokoagiilasyon uygulamalari ile
atiksularin yapilarindaki partikiiler /koloidal kirletici formlari, elektrofenton uygulamasi ile de
direngli, toksik organik bilesenleri aritmadaki basarilar1t ile on plana ¢ikmaktadir.
Elektrokimyasal yontemler bir yandan atiksularin kalitesini iyilestirirken, diger yandan da hem
atiksularin icerdikleri enerji potansiyellerinin degerlendirilmesine, amonyak ve ugucu asit
bilesenlerinin geri kazanilmasina, hem de kendi 6zelliginden olan hidrojen gazi gibi temiz bir

enerji kaynaginin iiretilmesine imkan tanimaktadir.

Bu proje kapsaminda yukarida bahsi gegen her bir atiksuyun elektrokimyasal yontemlerle
desarj edilebilir kalitede aritilabilirlikleri arastirilirken, kirletici formlardan geri kazanilabilen
bilesen kesri( amonyak, ugucu asit gibi), degerlendirelebilen enerji potansiyelleri(yag ve petrol
tlrevleri gibi) ve elektrokimyasal uygulamalarin hidrojen gaz1 tiretim kapasiteleri belirlenmesi

amaglanmstir.

Elektrokimyasal aritma proseslerinin performansi kesikli sistemde elektrot tipleri (AlFe),
akim yogunlugu, iletkenlik, elektrotlar aras1 mesafe, elektroliz siiresi ve oksidant dozu (H202)

gibi degisken isletme sartlarinda pH,KOI, AKM, iletkenlik gibi temel kalite parametrelerinin
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Olctimleri ile optimize edilerek, her bir atiksuyun ham ve optimum kosullarda aritilmig

sularinin desarj parametreleri agisindan degerlendirilmesi hedeflenmistir.

Belirlenen optimum isletme sartlar1 siirekli sistemde uygulanarak aritma performansinin
devamlilig1 desarj parametreleri Olclimleri ile takip edilirken, aritma c¢iktilar1 olarak gaz

toplama ve camur biriktirme islemleri de es zamanli olarak caligilmistir.

1.1 Elektrokimyasal Aritma Teorisi

Elektrokimyasal aritma yontemleri, atiksu aritma teknolojileri a¢isindan olduk¢a yeni bir
yontemdir.Kimyasal madde kullaniminin sinirh diizeyde kalmasi, reaksiyonlarin hizli gergeklesmesi,
elektrokimyasal proseslerin yeterli iletkenlige sahip atiksularda cok diisik amper ve voltajlarda
elektrik akimlarinda dahi gergeklesebilmeleri, son yillarda bu alandaki arastirma caligsmalarinin
giderek yogunlagmasina yol agmistir.
Elektrokimyasal prosesler heniiz ticari uygulamalara doniistiiriilememistir. Bu konuda laboratuar ve
pilot dlgekli olarak, organik bilesiklerin aritlmasina yonelik, Mieluch vd., 1975; Boudene vd., 1996;
Brillas vd., 1998 ¢aligmalari mevcuttur.
Elektrokimyasal prosesler 3 sekilde gergeklesmektedirler:

o Elektroflotasyon

o Elektrooksidasyon

e Elektrokoagtlasyon

1.1.1 Elektroflotasyon
Elektrokoagiilasyonda meydana gelen olaylarin aynist1 burada da gerceklesir. Olusan floklar

cokebilecek agirlikta olmadiklar1 zaman yiizeyde toplanirlar. Bu durumda floklar yilizeyden siyirma ile
alinir. Atiksu desarj1 ylizey altindan yapilir.

Bir diger bahse deger konu elektroliz esnasinda katot ve anot reaksiyonlar1 sonucu meydana gelen gaz
cikisidir. Gaz kabarciklari olusan floklar yiizeye tagtyarak onlarin yilizmesini saglamaktadir.

1.1.2 Elektrokimyasal Oksidasyon

Fenton reaksiyonlar1 metal katalizorler elektroliz ortaminda elektrotlardan (anot: Fe) saglanarak da
gergeklestirilebilir.

Belirtilmesi gereken ©nemli bir konu ise c¢ozeltilerin elektrolizi esnasinda suyun oksidasyonu
ortamdaki mevcut organik maddelerin oksidasyonundan olduk¢a hizli ger¢eklesmektedir (Palau,
1998).

Spesifik organik maddelerin elektrooksidasyon yontemi ile aritilmasinda, nitrobenzen, Comminellis,
1994; Colucci vd., 1999; fenol, Lanoutte, 1977; Smith ve Watkinson, 1981; Comminellis ve Pulgarin,
1993; Pulgarin vd.,1994; tekstil atiksularinda renk giderimi, Lin ve Peng, 1994; Vlyssides
vd.,1999,2000; Zappi vd.,2000; Gutierrez vd., 2001; renk, bulaniklik ve KOI nin koagiilasyonla
kombineli olarak giderimi, Lin ve Cheng,1997 tarafindan ¢aligilmiglardir.
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1.1.3 Elektro-Fenton Oksidasyonu

Elektro-Fenton yonteminde ortamda katalitik etkiyi yapacak olan Fe++ iyonlar1 elektroliz ortaminda
olusturulur ve Fe++ iyonlar1 varliginda Fenton oksidasyon reaksiyonlar1 gerceklesir(bkz.Fenton

reaksiyonu).

Anot ve katot elektrotlar1 olarak Fe kullanilmasi durumunda, anotta gerceklesecek Fe’in ¢oziinme

reaksiyonlar1 agsagida gosterilmistir (Saymer, 2003).

Fe++ + OH- » FeOH+ (ads.) + e- (1.1)
FeOH+ (ads.) + OH- — Fe(OH)2(ads.) (1.2)
Fe(OH)2(ads.) — Fe(OH)2(c6z.) (1.3)
Fe(OH)2(coz.) — FeOH+ + OH- (1.9)
FeOH+ — Fe++ + OH- (1.5)

Sheng ve Chih (2000) sizint1 suyu ile yaptiklart kimyasal koagiilasyon sonrasi elektro-fenton
calismasinda 23 dakika gibi kisa bir siirede, teorik H202 dozunun %37 sini kullanarak % 68
oraninda KOI giderme verimine ulasmislardir. Bu aritilmis suyun %30 luk kismini da BOI temsil
etmektedir.

1.1.4 Elektrokoagilasyon
Elektrokoagiilasyon ile aritma uygulamalarinin esasi, koagiilan maddenin elektroliz hiicresinde, katot

materyali olarak seg¢ilmesi ve elektrik akimi ile ortama gegirilmesine dayanmaktadir. Klasik
uygulamalarda, Fe+2 , Fe+3 ve AIl+3 iyonlarmin kimyasal madde olarak ilavesi seklinde
gerceklestirilen koagiilasyon islemleri, bu tiir uygulamalarda katot materyali olarak secili Fe veya Al
metalinin elektroliz esnasinda ¢oziinlip ortama gegmesi ile ger¢eklesmektedir. Elektrokoagiilasyonda
katot reaksiyonlari baskin gelmekte ve ortamin pH’1 giderek yiikselmektedir. Metal iyonlar1 ve
hidroksil iyonlarinin g¢okebilecek konsantrasyona ulasmalari neticesinde, yesil renkli Fe(OH)2,

kahverenkli Fe(OH)3 veya beyaz renkli Al(OH)3 floklar1 belirgin bigimde goriilebilmektedir.

Sizint1 suyu ile ilgili yapilan bir galigmada katot bakir olmak {izere demir ve aliiminyum anotlar
denenerek KOI giderimleri belirlenmistir. Sizint1 sularinda 10V ile 20 dakika siiren bir calismada Fe-
Cu elektrot ¢ifti ile %41,8 TOK giderimi saglanirken bu deger Al-Cu elektrot cifti i¢in %39,6 olarak
belirlenmistir(Tsai vd., 1997). Yapilan bir baska calismada, 500 ml numune hacminde Fe ve Al
elektrotlar kullanilarak sizinti suyunun aritilabilirligi karsilastirilmigtir. Calisma sonucunda Fe
elektrotlar kullanildiginda %75 KOI, %65 TOK, %95 renk ve %98’de krom giderimi saglanmustir. Al
elektrotlar kullanildiginda ise %80’lik bir KOI giderimi elde edilirken, %70 TOK, %97 renk ve %90
krom giderimi elde edilebilmistir. Bu sonuglar sizint1 suyu aritiminda elektrokoagiilasyon yonteminin
uygulanabilecegini ve aliiminyum elektrotlarin sizint1 suyu i¢in genel itibariyle daha verimli sonuglar
verdiginin gostermektedir (Oztiirk vd., 2005). Kurt (2007), EAS &rneklerinin 5-10 dakika gibi ¢ok kisa

elektroliz ve 30 dakika gibi ¢oktiirme siirelerinde diisiik maliyetli olarak alici ortam desarj limitlerine
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indirilebilecegini ortaya koymustur. Diger taraftan, Ilhan (2006) sizinti sulari iizerinde yaptigi

elektrokoagiilasyon calismalari ile % 60 seviyelerinde KOI giderimine ulagmstir.

Glintimiizde elektrokoagiilasyon ile aritim ydntemi bir¢ok farkli tipte atiksuyun aritiminda yaygin
olarak kullanilmaktadir. Bu yaygin kullanim alani bir¢ok farkli arastirmanin yapilabilmesi icin taban
olusturmustur. Tekstil atiksularmin aritiminda , endiistriyel atiksulardan metal gideriminde , maden
atiksularindan metal gideriminde , yag iceren atiksularin aritiminda , sizint1 sularindan organik madde
gideriminde , boya endiistrisi atiksularinin gideriminde , arsenik gideriminde , elektrokoagilasyon

yontemi yaygin olarak kullanilmaktadir.

Feng ve ark. (2007), deri sanayi atiksularinin elektrokoagiilasyon yontemi ile aritilabilirligini
arastirmiglardir .Calismalarinda diisiik akim yogunlugu (< 1A ) ve aliiminyum - ¢elik elektrodlarini
kullanmiglardir .Yapilan caligsmalar sonucunda celik elektrodlarin siilfiir gideriminde Al elektroda
gore daha verimli oldugu goriilmiistiir. Al elektrodlar1 renk giderimi agisindan daha verimli iken siilfiir
giderim verimi %12 “ den az olmaktadir. ki elektrodun da iistiin yanlarmi kullanmak amaciyla iki
kademeli bir sistemle calisilmistir.Deri  endiistrisi atiksuyuna  Oncelikle c¢elik elektrodla
elektrokoagiilasyon uygulanmistir.Bunun arkasindan filtrasyon ve ardindan Al elektrodla
elektrokoagiilasyon islemi uygulanmigtir.Bu ¢alisma sonucunda % 68 KOI , % 43,1 Amonyak , %
55,1 TOK , 9%96,7 Siilfiir, %84,3 renk giderimi gergeklesmistir.

Yapilan bagka bir ¢aligmada siyah zeytin atiksuyunun EK+ coktiirme yontemiyle detoksifikasyonu
arastirilmustir.Siyah zeytin atiksuyu yiiksek bulamklik , renk, AKM , KOI(100 g/l ¢ ye ulasan )
parametrelerine sahiptir. Bunun disinda 10 g/l ‘ye ulasan toksik fenolik bilesikler anaerobik biyolojik
aritmay1 olumsuz etkilemektedir. Bu ¢alisma anaerobik biyolojik aritim oncesi uygulanacak EK +
cOktiirme sisteminin detoksifikasyonunu incelemistir. EK prosesi yardimiyla polimerize olan fenolik
bilesiklerin sudan ayrilmasi kolaylasmistir. EK prosesi sonucu hamsudaki BOI 5/ KOI oran1 0,33 * ten
0,58 e yiikselmistir. EK ardindan 3 giinliik basit c¢oktiirme ile %76,2 fenolik bilesik , % 75
bulaniklik , % 71 askida kat1 , % 43 KOI , % 90 renk giderimleri saglanmistir. Ayrica bu 6n islem
sayesinde anaerobik mikroorganizma Vibrio fisherl inhibisyonunu % 66,4 oraninda azaltmistir. EK +
coktiirme isleminin ardindan yapilan anaerobik proseste metanin biyolojik doniisiimii daha yiiksek

oranda gerceklesmistir ( Khoudi vd. , 2006 ) .

Hernandez ve ark. (2006) , farkli endistrilerin atiksularini igeren karigik endiistriyel atiksudaki

kirleticilerin elektrokoagiilasyon + sorpsiyon birlesik prosesiyle aritilabilirligini arastirmiglardir.

pH: 8 ve akim yogunlugu 45,45 A / m’ olarak belirlenen galisma kosullarinda EK ile sudaki tiim

kirleticilerin etkili sekilde aritildigi gozlemlenmistir. Bu prosese ilaveten sorpsiyon prosesinin
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eklenmesiyle atiksudan ; % 84 KOI , % 78 BOI5 , % 97 renk , %98 bulaniklik , % 99 fekal koliform

giderimi gdzlemlenmistir.

Yapilan bir baska calismada Al elektrod kullanilarak bitkisel yag rafinasyonundan kaynaklanan
atiksularin artimi incelenmistir. Calisma sirasinda yardimci kimyasallar olarak PAC ( poli aliiminyum
klorid) ve sodyum siilfat kullanilmistir. Organik maddelerin ve KOI gideriminin incelenmesinde
isletme sartlarindan olan ; Ph, akim yogunlugu , PAC dozaji, sodyum siilfat dozajinin etkileri dikkate

almmustir. Yapilan ¢alismalar sonucu EK prosesi i¢in en uygun pH degerinin 7 oldugu belirlenmistir.

Bu pH degerinde 35 mA Jem’ akim yogunlugunda 90 dk . ‘lik reaksiyon siiresi sonunda % 98,9
oraninda KOI giderimi gerceklesmistir.Cikis suyu gayet temiz ve c¢ikis standartlarmi saglayan
ozelliktedir ( Un vd. , 2007).

Yapilan bagka bir c¢alismada sizinti suyunun Al ve Fe eletrodlar kullanilarak aritilabilirligi
arastirilmistir. 500 ml ‘lik numunelerle yapilan c¢aligmalarda Fe elektrod kullanilmasi sonucu % 75
KOI, % 65 TOK , % 95 renk ve % 98 krom giderimi gerceklesmistir.Al elektrod kullanini sonucu ise
% 80 KOI , % 70 TOK , % 97 renk , % 90 krom giderimi gergeklesmistir.Bu ¢alismalar sizint1 suyu
aritiminda elektrokoagiilasyonun uygulanabildigini , Al elektrodun daha iyi sonuglar verdigini

gostermistir (Oztiirk vd., 2005 ).

Bir bagka ¢alismada elektrooksidasyon ve elektrokoagiilasyon prosesleri birlikte kullanilarak tekstil
atiksuyunun aritilabilirligi arastirilmistir. Al elektrodun kullanildigi EK prosesinde % 99 AKM , %

62,5 KOI giderimi goriilmiistiir. Elektrokoagiilasyonun ardindan uygulanan elektrooksidasyon
prosesinde 2 tirde malzemeyle ¢alisilmistir. Bunlar grafit vee RuO2 / IrO2 / TaO2 kapl titanyum

anotlaridir. RuO2 / IrO2 / TaO2 kapl titanyum elektrod varliginda KOI ¢ de 80 mg/l ¢ lik bir diisiis
zorla goriilmiistiir. Diger elektrodlarin varliginda ise 380 mg/l ‘nin de lizerinde bir diislis gézlenmistir.

Organiklerin anodik insinerasyonunda RuO, / IrO, / TaO, kapl titanyuma gore garfit daha etkili

oldugundan tercih edilmstir. CI iyonunun elektrooksidasyon sirasinda diisiisi KOI gideriminin
artisgina neden olmustur. Grafit elektrodun kullanimi sayesinde ani akim verimi ( ICE ) % 45 © e

ulagirken , bu deger RuO, / IrO, / TaO, kapl titanyum igin % 10 kadardi.Akim yogunlugunun 4,53

‘den 0,91 mA /cm 2 ‘ye diisiiriilmesi ICE ‘nin yiikselmesini saglamistir. Akim yogunlugunda yapilan bu
degisim sayesinde enerji sarfiyat1 0,07 kWh/g  dan 0,02 kWh/g ‘ a diigiiriilmistiir (Raju vd. , 2008).

Elektrokoagiilasyon g¢alismalarinda sadece aritilabilirlik ¢alismalar1 yapilamamigtir. Uygulanan EK
prosesinin ekonomik analizinin yapildig1 ¢alismalar da bulunmaktadir. 1000 m’/ glin debiye sahip

tesisin m ’ (i basina aritma maliyeti hesaplanmistir. Bu amagla en 6nemli isletme parametreleri olan
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harcanan elektrik ve elektrod , is giicli , camur isleme , bakim , aginma paymin dogrudan ve dolayl
etkileri goz oniline alinmistir.Yapilan ¢alismalarda en uygun maliyetin mono- polar - paralel metoda
ait oldugu belirlenmistir. Kullanilan paralel ve seri bagli Al ve Fe elektrodlarin her ikisi de KOI ve

bulaniklik giderimde benzer sonuglar gostermistir.Ancak Fe elektrod maliyeti acisindan Al elektroda

gore daha uygun bulunmustur.Fe i¢in pH 7 , Al elektrod i¢in pH 5, 30 A / m”* lik akim
yogunlugunda , minimum 15 dk islem uygulanmasi istenilen verimi saglamistir. Kimyasal
koagulasyona gore elektrokoagulasyonun daha ekonomik, daha az madde sarfeden, daha kararli pH
‘ya sahip , giderim verimi daha yiiksek , daha az ¢amur olusturan bir proses oldugu belirlenmistir.
Ayrica EK prosesinin KK prosesine gore 3,2 kat daha ucuz oldugu belirlenmistir (Bayramoglu vd.,
2003).
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2. MATERYAL VE METODLAR
caligmalarda kullanilan tim kimyasallar Merck analitik kalite olarak kullanilmistir. Benzer

sekilde analizler de standart metotlara gore gergeklestirilmistir (SM 4500 H*, 2510 B) [51].

2.1. Kaullanilan cihaz ve ekipmanlar
Bu calismada analizler i¢in Hach Lange marka HQ40D model bir multimetre kullanilmistir.

Elektrokoagiilasyon c¢aligmalar1 pleksiglas malzemeden 1 L hacminde EC iinitesinde
gerceklestirilmis, Al ve Fe elektrotlar anot ve katot materyalleri olarak kullanilmistir. Giig
kaynagi olarak ise GW Instek 3030DD model gii¢ kaynag1 kullanilmistir.

Ayrica ED galismalar igin ise PCCell Marka ED64-4 model bir elektrodiyalizor ve bir de yine
PCCell marka BMED1-3 model bir besleme diizenegi kullanilmistir. ilgili diizenege ve
kullanilan membranlara iliskin detayli bilgiler ve sematik goriiniimler sirasiyla Tablo 1 ve

Sekil 1°de verilmistir.

Tablo 1: Elektrodiyalizoriin temel 6zellikleri.
Ozellik ED-64-4 BMED 1-3

Membran o6lculeri 110mm X110m -

Etkin Membran Alani 64 mm (her membran -

Hiicre Kalinlig 0.5mm -
Debi 4-8 L/sa Maks.1500L/sa
Maks. Elektriksel 30V 24V
Gerilim
Maks. Akim 5A 5A
Maks. Pomp. Yiiksekligi - 4,2m

Boyut 165x150x195 mm® 825x380x410 mm?®
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Konsantre Akim

Tuzlu su ,(NaCL

Deiyonize Tuzlu Su

Konsantre Akim

Sekil 1: KED prosesinin genel mekanizmasi.
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3. SONUCLAR VE TARTISMA
Projede Sizinti suyu, Tekstil atik suyu ve Deri endiistrisi tabaklama atik sular1 iizerinde
caligmalar yapilmistir.

3.1.Sizint1 Suyu Calismalari

Tablo 2. SS Karakterizasyonu

pH 7,30
KOI (mg/1) 38800
BOIs (mg/l) 26100
AKM (mg/l) 1160
Tletkenlik(mS) 29
Renk (Hazen) 5290
Bulaniklik(NTU) 2580

Yapilan 6n ¢aligsmalar neticesinde sizint1 suyunun elektrokoagiilasyon prosesiyle aritilabilirligi
incelenmistir. Bu amagla 20 V’luk gerilim altinda sizinti suyu igerisindeki kirleticilerin
elektrokoagllasyon prosesi suresince giderim potansiyelleri incelenmistir. Yapilan ¢aligmada

zamana bagl olarak farkli kirletici paramterler iizerindeki degisim Tablo 3’de belirtilmektedir.

Tablo 3. SS EC ¢alismasi sonuglar1 (20 V - 0,31 A)

Zaman (dk) 0 5 10 15 30
KOI (mg/1) 38800 34000 31000 24240 15000
BOIs (mg/1) 26100 24150 22350 21750 14600
AKM (mg/l) 1160 960 760 640 560
pH 7,30 7,49 7,62 7,73 7,80
Iletkenlik(mS) 29 28,6 28,2 28 27,8
Renk (Hazen) 5290 4710 4100 3540 2900
Bulaniklik(NTU) 2580 1980 1950 1560 1280

Ayni zamanda yapilan calismaya iliskin sonuclarin her bir kirletici bazinda gorsellige

dokiilmesi Sekil 2, 3, 4 ve 5 seklinde 6zetlenmistir.
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Sekil 2. SS ¢alismas1 KOI giderim performansi

Sekil 2 incelendiginde 30 dakika gibi kisa bir siirede sizint1 suyu gibi aritimi zor ve kompleks
icerikli ve yiiksek organik kirlilik iceren bir sivinin %60 oraninda KOI giderimi saglandig
goriilmektedir. Ozellikle yaklasik 23000 mg/L’lik KOI giderimi 30 dakika gibi siirede elde
edilmesi basar1 olarak addedilebilir. Organik kirleticiler Gzerindeki etkinin daha iyi

anlasilabilmesi icin BOI giderim verimlerini de incelemek gerekmektedir.

30000 as
+ a0
25000 —+
T35 =
— 20000 - + 30 =
> E
4+ 25 5
£ ;15000 + 1 2o 2
2 £
10000 - 115 8
+ 10 &
5000
+ s
o o
o 5 10 15 30
Zaman (dk)

Sekil 3 SS caligmas1 BOI giderim performansi

Sekil 3 incelendiginde, BOI parametresinin KOI ye oranla daha diisiik oranda giderildigi
goraliyor. Bunun temel nedeni biolyojik olarak parcalanamayan organik Kirleticilerin proses
sonucu biyolojik olarak parcalanabilir organik maddelere doniisiimiidiir. Sekil 4’de AKM

giderim performansi goriilmektedir.
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Sekil 4 SS calismas1 AKM giderim performansi

Sekil 4 incelendiginde organik kirleticilerle paralel olarak benzer oranda AKM giderimi elde
edildigi goriilmektedir. Kirleticilerin giderim performansi ilerleyen asamalarda daha detayl

incelenecektir.

29,2

29 <
28,8
28,6 -
28,4 -
28,2

28
27,8
27,6

iletkenlik (m$)

(0] 10 20 30 40
Zaman (dk)

Sekil 5 SS caligmasi iletkenlik durumu

Yukaridaki c¢alisma verilerinden goriilecegi iizere, SS ile yapilan elektrokoagiilasyon 6n
calismasinda KOI, AKM ve BOI5 degerlerinde sirasiyla, %60, %52 ve %43 gibi giderim
verimleri gozlenmistir. Geng depo sahasi sizint1 sulari ile ¢alisildigindan ve bu tip atiksularin
yiiksek oranda c¢oziinmiis ve ekseriyetle ucucu organik yag asitleri ihtiva etmeleri
elektrokoagiilasyon mekanizmas: ile desarj edilebilir kalitede atiksu eldesini olumsuz

etkilemektedir.
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3.1.1 Sizint1 Suyu Hidrojen Uretim Potansiyelinin Belirlenmesi

Calismalarda Kemerburgaz Kati Atik Diizenli Depolama Sahasindan alinan sizinti suyu
kullanilmigtir. Elektrokoagiilasyon uygulamasinda 6.2*6.2*14.6 cm boyutlu reaktor,14*4.5%1
cm boyutlu Al ve Fe anot ve katot elektrotlar olarak, elektriksel gii¢ kaynagi olarak, GW
INSTEK, GPS 3030 DD marka ve modelli 0-30 V gerilim ve 0-3 A akim kapasiteli gii¢
kaynagi cihazi kullanilmistir.

Elektroliz ortamindan alinan numunelerde KOI, pH, iletkenlik, absorbans zaman degiskenlik-
leri agisindan incelenmistir.

Her bir set 250 ml numune ile ¢alisilmis ve setlerin 7’sinde 3A, 3’iinde 1A degeri dikkate
alinmistir. Elektroliz siireleri ise, 0., 1., 2., 3., 4., 5., 15., 16. dakikalar olarak belirlenmis. Tiim
caligmalarin sonunda 30 dakikalik ¢oktlirme ile berrak fazdan numuneler alinarak analizler
yapilmis ve aritma performanslari tespit edilmistir. Numunelerde organik ve inorganik kati
madde igerigine bakmak i¢in numune c¢ozeltileri filtre kagidindan gegirilerek tartim ve
akabinde kiil firmn1 islemleri yapilmistir. Gaz miktarinin belirlenmesi igin Sekil 6’daki diizenek
kullantlmistir.

Calisma siiresince tiim deneyler Standart Methods’a gére yapilmistir (APHA, 1995). KOI

analizleri i¢in kapali reflux metodu kullanilmistir.

=
1. Giig Kaynag I
2. Gaz Toplama
ve Oleme Gnitesi
3. Elektrot destek
gubugu
4. Gazin hareket
yomii =y
5. Musluklar
|
qEQERE e

V A 7= 5
©©0.00]0.0 0 o

Sekil 6. SS Deneysel ¢alisma diizeneginin sematik gosterimi
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Yapilan tiim ¢alismalar da okunan amper ve volt degerleri asagidaki Tablo 4*de mevcuttur.

Tablo 4. Yapilan ¢alismalardaki amper x volt ve baz1 diger degerler

Numune No Akim(Amper Son OkunanVolt(V) V(hacim,ml) t(sire,dk) Anot

1 3 3,2 250 1 Al
2 3 3,3 250 2 Al
3 3 3,3 250 3 Al
4 3 3,5 250 4 Al
5 3 3,4 250 5 Al
6 3 5,2 250 5 Fe
8 1 1,7 250 1 Al
9 1 1,6 250 3 Al
10 1 1,9 250 5 Al

Enerji tiikketimi hesaplar1 agagidaki denklemle yapilmigstir.

Velsf

W = (3.1)

W: Enerji tiketim degeri(kW-sa/m3)
I: Uygulanan akim siddeti(Amper)
V: Olusan potansiyel fark(Volt)

t: Zaman

v: Reaktordeki toplam ¢ozelti hacmi

1. numune i¢in 6rnek hesaplama:

32Vs+34=+1dk
W= 250 ml = 0,64 kW-sa/m3

6. numune icin 6rnek hesaplama:
52V=34s5dk
W= 250 ml = 5,2 kW-sa/m3

Tablo 4’deki ilk 5 caligmaya ait enerji tiikketimi asagidaki sekil 7°de gosterilmektedir.
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Enerji sarfiyati

. .

E /./

1,5
1 A
0,5 —

Enerji (kW-saat/m?3)
]

Zaman (dk)

Sekil 7. Calisilan baz1 numunelerdeki enerji sarfiyatlari

Elektroliz hiicresinde (reaktor) yapilan EC g¢alismasindan sonra alinan ¢ozelti filtre kagidin-
dan gegirilerek tartim ve kiil firim1 islemlerinden sonra asagidaki inorganik ve organik kati

madde miktar1 sonuglarina ulagilmistir.

Tablo 5. Deneysel ¢alismalar sonucunda numunelerdeki organik ve inorganik icerikler

Numune  organik inorganik t(dk) I(A)

No icerik (g/L) icerik (g/L)
1 11,051 0,215 1 3
2 4,758 0,392 2 3
3 3,947 1,927 3 3
4 5,219 0,663 4 3
5 6,777 0,851 5 3
6 6,412 1,116 5 3
7 6,001 0,001 Calisilan Numune(Ham Su)
8 12,400 0,143 1 1
9 6,467 0,306 3 1
10 6,222 0,345 5 1
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KM icerikleri

3,5

- 3
TR A
=7\ [\
.E" 1,5 \ M\j L —o—Organik icerik
E 1—AQ/ =—inorganik icerik
&0,5

0 T T T T

o 1 2 3 4 5 6 7 8 9 10

Numune No

Sekil 8. Deneysel ¢alismalar sonucunda numunelerdeki organik ve inorganik icerikler

Yapilan tiim ¢aligmalardaki numuneler spektrofotometreye konarak degisik dalga boylarindaki
absorbans degerleri elde edilmistir.

Tablo 6. Spektrofotometre sonuglari
Numune No 420 436 525 620 700

1 0,177 0,256 0,136 0,096 0,076
2 - 0,531 0,326 0,235 0,191
3 - 0,172 0,072 0,046 0,035
4 - 0,18 0,084 0,056 0,044
5 0,135 0,122 0,062 0,037 0,027
6 - 0,132 0,084 0,067 0,056
7 - 0,809 0,476 0,337 0,246
8 - 0,598 0,336 0,234 0,174
9 - 0,278 0,129 0,086 0,063
10 - 0,147 0,042 0,022 0,013

Yukaridaki ¢izelgedeki sonuglar asagida Sekil 9” da grafik Uzerinde de gorilmektedir.
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Absorbans/Dalga Boyu
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Sekil 9. Spektrofotometre sonuglari

Numunelerin hepsi pH ve iletkenlik Slgerlerle dlgtilmiistiir ve Tablo 7’deki sonugclar elde
edilmistir.

Tablo 7. pH ve iletkenlik sonuglari

Numune No Zaman pH iletkenlik(mS/cm)
1 1 8,3 8,83
2 2 8,3 8,81
3 3 7,8 8,59
4 4 8,2 8,65
5 5 81 9,77
6 5 7,5 9,73
7 - 8,2 8,91
8 1 8,2 9,43
9 3 8,3 9,33
10 5 8,3 9,23
pH-Zaman Grafigi
8,4
8,3 i & * *
8,2 L 2
8,1 2
8
79
7,8 r's H
7,7 ep
7,6
7,5 ¢
7,4 T T T 1
1 2 3 4 5
Zaman (dk)

Sekil 10. Numunelerdeki pH-zaman iliskisi
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Sekil 11. Numunelerdeki iletkenlik-zaman iligkisi

Kemerburgaz Kati Atik Diizenli Depolama Sahasindan alinan sizinti suyuyla yapilan 10
(on) elektrokoagiilasyon ¢alismasinin optimizasyonu yapildigi zaman en iyi giderimin 4
nolu numune de yani 4 dk zaman zarfindaki 3 A’lik akimda gergeklesen numune oldugu

belirlenmistir.

4 nolu numunede yapilan ¢aligmanin sonucunda; 2,8 kW-sa/m® enerji maliyetiyle yaklasik

17,3 kg/m® KOI giderimi ger¢eklesmistir.

En iyi giderimin 4 nolu numunede oldugu belirlendikten sonra reaksiyon sirasinda ¢ikan
gazlarin Slglimiinii yapmak i¢in yine elektrokoagiilasyon g¢alismasi yapilmistir. Caligsma
sonucunda gaz toplama {initesinde teorik olarak 1336 ml/L gaz ¢ikisi beklenen c¢aligsmada
560 ml/L gaz toplanmistir. Bu gazin Hidrojen igerigi ise yaklasik %95 seviyelerindedir. Bu
da 532 ml/L Hidrojen gazina tekabul etmektedir. Sonu¢ olarak gaz toplama verimi

yaklasik %40 olarak hesaplanmistir.
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3.2 Deri Atiksuyu Calismalari
3.2.1 Siirekli Sistem EC Calismalari

The efficiency of EC process depends on several parameters such as: current density (j),
electrolysis time (t), initial pH (pHi), type of electrode material (Fe or Al) and distance
separating the anode to the cathode (d). In order to enhance the process performance, the
effects of current density, electrolysis time, type of electrodes and initial pH have been

tested. In the present work, only the untreated tannery effluent was used.

3.2.1.1 Al Elektrot Calismalari

In all electrochemical technologies, current density is considered a vital parameter for
controlling the reaction rate within the electrochemical reactor [53]. It is well known that
current density determines the production rate of coagulant, adjust also bubble
production, and consequently affects the growth of flocs [37]. According to the conditions
of operating parameter that listed in table 3.4 we investigated the effect of current density

J, inlet flow rate and energy consumption on the efficiency of pollutants removal.

Figure 12a and b show that the time required achieving steady-state conditions, i.e. the

values on the plateau region, decreased when j increased from 7 tol4 mA/cm? and then

became nearly constant at about 125 min. An increase in current density from 7 to 14

mA/cm? yielded an increase in the efficiency of pollutants removal, i.e. COD, NH3-N,

total chrome, and color removal efficiencies were increased from 44- 61, 17-31, 98-

>09, and 81-90, %, respectively. This could be anticipated: when the current density

increases, the amount of ARt cations released by the anode and therefore of Al (OH) 3

particles also increases.

As shown in figure 12a and b, in addition, energy consumption was directly proportional

to applied current density. The energy consumption increased from 4.5 to
6.75 KWh/m3 with the increase in the applied current density. When the energy

consumption was measured, the power requirement of electrocoagulation for pollutants

removal was taken into account, while pumping energy was not considered.
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Thus, figure 13a and b has achieved, satisfactory, a steady state conditions. So, the

values on the plateau region, decreased when j increased current density from 7 tol4d
mA/cm? and then became nearly constant at about 125 min. An increase in current

density from 7 to 14 mA/cm2 yielded an increase in the efficiency of pollutants removal,

i.e. COD, NH3-N, total chrome, and color removal efficiencies were increased from 53- 73,
23-60, >99, and 85-95 %, respectively. However, the pollutants removal efficiency at pH 6
is found superior than pH 4.1 for aluminum electrodes.

As described in figure 13a and b, in addition, it can be seen that the energy consumption

was directly proportional to applied current density. The energy consumption increased

from 45 to 6.75 KWh/m® with the increase in the applied current density. When the
energy consumption was measured, the power requirement of electrocoagulation for
pollutants removal was taken into account, while pumping energy was not considered.
Conclusively, as the current density was increased, the pollutants removal efficiencies and

the energy consumption increased.

Regard to the inlet flow rate, as seen in figure 12a and b, figure 13a and b, it was

increased to 17, 20, 25, 33, 50 and 100 ml/min, the retention time directly decreased to

150, 125, 100, 75, 50, and 25 min. the pollutants removal efficiencies were decreased as the
flow rate was increased. This showed that mixing by the rapid turbulent inlet to the reactor
initially affected the pollutants removal efficiency. However, after the flow rate was
increased somewhat, from 20 to 25 ml/min in this study, the influence of retention time
decreasing was stronger than that of the mixing effect. The optimal flow rate could be
considered to be 20 ml/min which is corresponding to 125 min. The result indicated that

energy consumption was independent of the inlet flow rate, which is similar with its

behavior according to pollutants removal. Despite the increasing of the inlet flow rate, the
power consumption remained at 4.5-6.75 KWh/m3 for figure 12 a and b and figure

13 a and b. The pumping energy was not taken into account on integrating the energy
consumption.

Anyway, for the experimental conditions of figure 12 b and figure 13 b, optimum

current density and inlet out flow seemed therefore to be 14 mA/cmZ, and 20 ml/min, as it

can be considered that YCOD = 61, 73% respectively, corresponds to the minimum
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acceptable value for EC process. However, fig.13 b has achieved the best condition

according to our results, optimum current density, pH and inlet out flow or

electrocoagulation time seemed therefore to be 14 mA/cmZ, 6.0 and 20 ml/min or 125
min, respectively, as it can be considered that YCOD = 73 % , corresponds to the
minimum acceptable value for EC process. At these conditions, thus, the removal

efficiency of NH3-N, Cr, and Color was 51, >99 and 95 % respectively, and the energy

consumption was 6.75 KWh/m3 in the case of aluminum electrodes.

100 = 5.5
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Figure 12 (a) Effect of current density on pollutants removal efficiency with time or inlet
flowrate and energy consumption of electrocoagulation using aluminum electrodes (original

pH 4.1, five pairs of Al electrodes, current density 7 mA/cmZ).
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Figure 12 (b) Effect of current density on pollutants removal efficiency with time or inlet

flowrate and energy consumption of electrocoagulation using aluminum electrodes (original

pH 4.1, five pairs of Al electrodes, current density 14 mA/cm2).
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Figure 13 (a) Effect of current density on pollutants removal efficiency with time or inlet
fowrate and energy consumption of electrocoagulation using aluminum electrodes (pH 6, five

pairs of Al electrodes, current density 7 mA/cmZ)
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Figure 13 (b) Effect of current density on pollutants removal efficiency with time or inlet flow

rate and energy consumption of electrocoagulation using aluminum electrodes (pH 6, five

pairs of Al electrodes, current density 14 mA/cmZ).

3.2.1.2 Hidrojen Uretim Potansiyeli ve Hesaplamalar

The effluent of tannery wastewater was supplied continuously to the bottom of the
electrochemical reactor. As the wastewater is moved to the top, gas bubbles also moved up to the top
together with upward effluent. The gas flowed out at the gas outlet located at the top of the gas
separation tank, and water flowed out at a water outlet located near the top of the tank. With high
liquid flow rates, only small amounts of solids accumulated in the gas separation tank. The amount
of total gas produced was determined by water displacement method. The cumulative hydrogen

gas production was determined by using the following equation (4.5):

VH2 i =VH2 i-1 +VTG +\G,i —\G,i-1 3.1)
Where VH2,i and VH2,i-1 are the volumes of cumulative hydrogen (ml) calculated after the ith
and the previous measurement; VTG is the total gas volume measured by the water displacement
method (ml); VG,i and VG,i-1 are the volumes of the gas in the headspace of the reactor for the

ith and the previous measurement (ml).

Figure 4.10.a shows hydrogen gas evolution coupled with electrocoagulation of different current

densities (7 and 14 mA/cmz) and pH values (4.1 and 6) for aluminum electrodes versus electrolysis
time (min). As can be seen from Figure 4.10.a, the hydrogen gas production rates coupled
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with current density (7mA/cm2) and electrocoagulation time (150 min) were 332 and 380
ml at pH values 4.1 and 6, respectively.

While, the hydrogen gas production rates coupled with current density (14mA/cm2) and
electrocoagulation time (150 min) were 632 and 720 ml at pH values 4.1 and 6,
respectively. As mentioned above, in the case of aluminum electrodes, the optimum current

density and inlet out flow or electrocoagulation time seemed therefore to be 14 mA/cm2

1 pH 6
and 20 ml/min or 125 min, respectively, as it can be considered that YCOD = 73 %, and also,

at these conditions it can be concluded that the hydrogen gas production rate was 582 ml.

However, in the case of iron electrodes an investigation of hydrogen production coupled with

electrocoagulatoin of two values of current density (7 and 14mA/cm2) and pH (4.1 and 7) versus
electrolysis time (min) was conducted. As can be seen from Figure 4.10.b the hydrogen gas

production rates coupled with current density (7mA/cm2) and electrocoagulation time (150 min)
were 328 and 336 ml at ph values 4.1 and 7, respectively. Thus, the hydrogen gas production

rates coupled with current density (14mA/cm2) and electrocoagulation time (150 min) were 612
and 668 ml at pH values 4.1 and 7, respectively.

For iron electrodes, as it can be considered that YCOD =67 %, corresponds to the minimum
acceptable value for EC process. The optimum conditions were seemed therefore to be 14

2

mA/cm®, pH 7 and 20 ml/min or 125 min, at these conditions it can be attained about 546 ml of

hydrogen gas. It should be pointed out that the amount of ammonia gas has been taken into
consideration.

Ultimately, it could be explained that the hydrogen gas production increased when current
density increased for each electrolyte, this is because that more protons released from the anode
reaction which is agree with the COD removal [165]. Beyond that, the experiments with aluminum
electrodes clearly indicated that hydrogen gas production from tannery wastewater was
satisfactory than iron electrodes, this is due to high free electron density and high electrical
conductivity of aluminum [166].

However, the theoretical amount of hydrogen gas generated is calculated by faraday law;

r]H2 = 2 .H (32)
F
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Where, r]Hois the amount of hydrogen generated (mole), I is the supplied current

(Ampere), t is the electrocoagulation time (s), F is Faraday’s constant (96,500 C per mole of
electrons), H is the number of hydrogen molecules generated per electron involved in the
redox reactions. The value of H is independent of the type of anode; i.e. iron or aluminum. That is,
H is equal to 1/2 in both cases.

The results show that the energy yield of harvested hydrogen can reduce the electrical energy

2

consumption of the electrocoagulation process by 20 % for current density 7 mA/cm” and 30

% for current density 14 mA/cm2, (Assuming 50% efficiency in hydrogen to electricity
conversion). It has been noted that the choice of current densities, electrocoagulation time, pH
and the type of electrodes, the estimated hydrogen produced is always of the same order of

magnitude, ranging between 0.93 and 2.00 kWh m'3. Besides an energy source, hydrogen can
be used as a reactant in

hydrogenation process to produce low molecular weight compounds, or to remove some of

pollutants such a sulfur and nitrogen compound [167]

2000 =—¢—=7 mA/cm2, Ph 4.1
1800 14 mA/cm2, Ph 4.1
1600 —a—14mAfcm2, Ph 4.

1400 /‘ 7 mA/cm2, Ph 6
1200 /. 14 mA/cm2, Ph 6
y S

1000
800
600
400
200

Hydrogen Gas Production (ml)/2.5 L

0 25 50 75 100 125 150

Time (min)

Figure 14 Hydrogen gas production with aluminum electrodes
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3.2.1.3 Camur Karakterizasyonu

Sludge produced in EC process is separated in clarifiers by sedimentation and flotation. In
addition flocs formed by EC settle easy and they are well de-waterable. It can be

observed from table 8 that the amounts of dried sludge were 0.43 — 0.72 Kg/m3 in the

case of aluminum electrodes while they were 0.38- 0.67 Kg/m3 in the case of iron

electrodes. The amount of sludge produced is

removed. Based on our results in two cases (Al &Fe) we found that removing of 1 Kg of

COD produces 0.35 Kg of dried sludge.

related to the amount of pollutants

Table 8 Sludge production by Electrocoagulation process (kg/m3)

COD removed Chromium removed| Organic sludge Inorganic sludge
For aluminum electrodes

1.26 0.524 0.43 1.40
1.48 0.566 0.50 1.90
1.74 0.568 0.57 2.70
1.93 0.569 0.65 3.20
2.00 0.569 0.70 4.00
2.00 0.569 0.72 4.6
For iron electrode

1.18 0.564 0.38 1.80
1.40 0.567 0.47 2.75
1.60 0.568 0.58 3.76
1.80 0.569 0.63 4.80
1.88 0.569 0.65 5.65
1.88 0.569 0.67 6.82
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3.2.1.4 Aritilmis suyun tarimda sulama suyu olarak degerlendirilmesi

Nowadays, the increasing water scarcity conduces to a planned reclaimed wastewater
(RWW) reuse: irrigation and dischargeable to water bodies. Any of these reuse targets
requires a specific quality level. According to this, the environmental impact of the
RWW reuse needs to take into consideration the direct effects of RWW in irrigation
reuse (effect on soil, on crops and on the landscape vegetation) or in environmental

reuse ( ecosystem), and also the hydrological indirect effects of water bodies.

According to EPA, there is a quality criteria required for agricultural reuse treated

wastewater in irrigation; it can be highlighted on the chemical quality criteria:

1. Electrical conductivity.

2. Concentration of sodium ions and other cations.
3. Concentration of heavy metals.

4. Suspended solids and organic material.

All of these parameters have been related strongly with the types of food production,
climate, soil characteristics, the type of irrigation method (sprinklers, drip, etc). Regard to
these parameters there are guidelines to reused TWW in irrigation. Generally the
treated wastewater contain essential nutrients for plant mostly ammonium. And also
contains toxic ion like chloride, sodium, boron and chrome which can damage indirectly the
plant, in the case of above suitable concentration. Sodium may destroy the soil
structure which will cause reduction of permeability, also, heavy metals can be toxic to
people through food chain. So it is an indispensable to regulate the irrigation process

accurately.

Anyway a high concentration of SS makes clog for the irrigation method, so they are
recommended that the threshold values are ranged from 5 to 25 mg/l. in addition
Salinity leads to change in metabolic processes and physiological process of plants and
ultimately inhibits crop production. On the other wards the soil salinity is seen to inhibit
plant growth in the form of osmotic stress which is then followed by ion toxicity. TDS
limited values were ranged from 500 to 1000 mg/l based on the type of plant or the
suitable value of electrical conductivity was 700-3000 pS/cm. And also the value for

sodium adsorption ratio (SAR) should be ranged from 3 to 40. Regard to specific ion
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toxicity it could be pointed that the main ions are sodium, chloride and boron. The
concentrations of these ions based on the type of plant that will be irrigated, so the
values of sodium ions are ranged from 18 to 102 mg/l and from 178 to 710 mg/l for

chloride as well as from 2 to 4 mg/I for boron. Thus for chrome the threshold value is

0.1 mg/l. regard to our results it could be pointed out that the treated tannery wastewater can

reuse in irrigation safely.

Based on reviews, the states of Turkey, Palestine and Jordan have guidelines for treated
wastewater characteristics according to irrigation. Table 9 a-b shows the applicability of

treated tannery waste water by a hybrid process (EC-ED) to reuse in irrigation.

Table 9 a — b the comparisons with treated tannery effluent and recommended
Guidelines for treated wastewater according to different applications

a. in the case of aluminum electrodes (ECAI-ED) process

Guidelines
Quality ]
paramet Effluent Turkey Palestine Jordan
treated (EC-
or ED) A |[B |C |A |B |C |A [B |C
(ma/l)
COD 224 400 400 | 400| 250 | 250 | 250 | 500 | 500 | 500
Chrome <0.1 01/01(01(011(011{011(01]01]01
NH3-N <1 40 |40 |40 |50 |50 |50 |45 |45 |45
Color <1 - - - - - - - - -
Conductivi 1.5 - - - - - - - - -
ty mS/cm
b. in the case of aluminum electrodes (ECAI-ED) process
Guidelines
ualit
Saramgt Effluent Turkey Palestine Jordan
er treated (EC-
(/) ED) A |B |C |A |B |C |A |B |C
COD 364 400| 400| 400| 250 | 250 | 250 | 500 | 500 | 500
Chrome <0.1 01(01/01(01 (01 |011|01]01]01
NH3-N <1 40 |40 |40 |50 |50 |50 |45 |45 |45
Color <1 - - - - - - - - -
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Conductivi 15 - - - - - - - - .
ty mS/cm

A: dry field crops; B: industrial crops; C: landscape; (-): undefined; color: ADMI (10) Pt—-Co)
From table 4.7 a — b, it is noticeable that the effluent treated with combined EC- ED
techniques presents very suitable values for irrigation.
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4. SONUC

Proje kapsaminda sizinti suyu ve deri sanayi atik sularmin elektrokimyasal olarak
aritilmasi1 ve aritma ¢iktilarinin degerlendirilmesi amaci ile ¢alismalar yapilmistir. Bu

caligmalar ile ulagilan sonuclar asagidadir.

Si1zint1 suyunun elektrokoagiilasyon ile aritilmasi caligmalari sonucunda teorik olarak
1336 ml/L-atiksu gaz toplanmasi beklenirken, 560 ml/L gaz toplanmistir. Bu gazin
Hidrojen igerigi ise yaklasik %95 seviyelerindedir. 532 ml/L Hidrojen gazina tekabil
etmektedir. Sonug olarak gaz toplama verimi yaklasik % 40 seviyelerinde kalmistir. Bu
durumun 1yi izolasyon saglanamamasindan kaynaklandigi, sistemden 6nlenemeyen gaz

kacgaklarmin tespit edildigi gozlemlenmistir.

Deri sanayi atiksulari ile yapilan g¢alismalardan ise, 1600 ml H, / 2,5 L atiksu igin
iiretilmistir. Bunun enerji olarak karsiligi 1943 kCal/1 m? atik su dur. Elektrik enerjisi

esdegeri ise 1.13 kWatt (%50 doniisiim verimi ile) olur.

Camur kompozisyonunun %9-25 oranlarinda organik muhteva igerdigi gorilmiistiir.

Camurun buyik oranda stabilize oldugu sdylenebilir.

Aritilmig suyun tarim tiriinlerini sulamadaki kalitesi 3 farkli {ilke (Tiirkiye, Filistin ve
Urdiin) igin karsilagtirilmis ve farkli tarim diriinleri icin uygun kriterlerde oldugu

gOrilmiistiir.

Bu proje kapsaminda elde edilen sonuglardan iiretilen makaleler ve bildiriler SCI/SCI-
Exp. (2 adet basili, 1 hakem incelemesinde) ve diger indekslere (IOSR, 1 basili) giren
dergilerde ve uluslar aras1 sempozyumlarda (eurasia 2016) yaymlanmistir. Bu sonuglarin
paylasilmasi literatiirde bakir bir alan olan elektrokimyasal aritma ve hidrojen gazi
iretimi gibi konularda ufuk agacagi ve bu alanlarin gelistirilmesine katki yapacagi

asikardir.
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ABSTRACT

In this study, the electrocoagulation (EC) technique for tannery wastewater treatment
was examined using iron and aluminum electrodes. The effects of operating parameters
that include current density, initial pH, and electrolysis time on EC performance were
accomplished. In addition, Taguchi method was carried out in order to design the
experiments and to optimize the experimental results. Ly orthogonal array (OA, three
factors in five levels), signalto-noise (S/N) ratio (the larger-the-better), and analysis of
variance were applied to find the optimum levels and relative magnitude of the effects
of parameters. The removal efficiency of chemical oxygen demand (COD), total chrome,
and color are considered as the response parameters. In the case of iron electrodes, the
optimum conditions of COD were found to be at the fifth level of current density
(EUmA/cmz), the fourth level of initial pH (7), and fifth level of electrolysis time
(25min). According to total chrome, they were found at the third level of current den-
sity (30 mA/em), the fifth level of initial pH (8), and the fifth level of electrolysis time
(25min). In addition, with regard to color removal efficiency, they were determined to
be at the fifth level of current density (50 mA/cm?), the fourth level of initial pH (7,
and the fifth level of electrolysis time (25 min). At the optimum conditions of COD, total
chrome and color removal efficiencies were achieved as 633, 99.7, and 82%, respectively.
Also, operating costs for both COD and color removals were evaluated as 0.88%/m’; but
for chrome removal, they were 0.70 $/m’. In the case of aluminum electrode, the opti-
mum conditions of COD, total chrome, and color removal were found to be at the fifth
level for each operating parameter comesponding to current density (50 mA /cm’), initial
pH (7), and electrolysis time (25 min). As a result, the observed removal efficienci
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In this paper, in the case of iron electrodes, operal-
ing costs for both of COD and color removals were
calculated as 0.88 5/m’, besides, for chrome removal
was 070%/m*. However, in the case of aluminum
electrode, operating costs for COD, chrome, and color
removals were evaluated as 0.94 §/m”. Ultimately, EC
process is an effective costs method for trealing tan-
nery wastewater compared with other methods [40].

4. Conclusion

In this study, Taguchi design experiment (Ly;) was

carried out to optimize the effective paramelers on the

and its percentage value was 32.6%, and also,
it can be concluded that the color is indepen-
dent on the change of initial pH and its per-
centage value was 19.6%. Electrolysis time for
COD and tolal chrome was the slightest
parameter with the same percentage contribu-
tion value 29%. As said by the results statisti-
cal analysis, the set of oplimum condition for
COD, total chrome, and color removal was
current density 50 mA/cm? initial pH 7, and
electrolysis time 25min, whereas operating
costs for COD, chrome, and color removals
were evaluated as .94 §/m”>.
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electrocoagulation/electrodialysis process for the removal of COD. NHy-N. CF and color in tannery
wastmwater, Effects of cur density and  elect iy were aralysed to optime the
process with either iron e
process was then integrated with elactrodialysis (ED) for the treatment of tannery effluents and was
feompraed that e Byl proces  was capable of promoting the qeality of e eated Linnery wastewstes. in
case of treated tannery by EC wit K 1
ffhciency of COD, NH 14, ©r and color were 92 100,100,100 ™

value of 0,571 msjcm at 45 minute. While, in the case of treated tannery by LC with iron electrodes, ED
procmss was b efficient for reenoval polhstants, the o N, Cr and color were
Hecuusoagulation BLIO0N00 0T respectively cormes ponds to ctivity v . 1 bs notioratie
that the afflusnt treated with combined LC-ED tachniques presents very similar values for the sams
parameter as the ones presented by normal feed wates

= 2016 Eleavier BV, All rights ressrvad

Introduction hand, the tanneryi i rrant SECTor
in many countries but ul lu allel the global leather industry
Increasing pollution from peint and non-point sources such as produces about 18 billien square feet of leather a year with an
Industry and agriculture, respectively, the ever-incmasing popula- estimared value of about $40 billien [11] In addition, there is an
tion, ur banization and climatic changes, all of these are being leaded increasing environmental alarm with regard (o environmental
w dedine water quality and quantity | 1.2]. Wastewater treatment regulations,
has been considered as an efficient tool for managing water sources. In this context, the i ] dogical does not
Until relatively recently. little has been done of effective technigue alw.ws achieve satisfactory pcfform.mce due to the toxicity of the
“zoro effluent™ 1o conserve them. Billians of liters of industrial affects th of the Bactaeria. In
wastewater are produced every day with large quantity of agueous addition. tradit I physical-ch cal proc = are
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Table 4
Characterization of feed water, effluent treated by EC process, and by EC-ED system, as well removal grade obtained using these wehnique.

2 In the case of aluminum electrodes (45 min)

Parameter Results Legislation

Effluent Tannery wastewater _Treated effluent (EC) Removal efficiency % Treated effluent (EC-ED] Removal effi

pH 5.0 - -
Canductivity (msfem) 230 -

COD (mg/l 2800

Tuulmhmnn.(rllg,\\ 570

NH;-N (me/t) 180

Color (ADMI (10) t-Co) 824

b.In the case of iron electrodes (75min)

Farameter Resuls

Effluent Tanne iy wastewater Treated effluent (EC) Rel c Treated cMuent (EC-ED) _Removal efficiency %

pH 90
Conductivity (ms/cm) 2 221
coD (mgfl} 924
‘Total chrome {mg/l) 01
NH3-N mg/l) 72
Color (ADMI (10) Pt-Co) 58

(~}: unidentified.

reducing the volume of effluent discharged, there is also a ] N. Adhoum, L Monser, Decolour ization and removal of phenolic cmpounds
reduction in the use of feed water. from olive mill wastewater by electr ocoagulation, Chem. Eng. Process. Process
nsif. 43 (2004) 1281-1287.
Electrocoagulation of
Acknowledgment o ill wastewaters, Sep. Parif Technol. 52 (2006) 136 141,

Bellakhal, | Belgaied, Treatment of electroplating

This study was supported by project no. (2012-05-02KAPDZ), e ¢ CuZe Znzs and CV by electrocosgulation | Harard.
YTU-Office of Scientific Research Fl'CleC[ Coordination and 1 U Kurt, M. r(purlu”u E thl K. V‘( a, Treatment of domestic wastewater by
performed in the laboratories of Envir al i - on in a cell with FeFe electrodes, Environ. Eng. Sei. 25 (2)

ot 1o e
Department, iz Technical University. 0. Apaydin, U Kirt, M.T. Gonuill, An inve stigation on the treatmantof tannery
wastewa et by clectrocasgulatan, Clobal Nest | 11 (2009) 546555,

References 21] L A . Zheng.]. Zh Y. Ti rmum.nm(m ery wastewater

Bhaskar Raju, S. Prabhakar, Separa Dunu(po”u!-nh
from tannery efMuents by eledro flotation, Sep. Purif. Technol. 40 (2004)
69-75.
ER. Espinoza-Quinones, MM.T. Fornari, A.N. Mo'denes, 5.M. Pala'ci
EG. da Silva, N. Szymanski, A.D. Kroumov, D.E.G. Trigueros, Pollutant
removal from tannery effluent by electromagulation, Chem. Eng. | 151 (2009)

[1] M. Ashraf Chaudry, S. Ahmed, M.T. Malik, Supported liquid membrane
technique applicability for removal of chromium from tannery wastes, Waste
Management 17 (4) (1997)

U Kurt, T. Gonullu, Comparison of dassical che mical ai
electrochemical processes for treating rose processing wastewater, |. Hazard.
Mater. 148 (2007) 340-345.

10 Kicik, Application of Taguchi method in the aptimization of dissolution of

s, Korean J. Chem. Eng 23 (1) (2006} 21—
Decolotization of disperse and reactive
ion process, Desali 150 (2002}

Nifez, Influence of the anodic material oo eledtrocoagulation performanc
Chem. Eng. | 14 (8) (2015 27105

Kelsall, SN Kaul, M.D. Faveri, Pecformance of

tor for treatment of tannery wastewaters, Chem. Eng. Sc
) 1579-1586
223, G. Cerlsola, Electrochemical Oxidation as a Final Treament of

Technol. 38 (2004) 5470-5475.
tofaqueous efluents of

dustry by membrane processes: A review. |. Membr.

111126,

] MYA Mollah, P. Morkovsky, | AG. Gomes, M. Kesmez, | Parga, DL. Cocke,
Fundamentals, present and future perspectives of electrocoagulation,
Hazard. Mater B 114 (2004) 199-210.

N Daneshvar, H Ashassi-Sorkhabi, A Tizpar, Decolorization of orange Il by
clectracaagulation method, Sep, Pusif, Technol. 31 (2003) 153162

treatment, Sep. Purif

55



Ek-3

m ahadi makale 3_hindawi_2017.pdf - Adobe Acrobat Pro

56

| ED

Dosya

Dizenle Gérdndm Pencere  Yardim

x

Jﬁjoluﬂ:ur' |@B@|@@@@@@)@

Ozellestir ~ | lz‘

®) .'11 ‘

O | = @

Araclar | Doldur ve imzala

! Yorum

€ Mo e

ITOSR Journal of Applied Chemistry (IOSR-JAC)
e-ISSN: 2278-5736.Volume 10, Issue 3 Ver. I (Mar. 2017), PP 40-50
wiww.iosrjournals.org

Hydrogen Gas Production from Tannery Wastewater by
Electrocoagulation of a Continuous Mode with
Simultaneous Pollutants Removal

Abdalhadi Deghles*, Ugur Kurt

Department  of Ewnvironmental Engineering, Yildiz Technical Universitv, 34349 Istanbul, Turkev.

Abstract: The performance of a confinuous electrocoagulation (EC) process was investigated for tannery
wastewater treafment using aluminum and iron electredes. The effects of the operating parameters, such as
current densitv, pH of solution and inlet flov rate, on pollutants removal efficiency and recovery of Indrogen
gas were investigated in order to optimize process performance. In the case of aluminum electrodes, The results
shoved that for tannery wastewater with an influent pH adjusted ar about 6, the use of a current densitv of 14
md/em’, and an EC time of 125 min, gave access to pollutants (COD, Color, Cr, and NH;-N) removal efficiency
73, 94, 100 and 51%, respectivelv. The energy vield of harvested hvdrogen was 16% of the electrical energy
demand of the electrocoagulation process. However, in the case of ivon electrodes, with effluent pH adjusted at
about 7, , the use of a current densitv of 14 mdiem’, and an EC time of 125 min, gave access fo pollutants
(COD, Color, Cr, and NH3-N) removal efficiency 67, 93, 100 and 406 %, respectively. And also, the energy vield
of harvested Ivdrogen was 13 % of the electrical energy demand of the electrocoagulation process. Thus, the
operating costs for twe cases were found fo be 0.675 Sin’ wasiewater. It could be seen that hvdrogen gas
production coupled with pollutants removal efficiency bv EC continuous mode would be an effective approach
Jfor energy recovery and wastewater reutilization.

Keywords: Tannery wastewater; Hvdrogen gas recovery, contintous mode; Al/Fe electrode; Energy

I. Imntroduction

Tannery industries are among the most polluting industries in terms of the volume and the complexity

of treatment of its effluents discharge. Wastewaters generated by tannery industries are known to contain large
amounts of potentially toxic wastewaters containing both organic and inorganic compounds [1- 4}. Tanneries
effluents are also characterized by high wastewater generation in the range of 30-35 L Kg' skin/hides process
i i i - ed solid. BOD. chromium. COD ell as low

‘ariab cenfrafion o ended solid (ell as low
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gave access to pollutants (COD. Color, Cr. and NH;-N) removal efficiency 73. 94. 100 and 51%. respectively.
With the above-mentioned conditions. it can be harvested a significant amounts of hydrogen gas by EC
technology. In this study it can be reported that the hydrogen was lost in the liquid effluent from the gas
separation tank. Ultimately. the energy yield of harvested hydrogen was 16% of the electrical energy demand of
the electrocoagulation process.

In view of our results. the optimum conditions for iron electrodes were determined. With effluent pH
adjusted at about 7. . the use of a current density of 14 mA/em®, and an EC time of 125 min. gave access to
pollutants (COD. Color. Cr. and NH;-N) removal efficiency 67. 93. 100 and 46 %. respectively. And also. the
energy yield of harvested hydrogen was 15 % of the electrical energy demand of the electrocoagulation process.
Ultimately, pollutants removal efficiency and hydrogen gas production were more efficiently achieved by Al
electrodes than Fe electrodes. This highlights the high effectiveness of continuous EC process for tannery
wastewater treatment used in this work.
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Abstract
Electrochemical processes are low-cost and effective pre-treatment system for water and er These pi can be used effectively for treatment of diverse wastewaters such

a5 paper industry wastewaters, metal finishing industry wastewaters, mining industry wastewaters, electro-plsting industry wastewaters, textile industry wastewaters, landfill leachate, The method
is very effective on eliminating inorganic and hardly biodegradable organic poliutants. Electrocoagulation that is one of the electrochemical processes contain a lot of processes such as oxidation,
adsorption, coagulation is an effective and widely applicable process. In this study, the research are gas prepared potential from treatment period. Young-aged leachate with 12 kg COD /m3 was

used and 560 mL gas per L landfill leachate was produced. At the end of the study, gas production cost was cbtained 0,02$/kg-removed COD for the reaction duration of 4 min.

Keywords: COD, ation, gas leachate, trea

2. MATERIAL AND METHOD
1. INTRODUCTION In the study, young-aged leachate vith 12 kg COD/m? was used.
Exparimental studies were performed in a lab-scale batch mode in

Many roads lead to Rome: Many roads lead toward the hydrogen economy: 116 P S 2 pleiglas reactor with volume work 0,561 L (the bass
Hydrogen gas is identified as one of the major dean energy sources of future “Gns “f] UWE dimensions of the reactor: 6,2cmx6,2cm. Height: 14,6cm).
due to its high energy content (122 ki/g) and reduced greenhouse gas & s calection Exparimental sstup is shown in Figure 1. Al and Fe slsctrodes
emissions as compared to fossil fuels. Hydragen gas is a dlean fuel with only measirement

were used together as anode and cathode in the study (four Tron
viater vapor emission and can be usad in fusl cells to generate slectricity. Most 3. Electrodes (Al md Fe) N and four Al electrodes vers used each cass). GW INSTEK GPS
3030 DD was used as DC power supply. The anode and cathode
that have the dimensions of 4,5-14 cm, are placed vertically and
parallel o sach other with intsr-slectrods distance of 0,5 cm. The
availsble slectrode ares is em? for snadic resction. The slectrodes
plstes are cleansd manuslly by washing them in distillad water

importantly, Hydrogen gas is considered to be one of the majar energy cariers 4 Reactor
o future [1].

Hydrogen gas production by electro hydrolysis of arganic matters present in

wiaste materials is new approach. Landfill leachate is one of the high strength

viastewaters with high COD, NH4-N, and VFAs. Application of landfill leachate [ |
as raw material for produs of energy and chemicals is a unique method. V A
Hydrogen gas production from landfil leachate had bsen investigated by

slectro hydrolysis uzsing DC voltage betwesn 0.5 and 5 volt and used aluminum - 00 ﬂ UU 0 and Wastewater [3]. Measured parameters were pH, COD,
lectrodes [2]. This study presents a study case for Hydrogen gas production — L svity and (vavelengths: 436, 525, 520, and
using DC voltages, Al and Fe electrodes from young-aged landfill leachate. 700 nm).

Fnedn

prior to every run. The volume of effuent taken is 250 mL in

electrochemical reactor. The wastewater analyses were done in

accordance with The Standard Methods for Examination of Water

[
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