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ABSTRACT

Purpose of this study is to conduct experimental investigation of treating
paper mill effluents using the electrocoagulation method. Removal of ammonium,
phosphate, nitrite and nitrate from paper mill effluents was investigated by
different current intensity, electrodes (Al and Fe) and electrolyse time. The
experimental results show that the removal efficiency depends on the electrolyse
time, types of electrodes and the applied current. From the experiments carried
out at 12V. and at a current intensity of 77,13mA, it was found that two minutes
are sufficient for the removal of the pollutants (except for nitrate) using either
electrodes. BOD (Biochemical Oxygen Demand) and COD (Chemical Oxygen
Demand) removal, However, required longer electrolyse times.
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INORGANIK BILESENLERIN GIDERILMESI

OZET

Bu ¢alismada, elektrokoagiilasyon yontemi kullanilarak kagit atik sularinin
temizlenmesi amaglandi. Amonyum, nitrit, nitrat ve fosfatin giderimi, farkli akim
yogunluklarinda, elektrot (Fe ve Al) ve elektroliz siirelerinde incelendi. Deneysel
sonuglardan, giderim etkinliginin, elektroliz siiresi, elektrot tipi ve uygulanan
akima bagli olarak degisim gosterdigi tespit edildi. Buna gore, 12 V ve 77,13mA
akim yogunluklarinda gergeklestirilen deneylerde her iki elektrolit tiirii i¢in (nitrat
harig) 2 dakikanin yeterli oldugu sdylenebilir. Ayrica, incelenen parametrelerde
Kimyasal Oksijen Istegi (KOI) ve Biyolojik Oksijen Istegi (BOI) degerlerinde
daha iyi sonuglar elde etmek igin bu siirenin biraz daha artirilmasi gerektigi

ELEKTROKOAGULASYON YONTEMI iLE KAGIT ATIK SULARINDA BAZI

gorildi.

Anahtar Kelimeler: Atik su, elektrokoagiilasyon, amonyum, fosfat, nitrit, nitrat

1.GiRiS

Artan diinya niifusu ile birlikte endiistriyel taleplerin
gergeklestirilmesi, siirdiiriilebilir gelismenin saglanmasi
i¢in ¢evrenin korunmasi ve gelecek nesillere aktarilmasi
o6nemli konudur. Kentlesme ve teknolojideki hizli
gelismelere bagl olarak endiistriyel, tarimsal ve diger atik
sular en yakin alici ortamlara verilmektedir. Genel olarak
bu ortamlar en yakinda bulunan deniz, gol, irmaklar gibi
ortamlar olup, burada yasayan organizmalar ve diger canli
tiirleri i¢in ¢ok dnemli sonuglar goriilmektedir. Bu agidan
atik su kontrolii ve cevreye etkileri ¢ok Onemli bir
konudur. Endiistriyel atik sular ¢evreye verilmeden once
belirli yontemler kullanilarak aritilmasi gerekmektedir. Bu
yontemlerden bazilari, biyolojik oksidasyon, adsorpsiyon,

1.INTRODUCTION

An increasing world population with growing industrial
demands has led to the situation where the protection of
the environment has become a major issue and crucial
factor for the future development of industrial processes,
which will have to meet the requirements of sustainable
development. Industrial, agricultural and domestic wastes,
due to the rapid development in technology and
urbanisation, are withdrawing to several receivers.
Generally, this with drown is done to the nearest water
sources such as rivers, lakes, and seas. Control of
wastewater pollution has great importance for both
organisms, who live in water and those who benefit from
water. Wastewaters are usually purified by conventional
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flotasyon, kimyasal koagiilasyon, UV photodecomposition
ve elektrokimyasal iglemlerdir (1).

Bu antim yontemlerinden biride elektrokimyasal
yontem olup, gaz, siv1 ve katillarin bulundugu ortamlara
kolaylikla uygulanabilmekte ve endiistriyel proseslerde
kirlilik problemlerinin giderilmesi i¢in yeni ufuklar
acmaktadir. Bu yOntemin avantajlari; ana reaktifin
elektron olmasi, elektrokimyasal islem sonucunda yeni
triinlerin gelistirilmesi veya mevcut atiklarin daha az
zararli hale getirilmesini saglayarak ekolojik dengeyi
bozmamasidir.

Elektrokimyasal yontemlerin kullanildigi bir kisim
caligmalarda, poliaromatik organik bilesenleri igeren
atiksularin aritiminda basarili bir sekilde kullanildigr (2).
Elektrooksidasyon ve elektrokoagiilasyon yontemleri ile
organik ve inorganik atik sularin arittiminda basarili bir
sekilde kullanilabilecegi (3-10). Bir diger c¢alismada
elektrokkoagiilasyon ve elektrorediiksiyon yontemleri
kullanilarak atik sulardan nitrit ve nitratin belirgin oranda
gidilebilecegi rapor edilmektedir. Sonug olarak, kirliligi
ortadan kaldirmak ve atik sulart temizlemek igin
tasarlanan elektrokimyasal proseslerin iimit vadetmekte
oldugu, siire, enerji ve buna benzer diger parametrelerin
uygun sekilde kontrol edilmesi ile g¢evreye entegrasyon
konusunda herhangi bir problemin yasanmayacag: ileri
siiriilmektedir (11).

Elektrokoagiilasyon,  elektroliz ~ sonucu  anodun
coziinmesiyle temizlenecek atik su igerisinde metal
hidroksit floklarmin olusturulmasindan ibaret olan bir
prosestir. Alisilmig koagiilasyon-flokiilasyon
uygulamalara kiyasla, elektrokoagiilasyon, elektriksel
alanin varligindan dolay1 en kii¢iik kolloidal pargaciklari

bile uzaklagtirabilme avantajina sahiptir(7).
Elektrokoagiilasyon; ¢ok kiiciik kolloidal tanecikleri
uzaklagtirabilme, az miktarda kimyasal gerektirme,

nispeten daha az c¢amur iretme, biyolojik olarak
bozunmayan organik maddeleri uzaklastirabilme veya
biyolojik aritima hazir hale getirme, koagiilant dozajinin
kolayca kontrol edilebilmesi, hidroksitler seklindeki
cokelekler veya floklar {izerinde adsorpsiyonla agir metal
iyonlarin1  uzaklagtirabilme, siirekli pH  kontrolii
gerektirmeme, iyi dizayn edilmis sistemlerde %90
civarinda yiiksek verim elde edilebilme, yaklasik 10
dakika gibi kisa temas siiresi gerektirme ve nispeten diisiik
yatirrm maliyeti gerektirme gibi avantajlara da sahiptir.
Ancak bu proses; katotta iiretilen H2 gazinin ¢dkelmeyi
engellemesi, aritilan sudaki demir ve aliiminyum
iyonlarinin konsantrasyonlarinin nispeten yiiksek olmasi,
iretilmis ¢6ziinmeyen hidroksitlerin elektrotlar arasinda
birikmesi gibi dezavantajlara da sahiptir (3,5). Ayrica,
elektrokimyasal yontemler kullanilarak kagit atik sularinin
aritimina yonelik herhangi bir ¢alismaya rastlaniimadigi
ve buna karsin endiistriyel atik sularda son zamanlarda
yogun bir sekilde ¢alisildig1 rapor edilmektedir.

1.1 Kagit Atik Sularimin Karakteristigi

Kagit endiistrisi ¢esitli gazlar sivilar ve kati atiklar
olusturmast bakimindan g¢evreye en fazla kirlilik veren
endiistrisinden biridir (petrol, ¢imento, deri, tekstil ve
celik endiistrisinden sonra). Bu 6zelliklere sahip atik sular;
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methods such as Dbiological oxidation, adsorption,
flotation, coagulation, UV photodecomposition and
electrochemistry (1).

The electrochemical technologies have attracted a great
deal of attention because of their versatility, which makes
the treatment of liquids, gases and solids possible and
environmental compatibility. In electrochemical methods,
the main reagent is the electron which is a “clean reagent”.
Several applications of electrochemical methods were
investigated by researchers, involving electrochemical
treatment of wastewater containing polyaromatic organic
pollutants (2). In recent years, electrocoagulation has been
successfully tested to treat various industrial wastewater
(3-10). However, Koparal et al. studied removal of nitrate
from water by electroreduction and electrocoagulation. All
the applications of electrochemical treatment for the
purification of wastewater has been of special interest and
has attracted the attention of some researchers(11).

Electrocoagulation is a process consisting of creating a
flock of metallic hydroxides within the effluent to be
cleaned, by electrodissolution of soluble anodes.
Compared with traditional flocculation and coagulation,
clectrocoagulation has in theory, the advantage of
removing the smallest colloidal particles: the smallest
charged particles have a greater probability of being
coagulated because of the electric field that sets them in
motion. It has also the advantage of producing a relatively
low amount of sludge (7). Secondary pollution may be
caused by chemical substance added at a high
concentration when chemical coagulation is applied to
treat dyeing wastewater. Excessively added coagulants can
be avoided by electrocoagulation, due to the generation of
the coagulants by electrooxidation of a sacrificial anode.
The characteristics of electrocoagulation are simple
equipment and easy operation, brief reactive retention
period, decreased or negligible equipment for adding
chemical and decreased amount of sludge. Therefore,
electrocoagulation has been widely used to treat waters
containing food and protein wastes, oil wastes, synthetic
detergent effluent mine wastes and heavy metal—
containing solutions. This method can also be used to
remove phosphate, for defluorization of water to treat
potable water (3,5). However, it has never been attempted
to use it for dealing with paper mill effluents before.

1.1 Characteristics of Pulp and Paper Mill Effluents

The pulp and paper industry is the sixth largest polluter
(After oil, cement, leather, textile and steel industries)
discharging a variety of gaseous, liquid and solid wastes
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akarsu, deniz veya diger alici ortamlara birakilmadan dnce
cesitli  yOntemlerle aritilmalari, ayrica atik  su
yonetmeliklerine gore zehirli maddeler ve inhibitorlerden
belli oranda arindirilmalar1 gerekmektedir. Aksi halde
desarj edildikleri sularda suyun oksijenini tiketmekte ve
icerdigi maddeler nedeniyle akarsu, gol ve denizlerdeki
canli hayatini tehlikeye sokmaktadirlar. Kagit endiistrisi
atik sulari, aritim1 en zor yapilabilen atik sulardandir. Bu,
proses esnasinda farkli yapilarda maddelerin kullanilmasi
ve bu bilesiklerin atik suda belirgin olarak bulunmasi,
ayrica; alict ortamlara verilen atik suyun debisinin ¢ok
yiiksek  olmasindan  kaynaklanmaktadir. Bu  gibi
endiistriyel atik sularda zararli Dbilesiklerin yanisira
renkliligin giderilmesinde, koagiilasyon, sedimantasyon,
flotasyon, adsorpsiyon ve elektrokimyasal islemler etkili
bir sekilde kullanilabilmektedir. Kagit atik sularinda, ham
madde olarak kullanilan odunun agirhiginin yaklasik %
40-50’sine yakini organik maddeler olarak atik sulara
geemekte ve bu karakterdeki atik sularin artilmadigi
taktirde ciddi c¢evresel kirlilik olusturacagi rapor
edilmektedir. Ayrica, Biyolojik Oksijen Istegi (BOI5),
Kimyasal Oksijen Istegi(KOT), fenolik bilesikler, bunlarin
klorlu tiirevleri askida kati maddeler, yag asitleri, tanin,
lignin ile bu bilesiklerin klorlu tiirevlerini bol miktarda
bulundurmaktadir (12).

Literatiir ¢caligmalarinda; kagit atik sularmnda bulunan
organik ve inorganik bilesenler ile renkliligin giderilmesi
icin ¢esitli yontemler kullanildigi rapor edilmektedir. Bu
yontemler hizli ve ultra filtrasyon, iyon degisim
kromotografisi, kiregle ¢okeltme, peroksit benzeri
maddelerle agartma, koagiilant maddeler kullanma ve
adsorpsiyon kabiliyeti yiiksek maddelerin kullanilmasina
yonelik ¢aligmalar verilebilir (13-16). Ancak, problemin
halihazirda ¢6ziime kavusturulamadigi da bir realite olarak
karsimizda duraktadir.

Sunulan bu ¢aligmada, elektrokoagiilasyon yontemiyle
kagit endiistrisi atik sularindaki bazi bilesenlerin ve
renkliligin giderimi i¢in demir ve aliiminyum elektrot
kullanilarak, belirli parametrelerde (siire ve akim siddeti)
elektroliz deneyleri yapildi. Ayrica, elektroliz sonunda
orneklerdeki KOI ve BOIS degerlerinin degisimi de
belirlendi.

2. MATERYAL VE METOD
2.1 Deneysel Yontem

Bu ¢alismada kullanilan kagit atik su ornekleri, Mugla
ili SEKA Dalaman kagit fabrikasinda yaklasik bir hafta
stire ile havalandirma {initesine alinan ve daha sonra derin
desarj ile Gokova korfezine bosaltilan noktadan alinmistir
(4500m3/Saat). Bu ornekler, herhangi bir 6n isleme tabi
tutulmaksizin otomatik numune alma aleti ile alinmistir.
Atik su karakteristigi Cizelge 1°de verilmektedir.

into the environment. It is the pollution of water bodies,
however, which is of major concern because large
volumes of wastewater are generated per metric ton of
paper produced, depending upon the nature of the raw
material, finished product and extend of water reuse. Since
the pulp produced corresponds to only approximately 40-
50% of the original weight of the wood, the effluents are
heavily loaded with organic matter. These effluents cause
considerable damage to receiving waters if discharged
untreated since they have a high biochemical oxygen
demand (BOD), chemical oxygen demand (COD), phenol
compounds, chlorinated compounds, suspended solids,
fatty acids, tannins, lignin and its derivatives (12).

Several physical and chemical processes for colour and
some inorganic ions removal in paper mill effluents have
been extensively studied, including rapid filtration through
soil, ultra filtration, ion-exchange chromatography, lime
precipitation and modified bleaching sequences, such as
peroxide addition during extraction, the replacement of
chlorine by hypo chlorite, sorption on hypo-and alum-
sludge, activated carbon and on allophonic compounds etc
(13-16). Moreover, the problem remains unsolved,
Purpose of the study is to conduct experimental
investigation of treating paper mill effluents using the
electrochemical method. Removal of ammonium,
phosphate, nitrite, nitrate from paper mill effluents was
investigated by different current intensity, electrodes (Al
and Fe) and electrolyse time.

2. MATERIAL AND METHODS
2.1 Experimental Method

The paper mill effluents utilized for this study were
taken from a modern bleached Kraft mill located in
western Turkey. Wastewater (4500m3/h) is discharged
into Gokova gulf (Mugla, Turkey) by deep discharging
after being collected in sedimentation pools and aerated
for about a week. Wastewater samples used in this study
taken from aerated logons right before sea discharging
process. The effluent characteristics are given in Table 1.
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Table 1. Characteristics of bleach Kraft mill effluents
Cizelge 1. Kagit atik sularinin karakteristigi

Parameter/Parametre Value
Color/Renk Brown /

Kahverengi
pH (average)/(Ortalama) | 7,50

Compounds / Bilesenler (mg/L)

PO?,

0,176

NO,

0,213

NO;y

0,1828

NH,"

9,88

CODb

426

BOD

25,5

2.2 Deneysel Ekipmanlar ve Olgiimler

Deneylerde, 3 cm x 3.0 cm x 0.lcm ebatlarinda
aliminyum ve demir plakalar elektrot olarak kullanildi.
Her bir elektroliz isleminden 6nce, demir ve aliiminyum
elektrotlarin  yiizeyindeki  safsizliklarin  giderilmesi
amaciyla, %15’lik HCl ¢ozeltisi igerisinde 2 dakika
siireyle bekletildi. Anot ve katot arasindaki mesafe 2.0cm
sabit olarak tutuldu. Elektrokimyasal islemlerinin
gerceklestirildigi diizenek Sekil 1°de verilmistir.

2.2 Experimental Set-up and Measurements

In these experiments, iron and aluminium plates (4.0 cm x
4.0 cm) were used as electrodes. They were treated with
the solution of HCI (15%Wt.) for cleaning prior to use.
The distance between anode and cathode was 2.0cm.The
experimental apparatus is given in Fig. 1.

1. D.C Power Supply/ D.C. Gii¢ Kaynagi

2. Digital Ammeter /Dijital Ampermetre

3. Digital Voltmeter/ Dijital Voltmetre

4. Anode / Anot

5. Cathode/ Katod

6. Magnetic bar / Magnetik Bar

7. Magnetic Stirring Controller/ Magnetik karigtiric

Figure 1. Experimental apparatus
Sekil 1. Deney Diizenegi

Karigtirma manyetik olarak yapildi. Gii¢ kaynagi olarak
Topward Dual-Tracking DC ve Keithley 2010 marka
multimetre kullanildi. Deneyler farkli siirelerde ve akim
siddetlerinde gergeklestirildi. Her bir deney sonucunda
elektro kimyasal isleme tabi tutulmus 6rnek filtre edilerek,
elektrolizden dnce ve sonraki amonyum, fosfat, nitrit ve
nitrat konsantrasyonlar1 standart analiz metotlarina gore
Dr Lange Spektrofotometresi kullanilarak kolorimetrik
olarak belirlendi (17). Daha sonra yiizde giderim oranlari,
elektrolizden  o6nceki ve  sonraki  konsantrasyon

Stirring was done by using a magnetic stirrer. Topward
Dual-Tracking DC 6303D was used as a power supply.
Cell current was measued using Keithley 2010
multimetre. For each electrode type, experiments were
conducted as a function of electrolyse time and current
intensity. Concentrations of ammonium, phosphate, nitrite
and nitrate were measured spectrophotometrically before
and after electrolysis. At the end of electrolysis treated
solutions were filtered before concentration determination.
Then, the concentrations of compounds were measured by



The Removal Of Some Inorganic Compounds .../ Elektrokoagiilasyon Yontemi Ile ...

farklarindan belirlepdi. Ayrca, atik sularda Kkalite
gostergeleri olan BOI ve KOI degerlerindeki degisimlerde
ozel kitler kullanmlarak 6l¢tildii (17).

3. SONUCLAR VE TARTISMA
3.1 Siirenin Etkisi

Kagit atik sularinda fosfat konsantrasyonlarinim her iki
elektrot tiirtine ve elektroliz siiresine bagli olarak degisim
oranlar karsilagtirilarak grafik edildi (Sekil 2). Buna gore
her iki elektrot i¢in artan siireyle iki dakikalik stirede hizli
bir artig ancak daha sonra fosfat giderim oraninda sabitlik
goriildii. Ayrica, Fe elektrot kullanildiginda 7,5 dak.
Sonunda fosfat giderimi % 95 oraninda gergeklesirken, Al
elektrot ile bu oranin % 70 oldugu goriildii. Yine bu
sekilden Fe elektrot ile daha yiiksek verimin
gergeklesebilecegi goriilmektedir.

the standard method (17). In addition to the removal of
compounds, the changes in the structure of wastewater
contaminating components were identified by BOD and
COD measurements (17)

3. RESULTS AND DISCUSSION
3.1 The Effect of Treatment Time

The effect of electrolyse time on removal of phosphate
compounds from wastewater is shown in Fig 2 for both Al
and Fe electrodes. As seen in Fig 2. an increase in removal
of phosphate was observed for both electrode with
increasing time for first two minutes. After 2 minutes
phosphate removal remains constant. It was found that the
phosphate removal by Fe electrode (95%) was higher than
that by Al electrode (70 %)(Fig 2).
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Figure.2. Phosphate removal as a function of electrolyse time (potential:12 V, current intensity: 77.13 mA)
Sekil 2. Zamana bagli olarak fosfat konsantrasyonundaki degisim (voltaj:12 V, akim siddeti: 77.13 mA)

Kagit atik sularinda amonyum konsantrasyonlarinin her
iki elektrot tiirine ve elektroliz siiresine bagli olarak
degisim oranlar1 karsilastirilarak grafik edildi (Sekil 3).
Sekil 3’te, artan elektroliz siiresiyle her iki elektrot igin
amonyum gideriminin hizli bir sekilde arttig1 yine
yaklasik 2 dakikalik elektroliz siiresinden sonra giderim
hizinin biiylik oranda diistiigii goriilmektedir. Bu siireden
sonra her iki elektrot igin yaklasik % 60°lik bir giderim,
7,5 dak. sonunda ise bu oranin yaklasik %80 gergeklestigi
goriildii. Fosfat gideriminin aksine amonyum giderimi
acisindan her iki elektrotun benzer egilimler gosterdigi
gdzlenmistir.

Ammonium removal as a function of electrolyse time
by both Al and Fe electrodes is shown in Fig 3. As seen in
phosphate removal, ammonium removal also rapidly
increases during the first two minutes of electrolysis after
which it becomes approximately constant. At the end of
7,5 min electrolysis, both Al and Fe electrodes removed
about 80% of ammonium.
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Figure 3. Ammonium removal as a function of time (potential:12V, current intensity: 77.13 mA)

Sekil 3. Demir ve aliiminyum elektrot i¢in elektroliz siiresinin amonyum giderimi iizerine etkisi ( voltaj:12 V,

akim giddeti 77,13 mA)
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Figure 4 Nitrite removal as a function of time (potential:12 V, current intensity: 77.13 mA)

Sekil.4. Demir ve aliiminyum elektrot i¢in elektroliz siiresinin nitrit giderimi iizerine etkisi (voltaj:12 V, akim

siddeti: 77,13 mA)

Kagit atik sularinda nitrit konsantrasyonlarinin her iki
elektrot tiirline ve elektroliz siiresine bagli olarak degisim
oranlan karsilastirilarak sonuglar grafige aktarildi (Sekil
4). Sekil 4 incelendiginde, her iki elektrot i¢in elektroliz
stiresiyle nitrit gideriminin 2 dakikalik siirede hizli bir
sekilde arttigt ve daha sonra ise sabit kaldifi
goriilmektedir. Yine bu sekilden her iki elektrot i¢in 2
dakikalik siireden sonra yaklasik % 80’lik bir sabit
giderim oranina ulasildig: gériilmektedir.

Fig 4 shows nitrite removal as a function of electrolyse
time for both Al and Fe electrodes. As seen in Fig 4, about
80% of nitrite was effectively removed by both types of
electrodes at the end of two minutes after which a plateau
was reached. Al electrode appears to remove nitrite faster
than Fe electrode. End of 7.5 minutes nitrite removal
percentage were same for both electrode.
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Figure 5. Nitrate removal as a function of time (potential:12 V, current intensity: 77.13 mA)
Sekil 5. Demir ve aliiminyum elektrot i¢in elektroliz siiresinin nitrat giderimi tizerine etkisi ( voltaj:12 V,

akim giddeti: 77.13 mA)

Kagit atik sularinda nitrat konsantrasyonlarinin her iki
elektrot tiirtine ve elektroliz siiresine bagl olarak degisim
oranlar kargilagtirilarak grafik edildi (Sekil 5). Sekil 5’te,
demir elektrot kullanildiginda, artan elektroliz siiresiyle
nitrat gideriminin dogrusal bir sekilde arttigi ve 7,5
dakikalik siireye kadar belirgin oranda uzaklastigi
goriilmektedir. Ancak, aliiminyum elektrot kullanildiginda
ise 6 dakikalik siireye kadar giderimin arttif1 ve daha
sonra degismedigi ve bir plato olustugu goriilmektedir
(%70).

Sulu  ortamlarda elektrokimyasal —mekanizmanin
oldukca kompleks oldugu rapor edilmektedir (1).
Elektrokimyasal bir proseste anot ve katotta asagidaki
reaksiyonlar meydana gelmektedir (18).

Nitrate removal as a function of electrolyse time is
given in Fig 5. When Fe electrode is used, it was found
that nitrate removal required longer electrolyse time
increasing slowly with time. At the end of 7,5 min almost
all nitrate (95%) was removed from solutions. When Al
electrode is used, nitrate removal increases up to 6 min
and then reaches a plateau.

The mechanism of the electrochemical process in
aqueous systems is quite complex (1). Oxidation of the
electrochemical process occur, respectively at the anode
and cathode of the Fe and Al electrodes according to (18).

Anode:  4Fe <> 4Fe*'+8¢ [1]
4Fe*" +10H,0 +0, «> 4Fe(OH);+ 8H" [2]
Cathode: 8H' + 8¢ «— 4H, [3]

Yeterli akim siddetinde ve voltajda atik suda bulunan
organik ve inorganik molekiiller elektroliz hiicresinde
katotta kiiciik molekiillere indirgenirler. Bu molekiiller ve
¢oOzelti ortaminda asili halde bulunan kati tanecikler
elektroliz esnasinda ve yukarida belirtilen reaksiyon
mekanizmalarina gore olusan hidroliz iriinleri (Fe(OH)3
ve Al(OH)3) tarafindan tutularak H2 ile ya yiizeye yada
¢okelme yoluyla ortamdan uzaklastirilmaktadir(19).
Gergeklestirdigimiz ¢alismada nitrat, nitrit ve fosfat
negatif yiiklii iyonlarin gideriminde goriilen belirgin
artisin, elektroliz esnasinda olusan Fe(OH)3 and AI(OH)3
tirlinlerine adsorplanmastyla agiklanabilir.

Yukaridaki sekillerden goriildiigii gibi elektroliz siiresinin
artmasiyla aliiminyum elektrot kullanildiginda giderimin
daha fazla gerceklesmesi, ortamda biiyiikk oranda

With sufficient current intensity and time, organic and
inorganic molecules in wastewaters are reduced at the
cathode to small molecules. Some of the small molecules
and the suspended solids are captured by Fe(OH)3 and
Al(OH)3 which are removed by sedimentation or by H2
flotation (20). We assume that such as nitrite, phosphate
and nitrate negatively charged ions were adsorbed by
Fe(OH)3 and AI(OH)3 which occur during electrolyse.

As it can be seen from the Figures above, removal being
higher with increasing electrolyse time when Al electrode
is used makes us think that large scale monomeric
hydrolyse products [AI(OH)]+2, [AI(OH)2]+4 occur faster
and neutralisation of electrostatic. It is thought that
increasing electrolyse time improves the efficiency of
removal by inducing faster aggregation of these hydrolyse
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monomerik hidroliz tirtinlerinin ([AI(OH)]+2,
[AI(OH)2]+, [A12(OH)2]+4) daha ¢abuk olustugu ve bu
hidroliz tiriinleri ile giderilmesi amaglanan bilesenler
arasinda elektrostatik yiik notralizasyonunun demir
elektroda gore daha cabuk gergeklestigini
diisiindiirmektedir. Elektroliz siiresi artikga bu hidroliz
iiriinlerinin agregasyonun daha ¢abuk ger¢eklesmesine yol
acarak giderim verimini arttirdig1 diisiiniilmektedir. Demir
ve aliminyum gibi ¢6ziinebilir elektrotlar kullanarak atik
sulardan nitrat giderimi ile ilgili yapilan c¢alismada,
elektroliz hiicresine potansiyel uygulandiginda anotta
demir ve alliminyum iyonlar1 katotta ise hidroliz
driinlerinin  olustugu rapor edilmektedir. Yine bu
calismada, Al+3 ve Fe+3 iyonlarinin asagidaki sekilde
ifade  edilebilecek  sayisiz  hidroliz  {irlinlerinin
olusabilecegi ve tanecik aggregasyonu ile
polimerizasyonundan sorumlu olduklar1 belirtilmektedir
(20).
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products. During electrochemical treatment, when a
potential is applied between a soluble anode made from
Fe/or Al and the cathode, ferrous/or aluminium ions from
at the anode and hydroxyl ions are generated at the
cathode. It is known that the hydrolysis products of Al3+
and Fe3+ are responsible for effects observed during
particle aggregations; polymerisations as depicted in the
following formula will usually take place:the possible
combination of various hydrolysis products is endless and
one or more of them may be responsible for the observed
action of aluminium or iron (19).

2+
H,0_ OH 0. 4+

2 Hzo_/Me\_OHz — > (H0),Me_ ~ Me(H,0), + 2H,0
H,O OH, O

Sonug olarak, elektrokimyasal metot ile kagit enddistrisi
atik sularinda bulunan nitrit, nitrat, fosfat ve amonyumun
gideriminde gozlenen artma, elektroliz esnasinda ortamda
yiksek oranda bulunan demir ve aliminyum
mikrofloklarina adsorbe olmalarindan kaynaklandigi
diisiintilmektedir. Kagit attk sularinda her iki elektrot
tirine ve elektroliz siiresine bagl olarak BOI;
degerlerinde  meydana  gelen  degisim  oranlar
karsilastirilarak grafik edildi (Sekil 2).
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Then, nitrite, nitrate, phosphate and ammonium is
removed by sorption on the highly dispersed ferric-/or
aluminium-hydroxide micro flocks BOD removal for Al
and Fe electrodes are the same for first two minutes.

BOD remooeal (%)
fGiderim aram (%)

Ekctode FElektrot

o4l

OFe

f g

TimeMmun) JElektroliz siresi (Dak. )

Figure 6. BOD removal as a function of time (potential:12 V, current intensity: 77.13 mA)
Sekil 6. Demir ve aliiminyum elektrot igin elektroliz siiresinin BOI giderim oranina etkisi (voltaj:12 V,

akim giddeti: 77.13 mA)
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Sekil 6°da demir ve aliiminyum elektrotlar icin BOIS
giderimine bakildiginda artan siireyle her iki elektrot
icinde baslangigta aynm1 oranda giderim saglandigi
goriilmektedir. Ancak, artan siireyle aliminyum elektrotla
elde edilen giderim orani demir elektrotla elde edilen
giderim oranindan daha biiyiik olmaktadir. Yine 5
dakikalik siireden sonra aliiminyum elektrot igin giderim
orani sabitlesme egilimine girmesine ragmen, demir
elektrot i¢in artan siireyle giderim oraninin artmaya devam
ettigi goriilmektedir.

As seen in Fig 6, with increasing time rate of removal
obtained with Al is higher than that of obtained with Fe.
Although the percentage of removal for Al electrode
appears to be become constant after 5 min (70%), the
percentage of removal for Fe electrode continues to
increase with time.

Ekctinde  [Elekkrat

- oal

OFe
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Figure 7. COD removal as a function of time (potential:12 V, current intensity: 77.13 mA)
Sekil 7. Demir ve aliiminyum elektrot i¢in elektroliz siiresinin KOI giderim oranina etkisi ( voltaj:12 V,

akim giddeti: 77.13 mA)

Sekil 7°de demir ve aliiminyum elektrotlar i¢in KOI
giderimine bakildiginda kisa elektroliz siirelerinde
aliminyum ve demir elektrotlar i¢in benzer giderim
degerleri elde edilmistir. Ancak, artan siireyle aliminyum
elektrotla daha yiiksek bir giderimin elde edildigi
goriilmektedir. Yaklasitk 4 dakikalik siirede benzer
giderim degerleri elde edilmesine ragmen bu siireden
sonra aliminyum elektrot i¢in giderim oraninin artmaya
devam ettigi demir elektrot icin ise giderim oraninin
sabitlestigi goriilmektedir.

Sheng et al (8), tekstil atik sularmin artiminda
elektrokimyasal metotlarin kullanilmasi ile ilgili yaptiklari
bir ¢alismada renk giderimi ve KOI degerlerinde 8 ila 10
dakika elektroliz siirelerinde yiiksek verimle giderimin
saglandigini belirtmiglerdir. Gergeklestirdigimiz
caligmada, demir elektrot kullanildiginda 7,5 dakika
sonunda BOI icin %80 ve KOI icin %56, aliiminyum
elektrot kullanildig1 zaman ise BOI i¢in %72 ve KOI i¢in
% 74 oraninda giderim elde edilmistir. Ayrica,
gerceklestirilen  deneylerde, yaklasik iki  dakikalik
elektroliz siiresinde, atik sudaki renkliligin 6nemli 6lgiide
azaldigt  gozlenmistir. Bu durum ayni zamanda
renklilikten sorumlu olan fenol ve ligninin énemli 6lgiide
uzaklastigini gostermektedir. Belirlenen KOI ve BOIS
giderim oranlar1 da bu diisiinceyi desteklemektedir.

Fig 7 shows COD removal as a function of time. COD
removal by Al electrode appears to be much higher than
that by Fe electrode initially (up to first 4 min). Although
COD removal by Al electrode appears to reach a plateau
after 2 minutes it starts increasing again around 5 minutes
and contentious to increase up to 7,5 min where it reaches
about 70%. COD removal for Fe electrode was constant
after 5 min(50%).

Sheng et al. stated that 8-10 min. are deemed necessary
to achieve good colour and COD reduction in textile
wastewater (8). As a consequence, in the present study a
considerable colour reduction was observed in wastewater
during five minutes of time span. This also indicates that
grubs caused colour and contamination are reduced at the
electrolysis cell considerably (%50). Increasing amount of
BOD and COD removal supported these results. We
assumed that the organic compounds in paper mill
effluents don’t turn into another colourless organic
molecules at the end of electrocoagulation experiments,
but they are removed from the solution via adsorption,
sedimentation and floatation.
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3.2 Akim Siddetinin Etkisi

Demir ve aliiminyum elektrotlar ile atik suda kirlilik
olusturan fosfat, amonyum, nitrit, nitrat KOI ve BOI
giderimi iizerine bes dakikalik sabit siirede akim
siddetinin etkisi incelendi. Elektrokoagiilasyon ydntemi
kullanilarak yapilan benzer caligmalarda, akim siddetinin
sispanse  ve  kolloidal halde bulunan tiirlerin
uzaklastirilmasinda ve endiistriyel atik sularn aritiminda
belirgin bir etkiye sahip oldugu rapor edilmektedir (8).
Sabit siirede ve farkli akim siddetlerinde her iki elektro
tiirii ile yapilan deneyler sonucunda elde edilen fosfat
giderim oranlar1 Sekil 8’de grafik edildi.

1m
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3.2 The Effect of Current Intensity

The phosphate, COD, BOD, ammonium, nitrite and
nitrate removals in the paper mill effluent were observed
within a 5 minute time period at different current
intensities. The current intensity has been shown to
influence the treatment efficiency of the electrochemical
process for different wastewater previously (8). The effect
of current intensity on the phosphate removal is given in
Fig. 8:

Fosfatg derimi (3]
JFosfat giderimi (%)

Elektot JElektrok

LI

O Fe

1] a0 40

al =1l

Slam giddetiimA) ok siddeti (ma)

Figure 8. Effect of current intensity on phosphate removal (time: 5 min.)
Sekil 8. Demir ve aliiminyum elektrotlar i¢in akim siddetinin fosfat giderimi iizerine etkisi

(Elektroliz stiresi:5 dk )

Sekil 8 incelendiginde, her iki elektrot i¢in artan akim
siddeti ile fosfat gideriminde hizli bir artig gézlenmistir.
Demir elektrot kullanildiginda, fosfat giderim oraninin
daha yiiksek oldugu, ayrica aliiminyum ve demir elektrot
icin yaklasik 40 ila 60 mA arasinda bir sabitlesme
gozlenmekle birlikte artan akim siddetiyle demir elektrot
kullanildiginda yaklasik %80 gideriminin saglandig1 yine
bu sekilden goriilmektedir.

As seen in Fig 8, the phosphate removal for both types of
electrodes increased with increasing current intensity.
When Fe electrode was used, the percentage of phosphate
removal was much higher than Al electrode. However
while the phosphate removal for Fe electrode was constant
at around 30mA, for Al electrode phosphate removal was
constant between 30-50mA. After 50mA, phosphate
removal increased with increasing current intensity
(%75).
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Figure 9.Effect of current intensity on ammonium removal (time: 5 min.)
Sekil.9. Demir ve aliiminyum elektrotlar i¢in akim siddetinin amonyum giderimi iizerine etkisi

(Elektroliz siiresi:5 dk )

Sabit siirede ve farkli akim siddetlerinde her iki elektro
tiirti ile yapilan deneyler sonucunda elde edilen amonyum
giderim oranlar1 Sekil 9’da grafik edildi. Buna gore, artan
akim siddetiyle farkl elektrotlar igin yaklasik 40 mA akim
siddetine kadar benzer giderim degerleri elde edilmistir.
Bu akim siddetinden sonra giderim oranlart artan akim
siddetiyle yavas bir degisim gostermektedir. 40 mA” lik
akim siddetinden sonra aliiminyum elektrot i¢in daha
yiiksek giderim degerlerinin elde edildigi goriilmektedir
(Sekil 9).
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The effect of current ammonium removal by both Al and
Fe electrodes is found to be approximately the same.
However, the ammonium removal for Al electrode is
much higher than Fe electrode initially.
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Figure 10. Effect of current intensity on nitrite removal (time: 5 min.)
Sekil 10. Demir ve aliiminyum elektrotlar i¢in akim siddetinin nitrit giderimine etkisi (Elektroliz

siiresi:5 dk )

Artan akim siddetiyle her iki elektrot igin nitrit giderimi
hizli bir sekilde artmakta 40 mA’lik akim siddetinden
sonra ise giderim hizi yavaglamaktadir (Sekil 10). 30mA
ve 55mA araliginda nitrit degerlerinde her iki elektrot igin
sabitlik gozlenirken, demir elektrot kullanildiginda
yaklagik 25mA’lik akim siddetinde Al elektrotta oranla
daha fazla nitrit gideriminin gerceklestigi goriildi. Yine
tim akim siddetlerinde demir elektrot ig¢in daha yiiksek
nitrit giderimi elde edilmistir.

The nitrite removal for both electrodes increased with
current intensity as seen in Figl0 for both electrode.
Nitrite removal remained about constant between current
30mA and 55mA. after which start to increase. The nitrite
removal by Fe electrode was higher than that by Al
electrode at current intensities higher than ~25mA..
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Figure 11. Effect of current intensity on nitrate removal (time: 5 min.)
Sekil 11. Demir ve aliiminyum elektrotlar i¢in akim siddetinin nitrat giderimi {izerine etkisi
(Elektroliz stiresi:5 dk )

Sekil 11°de, sabit siirede ve farkli akim siddetlerinde
her iki elektro tiirii ile yapilan deneylerde nitrat giderim
oranlar1 verilmektedir. Buna gore, her iki elektrot icin
nitrat giderimi benzer egilimler goéstermektedir. Ancak,
demir elektrot kullanildiginda aliiminyum elektrota oranla
yaklagik 75SmA akim siddetinde daha yiiksek giderim elde
edilmistir (%70).

Akim siddetinin giderime olan etkisi incelendiginde,
genel olarak akim siddetindeki artisa bagl olarak giderim
oranlarinin  da artti§i  benzer c¢alismalarda rapor
edilmektedir. Bu c¢aligmalarda, yiiksek akim siddetinde
giderimin yiiksek olmasi, elektrotlar arasindaki ¢dzeltinin
i¢ direncindeki azalma ve buna bagli olarak organik ve
inorganik tiirlerin elektrotlara transfer hizinin artmasiyla
iliskilendirilmektedir(1,4,8,19,21).

Kagit atik sularmda kirlik parametrelerinden olan BOI
ve KOI degerlerinde meydana gelen degisimler sabit
sirede ve farkli akim siddetinde her iki elektrot igin
incelendi. Daha sonra elde edilen sonuglar BOI5 ve KOI
icin sirasiyla igin Sekil 12 ve Sekil 13’de grafik edildi.

The percentage of nitrate removal as a function of
current intensity for both electrodes was shown in Fig.11.
With increasing current intensity nitrate removal increased
rapidly. It was observed that the nitrate removal for Fe
electrode was much higher than Al electrode for current
intensity of 75mA.

The current intensity was found to influence the
treatment efficiency of the electrochemical process in
previous investigations (1,4,8,19). In all these studies, it
was shown that the inorganic compound removal
efficiency from wastewater were increased significantly
with the applied current intensity. These enhancement
effects are attributed to the increase in the driving force of
the electrode reaction, in addition to the increase in
current, with increasing voltage. This is because potential
is the major driving force for the respective phenomena of
interest in electrochemical reactors (21).

BOD and COD removals from the paper mill effluent as
a function of current intensity were measured 5 minute
time. With sufficient power supply, the organic
compounds are reduced at the cathode to smaller
molecules. Some of this small organic molecules and the
suspended solids are captured by Fe(OH)3 or AI(OH)3
which is removed by sedimentation or by H2 flotation
(4,23). In fact, during the present experiments small
amounts of sludge were scraped off from the top and the
bottom of the electrolytic cell, evidence of the
sedimentation and flotation action.
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Figure 12. Effect of current intensity on BOD removal (time: 5 min)
Sekil 12. Demir ve aliiminyum elektrotlar i¢cin akim siddetinin BOI;s giderimi tizerine etkisi

(Elektroliz siiresi:5dk )

Sekil 12’den goriilebilecegi gibi diisik akim
siddetlerinde her iki elektrot benzer davranmis sergilerken
artan akim siddetiyle aliiminyum elektrot i¢in daha biiytik
BOI5 giderim degerleri elde edilmistir. Yaklasik 40
mA’lik akim siddetinden sonra, her iki elektrot igin
giderim hizlarinda farkliliklar goézlenmektedir. Demir
elektrot ile sabitlik gozlenirken, aliiminyum ile 7,5 mA de
yaklasik %70 oraninda gergeklesti.

a0

For both Al and Fe electrodes as the current intensity is
increased, BOD removal also increased (Fig. 12). While
BOD removal reaches a plateau (40%) for Fe electrode
after about 40mA, it continuous to increase for Al
electrode(70%). For all current intensities BOD removal
by Al electrode is much higher than by Fe electrode.
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Figure 13. Effect of current intensity on COD removal (time: 5 min)
Sekil 13. Demir ve aliiminyum elektrotlar i¢in akim siddetinin KOI giderimi iizerine etkisi
(Elektroliz siiresi:5 dk )

Sekil 13’te, sabit siirede ve farkli akim siddetlerinde her
iki elektro tiirii ile yapilan deneylerde KOI giderim
oranlar1 verilmektedir. Buna gore, her iki elektrot igin
benzer davranmig gozlenirken, artan akim siddetiyle demir
elektrot igin daha biiyiik KOI giderimi elde edilmistir
(%56). Yaklasik 60 mA’lik akim siddetinden sonra her iki
elektrot i¢inde giderim hizinda belirgin bir diigme
goriilmektedir (Sekil 13).

At low current intensities both electrodes show similar
behaviours for COD removal. Results are given in Figure
13. Approximately at 70mA same efficiency of removal
(50%) is obtained by both electrodes. It is also reported in
a similar study that when organic pollutants in effluents
are treated with electrochemical methods, COD removal
and colour removal increase with increasing current
intensity (23).
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Elektrokoagiilasyon, elektroliz {irlini H2 ve O2
gazlarinin tretimi, Fe ve Al gibi asinabilen anotlarin
oksidasyonundan kaynaklanan ¢ok degerlikli katyonlarin
olusturulmasina dayali olarak kombine sistemden
olusmaktadir. Gaz kabarciklari, kirletici bilesenleri daha
kolay konsantre olabilecekleri, toplanabilecekleri ve
uzaklastirilabilecekleri  ¢6zelti  yiizeyine flotasyonla
tagtyabilmektedir. Metal iyonlar;; H2 gazinin iretimi
esnasinda katotta olugan OH- iyonlar1 ile reaksiyona
girerek, ¢oziinmeyen ve siispanse bilesenleri ¢oktiirebilir
veya ortamda mevcut olabilen negatif yiiklii kolloidal
tanecikleri notralize ederek koagiilasyona katkida
bulunabilir. Belirli akim siddetinde organik maddeler
katotta  indirgenerek  daha  kiigik  molekiillere
parcalanabilirler. Daha sonra bu organik molekiiller
elektroliz esnasinda olusan Fe(OH)3 yada AI(OH)3
hidroliz iiriinlerine adsorplanmast ve H2 flotasyonu ile
ortamdan uzaklastirilabilecekleri rapor edilmektedir
(4,23).  Gergeklestirilen ¢alismada BOI5 ve KOI
degerlerinde akim siddeti arttikga giderimde belirgin
oranda diigmenin ger¢eklesmesi yukarida Dbelirtilen
faktorlerden  kaynaklandigi  sdylenebilir. Benzer
caligmada, ¢esitli poliaromatik organik bilesikleri ihtiva
eden endiistriyel atik sularin elektrokimyasal aritimi
sonucunda akim siddetine paralel olarak atik suyun
renginde  belirgin  azalmanin  gerceklestigi  rapor
edilmektedir(23). Gergeklestirilen ¢alismada akim siddeti
arttkca tim maddelerde belirgin oranda  artigin
gerceklesmesi, molekiillerin elektrot yiizeyine difizyon
hizt ve artan akim siddetine paralel olarak hidroliz
iiriinlerine adsorplanmasiyla iliskilendirilebilir.

4. SONUC

Elektrokimyasal islemler sonucunda, kagit atik
sularinda kirlik ve renklilik olusturan bilesenlerden fosfat,
nitrit, nitrat, amonyum BOI ve KOI giderim oranlari
incelendi. Yaklagik 12 volt ve 77,13 mA’lik akim
siddetinde yapilan elektrokimyasal deneylerde, her iki
elektrot igin (nitrat hari¢) inorganik tiirlerin gideriminde
yaklastk 2 dakikalik siirenin  yeterli olabilecegi
sdylenebilir. BOI5 ve KOI gideriminin ise biraz daha fazla
zaman gerektirdigi tespit edilmistir. Akim siddetinin
giderime etkisi incelendiginde genel olarak artan akim
siddetiyle beklenildigi gibi giderim verimlerinde artig
gozlenmistir. Ortalama olarak 40-80 mA’lik akim siddeti
degerlerinin dikkate alinan maddelerin biiylilk oranda
giderimi i¢in yeterli oldugu belirlenmistir.

Cevre kirliligi olgusunun giderek Onem kazandigi
cagimizda, elektrokimyasal yontemlerin kagit endiistrisi
atik sularinda istenmeyen inorganik bilesenlerin, BOI ve
KOI giderimleri agisindan son derece {imit verici
yontemler oldugu séylenebilir.

KAYNAKLAR/ REFERENCES

G.U. J. Sci., 17(3):85-99 (2004)/ Mehmet UGURLU

In the experiments carried out at different current
intensities, removal being high can be explained through a
decrease in intra-resistance of solution and associated
increase at the transfer-sped of organic and in organic
species to electrodes.

4. CONCLUSIONS

The efficiency of electrochemical methods for removal
of phosphate, ammonium, nitrate, BOD and COD removal
are examined in this study. From the experiments carried
out at 12V. and current intensity of 77.13 mA, it can be
said that for both electrodes for the removal of these
pollutants, except for nitrate, two minutes are sufficient.
However, it was found that for BOD and COD removal a
little bit more time is required. When the effect of current
intensity on removal was examined, as it was expected, an
increase of removal efficiency was generally observed
with increasing current intensity. It was found that 40-
80mA is sufficient on a large scale for the removal of
above-mentioned pollutants.

In an era when phenomena of environment attracts a
great attention, electrochemical methods can be said to be
a promising cleaning and purifying method of wastewater
of paper industry

1. Giirses, A., Yal¢in, M. and Dogar, C., “Electrocoagulation of some reactive dyes: a statistical investigation of some
electrochemical variables”, Waste Management, 22: 491-499 (2002).

2. Panizzo, M., Bocca, C. and Cerisola, G., “Electrochemical treatment of wastewater containing polyaromatic organic

pollutants”, Wat. Res., 34(9):2601-2605 (2000).



The Removal Of Some Inorganic Compounds .../ Elektrokoagiilasyon Yontemi Ile ...

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

Do, J.S. and Chen, M.L. “Decolourisations of dye-containing solutions by electrocoagulation”, J.App. Electrochem.,
24:785-790 (1994) .

Lin, S.H., Shyu, C.T. and Sun, M.C. “Saline wastewater treatment by electrochemical method”, Wat.Res., 32:1059-
1066 (1998).

Vik, E.A., Carlson, D.A., Eikum A.S. and Gjessing, E.T., “Electrocoagulation of potable water, Wat. Res. 18:1355-
1360 (1984).

Lin, S.H. and Peng, C.F., “Continuous treatment of textile wastewater by combined coagulation, electrochemical
oxidation and activated sludge”,Wat.Res. ,30:587-592 (1996).

Pouet, M.F. and Grasmick, A., “Urban wastewater treatment by electrocoagulation and flotation”, Wat. Sci.Tech.,
31:275-283 (1995).

Lin, S.H. and Peng, C.F., “Treatment of textile wastewater by electrochemical method”. Wat.Res. 28:277-282 (1994),

Tsai, C.T., Lin, S.T., Shue, Y.C. and Su, P.L., “Electrolysis of soluble organic matter in leachate from landfills”.
Wat.Res., 31:3073-3081 (1997).

Naumczyk,, L., Szpgrkowiez, F., “Electrochemical Treatment of Textile Wastewaters”, Wat. Sci. Texh., 34(11):17-24
(1996).

Koparal, A.S. and Ogiitveren, U.B., “Removal of nitrate from water by electro reduction and electrocoagulation”.
Journal of Hazardous Materials, B 89:83-94 (2002).

Muna, Ali, T.R., “Aquatic toxicity from pulp and paper mill effluents: a review”, Advances in Environmental
Research., 5:175-196 (2001).

Clark, T., Bruce, M. and Anderson, S., “Decolarization of extraction stage bleach plant effluent by combined
hypochlorite oxidation and anaerobic treatment”, Water Sci. Tech., 29(5-6):421-432 (1994).

Frostell, B., Boman, B., Ek, M., Palvall, B., Berglund, M. and Linstrom, A., “Influence of bleaching conditions and
membrane filtration on pilot scale biological treatment of Kraft mill bleach effluent”, Water Sci. Tech., 29(5-6):163-
176 (1994).

Streat, M., Patrick, J.W. and Camporro-Perez, M.J., “Sorption of phenol and chlorophenol from water using
conventional and novel activated carbons”, Water Sci .Res., 29:467-472 (1995).

Diez, M.C., Mora, M.L. and Videla, S., “Adsorption of phenolic compounds and colour from bleached Kraft mill
effluent allophonic compounds”, Water Res., 33(1):125-130 (1999).

APHA, Standard Methods for the examination of water and wastewater , (1995).

Pykhteev, O.Yu., Efimov, A.A. and Moskvin, L.N., “Hydrolysis of iron (III) aqua complexes”, Russian Journal of
Applied Chemistry, 72 (1): 9-20(1999).

Ogiitveren, U.B. and Koparal, S., “Color removal from textile effluents by Electrochemical Destruction”, J. Environ.
Sci Health., A29 (1):1-16(1994).

Johnson, P.N. and Amirtharajah,A., “Ferric chloride and alum as single and dual coagulants”, AWWA., 5:232-239
(1983).

Xiong, Y. and Karlsson, H.T., “An experimental investigation of chemical oxygen demand removal from the
wastewater containing oxalic acid using three-phase three-dimensional electrode reactor”, Advances in Environmental
Research., 7: 139-145 (2002).

Vlyssides, A.G., Papaioannou, D., Loizidoy, M., Karlis, A.A. and Zarpas, A.A.,. “Testing An Electrochemical Method
For Treatment Of Textile Dye Wastewater”, Waste Management, 20: 569-574 (2000).

Ugurlu, M., “Kagit Endiistrisi Atik Sularinin Adsorpsiyon ve Elektrokimyasal Metotlarla Aritilmasi”, Doktora Tezi,
Atatlirk Universitesi Fen Bilimleri Enstitlsi, Erzurum 65-85 (2001).

Received/ Gelis Tarihi: 13.10.2003  Accepted / Kabul Tarihi:05.05.2004

99



