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Highly efficient copper and cobalt co-modified nitrogen doped titania (TiON/Cu/Co) nano 
photocatalys were synthesized using a modified sol-gel method. The azo dye, Erichrome 
black- T (EBT) was used as model pollutant to examine the photocatalytic activity of these 
synthesized nano photo- catalysts under solar light irradiation. The synthesized 
photocatalysts consist of single phase qausispherical nanoparticles that exhibited 
homogeneous distribution of dopants. These catalysts enhanced the optical properties with 
synthesis methodology adopted. The morphology and structure of the synthesized 
materials were analyzed by X-ray Diffraction (XRD), Transmission Electron Microscopy 
(TEM) and Scanning Electron Microscopy (SEM). The composition and distribution of the 
dopants were investigated by Rutherford Backscattering spectrometry (RBS). The optical 
properties were observed with Diffuse Reflectance Spectroscopy (DRS). At lower cobalt 
ions concentration in the doped samples, the TiON/Cu/Co responded with extraordinary 
photocatalytic properties. The photocatalytic degradation efficiency of TiON/Cu/Co was 
found 95.5% in 100 min duration. The kinetic study of the degradation data followed the 
pseudo-first order model for all the three catalysts.   
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1. Introduction 
 
The dyes are unavoidable to human being and their utilization in industry is widespread. More than 

50% of the total production of dyes is used in the textile industry and about 15% is used in paper and leather 
industries [1]. In the dying process, 15% of the total dye production becomes an industrial waste [2]. The 
waste produced from the industries enters into water bodies and aquatic systems. The aquatic eco-system is 
disturbed due to the deficiency of oxygen and light transmission. Additionally, the waste water containing 
dyes enters into drinking water resources and hazardously influences the life of human being. Consequently, 
this destruction can be controlled by removing these dyes from water resources up to a tolerable level [3, 4].  

Different techniques like Flocculation, Osmosis, Adsorption and others have already been used 
conventionally for the removal of dyes from textile waste water, but such techniques have some drawbacks. 
A currently adopted procedure for the remediation of such kind of impurities from waste water is 
photocatalytic process. Now this process appears as a promising technology regarding the complete 
mineralization of organic pollutants from waste water [5, 6]. By the application of such process, the 
degradation of organic pollutants under solar light may be an ideal technique for the treatment of waste 
water. On the other hand, till now there is no leading approach to produce a constructive catalyst that can be 
successfully utilized for the treatment of water. The ambition of this research work is to develop an 
extremely capable photocatalyst driven by solar light based on a nano scale for the treatment of waste water. 
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During the previous decades, the titanium dioxide has been investigated as an emerging 
photocatalyst for environmental remediation and used for the production of hydrogen because of its cut-rate, 
chemical steadiness, non-toxicity, and elevated power of oxidation for the generation of holes. On the other 
hand, their are some restrictions concerning its band gap which lies in the UV region (3.2 eV) and its high 
recombination ratio of photo-induced electrons (e-) and holes (h+) produced when irradiated under ultraviolet 
light. For the removal of these flaws a choice of modifications [7-16] has been introduced since from the 
pioneer work in 1972 by Fujishima and Honda’s [17]. Amongst the anionic doping of TiO2, Asahi et al and 
others [18, 19] suggested that nitrogen is the main appropriate dopants for the modification of titania, by 
reason of its analogous dimension and electro negativity regarding oxygen which accordingly decreases the 
width of its band gap. On the other hand, doping anionic materials show little quantum efficiency and lasting 
instability regarding photocatalyst [20, 21]. In current studies, copper used as a dopant for titanium dioxide 
has been experienced for an effective photo reduction of CO2, enhanced properties as a photocatalyst [22-
26], enhanced properties as a gas sensing material and for the production of hydrogen. For improved optical 
properties it might be more suitable for tailoring the band gap of TiON/Cu by various transition metals. 
Presently due to mixed valance states, cobalt becomes an outstanding and relatively low-cost nominee and 
consequently might be a valuable attendant for copper.  

In this research work, we have reported the photocatalytic activity of doped TiO2 catalysts 
synthesized via sol-gel method. The synthesized catalysts were used to study the degradation of Erichrome 
black- T (EBT), as a model organic pollutant which is widely used in textile dying process. 

 
2. Experimental 
 
Catalyst preparation 
 
The copper and cobalt co-modified nitrogen doped titania nanoparticles (TiON/Cu/Co) were 

synthesized by using a sol gel method in single step technique. For this purpose the chemicals used were 
consist of titanium tetraisopropoxide (TTIP) (Aldrich, 97%), Cobalt nitrate (Aldrich, 99.9%), Copper nitrate 
hexahydrate (Aldrich, 99.9%), Acetic acid (Aldrich, 99.7%), Ammonium nitrate (Aldrich, 99.5%), 
anhydrous ethanol (Aldrich, 99.5%) and deionized water. During synthesis process, a solution of 0.043g 
Cobalt (II) nitrate and 0.2g of Copper nitrate were mixed in a mixture of Ethanol, Acetic acid and water with 
a ratio 7:2:1 at a temperature of 10°C. After that 18.5 ml of TTIP was added drop wise into the above 
solution at energetic stirring. After that the solution was placed for 24 hours in a dark place for nucleation 
process.  When this process was completed, the solution was placed in an oven at 70°C for 6 hours for 
ageing and gelation. After this process, the dry gel obtained was crushed into powder. Then the powder was 
calcined at 420 °C for 3 hours in a tube furnace. Similar scheme was adopted for the synthesis of all the 
three catalysts TiON, TiON/Cu and TiON/Cu/Co. 

 
Characterization 
 
The synthesized samples were analyzed with the help of X-ray diffractometer with wide angle 

(Philips X’Pert PRO 3040/60), by the application of Cu-Kα radiation. The TEM analysis of synthesized 
samples was performed in model Titan G2 80-300 FEI Company (FEI Company, Hillsboro, OR). The spatial 
frequency (lattice d-spacing) of the synthesized samples was calculated by the Fast-Fourier transforms 
(FFTs) of HRTEM micrographs and consequently crystal structure of samples was determined. The 
elemental analysis and distribution of dopant of the nanoparticles was measured by Rutherford 
Backscattering Spectrometry (RBS). The Perkin–Elmer Lambda 950 UV/VIS/NIR spectrophotometer was 
used to measure the optical properties.  

A comprehensive procedure for measurement of photocatalytic activity of the synthesized samples 
for removal of dye EBT was adopted. All the three photocatalysts i.e., TiON, TiON/Cu and TiON/Cu/Co 
were used in this photo-reduction experiment. The experiment was carried out in 500 ml cylindrical pyrex 
glass cylinder. A 100 ppm solution of EBT was prepared in double distilled water. Each time 100 ml dye 
solution was taken and 0.1 g/L of synthesized sample was put in dye solution. The degradation reaction was 
carried out under visible (solar) light. The zero time reading was obtained from the suspension kept in dark 
for each catalyst. After each 10 min time interval, 3 ml of the sample was collected and centrifuged at 4000 
rpm, followed by filtering through 0.45 µm nylon filter. For comparative study, TiON, TiON/Cu and TiON 
/Cu/Co were also used for degradation of EBT separately under the same conditions. A controlled 
experiment was also conceded for the confirmation, that reaction is neither thermal nor photochemical, but it 
is a photocatalytic reaction. The residue concentration of EBT was determined by measuring its absorbance 
using UV-Visible spectrophotometer. 



TiON, 
charact
that the
XRD p
metallic
doping 
the syn
[28]. O
crystall
sample
parame
equival
left of 
extent l

that the
of 12 n

consist
present
through
number
number
TiON/C
 

as pres
porous 
in all th
that the
can be 

 
3. Resul
 
XRD ana
 
The morpho

TiON/Cu, Ti
teristic peaks 
e dopants are 
patterns were 
c doping, ther
induced crys

nthesized sam
On the basis of
lites calculate
s TiON, TiO

eters of lattice
lent ionic radi
copper doped
larger than the

 
TEM and
 
Fig. (1b) sh

e morphology 
nm, which was

The Fast F
s in the form
ted at specific 
h the measurem
rs reciprocal. 
rs labeled on 
Cu/Co: (R1): (

Fig 1: (a) X

SEM and
 
The morpho

ented in Fig. 
in nature and

he micrograph
e particle size

modulated th

lts and dis

alysis 

ology and cry
iON/Cu/Co a
are for the an
well disperse
indexed to th

re is an increa
tallization at n

mples would h
f the peaks wi
ed on the basi
ON/Cu and T
e and cell vo
ii of oxygen a

d titania can b
e ionic radius 

d FFT stud

hows a represe
of the particle

s directly mea
Fourier Transf
m of six reso

spatial freque
ment of the di
After then th
diffraction ri

(101); (R2): (0

XRD Patterns 
and (c)

d EDX anal

ology of synth
2a-c respectiv

d their porosity
hs that the pa

e data is in acc
hrough metal 

scussion 

ystal structure 
re shown in 
atase TiO2 an
ed and occupy
he anatase in 
ased in the cry
normal tempe
ave an enhan
ith full width 
is of Scherrer

TiON/Cu/Co,
olume was fo
and nitrogen. 
be observed,  
of Ti4+ (0.68 Å

dies 

entative TEM
es is qausisph
sured from th
form (FFT) o

olved concentr
encies in the im
iameter of eac
he d-spacing 
ings of the re
004); (R3): (2

of TiON, TiO
) FFT analysi

lysis 

hesized sampl
vely. It is clea
y increases by

article size is d
cordance with
oxides, by en

of the synthe
Fig. (1a). Fr

nd are devoid 
y either inters
phase of TiO

ystal behavior
erature [27]. T
nced photocata

at half maxim
r´s formula [2
respectively. 

ound after dop
But when Cu
for the reason
Å), due to wh

M micrograph o
herical, and ha
he scale of the 
of the repres
tric rings as 
mage of FFT.
ch ring, and th
values can be
epresentative 
200); (R4): (21

ON/Cu, TiON/C
is of TiON/Cu

 

les TiON, TiO
ar from the fig
y the introduc
decreased by 
h XRD findin
nhancing the 

esized samples
rom the XRD
of any additio
stitial position

O2, consistent 
r of the synthe
This behavior 
alytic influenc
ma in the XRD
29] were 12, 1

It was foun
ping the TiO
u is doped, a 
n that radius o

hich  it  creates

of the catalyst
aving an avera

image.  
entative samp
shown in Fig
.  The radii of 
hen dividing it
e obtained fro
sample repre

11); (R5): (22

Cu/Co (b) A re
uO/Co nanopa

ON/Cu and Ti
gures that all t
ction of dopan

the introduct
ng. It was foun

active site d

s were studied
D analysis it i
onal phase of 
n in TiO2 crys
with JCPDS N

esized catalyst
also suggests 
ce than titania
D patterns, the
15, and 10 nm
nd that no di

2 with nitrog
slight shift in
of ionic Cu2+ 
s a  strain in th

t TiON/Cu/Co
age size of the 

ple of TiON/
g. (1c). These
f these rings (R
t by 2, and the
om the patter
sent the subs
0); and (R6): 

epresentative 
articles. 

ON/Cu/Co w
the synthesize

nts in the TiON
ion of dopant
nd that the su
ispersion. The

d by XRD pat
is confirmed 
impurity. Thi
stal structure.
No. 02-0387.
ts shows that 
that anatase p

a in amorpho
e average size
m for the synt
istinct change
gen.  It is due
n XRD peaks 

( 0.72 Å) is 
he titania latti

o.  It can be o
 particles in th

/Cu/Co nanop
e specified ri
R1-R5) are det
en taking the r
rn of diffracti
sequent plane
(105). 

TEM image 

was evaluated b
ed samples are
N. It can also 
ts. It can be o
urface of the c
e composition

1273 
 

tterns of 
that the 

is shows 
 All the 
 Due to 
metallic 
phase of 
us form 

es of the 
thesized 
e in the 
e to the 
towards 
to some 
ce.  

observed 
he range 

particles 
ings are 
ermined 
resultant 
ion. The 
s of the 

 

by SEM 
e highly 
be seen 

observed 
catalysts 
n of the 



1274 
 
synthes

elemen

 
Fig.

 

analysi
by Tan
synthes
chambe
precise
(SSB). 
calibrat
overcom
MeV H

sample
low co
resonan
atomic,
simulat
observa
because

sized samples 
The EDX an

ntal compositio
 

 2. SEM of (a)

RBS Ana
 
The compo

is. For this fun
ndem Pelletro
sized catalyst
er. In this re

ely. The parti
The angle fo

ted spectra wa
me the detect

He2+ ion beams
RBS analys

s, as shown in
oncentration i
nce nuclear en
, nitrogen wa
ted, and the 
ations. We co
e of synthesis 

 

is determined
nalysis of the 
ons as used in

) TiO/N (b) Ti

alysis 

osition and d
nction, a beam
on Accelerato
ts were place
gard the orie
cles found du

or detection w
as analyzed u
tion problem 
s, which regar
sis was carried
n Fig. (3). In 
in the sampl
nergy of nitro
as detected. F

resultant sim
oncluded that
procedure ad

d by the energ
samples TiON

n the experime

TiON/Cu (c) Ti

dopants distrib
m of 2.0 MeV 
or (5UDH-2, 
ed on a goni
entation of sa
uring backsca

was 170o and 
using the comp

for nitrogen 
rds the nuclea
d out for deta
the RBS spec
les. For dete

ogen i.e. He2+

For stoichiom
mulated curv
t all dopants 

dopted for desi

gy dispersive X
N/Cu and TiO
ental procedur

iON/Cu/Co, E

bution of the
He2+, 20 nA 
National Ele

iometer with 
amples with r
attering were 
its resolution
puter Code S
detection, a 

ar resonance en
ailed composi
ctra, all elemen
ecting nitroge
ion beam ene

metric of the 
ve showed a

are homogen
ign of the pho

X-ray utility o
ON/Cu/Co are 
re. 

EDX analysis o

e synthesized
and 20 µC wi
ctrostatic Cor
high precisio

respect to the
collected by 

n energy was 
oftware “SIM
precise exper
nergy of nitro
tion and dopa
nts were detec

en, specific e
ergy of 3.6 M

nano photoc
a good agree
neously distri
otocatalysts.  

of SEM.  
shown in Fig

of (d) TiON/C

d samples wa
ith 5mm in di
rporation, US
on (0.01◦) fiv
e He2+ beam 

detector with
about 25 keV

MNRA” (versio
riment was co
gen. 

ants distributio
cted except ni
experiment w
eV. In each sa
atalysts, the 

ement with t
buted into Ti

g. 2d,e confirm

Cu (e) TiON/C

as analyzed b
iameter was p
SA). The sam
ve-axis in a 

could be co
th Si Surface 
V. The RBS r
on 6.02) [30, 
onducted, usi

on in the synt
itrogen becau

was performe
ample, around
experimental 

that of exper
iO2 across th

ming the 

 

Cu/Co 

by RBS 
roduced 

mples of 
vacuum 

ontrolled 
Barrier 

recorded 
31]. To 

ing 3.60 

thesized 
use of its 
d using 
d 0.32% 

data is 
rimental 

he pellet 



 

measur
equatio

 
 
Where,
observe
enhanc
because
formati
in pres
heterou
efficien
with low

Optical p
 
The optical

ring the DRS
on given below

  

, R is the diff
ed that could
ed visible-lig
e of donor lev
ion of mixed 
sence of air 
union of n-typ
ncy. The band
wer band gap

Fig. 3 

properties (

l properties o
. The optical 
w. 

 

fuse reflectanc
d be ascribed
ght absorption
vels generated
valance cobal
above 275˚C

pe TiO2 and p
d gaps of these
 value of 1.28

RBS analysis 

(DRS) 

of TiON, TiO
absorbance i

F(R) =

ce [32]. For T
d to the nitro
n phenomenon
d by Cu+2 and 
lt oxide i.e. C
C [34], whic

p-type Co3O4 n
e nanoparticle
8 eV for TiON

of TiON, TiO

ON/Cu and T
in term of Ku

(1R)2

2 (R

TiON nanopar
ogen dopant 
n compared t

d Co2+ ions int
Co3O4. The Co
ch is p-type 
not only enha
s were calcula

N/Cu/Co. 

ON/Cu and TiO

TiON/Cu/Co 
ubelka–Munk 

R)  

rticles in Fig.
[33]. The Ti

to that of oth
to the band ga
o3O4 is genera

semiconduct
ance the optic
ated by extrap

ON/Cu/Co 

nanoparticles
function was

 (4), a charac
iON/Cu/Co n
her powders. 
ap of titania o
ally produced 
tor. Therefore
al properties b

polation of line

 

s were evalu
s estimated u

cteristic red sh
nanoparticles 
This phenom

or might be du
from hydrate
e, the possib
but also the q
ear region of t

1275 
 

uated by 
sing the 

hift was 
showed 

menon is 
ue to the 
d cobalt 

bility of 
quantum 
the plot, 



1276 
 

 

TiON/C
of EBT
degrada
TiON a
activity
region 
because
electron
Later o
produc
sample
compar
 

 

 

Fig. 4. Ba

Photocat
 
The efficien

Cu/Co under v
T solution w
ation of EBT 
and TiON/Cu
y of TiON/Cu

creating extr
e of the Co3O
ns in conduct

on, in dark, th
e OH free rad
s follow the 
rison of all the

Table: 1. C

Time
(min)

10 
20 
30 
40 
50 
60 

100 

and gap of TiO

alytic degr

ncy of photoc
visible light (s

was observed 
was attained 

u but the effic
u/Co is becaus
ra electron-ho
O4–TiO2 heter
tion band are 
hese electrons 
dicals. These 
pseudo-first 

e three sample

Comparison of 

e 
) 

ON, TiON/Cu 

adation eff

catalytic degra
solar light) is 

after 10 min
after 100 min

ciency was low
se of the com
ole pairs, sur
rounion. Whe

trapped by C
are out back
free radicals
order kinetic

es for the dye 

f degradation e

TiON 
38.3 

48.12 
55.0 
63.1 
66.7 
71.2 
76.4 

and TiON/Cu

ficiency 

radation of EB
depicted in Fi

inutes treatme
nutes treatmen
wer than TiO

mbined effects
rface area en
en visible ligh
Co3+ (Co3O4 o
k to the condu
s degrade EB
c model as s
EBT (100 ppm

efficiency of c

% 

      

u/Co calculate

BT aqueous s
ig. (5). An ex
ent of TiON
nt. A degrada

ON/Cu/Co. Th
 i.e. increased

nhancement, a
ht strike upon
or Co2O3) and
uction band, a
T. The kineti
shown in Fig
m) is shown in

catalysts TiON

Degradatio

TiON/Cu 
42.2 
50.6 
58.3 
66.1 

    73.2
76.9 
86.4 

d from the DR

olution with 
traordinary de
/Cu/Co. Mor

ation trend wa
he phenomeno
d optical abso
and increased
n catalyst, e-- 
d adsorbed ox
accepted by ox
ic studies rev
g (6). The de
n Table 1. 

N, TiON/Cu, T

n 

TiO

RS spectra. 

TiON, TiON/
ecrease in abs
reover, up to
as also observ
on of enhance
orbance in the
d quantum ef

h+ pair is ge
xygen on the 
xygen and at 

veal that all th
egradation ef

TiON/Cu/Co. 

ON/Cu/Co 
48.5 
57.3 
66.0 
72.1 
79.8 
85.0 
95.5 

 

/Cu and 
sorbance 
o 95.5% 
ved with 
ement in 
e visible 
fficiency 
enerated, 

surface. 
the end 

he three 
fficiency 



 
 

 

(TiON,
percent
shown 

Fig 5. U
irrad

Fig: 6.  

Effect of 
 
The effect 

, TiON/Cu, Ti
tage degradat
in Fig. (7). T

UV-Vis spectr
diation and %

The pseudo-f

initial dye 

of initial dye
iON/Cu/Co) w
tion and kinet
The results me

ral variations 
% degradation 

-first order kin

concentrat

e (EBT) conc
was investigat
tics of the dy
entioned in Ta

of EBT aqueo
by Catalyst T

netic model of
 

tion 

centration fro
ted under sola
ye photo deco
able 2 show th

ous solution (1
TiON, TiON/C

f TiON, TiON/

om 20 ppm to
ar irradiation. 
olorization eff
hat the degrad

100ppm) durin
u and TiON/C

N/Cu and TiON

o 100 ppm b
The obtained 

fficiency unde
dation rate of 

ng solar 
Cu/Co 

 
N/Cu/Co. 

by the photoc
d results are pl
er solar light 
f the dye decr

1277 
 

 

catalysts 
lotted as 
and are 
eases as 



1278 
 
the init
molecu
reductio
life tim
dye con
effect o
solution
molecu
catalyst
 

 

 

tial dye conce
ules get absor
on of hydroxy

me (nanosecon
ncentration fro
of the dye. B
n is enhanced

ules rather tha
ts (TiON, TiO

Fig 7 .The

entration incre
rbed on the 
yl radicals du

nds), hydroxyl
om 20 ppm to

By increasing 
d, due to which
an the catalys
ON/Cu, TiON/

e degradation

eases. As the 
surface of ca

ue to the reduc
l radicals can 
o 100 ppm red
the initial dy

h the majority
st surface. As
/Cu/Co) as sho

n (%) and kine

 

initial dye co
atalysts ( TiO
ction of activ
only react at 

duces the degr
ye concentratio
y of the photon
s a result, the
own in Table 

etics of the sam
 
 

oncentration in
ON, TiON/Cu
e sites for the
the place of th
radation effici
on, the numb
ns from solar 

catalytic effi
2. 

mples at differ

ncrease the gr
u, TiON/Cu/C
e adsorption. A
heir productio
iency because
er of molecu
irradiation are
iciency is red

rent dye conce

reater number
Co ), which 
Also due to th
on and the inc
e of the self sc
ules of the dy
e absorbed by
duced in all th

 

entrations. 

r of dye 
cause a 
he short 

crease in 
creening 
e in the 

y the dye 
he three 



 
Time 
( min)

100 

100 

100 

 
 

differen
found t
in case
TiON/C
which i
eV whi
of catal
in degr
enhanc
Therefo
increas
dose w
investig

photoc
dopant
greater

Table 2.  Re

) 
 

Catalyst 

TiON 

TiON/Cu

TiON/Cu

Effect of C
 
The effect o

nt concentrati
to increase by
e of catalyst T
Cu/Co. The op
is 0.7g/L. Thi
ich enhances t
lyst dosage is 
radation after
ing the cataly
ore, it is con
ed in catalyst

was fixed to 
gation. 

Fig

4. Concl
 
This study

catalytic acti
ts are very 
r surface are

duction in cat

2

u 

u/Co 

Catalyst Con

of photocataly
ions (0.1 g/L t
y increasing th
TiON, increas
ptimum value
is is due to th
the photocatal
due to the inc

r optimum va
yst dosage wh

ncluded that d
t dosage, ther
0.9g/L for T

g 7.The effect o

lusion 

y showed th
ivity of the 
well dispers

ea and high q

talytic efficien

0 ppm 

84.5 

93.6 

99.7 

ncentration 

yst concentrat
to 1.2 g/L) of

he catalyst dos
ses from 0.1 
es of the catal
he fact that du
lytic efficienc
crease in activ
alue of cataly
hich decrease
due to (i) scr
re is an increa
TiON, 0.85 g/

of photocataly

at metallic d
catalyst. Th

sed in the an
quantum effi

ncy of the cata

40 ppm 

82.3 

91.2 

98.1 

 

tion on the de
f the catalysts
sage from 0.1
g/L to 0.85g/
lyst dosage fu
ue to introduct
cy. The increas
ve sites and ca
yst dosage is 
es the penetra
reening effect
ase in photon 
/L for TiON

 
yst concentrat

 

doping in T
he analysis o
natase titani
iciency resul

alysts with inc

%Degra

60 pp

80.2

90

97.7

egradation of 
s is shown in 
 g/L to 0.9 g/L
/L and then d
urther decrease
tion of cobalt
se in degradat
atalyst surface
due to the fa

ation of solar
t the penetrat
reflectance o

/Cu and 0.7 

tion on the deg

TiON can co
of the prepar
ia matrix. O
ted due to ad

reasing dye co

dation 

pm 8

2 

7 

EBT was stu
Fig. (7). The 
L and then de

decreases up t
es in case of c
the band gap

tion efficiency
e area. The rea
act that the tu

light in the 
tion of photo

onto the cataly
g/L for TiO

gradation of E

onsiderably i
red catalysts
ptical prope
dopted meth

oncentration. 

80 ppm 

78.2 

88.2 

97.1 

udied by apply
degradation r

ecreases up to
to 1.2 g/L in 
catalyst TiON

p decreased up
y upto optimu
ason that the d
urbidity incre
suspension [3

on decreases 
yst. Thus the 

ON/Cu/Co for

 

EBT. 

increase the 
s indicates t
erties enhanc
hodology and

1279 
 

100 ppm

76.4 

86.4 

95.5 

ying the 
rate was 
 1.2 g/L 
case of 

N/Cu/Co 
pto 1.28 

um value 
decrease 
eases by 
35- 37].  
and (ii) 
catalyst 
further 

visible 
that the 
cement, 
d cobalt 



1280 
 
modification. The highly efficient Co/Cu/TiON nanoparticle photocatalysts has remarkable 
activity in the degradation of EBT under visible light illumination. This degradation technique 
may be a cost effective and alternate to all other conventional techniques used for textile waste 
water treatment.  
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