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ABSTRACT: Metal (Mn, Cu, Co) doped and undoped Nano ZnO, prepared by chemical
precipitation method and calcined at 300°C was characterized by XRD, FE-SEM, FT-IR,
DRS and TEM. These photo catalysts can be effectively degrade organic contaminants
using visible light irradiation. Doping reduces the intra granular resistance and
recombination of the photo generated electron-hole pairs. The photo activity of
undoped and doped ZnO powders was evaluated by monitoring the photo-
decolourization of the aqueous solutions of Acidal Navy Blue 3BR (ANB 3BR) dye under
visible irradiation. The disappearance of dye molecules followed pseudo-first-order
kinetics. The effect of various parameters namely, pH of the medium, catalyst loading,
initial dye concentration and kinetics of photo degradation of ANB 3BR was
investigated. The rate of degradation was found to be strongly influenced by all above
mentioned parameters. The reduction in the chemical oxygen demand (COD) of the
decolorized aqueous samples revealed a possibility of complete destruction of the
organic molecules along with colour removal. Experimental data were analyzed by
model equations such as Langmuir and Freundlich isotherms and it was found that the
Langmuir isotherm model best fitted the adsorption data. The results showed that the
doped (Mn, Cu, Co) percentage (0.25, 0.5, 0.75, 1, 1.5%) were successfully doped into
the ZnO and that manganese and copper-doping reduced the photo catalytic activity of
Zn0, Co doped ZnO increase the photo catalytic activity.1%, 0.75%, 0.75% of Mn, Cu, Co
doped in ZnO can be used in photo catalytic experiments.
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1 Introduction

Photo catalytic degradation of organic compounds
for the purpose of purifying dye Wastewater from
industries and households has attracted much attention in
recent years [1-5]. The industrial importance of ZnO as a
UV blocking agent, experiments involving the reduction of
the photo catalysis of ZnO have scarcely been reported [6].
One approach to eliminate the photo catalytic activity is to
dope ZnO with impurity ions. It is generally considered
that doping ions create defects in the crystal lattice that act
as trapping sites of the excitants, promoting
recombination of electron-hole pairs, resulting in reduced
photo catalytic activity [7]. For example, the doping of

manganese ions in ZnO creates deep traps within the band

gap, which may act as electron-hole recombination sites
[8]. The application of semiconductors such as ZnO and
TiOz in the area of photo catalysis has grown considerably,
primarily because of their physical and chemical stability,
high oxidative capacity, low cost and ease of availability
[9-13]. ZnO has emerged to be more efficient catalyst as
far as water detoxification is concerned because it
generates H202 more efficiently, it has high reaction and
mineralization rates [14, 15]. Also it has more numbers of
active sites with high surface reactivity [16]. ZnO has been
demonstrated as an improved photo catalyst as compared
to commercialized TiOz based on the larger initial rates of
activities and its absorption efficacy of solar radiations
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[17]. However, ZnO has almost the same band gap (3.2 ev)
as TiOz2. Surface area and surface defects play an important
role in the photo catalytic activities of metal oxide. The
reason is that, doping of metal oxide with metal and/or
transition metals increases the surface defects [18]. In
addition it affects the optical and electronic properties and
can presumably shift the optical absorption towards the
visible region [19]. This can subsequently activate these
modified metal oxide photo catalysts upon visible light
irradiation. Doping of ZnO with cobalt (Co) has been
reported to cause hyper chromic shift in the optical
absorption of ZnO, which is attributable to the shrinkage
of the band gap [20]. These changes in ZnO caused by Co
ion were assumed to play an important role in the photo
catalysis. As reported ZnO is better solar photo catalyst
than TiO2 and other metal oxide on the basis of solar
radiation absorption. In addition enhancement in the
optical absorption owing to increase in surface defects by
doping with Pb ion and Ag ion urge us to further
investigate undoped and doped ZnO nano particles and its
photo catalytic activities [18, 19]. Numerous studies report
an improvement of visible-light photo catalytic activity of
metal oxide semiconductors by doping with cations,
anions, metals, and non-metals [21-25]. There are also
some reports of the detrimental effect of dopants in the
photo catalytic activity [26]. One of the strategies adopted
for tuning the band gap is to employ suitable dopants by
which the electronic structure of ZnO can be altered. The
doping ions such as Al, Co, Ag, Pb and Mn have
incorporated in ZnO and their effect has already been
studied and reported [27-29]. The doping increase the
bulk surface area and surface defects which generate more
active sites for the reaction at an energy level lower than
the conduction band of pure ZnO and thus absorbs visible
light via these defect sites causing enhancement in the
optical absorption of ZnO. ZnO is a good photo catalyst to
degrade organic matter in water [30, 31, 32]. There are
several methods for preparing nano sized ZnO powders
spray  pyrolysis,
decomposition, hydrothermal
electrochemical growth [33-37]. Different methods yield
different particle sizes of ZnO, depending on the type of

such as precipitation, thermal

synthesis and

precursor, the solvent, the pH and the temperature of the
In this

precipitation method to prepare metal doped Nano sized

reacting solution. study, we employed a
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ZnO, which is the easiest method for producing nano
material’s and also carried out the photo -catalytic
experiments. The preliminary results presented in this
work show much promise and suggest the need to further
explore heterogeneous photo catalysis.

2. Experimental
2.1 Materials and methods
Acidal Navy Blue 3BR (ANB 3BR) C.I. 20470 from

s d Fine-chem. Ltd. The starting materials,
Zn(CH3C00)2¢2H20 (s d Fine-chem. Ltd, >99.5%), Na2CO3
(Sisco Research Laboratories Pvt. Ltd, >99.9%),

Mn(CH3C00)2¢4H20 (Qualigens fine chemicals, >99%),
C4HsCu04.H20 (s d Fine-chem. Ltd, >98%), C4H¢C004.4H20
(s d Fine-chem. Ltd, >99.5%), NaOH (Sisco Research
Laboratories Pvt. Ltd, >98%) and HCl (Ranbaxy Fine
Chemicals Ltd) were used as such. The chemical structure
of the AB 10B are shown in Fig. 1.

Na* _038

ONQN

Figure 1. Chemical structure of ANB 3BR.

OH NH,
2

2.2 Catalyst preparation

Initially, the synthesis of zinc carbonate was
attempted via the reaction Zn(CH3C00)2*2H20 + Na2C03 —
ZnCOs3 + 2Na(CH3COO). In a typical synthesis of undoped
Zn0, 13.5 g of Zn (CH3COO0)2¢2H20 and 6.5g of Na2COs
were separately dissolved in 50 ml of deionised water.
Next, the Na2CO0s3 into the Zn
(CH3C00)2¢2H20 solution to form white precipitates. The

precipitates were separated from the supernatant using a

solution was added

filtration and further washed with deionised water to
remove reaction by-products until the salinity of the
supernatant becomes less than 100 ppm. The separated
precipitates were dried in air at 60°C and then heat treated
at 300°C for 1 hour. For the synthesis of manganese,
copper, cobalt-doped ZnO, a solid mixture of 0.25, 0.5,
0.75, 1 and 1.5 mol% Mn (CH3C00)2¢4H20, C4HsCuO4.H-0,
C4H6C004.4H20 in Zn(CH3C00)2¢2H20 was dissolved in 50
ml of deionised water and then mixed with an aqueous
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solution of NazCOs, followed by the same procedure as for

undoped ZnO.

2.3 Analytical methods
IR spectra were recorded using Perkin Elmer 6X
Diffuse

reflectance spectra were recorded using Shimadzu UV-

FT-IR spectrophotometer using KBr pellets.

2450. Powder X-ray diffraction patterns of ZnO catalyst

was obtained using X' per PRO diffractometer.
Transmission electron microscope (TEM) images were
recorded using a Philips model (Tecnai 10) transmission
electron microscope. UV spectral measurements were
done using Shimadzu UV 2101PC spectrometer. The pH
values were measured via Digisun pH meter (Model 2001).
The morphology of catalyst was examined using a
HITACHI-SU6600 field

microscope (FE-SEM). Chemical oxygen demand (COD)

emission scanning electron
was measured with a Merck COD- Spectroquant TR 320

model.

2.4 Irradiation procedure

All experiments were carried out under identical
conditions using Heber visible annular type photo reactor
model HVAR. The irradiation was carried out using
Tungsten (500w) lamp. Dark reaction also carried out for
the purpose of comparison. The catalyst was added to an
aqueous dye solution and reaction mixture was
continuously stirred by magnetic stirrer and for the
complete mixing of the reaction solution. At specific time
intervals, 4-5 mL of the sample was withdrawn and
centrifuged to separate the catalyst. One millilitre of the
sample was suitably diluted and its absorbance’s at 619
nm and 322nm were measured immediately. Absorbance
at 619 nm (n — ©*) transition of~N= N-group is due to the
color of the ANB 3BR solution and it is used to monitor the
decolorisation of dye. The absorbance at 322 nm
represents the aromatic content of ANB 3BR and the
the

decrease of absorbance at 322 nm indicates

degradation of aromatic part of dye.

2.5 Adsorption isotherm of the dye molecules

onto ZnO
The

semiconductor photo catalyst mainly occurs on the surface

photo degradation of organics using

of catalyst [38]. It is important to study the adsorptive
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properties of doped and undoped ZnO using respective
target compounds as adsorbate. The adsorption process
of dissolved ANB 3BR dye onto doped and undoped ZnO
nano particles was investigated in detail.

Adsorption equilibrium experiments were carried
out with the required amount of catalyst dosage (0.05g/10
ml) and the concentrations of the ANB 3BR varied from 1
to 200 ppm. The systems were equilibrated for 24 h at 27
°C. There are quite a few common isotherms used for
correlating adsorption equilibrium data [39]. Equilibrium
adsorption data collected in this study could be fitted by
both Langmuir and Freundlich isotherms. The common
forms of these adsorption isotherm equations (1&2),

respectively, are:

KLCeq
=— 1
deq = Trgmcon (1)
1
Jeq = KpCeqn (2)
Where, qeq (mg/g) and Ceq (mg/L) are the amount of

adsorbed dye per unit weight of catalyst and unadsorbed
dye concentration in solution at equilibrium, respectively.
The constant K. (L/g) is the Langmuir equilibrium
constant and the K./gqm gives the theoretical monolayer
saturation capacity, gm. Kr (L/g) is the Freundlich constant
and n (g/L) is the Freundlich exponent. The adsorption
equilibrium data were analyzed by Langmuir and
Freundlich isotherm model equations. The constants of
Langmuir and Freundlich isotherms were also evaluated
and tabulated in Table 1. The adsorption isotherm results
from Figure 2 indicated that Langmuir isotherm fitted the
data well (rz > 0.95).

A b
24

204

1/ (g/mg)

B 7n0

o Codoped Zn0
¥ Gudoped Zn0
& Mndoped Zn0

no
Co doped Zn0
Cu doped Zn0
Mn doped Zn0

IJI T T T 1 -4 T T T 1
00 05 10 15 20 0 2 4 8

I.w"Ceq {L/mg) log Ceq (mglL)

Figure 2. a) Langmuir and b) Fruendlich isotherm of
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undoped and Mn, Cu, Co doped ZnO (catalyst dosage = 0.05
g/10 mL; pH = 7; T = 27°C; t=24h; agitation = 100 rpm).

The value of Ry, the separation factor fell in the
range of 0-1 which clearly showed that the adsorption
process is favourable. The value of n in Freundlich
isotherm also varied from 1 to 10 which again proved that
the adsorption is favourable.

G. Thennarasu et al/2018

nano particles. It seems that Co, Cu, Mn ions form complex
with the ZnO surface oxygen, hence; suppress the growth
of ZnO crystallite.

The diffuse reflectance spectra of ZnO and 0.25,
0.5, 0.75, 1, 1.5% of Cu, Co and Mn doped ZnO nano

crystals catalysts are displayed in Fig. 6, respectively.

Table 1 The constants of Langmuir and Freundlich isotherms of ANB 3BR by visible light

Isotherms Zn0 Mn - ZnO Cu-ZnO Co-ZnO
Langmuir

gdm(mg/g) 1.7412 0.5640 0.5927 1.047

KL 0.0939 0.1893 0.1322 0.056

R 0.9141 - 0.0505 0.8408-0.0257 0.8832-0.0364 0.947 - 0.082
r2 0.9534 0.9607 0.9658 0.9547
Fruendlich

Kr (L/g) 0.1353 0.083 0.0678 0.0809

N 1.3875 1.7319 1.2918 1.4009

r2 0.9132 0.8349 0.9768 0.9791

3. Results and Discussions
3.1. Catalyst characterization

FE-SEM micrograph of the calcites (300 2C) Mn,
Cu, Co doped ZnO and undoped ZnO nano particles is
shown in Fig. 3 (A, B, C and D). This image shows global
and uniform particles which are coherent together. In Fig.
4 (A, B, C) shows the EDX data of Mn/TiO2 three peaks
around 0.5, 1 and 5.9 keV, Co/Zn0O shows seven peaks
around 0.5, 0.7, 1, 6.9, 7.7, 8.7 and 9.6 keV and Cu/ZnO
shows six peaks around 0.5, 1, 8, 8.7, 8.9 and 9.6 keV
respectively. The intense peak is assigned to the bulk ZnO
and the less intense peaks to the surface ZnO. The peaks of
Mn (0.5, and 5.9 keV), Co (0.7, 6.9 and 7.7 keV), Cu (1, 8
and 8.9 keV) are distinct in Fig. 4 (A, B, C). The less intense
peak is assigned to Mn, Co, Cu in the ZnO lattices. These
results confirmed the existence of Mn, Cu, and Co atoms in
the solid catalysts but the XRD patterns do not show any
peaks related to Mn, Cu, Co (even for 1.5% Mn, Cu, Co-
doped ZnO catalyst). Therefore, it may be concluded that
Mn, Cu and Co ions are uniformly dispersed among the
ZnO crystallites.

Figure 5 (A and B, C, D) shows TEM image of
samples from which the particle sizes of undoped and Co,
Cu, Mn - doped ZnO and were found to be around 5-15 and
20-50 nm, respectively. Hence, it can be concluded that the
addition of Co, Cu, Mn to Zinc hinders the growth of ZnO

ZnO nano crystals exhibited absorption in the UV
range (200-400 nm). The
photo catalyst is given by equation (3),
Epg = eV (3)

Where, A is the wavelength in nano meters. From the

band-gap energy Ebg of the

above equation the band-gab energy Eng (2.95-3.35eV) of
Cu doped ZnO, (2.78-3.44eV) of Co doped ZnO, (2.81-
3.00eV) of Mn doped ZnO and 3.49 eV of undoped ZnO,
respectively. ZnO nano crystal has slightly higher band gap
than doped ZnO.

The XRD pattern of Co, Cu, Mn - doped ZnO and
undoped ZnO nano crystals are given in Fig. 7, 8, 9 and 10.
All the marked diffraction peaks of ZnO in Fig. 10 can
coincidently be indexed by the known hexagonal standard
ZnO. The crystallographic phase of these ZnO nano crystals
belongs to the wurtzite-type ZnO. Characteristic peaks of
ZnO at 32.24, 34.91, 36.73 and 57.06, correspond to (1 0
0),(002),(101)and (11 0) diffraction peaks of wurtzite
ZnO, indicating that the ZnO shell possesses a hexagonal
crystal structure. The relatively high intensity of the (1 0
1) peak is indicative of anisotropic growth and implies a
preferred orientation of the crystallites. No significant
difference could be observed between the XRD patterns of
the doped and undoped ZnO. The average particle sizes of
undoped and doped powders calcined at 300 °C for 1h
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were calculated using Scherrer’s equation (d=0.94 A /(3 cos
0) as shown in table 2. Where, A denotes the wavelength of
the radiation equal to 0.154 nm, § the full width at half
maximum (FWHM) and 0 the half diffraction angle.

Figure 3. FE-SEM images of A) Mn doped ZnO B) Cu doped ZnO C) Co doped ZnO and D) ZnO calcite at 300°C for 1h.
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Figure 4. EDX images of A) Mn doped ZnO B) Co doped ZnO and C) Cu doped ZnO.
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Figure 5. TEM images of A) ZnO B) Co doped ZnO C) Cu doped ZnO and D) Mn doped ZnO calcite at 300°C for 1h.

Absorbance

. 18] —— ZnO-Cu (0.25%)
=] (a) — Zn0-Co (0.75%) ] (D) —— ZnO-Cu (0.5%)
—— ZnO-Co (0.25%) —— ZnO-Cu (0.75%)
024 ——ZnO-Co (1.5%) 042 ——2ZnO-Cu (1%)
020 0.10 | ——Zn0-Cu (1.5%)
0.16 4 0.08 -
0.124 0.06 -
0.08 4 0.04 -
0.04 0.02
0.00 T T T T T Y 0.00 T T T |
200 300 400 500 600 700 200 300 400 500
0.18 o 0.20 4
016 (C) (d) —— ZnO-Mn (0.25%)
—— ZnO-Mn (0.5%)
0144 045 —— ZnO-Mn (0.75%)
012 —— ZnO-Mn (1%)
» —27no —— ZnO-Mn (1.5%)
v 0.10 4
0.08
0.06
0.04 - 0059
0.02 4
0.00 T T T T ¥ T 0.00 T T T T T
200 300 400 500 600 700 200 300 400 500 600 700

Wavelength (nm)

Figure 6. The diffuse reflectance spectra (DRS) of undoped and Mn, Cu, Co doped ZnO
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Figure 11. FT-IR spectra of A) ZnO B) Mn doped ZnO C) Cu doped ZnO and D) Co doped ZnO and after visible
irradiation.
Table 2 Particle sizes for undoped and Mn, Cu, Co doped Fig. 11(a, b, ¢, d) give the FT-IR spectra of undoped and
Zn0 doped ZnO nano crystals. Figure 1la indicated the
f ab tion bands at 438 cm! firming th
Catalyst Doping level (mole %) Particle sizes (nm) presence ot absorption bancs a cm™ confirming the
71n0 0 8-10 presence of Zn-O (metal-oxide) bond. Fig. 11(a, b, ¢, d)
0.25 8-13 shows the absorption band at 2350 cm-! confirming the
0.5 8-9 absorption of atmospheric CO2 on the metallic cations
Mn-ZnO (1).75 g;is [40, 41]. As reported earlier the band in the region of
15 8-217 680-400 cm! is characteristic of ZnO nano crystals [42].
0.25 5-29 Figure 11b shows the presence of absorption bands at
0-55 5'514 1629 cm? confirming the oxide from Zn-O bond. The
Cu-Zn0O (1)'7 2_1-110 peak at 1454 - 1400cm ! indicates symmetric stretching
1.5 32-72 vibration of coo. 454 cm and 644 cm! indicates bending
0.25 2-14 and stretching vibration of Mn-O. Absorption bands
0.5 2-15 observed at 2925 cm! and 3400cm ! represent C-H and
Co-ZnO 0.75 6-55 . . o
1 6-15 O-H respectively. Fig. 11 (a, b, ¢, d) indicates the
15 6-55 absorption peaks at 1400-1600cm correspond to C=0

stretching mode.
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3.2. Catalytic activity

pH is an important parameter in photo catalytic
degradation. The effect of pH on the photo degradation of
ANB 3BR was studied in the pH range of 1.5-11.5. After 6h
of irradiation 99.8, 99.8, 98.2 and 97.6% of degradation for
Zn0, Mn, Cu, Co doped ZnO nano crystals at neutral pH
(Fig. 12). The maximum efficiency was observed at neutral
pH of 7. In acidic pH range (1.5-3.5) the removal efficiency
is less and it may be due to the dissolution of ZnO [43].
Zn0O nano crystals can react with acids to produce the
corresponding salt at acidic pH. The adsorption of dye at
different pH in dark was measured. The percentages of
adsorption at pH 7 were 20.4, 24.9, 20.69 and 17.5 for ZnO,
Mn, Cu, Co doped ZnO, respectively. Adsorption of dye
molecule is maximum at pH 7 and it decreases at pH 9.5
and 11.5. Hence the degradation is also efficient at pH 7. It
is highly advantageous to have the maximum efficiency at
neutral pH 7 since there is no need of pre-treatment of the
effluent.

Fig 13 the influence of the photo catalyst dosage
on the degradation of ANB 3BR has been investigated
employing different amounts of ZnO, Mn, Cu, Co doped
Zn0 nano crystals. The increase of catalyst dosage from 1
to 5 g L1?
appreciably. Further increase of catalyst dosage above 5 g

increases the percentage degradation
L-1, decreases the percentage degradation. Hence 5 g L1 of
Zn0, Mn, Cu, Co doped ZnO catalyst concentration was
used in the reusability experiments. The decrease at
higher concentration may be due to aggregation of catalyst
and its screening effect [44, 45].

The effect of pollutant concentration is a very
important parameter in wastewater treatment. The effect
of initial ANB 3BR concentration was investigated over the
concentration range of 5 to 100 ppm. The experimental
results are presented in Fig. 14. The results show that the
the the
degradation and from the Fig. 14, it is clear that the
in the

concentration of ANB 3BR. Similar results have been

increase in dye concentration decreases

degradation decreases with increase initial
reported for the photo catalytic oxidation of other dyes
[46-48]. The initial concentration dependence on the
photo degradation of ANB 3BR may be due to the
following reasons. When the dye concentration increases
the amount of dye adsorbed on the catalytic surface

increases. This affects the catalytic activity of the photo

G. Thennarasu et al/2018

catalyst. The increase in dye concentration also decreases
the path length of photon entering into the dye solution. At
high dye concentration the dye molecules may absorb a
significant amount of visible light rather than the catalyst
and this may also reduce the catalytic efficiency [49].

3.3. Kinetics of visible Photo
Decolourisation of AB 10B

The kinetics of photo decolourisation of various

catalytic

concentrations of ANB 3BR in visible irradiation is
demonstrated in figures (15-18). From the figure it could
be inferred that the photo degradation experiments of
ANB 3BR by visible light employing ZnO, Mn, Cu, Co doped
ZnO nano crystals as the photo catalyst exhibited pseudo-
first-order kinetics with respect to the concentration of the
dye. The kinetics of photo decolourization of ANB 3BR
could be represented by the following equations.

-d[ANB 3BR]dt = kobs [ANB 3BR] 4)

[ANB 3BR] = [ANB 3BR]o at t=0 could be deduced from
Equation (4) upon integration and hence

In[ANB 3BR]o/[ ANB 3BR] = kobst (5)
Wherein, kobs are the pseudo-first-order rate constant.
Figure 19 is the plot of In(JANB 3BR]o/[ ANB 3BR]) or
In(Co/C) Vs
concentrations of ANB 3BR. The values of kobs calculated

irradiation time for different initial
employing least square regression analysis and half life t%
(minutes) i.e.,, t%2 = 0.693/k for all the above experiments
is given Table 3. The rate of photo degradation followed

pseudo-first-order kinetics in which the value of the
the

concentration of the initial reactant. This could be due to

kinetic constant decreased with increase in
the decrease in the number of active sites on the catalyst
surface due to the adsorption of the dye molecules. The
rate constant (kobs) was calculated from the slopes of the
plots (see Table 3) to
photochemical reaction of ANB 3BR with ZnO and Mn, Cu,

Co doped ZnO nano crystals.

study the nature of the

3.4. UV-VIS absorption spectrum

Figure 20 shows the UV-VIS absorption spectrum
of undoped and doped ZnO recorded for 10 ppm ANB 3BR
solution visible irradiated for different durations. The
maximum absorbance values recorded during the photo
decolourization and degradation process showed a

decrease with increase in irradiation time.
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Figure 13. Effect of catalyst loading on the dark and visible photo catalytic decolourization of ANB 3BR using undoped
and doped ZnO as the photo catalyst. [Dye]= 10 ppm; pH=7; Duration of solar irradiation = 6 hrs.
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Figure 14. Effect of initial dye concentration in the dark and visible photo catalytic decolorisation of ANB 3BR using
undoped and doped ZnO as the photo catalyst. pH=7; Mass of catalyst= 5 g/L; Duration of visible irradiation = 6 hrs.
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Figure 15. Kinetics of dark and visible photo decolourisation of dye using Co doped ZnO as the photo catalyst. [Dye]=
10 ppm, 25 ppm, 50 ppm, 75 ppm; pH=7; Mass of catalyst =5 g/L.
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Figure 16. Kinetics of dark and visible photo decolourisation of dye using Cu doped ZnO as the photo catalyst. [Dye]=
10 ppm, 25 ppm, 50 ppm, 75 ppm; pH=7; Mass of catalyst =5 g/L.
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Figure 17. Kinetics of dark and visible photo decolourisation of dye using Mn doped ZnO as the photo catalyst. [Dye]=
10 ppm, 25 ppm, 50 ppm,75 ppm; pH=7; Mass of catalyst =5 g/L.
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Figure 18. Kinetics of dark and visible photo decolourisation of dye using ZnO as the photo catalyst. [Dye]= 10 ppm, 25

ppm, 50 ppm,75 ppm; pH=6.8; Mass of catalyst =5 g/L.
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Figure 19. Pseudo first order Kinetic plot of visible photo doped ZnO for different initial dye concentrations. Mass of
decolorisation of ANB 3BR by undoped and Mn, Cu, Co catalyst=5g/L.
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Table 3 Pseudo first order rate constants & halflife of ANB 3BR decolourisation by Visible light

Dye Rate constants, k (min) Half life, t1/2 (mint)

concentration, 7.6 Mp-znO Cu-ZnO0 Co-ZnO  ZnO Mn-ZnO Cu-ZnO Co-ZnO

[ppm]

10 0.2449 0.0411 0.0605 0.0639 28 16.86 1145 10.84

25 0.1000 0.0235 0.0474 0.0410 6.93 2948 14.62 16.90

50 0.0723 0.0099 0.0408 0.0292 9.58 70 1698 23.73

75 0.0609 0.0054 0.0383 0.0207 11.37 128.33 18.09 33.47

The absorption peak of the spectra rapidly COsZ+.0H - OH + COs3 , (6)

decreased with increase in duration of visible irradiation HCOF + .OH — Hy0 + CO5 . )

and almost disappeared as shown in figure 20. The
chromophores responsible for characteristic colour of the
ANB 3BR were broken down resulting in the degradation
of ANB 3BR and also the absorption peak decreases at
322nm it conforms the aromatic part will be degraded.
Results indicated that synthesized ZnO and Mn, Cu, Co
doped ZnO nano crystals showed high photo catalytic
activity since 100% degradation was observed for lower

concentrations of ANB 3BR.

3.5. Effect of Na2C03 and NaCl

The other chemicals used in the dye industry play
a vital role in the dyeing process. Na2COs is added to adjust
the pH of the dye bath which is important in fixing the dye
on the fabrics and in the fastness of colour. Sodium
chloride is mainly used in the dyeing process for the
transfer of dye stuff to fabric [50]. Therefore, the dye
industry wastewater contains a considerable amount of
carbonate and chloride ions. Hence, it is important to
study the influence of CO3% and Cl” ions in the photo
catalytic degradation.

The effect of addition of Na:COs on the photo
catalytic oxidation of ANB 3BR is shown in Fig. 21.
Increase in the Na2CO3 addition decreases the degradation
efficiency. Addition of 0.5, 1, 1.5 and 2 wt% Na2C03
decreases the decolourisation at 4h. Similar observations
have been reported earlier in the literature [51, 52]. The
decrease in degradation efficiency of the dye is due to
hydroxyl radical scavenging property of carbonate ion as

shown in the following equations (6&7),

Thus the primary oxidant hydroxyl radical
decreases gradually with the increase in carbonate ion and
consequently there is a significant decrease in photo
catalytic degradation.

The influence of CI” on the photo catalytic
oxidation of ANB 3BR has been studied using NaCl. The
results are shown in Fig. 21. Increase of the addition of CI™
ion up to 2 wt% to the reaction solution decreases the
decolourisation at 4h. A similar observation was reported
in the organic pollutant degradation [53]. The decrease in
decolourisation efficiency in the presence of chloride ion is
due to the hole scavenging properties of chloride ion.

CI” +htvg—>CI7, (8)

CI” +CI” - Clz. 9

The reaction of dye molecule with the hole has to compete
with this reaction (Eq. (8)). The chloride radical anions
formed can also block the reactive sites of the catalyst
surface. The inhibitory effect of chloride and phosphate
ion on the photo catalytic degradation has been reported
[54]. The inhibiting effect of COs2- ion is greater than the
inhibiting effect of CI” ion.

3.6. COD analysis

To find out the complete degradation of AB 10B,
COD was determined for the experimental solutions after
irradiation. Fig. 22 indicates the % COD removal increased
after 360 min irradiation with ZnO and Mn, Cu, Co doped

Zn0 nano crystals. This confirms the mineralization of dye.
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Figure 20. UV-VIS absorption spectrum of ANB 3BR during visible photo catalytic decolorisation in the presence of
undoped and doped ZnO. [AB]o =10 ppm; Mass of catalyst =5 g/L; pH=7.
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Figure 21. Effect of Na2CO3 & NaCl on Photo decolorisation of ANB 3BR dye by undoped and doped ZnO. [Dye]= 10
ppm; pH=7; Mass of catalyst =5 g/L.
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Figure 23. Reusability of the catalyst on the decolorisation of ANB 3BR for two runs by undoped and doped ZnO.
[Dye]= 10 ppm, pH=7, Mass of catalyst =5 g/L, irradiation time = 300 min.
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3.7. Reusability property

10 indicating that the adsorption process was favourable.

Reusability study is an important parameter for The solar photo decolourization of ANB 3BR was found to

the degradation of toxic pollutants [55-56]. The stability of exhibit pseudo first order kinetics.

Zn0 and Mn, Cu, Co doped ZnO nano crystals has been
studied. Degradation study was carried out for
two runs with the catalyst recovered after each run. The
entire catalytic stability test has been carried out under
identical reaction conditions. After complete degradation,
the catalyst was separated and washed with large amount
of deionised water. The washed catalyst was dried in
atmospheric conditions and in hot air oven at 100°C for 30
min and used for second run. Fig. 23 show ANB 3BR
degradation results of ZnO and Mn, Cu, Co doped ZnO nano
crystals respectively for two runs. ZnO nano crystals
exhibit remarkable photo stability as the degradation
percentage is around 88% even in second cycle for 90 min.
But Mn, Cu and Co doped ZnO nano crystals shows 75%,
78% and 79% of degradation in this second runs for 300
min. Furthermore ZnO and Mn, Cu, Co doped ZnO nano
crystals are quite easily separated in a short time. This
shows that ZnO and Mn, Cu, Co doped ZnO nano crystals

can be easy recovered and reused.

4 Conclusions

Mn, Cu, Co doped ZnO and undoped ZnO nano
crystals prepared by precipitation method and calcined at
300°C effectively catalyze the degradation of ANB 3BR
under visible light. The undoped and doped oxide has been
characterized by XRD, EDX, FE- SEM, TEM, FT-IR, UV-
visible DRS. Doping shifts the optical absorption edge to
the visible region and reduces the intragranular resistance
as well as the recombination of photo generated electron-
hole pairs. In doped ZnO the degradation efficiency
decreases compare to undoped ZnO because of the particle
sizes increases and band gap decreases by adding metal
ions. The photo catalytic decolourization of ANB 3BR was
favourable in neutral pH. The absence of dye molecules
on the catalyst surface after visible irradiation was
confirmed by FT-IR supporting the reusability of the
catalyst. Adsorption isotherm data well fitted with the
Langmuir adsorption equilibrium models. The value of
separation factor R. of Langmuir isotherm was well in
between 0 and 1 confirming the absorption process as

favourable. The Freundlich constant (n) fell between 1 and
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