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ABSTRACT

The application of nanoscale materials and structures, usually ranging from 1 to 100 nanometers (nm), is an emerging area of nanoscience

and nanotechnology. The present study has been planned with the objective that photo catalytic process is considered of its simplicity, low

cost, ease of controlling parameters and their high efficiency in degrading recalcitrant organic and inorganic substances in aqueous

systems, and they are being increasingly utilized. In present study the photo catalytic degradation of detergent like CPC (Cetylpyridinium

Chloride) was studied by a batch process using zinc oxide nanoparticles the parameters such as effect of UV light, pH, catalyst loading and

oxidants. The results of the present study demonstrated that CPC is readily and rapidly degraded in aqueous solution by Vis/zinc oxide

nanoparticles in a relatively short time of about 60 min after selection of desired operational parameters (pH=8.0, ZnO NPs=40mg/100ml|,

[CPC]= 9.0 x 10°°, [H,0,]= 8 x 10°mol dm™.the addition of oxidants like H,0,andK,S,0s into illuminated ZnO NPs suspension, a synergistic

effect was observed leading to an enhancement of the process except of the excessive amount of H,0, and K,S,0g which caused a

decreased rate of reaction.

Keywords: Zinc oxide nanoparticles, Photo-catalytic degradation, Cetylpyridinium Chloride.

1. INTRODUCTION

Water is a fundamental requirement for life. The availability of
fresh water is crucial for life sustaining activities like drinking,
cooking, cleaning, agriculture etc. Nature has its own
mechanism for water recycling to provide us with adequate
quantity of fresh water with consumable purity level. Modern
human activities have however disrupted the balance between
the usage and natural purification processes leading to a
shortage of potable water. Most of the natural resources of
drinking water are found to be contaminated with diverse toxic
materials and pathogenicmicroorganisms'.Clean and pure water

is urgently needed by all humans in our world, but due to
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development and high-density population, with insufficient
sanitation and water treatment systems, surface water became
highly polluted with human waste yellow book ( 2012 )°. Nano
particles are a special group of materials with unique features
and extensive applications in diverse fields®. Inorganic materials
such as metal and metal oxides have attracted lots of attention
over the past decade due to their ability to withstand harsh
process conditions®. Nanometer-sized zinc oxide as an
important inorganic function material is widely used in rubber,
coat, catalyst, electronic engineering fields °. Nano particles of
semiconductors such as titanium dioxide (TiO;), zinc oxide
(Zn0O), iron oxide (Fe,03), and cadmium sulfide (CdS) have
become popular as a photo catalyst for the degradation of
organic pollutants in water and air ®.The degradation of the

pollutants catalyzed by ZnO has been studied widely. ZnO is
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known to be one kind of the important photo catalysts because
of its unique advantages, such as its low price, high photo
catalytic activity, and non-toxicity” '°.Considerable scientific
interest is seen for the removal of harmful effects of chemical
contaminants from groundwater mainly through photo catalysis

using nano particles of metal oxide like TiO2 and znO™ *2 |

n
order to apply sunlight for photocatalytic degradation of
contaminants, the semiconductors need to be modified by

incorporation of transition metals ** *

. The aim of the present
study was to find an environment friendly technique for the

treatment of detergent water using solar light and nano ZnO.

2. MATERIALS AND METHODS

2.1 Preparation of zinc oxide nanoparticles

To prepare ZnO NPs, a 0.45 M aqueous solution of zinc nitrate
(Zn (NO3),.4H,0) and 0.9 M aqueous solution of sodium
hydroxide (NaOH) were prepared in distilled water. Then, the
beaker containing NaOH solution was heated at the
temperature of about 55 “C. The Zn (NOs),solutionswere added
drop wise to the above heated solution with vigorous stirring.
The beaker was sealed at this condition for 2 hours. The
precipitated ZnO NPs were cleaned with deionized water and
ethanol then dried in air atmosphere at about 60 “C and stored
for further use. Stock solution of CPC, sodium carbonate and
NaCl was prepared by dissolving 0.0.340 g of CPC,0.0.128 g of
sodium carbonate and 5.8 g of NaCl respectively in 100 ml
double distilled water.

2.2 Photo catalytic batch experiment

The CPC was added to 50 ml of the aqueous solution and the
Zinc Oxide nano particles were added to the solution. The
doubled wall Pyrex vessel was placed on a magnetic stirrer
.Suspension was kept in a dark for 15 min to establish
adsorption-desorption equilibrium. The suspension containing
detergent and the photo catalyst was then irradiated under the
visible light, and the photo catalytic reaction timing started. At
specific time intervals, an aliquot (3 mL) of the mixture was
withdrawn and centrifuged for 2 minutes at the rate of 3500
rpm to remove the nZnO particles in order to assess the extent
of degradation photo metrically. The intensity of visible

radiation was measured by a digital lux-meter (Lutron LX- 101).
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The pH was constantly monitored and not adjusted unless
otherwise stated. In all kinetic experiments the pseudo-first
order kinetics with respect to Detergent were monitored at
Amax, using UV spectrophotometer.
2.3 Characterization of prepared ZnO Nanoparticles
The structural properties of prepared nano-sized ZnO particles
were studied by the 6-26 method of X-ray diffraction using
Bruker D8 advance X-ray  diffractometer with (CuK-alpha)
radiation at 40 Kv and 1000 mA. The X-rays were produced
using a sealed tube and the wavelength of X-ray was 1.5418 A’.
The X-rays were detected using a fast counting detector based
silicon strip technology (Bruker Lynx Eye detector). The average
crystallite sizes (D in nm) of the sample was calculated from the
XRD pattern of the ZnO NPs according to the Scherer equation:
D= k(A/BcosB)
Where, k is a constant usually applied as 0.89, A is X- ray
wavelength equal to 0.154nm, B is the full width at half
maximum intensity of the peak (radians) and © is the Bragg’s
angle of diffraction.
2.4 Chemical Oxygen Demand (COD) and CO, measurements
The chemical oxygen demand test has widely been used as an
effective technique to measure the organic strength of
wastewater. The test allows the measurement of waste in terms
of the total quantity of oxygen required for the oxidation of
organic matter to CO, and water. The COD of the solution
before and after the treatment was estimated. The method for
the estimation of COD and CO,oflirka, A.M., and M.J. Carter

(1975) and lirka, A.M., and M.J. Carter (1991) were followed"
16

t'lrr;af'(?;'ﬁ'; COD  (mg/l)|CO, (ma/l)|% Efficiency| pH
0 286 157 0 |64
15 214 229 %5 56
30 154 310 6 49
25 82 396 71 |42
60 2 478 % |37
75 0 553 100 |31

Table 2: COD and CO, measurements for degradation of CPC
Detergent. CPC blue concentration: 2.1 x 10° M: Amount of
ZnO NPs: 40 mg/100 ml
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3. RESULTS AND DISCUSSION
In present study CPC dissolved in water showed very slow
degradation when subjected for spectrophotometric analysis as

depicted in figurel.
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Fig 1: UV spectra depicting degradation of Cetylpyridinium
Chloride

The same sample showed maximum absorbance of UV light at
250 nm. However on increasing the wave length, the
degradation of CPC dissolved in water increases with increase in
the time whereas aqueous solution of CPC along with nZnO
showed the better degradation of the same sample at initial
stage and constantly increases with increase in time. The
maximum degradation of aqueous solution of CPC with nZnO
was observed after 30 minutes, whereas the sample without
nZno was not degraded at the same wavelength and at the
same time interval. Giahi M. et al., (2012)" reported that the
degradation of LAS (Linear alkylbenzene sulfonates) was
remarkably accelerated by adding peroxydisulfate. Therefore,
when peroxydisulfate was added to the UV/ZnO system,
surfactant degradation increased from 66 to 94% after120 min.
The photo degradation efficiency of LAS increase between 15 to
95%. It is believed that the photocatalytic degradation reaction
of organic pollutants occurs on the surface of Zn0'®.The result
of the present study and the earlier reported study coinciding
with each other. Hence from the UV spectra it was concluded
that as the absorbance decreases the degradation increases.

3.1 X-Ray Diffraction and Transmission Electron Microscopy

XRD pattern of ZnO nanoparticles represented in Fig.2. It
showed that the diffraction peaks are more intensive and

narrower implying a good crystalline nature of the as-
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synthesized ZnO product. Table 1showed that the calculated d-
values and lattice parameters [a=b= 3.256A° and ¢ = 5.220A°
(Calculated values) and a=b=3.250A° and ¢ =5.207A° (JCPDS 36-
1451)] are in good agreement with those taken from the Joint
Committee of Powder Diffraction Standards (JCPDS) card file
data for ZnO powder ( JCPDS card No. 36-1451). The diffraction
peaks of sample could be readily indexed as wurtzite type ZnO
(hexagonal structure) which is accorded well with the reported
data (JCPDS card No. 36-1451) Jintao T. et al., (2009)"° and Cun
W.et al, (2004)®.That is, the as-prepared material has
crystallized in a hexagonal wurtzite ZnO. The peaks at 26 of
31.76°, 34.41°, 36.24°, 47.53°, 56.6°, 62.86°, 66.4°, 67.96° and
69.09° correspond to the crystal planes (100), (002), (101),
(102), (110), (103), (200), (112) and (201) of crystalline ZnO,
respectively. The calculated average crystallite size of ZnO NPs

from Scherer formula is 26.8 nm.
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Fig. 2: XRD pattern of ZnO nanoparticles

Table 1: The XRD parameters of (h k), 26 (°), d-value and lattice
parameters of the prepared ZnO NPs

hK ZnO prepared in this work JCPDS 36-1451
26 (°) d-Value (A°) | 26 (°) | d-Value (A°)
100 31.760 2.8205 [31.770 2.8143
002 34.408 2.6101 [34.422 2.6033
101 36.240 2.4758 [36.253 2.4759
102 47.530 1.9154 |47.539 1.9111
110 56.600 1.6244 56.603 1.6247
103 62.860 1.4779 62.864 1.4771
. JCPDS 36-1451

Lattice constants Calculated values 36-1451

a=b 3.256 3.250

c 5.220 5.207
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3.2 Catalyst nZnO loading

The present study showed the variation of absorbance and
transmittance at different time intervals where the values of
CPC and Irradiation intensity has been fixed and the value of
Zinc oxide varied. Here the absorbance decreases with the time
and transmittance increases. With increase in catalyst loading
from 5mg/100mL to 40mg/100mL, an increase in the reaction
rate was observed due to an increase in the total active surface
area. However further increase in loading led to a decline in the
rate of photo degradation due to a decrease in visible light
penetration because of increased scattering of light as showed

in the figure3.

254
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Fig.3: Effect of catalyst loading on photocatalytic degradation of
CPC [CPC = 5.0 x 10 ° mole dm™®, pH = 8.0, Irradiation Intensity =
25 x 10° lux

The results of the present study are coinciding with the study
reported by Wang Z L (2004)*elucidating the effect of
photocatalyst weight on the photodegradation of the surfactant
was studied in the range of 0.04-0.36 g/L. Further increase in
catalyst weight resulted in the decrease of the reaction rate. At
the catalyst weight above optimum loading there is a decrease
in UV light penetration due to screening effect of excess catalyst
particle in the solution. The degradation of residual of
methylene blue was gradually increased up to 90% after 2 hours
regardless of the loading nano-crystalline particles. The present
study showed that as the catalyst loading increases, the rate of

degradation increases.

3.3 pH variation

The present study showed that pH affects the efficiency of all
semiconductor oxides, surface charge on semiconductor
particles and energy of conduction band and valence band. As

per Nernst's Law, varying the solution pH would shift the energy
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of VB and CB edges by 0.059 per pH unit. This result in the VB
holes becoming more effective and CB electrons less effective at
higher pH .On increasing the pH, the reaction rate increased
due to preferential adsorption of H+ ions on the photo catalyst
surface. It decreased in the basic medium due to competition
among OH- groups to attach to the active site of the catalyst as

showed in Fig.4.
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Fig.4: Effect of pH on photo catalytic degradation of CPC [CPC =
5.0 x 10"° mole dm™, ZnO = 40 mg/100ml, Irradiation Intensity =
25 x 10° lux

The results of the present study are coinciding with the study
reported by Giahi M. et al., (2012)" elucidating the effect of pH
on the degradation. The photo degradation process is pH
depended and the process exhibits different behavior with the
chemical character of surfactant. Indicates the effect of pH on
the degradation efficiency of LAS by UV/ZnO/S,0g system is
range of4-10. The degradation of LAS was more enhanced in
the range of 7 than the other pH values. The lower rate of
degradation at acidic. Wang Z L (2004)** had reported the effect
of pH on the degradation efficiency of Triton X-100 by
UV/Zn0/S2082- system is range of 4-10. The lower rate of
degradation at acidic and alkaline pH maybe attributed to
dissolution of ZnO. So the optimum pH for the removal of Triton

X-100 was found to be in natural pH of surfactant solution.

3.4 H,0, variation

The present study showed the variation of absorbance and
transmittance at different time intervals where the the values
of CPC, Zinc oxide and Irradiation intensity has been fixed and
the concentration of Hydrogen peroxide from 2ml to 16 ml has
changed. Here the absorbance decreases with the time and

transmittance increases. Excess addition of Hydrogen Peroxide
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acts as a hole scavenger to form perhydroxyl radical which is a

far weaker oxidant than hydroxyl radicals as showed in Fig.5.
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5.0 4 2528

4.5
4.0 H AT
3.5 4
3.0
2.5+

2.0 4

kx10*s"

1.5 41

1.0

0.5+

0.0

L S S e S S T LI S S s e |
-1 0 1 2 3 4 5 6 7 8 9 10111213 14151617

[Oxidant] x 10°mol dm™

Fig.5: Effect of oxidants on photo catalytic degradation of CPC
[CPC=5.0x 10° mole dm'3, ZnO =40 mg/100ml, Irradiation
Intensity = 25 x 10°lux, pH = 8.0]

The result of the present study is coinciding with the study
reported by Giahi M. et al.,(2012)"elucidating the effect of
electron acceptor, such as hydrogen peroxide and potassium
peroxydisulfateln the presence of ZnO on surfactant under
investigation, the highly oxidative can react easily with surface
bound H,O to produce hydroxyl radicals or can directly react
with the surface sorbed organic molecules (R) to from R+ Wang
Z L (2004 )*. Presence of H,0, decrease rate of degradation
compares to other kind. This presence of H,0, causes reaction
between valance band with oxidant and hindered action ofH,0,.

This hindered is due to hydroxyl radical Giahi M. et al.,(2012)"".

3.5 K,S,05 variation

The present study showed that K,S,0g can also trap the
photogenerated conduction band electron to produce sulphate
ion. Photo catalytic process was accelerated due to an increased
production of OH radicals. The decrease in rate was due to the
adsorption of sulphate ions on the surface of ZnO formed
during the reaction as showed in the Fig.5. The results of the
present study are coinciding with the study reported Giahi M. et
al.,(2012)"elucidating the degradation of LAS was remarkable
accelerated by adding peroxydisulfate: 30 mg/L LAS and in the
presence of 0.2 g/L ZnO was completely degradation under the
irradiation of 0 to 2 h, respectively, in the absence and in the

presence of 1 mMK,S,0s.
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3.6 Effects of salts like NaCl and Na,CO3

The present study showed the inhibitive effect of NaCl and
Na,COs in which OH radicals were the main reactive species.
These salts had an inhibitory effect on the photo degradation

percent of CPC as showed in the Fig.6.

kx10%s"

H”mflmﬂﬂmﬁm

9 10 11 12 13

[Salt] x 10° mol dm™

Fig.6: Effect of salts on photo catalytic degradation of CPC [CPC
=5.0x 10”° mole dm'3, ZnO =40 mg/100mL, Irradiation Intensity
=25x%x10° lux, pH=8.0

The results of the present study are coinciding with the study
reported by Giahi Masoud and Ghanbari Faegheh ( 2010 )?
elucidating the presence of dissolved inorganic anions on the
photo catalytic degradation rate of LAS, we have chosen NaNO,,
Na,CO3, and NaCl salts. Similar amounts (0.025 M) of these salts
were used (pH 7, [ZnO] = 0.2 g/l. The effect of anions on the
photo catalytic degradation rate of LAS obeyed the following
order: Cl '>SO42'>C032'>N02'.Therefore, these four anions should
be tried to be eliminated before the catalyst is added in the

practical application.

4. CONCLUSION

Photo catalytic processes has been considered because of its
simplicity, low cost, ease of controlling parameters and its high
efficiency in degrading organic and inorganic substances in
aqueous systems, and being increasingly utilized. It has been
found that CPC is readily and rapidly degraded in aqueous
solution by UV/ZnO NPs in a relatively short time of about 60
min after selection of desired operational parameters (pH=8.0,
ZnO NPs=40mg/100mL, [AB]= 9.0 x 10°°, [H,0,]= 8 x 10"°mol dm’
3). With the addition of oxidants like H,O, andK,S,0g into
illuminated ZnO NPs suspension, a synergistic effect was
observed leading to an enhancement of the process except of

the excessive amount of H,O, and K,S,0g which caused a
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decreased rate of reaction. From the inhibitive effect of NaCl
and Na,COs, it was concluded that OH radicals were the main
reactive species. Degradation of CPC with UV/ZnO NPs system
followed pseudo-first order reaction kinetics. The reduction in
COD of the effluent suggests that the Detergent molecules were
completely mineralized. The data of the present study clearly
indicates that UV/ZnO NPs, as an advanced oxidation process, is
a versatile, environmentally benign, easily adaptable and
efficient treatment method for the remediation of CPC-

contaminated water.
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