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Abstract Advanced oxidation of wastewater is a promising technique for tannery wastewater

treatment, as it consumes less chemical addition and energy and it doesn’t liberate any secondary

effluents. However, advanced oxidation can be improved by conjoining it with energy sources like

ultraviolet radiation, ultrasound, etc. Catalysts capable of oxidation like titanium dioxide and iron

oxide have been utilized for advanced oxidation of tannery effluent. The present work studies the

synergic effect of ultrasound assisted advanced oxidation using two oxy-catalysts, namely zinc oxide

and silicon dioxide. The effect of variables like time of treatment, catalyst loading, and power of

ultrasound on the reduction of BOD, COD, and TDS were estimated and the results indicated a

proficient reduction of contaminants. Upon treatment with silicon dioxide under ultrasound, the

COD, BOD, and TDS reduction were found to be 88%, 89%, and 88% respectively, while zinc

oxide catalyst indicated 89%, 85%, and 88% reduction. Response Surface Methodology has been

utilized for derivation of a mathematical model for COD, BOD and TDS reduction. The spent cat-

alysts were analyzed using Scanning Electron Microscopy and X-ray Diffraction to understand the

changes in the characteristics of the spent catalyst. The deposition of contaminants on the catalysts

and slight changes in the surface morphology were evident. Hence silicon dioxide and zinc oxide are

promising catalysts for the treatment of tannery effluent combined with ultrasound.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction:

Leather is one of the fast moving commodities, which is uti-
lized in products like footwear, bags, wallets, etc. The leather
processing sector which involves tanning of leather plays a cru-

cial role in determining international economy, contributing a
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business of approximately $100 billion per year. Oruko et al.,
2019 Despite its economic potential, the leather industry holds
a serious environmental threat due to generation of enormous

liquid and solid wastes. The tanning process which is done to
increase the shelf life of leather involves three stages namely,
pre-tanning, tanning and post-tanning. Approximately 26 kilo

litres of effluent are generated for a ton of skin/hide processed
(Dixit et al., 2015).

The waste water from leather processing consists of physi-

cal, chemical and biological contaminants that evoke very high
Biological Oxygen Demand(BOD), Chemical Oxygen Demand
(COD) and Total Dissolved Solids(TDS) in the effluent gener-
ated (Suresh et al., 2001). It is identified that these pollutants

present in the wastewater post serious health threats when dis-
posed to water bodies like rivers, lakes, canals and sea. Tan-
nery industries in Bangladesh are found to contaminate an

entire river system affecting not only the river catchment area
but also the soil and groundwater (Whitehead et al., 2019) The
tannery effluent and the contaminants are phyto toxic and

cytotoxic and hence it is evident that improper disposal of
the effluent would cause death of flora-fauna and human usage
would result in carcinogenic diseases like cancer (Shakir et al.,

2012
Various approaches are researched to manage the solid and

liquid wastes from tannery industries. Diversified methodolo-
gies like bio-leaching of the heavy metals, fuel preparation

using the sludge, bio-char from sludge were studied in the ear-
lier researches. But the presence of phyto toxic heavy metals,
especially chromium disables the practical utilization of the

wastewater and sludge for irrigation, manure preparation
and other strategies (Alibardi and Cossu, 2016).

In industrial practice, a series of treatment techniques are

applied and they are focused to reduce the concentration of
physical, chemical and biological contaminants present in the
wastewater. These include sedimentation, coagulation, precip-

itation, filtration, adsorption and microbial treatment which
require further addition of chemicals. The utilization of eco-
friendly adsorbents for the effluent treatment could be instru-
mental to improve the adsorption process. The possibilities of

adsorption of wastewater in a continuous column, using low
cost adsorbents like neem bark and cotton shell have been
studied (Kannan et al., 2012)

Even though adsorption functions as a simple technique for
removing the contaminants from the waste stream, the con-
taminants merely get t+ransferred from waste water to the

adsorbents, which in turn put forth new problems of adsorbent
regeneration and contaminant disposal. Unfortunately, regen-
erative adsorption process for wastewater treatment is still in
the early stage of research.

Advanced oxidation is a familiar and promising technique
for tannery effluent treatment, as it attempts to breakdown
the contaminants without huge chemical addition. Fenton

based advanced oxidation of industrial effluents is familiar.
High organic load effluents can be effectively treated using
Fenton reagent (Ebrahiem et al., 2017). Advanced oxidation

carried out using strong oxidizers like hydrogen peroxide
and catalysts like titanium dioxide are much effective, as the
hydroxyl radical has high reactivity for degradation of con-

taminants (Farooq et al., 2013). However, advanced oxidation
process requires integration with the other techniques to
achieve the essential reduction in contamination and applica-
tion in large scale (Dantas et al., 2003).
Ultraviolet radiation has been predominantly used for
improving a broad class of chemical reactions, especially,
catalysis. Photo catalytic treatment of di methyl formamide

using titanium dioxide catalyst is found to be successful
(Zhao et al., 2018). Advanced oxidation of tannery waste
water with titanium dioxide and ozone has been carried out

in the presence of UV radiation and the results indicate very
limited extent of treatment. (Schrank et al., 2004). Titanium
dioxide doped with silicon dioxide has been evaluated for

photo catalytic activity (Gaidau et al., 2017).
Oxides of various metals can be purposive for improving

the treatment of tannery effluent. Other than titanium dioxide,
other catalysts like zinc oxide, silicon dioxide and iron oxide

were also studied for catalytic degradation of pollutants. Zinc
oxide microspheres have been studied for reduction of chro-
mium in tannery effluent and the results show considerable

reduction of chromium (Liu et al., 2016) Zinc oxide also indi-
cates considerable photo catalytic activity and extended
mechanical strength upon photo catalysis in a continuous col-

umn (Vaiano and Iervolino, 2018). Photo catalytic activity of
silicon dioxide for degradation of organic pollutants is also
found to be considerably good (Sivagami et al., 2017). Further

research works for utilizing various catalysts for advanced oxi-
dation could produce applicable results. Even though ultravi-
olet radiation is noticeable for tannery effluent treatment, its
activity is restricted to energizing the catalyst. This phe-

nomenon is not sufficient for breaking complex contaminants
of tannery effluent.

The intervention of ultrasound in chemical reactions result

in intensified processes with improved productivity, as the phe-
nomena of cavitation is instrumental in energizing the species.
Recent works indicate that cavitation can be induced by pres-

sure fluctuations, known as hydrodynamic cavitation. This
effect is utilized for treatment of tannery effluent along with
coagulation, indicating the effectiveness of cavitation phenom-

ena in the treatment of effluent (Wood et al., 2017). Ultra-
sound assisted catalytic degradation of tannery effluent has
been attempted and the results obtained imply greater reduc-
tion in oxygen demands and dissolved solid concentration

(Saxena et al., 2018). The treatment of tannery effluent with
titanium dioxide, aided by ultrasound has been studied and
promising results are obtained (Kandasamy et al., 2017).

The above findings implicate the effectiveness of ultrasound
in intensification of catalytic degradation of tannery effluent.
But the fate of catalysts during the treatment is not studied.

Studies on the characteristics of the catalysts before and after
the advanced oxidation treatment are essential and it would
reveal the details about the feasibility of scaling up from batch
to continuous and large scale treatment.

The above research works indicate various prospects for
scientific exploration. Advanced oxidation using catalysts is
superior to other methods and it can be attempted using mul-

tiple catalysts. The effectiveness of catalysts other than tita-
nium dioxide for the tannery effluent treatment can be
studied. Ultrasound assisted catalysis can be experimented to

understand the influence of sono-catalytic degradation.
Studies on the fate of the catalysts on treatment would

throw light upon possibilities of developing continuous regen-

erative catalytic treatment process. In this research work, zinc
oxide and silicon dioxide catalysts are utilized for ultrasound
assisted catalytic advanced oxidation of tannery effluent in
batch mode. The effect of catalyst loading, power of ultra-
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sound and time of treatment were evaluated. Response Surface
Methodology has been applied to understand the influence of
various factors on the treatment.

2. Materials and methods

2.1. Preparation of oxy catalysts

The oxy catalysts used for the present study are Zinc Oxide and

SiliconDioxide. The chemicals and reagents used for the synthe-
sis are obtained from Sigma Aldrich India Ltd. For precipita-
tion of Zinc oxide nano particles, zinc nitrate and an alkali

were used as precursors at room temperature. (Ghorbani
et al., 2015). In this work, sodium hydroxide is added to an
aqueous solution of zinc nitrate in a conical flask and a precip-

itate is obtained. This precipitate contains zinc hydroxide,
which is filtered using Whatman filter paper and dried in a hot
air oven to remove the residual moisture. The powder obtained
is calcined at 600 ℃, thus transforming the zinc hydroxide to

zinc oxide. The following chemical reactions represent the for-
mation of Zinc oxide nano particles. Eqn 2.1.1 and 2.1.2

Zn NO3ð Þ2 þNaOH ! Zn OHð Þ2 þNaNO3 ð2:1:1Þ

Zn OHð Þ2 þHeat ! ZnOþH2O ð2:1:2Þ
Direct precipitation method is used with sodium silicate

and hydrochloric acid for synthesizing silicon dioxide (Made
et al., 2020). An aqueous solution of sodium silicate is added

with hydrochloric acid. The pH of the solution is adjusted to
7 and room temperature is maintained. Silicon dioxide is
obtained as precipitate and it is dried in a hot air oven. The

residual impurities present in the sample are removed by calci-
nation at 600 ℃. The following equation illustrates the synthe-
sis of silicon dioxide Eqn 2.1.3

Na2SiO3 þ 2HCl ! SiO2 # þ2NaClþH2O ð2:1:3Þ
2.2. Analytical procedures

2.2.1. Characterization of tannery effluent

The tannery effluent utilized for the treatment was obtained
from tannery industries located in Erode district, Tamilnadu,
South India. Various physical and chemical characteristics of

the effluent were measured. The effluent obtained was light yel-
low in color. The determination of pH, conductivity and tur-
bidity were done using the Hanna India pH and
Table 2.1 . Characterization of Tan-

nery effluent.

Parameter Value

BOD (mg/l) 2,600

COD (mg/l) 7,700

pH 11.65

Turbidity (NTU) 1,486

Hardness (mPa) 917

Conductivity (X.m) 46.7

TS (mg/l) 17,233

TSS (mg/l) 1,533

TDS (mg/l) 15,700
Conductivity meters and Sigma 167 India Nephelometer
respectively. The total suspended solids (TSS) and total dis-
solved solids (TDS) present in the effluent were determined

by using standard procedures.
The reagents used throughout the study were lab grade.

The determination of Biological Oxygen demand is done by

a 5 day BOD incubation test and calculating the difference
in the initial and final dissolved oxygen levels. For determina-
tion of Chemical and Biological Oxygen Demands, standard

titrative procedures are followed. Tchobanoglous et al., 2013
The results obtained are given in the table below (see
Table 2.1).

2.2.2. Characterization of catalysts

Zinc oxide and Silicon dioxide catalysts were characterized by
Scanning Electron Microscopy using QUANTA � 250 FEG,

at Bharathiar University, Coimbatore, Tamilnadu to under-
stand the morphology. X-ray diffraction studies were carried
out to understand the crystalline nature of the catalysts, using
Bruker XRD equipment at Bharathiar University, Coimbat-

ore, Tamilnadu. The characterized catalysts were subjected
to advanced oxidation process and the left out catalysts were
filtered for further characterization. The pore size and surface

area of the SiO2 and ZnO is determined by MicroTrac-Belsrop
Max Surface Area Analyzer, Government College of Technol-
ogy, Coimbatore, Tamilnadu.

2.3. Ultrasonic – catalytic treatment

The catalytic degradation of tannery effluent was carried out in

a reactor fitted with Ultrasonic Probe – Heilscher UP 200 HT,
Germany. A schematic representation of the experimental set
up is shown below Fig. 2.3.1.

About 250 ml of effluent to be treated was fed into the reac-

tor. The catalysts namely zinc oxide and silicon dioxide were
calcined and fed at different loading rates from 0.05 to
0.25 g. The waste water and catalyst mixture was energized

by ultrasound at different powers, ranging from 20 W to
100 W. The frequency was maintained at 26 kHz. The reaction
time was varied from 40 to 120 min. The catalytic treatment

was carried out in room temperature and the increase in tem-
perature due to ultrasonic cavitation is removed by circulating
water through a jacket around the vessel. The following table
Fig. 2.3.1 Schematic representation of experimental set up for

sono-catalytic treatment of tannery effluent.



Table 2.2 Operating Conditions for the ultrasound assisted

catalytic treatment of tannery effluent.

S.No Parameter Maintained Range/Value

1. Quantity of Effluent (ml) 250

2. Catalyst Loading (g) 0.05 to 0.25

3. Power of Ultrasound (W) 20 to 100

4. Frequency of Ultrasound (kHz) 26

5. Time of treatment (Mins) 40 to 120

6. Temperature (�C) 25 to 35
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summarizes the operating conditions employed for the ultra-
sound assisted catalytic treatment of tannery effluent (see

Table 2.2).

3. Results and discussions

3.1. Morphology of catalysts

Zinc oxide and Silicon dioxide catalysts prepared by direct pre-
cipitation were characterized by Scanning Electron Micro-
scopy. The SEM images of zinc oxide before treatment are

given in Fig. 3.1.1 Zinc oxide catalyst shows distinct three
Fig. 3.1.1 (a) & (b) SEM images of Zinc oxide

Fig. 3.1.2 (a) & (b) SEM images of Silicon dioxi
dimensional structures with ridges and cavities. The particles
appear like cluster of non-uniform sizes as shown in
Fig. 3.1.1a. Closer examination of these particles indicates

the presence of needle like structures, as indicated in
Fig. 3.1.1b. The morphology of zinc oxide nano catalyst shows
resemblance with the zinc oxide nano particles synthesized by

co-precipitation method (Adam et al., 2018). Fig. 3.1.2a & b
represent the SEM image of Silicon dioxide. The surface of sil-
icon dioxide has irregular clusters, but upon magnification, it is

witnessed that the clusters have tiny particles that are of uni-
form size. The SEM images indicate identical morphology with
the silicon dioxide nano particles prepared by sol-gel method.
(Kao et al., 2014) The clusters of silicon dioxide catalysts are

smaller than that of zinc oxide.
The morphology of catalysts after treatment indicates sig-

nificant dissimilarities with the characteristics of pure catalysts.

The SEM images of the utilized zinc oxide catalyst are shown
in Fig. 3.1.3a & b. The images show two distinct layers indicat-
ing the deposition of foreign substances. Upon magnification,

the needles like structures are witnessed with presence of for-
eign matter which confirms the deposition on the catalyst sur-
face. Fig. 3.1.4a & b show the SEM images of utilized silicon

dioxide catalyst. The silicon dioxide catalysts show agglomer-
ation and formation of clusters with larger sizes. Distinct zones
of deposition are clearly evident on the surface.
catalyst before advanced oxidation process.

de catalyst before advanced oxidation process.



Fig. 3.1.3 (a) & (b) SEM images of Zinc oxide catalyst after advanced oxidation process.

Fig. 3.1.4 (a) & (b) SEM images of Silicon dioxide catalyst after advanced oxidation process.
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3.2. X-ray diffraction Studies:

The prepared catalysts were analyzed by x-ray diffraction to

understand the crystallographic properties. Fig. 3.2.1a shows
the x-ray diffraction pattern for zinc oxide catalyst. The
diffraction pattern has peaks that are not very sharp and this

indicates that the catalysts are semi-crystalline in nature.
Fig. 3.2.2a shows the X-ray diffraction pattern of the silicon
dioxide catalyst, which shows sharp peaks. This is because of
the crystalline nature of silicon dioxide. X-ray diffraction stud-

ies were carried out for catalysts obtained after the advanced
oxidation treatment process and interesting results were
obtained. Fig. 3.2.1b shows the X-ray diffraction pattern of

utilized zinc oxide catalyst. New peaks are witnessed in the cat-
alyst indicating the introduction of foreign matter on the cat-
alyst during the treatment. Fig. 3.2.2b shows the X-ray

diffraction pattern of utilized silicon dioxide catalyst. Here
the peaks which were already present are absent. This is
because of agglomeration of cluster of silicon dioxide upon
treatment. Both observations are in accordance with the find-

ings from SEM images. Hence it can be confirmed that zinc
oxide catalyst is deposited with the contaminants from tannery
effluent while silicon dioxide catalyst undergoes agglomeration

upon advanced oxidation treatment.
3.3. Surface area of catalyst determination

The Table 3.3.1 shows the surface area, pore volume and pore

diameter of zinc oxide and silicon dioxide catalysts. The
adsorption isotherms of ZnO and SiO2 show type IV isotherm
curve with Hysteresis H3. The type IV isotherm indicates that

the catalysts are mesoporous in nature and the pores are in
nano scale. The hysteresis in adsorption-desorption curve
occurs due to presence of multi-layers and the phenomenon
of capillary condensation. The silicon dioxide catalyst is char-

acterized by larger surface area and pore volume than zinc
oxide (Salvador et al., 2002)
3.4. Mechanism of ultrasonic cavitation on catalytic Treatment:

The objective of ultrasound assisted catalytic treatment is to
intensify the breakdown of contaminants present in the

wastewater. When a liquid medium is exposed to ultrasound,
cavitation is induced. This cavitation causes shock wave prop-
agation through the liquid medium. When the zinc oxide and

silicon dioxide catalysts are added to the liquid it becomes a
heterogeneous system and the shock wave causes generation
of bubbles that collapse symmetrically and asymmetrically



Fig. 3.2.1 (a) & (b) XRD patterns of Zinc oxide catalyst before

and after advanced oxidation process.
Fig. 3.2.2 (a) & (b) XRD patterns of Silicon dioxide catalyst

before and after advanced oxidation process.

Table 3.3.1 Surface area and Pore characteristics of Silicon

dioxide and Zinc oxide catalysts.

Catalyst Surface area

(m2/g)

Pore volume

(cm3/g)

Pore diameter

(nm)

SiO2 180 1.3 28.02

ZnO 25 0.02 3.6
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(Sancheti and Gogate, 2017). As a result of this bubble col-

lapse, the nodal pressure and temperature at the bubble-solid
interface increases, this reduces the mass transfer resistance
between the catalyst and effluent, instigating the advanced oxi-

dation of the contaminants. As a result the breakdown of con-
taminants is escalated as illustrated in Fig. 3.4.1.

3.5. RSM studies on COD reduction by sono Catalysis:

The tannery effluent which had 7700 mg/l COD was subjected
to sono-catalytic degradation using zinc oxide and silicon diox-
ide separately. Different loading rates of catalyst were utilized

varying the power of ultrasound and time of treatment. Upon
sono-catalysis using zinc oxide, the COD reduction achieved
was found to be approximately 89% with maximum catalyst

loading of 0.25 g. Silicon dioxide showcases approximately
91% of COD reduction under maximum catalyst dosage of
0.25 g. All the three variables, namely catalyst loading, time

of treatment and power of ultrasound directly influence the
degradation. Zinc oxide indicates better catalytic activity in
association with ultrasound than under ultraviolet environ-

ment (Vaiano et al., 2018). The results obtained for both zinc
oxide and silicon dioxide is better than the reduction obtained
by photocatalytic advanced oxidation using titanium dioxide
and hydrogen peroxide. Lofrano et al., 2013 Graphitic carbon
tri-nitride – titanium dioxide composites also shows lesser

degradation (Tripathi and Narayanan, 2018). The reduction
of COD is considerably equal to that obtained by alkali
assisted ozonation (Preethi et al., 2009; Houshyar et al.,

2012). However, the ultrasound assisted catalysis is superior
to pH adjusted ozonation, because it doesn’t require any chem-
ical addition. Ultrasound assisted catalytic degradation of tan-

nery effluent using titanium dioxide also indicates
approximately 89% reduction of COD (Kannan et al., 2018;
Mandal et al., 2019). The comparative analysis substantiates

the superiority of ultrasound exploitation for catalytic degra-
dation due to cavitation phenomena. The 3D contour for
reduction of COD using zinc oxide is shown in Fig. 3.5.1.
The model developed for COD reduction using zinc oxide is



Fig. 3.4.1 Mechanism of Ultrasound induced Cavitation – Catalytic Treatment.
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given below. The ‘‘Predicted R-Squared” of 0.9029 is in rea-
sonable agreement with the ‘‘Adjusted R-Squared” of 0.9861.

COD removal ¼ þ73:20þ 1:69 �Aþ 20:31 � B
þ 6:63 � Cþ 0:37 �A � B� 1:25

�A � C� 5:50 � B � Cþ 0:46 �A2

� 9:79 � B2 � 4:91 � C2 ð3:5:1Þ
The 3D contour for reduction of COD upon silicon dioxide

sono catalysis is shown in Fig. 3.5.2. The model developed

with ‘‘Predicted R-Squared” of 0.8874 is in reasonable agree-
ment with the ‘‘Adjusted R-Squared” of 0.9839. All the three
variables are found to be significant.

COD removal ¼ þ76:00þ 2:20 �Aþ 15:69 � B
þ 4:76 � C� 3:37 �A � B� 0:025

�A � C� 2:50 � B � C� 1:20 �A2

� 15:17 � B2 � 5:83 � C2 ð3:5:2Þ
Fig. 3.5.1 Effect of Zinc oxide – so
3.6. RSM studies on BOD reduction by sono Catalysis:

The reduction of BOD upon sono catalysis was evaluated
against catalyst dosage, time of treatment and power of ultra-

sound. Both zinc oxide and silicon dioxide indicated consider-
able BOD reduction. The reduction of BOD with silicon
dioxide was found to be 92%, whereas zinc oxide indicated
85% reduction. Silicon dioxide indicates better degradation

than zinc oxide, due to the fact that it has got two oxygen
atoms. Zinc oxide shows better catalytic activity in ultrasound
than ultraviolet radiation (Vaiano et al., 2018). The results

obtained are slightly lesser than photo catalytic advanced oxi-
dation using TiO2 and hydrogen peroxide (Kannan et al.,
2018; Mandal et al., 2019) Ozone assisted advanced oxidation

with pH adjustment also proves to be superior with respect to
COD reduction (Preethi et al., 2009). This could be because of
the destructive effects of ozone and ultraviolet radiation on
biological contaminants. But the results obtained confirm its

accordance with the sono catalytic treatment using titanium
no catalytic treatment on COD.



Fig. 3.5.2 Effect of Silicon dioxide – sono catalytic treatment on COD.
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dioxide (Tripathi and Narayanan, 2018). Hence, the influence
of ultrasound is strong for carrying out catalytic degradation.
Contour plots indicating the effects of the variables upon treat-
ment for zinc oxide is depicted in Fig. 3.6.1. A mathematical

model is generated with ‘‘Predicted R-Squared” value of
0.8977 is in agreement with the ‘‘Adjusted R-Squared” value
of 0.9854 and the same is given below. The variables namely

catalyst dosage, time of treatment and power of ultrasound
are found to be significant.

BOD removal ¼ þ76:80þ 2:36 �Aþ 19:02 � B
þ 6:46 � C� 0:80 �A � B� 1:23

�A � C� 4:55 � B � Cþ 0:29 �A2

� 10:99 � B2 � 2:86 � C2 ð3:6:1Þ
The effect of silicon dioxide catalysis on the treatment is

shown through contour plot in Fig. 3.6.2. A mathematical
model is generated and the ‘‘Predicted R-Squared” of 0.8977
Fig. 3.6.1 Effect of Zinc oxide – so
is in reasonable agreement with the ‘‘Adjusted R-Squared”
of 0.9854.

BOD removal ¼ þ76:80þ 2:36 �Aþ 19:02 � B
þ 6:46 � C� 0:80 �A � B� 1:23

�A � C� 4:55 � B � Cþ 0:29 �A2

� 10:99 � B2 � 2:86 � C2 ð3:6:2Þ
3.7. RSM studies on TDS reduction by sono catalysis

Both catalysts show considerable reduction of TDS and the
reduction of TDS is directly related to the power of ultra-

sound, time of treatment and catalyst dosage. Zinc oxide
shows 88% of TDS reduction at 100 W power with 120 min
duration and with maximum catalyst loading (0.25 g) and Sil-

icon dioxide shows 85% reduction. The reduction in TDS is
slightly less when compared with that of titanium dioxide sono
no catalytic treatment on BOD.



Fig. 3.6.2 Effect of Silicon dioxide – sono catalytic treatment on BOD.
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catalysis (Kannan et al., 2018) This indicates partial dissolu-
tion of catalysts with the wastewater. However, the activity
of catalyst is considerably good and hence it can be supported

with a binder to reduce the dissolution. A contour of the
reduction of TDS using zinc oxide is shown in Fig. 3.7.1.
The mathematical model is generated for zinc oxide catalysis
with ‘‘Predicted R-Squared” of 0.9738 and the ‘‘Adjusted R-

Squared” of 0.9963. The model is given below

TDS removal ¼ þ80:00þ 2:67 �Aþ 18:07 � B
þ 6:31 � C� 1:34 �A � B� 1:47 �A
� C� 3:50 � B � Cþ 0:21 �A2

� 11:17 � B2 � 2:73 � C2 ð3:7:1Þ
The catalytic activity of silicon dioxide is represented in

Fig. 3.7.2. The mathematical model generated has ‘‘Predicted
R-Squared” of 0.7949 which is in agreement with the
‘‘Adjusted R-Squared” of 0.9707.
Fig. 3.7.1 Effect of Zinc oxide – so
TDS removal ¼ þ80:00þ 2:69 �Aþ 16:75 � B
þ 6:06 � C� 2:00 �A � B� 0:63 �A
� C� 3:00 � B � Cþ 0:31 �A2

� 10:81 � B2 � 3:69 � C2 ð3:7:2Þ
3.8. Comparison of Anti-Oxidation activity of silicon dioxide
and zinc Oxide:

The effluent degradation studies were carried out at constant
catalyst loading rates, reaction time and power of ultrasound.
For reduction of Chemical Oxygen Demand, silicon dioxide

shows more activity than zinc oxide, as shown in
Fig. 3.8.1a. This improved activity of silicon dioxide is
because of two reasons. Silicon dioxide consists of two oxygen

atoms where as zinc oxide has only one oxygen atom. There-
fore, silicon dioxide catalyst has higher oxidation potential
no catalytic treatment on TDS.



Fig. 3.7.2 Effect of Silicon dioxide – sono catalytic treatment on TDS.

Fig. 3.8.1 Comparison of Sono catalytic activity of Oxy catalysts.
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than zinc oxide. Also, the surface area, pore volume and pore
diameter of silicon dioxide is higher than zinc oxide. Thus the

catalyst has larger exposure to effluent. Fig. 3.8.1b shows that
the Biological Oxygen Demand reduction activity of silicon
dioxide is also better than zinc oxide. This stronger activity
is also because of the above factors. The Total Dissolved
Solids reduction by the two oxy catalysts is shown in
Fig. 3.8.1c. Silicon dioxide is found to dissolve in the effluent

stream and because of this the reduction of TDS is slightly less
than that of zinc oxide. At the outset, both catalysts showcase
remarkable catalytic activity for degradation of tannery
effluent.



7076 S. Jeganathan et al.
4. Conclusion

Thus, in the present work, zinc oxide, and silicon dioxide pre-
pared by direct precipitation were utilized for ultrasound-

assisted advanced oxidation treatment of tannery effluent.
The physical characterization of the catalysts shows desirable
morphology with clusters and particles with pores. Hence, zinc

oxide and silicon dioxide are potential catalysts for advanced
oxidation treatment. The COD, BOD, and TDS reduction
were found to be 88%, 89%, and 88% for silicon dioxide
respectively and zinc oxide catalyst indicated 89%, 85%, and

88% reduction. Upon comparison with photo-catalytic degra-
dation and hydrodynamic cavitation, sono-catalytic treatment
is also a potent technique for treatment of tannery effluent.

And, the catalytic activity of Zinc oxide and silicon dioxide
are equivalent with other oxy-catalysts like Titanium dioxide.
These catalysts also possess good durability and hence they

showcase good scope to be used as composite catalysts along
with other catalysts. The effectiveness of ultrasound is clearly
evident from the extent of degradation. Hence, ultrasound

assistance can provide a promising reduction in contamination
of tannery effluent. Hybridization of the available techniques
has the potential to provide viable solutions for tannery efflu-
ent decomposition that finds application in real-time.
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