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Abstract

Textile dyeing uses large amount of freshwater and synthetic dyes. Its effluents have to
be subjected to certain treatments to remove the contaminants, especially for residue
dyestuffs, before discharging to water bodies for elimination of adverse impacts to the
environment. The objective of this research is to fabricate a novel catalyst, carbon
aerogel supported copper oxide, and study its catalytic performance for the first time in
ozonation of simulated dyeing wastewater for dye degradation. The catalyst was
prepared using sol-gel and impregnation method, and characterized by Transmission
Electron Microscope and X-Ray Diffraction techniques which suggesting that the nano-
sized copper oxide particles successfully embedded and well-dispersed in the
amorphous carbon aerogel. The catalytic performance of the catalyst was evaluated by
degradation of C.I. Reactive Black 5 in a semi-continuous reactor. The results show
that the catalyst has promising potential in ozonation towards dye elimination in dyeing
wastewater, in which the dye removal efficiency can be effectively enhanced by the
catalyst. In the specific conditions, COD removal could reach 46% in catalytic
ozonation system after 60-min reaction, while it was only 29% in ozonation alone
without catalyst. In addition, a systematic parameter study was performed to investigate
the effect of the temperature, pH, ozone dosage, catalyst amount and dye concentration

on dye degradation in terms of color and COD removal.
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1. Introduction

Synthetic dyes are frequently used in the textile dyeing plant for aesthetic consideration
of the products. In the dyeing process considerable amount of color effluents of high
polluting degree are generated (Asghar et al., 2015), which will adversely influence not
only the environment but also human health if it is discharged without adequate
treatment (Bootharaju and Pradeep, 2013; Ozturk et al., 2015). In particular, some dyes
have toxic, carcinogenic and even genotoxic effects on the humans (Saroj et al., 2014).
Thus it is important to remove dyes in the textile wastewater before discharging to
receiving water bodies (Wang et al., 2013b). However the removal of different dyes is
always a remarkable challenge (Tian et al., 2013). The conventional biological method,
which is effective for contaminants removal from municipal sewage, is however not
particularly useful for treating textile dyeing wastewater due to low biodegradability of
textile dyes. Although many studies show that the removal of textile dyes in effluent by
specific natural clays via adsorption is effective and cost-competitive (Abidi et al.,
2015), the replacement burden of the adsorbent, which is saturated to dyes after certain
service time, has to be carefully evaluated in real wastewater treatment. Chemical
oxidation is an effective method to treat textile wastewater by using several active
oxidants including chlorine/chlorine dioxide (Vacchi et al., 2013), hydrogen peroxide
(Ramachandran and Kumarasamy, 2013) and ozone (He et al., 2013). Particularly,
ozone has outstanding oxidizing ability and can decompose to O, without byproducts
in the whole oxidation process, which therefore has aroused the interests in
water/wastewater treatment. The widely accepted theory in ozonation is that there are
two reaction pathways in water, the direct and indirect reaction routes. The principle of
direct reaction is molecular ozone reacts with organic contaminants, whereas in indirect
reaction organic pollutants are oxidized by highly reactive free radicals which derives
from decomposition of molecular ozone (Fanchiang and Tseng, 2009). Nonetheless,

only partial mineralization of dye compounds could be realized by ozonation (Yildirim



etal., 2011) and the high energy demand for ozone generation further limits its practical
application in wastewater treatment (Mehrjouei et al., 2014). To improve the treatment
efficiency and utilization of ozone, several new processes have been developed for
degradation of dyes or similar organic compounds, including UV/ 03/H;0,
(Vijayalakshmi et al., 2011), TiO»/UV/O; (Sun et al., 2013b), O3/H,0O, and catalytic
ozonation in the presence of certain catalyst (Mahmoodi, 2013; Qiang et al., 2013; Qu

et al., 2015).

The heterogenous catalytic ozonation, in which the catalyst is of solid form, has
received widely attention in removal of organic pollutants from aqueous solution
because of its high efficiency and ambient operational conditions, which has potential
practical applications in real water/wastewater treatment without any additional means
such as thermal and light energy or second pollution involving ironic catalyst separation
in homogenous ozonation. In the past decades, various materials based on transition
oxides such as manganese oxide (Zhao et al., 2014), titanium oxide (Yang et al., 2007),
zinc oxide (Gharbani and Mehrizad, 2014), nickel oxide (Qin et al., 2009; Zhang et al.,
2009), copper oxide (Petre et al., 2013), cerium oxide and iron oxide (Beltran et al.,
2005; Ciccotti et al., 2015) were frequently used as ozonation catalysts. The ozone/
catalyst process is more efficient than the ozone process alone because these catalysts
act as a radical promoter and support (Zhao et al., 2014). Among these, copper oxide
has been found to be a promising catalyst because it could increase the reaction rate and
diminish the ozone consumption which led to an advanced degradation of organic
pollutes (Turkay et al., 2014; Udrea and Bradu, 2003). Moreover, copper oxide has
numerous advantages such as cost-competitive, chemically stable and non-toxic.
However, a key issue associated with using micro- and nano-sized copper oxide
powders for water treatment is the fact that they are difficult to be separated from treated
water. In addition, the catalytic efficiency and the stability of catalysts have to be
enhanced. These disadvantages restrict the application of powdered catalyst in

wastewater treatment.

Recently a novel material, carbon aerogel (CA), has been fabricated as functional
materials due to its unique properties which originates from excellent three-dimensional
continuous porous structure including great mesopore volume, high surface areas, low

mass densities, and good adsorption capacity (Yin et al., 2014; Zhang et al., 2014). It



has been developed for several applications, such as catalyst for decomposition of 4-
phenoxyphenol (Park et al., 2013), supercapacitors (Liu et al., 2015a, 2015b),
amperometric biosensor (Peng et al., 2015), absorbent for dye removal (Wu et al., 2012),
photocatalyst for dye degradation (Lin and Chang, 2014), and electrode for dye
decolorization in electrolysis (Wu et al., 2008). With this in mind, the scope of the
present paper is to fabricate the novel nano-sized copper oxide catalyst supported on
mesoporous carbon aerogel (MCA) and study its catalytic performance in ozonation of
simulated dyeing wastewater for dye degradation. The combination of copper oxide and

carbon aerogel are likely to exert durable and effective influence in activating O; to

generate more ®OH in the catalytic ozonation synergistically. Furthermore, the
introduction of MCA support provides an effective and convenient approach to avoid
the disturbing issue in separation of catalyst powder from the treated water after the
treatment process (Sun et al., 2013a). Considering more than 50% of cotton is dyed
with reactive dyes, which is the most commonly used substrate in dyed textile fibers
(Rosa et al., 2015), the water soluble reactive dye, C.I. Reactive Black 5 (RB-5), was
hence chosen as the dye pollutant in the present study. The designed catalyst would be
prepared by sol-gel polymerization and impregnation method, and characterized by
Transmission Electron Microscope (TEM) and X-Ray Diffraction (XRD). The catalyst
then would be used in a catalytic ozonation reactor which filled with dye solution and
continuously injected with ozone/oxygen gas mixture. Considering some physical and
chemical variables may determine the amount of active surface sites of the catalyst,
which affects the heterogenous catalytic activity (Woan et al., 2009), the experimental
conditions, such as treating time, temperature, working pH, ozone dosage, catalyst
dosage and initial dye concentration, would be investigated to confirm their effects on
the catalytic behavior of the catalyst in dye elimination. On the basis of literature review,

this is the first work involving MCA based material as catalyst for ozonation.
2. Material and methods
2.1. Dye and chemicals

Commercial reactive dye, RB-5 (Chemical formula: C,sH,NsNayO;9S4; molecular
weight: 991.82 g/mol; Amax: 594 nm), was obtained from Zhejiang Longsheng Group

Co., Ltd. and used without further purification. Dye was dried at 378 K in a vacuum



oven for 3 h to remove water before use. The simulated dyeing wastewater were
prepared by dissolving 3.2 g of RB-5 dye in a 1 L volumetric flask (3200 mg/L) firstly,
and then diluted to a desired concentration with distilled water. Formaldehyde (VWR
International), resorcinol (Sigma-Aldrich), Hexadecyl trimethyl ammonium bromide
(Alfa Aesar), copper(Il) nitrate trihydrate (Sigma-Aldrich) were of analytical grade and

used as received.

2.2. Preparation and characteristic of catalyst

MCA was synthesized via sol-gel method (Wu et al., 2007, 2008) and CuO-Cu,O/MCA
was prepared by the impregnation approach (Gomez et al., 2015). To begin with,
resorcinol, hexadecyl trimethyl ammonium bromide (HTAB) and formaldehyde (the
molar ratios of resorcinol/HTAB and resorcinol/formaldehyde were 125 and 0.5) were
dissolved in distilled water at ambient condition (temperature= 24 + 1 °C, relative
humidity= 65 £ 3%). The solution mixture was then poured into a glass bottle and aged
at 80 °C for 7 d. Thereafter, the obtained gel, which converted from the solution mixture
after ageing, was exposed to air in fume hood to release residual unreacted volatile
chemicals at room temperature for 2 d. Subsequently, the sample was dried at 60 °C for
24 h and further dried at 105 °C for 24 h. Finally, MCA was obtained by carbonization
in a tube furnace (MTF 12/38/250, Carbolite, UK) at 900 °C for 3 h under Ar gas flow.
Before used as the support for nano-sized CuO-Cu,O catalyst, MCA was crashed into
granular form (10-20 mesh) to facilitate impregnation. In impregnation process, dry
MCA granules were immersed into 0.2 M Cu(NO,),®3H,0 aqueous solution in an
Erlenmeyer flask, which was then mounted into an isothermal waterbath shaker (120
rpm) at 30 °C for 24 h. Later on the soaked granular sample was dried at 60 °C for 24
h first, followed by drying at 105 °C for 6 h. The CuO-Cu,O/MCA catalyst was then

successfully prepared by calcination of the impregnated sample at 450 °C for 4 h.

2.3. Experimental set-up and procedure

Catalytic ozonation was performed in a glass reactor filled with 250 mL of dye solution,
of which the temperature and stirring speed were controlled by a Digital Magnetic
Hotplate Stirrer (MS- H-Pro, DragonLab's). Fig. 1 shows the schematic of the
experimental set-up. Ozone was generated by a high precision medical ozone generator

(Medozons BM-02, Russia) fed with oxygen (99.9%, industrial grade, Portapak)



provided by Linde HKO Ltd, HK. The mixture gas stream, comprising of ozone and
oxygen, was continuously fed into the reaction system through a porous diffuser, which
laid at the bottom of the glass reactor for generation of fine bubbles. Solution pH was
not adjusted unless indicated in purpose and the off-gas containing residual ozone was
adsorbed by potassium iodide solution in two gas washing bottles. At each
predetermined time intervals during ozonation, 3 mL of water sample was carefully
pipetted from the reactor and diluted appropriately before centrifuged (6000 rpm for 10
min) in a centrifuge (K3 Centurion Scientific Ltd., UK) to settle down the suspended
catalyst small particles. The supernatant was then be used for color or COD
determination. Each measurement was independently conducted thrice to reduce error,

and the average value was accepted.
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Fig. 1. Experimental set-up for ozonation.

2.4. Analytical method

The structure and morphology of the prepared CuO-Cu,0O /MCA catalyst was
investigated by Transmission Electron Microscope (TEM) (JEOL Model JEM-2100F)
and Powder X-ray diffraction (XRD) patterns were obtained from a diffractometer

(Rigaku, SmartLab) using Cu Ka radiation. The degradation efficiency of dye during



catalytic ozonation was determined by the color removal and COD reduction. Color
removal was converted from the absorbance, which was measured by a UV-Vis
spectrophotometer (PerkineElmer, Lambda 18) at the maximum absorbance
wavelength, Amax= 594 nm, of the dye solution. The COD was determined by the COD
colorimeter (Model DR 900, HACH, USA) according to Hach Method 8000. In brief,
2 mL of water sample was added into a COD digestion vial, which was prefilled with
2 mL of essential reagents mixture, followed by heated at 150 °C for 2 h in the digital
reactor block (Model DRB 200, HACH, USA). After cooling down to room

temperature, the vial was transferred into the COD colorimeter for COD determination.

3. Results and discussion

3.1. Characteristic of catalyst

The XRD patterns of MCA and MCA supported copper oxide (CuO-Cu,O) presents in
Fig. 2. The broad peak at around 20= 23° associated to the amorphous structure of
carbon material, which is similar to that of carbon nanofiber (Wang et al., 2013a). The
diffraction pattern of the prepared samples shows that the copper oxide mainly exists
as CuO and Cu,O. The characteristic peaks at 35.8° and 38.6° were assigned to the (111)
and (200) reflections of CuO (JCPDS card No. 65-2309) and those at 36.5°, 42.4° and
61.6°are assigned to the (111), (200) and (220) reflections of Cu,O (JCPDS card No.
65-3288). Some diffraction peaks of CuO or Cu,O didn't display in Fig. 2 because the
mass proportion of CuO-Cu,O particles in CuO-Cu,O /MCA catalyst was minimal and

their spectrum signals were therefore weak and apt to be covered by that from MCA.
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Fig. 2. XRD pattern of MCA support and CuO-Cu,O /MCA.

Fig. 3(a)-(d) shows the TEM images of CuO-Cu,O /MCA catalyst. Fig. 3(a) and (b) are
the bright field images indicate that the solid phase of the catalyst was mainly composed
of the CuO-Cu,0 nanoparticles and interconnected carbon nanoparticles (about 20-30
nm). Large quantities of mesopores of different size were produced among the
nanoparticles. The prepared MCA has a three- dimensional network structure and the
CuO-Cu,0 nanoparticles successfully embedded and well-dispersed in the amorphous
MCA. Fig. 3(c) and (d) present high resolution TEM images of the framed parts in Fig.
3(a) and (b), which displays an obviously crystalline spinel structure of nanocrystals in
the catalyst, consisting with XRD patterns showed in Fig. 2. The diameters of 175
grains of CuO-Cu,0 nanoparticles were measured and plotted as the histograms in Fig.
4. It shows that the size distribution of CuO-Cu,0O nanoparticle, mainly ranging from 6

to 14 nm, was obtained with retained monodispersity.

Fig. 3. TEM images of CuO-Cu,O /MCA catalyst.
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Fig. 4. Particle size distribution of CuO-Cu,O /MCA catalyst.

3.2. Dye degradation by different treatment processes

COD removal and decolorization ratio in ozonation alone, catalytic ozonation, and pure
adsorption by catalyst under the same conditions are shown in Fig. 5. As is observed in
Fig. 5(a), COD reduced gradually in either single ozonation or catalytic ozonation as
the treatment time lasted to the end. This is because ozone was injected into the reactor
continuously, providing sufficient oxidant to degrade dyes in solution. By comparing
the catalytic ozonation with ozonation alone, it is noticeable that catalytic ozonation has
greater COD reduction than that in ozonation without the catalyst. After 30-min
treatment, 28% of initial COD was reduced in catalytic ozonation, which was 10% more
than COD removal in ozonation alone. The difference was further enlarged as the
treatment pro- longed. The final COD retained only around 54% after the entire
catalytic ozonation, while it was nearly 70% in the ozonation process without catalyst.
The presence of the novel catalyst significantly improved dye degradation in terms of
COD reduction. Considering the COD removal was negligible and irrelevant with
treatment time in adsorption, it is clear that the improvement in COD elimination was
predominantly attributed to the strengthened degradation of RB-5 in ozonation by the
catalyst, rather than its physical adsorption. In addition, catalytic ozonation also shows
its advantage in color removal (Fig. 5(b)). Similar to COD reduction, color removal
rates in catalytic ozonation are always better than that from single ozonation at each
sampling point. The principal mechanism activating the catalytic ozonation is that CuO-
Cu,O / MCA catalyst accelerated the initiation of free radicals derived from the

catalytic decomposition of ozone, which possesses higher oxidation potential and



resulted in the enhancement degradation of organic pollutants (Mahmoodi, 2011; Qin

et al., 2009).
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Fig. 5. Comparison of the COD removal (a) and decolorization (b) in different processes.
Reaction condition: T= 30 °C; pH= 5.1; ozone dosage= 4.0 mg/min; catalyst dosage=
1 g; Cinitiai re—s= 800 mg/L, COD;pitiqi= 625 mg/L). The error bars represent the
standard deviation of three independent experiments.

Besides, comparing the removal rate of COD in Fig. 5(a) with color in Fig. 5(b), it is
found that decolorization was more than 85% after the first 30-min ozonation while the
of COD removal rate was no higher than 30%. A reasonable explanation for this result
is that the organic pollutants which contribute to color and COD are quite different. The
color was predominantly contributed by the dyes possessing complete chromophore,
because only these substances have strong absorbance at their maximum absorbance

wavelength (Amax= 594 nm). Unlike color determination, almost all the organic

pollutants, both dyes with complete chromophore and dye fragments, are responsible



for COD. In the very begging of ozonation, decolorization dominates the degradation
reaction, in which the dye chromophore was possibly destructed by cleavage of the -
N=N- group in RB-5 (Turhan and Ozturkcan, 2013). This is because cleavage of -N=N-
group is much easier than oxidize the dye fragments from decolorization (Zhang et al.,

2011), resulting in higher decolorization rate but lower COD removal during ozonation.

3.3. Effect of various parameters on dye degradation

3.3.1. Effect of temperature

Reaction temperature will significantly influence the solubility and stability of ozone
in water (Gomes et al., 2010), which may influence the ozonation efficiency. The effect
of operational temperature on color and COD removal was evaluated at 30 °C, 45 °C
and 60 °C. As is shown in Fig. 6, the result clearly demonstrated that improve the
temperature benefited color and COD removal under the specific condition. As
temperature was enhanced from 30 °C to 60 °C, the difference of color removal rate
were not remarkable, indicating that decolorization of RB-5 in aqueous solution at high
temperature is not necessary if consider the energy consumption. The final COD
removals were 46%, 50% and 57% when ozonation performed at 30 °C, 45 °C and 60
°C, in which more noticeable improved degradation occurred. In general, improve the
temperature will decrease the solubility of 0zone and reduce the mass transfer of ozone
into aqueous solution, which has adverse impact on dye degradation. However, in the
current study both COD and color removal were slightly enhanced. The possible reason
for this may be the oxidation rate of ozonation was accelerated significantly although

the mass transfer of ozone was depressed.
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Fig. 6. Effect of temperature on the decolorization (a) and COD removal (b). Reaction
condition: pH= 5.1; ozone dosage= 4.0 mg/min; catalyst dosage= 1 g; Cinitiai RE—5=
800 mg/L, COD;pitiai= 625 mg/L. The error bars represent the standard deviation of
three independent experiments.

3.3.2. Effect of pH

The pH of textile effluent varies to a great extent, the efficiency of ozonation and the
degradation pathways of dye may be affected by solution pH. Hence it is necessary to
understand the effect of pH on the color and COD removal in catalytic ozonation. The
effect of applied solution pH on dye decomposition was examined in 4 different
experiments, in which the solution pH was 3.5, 5.1, 7.8 and 10.6. According to Fig. 7,
the color and COD removal of RB-5 in strong alkaline aqueous (pH=10.6) solution was
the greater than those in weak alkaline (pH=7.8) or acidic conditions (pH=5.1 and pH=
3.5). The 57% COD removal was obtained at pH= 10.6 after 1 h catalytic ozonation.

The phenomenon was caused by the following factors: (a) the ozone decomposition



will be greatly enhanced under alkaline condition to generate -OH (Zhang et al., 2011)
and the highly reactive radicals will greatly increase the reaction process (Chiou et al.,
2013). The dye organic compounds therefore can be decomposed more effectively; (b)
the dye solution pH also affects the surface characteristics of the catalyst, particularly
the surface charge which has important effect on their adsorption capacity towards

organic dye molecules and the intermediate products (Dobson et al., 1997; Szekeres
and Tombacz, 2012).
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Fig. 7. Effect of pH on the decolorization (a) and COD removal (b). Reaction condition:
T= 30 °C; ozone dosage= 4.0 mg/min; catalyst dosage= 1 g; Cinitiai re—5= 800 mg/L,

COD;pitiar= 625 mg/L. The error bars represent the standard deviation of three
independent experiments.

3.3.3. Effect of ozone dosage

The effect of ozone dosage is shown in Fig. 8. The ozone concentration of inlet gas was

set to 8 mg/L, and the gas flow was fixed at 250, 500 and 1000 mL/min in three runs.



It is clearly that the color and COD removal rates were significantly affected by the
inlet ozone dosage. According to Fig. 8(b), the COD removal enhanced from 35% to
57% after 60-min ozonation when the inlet ozone dosage increased from 2 to 8§ mg/min.
A possible explanation for this enhancement efficiency is that the mass transfer driving
force was enhanced and ozone-derived free radicals (such as -OH) was generated when
ozone concentration in the dye solution was boomed by increased supplying gas
flowrate (Moslemi et al., 2010). The phenomenon is at good agreement with a
previously study regarding decomposition of C. 1. Basic Blue 9 by ozonation with

granular activated carbon (Gholami-Borujeni et al., 2013).
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Fig. 8. Effect of 0zone dosage on the decolorization (a) and COD removal (b). Reaction
condition: T= 30 °C; pH= 5.1; catalyst dosage= 1 g; Cinitiairg—5= 800 mg/L,
CODipitiar= 625 mg/L. The error bars represent the standard deviation of three
independent experiments.

3.3.4. Effect of amount of the catalyst



Fig. 9 presents the effect of catalyst dosage on dye degradation. Experiments were
performed at various amounts of catalyst, 0.5, 1.0 and 3.0 g. According to Fig. 9(a), the
effect of catalyst loading has minimal influence on color removal, although catalytic
ozonation displayed better decolorization performance than ozonation alone without
catalyst. This finding probably suggested that decolorization did not require too much
catalyst in the reaction system. At current ozonation condition, 1.0 g of catalyst was
excessive for decoloration of RB-5 solution. Fig. 9(b) shows the evolution of COD
during catalytic ozonation with various catalyst dosages. As is expected, COD reduced
more significantly when the amount of CuO-Cu,O /MCA catalyst was raised to 3.0 g.
Its reduction rate, after 60-min treatment, was enhanced by 21% of the original COD
when comparing to the process with only 0.5 g of the catalyst. The possible reasons
may be attributed to the expansion of contact surface area and availability of reactive
sites of the catalyst when the catalyst amount was raised (Shahamat et al., 2014). The
enlarged contact surface area hence facilitated reaction between ozone and the
pollutants (Bhatnagar et al., 2013), and the growing reactive sites effectively promoted

ozone decomposition to generate reactive radicals for dye degradation (Lei et al., 2007).
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Fig. 9. Effect of catalyst amount on the decolorization (a) and COD removal (b).
Reaction condition: T=30 °C; pH=5.1; Ozone dosage= 4.0 mg/min; Ciyitia1 rp—5= 800
mg/L, COD;pitiai= 625 mg/L. The error bars represent the standard deviation of three
independent experiments.

3.3.5. Effect of applied dye concentration

The influence of applied RB-5 concentration on color and COD removal rate was also
explored with different applied concentration from 400 to 1600 mg/L. As is illustrated
in Fig. 10(a), the dye decolorization and COD removal changed inversely to the applied
concentration of RB-5. Higher color and COD removal rate was much easier to obtain
in the process which adopted dye solution of relative lower initial concentration. For an
instance, it only required 10 min to achieve 80% decolorization in the treatment
adopting 400 mg/L dye solution, while an extra 5-min ozonation is necessary to

accomplish the same decolorization requirement in the process when the dye solution



of doubled concentration, 800 mg/L, was applied. The possible explanation might be
that the ratios of ozone molecules to dye molecules in the solution decreased when more
concentrated dye solution was used (Tehrani-Bagha et al., 2010), leading to a growing
excess of dye regarding to ozone in decolorization. As a result, the decolorization and
COD elimination for the high initial dye concentrations required longer time than the

lower dye concentration.
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Fig. 10. Effect of dye concentration on the decolorization (a) and COD removal (b).
Reaction condition: T=30 °C; pH=5.1; Ozone dosage= 4.0 mg/min; Ciyitia1 rp—5= 800
mg/L, COD;pitiai= 625 mg/L. The error bars represent the standard deviation of three
independent experiments.

3.4. Investigation on decolorization process

The time dependent UV-Vis spectrum of RB-5 solution during catalytic ozonation is

exhibited in Fig. 11. RB-5 has a maximum absorbance at the wavelength of 594 nm in



the visible region and two other absorption peaks at 307 and 388 nm in the UV region.
The absorption peak was weakened as the ozonation progressed, and the absorption
peak at Amax= 594 nm almost diminished at the end of the treatment. The absorbance
in the visible region belongs to azo group and those in the UV region relates to both
aryl and naphthalene-like moieties (Lucas et al., 2006). The decreases in intensity of
the absorption peaks in visible region suggest that -N=N- group in RB-5, which is
responsible for color, was possibly cleaved by ozone or its derived reactive species
(Turhan and Ozturkcan, 2013). Another phenomenon worth noting is that the reduction
of maximum absorbance in the visible region was rapider than those in UV region.
After 60 min treatment the absorbance in visible region almost completely disappeared.
This indicated the azo structure in dye molecule, which act as dye chromophore, were
easy to be destructed in ozonation. Nevertheless, the absorbance in the UV region was
still moderate when ozonation completed. This suggested that there were still a certain
amount of aromatic rings in dye solution were not mineralized into inorganics, which
tended to be more difficult to oxidize than azo structure in ozonation. This finding is at
good agreement with the results presents in Fig. 5, in which total decolorization was
accomplished, while COD, contributed partially by aromatic rings, still retained in dye

solution at moderate level.
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Fig. 11. Evolution of UVeVis spectral of RB-5 solution during catalytic ozonation.
Reaction condition: T=30 °C; pH=5.1; Ozone dosage= 4.0 mg/min; Cip;itiai rp—5= 800
mg/L, CODinitial= 625 mg/L



4. Conclusions

The novel CuO-Cu,O /MCA catalyst was successfully prepared by coupling sol-gel
process with impregnation method. The characterization results demonstrated that the
CuO-Cu,0 nano- particles successfully embedded and well-dispersed in the amorphous
MCA, and the particle size retained monodispersity ranging from 6 to 14 nm mainly.
In catalytic ozonation with the novel catalyst, the study clearly shows that degradation
of the RB-5 dye in aqueous solution was notably promoted comparing with ozonation
in the absence of the catalyst. The COD removal was enhanced to 46% whereas it was
only 29% in non-catalytic ozonation after 60- min treatment. This leads to a conclusion
that the CuO-Cu,O / MCA was a highly efficient catalyst for catalytic degradation of
synthetic dye with ozone. In the investigation of experiment variables, it shows that
increasing the reaction temperature, pH, ozone dosage or catalyst loading led to
enhanced dye degradation in terms of decolorization and COD reduction, especially for
the latter. The UV-Vis spectrum suggested chromophoric group was easier to be
destructed in ozonation comparing with aromatic structure. To conclude, the novel
catalyst could be potentially used in catalytic ozonation for dyeing wastewater

treatment.
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