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ABSTRACT

The catalytic ozonation of RR198 solution in the presence of MgO nanocrystal catalysts was investigated in
alaboratory scale batch reactor. The effects of solution pH (2-12), reaction time, MgO dosage (1-6 g/L), and
initial dye concentration (100-500 mg/L) on color and COD removal were evaluated, and the findings were
compared to those of ozonation without a catalyst. The results indicate that adding MgO nanocrystals into
the ozonation reactor greatly accelerated the rate of RR198 degradation, thereby reducing the reaction
time and improving the reduction of color and COD compared to conventional ozonation. The optimum
pH and catalyst dosage values were determined to be 8 and 5 g/L, respectively. The complete removal of
color was observed in COP at this optimum condition for an RR 198 concentration of 200 mg/L at a reaction
time as short as 9 min, while the time required to attain the same performance at single ozonation was
30 min. Furthermore, the COP could markedly increase the ratio of BODs to COD from below 0.1 in raw
solution to 0.63 to 0.38 for dye solutions of 100 and 500 mg/L, respectively; thus, RR 198 was converted
to biodegradable compounds. Therefore, the COP on MgO nanocrystals is considered as an effective and
feasible process for pre-treating the azo dye-laden solutions, making possible a post-treatment of the

effluent in a biological system.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Dyes are synthetic aromatic compounds used to colorize prod-
ucts of many different industries, including textiles, tanneries,
pharmaceuticals, pulp and paper, paint, plastics, food, and elec-
troplating [1-4]. Generally, a significant quantity of the consumed
dyes finds its way to the industrial effluent [2,5]. Since most of the
dye molecules are toxic, recalcitrant, and chemically and photo-
chemically stable and impart undesirable color to the receiving
waters [5-7], their release to the environment may pose many
serious aesthetical, ecological, environmental and health hazards.
Different physical, chemical, and biological methods, or combina-
tions thereof, have been investigated for removal of color from
dye-laden wastewater via pretreatment, main treatment and post-
treatment processes [8-13]. Due to the complexity of the dyes’
aromatic molecular structure, the conventional biological and
physical-chemical processes are less suitable for their efficient
treatment and mineralization [6,14,15]. Therefore, researchers are
faced with the challenge of presenting a viable and efficient tech-
nique for treating the dye-containing wastewater, specifically one
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designed to mineralize the dye molecules. A review of the literature
shows a growing interest in developing advanced oxidation pro-
cesses (AOPs) for the treatment of liquid streams containing toxic
and xenobiotic compounds, including dyes. The AOPs’ simplicity,
low cost, and high efficacy all factor into the their increasing pop-
ularity as a new technique for dye removal [8,16]. Interestingly, the
AOPs can completely stabilize the organic compounds into water
and carbon dioxide [17]. So far, several AOPs have been developed
and investigated for use in the water and wastewater treatment
industry [18], most of which are based on using ozone as the prin-
cipal oxidant. Although single ozonation has been shown effective
for color removal, it has little effect on dye mineralization [19].
Hence, considerable attention has recently been paid to investigat-
ing the catalytic ozonation process (COP) as a novel AOP. Indeed,
adding a catalyst to the ozonation reaction leads to an increased
oxidation rate and decreased reaction time, thereby reducing the
treatment cost [20]. However, the effectiveness of the COP depends
on operational variables, including solution pH and temperature,
structure of the target compound(s), type and dose of the catalyst,
dose of ozone, and reactor configuration. The COP can be used either
homogenously or heterogeneously [16,21,22], with each way miner-
alizing organic molecules by direct oxidation with ozone molecules
and/or by indirect radical oxidation [20,23,24]. Heterogeneous cat-
alytic ozonation is an appealing wastewater treatment process
due to its low cost, potential for catalyst reclamation, and lack
of secondary pollution [25]. Several reports have been published
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Table 1
Main properties of the model azo dye (RR198).

Parameter

Characteristic

Chemical formula

Class Azo
C.I. number 18221
Molecular weight (g/mol) 967.5
Amax (NM) 518
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in the last decade on using catalytic ozonation for dye removal
[20-22,26-30], describing the COP as a promising and effective
process for the removal and mineralization of persistent organic
wastewater contaminants such as dye molecules. Most efforts in
recent years have been focused on preparing and studying new
catalysts to improve COP efficiency in removing different contami-
nants.

Nanosized alkaline earth metal oxides are very promising mate-
rials for catalyst applications due to their destructive sorbence
[31,32], high surface reactivity, and adsorption capacity [33]. He et
al. [23] observed that using magnesium oxide (MgO) along with
ozonation could accelerate phenol and COD removal from solu-
tion. However, the catalyzing capabilities of MgO in the COP for
dye removal have not been reported.

This work focused on the preparation and application of MgO
nanocrystals as catalysts in the COP, comparing the performance
with ozonation alone in the removal of reactive red 198 (RR198)
as the model azo dye. The effect of the main operational vari-
ables, including pH, reaction time, catalyst dose, and initial dye
concentration, on the COP’s performance will be compared to the
performance of ozonation alone under the same conditions.

2. Materials and methods
2.1. Materials and catalyst preparation

The selected model dye was obtained from the DyStar Co. (Ger-
many) through a local textile company and used as received. The
chemical structure and maximum absorbance wavelength of the
selected dye are given in Table 1. All chemicals and reagents used
were of analytical grade and purchased from Merck. Distilled water
was used in the preparation of all solutions used in these exper-
iments. MgO nanocrystal powder was prepared by calcinating a
Mg(NOs ), solution. The Mg(NOs ), solution was first dried at 100 °C.
The remaining material was calcinated in air at 500 °C for 2 h, pro-
ducing the final MgO nanocrystals. The surface morphology and
textural properties of the catalyst were studied.

2.2. Experimental apparatus and procedure

The experimental set-up was composed of a Pyrex cylindrical
sparger as the ozone contactor, an ozone generator, a sintered glass
diffuser to distribute the ozone to the solution, an air pump with
the control valve, a flow meter, an ozone off-gas destruction sys-
tem, and valves and tubing. The catalytic ozonation reactor was
a magnetically stirred column with a total volume of 150 mL. The
experiments were performed at a temperature of 23 +3°C under
batch reaction, with 100 mL of dye solution in each run throughout
the study. Different operational variables, including pH of the dye

solution, dye concentrations, catalyst dose, and reaction time, were
investigated. MgO nanocrystals were used as the ozonation catalyst
for oxidation of the reactive azo dye. As stated previously, the RR198
was selected as the model azo dye. In addition, control experiments
were performed with ozonation alone to verify the catalytic nature
of the catalyst. Ozone was generated from the air by a commercial
generator (ARDA, model AEGCOG-5S). The dose of ozone was con-
sidered constant at 0.2 g/h throughout the experiment. The ozone
in the off-gas stream of the reactor was quenched and destructed
in a 2% KI solution.

2.3. Analytical methods

The powder produced was characterized for specific surface
area, average particle size, particle surface morphology, and the
volume and size of pores. The specific surface area and pore
characteristics of the particles were determined by the nitrogen
adsorption technique (Micromeretics/Gemini-2372). Average pore
size was determined from the following equation [34]:

Dy = (%) x 10° (1)

where, Dp, is the mean pore diameter (nm), V is total pore volume
(cc/g), and S is the BET surface area (m?2/g).

The morphology of the particles was investigated using scanning
electron microscopy (SEM) images from a Philips—XL30 Electron
Microscope. In order to assess the performance of catalytic ozona-
tion in degrading RR198 and its corresponding organic content,
samples were taken from each experimental run at the beginning
and end of the reaction. The samples were analyzed for RR198,
chemical oxygen demand (COD), and pH. The residual dissolved
ozone was quenched by adding sodium thiosulfate solution to
the samples prior to dye analysis. The concentration of RR198
was determined using a Unico-UV 2100 UV-vis spectrophotome-
ter at its maximum absorbance wavelength of 518 nm. The color
removal in each experiment was calculated from the difference
of initial (before reaction) and final (after reaction) concentra-
tions of RR198. COD was measured by the standard method of
potassium dichromate oxidation [35]. pH was determined using
an electrode (Sense lon 378, Hack). The ozone concentration in
the inlet gas stream was analyzed by iodometric titration [35].
To ensure the reproducibility of data, each experiment was con-
ducted in duplicate and the average of the two measurements was
reported.
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Fig. 1. XRD pattern of the fabricated powder.

3. Results and discussion
3.1. Catalyst characteristics

The pattern of the synthesized MgO is given in Fig. 1, which
shows the cubic and pure periclase MgO crystalline particles in the
powder [32]. The average size of crystals, calculated from Scher-
rer's equation, was found to be 65nm. The SEM image shown
in Fig. 2 is used to visualize the surface morphology of the syn-
thesized MgO; the image indicates porous, agglomerated and
honey-combed nanocrystals. The nitrogen adsorption-desorption
isotherm (data not shown) indicated that the synthesized pow-
der had a BET surface area of 118 m2/g and a total pore volume
of 0.156 cc/g. The mean size of the pores calculated from the Eq. (1)
was found to be 5.3 nm. These findings reveal that the fabricated
powder was composed of mesoporous nanocrystals that had a high
specific surface area.

3.2. Effect of initial pH and reaction mechanism

Since solution pH plays an important role in the contaminant
degradation mechanism during an oxidation process, it is relevant
to evaluate the effect of pH in catalytic ozonation of the selected
model dye. Therefore, the effect of the dye solution’s initial pH on
degradation and COD removal of RR198 was studied at pH values
ranging from 2 to 12, under constant reaction time and ozone dos-
ing, in both non-catalyzed ozonation and catalytic ozonation with
MgO nanocrystals. Fig. 3 shows the removal percentages of color
and COD as a function of initial pH in non-catalyzed and catalytic
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Fig. 2. SEM images of fabricated MgO particles.
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Fig. 3. Effect of initial pH on color and COD removal from RR198 solution in:
(a) the conventional ozonation reactor (RR198 concentration=200mg/L, reac-
tion time=20min), and (b) the COP (RR198 concentration=200mg/L, MgO
dosage=5g/L, reaction time = 10 min).

ozonation, respectively. As seen in Fig. 3a, the percentage of color
removal in the non-catalyzed ozonation process at an acidic pH of
2 was 91%, and it decreased to 85% when pH was increased to 6.
The high color removal at a pH of 2 is related to the direct oxidation
of ozone with dye molecules, which is best performed at a more
acidic pH [22]. The removal of color from the solution increased for
a pH above 6 and reached a maximum value of 97% at a pH near 10,
which is 12% higher than that ata pH of 6. As pH increases to alkaline
conditions, the rate of ozone decomposition accelerates, resulting
in the production of more reactive radicals [36]. Hence, most of the
degradation of RR198 molecules, and thus color removal, at alka-
line pHs likely occurs by indirect oxidation with radicals. However,
some direct oxidation with non-decomposed ozone molecules also
might occur. Erol and Ozbelge [22] observed higher dye removal
rates by ozonation at alkaline conditions (pH 13) than acidic con-
ditions (pH 2.5), and they attributed this result to the formation
of hydroxyl radicals at high pH. In contrast, Arslan [26] showed
that the removal of color by the ozonation of simulated dispersed
dye-bath water performed better at acidic pH than alkaline pH. Pre-
dicting the mechanism of dye molecule oxidation by an ozonation
process depends on the structure and solubility of the target dye
molecule at different pHs [26] and thus requires determining the
ozone and OH radical concentrations in the reactor, as well as the
rate of reaction of the target compound with both ozone and OH
radicals [36]. Fig. 3a also illustrates the trend of COD removal of
RR198 as a function of the solution pH. Removal of COD had almost
the same trend as color with the value around 46% at a pH of 10,
where the highest color removal was observed. It can be inferred
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from the relationship between COD removal and pH that radical
oxidation was likely the predominant mechanism involved in oxi-
dizing the intermediates and thus reducing COD. Fig. 3b presents
the color and COD removal of RR198 by catalytic ozonation with
MgO nanocrystals. It shows that a removal of 97% color was attained
at a pH of 2, but the degradation reduced to 91% when the pH
was lowered to 6. This reveals that the removal of RR198 with cat-
alytic ozonation under acidic pH was due to direct oxidation by
the ozone molecules, as was the case with non-catalyzed ozona-
tion. The removal of color began to increase with the increase of
pH above 6, reaching a maximum of 100% at a pH of 8. For COD
removal of RR198 versus solution pH in the catalytic ozonation
experiments (Fig. 3b), the results indicated a trend similar to that of
color removal, although with a lower rate. COD removal decreased
from42%atapH of2 toaround 21% ata pH of 5,and it then increased
to 61% when the pH was increased to 8. Since hydroxyl radicals are
mainly generated at pHs above 10 [23,37,38], the maximum COD
and color removal obtained at pH of 8 can be explained by the
formation of radical species other than hydroxyls, and/or the MgO
has reduced the optimum pH for generation of hydroxyl radicals.
The percent of removed COD remained almost unchanged with the
increase of pH to 12. It is presumed that, at this high pH, hydroxyl
radicals are the predominant species providing higher degradation
and COD removal of RR198. These findings imply that the pH of
the dye solution acts as an important factor in both non-catalyzed
and catalytic ozonation of RR198, and that catalytic ozonation per-
formed better in color and COD removal of RR198 with a much lower
reaction time. Dong et al. [21] found a negative effect for pH in the
ozonation of brilliant red X-3B.

The increased removal percentage of color and COD correspond-
ing to alkaline pH can be further attributed to the resulting increase
in available hydroxide ions and acceleration of the ozone decompo-
sition [39,40], which thereby increases the formation of oxidative
radicals such as hydroxyl and MgO-hydroxyl radicals. Following
mechanisms were assumed to account for radical formation in the
presence of ozone and MgO: the action of MgO as an initiator for
radical formation in the bulk solution, and the adsorption of ozone
on the surface of MgO, which causes its decomposition into active
radicals.

03 + (MgO —s) — (MgO — s93) (2)
(MgO — s%) - (MgO0 —s°") + 0, (3)
(MgO — s°°) + 2H,0 + 03 — (MgO — s"°H) 4 3°0H + 0, (4)

(The suffix s in MgO-s denotes the Lewis acid site on the surface
of MgO).

AsseeninEqgs.(2)-(4), several radicals are generated in the reac-
tion, all leading to improvement in RR198 oxidation. These radicals
caused indirect oxidation of the RR198 molecules with higher rates
than those seen with single ozone oxidation [30,41] and in turn
enhanced the degradation of organics in the solution. Similar mech-
anisms were proposed by Faria et al. [42] for catalytic ozonation
of oxamic and oxalic acids on activated carbon. Addition of tert-
butanol to the COP resulted in a marked reduction of color and
COD removal percentages, confirming that degradation of RR198
followed the radical oxidation mechanism. Direct oxidation of the
RR198 dye by ozone molecules might also occur in the catalytic
ozonation, as is seen with non-catalytic ozonation. Wu et al. [30]
reported that the degradation of reactive red 2 in the UV/TiO,/03,
03/Mn(II) and O3/MnO, processes occurred mainly via radical, sur-
face and radical type mechanisms, respectively.

As shown in Fig. 3, the removal of color in both non-catalyzed
and catalytic ozonation was greater than the removal of COD. A
possible explanation for this is that the azo bonds (N=N) are more
easily destroyed than the aromatic bonds [20], so the azo RR198
dye present in the ozone-based oxidation processes is preferen-

tially decolorized by cleavage of the chromophore and by breaking
down the azo bond in the dye molecule structure into the more
simple intermediates [8,43]. The resultant organics subsequently
underwent further oxidation and mineralization, directly by ozone
and/or indirectly by the generated radicals, which led to the reduc-
tion of COD. The oxidation of the dye molecules and intermediates
might be taking place both in bulk solution and on the catalyst
surface, using both radicals and molecular ozone. Because of the
large specific surface area of the catalyst in these experiments, the
degradation on the surface of the catalyst likely played a signifi-
cant role in the dye degradation. Giil et al. [29] investigated the
catalytic ozonation of reactive red 194 and reactive yellow 145 in
aqueous solution on granular activated carbon (GAC) and concluded
that, although hydroxyl radicals were formed on the surface of GAC,
the primary oxidative reactions responsible for degrading organic
structures took place in the bulk solution.

It is known that the ozonation of a solution with pH higher
than 10 can result in the formation of strong oxidative radicals,
mainly hydroxyl radicals [23,37,38]. Fig. 3 clearly shows this phe-
nomenon for conventional ozonation of RR198. A comparison of
conventional and catalytic ozonation with MgO nanocrystals (seen
in Fig. 3) revealed that MgO could reduce the pH at which radi-
cals form in the ozonation process. It can be further inferred that
MgO nanocrystals effectively catalyzed the decomposition of ozone
and accelerated the formation of oxidative radicals, resulting in an
increased oxidation rate and thereby a reduction in the required
reaction time. These are very important features from both oper-
ational and economical standpoints. Although a few researchers
[e.g., 23,30,44-46] have previously indicated that metal oxides are
active catalysts that decompose ozone in solution to form oxida-
tive radicals, the order of chemical reactions and the type of radical
formed depends greatly on the type of metal oxide and the reaction
conditions. Since the color and COD removal of RR198 in COP was
highest at a pH of 8, this was selected as the optimum value in the
subsequent ozonation experiments.

3.3. Effect of reaction time

One of the important variables affecting the design and opera-
tion of an oxidation process is the reaction time, which is the time
required to attain the desired goals of the treatment. Accordingly,
the second phase of this experiment was to investigate the removal
of color and COD of RR198 by catalytic ozonation as a function of
reaction time, under the optimum initial pH value of 8 and a dye
concentration of 200 mg/L, compared with the non-catalyzed pro-
cess operated at the similar condition. Fig. 4 depicts the color and
COD removal of RR198 versus the reaction time under the speci-
fied conditions in conventional and catalytic ozonation processes,
respectively.

Referring to Fig. 4, it can be observed that removal of both color
and COD increased with an increase in reaction time for both pro-
cesses, although at a rate higher for color than COD removal, and
higher for catalytic than conventional ozonation processes. For con-
ventional ozonation process, the color removal of RR198 increased
from zero at the beginning of the experiment to around 78% after
10 min of ozonation (Fig. 4a). Increasing the reaction time to 30 min
led to 98% color removal. A similar trend was observed for COD
removal in the non-catalyzed ozonation process. The COD removal
of RR198 was 20% after 10 min of ozonation, and it increased to
50% after 30 min of ozonation (Fig. 4a). The results indicate that the
RR198 degradation in the conventional ozonation process was best
fitted with a pseudo-first-order reaction, with a reaction constant
of approximately 0.16/min.

Fig. 4b presents the results of decomposition and COD removal
of RR198 in the catalyzed ozonation using MgO nanocrystals. As
observed, the COP could achieve 83% color removal after a reaction
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Fig. 4. Effect of reaction time on color and COD removal from RR198 solution in: (a)
the conventional ozonation reactor (RR198 concentration =200 mg/L, initial pH 8),
and (b) the COP (RR198 concentration = 200 mg/L, initial pH 8, MgO dosage=5g/L).

time of only 2 min. The percentage of color removal increased to
99% after 5min and to 100% after 9 min of the reaction. In addi-
tion, the COP achieved 61% removal of COD from the solution
after 10 min of the reaction. Similar to the conventional ozona-
tion process, the degradation of RR198 in the COP was found to
be a pseudo-first-order reaction with constant of 0.63/min. Com-
paring the results indicates that adding MgO nanocrystals to the
ozonation reactor could significantly accelerate the decomposi-
tion rate of RR198. Overall, the higher the rate of the oxidation
reaction, the shorter the time required to complete the reaction
and, in turn, the smaller the required reactor size and treatment
cost.

No previously published report could be found on catalytic
ozonation of dyes using MgO for comparison with results of
the present work. The findings presented here imply that MgO
nanocrystals are very promising catalysts for application in ozona-
tion of dye-containing solutions. Due to their high surface area
and reactivity [33,47], destructive ability [31], and the simplicity of
their production from an abundant natural mineral (brucite), MgO
nanocrystals are preferable catalysts from both technical and eco-
nomical points of view for the augmented degradation of organic
compounds from wastewaters.

3.4. Effect of MgO dosage

The catalytic ozonation of RR198 solution in the presence of var-
ious concentrations of MgO nanocrystals (ranging between 0 and
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Fig. 5. Effect of MgO dosage on color and COD removal from RR198 solution in the
COP (RR198 concentration =200 mg/L, initial pH 8, reaction time =5 min).

6 g/L) was evaluated, and the relative performance in the degrada-
tion and COD removal of RR198 was determined. All experiments in
this phase were carried out at the constant reaction time of 5 min (at
which the previous experiments showed 99% color removal), at an
RR198 concentration of 200 mg/L, and at the optimum pH of 8. Fig. 5
shows the color and COD removal of RR198 as a function of catalyst
concentration in the solution under reaction, revealing an improv-
ing effect of MgO in the ozonation process. As illustrated in Fig. 5,
the color removal increased from 53% in the absence of catalyst to
89% in the presence of 1g/L MgO powder. Thereafter, it improved
slightly to over 99% when the MgO dosage was increased to 5 g/L.
A further increase in MgO dosage to 6 g/L did not increase the color
removal. Thus, relatively a small dosage of MgO is needed to cat-
alyze and enhance the degradation of RR198. This can be explained
by the high surface area of MgO, which allows a small amount of
MgO to provide the required reactive surface for the ozone added
to the reactor to induce and propagate the chain of radical reac-
tions [41]. The removal of COD showed a different trend with the
dosage of MgO (Fig. 5). As shown in Fig. 5, removal of COD increased
almost linearly from 12% to 25% with the increase of MgO dosage
from zero to 5 g/L at a constant contact time; further increasing the
catalyst dosage caused no significant change in the removal of COD.
Low COD removal at these experimental conditions is due to short
reaction time. On the basis of these results, 5 g/L was selected as
the optimum dosage of MgO for the subsequent experiments.

He et al. [23] observed that adding 5g/L of MgO powder to
a phenol solution in an ozonation reactor accelerated the oxida-
tion efficiency. Similarly, other researchers have reported increased
oxidation efficiency in metal-based COPs with increased catalyst
dosage [26,48]. However, the optimum catalyst dosage depends
significantly on the type of catalyst, the reactant(s), and the reac-
tion conditions. Comparing the removal of color and COD against
applied MgO dosage shows that the effect of MgO dosage on COD
removal is apparently more significant than its effect on decoloriza-
tion. In addition, the degradation of RR198 was revealed to occur
mainly in the bulk solution, whereas its degradation intermediates
were primarily oxidized on the catalyst surface.

3.5. Effect of initial dye concentration

Despite the fact that industrial wastewaters often contain differ-
ent concentrations of dye, most of the studies on catalytic ozonation
have been carried out using a specific target compound concentra-
tion. Therefore, it is very important from a practical point of view
to study how the initial dye concentration affects the performance
of a COP in the removal of color and organics. The effect of initial
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RR198 concentrations of 100-500 mg/L on color and COD removal
in the COP was investigated at an initial pH of 8 and reaction time of
10 min. Fig. 6 depicts the color and COD removal of RR198 at various
initial concentrations.

As shown in Fig. 6, the color removal efficiencies in COP for ini-
tial concentrations of 100, 200, 300, 400 and 500 mg/L were 100%,
100%, 99%, 97% and 95%, respectively, indicating a trend of reduced
removal with increasing initial dye concentration. The COD removal
efficiency for the corresponding dye concentrations were 69%, 62%,
54%, 48% and 40%, respectively, showing a similar reduction trend.
The rate of reduction in COD removal efficiency was more notice-
able than that for color, suggesting that more ozone is required
to oxidize the intermediates from the dye degradation. This can
be supplied by increasing the ozonation dose either via increased
ozone flow rate and/or increased ozonation time.

These findings show that the dye concentration in the range
tested had no significant influence on the RR198 degradation (color
removal). However, it markedly affected the COD removal effi-
ciency. A possible explanation for this finding might be a greater
affinity of the ozone for dye compounds than for their interme-
diates; therefore, as more organic intermediates were likely being
generated and accumulated in the reactor with the increase of ini-
tial dye concentration, they contributed to the COD measurement
and thereby decreased the measured COD removal.

3.6. Biodegradability enhancement of the COP effluent

The biodegradability of a wastewater is usually evaluated in
terms of the BODs5 to COD ratio [49]. The biodegradability of raw
and COP-treated RR 198 solutions was investigated at different
concentrations in order to show the capability of using biological
treatment for the post-treatment of COP effluents. The results are
given in Fig. 7. It should be noted that the ratio of BODs to COD
in raw solution at all dye concentrations was below 0.1, indicat-
ing that RR 198 is a recalcitrant compound. As shown in Fig. 7, the
BODjs to COD ratio of the dye solution at all experimental concentra-
tions after passing the pretreatment step in COP (under condition
of pH 8, MgO dose =5 g/L and reaction time = 10 min) increased and
ranged from 0.38 to 0.63. This indicates that the biodegradabil-
ity of RR198 significantly improved after a short reaction time in
COP and was converted to a biodegradable waste. The enhance-
ment of the biodegradability is related to cleavage of the azo bonds
and aromatic rings and thus the conversion of the dye molecules
into simple and more degradable intermediates such as acetic acids,
aldehydes, ketones, etc. [50]. Since a wastewater having the BODs5
to COD ratio of 0.4 and higher is considered easily biodegradable
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Fig. 7. Effect of catalytic ozonation on biodegradability of different concentrations
of (initial pH 8, reaction time = 15 min, MgO dosage=5g/L).

[51], it can be concluded from these results that the effluent from
catalytic ozonation with MgO nanocrystals treating azo dyes is
biodegradable enough to be easily post-treated in a biological reac-
tor.

4. Conclusions

This paper presents the results of experiments performed using
MgO as a catalyst in the ozonation processe for degrading RR198 as
the selected reactive azo dye. The MgO nanocrystals exhibit unique
features of a particularly high specific surface area, increased
destructive ability, and simplicity of production, demonstrating
their promise as a catalyst for catalytic ozonation of dye-containing
wastewater. MgO nanocrystals were demonstrated to be effective
catalysts in the catalytic ozonation of dye-containing solutions
since it notably accelerates decolorization and COD removal and
reduces the required oxidation time compared to non-catalyzed
ozonation. The catalytic ozonation with MgO nanocrystals could
also significantly improve the biodegradability of the selected dye,
making possible the post-treatment of the effluent in a bioreactor.
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