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Abstract

The textile industrial wastewater with number of dyes including inorganic and organic compounds
is very polluted if it is not controlled before discharging into environment. Thus, colour wastewater
treatment technology and decolourization efficiency are necessary. The aim of this study is to evaluate the
removal efficiency of acid orange 7 (AO7) which has been using at large range in the textile industry by
homogeneous ozone process. Decolourization of aquatic solutions containing Acid Orange 7 with initial
concentration of 110ppm by using semi-batch reactor where transferred ozone from gas to liquid with
initial concentration of 5ppm O, was studied. The highest decolourization of AO7 solution, about 80%,
was achieved at pH3 after 1 hour-treatment time. This efficiency decreased with increasing the initial
pH, namely 75%, 60%, 55% and 39% for pH 5, 7, 9, 10, respectively. The decolourization process of AO7
by homogenous ozonation was considered following by the second order kinetics and kinetic constants
of the decolourization of AO7 were confirmed the ability of ozonation for decolourization of this dye.
The rate constants of decolourization of AO7 were higher at pH 3, 5 with 2.6594M's!, 1.8827 M's’,
respectively and lower at pH 7, 9, and 10 with 0.8624Ms!, 0.8979M s and 0.7777 M''s}, respectively.
The results obtained shows the homogeneous ozonation capability can be applied to remove AO7 dye.
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Introduction

Dyes are used with a large amount of the textile industry and thus pollutants from dyes
discharge into environment day by day if they are not controlled. It is assumed that there are
about 10.000 commercial dyes used in the textile industry with the biggest number about
60% of azo dyes [1,2]. Some industries such as textile, plastic, leather, paper industries as
additives, especially the textile industry consumed the largest dyes in manufacturing [1,3,4].
Thus, textile wastewaters are one of the most polluted wastewaters due to their characteristics
include mixing contaminants. Moreover, over 7x105 tonnes of dyes are produced annually
worldwide. It is predicted that about 10-15% of these dyes are discharged in effluents during
dyeing processes [5]. Therefore, environmental problems of wastewater discharges are
mainly focused of the textile industry.

In Vietnam, the textile industry plays an important role in economy development with
regards to production sources of labour force employment and of export products. It accounts
for 10% of employed industrial labours and 14.5% of the country’s total export turnover.
However, the textile wastewater in from 25 textile enterprises in Vietnam has been heavily
polluted due to a wide range of COD concentrations from 245-11,150mg/L and amount of
chemicals from dyes which are from different organic and inorganic compounds [6]. The
ratio of BOD5/COD found is low (around 0.2-0.5) which demonstrates this wastewater is
considered as being very hard to degrade by biological methods and other conventional
methods due to BOD5 is less than COD so far.
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Textile wastewater pollution was studied in term of COD, BOD,
TSS, TDS, TOC, heavy metals in which dyeing organic compounds
was focused. In another side, many dyes are toxic and easy to
affect to aquatic communities and ecosystem without treatment,
thus they are possibly follow-on food chain leading to human
beings and environmentally safe [7]. Thus, characteristics of textile
wastewater are required an adaptive resolution of removing these
contaminants.

For dye treatment, some conventional processes are used such
as physico-chemical treatment methods including coagulation,
and flocculation, ion-exchange or ultra-filtration and reverse
osmosis and biological treatment methods [1,3,8,9]. However,
these methods are limited in colour removal due to existence of
recalcitrant compounds of dyeing textile wastewater and excess
sludge production during treatment processes. Recently, advanced
oxidation processes (AOPs) become more effective and are
commonly used in alternative treatments by presence of strong
oxidants such as ozone and hydrogen peroxide [8]. Ozone is a
powerful oxidizing agent and ozonation process has been developed
for wastewater treatment. Many research have illustrated that
ozonation process has bring high effectiveness in removing dyes in
textile wastewater [10-15]. Especially the ozonation of azo dyes has
been interested in research and application due to

over 60% azo dyes have been used in the textile industry.

azo-dyes are difficult to bio-degrade by conventional treatment
methods.

ozone is powerful reactive with the azo (-N=N-) double bond.

Therefore, decolourization of dyes can be easily removed in
wastewater by ozonation [15]. The ozonation is not only effective
in removing the colour but also so excellent in reducing COD and
TOC [4].

In this paper, acid orange 7 (AO7), an azo dye is selected as
pollutant to investigated by the ozonation because it is difficult
to biodegrade. In some previous research, acid orange 7 is also
studied by catalyst in the hydrogen peroxide oxidation and by the
combination of ozone and hydrogen peroxide in a hollow fiber
membrane reactor [16-18]. However, those results are limited due
to processes takes long time and not high efficiency for removing
AO7 in their experimental conditions. Therefore, study on
decolourization efficiency of AO7 by homogeneous process using
ozone as an oxidant and in various conditions of pH and reaction
time is investigated.

Materials and Methods
Materials

Acid orange 7 (AO7) was purchased from Merck, Germany,
chemical formula is C16H11N2Na0O4S with characteristics of acid
orange 7 on Table 1. Sodium hydroxide (NaOH) 1M, acid sulfuric
(H,S0,) 1M from Merck-Germany was used to adjust pH in the
different conditions. Glycine (C,H,N,) was used to quit reaction of
ozone in dye analysis during experimental process.

793
Table 1: Characteristics of acid orange 7.
Characteristic Value
Molecular formula HOC H,N =NCH,SO,Na
Colour index 15510
Water solubility (g/L) 116
Molecular weight (g/mol) 350
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Oxygen is pumped from oxygen cylinder, pass through ozone
generator to enrich ozone liquid into column batch reactor. Ozone
in the liquid is formed in the batch reactor with 2L capacity with
different pH conditions from 3 to 10. Ozone gas of the output can
pass though the destructor which used to treat ozone gas before

Molecular structure

Experimental set-up

discharging into environment. After ozone generation, turning
off ozone generator, opening circulation pump and adding dye
compounds to mix frequently in the reactor. Air diffuser inside
batch reactor can create small bubble to mix the gas transferred
well in the liquid.

Parameters in process are evaluated in the column batch
reactor of 2L after liquid ozone is transferred from gas O, in pure
water matrix in reaction with AO7 added in different conditions.
In each process, the ozone generation in pure water matrix is
performed at least 30 minutes to optimize ozone concentration
in the liquid. Liquid O, concentration in reactor is saturated after
30 minutes of generation. The dye component of AO7 is added
immediately into the batch reactor after stopping O, generation
and initial ozone concentration is determined. The experiments
are conducted in the range of pH from 3 to 10 for removing initial
acid orange 7 concentration of 110ppm during one hour of reaction
time. Investigation of decolouration for AO7 by ozonation is studied
with reactions possibly happening in the experimental system as
follows on Figure 1.

R

0 gas mput 0, gas output

Byproduct
—— .

[ )

pH 3,5, 7, 9 and 10 .

-

Treatment efficiency (%)

AOT
OH®, liquid O,
OH-, HOy and radicals

——

Figure 1: Diagram of experimental system.
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Analytical methods

Ozone in liquid is measured under Indigo Carmine method at
wavelength of 595nm by UV-visible spectrophotometer (UH5300
spectrophotometer, HITACHI-Japan) [19]. Acid orange 7 is
determined by spectrophotometer method at wavelength of 481nm
by UV-visible spectrophotometer (UH5300 spectrophotometer,
HITACHI - Japan). Concentration of AO7 is calculated from
calibration curve at 481nm. All parameters are monitored versus
experimental time and taken out with approximately 5ml of volume
from batch reactor of 2L by syringe of 10ml.

All experiments are implemented at least in one hour and based
on obtained analysis data, the residual concentrations of dyes are
calculated. Efficiency of the process for colour removal is examined
by the formula:

Removal (%) = [I-Atj <100 (1)
A

o
Where:
respectively.

and are concentrations of dye at time t and O,

The efficiency and feasibility of removing AO7 wastewater
is appreciated by the kinetics of the ozonation. When the ozone
concentration is assumed to reach the interface of the stationary
state, the oxidation rate with respect to the concentration of the
organic substance as AO7 compound is determined.

Thus, approximate kinetics for colour removal of dye solution
by ozonation can be reported. The oxidation rate considered as
pseudo-first order kinetics of colour removal is investigated by the
following rate equation:

dc
-5 k¢ (2)

Where dC/dt is the rate of change of dye concentration.
Negative sign indicates that concentration of dye decreases with
time t, k is the rate constant (min or s) and C is the concentration
of dye at time t. If the initial concentration of dye at time t=0 is C;
and at some later time t, the concentration has fallen to C, then the
integration of equation (2) between t=0 and t=t gives as bellows:

Ln [l =kt (3)
[

Thus, a first-order kinetic constants can be determined by
plotting a graph of In[C] vs. time t, a straight line is produced with
slope -k.

If this process happened by the second rate kinetics, the change
of colour concentration versus time was expressed by the following
equation:

Where: C; (M): initial AO7 concentration at time=0
C,(M): AO7 concentration at time t (s)

Hence, second-order kinetic constants can be determined by
plotting a graph of { } vs time t, a straight line is produced with
slope k.

1.1
S G

Result and Discussion
Decomposition of ozone concentration in removal of 0A7

Ozone generation process was performed in reactor of 2L
at room temperature. Sodium hydroxide (NaOH 1M) and acid
sulfuric (H,SO, 1M) were added into the column batch reactor to
obtain different pH values (3; 5; 7; 9; 10) in experiments. Figure
2 revealed the amount of produced ozone after ozone generation
with different set-up pH and initial liquid ozone concentration was
determined at Os of starting time. Experiments were conducted for
removing AO7 in reactor of 2L after ozone transferred from gas to
liquid. linitial ozone concentration in the range from 5.8-6.5ppm
at pH from 3-7 is introduced for experiments for removing initial
AQ7 concentration of 110ppm. Ozone was consumed quickly and
immediately in reaction with orange acid 7 at pH3 and pH5. Ozone is
consumed speedily, leading to almost ozone concentration declined
to under 0.8ppm especially at pH3, ozone concentration declined to
0.22ppm only some starting minutes and at this pH, almost ozone
concentration was consumed over in reaction to remove orange
acid 7 in the ozone decomposition.

7
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6 —e—pH3
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=
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Figure 2: Ozone concentration decomposition in
decolourization of AO7.

At pH9 and 10 of the alkaline conditions, ozone decomposed
immediately in reactor during ozone generation. These obtained
results confirmed that almost ozone was converted to OH® at pH
9 and 10 (Figure 2) and ozone was decomposed quickly at high pH
to form hydroxyl radicals as OH® [20]. Thus, at pH9, initial ozone
concentration gets 0.95ppm before reaction with AO7 110ppm
added and then O, concentration decreased slowly from 0.95ppm
to 0.8ppm during one hour of experimental manipulation. At pH10,
ozone concentration changed limitedly from 0.5ppm to 0.35ppm
at the end of experiment after adding AO7 110ppm. Thus, it was
assumed that, OH® radical played an important role at the alkaline
condition for removing orange acid 7 in these cases and ozone
decomposition has produced OH° radicals during O, generation
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in the liquid. Investigated data in this study were adaptive with
previous authors who studied on mechanism and kinetics of ozone
decomposition [21-23]. Ozone decomposes partly in OH° radicals.
When the pH value increases, the formation of OH° radicals
increases. In a solution with a high pH value, there are more
hydroxyl ions presented, see formulas below. These hydroxyl ions
act as an initiator for the decay of ozone:

0, +OH — HO, +0, (4)
- o
o, +om, » ot +0; +o, (5)

The anions in reaction 1 that are produced into reaction 2 can
introduced other reactions with ozone, generate more OH° radicals.

Removal efficiency of homogenous ozone process for AO7

After ozone generation in 2 litters of pure water in the reactor
at different initial pH conditions, AO7 was added to obtain with
fixed initial concentration of 110ppm from stock solution of 10g/1.
The efficiency of AO7 removal at pH 3; 5; 7; 9 and pH 10 are almost
80%; 75%, 60% and 39% respectively in one hour of reaction time
(Figure 3). AO7 concentration reduced from 110ppm to 17.82ppm
at pH 3 to 22.59ppm at pH5 and almost to 43ppm at pH7, to
45ppm at pH 9 and lightly change to 70ppm at pH10. In first 10
minutes, the colour removal abilities at pH 3 and pH 5 were really
good, nearly 45% of initial AO7 concentration was degradable.
However, at higher pH values, such as pH7 and pH9, the removal
efficiencies were much lower, nearly 20%. After that, rate of colour
removal increased gradually versus time which corresponded to
the decrease in ozone concentration during process. These results
demonstrated clearly the high pH conditions were not convenient
for treating AO7 by ozonation process. Therefore, conditions of
initial pH 3 and 5 were suitable for removal of AO7 with only low
initial ozone concentration of from 5.8-6.5ppm (Figure 3&4).
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Figure 3: Efeect of pH in discolourization of AO7 versus
time.
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Figure 4: Efficiency of removing AO7 versus time.

In ozone generation in the batch reactor using pure water, pH
3 is considered as the best condition to degrade AO7, which leads
to the ratio of residual and initial concentration of that dye at acidic
condition was lowest versus time during process. However, this
value was nearly the same condition at pH5. Besides that, at pH7
and 9, the lines of the ratio of residual and initial concentrations
were nearly similar and that ratio of pH 10 was also investigated
on Figure 5. Hence, decolourization of AO7 is better in acidic
conditions at pH3 and pH5.
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Figure 5: Ratio of residual and initial AO7
concentration during homogenous ozone process.

Ozonation Kinetics

The obtained data showed that, this degradation of AO7 was
predicted as the pseudo first order kinetic model on Figure 6
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and the second order kinetic model on Figure 7 where pseudo
first kinetic constant (k, s*) and second kinetic constant (k, M1s’
1) depend on time running and experimental conditions of initial
pH. Rate constants of reaction (k) of AO7 degradation by the
pseudo first order and second order kinetics at different pH were
summarized in Table 2. The different linear functions related to
the pseudo first order and the second order kinetics were used to
determine R? coefficients. The results were showed that, values of
R? coefficients of the second order kinetics were bigger than those
of the pseudo-first order kinetics (Table 2). As can be seen, these
data confirmed that AO7 degradation process by homogeneous
ozonation in different pH from 3 to 10 had the fitness trend of the
second order kinetics.

Time (s)
‘} F
1] 1000 2000 3000 -Ilim
L] 4 .
0.3 @ »
.
. ‘ [ ]
| 5 .
_— L
8 0.6 » :
b * pH3 -
& o pHS .
- 0.9 P "
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1.2 pHI10 = a
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Figure 6: First order kinetics of AO7 decolourization.
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Figure 7: Second order kinetics of AO7 decolourization.

Table 2: Kinetic constants of AO7 decolourization at
various pH and initial AO7 concentration of 110ppm (k,
kinetic constant).

Pseudo First Order Kinetics | Second Order Kinetics
Values k(sh) R? k (M1s1) R?
pH3 3.10* 0.97 2.6594 0.98
pHS 3.10* 0.92 1.8827 0.96
pH7 2.10* 091 0.8624 0.93
pH9 2.10* 0.93 0.8979 0.96
pH 10 2.10* 0.92 0.7777 0.95

The mechanism performed at pH 3 and pH 5 was better with
the kinetic constants 2.6594Ms? and 1.8827Ms’!, respectively.
The kinetic constants at pH 3 and pH 5 get higher from 2.1 to 3.4
times than the rate constants of pH 7, pH 9 and pH 10 (0.7777 -
0.8979Ms™) with R? coefficient values in the range from 0.93
to 0.98. In comparison with the degradation of Acid Orange 7 by
a heterogeneous catalytic wet hydrogen peroxide process, this
complete decolourization was reached 4 hours of reaction and even
using less initial concentration of AO7 (5.10° to 1.9.10*M) [16] and
the decolourization kinetics followed pseudo-half-order-kinetics
[17].

Conclusion

Decolourization of AO7 with experimental conditions of pH
were investigated in this study, homogeneous ozonation at pH 3
showed to be more effective in terms of decolourization of this AO7
dye. The removal efficiency for AO7 were 80%; 75%, 60% and 39%
atpH 3,5, 7,9 and 10 at which pH 7 and 9 this degraded efficiency
was nearly similar during 60 minutes of reaction time. Therefore,
it was indicated that only needed low initial ozone concentration
from 5.8-6.5ppm at pH 3 and pH 7 were also enough to remove
more than 75%-80% this dye in 60 minutes of reaction time by
homogeneous ozone process. Consequently, the decolourization
kinetics of AO7 dye fit the second order kinetics as investigated
data in aqueous solution at pH 3, 5 got kinetic constants 2.6594M-
s, 1.8827Ms?, respectively and at pH 7, 9 and 10 got kinetics
constants 0.8624, 0.8979 and 0.7777M s}, respectively in reliable
R? coefficients.
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