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Abstract

It is more important to improve and complete the wastewater process in order to reuse and return it to the
production line. In this study, the hydrogen peroxide/ozone process (Peroxone) was investigated as a
supplementary step in paper mill wastewater treatment to reduce the amount of chemical oxygen demand
and remove E. coli. In this regard, using the Box-Behnken Design method based on the response surface
method to optimize and investigate the effect of three variables governing the ozonation process,
including the amount of hydrogen peroxide consumed (ml), the amount of ozone input (mg/min) and
ozonation time (min) were used. The results showed that the amount of ozone and hydrogen peroxide had
the greatest effect for reducing COD (up to about 75%). Also, all three variables have played a significant
role in increasing the efficiency of the Peroxone process and even completely eliminating E. coli. In
determining the optimal conditions, the amount of ozone (146 mg/min), the amount of hydrogen peroxide
(2ml) and the duration of ozonation (23 min), the lowest amount of residual COD (73 mg/L) and the
highest efficiency (75% removal of E. coli) are predicted. The results showed that due to the interaction
of ozone and hydrogen peroxide, the peroxone process performance was less efficient than the ozonation
process alone.
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1. Introduction

Ozone directly interacts with micropollutants or
indirectly through the formation of highly
oxidizing hydroxyl radicals, it has the ability to
remove micropollutants and destroy wastewater
microorganisms. Ozone gas and its combination
with hydrogen peroxide', peroxone, have the
potential to remove persistent organic compounds
in wastewater. H,O, increases the rate of ozone
decomposition in water by producing more highly
reactive hydroxyls, and this process may be more
effective than ozonation itself. As an advanced
oxidation, peroxone process is sensitive to several
factors such as pH, ozone level, H,O, level,
temperature, type of micropollutant and
especially, the omlurrence of side reactions that
can consume hydroxyl.

According to the investigations, there is no
report on the final treatment of papermaking
effluent to reduce and remove COD and E. coli
using the Peroxone process with the BBD test
design method. In this article, the optimal
conditions of the Peroxone process tests to
evaluate the effect of variables (amount of H,O,,
amount of ozone and duration of ozonation) on
the amount of reduction of COD and E. coli in the
papermaking effluent were investigated using the
BBD test design method based on RSM.

2. Materials and method

Ozone is produced by a generator (with high
voltage ionization of pure oxygen) and enters the
ozone reactor on the spot. All experiments have
been performed in a semi-continuous reactor with
a volume of 700 ml. The ozone generator
produces up to 20 grams of ozone per hour. In
each experiment, different volumes of H,O, are
added with the effluent in the reactor, and after
mixing for a few seconds, the ozonation process
is performed with different amounts of ozone and
for different periods of time.

When the ozonation reactor is filled with
wastewater to the volume of 500 ml, ozone gas
enters the reactor in the form of small bubbles
through diffusers. The schematic of the
equipment used for the experiments is shown in
Fig. 1. To check the effect of ozonation process,
determination of remaining COD  and
E. coli reduction rate were used as peroxone
efficiency. All experiments were performed at
room temperature.

! Hydrogen Peroxide (H,0,)
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Fig. 1. Schematic of waste water ozonation

3. Result and discussion
The conditions of experiments designed using the
BBD method and its results are shown in Table 3.
In Fig. 2, the graphs of the 3D response levels
obtained from the results of the response of the
residual COD amount and peroxone efficiency
(E. coli removal) in the effluent after ozonation
are shown. According to Fig. 2, increasing the
amounts of ozonation has had an effect on the
reduction of COD, but with the increase in the
concentration of H,O,, the ozone effectiveness
has decreased. In other words, increasing the ratio
of ozone to H,O, increases COD removal.
According to the results of this research, it was
expected that with the presence of H,O, (low pH),
ozone in molecular form and direct attack,

Table 3. Conditions of experiments designed
using BBD method and related results

o Response 1 Re;p(zzjf 2
Run c (mg/smi H:0,  residual re;noval
(min) (ml) COD .
n (mg/L) efficiency

(%)

1 5 100 2 150 50

2 5 150 6 250 70

3 15 100 6 250 80

4 15 100 6 230 80

5 5 50 6 250 50

6 25 50 6 280 70

7 15 150 10 300 100

8 25 100 10 350 100

9 15 50 2 150 40

10 5 100 10 350 100

11 15 100 6 190 80

12 15 150 2 100 70

13 25 150 6 200 80

14 15 50 10 350 100

15 15 100 6 270 80

16 15 100 6 250 80

17 25 100 2 100 70

N 5 O dona
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chemical compounds could be broken down, E. coli removal (Abdolkarimi-Mahabadi and
ultimately reducing the amount of COD in Bayat, 2023).
wastewater. But here, by increasing the amount of
H,0, (decreasing the ratio of ozone to H,0,), the a)
amount of ozone decomposition has also
increased, and the opposite effect has been
shown, and the oxidizing power of ozone has
decreased.

According to Fig. 2, with the increase of time
in high amounts of ozone or low concentrations
of H,O, (high ratios of ozone to H,0,), a relative
tendency to remove more COD can be seen. It
can be said that the presence of H,O, and the
speed of diffusion reactions in the peroxone
process have hindered the effectiveness of COD
removal in the same duration as the ozonation
process alone.

In most of the similar works, the ozonation
process has been shown to be more effective in
removing contaminants and microorganisms at .03 (ng/min) 4 Time (min)
high pH. Therefore, in this study, it can be said
that ozone, in the presence of H,O, (acidic b)
conditions), was effective in removing
microorganisms and was able to act more
effectively in molecular form with direct and
selective oxidation.

Residual COD (ppm)

4. Conclusion

In this research, the Peroxone process was
investigated as a supplementary step in the
treatment of paper factory effluent. To find the

main and reciprocal effects of independent
variables (amount of H,0,, amount of ozone

input and duration of ozonization) on the amount

of responses (removal of COD and E. coli), the
experimental design by BBD method based on

RSM was used. The results showed that the
amount of ozone and H,0O, had the greatest effect 0)
for reducing COD (up to about 75%). Increasing
the amount of all three variables has played a
significant role in increasing the efficiency of the
Proxone process and even the complete removal
of E. coli.

In determining the optimal conditions by the
design method (BBD), to minimize the remaining
COD and maximize the efficiency of the
ozonation process, the amount of ozone (146
mg/min), the amount of H,O, (2ml) and the
duration (23 min) predicted the lowest amount of
residual COD (73 mg/L), and at the same time,
the highest efficiency (75% removal of E. coli). )
Therefore, compared to similar works as well as o
our previous research, it can be concluded that the
presence or increase in the amount of H,O, in the
Peroxone process had little effect on COD
removal, a it showed a significant effect for 100%

Residual COD (ppm)

C:H202 (CO) A: Time (min)

Residual COD (ppm)

C:H202 (CC) B: 03 (mg/min)
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Fig. 2. 3D response surface diagram for COD and E. coli reduction as a function of a) ozonation duration
and ozone amount (amount of H,O, at central value), b) amount of H,O, and ozonation duration (amount
of ozone in the central value), ¢) amount of ozone and amount of H,O, (ozonation duration in the central
value), d) ozonation duration and ozone amount (amount of H,O, at central value), e) amount of H,O,
and ozonation duration (amount of ozone in the central value), f) amount of ozone and
amount of H,O, (ozonation duration in the central value)
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Table 1. Waste water specifications of paper industry
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COD (mg/L) pH (CF{"J%)
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.(Takashina et al., 2018, Shamskilani et al., 2023 ) &l
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Table 2. Level and type of tested variables

Level and limits

Variables Level 1 Level 2 Level 3

t (min) 5 15 2>
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(mg/min)
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Table 3. Test conditions designed using the BBD method and related laboratory results
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2 5 150 6 250 70
3 15 100 6 250 80
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5 5 50 6 250 50
6 25 50 6 280 70
7 15 150 10 300 100
8 25 100 10 350 100
9 15 50 2 150 40
10 5 100 10 350 100
11 15 100 6 190 80
12 15 150 2 100 70
13 25 150 6 200 80
14 15 50 10 350 100
15 15 100 6 270 80
16 15 100 6 250 80
17 25 100 2 100 70
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Table 4. ANOVA results for predicting COD value with peroxone process
Source Sum of squares df Mean square F-value P-value
Model 98033.24 9 10892.58 18.35 0.0005 Significant
A-time 612.50 1 612.50 1.03 0.3435
B- O; 4050.00 1 4050.00 6.82 0.0348
C- H,0, 90312.50 1 90312.50 152.15 < 0.0001
AB 1600.00 1 1600.00 2.70 0.1446
AC 625.00 1 625.00 1.05 0.3390
BC 0.0000 1 0.0000 0.0000 1.0000
A? 400.26 1 400.26 0.6743 0.4386
B? 31.84 1 31.84 0.0536 0.8235
C? 442.37 1 442.37 0.7453 0.4166
Residual 4155.00 7 593.57
Lack of fit 475.00 3 158.33 0.1721 0.9100 Not significant
Pure error 3680.00 4 920.00
Core total 1.022E+05 16

a) b)
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e s
S
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Residual COD (ppm)
Residual COD (ppm)

Residual COD (ppm)

Fig. 3. 3D response surface diagram for COD reduction as a function of a) ozonation duration and ozone amount
(amount of hydrogen peroxide at central value), b) amount of hydrogen peroxide and ozonation duration
(amount of ozone in the central value) and ¢) amount of ozone and amount of hydrogen peroxide
(ozonation duration in the central value)
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Table 5. ANOVA results for predicting the efficiency of the peroxone process (reducing the amount of E. col)

Source Sum of df Mean square F-value P-value
squares
Model 5163.24 9 573.69 160.63 < 0.0001 Significant
A-time 312.50 1 312.50 87.50 < 0.0001
B- 0O; 450.00 1 450.00 126.00 < 0.0001
C- H,0, 3612.50 1 3612.50 1011.50 < 0.0001
AB 25.00 1 25.00 7.00 0.0331
AC 100.00 1 100.00 28.00 0.0011
BC 225.00 1 225.00 63.00 <0.0001
A? 105.26 1 105.26 29.47 0.0010
B? 236.84 1 236.84 66.32 <0.0001
C2 105.26 1 105.26 29.47 0.0010
Residual 25.00 7 3.57
Lack of fit 25.00 3 8.33
Pure error 0.0000 4 0.0000
Core total 5188.24 16
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Fig. 5. 3D response surface diagram for peroxone efficiency (E. coli reduction) as a function of a) ozonation duration
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the central value) and ¢) amount of ozone and amount of H,O, (ozonation duration in the central value)
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