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ABSTRACT

Today, advanced oxidation processes (AOPs) is considered as a key and effective method for
environment preservation from pollutions. In this study , advanced photochemical oxidation
processes using O3/H,0, and O3/H,0,/UV systems were investigated batch photolytic reactor
in lab-scale for the degradation of bisphenol A (BPA).

In ozone generator source, air, as the initial instrument feed, changes to ozone after electrical
action and reaction. The UV irradiation source was a medium-pressure mercury lamp 300 W
that was immerse in the wastewater solution with in 1.5 liter volume reactor. The reaction was
influenced by the pH, the input concentration of H,O,, the input concentration of BPA, ozone
dosage, chemical oxidation demand (COD) and UV irradiation time.

Results showed that at initial bisphenol A concentration of 100 mg/l will completely degrade
after 60 minutes by using O3/H,O; in the pH range from 9.8 to 10 and by adding UV, it will
happen in less than 36 minutes in the pH range of 3 to 10. The O3/H,O,/UV process reduced
COD to 75 percents.
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1 INTRODUCTION

Recently, endocrine disrupting chemicals (EDCs) have been spread over the environment and
have deteriorated the generative function of some species of living things on the earth [1].
Although, it is still being discussed whether such chemicals have an influence upon human
beings or not, it is necessary to develop technology for their decomposition as soon as
possible. Unfortunately, these EDCs cannot be degraded and removed completely by
conventional biological degradation treatment. Consequently, advanced treatment
technologies are required to effectively eliminate these environmental pollutants in drinking
water sources and wastewater effluents [2-4].
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Besides the works on removal or mineralization of these chemicals have been carried out
using various advanced oxidation technologies (AOT) are effective in decomposing refractory
organic chemicals [3-5]. In this study, O; oxidation was chosen as the main chemical
treatment to decompose bisphenol A in aqueous medium (Figurel).
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Figure 1. Structural formula of BPA.

BPA is a monomer of various polymeric materials. In addition to being used as monomers for
the production of polycarbonates, epoxide phenol resins, etc., it is also being utilized as an
antioxidant in numerous types of plastics [6].

Recent studies have shown that BPA can leach out of the plastic lining of cans used for foods,
polycarbonate baby bottles, tableware, white dental fillings and sealents [7]. Epoxy resins
used for the renovation of water pipes are based on BPA diglycidyl ether or a mixture of BPA
and diglycidyl ether. Residues of this compound in water appear to be due to incomplete
polymerization [8]. When BPA was subjected to metabolic activity it bounded to DNA [9]. O3
reacts with organic compounds through a direct pathway by molecular ozone and a radical
pathway by means of hydroxyl radicals. Under acidic conditions and in presence of radical
scavengers which inhibit the chain reaction which accelerates the decomposition of Os, the
direct ozonation pathway dominates but under basic conditions or in presence of solutes
which promote the radical-type chain reaction which accelerates the transformation of ozone
into *OH radicals the latter, i.e. hydroxyl radical reactions dominate [10,11]. When the
medium is basic, O; decomposes to generate hydroxyl radical, which is non-selective and
highly reactive oxidant for destruction of toxic organic compounds in wastewater.

Ozone decomposition proceeds with chain reactions including initiation, propagation and
termination steps [11,12]:

* Initiation step:

Decomposition reaction of ozone is initiated by OH 1ions in the solution yielding *OH
radicals.

0;+0H — 0,” + HO, ki=70M"'s™!
(D
« HO;, radical is in acid-base equilibrium:
HO, = O,” +H' pK,=4.8
(2)
* Propagation step:
05 +0,"— 057 +0, kr=1.6x109M ' s
(3)
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HO; = O;” +H' pK.=6.2
4)
HO;" — ‘OH + 0, ky=1.4x105s"
(5)
0; +'OH — HO, ks=2.0x109M ' s
(6)
HO, — HO, + O, ke=2.8x104s""
(7)

* Termination step:

This step includes any recombination of ‘OH, HO," and O,. The combination of ultraviolet
(UV) radiation with O3 may be a more effective advanced oxidation technique than using O3
alone for certain target materials due to the formation of additional HO; and "OH radical
generation via photolysis [13].

O3 + H,O + hv —» H,0, + O,
)
H,O, + hv — 2°'OH
9)

However, the photolysis of H202 to produce two *OH radicals is rather slow because molar
extinction coefficient of hydrogen peroxide is much lower (19.6M ' ¢cm™") than that of ozone
(3300M—1 cm—1) at 254 nm [14]. A fraction of hydrogen peroxide is dissociated into HO,
(pK, = 11.8) by following reaction [15]:

H202 — H027 + I‘I+

(10)
This reacts with further ozone by producing O;™ radicals,
HO, + 03 - HO, + 03"

(In

and it therefore acts as a further chain carrier [11].

In this study BPA were treated with O3, O3/H,0O, and O3/H,0,/UV in aqueous medium at 100
mg/L initial concentration. The depletion of the initial substrates throughout the treatments
were monitored and the efficiency of conversions and complete degradations in three different
systems were compared.

2 MATERIALS AND METHODS

2.1 Chemical

Bisphenol A (99%; Aldrich, 228.29 g/mol) were used without further purification. BPA is
directly dissolved in water with a concentration of 1000 mg/L. Standard solutions of
bisphenol A were prepared by diluting the 1000 mg/L stock. Hydrogen peroxide solution (30
% w/w) in stable form was provided by Riedel-deHaen Company. All reagents employed
were not subjected to any further treatment.

2.2 Experimental set up
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All experiments were performed in a batch reactor with a cooling jacket. The schematic
diagram of the experimental set-up used in the study is shown in Figure 2.

The reactor was cylindrical with 1.5 L volume and the internal part is made of quartz glass
which was available for the transfer of the radiation and the outer part is made of Pyrex glass.
Irradiation was achieved by using UV lamp (medium pressure mercury lamp UVOX 300 of
300 W, 240-250 nm, from ARDA Company in France) which was immersed in the glass tube
and the Ozone gas was produced by Ozonator (ARDA Company, Model COG1, France)
which was immersed in the reactor.

The reactor was equipped with a cooling water jacket system. The reactor was filled with the
bisphenol A solution. Mixing was accomplished by the use of a magnetic stirrer.

UV Lamp
03 Injecting & Sampling port pH Meter
o e
l_] I I l_‘
Recycle Feactor
Water E
Thermostat bl
(=) L Magnetic
. ' Stir Bar
Stir Plate

Figure 2. Schematic diagram of photochemical oxidation system experimental set-up.

2.3 Procedures

The laboratory unit was filled with 1.5 L of the bisphenol A solution. The optimum ozone
dosage was determined by addition of O3 to BPA solution and the percent degradation of
BPA was measured. The optimal hydrogen peroxide concentration was determined by
addition of O3 to BPA solution and the percent degradation of BPA was measured. The time
at which the ultraviolet lamp was turned on was considered time zero or the beginning of the
experiment which was taking place simultaneously with the addition of hydrogen peroxide.
The pH of the sample solution was adjusted with H,SO4 and/or NaOH solution. The BPA
solution was degraded by O3, O3/H,0O, and O3;/H,O,/UV processes and chemical oxygen
demand (COD) of solution was determined

2.4 Analytical methods

Samples were taken at appropriate time intervals from the reaction vessel and pipetted into (3
ml) glass vials. The vials were filled so as to leave no headspace and sealed with teflon-lined
silicon septa and screw caps. The samples were immediately analyzed to avoid further
reaction. Concentration changes of bisphenol A were determined by a spectrophotometer
(DR2500 , HACH) according to the standard methods [16]. The initial and treated solutions of
bisphenol A were determined by the standard methods procedure [16]. The pH measurements
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were carried out with a Metrohm model 691 pH meter, calibrated with two buffer solutions of
3 and 7. Chemical oxygen demand of solution was determined by COD meter (CR 3200,
WTW).

3 RESULTS AND DISCUSSION

3.1 Optimum ozone dosage

Figure 3 illustrates the percent degradation of BPA as a function of the ozonation time at
different doses of O3 input.

By addition of Os, the degradation rate of BPA increased when ozone concentration
increased. As can be seen from Figure 3, the percent degradation of BPA at 0.138 mmol/min.
ozone dosage was 61.0 (the highest percent) and was 60.0 at 0.166 mmol/min. ozone dosage.
Thus the optimum ozone dosage is 0.138 mmol/min.

~ ~
120

——0.138 mmol O3 / min. —— 0.166 mmol O3 / min.
—&—0.11 mmol O3/ min. 0.083 mmol O3 / min.
—#— 0.055mmol O3 /min. —&— 0.028 mmol O3/ min.
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Figure 3. The effect of ozone concentration in degradation of BPA with ozone.

3.2 Optimum hydrogen peroxide dosage

When hydrogen peroxide combined with ozone, the rate of BPA degradation increased
significantly compared to that of direct ozonation. Figure 4 illustrates the percent degradation
of BPA as a function of the irradiation time at different doses of H,O, input.

The degradation rate of BPA increased when hydrogen peroxide concentration increased. As
can be seen from Figure 4, the percent degradation of BPA at 0.0945 M hydrogen peroxide
dosage was 20.30 and was 18.10 at 0.1419 M hydrogen peroxide dosage. In this process,
hydroxyl radicals generated from the degradation of hydrogen peroxide were the main
responsible species of BPA elimination. Addition of H,O, exceeding 0.0945 M for this
system did not improve the respective maximum degradation. This may be due to auto-
decomposition of H,O, to oxygen and water and the recombination of OHe radicals. Since
OHe radicals react with H,O,, H,O, itself contributes to the OH scavenging capacity.
Therefore, HO; should be added at an optimal concentration to achieve the best degradation.
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Figure 4. The effect of hydrogen peroxide concentration in degradation of BPA with ozone.

3.3 O3/H,0, Process

Figure 5 illustrates the degradation of BPA as a function of the oxidation time at Alkaline pH.
By addition of Os, the degradation rate of BPA increased. As can be seen from Figure 5, the
percent degradation of BPA was 99.4 and the percent decrease of chemical oxygen demand
was 54.5 at 60 minute.
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Figure 5. The degradation of BPA with ozone/hydrogen peroxide process.

3.4 O3/ H,0,/UV Process

Figure 6 illustrates the degradation of BPA as a function of the oxidation time at Alkaline pH.
By addition of O, the degradation rate of BPA increased. As can be seen from Figure 6, the
percent degradation of BPA was 99.8 and the percent decrease of chemical oxygen demand
was 75.2 at 35 minute.
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Figure 6. The degradation of BPA with ozone/hydrogen peroxide/UV process.

3.5 Comparison between advanced oxidation process

The degradation of BPA was investigated in all systems O3, O3/H,0, and O3/H,O,/UV. The
loss of BPA was observed as a function of oxidation time and data were fitted to a first-order
rate model.

Ln (C1/C()) =-Kot
(12)

where Cy and C; are the concentration of BPA at oxidation times 0 and t, K, is a first-order
rate constant (min™') and t is the oxidation time (min). The rate constants were determined
using a first-order rate model (eqn. 12). The results are listed in Table 1.

Table 1. Values of reaction rate constant of the degradation of BPA by different types of
advanced oxidation processes

Type of advanced oxidation process | Ko (min™)
O3 0.051
03/H,0, 0.093
03/H,0,/UV 0.179

The experimental data in Figure 7 show that O3;/H,O,/UV process had a significant
accelerating effect on the rate of oxidation of BPA. The data in Table 1 show that addition of
H,0, to the O; system enhanced the rate of BPA oxidation by a maximum factor 1.8, over the
O3 system and addition of UV radiation to the O3;/H,0O, system enhanced the rate of BPA
oxidation by a maximum factor 1.9, over the O3/H,0O, system, depending on both H,O, and
O3 doses.
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Figure 7. First-order plot for degradation of BPA by O;, O3/H,0; and O3/H>O,/UV processes

4 CONCLUSION

Bisphenol A (BPA) have been oxidized by Os, O3/H,0; and O3/H,0,/UV processes. The
initial concentration of BPA was 100 mg/L solution and kept constant in all treatments.
Coupling of UV with O3/H,0, and coupling of H,O, with O3 decreased the O; consumption
compared to O; only. The results indicated that the reaction between BPA and Os is slower
than the reaction between BPA and O3/H,0,.

The optimum concentration of ozone and hydrogen peroxide for degradation of BPA under
03/H,0; system was 0.138 mmol/min and 0.0945 M, respectively. In O3/H,O, system the
percent degradation of BPA was 99.4 and the percent decrease of chemical oxygen demand
was 54.5 at 60 min.

In complete degradation experiments, 1 mole of BPA reacted with 20.5 moles of Os;. BPA
complete degradation was achieved after 37 min under the optimum conditions by
03/H,0,/UV process.

In O3/H,0,/UV process the percent degradation of BPA was 99.8 and the percent decrease of
chemical oxygen demand was 75.2 at 35 min.

It was found that the primary decomposition reaction follows a first-order kinetic law, and the
rate constant, K,, was 0.051, 0.093 and 0.179 for O3, O3/H,O, and O3/H,0,/UV processes,
respectively. The optimum ozone dosage was 0.138 mmol/min. and hydrogen peroxide is
0.0945 M.
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