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ABSTRACT

Advanced oxidation process (AOPs) are low cost, high efficiency and ecofriendly method in the degration of toxic
pollutants in waste water using hydroxyl radical for oxidation. The hydroxyl radical has a high oxidation potential
and is able to react with practically all classes of organic compounds, resulting in complete mineralization of these
compounds, that is, the formation of carbon dioxide, water and inorganic salts, or their conversion into less
aggressive products. Some of the most popular AOPs are TiO, photocatalysis advanced ozonolysis, electrochemical
oxidation , Fenton’s reaction and Fenton/ultrasonic reaction. Among different AOPs Fenton process is found to be
effective in degrading the organic and inorganic contaminants present in water. One of the main disadvantage of
Fenton process is sludge formation. It requires further treatment before disposal. The Fluidized Bed Fenton(FBF)
process uses carriers that reduces the production of sludge by crystalizing the pollutant onto the carrier surface. In
this study, the Chemical oxygen demand (COD) removal from synthetic wastewater by FBF process has been
investigated. The synthetic wastewater used for conducting the experiments in this study was produced by dissolving
0.5 g Azithromycin in 1000 ml distilled water.The chemical formula of Azithromycin antibiotic is CsgHggNO13.The
various parameters affecting fluidized bed Fenton process are pH,H,O, concentration,Fe ion concentration.
Another factor affecting fluidized bed Fenton process are the carriers. Carriers are solid particles provide the
surface area for the crystallization of the iron sludge, which will remain in the solid phase as iron oxide. The
presence of the solid particles promotes the iron onto the carrier surface. Thus, the crystallization competes with the
floccules and sludge formation of iron hydroxides. In this study Alumininium dioxide is the carrier used for
fluidization. The effect of pH, H,O,concentration, Fe?* concentration for FBF process is studied. A removal
efficiency of 92% was achieved after 1hr of fluidization under optimum condition of pH = 4, [Fe?*]=10mM,
[H202]=20mM
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1. INTRODUCTION

Pharmaceutical waste items are among the most intricate and lethal mechanical squanders. Immense measures of
pharmaceutical are utilized every day for well being. The pharmaceutical industries frequently produces medium to
high harmful wastewater which influences the quality and quantity of effluent. The grouping of metabolically
dynamic and dangerous chemicals which is difficult to degrade is high. Mass pharmaceuticals are fabricated
utilizing an assortment of procedures including synthetic union, maturation, extraction and other complex techniques
by Elmolla et al [9]. For the most part, just a small amount of the measure of anti-infection agents is changed in the
body and the rest are discharged in their local frame or as metabolites done by Elmolla and Chaudhuri [11]. All
around, only a little measure of the antibiotics is changed in the body and the rest are released as metabolites. A
variety of pharmaceuticals have been reported to be present in the effluent of sewage treatment plants
(STPs),indicating their poor biodegradability in municipal sewage and STPs by Kulik et al [13]. They may enter the
aquatic system (surface water and groundwater) or soil and can prompt to the improvement of resistance of
microbial pathogens to anti-infection agents. Hence, biological treatment of waste water is insufficient in the case of
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antibiotics; therefore, a pretreatment process is often required prior to discharge into the sewage treatment system
which is given by Elmolla and Chaudhuri, [17].

Azithromycin is an individual from the macrolide anti-infection agents. Azithromycin is a white powder which is
fundamentally the same as erythromycin however is more viable in decimating Gram-negative microscopic
organisms, particularly Haemophilus influenzae as by Chisholm et al., [18]. Since Azithromycin exhibits low
dissolvability in water, it can be expelled utilizing some basic physical treatment forms, including coagulation and
flocculation. But these processes are largely ineffective in degrading dissolved organic contaminants by Ternes et
al., [19] and Westerhoff et al.,[20]. Because drugs are toxic to microbes in biological treatment and are difficult tobe
degraded using biological processes, the use of new technologies to reduce pharmaceuticals in waste water is Since
medications are lethal to organisms in natural treatment and are hard to be debased utilizing natural procedures, the
utilization of new innovations to decrease pharmaceuticals in wastewater is fundamental.

Advanced oxidation processes (AOPs) are applied frequently for the oxidation of industrial sewage containing
organic and toxic materials were given by Ahmad Reza Yazdanbakhsh et al [21]. These processes are based on the
production of hydroxyl radicals which demonstrate great efficacy in breaking down organic material by Arsene et
al., [25].The efficacy of the various AOPs depends both on the rate of the generation of the hydroxyl radical (*OH)
and the amount of contact between the hydroxyl radical and the organic compound by Zaharia et al., [28]. The
radical *OH is responsible for the destruction of organic pollutants present in water and mineralize them ultimately
to CO, and H,0.

Among different Advanced Oxidation Processes (AOPSs), the Fenton process can be used as a alternative to treat
non-biodegradable wastewater. Since this response is simple and does not create sludge, it has been broadly used to
degrade toxins. The hydroxyl radical is an intense oxidant that can quickly and non-specifically oxidize natural
contaminants into carbon dioxide and water so it can degrade contaminations adequately. The most effective AOP is
the Fenton's process, which comprises of the reaction betweenH,0, and Fe?" in an acidic media for create free *OH.

Fe*+H,0, ~ — Fe(OH)* ++OH

Hydrogen peroxide is a green chemical that abandons O, and water as byproducts. It is utilized as disinfectant in
medicinal and modern applications and as an oxidant in item blend and wastewater treatment. Be that as it may, the
immediate treatment of wastewater with Hydrogen peroxide is constrained by its low oxidation control, since it can
just assault diminished sulfur mixes, cyanides, chloride particle and certain organics, for example, aldehydes, formic
corrosive and some nitro-natural and sulpho-natural mixes. Because of this reason, H,O,is enacted in acidic
effluents with Fe®* particle as catalyst (Fenton's reagent) to yield homogenous *OH as a solid oxidant of organics.
Despite the fact that Fenton procedure has been fruitful in the degradation of the natural contaminants present in
wastewater. The formation of ferric hydroxide sludge Fe(OH)s is consider to be a detriment of this procedure which
requires further treatment prior to disposal. One of the contrasting options to manage this issue is the utilization of
fluidized-bed Fenton reactor.

A fluidized bed is a bed of strong particles with a surge of gas or fluid going upward through the particles at a rate
sufficiently incredible to set them in movement. As the fluid or gas goes through the molecule bed, it grants one of
kind properties to the bed. For instance, the bed acts as a fluid. It is conceivable to spread wave movement, which
makes the potential for enhanced blending. The carriers in fluidized-bed Fenton reactor can start the iron
precipitation as well as crystallization process; hence, the generation of sludge is diminished.

There are several reactions occurring in fluidized-bed Fenton reactor including: Homogeneous chemical oxidation
(H,0,/Fe?"), heterogeneous chemical oxidation (H,O,/iron oxide), fluidized-bed crystallization, and reductive
dissolution of iron oxides. The fluidized-bed Fenton process is influenced by solution pH, initial ferrous (Fe®*) and
hydrogen peroxide (H,0O,) concentrations by using a single carrier. The goals of the review is to identify and set the
ideal operating conditions that best suits the wastewater that are being treated to achieve high degradation efficiency.
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2. METHODOLOGY

2.1.Materials and methods

The synthetic wastewater used for conducting the experiments in this study was produced by dissolving 0.5 g
Azithromycin in 1000 ml distilled water.The chemical formula of Azithromycin antibiotic is C3sHggNO13. The COD
measurements were performed by the closed reflux titrimetric method [28]. The COD of sample is found to be
300mg/L. it indicates that 500 mg/L of Azithromycin is equivalent to 300 mg/L COD which means 1mg/L of
Azithromycin is equivalent to 0.6 mg/L COD. All the chemical substances used as a part of analysis,heptahydrated
ferrous sulfate, and sulphuric acid were of reagent grade. Sulfuric acid (96%) and NaOH (98%) was used to adjust
the initial solution pH. All of the solutions were prepared from the distilled water and the experiments were
conducted at room temperature. Aluminum dioxide was the carrier used in this study. The pH measurement was
performed using a pH meter.

2.2. Fluidized bed Fentonexperimental setup

The fluidized bed Fenton process is carried out in a 1.35L acrylic tube of 4.2 cm diameter and 133 cm heightas
shown in fig-1. The reactor consists of inlet, outlet, and recirculation compartments. To support the carrier
materialglass beads of size 2 mm are used.Aluminium dioxide(Al,O3) was used as carrier with diameters in the
range of 0.5-2 mm.
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Fig-1: The fluidized bed reactor

2.3. Fluidized bed Fenton experiment

In this study, the glass beads having a diameter of 2mmare added first to the acrylic tube reactor. It is followed by
the addition of 50g Al,Os carriers. About 0.5 litre of the synthetic sample whose pH is adjusted by adding H,SO, or
NaOH is then introduced into the reactor. The pump was turned on to suspend the carriers and mix the solution
properly. Carriers were suspended by adjusting the internal circulation at 50% bed expansion. The reaction began
when the H,0, and ferrous sulphate (Fe **) solution was added.
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3. RESULTS AND DISCUSSIONS
3.1. The Effect of Time on COD Removal Rate

The effect of reaction time on COD removal rate was tested to determine an experimental condition for further
research. Chart-2 depicts a typical reaction curve showing the COD removal rate of the waste water sample changes
with reaction time. By keeping H,O, concentration as 15mM and Fe concentration as 6mM at a pH of 3, time is
varied from 30 minutes to 90minutes.The results in tablel demonstrated that organic and inorganic compounds from
the sample were rapidly degraded by fluidized bed Fenton process. Most recalcitrant compounds removal occurred
after 1hour of fluidization. The COD removal rate was about 85%at 60minutes. Further increase in time upto 90
minutes the COD removal was found to be 86.7%. This shows a slight increase in COD removal. So 60 minutes is
kept as the optimum time required for maximum COD removal. Based on this result, the reaction time for fluidized
bed Fenton process was determined to be 60minutes for further experiments.

Table- 1: Optimization of time

Time(minutes) COD Removal(%)
30 78
60 85
90 86.7

COD removal v/s time

88
87
86
85
84
83
82
81
80
79
78

COD removal (%)

0 20 40 60 80 100

Time(minutes)

Chart- 2: Effect of Time on COD removal
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3.2.The effect of solution pH

To determine the optimum pH for the Fluidized bed Fenton process, pH was varied from 2 to 12. Chart-3 shows that
COD removal by the Fluidized bed Fenton process is affected by pH. As presented in chart-3, maximum COD
removal was achieved at pH 4 by keeping constant H,O, concentration as 30mM, Fe ion cocentration as 6mM for
1hour fluidization. When the pH is increasing substantial decrease in the efficiency of COD removal was observed
shown in table 2. These phenomena could be explained by: 1- Fe(OH)* is formed, which reacts more slowly with
H,0, and, therefore, thedegradation of H,0, is slow, the scavenging effect of «OH by H* becomes significant at very
low ranges of pH according to reaction 1 (the ions of H" may have inhibited the generation of hydroxyl and
perhydroxyl radicals that were necessary to achieve the Fenton process) [23].

HO*+ H* + ¢ — H,O 1)

At pH values higher than 7.0, a rapid decrease in COD removal was also observed. This occurs because in this pH
range (alkaline solutions), Fe**ions begin to form flocs (Fe(OH);) precipitate and H,O, is also unstable
anddecomposes to give O, and H,O and consequently loses its oxidizing properties [24].

Table- 2: Optimization of pH

pH COD Removal (%)
2 86.6
4 94.6
5 93.4
7 88
12 84

CODremoval vispH

COD removal(®o)

pH

Chart -2: Effect of pH on COD removal
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3.3. The effect of solution H,0,

The cost of H,0, accounts for most of the cost of AOP processes, so the determination of optimum H,0, amount is
quite important in the AOP processes. The results of COD removal for the determination of optimum H,0,
concentration are presented in chart-3. To determine optimum H,O, concentration, experiments were conducted by
varying the amount of H,O, from 10mM to 25mM(pH was fixed at 4 and the Fe dosage was 6mM). The result
obtained is given in table.3.COD removal was high at a concentration of 20mM of H,0,. An increase in the
concentration of H,O, decreases the COD removal. Because at excessive amounts H,O, acts as a scavenger of the
*OH to produce the perhydroxyl radical (HO,¢) according to reaction 2 (HO,* has much lower oxidation capacities
than *OH) by Zhihui etal., [27].

HoO+ HO* — 3 H,0+ HO* @)

In the optimum concentration of H,O,, ferrous ions completely oxidized; consequently, the generation of hydroxyl
radicals increased by Elmolla and Chaudhuri [11]. Therefore, anH,O, dosage of 20mM with a COD removal
efficiency of 82.6%was chosen as the optimum dosage. The excess H,O,interferes with the measurement of COD,
because theresidual amounts of H,O,consume K,Cr,O;,according to reaction 3, leading to an increase in COD
levels.

Cr,0/* +3H,0,+ 8H" ——— 2Cr" +30, + 7 H,0 (3)

Table- 3: Optimization of H,0,

H,0, concentration (mM) | CODRemoval (%)

10 65.3
15 52

20 82.6
25 54.6

COD removal v/s H,0O, concentration

100

80
o \A
40
20

COD removal(%o)

H2]82 cocen]tsration(r%q\/l) 25 30

Chart- 3: Effect of H,O, concentration on COD removal
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3.4.The effect of [Fe**] on COD removal rate

Chart-4 presents the effect of Fe?* concentrationon on COD removal efficiency for Azithromycin. During this stage,
the concentration of Fe?* was changed from 2mM to 16mM at a constantH,O, dosage of 20mM and pH of 4.0
shown in table 4. At the Fe**dosage of 2mM to 16mM, the COD removal efficiency was increases from 17% to
91.7%.1t is obvious that increasing Fe?* from 2 to10mM has a great effect on the efficiency of the fluidized Fenton
process. Increasing the Fe®* concentration resulted in increase in COD removal, and a decrease in COD removal was
observed. This can be explained by the scavenging effect of overdoses of Fe*'on OH radicals. Because in higher
dosages of Fe?* OH radicals may be scavenged by participating in reactions with Fe?* as in reaction 4 (the formation
of orange-brown iron precipitate (Fe(OH)sflocs), consequently, the COD removal could decrease by Elmolla and
Chaudhuri [9].

Fe** +HO* ——» HO + Fe* (4

Of course, it must be noted that the formed Fe®* again enters a reaction with hydrogen peroxide and produces Fe*" in
the solution and this leads to an increase in the removal efficiency. Therefore, as the optimum COD removal (90%)
occurs at Fe?* = 10mM and given that a slight increase in COD removal was obtained by increasing the iron
concentration more than the optimum amount .Considering the above-mentioned results, a Fe concentration of
10mM was selected as the optimum concentration for the removal of Azithromycin COD.

Table- 4: Optimization of Fe ion

Fe ion concentration(mM) COD removal (%)
2 17
4 50.8
6 82.6
10 90
16 91.7

COD removal v/s Fe ion cocentration

100
80
60
40
20

COD removal(%0)

0
0 5

10 15 20

Fe ion concentration(mM)

Chart 4: Effect of Fe ion concentration on COD removal
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4. CONCLUSION

The effects of major parameters on the fluidized bed Fenton process were evaluated through treatment of the
synthetic waste water containing Azithromycin. It was proved that the organic and inorganic compounds from the
waste watercould be treated effectively using fluidized bed Fenton process. The optimal treatment condition was
determined as:reaction time of 60min, pH=4, [Fe*]=10mM, [H,0,]=20mM, Under this condition, the maximum
COD removal rate reached 90%.

5. REFERENCES

[1] Nivya T K,Minimol Pieus T “Comparison of Photo ElectroFentoProcess (PEF) and combination of PEF
Process and Membrane Bioreactor in the treatment of Landfill Leachate”, Procedia Technology ,24 ,pp 224 —
231,2016

[2] Sibhi Mohammed, Fasnabi P.A ‘“Removal of Dicofol from Waste-Water Using Advanced Oxidation” ,Process
Procedia Technology ,24 ,pp 645 — 653,2016

[3] Jianguo Liu, Changjin Ou, Faheem, JinyouShen, Hongxia Yu, Zhenhuanliao,Weiging Han, Xiuyun Sun,
Jiansheng Li, Lianjun Wang “Reuse Of Fenton Sludge As An Iron Source For NiFe204 Synthesis And Its
Application In The Fenton-Based”, Process Journal Of Environmental Sciences , 8,2016

[4] Sergi Garcia-Segura, Luzvisminda M. Bellotindos , Yao-Hui Huang , EnricBrillas , Ming-Chun Lu
“Fluidized-bed Fenton process as alternative wastewater treatment technology—A review”, Journal of the
Taiwan Institute of Chemical Engineers , pp 1-15,2016

[5] HuiyuanLi, Ricky Priambodob, YanWanga, HuiZhanga, Yao-Hui Huang “Mineralization of bisphenol A by
photo-Fenton like process using a waste iron oxide catalyst in a three-phase fluidized bed reactor”, Journal of
the Taiwan Institute of Chemical Engineers, pp1-6,2016

[6] Muhammad Saqib Nawaz, Muhammad Ahsan “Comparison of physico-chemical, advanced oxidation and

biological techniques for the textile wastewater treatment”, Alexandria Engineering Journal, 53, pp 717-722,
2014

[71 Muging Qiu, Jian xin ShouYanni Lu, “Degradation of organic compounds by fluidized bed fenton process”,
Journal of Chemical and Pharmaceutical Research, 6(7): pp2033-2038.2014

[8] Farhana Tisa, Abdul Aziz Abdul Raman, Wan Mohd Ashri Wan Daud, “Basic Design of a Fluidized Bed
Reactor for Wastewater Treatment Using Fenton Oxidation”, International Journal of Innovation, Management
and Technology, 5, 2014

[9] Elmolla E., Chaudhuri M., “The feasibility of using combined Fenton-SBR for antibiotic wastewater
treatment”, Journal of Desalination, 285, PP14-21,2012

[10] Sayyed Hussain , Shahid Shaikh , Mazahar Farooqui, “COD reduction of waste water streams of active
pharmaceutical ingredient — Atenolol manufacturing unit by advanced oxidation-Fenton process”, Journal of
Saudi Chemical Society ,17, 199-202,2013

[11] Elmolla E., Chaudhuri M., “Combined photo-Fenton—SBR process for antibiotic waste water treatment”,
Journal of Hazardous Materials, 192,pp1418-1426,2011

[12] C., Suteu D., Muresan A., Muresan R., Popescu A., “Textile wastewater treatment by homogeneous oxidation
with hydrogen peroxide”, Environmental Engineering and Management Journal, 8, pp1359-1369,2009

[13] Kulik N., Trapido M., Goi A., Veressinita Y., Munter R., “Combined chemical treatment of pharmaceutical
effluents from medical ointment production”, Chemosphere, 70, pp-1525-1531,2008

C-1507 www.ijariie.com 58



Vol-2 Issue-4 2017 IJARIIE-ISSN(O)-2395-4396

[14] Chia-Chi Su, Chia-Min Chen, Jin Anotai , Ming-Chun Lu , “Removal of monoethanolamine and phosphate
from thin-film transistor liquid crystal display (TFT-LCD) wastewater by the fluidized-bed Fenton process”,
Chemical Engineering Journal ,222 ,pp 128-135,2013

[15] Jin Anotai, Chia-Min Chen, Luzvisminda M. Bellotindos, Ming-Chun, “Treatment of TFT-LCD wastewater
containing ethanolamine by fluidized-bed Fenton technology” Bioresource Technology ,113 , 272-275,2012

[16] Fan X., Hao H ., Shen X., Chen F., Zhang J., (2011), “Removal and degradation pathway study of
sulfasalazine with Fenton-like reaction”, Journal ofHazardous Materials, 190, pp493-500,2011

[17] Elmolla E., Chaudhuri M., “Photo-Fenton treatment of antibiotic wastewater”, Nature Environment and
Pollution Technology, 9, pp365-370,2010

[18] Chisholm S.A., Neal T.J., Alawattegama A.B., BirleyH.D.,Howe R.A., Ison C.A., “Emergence of highlevel
azithromycin resistance in Neisseria gonorrhoeae in England and Wales”, Journal of Antimicrobial
Chemotherapy, 64, pp-353-358,2009

[19] Ternes T.A., Stiber J., Herrmann N., McDowell D., RiedA., Kampmann N., Teiser B, “Ozonation: a tool for
removal of pharmaceuticals, contrast media and musk fragrances from wastewater”, Journal of Water
Research, 37, pp-1976-1982,2003

[20] Westerhoff P., Yoon Y., Snyder S., Wert E., “Fate of endocrine-disruptor, pharmaceutical, and personal care
product chemicals during simulated drinking water treatment processes”, Journal of Environmental Science
Technology, 39, pp-6649-6663.2005

[21] Ahmad Reza Yazdanbakhsh, Amir Sheikh Mohammadi, MahdiehSardar, HatamGodini, Mohammad
Almasian, “COD removal from synthetic wastewater Containing azithromycin using combined coagulation
and a fenton-like process”, Vol.13, No. 12, pp2929-2936,1014

[22] Qiong Yu Liu, Yan Xiang Liu, XulJie LU, “Combined Photo-Fenton and Biological Oxidation for the
Treatment of Aniline Wastewater” Procedia Environmental Sciences, 12, pp 341— 348,2012

[23] Hong S.-H., Kwon B.-H., Lee J.-K., Kim I.-K, “Degradation of 2-chlorophenol by Fenton and photoFenton
processes”, Korean Journal of Chemical Engineering, 25, 46-52,2008

[24] Wang S, “A comparative study of Fenton andFenton-like reaction kinetics in decolourisation of wastewater”,
Journal of Dyes Pigments, 76 , pp-714-720,2008

[25] Arsene D., PetronelaMusteret C, Catrinescu C, Apopei P, Barjoveanu G, Teodosiu C, “Combined oxidation
ultrafiltration processes for the removal of priority organic  pollutants from wastewaters”, Environmental
Engineering and Management Journal,10, pp-1967-1976,2011

[26] A. L. N. Mota, L. F. Albuquerque, L. T. C. Beltrame, Chiavone-FilhoA. Machulek J, A.O. Nascimento ,
“Advanced Oxidation Processes And Their Application In The Petroleum Industry: A Review”, Brazilian

Journal of Petroleum and Gas, 2, pp 122-142,2008

[27] Zhihui A., Peng Y., Xiaohua L., “Degradation of 4- chlorophenol by a microwave assisted photocatalysis
method”, Journal of Hazardous Material, 124, pp-147-152,2005

[28] Zaharia C., Suteu D., Muresan A., Muresan R., Popescu A., “Textile wastewater treatment by
homogeneousoxidationwith hydrogen peroxide”, Environmental Engineering and Management Journal, 8,
pp1359-1369,2009

[29] APHA, AWWA, and WPCF

C-1507 www.ijariie.com 59



