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ABSTRACT

In this research, treatment of an industrial wastewater was experimented in order to remove the value of
NH," and PO,* in two different methods. Such wastewaters contain specific poisonous chlorinated
phenolic combinations, which in biological reactors in a liquid phase could be absorbed much easier and
with a higher velocity. After the treatment, the concentrations of NH," and PO,* were measured in the
cyclic ozonation-biotreatment system and were compared with the same parameters™ achieved measures in
effluent from anaerobic bioreactor. The comparison revealed that the removal in both was dramatically
different and proved the remarkable efficiency of the cyclic ozonation-biotreatment system. By bio-ozone-
bio treatment the value of consumed ozone was considerably increased, but through this way the quality of
treatment and the value of dissolvable substances and returnable to the environment were increased. In
cyclic ozonation-biotreatment reactor liquids are passed sequentially and according to bio-ozone-bio-
treatment method, and it showed when ozone is consumed very quickly, no ozone can enter the reactor
actually. Experiments showed that the ozone value never reached the ozone value in the new comer
wastewater to the system when wastewater of system was consumed again. It means that if new wastewater
is entered, the ozone value is more than the previous one in the system.
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INTRODUCTION

In this research where 13 steps of measurement were done in order to achieve the expected result, all
parameters which were measured proved the usefulness of the ozonation method for treating this industrial
wastewater from resistant and poisonous pollutants that cause suitability of the wastewater after treatment
to be used for different purposes such as in effluent depletion to surface water, effluent depletion to
leaching pit and for agricultural or irrigational consumption. NH," and PO,* are the most remarkable
contaminants which were studied in this research and their removals were recorded after adding ozone
from the fifth step. Because of high molecular weight of these poisonous combinations it was necessary to
perform in a way that in a sequential process these combinations could be changed to smaller and
dissolvable substances in the environment [1, 2]. For availability to a rate of impurity which is necessary
for the ozone generator, the air which was used as the source of oxygen was treated and processed before
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anything else in order to be cleaned out of any fat, moisture, hydro carbons, and dust. Ozonized air was
blown in to the reactor where the magnetic mixer plate provided effective mixing conditions for the
complete solubilisation of gas in the liquid phase [3]. At the end of ozonation phase the remaining ozone in
the liquid phase was cleaned by about 5 h air blowing.

MATERIALS AND METHODS

In this study two main methods of bio-ozone-bio treatment and professional biological treatment were
done continuously as one of the main purposes of this research was a comparison of artificial ozonation
and biological natural ozonation for treating wastewater [4]. In continuous treatment at first wastewater
producer source was considered biologically [5]. The time that the system needed to reach to a spesific
fixed limit was about 90 h which was 3 times more than the total time or 4.5 times more than the total time
in aerobic systems. The most error percent in the final stage was less than 0.5 %, and this value even
became less in aerobic reactors.

The ozonation process in the wastewater treatment was done according to the following system. There are
three components to the ozonation system: the ozone generator, the ozone contactor, an ozone destruction
device. A schematic of this process is shown below in figure 1.
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Figure 1: A schematic dielectric ozone generator [19]

First the wastewater entered the BFB (bio-fluidized bed) system with a water vapour which had been
formed by biological dissolvable substances; in the next step it entered a gas reservoir tank which included
ozone gas, and extra air [6]. The environment's pH was kept 6.7 to 8.9 in the reaction time. The
concentration of ozone in the BFB system cycle was measured and controlled by an electrode called
Amprometric electrode. Such a kind of system was modeled from anaerobic reactors which were used in
the 1990°s [7], [8]. This kind of system could be designed for dyeing industries™ wastewater treatment for
about 2 years as well. The treatment process began by removing salts and other harmful combinations [9],
[10], [11] and increasing the concentration of dissolvable substances [12], and it continued by extracting
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200mL of Di-ethyl from the acidified sample [13]. The standard temperature began in 70°C for 2 min, and
reached to 240°C, and the final temperature of 240°C continued for 3 min. The concentration of the liquid
phase was also measured [14]. The brown colour of wastewater which was removed during ozonation was
because of a medium existence [15]. Moreover the mentioned electrode was used for measurement that
made the ozone value to be limited to about 20 mg L™.

Ozone was produced in an ozone generator. The feed gas could be either air or pure oxygen. A high
voltage was applied to two electrodes and the high voltage produced an arc. In the arc part, the O, was
converted into Oz. Ozone is very unstable and reverts back into O, in min. That is why ozone must be
generated on-site and cannot be shipped to the water treatment plant. About 1/10 percent of the oxygen
flowing past the electrodes was converted into ozone. When air was the feed gas ozone concentrations
between 1 and 4 percent were generated. When the feed gas was pure oxygen, the ozone concentrations
would be between 4 and 12 percent by weight. About 80 to 95 percent of the energy was converted to heat,
and had to be removed at the ground electrode, usually through cooling water. The operational variables
consisted of the applied power, the efficiency and design of the generator, the flow of feed gas, and the
temperature [16], [17], [18].
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Figure 2: A schematic turbine diffuser contactor [19]

Air feed systems had to remove dust and moisture from the air. This was done using filters, driers and
compressors. A lot of machinery and supervision was necessary. A pure oxygen system used liquid oxygen
(LOX) and was much simpler. Only a vaporizer was needed in this case. For the ozone to do its work of
disinfection and oxidation it had to be brought into the water and dispersed as finely as possible [20]. This
was accomplished generally through fine bubble diffusers located in baffle chambers, or in a turbine type
contactor. A typical ozone contactor usually has several compartments in series with bubble diffusers at
the bottom. In the first compartment the water flew downward against the rising bubbles, and in the second
compartment the water flew upward. The chambers were covered to prevent the escape of ozone and to
increase the partial pressure of the ozone in the contactor. Additional chambers followed to guarantee a
contact time between the ozone and the water. Each of the chambers had sampling ports so that the ozone
concentration in each chamber could be determined. This was needed to calculate the product of
concentration and detention time to get the required contact time value. The last chamber ought to still
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have an ozone concentration of 0.1 ppm. Figure 2 shows a schematic turbine diffuser contactor, which
mixes the ozone with the water.

RESULTS AND DISCUSSION

The first measured contaminant was NH,", and its removal trend proved the advantages of treatment after
ozonation, It decreased from 69 (mg L") without ozonation in the fifth step (where the ozonation started)
to 8 (mg L™) with ozone treatment and indicated a sixty one (mg L™) more removal. This trend of
decreasing continued in all other steps to the final one as it is revealed in fig.3. PO, was the other
measured contaminant. As it can be seen and compared in the following graphs this parameter decreased
from 27 (mg L™) in the fifth step by ozone injection to 4 (mg L™) in the same step while in treatment
without ozonation it just decreased to 22 (mg L™), and this removal trend continued in the next steps too.
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Figure 3: Concentration of NH,"in the input wastewater and output wastewater with / without ozonation
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Figure 4. Concentration of PO,®"in the input wastewater and output wastewater with / without ozonation

NH," was the first contaminants that was studied and recorded and its removal trend proved the benefit of
treating with ozonation where after ozonation started, NH," was decreased from 69 (mg L™) in the fifth
step to 8 (mg L™) and indicated a sixty one (mg L™) more removal that emphasized the better efficiency of
such a treatment system in comparison with the normal biological treatment method. This trend of

937
www. joac.info



Amir Hajiali Journal of Applicable Chemistry, 2017, 6 (5):934-940

decreasing continued in all other steps to the final one. 45 (mg L™) to 12 (mg L™), 52 (mg L™) to 12(mg L’
1), 63 (mg L™ to28(mg L™), 60 (mg L™) to 21(mg L™), 46 (mg L™) to 23(mg L ™), 28 (mg L") to 8 (mg L’
H, 8 (mg LY to3(mgL™), 0.6 (mgL™")to0.4(mg L™ were the following decreases from the treatment
without ozonation in comparison with treatment with ozonation.

PO,> was the other contaminant which was measured and the results showed the great effect of treatment
with ozone. As it can be seen and compared in the three tables below this parameter decreased from 27
(mg L™ in the fifth step by ozone injection to 4 (mg L™) in the same step while in treatment without
ozonation it just decreased to 22 (mg L™), and this removal trend continued in the following steps where,
for instance in the ninth step although the flow rate was increased, but PO,* was decreased from 35 (mg L’
1 in the input to 14 (mg L™) after bio-ozone-bio treatment, while after biological treatment it is 33 (mg L’
1. Also 8 (mg L) in the final treatment step with ozonation in comparison with 27 (mg L™) without
ozonation treatment while the input value was 33 (mg L™) can also be mentioned as a very considerable
decrease.

In this experiment where 13 steps (ozonation was done from the 5" step) of measurement were done in
order to achieve the expected result, all parameters measured proved the usefulness of the ozonation
method for treating this industrial wastewater from the poisonous pollutants. The concentrations of studied
parameters were in the input and output wastewater with and without ozonation as well as the pH,
Temperature and Flow Rates in each step are presented in tables 1-3.

Table 1: Concentration of studied Parameters in the input wastewater
Steps 1 2 3 4 5 6 7 8 9 10 11 12 13

Flow Rate (Ilh) 505 505 505 505 682 682 69 132 132 505 682 172 172

Temperature(°C) 19 196 217 224 22 221 21 214 26 231 228 251 229
pH 770 732 720 7.09 790 789 760 670 821 793 715 797 7.82

NH,"(mg L) 95 87 99 102 108 65 68 79 71 63 58 10 45

POS(mgLY 34 3 29 31 27 28 30 31 35 34 29 30 31

Table 2: Concentration of studied Parameters in the output wastewater without Ozonation
Steps 1 2 3 4 5 6 7 8 9 10 11 12 13
Flow Rate (Ilh) 505 505 505 505 682 682 69 132 132 505 682 172 172

Temperature(°C) 21 213 219 23 221 241 23 228 216 236 247 256 215
pH 791 82 705 705 88 89 821 78 84 83 843 836 799

NH,(mgL?) 80 59 80 8 69 45 52 63 60 46 28 8 06
POS(mgLY 29 30 21 20 22 22 28 27 33 30 24 20 27

Table 3: Concentration of studied Parameters in the output wastewater with Ozonation

Steps 1 2 3 4 5 6 7 8 9 0 11 12 13
FlowRate (/) - - - - 682 682 69 132 132 505 682 172 172
Temperature(°C) - - - - 224 241 24 24 26 222 253 225 205
pH - - - - 891 890 838 809 850 840 861 850 8.30
NH,"(mg L) - - - - 8 12 2 28 21 23 8 3 040
PO, (mg L™ - - - 4 5 7 9 14 11 6 5 8
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APPLICATIONS

The results showed the great efficiency of such a treatment system that causes suitability of the wastewater
after treatment to be used for different purposes such as in effluent depletion to surface water, effluent
depletion to leaching pit and for agricultural or irrigational consumption.

CONCLUSIONS

Results achieved from both of the treatment systems (with and without ozonation), and comparing the pros
and cons of the treatment methods of the wastewater, also considering the components of the wastewater
coming out of the pulp factory which contained chlorophenolic contaminants, and the significant removal
of the two specific studied ones (PO,* and NH,") [21] in bio-0zone treatment revealed that the substitution
of the new method (bio-ozone-bio treatment) instead of the biological treatment of such a wastewater
saved both energy and time. Besides, the removal of the mentioned items which were the aim of the study
indicated the efficiency of using ozone for treating this kind of industrial wastewater.
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