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. . Industrial production generates enormous amounts of wastewaters with a
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high content of organic and inorganic substances, which must be treated
before discharging into a natural recipient to such a quality that it will not

have a negative impact on the aquatic environment. This paper shows the

possibility of applying a multi-stage process with Fenton reagents in

.. combination with bentonite as an adsorbent in the treatment of ammonia-
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phenolic wastewater. The role of bentonite clay in this study was dye
removal. The investigation was carried out under laboratory conditions,
and the efficiency of the process was determined on the following

Page Number parameters of COD, ammonia, phenol and thiocyanate. Also, the influence

210-217 of the pH value, the concentration of oxidant hydrogen peroxide and

catalyst iron sulphate heptahydrate was examined. The optimal values
obtained for the pH, concentration of hydrogen peroxide and the catalyst
iron sulphate heptahydrate was: 3; 30% and 23 g/1, where the efficiency of
removal of the COD, ammonia, phenol and thiocyanate was: 96.42 %;
85.17 %; 100 % i 99.13 %.

Keywords: Fenton Process, Adsorption, Treatment, Wastewater,

Bentonite

I. INTRODUCTION depends on the technological process. The waste water

produced from the coke production process contains

The most significant amounts of wastewater originate high concentrations of organic and inorganic
from the chemical industrial production sector, where compounds such as phenols, polyaromatic

the concentration and composition of the effluent hydrocarbons, cyanides, ammonia, thiocyanates, etc.,
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most of which have a pronounced negative impact on
the aquatic environment.

In general, for the treatment of such polluted
primary
(biological) and tertiary (chemical) treatment are being

wastewaters, (mechanical), secondary
used. Within the industrial complex for the production
of coke in Lukavac, Bosnia and Herzegovina, they have
a plant installed for the biological treatment of
When  high

concentrations of phenol, ammonia and thiocyanate

ammonia phenolic wastewater.
are present in waste water that is subject to biological
treatment, the removal of pollutants in this process is
hindered. The concentration of phenol above 200 mg/1
significantly affects the nitrification process in
biological treatment [1], [2] the presence of phenol
suppresses the bacterial degradation of thiocyanate [1],
[3]. Similar to the phenol, thiocyanates also show
harmful behavior under certain conditions [1], [4].

In order to minimize the toxicity of this wastewater
type, conventional treatment techniques such as air
stripping, solvent extraction and activated sludge
treatment are used, however the presence of a wide
range of toxic compounds makes these methods
insufficiently efficient [1], [5], [6]. In order to treat
such loaded wastewaters, the researchers considered
various such as:
photocatalysis [7], [8], [9], osonisation [7], [10], [11],
[12], wet oxidation [7], [13], [14], electrocoagulation
(7}, [15], (71, [16], [17], [18],
electrochemical [7], [19], [20], [21], Fered-Fenton [7],

[22] and classic Fenton process [7], [23]. Among the

advanced oxidation processes

ultrasounds

advanced oxidation processes, Fenton-based processes
are considered environmentally friendly technologies
and have attracted much attention due to their
simplicity and efficiency [24]. High efficiency of this
technique is achieved by the reaction of divalent iron
ions with hydrogen peroxide (Fenton's reagents),
which results in the formation of highly reactive
hydroxyl radicals and the oxidation of Fe?" u Fe3*. For
additional removal of organic and inorganic
compounds, a conventional adsorption method using a

bentonite clay as an ecofriendly adsorbent was used.

The combination of the Fenton process and adsorption
enables a high degree of treatment of wastewater from
the coke production process, which by its composition
belongs to the group of the most polluted wastewaters.
In this work, a two-stage Fenton process was
performed, followed by adsorption on bentonite under
laboratory conditions. The study also included analysis
of a raw wastewater, the determination of the
efficiency of the applied process on the following
parameters: COD, ammonia, thiocyanate and phenol.
Moreover, under laboratory conditions the influence
of the: pH value, concentration of hydrogen peroxide
and catalyst iron sulphate heptahydrate was examined

on the effectiveness of applied Fenton process.
II. METHODS AND MATERIAL

For the experimental research samples of ammonia-
phenol wastewater from a coke production plant were
used.
All chemicals worn in this research (sulfuric acid,
hydrogen peroxide, iron sulphate heptahydrate,
sodium hydroxide, etc.) are of high analytical purity
manufactured by Sigma Aldrich. As an adsorbent,
bentonite was used from the Sipovo deposit, Bosnia
and Herzegovina.

Determination of COD, ammonia, phenol and
thiocyanate concentrations was performed using

standard methods shown in Table 1.

Table 1. Presentation of test parameters and methods

Parameter Method
COD BAS ISO 15705:2005
ammonia BAS ISO 7150-1:2002
Standard methods 5530 (D),
phenol 1zd. APHA-AWWA-WEF,
2017
Standard methods 4500 (M),
thiocyanate | 1zd. APHA-AWWA-WEF,
2017
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III.RESULTS AND DISCUSSION

Firstly, samples of raw ammonia phenolic wastewater
were collected, and the initial concentrations were
determined for the following parameters: COD,
ammonia, phenol and thiocyanate: 3991.5; 68.13;
1079.0 and 297.4 mg/l. Experimental studies of the
application of the Fenton process in combination with
the adsorption with bentonite were carried out under
laboratory conditions at ambient pressure and
temperature in two steps. The plant for the treatment
of ammonia phenolic wastewater was simulated in a
laboratory version using a glass beaker as a reactor
connected to a mixer, where 300 ml of the sample was
treated. The wastewater treatment was preceded by
the adjustment of the pH value and the injection of
iron sulphate and hydrogen peroxide. After mixing,
flocculation was performed, followed by adsorption
with bentonite. Furthermore, the samples were
subjected to precipitation and filtration. The resulting
filtrate or treated wastewater was analysed with the
used of parameters defined above, and the obtained
concentrations were used to calculate the removal
efficiency, the results of which are discussed below.
The primary operating conditions that affect the
performance of the Fenton processes are: pH value,

oxidant and catalyst concentration, and temperature
[25], [26], [27], [28].

Influence of the initial pH value

The Fenton process is based on the reaction of
hydrogen peroxide as an oxidase and iron sulphate
heptahydrate as a catalyst, forming highly reactive
hydroxyl radicals characterized with a high oxidation
potential. In this process, the pH value plays a major
role, which affects the generation of hydroxyl radicals,
which, under conditions of atmospheric pressure and
temperature, are capable of breaking down most
polluting substances in wastewater, such as, for
example, alcohols, aldehydes, aromatics, ketones,

ethers, etc. At low pH values, the influence of hydroxyl

radicals *‘OH by means of H* becomes stronger, which
results in a decrease in the oxidation capacity of the
Fenton process [29], [30]. At high pH values, the
hydrolysis and precipitation of iron (Fe3) in the
solution become stronger, which results in a decrease
in the catalytic capacity of iron (Fe3*) [31], [32]. At a
pH value of 3 to 5, iron ions are deposited as colloidal
particles and at a pH above 5 in the form of iron
(I oxyhydroxide [33], [34], [35]. Accordingly, in this
work, the Fenton process combined with adsorption
was performed in two phases, where parameters such
as temperature, reaction time, mixing speed, dose of
hydrogen peroxide and iron sulphate heptahydrate
were constant, while the initial pH value during the
experiment was variable. The tested range was from 1
to 3, which is shown in Fig 1.; Fig 2.; Fig 3.; Fig 4., on
the basis of which it is evident that the optimal pH
value for the degradation of the pollutants was 3,
where the highest removal efficiency for COD,
ammonia, phenols and thiocyanates was achieved in
the amount as follows: 96.97%; 84.29%; 100% and
99.37%. By reviewing the available literature, the
highest efficiency of pollutant removal was recorded at
a pH of 3 to 4, ie., with hazardous industrial
wastewater [36] or landfill wastewater leachate [37],

which are similar in composition to the tested waters.

——pH1 —8—pH2 ——pHS3
120 -
100 4 A\\_‘Z A i y
=80
s
s 60 -
O
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0

Figure 1: The influence of the initial pH value on the

efficiency of COD removal
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Figure 2: The influence of the initial pH value on the

efficiency of ammonia removal
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Figure 3: The influence of the initial pH value on the

efficiency of phenol removal
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Figure 4: The influence of the initial pH value on the

efficiency of thiocyanate removal

Influence of the initial concentration of the catalyst:
iron sulphate heptahydrate

A review of the literature found that various Fenton
optimization processes follow a similar oxidation
mechanism: iron in the form of Fe? catalyzes the
decomposition of hydrogen peroxide to produce a

highly oxidizing hydroxyl radical that can degrade

most organic pollutants [6]. Usually, the efficiency of
decomposition of organic pollutants increases with
increasing the iron concentration (Fe?) [6], [38], [39].
The influence of the initial concentration iron sulphate
heptahydrate was investigated: 18; 20; 23 g/1 to remove
COD, ammonia, phenol and thiocyanate. Parameters
such as reaction time, temperature, dose of hydrogen
peroxide, pH value were constant. The experiment
carried out determined the optimal concentration of 23
g/1, during which the removal efficiency of: 93.58 %
COD; 68.59 % ammonia; 100 % phenol and 99.76 %
thiocyanate was achieved, shown in Fig 5.; Fig. 6.; Fig.
7.; Fig. 8. Furthermore, at a concentration of 18 g/l, the
lowest removal efficiency of 1.92 %; 11.79 %; 33.42 %
and 21.79 % for the removal of COD, ammonia, phenol
and thiocyanate was achieved. Based on the obtained
results, we can conclude that the increase in
concentration increased the degree of removal
efficiency of the examined parameters.
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120 -

100 - A S
2 piiy —x
i‘,SO-
S 60 A
O

40

20 A

0 } — < b

A B C D E F

Figure 5: The influence of the initial concentration of
iron sulphate heptahydrate on the COD efficiency

removal
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Figure 6: The influence of the initial concentration of

iron sulphate heptahydrate on the ammonia

efficiency removal
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Figure 7: The influence of the initial concentration of

iron sulphate heptahydrate on the phenol efficiency

removal
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Figure 8: The influence of the initial concentration of
iron sulphate heptahydrate on the thiocyanate

efficiency removal

Influence of initial concentration of oxidant: hydrogen

peroxide

On the degradation of organic and inorganic pollutants,
and according to the reaction of hydrogen peroxide
and iron ions (Fe?"), which precedes the formation of
hydroxyl radicals, the oxidant concentration plays a
significant role, and determining its optimal value is
crucial for the entire process. An excess of hydrogen
peroxide in the Fenton reaction not only increases the
operational costs of the treatment, but also contributes
to an increase in the concentration of chemical oxygen
consumption. To determine the optimal concentration
of hydrogen peroxide, the experiment was carried out
by dosing the initial concentrations of oxidants,
namely: 15; 20 and 30%, and by keeping other
parameters such as reaction

constant time,

temperature, dose of iron sulphate heptahydrate and
pH value. The obtained results shown in Fig. 9.; Fig.
10.; Fig. 11.; Fig. 12 indicate that the degree of
purification of ammonia phenolic wastewater
increased with the increase of the concentration of
oxidants after treatment. The lowest efficiency of COD,
ammonia, phenol and thiocyanate removal was
achieved at a concentration of hydrogen peroxide of
15%, namely: 3.77 %; 16.34 %; 11.88 % and 32.4 2%,
while the highest was recorded using 30% hydrogen
peroxide in the amount of: 96.42%; 85.17%; 100% and
99.13%. Based on the conducted investigation, the
optimal concentration of hydrogen peroxide for the
treatment of such heavily polluted wastewater was

determined to be 30%.

——15% —8— 20% —&— 30%

COD, %
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Figure 9: The influence of the initial concentration of

hydrogen peroxide on the COD efficiency removal
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Figure 10: The influence of the initial concentration
of hydrogen peroxide on the ammonia efficiency

removal
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Figure 11: The influence of the initial
concentration of hydrogen peroxide on the phenol

efficiency removal
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Figure 12: The influence of the initial concentration

of hydrogen peroxide on the thiocyanate efficiency

removal
IV.CONCLUSION

The treatment of ammonia phenolic wastewater using
the multi-stage Fenton process in combination with
bentonite as an adsorbent proved to be very effective
and efficient in reducing the concentrations of COD;
ammonia, phenol and thiocyanate, resulting in a
satisfactory degree of treated water quality. Both
the

implementation and operation, have low capital costs

techniques are reflected in simplicity of
and as such represent a cheap and feasible option for

removing the already mentioned parameters.
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