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Abstract. Naturally, textile waste and its complexity will grow significantly in tandem with the
increasingly diverse production of the textile industry. In Indonesia, one of the leading textile industry is
batik industry. These textile dye compounds as well as their corresponding phenolic compounds in batik
waste are considered and treated as well as can cause acute toxicity and mutagenic effects for aquatic
ecosystems. Ozone is an effective wastewater treatment technique by using ozone formation which can
optimize the degradation process of batik wastewater. This study aims to test the ability of ozonation
techniques in the process of removal remazol blue (RB-19) batik dyes or phenolic compounds (phenol and
4-chlorophenol) in bubble column reactor under basic condition (pH about 10). From experiment result, it
was found that in 60-minutes degradation process with ozonation technique for RB-19 dye reached 99.70%
and 4-chlorophenol reached 62.79%. The optimum condition of the treatment process was obtained by using
air flow rate 10 L/min for RB-19 dye and 12 L/min for 4-chlorophenol, using a multi ozone injection

system, and flow rate of wastewater 250 mL/min.

1 Introduction

Nowadays, the growth of batik industry in Indonesia has
brought the issues of complex wastewater that
significantly grew. Synthetic dye and phenolic
compounds are the content of batik wastewater that
needs to be treated thoroughly. Remazol blue (RB-19) is
one of the most commonly used and easily accessible
dyes in the batik industry, but it is also difficult to
degrade [1]. Phenolic compounds in textile industry
wastewater were derived from the process of scouring,
dyeing, and printing [2]. Parachlorophenol (4-
chlorophenol) is a phenolic compounds that used as an
intermediate in organic synthesis of dyes [3]. United
States Environmental Protection Agency (USEPA)
incorporates phenol into the priority list of wastewater
substances to be eliminated because phenolic compounds
have high toxicity and carcinogens [4].

According to PERMEN LH Number 5 Year 2014
regarding wastewater quality standards for the textile
industry, the limit of phenolic compounds is 0.5 mg/L.
Several previous studies have shown that the phenolic
content in the textile finishing wastewater is about 4.1 -
241.53 mg/L [5]. It is still considered too high, therefore
an effective technique is needed to achieve quality
standards.

Several conventional methods have been undertaken
to overcome wastewater containing dyes and phenolic
compounds, but those methods are ineffective because
dyes and phenolic compounds are resistant to
degradation, take a long time of degradation time, and
toxic byproducts can be formed [6]. One of effective
technique that can be developed is the ozonation
technique, this technique can degrade toxic compounds

*
Corresponding author: setijo.bismo@ui.ac.id

and dyes that are very difficult to degrade by
conventional methods [7].

The use of ozone in wastewater treatment is growing
rapidly due to its dual function as strong oxidizing agent
and disinfectant. The unique characteristic of ozone is its
decomposition in water into a hydroxyl radical which is
the strongest oxidant in water [8].

In this study, ozonation technique is applied in
bubble column reactor in basic condition for batik
wastewater treatment that containing dyes and phenolic
compounds. In bubble column reactor with multiple
injection system, oxidation process occurs rapidly and
intensively. This system also produces a more
homogeneous system with larger mass transfer and mass
contact area [9]. The highest percentage of batik
wastewater degradation is determined by ozonation
technique was obtain in basic condition [10]. It is
expected that the results of this research can be an
effective technique of wastewater treatment.

2 Materials and method

The experimental set-up used in this degradation study is
the bubble column reactor with the semi-batch system.
The reactor was equipped with multi injection system to
stream the ozone/air into the wastewater. The ozone
stream was produced by ozonator. The volume, height,
and diameter of the reactor are 12 L, 190 cm and 9 cm,
respectively. The ozonator used in this research is
tubular DBD (dielectric barrier discharge) reactor. Fig. 1
shows the schematic diagram of experimental setup for
ozonation technique.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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Fig. 1. The schematic diagram of experimental setup for
ozonation technique

Table 1. Description of schematic diagram

Reservoir
Pump
Bubble Column Reactor
Gas Injection 1 (I1)
Gas Injection 2 (1)
Power Supply
Ozonator Circuit
Flowmeter
Compressor
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This study was started by hydrodynamics test and
ozonator productivity test. Water and air were used in
hydrodynamic test to prevent the possible future
reaction. The gaseous ozone dosage from ozonator
productivity test was determined with KI solution.
Several experimental parameters such as air flow rate,
ozone injection system, and wastewater flow rate were
evaluated in this study. Air flow rates were 8 L/min, 10
L/min, and 12 L/min. The effects of ozone injection
system were investigated with single injection and multi
injection. Wastewater flow rates were 250 mL/min, 330
mL/min, and 390 mL/min.

The operating conditions in this study were initial
concentration of remazol blue (RB-19) or 4-
chlorophenol + 50 mg/L, initial pH of wastewater 10,
and conducted for 60 minutes with sampling at minute 0,
15, 30, 45, and 60. The molecular structures of remazol
blue (RB-19) and 4-chlorophenol are shown in Fig.2.

The best operating conditions were obtained from
concentration of RB-19 and 4-chlorophenol that obtained
the highest percentage of degradation. The concentration
of RB-19 and 4-chlorophenol were determined by using
a spectrophotometer. Sample of 4-chlorophenol must be
reacted with 4-aminoantipyrine before measured by
spectrophotometer.
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Fig. 2. Molecular structures of RB-19 and 4-chlorophenol

3 Results and discussion

The results obtained during the study were discussed and
analyzed which can be explained as below.

3.1 Hydrodynamic test

The hydrodynamic test in this bubble column was
carried out using water as a liquid fluid and air as a gas
fluid [11]. This test was performed to find out the phase
contact profile between the liquid phase and the gas
phase. The results of the hydrodynamic test on the
bubble column reactor were obtained as follows.
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Fig. 3. The water flow rate curve with variation of power
supply voltage

Fig. 3 shows the profile of the water flow rate with
varying power supply voltage. It can be seen that the
higher power supply voltage was given, the more water
will be flow. The selected power supply voltages for the
degradation process were 8 V, 10 V, and 12 V where the
water flow rates were 250 mL/min, 330 mL/min and 390
mL/min, respectively.
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3.3 The effect of airflow rate on degradation
percentage

Air was entered the ozonator to produce ozone which
will be injected to reactor. The variations of air flow rate
in this study were 8 L/min, 10 L/min, and 12 L/min. The
observations were done with single ozone injection
system in I, and wastewater flow rate was 330 mL/min
for 60 minutes.

Table 2. The effect of airflow rate on degradation percentage
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Fig. 4. The water flow rate curve with variation of air flow rate

Fig. 4 shows the profile of the resulting water flow
rate curve with varying airflow injection rate. It can be
seen that water flow rate was influenced by the presence
of air injection. The value of water flow rate in the
presence of air injection is higher than without the
presence of air injection. Variations of air flow injection
rate also affect the value of water flow rate as seen in
Fig. 4, it can be concluded that the higher air injection
flow rate, the water flow rate will be smaller.

The presence of air injection was increased the water
flow rate because air injection in bubble column reactor
produced bubble gas to lift up the water. The higher air
flow rate that injected to reactor, the bigger bubble gas
was produced [12].

3.2 Ozonator productivity test

The air containing oxygen was used to generate ozon.
Variations of air flow rate at 8 L/min, 10 L/min, and 12
L/min produced the dosage of ozone as follows.
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Fig. 5. Variation of air flow rate on ozone dosage

Fig. 5 shows the ozone dosage which produce by
ozonator was affected by air flow rate. The higher flow
rate of air enters ozonator, the higher ozone dosage to be
generated. The highest ozone dosage was obtained at 12
L/min air flow rate with a dosage of ozone is 667 mg/hr.

Air Flow Remazol Blue 4-Chlorophenol
Rate Degradation Degradation
8 L/min 99.05% 53.21%
10 L/min 99.06% 54.78%
12 L/min 98.33% 56.05%

Based on Table 2, the highest degradation of remazol
blue by varying the air flow rate was obtained at 10
L/min, however the highest degradation of 4-
chlorophenol was obtained at 12 L/min. As seen on
Table 2, the air flow rate was not significantly affect the
percentage of remazol blue degradation. Results show
that the degradation effect of remazol blue was not
evident with high ozone dosage, but it was evident in
degradation of 4-chlorophenol. The higher air flow rate
was increased the percentage of 4-chlorophenol
degradation. The increasing percentage of 4-
chlorophenol degradation was occur because the higher
flow rate of air produces the higher ozone dosage to
degrade 4-chlorophenol, this theory was supported by
hydrodynamic test results.
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Fig. 6. Decreased concentration of remazol blue and 4-
chlorophenol in air flow rate optimum condition

The decrease of remazol blue concentration with air
flow rate of 10 L/min and 4-chlorophenol with air flow
rate of 12 L/min can be seen in Fig. 6. The concentration
of remazol blue and 4-chlorophenol was decreased with
time. This decreased concentrations indicate there were
degradation process by ozonation in bubble colum
reactor from time to time.
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3.4 The effect of ozone injection system on
degradation percentage

Ozone injection system centered on the bottom of the
column (I») was proved to degrade remazol blue and 4-
Chlorophenol by 99.06% and 56.05% for 60 minutes of
degradation with wastewater flow rate 330 mL/min.
Bubble column reactor used in this research has multi
injection, variation of injection system has been done to
know its influence on percentage of degradation.

Table 3. The effect of ozone injection system on percentage of
remazol blue degradation

Degradation of Remazol Blue

Ig_;}esct:::ln IlAlr Flow Rate - Degradation
I - 10 L/min 99.06%
<Dk 4 L/min 6 L/min 99.68%
L=Dh 5 L/min 5 L/min 98.82%
L>D 6 L/min 4 L/min 99.40%

Table 4. The effect of ozone injection system on percentage of
4-chlorophenol degradation

Degradation of 4-Chlorophenol

Ig;zizl;n - Air Flow Rate - Degradation
I - 12 L/min 56.05%
L<Dk 5 L/min 7 L/min 58.51%
L=k 6 L/min 6 L/min 57.00%
Li>D 7 L/min 5 L/min 55.08%

Based on Table 2 and Table 3, the multi ozone
injection system was produced a better degradation than
single ozone injection system. The best degradation
results for both wastewaters were occur during multiple
injection system when ozone injection in I; is less than I,
(It < I,). The highest degradation of remazol blue was
obtained when the air injection of ozonator input for I,
was 4 L/min and I, was 6 L/min with the result of
degradation 99.68%. The highest degradation for 4-
chlorophenol by 58.51% was achieved when the air
injection of ozonator input for I; was 5 L/min and I, was
7 L/min. The multi ozone injection systems were proved
to increase degradation process because the presence of
ozone in bubble column reactor with the multiple
injection system was evenly distributed to obtain more
homogeneous degradation processes [11].

3.5 The effect of wastewater flow rate on
degradation percentage

After obtaining the optimum conditions for air flow rate
and ozone injection system, the ozonation were
performed with variations of wastewater flow rate (250
mL/min, 330 mL/min, and 390 mL/min) to obtain the
optimum conditions of the ozonation technique in
degrading the concentration of remazol blue and 4-
chlorophenol wastewater.
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Fig 7. Variation of wastewater flow rate on the degradation
percentage

Results of degradation of remazol blue and 4-
chlorophenol with different wastewater flow rate are
shown in Fig.7. The highest degradation for remazol
blue and 4-chlorophenol were obtained when the
wastewater flowrate was 250 m/L. The decreasing of
wastewater flow rate will be increased the percentage of
degradation wastewater, its because the residence time of
wastewater in bubble column was longer. The contact
time between wastewater and gas bubble (ozone) will be
increased due to the longer wastewater stayed in reactor.
The degradation of wastewater will be increased along
with increasing contact time.

3.6 Comparison of remazol blue and 4-
cholophenol degradation under optimum
condition

The optimum condition was obtained by air flow rate for
RB-19 dye and 4-chlorophenol were 10 L/min and 12
L/min, using ozone multi injection system, and
wastewater flow rate was 250 mL/min. After 60-min
ozonation under optimum condition, degradation of
remazol blue and 4-chlorophenol were reached 99.70%
and 62.79%, respectively. From previous studies
reported in the literature, degradation reached 70.16% by
ozonation in 60-min for 100 mg/L remazol blue [10] and
the percentage of degradation 4-chlorophenol was 99.4%
after the total of 24 h ozonation [13].

Based on Fig. 8, concentration of remazol blue and 4-
chlorophenol were decreased along with the increasing
degradation time. During 60 minute of degradation,
remazol blue concentration was reduced from 47.10
mg/L to 0.19 mg/L, and 4-chlorophenol concentration
was reduced from 48.10 mg/L to 17.90 mg/L.

During the first 30 minutes of degradation, the
concentration of remazol blue dye was reduced
significantly to 1.33 mg/L. It indicates that ozonation in
bubble column was effective in degrading remazol blue
dye within 60 minutes and reached 99.70%. However, to
degrade 4-chlorophenol within 60 minutes only reached
62.79% because the phenolic compounds were more
resistant to degrade than dyes, and also chlorine atoms in
4-chlorophenol was ozone-resistant. From Fig. 2, it
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appears that remazol blue has a larger molecular
structure than 4-chlorophenol. Ozone reacts quicker with
a larger molecular structures that contains double bonds,
activated aromatic groups or amines [ 14]. Degradation of
4-chlorophenol as a simple phenolic compounds needs
some longer time than degradation of remazol blue [15].

L

a
and()
) A
£30 A
E A
§20 A
g
O 10 o
0 . ® ®
0 15 30 45 60

Time (min)
®Remazol Blue A 4-Chlorophenol

Fig. 8. Decreased concentration of remazol blue and 4-
chlorophenol in optimum condition

4. Conclusion

Several experiments were conducted to degrade remazol
blue and 4-chlorophenol compounds using ozonation
technique. The results reveal that the ozonation
technique in bubble column reactor with ozone multi
injection system for 60 minutes at basic pH (pH = 10)
was degrade 99.70% of remazol blue, however the 4-
chlorophenol was 62.79%. Remazol blue were easier to
degrade than 4-chlorophenol because of remazol blue
has a larger molecular structure than 4-chlorophenol and
ozone reacts faster with a larger molecular structure.
Results show that the degradation processes were
affected by air flow rate, ozone injection system, and
wastewater flow rate. The optimum condition of the
treatment process was obtained when air flow rate for
RB-19 dye was 10 L/min and 4-chlorophenol was 12
L/min, using ozone multi injection system, and flow rate
of wastewater 250 mL/min.

The research have been conducted thanks to the "PITTA
Grant" (Hibah Publikasi Internasional Terindeks Tugas Akhir
Mahasiswa Universitas Indonesia) 2018, which was organized
by the Directorate of Research and Community Service
(DRPM) - Universitas Indonesia. The authors state that there is
no competing interest or conflict of financial interests.

References

1. X. Dong, J. Zhou, Y. Liu. Peptone-induced
Biodecolorization of Reactive Brilliant Blue (KN-R)
by  Rhodocyclus  gelatinosus ~ XL-1. Process
Biochemistry, 39(1), 89-94. (2003)

2. A. M. L. Marechal, B. Krizanec, S. Vajnhandl, J.V.
Valh. Textile Finishing Industry as an Important
Source of Organic Pollutants. Slovenia : Faculty of

10.

11.

12.

13.

14.

15.

Mechanical ~ Engineering and  Environmental

Protection Institute, Maribor. (2006)

S. Leonita., S. Bismo., E.F. Karamah. Elimination
Process of Phenol Compounds in Waste Water by
Catalytic Ozonation using Granular Activated
Carbon (GAC) and Natural Zeolite from Lampung
(ZAL). Depok: Universitas Indonesia. (2014)

J.L. Figueiredo. J. Comb. Chem, 357, pp. 210-214.
(2011)

Z.R. Mubarok. Pengolahan Lanjut Limbah Cair
Industri Tekstil Skala Semi-Pilot dengan Teknik

Ozonasi Katalitik. Depok: Universitas Indonesia.
(2015)

G. Li, X. Zhao, M. Ray. Advanced Oxidation of
Orange Il Using TiO, Supported on Porous
Adsorbents: The Role of pH, H>O; and Os.
Separation and Purification Technology, 55(1), 91-
97 (2007)

R.N. Guimaraes, G.M. Milena, N.A. Renata. 4
Comparative Study on the Degradation of RB-19
dye in an Aqueous Medium by Advanced Oxidation
Processes. J. Environ. Manage. 110, 33-39 (2012)

S. Bismo, Teknologi Radiasi Sinar Ultra-Ungu (UV)
dalam Rancang Bangun Proses Oksidasi Lanjut
untuk Pencegahan Pencemaran Air dan Fasa Gas.
Depok: Universitas Indonesia (2006)

W. Pryhanto. Performence of Phenolic Compounds
Removal by Ozonation Under Basic Condition in
Multiple  Ozon  Injection  Column. Depok :
Universitas Indonesia (2000)

P.A. Nurcahyani. Degradation of Blue KN-R Dye in
Batik Effluent by Advanced Oxidation Process
Using a Combination of Ozonation and
Hydrodynamic  Cavitation  Technique. Depok:
Universitas Indonesia (2017)

A. Kusmayadi. Hydrodynamic Study in Multiple
Injection System of Aeration Column (CSTR Model).
Depok: Universitas Indonesia (1997)

W. Kurniawan. Removal of Phenolic Compounds by
Ozonation Technique Under Basic Condition in
Multi Ozon Injection Column. Depok : Universitas
Indonesia (2000)

D. Manojlovic, D.R. Ostojic, B.M. Obradovic,
M.M. Kuraica, V.D Krsmanovic, J. Puric. Removal

of phenol and chlorophenols from water by new
ozone generator. Desalation, 213, 116-122. (2007)

U. Gunten. Ozonation of Drinking Water: Part I.
Oxidation Kinetics and Product Formation. Water
Research, 37(7), 1443-1467. (2003)

Saksono, N., Seratri, R.T., Muthia, R., Bismo, S.,
Phenol Degradation in Wastewater with a Contact
Glow Discharge Electrolysis Reactor using a
Sodium  Sulfate.  International = Journal  of
Technology. Volume 6(7), 1153-1163 (2015)



