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Abstract— Textile waste water containing dyes,
surfactants, salts and other contaminants represent a
challenge for the selection and design of treatment
processes due to the stability of some of its compo-
nents. Advanced oxidation processes (AOPs) are at-
tractive alternatives to partially or totally degrade
dyes and other persistent pollutants using relatively
compact devices to perform water treatment. To test
the efficiency of these technologies it is necessary to
count with laboratory made solutions that can match
the characteristics of a typical textile waste waters ef-
fluent. In this work the application of two AOP, ozo-
nation and photo-Fenton, to the treatment of textile
effluents are compared, using a specially design model
solution. The effect of typical textile wastewater com-
position on the treatment efficiency is discussed.
Higher decoloration efficiencies were obtained with
both AOPs tested in this work, being slightly higher
with ozonation. TOC was only partially removed, be-
ing more efficient photo-Fenton than ozonation.

Keywords— Ozone, photo Fenton, Textile
Wastewater, Dye, Reactive Black 5

1. INTRODUCTION

Industrial processes developed in textile factories gener-
ates important volumes of wastewater that should be
treated before its discharge to surface water bodies. Some
of those liquids are colored, and rich in salts, additives
and several organic and inorganic compounds (Bilinska
et al., 2016; Ulson de Souza et al., 2009; Bisschops and
Spanjers, 2003; O Niell et al., 1999). Textile processes
involve several operations required to transform the raw
material into commercial fabrics. Some operations, like
washing, bleaching, mercerizing, dyeing and functional
finishing are usually developed by wet processes, pro-
ducing wastewaters with different characteristics
(Pazdzior et al., 2019; Bisschops and Spanjers, 2003).
Most of the dyes added to the dyeing baths are incor-
porated to the fabrics, but a no negligible part remains in
the spent bath, and consequently in the wastewaters. The

fraction of dye incorporated to fabrics (called “Exhaust”
of dyeing bath) depends of the dye itself, the bath formu-
lation, and the operative conditions. According to a sur-
vey developed between years 2013 and 2016 on cotton
processing factories in Buenos Aires, for Reactive Black
5 (RB5), typical exhaust rounds 80%. Consequently,
20% of the dye remains in the solution discarded with the
wastewaters. This value coincides with Arslan-Alaton et
al. (2002).

Textile dyes are intrinsically designed to resist sun-
light and biodegradation along the time, once they are on
the fabrics. Therefore, those compounds are usually re-
calcitrant to the conventional wastewater treatment meth-
ods (Zuorro et al., 2013; Arslan-Alaton et al., 2008; For-
gacs et al., 2004; Bisschops and Spanjers, 2003). The
combination of dyes with high salinity and the presence
of additives result in wastewater streams with low bio-
degradability ratio (BOD/COD) with adverse effect to
conventional biological wastewater treatment facilities.
For these reasons it is necessary the development of new
technologies in order to treat those liquids. (Bilinska et
al., 2016; Forgacs et al., 2004).

Advanced Oxidation Processes (AOPs) are promising
alternative for treating colored and recalcitrant
wastewaters like the produced in textile industries.
(Bilinska et al., 2015; Anjaneyulu et al., 2005) These
technologies involve in-situ generation of strong oxidant
species like hydroxile radicals (HO®) (Rosenfeldt et al.,
2006; Legrini etal., 1993; Glaze et al., 1987). Two AOPs
were selected for comparative proposes on this work. 1)
photo Fenton (phF) processes, based on the catalytic de-
composition of H2O; in presence of Fe(ll) or Fe(lIl) un-
der UVA illumination (365-420 nm), and 2) Ozonation
(02), based on incorporation of ozone on the system. Pol-
lutants dissolved on the system may be oxidized through
two main pathways, direct reaction with ozone and reac-
tion with HO* radicals generated by ozone decomposition
via chain reaction (Rosenfeldt et al., 2006; Hoigné and
Bader, 1983). The main reaction pathway depends on
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pH, concentration of initiators, promoters and scavengers
in the reacting medium (Lovato et al., 2009; Arslan-
Alaton et al., 2002).

These technologies are still relatively new on the mar-
ket, and require to be carefully studied to set the optimal
conditions for each case. Therefore, several research pa-
pers compare and analyze the optimal conditions for new
wastewater purification techniques. Some of these works,
studied the treatment of solution obtained by dissolution
of dyes in water (Catafio et al., 2012; Gutowska et al.;
2007; Sarayu et al., 2007; Wang et al., 2003). This sim-
plified condition, ignores the effect of salts and additives
present on real samples on the effectiveness of the treat-
ments. Some authors have demonstrated the impact of the
presence of salts and additives on the final treatment re-
sults (Bilinska et al., 2015; Colindres et al., 2010; Arslan-
Alaton and Balcioglu, 2000). Other authors, assayed the
treatment of real wastewaters (Somensi et al., 2010; Sun-
drarajan et al., 2007; Constapel et al., 2009; Arslan-
Alaton and Balcioglu, 2000). Although this alternative
seems more realistic, it does not allow to compare results
because the real wastewaters are very variable and it is
impossible to repeat an experiment with the same raw lig-
uid properties. Each industry uses different raw materials
and formulation for dyeing baths. Moreover the industrial
wastewater treatment facilities, usually receive a mixture
of liquids coming from all the operations developed on
the factory. Most of the articles published in the special-
ized literature developed with real wastewaters, does not
specify all the sources (industrial operations) of this
wastewater (Bisschops and Spanjers, 2003). Textile op-
erations, like dyeing, are usually developed on batch
mode. Each combination of fabrics and desired color re-
quire different conditions, and consequently different
bath formulations. Therefore, the wastewater properties
vary significantly, even along a working day (Pazdzior et
al., 2019; Hanela et al., 2018; Savin and Butnaru, 2008).
Those situations hinder the possibility of duplicate a raw
wastewater sample, even on the same factory (Hanela et
al., 2018).

Some authors (Arslan-Alaton and Balcioglu, 2000;
Constapel et al., 2009; Alvares et al., 2001; Ince and
Tezcanli, 2001) employed procedures to “hydrolyze” the
dyes, by mixing with some salts and/or alkalis on similar
proportions used on industrial processes and heat prior
the treatment experiments. This is an intermediate ap-
proach between the last mentioned but does not consider
the effect of all the additives used on the process and the
effect of the contact with fabrics dyed.

On a previous work (Hanela et al., 2018), the authors
presented a methodology to reproduce, at bench scale, the
dyeing process of cotton fiber with RB5 based on typical
operative conditions found at local dyeing industries. The
process reproduces several steps, in order to develop
scouring of raw cotton fabrics, and its dyeing using in-
dustrial grade materials. The wastewater generated by the
nine steps of dyeing process, were mixed giving the
Model Textile Wastewater (MTW) used in this work as

50(2): 101-107 (2020)

raw liquid, to compare efficiency of two treatment meth-
ods. The MTW is representative of real industrial
wastewater, under controlled conditions, and it could be
reproduced several times for comparative proposes.

Il. METHODS

A. Materials

RB5 solutions were prepared using Remazol Black B 133
(Reactive Black), Dystar, batch #90260, with 70-85% pu-
rity according supplier data sheet. This product is indus-
trial quality, from a recognized international brand, and
its purity is higher than several analytical grade dyes,
available on the market. Analytical grade reagents
(Merck, J.T. Baker, Anedra) were used for salts, alkalis
and acids. Water used for solution and bath preparations
was deionized (conductivity < 8.5 uS/cm). Surfactant,
softeners and additives employed for MTW elaboration
were commercial products, and raw 100% cotton fabric
was used.

B. Elaboration of Model Textile Wastewater (MTW)
Although each company employs proper recipes for the
dyeing bath composition, the authors gather information
from a survey of industries, textile additives suppliers
and specialist on textile industry in Argentina to develop
a “typical” process for dyeing cotton with RBS. The dif-
ferent operations involved in the dyeing process were
carried out in metallic pots of 3-4 L volume. A clean 100
g cotton fabric (on 2 cm x 10 cm strips) per each liter of
bath solution was used as substrate for dyeing. The sys-
tem was stirred manually and the liquids were decanted
and collected after each operation to compose the final
compensated MTW. The system was heated with heating
plates to follow the temperature settings of the recipe.
The process may be divided on three steps: Scouring,
Dyeing and Rinsing.

Scouring is the process while impurities proper of raw
cotton, as oils, fats, waxes, minerals and plant matter are
removed by caustic solutions and surfactants (Bisschops
and Spanjers, 2003). This step prepares the raw fabrics
for an optimal dyeing, but is not part of the dyeing pro-
cess. Then, the wastewaters generated at that stage were
not considered on this work. On dyeing stage, the fabrics
were soaked on dyeing bath and the system followed a
temperature program while dye, salts and additives were
incorporated step by step. Each liter of dyeing bath con-
tained 100 g of scoured fabrics, 80 g of NaCl, 5 g of RB5,
3 g of Na2COs, 1 g of NaOH, 1 g of surfactant (Tensia
NG3) and 1 g of surfactant (Heptol NWS). Spent bath
was decanted and collected. After dyeing, fabrics were
rinsed several times in order to remove the excess of dye
and additives from the final product. Some rinsing solu-
tions contains additives as surfactants, acetic acid and
softeners. After each rinse, the liquids were decanted, and
collected to compose the MTW. Textile was squeezed
and the next rinse was de veloped with the same liquid
volume employed for dyeing bath. Detailed process was
presented on a previous work (Hanela et al., 2018) and is
summarized on Table 1. MTW was obtained by mixing
the spent dyeing bath, with liquids drained from the rin-
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Table 1. Process to produce MTW

Stage Additives Temperature Time
Scouring
Fabrics soaking Fabrics (100 g/l) Room Temperature (25°C)
Tensia NG3 (2 g/l)
Na2COs (5 g/l)
Heating - Ramp to 95°C 45 minutes
Rinsing Water
Dyeing
Fabrics soaking Scoured fabrics (100 g/1) Room Temperature (25°C) 30 minutes
Tensia NG3 (1 g/l)
Heptol NWS (1 g/l)
Salt addition NaCl (80 g/l) Instantaneous
Dye RB5 (5 g/l) - predisolved Instantaneous
Heating - Ramp to 60°C 60 minutes
Alkaly addition NazCOs (1.5 g/l)
NaOH (0.5 g/l)
Mix e 60°C 10 minutes
Alkaly addition Na2COs (1.5 g/l)
NaOH (0.5 g/l)
Mix-Dyeing 60°C 55 minutes
Rinsing
Rinse Water 40-45°C
Heat Rinse Water 70°C
Surfactant Rinse Heptol NWS (1 g/l) 90°C
Neutralizing Rinse Acetic Acid, glacial (0.75 g/l) 60-70°C
Cold Rinse Water Room Temperature (25°C)
Softening Comercial softener Vivere (1 g/l) 60°C
Acetic Acid, glacial (0.5 g/l)
Cold Rinse Water Room Temperature (25°C)

Table 2. Characteristics of non treated MTW and RB5 liquids
Pt-Co RB5 TOC

index (mg/L)  (mg/L) pH
RB5 (H) 5546 340 82.7 5.45
RB5 (L) 347 20 101 6.16
MTW (H) 7465 520 1379 579
MTW (L) 333 24 8.5 5.86

ings. To ensure enough volume and reduce the variations
on MTW, the experiments were developed with a mix
from three different batches. Characterization of MTW is
presented on Table 2.

For comparison proposes, agueous solutions contain-
ing only RB5 were prepared and treated by phF and Oz.
Two concentration ranges were studied. High (H): 300 to
500 mg/l of RB5, close to the concentration of RB5 in the
MTW, and Low (L): 20 mg/I of RB5, close to the con-
centrations of RB5 in some individual rinsing
wastewater. Solutions of RB5 in water, studied as com-
parative basis, will be referred as RB5.

Low concentration MTW samples, MTW(L) were
elaborated by diluting the obtained MTW 66,6:1000
times for phF experiments and 53:1000 for ozonation ex-
periments. Assays with RB5(L) were performed with 20
mg/l in all the cases and RB5(H) with 300 mg/l for phF
and 380 mg/I for Oz experiments.

C. Analytical methods
RB5 concentration was measured by linear correlation

with the absorbance at 590 nm, using spectrometers Shi-
madzu UV-2450 and Hach 9100 calibrated with standard

solution of RB5 in water. Additionally, the Pt/Co color
was determined by contrasting the absorbance at 455 nm
(yellow color) with the Pt-Co standards. Conductivity
and pH were measured using Thermo-Orion Versa Star
multi-parametric analyzer. Total Organic Carbon (TOC)
was measured using Shimadzu TOC Analyzers (model
TOC-5000A and TOC-L).

D. Ozonation
Ozonation experiments were performed on a cylindrical
reactor made of borosilicate glass with inner diameter of
11.35 cm and operation level of 42 cm. For each experi-
ment it was charged with 4 liters of the liquid to be
treated. A fritted glass diffuser was placed at the bottom
of the reactor to allow the continuous injection of ozo-
nized gas. Ozone was produced from pure oxygen
(99.5%) with an ozone generator (Ozonogen U.S.pat. #
4,383,976); the ozone mass flow was adjusted by regu-
lating the feed voltage of the ozone generator and verified
by iodometric analysis. For comparative MTW and RB5
experiments, ozone mass flow was set on 2.5 g/h. The
ozonised gas flow was 1 I/min. Gas pressure at inlet point
of reactor was regulated to 0.092 bar. The reactor was
sealed on top with 10 cm of gaseous layer above the lig-
uid. Exhaust gases were collected on three washing bot-
tles arranged serially and filled with Potassium lodide so-
lution to collect and neutralize residual ozone. Experi-
ments were developed without pH adjustment to the lig-
uids.

RB5 measurement below 30 mg/l was performed on
line by absorbance quantification at 590 nm, recirculating
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the liquid continuously (70 ml/min) through measuring
cell (10 ml) mounted on a spectrometer Hach DR 2010.
Information was collected on a PC using a routine pro-
grammed on Matlab® software. For kinetic analysis, it
was assumed a 50 seconds delay between starting time of
the experiments and the absorbance measured on the
online spectrometer. This time corresponds to hydraulic
delays of ozone to reach the reactor since the generator is
turned on (30 seconds), plus the time the bulk reactor lig-
uid takes to reach the measuring cell (20 seconds). This
delay was subtracted on the horizontal axis for kinetic
analysis.

Concentrations higher than 30 mg/l were sampled,
and measured by off-line spectrometer. Immediately af-
ter collection of samples, they were mixed 1:1 with
quencher solutions in order to stop further oxidation. For
direct spectrometry, samples were quenched with ace-
tonitrile and for other parameters, with 0,02M sodium
sulfite solution. Additional tests were developed to verify
the absence of quencher interferences on measurements.
Experiments were performed until constant absorbance
at 590 nm, resulting final treatment times of 80 (RB5-H),
20 (RB-L), 120 (MTW-H) and 16 (MTW-L) minutes re-
spectively.

E. Photo Fenton

phF experiments were performed in a 200 mL double
jacket batch reactor thermostatized at 25 °C by water cir-
culation. The reactor was illuminated from above with an
Osram Ultravitalux 300 W solar lamp. pH was adjusted
to 3 using sulfuric acid (H2SOs4). Hydrogen peroxide
(H202) was incorporated in only one dose, being the ini-
tial concentration 50 mM or 2.5 mM for the solutions
with high or low dye concentration respectively. Iron
chloride (111), FeClI3, (2.5 mM) was added to the system
immediately after hydrogen peroxide. H.O, consumption
was followed by a spectrophotometric method (Pupo-
Nogueira et al., 2005). The experiments were performed
until all HO, was consumed. Controls without FeClz and
in the dark were performed.

111. RESULTS AND DISCUSSION

A. Ozonation and photo-Fenton compared results
Both treatments show acceptable decoloration perfor-
mances, at 455 and 590 nm (Fig. 1). Ozonation reached
100% removal of color in most cases, except for
MTW(H) were this value dropped to 98% at 455 nm.
Photo Fenton treatment reached 99% color removal for
the High concentration range, while exhibit lower values
for Low concentration samples. This last result is likely
a consequence of the presence of Fe(l1l) in the solution.

Due to the color developed by Fe(lIl) in water solu-
tions, and the initial low concentration of the dye in this
case, the percentual difference in color between the initial
and the final samples are lower than in the case of the
solutions with high dye concentration.

Times required to reach Pt/Co index below 100 units
on each assay, are summarized on Fig. 2. This value was
under 5 minutes for all the Low Concentration solutions
with maximum of 5 minutes for phF applied to MTW(L).
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Figure 1: % Color removal for the different systems and treat-
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Figure 2: Time required to reach a Pt/Co index color < 100.
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Figure 3: % TOC removal for the different systems and treat-
ments.

On High range solutions ozonation required 65 minutes
in case of RB5(H) and only reach a final value of 168
Pt/Co index for MTW(H), reason why it was not included
on Fig. 2. Final TOC removals for the experiments are
presented on Fig. 3. phF treatment reached better TOC
removals than ozonation. The presence of salts and addi-
tives on MTW samples reduced significantly the TOC re-
moval ratios. This observation is correspondent with lit-
erature work (Gul and Ozcan-Yildirim, 2009).

B. Ozonation complementary results

Time evolution of RB5 concentration (obtained by meas-
uring color @590 nm) and TOC along ozonation experi-
ments, are presented on Fig. 4. Salts and additives of
MTW did not affected the color removal kinetics, but
they exhibit a negative effect on TOC removal by ozona-
tion. This effect could be due to the presence of dissolved
anions like chloride or carbonate, widely reported in the
literature as OHe radical scavengers. (Arslan-Alaton,
2003; Litter, 2005) Ozonation experiments were finished
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once complete decoloration was observed. Therefore,
higher TOC removals would be reached for higher ozo-
nation times. This fact should be analyzed on future re-
searching.

C. Photo Fenton complementry results

Figure 5 shows the evolution of Pt/Co color and Fig. 6
the evolution of TOC, normalized with respect to the in-
itial values, for phF experiments performed with RB5 or
MTW in the different ranges of concentration. The re-
sults of the control experiments, with or without Fe(l11)
and/or illumination are also displayed in the figures. De-
coloration and TOC diminution were faster for RB5 than
for MTW solutions. The kinetics of dye degradation was
clearly affected by the presence of salts and other addi-
tives in MTW solutions. As was indicated before for ozo-
nation, some species present in the MTW solutions, as
chloride and carbonates may act as radicals scavengers.
(Santiago et al., 2016; Silva et al., 2016)
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Surfactants and other organic additives may also compete
with the dye for the HO* radicals. In the experiments per-
formed in the dark (Fenton process) dye degradation and
TOC diminution were notably lower than in the experi-
ments performed under UVA illumination. These results
show the important role of light in the process.

D. Kinetic analysis of ozonation process

Figure 7 shows the times at which RB5 concentrations reach
50% of their initial values (t50) when different ozone flows
were fed. It can be seen that above approximately 1.4 g Os/h
t50 remained almost constant, indicating that the concentra-
tion of dissolved ozone reached a maximum value, probably
close to the saturation point.

The kinetics of the ozonation process, besides the
chemical reaction between ozone and RBS5, is a result of
several physical-chemistry phenomena that take place in-
side the reactor, among them the mixing of the reactants,
the formation of the ozone bubbles and the mass transfer
to the liquid phase. Thus, the velocity at which RB5 re-
acts should be a complex function of several variables.
However, an inspection of the shape of the curves of RB5
concentration against time, suggests an exponential de-
cay behavior. As a matter of fact, Fig. 8 clearly shows
that the kinetic results can be satisfactorily fitted with a
simple first-order kinetic law in a wide range of concen-
trations (until 90 % - 95% conversion) in most of the
cases. The slope of the straight lines, that correspond to
the pseudo-first order constants, increased when ozone
flow was increased. This result suggest that the rate of the
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global process was limited by the chemical reaction, be-
ing faster the ozone mass transfer to the liquid phase at
higher ozone flows, reaching higher ozone concentration
steady-state values.

As it was highlighted before, decay speeds observed
above 1,4 gOs/h only exhibits slight differences, close to
experiment uncertainty. More studies are in progress to
have a better understanding of the phenomena that take
place inside the reactor vessel during the ozonation pro-
cess.

IV. CONCLUSIONS

The results clearly indicate that the presence of salts and
additives used in the dyeing bath affect the efficiency of
photo-Fenton and ozonation for decoloration and TOC
removal on most cases. In this context, it is necessary to
use well characterized model solutions containing all the
ingredients present in the dyeing baths, to compare the
efficiency of different AOPs processes. Decoloration Ki-
netics at 590 nm was the only parameter that was not sig-
nificantly affected by the presence of salts and additives.
Higher efficiencies were obtained for decoloration with
both AOPs tested in this work, being slightly higher with
ozonation. TOC was only partially removed being more
efficient phF than ozonation. Remaining TOC indicates
the presence of partially oxidized compounds and its po-
tential toxicity should be considered before the discharge
of treated liquid to the environment. Inherent advantages
and limitations, of each technology must be considered
for the design of industrial applications. For instance,
phFenton requires a pH adjustment to very low values,
while ozonation may present gas-liquid mass transfer
limitations. Furthermore, the obtained results verify the
applicability of both methods for color and TOC removal
on the reported ratios for dye dissolved on water and
model liquids.
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