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Article Highlights 
• MnTACN as possible green catalyst showed high decolourisation potential 
• The significant decolouration was observed in the first 5 min of the treatment in the 

UV/H2O2 process 
• The optimum concentration ratio H2O2/MnTACN was 0.02 mL/L/0.001mmol/L 
 
Abstract 

In this work, the treatment efficiency of advanced oxidation processes H2O2/ 
/UV enhanced by the addition of a manganese catalyst complex (MnTACN) 
was investigated on a model dye solution and a real dye-house effluent. The 
experimental results were evaluated in terms of absorbance (A) and total org-
anic carbon (TOC) reduction. The major degradation products of the model 
dye solution were identified by high resolution gas chromatography/mass 
spectrometry analyses. In addition, the toxicity of the final reaction solution 
after H2O2/UV/MnTACN treatment to Vibrio fischeri bacteria was determined. 
The results showed that the addition of the H2O2/UV/MnTACN system at 
different concentrations of the catalyst solution increased the decolourisation 
rate compared to H2O2/UV for both the model dye solution and real dye-house 
effluent. 

Keywords: photocatalytic activity, advanced oxidation processes 
H2O2/UV, textile dye, manganese catalyst complex, MnTACN. 

 
 

The textile industry is usually associated with 
strong, persistent colour, since dyes are intentionally 
designed to resist microbial, chemical, and photolytic 
degradation to satisfy consumer demands. Many 
acid, direct and reactive dyes are poorly biodegrad-
able and therefore pass through wastewater treat-
ment plants untreated. Opportunities for advanced 
oxidation processes (AOPs) exist for certain pollut-
ants such as textile dyes [1], which require permanent 
removal rather than just phase transfer usually real-
ised by conventional water treatment processes [2-4]. 
Despite their proven performances in the removal of 
many organic, inorganic and microbiological pollut-
ants, some disadvantages of AOPs, namely the non-
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specific reactivity of hydroxyl radicals, the production 
of hydrophilic (and thus more difficult to treat) by-
products, and the poor knowledge about the toxicity 
of the by-products, make them less attractive for 
large-scale applications [3]. AOPs in textile waste-
water treatment lines plants could find large-scale 
application due to the presence of non-biodegradable 
components that cannot be removed by “phase-trans-
fer” treatment processes, but must be permanently 
withdrawn. The efficiency of H2O2/UV processes can 
be enhanced by adding common catalysts such as 
like Fe(II), Fe(III), ZnO or TiO2 [5-15]. 

In the field of wastewater treatment, using vari-
ous different manganese complexes such as salen 
[16], porphyrin [17], 1,4,7-trimethyl-1,4,7-triazacyclo-
nonane (MnTACN) [18] and aromatic N-donor ligands 
[19] have been more or less ignored despite their 
obvious potential as oxidation catalysts. 

MnTACN (Figure 1) catalyses many oxidations 
with hydrogen peroxide, including spot bleaching, 
alkene epoxidation and dihydroxylation, and oxidation 
of alkanes, phenolic substrates, alcohols, sulphides, 
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and DNA. The epoxidation of methyl oleate with 
aqueous H2O2 catalysed by a manganese complex 
and oxalic acid has been described as being an effi-
cient and green process [19-21]. Extensive studies 
have also been carried out using MnTACN as a cat-
alyst in cotton bleaching [20,22]. 

 
Figure 1. Chemical structure of the MnTACN catalyst. 

In the field of textile dyes, Ember et al. [23,24] 
studied the oxidative degradation of various dyes by 
H2O2 catalysed by simple Mn(II) salts. The oxidation 
of azo dyes with H2O2 catalysed by manganese-1,4,7- 
-triazacyclononane complexes in aqueous solution 
was also investigated [25]. The focus of the studies in 
all cases was on the kinetic and mechanistic studies. 
It was found that the active oxidant in the reactions is 
a very high-valent oxomanganese species rather than 
a free radical, such as •OH. 

To our knowledge, the MnTACN catalyst has not 
yet been tested in the H2O2/UV process for decol-
ourisation. In this configuration, additional oxidative 
species are formed from the hydrogen peroxide irrad-
iated by UV. In this study, we mainly focused on 
reactive dyes for the following reasons: First, reactive 
dyes represent a significant market share due to the 
notable use of wool, cotton, and rayon fibres (nearly 
45% of all textile dyes produced annually belong to 
the reactive class). Second, these dyes have low fix-
ation rates, resulting in heavily dyed spent dye-baths 
that cannot be adequately treated in conventional 
wastewater treatment plants. Thirdly, the reactive 
dyeing process is particularly problematic, consuming 
on average ten times more water for the preparation, 

dyeing, washing and rinsing phases than for dyeing 
with other types of dyes. 

The aim of the present study was to investigate 
the potential use of MnTACN as a catalyst in the adv-
anced treatment of model dye solutions and real house 
effluents by H2O2/UV process. The textile dyes used 
in the study differ significantly in the complexity of 
their chemical structure and therefore have different 
susceptibilities to decolourisation and degradation. 

Further attention was paid to the toxicity of 
Reactive Blue 268 degradation products such as 
halogenated organic compounds. Dye analysis was 
carried out to study the degradation of HRGC-MS. 
Studies with model effluents where the parameters 
can be controlled and feasibility studies with real 
wastewater streams need to be carried out before the 
new promising techniques can be successfully applied. 

EXPERIMENTAL 

Materials 

A commercially available reactive triphenodioxa-
zine dye C.I. Reactive Blue 268 (RB268) (Cibacron 
Brilliant Blue FN -G, CAS No. 163062-28-0) was sup-
plied by Ciba Specialty Chemicals and used without 
further purification (approximately 70-80% purity). The 
structure is shown in Figure 2. 

In order to simulate batch-dyeing conditions, the 
dyes were hydrolysed as follows: 1 g RB268 was dis-
solved in 1 L of deionised water. The solution was 
heated to 60 °C, after adjusting pH to 11.0 and main-
tained for 4 h to allow complete hydrolysis [26].  

The textile wastewater used in this work was 
provided by a textile company located in Slovenia. 
The main quality characteristics were: pH 10.1±0.2; 
total organic carbon (TOC) 70±7 mg/L; conductivity 
6.5±1.2 mS/cm. The quality varied depending on the 
time of sampling. 

Hydrogen peroxide solution 30% (Belinka, Slo-
venia) of analytical grade was used in all processes. 
The pH was using concentrated H2SO4 from Merck, 

 
Figure 2. Chemical structure of RB268. 
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NaOH and HCl from Fluka, and t-BuOH from Sigma 
Aldrich. 

The catalyst dinuclear tri-oxo bridged mangan-
ese(IV) complex of the ligand 1,4,7-trimethyl-1,4,7-tri-
azacyclononane (MnTACN) was provided by Unilever 
R&D (Vlaardingen, The Netherlands). All solutions 
were prepared with deionized water (σ = 1.2 µS/cm). 

Methods 

Experiments on decolourisation were performed 
in a batch reactor (Helios ItalQuartz, Figure 3), with a 
maximum working volume of 1.8 L. The UV radiation 
source was a UV light source. The source of UV radi-
ation was a medium pressure Hg lamp operating at 
500 and 1000 W. The incident photon photonic flux 
was measured by H2O2 actinometry according to the 
literature [27] (I0 = 6.0±0.1 mol/s). During the experi-
ments, we kept the temperatures of the dye solutions 
constant with cooling water. The cooling water was 
located in a quartz cooling jacket physically separated 
from the surface of the UV lamp. The dye solutions 
were stirred with a magnetic stirrer. The reactions 
started when the lamp was turned on. All experiments 
were performed within 30 min, and samples were 
analysed every 5 min. 

 
Figure 3. Photo-reactor set-up. 

A comparison of decolourisation efficiencies for 
the dye solution RB268 with and without MnTACN as 
a function of reaction time was performed. The photo-
reactor was filled with aqueous dye solution and the 
indicated volume of H2O2 was added, based on the 
results of previous experiments [7].  

The activity of the catalyst to decolourise RB268 
was tested by varying parameters such as initial dye 
concentration (20-150 mg/L), MnTACN concentration 
(1×10-4-0.02 mM), and H2O2 concentration of H2O2 
(3.27-271.41 mM). 

Absorbance spectra were recorded on an 8453 
UV-Vis spectrophotometer (Agilent) over the range 
400 to 800 nm. The absorbance decay was followed 
at the maximum absorbance wavelength for the 
RB268 at λ of 634 and at 622 nm for the real dye- 
-house effluent. Total organic carbon (TOC) was 
measured using multi N/C 2100/2100S analyser 
(Analytic Jena, Germany) calibrated with potassium 
phthalate as standard solution. Conductivity was 
measured using conductivity meter HI 8733 (Hanna).  

To evaluate the nature of decolourisation kin-
etics [28], the model developed by Behnajady [29] 
was investigated: 

= +
−

0

1

t m btA
A

 

where A and A0 are absorbance and initial absorb-
ance, m and b are constants concerning initial react-
ion rate and maximum oxidation capacity, respect-
ively. The higher 1/m is, the faster the initial decay 
rate of the dye. When t is long and approaches infi-
nity, the reciprocal of the constant b is the theoretical 
maximum dye removal. 

Organic compounds were identified by high-res-
olution gas chromatography (HRGC), by separation 
on a HP6890GC (Hewlett-Packard, Palo Alto, CA, 
USA) connected to a Finnigan MAT95XP (Thermo Fin-
nigan, Bremen, Germany), mass spectrometry (MS). 

HRGC-MS analyses were performed on a 
RB268 sample. Prior to analyses, 10 mL of the 
treated sample was acidified with concentrated HCl 
and evaporated to dryness. A certain portion of the 
dry residue was derivatized with Sylon reagent 
(BSTFA containing 1% TMCS) in the presence of 
pyridine (organic base). The extract of the derivatized 
samples was then analysed by HRGC/MS.  

The concentration of residual H2O2 in mg/L was 
determined photometrically using photometer AL250 
and appropriate tablets. 

The toxicity of the model dye solutions was 
tested in acute toxicity test with luminescent bacteria 
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Vibrio fischeri according to ISO 11348-1 [30]. The bio-
luminescence for three samples was carried out using 
a Dr. Lange LUMIStox 300 photometer: 

Sample 1: aqueous solution of 40 mg/L RB268.  
Sample 2: aqueous solution of 40 mg/L RB268 

treated with H2O2/UV process (15 minutes and 500 
W) with H2O2 concentration 65.29 mM.  

Sample 3: aqueous solution of 40 mg/L RB268 
treated with H2O2/UV process (15 minutes and 500 
W) with 65.29 mM H2O2 with addition of 0.02 mM 
MnTACN.  

The dilutions tested were 0, 0.39, 0.78, 1.56, 
3.12, 6.25, 12.5, 25, 50 and 100 vool.% of the res-
pective samples tested and were prepared with 2% 
NaCl.  

Bacteria were first reactivated and kept at 15 °C 
before starting. The lyophilized bacterial reagent was 
reconstituted and diluted as indicated in the LUMIStox 
basic acute toxicity test procedure. Bacterial lumines-
cence was then measured prior to sample addition. 
The decrease in bioluminescence, indicating a toxic 
effect of the test substance, was measured after 15 
min of contact time with the samples. The analyses 
were performed at 15 °C. All samples were tested in 
duplicates. Inhibition of natural luminescence of 
photobacteria is considered as toxicity endpoint. 

RESULTS AND DISCUSSION 

MnTACN catalyst 

The 1 mM stock solution of MnTACN was pre-
pared. The pH of the 1 mM solution of MnTACN was 
6.7 and the maximum absorbance was measured at 
λ = 485 nm. Different dilutions of the stock MnTACN 
solution were prepared using deionised water (1×10-4- 
-0.02 mM) and added to the reaction mixture. To 

check the background behaviour of the catalyst sol-
ution during the H2O2/UV process, 1 mM solution of 
MnTACN was exposed to UV irradiation (500 and 
1000 W) upon addition of 22.85 mM solution of H2O2. 
Under the treatment conditions used in this experi-
ment, MnTACN did not change its absorption charac-
teristics according to the UV-Vis spectrum. The TOC 
values were measured at the same time intervals and 
also remained unchanged. Therefore, it could be 
assumed that MnTACN acted as a catalyst. 

The degradation of RB268 dye solution was also 
studied without UV irradiation. In this experiment, the 
solution of RB268 of concentration 40 mg/L was mag-
netically stirred in the presence of MnTACN (0.001 
mM) and H2O2 (65.29 mM) solution in the absence of 
UV light at room temperature. MnTACN is also active 
in the absence of UV light, but the degradation time 
was longer; 80% of the dye was degraded after 48h. 

Degradation of RB268 under different conditions 
(model dye solution) 

Effect of initial dye concentration 
To determine the optimal conditions for the oxid-

ation (catalyst MnTACN and H2O2 concentration) of 
textile dyes based on our previous studies we used 
65.29 mM H2O2 and a catalyst MnTACN concen-
tration of 0.001 mM as a starting point. Varying the 
initial dye concentrations, the effect of the added cat-
alyst is apparent within the first few minutes of treat-
ment (Figure 4). The removal of colour is one of the 
most important aspects in decolourisation processes. 
It is related to the bond cleavages of the chromo-
phoric groups and occurs in a relatively short treat-
ment time (≈ 5 min). Selected reaction conditions are 
very effective in the decolourisation of RB 286; with 
concentration of 40 mg/L, 60% decolourisation is 

 
Figure 4. Effect of the addition of MnTACN on the decolouration of RB268 with different dye concentrations in photo batch reactor. 

Experimental conditions: concentration of RB268 was 20, 40, 80 and 150 mg/L, concentration of H2O2 65.29 mM, 
concentration of MnTACN 0.001 mmol/L. 
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achieved in the first 5 min. For example, only 9% 
decolourisation was achieved within the first 5 min 
when only the H2O2/UV process is performed.  

All other decolouration experiments were con-
ducted at a fixed dye concentration of 40 mg/L. In our 
experience, the concentration of the dye in real dye-
house wastewater is usually not higher than 40 mg/L. 

Effect of catalyst dosage  
In the first approach, catalyst concentrations 

were varied widely and from this the following stan-
dard conditions were chosen for the majority of our 
study.  

In most experiments, the catalysed reactions 
show three distinct phases, i.e., the initial induction 
phase followed by a fast phase and finally a slower 
phase.  

The effect of different concentrations of catalyst 
was tested to determine the minimum amount still 
required for significant decolouration. The effect of 
MnTACN catalyst concentration on decolourization 
rates as a function of time is shown in Figure 5. The 
concentrations of the RB268 and H2O2 were 40 mg/L 
and 65.29 mM, respectively. 

The experimental results showed two groups of 
decolouration profiles depending on the catalyst con-
centration. In all cases, a significant decrease in 
decolouration was observed in the first 5 min of treat-
ment when the catalyst was added to the solution. 
The decolouration results after 30 min of treatment 
are comparable for the selected catalyst concentrat-
ions 0.02, 0.002 and 0.001 mM. The results obtained 
indicate that comparable decolouration rates can be 
achieved with a 20-fold decrease in the initial catalyst 
concentration. The experimental conditions indicated 

0.001 mM of catalyst was to be the optimum con-
centration. 

In the case of a catalyst concentration of 0.02 
mM, the decolourisation rate decreased to 0.111 in 
the first 5 min of the treatment. For the same experi-
mental conditions, but without catalyst, decolouration 
rate decreased very slowly and was still 0.24 after 30 
min.  

The highest reduction in colour was observed 
when 0.001 mM MnTACN was added to the batch 
photo reactor. After 5 minutes of irradiation, the decol-
ouration rate reduced to 0.395, and when 0.0005 mM 
of MnTACN was added the decolourisation rate was 
0.733.  

The optimum dosage was observed at 0.001 
mM of MnTACN, and complete decolourisation was 
observed after 30 min.  

At a lower concentration of dye solution RB268, 
20 mg/L we obtained better results with a lower con-
centration (0.0001 mM) of MnTACN (Figure 6). 

Effect of H2O2 concentration 
Once the optimal catalyst concentration was 

determined, kinetics were performed with different 
concentrations of the oxidant (Figure 7) to find the 
optimal dose. The catalyst MnTACN is not active 
without the addition of H2O2. 

It is evident from the results that an optimal H2O2 
dosage and consequently an optimal H2O2:catalyst 
ratio exists with large variations within the first five 
minutes of treatment. The decolouration profile is 
divided into two parts. The fast reaction occurs within 
the first few minutes. The second part is much slower. 
However, the final decolouration rate is comparable 
for all tested concentrations despite the H2O2 concen-

 
Figure 5. Decolouration as a function of time for RB268 at different MnTACN addition (dye concentration: 

40 mg/L, concentration of H2O2 65.29 mM). 
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tration of 3.27 mM. From the experimental results 
(Figure 7), it can be seen that the highest increase in 
decolouration rate was observed at H2O2 concen-
tration 65.29 mM. Increasing the H2O2 concentration 
above this value obviously does not increase the 
decolouration rate; on the contrary, the addition of a 4 
times higher dose hinders the reaction [31]. 

 
Figure 6. Effect of the addition of MnTACN on the decolour-

isation of RB268 in photo batch reactor. Experimental condit-
ions: concentration of RB268 was 20 mg/L, concentration of 

H2O2: 65.29 mM. 

This result suggests that the H2O2 concentration 
of 65.29 mM is the threshold for achieving maximum 
efficiency.  

The mechanism of decolouration within the first 
5 min: the decolouration rate was increased by the 
presence of MnTACN, while only OH radicals, 
produced with H2O2/UV were slower, in agreement 
with the literature [25]. 

The experiments showed very similar degrad-
ation of RB268. When the concentration of RB268 
was 40 mg/L, 80% of dye was degraded after 30 min 

by adding 0.001 or 0.01mM MnTACN. Therefore, 
0.001 mM MnTACN was used in further experiments. 

The adopted model was evaluated (Bahayami). 
The plotted linearized adsorption kinetics curves 
showed excellent correlation with the model (Figure 
8). The correlation factor is R2 = 0.99788. On the one 
hand we have a fast reaction between UV, H2O2 and 
MnTACN, while on the other hand the scavenging of 
•OH slows down the reaction. This aspect shows that 
MnTACN can accelerate the decolourisation reactions 
of dyes in agreement with Santana et al. [29]. 

 
Figure 8. Kinetics for model water at optimal conditions (65.29 

mol/L H2O2, 40 mg dye, 0.001 mM MnTACN). 

Degradation of real dye-house effluent 

The use of MnTACN catalyst for textile waste-
water treatment processes is very interesting since t 
is active at pH>7. This is the advantage of the 
MnTACN catalyst over the Fenton reagent [7] (the 
optimum pH for the Fenton reaction is about 3) for 
textile wastewater treatment processes, since textile 
waste streams are mainly alkaline. 

In Figure 9, decolouration was plotted as a func-
tion of time for real dye house effluent at different 
conditions: H2O2/UV, UV/MnTACN and H2O2/UV/ 
/MnTACN. 

 
Figure 7. Influence of different concentrations of H2O2 on decolourisation in photo batch reactor. Concentration of RB268 was 40 mg/L, 

concentration of MnTACN was 0.001 mmol/L. 
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The fastest colour removal was achieved with a 
combination of H2O2/UV/MnTACN treatment within 
the first 5 min, regardless of the amount of H2O2, 
while comparable values were obtained after 10 min 
for H2O2/UV with 65.29 mM H2O2 addition. Thus, 
MnTACN accelerates the reaction rate. However, the 
final colour removal was comparable to the samples 
treated without MnTACN.  

The addition of 0.001 mM MnTACN to the H2O2/ 
/UV process improved the TOC reduction for real dye- 
-house effluent after a treatment time of 30 min. The 
TOC removal efficiency was higher (54%) in the case 
when 65.29 mM H2O2 was added compared to 22.85 
mM H2O2, the TOC redaction was 43% in this case. 
The TOC removal efficiencies were higher when 
MnTACN was added to the H2O2/UV process. Only 
29% TOC reduction was achieved with H2O2/UV 
process.  

MnTACN cannot decolourise wastewater with-
out H2O2. It can only accelerate the decolourisation 
process, e.g., active mononuclear Mn(II) or dinuclear 

Mn(IV)-O-Mn(IV) [32] in the presence of H2O2/UV. 
The addition of t-BuOH (9 mL) as radical scavenger to 
the H2O2/UV process with aqueous solution of 40 
mg/L RB268, 22.85 mM H2O2 and 0.001 mM MnTACN 
didn’t inhibit the decolourisation process. This proves 
that the active oxidant in the reactions is a highly-
valent oxomanganese species and not •OH.  

However, the catalyst retains its structure after 
the decolourisation process and gives the identical 
UV-Vis spectrum as before the decolourisation pro-
cess (Figure 10). The same results were reported in 
the study of oxidation of organic substrates by 
MnTACN [33]. In agreement with the proposed mech-
anism, it was reported [34] that the bridged-oxo–Mn 
complex exhibited catalase activity when H2O2 was 
the oxidant. 

The kinetics for real dyehouse effluent were 
studied using the adopted model (Behnajady). The 
model has been plotted in Figure 11. The R2 is 
practically equal to 1. 

 
Figure 9. Decolouration as a function of time for real dye house effluent. 

 
Figure 10. UV-Vis spectra of MnTACN solution before and after treatment in H2O2/UV reactor. 
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Figure 11. Kinetics for real dye-house effluent. 

The model describes such a reaction system 
very well, which is confirmed by the results found 
here. Based on the results for the model solution and 
the real dyehouse effluent, we can assume that 
MnTACN increases the decolourisation, and the 
decolourisation in the real dyehouse effluent (lower 
intercept m in Figure 11) was even faster than in the 
model solution (Figure 8). In another study, it was 
found that there could be a certain compound in the 
dyeing solutions which could interact with UV/H2O2 
and enhance decolourisation [7].  

The different dosages of reagents, catalysts, 
and target dyes, were studied and it was found that 
the most appropriate suitable kinetic model may 
change from one reaction system to another [29]. 

 

Comparative studies of degradation products 

The degradation intermediates of RB268 dye 
solution with a concentration 100 mg/L treated with 
MnTACN (concentration 0.002 mM) and without 
MnTACN catalyst under H2O2/UV conditions (1000 W, 
22.85 mM H2O2) were analysed. HRGC/MS chroma-
tograms confirmed the formation of volatile inter-
mediates, which were identified using AMDIS – Auto-
mated Mass Spectral Deconvolution and Identification 
System software. Mass spectra of the detected com-
pounds were compared with mass spectra from the 
standardized mass spectra library NIST and Wiley. 
Various hydroxylated compounds of the fluorotriazine 
ring were detected. The proposed degradation path-
ways are shown in Figure 12. One of the most 
obvious is cyanuric acid with a retention time (RT) of 
13.641 min. In addition, some compounds related to 
cyanuric acid were also detected, such as ammelide 
at RT 16.461 min, and ammeline at RT 18.726 min. 
The concentrations of these compounds increase with 
processing time and were not present in the untreated 
solution. HRGC/MS analysis of the RB268 dye sol-
utions indicate the presence of halogenated organic 
compounds. The decrease in the concentration of 
halogenated organic compounds was observed after 
5 min of treatment of RB268 dye solutions by H2O2/ 
/UV process. Halogenated organic compounds were 
not detected after 30 min. MnTACN enhances the 
degradation of the dye solution, no detection of the 
halogenated organic compounds was observed after 
5 min of treated time.  

 
Figure 12. Proposed degradation pathways. 
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The dye degradation products of the fluorotri-
azine dye RB268 were detected in the extract of the 
derived samples treated with the H2O2/UV procedure. 
Cyanuric acid was present in the initial samples at RT 
of 13.614 min. In addition, some compounds related 
to cyanuric acid such as ammelide at RT 16.461 min 
and ammeline at RT 18.726 min were also detected 
[35]. The concentrations of these compounds (cyan-
uric acid, ammelide, ammeline) increased with pro-
cessing time and were not present in the untreated 
solution. Therefore, it could be concluded that the 
compounds are the degradation products of the 
Reactive Blue dye RB268.  

The comparison between catalysed (Figure 13a) 
and uncatalysed process (Figure 13b) shows that the 
concentrations of the degradation compounds were 
higher without the MnTACN catalyst. 

Toxicity test results 

Toxicity test results for Vibrio fischeri were exp-
ressed as EC50, which represents the volume percent 
concentration of 3 samples.  

Bacterial bioluminescence is used as an indi-
cator of water toxicity, in that bioluminescence dec-
reases as toxicity increases.  

 

 
Figure 13. HRGC-MS chromatograms of samples taken after 30 min of H2O2/UV with (a) and without MnTACN (b). 
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Sample 1, aqueous solution of 40 mg/L RB268 
showed no inhibitory effect on V. fischeri, even 
without any dilution. Sample 2, aqueous solution of 40 
mg/L RB268 treated with H2O2/UV process (15 min 
and 500 W) with H2O2 concentration of 65.29 mM 
caused a decrease in luminescence. The results 
show that after the H2O2/UV step, the toxicity inc-
reases. The EC50 value was determined at 0.25 
vol.%. The inhibition of V. fischeri bioluminescence 
(%) for the dilutions of Sample 2 are shown in Table 
1. In the solution, the remaining H2O2 was measured 
at 25 % of the initial concentration. The toxicity of 
Sample 2 can be explained by the presence of H2O2 
in wastewater which is toxic even at low concen-
trations [36,37]. 

Table 1. The inhibition of Vibrio fischeri bioluminescence (%) 
for the dilutions of Sample 2 

c (%) Inhibition (%) 

0.39 53.22 

0.78 65.18 

1.65 67.23 

3.125 70.40 

6.25 76.12 

12.5 81.09 

25 84.33 

50 87.88 

100 90.62 

Sample 3, an aqueous solution of 40 mg/L 
RB268 with 65.29 mM H2O2 with the addition of 0.02 
mM MnTACN by the H2O2/UV process (15 min and 
500 W), also showed no inhibitory effect on Vibrio 
fischeri. The addition of MnTACN even had a positive 
effect on the survival of Vibrio fischeri. No residual 
H2O2 was present in the solution and it was sug-
gested that MnTACN additionally activated H2O2 deg-
radation without changing its structure during the 
decolourisation process.  

Usually, AOPs are used for the degradation of 
targeted pollutants or groups of pollutants such as 
textile dyes; in some cases AOPs lead to the form-
ation of toxic by-products that pose a potential envi-
ronmental risk. From the toxicity test, it can be con-
cluded that RB268 degradation products don’t have 
an inhibitory effect on Vibrio fischeri. 

Residual H2O2 should be removed from treated 
wastewater before discharge or reuse. To avoid the 
presence of residual H2O2 in the treated water, two 
main approaches were implemented, namely the 
addition of relatively low concentrations of H2O2 
(which can be completely consumed during the pro-
cess) and filtration through activated carbon [38]. The 

addition of the catalyst MnTACN to H2O2/UV has no 
negative effect on V. fischeri bacteria. 

CONCLUSIONS 

The potential use of MnTACN as a catalyst in 
the advanced treatment of model dye solutions and 
real dye-house effluent by H2O2/UV process was 
investigated. The formation of a highly efficient and 
reusable catalyst for the oxidative decomposition of 
various stable organic dyes by H2O2 under mild react-
ion conditions was observed. The results showed that 
manganese-containing compounds are environment-
ally acceptable as possible catalysts in bleaching. 
The addition of different concentrations of the catalyst 
solution increased the decolourisation rate compared 
to H2O2/UV alone. The ratio between oxidant and cat-
alyst needs to be determined for optimum efficiency. 
The results showed that the optimum concentration 
ratio was H2O2/MnTACN = 65.29 mM/0.001 mM. 
Moreover, the catalyst additive significantly improved 
the decolouration rate within the first 5 min of treat-
ment and reduced the treatment time required for 
decolouration. The degradation mechanism is still 
unclear, but no halogenated organic compounds were 
detected after a treatment time of 30 min.  

MnTACN was successfully used for the first time 
as an H2O2/UV catalyst for decolourisation of a model 
solution. Moreover, the decolourisation rate was also 
improved in the real dyehouse effluent. 
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NAUČNI RAD 

  POBOLJŠANA FOTOKATALITIČKA OKSIDACIJA 
REAKTIVNE BOJE KORIŠĆENJEM KOMPLEKSA 
KATALIZATORA NA BAZI MANGANA 

U ovom radu je istražena efikasnost naprednih oksidacionih procesa H2O2/UV pojačanih 
dodatkom kompleksa manganskog katalizatora (MnTACN) na modelnom rastvoru boje i 
stvarnom efluentu iz procesa bojenja. Eksperimentalni rezultati su procenjeni u smislu 
redukcije apsorbancije i ukupnog organskog ugljenika. Glavni proizvodi degradacije mo-
delnog rastvora boje identifikovani su analizama gasne hromatografije/masene spektro-
metrije visoke rezolucije. Pored toga, utvrđena je toksičnost finalnog reakcionog ras-
tvora nakon H2O2/UV/MnTACN tretmana na bakterije Vibrio fischeri. Rezultati su poka-
zali da se dodavanjem sistema H2O2/UV/MnTACN u različitim koncentracijama rastvoru 
katalizatora povećava brzina dekolorizacije u poređenju sa H2O2/UV i za modelni rastvor 
boje i za stvarni efluent iz procesa bojenja. 

Ključne reči: fotokatalitička aktivnost, napredni oksidacioni procesi H2O2/UV, 
tekstilna boja, kompleks manganskog katalizatora MnTACN. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


