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 ye photodegradation using ozone and Nickel ferrite nanoparticle (NFN) as 

a photocatalyst was studied. The catalyst was synthesized and 

characterized by FT-IR, SEM and XRD. Textile dyes including Remazol 

Red RB (RRRB) and Direct Green B (DGB) were degraded as model compounds. 

Dye degradation was investigated using UV–Vis and ion chromatography (IC) 

analyses. The effect of catalyst dosage, pH, salt and initial dye concentration on 

decolorization was studied. Carboxylic acids were detected as intermediates. It 

can be concluded that Nickel ferrite nanoparticle could be used as an effective 

catalyst for photocatalytic ozonation of dyes in colored wastewater. Prog. Color 

Colorants Coat. 9 (2016), 161-171© Institute for Color Science and Technology. 

 
 

 
 

 

1. Introduction 

The toxicity of some dyes to the aquatic life and 

damaging to the aesthetic nature of the environment are 

severe problems due to the discharge of colored 

wastewater into natural streams. Thus, development of 

more effective methods to treat colored wastewater is 

an urgent need. Several physical, chemical and 

biological methods are used to remove dyes from 

wastewater [1-9]. Ozonation is one of the effective 

chemical oxidation methods to degrade pollutants [10-

12]. Ozonation of pollutants occurs via two routes: (1) 

direct molecular ozone reactions, and (2) indirect 

pathway leading to ozone decomposition and the 

generation of hydroxyl radicals (OH•). The reaction of 
ozone with organics produces aldehyde and carboxylic 
acids, both of which do not react with ozone. This is 

 
the main limitation of ozone to mineralize the organics. 

In addition, ozonation is a relatively slow and selective 

process. Therefore, radical processes have to be 

implemented. Reaction of radical with pollutants is fast 

and nonselective. In contrast to ozonation alone, 

photocatalytic ozonation allows for the effective 

formation of hydroxyl radicals [10]. 

Catalyst nanoparticle facilitates the decomposition 

of ozone and hydroxyl radical formation during the 

photocatalytic ozonation. It should provide fast and 

more effective degradation and mineralization of 

organics. Several catalysts have been proven to be 

effective in the enhancement of photocatalytic 

ozonation efficiency [13-25]. A literature review 

showed that the photocatalytic ozonation of Nickel 

D 
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ferrite nanoparticle (NFN) was not investigated.  

In this paper, photocatalytic ozonation of dyes 

using NFN was investigated. The NFN was 

synthesized and characterized by FTIR, SEM and 

XRD. Remazol Red RB (RRRB) and Direct Green B 

(DGB) were used as dye models. UV–Vis and Ion 

chromatography (IC) analyses were employed to study 

dye decolorization and degradation. The effect of 

operational parameters on decolorization such as NFN 

dosage, pH, salt and initial dye concentration was 

studied. 

 

2. Experimental  

Remazol Red RB (RRRB) and Direct Green B (DGB) 

were obtained from CIBA. Other chemicals were of 

analytical grade and obtained from Merck and used as 

received. 

Photocatalyst synthesis: nickel nitrate (4.85 g) and 

iron nitrate (26.93 g) was dissolved in distilled water and 

added to solution (citric acid (CA), distilled water and 

ethylene glycol (EG)). It was heated for 2h at 80 °C. 

Then temperature was raised to 90–110 °C. It 

accelerated esterifications between CA and EG and 

produced a clear and viscous brown resin. It was 

heated to decompose organic constituents. The powder 

was calcined on alumina crucible for 1 h at 600 °C. 

FT-IR spectrum of catalyst nanoparticle was 

recorded by Perkin Elmer FT-IR spectrophotometer. 

The morphology of catalyst was investigated by a LEO 

1455VP scanning electron microscopic model LEO 

1455 VP. The synthesized nanoparticle behavior was 

studied by X-ray diffraction  model Siemens D-5000 

diffractometer with Cu Kα radiation (λ = 1.5406 A °) at 

room temperature. 

Dye degradation was done in a batch photoreactor 

with a UV-C lamp (9W, Philips). The ozone was 

generated using an Ozonica Series generator from 

Ozoneab Co. The oxygen flow rate was 0.08 L/min. 

The ozone gas concentration was measured in the 

reactor inlet with an ozone analyzer (Orbisphere model 

3600, Switzerland).  

Experiments were performed using a 1 L solution 

containing specified concentration of dye with 5 mg/L 

of NFN nanoparticle. The solution pH was adjusted 

using H2SO4 or NaOH. Samples were withdrawn from 

sample point at certain time intervals and analyzed for 

decolorization and degradation.  

Decolorization of dyes was checked by measuring 

the absorbance at maximum wavelength (λmax) of dyes 

(520 nm for RRRB and 634 nm for DGB) at different 

time intervals by UV–Vis spectrophotometer (Perkin-

Elmer Lambda 25 spectrophotometer). 

Ion chromatograph (METROHM 761 Compact IC) 

was used to assay the appearance of carboxylic acids 

formed during the degradation of dyes (Solution: 1 L, 

Dye: 150 mg/L, NFN nanoparticle: 5 mg/L, pH: 3 at 

room temperature (25 °C)) using an METROSEP anion 

dual 2, flow 0.8 ml/min, 2 mM NaHCO3/1.3 mM 

Na2CO3 as an eluent, temperature 20 °C, pressure 3.4 

MPa and conductivity detector. 

 

3. Results and discussions 

3.1. Characterization of NFN nanoparticle 

The FT-IR spectrum of NFN is shown in Figure 1. 

NFN has two peaks at 3450 cm
−1

 and 500-600 cm
-1

 

which indicate O-H stretching vibration and metal-

oxygen vibration, respectively [26]. The OH bending 

of the adsorbed molecular water on catalyst was 

showed at 1615 cm
-1

. 
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Figure 1: The FT-IR spectrum of NFN. 
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The SEM micrograph of the NiFe2O4 (Figure 2) 

shows a relatively homogeneous grain distribution, 

which was made up of nanosized particles (< 80 nm). 

Figure 3 illustrates the XRD pattern of the NFN. The 

results showed that spinel was formed as the most 

intense (311) peak and Miller indices (111), (220), 

(400), (422), (511) and (440) matched well with the 

reflections of the nickel ferrite reported in the previous 

published paper [27]. 

 

 
 

Figure 2: SEM micrograph of the synthesized nickel ferrite particles. 

 

 

 
Figure 3: XRD pattern of NFN. 
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3.2. Degradation and mineralization of dyes 

Changes of dyes absorptions within 250 nm ≤ λ ≤ 650 

nm during the photocatalytic ozonation degradation 

using NFN at different time intervals of irradiation 

were studied. With irradiation time elapse of 20 min, 

the maximum absorbance in visible region of UV-Vis 

spectra decreased rapidly, which indicates that 

chromophore in both dyes are the most active sites for 

oxidation attack. 

Further hydroxylation of aromatic intermediates 

leads to the cleavage of the aromatic ring resulting in 

the formation of oxygen-containing aliphatic 

compounds [28]. Formate, acetate and oxalate were 

detected as important aliphatic carboxylic acid 

intermediates during the degradation of dyes (Figure 

4). The formation of aliphatic carboxylic acid 

intermediates initially increased with the illumination 

time, and then sharply dropped. Carboxylic acids can 

react with oxidants and generates CO2 [29]. 

 

 

 

 
 

Figure 4: Formation and disappearance of aliphatic carboxylic acids during the photocatalytic ozonation of dyes (a) 

RRRB and (b) DGB (5 mg/L of NFN, Ozone concentration:  55 g/m
3
, 1 L of dye solution (150 mg/L) and pH=3 

at room temperature (25 °C)). 
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3.3. Effects of reaction parameters on dye 

degradation 

The effects of reaction parameters such as NFN 

nanoparticle dosage, pH, anions (Cl
-
, HCO3

-
 and CO3

2-
) 

and dye concentration were investigated on 

photocatalytic ozonation of dyes. 

Figure 5 shows the dye degradation as a function of 

illumination time when different NFN nanoparticle 

dosages were used. As it can be seen from Figure 5, 

photocatalytic ozonation with NFN nanoparticle 

(UV/O3/NFN nanoparticle) has higher dye degradation 

efficiency than that of photoozonation (UV/O3) due to 

catalytic effect of NFN nanoparticle. In addition, there 

is a slight increasing effect of NFN nanoparticle dosage 

on degradation rate of dyes, but a further increase of 

NFN nanoparticle dosage (up to 5 mg/L) does not lead 

to any improvement of dye degradation rate. This 

behavior is typical of photocatalytic oxidation 

processes that always have a critical catalyst dosage 

above which, due to light penetration problems, the 

apparent reaction rate is inhibited [10, 30]. 

The pH of the wastewater is one of the important 

parameters that determine the efficiency of ozonation 

since it can alter degradation pathways. Thus, 

comparative experiments were performed at pH range 

of 3-9 (Figure 6). 

 

 

 

  

           (a)                      (b)  
 

Figure 5: The effect of NFN dosage (mg/L) on the decolorization of dyes using photocatalytic ozonation (a) RRRB and (b) 

DGB (pH=3, Ozone concentration: 55 g/m
3
, and 1 L of dye solution (150 mg/L) at room temperature (25 °C)). 

 

 

 

0

20

40

60

80

100

0 2 4 6 8 10 12

D
ec

o
lo

ri
za

ti
o
n

 (
%

) 

time (min) 

0 2.5 5 10 20

0

20

40

60

80

100

0 2 4 6 8 10 12

D
ec

o
lo

ri
za

ti
o
n

 (
%

) 

time (min) 

0 2.5 5 10



          N. M. Mahmoodi 

168 Prog. Color Colorants Coat. 9 (2016), 163-171  

 
 

      (a)               (b) 

 

Figure 6: The effect of pH on the decolorization of dyes using photocatalytic ozonation (a) RRRB and (b) DGB (5 mg/L of 

NFN, Ozone concentration: 55 g/m
3
, and 1 L of dye solution (150 mg/L) at room temperature (25 °C)). 

 

 

 

Figure 6 shows that dye degradation decreases by 

increasing pH. Ozone decomposition in water is 

strongly pH-dependent and occurs faster with an 

increase of pH. Ozone has two mechanisms through 

which can degrade organic pollutants at different pH 

values, namely (i) direct electrophilic attack and (ii) 

indirect attack through the formation of hydroxyl 

radicals. Direct attack by molecular ozone (commonly 

known as ozonolysis) occurs at acidic or neutral 

conditions and is a selective reaction resulting in the 

formation of carboxylic acids as end products that 

cannot be oxidized further by molecular ozone. At high 

pH values, ozone decomposes to non-selective 

hydroxyl radicals. Photocatalytic ozonation allows for 

the effective formation of hydroxyl radicals even at low 

pH [10, 11]. Photocatalytic ozonation utilizes NFN 

nanoparticles catalysts in order to achieve controlled 

decomposition of ozone and hydroxyl radical 

formation. Therefore both direct electrophilic attack 

and indirect attack through the formation of hydroxyl 

radicals occurred at a low pH in photocatalytic 

ozonation. 

The occurrence of inorganic anions is rather 

common in colored industrial wastewater. These 

substances may compete for the active sites on the 

NFN nanoparticle surface or deactivate the catalyst 

and, subsequently, decrease the decolorization rate of 

the target dyes. An important drawback resulting from 

the high reactivity of active species such as radicals is 

that they react with non-target compounds present in 

the background water matrix, i.e. dye auxiliaries 

present in the exhausted reactive dye bath. It results in 

higher active species demand for accomplish the 

desired degree of degradation, or complete inhibition 

of advanced oxidation rate and efficiency [31]. 

To study the effect of dye concentration on the rate 

of decolorization, the dye concentration was varied 

from 50 mg/L to 200 mg/L while other variables were 

kept constant (Figure 8). The degradation rate depends 

on the initial concentration of dye. As expected, the 

decolorization rate decreased by increasing the dye 

concentration. 

With the increase of dye concentration, the possible 

reason is the interference of intermediates formed 

during degradation of parental dye molecules. Such 

suppression would be more pronounced in the presence 

of an elevated level of degradation intermediates 

formed upon an increased initial dye concentration 

[29].  
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            (a)                     (b) 

 

Figure 7: The effect of inorganic anions on the decolorization of dyes using photocatalytic ozonation (a) RRRB and (b) 

DGB (0.02 M of salts, Ozone concentration: 55 g/m
3
, 5 mg/L of NFN and 1 L of dye solution (150 mg/L) at room 

temperature (25 °C)). 

 

 

  

            (a)              (b) 

Figure 8: The effect of dye concentration (mg/L) on the decolorization of dyes using photocatalytic ozonation (a) RRRB 

and (b) DGB (5 mg/L of NFN, Ozone concentration: 55 g/m
3
, and 1 L of dye solution at pH=3). 
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4. Conclusion 

Photocatalytic ozonation of dyes using Nickel ferrite 

nanoparticle (NFN) was investigated. The reaction 

parameters studies showed that dyes were decolorized 

and degraded using NFN nanoparticle. Aliphatic 

carboxylic acids were detected as dominant aliphatic 

intermediates where, they were further oxidized slowly 

to CO2. Inorganic anions were detected as the products 

of photocatalytic ozonation mineralization of dyes. 

Results showed that the NFN nanocatalyst is effective 

to degrade textile dye. This technique may be viable 

for treatment of large volumes of aqueous colored dye 

solutions. Photocatalytic ozonation using NFN 

nanocatalyst is capable of decolorizing and treating 

colored textile wastewaters without using high oxygen 

pressure or heating. 
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