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1.  Introduction

Pollution with textile dyes can cause massive pollution in 
the ambient environment. This arises from formation of 
carcinogenic products vi reaction of these dyes with the 
other materials that may exist in the environment. Vast 
majority of these dyes are complex aromatic organic 
compounds with a complex structure that containing one 
or more azo groups (-N=N-). Currently, many industries 
are using azo dyes such as textile industries, food industries 
and color paper printing industries1. Azo groups are 
responsible for the deep color in these materials, if these 
groups are broken; the color disappears or at least reduces 
to minimum intensity2. In the last few years, much effort 
was focused to discover new methods to remove azo dyes 
from industrial wastewaters effectively. In this context, 
heterogeneous photocatalytic systems can be used 
effectively in removal of these dyes either by adsorption 

and/or by photocatalytic processes by irradiation of 
aqueous solution of the industrial wastewaters with the 
used photocatalyst3. Different types of photocatalysts were 
used in this field such as TiO2, ZnO, CdS and many other 
semiconductors photocatalysts. These materials were 
used as neat form or modified mateials3. Among these 
materials, Nickel Oxide (Ni3O4) can be used in removal of 
dyes from the polluted wastewaters. This oxide exhibited 
high activity towards removal of aromatic compounds 
that are found as pollutants in wastewaters. This oxide can 
be characterized by its distorted structure, which arises 
from the presences of excess of oxygen that makes holes 
between the neighboring ions of Ni2+. This can lead to 
oxidizes of Ni2+ to Ni3+ and this charge makes this oxide to 
be colored4,5. In addition to Nickel Oxide, Cobalt Oxide 
(Co3O4), is considered to be as a good photocatalyst. It 
has important properties such as a moderate bandgap 
energy, high porosity, high specific surface areas and 
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non-toxicity. All these excellent catalytic properties make 
it suitable for environmental applications. This oxide 
showed high catalytic activity in many applications such 
as environmental and industrial applications6–8.

The present work aims to study the photocatalytic 
removal of BBG and RY145145 dyes from their textile 
industrial wastewaters over a suspension of a prepared 
spinel photocatalyst Ni3O4-Co3O4 under irradiation with 
UV light.

2.  Materials and Methods

2.1 Materials and Chemicals 
All chemicals were used without any further purification. 
Cobalt Nitratehexahydrate Co(NO3)2.6H2O and Nickel 
Nitrate Hexahydrate Ni(NO3)2.6H2O were obtained 
from (BDH Company) with a purity of 97.9% and 99.9% 
respectively. Sodium Carbonate anhydrous Na2CO3 was 
obtained from (GmbH Company) with a purity of 99.9%. 
The dyes that were used in this study were BBG dye 
and RY145 dye. These dyes have a molecular formula of 
(C21H24N8.2HCl) and (C28H20ClN9Na4O16S5) respectively 
and they were obtained from (Al-Hilla Textile Factory- 
Iraq).

2.2 Catalyst Synthesis
In the current study, spinel oxide (Co, Ni)3O4 was prepared 
by a co-precipitation method with a ratio of 50:50% from 
their starting materials (Ni(NO3)2.6H2O,Co(NO3).6H2O). 
The used amounts of these salts were weighed accurately 
and dissolved in 400 mL of deionized water. The obtained 
mixture then was stirred continuously under normal 
atmospheric conditions. The pH of this mixture was 
monitored by measuring the pH of the solution using a 
digital pH meter (740 Inolab WTW ) and a pH range of 
(5.5-6.2) were recorded for various mixed ratios. After 
that, Na2CO3 (1M) was added drop wisely as a precipitating 
agent and the temperature of this solution was kept 
around 70-75ºC. The pH was kept approximately around 
9 and the obtained solution was left for two hours at the 
same temperature with stirring for digestion. Then the 
resultant mixture was filtered using a Buchner filtration 
flask and a vacuum pump. The obtained precipitate 
was dried in an oven (Oven Bs Size Two Gallenkamp, 
England) for overnight at 120ºC. The obtained solid was 
calcinated at 600⁰C for four hours at a heating rate of 
10ºC/min 9(Muffle Furnace Size - Tow Gallenkamp).

2.3  Photocatalytic Activity of the Prepared 
Catalyst

The photocatalytic reactions were carried out using a 
mercury vapor lamp (Philips- Holland, 250 W) without 
cover glass as a source of UV radiation. The cell of 
photoreaction was made up from Pyrex glass with quartz 
windows with a maximum capacity volume of 30 mL as 
shown in Figure 1. All photocatalytic experiments were 
performed by adding a required amount of the used 
catalyst (0.05 g) into the photoreaction cell. An aqueous 
solution of BBG dye and RY145dye (50 ppm, 30 mL) 
were added for each experiment. The temperature of 
the reaction mixture was adjusted at around 23⁰C. The 
reaction was initiated by illumination with UV light from 
mercury vapor lamp. The temperature of the reaction was 
controlled by using a thermostat. Periodically, 2 mL of the 
reaction mixture samples were withdrawn for a period of 
each 10 minutes for a total reaction time of one hour for all 
experiments. The obtained samples were centrifuged for 
several times. The absorbance of the obtained supernatant 
liquids for each un was measured at a wavelength of 468 
nm of (BBG) and at 418 nm of RY145 using UV-visible 
spectrophotometer (UV-1650PC Shimadzu, Japan).

Figure 1.    Application isolated dc-dc converter.

2.4. Catalyst Characterization

2.4.1 .X-Ray Diffraction (XRD)
The prepared catalyst was investigated using powder 
X-Ray Diffraction (XRD), Phillips X-Ray Diffraction with 
CuK radiation (1.542 Å, 40 KV, 30 MA), in the 2Ѳ ranged 
between 10-80 degrees (XRD6000, Shimadzu, Japan).

2.4.2.Atomic Force Microscopy (AFM)
The prepared catalyst was further investigated using 
Atomic Force Microscopy (AFM) SPM-AA3000 Atomic 
Force Microscope/Contact Mode Angstrom Advanced 
Inc., 2005, USA. This device was used to investigate the 
atomic configuration and topography at the surface of the 
prepared catalyst.
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3.  Results and Discussion

3.1 X-Ray Diffraction (XRD)
The results of XRD patterns of the prepared materials that 
were calcinated at 600⁰C are shown in Figure 2. From 
these XRD patterns of prepared catalyst, it can be seen 
that, sharper peaks of the XRD patterns indicate, large 
crystallites are almost present for these materials. Also it 
can be noted that there was a deviation for some peaks 
for the samples that were synthesized at 600⁰C, also there 
was variation in the space- d (2.8698, 2.0915, 2.4473) and 
2Ѳ (31.139, 36.691, 2.0915) for standard values for these 
oxides by matching with Joint Committee on Powder 
Diffraction Standards (JPCDS) for each of Co2O3 and 
Ni2O3.These deviations can be acquired by influencing 
between these supported oxides10. The XRD patterns for 
these materials are shown in Figure 2.

Figure 2.    XRD patterns for the Ni3O4-Co3O4 
photocatalyst.

3.2 Atomic Force Microscopy (AFM)
The image of Atomic Force Microscopy of the prepared 
catalyst are shown in Figure 3.

Figure 3.    AFM images of Ni3O4-Co3O4 that was 
calcinated at 600⁰C.

From the above AFM image of the prepared catalyst 
that was calcinated at 600°C the average particle diameter 
was around 98.78 nm. This means that, these materials 
were prepared effectively by co-precipitation method 
to yield nano-scale catalyst that can be used in different 
industrial and environmental applications. 

3.3  Study of the Physical Properties of the 
Prepared Catalyst 

The physical properties of the prepared catalyst that was 
synthesized by calcination at 600°C for 4 hours were 
investigated using fluid saturation method11,12. These 
investigated properties were pore size, porosity and the 
bulk density. The obtained results are shown in Table 1.

Table 1.    The results of pore size, porosity and bulk 
density for the prepared catalyst
Physical property The obtained 

value 
Dry weight of catalyst Wt.1 0.076
Weigh of catalyst Saturated with water Wt.2 0.107
Weigh  of catalyst  pending in water Wt.3 0.063
Porosity% 70.45
Pore volume g/(cm3) 0.407
(g/cm3)  Density 1.727

3.4  Photocatalytic Activity of the Prepared 
Catalyst

The photocatalytic activity of the prepared catalysts was 
investigated by following the photocatalytic removal of 
BBG dye and RY145 dye from the industrial wastewaters. 
From the obtained results, the efficiency of removal of 
BBG was 94.6% and for RY145 was 31.11%. These results 
are summarized in Table 2 and are plotted in Figure 4.

Figure 4 shows that the photocatalytic activity of 
removal of BBG and RY145 over prepared spinel oxide 
was increased with increase time of reaction. This was 
observed by monitoring a decrease of dye concentration 
with passing a time of reaction13. It was found that an 
optimum removal efficiency of these dyes was reached 
to 94.6% after 60 min of illumination time to BBG and 
31.11% of RY145. This result indicates that the prepared 
catalyst was more effective and specific to BBG dye more 
than RY145. This probably arises from the chemical 
structure of this dye and its interaction with the surface 
of this catalyst more than that with the other dye. 
Effective interaction between adsorbate molecules and 
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the surface of adsorbent is essential step in photocatalytic 
reactions14,15. 

Table 2.    Photodegradation efficiency % of BBG, 
RY145 dye for 60 min
Removal % of RY145 Removal% of BBG Time (min.)

0.00 0.00 00

23.90 84.19 10

26.24 86.27 20

29.30 87.70 30

30.58 94.24 40

30.79 94.48 50

31.11 94.60 60

Figure 4.    Photocatalytic removal efficiency % of BBG and 
RY145 dyes over prepared catalyst.

4.  Conclusions

The photocatalytic removal of Bismarck Brown Gand 
Reactive Yellow 145 was investigated in this study over 
Ni3O4-Co3O under UV irradiation. Removal of BBG was 
more efficient than RY145 dye under the same reaction 
conditions. The best removal efficiency was achieved 
using 0.05 g of the catalyst at normal pH and a temperature 
of 23⁰C. The prepared catalyst showed higher activity in 
removal BBG rather than RY145 under the same reaction 
conditions.
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