
 

 

_________________________________________________________________________________________________ 

*Corresponding author e-mail: ahmed.halbus@uobabylon.edu.iq; (Ahmed F. Halbus). 
Receive Date: 11 September 2021,  Revise Date: 06 November 2021,  Accept Date: 21 November 2021 
DOI:  10.21608/EJCHEM.2021.95421.4480 
©2019 National Information and Documentation Center (NIDOC) 
 

 

Egypt. J. Chem. Vol. . 65, No. 6. pp. 99  - 110 (2022) 

 

                                                                      

Fabrication of carbon nanotube (CNTs)/Co3O4-Ni3O4/Al2O3  nanocomposite catalyst and 

its application for photocatalytic removal of celestine blue dye  

Hussein Idrees Ismael,aAhmed F. Halbus,a* Thamir A.H. Mohammad,b 

Sadiq J. Baqir,b Zahraa H. Athab,cAbbas J. Atiyah,a Salih H. Kadhim,a Emman J. Mohammada 

 
aDepartment of Chemistry, College of Science, University of Babylon, Hilla, IRAQ; 

b AlmustaqbalUniversity College, Babylon, Hilla ,IRAQ; 
c Environmental Research and Studies Center, University of Babylon, Hilla, IRAQ; 

Abstract 

In this work, we examined the photocatalytic activity of different composite ratios of doped co-oxide (Co3O4-

Ni3O4/Al2O3) with carbon nanotubes (CNTs) toward Celestine blue dye (CBD). This work involves preparation 

of composite catalyst Co3O4-Ni3O4/Al2O3 doped with CNTs in different percent (2%, 4%, 6% and 8%) by using 

wet impregnation method. The prepared materials were characterized usingFourier transform infrared 

spectroscopy (FTIR), Atomic force microscope (AFM) and X-rays Diffraction technique(XRD). The 

photocatalytic activity of these materials were investigated by following photocatalytic removal of Celestine blue 

dyeat λ max= 542nm and dye concentration equal to 100 ppm in different irradiation times. The obtained results 

showed thatthe best percent of doping  the co-catalyst with carbon nanotubes was 6%,which gives a high 

photocatalytic dye  removal equal to 99%.   

Keywords:Co3O4-Ni3O4/Al2O3, carbon nanotube composite catalyst, photocatalytic activity, Celestine blue dye.  
 

1. Introduction 

Nanoscience has become one of the most 

important and interesting field in new science and 

technology due to many potential applications in  

various ways. Nanomaterials have new chemical, 

physical and mechanical properties better than their 

corresponding  bulk materials, these new promising 

properties can enhance catalysis, photocatalytic 

activity, increasing strength, and other several 

interesting characteristics properties. Nanomaterials 

have different morphologies and structures consisting 

of  clusters, sheets ,quantum dots and nanotubes 

[1,2]. 

Among different types of nanomaterial’s, carbon 

nanotubes can be considered to be very important 

class due to it using  in wide range of applications in 

nanotechnology sciences.  These materials containing 

a series of carbon-carbon bonds as sp2 hybridization 

in a hexagonal arrangement closely as honeycomb 

arrangement [3,4]. There are many types structures 

for CNTs, the first type is a single-walled CNTs 

(SWNTs), which is consisting  of monolayer of 

graphene sheet that are rolled as a cylindrical shape 

with  diameter around 1 nm.  SWCNT classification 

to many types according  the direction of the tube 

axis such as (a) semiconductor, metallic zigzag 

(m=0) (b) chiral (n ≥ 0: m ≥ 0) nanotubes and (c) 

metallic armchair (n=m) [5]. The second type is 

double wall CNTs (DWCNTs) which is  result from 

rolled of two layers of graphene sheets into a 
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cylindrical shape. The third type is similar to SWNTs 

structure which contains of 2-6 layers from graphene 

sheets which is called few walled carbon nanotubes 

(FWCNTs) [6]. The fourth type of CNTs is a multi-

walled carbon nanotubes (MWCNTs) which is  

consisting  of rolled many layers of grapheme sheets 

[7].  

According to the tube’s diameter, warp direction 

and the helicity, CNTs  behaves either as a 

semiconductor or metal [8]. CNTs have special 

optical, electrical, mechanical and thermal properties 

[9,10]. These properties make CNTs important and 

useful for high strength materials, sensors, fuel 

storage, nanoelectronics, energy storage, and 

biomedicine catalytic material for removal pollutant 

from waste water and air [11-14]. MWCNTs are 

difficult to dissolve in any solvent. But 

functionalization of MWCNTs improves its  

solubility in different solvents [15]. 

Carbon nanotubes supported on metal oxide 

nanoparticles have an effective properties that enable 

it to adsorb of many types of  hazardous organic 

chemicals an heavy metal ions a from water [16,17]. 

In this context it behaves as a catalyst . 

Nanocomposites materials have physical and 

chemical properties better than that of their 

components materials. This feature makes them show 

higher catalytic activity in comparison with their 

corresponding single components[18]. 
Catalytic action occurs upon irradiation system 

which leads to generate (h+, e-) pairs in valence band 

and conduction band respectively of the co-oxide. 

Then conduction band electrons would transfer into 

CNTs surface which act as a sink for electrons that 

are generated at the co- oxides surface. Then it react 

Fig. 1. Schematics showing the photocatalytic activity of the prepared nanocomposites materials with celestine 

blue dye. 
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with adsorbed oxygen (O2ads) to form O2
.- radical, 

from other hand, h+ at the valence band contribute in 

formation of OH.. These redox species can be  

contributed in redox reaction at the surface [19, 20]. 

These proposed action for mechanism is presented in 

Figure 1. 

Alumina oxide considers as an  important 

supported catalytic material, due to its high surface 

area,  and it is an inert material so that it is widely 

used as a supported catalyst in heterogeneous 

catalysis. Its role in catalytic activity arises from it 

high surface area that prevent agglomeration of 

particles of catalyst and enhancement of catalytic 

activity for the catalytic process [21-23]. 
Cobalt oxide (Co3O4) is important photocataalyst 

and is used widely in many environmental 

application such as such as colored glasses, 

electrochemical capacitors, in hydrogenation 

reactions, and removing pollutants from wastewaters. 

Besides that, it can be applied in oxidation of the 

volatile organic compounds [24,25].  

On other hand, nickel oxide can be used in wide 

spectrum of applications such as removing 

compounds that are found as pollutant in wastewater, 

nickel oxide is characterized by distorted structure, 

due to the presences of excess of oxygen in its crystal 

structure [26].  In terms of photocatalytic reactions 

that occur in presence of these oxides, the  main 

drawback is the back electron transfer which occurs 

normally in neat photocatalyst, which leads to reduce 

the efficiency of the photocatalytic process. So that, 

combining these materials can reduce recombination 

rate with enhancement of the  photocatalytic process 

[26-29]. 

The present study describes preparation of 

composite materials of  co-  Co3O4-Ni3O4/Al2O3 co-

catalyst and functionalize carbon nanotubes in 

different ratios (2%, 4%, 6% and 8% ).The novelty of 

the present work is presented by synthesis of the 

composite CNTs/Co3O4-Ni3O4/Al2O3 using eco-

friendly materials with its application in Celestine 

blue dye removal by photocatalytic reactions.The 

reason for using CBD as a model in this work is due 

to its wide usage in many applications such as 

industrial, biological and environmental applications. 

So that large amounts of this dye are effluent to the 

Fig. 2. Schematics showing the synthesis of CNTs/ Co3O4. Ni3O4/Al2O3 samples. 
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nearest environment and caused high level pollutions. 

The photocatalytic activity of the prepared 

nanocomposites materials would be investigated via 

monitoring removal of Celestine blue dyefrom its 

aqueous solutions (see Figure 1). 

 

2. Experimental 

 

     Materials 

All materials that were used in this work were in 

high purity, and provided from B.D.H. Nickel nitrate 

hexahydrate Ni(NO3)2.6H2O, Cobalt nitrate 

hexahydrate Co(NO3)2.6H2O and Aluminum nitrate, 

Al(NO3)3.9H2O were got from BDH Company with 

Purity 99.9%, 97.9% and 99.5% respectively. Sodium 

carbonate anhydrous Na2CO3got from Gmbh with 

Purity 99.9%, HCl and NaOH were obtained from 

BDH Company.The used CNTs were MWCNTs 

provided from sigma Aldrichwith a purity of 95%. 

 

2.1. Methods 

 

2.1.1. Synthesis of CNTs/Ni3O4.Co3O4/Al2O3 samples 

 

The spinel catalyst Ni3O4.Co3O4/Al2O3 was 

prepared by co-precipitation method[30] in the ratio 

(30:30:40) for the components oxides respectively. 

Composites of co-catalyst and CNTs was prepared 

using different weights percent of CNTs (2%, 4%, 

6% and 8%). These components  were mixed 

homogeneously in wet using simple evaporation 

method, then dried in 120 ᴏC for 12 h. and calcinated 

at 600 ᴏC for 2 h. This is shown 

schematically in Figure 2. 
The preparation was performed at basic media in 

order to achieve complete transformation of metal 

into metal carbonate which gives metal oxide after 

calcination at a proper temperature. 

2.1.2. Photocatalytic activity of nanocomposites 

catalyst  

 

Experiments of  photocatalytic activity were 

conducted using a 30 mL photoreaction cell that was 

designed in the previous study as shown  in Figure 

3A. In each experiment, 0.05 g of  nanocomposites 

catalyst was added to the  solutions at different ratios 

(2%, 4%, 6% and 8%)  to 30 mL of 100 ppm of 

Celestin blue dye.  

The suspensions were stirred in darkness for 10 min 

using a magnetic stirrer (dark reaction) to ensure 

adsorption equilibrium has been occurred. Then 

irradiation  of reaction mixture was initiated using 

mercury vapor lamp, then periodically 2 mL, of 

reaction mixture were withdrawn at each 15 minute  

for a period of one hour.  

Then suspension was  centrifuged for 20 minute at a 

speed 5000 rpm. The absorbance of the  supernatant 

liquid was measured at the maximum wavelength of 

542 nm as shown  in Figure 3B,  Absorbance of 

Celestine blue dye without catalyst=1.1126 ,which 

was measured with a UV-visible spectrophotometer 

type UV-Vis 1650PC   Shimadzu, Japan. 

 

Fig. 3.(A) Homemade photoreaction system  that 

was utilized in photocatalytic dye removal. (B) 

UV-visible spectra of Celestin blue dye, 100 ppm. 
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3. Results and discussion 

3.1. Characterization of CNTs/Ni3O4.Co3O4/Al2O3 

catalyst 

3.1.1. FTIR for the prepared composite 

 

FTIR spectra of different composite ratios of 

doped co-oxide (Co3O4-Ni3O4/Al2O3) with  CNTs  

are shown in Figure 4. In general, it can be seen that 

FTIR spectra for all doped samples are almost have 

similar peaks and show peaks that are related to both  

CNTs and co-oxide.  

 From these spectra,  it can be seen that, the peaks 

around 420, 482 and 606 cm-1 are related to the 

absorption of metal oxygen bond (M-O) bonds. 

These spectra show  an absorption peak of nickel 

oxide around  420 and 482 cm-1 and absorption peak 

at 606 and 520 cm-1 for cobalt  oxide [31,32]. The  

peak around  523-567 cm-1 is due to Al2O3 [33].The 

peaks  around  1650 and 3350-3470 cm-1 can be 

assigned to the presence of surface hydroxyl group 

and due to adsorbed atmospheric  water vapor.  The 

broad  peak in the range of  3100-3500 cm-1 can be 

related to vibration  modes of the surface hydroxyl 

group [34].  

Fig. 4.  FTIR spectra of different composite ratios of  doped co-oxide (Co3O4-Ni3O4/Al2O3) with  

CNTs. 
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Also for these composites, the peak around  1633 

cm-1 can be assigned to –C=C– of alkenes, and the 

peak around  1500–1400 cm−1 is assigned to the C–C 

stretching in the aromatic ring  which  may present 

with CNTs in the composite. 

 

 The sharp peak around 1741 cm−1 is assigned to 

C=O stretching vibrations of a carboxyl group at the 

surface of  CNTs. The peak around 3394 cm−1 is 

assigned to the OH vibration [35].  

 

 Generally, FTIR spectra of the composites  

(CNTs/co-oxide/Al2O3) show absorption peaks  of 

each of co-oxide and  CNTs in the composite in the 

four prepared samples.   

 

The  three main  peaks correspond to metal-

oxygen  bonds in the range  432–619 cm–1, and the –

OH bond around 1639–1681 cm–1, and OH bond 

vibration  at 3383 cm–1  can be related to  the 

intermolecular interaction at the surface of co-oxide 

with  CNTs [36]. 

 

 

 

3.1.2. AFM of the composites   

The surface morphology of synthesized CNTs/ 

co-oxide/ Al2O3 was investigated using atomic force 

microscope (AFM), and the obtained results are 

presented in Figure  5.  From these images it can be 

seen that all samples are shown high homogeneity 

and that probably arises from CNTs embedding with 

the matrix of co-oxide for all doped ratios in this 

study (2% , 4%, 6% and 8%).   

 

 

In this case,  CNTs bundles easily bend and wrap 

around  matrix of the co-oxide particles, this probably 

arises from strong  interaction of  functional groups 

of CNTs with that at present at co-oxide surface [37]. 

Besides that, this feature can be attributed to the high 

distribution of CNTs in the matrix of spinel and 

strong interactions between composites materials.  

 

Also from these images, it can be seen that there 

was a relative reduction in grain size with increasing 

ratio of the doped CNTs from 2% up to 6%. At 

higher ratio 8% it can be seen that there was an 

increase in grain size.  

 

 

 

This probably due to relatively high doped ratio 

under these circumstances. It is clear that reduction in 

grain size and particle size leads to increase of the 

surface area of the used catalytic materials, which 

results in increasing of catalytic activity of the 

interested material.  

 

 

These observations are consistent  with the 

obtained results in this study as the composite 

CNTs/co-oxide/Al2O3  in a ratio of 6% showed  

higher catalytic activity in terms of photocatalytic 

removal of CBD under these reaction conditions in 

comparison with other composites [38]. 
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Crystal structure of the prepared materials was 

investigated using  Phillips X-rays diffraction in the 

range of 2θ 10–80 degrees. Powder X-rays diffraction 

patterns (PXRD) of the prepared nanocomposites at 

weight ratios 6% of CNTs and catalyst without CNTs 

are shown in Figure 6. PXRD patterns of the 

composite are extremely similar to that of spinel 

Fig. 5.AFM of different composite ratios of  doped co-oxide (Co3O4-Ni3O4/Al2O3) with  CNTs. 
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catalysts with appear  peaks at 2θ=26.5,33.9 and 44.3  

for CNTs. From these patterns, it can be seen that 

there were some deviations in the d-spaces and peaks 

positions  when comparing with the standard values 

(JPCDS). This deviation is acquired by influencing 

and overlapping between CNTs and oxides [39,40]. 

3.1.3. Photocatalytic activity of the prepared 

nanocomposites catalyst 

Several experiments were performed to 

investigate the best ratios of the nanocomposites 

catalyst  that was calcinated at 600 ⁰C and it was 

found that the best ratio was 6% . This catalyst was 

chosen to be the best one due to have better physical 

properties and good catalytic performance in redox 

reactions and removing environmental pollution into 

the aqueous solution [41-46], it was also found that 

the CNT good adsorbed material due to have higher 

surface area. Figure 7 and Table 1 show the best ratio 

of prepared nanocomposites. The efficiency of dye 

removal was determined using the equation [47-51]: 

Remaining percentage= At/ A0 

Where the A0, At, is the initial and the final 

absorption of dye. 

 

Table  1.  Absorbance of Celestine blue dye over 

different percent of CNTs/Co3O4-Ni3O4/Al2O3  and 

Co3O4-Ni3O4/Al2O3  at different time. 

 

 

Time/min 2% 

CNTs 

4% 

CNTs 

6% 

CNTs 

8% 

CNTs 

Co3O4-

Ni3O4/Al2O3 

15 0.032 0.045 0.0261 0.042 0.055 

30 0.025 0.039 0.0232 0.038 0.046 

45 0.019 0.036 0.0188 0.034 0.042 

60 0.018 0.031 0.0123 0.029 0.034 

 

 

 

 

The best ratio of the prepared CNTs composite 

catalyst was 6% CNTs which gives high efficiency 

for removal of dye approach  to 99% as shown in 

Figure 8, this may be due to increasing of their 

surface area and porosity and increasing of active 

pore sitesand give the best distribution of these active 

sites [52].  

 

 

 

 

Fig. 6. XRD patterns  for Co3O4-Ni3O4/Al2O3 and 

CNTs/Co3O4-Ni3O4/Al2O3.  

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 7. Absorbance of Celestine blue dye over 

different percent of CNTs/Co3O4-Ni3O4/Al2O3 

and Co3O4-Ni3O4/Al2O3. 
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4. Conclusions 

Here, we described the synthesis and 

characterisation of various composite ratios of doped 

co-oxide (Co3O4-Ni3O4/Al2O3) with CNTs, including 

Fourier transform infrared spectroscopy, atomic force 

microscopeand X-ray diffraction. The results from 

FTIR spectra of different composite ratios of doped 

co-oxide Co3O4-Ni3O4/Al2O3 with CNTs showed that 

the absorption peaks of each of co-oxide and CNTs in 

the composite in the four prepared samples. The three 

main peaks correspond to metal-oxygen  bonds in the 

range  432–619 cm–1, and the –OH bond around 1639 

–1681 cm–1, and OH bond vibration  at 3383 cm–1 can 

be related to the intermolecular interaction at the 

surface of co-oxide with CNTs. The results from 

AFM analysis showed that all samples are shown 

high homogeneity and that probably arises from 

CNTs embedding with the matrix of co-oxide for all 

doped ratios in this study (2%, 4%, 6% and 8%). 

Also from AFM images, it was discovered that there 

was a relative reduction in grain size with increasing 

ratio of the doped CNTs from 2% up to 6%. At 

higher ratio 8% it can be seen that there was an 

increase in grain size. This probably due to relatively 

high doped ratio under these circumstances.  From 

the obtained results in this work, we also show that 

the best ratio of the prepared nanocomposites catalyst 

was 6% CNTs/ Co3O4-Ni3O4/Al2O3, which showed 

high photocatalytic activity for degradation of 

Celestine blue dye in concentration of  100 ppm for 

60 min in room temperature. 
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