
 

JASET, Vol. 2022, Issue 1, Page X  

Unveiling the Morphology and Composition of Heterogeneous Co, Zn 
and ferrite Catalysts for Efficient Catalysis 

Khurram Shahzad Ayub 1, 2, Umair Mushtaq 1, Saqlain Abbas 3, Asad Ali 2, 4, Homely Isaya Mtui 5 , 
Yang Ji 1,6 * 

1 School of Resources and Environmental Engineering, State Environmental Protection Key Laboratory of Environmental 

Risk Assessment and Control on Chemical Process, East China University of Science and Technology, Shanghai 200237, 

People's Republic of China. 

2Department of Chemical Engineering, Hafiz Hayat Campus, University of Gujrat, Gujrat, 50700, Pakistan. 

3Department of Environmental Sciences, Hafiz Hayat Campus, University of Gujrat, Gujrat, Pakistan. 

4School of Engineering, Edith Cowan University, Perth, Australia. 

5Engineering Research Centre of Microbial Enhanced Oil Recovery, Ministry of Education, East China University of Science 

and Technology, 130 Meilong Road, Shanghai, 200237, People's Republic of China. 

6Shanghai Institute of Pollution Control and Ecology Security, Shanghai 20092, People's Republic of China. 

* Correspondence: yangji@ecust.edu.cn 

 

Abstract: In order to explore the possible catalytic activity of Co, Zn ferrite 
catalysts, the current work explores their morphological and compositional features. 
The extraordinary surface area was attributed to the development of irregular 
nanocrystalline particles with sheet-like shapes, as indicated by field emission 
scanning electron microscopy (FE-SEM) study. The presence and appropriate ratios 
of Co, Zn, Fe, and O were verified by energy-dispersive X-ray spectroscopy (EDS), 
reflecting catalyst stoichiometry and purity. The polydispersity of the catalysts was 
further revealed by high-resolution transmission electron microscopy (HR-TEM) 
micrographs, which showed a wide range of particle sizes shaped as quasi-spherical, 
octahedral, and cubic. These results offer insightful information about the catalysts' 
structural properties and point to their possible utility in a range of catalytic 
applications particularly for the volatile organic compounds (VOC). 
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1. Introduction 

Air pollution due to anthropogenic activities has become a foremost concern for public health because it is the 
cause of many diseases that may lead to death, both for humans and living beings [1]. As a result, environmental 
regulations are constantly rising and becoming more stringent, which demands more efficient methods to clean 
up gas streams [2,3] . The cause of air pollution is hazardous materials in the atmosphere. The world's large 
population is still exposed to excessive concentrations of air pollutants, particularly volatile organic compounds 
(VOC). The adverse consequences on flora, the environment, human health, and property are the basis for 
categorizing certain substances as air pollutants. 

Due to potential health risks associated with exposure to VOC and increasing awareness, the treatment of VOC 
has become an important research area that is receiving much attention. Many international and national 
organizations formulated rules and extended directives for industries to mitigate and limit VOC emissions and 
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Highlights 

 All catalysts form irregular 

nanocrystalline particles with great 

surface area because of their sheet-like 

shapes, according to FE-SEM images.  

 EDS verifies catalyst purity and 

stoichiometry by confirming the 

presence and appropriate ratios of Co, 

Zn, Fe, and O. 

 The polydispersity of the catalysts is 

demonstrated by HR-TEM 

micrographs, which exhibit quasi-

spherical, octahedral, and cubic-shaped 

particles with wide size variations.  
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to implement emission reduction measures. Therefore, effective treatment and control of VOC are crucial for 
protecting human health and the environment. This requires carrying out research and development of 
innovative solutions. Consequently, it is imperative to take swift and practical actions to address the issue and 
control VOC emissions.  

The traditional technologies used to degrade the VOC are inefficient and unable to handle low-concentration 
VOC emissions [4,5] . However, recent research has focused on developing more effective methods for VOC 
degradation. For this purpose, non-thermal plasma (NTP) has drawn considerable attention among researchers. 
The Dielectric barrier discharge plasma (DBD) plasma, a type of NTP, is considered a prospective approach for 
treating VOC emitted with low concentrations, as it offers low energy consumption and is easy to operate. The 
limitation of this technology is low energy efficiency and the potential generation of byproducts that are also 
harmful to health and the environment . This limitation can addressed by choosing catalyst(s) in combination 
with DBD to affect the transformation of byproducts and the overall efficiency of the degradation process. The 
DBD plasma can operate at room temperature to convert air pollutants, giving the best performance and stable 
plasma region with easy connection with the catalytic system [8]. However, the practical application of NTP on 
VOC abatement is limited by three reasons, incomplete oxidation and emissions with harmful compounds (CO, 
NOx, other VOC), low energy efficiency, and low mineralization rate. NTP coupled with the catalytic systems 
termed “plasma catalysis” have attracted research in recent years. Catalyst-combined NTP processes allow 
enhanced efficiency by generating highly oxidizing substances. Our previous work has been done with the 
catalysts Co and Zn ferrite catalysts exploring excellent performance in degradation of toluene as target VOC 
pollutant with the plasma-catalysis system [9–13]. In the current study, exploration of their morphological 
characterization has been studied who play a vital role in selecting the catalysts for degradation of toluene in 
plasma-catalytic system has been investigated. 

2. Materials and Methods 

Cobalt nitrate hexahydrate Co(NO3)2·6H2O, zinc nitrate hexahydrate Zn(NO3)2.6H2O, and iron nitrate 
nonahydrate Fe(NO3)3.9H2O of the needed molar solution were dissolved in deionized water with continuous 
stirring for 30 minutes in order to create Co-Zn ferrite using the co-precipitation method. With constant stirring, 
the produced NaOH solution was added to the nitrate solution as a precipitating agent, keeping the pH between 
12 and 13. The solution was heated to 70 °C for 60 minutes while being stirred. After that, the solution was 
allowed to cool and was left overnight without being stirred. After washing and drying the mixture, the pH level 
approached seven. Following two hours of drying in an air oven, the solution was calcined for three hours at 
800 °C. The sample was designated as C-Z-F catalysts. The same procedure was used to prepare the Zn and Co 
ferrites for comparison [9]  and designated as Z-F and C-F catalysts, respectively. The molar ratios of the Co 
and Zn was taken 1 with ferrites of 2 catalysts were synthesized as follows: 1:1:2, 1:2, and 1:2. 

2.1 Morphological Characterizations of Catalysts  
 

Figure 1 and Figure 3 show the morphological characteristics of the prepared catalysts studied by scanning 
electron microscopy (SEM, JSM-630LV, Tokyo, Japan), and transmission electron microscopy (TEM) images 
obtained with a JEM-2100CX microscope (JEOL Ltd., Japan) at 200 kV, respectively. The produced catalysts' 
stoichiometric concentrations were confirmed by Energy Dispersive Spectroscopy (EDS) using an AMETEX 
instrument equipped with a Silicon Drift Detector (SDD), as illustrated in Figure 2. 

3. Results and discussion 

The Field emission scanning electron microscopy (FE-SEM) obtains the morphological properties. The 
main idea behind this is that the grating is scanned across the sample surface by the upper stage focusing mirror 
of the scanning electron beam. 

SEM analysis offers valuable insights into the surface structural characteristics and distribution of the 
metal oxides of C-Z-F, Z-Fe, and C-Fe catalysts and sheds light on their potential catalytic activity. Figure. 1 
shows the formation of irregular nanocrystalline particles at 500 µm. Figure. 2 (a-c) displays that particles are 
well-dispersed and distributed homogeneously in all the catalysts with a wide range of sizes of irregular shapes, 
dominant in nanometers that substantiate the excellent surface area. All the catalysts show mostly the sheet-like  
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Figure. 1 FE-SEM images of (a) C-Z-F  (b) Z-F (c) C-F catalysts. 

  
structure of most of their particles. Accompanying the SEM analysis with EDS spectroscopy provides elemental 
information by quantifying the presence and distribution of Co, Zn, Fe, and other constituent elements and 
ensures that the desired metal ratios for effective catalytic performance have been achieved. The EDS spectra 
of all the catalysts C-Z-F, Z-F, and C-F with the respective inset tables are demonstrated in Figure 2 (a – c), 
respectively, which clearly illustrate elemental spectra of O, Zn, Fe, and Co. this assure the purity of all the 
catalysts as no other element peak is observed in the EDS spectrum. The stoichiometric proportion of elements 
in synthesized nanoparticles is shown in the inset table of the respective catalyst in Figure 2 (a – c), which is 
aligned closely to the anticipated values [14]. 

 

Figure. 2 EDS with inset tables of the elemental composition of (d) C-Z-F (e) Z-F (f) C-F catalysts 

Figure.3 TEM images of (a) C-Z-F (b) Z-F (c) C-F catalysts. 
 
For the high-resolution transmission electron microscope (HR-TEM) to gain an excellent resolution of the 

morphological structure, the sample must be the conductor for the electrons to be transmitted to the bottom of 
the sample to generate a signal. 
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TEM micrographs are displayed in Figure. 3 (a- b) for all the catalysts. The TEM images show that the 

particles' shape is quasi-spherical, octahedral, or cubic-shaped and polydispersed in all the catalysts. The 
particles having irregular shapes have a broad distribution range.  

4. Conclusions 

In order to clarify the morphological and compositional features of the C-Z-F, Z-F, and C-F catalysts, this 
study effectively synthesized them and used sophisticated characterization techniques. The catalyst purity and 
potential effectiveness were confirmed by FE-SEM and EDS investigations, which also revealed the presence 
of irregular nanocrystalline particles with excellent surface area and confirmed the appropriate stoichiometric 
ratios of constituent elements. The catalysts' polydispersity with a range of particle sizes and shapes was further 
revealed by HR-TEM. These results open the door to the catalysts' effective use in a variety of catalytic 
processes by offering insightful information about their structural properties. 
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