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Abstract 

In this paper, atmospheric-pressure plasma jet is used to prepare cobalt oxide nanoparticles (Co3O4 NPs) within two periods of 

time which are 10 and 12 minutes and high constant voltage (H.V) supplied by a 21 kV power supply with 3 L/min flow rate of 

argon and the frequency of 6 kHz DC. current. X-Ray diffraction (XRD) spectrum analysis showed of semi crystalline Co3O4 

NPs and appearance of a number of different small peaks which observed at 2θ° with particle size 52.987 in 10 minutes and 

48.478 nm for 12 minutes. Atomic force microscopy (AFM) was used to demonstrate the coordination of the synthesised Co3O4 

NPs, the average diameter particle size measured was 22.72 nm and 25.78 nm for 10 and 12 minutes respectively, and showed 

a high extraordinary topographic contrast. Field Emission Scanning Electron Microscopy (FE-SEM) images demonstrated the 

topography and morphology of the produced Co3O4 NPs where the size of these nanoparticles formed ranged between 10-30 

nm, also high resolution transmission electron microscopy (HR-TEM) images revealed a homogenous Co3O4 NPs prepared in 

both preparation time (10, 12) minutes and clear that the formation of dispersed spherical nanoparticles resembles the 

interconnected grid. 

Keywords: Co3O4 NPs AFM; Co3O4 NPs; Cobalt Oxide Plasma Jet; Co3O4 NPs XRD; Co3O4 NPs FE-SEM; TEM Co3O4 NPs.  

1. Introduction 

The use of atmospheric pressure plasmas in a wide 

range of applications in the biological, 

nanotechnology, and agricultural fields has recently 

piqued interest[1]. This is particularly true in the 

biomedical field, where applications include bacteria 

inhibition, tissue regeneration, and dental bleaching 

[2]. Research into the properties of atmospheric 

plasma processes with the goal of determining whether 

they can be used for nanoparticle preparation, 

sterilization and disinfection treatment[3]. As well as 

for protecting industrial materials, equipment, and 

electronics from biological damage and 

microbiologically induced corrosion, has become 

increasingly important in recent years[4,5]. Plasma 

treatment of living tissues produces the desired 

therapeutic effect in the sterilization and arrest of 

bleeding, bleeding control, and cure of certain skin 

diseases, among other applications[6]. As a result of 

the increasing need from mankind for new high-

productivity sterilization and disinfection technologies 

that do not require high temperatures and are simple to 

operate, this trend has taken on a significant amount of 

significance in recent years[1]. As a result of their 

distinct features as compared with their bulk 

equivalents, nanomaterials have attracted a significant 

deal of attention in recent years[7]. Nanomaterials, 

which are incredibly small in size and have a large 

surface area, have demonstrated significant biological 

activity in the human body[8]. A wide range of uses 

for Co3O4 NPs in biomedicine include medication 

delivery, cancer therapy, and bioimaging[9]. 

Nanomaterials are essential in the field of 

biomedicine[10]. In spite of this, our present 

understanding of nanomaterials' behavior in relation to 

human health is still insufficient[11]. Previous 

research on cobalt systems demonstrated that the 

synthesis conditions influence phase development, 

resulting in either single or mixed phases, as a result, 
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while synthesizing Co3O4 NPs, three critical factors 

must be considered: (i) the synthesis temperature, (ii) 

the chemical environment (solvents), and (iii) the 

crystallite size of the Co3O4 NPs, when low-

temperature procedures are used, it is discovered that 

a single exclusive phase production is likely, but a 

mixture of phases is likely when high-temperature 

methods are used, bulk cobalt crystallizes in two 

phases under typical conditions: hexagonal closed 

packing (hcp) and face-centered cubic (fcc)[12]. Due 

to its distinctive characteristics when compared to 

solid, liquid, and gas phase synthesis methodologies, 

plasma technology is currently getting significant 

interest as a prominent "green" synthesis method for 

nanomaterials[13]. Co3O4 NPs are often synthesized 

via many techniques like, spray pyrolysis, ultrasound 

device, Dc magnetron, and sputtering coating, Co3O4 

NPs could be efficient nanoparticles as they have good 

catalytic activity, many efforts have been directed in 

recent years to the production of Co3O4 nanostructures 

with various morphologies such as nanoparticles, 

hollow spheres, nanorods, nanoplates, nanowires, 

nanotubes, and nanocubes, as well as nanoporous 

structures, Co3O4 NPs have been created using a 

variety of physical and chemical processes, including 

combustion, microwave irradiation, and atmospheric 

plasma jet[14]. Co3O4 NPs, nanodots, or nanopowder 

are spherical black particles with a large surface area 

that are high in surface area[15]. Nanoscale Co3O4 NPs 

have a specific surface area (SSA) in the range of 30 - 

70 m2/g and are typically 20-60 nanometers (nm) in 

diameter[9]. It is also possible to obtain Nano Cobalt 

Particles that have been passivated, as well as Ultra 

High Purity and High Purity Nano Cobalt Particles that 

have been carbon-coated, magnetic, disseminated, or 

monodispersed forms[16]. Surface functionalized 

nanoparticles enable the particles to be preferentially 

adsorbed at the surface interface by chemically 

attached polymers, resulting in the particles being 

retained at the surface interface[8]. The plasma jet is a 

new and improved design[17]. It was created for this 

atmospheric plasma system in order to extend the 

plasma plume at a long distance away from the 

discharge site, allowing for the treatment of the sample 

from a remote location in the atmosphere[18]. In this 

application, the variety of reactive oxygen and 

nitrogen species (RONS) created by non-thermal 

atmospheric pressure plasma sources is critical 

because they are the key to the process[19]. Due to the 

fact that the chemistry of liquid is influenced by the 

RONS created by plasma, plasma-liquid interactions 

play a significant role in the development of 

nanomaterials[20]. Superoxide, hydroxyl radicals, 

singlet oxygen, nitric oxide, ozone, and hydrogen 

peroxide are some of the most common reactive 

oxygen species (RONS) generated during plasma-

liquid interactions[21]. A large concentration of 

RONS can be produced by atmospheric plasma 

because of the inherent advantages of working in 

air[22,23]. Non-thermal plasma has the potential to 

kill cancer cells either directly or indirectly[24]. 

Increased specificity and efficiency of treatment can 

be achieved by the use of conjugated or unconjugated 

NPs[25]. There have been numerous studies in which 

researchers have used antibody-conjugated 

nanoparticles (NPs) to increase cell death and decrease 

the viability of cancer cells[26]. In the future, this 

combined technique may prove to be a viable 

therapeutic option for treating a variety of 

malignancies and tumors of various types[27]. 

Recently, non-thermal atmospheric pressure plasma 

with Co3O4 was also used for killing microbes[14]. 

Non-thermal plasma efficiently kills oral bacteria on 

agar plates; however, it has less effect on the tooth 

surface[28]. Therefore, we used APJS to synthesise 

Co3O4 NPs at different times and study the structural 

properties of these nanoparticles. However, 

combination treatment with plasma and Co3O4 causes 

significant cell damage, causing loss of intracellular 

components from many bacterial cells, hence the death 

of bacteria[16]. 

 

2. Experimental: 

2.1. Initialization of the Atmospheric Plasma Jet 

System and Preparation of Co3O4 NPs 

figure-1 demonstrates a plasma system (APJS) that 

operates at atmospheric working by argon gas and is 

used to prepare Co3O4 NPs at 21 kV with a frequency 

of 6 kHz, a 99.99% percent pure cobalt sheet 

purchased from (THE BRITISH DRUG HOUSES 

LTD./LONDON, Manufactured in England, 

652247/470611). The gas flows through the gas bottle 

and is controlled by a flowmeter (1-5) L/min, 

particular plasma needle has an outside diameter of 3 

mm and a stainless design, connected it the cathode 

electrode of the H.V. power supply, and the other 

electrode is linked to the anode in high-purity cobalt 

metal in a beaker 10 mL with distilled water. The 

cobalt sheet dimensions were 1 cm wide and 7 cm 

long, the beaker contains 7 mL of distilled water and 
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the length of the cobalt sheet immersed in distilled 

water was 5 cm, and the distance between the anode 

electrode and the cathode electrode connected to the 

tip of the plasma needle was 1 cm. The plasma jet is 

placed approximately 2 cm away from the surface of 

the distilled water in the beaker, where the argon gas 

molecules interact with the distilled water inside the 

beaker, producing a series of chemical reactions with 

the metal surface, which results in a change in the color 

of the liquid to a different color depending on 

preparation time and the formation of Co3O4 NPs (10, 

12 min.), This investigation involved the creation of 

Co3O4 NPs with an argon flow rate of 3 L/min and a 

voltage of 21 kV at various periods of time as shown 

in the figure-2. The characterisation of the produced 

Co3O4 NPs was carried out in Iran at the University of 

Kashan for XRD (XPERT PAANALTICAL 

PHILLIPS HOLLAND), FE-SEM, EDX (TESCN 

MIRA3 FRENCH), and TEM analyzing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Schematic of Experimental Setup of Atmospheric Plasma Jet for Preparation Co3O4 NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Synthesis of Co3O4 NPs by Atmospheric Plasma Jet at 10 and 12 minutes.

 

3. Results and Discussion:  

3.1. Investigation of the Crystal Structure 

XRD spectrum of Co3O4 NPs prepared by non-thermal 

plasma at a voltage of 21 kV with a flow of 3 L/min of 

argon gas in (10, 12) minutes at a distance of 2 cm, 

where it appears in the figure is an agreement with the 

spectrum of reference card no. (00-050-1732) which 

represent of cobalt oxide structure (Co3O4 NPs) 

amorphous or semi crystalline that have crystal system 

is rhombohedral, the diffraction angular range (2θ°) 

was between 10° and 80° degrees with appearance of 

a number of different small peaks which observed at 

2θ°= (19.30°) (21.38°) (24.23°) (36.78°) (45.03°) 

(63.33°) corresponding to (122), (131), (222), (011), 

(101) and (331) as shown in figure-3, as it represents 

the phase of Co3O4 NPs after preparing it by plasma in 
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the form of a distilled water for 10 and 12 min. The 

apparent peaks in the figure also confirm its agreement 

with the research and literature published by other 

researchers to prepare Co3O4 NPs [13-16]. And 

Scherrer’s equation were used in order to calculate an 

average size of crystallites[29]. Where the size of the 

prepared Co3O4 NPs is estimated to be about 

52.987±10.63 nm at 10 minutes and 48.478±5.30 nm 

at 12 minutes. Where it became clear through the 

results that the increase in the preparation time of 

nanoparticles from 10 to 12 minutes led to a slight 

decrease in the average diameter particle size of Co3O4 

NPs, and the reason for this is an increase in the 

interactions that occur in the baker between (argon 

atoms flowing through the plasma nozzle + water + 

submerged cobalt metal + free electrons on the metal 

surface + oxygen or atmospheric air) all of these 

factors participate in the formation of nanoparticles, so 

we have created nanoparticles in water and as a result, 

this leads to a change in the color of the liquid to a 

much darker color, as the effect of increasing time this 

led to the uprooting and formation of these 

nanoparticles with slightly smaller diameters and 

sizes. The figure also shows that the highest peak is 

(131) compared to other peaks, where the anisotropy 

increases with the increase in particle size, in addition 

to that, the presence of stacking errors may reduce a 

coherent scattering area along the direction or at the 

top (131) compared to other directions, as well exactly 

the same is demonstrated by the high-resolution TEM 

images of Co3O4 NPs prepared in plasma[23]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): Schematic of XRD for Co3O4 NPs Prepared by Plasma jet at (10, 12) min. 

 

3.2. Atomic Force Microscope of Co3O4 NPs 

The results showed formation of nanorods 

morphology with some much small spherical Co3O4 

NPs as shown in the figure-4 and figure-5, the average 

diameter 25.78 nm with average particle size 13.22 nm 

and roughness 5.88 nm in 10 minutes as indicted in 

figure-4, and average diameter of Co3O4 NPs nanorods 

was 22.72 nm and the average particle size was 11.05 

nm with roughness 5.762 nm and root mean square 

Rms (grain-wise) is 2.75 nm in 12 minutes as shown 

in figure-5, and, also figure-4 indicates the particle size 

distribution plots of Co3O4 NPs average particle size 

distribution 46.86 nm in 10 minutes as shown in 

figure-4, whereas Co3O4 NPs prepared at 12 minutes, 

the particle size distribution ranged from 20 to 40 nm 

with mean value of 38 nm. Since decomposition 

occurs very rapidly in solution during the interaction 

of gas molecules emerging from the plasma nozzle 

with the Co3O4 plate the resulting clusters have regular 

sizes and are consistent or symmetrical in 

shape[30,31]. 
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Figure (4): Schematic of AFM for Co3O4 NPs and Histogram Prepared by Atmospheric Plasma at 10 

minutes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): Schematic of AFM for Co3O4 NPs and Histogram Prepared by Atmospheric Plasma at 12 

minutes. 

 

3.3. Surface Morphological Investigation FE-SEM 

and EDX of Co3O4 NPs 

In Figure-6 and figure-7 shows the exact structure of 

the microscopic surface structure and EDX in figure-8 

for concentration of elements in solution of Co3O4 

NPs, where FE-SEM was used to know the surface 

morphology of the Co3O4 NPs prepared by plasma 

jet[32]. The images show the magnification that was 

adopted in this FE-SEM of Co3O4 NPs with the 

attached figure-8 showing the EDAX spectra that are 

closely related to this prepared Co3O4 NPs sample. 

Through the images and zoom view, it becomes clear 

to us an interesting fact, which is that the nanostructure 

of Co3O4 NPs is somewhat similar to agglomerate as 

flowers and small spherical spheres at scaled 100 and 

200 nm, and this indicates the homogeneity of the 

nanoparticles during the preparation of the Co3O4 NPs 

sample, where the size of these nanoparticles formed 

ranged between 10-30 nm. The spectra of the EDX 

analysing showed that the apparent spectra belonged 

to cobalt and oxygen with different concentrations at 

both the time of Co3O4 NPs preparation. EDX spectra 

of Co3O4 NPs prepared by plasma jet indicate the 

presence of other elements with the cobalt element, 

namely oxygen and carbon, it is almost certainly 

derived from the glass substrate and the SEM 

chamber, as all of these elements have a role in the 

process of forming Co3O4 NPs during their interaction 

with the liquid at the nozzle of the plasma jet as well 

as being in good accord with XRD results as shown in 

figure-8[34]. This suggests that lengthening the 

preparation period of nanoparticles by atmospheric 

plasma jet affords the ability to construct very tiny 

structures from the elements nanoparticles, which is 

consistent with prior findings[33]. 
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Figure (6): FE-SEM Images of Co3O4 NPs Prepared by Plasma Jet at 10 minutes. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (7): FE-SEM Images of Co3O4 NPs Prepared by Plasma Jet at 12 minutes. 

 

3.4. Investigation Transmission Electron Microscopy 

of Co3O4 NPs Surface 

Figure-9 shows two pictures of Co3O4 NPs at the scale 

of 300 nm and 150 nm. It is clear form photos, that the 

formation of dispersed spherical oxide nanoparticles 

Co3O4 resembles the interconnected grid. The average 

diameter of the Co3O4 nanoparticles ranges from 10 to 

30 nm, with a narrow size distribution ranged from 10 

to 20 nm. and the presence of some large particles 

represents the bonding and agglomeration of these 

Co3O4 NPs, and when compared with FE-SEM results, 

we note the agreement of these values obtained with 

the results in the TEM image. A small sphere-like 

shape with a restricted size distribution based on the 

TEM pictures, it is possible to conclude that this 

synthesis procedure of plasma jet is suitable for 

obtaining very tiny Co3O4 nanoparticles. The particle 

size distribution of the Co3O4 nanoparticles has also 

been examined using TEM analyzing. We found that 

increasing the preparation time to 12 minutes' results 

in the formation of spherical morphology with some 

spherical Co3O4 NPs. The considerable difference in 

size between the SEM and TEM observations and the 

manufacturer's value is assumed to be owing to the 

difference in size between the particles and the 

crystallite, according to the manufacturer's data. As 

determined by FE-SEM, a nanoparticle is an 

agglomeration comprised of two or more individual 

crystallites, with the size of the nanoparticle being 

larger than the size of an individual crystallite as 

estimated by the Debye–Scherer equation from the 

XRD pattern[35]. Particle size is a critical physical 

component that influences the fate of Co3O4 NPs in the 

environment, as demonstrated by these findings[9-11]. 

The combination of results based on a variety of 

biological activities and physicochemical properties, 

rather than a single activity and property, would be 

more useful in assessing the toxicity of NPs in 
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ecosystems than a single activity and property alone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                     Figure (8): EDX Spectrum of Co3O4 NPs Prepared at 10 and 12 minutes. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (9): TEM image of Co3O4 NPs Prepared by Plasma Jet Scaled at 300 nm and 150 nm in (10, 12) 

minutes. 
 

4. Conclusions 

The results showed after preparing the nanoparticles 

of Co3O4 for (10, 12) minutes, (XRD) analysing 

showed that Co3O4 NPs have several small peaks 

appeared in the radiation spectrum (XRD) which have 

amorphous or semi crystalline structure, with an 

average particle size of the prepared Co3O4 NPs is 

52.987±10.63 nm at 10 minutes and 48.478±5.30 nm 

at 12 minutes, as well as agglomerate symmetrical 

nanostructure of Co3O4 NPs is somewhat similar to 

agglomerate as flowers and small spherical spheres at 

scaled 100 and 200 nm, where the size of these Co3O4 

nanoparticles formed ranged between 10-30 nm in FE-

SEM and TEM images, also the diameter of the Co3O4 

NPs was about 25.75 nm and 22.72 for (10, 12) 

minutes respectively as showed in AFM and results 

showed a high extraordinary topographic contrast of 

Co3O4 NPs, this indicates that increasing the 

preparation time from 10 minutes to 12 minutes led to 

a decrease in the average nanoparticle diameter of 

Co3O4 NPs, it demonstrated a strong exceptional 

topographic contrast. As well as results showed the 

presence of low different concentrations of some 

metals in EDX such as carbon for both preparation 

times (10, 12) minutes.  
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