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Abstract 

Aqueous solutions with heavy metals such as Cr (VI), Pb, and Cd (II) 

can have an adverse effect on human health because of their toxicity. As 

a result, it is important to remove these heavy metals from the aquatic 

environment to save the human healthy. X-ray diffraction (XRD), 

Fourier-transform infrared spectroscopy (FTIR), and field-emission 

scanning electron microscopy (FE-SEM) used in this research to 

characterize cobalt ferrite (CoFe2O4) nanoparticles and confirm the 

structure of Co-Fe2O4. These particles were used to make porous 

samples and burned at 1050 °C in mixtures of (0, 3, 5, 7, and 10) wt.% 

of cobalt ferrite and kaolin with 20 wt.% of charcoal. These samples 

serve as adsorbents that remove Pb from the wastewater. The highest 

rates of removal were confirmed using various treatments at (pH 3, 7, 

and 9). A Williamson-Hall plot was used to determine the crystal size 

(33) nm. The FT-IR spectra exhibited spinel-ferrite characteristics. 

Studies using FE-SEM demonstrated that the sample was in Nano 

crystalline. Using a vibrating sample magnetometer (VSM), different 

magnetic properties are taken from the hysteresis loops such as 

saturation magnetization (Ms) and remanence (Mr) and coercivity (Hc). 

It was found that increasing ferrite content, increased adsorption 

efficiency.

   
DOI: 10.53293/jasn.2024.7103.1245, Department of Applied Sciences, University of Technology - Iraq. 
© 2024 The Author(s). This is an open access article under the CC BY 4.0 License.  

1. Introduction 

The treatment of wastewater is a crucial step in getting polluted water back into the environment. Wastewater is 

created in large quantities as the world's population grows. Organic and inorganic pollutants, and hazardous heavy 

metals like CO, Pb, Hg and Cd, are among the many contaminants found in wastewater [1]. Even at very low 

concentrations, lead (Pb) is one of the most hazardous pollutants [2]. Various methods of wastewater treatment 

have been developed and used. Some of these techniques include centrifugation, filtration, flotation, distillation, 

ion exchange, adsorption, microfiltration and ultrafiltration. Adsorption is a widely used process to remove 

contaminants from liquids. Adsorption has proven to be a versatile isolation method for solute separation [3]. The 

adsorption process forms a layer of adsorbate (metal ions) on the surface of adsorbents. Adsorption onto a solid 

adsorbent includes three major steps: transportation of the pollutant to the adsorbent surface from aqueous solution, 

adsorption onto the solid surface, and transport within the adsorbent particle. Generally, electrostatic attraction 
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causes charged pollutants to adsorb on differently charged adsorbents because heavy metals have a vigorous 

affinity for hydroxyl (OH−) or other functional group surfaces [4]. Because of the interaction for metal ions with 

sorbents, many studies show that nanoparticles are efficient sorbents for the removal of heavy metal ions [5-12]. 

Porous ceramics have been extensively used as building materials and for thermal insulation. In the field of 

environmental sciences, advanced applications such as filters, catalytic supports, and membranes are expanding 

quickly [13].  One of the most common natural clays is kaolin, which may be found in rocks and soils all around 

the world. Because kaolin has a constant negative surface charge, it is effective at adsorbing heavy metals. Heavy 

metal transport and distribution in soil and water are regulated by kaolin [14]. When kaolin is fired, it undergoes 

a phase transformation and converts to mullite. Mullite is a refractory ceramic material that has excellent high-

temperature properties, including improved thermal shock and thermal stress resistance, low thermal expansion, 

good strength. Mullite is used in a variety of applications, including as a refractory material, adsorbent, and catalyst 

support [15]. Due to their potential use in magnetic fluids, high-density magnetic recording, and other applications, 

magnetic nanoparticles have been the topic of extensive investigation. Cobalt ferrite (CoFe2O4) is one of several 

magnetic materials that has undergone extensive research [16]. They are utilized in numerous technological 

applications, such as high-quality filters, transformer cores, and inductors [17]. Numerous techniques, including 

chemical reactions, sol-gel, microwave plasma, host template, co-precipitation, microemulsion, and chemical 

vapor deposition, have been devised for the manufacture of nanoferrites [18, 19]. The sol-gel approach is a simple 

and effective one [20]. In order to generate porous samples made by the slip casting process to remove Pb ion from 

wastewater, the primary purpose of this study was to study the effectiveness of employing kaolin, charcoal as pore 

formers with cobalt ferrite nanoparticles. Utilizing XRD, FESEM, and VSM, ferrite nanoparticles made using the 

sol-gel technique were characterized. 

2. Experimental Procedure 

2.1. Synthesis of Co-Fe2O4  

Cobalt ferrite powder was synthesized using sol–gel auto combustion method by dissolving cobalt nitrate Co 

(NO3)2.6H2O, iron nitrate Fe (NO3)3.9H2O and citric acid C6H8O7, were from (CDH/India), in deionized water. 

The molar ratio of cobalt and ferric nitrates Fe (NO3)3 9H2O to citric acid ratio was 1:2:3. The solution pH was 

adjusted to be at (7) using ammonia hydroxide NH4OH that was added in the form of drops with continuous mixing 

by magnetic stirrer. The additional water was removed by heating at (60-80) °C with continue stirring. The solution 

was converted into a gel till all gel was completely burnt out to form a fluffy loose structure (ash), which was 

ground well in a mortar to get Cobalt ferrite nanoparticles.  

Fig. 1 a, depicts the green body of samples that contain kaolin powder. A chemical analysis of Iraqi kaolin, which 

was locally discovered in the western desert (Dwekhla), was conducted to determine the composition and 

percentages of oxides to demonstrate its suitability for research, as shown in Table (1) [21]. It is clear from the 

table using XRF that kaolin contains good proportions of silicon oxide (silica) and aluminum oxide (alumina). 

Kaolin in a 20% ratio with wood charcoal, as well as the various weight percentages (0, 3, 5, 7, and 10) wt. % of 

cobalt ferrite that were used to create the porous samples. The samples were then made using the slip-casting 

method, with dimension (30 mm * 5 mm) that were dried at 100 °C , then sintered at 1050 °C for two hours, getting 

samples as shown in Fig. 1 b. 

Charcoal was utilized in this work to create a pore. It was crushed and a milling method offered by (ball mill) that 

used to generate fine particle sizes. Then, the sieving process was carried out by using a sieve shaker to yield 

particle size 25 μm.  
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Figure 1: (a) Green body of porous ceramics, (b) porous sintered ceramics. 

 

Table 1. Chemical Composition for kaolin. 

 

Oxides SiO2 Al2O3 Fe2O3 CaO TiO2 K2O Na2O MgO loss on ignition% 

wt. % 49.38 32.72 2.07 1.19 1.08 0.44 0.22 0.18 12.42 

 

2.2. Characterizations 

Fourier transform infrared were describe the formation of the spinel structure in the 400–4000 cm-1 range. In order 

to investigate the cobalt-ferrite nanoparticles, an XRD machine (Shimadzu 6000, made in Japan) with Cu and Ka 

radiation in the 2° to 90° (λ = 0.15406 nm) range. Field emission scanning electron microscope (FE-SEM) (Inspect 

f50 FEI company- Holland) at high magnifications, describe the morphology of particles. In order to analyze the 

elemental components of particles, the Energy-dispersive X-ray spectroscopy (EDS) (Axia chemi-Thermo 

scientific company-Holland) were analyzed. 

2.3. Magnetic Characterization  

The properties of magnetic nanoparticles were measured by  vibrating specimen magnetometer (VSM), which was 

utilized to build a hysteresis loop with a magnetic field that cycled between (-10,000 G to 10,000 G) at room 

temperature. Hysteresis loops are used to measure saturation magnetization (MS), coercivity (Hc), and remanent 

magnetization (Mr). 

2.4 Mechanical Properties 

The sample is placed vertically below the piston of a hydraulic press, which measures diametrical strength. In 

accordance with (ASTM-C773), the diametrical strength computed using equation (1), [21, 22]. 

𝛔 =
𝟐𝐅

𝛑𝐃𝐓
                                            (1) 

Where: (σ) flexural strength (Pa), F load at the fracture point (N), D specimen diameter (mm), T specimen 

thickness (mm). 

2.5. Adsorption of Metals Ions and Removal Efficiency  

By using an adsorption technique, porous Kaolinite/CO-Ferrite samples removed Pb ions. The adsorption process, 

which involves the development of physical or chemical bonding for porous samples, allows for flexibility in both 

design and operation [23]. The removal rate (𝜂) was calculated using equation (2), [24]: 

 𝜂 =     
∁𝐨− ∁𝐞 

∁𝐨
 × 100%                      (2) 

Where: Co, Ce are the initial and the final concentrations of Pb (II) ion (mg/l), respectively. 
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2.6. Effect of pH 

Discover the effects of pH on Pb adsorption using porous Kaolin/Co-Ferrite samples. In a funnel, as illustrated in 

Fig. 2, a fixed porous sample of each combination received 100 mL of a 250 ppm Pb solution. Using NaOH or 

HCl, the pH (3, 7 and 9) of the solution was changed to the appropriate value. Finally, an atomic adsorption 

spectrophotometer (AAS) type (AA-7000-SHIMADZU) was used to determine the collected solution. 

 
 

Figure 2: Adsorption process used in water treatment; heavy metals (Pb) ions in the water are represented in red 

on the surface of the nanoporous adsorbents. 

3. Results and Discussion 

3.1 Analyzed Structure 

FT-IR spectra of Co-Fe2O4 powder are shown in Fig. 3, taken at room temperature. Absorption peak at 570.93 cm-

1 corresponding to intrinsic stretching vibrations of metal at the tetrahedral site, whereas the lowest band, observed 

at 422.41 cm-1, is due to the octahedral–metal stretching. Co2+ ions usually occupy octahedral-site, while Fe3+ ions 

has the tendency to occupy both octahedral and tetrahedral sites [25]. 

The peaks around 950.91 cm-1 are belong to the Fe–Co alloy system. The band at 1381.03 cm-1 is ascribed to the 

symmetric vibration of the NO3
- group. The peak at 1585.49 cm−1 were assigned to stretching and bending 

vibrations of absorption water on surfaces of nanostructures. The peaks at 2856.58, 2922.16 cm−1 are due to C–H 

stretching, and O–H stretching respectively [26]. The vibrational frequencies associated with cobalt ferrite material 

centered at 3130.47 cm−1 are due to O–H stretching vibrations [27]. 
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Figure 3: FT-IR spectra of Cobalt Ferrite. 

XRD pattern of Co-Fe2O4 nanoparticles are depicted in Fig. 4, the diffraction peak at 30.3°, 35.6°, 43.14°, 53.72°, 

57.140, 62.74° is recognized to the miller indices which are: (220), (311), (400), (422), (511) and (440), 

respectively. The most intense peak and the preferred orientation was observed at (311) with crystallite size to be 

(33) nm. No other peaks are present, indicating that the single-phase spinel structure of the synthesized samples 

matches JCPDS-ICDD file number 22-1086 [28]. 

 
Figure 4: XRD Pattern of Co-Fe2O4. 
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Figure 5: W-H plot of Co-Fe2O4. 

 

The crystallite size (D) and lattice strain (e) were acquired through Williamson -Hall plot [29], as shown in the 

Fig.5, the crystallite size was 33 nm while the strain was 0.00216. 

The FE-SEM examination of CoFe2O4 nanoparticles produced using the sol-gel process is seen in Fig. 6, shows 

that the substance is made up of nanoparticles with a form that is very close to spherical. An attached energy 

dispersive spectrometer (EDS) was used to investigate the qualitative chemical composition of cobalt ferrite which 

was made to accurately indicate and confirm the presence of Co, Fe and O present in the composition. The energy 

dispersion spectrum shows that approximately the same amount of elements are present in the chemical structure 

without any significant impurities. 

 

Figure 6: FE-SEM micrographs of (a) Co-ferrite, and (b) the EDS technique for Co-ferrite. 

 

The FE-SEM observation of kaolin fired at 1050 °C Fig. 7 shows a microstructure with mullite crystals. They 

are originated from kaolinite decomposition by firing present in the sample. It can be observed in detail needle 

shape of small sizes of mullite crystals. 
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Figure 7: FE-SEM micrographs: (a) of mullite phase obtained after firing of kaolinite clay at 1050 OC, 

(b) EDS analysis of the obtained mullite. 

FE-SEM for charcoal fired at 1050 0C shown in Fig. 8, it can be seen that charcoal presents a filamentous 

morphology with an axial stripe arrangement, and that some longitudinal grooves and many irregular particles are 

distributed on the surface. More holes and craters are observed. EDS of charcoal fired at 1050 °C observation it 

was contain high levels of C and O elements, which occupy a large percentage, were charcoal-forming elements, 

while the other elements were coal impurities. The results shown in the figure indicate that Al, Si, K, Ca, Mg and 

Fe were present in relatively small numbers. 

 
Figure 8: FE-SEM micrographs: (a) of charcoal fired at 1050 OC, (b) EDS analysis of charcoal. 

3.2 Magnetic Measurements 

Fig. 9 represents magnetic hysteresis (M–H) loops of cobalt ferrite nanoparticle, the hysteresis loop curve of the 

nanoparticles indicated hard magnetic material [30, 31]. Saturation magnetization, remnant magnetization, the 

coercivity, Squareness ratio Mr/Ms of CoFe2O4 nanoparticles obtained from hysteresis loop are found to be 48.85 

emu/g, 23.68emu/g, 2000Oe, 0.48 respectively. In the hysteresis curve of CoFe2O4 nanoparticles prepared with 

sol-gel method. The calculated saturation magnetization (Ms) value of CoFe2O4 nanoparticles was obtained as 

48.85 emu/g, which is lower than the value reported for bulk samples (80 emu/g) [32], which is a result of the 

superparamagnetic nature of the magnetic nanoparticles [2].  
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Figure 9: Hysteresis curve of Co-Ferrite. 

3.3 Mechanical Properties (Diametrical Compressive Strength): 

Adding of (5) wt. % of CoFe2O4 nanoparticles increases compressive strength of the ceramic filter, as seen in Fig. 

10, this may be attributed to decreased porosity with increased ferrite percentages, which increase the specimens' 

strength to the load imposed on it. 

 

 

Figure 10: Compressive strength of Kaolin and charcoal with different ratio of Co-Ferrite (0.3.5.7.10) %.  

 

3.4 Adsorption of Heavy Metal Ion (Effect of pH): 

As shown in Fig. 11, the influence of pH on the Pb adsorption efficiency was examined at pH levels of (3, 7), and 

(9). The results showed that the pH of the solution had an impact on the adsorption of Pb. At pH 3, shown that all 

ferrite-based samples in this investigation take up Pb with greater efficiency. Adsorption just lowers at pH 7 and 

reaches its lowest removal effectiveness at pH 9. This result, which is known to be true for metal ions like Pb that 

have a significant tendency to undergo hydrolysis [2,32], demonstrates that at 10% cobalt ferrite in all examined 

pH values, Pb was absorbable with maximum efficiency. The lowest proportion of ferrite was introduced at pH 9, 

which also yielded the lowest adsorption effectiveness for all samples. 
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Figure 11: Effect of pH on removal efficiency of pd, using Kaolin and charcoal with different ratio of Co-Ferrite 

(0.3.5.7.10) %.  

4. Conclusions 

In this study aimed to synthesize porous CoFe2O4/Kaolin via slip casting method that optimum removal 

efficiencies for Pb ions were obtained to be 100% at pH 3, it has been shown that the amount of magnetic materials 

added at the highest percentage gave the best results in removing heavy metals from polluted water. The 

characterization results confirmed XRD the single spinel structure with a crystal size of 33 nm. The bands of metal 

oxide were mentioned by FT-IR confirmed the formation of spinel ferrite. The VSM techniques confirmed the 

magnetic property of CoFe2O4, indicated hard magnetic material.  
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