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Ferromagnetic activated carbon (FAC) was prepared through 
impregnation of cassava peel with FeCl3 (3.75%) solution and pyrolyzed 
at 800 °C. Samples were characterized using iodine number, methylene 
blue number, X-ray fluorescence, Fourier transformation infrared, X-ray 
diffraction (XRD), scanning electron microscopy (SEM) coupled to 
energy dispersive X-ray spectroscopy, elemental analysis and N2 
adsorption for surface area determination. The proximate analysis of 
cassava peel showed that the moisture content, fixed carbon, ash 
content, and the volatile matter were 3.52%, 82.97%, 4.97%, and 8.54%, 
respectively. The prepared FAC had a BET surface area of 405.9 m2/g, 
pore size of 2.03 nm and total pore volume of 0.11 cm3/g. The SEM 
analysis showed the presence of both micro and mesopores on the FAC 
sample. The XRD pattern of FAC showed the presence of characteristic 
peaks of magnetite–maghemite, confirming that the prepared material is 
ferromagnetic. According to the experimental results, the cassava peels 
are considered as appropriate raw material for FAC preparation.  

 
Keywords: Ferromagnetic; Activated carbon; Chemical activation; Cassava peel; Methylene blue number 

 

Contact information: Applied Physical and Analytical Chemistry Laboratory, Department of Inorganic 

Chemistry, University of Yaoundé I, Yaoundé, Cameroon; 

* Corresponding author: ndinsami2002@yahoo.com  

 

 

INTRODUCTION 
 

Activated carbon (AC) is a carbonaceous material most widely used as an 

adsorbent because of its well-developed pore structure, large active surface area, good 

mechanical properties, and presence of multiple functional groups at its surface (Kouotou 

et al. 2013a). It has been used for water treatment, separation, purification, catalysis, 

energy storage, batteries, fuel cells, nuclear power stations, electrodes for electric double 

layer capacitors, pharmaceutical purposes, hydrometallurgy, and other applications 

(Hesas et al. 2013; Mohd et al. 2015). 

The most common precursors used for the preparation of commercial AC are coal 

and lignite, which are non-renewable sources (Ahmedna et al. 2000; Kailappan et al. 

2000; Lima and Marshall 2005; Ioannidou and Zabaniotou 2007; Tan et al. 2008; Altenor 

et al. 2009; Girods et al. 2009; Okibe et al. 2013; Sing et al. 2013). However, the high 

production costs of these materials tend to be more expensive than other adsorbents. 

Therefore, researchers have focused on the production of activated carbons from 

renewable sources such as sugarcane bagasse, coconut shells (Jaguaribe et al. 2005), 

peanut hull (Guler et al. 2007), rattan sawdust (Hameed et al. 2007a), hazelnut bagasse 

(Karabacakoğlu et al. 2008), cotton stalk fibre (Kunquan et al. 2009), oil palm shell 

(Kouotou et al. 2013b), cola nut shell (Ndi and Ketcha 2013) and olive stone (Hanen and 
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Abdelmottaleb 2013). The production of AC from these agricultural by-products could 

have a beneficial effect on the environmental.  

The AC preparation includes physical, chemical, or physicochemical activation 

methods. In the first method, the AC is obtained after two distinct steps, namely 

carbonization and activation using CO2 or steam water. The chemical activation method 

is a single step process with the activation and carbonization at once, where ZnCl2, 

H3PO3, FeCl3, KOH, and K2HPO4 are often used as chemical activating agents. In 

contrast, the combination of chemical and physical activation, at the same time is 

physicochemical activation (Lékéné et al. 2018). 

 In Cameroon, an agricultural country, cassava is one of the most important crops. 

It is more often used as traditional food such as tapioca, cake, etc. (Agbor et al. 1995). In 

the industrial scale, cassava is used for production of starch. The intensive production of 

cassava crops leads to a large amount of waste (cassava peel) that is discharged and 

causes environmental issues (Sudaryanto 2006). One way to valorize these cassava peel 

(CP) wastes is to convert it into AC. Furthermore, there has been no study related to the 

preparation of ferromagnetic activated carbon (FAC) based on Cameroonian cassava 

peel, which entails the novelty of this present work.  

 
 

EXPERIMENTAL 
 
Materials 
Preparation of ferromagnetic activated carbon 

Cassava tubers were harvested from a local farm in Mbangassina Subdivision, 

Center Region of Cameroon and were used after peeling. The peels were washed with tap 

water, sundried, crushed, and sieved to approximately 0.9 mm. The raw material was 

impregnated with FeCl3 (3.75%) and stirred at room temperature for 3 h. The mixture 

was dried at 110 °C and then carbonized by pyrolysis at various temperatures (500 °C, 

650 °C, and 800 °C), with residence time of 2 h under heating rate of 10 °C/min in a 

carbolite furnace. The carbonized samples were repeatedly washed with distilled water to 

ensure the removal of excess FeCl3 and oven-dried at 110 °C. The FAC obtained was 

crushed, sieved and stored in desiccators for further experiments. 

 
Characterization techniques 

The CP and FAC samples were characterized using several techniques. Proximate 

analysis was performed using ASTM protocols: ash content according to ASTM D2866-

11 (2011), moisture content according to ASTM D2866-94 (Ndi et al. 2014), volatile 

matter according to ASTM D5832-98 (2014), and fixed carbon was determined by the 

percentage difference. The iodine and methylene blue adsorptions were used to test the 

adsorption capacity of FAC. The iodine number gives the information relative to the 

microporosity of the material, whereas methylene blue adsorption gives the information 

on mesoporosity.  

Surface morphology was assessed using a SEM (ASPEX 3020; FEI Company, 

Hillsboro, OR, USA). Samples were deposited on a conductive tab pressed onto a 

specimen holder and coated with gold under vacuum using a sputter-coater (NANO-

MASTER, Inc., Austin, TX, USA). The SEM photographs were taken using a scanning 

electron microscope (Amray 1610 Turbo; Amray Inc., San Jose, CA, USA). The 

determination of surface area and porosity was performed by means of N2 adsorption-
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desorption experiments using a Micrometrics model sorptometer (Thermo Electron 

Corporation, Waltham, MA, USA) and their values were calculated using the Brunauer-

Emmett-Teller (BET) and Barret-Joyner-Halenda (BJH) equation models, respectively. 

Prior to N2 adsorption, the samples were evacuated at 301.1 K under vacuum. The 

surface area was defined from linear part of the BET equation. The elemental contents of 

C, H, and N percentages were determined using a CHNS analyzer (Euro EA 3000; Exeter 

Analytical Inc., Chelmsford, MA,USA).  

The mineral composition of samples was assessed using an X-ray fluorescent 

(XRF) analyzer (Bruker S2 Pico Fox; HITACHI High-Technology, Krefeld, Germany). 

A total of 0.05 g of the sample was ground and mixed with 25 mL 1vol% aqueous Triton 

X-100 solution and 10 µL of PerkinElmer (PerkinElmer Inc., Waltham, MA, USA) pure 

arsenic (2% HNO3) standard solution as an internal standard before completing the 

analysis. 

Fourier-transform infrared spectroscopy (FTIR) spectra were obtained on a 

Genesis FTIR spectrometer (Mattson Instruments, Inc., Madison, WI, USA) equipped 

with a DTGS (deuterated tri glycine sulfate) detector in the transmission mode from 400 

to 4000 cm-1, after 20 scans, for the material’s surface functional groups determination. 

The X-ray diffraction (XRD) was conducted for crystalline phase identification using a 

DECTRIS (Paul Scherrer Institute, Baden-Daettwil, Switzerland) instrument with Cu Kα1 

(λ = 1.54056 Å; Gemonochromator; flat samples) in transmission geometry with a 

DECTRIS® MYTHEN 1K detector. The drift method was used to determine the pH of 

zero-point charge (pHZPC) as reported by Lékéné et al. (2018) and Tounsadi et al. (2016). 

 

 

RESULTS AND DISCUSSION 
 
Proximate and Ultimate Analysis of CP and FAC 

The proximate and ultimate analysis results of CP and FAC are exhibited in Table 

1. From the table, it can be observed that CP has high fixed carbon (83.0%) and low ash 

content (4.97%) implying the presence of relatively little inorganic matter. Moreover, the 

carbon content of CP was 39.8% indicating that it could successfully be used as a good 

precursor for activated carbon preparation. Similar results were obtained by other authors 

(Budinova et al. 2006; Ndi et al. 2014). After activation and carbonization process, the 

carbon content of FAC (70.2%) was higher compared to that of CP (39.8%). In contrast, 

the authors observed a noticeable reduction in the other elements (H, N, and O). This can 

be explained by the loss of water and volatile mater during the carbonization step 

(Lékéné et al. 2018). 

 

Table 1. Proximate and Ultimate Composition of CP and FAC 

 

 
 

Materials Moisture 
Content 

(%) 

Volatile 
Matter 

(%) 

Ash 
Content 

(%) 

Fixed 
Carbon 

(%) 

C 
(%) 

H 
(%) 

N 
(%) 

O 
(%) 

CP 3.52 8.54 4.97 82.97 39.85 6.19 6.19 52.22 

FAC - - - - 70.15 2.04 0.74 27.04 
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Optimization of FAC Preparation  
To observe the effect of carbonization temperature on the adsorption capacity of 

FAC and CP, the material was impregnated with 3.75% FeCl3 solution, the carbonization 

temperature was varied and the results of adsorption of iodine and methylene blue 

depicted in Fig. 1.  

  

 
 

 
Fig. 1. A) Iodine number curve and B) Methylene blue number curve 

 

Figure 1A shows that the IN of FAC increased with increasing carbonization 

temperature and reached the maximum of 704.8 mg/g at 800 °C. The increase in iodine 

adsorption capacity was accredited to the deeper amount of carbon-steamboat reaction, 

which facilitates the formation of new micropores and well developed pore structure 

(Duan et al. 2011). 

Figure 1B presents the decreasing trend of MBN from 500 to 650 °C. This trend 

could be due to the fact that in this range, the micropores are mainly formed on the 

materials surface; methylene blue being a large molecule, the micropores formation is not 

suitable for methylene blue adsorption. However, the methylene blue number increased 

with increasing carbonization temperature from 650 to 800 °C. This is attributed to the 

fact that increase in temperature can develop simultaneously micro- and mesoporous 

structure, and thus increases adsorption of large molecules such as methylene blue. 
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Increase in temperature from 650 to 800 °C is suitable for the preparation of AC 

possessing both micro- and mesoporous structure in this case (Caturla et al. 1991; 

Hameed et al. 2007b). The FAC possesses developed mesoporous structures as indicated 

by the maximal methylene blue number adsorbed (170.0 mg/g). Therefore, it was 

concluded that FAC contained both mesopores and micropores. These results were in 

accordance with those of Pelekani and Snoeyink (2000). 

The values obtained of iodine number 524.3 mg/g and methylene blue number 

143.2 mg/g after carbonization at 800 °C of the CP without being impregnated with iron 

chloride (III) are lower than those obtained after impregnation with iron chloride (III) at 

the same temperature.   

 

EDX analysis of CP 

 Figure 2 shows the EDX spectrum of CP. This figure displays the presence of 

carbon, potassium, and oxygen as expected, which matches with that of the results 

obtained from ultimate results. The CP is an excellent low-cost precursor for the 

production of activated carbon, due to the high percentage of carbon that it contains. 

 

X-ray Fluorescence of the cassava peel and ferromagnetic activated carbon 

 

 
 

Fig. 2. Energy dispersive X-ray (EDX) spectrum of CP 

 

Table 2. Results from X-ray Fluorescence of CP and FAC 

 
 

Elements 

CP FAC  
Elements 

CP FAC 

Percentage (%) Percentage (%) 

Al 73.20 32.51 Cu 0.09 0.04 

P 1.36 – Zn 0.08 0.06 

Cl 0.16 – Ga 0.05 0.01 

K 4.51 4.94 As (IS) 0.06 0.03 

Ca 0.42 0.66 Rb 0.05 0.06 

Ti 9.58 4.22 Sr 0.03 0.01 

Cr 0.16 0.11 Pb 0.03 0.03 

Fe 10.16 34.58 Th 0.01 – 

Mn – 0.19 Zr – 21.97 

Ni 0.05 12.06 Ba – 0.54 
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 Table 2 shows that the aluminum content was high in the form of oxides and 

specifically as aluminum oxide (Al2O3) with a percentage of 73.2% followed by iron in 

the form of iron oxide (Fe2O3) with a percentage of 10.2%. The lowest percentage 

obtained was attributed to thorium with a percentage of 0.01%.  

The elemental composition of FAC was determined both after carbonization and 

activation. There was a substantial decreasein aluminium percentage from 73.2% to 

32.5% after carbonization. This was attributed to the releasing of 40.7% of aluminium 

under heating at 800 °C. Indeed, some aluminium particles interact with carbon ofraw 

material to form tar or carbonaceous gas such as CO or CO2. This interaction can remove 

Al particles, acting as catalyst for vapor formation. 

Furthermore, the concentration of the iron element increased noticeably. This was 

due to the activation of the precursor with iron salt (FeCl3). This result confirmed the 

hypothesis that iron is present on the surface of FAC after carbonization. This result was 

similar to those obtained by XRD and FTIR. It was also observed that, after 

carbonization, there was a general increase in the concentrations of other species. This 

could have been due to the fact that with increasing temperature, the release organic 

matter led to adecreasein mass of the carbon element. Nevertheless, the mass of inorganic 

elements is quasi-static, because it is well knowthat almost all inorganic elements can be 

crackedat high temperature. Hence, the mass loss of carbon will lead to the increase of 

mass in the inorganic elements of the sample. 

 

Functional group analysis of the CP and FAC samples 

 

 
 

Fig. 3. FTIR spectrum of CP and Spectrum of FAC 

 

The FTIR spectra of the CP revealed the presence of a broad band between 3050 

and 3200 cm-1 corresponding to the stretching vibration of –OH of the oxygenated 

functional groups and water molecules adsorbed. The peak located at 2855 cm-1 was 

attributed to the stretching vibration of –CH2– of the alkyl group. The bands located at 

1715 cm-1, 1455 cm-1, and 1261 cm-1 correspond to the vibration –C=O of aldehyde, C=C 

of aromatic ring, and–C–O of alcohol, respectively. The peaks located at 1000 cm-1, 822 

cm-1 and 744 cm-1 correspond to the bending vibration of the –C–O and to the stretching 
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vibration of C–H of the meta and para-di-substituted aromatic compounds, respectively. 

Finally, the two peaks observed at 517 cm-1 and 551 cm-1 correspond to the K-O vibration 

(Dizge et al. 2008; Hui et al. 2009; Deshuai et al. 2013; Lknur et al. 2015; Sayğılıand 

Guzel 2016; Lékéné et al. 2018). 

On the FAC spectrum (Fig. 3b), it was observed that all the bands observed on the 

precursor disappeared. Only the bands at 810 and 1557 cm-1 attributed to the stretching 

vibration of Fe-O-Fe bonds of iron oxide both for magnetite and maghemite and -C=C of 

aromatic ring, respectively, were revealed. The calcinations of the raw material 

compound led to the aromatization of carbon present in the precursor through the Diels-

Alder reaction, which led to the disappearance of oxygenated groups between 290 and 

350 °C. This phenomenon was due to the oxidation of some surface functionnal groups of 

raw material due to the carbonization or the increase in temperature. Another reason was 

that the surface of carbonaceous material formed after carbonization was well covered by 

iron oxide. This result coupled with the thermal analysis can explain why all the peaks 

observed at first on the precursor spectrum no longer appeared on the FTIR spectra of 

FAC sample. 

 

XRD of CP and FAC samples 

 

 
 

Fig. 4. XRD of CP and FAC 
 

 The X-ray diffractograms of CP and FAC are presented in Fig. 4. The diffused 

haloes (imperfect developing of photographs) appearing at 2θ values between 5° to 70° 

confirmed the absence of any ordered crystalline structure, indicative of the amorphous 

nature of material having some degree of non-arrangement in the molecular chain, which 

is an advantageous property for well-defined adsorbents. In a previous study (Rajeshwari 

et al. 2010), the X-ray diffraction studies of most of the raw materials indicated a 

relatively highly disordered structure. This entails the best material for the production of 

activated carbon (Cheol-Min and Katsumi 2002). The spectrum of FAC indicated six 

main crystallization peaks of a magnetite–maghemite mixture at 30.08°, 35.50°, 43.15°, 

53.38°, 57.07°, and 62.81°, which correspond to (220), (311), (400), (422), (511), and 

(440) diffraction planes respectively (Wang et al. 2009; Kim 2015; Miranda et al. 2015). 

The carbonization temperature used during the preparation of the FAC makes it possible 

to obtain a mixture of magnetite and maghemite, since it is not the main factor for 

particle growth of pure maghemite but instead the composition of the compound (Birsan 
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et al. 2007; Marques Neto et al. 2017). Moreover, because growth occurs on a carbon 

surface, especially on the surface of activated carbon, the speed of transformation of 

magnetite into maghemite decreases, as Birsan and co-workers (2007) demonstrated in 

their work. Indeed, transformation of magnetite into maghemite occurs exactly at 330 °C. 

The presence of carbon does not allow the total transformation of magnetite into 

maghemite (Boguslavsky and Margel 2008) because the quantity of magnetite 

transformation depends on the composition of the compound (Birsan et al. 2007). Since 

FAC is the combination of carbon and iron oxide, the complete transformation of 

magnetite to maghemite becomes very difficult. The maghemite and magnetite are 

approved for their magnetic property, in particular, magnetite is ferromagnetic (Oliveira 

et al. 2002; Mbaye 2015). Magnetite is a natural magnet and is the most magnetic of all 

the minerals on earth (Mènager et al. 2004). 

 

pH of zero-point charge (pHzpc) of FAC 

 

 
 
Fig. 5. The graph of the determination of point of zero charge (pHpzc) 

 

Based on the results in (Fig. 5), the prepared FAC had a pHzpc of 5.9. This 

suggested that when the pH of the solution was less than 5.9, the surface material carried 

total positive charges, which implicated that the number of functional groups with one or 

more atoms in positive form was predominant. Meanwhile, if the pH was greater than 

5.9, the surface of the material had more negatively charged atoms and the total charges 

on the surface became negative. Furthermore, if the pH is close or equal to 5.9, there will 

be no charge on the surface: there are then more positive charges than negative charges 

(Slasli 2002). Similar results were obtained by Hui et al. (2009). 
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Specific surface area and pore structure of CP and FAC samples 

 

 
 
Fig. 6a. Nitrogen adsorption isotherm of CP     Fig. 6b. Nitrogen adsorption isotherm of FAC 
 

 
 
Table 3.Textural Properties of the CP and FAC 

Adsorbents CP FAC 

Specific Surface Area BET (m2/g) 2.497 405.890 

average Pore diameter (nm) - 4.067 

Cumulative Pore Volume (cm3/g) 0.004 0.108 

 

 The nitrogen adsorption isotherm of the raw material (Fig. 6a) was type II, which 

is characteristic of non-porous or slightly porous materials. By contrast for FAC (Fig. 

6b), the adsorption isotherm was type IV, which is associated with mesoporous materials 

(Youssef et al. 2005; Zhu et al. 2016). The specific surface area of CP and FAC were 

2.50 m2/g and 405.9 m2/g, respectively. Moreover, the total pore volume of the CP was 

weak (0.004 cm3/g), which was in accordance with the type II isotherm. 

 

Surface morphologies of the CP and FAC samples

 
Fig. 7. SEM images of CP and FAC 

 

Figure 7 shows the SEM images of the precursor CP and FAC, respectively, 

obtained under the optimum preparation conditions. Figure 7 shows that there were few 
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pores available on the surface of the raw material due to agglomeration of CP particles. 

The SEM image of FAC shows that the chemical activation process was effective in 

creating well-developed pores on the surface of the FAC, leading to activated carbon with 

large surface area and porous structure compared to the precursor. A micrograph of the 

FAC material revealed a mixed porosity of micro-meso-pores as confirmed by its pore 

volume in Table 3. This result was in agreement with those obtained by the iodine and 

methylene blue numbers, which indicate a favorable presence of both micro and 

mesopores. 

 

Characterization of magnetic properties of FAC using a permanent magnet 

 

 
 

Fig. 8. Activity of the FAC  

 

 Ferromagnetic activated carbon was poured in a beaker; a magnet was brought in 

contact with it, as shown in Fig. 8a. As observed in the second beaker (Fig. 8b), the 

particles were displaced along the interior surface toward the magnet of the beaker (Fig. 

8b). It was also observed that almost all of the FAC was retained by the magnet, which 

constitutes a qualitative indicator of magnetization of FAC (Mbaye 2015). 

 

 

CONCLUSIONS 
 

Ferromagnetic activated carbon (FAC) prepared from agricultural waste cassava 

peel was obtained by chemical activation using iron(III) chloride. The effect of 

carbonization temperature on textural and surface properties was studied. 

1. The specific surface area of the prepared FAC was obtained by nitrogen adsorption as 

405.9 m2/g and a total pore volume of 0.108 cm3/g. 

2. X-ray diffraction and magnetic activity showed that activated carbon prepared from 

cassava peel (CP) when activated by FeCl3 was ferromagnetic; SEM analysis of the 

FAC material revealed porosity, consistent with the presence of mesopores.  

3. The experimental results indicated that this method of preparation of FAC was easy, 

convenient, and economical. The obtained FAC had good physico-chemical and 

structural properties. Therefore, agricultural wastes, particularly cassava peel, can be 

an alternative source or the production of activated carbon. 
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