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ABSRACT 

The current trend of environmental pollution most especially heavy metal contamination brought 

about by anthropogenic factors needs to be check-mated in order to save the lives and well-being 

of man and other organisms as well as the environment. Achieving this aim requires the use of 

cheap materials and processed via green technology. Biomass has fulfilled these criteria of being 

bio-degradable, low-cost and efficient. Sugar cane bagasse activated carbon was chosen for this 

study and modified to form magnetic nanocomposite (SBAC/Fe3O4) as a way of improving its 

efficiency for adsorption of Cd2+ ions in aqueous medium. It was characterized by FT-IR, SEM 

and UV-Visible spectroscopy. Batch adsorption method was used to evaluate parameters such as 

pH at zero point charge, adsorbent dosage and initial concentration. The equilibrium 

experimental data fitted both Langmuir and Freundlich adsorption isotherms. The Langmuir 

adsorption capacity was 17.182 mg/g. Kinetics studies revealed the adsorption mechanism, 

reaction pathways and the solute uptake. Pseudo second order kinetics with R2 value of 0.983 

was found to be followed. 
 

Keywords: Activated carbon, Biomass, Cadmium(II) ions, Langmuir, Magnetic nanocomposite,   

                    Sugar cane bagasse. 
 

INTRODUCTION 

Water contamination with different pollutants (mainly heavy metals and dyes) has become a 

major environmental problem and a threat to the well-being of living organisms [1-3]. Heavy 

metals are non-biodegradable, persistent and toxic in nature and are widely distributed in the 

environment [4]. They bioaccumulate in living organisms, through the food chains, thereby, 

causing different diseases and malfunctioning of organs [5].  

Cadmium, chromium and copper are among few heavy metals that are discharged from 

several industrial effluents [1]. Cadmium is liberated into the environment from steel production, 

cement manufacture, Ni-Cd battery manufacture, cadmium electroplating, phosphate fertilizers [1, 4]. 
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It has a maximum permissible limit of 0.003 ppm in drinking water going by the guidelines of 

World Health Organization (WHO) [6]. Zaini et al [7] reported that bivalent cadmium causes 

several deformities in humans such as muscular cramps, pulmonary problems, renal degradation, 

proteinuria, skeletal deformity and testicular atrophy. 

In view of health concerns and environmental challenges associated with the 

consumption of food, drinking water and air, there is a compelling need to come up with a cheap 

method of adsorbing this heavy metal to ensure fulfillment of national safety guidelines on food, 

drinking water and our environment when industrial wastes are discharged into the environment 

[8]. Therefore, safeguarding public health and the environment must be done through compliance 

with drinking water and Industrial waste standards.  

Activated carbon is widely used in various processes as an inexpensive and effective 

adsorbent [9, 10]. It is usually prepared from organic matter that contains of highly carbonaceous 

materials. Making agricultural wastes an interesting choice because of its low cost and it is a 

source of renewable energy [7]. The precursor material is chosen from critical examination of its 

percentage by dry weight of carbon (C), hydrogen (H), nitrogen (N) and sulphur (S) [1, 7, 10]. 

Sawdust [11], apricot stone [12], pecan shell [13], corncob [14] and coconut shell [15] were 

among the various carbon rich material wastes that have been used to produce activated carbon. 

Chemical activating agents that produced a larger surface area and high yield are H3PO4, H2SO4, 

ZnCl2, NaOH and KOH. Zinc chloride (ZnCl2) reported the highest yield [7]. Activated carbon is 

not the only base material used for adsorption. Other adsorbents include natural fibers, carbon 

nanotubes, zeolites, polymeric materials and magnetic nanocomposite [3, 16, 17]. 

 However, new challenges in the development of novel materials as adsorbent still exist 

for proper effluent treatment [1]. In the present study, sugarcane bagasse was used in the 

preparation of activated carbon before modifying it to produce magnetic nanocomposite. Fe3O4 

was chosen because of its unique characteristics of less toxicity, high efficiency and easy 

separation from aqueous medium [3]. 

This paper investigated the ability and efficiency of the prepared nanocomposite in 

removing Cd2+ from aqueous solution, by evaluating the effects of parameters such as pH, 

adsorbent dose, contact time and initial concentration of Cd2+ ions. Kinetic and isotherm 

parameters of the process were also among other things characterized. 
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MATERIALS AND METHODS  

Chemicals and Reagents 

All the chemicals and reagents used were analar and were purchased from Sigma Aldrich Inc., 

USA. 

 

Sample Collection 

The biomass (sugarcane bagasse) was obtained from Dutsin-Ma local market, selected, washed 

with deionized water and dried under shed for three days before reducing it to powder.   

 

Preparation of Sugar Cane Bagasse Activated Carbon 

Exactly 200 g of the sugar bagasse powder was accurately weighed and impregnated in 200 

g/dm3 aqueous ZnCl2 and left at room temperature to stand for 24 hours. Thereafter it was 

filtered, dried and calcined 400 °C for 2 hours [18]. 

 

Synthesis o of Iron oxide/Activated Carbon magnetic nanocomposite (Fe3O4/AC) 

Magnetic Activated carbon nanocomposite (MAC) was synthesized by the incipient wetness  

impregnation method [10, 18-19]. Briefly, 30 g of activated carbon (AC) was added into a 300 

mL solution containing FeCl2·4H2O (6 g) and FeCl3·6H2O (17 g), and was mixed gently with a 

mechanical stirrer (VWR, USA) in a round bottom flask. The solution was deoxygenated by 

purging with N2 gas. After heating the solution to 80 ℃, 20 mL ammonium hydroxide (28-30%, 

Sigma-Aldrich Inc., USA) was added and further mixed for 20 min [20, 26]. The suspension was 

aged for 1 day at 25 ℃ and washed continuously with Milli-Q water and ethanol. The cleansed 

MAC samples were obtained from suspension with vacuum-filtration followed by freeze-drying 

(Labconco Co., MO, USA), which removed water and ethanol on surfaces and pores [19]. 

 

Characterization 

The functional group, surface morphology and UV-Visible spectrophotometry of the synthesized 

adsorbents were conducted using Fourier transform infrared spectrometer (Bruker, USA, Alpha), 

SEM spectrometer (MODEL-PHENOM ProX) and Cary Series UV-visible spectrophotometer 

Agilent Technology. 
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Adsorption Experiments 

Adsorption Kinetics 

Adsorption kinetic experiments were conducted using 50 ppm Cd2+ ions at pH 6.0 and 1 g 

adsorbent at a stirring rate of 130 rpm. Suspensions were sampled in duplicate at 15 min interval 

till the equilibrium was attained. Absorption of each aliquot solution after filtering (0.22 µm) 

was measured by means of UV-visible spectrophotometer and was evaluated using different 

kinetic models. Accordingly, a control experiment was simultaneously run without the adsorbent. 

Similarly adsorption isotherms experiments were conducted at the same conditions [20]. 

 

The percentage removal of Cd2+was calculated by the following equation: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝐶𝑑2+ =
𝐶0−𝐶𝑒

𝐶0
× 100                              (1) 

𝐴𝑚𝑜𝑢𝑛𝑡  𝑜𝑓 𝐶𝑑2+𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑 (𝑞𝑒 ) =
(𝐶0−𝐶𝑒)𝑉

𝑚
                            (2)           

 

Where   Co and Ce are initial and equilibrium concentrations of Cd2+ (mg/L) respectively, m is 

the mass of the adsorbent (g) and V is the volume of Cd2+ solution. 

 

RESULTS AND DISCUSSION 

Characterization of Adsorbent 

Fourier Transform Infrared Spectroscopy 

The FT-IR spectra of the adsorbents were obtained to determine the functional groups formed 

which may be responsible for the attachment of the Cd2+ ions. The FTIR spectra of chemically 

activated AC, magnetic nanoparticle, NP, and activated carbon magnetic nanocomposite, AC-NP 

sorption of Cadmium Cd2+ions were used to determine the vibrational frequency changes of the 

functional groups in the adsorbents. The spectra of adsorbents were measured within the range of 

650–4000 cm-1 wave numbers. The spectra were plotted using the same scale on the 

transmittance axis for all the adsorbents before. 
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Figure 1: FT-IR Analysis of (A) Activated carbon, (B) Magnetic nanoparticle and (C) Activated 

carbon/Fe3O4 magnetic nanocomposite. 

 

The FTIR spectra of the adsorbents displayed numbers of adsorption peaks, indicating the 

complex nature of the studied adsorbents. The peak at 873cm-1 is due to vibration of Fe-O 

confirming the incorporation of F3O4 into the activated carbon [3]. 

 

Table 1: Some fundamental infrared frequencies of the studied adsorbent  

 

 

 

 

 

 

UV-Visible Spectroscopy 

Ultraviolet visible spectroscopy (UV-Vis) simply means an absorption spectroscopy or reference 

spectroscopy in the ultraviolet-visible spectral region. It involves the measurement of light 

Adsorbents Bonds Position cm-1 

O –H C – H C=O C≡C 

AC 3339 1462 1037 1626 

NP 3391 1424 992 1629 

AC–NP  3398 2880 1037 1626 

A 

B 

C 
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passing through a sample (l) and the intensities of the lights before and after passing through the 

sample is compared. The absorbance, A is related to the transmittance, T: A= -log (T).   

 

 

Figure 2: UV-Visible spectrum of AC–NP (Activated Carbon with Nanoparticle) 
 

From Figure 2 which is the UV-Visible spectrum, it can be observed that the 𝜆max is 420 nm 

signaling the formation of nano-sized material [21]. 
 

 

Scanning Electron Microscopy 

Surface morphology of NP (Nanoparticles), AC and AC-NP was visualized using Scanning 

Electron Microscopy (SEM). Measurements were taken using SEM-Quanta. The images were 

taken with an emission current of 100 μÅ by the Tungsten filament at a magnification of 750x 

and an accelerator voltage of 15 kV.  

Figure 3 shows the SEM micrographs of AC (sugarcane bagasse activated carbon), Fe3O4 

(Nanoparticles) and AC–NP. The AC exhibits homogeneous rough, dense and uneven surface 

morphology with a series of overlaps as shown. AC–NP shows the parent AC covered with 

Fe3O4 (NP), making a hybrid surface of moderately smooth and porous; thereby enhancing 

adsorption as well as particle diffusivity [22]. 
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Figure 3: (A) Sugarcane Bagasse Activated Carbon (AC ),  

(B) Fe3O4 nanoparticles (C) Sugar Cane Bagasse Activated Carbon Coated with Nanoparticle 

(AC-NP). 

 

Batch adsorption studies 

Batch equilibrium studies 

pH point at zero charge (pHpzc) 

The pH for which the surface of the composite bears a zero net charge was determined by using 

0.1mol/L NaCl solution. The initial pH of these solutions was maintained in the range of 1-12 by 

means of 0.1M HCl and NaOH. About 0.1 g of the adsorbent was added into each container and 

agitated for 48 h at 25 ⁰C. It was then filtered and the final pH of the residual solution was taken. 

pHzpc is the point at which the initial and the final pH of NaCl were equal [20, 22]. 

The result showed that pHzpc of the SCB/Fe3O4 magnetic nanocomposite is 6.7. Hence 

the surface of the adsorbent bears a negative charge at pH>6.7 and positive at pH<6.7. 

Adsorption efficiency of the adsorbent increased from pH 3 to 10 with significant increase in 

alkaline media (pH>pHzpc). The interaction can be as a result of strong gravitational force and 

decrease of repulsive force between the adsorbent surface and Cd2+ ions [24]. The decrease in 

adsorption efficiency in acidic medium is due to competition of adsorbate with H+ ions on the 

active sites of the adsorbent [24, 25]. 

 

 

 

 

A B C 
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                Figure 4: pH at zero point charge. 

 

Figure 5: pH Effect  

 

Effect of Adsorbent Dosage 

The optimum amount of the adsorbent was investigated by varying its dosage from 0.1 to 0.5 g 

in 50 mL of 100 ppm of Cd2+ ions solution at 150 rpm while keeping all other parameters 

constant in accordance with optimization method based on one factor at a time [20, 26]. From the 

results showed in Figure 6, highest percentage removal of the metal ions is 92% at 0.3 g beyond 

which was a plateau. It may be due to the saturation/equilibrium of the active sites on the 

adsorbent surface or decline in the surface area caused by the agglomeration of the adsorbent 

[27]. 
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Figure 6: Effect of adsorbent dosage 
 

The effect of initial concentration  

Here the aim is to find the concentration of the adsorbate at which the adsorbent will have the 

maximum percentage removal. Therefore, the initial concentration of the adsorbate was ranged 

from 150 to 350 ppm and subjected to adsorption procedure while other factors are the same. 

From one 150 ppm to 300 ppm there was an increase in the adsorption which is due to low 

adsorbate/adsorbent ratio. The sharp decrease which follows later is due saturation of the sites as 

a result of increase in the ratio [27]. 

 

 

 

Figure 7: Effect of initial adsorbate concentration 
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Adsorption Isotherm 

Batch adsorption data was described using Langmuir and Freundlich models for the 

evaluation of adsorption capacities. The Langmuir isotherm model is based on the 

assumption that monolayer adsorption occurs at homogeneous active sites in the 

adsorbent structure; while the Freundlich model is based on the assumption that 

adsorption occurs at heterogeneous and non-uniform surfaces [3, 26] and that all the 

binding sites have equal affinity for the adsorbate [28]. 

 

Langmuir Isotherm 

 The linearized model of Langmuir adsorption is stated below in equation (3). 

𝑪𝒆

𝒒𝒆
=

𝟏

𝑲𝒍𝒒𝒎
 +

𝑪𝒆

𝒒𝒎
…………………………………(3) 

 

Where, Ce is the equilibrium concentration of the adsorbate (mgL-1), qe is the amount of 

adsorbate adsorbed per unit mass of the adsorbent (mg/g), qm and Kl is the Langmuir constants 

related to adsorption capacity and energy of adsorption.  

 

The values of qm and Kl were determined from slope and intercepts of the plot and are presented 

in Table 2 respectively. The more the R2 value fitted the Langmuir for the fact that it approaches 

unity [9]. A plot of Ce/qe against Ce as shown in figure 8, gave a straight line with a slope of 

1/qm which clearly indicates conformity to the Langmuir isotherm. 

 

Figure 8: Langmuir Isotherm plot for removal Cd (II) ion on SBAC/Fe3O4. 
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Freundlich Isotherm 

For the Freundlich isotherm, the values of 1/n= 0.979 and n=1.02 fitting experimental data 

R2=0.9252 indicate that both the physical process and the normal Langmuir isotherm are 

favourable. 

log 𝑞𝑒 = log 𝐾𝑓 +
1

𝑛
log 𝐶𝑒  …………………….(4) 

 

 

Figure 9: Freundlich Isotherm plot for removal Cd(II) on SBAC/Fe3O4. 

 

Table 2: Comparison of Adsorption Isotherm Parameters of SBAC-Fe3O4 Nanocomposite 

Langmuir Isotherm Freundlich Isotherm 

qm (mgg-1)         kl(mgL-1) R2 

17.182               2.1476               0.9006 

kf (mgg-1)               1/n                          R2 

34.59                 -1.021                      0.9252 

 

Adsorption Kinetics  

The adsorption kinetics depends on the chemical and physical characteristics of the 

adsorbent. It describes the rate of the reaction and reaction pathways as well [29]. 

These kinetics models are pseudo-first order, pseudo-second order and intra-particle 

diffusion model. The adsorption in solid–liquid system was described by Pseudo-first-

order kinetic model. 
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Pseudo First Order Model 

The linear form of pseudo first order kinetic model, proposed by Lagergren is given in equation 

[30]: 

𝑑𝑞𝑡

𝑑𝑡
= 𝑘1(𝑞𝑒 − 𝑞𝑡)………………………………………..(5) 

 

Where, qe is the amount of metal adsorbed at equilibrium (mg g-1), qtis the amount of dye 

adsorbed at time “t” (mg g-1), k1 is the first order rate constant (min-1) and t is the time (min).  

 

Definite Integration of equation (5) within the boundary of t = 0 to t = t and qt = 0 to qt = qe gives 

equation  

log(𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 −
𝑘1

2.303
𝑡  ………………………..(6) 

 

The linear graph of log(qt- qe )against t was plotted from the experimental data and used to find 

k1 and R2. 

 

 

 

 

 

 

 

 

Figure 10: Pseudo First Order Kinetic Model Plot for the Adsorption of Cd(II) by SBAC-Fe3O4 

nanocomposite. 

 

Pseudo Second Order Model 

Ho [31] developed another model to describe the kinetics of adsorption with the expressed as: 

𝑑𝑞𝑡

𝑑𝑡
= 𝑘2(𝑞𝑒 − 𝑞𝑡)2 …………………..(7) 

 

Where k2 is the second order rate constant (g/mg min-1).  
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Definite Integration of equation (7) within the boundary of t = 0 to t = t and qt = 0 to qt = qe gives 

equation (8) which the expression for the integrated linearized form of the pseudo second order 

kinetic model. 

𝐭

𝐪𝐭
=

𝟏

𝐤𝟐𝐪𝐞
𝟐 +

𝟏

𝐪𝐞
𝐭 ………………….. (8) 

 

Linear relationship was established in a plot of   t/qt versus t if the adsorption process obeys the 

pseudo second order kinetic model. 

 

Figure11: Pseudo Second Order Kinetic Model Plot for the Adsorption of Cd(II)ionsby SBAC- 

Fe3O4. 

 

Table 3: Comparison of Kinetic Parameters for the Adsorption of Cd2+ ions by SBAC- Fe3O4 

Pseudo First Order  Pseudo Second Order  

qe (mgg-1)          k1 (min-1)              R2 

 66.07                 0.0295           0.9791  

qe (mgg-1)         k2(g
-1mg min)              R2 

75.7576                0.0004                  0.9831 

 

Comparison of Adsorption Capacities 

In order to fully appreciate the achievement of the current study, a comparison of its adsorption 

capacity with other reported in the literature have been shown in Table 4. 
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Table 4: Comparison of SBAC/Fe3O4 magnetic nanocomposite adsorption capacity with 

other adsorbents used in treating adsorbate 

Adsorbent                        Adsorption Capacity                Adsorbate                           Reference 

AC/Chitosan composite        52.63 mg/g                         Cr(IV) and Cd(II)                       [1] 

ACL/Fe3O4magnetic             35.31 mg/g                         Crystal Violet Dye                      [3] 

CNT/MgO/CuFe2O4                     36.46 mg/g                         Cationic dyes                              [8] 

PPAC                                   370.86 mg/g                         (RBBR) dye                                [9] 

Fe3O4/Fish scale                     68.72 mg/g                         Methylene blue                           [26] 

GSAC/Fe3O4                         50.51 mg/g                         Methylene blue                           [27] 

SBAC/Fe3O4)                       17.18 mg/g                              Cd(II)                                 This study 

 

CONCLUSION 

Sugar bagasse activated carbon/Fe3O4 magnetic nanocomposite was synthesized by chemical 

precipitation and used as an adsorbent for the study of adsorption of cadmium (II) ions in 

aqueous solution. It shows a higher percentage adsorption at low initial concentration of the 

adsorbate and a pHzpc of 6.7. Adsorption kinetics of Cd(II) ions using the adsorbent were tested 

using pseudo-first order and pseudo-second order kinetics models. The adsorption process 

followed pseudo-second order kinetics revealing that it is controlled by chemisorption. From the 

equilibrium data, Langmuir adsorption isotherm was best fitted indicating monolayer adsorption 

of Cd(II) ions onto the sugar cane bagasse activated carbon magnetic nanocomposite from 

aqueous solution with the adsorption capacity of 17.18 mg/g. Therefore, SBAC/Fe3O4 is a good 

potential, low cost and effective adsorbent for Cd(II) ions from aqueous solution. 
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