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Abstract 

In this novel, we developed a modern and efficient adsorbent that may serve as environmental protection and sustainable 

development for removing some metal ions such as Fe and Zn from aqueous solution. The new adsorbent was synthesized by 

mixing the sugarcane bassage biochar with nano-magnetite (SCB-BC/Fe3O4) to form nano-composite. High resolution 

transmission electron microscope (TEM) imaging shows the synthesized nano-composite with 40 nm average diameters. The 

adsorption kinetic of metals on the nano-composite was discussed, and the equilibrium equation of the metal ions was found 

following Langmuir isotherm model. The experimental data showed that the synthesized (SCB-BC/Fe3O4) nano-composite 

can quantitatively remove the metal ions from water by removal efficiencies of 90% and 96% for Fe and Zn respectively. It 

can be concluded that the synthesized adsorbent can be used for removal of heavy metals from water and/or wastewater as one 

of the treatment stages in treatment plants. 
Keywords: Nano-materials, Nano-composites, Wastewater treatment 

 

1. Introduction 

Our current water supply is facing huge challenges. 

To date, statistics by WHO (2012 and 2014) has 

shown that nearly half of the world population will 

suffer from water scarcity in 2025 [1]. Heavy metals 

dispersed in the environment are badly affecting 

human health [2]. Mining, smelting, fertilizer and 

pesticide application, and electronic output discharge 

have increased the danger   associated with heavy 

metals discharged into the aquatic environment 

contributing to metal water pollution [3]. Studies 

have shown that wastewater constituting high 

spectrum of heavy metals which produced from 

heavy industries like battery, vehicle and steel 

manufactories [4]. Metal ions are transmitted to the 

body by food or water consumption and cause serious 

health damage water [5]. Many heavy metals are 

highly toxic to humans, even at low levels [6]. 

Adsorption, selective separation, ion-exchange, 

reverse osmosis, filtration, bioremediation, 

supercritical fluid extractions are techniques have 

been used to remove metal ions from water [5]. But, 

adsorption is considered to be one of the most 

promising techniques, especially for effluents of low 

concentrations of these pollutants [7]. Biochar is a 

low-cost absorber to remove various types of 

pollutants [8], derived from agricultural wastes have 

taken greatca re to remove heavy metals from 

wastewater [9]. Higher content and difficult 

biodegradable carbon of the biochar are 

distinguishing character, besides containing some 

nutritive hydrocarbons [10].The sugarcane bagasse 

biomass has been used in this study as a biochar 

source the plant has three main sections: the green 

tops, the stem and the roots. For sugar production the 

stem or stalk is milled and crushed at the front end of 

the mill where the sugarcane juice is extracted, the 

remaining dry fibrous residue is called sugarcane 

bagasse [11], although the biochar production from 

plant residues is not costly, it still has limited effect 
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in metal ions removal, so we suggested to mix with 

effective nano-material increasing its reactivity.Metal 

oxide nanoparticles are commonly used, Higher 

energy consumption and unsafe techniques mostly 

used to produce metal oxide nanomaterials, taken as 

one of the advantages prioritizing biochar as 

promising material [12].  In addition to the 

achievements in technical activates facilitating 

production of magnetic nanostructures as magnetite 

(Fe3O4) and maghemite, (γ-Fe2O3) [13]. The nano-

metal oxides differentiated with large surface area 

associated with super-paramagnetic properties, and 

short interregional-particle diffusion range, more 

adsorption categories, compacted without massive 

decrease of surface area, and the easily reusing of 

these materials [14]. Its isolation can become a real 

challenge by using nano-materials in the water 

treatment system. Generally, the main disadvantage 

of nanoparticles is the cost of production, 

regeneration and recovery is also a difficult process, 

as the nanoparticles used can subsequently become a 

type of environmental pollution. Therefore, new 

adsorbents with high specific surface area and low 

operating costs need to be identified [15].Nano-

composite technology has been shown to be an 

effective and promising solution. Through mounting 

desired nanoparticles on different supporting 

materials, such as polymers or membranes, nano-

composite is commonly manufactured. Nano-

composites are multiphase material with constituent 

assembly 100 nm at least, that showed economic 

effectiveness, renwable and highly efficient [1]. The 

nano-metal supported biochar could resolve the 

significant limitations of the biochar and increase its 

effectiveness in heavy metals removal [16]. The 

magnetite-based biochar, that contains rough surface 

and high attractive sites is becoming widely known in 

the heavy metals removal [17].In the present study, 

we aimed to produce an economic, sustainable, good 

mechanical and chemical resistance, handleably and 

regeneratable biochar from agricultural residue 

(sugarcane bagasse) as a sustainable adsorbent. The 

adsorbent can be used after mixing with nanomaterial 

like iorn oxide (nano-magnetite) in a composite for 

removing higher concentrations of Fe, Zn and 

microorganisms. The new composite was used in real 

wastewater samples collected from the final effluent 

of a municipal wastewater treatment plant (Fayuom 

city, Quhafa, ezbet Henin).  Iron oxide (magnetite) 

nanostructures were produced by co-precipitation of 

the iron salts, base and the biochar produced by slow 

pyrolysis at 300oC for 1h. The composite was 

characterized by means of different techniques then 

used as adsorbent for batch experiments then applied 

on the real wastewater samples. The real samples 

were controlled, preserved and examined according to 

"Standard Methods for the Examination of Water and 

Wastewater" American Public Health Association 

[18]. 

2. Experimental 

2.1 Materials 

2.1.1 Magnetite production 

Magnetic iorn oxide (magnetite) nanoparticles 

suspension was synthesized using co-precipitation 

method by dissolving ferric chloride FeCl3. 6H2O and 

ammonium ferrous sulphate ((NH4)2Fe (SO4)2) using 

NaOH as a base. All the chemicals used in analytical 

grade supplied by Sigma-Aldrich Company and 

exploited without further purification.   

2.1.2 Biochar production 

Biochars used throughout this research were derived 

from sugarcane bagasse collected from Fayoum 

governorate. The feedstock has been dried for 24 h at 

103 C in an oven (Fisher Scientific, U.S.A). 

Pyrolysis was performed in limited oxygen in order 

to maintain an oxygen free atmosphere at two 

temperatures degree 300 C and 600 C in a muffle 

furnace (Barnstead, Thermolyne, U.S.A). The rate of 

temperature increase was 20C /minute. Sample was 

retained in the operating furnace for 60 min after 

reaching the targeted temperature. Biochar was 

subsequently removed and cooled in desiccator, 

weighted and tightly sealed plastic containers. To 

select the workable biochar, we applied the two 

biochars produced to 1 ppm of each standard (Fe and 

Zn) and recorded the removal efficiencies (Table 1). 

Table 1: Removal efficiencies of SCB-BC burned at 300 

C and at 600 C for 1ppm Fe and 1ppm Zn 

Biochar temp. 

Fe 

Conc 

ppm Fe R % 

Zn 

Conc 

ppm Zn R % 

SCB-BC at 300 C 0.511 48.90  0.668 33.20  

SCB-BC at 600 C  0.673 32.70  0.690 31.00  

2.2 Methods 

2.2.1 Preparation of biochar- iorn oxide (SCB-BC/ 

Fe3O4) composite 

The biochar/nanomagnetite nanocomposites 

prepared by physical mixing of ratios from the 

powder samples. Different ratios were mixed 

physically from Fe3O4 and SCB-BC with percent 

weights 0.0, 0.1, 0.2, 0.5, 0.6, 0.8, and 1.0 (Table 2) 

[19]. 

2.2.2 Selection the SCB-BC ∕Fe3O4 nanocomposites 

effective ratio    
Two stock solutions 1000mg/l (Fe) and (Zn) 

separately as Fe (NO3)3 (Fe in HNO3) and Zn (NO3)2 

(Zn in HNO3) were used. Working solutions were 

prepared after diluting the stocks to 1ppm of both Fe 

and Zn. Different ratios of (SCB-BC ∕ Fe3O4) 
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composite were used separately as shown in (Table 

2). Dose of 1g/L [20] from each was applied to the 

two working solutions.  The experiments were done 

by mixing (0.15 g) of each composite ratio with (150 

mL) of (1 mg/l) Fe, Zn) separately as a working 

solution, then the samples agitating on an orbital 

shaker SK-600, korea (serial no; M059119) at (200 

rpm) [20] for (15 min) at room temperature. The 

contact time had been determined by kinetic 

experiments. Once the reactions ended, samples 

were removed and filtered (Whatman GF/C) for 

removing debris and measuring the residues of metal 

contents using ICP-OES (Parkin Elmer, Optima 5300 

DV, Serial No: 077C&0220701). The difference 

between the start and final metal content represent the 

removed concentration.  

Cads=Ci(1mg/l)-Cf                                                → (1) 

       Where;  

      Cads; adsorbed metal ion concentrations mg/l 

      Ci; initial metal ions concentrations (=1mg/l) 

Cf; final aqueous concentration of metal ions mg/l 

  

The efficiency of the composite ratios in metal ions 

removal was calculated according to the following 

equation;  

Removal efficiency (%)= [(Ci-Cf)/Ci]X100        → (2)   

Where;  

  Ci ; initial concentrations of metal ions (=1mg/l)  

  Cf; final concentrations of metal ions mg/l 

Table 2: Preparation of novel SCB-BC/Fe3O4 

nanocomposite of homogeneous form  

X ratios Fe3O4 (1-x) SCB-BC (x) 
SCB-BC 
(x) wt.% 

Fe3O4 

(1-x) 

wt.% 

 

1 0 1 100 0  

0.9 0.1 0.9 90 10  

0.8 0.2 0.8 80 20  

0.5 0.5 0.5 50 50  

0.4 0.6 0.4 40 60  

0.2 0.8 0.2 20 80  

0 1 0 0 100  

 

2.2.3 Characterization 

The morphology of SCB-BC at 300 C and SCB-BC/ 

Fe3O4 nano-composite was examined by high-

resolution transmission electron microscope (HR-

TEM) (JEOL 1200 EXll, JAPAN). Using a Fourier 

transform infrared spectrometer (FTIR) (JASCO-IR) 

the surface structural groups of SCB-BC /Fe3O4 

composite were characterized before and after 

adsorption, with scanning range from 4000 to 400cm-

1. The spectra were collected with a resolution of 

0.964233 cm-1 transmittance. The particle size 

distribution of SCB-BC/ Fe3O4 composite was 

measured by a laser particle size analyzer (Malvern, 

ra200:200 mV). 

 

2.2.4 Kinetic experiments 

The kinetic experiment was carried out using 1000 

mg/L of Fe and Zn, separately. The experiment was 

done by mixing a fixed dose (0.15g) each the 

effective composite ratio (50% SCB-BC: 50% Fe3O4) 

with (150 mL) working solution of (1 mg/l) from Fe 

and Zn separately. Samples were stirred at room 

temperature on an orbital shaker (200 rpm) time 

intervals 15min-120 min) (Table 4). By the end of 

each interval, samples were filtered (Whatman GF/C 

filters). Metal content were assessed in the 

supernatants (ICP-OES). The adsorbed metal 

concentrations were calculated from equation (1) and 

the removal efficiency of the composite was 

calculated from equation (2). 

 

2.2.5 Equilibrium experiment 
  The equilibrium experiment was done using 

1000 mg/L (Fe) and 1000 mg/L (Zn), separately. The 

experiment was done by mixing a fixed dose (0.15g) 

of the effective composites ratio (50% SCB-BC: 50% 

Fe3O4) with (150mL) working solution of varying 

concentrations (1-10mg/l) from Fe and Zn separately 

(Table 5), the samples then agitated on an orbital 

shaker at (200rpm) for (15min) at room temperature. 

By the end of each interval, samples were filtered 

(Whatman GF/C filters). Metal content were assessed 

in the supernatants (ICP-OES). The adsorbed metal 

concentrations were calculated from equation (1) and 

the removal efficiency of the two composites was 

calculated from equation (2). 

 

2.2.6 Application of SCB-BC/Fe3O4 nanocomposite 

on the real samples of the effluent collected from 

the domestic wastewater treatment plant 
 (0.15 g) of the effective composite ratio 

(50% SCB-BC: 50% Fe3O4) was applied to 150mL 

working solution of the plant effluent samples as a 

real sample by the batch technique as equilibrium and 

kinetic experiments. The samples were analyzed 

chemically and microbiologically before and after 

adsorption according to [18] then the adsorbed 

pollutants concentrations were calculated from 

equation (1), and the removal efficiency of the two 

composites was calculated from equation (2).  
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Table 3:  Removal efficacy of SCB-BC/Fe3O4 nanocomposite for 1ppm solutions of each Fe and Zn solutions 

X ratios of SCB-BC 
Adsorbed Fe Concs. 

ppm 
R% of Fe 

Adsorbed Zn 

Concs. ppm 
R% of Zn 

(100% SCB-BC) 1g SCB-BC\0g Fe3O4 0.511 48.9% 0.668 33.2% 

(90% SCB-BC) 0.9g SCB-BC\0.1g Fe3O4 0.426 57.4% 0.627 37.3% 

(80% SCB-BC) 0.8g SCB-BC\0.2g Fe3O4 0.42 58.0% 0.623 38.0% 

(50% SCB-BC) 0.5g SCB-BC\0.5g Fe3O4 0.096 90.0% 0.04 96.0% 

(40% SCB-BC) 0.4g SCB-BC\0.6g Fe3O4 0.048 95.2% 0.071 92.9% 

(20% SCB-BC) 0.2g SCB-BC\0.8g Fe3O4 0.327 67.3% 0.008 99.2% 

(0% SCB-BC) 0g SCB-BC\1g Fe3O4 0.766 23.4% 0.023 97.7% 

 

Table 4: Time intervals for kinetic experiment for 1ppm of Fe and Zn mixed by 50%:50% working ratios of 

SCB-BC/Fe3O4 nanocomposite 

Time 

(min) 

Adsorbed  

Average 

 R% of Fe on  

SCB-BC/ 

Fe3O4 

Adsorbed 

Average 
 R% of Zn on  

SCB-BC/ Fe3O4 
Fe   Zn  

Concs.  

ppm 

Concs. 

ppm  

5 
0.388 

0.388 61.20% 
0.06 

0.07 93.00% 
0.638 0.08 

10 
0.258 

0.258 74.10% 
0.04 

0.045 95.50% 
0.688 0.05 

15 
0.105 

0.096 90.00% 
0.04 

0.04 96% 
0.096 0.14 

30 
0.165 

0.165 83.50% 
0.0425 

0.0425 95.80% 
0.53 0.1 

45 
0.178 

0.178 82.20% 
0.04 

0.045 95.50% 
0.768 0.05 

60 
0.176 

0.1765 82.40% 
0.09 

0.02 98.00% 
0.462 0.02 

120 
0.108 

0.175 82.50% 
0.01 

0.02 98.00% 
0.175 0.02 

Table 5: Equilibrium experiment for different concentrations of Fe and Zn (ppm) mixed by 50%:50% working ratio of SCB-BC/Fe3O4 

nanocomposite 

Conc. (ppm) 

Adsorbed 

Fe 

Concs. 

ppm 

R % of Fe on  

SCB-BC/Fe3O4 

Adsorbed 

Zn 

Concs. 

ppm 

R% of Zn  

SCB-BC/Fe3O4  

1 0.096 90% 0.03 97.0% 

2 0.402 80% 1.154 42% 

3 0.974 68% 2.254 25% 

4 1.890 53% 3.403 15% 

5 3.653 27% 4.653 7% 

6 4.625 23% 5.715 5% 

7 5.616 20% 6.792 3% 

8 6.816 15% 7.8 3% 

9 7.872 13% 8.817 2% 

10 8.985 10% 9.83 2% 
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Fig. 1. Removal efficacy of Fe and Zn (1ppm) by SCB-BC burned at 300 C and at 600 C 

 
Fig. 2. FT-IR spectra of sugarcane bagasse biochar (SCB-BC) burned at 300 C 
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Fig. 3. (1ppm Fe and 1ppm Zn ) removal by SCB-BC/Fe3O4 nanocomposite 

 
3. Results and discussion 

3.1 Selection of sugarcane bassage 

biocharpyrolysis temperature (SCB-BC) that will 

be mixed with nano-magnetite in the composite 

production 

 As mentioned in the methods, the SCB-

biochar produced at two different temperatures (300 

C and 600 C), so the effective biochar with 

acceptable iron and zinc removal efficiency should be 

selected. Table (1) and fig.(1) showed that the SCB 

burned at 300 C produced biochar with higher 

removal efficacy for both iron and zinc (48.90% and 

33.20% respectively) while the removal efficacies 

decreased to (32.70% and 31.00%) for both iron and 

zinc respectively when those ions were adsorbed on 

the SCB-biochar produced at 600 C. This may be 

related to the oxygen content of functional groups 

that have positive effects on adsorption potential, 

while these groups may be declined at higher 

temperature. These phenomena discussed by [21] that 

related the removal efficiencies decreases at higher 

temperature to the following; on pyrolysis cellulose 

transformed to a porous cellulosic precursor, it was 

converted into an irregular carbohydrate then to 

aromatic carbons as end products. Decarboxylation, 

dehydrogenation, dehydration, de-oxygenation, and 

aromatization were the reactions occurred during the 

cellulose pyrolysis, the dehydration reaction results in 

breakdown of the hydrogen bonds indicating the 

primary process occurred at temperature 300 C this 

confirmed by appearance of the strong beak no (1) at 

3429 cm−1 (O-H) stretching vibration attributed to 

alcohols, phenols breakdown of (H-bonding) on the 

FTIR spectrum in our study fig (2). On the other 

hand, the hemicellulose component is converted into 

porous smooth material with further increasing in the 

temperature, previous reactions reduced hydroxide 

ions and carboxyl groups decreasing the adsorption 

capcity. As a result to the previous discussion we 

used the SCB-BC produced at 300 C in mixing with 

nano-magnetite to form nano-composite for iron and 

zinc removal.   
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 3.2 Selection the SCB-BC ∕Fe3O4 nano-composites 

effective ratio    
 Tables (2,3) and fig. (3) Showed the 

removal efficiency of 1ppm of both Fe and Zn using 

different ratios of SCB-BC/Fe3O4 nano-composite. 

The removal efficiencies of Fe and Zn ions reached 

(48.9% and 33.2%) respectively when the SCB-

biochar used individually, this noted in the ratio 100 

% SCB-BC (1g SCB-BC\0g Fe3O4) as the removal of 

the metal ions in here depended on the functional 

groups founded on the biochar surface. As being said, 

the raw biochars that directly produced from 

feedstocks usually have restricted functional surface 

groups and relatively low surface area with limited 

porous structure due to the perceived properties of 

lignocellulosic constituents and moderate temperature 

of pyrolysis. And as a result of the limited active 

sites, fresh BC has lower metal ion removal 

efficiencies than other identified adsorbents [16]. On 

the other hand, mixing the magnetite nano-particles 

(Fe3O4) with the as prepared SCB-biochar increases 

the removal efficiencies of both Fe and Zn ions 

gradually. This was noted by addition of different 

doses of the magnetite nano-particles (Fe3O4), as 

noted for the ratio of 90 % SCB-BC (0.9g SCB-

BC\0.1g Fe3O4) the removal efficiencies for both Fe 

and Zn ions were (57.4% and 37.3%) respectively, 

and for the ratio of 80 % SCB-BC (0.8g SCB-

BC\0.2g Fe3O4) the removal efficiencies for both Fe 

and Zn ions were (58% and 38%) respectively. i.e. 

the surface properties of the nano-magnetite 

improved the adsorption capacity of the SCB-

biochar. Nanometals-aided biochar have been used in 

removal of toxic metals from sewage water. Loading 

of nano-metals on the surface or on the pores of 

biochar changed its physicochemical characteristics 

such as variance in surface porosity, graphite shape 

formation, and surface load and surface functional 

group shift [16]. For the ratio of 50 % SCB-BC (0.5g 

SCB-BC\0.5g Fe3O4) we noted acceptable removal 

efficiencies for both Fe and Zn ions (90% and 96%) 

respectively. The increase in the removal efficiencies 

that has been achieved by increasing the dose of the 

nano-magnetite added to the SCB-biochar may be 

related to the increase in the number of the –OH 

groups on the nano-magnetite surface resulted from 

the NaOH and the starch molecules used in 

preparation of nano-magnetite by co-precipitation, 

also Fe-O on the magnetite surface may helped in the 

metal ions removal. As discussed by [16], the surface 

oxides or hydroxides were demonstrated towards the 

metal ions improving complexes formation by liquid 

coordinative bonds between metal-ligand transferring 

metal ions to H-Fe-O-{M}n+ species. The higher 

removal of Fe ions (95.2%) appeared at 40% SCB-

BC (0.4g SCB-BC\0.6g Fe3O4) may be related to the 

increased surface functional groups and surface 

charge added to the composite by increasing the 

magnetite concentration, indicating that ion exchange 

and electrostatic interactions may have occurred 

between these groups and Fe ions. These mild 

electrostatic interactions were due to the hydrolysis 

of OH groups increasing the negative charge on the 

composite surface attracting much Fe ions (i.e the 

adsorption efficiency increased). The higher removal 

of Zn ions (99.2%) appeared at 20% SCB-BC (0.2 g 

SCB-BC\0.8 g Fe3O4) also may be related to increase 

the magnetite concentration in the composite surface 

producing more Fe-O molecules attracting much Zn 

ions forming H-Fe-O-Zn complexes or by the OH 

groups forming Zn-O as this is the key method for 

removing the Zn2+ metal ions as mentioned by [22]. 

Finally, Fe removal efficiency noted to be decreased 

of by further increase of nano-magnetite dose to 

reach its minimum value (23.4%) at (100% Fe3O4) 0g 

SCB-BC\1g Fe3O4, this may be related to suber-

saturation. As mentioned by  [23] because of their 

high reduction reactivity serving as electron donors, 

the iron oxides nano-particles have attached much 

attention, the Fe2+ ions in the core-shell structure of 

Fe3O4 nano-particles can effectively reduce Fe3+ ions 

of the standard to Fe2+ completing the magnetite 

reaction in the solution. In addition, certain surface 

functional groups, such as C-H or C-OH, have certain 

reduction reactivity. Many oxidizing agents in the 

solution can easily oxidize Fe2+ ions to Fe3+. Thus 

[24] used magnetite as a stationary surface sorbent to 

remove Fe ions from aqueous solutions. The analysis 

indicated that Fe metal ions (Fe2+ and Fe3+) adsorbed 

on magnetite with the same affinity. Fe2+ and Fe3+ 

content can be separated from water by the suggested 

approach and the composite can't differentiate 

considerably between these ions. For the Zn removal 

it was also noted small decrease of its removal 

efficiencies by further increase of nano-magnetite 

dose (97.7%) at (100% Fe3O4) 0g SCB-BC\1g Fe3O4, 

this may be related to suber-saturation as the 

composite pores completely occupied by Zn ions. 

Nano-crystals present on the composite surface can 

discharge metal ions that may form porous ion 

depositions [16]. The formed precipitation is stable 

and appears to be established, reducing the mobility 

of metal ions. According to these phenomena, after 

the super-saturation of the composite by the adsorbed 

Zn further concentrations of Zn would transfer to 

ZnO and Zn-Fe precipitation. Finally, from the above 

results we selected the ratio of 50% SCB-BC: 50% 

Fe3O4 (0.5g SCB-BC\0.5g Fe3O4) as a working ratio 

for the pollutants removal is it the most economic 

ratio. 
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(a) 

 

 
(b) 

 
 

(c) 

 
 

Fig. 4.  FT-IR spectra of SCB-BC/Fe3O4 nano-composite, before and after (Fe and Zn) adsorption, (a) pure composite, 

(b) adsorption of Fe on the composite and, (c) adsorption of Zn on the composite 
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3.3 Characterization of (SCB-BC/Fe3O4) nano-

composite 

3.3.1 FTIR Spectra 

Fig. (2), shows the FTIR spectrum of sugarcane 

bassage biochar burned at 300 C. The spectrum 

showed different peaks indicating the existence of 

polysaccharides and polyphenolics [25]. The strong 

beak no (1) at 3429 cm−1 (O-H) stretching vibration 

attributed to alcohols, phenols (H-bonding) and 

polymeric compounds indicating the presence of 

cellulose, hemi-cellulose and lignin in the bagasse 

skeleton [26, 27, 28]. Peak no (2) at 2914 cm−1 (-CH) 

attributed to stretching for alkyl group (-CH3 and -

CH2 groups) [26, 27, 28], these two peaks agreed 

with [29, 30] FTIR Spectrum of sugarcan bagasse 

biochar (SCB-BC).  Peak no (3) at 2377 cm−1 

attributed to (O-H) overlaps C-H stretching of 

adsorbed water in the lattice matrices. Peaks no (4) at 

1626 cm−1 this peak may be related to (C=C) 

stretching vibration of dis-substituted alkene and may 

be related to a conjugated (C=O) this peak agreed 

with [31] FTIR Spectrum of sugarcane bagasse 

biochar (SCB-BC). Peak no (5) at 1437 cm−1 (C-O) 

stretching attributed to carboxylic groups indicating 

that carboxylic acids were included in the lignin and 

hemi-cellulose of the sugarcane bagasse skeleton 

proving that the sugarcane bassage is an organic 

compound, this peak agreed with [30] FTIR 

Spectrum of sugarcane bagasse biochar (SCB-BC). 

Peak no (6) at 1112 cm−1 attributed to (C-O) 

stretching vibration might be due to alcohols [32] and 

broad peak no (7) at 607 cm−1 attributed to (≡C-H) 

indicate bending alkyne skeleton describing the 

extent of polymerization of the biochar. The data of 

the FTIR spectrum indicated that the bagasse 

skeleton free from nitrogen and sulfur groups and this 

agreed with [30, 33] sugarcane bagasse biochar 

(SCB-BC) spectrum. It was therefore found from 

FTIR spectra data that sugarcane bagasse biochar 

consists of groups of hydroxyl and carboxylate. 

These functional groups reflect the hydrophilic nature 

and can serve as anchoring sites for ferrite particles in 

nanomagnetite when mixed with this biochar in the 

preparation of (SCB-BC/ Fe3O4) nanocomposite [26].   

Fig. (4a), shows the FTIR spectrum of (SCB-BC/ 

Fe3O4) nano-composite that formed by mixing of 

sugarcane biochar with nano-magnetite. Comparing 

this spectrum with SCB-BC spectrum fig. (2), there 

are two common characteristic peaks for sugarcane 

biochar with stable appearance, peak no (1) at 3429 

cm−1 attributed to (O-H) groups of alcoholic and 

phenolic skeleton, and peak no (6) at 1112 cm−1 (C-

O) stretching vibration might be due to alcohols. It is 

noted some changes in the spectrum marked as 

follow;  

1- The peak no (2) represent small shift of (-CH) 

stretching for alkyl groups (-CH3 and -CH2 groups) 

from 2914 cm−1 to 2924 cm−1, peak no (4) represent 

small shift of (C-O) asymmetric from 1626 cm−1 to 

1613 cm−1, and peak no (5) represent small shift of 

(C=O) stretching vibration from 1437 cm−1 to 1444 

cm−1, these small shifts indicated reaction of 

functional groups on sugarcane bagasse biochar with 

nano-magnetite.  

2- Disappearance of peak no (3) at 2377 cm−1 of (-

OH) groups from SCB-BC spectrum fig. (2) replaced 

by appearance of peak no (3) at 1696 cm−1 (C=O) 

attributed to carboxylic acid stretching, appearance of 

this peak agreed to FTIR Spectrum of [30] for 

sugarcane bagasse biochar (SCB-BC).    

After the iron oxide transformation on to the surface 

of SCB-BC adsorbent, the FTIR spectra 

demonstrated significant changes which tend to make 

more crystallinity than in the sugarcane bagasse 

biochar (SCB-BC).     

3- Appearance of new peak no (7) at 877 cm−1 

attributed to (Fe-OH) stretching vibration [19] 

proving that iron of magnetite reacted with the 

alcoholic or phenolic (-OH) groups present in SCB-

BC skeleton proving that it had successfully 

impregnated onto cellulose.  

4- Appearance of new peaks no (8, 9) at 549 cm−1, 

464 cm−1, related to (Fe-O) appearence [31, 34]. The 

peak at 464 cm−1 indicate a metal –oxygen bond 

proving that (C-O) carbonyl group present in SCB-

BC skeleton worked as capping material forming 

layer around the magnetite nanoparticles, mentioned 

that the iron oxide impregnated on the biochar 

surface and the peak at 549 cm−1 prove that the C–C 

skeleton vibrations and C–H (substituted alkene) are 

presented [35].  

Finally peak no (10) at 413 cm−1 attributed to 

octahedral and tetrahedral (Fe-O) of magnetite core 

[36]. The peaks no (7, 8, 9, and 10) proved that SCB-

BC and magnetite interacted successfully forming 

composite. There were –OH and –COOH functional 

groups on the SCB-BC surface aided to bind the iron 

oxide particles, and then stuck to the char [27]. The 

intermolecular interaction may be strengthened with 

adhesion forces of hydrogen bonding phases between 

Fe–OH of the metal oxide and C–OH on the char 

surfaces, besides electrostatic interactions may take 

place. These electric interactions may tie the 

magnetite particles to the biochar molecules [27]. 

Fig. (4b) shows the FTIR spectrum of (SCB-BC/ 

Fe3O4) nano-composite after adsorption of Fe ions 

from the standard iron solution on its surface. 

Comparing with the FTIR spectrum of pure 

composite (fig. 3a) there were five common 

characteristic peaks with stable appearance, peak no 

(1) at 3423 cm−1 attributed to (OH) groups, peak no 

(2) at 2923 cm−1 (-CH) attributed to stretching for 

alkyl group, peak no (3) at 1695 cm−1 attributed to 

(C=O) carboxylic acid stretch, peak no (4) attributed 

to 1613 cm−1 (C-O) asymmetric, and peak no (8) at 
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878 cm−1 attributed to (Fe-OH) stretching vibration.  

The observed changes were as follow: 

1- Peak no (5) represent small shift of (C=O) group 

from 1444 cm−1 to 1435 cm−1.  

2- New appearance of peak no (6) at 1375 cm−1 

attributed to (C-H) deformation bending alkane 

(methyl group), appearance of this peak agreed to 

FTIR Spectrum of [30] for sugarcane bagasse biochar 

(SCB-BC). Also we can consider appearance of this 

peak at 1375 cm−1 is a large shift to carbonyl group at 

1444 cm−1 and 1435 cm−1 proving that ion exchange 

might occurred between carbonyl group present on 

the composite surface and Fe3+ metal ion from the 

standard iron solution forming Fe-carbonate (i.e. the 

iron ions adsorbed on the composite surface), this 

exception agreed with [16] who noted the same shift 

for this peak after adsorption of Pb2+ and Cd2+ on iron 

oxide nanoparticles assisted biochar. 

3- The peak no (7) represent small shift of alcoholic 

(C-O) group from 1112 cm−1 to 1104 cm−1, this shift 

proves the reaction of this group present on the 

composite surface attracting the Fe3+ metal ion from 

the standard iron solution forming (Fe-O) (i.e. the 

iron ions adsorbed on the composite surface). This 

exception noted by shifting of the (Fe-O) peak from 

549 cm−1 to peak no (9) at 567 cm−1 that related to 

vibrations of Fe2+ -O2- (Fe-O) in tetrahedral sites [19].  

4- Finally, disappearance of peak no (10) at 413 cm−1 

of the octahedral and tetrahedral (Fe-O) of the 

magnetite core from the composite spectrum (fig. 3a), 

indicating that the Fe3+ metal ion from the standard 

iron solution might be reduced to Fe2+  that reacted 

with O from C=O forming Fe2O3, this reaction 

expected as result to  appearance  peak no (9) at 567 

cm−1 that may be related to presence of hematite 

confirmed by shift of (Fe-O) peak at 464 cm−1 to 

peak no (10) at 456 cm−1 that related to vibrations of 

Fe3+ -O2- (Fe2O3) in octahedral sites [19]. The 

reduction of Fe3+ ions to Fe2+ ions related to Fe2+ ions 

on the core-shell of the magnetite nanoparticles 

included on the composite, beside the reducing 

activity of some surface functional groups such as C-

H or C-OH [16]. 

 

Fig. (4c) shows the FTIR spectrum of (SCB-BC/ 

Fe3O4) nano-composite after adsorption of Zn on its 

surface. Comparing with the FTIR spectrum of pure 

composite (fig. 3a) five common characteristic peaks 

with stable appearance can be detected, peak no (3) at 

3425 cm−1 attributed to (O-H) groups, peak no (4) at 

2925 cm−1 attributed to (CH-) stretching for alkyl, 

peak no (6) 1614 cm−1 attributed to (C-O) 

asymmetric, peak no (7) 1444 cm−1 attributed to 

(C=O) stretching vibration. The observed changes 

were as follow; 

1- Disappearance of peak no (3) at 1696 cm−1 

attributed to (C=O) carboxylic acid stretch from the 

composite spectrum (fig. 3a) suggesting a metal 

chelation complexation reaction of the Zn2+ metal 

ions from the standard zinc solution with the 

carboxylic group forming Zn-O [16]. This reaction 

confirmed by appearance of peak no (12) at 573 cm−1 

related to metal-oxide bond [31] (i.e. the zinc ions 

adsorbed on the composite surface). 

2- The peak no (9) represent small shift of alcoholic 

(C-O) group from 1112 cm−1 to 1104 cm−1. This shift 

may refer to the reaction of the carbonyl group 

present on the composite surface attracting the Zn2+ 

metal ions from the standard zinc solution forming 

(Zn-O) by ion exchange reaction. 

3- Appearance of new peaks no (8) at 1253cm−1 and 

no (10) at 1034 attributed to (OH) and (C-O) agreed 

with [33] FTIR spectrum of SCB-BC MB.  

4- Disappearance of peaks no (9, 10) (Fe-O) of the 

octahedral and tetrahedral magnetite core from the 

composite spectrum (fig. 3a) at 464 cm−1 and 413 

cm−1 also prove replacement of Fe-O by Zn-O. This 

replacement indicated complete adsorption of the 

Zn2+ metal ions from the standard zinc solution on the 

composite surface may by complexation reaction 

using Fe-O from the composite surface forming 

metal-ligand complexes (i.e H-Fe-O-Zn) or by using 

OH groups forming metal oxides Zn-O.  

It was found that decreasing oxygen content may 

increase the affinity for adsorption [37], to the 

converse, oxygen-bearing function groups found to 

show adverse effect on organic compound adsorption 

[38].   
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resolution TEM image-composite, high-nano 4O3BC/Fe-prepared SCB-Fig. 5.  Morphology of the as 

 

Fig. 6. Particle size distribution curve of SCB-BC 
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composite-nano 4O3BC/Fe-Fig. 7.  Particle size distribution of curve SCB 

 

 
Fig. 8.  The zeta potential curve of SCB-BC/Fe3O4 nano-composite 
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Fig. 9.  Relationship between removal efficacy (R) and time intervals for adsorbed Fe and Zn (1ppm) 

 

 

 

removal efficacy (R) and the initial aqueous Fe and Zn concentrations  Fig. 10.  Relationship between 
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(a) 

 
(b) 

 

 
 

composite fitted to linearized forms of  4O3Fig. 11.  Experimental data of (1ppm) Fe  adsorption onto SCB/Fe

(a) Langmuir and (b) Freundlich isotherms 
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(a) 

 
(b) 

 
Fig. 12. Experimental data of Zn adsorption (1ppm) onto SCB/Fe3O4 composite fitted to linearized forms of 

 (a) Langmuir and (b) Freundlich isotherms 
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3.3.2 HR-TEM analysis 

 HR-TEM image as shown in fig (5) used to 

determine the size and morphology of SCB-BC/ 

Fe3O4 nano-composite. This indicated a spherical 

shape and structure of the nano-particles and its size 

noted to be 50 nm. It was possible to observe porous 

structures and larger pores with some 

agglomerations, the observed porous structure of 

SCB-BC/ Fe3O4 nano-composite was agreed to the 

structure that was illustrated [29, 33].  

 

3.3.3 DLS analysis 
Fig. (6) Presents the distribution of sugarcane 

bagasse biochar by particle size. The average size of 

raw SBC-biochar particles burned at 300 C was 

appeared by sharp peak at 127.5 nm. Fig. (7) Show 

the particle size distribution of SCB-BC/ Fe3O4 nano-

composite, it was observed that the mean particle size 

of the composite was appeared by sharp peak at 

57.18nm, this size confirmed the composite particle 

size (57.3nm) appeared in HR-TEM image fig. (5). 

The shift noted to smaller size of nano-particles at the 

particle size distribution scale proving  from 127.5 

nm to 57.18nm proving that the mechanical mixing 

of SCB-biochar with nano-magnetite reduced the 

particle size of SCB-biochar, i.e. SCB- BC and nano-

magnetite interacted with each other and impregnated 

onto each other successfully forming nano-

composite, and these results also agreed with the 

shifts noted in the FTIR spectrums of pure SCB-

biochar and SCB-BC/Fe3O4 nano-composite. 

 

3.3.4 Zeta potential analysis 
The zeta potentials of SCB-BC/ Fe3O4 nano-

composite are determined to be negative as shown in 

fig. (8) with sharp peak appeared at (-24.6mV) and 

the adsorbent will take up the cations with higher 

affinity. This result agreed with [30] who proved that 

SCB-biochar has net charge with negative values at 

different pHs, while [39] mentioned that the Fe3O4 

nano-particles are positively charged in neutral and 

acidic media. The positive charge occurs as a result 

of proton adsorption to the neutral surface OH-

groups. When pH rises, the overloading of all 

observed nano-magnetite particles results from the 

dissociation of surface OH-groups and the presence 

of negative charges observed by the following 

equation 

Fe-OH (surf) + OH− ↔ Fe-O− + H2O                → (3)   

The negative surface charge appeared in our 

composite proved that nano-magnetite affected by 

SCB-biochar negative charge means that nano-

magnetite impregnated onto SCB-biochar surface 

forming the composite. 

 

3.4 The adsorption studies onto (SCB-BC/Fe3O4) 

nano-composite 

3.4.1 Effect contact time on the adsorption onto 

the SCB-BC ∕Fe3O4 nano-composite 
The relationship between the contact time and 

removal efficiencies of 1ppm from Fe and 1ppm Zn 

ions adsorbed by the SCB-BC/Fe3O4 nano-composite 

illustrated in fig. (9) and table (4), the bio-sorbent 

dose was 0.15g/150mL. The adsorption reached 

equilibrium within 15min for the initial 

concentrations, thereafter it became nearly constant. 

The percent of the metal ions removed gradually with 

time increases, and reached its maximum level after 

15 min. This observation can be explained by 

increase the filling surface of the adsorbent then 

super-saturation takes place [34]. This affinity related 

to the concept that, at the beginning of the adsorption 

large numbers of vacated surface sites are available 

but after lapse time the rest vacant surface areas are 

difficult to be occupied. Repulsion forces between 

solute molecules that adsorbed on the surface of 

adsorbent and the bulk phase solution decreases the 

metal adsorption [34]. These results agreed with [24] 

who noted that Fe2+, and Zn2+ ions removed by the 

magnetite nano-rods adsorbents during 20min with 

efficiencies more than 90%, this curve also agreed 

with [30] results for Cd2+ removal using the bagasse. 

It can be concluded that the rate of binding of Fe or 

Zn to the composite is higher at the initial stages, 

then gradually decreases and becomes almost 

constant after 15min.  

 

3.3.3 Effect of the metal ion concentrations on the 

adsorption onto the SCB-BC ∕Fe3O4 nano-

composite 

Fig. (10) and table (5) Shows relationship between 

the removal efficiency (R) and the initial aqueous Fe 

and Zn concentrations. Stating from (1 to 10 ppm) for 

each metal ion, it was noted for Fe and Zn ions that 

both reached their maximum adsorption at 1ppm 

achieving higher removal efficiencies of 90% and 

96% for Fe and Zn respectively, then further increase 

in the concentrations lead to an observable decrease 

in the removal efficiencies for the two metal ions. 

This may be related to the pH of the solution, as the 

standards of Fe and Zn are prepared in aqueous nitric 

acid solution so any increase in the metal ion 

concentration leads to more acidic solution (i.e. low 

pH), it is known that our composite negatively 

charged from the zeta potential results, so it highly 

attracted the positively charged Fe and Zn ions till pH 

6. Below this pH value, the composite become 

positively charged i.e its adsorption capacity for the 

ions decrease. The pHpzc value is the point at which 

functional surface groups don't add to the solution's 

pH. The surface charge is negative above this pH 

value and the adsorbent takes on cations with higher 

affinity [40].  As illustrated by [41, 1, 42] one of the 

key factors affecting pollutant adsorption of water is 
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the pH of the solution. With a lower pH level, it is 

possible to increase the removal rate of contaminants 

by raising the solution pH, pollutant removal rate 

decreased if solution pH reached the optimal value. 

This might to be associated with the steady saturation 

of the active adsorption sites, and the electrostatic 

repulsion between the ions [43]. These results agreed 

with [24] who illustrated that the initial 

concentrations of Fe and Zn metal ions were totally 

removed. On the other hand, further increase in metal 

ions concentrations decreases its removal efficiency. 

This fact can be related to that the pore sizes of the 

composite have been completely filled at higher 

concentration. 

 

3.3.4 Adsorption isotherms 

 Concentrations from 1 to 10 ppm were used 

to assess the ability of the (SCB-BC/Fe3O4) nano-

composite for adsorption against the examined metal 

ions. Using adsorption isotherms, the overall 

adsorption ability of the (SCB-BC/ Fe3O4) nano-

composite adsorbent to metal ions was assessed. The 

isothermic models Langmuir and Freundlich were 

used for isotherm adsorption. The Langmuir 

adsorption model, assumes that all the sites of 

adsorption on the adsorbent surface have an equal 

binding capacity, and each site attach just one 

adsorbent. The linearized Langmuir isotherm is 

given as following equation 

Ce/qe = (1/bqm) + (Ce/qm)                                     → (4) 

where; 

qe is the equilibrium adsorbent ability removing metal 

ion concentrations in mg/g. 

Ce is the metal ions concentration in equilibrium by 

mg/l. 

qm is the highest limit of the adsorbed metal ions in 

mg/g and b the constant referring to the bonding 

energy is of sorption process. 

The b (L/mg) and qm constants can be determined 

from the intercept and slope of Ce/qe against C linear 

diagram [24]. 

The equilibrium adsorbent ability qe can be 

calculated by equation 

qe = (Ci-Ce) *V/m                                                → (5)                             

where;  

Ci (mg/l) and Ce (mg/l) are the initial and equilibrium 

concentrations of the metal ions (Fe and Zn). 

V (ml) is the adsorbate (standard Fe or Zn solution) 

volume (150ml). 

m (mg) is the adsorbent (SCB-BC/ Fe3O4) nano-

composite weight (0.15g = 150mg) [24]. 

 

The favorable adsorption character may be 

expressed in terms of dimensionless parameter called 

separation factor, which is specified  

RL = 1/ (1+bC0)                                                → (6)                             

where; 

C0 (mg/l) is the initial concentration of the adsorbate 

(standard Fe or Zn solution)  

b (l/mg) is the Langmuir constant 

The RL value states the Langmuir model type 

indicating the nature of the metal ions adsorption on 

the composite  

(RL = 0 irreversible), (0 < RL < 1 favorable), (RL = 1 

linear) or (RL > 1 unfavorable) [44]. 

  

On the opposite side, the Freundlich model is based 

on reversible heterogeneous adsorption heterogeneity 

of the adsorption sites binding energy.  

The linear equation of the Freundlich isotherm is 

given as:   

log qe = logKf + (1/n) log Ce                               → (7)                             

where; 

qe is the adsorbent ability removing metal ion 

concentrations in mg/g.  

Ce is the metal ions concentration in equilibrium by 

mg/l.  

Kf is the adsorption efficiency of the adsorbent 

constant in mg/l, and n is the adsorption strength 

constant. 

The n and Kf constants can be determined from the 

slope and intercept of the log qe versus log Ce linear 

diagram determined from the intercept and slope of 

the linear plot Ce/qe versus C [24]. 

The adsorption isotherms for both Fe and Zn were 

shown in figs. (11,12). The calculated (qm and b) 

values for the Langmuir model, the calculated (n and 

K) for the Freundlich model, separation factor (RL) 

and linear regression coefficient (r2) values are given 

in table (6). The results showed that the Langmuir 

correlation coefficient values (r2) for Fe and Zn 

adsorption onto (SCB-BC/Fe3O4) nano-composite 

were 0.9739 and 0.9357 respectively, while the 

Freundlich correlation coefficient values (r2) for Fe 

and Zn adsorption onto (SCB-BC/Fe3O4) nano-

composite were 0.0022 and 0.6075 respectively, 

proving that experimental data good fited to the 

Langmuir model's verifying the monolayer 

applicability. These results agreed with [24] who 

illustrated that the removal of all Fe and Zn metal 

ions onto magnetite nanorods as an adsorbent was 

better to fit the Langmuir isotherm with the 

experimental data than Freundlich model. The RL 

values for both Fe and Zn over the working 

concentration range (1-10 mg/l) showed separation 

factor greater than zero and less than 1 (0 < RL < 1) 

reporting favorable adsorption. The heavy metals 

were adsorbed after being coated by the composite. 

Adsorption energy is not identical in Freundlich 

model as its affinity towards the adsorbent are not the 

same [45].  
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Numerous studies examined the viability of using 

different sorbents, the gained data 

showed that the adsorption capacity of the magnetite 

nanoparticles (3.7mg g -1) [46], magnetic nanoparticle 

(γ-Fe2O3)-coated zeolite (MNCZ) (19.39mg g -1) [47], 

biochar (1.998 mg g -1) [37] and activated carbon 

(42.3 and 20.2 mg g -1) [48]. The adsorption 

capacities of  Fe2+and Zn2+ by magnetite nanorods 

based on the Langmuir model, were 127 and 107 mg 

g -1, respectively illustrated by [24]. These capacities 

were determined for single-solute system. However 

in our study The adsorption capacities of Fe2+and 

Zn2+ by (SCB-BC/Fe3O4) nano-composite based also 

on the Langmuir model, were 1.06 and 0.163 mg g -1, 

respectively table (6).  

 

 

3.3.5 Application of the SCB-BC/ Fe3O4 

nanocomposite to domestic wastewater 

The results showed that 0.15 g of the prepared SCB-

BC/ Fe3O4 nanocomposite can remove nitrate, total 

phosphorous (TP), COD, BOD, total coliform and 

fecal coliform concentrations approximately to 33%, 

86%, 83%, 88%, 100% respectively table (7). The 

removal efficiency of our composite for COD and 

BOD completely agreed with [45] who used 

Fe3O4/Bentonite magnetic composite for removing 

the same pollutants from industrial wastewater 

coming from a pharmacy unit. This comparison 

prove that using of composites containing Fe3O4 

achieve good results in pollutants removal. 

Comparing our obtained data with other authors used 

different adsorbents to remove COD and BOD from 

wastewater, we obtained data displayed that COD 

and BOD removed by percentage 95.4% and 92.8% 

respectively by activated carbon dosage of 0.1 g/100 

ml of solution, and the adsorption equilibrium was 

achieved after 150 min at pH 6.0 with agitation rate 

of 400 rpm at 25 °C [48]. However in this study, 

COD and BOD removed by percentage 83% and 88% 

respectively from 150 ml real wastewater sample 

collected from the final effluent of domestic 

wastewater by 0.15 g of SCB-BC/Fe3O4 nano-

composite and the adsorption equilibrium was 

attained after 15 min at pH 7.0 with agitation rate of 

200 rpm. The same comparisons were done for heavy 

metals, the obtained data showed cadmium ions 

removal reached 98.88% by ceramic nano-particles 

using Ceramic/CuO nano-composite [49]. However 

in this study, iron ions removed by 89% percentage 

and zinc ions removed by 93.4% percentage using 

SCB-BC/Fe3O4 nano-composite.  

 

Table 6: Langmuir and Freundlich isotherm parameters for Fe and Zn adsorption on SCB-BC/Fe3O4 nanocomposite 

Adsorption isotherm Parameter 
Value 

Fe Zn 

Langmuir qm 1.06 0.163 

 

B 0.544 1.44 

 

r2 0.9739 0.9357 

 RL calculated using C0 = 1mg/l 0.65 0.41 

Freundlich 

 

  

 

K 1.37 2 

 

n 114.9 3.24 

 

R2 0.0022 0.6075 

 

Table 7: SCB-BC/Fe3O4 nanocomposite performance in  removing nitrate, T, BOD, COD, total ,  fecal 

coliforms , iorn and zinc from real samples of domestic wastewater 

      Pollution index Intial values final values Removal% 

NO3 1.995 ppm 1.33 ppm 33.30% 

TP Abs. 0.051 Abs. 0.007 86% 

BOD 8.5 ppm 1 ppm 88% 

COD 60 ppm 10 ppm 83% 

T. Coli 16000 MPN/100ml Nil 100% 

F.Coli Nil Nil 100% 

PH 7.82 8.19 

 Fe 4.641 ppm 0.517 ppm 89% 

Zn 0.124 ppm 0.0082 ppm 93.40% 

R.Cl2 0.46 
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4. Conclusions 

 Pyrolysis temperature influences the physical and 

chemical properties of the biochar, thereby 

influencing its pollutant removal efficiency. 

 The concentration ratio of biochar and Fe3O4 

affects the removal efficiency of metals.  

 The mechanical mixing of SCB-biochar with nano-

magnetite to form nano-composite is successful 

novel mechanism, characterization data showed 

that each material could affect each other, the 

changes noted in the FTIR spectrums and DLS 

cruves of SCB-biochar and SCB-BC/ Fe3O4 nano-

composite.   

 Changes of the particle size distribution curve of 

SCB-biochar from 127.5 nm to 57.3 nm in the 

composite and the surface charge of nano-

magnetite that affected by negative charge of 

biochar resulting in net negative charge of 

composite, confirmed that the mechanical mixing 

affected the both size and charge.  

 Removal of the contaminants increased by the start 

of the reaction, then decreased gradually as natural 

result of receptive points of biochar being saturated 

by the adsorbed metals.  
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