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ABSTRACT: In the present work, biochar was obtained from orange tree sawdust (OTS) and then it 

converted to magnetic form by a series treatment. This substance was applied as an ideal adsorbent for 

removal Cr (VI) from aqueous solution. The novel magnetic biochar (MBⱷOTS) originated from OTS 

is likely to enhance the adsorption potential of Cr (VI). The adsorption of Cr (VI) by MBⱷOTS and OTS 

was compared with each other for series of adsorption parameters. Magnetic form of OTS was 

constituted with FeCl3.6H2O and FeSO4.7H2O in a basic medium. The Magnetic OTS was heated in an 

oven at 500 ºC for 60 min. The produced magnetic char was applied for the removal of Cr (VI). The 

optimum conditions for the maximum Cr (VI) adsorption by MBⱷOTS were determined as; 0.05 g 

adsorbent dosage, 40 mg/L Cr (VI) initial concentration, pH 2.01 and contact time, 180 min. The 

adsorption data were described well by the Langmuir isotherm model (R2=0.985) compared to the 

Freundlich isotherm model (R2=0.969). The maximum Cr (VI) adsorption capacity were calculated from 

the Langmuir equation was 30.36 mg/g for MBⱷOTS and 11.75 mg/g for OTS. The adsorption capacity 

of MBⱷOTS was higher than the capacity of raw OTS. The results showed that MBⱷOTS can be an 

alternative adsorbent for the removal of Cr (VI) in the aquatic environment. 
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1. INTRODUCTION 

Development industrial activities are highly threatening the clean water resources. Wastewaters are 

dumping from the industry without any treatment, so this situation causes a significant increase in 

chromium in soil, surface and groundwater resources (Vilardi et al. 2018). These kinds of wastewater 

contain heavy metal ions, which is a serious threat to both human health and all ecosystem. Heavy metals 

are non-biodegradable and have a tendency to accumulate in tissues through feeding and skin adsorption 

in all living tissues, from water microorganisms to animals and humans (Son et al. 2018). For example, 

if a certain concentration is exceeded in the body, it causes various diseases. Especially, chromium is 

widely used in many industrial applications. The wastewater released after various industrial activities 

sometimes contains trace amounts, sometimes-high concentrations of Cr (VI). 

The most common wastewater containing chromium is released by paper, petrochemical, chlor-alkali 

production, fertilizer, iron and steel, leather and energy production (thermal) industries (Jia et al. 2018). 

Therefore, keeping the level of chromium in the wastewater at the limit level has been important in 

terms of environmental pollution. Regardless of its source, chromium pollution in drinking water is a 

serious problem in many parts of the world (Qian et al. 2019). The chromium exists either Cr (VI) or Cr 

(III) form in the environment. Cr (VI) is more toxic than Cr (III), which its analysis in environmental 

samples is more important. The removal of Cr (VI) ions from waters has been one of the most important 

issues investigated in the world (Lu et al. 2017). According to drinking water quality guidelines 

prescribed by the World Health Organization (WHO, 2011), the concentration of Cr (VI) in drinking 

water should not exceed 0.05 mg/L. It is important to control Cr (VI) pollution due to its toxicity. For 

this reason, the drinking water standards require an acceptable level of the metal ion in the medium and 

this requires new and highly effective treatment technologies (Zhang et al. 2019). 

Numerous scientific researches and investigations have been carried out to determine and remove the 

levels of Cr (VI) ions causing pollution, and researchers have used a number of different analytical 

techniques and methods (Han et al. 2016; Shang et al. 2017). Generally, the methods used to treat 

wastewater containing heavy metal ions are chemical extraction (Yao et al. 2019), chemical oxidation-

reduction (Huang et al. 2019), reverse osmosis (Gaikward et al. 2017), membrane separation (Laqbaqbia 

et al. 2019), ion exchange (Cao et al. 2018), adsorption (Cherdchoo et al. 2019) and biosorption (Xining 
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et al. 2015). One of the processes commonly used in the treatment of industrial wastewater is adsorption. 

The most significant advantage of adsorption based methods is the ability to separate trace amounts of 

pollutants from the large volume of wastewater. The adsorption method for heavy metals exist in the 

wastewater is a more economical and effective method compared to other separation methods depending 

on the type of adsorbent applied (Wang et al. 2014). For this reason, natural adsorbents are preferred in 

industrial applications and the related technologies are carried out on the development of adsorbents that 

can realize their adsorption activities more economically in wider application areas. Especially industrial 

and agricultural by-products are evaluated as adsorbents and solutions for current problems in the waste 

management area and lower cost adsorbents can be obtained. Appropriate assessment of these wastes 

and wastes is very important in preventing the national economy and environmental pollution (Chen et 

al. 2018).  

OTS is abundant in nature and it is a low-price material. It can be used as a suitable adsorbent for the 

removal of toxic metals in wastewater in the present and modified form (Shukla et al. 2002). This 

material obtained as a by-product in wood production plants in the solid form and can be used as a low-

cost adsorbent for the removal of heavy metals from water. OTS consist of (45-50%) cellulose and (23-

30%) lignin, which contain hydroxyl, carboxylic and phenolic groups (Zakaria et al. 2009). The OTS 

can be treated with magnetic materials to increase the capacity of heavy metal bonding. 

Biochar is a carbon-rich solid created by high-temperature pyrolysis of biomass heating in the absence 

of oxygen. Biochar has interested appreciable relevance in recent times owing to its remarkable 

properties, for example, its low cost, eco-friendliness, and the wide range of available feedstock 

materials, as well as mechanical and thermal stability, which facilitate the application of biochar in many 

environmental areas (Yap et al. 2017; Shang et al. 2017; Lyu et al. 2017). Furthermore, the feedstocks 

of biochar production can be acquired from a variety of waste biomass and produced at low cost, which 

mainly obtained from agricultural biomass and solid waste (Rajapaksha et al. 2018; Tan et al. 2015).  

Nowadays, the removal of heavy metals has become a key area of research interest in relation to the 

potential of biochar for wastewater remediation (Qian et al. 2019). As an adsorbent, MBⱷOTS has a 

porous structure similar to activated carbon, which is the most commonly employed and efficient 

adsorbent for the removal of chromium from water throughout the World (Wei et al. 2018; Zhang et al. 

2019). Moreover, MBⱷOTS contains a large amount of oxygen-containing groups on the surface, which 

are quite effective for the adsorption of chromium. MBⱷOTS has been found to provide effective 

adsorptivity, ready separation, and easy recycling. MBⱷOTS described among these approaches and 

successfully produced by chemical co-precipitation of iron oxides. Recent studies have tended to use 

compounds or mixtures of biochar and iron-based materials to remediate pollutants (Qian et al. 2017). 

The recoverable magnetic biochar derived from orange tree sawdust is a good potential for water 

remediation (Shan et al. 2014). 

 In the present study, the main target is to produce MBⱷOTS from OTS with much higher capacity and 

to try the different parameters related to adsorption of Cr (VI) from the solution phase onto the 

MBⱷOTS. The parameters such as contact time, adsorbent dosage, initial metal ion concentration, and 

pH were investigated for the equilibrium stage. Applying the parameters obtained from the isotherm 

plot, the adsorbent capacities were determined. 

 

2. MATERIALS AND METHODS 

 

2.1. Materials 

FeCl3.6H2O, FeSO4.7H2O, NH4OH, NaOH and HCl solutions were obtained from Merck Company. The 

pH of solutions was adjusted by adding 0.1 M NaOH and HCl solution. Ultrapure water was used 

throughout this study for all cleaning procedures and the dilution of concentrated solutions. Cr (VI) 

solutions were prepared using K2Cr2O7. Stock solution (1000 mg/L) of Cr (VI) was prepared by 

dissolving the required quantity of K2Cr2O7 in ultrapure water.  

For the adsorption experiments, Orion 900S2 Model pH meter, a thermo explicit shaker of GFL 3033 

model was used for the simple adjustment of pH and mixing the solutions. UV-Visible 

Spectrophotometer (Shimadzu UV-1700) was used to determine the Cr (VI) concentration in all 

samples. The microstructure of the MBⱷOTS was examined by using a scanning electron microscope 

(SEM, Nova Nano SEM 200, FEI Company). The samples were coated with a fine gold before the 

measurement and then sprayed at 20kV in SEM. 
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2.2. Preparation of the Adsorbents  

OTS was prepared from the orange trees garden in the southern parts of Muğla-Turkey. They were 

trimmed and washed several times with pure water. The woodchip obtained in natural condition were 

meshed with a saw machine and then dried in the oven. After that, they sieved in certain mesh sizes (65-

125 µm).  

Magnetic orange tree sawdust MⱷOTS (Figure 1.) was synthesized by a simple chemical precipitation 

method. OTS (5 g), FeCl3.6H2O (6 g) and FeSO4.7H2O (4 g) were transferred into a flask containing 

100 mL of pure water. Furthermore, the pH of the reaction medium was adjusted to 10 by adding 1 M 

ammonia solution by dropwise and the reaction was held at 50 °C. During the experiment, the suspension 

was mechanically stirred for 1 hour. MⱷOTS was collected by filtering and then washed with pure water 

for several times to remove unnecessary ions until the effluent had a pH value of about 7. Then, MⱷOTS 

was separated from the mother liquid phase by centrifugation.  Then, the MⱷOTS was dried 

approximately 36 h at the room temperature. The dried adsorbent was heated with at 500 °C for 1 h to 

obtained biochar. The MBⱷOTS was stored for further experimental usage. 

 

 
Figure 1. Preparation of MBⱷOTS from OTS. 

 

2.3. Experimental Method 

OTS and MBⱷOTS were tested as an adsorbent for the Cr (VI) removal. The batch equilibrium studies 

were conducted by adding a uniform quantity 0.1 g of the dried OTS and 0.05 g of the MBⱷOTS to 25 

mL of the synthetic aqueous Cr (VI) solution having different initial concentrations (25–400 mg L−1) in 

100 mL flasks. The solutions were mixed well with a magnetic stirrer and maintained for a fixed time 

at 25 °C. To determine the adsorption capacity at various pHs, the pH of the Cr (VI) solution was 

adjusted with 0.1 M HCl or 0.1 M NaOH aqueous solutions to confirm the attainment of equilibrium. 

After the establishment of equilibrium, the residual concentration of the Cr (VI)  in the filtrate was 

measured with a UV-Vis. Spectrophotometer. 

 

2.4. Characterization of MBⱷOTS 

The surface structure of MBⱷOTS was analysed by scanning electronic microscopy (SEM) (Figure 2.). 

As shown in Figure 2a., the typical SEM image indicates that a lot of iron nanoparticles uniformly 

dispersed on the surface of MBⱷOTS. The textural structure examination of MBⱷOTS particles can be 

observed from the SEM photographs. This figure reveals that the MBⱷOTS particles were mostly 
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irregular in shape and porous. Element distribution maps and general EDS analysis results of MBⱷOTS 

were given in Figure 2. (b, c, d, e, f).  The distribution of the iron, oxygen, nitrogen and carbon in the 

MBⱷOTS was characterized by mapping as shown in Figure 2. (b, c, d, e), respectively. When the 

element distribution mapping is examined, it is seen that the synthesized iron is distributed 

homogeneously in the structure of adsorbent. EDX spectrum of the prepared MBⱷOTS is depicted in 

Figure 2f., which indicates the presence of iron, oxygen, nitrogen, and carbon. Table inset in Figure 2f. 

depicts the elemental analysis of the MBⱷOTS, indicating the wt% of iron, oxygen, carbon, and nitrogen 

as 49.20, 26.12, 9.94 and 0.17, respectively. 
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Figure 2. Typical SEM micrography of MBⱷOTS (a), the elemental mapping associated with iron, 

oxygen, nitrogen and carbon are depicted in (b) (c) (d) and (e), respectively and EDX spectra of 

MBⱷOTS (f) 

 
The functional groups of OTS and MBⱷOTS can be better understood from a FTIR study of the adsorbent. 

The spectra can, therefore, help in the interpretation of the functional groups accountable for adsorption. The 

FTIR spectrum of the raw OTS before adsorption (Figure 3.a) depicts a relatively broad peak at 3420 cm−1, 

which is due to the H-bonded OH stretch, confirming the presence of a hydroxyl group. The band in the 

region of 2923 cm−1 was attributed to C–H stretching of alkane (Danish et al., 2018). The peak found 

within 1720-1620 cm-1 indicates the presence of carboxylic acid (C=O stretching vibration together with 

C–H stretching vibrations), which contains carboxyl and hydroxyl functional groups (Bardalai and 

Mahanta 2018). Aromatic C–O stretching vibrations of the lignin component and –C–O–C– stretching 

appearing at 1035 cm−1. The MBⱷOTS displays bands at 2597, 2163, 2044 and 1598 cm−1(Figure 3.b). The 

band around 1598 cm−1 in MBⱷOTS was assigned to ring vibration in a large aromatic skeleton or carbon-

carbon double bonds generally found in activated carbon (Guo and Rockstraw, 2007; Liu et al. 2010). This 

band was attributed to the stretching vibration and the torsional vibration of Fe–O bonds in the tetrahedral sites 

and in the octahedral sites of Fe3O4 (Namduri and Nasrazadani. 2008; Liu et al. 2010; Reza and 

Ahmaruzzaman, 2015). Looking at the spectrum, it shows carboxylic acid, and hydroxyl groups showed 

a dominant role in the removal of Cr (VI) ions. Some clear shifts from the matrix of the adsorbents were 

seen after the adsorption of Cr (VI). This caused the decrease in the intensity of the band and changed 

the existing band to a narrow band spectrum. FTIR analysis of the adsorbents displayed that some bands 

shifted after Cr (VI) adsorption. 
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Figure 3. FTIR spectrum of OTS (a), MBⱷOTS (b) before and after adsorption Cr (VI). 

 
3. RESULTS AND DISCUSSION 

 

3.1. Effect of Contact Time 

The effect of contact time on the removal of Cr (VI) was showed in Figure 4.  Contact time plays a 

significant role in the removal of Cr (VI). At first, the rise in adsorption is incredibly speedy as there are 

plenty of free sites for the adsorption to take place. The adsorption decreases at later stages until the 

equilibrium is reached because of the saturation of active sites. The quickest Cr (VI) uptake took place 

within the initial 30 min followed by slow uptake of the Cr (VI) for the next 180 min and eventually 

reached equilibrium after 180 min by using OTS and MBⱷOTS. The reason for this trend is that 

originally there's the accessibility of an oversized variety of vacant binding sites on the adsorbent surface 

promoting fast adsorption of Cr (VI). But, later on, the binding sites are being occupied gradually with 

time leading to the saturation of the adsorbent surface with the Cr (VI) molecules. Finally, once all the 

sites are occupied slowly, no subsequent adsorption takes place. The process then progressively 

decreases with time till it reaches the equilibrium due to the difficulty to access the remaining vacant 

adsorption sites.  
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Figure 4. The effect of contact time on removal of Cr (VI) ions with a) OTS and b) MBⱷOTS 

(Adsorption conditions: Cr (VI) concentration: 40 ppm, adsorbent amount: 0.1g, pH: 2, temperature: 25 

± 1 °C for OTS and Cr (VI) concentration: 40 ppm, adsorbent amount: 0.05g, pH: 2, temperature: 25 ± 

1 °C for MBⱷOTS.) 

 

3.2. Effect of Solution pH 

The relationship between the initial pH of the solution and Cr (VI) adsorption was investigated in pH 

studies. The influence of the initial aqueous pH solutions on Cr (VI) removal from the synthetic solutions 

by the OTS and MBⱷOTS were investigated in a series of experiments for initial pH values of 1.5, 1.75, 

2.0, 3.0, and 4.0 (Figure 5.). For the batch trails, pH was adjusted using small volume samples of 0.1 M 

HCl, and NaOH solutions. When the pH is lower then 1.8, the adsorption was decreased and it reached 

a maximum pH value at pH 1.9. When the pH of the solution is 2.0, the adsorption was also higher and 

this value was accepted as the maximum pH value for all experiments. It was observed that Cr (VI) 

residue on the adsorbent was lower at high pH values. Over pH 2.5, a slower Cr (VI) adsorption was 

observed. 

Different mechanisms such as electrostatic interaction, ion exchange and chemical complexation are the 

mechanisms that may occur during adsorption. One of the mechanisms commonly proposed for the 

effect of pH on Cr (VI) adsorption is electrostatic interaction. It is important to have a proton abundance 

on the surface of the adsorbent for the rapid removal of Cr (VI). When the adsorbent surface is loaded 

with protons (positive surface), the electrostatic interaction takes place on the surface between Cr (VI) 

and the MBⱷOTS. The increase of Cr (VI) adsorption at acidic pH should be due to the electrostatic 

attraction between positively charged groups of MBⱷOTS and the HCrO4
- anion, which is the dominant 

species at low pH. The decrease of the adsorption with increasing pH could be due to the decrease of 

electrostatic attraction and to the competitiveness between the chromium species (HCrO4
- and CrO4

2-) 

and OH- ions in the solution phase for the adsorption on the active sites of the adsorbent. Cr (VI) may 

exist in the fluid stage in numerous anionic forms, such as chromate (CrO4
2-), dichromate (Cr2O7

2-), or 

hydrogen chromate (HCrO4
-), with full chromate concentrations and pH dictating which specific 

chromate species dominate. By lowering the pH of the solution, Cr (VI) adsorption increases to a certain 

pH, by creating more HCrO4
- at the expense of Cr2O7

2-. At slightly acidic pH, HCrO4
- is the most 

common sort of Cr (VI) species, but during Cr (VI) adsorption at acidic pH, Cr2O7
2- is also president 

inside the adsorbent. 
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Figure 5. Effect of pH on adsorption of Cr (VI) ions with a) OTS and b) MBⱷOTS (Adsorption 

conditions: Cr (VI) concentration: 40 ppm, adsorbent amount: 0.1g, contact time: 180 min, temperature: 

25 ± 1 °C for OTS and Cr (VI) concentration: 40 ppm, adsorbent amount: 0.05g, contact time: 180 min, 

temperature: 25 ± 1 °C for MBⱷOTS.) 

 

3.3. Adsorption Isotherms 

 
 

 

Figure 6. Adsorption isotherm a) OTS b) MBⱷOTS. (Adsorption conditions: adsorbent amount: 0.1g, 

pH: 2; contact time: 180 min, temperature: 25 ± 1 °C for OTS and adsorbent amount: 0.05g, pH: 2; 

contact time: 180 min, temperature: 25 ± 1 °C for MBⱷOTS.) 

 

The adsorption isotherm models including Langmuir Eq. (1), Freundlich Eq. (2), Dubinin–

Radushkevich (D-R) Eq. (3) and Scatchard Eq. (4) were used to fit and evaluate the equilibrium data 

corresponding to the adsorption of Cr (VI) on OTS and MBⱷOTS (Figure 6.). The higher determination 

coefficients R2>0.99 of the Langmuir equation suggest that the Langmuir equation can be used to fit the 

experimental adsorption data and to evaluate the maximum Cr (VI) adsorption capacity of the OTS and 

MBⱷOTS. As and Kb were calculated from Eq. 1. and were given in Table 1.  The maximum adsorption 

capacities of the Cr (VI) according to Langmuir isotherm model were 11.75 mg/g for OTS, 30.40 mg/g 

for MBⱷOTS. The Langmuir isotherm model is generally applicable to monolayer adsorption on 

surfaces containing a certain number of similar sites. Information about the suitability of adsorption is 

also supported by RL. If its value is between 0 and 1, it shows the suitability of the adsorption. RL values 

are 0.697 for OTS; and 0.569 for MBⱷOTS. The Freundlich equation of Kf and n values were calculated 

from Eq. 2. n values were found to be 1.95 for OTS and 2.79 for MBⱷOTS, indicating that the adsorption 

of these values was favourable from 1 to 10. Scatchard (Eq. 4.), related parameters are given in Table 

(1.), Qs values were 11.89 mg/g for OTS and 32.20 mg/g for MBⱷOTS. D-R isotherm parameters were 

given in Table 1. Ead values were found to be >8 kJ mol−1 (Eq. 3.). When the Ead value is lower than 8 

kJ mol−1, the adsorption process is said to be predominant by physical adsorption. If Ead is between 8 
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and 16 kJ mol−1, the process is dominated by chemical ion exchange mechanisms and by chemical 

particle diffusion.  

Table 1. Adsorption isotherm parameters for removal of Cr (VI) 

MODEL EQUATION EQ 
ADSORBENT PARAMETERS FOR CR (VI) REFERENC

ES 

LANGMUIR 
sbs

e

e

e

AKA

C

q

C 1
+=  (1) 

 

OTS 

MBⱷOTS  

AS 

11.75 

30.36 

KB 

0.011 

0.019 

R2 

0.986 

0.989 

(LANGMUIR

, 1918) 

FREUNDLIC

H efe C
n

Kq ln
1

lnln +=  (2) 

 

OTS 

MBⱷOTS 

KF 

0.51 

3.35 

N 

1.95 

2.79 

R2 

0.966 

0.969 

(FREUNDLI

CH, 1906) 

D-R IN QE = LN QM - Β Ε2 (3) 

 

OTS 

MBⱷOTS 

XM 

(X10-3) 

0.52 

0.96 

 

K 

0.007 

0.004 

E 

8.77 

10.91 

R2 

0.977 

0.947 

(DUBININ 

AND 

RADUSHKE

VICH, 1947) 

SCATCHAR

D 
QE / CE = QS KS – QE KS (4) 

 

OTS 

MBⱷOTS 

QS 

11.89 

32.20 

KS 

0.011 

0.014 

R2 

0.881 

0.966 

(SCATCHAR

D,  1949) 

 

The results showed that the adsorption of Cr (VI) with OTS and MBⱷOTS takes place in a single-layer 

adsorption form. As shown in Table 2, the adsorption capacity of MBⱷOTS was compared with the 

other magnetic and biochar adsorbents. The capacity of MBⱷOTS is higher than others. 

Table 2. Adsorption Capacity of OTS and MBⱷOTS Compared to The Other Published Low-Cost 

magnetic adsorbents for Cr (VI) Removal 

Adsorbent material Qmax (mg/g) References 

Magnetic porous carbonaceous 

(MPC) materials derived from tea 

waste 

21.23 (Wen et al. 2017) 

Magnetic biochar prepared with 

Astragalus membranaceus 
23.85 (Shang et al. 2016) 

Magnetic biochar prepared phoenix 

tree leaves Fe3O4@SiO2-NH2 

magnetic particles 

27.2 (Shi et al. (2018) 

Magnetic biochar prepared Melia 

azedarach wood (MMABC) 
25.27 (Zhang  et al. 2018) 

Chitosan combined with magnetic 

Loofah biochar (CMLB) 
23.34 (Xiao et al. 2019) 

MBⱷOTS  30.36 This study 

OTS 11.75 This study 

 

3.4. Effect of Adsorbent Dose  

The impact of the adsorbent dosages on Cr (VI) removal was assessed for the adsorbent amount of 0.025, 

0.05, 0.075, 0.10, 0.15 and 0.2g. It was noted that the adsorption percentage of Cr (VI) used for removal 

processes increases according to the amount of OTS and MBⱷOTS mass (Figure 7). This finding is 

justified by the high number of reactive available vacant sites forces the mass transfer of the Cr (VI) and 

the concentration gradient is high. This favours the transfer of the Cr (VI) to the external surface of 

adsorbent and increases on their removal percentage. As the adsorbents amount increases, there is an 

increase in the adsorption of Cr (VI) and as more the adsorbate concentration more is the adsorption 

exists on the surface of the adsorbents. The optimum dose was taken to be 0.1 g for OTS and 0.05 g for 

MBⱷOTS. 
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Figure 7. Effect of adsorbent amount on percentage removal and qe of Cr (VI) ions with a) OTS and b) 

MBⱷOTS. (Adsorption conditions: Cr (VI) concentration: 40 ppm, pH: 2; contact time: 180 min, 

temperature: 25 ± 1 °C for OTS and Cr (VI) concentration: 40 ppm, pH: 2; contact time: 180 min, 

temperature: 25 ± 1 °C for MBⱷOTS.) 

 

3.5. Adsorption Kinetics 

The pseudo first-order and pseudo second-order reaction equations were applied for the equilibrium 

system. Pseudo-first-order kinetic model and pseudo-second-order kinetic model for Cr (VI) on OTS 

and MBⱷOTS have been demonstrated in Table 3. The pseudo-second-order kinetic model was used 

based on the following differential equation: where k2 is the rate constant of pseudo-second-order 

adsorption (g mg−1 min−1). The boundary condition qt=0 at t=0 and the equation can be linearized as 

Eq. (5): 

 
1

𝑞𝑡
=

1

𝑘2   𝑞𝑒2 +
1

𝑞𝑒 𝑡
                      (5) 

 

The pseudo-second-order kinetic model was found to agree between the experimental and calculated 

data, as indicated by the correlation coefficients higher than 0.99 obtained using this model. 

 

Table 3. Kinetic parameters of Cr (VI) adsorption 

  Pseudo First-order 
 

Pseudo Second- order 
 

Adsorbent qe exp k1 qe   R2 k2 qe  R2 

OTS 3.29 0.016 3.40 0.954  0.0051 3.37 0.980  

MBⱷOTS 9.86 0.018 7.86 0.969  0.0048 10.38 0.995  

 

4. CONCLUSION 

In this research, a new magnetic adsorbent was prepared from OTS and effective conditions for Cr (VI) 

removal were determined by changing the initial Cr (VI) concentration, contact time, adsorbent amount 

and pH values. MBⱷOTS was prepared from OTS and its property was intensively studied using SEM, 

EDX analyses. The novel produced MBⱷOTS was tested for the removal of Cr (VI).  MBⱷOTS showed 

good selectivity for Cr (VI) removal. Langmuir, Freundlich, Scatchard and Dubinin-Radushkevich 

isotherms were tried and they were evaluated to determine the effectiveness of MBⱷOTS. Langmuir 

isotherm model was preferred for the adsorption process (R2 is 0.985). By applying the Langmuir model 

equation, the maximum Cr (VI) capacities of MBⱷOTS and OTS were found to be 30.36 and 11.75 

mg/g, respectively. MBⱷOTS has a good adsorption capacity for removal Cr (VI) ions in the aqueous 
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solutions, which is compared with the raw OTS.  The adsorption studies revealed that the optimum 

contact time for the equilibrium was found to be 180 min for MBⱷOTS, OTS, respectively. An optimum 

pH value for the adsorption of Cr (VI) was found as 2.0. The produced adsorbent was generated from 

the natural sources that claim it is an environmental friendly adsorbent for the application of Cr (VI) 

removal from the polluted solution. 
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