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Abstract 
In this work, biochar synthesized from orange peel modified with magnetite was used as an 

alternative magnetic adsorbent for dye removal. The magnetization of the synthesized biochar 
was done using the co-precipitation method. The obtained composite was characterized by X-ray 
diffraction (XRD), Scanning electron microscopy (SEM), and Raman spectroscopy. The efficiency 
of magnetized biochar (OPB/Fe3O4) was studied in the process of removing crystal violet (CV) 
from an aqueous solution at different temperatures. The experimental data obtained for the kinetic 
studies were better fitted to the pseudo-second-order model, and the isotherms data were well 
fitted to the Langmuir model. The results showed that the adsorption capacity increases with 
increasing temperature, reaching 113 mg g-1 at 50 °C. Thermodynamic parameters (ΔG0, 
ΔH0, ΔS0) were also calculated; their values showed that the adsorption was spontaneous and 
endothermic. These results inspire us to use other similar materials to solve the problem of 
water and environmental pollution. 

 

Keywords: Adsorption; Co-precipitation; Magnetite; Dye removal; Raman spectroscopy;   
   X-ray diffraction 

 

Introduction 
 The pollution of water resources with in-
dustrial effluents containing organic compounds 
and toxic substances is a great concern. Generally, 
waste effluents from textile industries, paper 
printing, and photography contain residues of 
dyes and chemicals. Crystal violet (CV) is one 

of the synthetic dyes widely used in the textile 
industry and it’s frequently present in industrial 
wastewater through industrial discharges. CV is 
potentially dangerous for human health [1] and 
can persist in the environment for a long time, 
posing serious problems [2]. 
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 Several techniques exist for the removal of 
pollutants from wastewater, such as catalytic 
oxidation [3], membrane separation [4], elec-
trocoagulation [5], and adsorption [6]. The 
adsorption process is widely used to remove 
various types of pollutants from wastewater due 
to its simplicity, high efficiency, facility of use, 
and other advantages. The synthesis of suitable 
adsorbents with low cost has been the subject of 
researchers worldwide in the last few years [7–9]. 
Many studies have been performed to valorize 
biomass with biochar production for its use as an 
adsorbent for different pollutants [10–17]. Gene-
rally, biochars are considered among the suitable 
adsorbents for different types of pollutants. 
However, separating and reusing the biochar 
powders from the aqueous solutions is difficult 
after the adsorption process. Magnetization of 
biochar has been proposed by different researchers 
to solve this problem [18–22]; this modification 
allows the separation of biochar easily using a 
permanent magnet. The modification of the 
adsorbents with nanoparticles of magnetite (Fe3O4) 
is the most frequent and the most important due 
to their low cost, ease of synthesis, and good che-
mical and magnetic properties of the magnetite 
[23–26]. 
 Magnetic solid phase extractions have recently 
been investigated as a new environmental treat-
ment process [27]. However, only a few iron 
nanoparticles modified adsorbent were tested 
[28–30]. Using biochar, combining sustainable 
magnetic and modified adsorbent for green 
chemistry has been less explored. When the 
literature studies are examined, it is seen that 
there is no dye removal study with magnetic 
biochar produced from orange peel and this 
study is unique in this respect. Therefore, in this 
study aimed to develop magnetic biochar derived 
from orange peel using an easy and low cost 
co-precipitation method to remove organic 
pollutants. The obtained composite was tested 
for CV removal by evaluating adsorption kine- 

tics, isotherm study, and thermodynamics para-
meters. This study also contributes to enriching 
knowledge on the valorization of biomasses as 
precursors for manufacturing of magnetic 
adsorbents for pollutant removal. 
 
Materials and methods  
 Ferric chloride hexahydrate (FeCl3·6H2O), 
ferrous sulfate heptahydrate (FeSO4·7H2O), am-
monium hydroxide (NH4OH, 25% of ammonia), 
Crystal violet (C.I. 42555) were purchased from 
Merck. 
 
1) Preparation of biochar (OPB) 
 Orange peel (Citrus sinensis) was collected 
in winter from the Black sea region in Turkey. 
The raw materials were washed and oven-dried 
at 80 °C for 48 h and then cut into small pieces 
in the range of 3–4 mm. The obtained biomass was 
crushed, milled, and rinsed with tap water followed 
by slightly acidic water (pH 5.5), prepared with 
0.1M H2SO4 in the ratio of 1:10, to remove any 
charged species from the peel surface. After acid 
washing, biomass was washed with distilled water 
and dried at 80 °C overnight. The fraction of 
particle diameter between 250 to 500 µm was 
selected to prepare the biochar. 20 g from the 
selected powdered biomass was pyrolyzed for 
one hour in the presence of a steady flow of 
nitrogen (150 cm3 min-1) at 400°C. 
 
2) Preparation of modified biochar (OPB/Fe3O4) 
 The magnetic biochar (OPB/Fe3O4) was 
prepared with a 3:1 weight ratio. 1.5 g from the 
obtained biochar and 1.17 g of FeCl3·6H2O had 
been suspended in a 500 mL round bottom flask 
with distilled water under stirring for 12 h. After 
that, 0.6 g FeSO4·7H2O was added to the mix-
ture and heated under a nitrogen (N2) atmosphere 
until 85 °C, noting that the quantities of iron 
salts have been calculated considering the 
stoichiometric coefficients of the formation of 
magnetite Eq. (1). 
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         2 FeCl3 + FeSO4 + 8 NH4OH = Fe3O4 + (NH4)2SO4 + 6 NH4Cl + 4 H2O                     (Eq. 1) 
 
 At this stage, aqueous ammonia (25 %) was 
added to the mixture to ensure the formation of 
magnetite. The obtained solid was separated by 
centrifugation, washed several times with distilled 
water, and dried in an oven at 80 ºC for 12 h. 
The magnetization of the obtained composite 
was tested with a simple magnet. 
 
3) Characterization 
 OPB and OPB/Fe3O4 were characterized 
using several techniques XRD, SEM, and Raman 
spectroscopy. XRD was collected using a Rigaku 
smart Lab X-Ray diffractometer, with Cu-Kβ 
radiation in the range of 2θ = 10–80° with steps 
of 0.01°. Scanning electron microscopy 
images were taken with JEOL (JSM-7001F), 
and the accelerating voltage was 5 kV. Raman 
spectra were recorded on a Horiba Lab RAM 
HR Evolution Micro-Raman spectrometer in 
the wave number range of 1000–2000 cm-1. 
 
4) The point of zero charge 
 The point of zero charge (pzc) of OPB/ Fe3O4 
was also determined. Six beakers containing 50 
mg of OPB/Fe3O4 and 50 mL of NaCl (0.1 M) 
were adjusted at different pHi = 2, 4, 6, 8, 10, 
12 using HCl (0.1M) and NaOH (0.1M).  After 
a contact time of 48 h under shaking, the final 
pH (pHf) was measured. The pzc was determined 
from the curve (pHf - pHi) as a function of pHi. 
 
5) Kinetic study 
 In different flasks, 50 mg of the adsorbent 
was mixed with 50 mL of CV dye solutions at 
a concentration of 150 mg L-1. Each sample 
was shaken with a constant speed of 100 rpm 
in a shaker at room temperature and free pH 
(pH = 6.5). After magnetic separation using a 
simple magnet (Figure 1), final concentrations 
were measured using UV/VIS spectrophoto-
metry at different times (2, 4, 8, 12, 20, 25, 30, 
60, 120, and 240 min). (Thermo, Uv-Vis Genesys 

10S) at λmax = 590 nm. The quantity of the absorbed 
CV at time t was calculated using the following 
Eq. 2. 
                     
                qt =  V(C0−Ct)

m
                       (Eq. 2) 

 
 Where qt (mg g-1) is the quantity of absorbed 
dye at time t (min), Co (mg L-1) and Ct (mg L-1) 
are the initial concentration, the concentration  
at time t, respectively, and V (L) is the volume 
of the solution, and m (g) is the weight of 
adsorbent. 
 
The removal efficiency of the adsorbent was 
calculated as follows: 
 
         R (%) =  Ci−Ce

Ci
 x 100                   (Eq. 3) 

 
 Where Ci is the initial CV concentration 
(mg L-1), Ce is the equilibrium concentration 
of MB solution (mg L-1). 
 

 
Figure 1 Test separation with a simple magnet, 
a) CV before adsorption, b) CV after adsorption, 

and magnetic separation. 
 

6) Adsorption equilibrium 
 The adsorption equilibrium isotherms were 
realized at three temperatures, 30, 40, and 50 °C. 
In eight flasks, 50 mg of adsorbent was mixed 
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with different CV solutions with concentrations 
from 20 to 250 mg L-1 and at free pH (pH = 6.5). 
All flasks were shaken at 100 rpm for 4 h. 
Final concentrations of CV in eight flasks 
after 4 h were measured at λmax = 590 nm using 
UV/VIS spectrophotometry. The amount of CV 
adsorbed was determined using the following 
Eq. 4. 
 

                  qe =  V(C0−Ce)
m

                       (Eq. 4) 
 
 Where qe (mg g-1) is the quantity of the 
absorbed dye in the solid phase, Ce (mg L-1) is 
the concentration of CV at equilibrium, Co 
(mg L-1) is the initial concentration, and V (L) 
is the volume of the solution. 
 
Results and discussion 
1) Characterization of OPB and OPB/Fe3O4 
 XRD patterns of OPB and OPB/Fe3O4 are 
shown in Figure 2. An Extended signal between 
intervals of 2θ between 18°–25° was observed 
in the diffractograms of OPB, indicating the 
presence of amorphous carbon [31–32], the 
presence of a peak at 2θ = 43.25° confirm also 
the presence of certain degree of graphitic 
carbon [33–34]. In addition, the XRD patterns 
displayed other peaks at 2θ = 25°, 32°, 39°, 
and 48° which can be attributed to the presence 
of hydroxyapatite in the biochar (ICDD-PDF 
No 00-001-1008) [24]. On the other hand, the 
appearance of some peaks at 2θ = 30°, 35°, 
37° can be attributed to the presence of SiO2 
and alkali salts such as CaCO3 [35–36]. The 
diffraction lines in the second patterns of 

OPB/Fe3O4 were observed at 2θ = 30.09°, 
35.64°, 42.82, 57.97°and 62.94° corresponding 
to (220), (311), (400), (511) and (440) reflections, 
respectively (ICDD-PDF No. 00-025-1376) 
confirmed the presence of magnetite in the 
mixture [37]. 
 SEM analysis was performed to examine 
the morphological structure of OPB and OPB/ 
Fe3O4. Figure 3 shows a clear difference in the 
biochar surface before and after magnetization. 
It was noticed that the surface morphology of 
the OPB grains was irregular in the first image 
(Figure 3a and 3b), and post-modification 
(Figure 3c and 3d), it was observed also that 
the surface of the biochar was modified and 
contained small particles of magnetite. 
 Figure 4 indicates Raman spectra of biochar 
and magnetized biochar samples. The first peak, 
around 1364 cm-1 designated to the D band of 
stretching vibrations of non-graphitic carbons. 
The second peak observed at 1582 cm-1 re-
presents the G band of stretching vibrations of 
graphitic carbons. The value of ID/IG represents 
the amount of non-graphitic carbons relative 
to graphitic carbons in the biochar and mag-
netized biochar. Generally, the increase of defects 
in graphical carbon increase the capacity of 
storage and adsorption [38]. In our composite, 
the value of ID/IG increased from 0.77 for 
biochar to 1.01 for magnetized biochar; those 
values confirm that the modification of the 
biochar magnetite created more defects and 
decreased the percentage of graphical carbons, 
which is a good parameter for the increase of 
the adsorption capacity [39–42].
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Figure 2 XRD spectra of OPB and OPB/Fe3O4. 

 

 
Figure 3 SEM images of (a), (b) OPB x1000 and x5000 magnifications and 

(c), (d) OPB/Fe3O4 with x1000 and x20000 magnifications. 
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Figure 4 Raman spectra of OPB and OPB/Fe3O4. 

 
2) Kinetic studies 
 For kinetic studies, the two most used models, 
the pseudo-first-order Eq. 5 and pseudo-second 
order [43] Eq. 6 are applied to understand the 
adsorption process of CV on OPB/Fe3O4 [44]. 
 

        qt =  qe�1 − exp−k1t�                 (Eq. 5) 
          
             qt  =  qe2k2t

1+k2qet
                           (Eq. 6) 

 
 While k1 (min-1) and k2 (g mg-1 min-1) 
represent the kinetic constants of pseudo-first-
order and pseudo-second-order models, respect-
ively; qe (mg g-1) and qt (mg g-1) represent the 
amount adsorbed per gram of adsorbent at 
equilibrium and at time t (min) respectively. The 
normalized standard evaluated the fit to the 
models. The application of the pseudo-first-
order and pseudo-second-order on the experi-
mental data (Figure 5) indicates that the pseudo-
second-order adsorption kinetic model best 
describes the adsorption of CV on the surface of 
the OPB/Fe3O4 with height values of the corre-
lation coefficient (R2 = 0.99). This explains that 
the amount of CV adsorbed on the OPB/Fe3O4 
is insignificant at low concentrations. As this 
concentration increases, the amount absorbed 

increases to reach a saturation level at high 
concentrations. 
 The calculated parameters k1, k2, qe, and R2 
are summarized in Table 1. The necessary time 
to reach the equilibrium was around 150 min. 
CV is a cationic dye, and the surface charge of 
OPB/Fe3O4 is negative at pH > pHpzc. Knowing 
that the value obtained from the point of zero charge 
was pHpzc = 3.86 and the solution pH = 6.5, 
these parameters contributed to creating electro-
static interactions and played a role in elimina-
ting CV. 
 

 
Figure 5 Adsorption kinetics of CV on OPB/ 
Fe3O4 and the fit of experimental data with the 
pseudo-first-order and pseudo-second-order 

models. 
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Table 1 Kinetics parameters of CV dye adsorption on OPB/Fe3O4 were obtained from the 
adjustment of non-linearized pseudo-first-order and pseudo-second-order models 

Adsorbent qexp (mg g-1) Pseudo-first order Pseudo-second order 
OPB/Fe3O4 54.06 qe,cal = 51.44 qe,cal = 53.97 

k1 = 0.258 k2 = 8.10-4 
R2 = 0.967 R2 = 0.994 

 
3) Adsorption equilibrium 
 The obtained results of the adsorption equi-
librium of CV dye on OPB/Fe3O4 were fitted 
using the two most used models: Langmuir [45] 
Eq. 7 and Freundlich [46] Eq. 8. 
      

                   qe = qm KLCe
1+KLCe

                       (Eq. 7) 
 
 Where qe is equilibrium adsorption (mg g-1), 
qm (mg g-1) is the maximum adsorption capa-
city, Ce (mg L-1) is the liquid phase concentra-
tion of dye at the time (t), and kL (L mg-1) is 
the Langmuir constant. 
             

                        qe = KFCe
1/n                    (Eq. 8) 

 
 Where KF is the Freundlich coefficient, qe 
(mg g-1) is the amount of the adsorbed dye at 
equilibrium, and Ce (mg L-1) is the liquid phase 
concentration of dye at the time (t). 
 
 The obtained values of the removal effi-
ciency of the adsorbent are 86.9, 90.18, and 
96.21 % for 30 °C, 40 °C and 50 °C, respectively. 
 Figure 6 presents the relevant results of the 
experimental data with Langmuir and Freundlich 
isotherms models at 30 °C, 40 °C, and 50 °C of the 
adsorption of CV dye on OPB/Fe3O4. The obtained 
values of R2 from the isotherm study showed 
that the experimental data of the three isotherms 
at 30 °C, 40 °C, and 50 °C were fitting best using 
the Langmuir model compared to the Freundlich 
model with values of R2 up to 94 % (Table 2). 
The maximum adsorption value was obtained at 
50 °C. The Langmuir isotherm describes in a 
simple way the formation of a monolayer of 
adsorbate on the surface of the adsorbent. 

4) Determination of the specific area  
 In our study, Langmuir isotherm is the 
adequate description of the adsorption of CV 
onto OPB/Fe3O4. The knowledge of qm leads 
to the determination of the surface SL using the 
following Eq. 9 [46–49]. 
 
 SL = (qm × aCV × NA × 10−23)/M        (Eq. 9) 
 
 Where, SL (m2 g-1) is the specific surface 
area; qm (mg g-1) is the maximum adsorption 
capacity obtained from the Langmuir model, 
aCV is the occupied surface area of one mole-
cule of Crystal violet = 585.9Å2 [50], and M 
(g mol-1) is the molar mass of crystal violet = 
407.98 g mol-1. The obtained values (Table 2) 
correlate well with the literature [51]. 
 Compared to some previous studies (Table 
3), the obtained values of the removal of CV 
with OPB/Fe3O4 (113 mg g-1) look promising 
and indicate that the OPB/Fe3O4 is an efficient 
adsorbent for organic pollutants removal. 
 
5) Thermodynamic parameters  
 To evaluate the thermodynamic nature of 
CV adsorption process by OPB/Fe3O4, the ther-
modynamic parameters, namely Gibbs free 
change (ΔG0), enthalpy change (ΔH0), and 
entropy change (ΔS0), were calculated using 
the following equations [57–58]. 
 

           lnkc =  −  ΔH
0

RT
 +  ΔS

0

R
                 (Eq. 10) 

 
         ΔGads 

0 =  −RTlnkc                      (Eq. 11) 
 
          kc = Ce (adsorbent)

Ce (solution)
                       (Eq. 12)  
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  Where kc is the equilibrium constant of ad-
sorption, Ce (adsorbent) is the concentration 
of the adsorbed CV on the adsorbent at equi-

librium, and Ce (solution) is the concentration 
of the CV solution at equilibrium.

  

 

 
Figure 6 The fitting of experimental data of the adsorption of CV on OPB/Fe3O4 with 

Langmuir and Freundlich models at temperatures of (A) 30 °C, (B) 40 °C, and (C) 50 °C. 
 

Table 2 Parameters of the different models for the adsorption of CV on OPB/Fe3O4 
Parameters Temperature  

30 °C 40 °C 50 °C 
Langmuir kL (L mg-1) 0.044 0.040 0.030 

qm ( mg g-1) 94.33 103.56 113.62 
R2 

SL (m2 g-1) 
0.9570 
815.91 

0.9462 
895.75 

0.9543 
982.77 

Freundlich kF (L mg-1) 19.63 21.44 16.80 
1/n 0.28 0.28 0.33 
R2 0.8823 0.9304 0.9134 
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Table 3 Adsorption capacities of reported adsorbents for crystal violet 
Adsorbent pH Qe (mg g-1) Reference 

Charred rice husks 10 62.85 [52] 
Xanthated rice husks 10 90.02 [52] 
Gum acacia cross-linked poly(acryl amide) 9 90.90 [53] 
Jute fiber carbon 8 27.99 [54]  
Magnetic nanocomposite 8.5 113.13 [55] 
CarAlg/MMt Nanocomposite hydrogels 6.4 88.80 [56] 
Magnetized biochar 6.5 113.62 This sudy 

 
Table 4 Thermodynamic parameters obtained for the adsorption of CV on OPB/Fe3O4 

Temperature ΔG0 (kJ mol-1) ΔH0 (kJ mol-1) ΔS0 (J mol-1 K-1) 
30 °C -0.519 3.738 

 
14.05 

 40 °C -0.659 
50 °C -0.800 

 
 The values of ΔH0 and ΔS0 were determined 
from the slope (− ΔH0/R) and intercept (ΔS0/R) 
of the plot of ln kd versus 1/T (Figure 7), 
respectively. 
 

 
Figure 7 Plot of (ln kc) versus 1/T. 

 
 The calculated thermodynamic parameters 
at three temperatures (30, 40, and 50 °C) are 
shown in Table 4. The positive value of ΔH0 
indicates that the adsorption process of CV on 
OPB/Fe3O4 is endothermic in nature. While the 
negative values of ΔG0 show the spontaneous 
nature of the adsorption. The positive value of 
ΔS0 suggests an increase in the randomness at 
the solid/solution interface during the adsorption 
process [59]. 
 

Conclusion 
 In this study a synthetized biochar from 
orange peel was successfully magnetized using 
coprecipitation method. The magnetic biochar 
exhibited a good effectively of Crystal violet 
removal. The results of adsorption kinetics and 
isotherms analysis showed that crystal violet 
adsorptions by the magnetized biochar were 
better fitted using pseudo-second-order model 
and Langmuir model respectively. The removal 
efficiency reaches 96.21% at 50 °C with ad-
sorption capacity of 113 mg g-1. The values of the 
calculated thermodynamic parameters suggest 
that the adsorption process is spontaneous and 
endothermic. The magnetization of the biochar 
increases defects and oxygen bonds at the sur-
face, which increase the capacity of adsorption. 
This indicate that it is easy and feasible to pre-
pare a magnetized adsorbent from orange peel as 
a potential sorbent for environmental applications. 
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