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ABSTRACT: In this study, the removal of vitamin B2 from the aqueous solution using a synthesized 

multi-component nano-magnetic adsorbent modified by orange peel was studied. The structure and  

the morphology of the prepared nanocomposite were characterized using Fourier Transform InfraRed (FT-IR), 

X‐Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Atomic Force Microscopy (AFM), 

Brunauer–Emmett–Teller (BET), and Dynamic Light Scattering (DLS) techniques. The average size 

of the synthesized nanoparticles was 80 nm. The effect of experimental parameters such as pH, 

amount of adsorption, and contact time on vitamin B2 adsorption was investigated. Response Surface 

Methodology (RSM) based on the Central Composite Design (CCD) was used to obtain the optimum 

conditions for removing vitamin B2. Results revealed that the pH=5, adsorbent dosage of 0.4 g, and 

contact time of 180 min were obtained as optimum conditions. The isotherms (Langmuir, Freundlich, 

Temkin) and kinetic (pseudo-first-order, pseudo-second-order) studies were assessed. The data were fitted 

well with Langmuir (R2=0.9984) with qmax=53.47 mg/g and pseudo-second-order (R2=0.9984) 

models. The results showed that the two-component magnetic nanoparticle modified with orange peel, 

as an adsorbent, was suitable for the process of vitamin B2 adsorption from the aqueous solution.  
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INTRODUCTION  

Vitamins are one of the seven nutrients that are 

essential for growth and development. Thirteen vitamins 

are known, which have roles in human nutrition. A big 

family of vitamins is B-group, which includes B1, B2, B3, 

B5, B6, B8, B9, and B12. Various of B-group vitamins as 

coenzymes possess the main role to produce energy and 

they are soluble in water [1]. Riboflavin known as vitamin 

B2 enters the environment from the pharmaceutical and 

cosmetic industries. Although vitamin B2 is essential for 

 

 

 

the human being, its excessive amount is dangerous for 

living organisms. It pollutes the water resources and easily 

penetrates the food chain. Fig. 1 illustrates the structure  

of vitamin B2. 

The presence of soluble organic materials and other 

B vitamins in water may cause some physical and 

chemical changes in their structures with the resultant 

health risks for the human being. Then, its removal from 

aquatic environments is essential [2]. Electrochemical  
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Fig. 1: Chemical structure of vitamin B2. 

 

stripping [3,4] and adsorption techniques [5] have been 

reported for the removal of vitamin B2. Owing to simplicity, 

high removal performance, non-toxic by-products, and the 

ability to reuse, adsorption has been known as a promising 

procedure for the removal of contaminants from aqueous 

media [6,7].  

In recent years, various adsorbents such as activated 

carbon, cellulose, and polymeric materials have been used 

to remove B vitamins [2]. These adsorbents have some 

limitations such as penetration restriction, lack of active 

surface sites, high cost, problems of separation from 

sewage and generation of secondary wastes [8-11]. 

Lupaşcu et al., reported the adsorption of vitamin B12 on 

highly-mesoporous activated carbons, which were obtained 

from lignocellulosic raw materials [12]. Saraswat et al., 

investigated the adsorption of vitamin B12 through nickel-

doped, phenolic resin-based micro–nano-activated carbon 

adsorbents. The breakthrough analysis revealed that the 

VB12 uptake in the bed was comparable to the equilibrium 

adsorption data obtained from the batch study [13]. 

Aljeboree studied the removal of vitamin B6 from aqueous 

systems using ZnO. Different parameters including, initial 

drug concentration (5-80 mg/L), temperature (15, 25, and 

50 ºC), and adsorbent dosage (0.001-0.15gm) were 

investigated [14]. With the development of nanotechnology, 

nano-adsorbents such as aluminum nanoparticles, carbon 

nanotubes, and hydroxide-apatite nanoparticles have been 

used to remove pigments and vitamin B2 in recent  

studies [15-17].  

Aggregation of constituting units of atoms or 

molecules builds nanoparticles. Their size is between 1 and 

100 nm. In this type of particle, the ratio of surface to 

volume, and the distance between energy levels are 

different. These two variables may induce some changes 

in nanoparticle properties. In other words, by controlling 

the size of nanoparticles, their properties can be controlled. 

This process is considered a crucial step in nanoparticle 

synthesis [18-22]. 

Iron oxide nanotechnology has attracted the attention 

of researchers for the removal of pollutants due to its 

advantages such as high surface-to-volume ratio, great 

magnetic features, simplicity in separation, inexpensive, 

biocompatibility, and ability to modify its surface. 

However, iron oxide particles aggregate, which is  

a disadvantage of it. To overcome this drawback, surface 

modification is necessary [23]. The surface of iron oxide 

and nickel oxide has been modified using different 

materials such as cetyltrimethylammonium bromide (CTAB) [24], 

natural polymers [25], ionic liquid [26], activated sericite [27], 

etc.   

Orange peel is one of the agricultural wastes 

produced in abundance in many countries. It is rich in 

pectin and other polysaccharides. Having carboxyl and 

hydroxyl functional groups, orange peel can be used  

as an adsorbent in surface adsorption processes [28,29]. 

It is known as a low-cost and non-toxic adsorbent, 

which has been used to modify the surface of 

nanoparticles [30]. Ai et al. evaluated the performance 

of magnetic orange peel powder biochar for the removal 

of ibuprofen and sulfamethoxazole from an aqueous 

solution. The experimental factors such as solution pH 

(2.0–11.0), contact time (0.5–240 min), initial drug 

concentration (0.5–100 mg/L), and temperatures (15–40 °C) 

during the removal process were assessed [31]. Sivaraj et al. 

reported the efficiency of orange peel as an adsorbent  

in the removal of Acid violet 17 (acid dye) from 

aqueous solutions. The adsorption capacity was  

19.88 mg/g [32]. 

In the present study, for the first time, 2-component 

nanoparticles of iron and nickel were used to enhance the 

quality of nano-compounds and their effectiveness. This 

nanoparticle has a high surface-to-volume ratio and  

is easily manufactured and recycled without secondary 

pollution. The surface of this nanocomposite was modified 

by the orange peel to improve the efficiency of two-

component nanoparticles for the removal of vitamin B2 

from aquatic environments. Response surface methodology 

based on the central composite design was applied  

to optimize experimental parameters, including pH, 

adsorbent dosage, and contact time. 
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EXPERIMENTAL SECTION 

Materials  

Iron sulfate (II) heptahydrate, nickel chloride, iron 

nitrate, and sodium hydroxide were obtained from Merck 

(Germany). The collected orange peel was washed with 

water and dried for 48 h at a temperature of 40°C in the 

oven. Then, it was crushed by a grinding mill and its fine 

particles of 0.1 to 0.2 mm were separated using  

a laboratory sieve with a mesh of 80 nm. These particles 

were kept in a sealed container, in a dry environment. 

 

Apparatus and software 

For morphology analysis of nanocomposite, Scanning 

Electron Microscopy (SEM) (SIGMA, VP-500, Zeiss, 

Germany) was utilized. Atomic force microscopy (AFM) 

(JPK instruments, Nanowizard 2) was used to study the 

topography of the surface.  The determination of particle 

size distribution was performed by dynamic light 

scattering (DLS) (Malvern Instruments Ltd). Brunauer–

Emmett–Teller (BET) (BElSORP Mini, Microtrac Bel 

Corp) was used to measure the specific surface area. X‐ray 

diffraction (Panalytical, USA) and Fourier transform 

infrared (Perkin Elmer, USA) spectroscopy were used for 

the current study to further investigate the prepared 

nanocomposite. MINITAB 17 was used to design 

experiments. 

 

Preparation of nanocomposite modified with orange peel 

Eight grams of iron sulfate (II) heptahydrate, 3 g of iron 

nitrate (III), and 2 g of nickel chloride were simultaneously 

dissolved in 100 ml of distilled water and heated up to 

90°C. To increase the adsorption capacity, 10 ml of 26% 

ammonia solution with 200 ml of a solution containing 1 g 

of dried and ground orange peel in distilled water was 

added to the initial mixture and mixed quickly. The pH of 

the resulting mixture was adjusted to 10 by adding 0.2 M 

NaOH solution and the mixture was kept at 80°C for 30 min. 

Finally, the mixture was cooled at room temperature and 

the black precipitate, which was the magnetic iron oxide 

attached to the orange peel, was collected by a filter paper 

and washed with deionized water.  

 

Determination of removal yield 

Adsorption process experiments were performed to 

determine parameters such as pH, contact time, and 

amount of adsorption. In all experiments, solutions with  

a volume of 10 ml of vitamin B2 were prepared with  

a certain amount of adsorbent. After the required time,  

the concentration of vitamin B2 was measured. The 

following equations were used to calculate the removal 

efficiency (R%) and adsorption of vitamin B2 (qe) (mg/g) 

at equilibrium time, respectively. 

R (%) =
(C0 − Ce)

C0

× 100                                                  (1) 

qe =
(C0 − Ce) V

M
                                                                  (2) 

Where C0 and Ce (mg/L) are the initial concentration of 

the solution and residual concentration of the solution, 

respectively. V (L) and M (g) denote the volume of  

the solution and the amount of adsorbent, respectively [33].  

 

Design of experiments 

One factor at a time method is time-consuming and 

expensive. Thus, it is important to perform cost-effective 

experiments that provide the most valuable information. 

Design of experiments (DOE) may involve purposeful 

changes in inputs of a process to observe and test the 

changes in outputs. DOE includes an experiment or a series 

of experiments that consciously changes the input variables 

to identify the associated phenomena and to discover the 

realities behind the system of reactions [34-36].  

In this study, the RSM was proposed to investigate the 

main effect of each factor, including pH, adsorbent dosage, 

and contact time, as well as the interaction between them. 

The levels of these factors were shown as +1 and –1, which 

represented the highest and the lowest levels, respectively. 

12 experiments were designed according to this method 

(Table 1).  

 

RESULTS AND DISCUSSION 

Characterization 

FT-IR analysis 

The FT-IR technique is the most commonly used 

technique to identify functional groups in organic 

compounds. By FT-IR spectroscopy, the two-component 

magnetic nanocomposite resulting from the surface 

adsorption method is shown in Fig. 2. The adsorption 

peaks indicated in the wavelength of 400-900 nm, 

represent the presence of iron and nickel metals, metal 

bonds and the formation of a two-component compound. 

The adsorption peaks below 1100 cm-1 were related to the 
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Table 1: Variables, levels, and results obtained with the RSM method. 

 C1 C2 C3 C4 C5 C6 C7 C8 

 STD RUN PT BLOCKS pH Time (min) Dosage (g) R 

1 8 9 1 1 7 240 0.6 96.54 

2 16 10 0 1 5 180 0.4 92.36 

3 12 11 -1 1 5 180 0.4 95.44 

4 13 12 -1 1 5 180 0.06 90.06 

5 15 13 0 1 5 180 0.4 98.41 

6 1 14 1 1 3 120 0.2 92.26 

7 19 15 0 1 5 180 0.4 95.55 

8 11 16 -1 1 5 80 0.4 98.22 

9 3 17 1 1 3 240 0.2 93.46 

10 10 18 -1 1 8 180 0.4 94.68 

11 17 19 0 1 5 180 0.4 96.25 

12 20 20 0 1 5 180 0.4 92.41 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: FT-IR spectra of a two-component magnetic 

nanoparticle modified with orange peel. 

 

the metal alloy produced. The observed peak at 3431 cm-1  

was related to the presence of hydroxide in nanoparticles 

[37]. 

 

SEM analysis 

The size, structure, and morphology of synthesized 

nanocomposite were evaluated by SEM. According to Fig. 3, 

this two-component compound has a dense and 

homogeneous surface and a suitable size. Its spherical 

structure  led to an increase in contact surface and 

adsorption efficiency. The average size of the prepared 

particles was 139.4 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: SEM analysis of two-component magnetic nanoparticles 

modified with orange peel. 

 

AFM analysis 

One of the most popular scanning probe microscopy 

approaches is AFM. Fig. 4 shows the 2D and 3D AFM 

results related to the prepared nanocomposite. The 

micrometer to nanometer scale is visible in the figure  

so that the dark and light colors represent the particles  

on the micrometer and nanometer scale, respectively. 

 

XRD analysis 

The X-ray diffraction pattern obtained from nickel and 

iron oxide nanoparticles modified with orange peel is shown 

in Fig. 5. There is no specific peak for other phases of iron 
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Fig. 4: 2D and 3D AFM images of two-component magnetic nanoparticles modified with orange peel. 

 

 

 

oxide or impurities in the XRD pattern of iron oxide   

 

 

 

 

 

 

 

 

 

Fig. 5: XRD image of two-component magnetic nanoparticles 

modified by orange peel. 

 

nanoparticles, indicating the high purity of these materials. 

Furthermore, there is no new peak compared to the XRD 

pattern of iron oxide nanoparticles, which indicated  

the amorphous nature of orange peel and proved the 

binding of iron oxide nanoparticles on orange peel. It also 

showed that the width of peaks increased and their 

intensity decreased because the nanoparticles gradually 

lost their crystalline state after binding the orange peel. 

 

BET analysis 

Fig. 6 exhibits the N2 adsorption–desorption isotherm 

related to the two-component magnetic nanoparticles 

modified by orange peel. The closeness of BET theory to 

the Langmuir theory has been reported, which determines 

the specific surface area (SSA). The assumption of this 

theory is defined as that all layers are in equilibrium in the 

adsorption of the multilayer. The BET model is expressed 

using Eq (3). 

P/P0

n (1 −
P
P0

)
=

1

nmC
+

C − 1

nmC
(P/P0)                                    (3) 

Where n and nm are a certain amount of the adsorbed 

gas at the relative pressure P/P0 and the capacity  

of the monolayer corresponding to the adsorbed gas, 

respectively. P, P0, and C denote the pressure,  

the saturation pressure of a substance being adsorbed at 

the adsorption temperature, and BET constant, 

respectively [38]. 

The estimation of the pore size distribution of the 

nanocomposite was accomplished through the Barrett-

Joyner-Halenda (BJH) method (Fig. 6a). The mean 

volume values corresponding to the pores (Vp) and the 

surface of the pores (ap) were found at 0.0072 cm3/g and 

3.135 m2/g, respectively. Also, rp,peak (Area) was achieved 

1.88  nm. As shown in Fig. 6 (d), the BET plot can estimate 

the BET surface area with R2 equal to 1. The values of the 

specific BET surface area (as,BET) and mean pore diameter 

were found to be 4.317 m2/g and 7.39 nm, respectively. 

BET monolayer capacity (Vm) and C were obtained  

at 0.9918 cm3/g and 89.01, respectively. The Langmuir 

isotherm parameters (Fig. 6c), including as,Lang, Vm, and R2 

were obtained 5.747 m2/g, 1.320 cm3 (STP) g-1, 0.9993, 

respectively. Table 2 represents the obtained data related 

to the BET and BJH. 

 

DLS analysis 

The particle size distribution was determined using  

the DLS technique. The results represent that the average 

size is 136.5 nm (Fig. 7), which is close to the average 

results obtained from SEM. 
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Table 2: The data obtained from BET and BJH methods for the two-component magnetic nanoparticles modified by orange peel. 

Parameters Nanocomposite 

as,BET (m
2/g) 4.317 

d0 (nm) 7.393 

Vp (cm3/g) 0.0072 

ap (m
2/g) 3.135 

Vtotal (cm3/g) 0.0079 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: (a) the pore size distribution curve, (b) nitrogen adsorption–desorption isotherm, (c) Langmuir isotherm and 

(d) BET plot of nanocomposite 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Particle size distributions of synthesized nanocomposite. 

 

Optimization 

The effect of pH  

In general, the pH of the solution plays a major role in 

adsorption and adsorption capacity. In fact, since H+ and 

OH- ions are highly adsorbed on the surface, they can 

change the adsorbent surface load, affect the ionization 

level of materials available in solution and separate the 

functional groups in the active adsorbent sites. The effect 

of pH on vitamin B2 adsorption was done using modified 

nanocomposite. The rate of vitamin B2 removal by the 

adsorbent, which is modified by an orange peel is higher 

than that of an unmodified one in all pH ranges. By 

increasing the pH, the adsorption rate decreases. Vitamin 

B2 in an aqueous solution transforms into anions. As pH 

decreases, the adsorbent surface is protonated, resulting in 

increased anionic vitamin B2 adsorption. By increasing the 

pH, the solution becomes less acidic, and the negative 

charge density on the adsorbent surface increase.  

The maximum removal of vitamin B2 was around 5. So, it 

was selected as the optimum pH. 

 

The effect of adsorbent dosage 

The effect of the adsorbent dosage on the adsorption of 

vitamin B2 was tested in a certain volume and pH of 5 in 

30 min at room temperature. By increasing the surface 

area, the number of adsorption sites increases. 

Consequently, the adsorption efficiency will be increased. 

In this study, according to the specified time and different 
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Fig. 8: (a) Normal probability and (b) histogram for removal efficiency by synthesized nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Three-dimensional diagram of the effect of parameters 

on the size of magnetic nanoparticles. 

 
amounts of adsorbent, the adsorption of vitamin B2 

increased with increasing the amount of adsorbent. It could be 

attributed to the increase in the surface area of the adsorbent 

and the availability of adsorption sites. By increasing the 

dosage of nanocomposite from 0.1 to 0.7 g, the adsorption 

efficiency increased. More than 0.7 g of nanocomposite 

did not affect the removal efficiency. This could be due to 

the overlap of the adsorption sites following the use of 

more amounts of adsorbent. The optimal adsorbent dosage 

for vitamin B2 adsorption was about 0.6 g. 

 
The effect of contact time 

The adsorption of vitamin B2 on synthesized 

nanocomposite was studied by varying the time (80–240 min). 

By increasing the contact time until 180 min,  

the adsorption of vitamin B2 was increased. 

 

Results OF RSM  

Model fitting 

Fig. 8 (a) exhibited the normal probability plot of 

residuals, which showed the normal distribution of data. 

The plot of histogram is indicated that this model has well 

Gaussian state (Fig. 8b). 

 

Three-dimensional response surface plots  

According to the three-dimensional diagram in Fig. 9, 

the interaction of the parameters and their effects on the 

desired response can be observed. In this figure, the best 

results of vitamin B2 removal were obtained at the contact 

time of 180 min, the adsorption dose of 0.4, and the pH of 5. 

 

ADSORPTION ISOTHERMS  

In order to achieve the adsorption isotherm, the 

Langmuir, Freundlich, and Temkin models were used. 

Surface homogeneity in terms of energy, as well as  

a monolayer surface coverage without interaction between 

the adsorbed molecules is observed [39]. The linearized 

equation of the Langmuir model is expressed in Eq (4). 

Ce

qe

=
1

qmKL

+
1

qm

Ce                                                             (4) 

Where Ce (mg/L) and qe (mg/g) denote the drug 

concentration and the amount of drug adsorbed at 

equilibrium state, respectively. The maximum adsorption 

capacity and Langmuir constant of adsorption capacity are 
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Fig. 10: (a) Langmuir, (b) Freundlich, and (c) Temkin isotherms 

for the removal of vitamin B2 by synthesized NPs. 

 

demonstrated using qm (mg/g) and KL (L/mg), 

respectively. The plot of Ce/qe against Ce gives the values 

of qm and KL using intercept and slope of the straight line 

of this plot, respectively (Fig. 10a) [40]. 

The Freundlich model is reliable for heterogeneous 

surfaces that the linear form of this isotherm can be written 

as follows: 

Log qe = log (Kf) +
1

n
 log (Ce)                                        (5) 

The adsorption capacity (Kf) and adsorption 

intensity (1/n) are obtained via slope and intercept 

related to the plot of log qe versus log Ce, respectively 

(Fig. 10b) [41]. 

The Temkin isotherm is described as follows: 

qe = B ln(AT) + B ln(Ce)                                                   (6) 

By plotting qe versus ln Ce (Fig. 10c), Temkin 

constants, including B (RT/b) and AT (RT ln KT/b) are 

calculated from the slope and intercept. R is the universal 

gas constant (8.314 J/K mol) and T is the temperature (K) 

[42,43].   

The parameters related to these isotherms were 

calculated and are given in Table 3. According to the maximum 

coefficient of determination (R2), the removal process follows 

the Langmuir isotherm with R2=0.9984. The maximum 

adsorption capacity was obtained at 53.47 mg/g. 

 

Adsorption kinetics 

The pseudo-first-order kinetic model of drug 

adsorption is presented by the following equation. 

ln (qe − qt) = lnqe − k1(t)                                               (7) 

Herein qt is the amount of drug adsorbed (mg/g) at time 

t. Also, the first-order kinetic constant (k1) and amounts of 

drug adsorbed (mg/g) at equilibrium (qe) were calculated 

by plotting Ln (qe−qt) versus t through the slope and 

intercept, respectively (Fig. 11a) [44]. 

The equation of pseudo-second-order model is given  

as follows: 

t

qt

=
1

k2qe
2

+
t

qe

                                                                     (8) 

The second-order kinetic constant (k2) and qe
cal  

can be calculated experimentally from the slope and 

intercept related to the plot of t/qt versus t, respectively 

(Fig. 11b) [45,46].  

The kinetic parameters of the vitamin B2 adsorption are 

summarized in Table 4. The adsorption process is in 

agreement with the pseudo-second-order model 

(R2=0.9984) and qe=169.49 mg/g. 
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Table 3: The obtained parameters of isotherm models for vitamin B2 removal. 

Langmuir Freundlich Temkin 

qmax (mg/g) KL (L/mg) R2 Kf 1/n R2 AT(1/mg) bT
 (J/mol) R2 

53.47 0.139 0.9984 15.10 0.3141 0.9737 220.40 2710.46 0.9787 

 

Table 4: The obtained kinetic parameters for vitamin B2 removal. 

pseudo-first order Pseudo-second order 

Kl (min-1) qe (mg/g) R2 K2 (g/mg. min) qe (mg/g) R2 

0.0101 24.56 0.9444 8.74×10-4 169.49 0.9984 

 

Table 5: Comparison of the proposed adsorbent with other adsorbents. 

Adsorbent Removal efficiency (%) Adsorption capacity (mg/g) Pollutant Ref. 

Activated Carbon 70.00 --- Ascorbic [47] 

DUT-67a --- 110.2 acid [48] 

Magnetically activated carbon 65.00 23.28 Niacin [49] 

Magnetic nanoparticles/orange peel 98.41 --- 
Nicotinic acid 

Riboflavin 
Present study 

a zirconium-based metal-organic framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: (a) Pseudo first-order and (b) Pseudo second-order adsorption kinetics of adsorption process. 

 

A comparison with other adsorbents 

The removal percentage of the proposed nanocomposite 

was compared with other adsorbents. The results are given 

in Table 5. As can be seen, the magnetic nanoparticles/orange 

peel has excellent removal efficiency than the other 

adsorbent. This adsorbent shows comparable performance.  

 

CONCLUSIONS  

In this study, the adsorption of vitamin B2 was 

investigated by a two-component magnetic nanoparticle, 

modified with orange peel. The optimization of important 

experimental parameters such as pH and adsorbent 

dosage and contact time was performed using RSM based 

on CCD. Maximum removal was achieved 98.41%  

in pH=5, adsorbent dosage of 0.4 g and contact time  

of 180 min. The Langmuir isotherm and pseudo-second-

order kinetic were suitable for vitamin B2 removal. This 

study indicated that the synthesized nanocomposite with 

useful properties such as high efficiency, inexpensive, 

and environmentally friendly could be an efficient adsorbent 
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for the removal of pharmaceuticals from aqueous 

solutions. 
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