
Iran. J. Chem. Chem. Eng. Research Article Vol. 42, No. 11, 2023 

 

Research Article                                                                                                                                                                3601 

 

Novel Low-Cost Magnetic Clinoptilolite Powders/Granules 

for the Removal of Crystal Violet in Single and Binary Systems 
 

 

Noori, Maryam; Tahmasebpoor, Maryam
*+

 

Faculty of Chemical and Petroleum Engineering, University of Tabriz, Tabriz, I.R. IRAN 

 

 

ABSTRACT: Novel magnetic adsorbents of Clinoptilolite/Fe3O4 (Clin/Fe3O4) nanocomposite 

powders and Alginate/Clinoptilolite/Fe3O4 (Alg/Clin/Fe3O4) nanocomposite granules were 

synthesized to efficient removal of the cationic crystal violet (CV) dye in single and CV/methylene 

blue (MB) binary systems. The prepared adsorbents were characterized by FT-IR, XRD, SEM, 

EDX, dot mapping, and BET analysis. Adsorption tests showed that Clin/Fe3O4 and 

Alg/Clin/Fe3O4 had high affinity toward CV removal at 94.32% and 92.35%, in the single system 

and 84.19% and 80.23%, in the binary system, respectively. Based on the findings, pH was the 

most effective variable in the elimination process and the highest yield was obtained at pH 8 for 

both adsorbents. The equilibrium data followed the Langmuir model (R2 > 0.9) based on which 

the maximum adsorption capacity (qmax) using Clin/Fe3O4 and Alg/Clin/Fe3O4  

was determined as 44.662 mg/g and 16.528 mg/g, respectively in the single system and it  

was computed to be 15.797 mg/g and 11.476 mg/g, respectively in the binary system. The kinetic 

data fitted well to the pseudo-second-order model in both systems. The adsorption process was 

exothermic and thermodynamically spontaneous. Moreover, Clin/Fe3O4 and Alg/Clin/Fe3O4 

adsorbents showed 91.43% and 82.01% recyclability over the desorption tests, thus leading  

to promising and green-based adsorbents for the removal of dyes. The Electrical Conductivity (EC) 

of MB, CV, and CV/MB  solutions and also real wastewater sampled from a dyeing unit  

were measured before and after treatment and the results showed that the EC of all samples  

was reduced. 
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INTRODUCTION 

Nowadays, water pollution due to the discharge  

of hazardous pollutants released from untreated or partially 

treated effluents of various industries into the water 

resources has caused great concerns worldwide because  

of its destructive effects on human health and the 

environment [1, 2]. Dyes are known as one of the main 

environmental pollutants in water sources, which are used 
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in various chemical industries such as leather, textiles, 

plastics, rubber, paper, food, etc [3]. The presence of dyes 

in the water ambiance causes water pollution by increasing 

the toxicity, turbidity, and conductivity of colored 

effluents  [3, 4]. In general, dyes are classified into three 

types cationic, anionic, and nonionic based on their 

structures, among them the toxicity of cationic dyes is 
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much higher than the others. Methylene Blue (MB) and 

Crystal Violet (CV) cationic organic dyes are most known 

for their widespread usage in the textile industry [5]. MB 

which is a non-biodegradable water-soluble dye cannot be 

decomposed for a long time due to its complex structure, 

and then causes harmful effects on aquatic ecosystems. 

Exposure to small amounts of MB dye leads to adverse effects 

such as increased heart rate, cyanosis, diarrhea, vomiting, 

jaundice, gastritis, respiratory problems, and chest pain  

in humans [6-8]. CV dye is toxic, mutagenic, carcinogenic, 

and mitotic in nature. Swallowing or inhaling CV dye can lead 

to gastrointestinal irritation, abdominal pain, pneumonia, 

peritonitis, skin or eye irritation, and birth defects. Also,  

the presence of CV dye in high concentrations in industrial 

effluents, can stop or reduce the oxygenation capacity of 

water and thus affect the biological activity and 

photosynthetic process of living organisms in the water [9]. 

Therefore, it is necessary to remove MB and CV dyes from 

industrial wastewater streams before entering the environment, 

due to the dangers and damages caused by the presence  

of these cationic dyes in aqueous solutions.  

Various methods  such as adsorption, electrochemical 

treatment, reverse osmosis, biological degradation, and 

chemical oxidation have been proposed to  remove MB and 

CV toxic dyes from wastewater in various industries [10]. 

Among all the mentioned methods, adsorption seems to be 

the most effective, popularly adopted, and economically 

preferable technique to treat colored wastewater 

considering its cost-efficiency, not convoluted design 

process, high efficiency, and advantages in the case of  

non-toxic chemical reactions  [11, 12]. Activated carbon 

has been proven to be an excellent adsorbent which  

is extensively studied among the other ones, but its high 

concern to activation, rapid saturation, and regeneration 

are substantial limitations known to researchers, 

prompting a search for alternative low-cost, eco-friendly, 

and effective adsorbents such as agricultural waste, fly ash, 

clay, rice husk, and zeolite [3, 13, 14].  

Zeolites are highly porous aluminosilicates with  

a regular crystalline structure. Isomorphous substituting  

of Al+3 for Si+4 loads a negative charge on zeolites; this 

negative charge would be counterbalanced and neutralized 

by the cations, which can be exchanged with certain 

cations in the solution. Thus far, the number of globally 

recognized natural zeolites has exceeded 40. Clinoptilolite 

is contemplated as one of the naturally formed mineral 

zeolites which is frequently studied due to its abundance, 

low-cost, relatively high specific surface area, and high 

ion-exchange capacity. The above-mentioned properties 

make clinoptilolite a functional, effectual, and attractive 

choice of adsorbent for eliminating diverse and unwanted 

pollutants [15-18]. However, former researches have demonstrated 

that untreated clinoptilolite may not be regarded as an 

acceptable and satisfactory option for dye removal; which 

can be explained by its low capacity of adsorption [19]. 

Intending to enhance the adsorption capacity, chemical or 

thermal techniques can opt to modify the clinoptilolite. 

Modification of adsorbents using nanomaterials has gained 

considerable attention recently. The magnetic anoparticles 

may have several advantages, such as high adsorption 

capacity arising from their high specific surface area along 

with rapid and easy separation from the solutions because 

of their magnetic properties.  In this regard,  an efficient 

adsorbent with high capability in adsorbing pollutants 

from aqueous environments can be synthesized by 

modifying clinoptilolite using magnetic nanoparticles [20].  

Although adsorbents modified with magnetic nanoparticles 

can be easily separated from aqueous media using  

an external magnet without the use of centrifugal or 

filtration processes, the use of powder-shape adsorbents  

is still limited in continuous systems due to the pressure 

drop occurred during the operation and also cracking of the 

powders [21, 22]. In addition, their adsorption capacity 

may plummet subsequently to the regeneration procedure. 

The mentioned disadvantages make powder adsorbents 

less attractive materials in large-scale water treatment 

processes. Therefore, the preparation of granules by using 

a suitable polymer matrix must be a promising method  

to resolve the mentioned drawbacks and increase the 

feasibility of powder adsorbents in wastewater treatment 

technologies [23]. Alginate (Alg) is a low-cost, non-toxic, 

and bio-degradable natural polysaccharide extracted from 

brown algae  which  has been applied as one of the most 

effective biological agents for the formation of 

powder/alginate composite granules  due to its  adsorption 

and gelling properties [12, 24, 25]. Using a suitable cross-

linking agent like ferric chloride (FeCl3), magnetic 

clinoptilolite can be immobilized within sodium alginate 

to be used as an adsorbent for treating the colored solutions. 

Electrical Conductivity (EC) which is a measurement  

of the amount of electrical current a solution can carry,  

is considered one of the factors that represent the water quality.
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This factor generally depends on the concentration  

of inorganic compounds such as nitrate, chloride, sulfate,  

and phosphate anions or calcium, magnesium, sodium, iron, 

and aluminum cations dissolved  in the solution, usually 

measured as Total Dissolved Solids (TDS) [26]. The conductivity 

escalates as the ionic concentration soars, considering the fact 

that the electrical current is carried by ions in the solution. 

Hence, a significant change in the conductivity of a stream 

can be an indicator that a source of pollution has entered  

the stream [27] . The results reported in the literature showed 

a significant reduction of about 41.06 - 57.86% in  EC of 

textile wastewater samples after treatment [28].  

Despite a great number of literatures conducted on dyes 

removal from wastewater using various adsorbents, 

searching for the novel, low cost and innovative adsorbents 

with acceptable regenerability to achieve superior dye 

adsorption capacity still remains a controversial topic in the 

environmental field. Considering the comprehensive 

literature review, minor consideration has been paid to 

alginate granulated Clin/Fe3O4 nanocomposite adsorbents 

used for CV dye removal in binary systems. The main 

objective of this study is the identification of a low-cost 

adsorbent based on the most abundant natural zeolite in Iran; 

clinoptilolite, in the forms of both powders and granules for 

the removal of CV individually and in the presence of MB 

dye. It is worth stating that although previous works have 

not been focused on the industrial aspect of the adsorbents, 

the outcomes of this study revealed that the prepared 

granular Alg/Clin/Fe3O4 adsorbents could be used for 

industrial purposes due to their remarkable removal rate, 

cost-effective, and environmentally friendly properties. 

With the focus on the proposed purpose, first Fe3O4 

magnetic nanoparticles are deposited on naturally-obtained 

clinoptilolite as the low-cost primary source. The 

synthesized Clin/Fe3O4 nanocomposite is then converted  

to Alg/Clin/Fe3O4 granules using a simple sodium alginate 

gelation method. The properties of the prepared adsorbents 

are characterized by various analyses such as SEM, EDX, 

XRD, VSM, BET, and FT-IR techniques. In an attempt  

to collate the adsorption efficiency of both powder and 

granule-shaped adsorbents, the adsorption of CV  dye  

on Clin/Fe3O4 and Alg/Clin/Fe3O4 is probed and studied 

both in single and binary systems. Viable environment-

related variables that could probably affect the adsorption 

process are optimized for both powder and granule-shaped 

adsorbents, such as pH, contact time, adsorbent dose, 

temperature, and initial concentration. The EC of the 

prepared CV and CV/MB solutions and also real wastewater 

is also measured before and after the adsorption process. 

Moreover, adsorption isotherms and kinetics of the removal 

process are studied based on the experimental data.  

The ability of Clin/Fe3O4 and Alg/Clin/Fe3O4 adsorbents  

to be reused for five cycles is also evaluated. 

 

EXPERIMENTAL SECTION 

Materials 

Natural clinoptilolite (AlCaH6KNaO3Si) was provided 

from Mianeh’s mountains located in East Azerbaijan of 

Iran and used as a raw material for synthesizing 

adsorbents. Crystal violet powder (C25H30N3Cl, MW: 

407.98 g/mol, λmax:592 nm), methylene blue powder 

(C16H18N3SCI, MW: 319.85 g/mol, λmax: 665 nm), iron (II) 

chloride (FeCl2. 4H2O), iron (III) chloride (FeCl3. 6H2O), 

hydrochloric acid (HCl), sodium hydroxide (NaOH), 

ethanol (C2H5OH), methanol (CH3OH), potassium 

chloride (KCl), sodium chloride (NaCl), and calcium 

chloride (CaCl2) were all supplied from Merck. Sodium 

alginate (C6H7O6Na) was purchased from Sahand Shimi 

Co, Ltd., Iran. All chemicals were in analytical grade and 

used without any purification in this study. All experiments 

were operated using distilled water. The chemicals used  

in this research are listed in Table 1. 

 

Adsorbents preparation 

To produce Clin/Fe3O4 magnetic composite and 

Alg/Clin/Fe3O4 granules, co-precipitation, and ionic gelation 

methods were used based on previous studies [29, 30]. 

Briefly, the amount of 1.5 g of clinoptilolite was added  

to 250 mL of an aqueous solution containing Fe (III) and Fe (II) 

ions at a molar ratio of 2:1. While agitating by means  

of a magnetic stirrer, the mixture was set at 95℃ for 40 min. 

Achieving a relatively higher pH, around 10, was ensured 

by the slow addition of NaOH (3 M, 50 mL). Subsequent 

to the finished stirring process, the obtained magnetic 

nanocomposites were successfully segregated from the 

solution with the help of a magnet. This step was followed 

by washing the produced adsorbents with distilled water 

several times until they were thoroughly neutralized. The mixture 

was finally put in an oven to dry at 110 °C for 24h and then 

ground by means of a miller. For the preparation of  

the Alg/Clin/Fe3O4 granules, 4g of alginate was first 

dispersed in 100 mL of distilled water under continuous stirring. 
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Table 1: List of chemicals used in this study 

Chemical Chemical formula Abbreviation Source 

Natural clinoptilolite AlCaH6KNaO3Si Clin Mianeh’s mountains 

Crystal violet powder C25H30N3Cl CV Merck 

Methylene blue powder C16H18N3SCI MB Merck 

Iron (II) chloride FeCl2. 4H2O Fe (II) Merck 

Iron (III) chloride FeCl3. 6H2O Fe (III) Merck 

Hydrochloric acid HCl - Merck 

Sodium hydroxide NaOH - Merck 

Ethanol C2H5OH - Merck 

Methanol CH3OH - Merck 

Potassium chloride KCl - Merck 

Sodium chloride NaCl - Merck 

Calcium chloride CaCl2 - Merck 

Sodium alginate C6H7O6Na Alg Sahand Shimi 

 

After reaching a homogeneous mixture, a certain amount 

of Clin/ Fe3O4 powder, with alginate to Clin/Fe3O4 ratio of 

1/4 was added to the alginate suspension. Then, it was 

dropped slowly by syringe into an aqueous solution 

containing FeCl3 solution (2% w/v, 100 mL) in order to  

the formation of the granules. The provided round-shaped 

granules were kept in FeCl3 solution overnight until  

the completion of the gelation process. Finally, after being 

separated, the granules were washed several times utilizing 

distilled water, so as to remove residues of Fe ions on  

the surface, and then dried in a hot oven at 55°C. Fig. 1 

shows an overview of the Clin/Fe3O4 and Alg/Clin/Fe3O4 

synthesis processes. 

 

Solutions 

The initial stock solution of CV was prepared by 

dissolving 1g dye in 1000 mL distilled water. For the binary 

CV/MB aqueous solution system, a 1:1 dye concentration 

ratio was used. Each solution with the required initial 

concentration was arranged by diluting the stock solution.  

 

Adsorbents characterization 
The prepared Clin/Fe3O4 composite and Alg/Clin/Fe3O4 

granules were characterized by scanning electron 

microscope (SEM, MIRA3 FEG-SEM, Tescan), X-ray 

diffraction (XRD, Siemens D500), Brunauer-Emmett-

Teller (BET, BELSORP MINI II), and energy-dispersive X-

ray spectrometer (EDX)  methods. The Fourier  Transform 

Infrared (FT-IR) (Bruker, Tensor 27 spectrometer) with the 

wavenumber ranging 400–4000 cm-1 was employed 

intending to detect the surface functional groups.  

The magnetic properties of Clin/Fe3O4 and Alg/Clin/ Fe3O4 

were studied on a vibrating sample magnetometer (VSM, 

MPMS-5 SQUID). The concentration of CV was determined 

at  the proper wavelength using UV–Visible spectrophotometer 

(Analytik Jena, Specord250) considering the calibration curve 

acquired from first-order derivatives of the spectra.  

The electric conductivity of the samples was measured  

with an AZ 86503 conductivity meter. The adjustment of pH 

values was made possible in the range of 2 to 12 by  

the addition of HCl or NaOH solutions using pH-meter 

Adwa AD1020. 

 

Adsorption experiments 

The batch-mode experiments were performed for the 

adsorption process of CV in a single and CV/MB binary 

mixture from an aqueous environment by Clin/Fe3O4 

composite and Alg/Clin/Fe3O4 granules. The effect of the 

environment-related parameters including pH (ranging 

from 2 to 12), contact time (between 5 and 120 min), 

adsorbent dose (ranging from 0.5 to 3 g/L), temperature 

(between 25 and 45  ℃), and dye concentration (ranging 

from 10 to 50 mg/L) was explored on the adsorption 

process. With the aim of investigating the effect of the pH 

of the solution on the adsorption performance, the 

experiments were carried out at pH in the range of 2-12 

and fixed other laboratory conditions such as an adsorbent 

dose of 1 g/L, contact time of 60 min, the temperature  

of 25℃, and initial dye concentration of 10 mg/L. After  

adjusting the optimal pH, other influential variables such as 
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Fig. 1: A schematic illustration of the productions process of Clin/Fe3O4 and Alg/Clin/Fe3O4 

 

as contact time, initial concentration of dyes, adsorbent 

dose, and temperature were studied. The adsorption 

capacity (qe, mg/g) and removal percentage (R %) for all 

samples were computed using Eq. (1) and (2), respectively.  

R% =
𝐶o−Ce

Co
× 100                                                            (1) 

qe =
(Co−Ce)×V

M
                                                                        (2)    

Co indicates the initial concentration of dye (mg/L), while 

Ce designates the equilibrium concentration  of dye  (mg/L). 

The mass of the adsorbent (g) is signified by M and V 

stands for the volume of the dye solution (L) [31]. 

 

Desorption and Regeneration 

The desorption of CV from Clin/Fe3O4 composite and 

Alg/Clin/Fe3O4 granules was performed in 10 mL of 

diverse solutions which includes ethanol, methanol, 0.1M 

HCl, 0.5M NaCl, 0.5M KCl, and ethanol + 0.5M CaCl2 

under magnetic stirring for 4 h. From the mentioned 

solutions, the one with the highest desorption percentage 

was favored and picked as the desorption solution, hence 

further experiments were carried out in the determined 

solution. In an attempt to enhance the desorption 

percentage in the preferred solution, the residence time  

in the chosen solution was expanded to 24h. Thereafter, 

regenerated adsorbents were washed comprehensively 

with deionized water, after which they were dried  

in the oven. In order to study the possibility of reusability, 

a certain amount of regenerated adsorbent was mixed  

with 100 mL of CV and CV/ MB mixture (10 mg/L).  

The aforementioned cycle of adsorption-desorption was 

repeated for five rounds, during which the amount of either  
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Fig. 2: FT-IR spectra of Clin/Fe3O4 and Alg/Clin/Fe3O4 before 

and after CV dye adsorption in single and binary systems 

 

adsorbed or desorbed dye was measured by 

spectrophotometer. The calculation of the desorbed 

amount of dye was made possible by Eq. (3) [32]. 

Desorption = (
C𝑚

𝐶𝑒
) × 100                                             (3) 

Cm represents the released dye concentration in the 

solution, and Ce defines the concentration of dye which 

was adsorbed initially. 

 

Electrical conductivity (EC) measurement 

Solutions of MB and CV dyes individually and also  

a binary system of CV/MB  mixture with concentrations  

of 10 mg/L were prepared. Real wastewater was sampled 

from the Valizadeh dyeing unit located in East Azerbaijan, 

Iran. In order to investigate the applicability of  

the adsorbents in decreasing the electrical conductivity,  

the EC of the samples was measured with a digital 

conductivity meter before and after the adsorption process. 

 

RESULTS AND DISCUSSION 

Characterization of the adsorbents 
The FT-IR technique opted in order to look into  

the effective functional groups present in the structure  

of Clin/Fe3O4 and Alg/Clin/Fe3O4 adsorbents before and 

after CV dye adsorption. The FT-IR results are represented 

in Fig. 2. The sharpest band at around 1048 cm-1  

corresponded to the asymmetric vibrations of Si-O-Si  

and Si -O-Al [33]. C-H, O-H, and, H-OH stretching  

in the structure of the adsorbents  was associated with  

the detected bands in the ranges of 2923-2926 cm-1, 

3413-3421 cm-1, and 1629-1632 cm-1, respectively [34].  

 
Fig. 3: XRD patterns of clinoptilolite, Clin/Fe3O4 and 

Alg/Cline/Fe3O4 

 

Moreover, the deposition of Fe3O4 on the surface of 

clinoptilolite in both Clin/Fe3O4 and Alg/Clin/Fe3O4 

adsorbents can be considered affirmative. This 

confirmation is considered valid due to the vibrational 

bands which appeared at 592 cm-1 and 589 cm-1 associated 

with Fe-O [35]. In the case of Alg/Clin/Fe3O4, the detected 

peak at 3678 cm-1 might be connected to C-H rings, which 

are considered aromatic, inside the alginate’s structure. 

Furthermore, the peak located at 1736 cm-1 can be ascribed 

to the vibrations of carboxyl and amidic carbonyl groups. 

[36]. After adsorbing CV and MB cationic dyes with the 

adsorbents, some changes in the positions of the peaks 

appeared, which could be on the grounds of the 

interactions between the active functional groups of the 

adsorbents and dye molecules. For example, newfound 

peaks are detected within the structure of Alg/Clin/Fe3O4 

at 1374 cm-1 after the adsorption of CV molecules. This 

phenomenon can be explained by the bending vibrations of 

the C-H group, which is due to CH2 or CH3 [37]. 

Additionally, the latest vibrational bands seen at 1330 cm−1  

after CV/MB adsorption by Clin/Fe3O4 can be attributed  

to the bending mode of the CH and the twisting mode of  

the –CH2– group [38]. 

The XRD analysis was implemented to investigate the 

crystalline structure of clinoptilolite, Clin/Fe3O4 and, 

Alg/Clin/Fe3O4, and the results are presented in Fig. 3. The 

peaks observed at angles around 2θ= 22ο, 26ο, 28ο, and 29ο 

for natural clinoptilolite are all well consistent with its XRD 

data reference (JCPDS # 39-1383) [39]. New peaks 

observed at 2θ values around 30ο, 35ο, 43ο, 56ο and 63ο, 

in the XRD pattern of Clin/Fe3O4 are related to Fe3O4  
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Fig. 4: SEM analysis micrographs obtained for (a) natural clinoptilolite, (b) Clin /Fe3O4, (c) external surface of Alg/Clin/Fe3O4 

(d) inner surface of Alg/Clin/Fe3O4, (e) Clin/Fe3O4 after CV dye adsorption, (f) Alg/Clin/Fe3O4 after CV dye adsorption 

 

nanoparticles [29]. Collating the intensities of the peaks, 

which are normally corresponded to the crystallinity of the 

structures, relies on the poorly crystalline structure of 

Alg/Clin/Fe3O4 in comparison with Clin/Fe3O4. Alginate 

molecules in the Alg/Clin/Fe3O4 adsorbent’s structure may 

be the feasible explanation for peaks with weaker intensities 

in the XRD pattern [36]. In addition, XRD analysis cannot 

be a desirable and satisfactory method to adopt when it 

comes to polymeric components such as alginate [29]. 

The SEM images taken from natural clinoptilolite, 

Clin/Fe3O4, and Alg/Clin/Fe3O4 (prior and following to 

CV dye adsorption) are demonstrated in  Fig. 4. It can be 

observed that the natural clinoptilolite has an anomalous, 

particularly  rough, and layered crystalline structure, 

however, the roughness is considerably less declared   

for Clin/Fe3O4 (Fig. 4a and 4b).  The pictures taken from 

the inner (Fig. 4c) and outer (Fig. 4d) surfaces of 

Alg/Clin/Fe3O4  adsorbent confirm the formation of an 

entirely porous structure including Clin/Fe3O4 and alginate’s 

network after adsorbents granulated. After the adsorption 

of CV dye on Clin/Fe3O4, and Alg/Clin/Fe3O4, some 

changes were made in both adsorbent's surfaces (please 

see Figs. 4e and 4f), which can be attributed to the viable 

placement of dye molecules in the layers and pores of the 

powder and granules. Therefore, it can be concluded that 

these adsorbents have an effective ability to adsorb the CV 

dye from aqueous media. 

EDX and mapping analysis was also used to determine 

the density and distribution of elements in the structure of 

Clin/Fe3O4. The results showed that in the structure of 

Clin/Fe3O4, in addition to the basic elements, Fe (52.24%) 

and O (33.38%) elements are also present, which is 

definitely caused by Fe3O4 magnetic nanoparticles (Fig. 5). 

With the aim of determining the magnetic 

characteristics of Clin/Fe3O4 and Alg/Clin/Fe3O4, VSM 

analysis was carried out. The magnetic saturation values  

of 14.107 emu/g  and 12.658 emu/g were measured for 

Clin/Fe3O4 and Alg/Clin/Fe3O4, respectively. As it can be 

seen, the amount of magnetic saturation for Clin/Fe3O4 

is higher than that for Alg/Clin/Fe3O4, this differentiation  
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Fig. 5: SEM-EDX and mapping analysis results for Clin/Fe3O4 

 

 
Fig. 6: Nitrogen adsorption-desorption isotherm for Clin/Fe3O4 

and Alg/Clin/Fe3O4  

 

may be explicable due to the existence of non-magnetic 

materials within the granule’s structure - e.g., alginate.  

A simple magnet is able to segregate the synthesized 

Clin/Fe3O4 and Alg/Clin/Fe3O4 effortlessly, which is confirmed 

by all the VSM results. 

The results of the BET analysis are displayed in Fig. 6. 

The values of specific surface area for Clin/Fe3O4 and 

Alg/Clin/Fe3O4 were ascertained as 123.17 m2 /g and 

44.88 m2 /g, in turn. The low values of the surface area of 

Alg/Clin/Fe3O4 can be due to the blockage of channels and 

pores of Clin/Fe3O4 by alginate during the granulation 

process, engendering a decrease in the total cross-sectional 

area of the ultimately obtained granules. Besides, the pore 

diameter of Clin/Fe3O4 and Alg/Clin/Fe3O4 adsorbents 

were measured as an average of 12.59 nm and 14.508 nm, 

respectively. According to the IUPAC classification, both 
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Fig. 7: Effect of pH on CV dye removal in single and CV/MB 

binary mixture solutions using Clin/Fe3O4 and Alg/Clin/Fe3O4 

 

Clin/Fe3O4 and Alg/Clin/Fe3O4 have a mesoporous 

structure and the observed isotherm can be classified  

as a type IV isotherm with the H1 residue loop [40]. 

 

Adsorption study 

Effect of pH 

A solution’s pH is considered one of the indispensable 

factors that can significantly affect adsorption capacity; 

because either the surface charge of an adsorbent or the 

ionization process of chemically activated sites are greatly 

influenced by pH  [41]. Having considered this fact, pH’s 

effect on the adsorption behavior of CV was studied both 

individually and in the presence of MB dye. Experiments 

were carried out using 1 g/L of the Clin/Fe3O4 and 

Alg/Clin/Fe3O4 adsorbents at the initial dye concentration 

of 10 mg/L at 25 °C for 60 min. The pH of all solutions 

was calibrated to values between 2 and 12 and the results 

are shown in Fig. 7. As observed, the percentage of CV 

dye removal in both single and CV/MB binary systems 

using Clin/Fe3O4 is higher than that using Alg/Clin/Fe3O4 

at the same pH values. In point of fact, Clin/Fe3O4 

adsorbent in the form of powder demonstrates more 

tendency towards CV removal compared to its granule 

form, for Alg/Clin/Fe3O4 provides less surface area 

collated with Clin/Fe3O4 [42]. As can be observed in 

Fig. 8, there is an increase in the adsorption of CV dye with 

an increase in pH value. Higher removal percentage in the 

alkaline conditions may be ascribed to the viable negative 

charge on the zeolite’s surface. This phenomenon can be 

explained by the expedited association between positively 

charged dyes and the surface of the adsorbent accompanied 

by subsequent feasible electrostatic interactions among  

 
Fig. 8: Possible mechanism for interaction of CV and MB dye 

with Clin/Fe3O4 and Alg/Clin/Fe3O4 

 

cationic dyes and molecules of adsorbent. However,  

the adsorption process may be intervened when it is carried 

on in a media with an acidic pH. Justification can be made 

by the presence of a higher concentration of H+ ions  

on the adsorbent's surface which would lead to competing 

for H+ ions with the dye cations for the  adsorption  

sites [31, 43, 44]. The utmost efficiency of CV dye 

adsorption, within the investigated range of pH, employing 

both Clin/Fe3O4 and Alg/Clin/Fe3O4 was achieved at initial 

pH of 8. In the single system 94.32% and 90.21% and  

in the binary system 75.83% and 70.19% of CV dye was removed 

by Clin/Fe3O4 and Alg/Clin/Fe3O4, respectively. The initial 

pH of 8 was considered the optimal pH for further 

experiments. Although  Clin/Fe3O4 and Alg/Clin/Fe3O4 

have structural differences and the powder-shape 

adsorbent has a higher surface area, the dyes uptakes by 

Alg/Clin/Fe3O4 and Clin/Fe3O4 are optimal at the same pH. 

Regarding alkaline conditions, carboxyl (COO−) groups 

within the structure of Alg/Clin/Fe3O4 lead to a surface with 

a more negative load, hence adsorption may enhance [42].  

Adsorption efficiency soars relatively with increasing 

pH of the solution could be an indication that the CV dye 

adsorption mechanism could be explicated by chemical  
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Fig. 9: Effect of adsorbent dose on  CV dye removal in single 

and CV/MB binary mixture solutions using Clin/Fe3O4 and 

Alg/Clin/Fe3O4 

 

interactions between the molecules of dyes and the 

adsorbents[31], a result that has been deduced previously 

from the FT-IR analysis.  A viable foundation for dye 

adsorption can possibly be interaction forces between  

the N+ groups related to CV molecules and OH groups 

affiliated with the surfaces of Clin/Fe3O4 and 

Alg/Clin/Fe3O4, acting as active sites. Correspondingly, 

N+ groups of CV and MB molecules could attach to the 

carboxyl (COO−) groups of alginate on the surface of the 

Alg/Clin/Fe3O4 [45]. The contemplated schematic related 

to the adsorption mechanism of CV dye on both 

Clin/Fe3O4 and Alg/Clin/Fe3O4 is illustrated in Fig 9. 

 

Effect of the adsorbent dose 

By altering the dose of Clin/Fe3O4 and Alg/Clin/Fe3O4 

adsorbents between 0.5 to 3 g/L, the influence of this 

feature on the CV adsorption efficiency was investigated 

under the conditions of initial pH = 8 and temperature = 25℃. 

Moreover, the concentration of dye and contact time were 

adjusted to 10 mg/L and 60 min, respectively. The 

relationship between CV removal percentage and 

adsorbent dosage in both single (CV) and binary (CV/MB) 

systems is provided in Fig. 9. In accordance with the 

obtained results, initially the uptake of the investigated dye 

enhanced, subsequent to which it almost leveled off and 

remained steady by addition of more adsorbent and 

increasing the dosage of the adsorbent. Correspondingly, 

it can be observed that by increasing the dosage of 

Clin/Fe3O4 from 0.5 to 1 g/L, the removal of CV soared 

from 80.58% to 94.32%. Regarding the Alg/Clin/Fe3O4,  

it can be comprehended that increasing the granular 

adsorbent’s dosage from 0.5 to 2 g/L remarkably enhanced 

the removal percentage of CV from 73.64% to 92.35%. 

Also, the data obtained on the CV dye removal in CV/MB 

mixture revealed that (66.37%, and 84.19%) and (58.71% 

and 80.23%) of CV was removed using (0.5 and 2 g/L) of 

Clin/Fe3O4 and Alg/Clin/Fe3O4 adsorbents, respectively. 

Moreover, the removal percentage’s growth corresponding 

to a rise in the dosage of the adsorbent can be attributed  

to the enhanced number of adsorption sites on the surface 

of adsorbents. In other words, with the further increase  

of adsorbent dose, relatively more surface area of either 

Clin/Fe3O4 or Alg/Clin/Fe3O4 would be dispensed and 

available for the CV dye molecules [46, 47]. A further 

increase in the amount of adsorbent at higher adsorbent 

dosages, cannot cause a significant increase in the process 

efficiency. This indicates that the ratio of dyes molecules 

to the unoccupied sites is very low. Furthermore, the 

rivalry of the dye ions for the restricted and accessible 

binding sites, the nature of functional group on the 

adsorbent surface, ions contact overlapping or aggregation 

of adsorption sites and electrostatic interactions at higher 

adsorbent densities can reasonably justify low adsorption 

of dye at higher adsorbent dose [48]. It is worth mentioning 

that at the same dosage of adsorbent, the amount of dye 

adsorbed by the Clin/Fe3O4 was more the amount which 

was adsorbed by the Alg/Clin/Fe3O4. The obtained result 

can be associated to the fact that the specific area of 

powders is relatively higher than granules. Turning to the 

differences between the single and binary systems, binary 

system demonstrated lower removal due to the feasible 

competition between CV and MB for adsorption [49].  

For further related experiments, the optimum dosages of 

Clin/Fe3O4 and Alg/Clin/Fe3O4 to reach the maximum CV 

dye adsorption was considered as 1g/L and 2 g/L, 

respectively in single system and as 2 g/L and 2 g/L, 

respectively in binary mixture system.  
 

Effect of contact time 

In order to find out the required time for attaining the 

equilibrium for CV adsorption onto Clin/Fe3O4 and 

Alg/Clin/Fe3O4 in single and CV/MB binary mixture 

solutions, the contact time ranged between 5 to 120 min. 

Other variables i.e., 10 mg/L for the initial concentration 

of dye, initial pH of 8, optimum dosages of adsorbents 

(mentioned in the previous section), and the temperature 

of 25℃ were fixed constant. The obtained results are  
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Fig. 10: Effect of contact time on CV dye removal in single 

and CV/MB binary mixture solutions using Clin/Fe3O4 and 

Alg/Clin/Fe3O4 

 

represented in Fig. 10. As anticipated, during the initial 

stages of the process, the percentage of the removal went 

up promptly by enhancing the contact time. The major 

amount of the CV dye adsorption ensued within the 

beginning contact times; however, the adsorption rate 

decreased subsequent to 60 min and additional 

enhancement of contact time did not result in a further rise 

in the dye removal percentage on either Clin/Fe3O4 or 

Alg/Clin/Fe3O4. The increase in the CV adsorbed amount 

in the first steps might be justified by the adsorption on the 

external surfaces as a consequence of vacancy and 

availability of more adsorption sites on the adsorbent 

during the initial stages, which were positioned on the 

external surface. However, as time passed, it became 

slower and reached equilibrium owing to the developed 

accumulation in the internal surface of adsorbents in 

addition to the reduced number of reachable yet active sites 

on the adsorbent’s surface, which cause a decline  

in the rate of dye adsorption  [50]. At contact time >60min, 

there was no considerable change in dye removal. 

Therefore, the equilibrium time for the removal of CV dye 

individually and in the presence of MB using both 

adsorbents was determined as 60 min when the efficiencies 

were 94.32% and 92.35% in the single system and  

as 84.19% and 80.23% in the binary system reached  

by Clin/Fe3O4 and Alg/Clin/Fe3O4, respectively. 

 

Effect of temperature  

The temperature influence on CV dye removal  

in single and CV/MB binary systems using Clin/Fe3O4  

 
Fig. 11: Effect of temperature on CV dye removal in single 

and CV/MB binary mixture solutions using Clin/Fe3O4 and 

Alg/Clin/Fe3O4 

 

and Alg/Clin/Fe3O4 was performed at various temperatures 

including 25, 30, 35, 40, and 45℃ under conditions of 

pH 8, optimum dosages of adsorbents mentioned in section 

3.2.2- and 60 min contact time. The obtained results  

are presented in Fig. 11. The results exhibited that the removal 

percentage of CV in a single system onto Clin/Fe3O4  

and Alg/Clin/Fe3O4 was reduced from 94.32% to 88.36% 

and from 92.35% to 86.59%, respectively upon increasing 

the temperature from 25 to 45℃ and, in the CV/MB binary 

system, it was decreased from 84.19% to 76.28% and from 

80.23% to 70.96%, respectively. This indicates that the 

adsorption of the CV on both adsorbents is an exothermic 

process. The reduction in the adsorption of dyes at higher 

temperatures can be rationalized by the alteration or damage 

of the active adsorbent sites in the adsorbent structure  

and also the eroded and weakened supportive forces between 

the adsorbent’s active sites and dye. Furthermore, the increasing 

temperature can advance  the tendency of adsorbed dye 

molecules to separate from the surface of the adsorbent into 

the solution [51]. Therefore, 25℃ was selected as  

the optimum solution temperature for the adsorption  

of CV dye employing either Clin/Fe3O4 or Alg/Clin/Fe3O4. 

 

Effect of initial dyes concentration 

The influence of CV and MB commencing concentration 

on its removal efficiency in single and binary systems using 

Clin/Fe3O4 and Alg/Clin/Fe3O4 was performed at varying dye 

concentrations ranging from 10-50 mg/L. The other 

adsorption parameters were kept constant throughout  

the experiments; under conditions of pH 8, optimum dosages 
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Fig. 12: Effect of initial dyes concentration on CV dye removal 

in single and CV/MB binary mixture solutions using 

Clin/Fe3O4 and Alg/Clin/Fe3O4 

 

of adsorbents mentioned in section 3.2.2, 60 min contact 

time, and temperature of 25 °C. The obtained outcomes are 

shown in Fig. 12. According to the results, the efficiency 

of the CV adsorption process in the single system using 

Clin/Fe3O4 and Alg/Clin/Fe3O4 decreased from 95.78% 

and 98.34% to 36.38% and 55.34%, respectively.  

In the binary system, the removal percentage of CV onto 

Clin/Fe3O4 and Alg/Clin/Fe3O4 decreased from 84.19%  

to 76.28% and from 80.23% to 70.96%, respectively.  

A rise in the concentration of dye resulted in a decrease in 

the efficiency of the adsorption, which can be associated 

with the reduced availability of vacant adsorption sites due 

to their saturation at high dye concentrations and also  

to the increase of electrostatic repulsion force between  

the surface of the adsorbent and molecules of dye [52]. 

Thus, the maximum efficiency of CV adsorption in single 

and CV/MB mixture solutions using both adsorbents  

was obtained at 10 mg/L. 

 

Adsorption isotherms 

One of the important features of designing a system  

for adsorption is the adsorption isotherm, which describes 

how the adsorbent surface and the contaminants interact  

at an equilibrium state. The three most common isotherm 

models including Langmuir, Freundlich, and Dubinin–

Radushkevich (D-R) opted to investigate the behavior, 

related to the equilibrium state, of the adsorption process 

for the CV dye employing both Clin/Fe3O4 and 

Alg/Clin/Fe3O4. Turning to the Langmuir isotherm, that  

is used by assuming that monolayer adsorption takes place  

Table 2: Isotherm’s constants and parameters obtained for CV 

dye removal in single and CV/MB binary mixture solutions by 

Clin/Fe3O4 and Alg/Clin/Fe3O4  

 
Adsorbent 

Clin/Fe3O4 Alg/Clin/Fe3O4 

Isotherms Parameters CV CV/MB CV CV/MB 

Langmuir 

qm(mg/g) 44.052 15.797 16.528 11.467 

KL(L/mg) 0.311 0.286 0.395 0.419 

RL 0.849 0.688 0.767 0.546 

R2 0.9843 0.9916 0.9929 0.9849 

Freundlich 

n 2.246 2.381 2.707 3.113 

KF(mg/g) 12.062 4.253 5.435 4.123 

R2 0.9827 0.8906 0.9614 0.7563 

D-R 

qm(mg/g) 27.303 12.383 12.244 10.287 

β×10-7(mol2/ kJ2) 1.898 8.068 2.541 9.894 

E(kJ/mol) 1.623 0.787 1.402 0.71 

R2 0.709 0.9255 0.7739 0.9261 

 

At homogeneous active sites in the structure of the 

adsorbent. In the Freundlich model, it is assumed that 

adsorption occurs at a heterogeneous and rough surface. 

The D-R model is used to detect the chemical or physical 

adsorption mechanism based on the assumption that potential 

theory supposes heterogeneous surfaces. The linear 

equations of the isotherm models used in this study are  

as follows [53]: 

Langmuir:        
Ce

qe
=

1

qmKL
+

Ce

qm
 ,      RL =

1

1+KLCO
              (3) 

Freundlich:              lnqe = ln  KF +
1

n
 lnCe                    (4) 

D-R:          ε = RT ln(1 +
1

Ce
),         E =

1

√2β
                    (5) 

that, Ce (mg/L) represents equilibrium concentration,  

qe (mg/g) and qm (mg/g) stand for equilibrium adsorption 

capacity and the maximum adsorption capacity, respectively. 

KL (L/mg) symbolizes Langmuir constant, RL indicates  

the adsorption behavior and Co is the initial dye concentration; 

kF and n are Freundlich model constants, universal constant  

of gases is represented by R (8.314 J/mol.K), T (K) stands  

for absolute temperature, ε is Polanyi coefficient, E (kJ/mol) is 

the mean adsorption energy, and β is the adsorption energy 

constant (mol2/J2). Fig. 13 gives the linear fitting plots  

of the mentioned isotherms models and all the corresponding 

values of the constants along with correlation coefficients R2 

are also calculated and summarized in Table 2.  

The adsorption data is well confirmed by Langmuir 

isotherm, regarding the correlation coefficients, which  



Iran. J. Chem. Chem. Eng. Novel Low-Cost Magnetic Clinoptilolite Powders/Granules ... Vol. 42, No. 11, 2023 

 

Research Article                                                                                                                                                                3613 

        

 
Fig. 13. (a) Langmuir, (b) Freundlich, and (c) D-R model isotherms for CV adsorption in single and binary systems by Clin/Fe3O4 

and Alg/Clin/Fe3O4 

 

means the Langmuir isotherm model can describe 

equilibrium adsorption features more preferable than 

Freundlich or D–R models. This finding emphasizes that 

surface of the adsorbents is homogeneous and monolayer 

as well as equivalent. 

The maximum monolayer adsorption capacity (qmax) 

calculated for Clin/Fe3O4 and Alg/Clin /Fe3O4 regarding 

CV dye was 44.662 mg/g and 16.528 mg/g, in turn,  

in the single system; and it was computed to be 15.797 mg/g 

and 11.476 mg/g, respectively, in the CV/MB binary 

system. The value of RL and n parameters calculated from 

the Langmuir and Freundlich models confirmed the adsorption 

is favorable and physical in nature, because the n>1 and RL 

values are in the range of 0-1 [54]. The value of parameter 

E for Clin/Fe3O4 and Alg/Clin/Fe3O4 adsorbents in a single 

system was obtained as 1.623 kJ/mol and 1.402 kJ/mol, 

respectively. In the binary system, E was found  

to be 0.787 kJ/mol and 0.71 kJ/mol for Clin/Fe3O4  

and Alg/Clin/Fe3O4, respectively. The E value obtained  

gives information on the adsorption mechanism;  

on the condition that the calculated value of E is less than 

8 kJ/mol, the adsorption process is taken place in  

a physical type, but if the provided value ranged from 8  

to 16 kJ/mol, the adsorption continues chemically. Since  

E< 8 kJ/mol, it indicates that the adsorption process of CV 

in single or binary systems towards both of the adsorbents 

proceeds physically. A comparison between the maximum 

adsorption capacity of Clin/Fe3O4 and Alg/Clin/Fe3O4 and 

also other adsorbents used in the literature towards CV dye 

removal were summarized in Table 3. As seen, the both 

Clin/Fe3O4 and Alg/Clin/Fe3O4 adsorbents possessed  

a greater adsorption capacity collated with the listed 

adsorbents for the CV dye removal in single system, either 

as powder or granule. It is noteworthy that the qmax of 

Alg /Clin/Fe3O4 granules utilized in current work has proved 

to be higher than some of the adsorbents in powder form 

used in the literature, hence it demonstrates its remarkable 

potential for removing CV dye. No data was found 
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Table 3: Comparison of maximum adsorption capacity qmax (mg/g) of various adsorbents towards CV dye in single and binary system. 

Adsorbent 

qmax (mg/g) 

Reference single system binary system 

CV CV/MB 

TLAC/Chitosan granules 13.698 - [55] 

Gracilaria corticata Seaweed Activated Carbon/Zn/Alginate granules  6.694 - [56] 

poly(acrylamide)-kaolin composite hydrogel 25 - [57] 

polyacrylonitrile/ -cyclodextrin/graphene oxide (powder) 15.48 - [58] 

Sugarcane Fiber (powder) 10.44 -  

Bottom ash - 3.06 [59] 

cotton fiber–graphene oxide - 19.23 [60] 

Clin/Fe3O4 nanocomposite (powder) 44.052 15.797 This work 

Alg/Clin/Fe3O4 nanocomposite granules 16.528 11.467 This work 

 

on using granular adsorbents for CV dye removal in 

CV/MB mixture solution in the literature, however both 

Clin/Fe3O4 and Alg/Clin/Fe3O4 still show an acceptable 

level of efficiency towards CV in binary system.  All these 

results confirm that not only Fe3O4 nanoparticles are 

effectively placed in the structure of Clin/Fe3O4 powder 

but also using simple sodium alginate gelation method has 

been successfully applied to reform the powders into 

Alg/Clin/Fe3O4 granules with expanded porous structure. 

The introduced low-cost natural adsorbents in this work 

seem more practical to use, sustainable and fairly cheap 

prepared from a mineral material rather than other 

adsorbents that require more chemicals to produce.  

 

Adsorption Kinetics 

Study of adsorption kinetics is proved to be effective  

in both determining the adsorption mechanism and 

showing the interaction between adsorbent and dye ions  

in solution. The four well-known models which are Pseudo-

First-Order (PFO), Pseudo-Second-Order (PSO), Intraparticle 

diffusion, and Elovich were opted for the description  

of CV dye adsorption on Clin/Fe3O4 and Alg/Clin/Fe3O4  

in a single and binary system. Mathematical equations  

of PFO, PSO, Intraparticle diffusion, and Elovich kinetic 

models are given in Eqs. (6) to (9), respectively [61]: 

log(qe − qt) = logqe −
k1t

2.303
                                          (6) 

t

qt
=

1

k2qe
2 +

t

qe
                                                                      (7) 

qt = kit
1/2 + C                                                                                                     (8) 

qt =
1

β
ln(αβ) +

1

β
lnt                                                       (9) 

qe (mg/g) represents equilibrium adsorption capacity,  

qt (mg/g) stands for the amounts of dye adsorbed at time  

t (min), k1 (min-1) is the PFO kinetics constant, t  indicates 

the time, k2 (min-1) is PSO kinetics constant, ki is the 

intraparticle diffusion rate constant, C symbolizes  

a constant for the thickness of the boundary layer, α 

(mg/g.min) and β (g/mg) are the initial adsorption rate  

and the desorption constant, respectively. The linear plots 

for mentioned kinetic models are illustrated in Fig. 14 and 

their corresponding parameters and constants are provided 

in Table 4. The obtained results indicate that the PSO 

model has a better description of the adsorption of the CV 

in the single and binary systems onto Clin/Fe3O4 and 

Alg/Clin/Fe3O4 with a higher correlation coefficient (R2) 

close to 1 in collation with previously investigated kinetic 

models. Moreover, the equilibrium capacity values (qe) 

were computed using the PSO model for CV adsorption by 

Clin/Fe3O4 and Alg/Clin/Fe3O4 were obtained as 10.438 

mg/g and 5.417 mg/g in the single system, and were 

derived as 5.583 mg/g and 5.543 mg/g in the binary 

system, in turn, which are closely match with the 

experimental adsorption values (qe,exp). While the 

corresponding values of qe calculated from the PFO kinetic 

model; (2.585 mg/g plus 2.385 mg/g in the single system 

and 2.284 mg/g plus 2.081 mg/g in the binary system 

reached by Clin/Fe3O4 and Alg/Clin/Fe3O4, respectively), 

show significant differences with qe calculated from  

the experimental data. This data confirms that the PFO 

model is not well-suited regards the representation of the 

kinetic behavior for the process of CV adsorption. Based 

on the parameters obtained from the intraparticle diffusion 

model, the CV adsorption mechanism may be implied  
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Fig. 14:  Kinetic plots of (a) pseudo-first-order (b) pseudo-second-order (c) intraparticle diffusion and (d) Elovich model for CV dye 

adsorption in single and binary systems by Clin/Fe3O4 and Alg/Clin/Fe3O4  

 

as three steps. Regarding the initial step, which happens 

more quickly, dye molecules reach the external surface of 

Clin/Fe3O4 and Alg/Clin/Fe3O4 adsorbents. In the second 

step, intraparticle diffusion is occurred and dye molecules 

are diffused to the internal cavities of the adsorbents.  The third 

step which is corresponded to the  adsorption process  

on the adsorption sites, takes place in a very slow rate due to 

the reduction of dyes concentrations in the medium [62]. 

With respect to the Elovich model for the CV dye 

adsorption process in a single and binary system for both 

adsorbents, the calculated values for α were higher β.  

In another words, adsorption rate seems to be rather higher 

than the desorption rate [63]. 

 

Thermodynamic parameters 

The study of thermodynamic on the adsorption of CV 

dye from single (CV) and binary (CV/MB) systems on 

Clin/Fe3O4 and Alg/Clin/Fe3O4 adsorbents were evaluated 

to determine the parameters of entropy (ΔS°), enthalpy 

(ΔH°), and Gibbs free energy (ΔG°). The mentioned 

parameters were computed by the following equations [64]: 

kd =
qe

Ce
                                                                          (10) 

ln kd =
∆S°

R
−

∆H°

RT
                                                                        (11) 

∆G° = −RT lnkd                                                                 (12) 

that kd represents the equilibrium constant, qe (mg/g) 

stands for equilibrium adsorption capacity and Ce (mg/L) 

represents the equilibrium constant. R (8.314 J/mol.K) and 

T (K) symbolize the universal gas constant and the 

absolute temperature, respectively. Considering Fig. 15, 

from the incline of the intercept of ln kd vs. 1/T curve,  

both ΔH° and ΔS° values are computed. Table 5 provides 

the summary of the calculated values for the thermodynamic 

parameters. The negative values of ΔG° for the adsorption 

of CV dye in all cases indicate that the adsorption 

is thermodynamically favorable and spontaneous and 

hence CV molecules have a high affinity to be adsorbed  
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Table 4: Kinetic parameters for CV dye adsorption in single and 

binary system using Clin/Fe3O4 and Alg/Clin/Fe3O4 

Models Parameters 

Adsorbent 

Clin/Fe3O4 Alg/Clin/Fe3O4 

CV CV/MB CV CV/MB 

Pseudo 

first-order 

qe(mg/g) 2.585 2.284 2.385 2.282 

qe,exp(mg/g) 9.555 4.387 4.662 4.132 

k1(min-1) 0.128 0.123 0.154 0.121 

R2 0.9296 0.9332 0.9151 0.9061 

Pseudo 

second-order 

qe(mg/g) 10.438 5.583 5.417 5.844 

qe,exp(mg/g) 9.555 4.387 4.662 4.132 

k2 (min-1) 0.009 0.006 0.01 0.003 

R2 0.9951 0.9708 0.9873 0.9342 

Elovich 

model 

α(mg/g.min) 4.545 0.847 0.824 0.33 

β(g/mg) 0.582 0.45 0.93 0.8221 

R2 0.9561 0.9316 0.9428 0.9112 

Intraparticle 

diffusion 

ki(mg/g.min1/2) 0.599 0.421 0.378 0.436 

C 3.833 0.291 1.049 0.133 

R2 0.919 0.9344 0.9195 0.926 

 

 

Fig. 15: The linear relation of ln kd vs. 1/T to determine 

thermodynamic parameters 

 

by Clin/Fe3O4 and Alg/Clin/Fe3O4. Furthermore, the ΔG° 

values were determined in the range of 0-20 kJ/mol 

suggesting the predominance of physical mechanisms in 

the adsorption. Also, the decrease of ΔG° by rising the 

temperature indicated that the adsorption of CV dye was 

more favorable at lower temperatures [65]. The values  

of ΔH° for CV dye adsorption using Clin/Fe3O4 and 

Alg/Clin/Fe3O4 from CV single solution were obtained  

as -30.287 kJ/mol and -25.186 kJ/mol and from CV/MB 

binary solution were found to be -20.425 kJ/mol and  

Table 5: Thermodynamic constants and parameters for CV dye 

adsorption in single and binary system using Clin/Fe3O4 and 

Alg/Clin/Fe3O4 

Adsorbent T (℃) ΔGο (kJ/mol) ΔHο (kJ/mol) ΔSο (J/mol) 

CV-Clin/Fe3O4 

25 -6.964 

-30.287 -78.005 

30 -6.625 

35 -6.385 

40 -5.91 

45 -5.361 

CV/MB-Clin/Fe3O4 

25 -2.427 

-20.425 -60.3114 

30 -2.189 

35 -1.795 

40 -1.545 

45 -1.241 

CV-Alg/Clin/Fe3O4 

25 -4.456 

-25.186 -69.2481 

30 -4.193 

35 -4.019 

40 -3.51 

45 -3.054 

CV/MB-Alg/Clin/Fe3O4 

25 -1.753 

-18.816 -57.7091 

30 -1.177 

35 -0.938 

40 -0.765 

45 -0.529 

 

-18.816 kJ/mol, in turn. In addition, the negative values  

of ΔH° revealed that the adsorption of CV dye for all cases 

studied was exothermic. In addition, regarding the values 

of ΔH°<40 kJ/mol, it can be concluded that the 

physisorption with mainly acting of van der Waals’ forces 

is predominant during the process of adsorption. However, 

it should be mentioned that the obtained kinetic result 

conformed to a PSO model which is an indication  

for the effectiveness of the chemical mechanism during  

the process of adsorption. Hence, this could be disputed 

that the adsorption of CV dye on either Clin/Fe3O4 or 

Alg/Clin/Fe3O4 adsorbents is a relatively complex process. 

Finally, a negative value of the ΔS° parameter indicated 

that a decrease in the accidental collisions of the adsorbents 

surface and contaminant ions is taken place during  

the adsorption of CV [66]. 
 

Desorption studies 
The reusability and desorption properties are some  

of the significant factors that need to be checked for  

the acceptance of an adsorbent in an industrial scale. For 

an efficient and effective adsorbent, both high adsorption  
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Table 6: CV desorption percentage from loaded Clin/Fe3O4 and 

Alg/Clin/Fe3O4 at different reagents 

Desorbing reagent 
%Desorption 

Clin/Fe3O4 Alg/Clin/Fe3O4 

ethanol 41.51 31.44 

methanol 14.76 10.39 

0.1 M HCl 5.31 5.37 

0.5M NaCl 6.28 4.28 

0.5M CaCl2 6.99 5.81 

ethanol + 0.5 M CaCl2 65.47 60.19 

 

capacity and good regeneration performance are expected 

to be economically viable [67]. The CV dye desorption 

studies were carried out using  different desorption 

reagents including methanol, ethanol, 0.5M NaCl, 0.1M 

HCl, 0.5M CaCl2, and ethanol + 0.5M CaCl2. The 

percentage of desorption for CV-loaded Clin/Fe3O4 and 

Alg/Clin/Fe3O4 at different reagents is shown in Table 6. 

Choosing the desorbing reagent HCl was based on the 

observations showed superior adsorption efficiency at 

alkaline pHs (see Fig. 7), hence suggesting an acidic 

solution of 0.1 M HCl in order to recycle the adsorbents  

at the first level. However, by using HCl desorption 

reagent the granules started to deteriorate just after the first 

cycle. By using 0.5M NaCl and 0.5M CaCl2 solutions  

as desorption reagents, the low desorption percentages  

of 6.28% and 6.99%, respectively for Clin/Fe3O4 and 

4.28% and 5.81%, respectively for Alg/Clin/Fe3O4 were 

achieved. This result showed that solutions of salts cannot 

be a preferable alternative considering the desorption  

of cationic dyes. In the case of using organic compounds 

such as methanol and ethanol as regeneration reagents,  

a superior desorption efficiency was observed which might 

be due to the more solubility of dyes in organic solvents 

[68]. As an idea, ethanol + 0.5M CaCl2 was contacted with 

both of the adsorbents loaded with CV dye, led to the 

highest level of desorption efficiencies as 65.47% and 

60.19% for Clin/Fe3O4 and Alg/Clin/Fe3O4, respectively. 

As it can be observed, the Clin/Fe3O4 adsorbent desorption 

percentage is quite greater than the obtained percentage for 

Alg/Clin/Fe3O4 adsorbent, which might be attributed to the 

higher surface area of powder adsorbents rather than the 

granular ones. Considering all of the reagents opted for 

desorption, ethanol + 0.5M CaCl2 proved to be the most 

efficient regarding the regeneration of Clin/Fe3O4 and 

Alg/Clin/Fe3O4 adsorbents, hence it was selected to 

perform the regeneration experiments for further cycles.  

 
Fig. 16:  Reusability of (a) Clin/Fe3O4, (b) Alg/Clin/Fe3O4 after 

five consecutive adsorption-desorption cycles 

 

This may be found noteworthy that the existence  

of CaCl2 in selected reagent solution can strengthen  

the granules by improved crosslinking and correspondingly 

would aid stabilizing the granules in case of several uses 

[69]. The experiments related to regeneration were carried 

out on Clin/Fe3O4 and Alg/Clin/Fe3O4 using ethanol + 

0.5M CaCl2 for five adsorption/desorption cycles and the 

outcomes are provided in Fig. 16. After  five cycles of 

adsorption-desorption, the  adsorption capacity of Clin/Fe3O4 

and Alg/Clin/Fe3O4 reduced from 94.32 to 86.24% and 

85.2 to 69.87%, respectively. This decrease in CV uptake 

might be explained by the probable changing of the 

adsorbent structure through the desorption phase, during 

which the adsorption sites could be blocked or lost [70]. 

All the  obtained data from the adsorption-desorption tests 

illustrated that Clin/Fe3O4 and Alg/Clin/Fe3O4 can be 

considered as cost-effective, and environmentally friendly 

with good regenerative capacity for the sequestration  

of CV dye from aqueous solutions. 

 

Electrical conductivity (EC) measurement 

In the final part of the work, the electrical conductivity 

of MB, CV, and CV/MB  solutions with the concentration 

of 10 mg/L and also real wastewater sampled from a dyeing 

unit was measured before and after being treated by 

Clin/Fe3O4 and Alg/Clin/Fe3O4 under optimal conditions 

(except for pH which was not adjusted). The results of this 

section are presented in Table 7. As seen, the EC of MB, 

CV, and CV/MB solutions after the adsorption process 

using Clin/Fe3O4 was reduced from 96.1 to 57.4 (μS/cm), 

70.5 to 45.5 (μS/cm), and 76.4 to 55.3 (μS/cm) and after  
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Table 7: Measurement of electrical conductivity of MB, CV, CV/MB solutions and real wastewaters before and after adsorption process by Clin/Fe3O4 

and Alg/Clin/Fe3O4 

Sample EC (μS/cm) TDS (mg/L) Decrease in EC (%) 

MB- before adsorption 96.1 67.27 - 

MB- after adsorption by Clin/Fe3O4 57.4 40.18 40.27 

MB- after adsorption by Alg/Clin/Fe3O4 40.9 28.63 57.44 

CV- before adsorption 70.5 49.35 - 

CV- after adsorption by Clin/Fe3O4 45.5 31.85 35.46 

CV- after adsorption by Alg/Clin/Fe3O4 31.2 21.84 55.74 

MB/CV- before adsorption 76.4 35.48 - 

MB/CV- after adsorption by Clin/Fe3O4 55.3 38.71 27.61 

MB/CV- after adsorption by Alg/Clin/Fe3O4 43.7 30.59 42.80 

Real textile wastewater- before adsorption 12340 11106 - 

Real textile wastewater- after adsorption by Clin/Fe3O4 12280 11052 0.48 

Real textile wastewater- after adsorption by Alg/Clin/Fe3O4 12260 11034 0.64 

 

adsorption process using Alg/Clin/Fe3O4 was decreased 

from 96.1 to 40.9 (μS/cm), 70.5 to 31.2 (μS/cm), and 76.4 

to 43.7 (μS/cm), respectively. The EC of real wastewater 

before treatment was 12340 (μS/cm) which is very high 

than the permissible limits (1000 μS/cm) (EPA standard) 

[28], indicating a very high degree of pollution. The EC of 

real wastewater after treatment using Clin/Fe3O4 and 

Alg/Clin/Fe3O4 was reduced to 12280 (μS/cm) and 12260 

(μS/cm), respectively. This very low rate of reduction of 

electrical conductivity in the case of real wastewater 

compared to the prepared laboratory samples might be due 

to the presence of a wide range of different dyes and other 

substances such as dispersants, salts, acids, bases, and 

maybe heavy metals in dyeing effluents and also the 

complexity of the nature of these effluents affecting the 

adsorption. Despite the higher adsorption efficiency of 

Clin/Fe3O4 rather than Alg/Clin/Fe3O4, it should be noted 

that the EC decrease percentages using granular adsorbent, 

in all samples, were more noticeable. This observation 

might be attributed to the higher amounts of iron leakage 

in the case of Clin/Fe3O4 powder than Alg/Clin/Fe3O4 

granule. To investigate the possible leakage of Fe3O4 to the 

solutions, both powder and granular-shaped adsorbents 

were embedded into deionized water  at neutral, alkaline, 

and acidic pHs and stirred for 60 minutes. Then, AAS 

analysis was carried out to determine the iron 

concentration in the resulting solutions. The amount  

of iron in Clin/Fe3O4 and Alg/Clin/ Fe3O4 containing 

solutions was found as 0.18 mg/L and 0.06 mg/L at neutral 

pH, 0.25 mg/L and 0.12 mg/L at acidic pH, and 0.14 mg/L  

and 0.04 mg /L at alkaline pH, in turn. Considering  

the granular adsorbent, the leakage of Fe3O4 was 

significantly lower than that of powder-shaped adsorbent 

which can be due to  encapsulation of the Clin/Fe3O4 

adsorbent in a polymeric matrix. It is also worth mentioning 

that the published value by WHO standards as the tolerable 

limit of iron in drinking water is 0.3 mg/L [71]; however,  

in the case of industrial utilization, it is less than 0.2 mg/L [72]. 

Regarding the amount of Fe3O4 leakage, specifically 

adsorbents in the form of granules which are the most 

preferable, it appears to be significantly less than the 

tolerable limitation, hence it may not cause any detrimental 

or consequential environmental or health problems.   

  

CONCLUSIONS 

In the current investigation, Clin/Fe3O4 and 

Alg/Clin/Fe3O4 were synthesized and used to remove the 

CV dye from single and binary systems. The analysis of 

XRD, FT-IR, SEM, EDX, dot mapping, and BET was 

applied to identify the Clin/Fe3O4 and Alg/Clin/Fe3O4 

structure and adsorption mechanisms. Influential parameters 

such as pH, temperature, contact time, adsorbent dosage,  

and initial concentration of dyes on the adsorption 

behavior were systematically investigated. The optimum 

value of pH=8 and adsorbent dose (1 or 2g/L depending  

on the adsorbent type), contact time 60 min, the temperature 

of 25℃, and dye concentrations of 10 mg/L were determined. 

The equilibrium data followed the Langmuir model  

(R2 > 0.9). The maximum adsorption capacity (qmax)  

using Clin/Fe3O4 and Alg/Clin/Fe3O4 was ascertained 
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as 44.662 mg/g and 16.528 mg/g, in turn, in the single 

system and it was computed to be 15.797 mg/g and  

11.476 mg/g, respectively in the binary system. Pseudo-

first order kinetic was also fitted regarding the CV dye’s 

adsorption in single and binary systems towards 

Clin/Fe3O4 and Alg /Clin/Fe3O4. The adsorption process 

was exothermic and thermodynamically spontaneous. 

According to the thermodynamic and kinetic results,  

it can be speculated that the adsorption of CV is considered 

a proportionately convoluted process, within which both 

physical adsorption and chemical adsorption coincide. 

Moreover, pointing to the excellent regeneration capacity, 

both Clin/Fe3O4 and Alg/Clin/Fe3O4 adsorbents are 

considered to be interesting materials for the uptake of 

toxic dyes from wastewater. 

 

HIGHLIGHTS 

• Novel magnetic adsorbents of Clin/Fe3O4 and 

Alg/Clin/Fe3O4 were synthesized. 

• Clin/Fe3O4 and Alg /Clin/Fe3O4 were used to remove 

crystal violet dye in single and binary systems. 

• The maximum capacity of crystal violet adsorption in 

single system was determined as 16 mg/g. 

• The maximum capacity of crystal violet adsorption in 

binary system was determined as 11 mg/g  

• Adsorption data were obeyed the PSO kinetic model. 

• The electrical conductivity was reduced after treatment 

using Clin/Fe3O4 and Alg /Clin/Fe3O 
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