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Abstract: In the present study, cranberry based adsorbent (CBA) was used for the removal of Methylene Blue 

(MB) from aqueous solutions. The influences of operational parameters, including initial MB concentration (15–

75 mg L⁻¹), temperature (298 K–318 K) and contact time (10–180 min), were systematically examined. The 

removal efficiencies at the 35 mg L⁻¹ initial MB concentration were determined to be 79.3%, 82.9% and 85.8% at 

the 298 K, 308 K and 318 K, respectively. The maximum adsorption capacity (qₘ) was achieved at 91.743 mg g⁻¹ 

at 318 K. Experimental data were evaluated using adsorption isotherm models, kinetic studies and thermodynamic 

analyses. Temkin model was provided the best fit to the experimental data among the applied four isotherm models 

(Langmuir, Freundlich, Dubinin–Radushkevich and Temkin). Adsorption kinetics were evaluated with three 

models and adsorption process was followed the pseudo second order (PSO) kinetic model most accurately, which 

has the highest R² values. Thermodynamic analysis for adsorption of 65 mg L⁻¹ initial MB concentration at 318 K 

was revealed negative values for Gibbs free energy (-2942.16 J mol⁻¹), along with positive enthalpy values 

(16618.02 J mol⁻¹) and entropy (61.51 J mol⁻¹K⁻¹). These results were showed that adsorption process was 

spontaneous and endothermic in nature and the activation energy was calculated to be 14.44 kJ mol⁻¹. These results 

suggested that prepared cranberry adsorbents was represented a promising low-cost alternative to conventional 

adsorbents for effective removal of dye pollutants from wastewater.  
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Kızılcık ile Metilen Mavisi Giderimi için Adsorpsiyon Proses ve Mekanizmasının 

Değerlendirilmesi: İzoterm, Kinetik ve Termodinamik Çalışmaları  

 
 

Özet: Bu çalışmada Metilen Mavisinin (MB) sulu çözeltilerden giderimi için kızılcık ile hazırlanan adsorbent 

(CBA) kullanıldı. Başlangıç MB derişimi (15–75 mg L⁻¹), sıcaklık (298 K–318 K), ve temas süresi (10–180 dk) 

çalışma parametrelerinin etkileri araştırıldı. 35 mg L⁻¹ başlangıç MB derişimi için giderim değerleri 298 K, 308 K 

ve 318 K’ de sırasıyla %79,3, %82,9 ve %85,8 olarak belirlendi. 318 K’de en yüksek adsorpsiyon kapasitesi (qₘ) 

91,743 mg g⁻¹ olarak elde edildi. Deneysel veriler izoterm model, kinetik çalışmalar ve termodinamik analizler ile 

değerlendirildi. Temkin modeli, dört izoterm model (Langmuir, Freundlich, Dubinin–Radushkevich ve Temkin) 

arasından deneysel verilere en uygun model olarak belirlendi. Adsorpsiyon kinetiği üç model ile değerlendirildi 

ve adsorpsiyon prosesi en yüksek korelasyon katsayısı (R²) değerlerine sahip yalancı ikinci derece (PSO) kinetik 

model ile açıklandı. 318 K’de 65 mg L⁻¹ başlangıç MB derişimi için yapılan termodinamik hesaplamalarda negatif 

Gibbs serbest enerji değeri (-2942.16 J mol⁻¹), pozitif enthalpi değeri (16618,02 J mol⁻¹) ve pozitif entropi değeri 

(61,51 J mol⁻¹K⁻¹) elde edildi. Bu sonuçlara göre adsorpsiyon prosesinin spontane ve endotermik yapıda olduğu 

belirlendi ve adsorpsiyon olayının aktivasyon enerjisi 14,44 kJ mol⁻¹ olarak hesaplandı. Bu bulgular atıksulardan 

boya kirliliklerinin etkili giderimi için klasik adsorbentlere alternatif olarak düşük maliyetli kızılcık ile hazırlanan 

adsorbentin kullanılabileceğini göstermiştir. 
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1. Introduction 

 

Water is an essential resource for continuity of life; however, the escalation of industrial and 

agricultural activities over recent decades has significantly contributed to the contamination of natural 

water sources worldwide. In contemporary times, the preservation of water resources has emerged as a 

critical global issue, closely linked to ensuring the safety of the planet and the future of humanity 

(Daneshvar et al., 2017; Das et al., 2023). Rapid industrialization and population growth have been 

primary drivers of water pollution, particularly in developing regions. One of the current major 

challenges in wastewater treatment is the effective removal of persistent organic pollutants, which are 

extensively employed across various industrial domains such as the food, textile, cosmetic and paper 

industries (Mladenov et al., 2022). Industrial dye pollution, in particular, poses a severe threat to 

environmental integrity and the health of living organisms (Aigbe et al., 2021).  

Dyes which are organic compounds are utilized in a wide range of manufacturing sectors, 

including textiles, plastics, pharmaceuticals, paper production, printing, rubber, leather, paints, 

cosmetics, food and pulp industries (Singh et al., 2015; Alver et al., 2020; Kul et al., 2023). These 

compounds are highly soluble in water and typically utilized in granular or powdered forms. Many 

synthetic dyes are chemically stable and resistant to degradation, with the potential to generate 

mutagenic and carcinogenic by products (Spagnoli et al., 2017). Recent studies have highlighted 

growing concerns over the direct discharge of dyes into natural ecosystems, which are given their 

toxicological effects on humans, animals and the environment (Dhaouadi et al., 2020; Liu et al., 2020). 

Even at trace levels, they can severely impact aquatic ecosystems and human health by altering the 

physicochemical properties of water bodies. Their persistence and carcinogenic nature render them 

difficult to degrade and excessive human exposure may result in poisoning, skin irritation, allergic 

reactions and cancer. Therefore, the removal of dyes from industrial wastewater is of paramount 

environmental importance (Chowdhury et al., 2023). 

Various treatment technologies such as oxidation processes (Kang et al., 2019; Muniyasamy et 

al., 2020), membrane separation, ozonation (Zhang et al., 2024), electrochemical methods (Pereira et 

al., 2020; Alsaffar et al., 2023), ion exchange (Joseph et al., 2020), coagulation-flocculation (Ayhan et 

al., 2024; Aldemir et al., 2021) and adsorption (Salleh et al., 2011; Yagub et al., 2014; Aldemir et al., 

2023; Kul et al., 2023) have been employed for dye removal from wastewater (Ahmad et al., 2015; 

Katheresan et al., 2018). Nonetheless, many of these methods have disadvantages such as high 

operational costs, generation of secondary pollutants and limited removal efficiencies, despite their 

partial success. 

Adsorption has gained prominence due to its simplicity, cost-effectiveness and high removal 

efficiency, making it a preferred method for wastewater treatment (Bhatti et al., 2020; Demirci et al., 

2024). The adsorbent has an important role in the success of adsorption processes. Materials such as 

zeolites, activated carbon and graphene-based composites have been widely studied because of their 

high surface area, porosity and ion exchange capabilities (Dutta et al., 2021). But the high cost of the 

production and regeneration processes of these adsorbents have led to growing interest in exploration of 

affordable, environmentally friendly and renewable alternatives. In this context, numerous agricultural 

by products such as rice husk, sugarcane bagasse, eucalyptus bark sawdust, pine needles and fruit kernel 

powder have been investigated as low-cost adsorbents for the removal of various organic and inorganic 

contaminants from aqueous environments (Zeghioud et al., 2022). 

Methylene Blue (MB) is widely used in industrial applications, particularly in the coloring of 

cotton, wool and silk fabrics. Known chemically as 3,7-bis(dimethylamino) phenothiazine chloride or 

tetramethylthionine chloride, MB is also employed in food, cosmetic and pharmaceutical applications 

(Jawad et al., 2019). Nevertheless, the release of MB polluted effluents into environment raises 

significant health concerns. Exposure to MB has been linked to a range of health effects, including 

cyanosis, tissue necrosis, Heinz body formation, jaundice, vomiting, shock and elevated heart rate in 

humans (Khan et al., 2022; Peighambardoust et al., 2022). Moreover, MB adversely affects plant life, 

as observed in species like Spirulina platensis and Chlorella vulgaris, where it causes inhibited growth, 

pigment degradation and elevated protein content (Oladoye et al., 2022). In addition to impairing the 

aesthetic quality of water by altering its color, dyes hinder photosynthetic activity in aquatic plants and 

algae, thereby disrupting ecological balance (Misran et al., 2024). Given these concerns, the efficient 
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removal of MB from water is critical to ensuring sustainability and safeguarding health. The aim of this 

study is evaluated the MB adsorption efficiency of cranberry adsorbent (CBA) as a low-cost and 

environmental friendly material in aqueous media. MB is selected as the model contaminant due to its 

widespread use and known its adverse effects on health and environment. Within the scope of this 

research, adsorption isotherms, kinetic models and thermodynamic parameters associated with the 

interaction between MB and CBA are systematically evaluated. The novelty of this study is investigated 

the adsorption performance of CBA which is biomass based material for the removal of MB from 

wastewater. 

 

2. Materials and Method 

 

2.1 . Preparation of adsorbent (CBA) and MB solutions for adsorption 

  

The cranberry adsorbent (CBA) was prepared and utilized in batch adsorption experiments. 

Cranberries were collected from trees grown at the Olur/Erzurum, Türkiye. After collection the 

cranberries were washed and dried at the 25°C for 48 hours. Dried cranberries were crushed and ground 

into a powder, which was sieved to obtain particles with a size 230 mesh. Prepared CBA was stored in 

plastic containers for experiments. 

MB was used as adsorbate which chemical formula is C6H18N3SCl.3H2O and molecular weight 

is MW 319.85 g/mol. 1 g L-1 MB stock solution was prepared by distilled water and 15, 25, 35, 45, 55, 

65 and 75 mg L-1 MB solutions were prepared by the dilution of stock solution. MB and other chemicals 

used for the experiments was purchased from Merck Chemicals Company and used without purification. 

 

2.2. Adsorption experiments 

 

The 1000 mL of MB solutions were treated with the CBA in a water bath. All experiments were 

conducted with 3.0 g of CBA per liter and pH 6.5 conditions which were determined through preliminary 

experiments. The MB concentrations in aqueous solutions were measured over a period of 180 minutes. 

After removal process, suspensions were centrifuged at 5000 rpm and supernatants were analyzed using 

a UV-VIS spectrophotometer (PG Instruments Ltd. T80) at a wavelength of 660 nm. The experiments 

were carried out in duplicate and averages of experimental data were used for calculations. MB 

concentrations in the solutions were obtained with a calibration curve, which was generated from MB 

solutions varied from 0 to 100 mg L-1 concentrations. The equilibrium amount of MB (qe) adsorbed on 

the CBA was calculated using Eq. (1): 
 

𝑞𝑒 =
(𝐶0 − 𝐶𝑒) 𝑉

𝑚
 (1) 

 

where V, C0, Ce and m represents the solution volume (L), initial and equilibrium MB concentrations 

(mg L-1) and CBA mass (g), respectively. Removal percentages of MB were calculated with Eq. (2): 
 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 (%)  =
(𝐶0 − 𝐶𝑒)

𝐶0

∗ 100  (2) 

 

The adsorption of MB on CBA was investigated with respect to the initial MB concentrations, 

temperature and contact time. Isotherm, kinetic and thermodynamic calculations for adsorption of MB 

on CBA were analyzed using the data obtained from the study. 

 

2.3. Isotherm studies of adsorption 

 

Isotherm models are providing valuable outputs for the interaction mechanisms between 

adsorbent surfaces and adsorbate species (Parlayici & Aras, 2024). Each model offers a different 

theoretical framework to describe the nature of the adsorption. In this research, four isotherm models 

Freundlich, Langmuir, Temkin and Dubinin-Radushkevich (D–R) are applied to evaluate the adsorption 

characteristics of Methylene Blue (MB) onto cranberry adsorbent (CBA). Langmuir model is usable that 
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adsorption occurs uniformly over a monolayer process without interactions between adsorbed 

molecules. Mathematical expression of this isotherm is showed in Eq. (3); 
 

𝑞𝑒 = (𝑞𝑚𝐾𝐿𝐶𝑒)/(1 + 𝐾𝐿𝐶𝑒) (3) 

 

Here, qmax is the maximum adsorption capacity (mg g⁻¹) and KL is Langmuir constant (L g⁻¹). These 

parameters are derived from a linear plot of Ce/qe against Ce (Kul et al., 2023). Additionally, the 

separation factor (RL) which is calculated with Eq. (4), indicates the favorability of adsorption process; 
 

𝑅𝐿 =
1

1 + 𝐾𝐿𝐶𝑒
 (4) 

 

The RL values between 0 and 1 suggest that adsorption is favorable. Freundlich isotherm is explained 

with the adsorption occur on systems involving heterogeneous surfaces. It is expressed in Eq. (5); 
 

𝑞𝑒 = 𝐾𝐹𝐶𝑒1/𝑛  (5) 

 

where KF is denoted the Freundlich constant related to adsorption capacity and n is a value of adsorption 

intensity, both derived from logarithmic plot of qe versus Ce (Aldemir et al., 2023). Temkin isotherm is 

demonstrated adsorbate–adsorbent interactions and proposes that heat of adsorption decrease linearly as 

coverage increase of temperature which is given by Eq. (6); 

𝑞𝑒 = 𝐵𝑙𝑛(𝐾𝑇𝐶𝑒) (6) 

where KT is correspond to the equilibrium binding constant and B is associated with adsorption heat, 

defined by Eq. (7); 

𝐵 = 𝑅𝑇/𝑏𝑇 (7) 

where R is universal gas constant, T is absolute temperature (K) and bT is relate to the adsorption 

potential. Dubinin–Radushkevich (D–R) isotherm is explain the assessment of adsorption mechanism 

involving heterogeneous surfaces and to evaluate the mean free energy of adsorption. This model is 

formulated in Eq. (8); 

𝑙𝑛(𝑞𝑒) = 𝑙𝑛(𝑞𝑚) −  𝐾𝐷 ∗ 𝜀2    (8) 

where qm is the theoretical saturation capacity (mg g⁻¹), KD is the D–R constant (mol² kJ⁻²) and ε is the 

Polanyi potential, calculated with Eq. (9); 

𝜀 = 𝑅𝑇𝑙𝑛[1 + (1/𝐶𝑒)] (9) 

The mean adsorption energy E (kJ mol⁻¹) is determined with Eq. (10); 

𝐸 = 1/√2𝐾D (10) 

E is help to distinguish between physical and chemical adsorption processes with values of E below 8 

kJ mol⁻¹ show that physical adsorption, between 8 and 16 kJ mol⁻¹ indicate that a physicochemical 

process and those exceeding 16 kJ mol⁻¹ suggest that chemical adsorption (Kul & Aldemir, 2025). The 

adsorption parameters obtained with four isotherm models are given in Table 2 and comparison of MB 

adsorption performance of CBA with some different adsorbents is given in Table 3. Four isotherm plots 

of MB adsorption on CBA are illustrated in Figure 4. 

 

2.4. Kinetic studies of adsorption 

  

The kinetics of MB adsorption on CBA are examined with pseudo first order (PFO), pseudo 

second order (PSO) and intraparticle diffusion (IPD) kinetic models. These models are applied to the 
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15, 25, 35, 45, 55, 65, 75, mg L-1 initial MB concentrations. The quantity of adsorbed dye amount at 

specific time intervals (qt) is determined with Eq. (11); 

𝑞𝑡 =
(𝐶0 − 𝐶𝑡) 𝑉

𝑚
 (11) 

where, Ct represent the MB concentration, V is MB solution volume (L) and m is adsorbent mass (g). 

The PFO model which is initially proposed by Lagergren, assume that rate of occupancy of adsorption 

sites is the number of unoccupied sites. PFO model is represented by Eq. (12); 

𝑙𝑛(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝑘1𝑡 (12) 

 where k1 is the rate constant (min⁻¹) and it can be obtained by plotting ln(qe−qt) versus time t (Lagergren, 

1898). The PSO model is used to describe the relationship between adsorbent and solute molecules of 

adsorption mechanism and it is given by Eq. (13); 
𝑡

𝑞
𝑡

=
1

(𝑘2𝑞𝑒
2)

+
𝑡

𝑞𝑒

 (13) 

where k2 (g mg⁻¹ min⁻¹) is the rate constant, determined from the linear plot of t/qt against t (Ho and 

McKay, 1999). IPD kinetic model is the rate-limiting step, which is given with Eq. (14); 

𝑞𝑡 = 𝑘𝑖𝑝𝑑𝑡0.5 + 𝐶 (14) 

where kipd (mg g⁻¹ min⁰·⁵) is indicated that diffusion rate constant and C is correspond to the boundary 

layer thickness. These parameters are obtained from the linear relationship between qt and t0.5 (Weber 

& Morris, 1963). The kinetic parameters obtained from these models for 65 mg L-1 MB concentration 

are given in Table 4. The plots of PFO, PSO and IPD models, based on experimental data at 318 K, are 

shown in Figure 5. 

 

2.5. Thermodynamic studies of adsorption 

 

Gibbs free energy (ΔG°), enthalpy (ΔH°) and entropy (ΔS°) values are play a crucial role in 

understanding influence of temperature on adsorption behaviour. These parameters are obtained with 

the thermodynamic equations given in Eqs. (15)–(17);  

 

∆𝐺° = −𝑅𝑇𝑙𝑛𝐾𝑑  (15) 

∆𝐺° = ∆𝐻° − 𝑇∆𝑆° (16) 

𝑙𝑛𝐾𝑑 =
∆𝑆°

𝑅
−

∆𝐻°

𝑅𝑇
 

 

(17) 

 

In these expressions, Kd (L g⁻¹) is represented the distribution coefficient, which is calculated by plotting 

the ratio of qe/Ce against qe. ΔH° and ΔS° values are extracted from slope and intercept of a plot of lnKd 

versus 1/T. The activation energy (EA) is provided further insight into nature of adsorption mechanism. 

EA in range of 0–40 kJ mol⁻¹ typically evidences a physical adsorption, whereas values between 40 and 

800 kJ mol⁻¹ are characteristics of chemical adsorption. Activation energy of MB adsorption on CBA is 

determined with Arrhenius equation which is given in Eq. (18); 

𝑙𝑛𝑘2 = 𝑙𝑛𝐴 −
𝐸𝐴

𝑅𝑇
  (18) 

where, k2 is rate constant (g mol⁻¹ s⁻¹), A is Arrhenius factor (g mol⁻¹ s⁻¹), EA is activation energy (J 

mol⁻¹), R is universal gas constant (J mol⁻¹ K⁻¹) and T is absolute temperature (K).  
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3. Results and Discussion 

  

3.1. Effect of contact time and initial dye (MB) concentration 

  

The contact time between adsorbent particles and adsorbate molecules plays an important role 

in the adsorption experiments. The influences of both initial MB concentrations (15–75 mg L-1) and 

contact time on adsorption were analyzed at the 298 K, 308 K and 318 K. The results were illustrated in 

Figure 1, which were showed the impact of MB adsorption on CBA with time and initial MB 

concentrations. The MB removal efficiencies were increased with contact time up to 120 minutes. 

During the initial stages, the adsorption was rapid because the adsorbent pores were initially empty and 

they were filled up gradually over time. The rate of dye removal was slowed down until equilibrium and 

it was stabilized after reaching saturation. For 45 mg L-1 initial MB concentration, the equilibrium 

adsorption (qe) was increased from 10.78 mg g-1 at 5 minutes to 19.32 mg g-1 at 120 minutes, indicated 

that adsorbent progressively adsorbed more dye molecules until saturation. Also, removal percentages 

of MB were increased with higher initial MB concentrations, suggested that more active sites on 

adsorbent surface were available for adsorption. CBA removal capacity of MB concentration increase 

from 15 to 75 mg L-1 was increased as 5.88 to 27.73 mg g-1 for 298 K, 5.95 to 28.91 mg g-1 for 308 K 

and 6.01 to 30.45 mg g-1 for 318 K. The best removal percentages of MB adsorption were obtained to 

79.3 %, 82.9 % and 85.8 % for 35 mg L-1 at the 298 K, 308 K and 318 K, respectively. Changes in initial 

MB concentration with contact time were observed differences in removal percentages of CBA.  

 

 
 

Figure 1. Effect of the contact time for adsorption of MB on CBA (temp: 318 K). 

 

3.2 Effect of temperature 

 

The effect of temperature for MB adsorption on CBA is shown in Figure 2. The removal 

percentages for seven MB concentrations at three temperatures are given in Table 1. The results were 

demonstrated that adsorption rate of MB improved with increasing temperature. This enhancement was 

attributed to increased mobility of MB molecules at higher temperatures, which were boosted their 

kinetic energy and accelerated their motion within the solution. As a result, dye molecules were more 

readily reached the adsorbent's mesoporous structures, which were offered greater surface area for 

adsorption. Additionally, elevated temperatures were reduced the viscosity of solution, which were 

further facilitated the diffusion of dye molecules through solution. This enhanced mobility was enabled 

the molecules to interact more effectively with the adsorbent surface. Among the different 

concentrations, 15 mg L-1 initial dye solution was yielded the highest removal percentages for three 

process temperatures. Removal efficiencies of MB were decreased with increasing initial MB 
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concentrations. Furthermore, removal efficiencies were increased as temperature increased for seven 

applied MB concentrations. The maximum removal percentages were achieved at 318 K which was 

studied the highest temperature. These results were compared with the previous studies, which also 

observed that an increase in temperature lead to greater MB adsorption for various adsorbents (Demirci 

et al., 2024). This temperature dependent adsorption behaviour was supported the conclusion that 

removal process was endothermic in nature. The temperature changes in both equilibrium concentrations 

and adsorbed amounts of MB are shown in Figure 3 and they are highlighting the direct relationship 

between temperature and removal percentages. 

 

 
 

Figure 2. Effect of temperature for MB removal on CBA (C0: 35 mg L-1). 

 

 
 

Figure 3. Effect of temperature for changes of equilibrium and adsorbed amounts of MB. 
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Table 1. Removal percentages of MB adsorption on CBA. 
 

Initial dye concentration (mg L-1) 
Removal percentage (%)  

298 K 308 K 318 K    R2 

15 79.911 83.289 85.844 0.996 

25 79.120 82.240 84.760 0.997 

35 79.257 81.943 84.150 0.985 

45 78.400 81.543 83.732 0.991 

55 77.582 81.018 83.327 0.993 

65 76.554 79.677 82.985 0.989 

75 73.947 77.093 81.187 0.994 

 

3.3 Isotherm results of MB adsorption on CBA 

  

Equilibrium isotherms are evaluated for the chemical affinity between adsorbate and adsorbent, 

help to investigate the interactions to the structural features of the molecules. Determining the most 

appropriate isotherm model is important to modeling and optimization of adsorption process (Wang & 

Guo, 2020). In this study, adsorption of MB on CBA in aqueous phase was investigated to evaluate the 

adsorption capacity and behavior of CBA. Four isotherm models (Freundlich, Langmuir, Temkin and 

Dubinin-Radushkevich (D-R) were used to characterize the interactions between MB and CBA. These 

models are help the explain different adsorption mechanisms, such as surface homogeneity, multilayer 

formation, or the energy of adsorption sites. The obtained data were tested to each of these models with 

their equations. Four isotherm plots were shown in Figure 4 and the calculated parameters of four 

isotherms were listed in Table 2. Temkin isotherm was provided the best fit to obtained data, as indicated 

that its the highest R² values compared to other models. This result was suggested that MB adsorption 

onto CBA occurs on a heterogeneous surface and this process was involved multilayer adsorption, 

consistent with assumptions of the Temkin model. The values of Temkin constant (bT) and binding 

constant (KT) of isotherm are listed in Table 2. KT values, which can be considered a sort of adsorption 

potential, were obtained 0.4615, 0.4831 and 0.5005 L mg-1 for 298 K, 308 K and 318 K respectively. bT 

values related to the heat of adsorption, were determined 0.1987, 0.1848, 0.1688 kJ mol-1 for 298 K, 308 

K and 318 K, respectively. KT values were indicated that high affinity and bT values were evidenced of 

strong interactions between dye molecules and CBA particles which evidence that surface of CBA is 

heterogeneous. In addition, the correlation coefficient was sufficiently high (R2 = 0.99) to confirm good 

fitness of the experimental data by this isotherm model (Santhi et al., 2010). The adsorption intensity 

values (n) calculated with Freundlich model are exceed 1.0 suggest that enhanced adsorption efficiency 

and development of strong interactions between MB molecules and CBA. Furthermore, the fact that 1/n 

values are below 1.0 indicate that adsorption of MB on CBA is highly favorable, aligning with previous 

findings. The KF constants were found to be 2.4070, 2.5223 and 2.5715 (mg g⁻¹)(L mg⁻¹)ⁿ at the 298 K, 

308 K and 318 K, respectively. The progressive rise in both KF and n parameters with increasing 

temperature were showed that adsorption becomes more efficient at high temperatures, supported that 

the endothermic nature of the process. The Langmuir model, which assumes monolayer adsorption on 

a homogeneous surface with a finite number of identical sites (Guo & Briscoe, 2023). The Langmuir 

constant (KL), which is reflected the binding site affinity in terms of adsorption process and KL values 

were determined to be 0.01365, 0.01986 and 0.02397 L mg⁻¹ at 298 K, 308 K and 318 K, respectively. 

The increased KL values with the temperature were showed that adsorption is endothermic process. The 

maximum adsorption capacities (qmax) were calculated to be 81.967, 84.746 and 91.743 mg g⁻¹ at the 

298 K, 308 K and 318 K, respectively. The increase in qmax values with increasing temperature were 

indicated that further confirmation of endothermic process. The Langmuir factor (RL) is employed to 

assess the favorability of adsorption. RL values exceed 1.0, the adsorption process is considered 

unfavorable, but RL values between 0 and 1.0 are indicated that favorable adsorption (Yar & Parlayici, 

2022). RL values of MB adsorption on CBA were calculated from 0.747 to 0.957. Since RL values were 

varied between the 0–1 values, they were confirmed that process was favorable and suggested that 

adsorption was irreversible in nature (Kalam et al., 2021). Dubinin–Radushkevich (D–R) isotherm 
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provided that the estimate of the mean free energy of adsorption (ED-R) per adsorbed MB molecule was 

employed to analyze the experimental data. The ED−R values were calculated 380.6, 400.3 and 413.4 J 

mol⁻¹ at the 298 K, 308 K and 318 K, respectively. Since determined ED-R values remained below 800 J 

mol⁻¹, suggested that adsorption was governed by physical interactions. The plots of four isotherm 

models which were applied to describe MB adsorption onto CBA were shown in Figure 4. The order of 

applied models the best fitted to data was obtained to Temkin > Freundlich > Dubinin–Radushkevich > 

Langmuir. Numerous investigations were explored the application of adsorbents derived from various 

materials for adsorption of MB. Determined removal capacities of MB on different adsorbents were 

represented in Table 3. The prepared CBA was used in this research because of its low cost and 

environmental sustainability and it was demonstrated notably higher adsorption capacity for MB in 

comparison to those reported in previous studies. The obtained results were showed that potential of 

CBA as an efficient and eco-friendly adsorbent for eliminating pollutants from wastewater. CBA, which 

is not usually used, is taken in the present study for removal of MB from aqueous solution to investigate 

the possibility of utilizing it for treatment of wastewater. Therefore, the cost of this removal process is 

practically due to the cost of transportation of cranberry. Considering the availability of high amount of 

cranberry as an agricultural waste material, the cost of pollutants removal by this method should be used 

in treatment of wastewater. 
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Figure 4. Isotherm plots of MB adsorption on CBA a) Langmuir, b) Freundlich, c) Temkin, d) D-R. 
 

Table 2. Constants of isotherm models for MB adsorption on CBA. 
 

Isotherm / Temperature  298 K 308 K 318 K 

 Kʟ (L g-1) 0.01365 0.01986 0.02397 

Langmuir qm (mg g-1) 81.967 84.746 91.743 

 R² 0.7505 0.7794 0.7687 

 n 1.0134 1.0981 1.1632 

Freundlich 1/n 0.7788 0.7284 0.7162 

 Kғ (mg g–1)(L mg-1) 2.4070 2.5223 2.5715 

 R² 0.9753  0.9825 0.9841 

 BT 12.469 13.857  15.659 

Temkin KT (L g-1) 0.4615 0.4831 0.5005 

 bT (kJ mol-1) 0.1987 0.1848 0.1688 

 R² 0.9924 0.9974 0.9929 

 qD-R 24.1503 27.4481 30.5114 

Dubinin-Radushkevich ED-R (kJ mol-1) 0.3806 0.4003 0.4134 

 KD-R 3.4522 3.1196 2.9262 

 R² 0.9251 0.9751 0.9685 
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Table 3. Methylene Blue removal capacities on adsorbents. 
 

Adsorbent type Adsorption capacity (mg g-1) Reference 

Elaeagnus angustifolia seeds 

Coconut shell 

Magnetic cellulose/GO composite 

Fe3O4/ZA nanocomposite 

Treated sawdust 

Coal fly ash 

Pine wood biochar 

Raphia fiber 

Acid modified kaolin 

Ball mill modified biochar 

Tea waste 

Pearl millet husk 

Cranberry adsorbent (CBA) 

72.00 

50.60 

70.00 

40.46 

30.11 

16.53 

25.00 

34.70 

39.92 

50.27 

86.16 

82.37 

91.74 

(Baytar et al., 2021) 

(Jawad et al., 2020) 

(Shi et al., 2014) 

(Mouni et al., 2018) 

(Al-Husseiny, 2014) 

(Supelano et al., 2020) 

(Lonappan et al., 2016) 

(Staron et al., 2019) 

(Ren et al., 2014) 

(Wang et al., 2023)  

 (Uddin et al., 2009) 

 (Inbaraj et al., 2002) 

This study 

 

3.4 Kinetic results of MB adsorption on PCA 

  

Adsorption kinetics are studied to understand the underlying mechanisms that govern the 

process, including chemical interactions, diffusion phenomena and mass transfer effects (Godiya and 

Ruotolo, 2023). The PFO, PSO and IPD models were applied to obtained data of MB adsorption on 

CBA. The plots of these kinetic models for 318 K were shown in Figure 5 and obtained parameters of 

three models for 65 mg L−1 initial MB concentration were given in Table 4. The most suitable kinetic 

model was determined by comparing correlation coefficients (R²) and PSO model which was exhibited 

R² values close to 1.0, indicated that the highest agreement compared to the PFO and IPD models. The 

best fit with the PSO model was suggested that involving electron transfer between MB molecules and 

the CBA surface. The qe,cal values for three kinetic models were showed an increasing trend with rising 

temperature. These kinetic results were evidenced with previous studies for MB adsorption on different 

adsorbents (Momina et al., 2020; Ahmed et al., 2019). Figure 5 was showed that kinetic plots used to 

evaluate the model performance and based on fit to the data, suitability of models were followed order: 

PSO > PFO > IPD.  

 

Table 4. Parameters of kinetic models of MB adsorption on CBA (MB conc.: 65 mg L−1). 
 

Model / Temperature  298 K 308 K 318 K 

qe,exp (mg g-1)  24.880 25.895 26.970 

PFO 

kinetic model 

k₁ (min-1) 0.0348 0.0399 0.0409 

qe,cal (mg g-1) 24.511 26.458 27.536 

R² 0.9065 0.9415 0.9451 

PSO 

kinetic model 

k₂ (min-1) 0.0124 0.0147 0.0179 

qe,cal (mg g-1) 26.667 27.473 28.011 

R² 0.9982 0.9936 0.9958 

IPD 

Kinetic model 

kint (mg g-1.min-0.5) 1.5652 1.6415 1.7136 

C (mg g-1) 6.576 7.584 10.176 

R² 0.8721 0.8505 0.8339 
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Figure 5. Kinetic model plots for MB adsorption on CBA at the 318 K, a) PFO, b) PSO, c) IPD. 
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3.5 Thermodynamic results for MB adsorption on CBA 

 

Gibbs free energy (ΔG°), enthalpy (ΔH°) and entropy (ΔS°) values were evaluated to behaviour 

of MB adsorption on CBA. These values, which were obtained with Eq. (15) – (17) and the results were 

given in Table 5. The ΔG° values were found to be –1711.96, –2327.06 and –2942.16 J mol⁻¹, for 65 

mg L⁻¹ initial MB concentration, at 298 K, 308 K and 318 K respectively. The ΔG∘ values which were 

obtained at three temperatures were indicated that adsorption is both feasible and spontaneous (Table 

5). The increasing ΔG° values with rising temperature were suggested that enhanced adsorption 

efficiency at high temperatures. The ΔH° and ΔS° values were determined to be 16.618 kJ mol⁻¹ and 

61.51 J mol⁻¹·K⁻¹, respectively, confirmed that the endothermic nature of process. The positive enthalpy 

values were implied that adsorption is primarily driven by physical forces and positive entropy values 

were reflected that an increase in randomness at the solid–liquid interface, indicated that strong affinity 

between CBA and MB molecules (Cordova Estrada et al., 2021). The activation energy (EA) explain the 

selection of physical or chemical adsorption. A linear plot of lnKd versus 1/T with slope −EA/R for the 

adsorption of MB on CBA was drawn to determine the EA value from slope which were given in Figure 

6 for seven initial MB concentrations. EA for this removal process was derived from Arrhenius equation 

which was calculated as 14.44 kJ mol⁻¹. Since obtained EA value was below 40 kJ mol⁻¹, supported that 

MB adsorption on CBA was governed by the physical adsorption mechanism.  

 

Table 5. Thermodynamic parameters of MB adsorption on CBA. 
 

MB conc. (mg L-1) 
ΔG⁰ (J mol-1) ΔH⁰ ΔS⁰ 

298 K 308 K 318 K (J mol-1) (J mol-1.K-1) R2 

15 -1453.20 -1624.10 -1795.00 3639.62 17.09 0.9895 

25 -1742.55 -2135.15 -2527.75 9956.93 39.26 0.9985 

35 -1376.03 -1908.62 -2441.22 14495.46 53.26 0.9999 

45 -1195.04 -1764.84 -2334.64 15785.79 56.98 0.9995 

55 -830.04 -1410.44 -1990.84 16465.88 58.04 0.9961 

65 -1711.96 -2327.06 -2942.16 16618.02 61.51 0.9952 

75 -1607.84 -2267.74 -2927.64 18057.18 65.99 0.9842 

 

 

 
 

Figure 6. Van’t Hoff plots for MB adsorption on CBA. 
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4. Conclusion 

 

In this study, cranberry based adsorbent (CBA) was used for the removal of Methylene Blue 

(MB) from aqueous solutions. Batch adsorption experiments were carried out with seven initial MB 

concentrations and three different temperatures to evaluate the performance of CBA. The adsorption 

capacities of CBA for MB with the concentration ranges of 15–75 mg L⁻¹ were found to be 5.88–27.73 

mg g⁻¹ at 298 K, 5.95–28.91 mg g⁻¹ at 308 K and 6.01–30.45 mg g⁻¹ at 318 K. Isotherm modeling studies 

were performed with four models and Temkin isotherm was provided the best fit to experimental data 

compared to other applied isotherm models. The correlation coefficients (R²) of the Temkin model were 

consistently of the highest and isotherm constants were showed an increase trend with temperature, 

indicated that enhanced adsorption affinity at elevated thermal conditions. The maximum adsorption 

capacities (qₘ) of CBA were calculated as 81.967 mg g⁻¹ at 298 K, 84.746 mg g⁻¹ at 308 K and 91.743 

mg g⁻¹ at 318 K, further confirming the endothermic nature of the adsorption process. Kinetic modeling 

was performed using PFO, PSO and IPD models and the results were demonstrated that adsorption 

process adhered most closely to the PSO kinetic model, with the highest correlation coefficients (R²). 

Determined all kinetic parameters were exhibited an increase trend with increase temperature, supported 

that the temperature dependence of the adsorption mechanism. Thermodynamic parameters of MB 

adsorption on CBA were also determined. The negative values of Gibbs free energy changes (ΔG°) 

calculated for three temperatures were indicated that feasibility and spontaneity of process. The positive 

enthalpy changes were showed that endothermic process and positive entropy changes were established 

that randomness at CBA–MB interface with high affinity of CBA to MB. Overall, the results of this 

research suggested that CBA is a promising and sustainable low-cost adsorbent for effective removal of 

dyes from wastewater. 
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