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Abstract 

The current work involves studying the adsorption process of brilliant cresyl blue (BCB) and 
methyl orange (MeO) dyes using local pumpkin seed husks (LPSH). The LPSH adsorbent was 
analysed by using Fourier transform infrared spectroscopy, scanning electron microscopy 
with energy dispersive x-ray spectroscopy, X-ray diffraction and Brunauer-Emmett-Teller 
analyses. The descriptive analysis of the morphology of LPSH revealed a heterogeneous 
surface, while the structural analysis showed the presence of functional groups typical of 
lignocellulosic structures and it was confirmed that the mesoporous surface of the adsorbent 
had a specific surface area of 1.53 m2 g-1. The adsorption isotherm studies suggested that 
the Langmuir model best described the adsorption of MeO, while the Freundlich model is 
more suitable for describing the adsorption of BCB. According to the thermodynamic 
analyses, the adsorption of BCB was exothermic and spontaneous, whereas the adsorption 
of MeO was endothermic and non-spontaneous. The results of evaluating the efficiency of 
the LPSH adsorbent showed that the maximum adsorption capacities are 81 mg g-1 for the 
BCB dye and 8.2 mg g-1 for the MeO dye. 
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1. INTRODUCTION 

Water quality can be compromised due to the presence of harmful substances originating from various sources, 

such as industrial discharges, agricultural runoff, and sewage. The resulting pollution can be classified based on the type 

of pollutants: chemical, biological, or physical, along with the source and the amount of water affected. To understand 

how polluted the water is, it is necessary to determine concentrations of the contaminants and how they impact 

different uses of the water (e.g. for drinking), as well as aquatic life, and recreational activities [1]. Also the pollutants 

can be divided into several categories, such as natural and synthetic pollutants [2-4]. 

Synthetic dyes such as Brilliant cresyl blue and methyl orange are compounds used in many industrial sectors such 

as the paper industry, printing, natural and synthetic textiles production, leather and fur industry, plastics 

manufacturing, and pharmaceutical industry, as well as in research laboratories [5,6]. These dyes are discharged with 

liquid effluents into streams without prior treatment. High toxicity of these pollutants and their non-biodegradability 

contribute to environmental degradation [7] imposing the need for treatment of this wastewater.  

Work on the removal of emerging pollutants by biomaterials obtained from agricultural waste has yielded promising 

results. Thus, these precursors from agriculture constitute alternative materials, both economic and eco-friendly [8-10]. 

In addition, enormous amounts of waste are generally available from farms and agro-industrial facilities in many 

countries, where agricultural residues notably represent a significant unused resource. 
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This research aims to evaluate local pumpkin seed husks (LPSH) as a naturally adsorbing material for removing cationic 

dye brilliant cresyl blue and anionic dye methyl orange from synthetic wastewater by a batch adsorption process.  

For this purpose, this study includes the examination of raw LPSH characteristics using Fourier transform infrared 

spectroscopy (FTIR), scanning electron microscopy with energy dispersive X-ray spectroscopy (SEM-EDX), X-ray 

diffraction (XRD), and Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) methods. Also, effects of various 

operational variables have been studied such as pH value of the solution, contact time, initial concentration, and 

temperature. This work also includes investigations of the most significant isotherm models, as well as thermodynamic 

parameters, to accurately define the mechanism and behaviour of the dye adsorption. 

1. MATERIALS AND METHODS 

2. 1. Materials 

Chemical reagents used in this study were cationic oxazine dye Brilliant cresyl blue (BCB: C34H40Cl4N6O2Zn, purity 

>95 %), anionic azo dye: methyl orange (MeO: C14H14N3NaO3S, purity >98 %), sodium hydroxide (NaOH, purity > 80% 

and sulfuric acid (H2SO4, purity >95 %), all obtained from Fluka and Sigma-Aldrich (Germany). 

2. 2. Preparation of pumpkin seed husks 

Local pumpkin seed husks (Cucurbita moschata) from Laghouat, Algeria, were selected as the adsorbent for this 

investigation. It was prepared by using a simple method that involved washing with distilled water, grinding, sifting, and 

drying for 24 h at 105 ± 5 °C. A fine pumpkin seed husks powder with a particle size of ≤ 800 µm was obtained as a result 

of this method [11]. 

2. 3. Characterization of pumpkin seed husks 

Structural and morphological characteristics of LPSH samples have been evaluated using the Fourier transfer infrared 

(FTIR) spectroscopy (4200-FTIR JASCO, Japan), scanning electron microscopy combined with energy dispersive X-ray 

(SEM-EDX, Thermo Scientific™ Quattro, United States), and X-ray diffraction (XRD, Philips PW3373, United Kingdom). 

Specific surface area and porosity parameters were determined by using the Brunauer-Emmett-Teller (BET) and Barrett-

Joyner-Halenda (BJH) methods (ASAP 2020 Plus Version 2.00–Malvern Panalytical, Malvern, United States). One sample 

was prepared for each test. 

2. 4. Preparation of dye solutions 

Dyes used in this study were BCB and MeO (Fig. 1), with the chemical formula: C34H40Cl4N6O2Zn and C14H14N3NaO3S, 

respectively. The dyes were dissolved so to prepare the stock solutions of 1000 mg dm-3, (2.6 and 3.1 mmol dm-3, 

respectively) and different concentrations were obtained by diluting the stock solutions. To change the pH of the dye 

solutions, either 0.1 mol dm-3 NaOH or 0.2 mol dm-3 H2SO4 solutions were added.  

2. 5. Batch adsorption experiments 

Adsorption experiments were carried out in batch mode in 150 cm3 beakers placed on a shaker at 150 rpm. In each 

beaker, a dose of LPSH was carefully mixed with 100 ± 1.0 cm3 of BCB or MeO solutions for studying the influence of 

factors such as the adsorbent dose, pH, contact time, initial concentration and temperature. A series of batch adsorption 

experiments were conducted with factors modified according to the One-Factor-at-a-Time (OFAT) method [12]. The 

experiments involved different conditions, as shown in Table 1.  

All dye samples were filtered and diluted to measure the dye concentrations before, after, and at equilibrium 

adsorption using an UV-Visible spectrophotometer (UVILINE 9400, France) at maximum wavelengths: λmax=627 nm for 

BCB and λmax=465 nm for MeO at pH≥4, λmax=508 nm for MeO at pH <4 (Fig. 1). The experiments were repeated and 

measured three times for accuracy. 
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Table 1. Experimental conditions for investigating the effects of different adsorption factors 

Experiment Factor Conditions 

1 Adsorbent mass: 0 to 1 g 

Initial concentration = 15 mg dm-3 (39 mol dm-3 for BCB and 46 mol dm-3 for MeO) 
pH 3.7 for BCB and pH 6.62 for MeO 
Contact time = 180 min 
Temperature = 298 K 

2 pH solution: 2 to 8 

Initial concentration = 15 mg dm-3 (39 mol dm-3 for BCB and 46 mol dm-3 for MeO) 
Adsorbent mass = 0.1 g for BCB and 0.2 g for MeO 
Contact time = 180 min 
Temperature = 298 K 

3 Contact time: 0-180 min 

Initial concentration = 50 mg dm-3 (130 mol dm-3 for BCB and 153 mol dm-3 for MeO) 
pH = 5 for BCB and pH=7 for MeO 
Adsorbent mass = 0.1 g for BCB and 0.2 g for MeO 
Temperature = 298 K 

4 

Initial concentration:  
15 to 100 mg dm-3 

(39 to 259 mol dm-3 for BCB;  

46 to 305.5 mol dm-3 for 
MeO) 

Adsorbent mass = 0.1 g for BCB and 0.2 g for MeO 
pH 5 for BCB and pH 7 for MeO 
Contact time = 20 min for BCB and 90 min for MeO 
Temperature = 298 K 

5 
Temperature:  

298-328 K 

Initial concentration = 50 mg dm-3 (130 mol dm-3 for BCB and 153 mol dm-3 for MeO) 
pH 5 for BCB and pH 7 for MeO 
Contact time = 20 min for BCB and 90 min for MeO 
Adsorbent mass = 0.1 g for BCB and 0.2 g for MeO 

 (a) (b) 

 
Figure 1. Chemical structures of (a) - brilliant cresyl blue and (b) - methyl orange 
 

In order to quantify the adsorption performance of LPSH for BCB and MeO, the amounts of dyes adsorbed per unit 

mass of LPSH, Q, were calculated using the following equation: 

( )i t
C C V

Q
W

−
=   (1) 

where Ci and Ct are the initial and concentration at time t, respectively, V is the volume of dye solution, and W is the 

weight of the LPSH adsorbent. 

2. RESULTS AND DISCUSSION 

3. 1. Adsorbent characterization 

Infrared spectroscopy analyses (FTIR) were performed to determine functional groups characterizing this LPSH 

adsorbent (Figure 2). 

The spectrum shows a large band at 3432.71 cm-1, which is attributed to the stretching vibration of O-H hydroxyl groups 

or amine groups (N–H). While aliphatic C-H stretching vibrations are characterized by a band between 2907.19 and 

2843.15 cm-1. It was determined, from the LPSH spectrum, that the carbonyl (C=O) stretch at 1735.37 cm⁻¹ indicates the 

presence of a carbonyl-containing functional group (carboxylic acid, ketone, aldehyde, or lactone). The asymmetric stretch 

of a carboxylate (COO⁻) group is indicated by the band at 1592.34 cm-1. The aromatic C=C stretching vibrations are 

characterized by two additional bands at 1424.59 and 1377.26 cm-1. The band at 1034.10 cm-1 was assigned to C-O-C ether 

groups. The results obtained by this spectrum are similar to those observed for other lignocellulosic materials [13,14].  
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Figure 2. FTIR spectrum of pumpkin seed husks 
 

Morphology analysis and elemental identification were performed by using an SEM-EDX device, providing the results 

reported in Figure 3 and Table 2. The results show that LPSH has a heterogeneous and rough surface, which contains 

few holes and cavities. Elemental identification at the EDX spectrum confirmed that the adsorbent LPSH consists of 

molecules containing carbon (C) and oxygen (O) with major weight of 51.85 % for C (with a specific measurement 

repetition of 0.9405) and 48.15 % for O (with a specific measurement repetition of 0.9495). 

 
Figure 3. SEM micrograph and EDX spectrum of pumpkin seed husks 
 
Table 2. Elemental identification of pumpkin seed husks by the EDX analysis 

Element Content, wt.% Content, at.% Error, % Net Intensity 

C K 51.85 58.92 7.51 522.93 

O K 48.15 41.08 8.90 427.88 
 

According to the X-ray analysis of an LPSH sample shown in Figure 4, there are three peaks at 2 angles of 16.07, 

22.34 and 34.30°. The presence of distinct peaks at 22.34 and 34.30° indicates semi-crystalline regions, while the 

broader feature around 16.07° suggests an amorphous component structures of pumpkin seed husks. This structure 

typically distinguishes agricultural materials , consisting of cellulose, lignin, and hemicellulose [15,16]. 

BET and BJH methods were used to quantify the surface area and porosity of a LPSH sample by studying nitrogen 

adsorption and desorption isotherms. The results shown in Figure 5 indicate that the obtained N₂ isotherm is classified 

as type IV (H3) according to the IUPAC classification, signifying a mesoporous material with slit-shaped pores in plate-

like aggregates, showing multilayer adsorption, capillary condensation and complex pore connectivity [17]. The BET 

surface area was measured as 1.5300 ± 0.0272 m² g-1, with a total pore volume of 0.0014 cm³ g-1 and an average pore 

diameter of 3.70 nm. Furthermore, the pore size in the range of 2 to 50 nm corresponds to mesoporous materials [18]. 
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Figure 4. X-ray diffraction analysis of pumpkin seed husks 
 

 
Figure 5. BET analysis of N2 adsorption-desorption isotherm (a) and pore size distribution of LPSH (b) 

3. 2. Effect of physico-chemical parameters 

3. 2. 1. Effect of pH 

The pH of a dye solution is important factor in any adsorption study, as it affects the charge of the adsorbent's surface 

and the behaviour of the adsorbed ions [19]. The result of this test is illustrated in Figure 6(a). Due to electrostatic inter-

actions between the anionic dye MeO and the positive sites of LPSH, MeO dye is adsorbed most effectively at pH 7 [20].  

In the case of the cationic dye (BCB), adsorption increases by rising the pH, indicating less competition for negative 

sites on the surface of the adsorbent, reaching its maximum at pH 5. 

3. 2. 2. Effect of contact time 

Generally, increasing contact time results in an increase in the adsorbed amount until reaching the equilibrium, as 

was also obtained in the present study (Fig. 6(b)). The BCB adsorption reaches equilibrium after 20 min, while for dye 

MeO the equilibrium is reached after 90 min. This difference is attributed to the higher number of active sites available 

on the adsorbent surface for the BCB dye as compared to those available for dye MeO the initial dye concentrations 

were 130 and 153 mol/md-3 for BCB and MeO, respectively, while the equilibrium adsorbed amounts were 209 and 

25 mol/g, for BCB and MeO. A similar pattern of behaviour for the adsorption of dyes BCB and MeO was observed in 

other related research [21,22]. 
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Figure 6. Adsorption of BCB and MeO onto LPSH: (a) - equilibrium adsorbed dye amount per the adsorbent mass (Qe) as a function 
of the solution pH, (b) - adsorbed dye amount per Q as a function of the contact time, (c) - equilibrium adsorbed dye amount per Qe 
as a function of the initial dye concentration, (d) - equilibrium adsorbed dye amount per Qe as a function of the temperature; all 
experimental conditions for each experimental series are provided in Table 1 

3. 2. 3. Effect of initial concentration 

As shown in Figure 6(c), the increase in adsorbed amounts is observed with an increase in the initial concentrations 

of BCB and MeO, as expected. However, it can be concluded that both dyes do not occupy all the active sites of the 

adsorbent. 

3. 2. 4. Effect of temperature 

The influence of temperature on the adsorption of MeO and BCB was studied in the range 298 to 328 K (Fig. 6(d)). 

It can be noted that that as the temperature rises, the amount of BCB that can be adsorbed decreases slightly (indicating 

an inverse relationship). This can be explained by the weakening of the bonds between BCB and the active sites of the 

adsorbent. The results suggest that the adsorption of BCB by LPSH adsorbent is exothermic. In contrast, in the case of 

MeO, the adsorbed amount increases with rising the temperature. This is because the mobility of MeO molecules 

increases at higher temperatures, enhancing the interaction between MeO and the active sites of the adsorbent LPSH. 

The obtained result indicate that adsorption of MeO by LPSH is an endothermic process [23]. 

3. 3. Adsorption isotherm studies 

Adsorption is governed by mathematical equations that relate the adsorbed amount to the equilibrium concen-

tration of the solute. Thus, the adsorbed amount (per unit adsorbent mass) plotted as a function of the equilibrium 

concentration at constant temperature represents the adsorption isotherm. Among the most commonly used 

isothermal models are the Freundlich [24] and Langmuir [25] isotherms. 
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The results obtained allowed for the plotting of linear shapes according to the Freundlich (Equation (2)) and the 

Langmuir (Equation (3)) isothermal models (Figure 7), enabling calculation of the various constants for both models. 
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Figure 7. Linear fits of Langmuir (a) and Freundlich (b) isotherms and equilibrium data for BCB and MeO adsorption onto LPSH, 
experimental conditions: initial dye concentrations C0: 15 to 100 mg dm-3(39 mol dm-3 for BCB and 46 mol dm-3 for MeO); W = 0.1 
g for BCB and 0.2 g for MeO; pH 5 for BCB and pH 7 for MeO; contact time 20 min for BCB and 90 min for MeO; T = 298 K 
 

ln Qe = 1/n ln Ce + ln KF (2) 

1/Qe = 1/Qm + 1/KLQm 1/Ce (3) 

where Qm / mg g-1 is the maximum adsorption capacity of a saturated monolayer onto the adsorbent’s surface;  

KL / dm3 mg-1 is the rate constant of the Langmuir model; KF / mg1-n dm3n g-1 is the Freundlich constant of the maximum 

adsorption capacity and n is the empirical constant related to the adsorbent surface heterogeneity. 

The calculated constants of the Freundlich and Langmuir models show that the Freundlich isotherm was best adapted 

to the experimental results, with a correlation coefficient R2 of 0.8769, with a maximum experimental BCB adsorption of 

80.7± 4.0 mg g-1 (209 ± 10 mol g-1) indicating the possibility of multilayer adsorption of BCB onto LPSH [26]. For MeO 

adsorption the results obtained show that the Langmuir isotherm provided the best fit to the experimental data, with a 

correlation coefficient R2 of 0.9805, and the calculated maximum adsorption capacity of MeO was 8.2 ± 0.0 mg g-1  

(25 ± 0 mol g-1), suggesting a homogeneous monolayer arrangement of MeO dye on the LPSH surface [27]. 

3. 4. Thermodynamic studies 

Thermodynamic parameters such as the enthalpy change (ΔH°), entropy change (ΔS°) and free energy change (ΔG°) 

are essential for a better understanding of the temperature effects on the energies of adsorption. 

The values of ΔH° and ΔS° were estimated from the graphical presentation of ΔG° as a function of temperature T 

according to Equations (4), (5) and (6) [28]: 

e

d

e

Q
K

C
=  (4) 

ΔG° = -RT lnKd (5) 

ΔG° = ΔH° - TΔS°  (6) 

where R is the ideal gas constant, 8.314 J mol-1‧K-1; T / K is temperature and Kd is the distribution constant. 

Figure 8 shows the evaluation of thermodynamic parameters with respect to temperature of BCB and MeO adsorption 

onto pumpkin seed husks. From the obtained curves, which include the thermodynamic parameters for BCB and MeO 

adsorption, we observe that ΔG° as a function of temperature is linear, and its negative values (-6.46 to -1.98 kJ mol-1) 

indicate the spontaneous adsorption of BCB, while the adsorption of MeO is non-spontaneous process (ΔG°= 4.92 to  

2.87 kJ mol-1) [16]. Moreover, the positive values of ∆H° (+25.01 ± 1.17 kJ mol-1) suggest endothermic process of MeO and 

the negative values of ΔS° (-67.64 ± 3.74 J mol-1 K-1) indicate an increasing order at the interface LPSH/MeO during this 

adsorption. In contrast, the adsorption of BCB onto LPSH is an exothermic process (∆H°=-45.31 ± 17.72 kJ mol-1 < 0) [29], 

with an increase in randomness between the BCB dye and the LPSH adsorbent (ΔS°= +133.60 ± 56.59 J mol-1 K-1 > 0) [30]. 
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Figure 8. Linear plots of free energy versus temperature, experimental conditions: C0: 50 mg dm-3 (130 mol dm-3 for BCB and 
153 mol dm-3 for MeO); W = 0.1 g for BCB and 0.2 g for MeO; pH 5 for BCB and pH 7 for MeO; contact time = 20 min for BCB and 
90 min for MeO; T = 298 to 328 K; shaker speed = 150 rpm. 

3. 5. Comparative studies 

The pumpkin seed husk adsorbent used in the present study exhibited superior BCB dye adsorption compared to 

previous studies using raw, unmodified agricultural residues (Table 3), achieving high removal efficiency in a significantly 

shorter time-frame, while the results for dye MeO adsorption were acceptable. 
 
Table 3. Comparative evaluation of agricultural waste materials as adsorbents for BCB and MeO dyes 

Adsorbents Adsorbates Isotherm model Adsorption capacity, mg g-1 Ref. 

Inula Racemosa leaves 

BCB 
Freundlich 

3.49 at 10 min [31] 

Peanut hull 4.39 at 12 h [32] 

Pumpkin seed husks 80.7 at 20 min Present work 

Anchote peel 

MeO 

103.03 at 140 min [33] 
Palm fibers  

Langmuir 

48.79 at 120 min [34] 

Sawdust  50.52 at 120 min [34] 

Pumpkin seed husks 8.2 at 90 min Present work 

4. CONCLUSION 

With the aim of evaluating the efficiency of Algerian pumpkin seed husks in removing cationic and anionic dye 

pollutants, this research has focused first on studying the characteristics of the surface of this adsorbent. The results 

indicate that the surface of the seed husks is not homogeneous; it is rough and consists of mesopores, with a significant 

specific surface area of 1.53 ± 0.027 m² g-1 and is rich in organic chemical groups responsible for the fixation of BCB and 

MeO dyes through electrostatic attraction and hydrogen bonds. 

The results obtained in the adsorption studies allowed us to advance the following points: 

Isothermal study: the adsorption of BCB dye was well described by the Freundlich isotherm, with a maximum 

adsorption capacity of 80.7± 4.038 mg g-1 (209 ± 10 mol g-1). In contrast, the Langmuir isotherm was more favorable 

for the adsorption of MeO dye onto LPSH, with a maximum adsorption capacity of 8.2 ± 0.004 mg g-1 (25 ± 0 mol g-1).  

Thermodynamic study: the results show that the adsorption process for BCB dye using the LPSH adsorbent was 

spontaneous and exothermic, while the adsorption process for MeO dye was non-spontaneous and endothermic. 

Overall, the results of our work indicate that this study is significant in demonstrating that raw LPSH has an 

acceptable and favorable adsorption capacity compared to other adsorbents. 
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(Stručni rad) 
Izvod 

U ovom radu je ispitan procese adsorpcije boja brijant krezol plave (BCB) i metil narandžaste 
(MeO) na ljuske semena bundeve sa lokalnog područja (LPSH). LPSH adsorbent je analiziran 
primenom infracrvene spektroskopije sa Furijeovom transformacijom, skenirajuće electron-
ske mikroskopije sa spektroskopijom rendgenskih zraka disperzivne energije, difrakcije 
rendgenskih zraka i Brunauer-Emmett-Teller analizom. Deskriptivnom analizom morfologije 
LPSH utvrđena je heterogena površina, dok je strukturnom analizom utvrđeno prisustvo 
funkcionalnih grupa tipičnih za lignocelulozne strukture. Potvrđena je mezoporozna površina 
adsorbenta, specifične površine 1,53 m2 g-1. Studije izotermne adsorpcije sugerišu da je 
Langmuirov model najbolje opisao adsorpciju MeO, dok je Frojndlihov model pogodniji za 
opisivanje adsorpcije BCB. Prema termodinamičkim analizama, adsorpcija BCB je bila 
egzotermna i spontana, dok je adsorpcija MeO bila endotermna i nespontana. Rezultati 
procene efikasnosti LPSH adsorbenta su pokazali da su maksimalni kapaciteti adsorpcije 
81 mg g-1 za BCB boju i 8,2 mg g-1 za MeO boju.

Ključne reči: Briljantna krezol plava; 

metil narandžasta; adsorpcija; ljuske 

semena bundeve; rastvori sintetičkih 

boja 

 

 
 




