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Abstract 
      This study aims to evaluate the adsorption isotherm of carbon microparticles 

prepared from pumpkin (Cucurbita maxima) seeds for adsorbing curcumin (as a 

model of dye). The results were derived and compared using the kinetics approach 

based on several standard adsorption isotherm models, namely the Langmuir, 

Temkin, Freundlich, and Dubinin-Radushkevich models. The second aim is to 

evaluate the effects of carbon particle size (from 100 to 1000 m) on the adsorption 

characteristics. The experimental results showed that the adsorption on the surface 

of carbon microparticles occurred in monolayer with a physical phenomenon. This is 

because the active areas are located only on the outer surface of carbon and no 

surface structure in the carbon is available. This is confirmed by the fact that the 

produced carbon has less porosity and the pores themselves are mostly produced 

from the release of inorganic contents during carbon synthesis, while the amount of 

inorganic content is very less. The confirmation of the adsorption profile was also 

achieved by testing various sizes of carbon microparticles. Smaller particles have 

direct impacts on the improvement of adsorption capacity, which is due to the 

existence of a larger surface area, a larger number of adsorption sites, and additional 

cooperative adsorption, i.e. adsorbate-adsorbate interaction. Understanding the 

adsorption phenomena occurring on carbon particles is useful for further 

developments and applications, such as those of catalysts and adsorbents, especially 

concerning the production of carbon materials from organic waste. 
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Introduction 

     Boosting the industrial sector commonly promotes environmental pollution [1]. Substances such as 

dyes usually exist as byproducts in the effluent, especially when industries work on textiles, leather, 

paper, printing, and cosmetics. Dyes are organic compounds that can colorize other substances [2]. 

When dyes are disposed of directly in a landfill or river, problems are created. Outlets become of 

colored water, hindering light penetration, deterring oxygen content, and destroying the river 

ecosystem. Several methods have been developed to reduce dyes in wastewater, one of which is via 

adsorption using carbon material [3-5]. 

Carbon is classified as the fourth most abundant element in the universe [6, 7]. In industry, due to its 

excellent performance, carbon is used in a wide range of applications [8]. Some of these applications 
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include carbon used for water purification agents, gas purification agents, management of various 

wastes, and even for absorbing mining products. 

To produce carbon, organic waste can be used as a prospective raw materials, such as rice husks and 

rice straws [1, 2, 9-11], orange peels [12], dragon fruit peels [13], pumpkin seed shells [8, 14], 

mangosteen peels[15], pineapple peels[16], tea leaves[17], walnut shells[18], palm shells[19], coconut 

shells[20], hazelnut shells[21], date stones[22], and almond shells[23]. The use of waste offers 

important solutions for environmental problems since it transforms waste into useful products [15].  

One of the unconsidered types of waste is pumpkin seeds. Pumpkin is one of the most product 

commodities in the world [24]. Pumpkin is consumed without seeds, which are disposed of without 

further concerns. Although pumpkin seeds can be used for additional components in some types of 

bread, appetizer, oil, and flour, due to their advantages of having high dietary fiber levels, antioxidant 

and anthelmintic effects, as well being a good protein source [25], the shells of seeds may be the main 

reason for the problem of solid waste. When pumpkin seeds are disposed of directly, they can grow as 

weeds on the farm. When they are decomposed, a bad smell is created [26]. Thus, understanding the 

strategy for transforming pumpkin seeds into useful, such as carbon, materials is important for solving 

the issues of the increased amount of pumpkin seeds waste, especially in Indonesia. Pumpkin seeds are 

easily converted into carbon because they contain fewer inorganic components (less than 2%) (Table -

1). 

 

Table 1- Chemical composition of pumpkin seeds, adopted from the literature [27, 28]. 

Component 
Composition based on literature 

Rezig et al. [28] Alfawaz [27] 

Moisture 
a
 8.46 +   0.62  

Crude oil 
a
 31.57 +   3.71 27.83 +   0.91 

Crude protein 
a
 33.92 +   3.16 39.25 +   0.66 

Crude fiber 
a
 21.97 +   4.32 16.84 +   0.81 

Total ash 
a
 3.97 +   0.02 4.59 +   0.16 

Total sugars 
a
 0.11 +   0.08  

Carbohydrate 
a
  11.48 +   2.53 

Copper (Cu) 
b
 36.66 +   4.93 0.30 +   0.05 

Zinc (Zn) 
b
 25.19 +   0.63 1.09 +   0.06 

Iron (Fe) 
b
 15.37 +   0.87 13.66 +   1.60 

Manganese (Mn) 
b
 3.42 +   0.76  

Magnesium (Mg) 
b
 146.13 +   9.91 364.43 + 32.88 

Sodium (Na) 
b
 356.75 + 18.43 68.58 + 16.85 

Calcium (Ca) 
b
 271.89 + 24.81 139.70 +   4.19 

Potassium (K) 
b
 886.56 + 16.34 753.11 + 33.29 

Phosphorus (P) 
b
 824.53 + 21.38 1036.82 +   4.72 

Note: 
1
 unit in %w/w; and 

b
 unit in mg/100g of dry weight pumpkin seeds. 

     The objective of this study is to analyze the adsorption isotherm of carbon microparticles produced 

from pumpkin seed waste. Even though many researchers have been working on the use of organic 

wastes and transforming them into carbon material [5], less reports presented the adsorption isotherm, 

especially when using pumpkin waste as the carbon source. The adsorption ability of carbon was 

studied using several standard adsorption isotherm models: Langmuir, Freundlich, Temkin, and 

Dubinin-Radushkevich models. The second purpose of this work is to evaluate the effects of carbon 

particle size (from 100 to 1000 m) on the adsorption isotherm. Particle size relates to the number of 

adsorption site areas [29]. Indeed, understanding this parameter leads to predicting the adsorption 

phenomena occurring on carbon particles and provides suggestions for further applications, such as 

those of catalysis and adsorption, using carbon produced from pumpkin seeds. This study also 

employed curcumin as a model of dye because it has an ideal molecular size of less than 1.4 nm [11]. 

Thus, it can be used for predicting and describing other types of organic dyes regarding the adsorbent-

adsorbate interaction, since the molecular sizes of most dyes are within this size range.  

Adsorption Isotherm Models Used in This Study 

     The illustration of adsorption is shown in Figures-1(a) and (b), which explain monolayer and  
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multilayer adsorption models, respectively.  

To support the explanation of the adsorption process illustrated in Figure 1, Figure 2 shows the 

illustration of chemical and physical adsorption. Physical adsorption, as shown in Figure 2(a), is an 

adsorption that has a weak tensile strength (Van Der Waals force). The adsorption process does not 

involve an energy that exceeds 80 kJ/mol, and the adsorbate can move from one adsorption site to 

another (the adsorption process is not at a specific adsorption site). Chemical adsorption, as shown in 

Figure 2(b), is an adsorption process that has a strong attractive force, involving energy of 600-800 

kJ/mol. In the chemical adsorption, the energy can be generated from chemical bonds, interfering a 

condition in the sharing electrons between the adsorbate and the adsorbent molecules [30]. 

This study used four types of adsorption isotherm models: Freundlich, Langmuir, Temkin, and 

Dubinin-Radushkevich models. 

The Freundlich adsorption isotherm model is the most widely used non-linear adsorption model, 

which represents multilayer adsorption with a heterogeneous energetic distribution from the active site 

on the adsorbent [31]. This model also calculates the interactions between the adsorbed molecules [32]. 

The adsorption energy is a function of the adsorption process on the adsorbent, which is expressed by 

equation (1) [23]: 

efe C
n

kq log
1

loglog             (1) 

where qe is the amount of dye adsorbed per gram at equilibrium (mg/g), kf  is the Freundlich constant 

as the estimated indicator of adsorption capacity, and Ce is the equilibrium concentration of adsorbate 

(mg/L). n is the adsorption intensity, which can predict the phenomena during the adsorption process, 

as follows [9]: 

(i) n < 1 is for the chemical adsorption (see Figure 2(b)). 

(ii) n = 1 is for the linear adsorption (adsorption depends on the amount and concentration of the 

dye adsorbed. It can be a combination of chemical and physical adsorption processes). 

(iii) n > 1 is for the physical adsorption (see Figure 2(a)). 

(iv) 1 / n < 1 is for the normal adsorption (can be controlled under certain conditions). 

(v) 1 / n > 1 is for the cooperative adsorption. 

(vi) If 1/n is near to zero, where the surface of the adsorbent is more heterogeneous. 

The Langmuir model explains quantitatively the formation of the monolayer adsorption model on the 

outer surface of the adsorbent. The Langmuir isotherm model also assumes the adsorption on 

homogeneous surfaces without interactions between the adsorbate molecules. No transmigration from 

the adsorbates happens during the adsorption process. The Langmuir model is represented by 

equations (2) and (3)[31]: 

 

maxmax

1111

qCKqq eLe

             (2)

  

   
 

      
               

(3) 

where KL is the constant of the Langmuir model and qmax is the monolayer adsorption capacity (mg/g). 

RL is the adsorption factors, describing the following conditions [11]: 

(i) RL > 1 is for the unfavorable adsorption process (encouraging desorption). 

(ii) RL = 1 is for the linear adsorption process (adsorption isotherms depend on the amount and 

concentration of the adsorbed). 

(iii) RL = 0 is for the irreversible adsorption process (too strong adsorption). 

(iv) 0 < RL < 1 is for the favorable adsorption process (adsorption can be controlled under certain 

conditions). 

The Temkin model contains a factor that explicitly takes into account the adsorbent–adsorbate 

interactions. The model is used to calculate the heat of the sorption process [33]. By assuming very 

low concentrations of adsorbates, the heat of adsorption is expressed by equation (4): 

 

   TTeTe ABCBq lnln 

          

(4) 
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where AT is the equilibrium constant. BT is the Temkin's isotherm constant, where: 

(i) BT  < 8 kJ shows the physical adsorption. 

(ii) BT > 8 kJ shows the chemical adsorption. 

The Dubinin-Radushkevich model is generally applied to regulate the mechanism of the process and 

assumes the occurrence of the adsorption process on homogeneous and heterogeneous surfaces [23], 

which is expressed by equation (5): 
2)(lnln  se qq             (5) 

where  is the Dubinin-Radushkevich isotherm constant related to the average free adsorption energy 

per mol of adsorbate, qs is the saturation capacity of theoretical isotherms, and   is the Polanyi 

potential associated with the equilibrium condition. This model is estimated by equations (6) and (7): 











eC
RT

1
1ln              (6) 

2

1
E              (7) 

where T is the absolute temperature (K) and R is the Boltzmann gas constant (8.314 J/mol.K). E is the 

energy value used for predicting the type of adsorption, where:  

(i) E < 8 kJ/mol is for the physical adsorption.  

(ii) E > 8 kJ/mol is for the chemical adsorption. 

The abovementioned models were then calculated for obtaining the adsorption efficiency (%E), which 

is measured using equation (8) [34]: 

 

%100% 






 


o

eo

C

CC
E

         

(8)

 
where Co is the initial concentration of the adsorbate (mg/L). 

 

 
Figure 1- Illustration of the adsorption process under monolayer (a) and multilayer (b) states. 

 

 
Figure 2- Illustration of the interaction between adsorbate and adsorbent surface: (a) physical and (b) 

chemical adsorption. 
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Materials and Methods 

     For the preparation of carbon, pumpkin (Cucurbita maxima; taken from Lembang, Indonesia) seeds 

were put into the carbonization apparatus at 250C for 2 hours at atmospheric conditions. Before it is 

exposed to the carbonization process, pumpkin seeds were washed to remove impurities, dried at 

100C to remove physically adsorbed water, and milled using a saw-milling apparatus to create a 

larger surface area for the conversion into carbon material. The carbonized pumpkin seeds were then 

put into the saw-milling process for re-grounding the particles to obtain carbon microparticles. 

Detailed procedure for the saw-milling process is explained in our previous study [35]. 

     The prepared carbon microparticles were placed into the sieve test apparatus (Rumah Publikasi 

Indonesia, Indonesia; hole sizes of 2000, 1000, 500, 200, 125, 100, 74, and 55 m) to achieve the 

specific sizes, as well as size distribution, of the particles. The carbon microparticles with specific 

sizes were then washed using a centrifugation process (TG16WS High-Speed Benchtop Centrifuge, 

Zhengzhou Hepo International Trading, Co., Ltd., China; 11,000 rpm for 5 minutes; washed by 

ultrapure water) for removing inorganic components.  

      Several characterizations were conducted, including Fourier Transform Infrared (FTIR, FTIR-

4600, Jasco Corp, Japan) for analyzing chemical components of the sample and digital microscopy 

(BXAW-AX-BC, China) for analyzing particle size and morphology. 

The adsorption isotherm test was conducted by mixing 0.05 g of the prepared carbon microparticles 

with specific sizes (i.e. 200, 500, and 1000 m) with 100 mL of curcumin solution (concentrations of 

10, 30, and 50 ppm in aqueous solution) in a batch-typed adsorption apparatus (a 400-mL borosilicate 

batch glass equipped with a magnetic stirrer (Rumah Publikasi Indonesia, Indonesia; 1000 rpm)) for 

20 minutes at room temperature and atmospheric pressure conditions. Curcumin solution was obtained 

from the extraction process of Turmeric (Curcuma Longa; obtained from a local market in Bandung, 

Indonesia) using a similar method described in our previous study [36]. Since curcumin is reactive to 

light and oxygen, the adsorption process was conducted in a closed system and free of light. The 

adsorption profile was obtained by taking a sample (2-3 mL) every 5 minutes from the mixing solution 

using a syringe filter (pore size of 220 nm). The sample was then measured using Visible 

Spectroscopy (Model 7205; JENWAY; Cole-Parmer; AS) at a wavelength in the range of 200-600 nm. 

The spectroscopy data were plotted and calculated using the Beer law analysis, following the same 

plotting procedure described in our previous study [36]), and compared with the standard adsorption 

isotherm models of Freundlich, Langmuir, Temkin, and Dubinin-Radushkevich.  

Results and Discussion 

     The microscopic image of the prepared carbon microparticles presented in Figure 3a shows that the 

particle sizes were in the range of 55-2000 m. The particle sizes were confirmed by the results 

obtained from the sieve test shown in Figure 3b, in which the particle sizes were in the range of 200-

1000 m and the mean particle size was 195 m. 

Figure 4 shows the FTIR analysis results of carbon particles with various sizes. To ensure the 

formation of carbon from pumpkin seeds, the results were also supported by the analysis of dried 

pumpkin seeds (dried at 70C), as-carbonized pumpkin seeds (Processed at 250C), and standard 

carbon particles properties from the literature [2, 37]. The FTIR results of all carbon samples have 

identical peaks and patterns, confirming the successful conversion of carbon from waste material. The 

FTIR analysis detected four strong peaks: 1225, 1600, 2845, and 2970 cm
-1

, corresponding to aromatic 

C-H; conjugated C=C in olefin structure and alkene; symmetric C-H; and asymmetric alkyl, 

respectively [38]. Organic components were transformed into carbon material during the carbonization 

process [2, 10, 39]. Inorganic component peaks and patterns were not detected in the FTIR analysis, 

since the amount of inorganic components is too small (as presented in Table 1).  
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Figure 3- Particle size analysis results of carbon particles prepared from pumpkin seed waste: (a) 

microscope image and (b) particle size distribution. 

 
Figure 4- The FTIR analysis results of carbon particles prepared from pumpkin seeds with  with 

various sizes. Ref* and Ref** are data extracted from references [2] and [37], respectively. 

 

The FTIR analysis results of pumpkin seeds dried at 70C and carbon particles prepared from 

pumpkin seeds(carbonized at 250C) with various sizes. Ref* and Ref** are data extracted from 

references [2] and [37], respectively. 

Figures 5(a), (b), (c), and (d) show the results of the adsorption analyses using Freundlich, Langmuir, 

Temkin, and Dubinin-Radushkevich models, respectively. R
2
 values for the linearized curves are also 

presented in Figure 5.  The adsorption parameters gained from the plotting analysis are presented in 

Table 2.  
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     The results showed that the highest values of R
2
 in all samples are for the Langmuir model, 

confirming that the present adsorption has a monolayer structure.  

Since pumpkin seeds have less inorganic content (less than 3%; see Table 1), the formed pores will be 

in a microporous structure (less than 2 nm) [2], making them relatively inactive for the adsorption of 

organic molecules due to the problems in molecule penetration [40]. As a consequence, the adsorption 

occurs on the surface of the adsorbent homogenously with a thin monolayer structure [41]. The 

adsorbed adsorbates then disturb and prevent further adsorption processes from the other free 

adsorbates.  

The results of the adsorption parameters listed in Table 2 show that the characteristics of the 

adsorption depend on the size of the particles. The adsorption profile can be divided into two size 

ranges: lower than 200 m and higher than 200 m. An illustration of the adsorption profile based on 

particle size is depicted in Figure 6.   

     When carbon particles have sizes of less than 200 m, the adsorption characteristics follow a 

monolayer, as confirmed by the Langmuir model. Then, Dubinin–Radushkevich and Temkin models 

verified that the adsorbate was physically attached to the surface of the adsorbent. Although the 

Freundlich model showed that the process is a chemical adsorption, this result can be neglected since 

it has less R
2
 value as compared to those of the Dubinin– Radushkevich and Temkin models. The 

Freundlich model also showed cooperative adsorption, confirming the existence of adsorbate-

adsorbate interaction. The main reason for such interaction is that the particles themselves are too 

small, making them easily aggregated.   

     Regarding particles with sizes of larger than 200 m, identical adsorption profiles were found, as 

shown in particles with sizes of 500 and 1000 m as a monolayer. The Dubinin– Radushkevich and 

Freundlich models confirmed that the process is conducted in a physical adsorption process. However, 

since the R
2
 value of Temkin was lower than that of the other types of models, the Temkin model can 

be neglected. Different from particles with sizes smaller than 200 m, the larger particles were 

produced in normal adsorption without any cooperative interaction among the adsorbates.  

     The results of the adsorption efficiency (%E) and maximum adsorption capacity (qmax) (Table 2) 

showed that increases in the adsorption sites can be achieved when reducing the adsorbent particle size. 

The small particles have a larger surface area, which increases the number of functional groups [29].  

In addition, the adsorption efficiency of the prepared carbon microparticles is still low. For increasing 

the adsorption efficiency, additional carbon activation is required, which will be addressed in our 

future work. 

 

 
Figure 5- The plots of the experimental data compared to adsorption isotherm models: (a) Langmuir, 

(b) Freundlich, (c) Temkin, and (d) Dubinin – Radushkevich  
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Table 2- Adsorption parameters of the Freundlich, Langmuir, Temkin, and Dubinin – Radushkevich 

modelsAdsorption parameters based on Freundlich, Langmuir, Temkin, and Dubinin - Radushkevich 

models to predict the adsorption phenomena that occur in this study 

Model Parameter 
Particle size (μm) 

Notes 
1000 500 200 

Langmuir 

 

 

 

qmax (mg/g) 25.6410 23.5294 32.3624 
The maximum monolayer adsorption 

capacity 

KL (L/mg) 0.7632 1.4455 0.0594 Langmuir adsorption constant 

RL 0.1677 0.0968 0.724 
0 < RL < 1 indicates favorable 

adsorption 

%E 78 78 76 Adsorption efficiency 

R
2 

0.9978 0.9999 0.9999 The correlation coefficient 

Freundlich 

 

 

 

n 3.4083 6.2539 0.8126 

n < 1 defines adsorption with  

chemical process 

n > 1 defines adsorption with physical 

process 

1/n 0.2934 0.1599 1.2305 

1/n < 1indicates a normal adsorption 

1/n > 1 implies cooperative 

adsorption 

kf (mg/g) 11.6735 15.3214 3.0318 The Freundlich constant 

R
2 

0.9892 0.9716 0.9726 The correlation coefficient 

Temkin 

 

 

 

AT (L/g) 943.8144 1.3441 4.1511 Equilibrium binding constant 

BT (J/mol) 78.3768 20.2896 3.3857 

BT < 8 kJ indicates physical 

adsorption 

BT > 8 kJ indicates chemical 

adsorption 

R
2 

0.9856 0.9716 0.9975 The correlation coefficient 

Dubinin 

 

 

 

qs (mg/g) 25.4852 23.6414 70.0913 
The maximum adsorption capacity of 

adsorbent 

ꞵ (mol
2
/kJ

2
) 0.9951 0.9970 0.9889 

The Dubinin-Radushkevich isotherm 

saturation capacity 

E (kJ/mol) 0.7088 0.7081 0.7110 
Energy E < 8 kJ/mol is a physical 

adsorption process 

R
2 

0.9951 0.9999 0.9833 The correlation coefficient 
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Figure 6- Proposed illustration of the adsorption profile of carbon particles in the adsorbing adsorbate 

molecules. 

 

Conclusions 

     This study determined the adsorption isotherm of carbon microparticles prepared from pumpkin 

seeds based on Langmuir, Temkin, Freundlich, and Dubinin-Radushkevich models. The results 

showed that the adsorption on the surface of carbon microparticles occurred in monolayer with a 

physical phenomenon because the active areas are positioned only on the outer surface of carbon, 

whereas no surface structure in the carbon is available. The confirmation of the adsorption profile was 

also achieved by testing various sizes of carbon microparticles. Smaller particles have direct impacts 

on the improvement of adsorption capacity, which is due to the existence of large surface area and 

additional cooperative adsorption, i.e. adsorbate-adsorbate interaction. This study can be useful for 

further developments of carbon microparticles from organic waste material. 
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