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Abstract 

The study aimed to evaluate the isotherm adsorption characteristics of calcium 
carbonate particles prepared from eggshells using isotherm adsorption models 
(Temkin, Dubinin-Radushkevich, Fowler-Guggenheim, and Hill-de Boer). The 
calcium carbonate particles were prepared by cleaning, drying, mashing, and 
carbonizing eggshells (250 ℃; 2 hours). The adsorption test was conducted by 
evaluating curcumin solution adsorption using prepared calcium carbonate (63 μm) 
at the ambient condition with constant pressure, neutral pH, and room temperature 
(25 ℃). The most suitable model to represent the adsorption phenomenon were 

sequentially Temkin, Dubinin-Radushkevich, Fowler-Guggenheim,  and Hill-de 
Boer. The results showed that 63-μm sized calcium carbonate particles have 
micropores with multilayer adsorption profile, followed by physical adsorption 
with repulsion interaction between adsorbed molecules and uniform distribution of 
binding energies. This study informed the isotherm properties evaluation of calcium 
carbonate from household/food processing waste, namely eggshells, as a potentially 
inexpensive and abundant adsorbent source. 

Keywords: Calcium carbonate, Eggshell waste, Isotherm adsorption, Isotherm 

model, Microparticles. 
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1.  Introduction 

The vast amount of domestic and food processing waste generated around the world 

continues to be a major environmental concern. One of them is eggshells. Several 
reports have found that such biomass waste can be converted into calcium carbonate 

[1]. Eggshells contain a lot of carbon, roughly 30% of their weight, followed by 50% 

oxygen, 12.48% calcium carbonate, and 7.5% other inorganic elements [2]. Thus, 

eggshells were an inexpensive, abundant, and excellent calcium carbonate material. 

The isotherm adsorption model can be used to predict, compare, and offer 

information such as the adsorption mechanism, the adsorption capacity, and the 

adsorption process [3]. Isotherm adsorption revealed important details on the 

mechanism, capacity, adsorption parameters, and design optimization [4]. The 

adsorption process and interaction between adsorbent and adsorbate were 

characterized by the adsorption isotherm factor. Therefore, this study aimed to 

evaluate the isotherm adsorption characteristic of prepared calcium carbonate from 

eggshells waste by using isotherm models.  

This study focused to analyse the isotherm adsorption of calcium carbonate 

from eggshells waste. Such waste was the main focus as the calcium carbonate 

source due to its high calcium carbonate content, making them a prospective 

calcium carbonate raw material. Other novelties were the evaluation of isotherm 

adsorption in the micrometer range. The results were compared with several 

standard isotherm adsorption models (i.e. Temkin, Dubinin-Radushkevich, Fowler-

Guggenheim, and Hill-Deboer). Micrometer-sized particles are interesting to study 

because they settle and decant spontaneously, unlike nanoparticles that require 

specific treatments for the separation process. The microparticles benefit from their 

settling capacity since it prevents contamination during the analysis, allowing for 

more exact evaluation. Curcumin was chosen as the adsorbate model because it has 
an optimum molecular size (less than 1,4 nm), making it excellent for analysing 

adsorbent-adsorbate interactions and predicting various adsorption phenomena [5].  

In this study, the calcium carbonate particles were prepared by carbonizing 

eggshells waste (250 ℃; 2 hours) and sieved them into 63 μm-size. The adsorption 

test was carried out by using curcumin as the adsorbate model. There were four 

isotherm adsorption models used in this study: Temkin, Dubinin-Radushkevich, 

Fowler-Guggenheim, and Hill-de Boer. This study informed the evaluation of 

calcium carbonate particles from household/food processing waste, specifically 

eggshells, as a potentially inexpensive and abundant adsorbent source. 

1.1. Temkin isotherm model  

Temkin model defined a factor that specifically refers to the interaction between 

adsorbent adsorbate. According to the model, the heat of adsorption of all 

molecules in the layer is a function of temperature [6]. The Temkin model was 

expressed in Eq. (1). 

𝑞𝑒 = 𝛽𝑇 (ln 𝐶𝑒) + (𝛽𝑇 ln 𝐴𝑇)                                                                                       (1) 

where qe is the number of molecules adsorbed per gram at equilibrium (mg/g), Ce 
is the concentration of adsorbate at equilibrium (mg/L), and AT is the equilibrium 

binding constant. βT is the Temkin’s isotherm constant, where: 

(i) βT  < 8 kJ implies physisorption 

(ii) βT  > 8 kJ implies chemisorption 
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1.2. Dubinin-Radushkevich isotherm model  

Dubinin-Radushkevich model described the adsorption mechanism on a 

heterogeneous surface with Gaussian energy [7], expressed by Eq. (2). 

ln 𝑞𝑒 = ln 𝑞𝑠 −  𝛽𝜀2                                                                                                    (2) 

where qs is the saturation capacity of theoretical isotherm (mg/g), β is the Dubinin-

Radushkevich’s isotherm constant related to the average free adsorption energy per 

mol of adsorbate, Ce is the equilibrium constant and ε is the Polanyi potential during 

the equilibrium condition (Eq. (3)). The type of adsorption can be predicted by the 

energy (E; kJ/mol) calculated with Eq. (4), where E < 8 kJ/ mol implies physical 

adsorption and E  > 8 kJ/mol implies chemical adsorption. 

𝜀 = 𝑅𝑇 𝑙𝑛 [1 +
1

𝐶𝑒
]                                                                                                   (3) 

𝐸 =
1

√2𝛽
                                                                                                                  (4) 

1.3. Fowler-Guggenheim isotherm model  

The Fowler-Guggenheim model described adsorbate’s lateral interaction with weak 

Van der Waals interaction between adsorbed molecules at adjacent sites [8]. The 

model is expressed in Eq. (5).  

ln (
𝐶𝑒(1−)


) −



1−
= − ln 𝐾𝐹𝐺 +

2𝑊

𝑅𝑇
                                                                                           (5) 

where KFG is the Fowler-Guggenheim’s constant, W is the adsorbed adsorbate at 

the active site (replying to the interaction of adsorbate-adsorbent), and W is the 

interaction energy between two adsorbate molecules at the adjacent neighboring 

site (kJ/mol) where: 

(i) W > 0 kJ/mol implies attractive interaction 

(ii) W < 0 kJ/mol implies repulsive interaction 

(iii) W = 0 kJ/mol implies no interaction 

1.4. Hill-Deboer isotherm model  

Hill-Deboer model defined bilateral interaction and mobile adsorption between 

adsorbed molecules [9], expressed in Eq. (6).  

ln (
𝐶𝑒(1−)


) −



1−
= − ln 𝐾1 +

𝐾2

𝑅𝑇
                                                                                               (6) 

where K1 is the Hill-Deboer constant (L/mg), and K2 is the energetic constant of the 

interactions between adsorbed molecules (kJ/mol). K2 can imply attraction or 

repulsion between molecules with conditions as follows: 

(i) K2 > 0 kJ/mol implies attraction between adsorbed molecules 

(ii) K2 < 0 kJ/mol implies repulsion between adsorbed molecules 

(iii) K2 = 0 kJ/mol implies no attraction between adsorbed molecules  

2. Method 

Eggshells and turmeric were purchased from local markets in Bandung, Indonesia. 

Eggshells were cleaned, dried, mashed, and carbonized in an electrical furnace 
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(SHARP; Model EO-28LP(K), China) for 2 hours (250 ℃). After that, the calcium 

carbonate particles were saw-milled (Miyako; BL-102 PL) and put into sieving 

apparatus (PT. Rumah Publikasi Indonesia) to get 63 μm-sized particles. To 

investigate the adsorption characteristics, curcumin was used as an adsorbate model 

[6, 10-12]. Curcumin solution was made by dissolving turmeric powder in water. 
The adsorption test was carried out by adding 0.10 g calcium carbonate particles to 

100 mL of curcumin solution with a specific concentration  (10, 30, 50, 70, and 90 

ppm) [13]. The solution was then mixed for 1 minute. After 30 minutes, the 

concentration change of curcumin solution was measured using a TDS meter 

(TDS&EC; Model E-1 Portable). The experiment was carried out by avoiding 

sunlight since the curcumin solution is sensitive to photoreaction and oxidation. 

Furthermore, the model fitting and analysis were performed using Microsoft Excel. 

3. Results and Discussion 

The best fit or suitable model to depict the adsorption process was determined using 
the linear regression value (R2).  Subsequently, the best-fit isotherm models were 

Temkin, Dubinin-Radushkevich, Fowler-Guggenheim, and Hill-Deboer. The 

parameter of those models was calculated to study the adsorption process and 

shown in Table 1. 

The result showed that the Temkin model was the most appropriate model for 

representing the calcium carbonate microparticles’ adsorption behavior (Fig. 1(a)). 

The Temkin’s isotherm constant (BT) was found less than 8 kJ/mol. It means that 

the adsorption followed a physical process where weak van der Waals are 

associated between adsorbate and adsorbent. Although physisorption has low 

uptake, it has quick adsorbing and desorbing speed, excellent reversibility, and high 

cycling stability. This type of adsorption can ensure that only a small amount of 

energy was needed for regeneration [14]. The binding energies were uniformly 
distributed during the adsorption process (since the R2 value in the Temkin model 

was higher than 0.70). The characterization of uniform distribution of binding 

energy affected the linear decreases of the heat adsorption rather than 

logarithmically for all molecules in the layer [12]. 

According to the E value in the Dubinin-Raduskevich model (Fig. 1(b)), 

physical interaction of adsorbate-adsorbent was taken place (confirmed by BT value 

from Temkin model). This model also implied the existence of micropores on the 

adsorbent surface. Pore sizes smaller than 12 μm were considered micropores [15]. 

The formation of micropores (12 μm) was expected since we used 63-μm calcium 

carbonate particles, which are already small. The micropores can increase the 

surface area needed for adsorption. 

Figure 1(c) shows the linear fitting of the Fowler-Guggenheim model. The W 

value was lower than 0 kJ/mol, indicating that there was repulsion attraction 

between adsorbed molecules. The repulsion interaction happened between 

surface-adsorbed molecules and dissolved adsorbate [16]. Adjacent adsorbed 

molecules exerted a repulsive force on the adsorbate molecules [17, 18] that 

approaching the surface of the calcium carbonate. The adsorption process was 

following an endothermic reaction. On the other hand, as the third most suitable 

model, the linear fitting of Fowler-Guggenheim implied that the adsorbent's 

surface has a multilayer characteristic. 
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According to the Hill-Deboer model (Fig. 1(d)), the K2 was found lower than 0 

kJ/mol, indicating that there was a repulsion interaction between adsorbed 

molecules. In addition, the R2  value, which was higher than 0.70, showed a 

multilayer surface adsorption occurring on the adsorbent surface. Both results were 

confirmed by the Fowler-Guggenheim model. Although the linear regression value 
of the Hill-Deboer was 0.9018, this model was the least suitable for describing the 

adsorption process. 

Fig. 1. Linear fitting of Temkin (a), Dubinin-Radushkevich (b),  

Fowler-Guggeinheim (c), and Hill-Deboer model (d). 

The overall evaluation of isotherm models (Temkin, Dubinin-Radushkevich, 

Fowler-Guggenheim, and Hill-Deboer) was significant to understand the occurring 

adsorption phenomenon, illustrated in Fig. 2. 

Our previous reports have studied the adsorption mechanism of curcumin by 

using carbon prepared from pineapple peels, silica from rice husks, and calcium 

carbonate from fish bones [13]. The adsorption profiles of carbon prepared from 

pineapple peels showed Freundlich multilayer and cooperative adsorption with a 
physical process [12]. On the other hand, silica microparticles prepared from rice 

husks followed the Freundlich isotherm model, where the adsorption occurred on 

a heterogeneous surface with multilayer adsorption [6].  

In comparison, the adsorption mechanism reported in this study was similar to 

the findings of our previous report [13, 14]. The calcium carbonate from fishbone 

followed multilayer adsorption with physical and endothermic processes, similar to 

this study’s findings. However, different from this report where the adsorption 

profile followed the Temkin model, the calcium carbonate prepared from fishbone 

was most suited with the Hill-de Boer model. This could be due to the different raw 

materials and methods used to produce calcium carbonate. 
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Fig. 2. Adsorption profile illustration of the prepared calcium carbonate. 

Table 1. Isotherm adsorption parameter value and description. 

Model Parameter Value Notes 

Temkin 𝐴𝑇  (L g⁄ ) 0.005 The equilibrium 
constant 

𝐵𝑇  (J/mol) -332.067 BT < 8 kJ/mol, there is 

physical interaction 
between adsorbate and 

adsorbent 

𝑅2 0.9967 R2 > 0.70, there is the 
uniform distribution of 

binding energies 
between adsorbate and 
the adsorbent surface 

Dubinin-

Radushkevich 
𝛽 (mol2

kJ2⁄ ) 
 

0.155 The Dubinin-
Radushkevich constant 

E (kJ
mol⁄ ) 

 
1.796 E < 8 kJ/mol, there is 

physical interaction 
between adsorbate 

molecules 

𝑅2  0.9953 R2  > 0.70, there are 
micropores in the 

adsorbent surface 

Fowler-

Guggenheim 
𝐾𝐹𝐺(L mg⁄ ) 1.576 × 10-15 The Fowler-

Guggenheim constant 

𝑊(kJ/mol)  -138488.912 W < 0 kJ/mol, there is 
repulsion interaction 

between adsorbed 
molecules; endothermic 

process 

𝑅2 0.9239 R2 > 0,70, the surface of 
the adsorbent was 

multilayer 

Hill-Deboer 𝐾1(L mg⁄ )  0 The Hill-Deboer 
constant 

𝐾2(kJ mol⁄ )  -6042329.780 K2 < 0 kJ/mol, there is 
repulsion interaction 

between adsorbed 
molecules 

 

0.9018 R2 > 0,70, the surface of 
the adsorbent was 

multilayer 
𝑅2 
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4. Conclusion 

Isotherm adsorption characteristics (obtained using Temkin, Dubinin-Radushkevich, 

Fowler-Guggenheim, and Hill-de Boer model) of calcium carbonate microparticles 
prepared from eggshells waste were investigated. The best isotherm model that fits 

the results was Temkin. The results showed that 63-μm sized calcium carbonate 

particles had micropores and were following physical adsorption with repulsion 

interaction between adsorbed molecules. The adsorption process has a uniform 

distribution of adsorbate-adsorbent surfaces with multilayer adsorption.  
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