
Communications in Science and Technology 5(1) (2020) 31–39 

COMMUNICATIONS IN  

SCIENCE AND TECHNOLOGY 
Homepage: cst.kipmi.or.id 

© 2020 KIPMI 

Isotherm adsorption characteristics of carbon microparticles prepared from 

pineapple peel waste 

Asep Bayu Dani Nandiyantoa*, Gabriela Chelvina Santiuly Girsanga, Rina Maryantia,  

Risti Ragadhitaa, Sri Anggraenia, Fajar Miraz Fauzia, Putri Sakinaha, Asita Puji Astutia,  

Dian Usdiyanaa, Meli Fiandinia, Mauseni Wantika Dewia, Abdulkareem Sh. Mahdi Al-Obaidib 

aUniversitas Pendidikan Indonesia, Bandung 40154, Indonesia 
bSchool of Computer Science and Engineering, Faculty of Innovation and Technology, Taylor’s University, Selangor DE, Malaysia 

Article history: 
Received: 11 May 2020 / Received in revised form: 30 May 2020 / Accepted: 1 June 2020 

Abstract 

The objective of this study was to investigate the isotherm adsorption of carbon microparticles from pineapple peel waste. The carbon 
microparticles were prepared by carbonizing pineapple peel waste at the temperature of 215-250°C and grinding using a saw-milling process. 
To investigate the adsorption properties of carbon microparticles, we conducted some experiments by evaluating adsorption using curcumin 
(as a model of adsorbate) at the ambient temperature and pressure under a constant pH condition. To confirm the adsorption characteristics, 
carbon particles with different sizes (i.e. 100, 125, and 200μm) were tested, and the adsorption results were compared with several standard 
isotherm adsorption models: Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich. To support the adsorption analysis, several 
characterizations (i.e. optical microscope and Fourier transform infrared analysis) were conducted. The adsorption test showed that the 
adsorption profiles of carbon microparticles for all particle sizes were fit to the Freundlich model, indicating the multilayer adsorption process 
on heterogeneous surfaces. The results from other isotherm models also confirmed that the adsorption process occurred physically via Van der 
Waals force in binding adsorbate on the surface of adsorbent. The existence of multilayer without cooperative adsorption between adsorbate 
molecules confirmed the impact of surface structure (i.e. pores) in the adsorbent on the adsorption process. This study demonstrated 
phenomena occurred during the adsorption process, which can be used for further applications, in particular when using carbon from organic 
waste as a catalyst and an adsorbent. 
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1. Introduction

Carbon is one of the fourth most abundant elements in 

universe [1]. It is easily integrated with various elements to 

create thousands of organic compounds, composites, and 

minerals. Carbon is found in all organisms, and involves in 

the decaying process and molecular transformation of 

living organism. More than 90% of carbon is also found as 

the synthetic compounds [2], and 10% is obtained in living 

organisms, such as plants, animals, fungi, microorganisms, 

and fossils [3].  

Carbon has been found in several applications, such as 

gas absorbent agents, reducing agents in many 

metallurgical processes, and chemical reagents in the 

process of making sodium salicylate, potassium, 

ammonium carbonate, and bicarbonate [4].  

One of the carbon sources is fruit waste since for having 

the high content of carbon element. Many papers [5-10] 

have reported a number of strategies for producing carbon 

from these types of wastes: mango peel [5], lemon peel [6], 

dragon fruit peel [7], jackfruit peel [8], rice straw [9], and 

rice husk [10]. The use of this waste type is important since 

it can give benefits in increasing product’s added value (i.e. 

transforming useless waste into the high selling carbon 

products). Indeed, this can encourage efforts to generate 

economy, creating jobs and useful especially for 

developing countries [11]. 

Although there are many reports on the synthesis and 

characterizations of carbon material, studies on the 

adsorption properties of carbon from organic waste so far 

have not been reported in detail, especially in the use of 

fruit waste. In fact, this information is crucial for 

understanding what phenomena occur during the adsorption 

process in which they can be used for further uses, 

especially when using carbon as a catalyst and an 

adsorbent. 

In our previous studies [12,13], we reported the 

evaluation of isotherm adsorption of silica [12] and carbon 

[13] particles from agricultural waste (i.e. rice husk). Here,

the purpose of this study was to evaluate the isotherm

adsorption of carbon microparticles from pineapple peel

waste.
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Different from other studies focused on the synthesis 

and characterization of carbon only, the main novelty in 

this study was to analyze the isotherm adsorption of carbon 

particles from pineapple peel waste. Such waste was the 

main focus as the carbon source for having the high amount 

of carbon components such as cellulose, lignin, and 

hemicellulose [14], making them promising as the carbon 

source. Pineapple is also one of the most product 

commodities in tropical countries. For example, in Europe, 

the majority of pineapples in market come from Costa Rica 

as the tropical countries, supplying 75% of the pineapples 

found in the EU [15]. 

Other novelty was the evaluation of isotherm adsorption 

of carbon particles with various particle sizes in the 

micrometer range. Carbon particles with different sizes (i.e. 

100, 125, and 200μm) were tested, and the adsorption 

results were compared with several standard isotherm 

adsorption models: Langmuir, Freundlich, Temkin, and 

Dubinin-Radushkevich models. In general, particle size 

relates to the surface active sites (the main place for the 

adsorption process). Increases in the particle size have a 

direct correlation with the increase of the number of 

adsorption sites, altering the adsorption profile of 

adsorbent. By understanding adsorption profile as a 

function of particle size, it can be concluded what 

adsorption phenomena occur in the carbon particles.  

Different from other reports, our experiments were 

facile, evaluating adsorption using curcumin (as a model of 

adsorbate) at the ambient temperature and pressure under 

constant pH condition. Curcumin was selected as a model 

of organic adsorbate molecule considering that it had an 

ideal molecular size (less than 1.4 nm) [16-18], perfect for 

evaluating adsorbent-adsorbate interaction and making it 

possible for predicting other types of adsorptives.  

In addition, while other studies typically focused on the 

performance of nanoparticles, this study emphasized the 

analysis of carbon particles with sizes in the micrometer 

range. Micrometer-sized particles are interested to be 

evaluated since they have some excellent characteristics 

compared to nanoparticles, bulk, and film materials. 

Microparticles are unique because they are easily settled 

and decanted spontaneously - different from nanoparticles 

requiring some specific treatments for the separation 

process. This makes carbon microparticles are separated 

easily after being used, allowing them to be reusable. 

Further, their settling ability promotes them for not 

contaminating the sample for analysis, avoiding misleading 

measurement as well as giving precise evaluation and 

analysis. 

 

2. Isotherm Adsorption Models used in This Study  

This study used four types of isotherm adsorption 

models: Freundlich, Langmuir, Temkin, and Dubinin- 

Radushkevich models. The isotherm models predicted the 

phenomena during the adsorption process, based on the 

concentration of adsorbate and the amount of solution 

adsorbed per mass of the adsorbent at equilibrium [19].  

Fig. 1 illustrates the adsorption profile in which Fig. 

1(a) and Fig. 1(b) are for the multilayer and monolayer 

adsorption models, respectively. The figures also describe 

the possible standard isotherm adsorption models. Detailed 

information about the models are described as follows. 

The Freundlich isotherm adsorption model discusses 

about the type of adsorption on heterogeneous surfaces 

with interactions between adsorbed molecules. Multilayer 

adsorption can be applied in this isotherm model [18]. This 

model implies that the adsorption energy decreases along 

with the adsorption process in the adsorbent, in which it 

can be written as: 
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where kf is the Freundlich constant (an approximate 

indicator of adsorption capacity) and Ce is the 

concentration of adsorbate under equilibrium conditions 

(mg/L).  n is the non-linear degree, describing the type of 

adsorption process [20]:  

(i) n < 1 replies an adsorption with chemical process. 

(ii) n = 1 implies a linier adsorption (the partition 

between the two phases that are independent in the 

concentrations). 

(iii) n > 1 defines an adsorption with a physical process. 

The definition of n can be re-derived using 1/n (a 

function of the strength of adsorption in the adsorption 

process), which is described as [21]: 

(i) 1/n < 1 replies a normal adsorption. 

(ii) 1/n > 1 implies cooperative adsorption where 

adsorbed adsorbate affects and influences the 

adsorption of free adsorbates. 

(iii) 1 < 1/n < 0 informs the favorable sorption process, 

discouraging desorption process. 

(iv) 0 < 1/n < 1 defines a measurement of adsorption 

intensity or surface heterogeneity. When the value 

gets closer to 0, the surface will be more 

heterogeneous. 

The Langmuir isotherm model assumes monolayer 

adsorption on homogeneous surfaces. Adsorption occurs 

without any interaction with adsorbed molecules and has a 

similar energy on the surface (without any transmigration 

from adsorbate) [22]. The formation of a monolayer 

adsorbate on the outer surface of the adsorbent obstructs 

further adsorption [23]. The correlations used for predicting 

Langmuir model are [24]: 
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where KL and Qmax are the Langmuir adsorption constant 

and the monolayer adsorption capacity (mg/g), 

respectively. RL value is the separation factor, used for 

classifying the adsorption process [25]: 

(i) RL > 1 is an unfavorable adsorption, 

encouraging a desorption; 
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Fig. 1. Illustration of adsorption profile in multilayer (a) and monolayer (b) types. 

(ii) RL = 1 shows a linear adsorption process (the 

adsorption is independent in concentrations).  

(iii) RL = 0 is an irreversible adsorption process 

where the adsorbed adsorbate cannot diffuse or 

desorb. This commonly occurs in 

chemisorption.  

(iv) 0 < RL < 1 is a favorable adsorption process, 

discouraging desorption process. 

Temkin model describes a factor that explicitly refers to 

a condition in the adsorbent–adsorbate interactions. By 

disregarding the extremely low concentrations, the model 

replies the heat of adsorption of all molecules in a layer as 

the function of temperature [22], which is expressed as: 

   TTeTe ACq lnln            (4) 

where AT is the equilibrium binding constant, and βT is the 

Temkin isotherm constant, informing [25] 

(i) βT  < 8 kJ implies physisorption. 

(ii) βT
  > 8 kJ replies chemisorption.  

 

Meanwhile, Dubinin–Radushkevich isotherm was 

applied for expressing the adsorption mechanism with a 

Gaussian energy distribution on a heterogeneous surface 

[26], which is expressed as: 
2)(lnln  se qq           (5) 
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where qs, , and  represent the theoretical isoterm 

saturation capacity, the Dubinin-Radushkevich theoretical 

isotherm saturation capacity, and the Polanyi potential, 

respectively. T is the absolute temperature (K) and R is the 

Boltzmann gas constant (8.314 J/mol K). E is the energy, 

describing [25]: 

(i) E < 8 kJ/mol is chemisorption. 

(ii) E > 8 kJ/mol is physisorption. 

 

Adsorption efficiency was measured as: 
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where Co and %E are the initial concentration of adsorption 

(mg/L) and the adsorption efficiency (%), respectively. 

The interactions between adsorbent surface and 

adsorbate molecules under physisorption and 

chemisorption as explained in the above models are 

illustrated in Figs. 2 (a) and (b), respectively. 

3. Materials and Methods 

Materials used in this study were pineapple peel 

(Ananas comosus; purchased from the local market in 

Subang, Indonesia) and curcumin (obtained by the 

extraction process of turmeric from local market in 

Bandung, Indonesia, using a similar method as reported in 

literature [18]). 

In the experimental procedure, 200 grams of pineapple 

peel was cleaned, sliced, and carbonized for 1 hour at the 

temperature of 250°C in the ambient conditions, and 

ground using a saw-milling apparatus. To obtain the 

particle size distribution, carbon particles were put into a 

sieving apparatus (PT Rumah Publikasi Indonesia, 

Indonesia) with the hole sizes of 55, 74, 100, 125, 200, 500, 

1000, and 2000 μm. The prepared carbon particles were 

then cleaned from their impurities using a centrifugation 

(TG16WS High-Speed Benchtop Centrifuge, Zhengzhou 
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Fig. 2. Illustration adsorbent surface-adsorbent interaction mechanism in physisorption (a) and chemisorption (b) types.

Hepo International Trading, Co., Ltd., China; 11,000 rpm 

for 5 minutes) and dried in an electrical furnace at the 

temperature of 80C to remove the physically adsorbed 

water.  

To support the analysis, samples were characterized 

using a Fourier Transform Infrared (FTIR-4600, Jasco 

Corp., Japan) and a Digital Microscope (BXAW-AX-BC, 

China; 1000x magnification). 

The adsorption test was done by adding the prepared 

carbon particles (0.05 grams) with a specific size to 100 

mL of curcumin solution (with a specific concentration (i.e. 

10, 30, and 50 ppm). Adsorption tests were carried out by 

mixing the curcumin-carbon solution at 1000 rpm for 30 

minutes in the ambient conditions and constant pH (about 

7). For testing the adsorption at the specific time (every 10 

minutes), the aliquot of solution was taken from the mixing 

solution, filtered using a nylon membrane syringe filter 

with the pore sizes of 0.22 μm, and analyzed using a 

Visible Spectroscope (Model 7205; JENWAY; Cole-

Parner; US) analyzed at maximum wavelength in the range 

of 200 to 600 nm. The adsorption results were plotted and 

normalized. Then, the maximum absorption peaks were 

calculated using the Beer’s Law to obtain the concentration 

of curcumin. The obtained concentration data were plotted 

and compared to the standard isotherm adsorption models: 

Freundlich, Langmuir, Temkin, and Dubinin-Radushkevich 

models. 

4.  Results 

Based on the observations using a Feret analysis in a 

digital microscope image (see Fig. 3(a)), carbon particles 

were found to have the sizes in the range of 45 to 2000 μm. 

Fig. 3 (b) presents the particle size distribution. Carbon 

particles mostly had some sizes between 100 and 500 μm 

with a mean size of 248.09 μm. Here carbon particles with 

the sizes of 200 μm were found as the highest percentage 

(reaching 50%) compared to other sizes.  

Figure 4 shows the FTIR analysis results of carbon 

particles from pineapple peel waste. The identical peaks 

and patterns of the carbon particles with different sizes 

were obtained, informing that the saw-milling method was 

effective to reduce particles without changing the chemical 

and elemental structure of the material [27].  

The carbon particles consisted of several functional 

groups, including aliphatic group at 500-1253 cm-1 and 

hydroxyl groups (O-H) at 1600 and 3750 cm-1. There were 

two peaks in range of 1500 to 1750 cm-1, implying C-H 

(out-of-plane bending). The appearance of absorption 

bands were found at 1650, 3010, and 3040 cm-1, 

corresponding to the unsaturated compound [28]. This 

FTIR analysis confirmed that the prepared particles were 

carbon material. Here, the carbon microparticles with 

various sizes can be used for further adsorption analyses. 

There will be no involvement of material crystallinity in the 

adsorption process, and all adsorption processes will be 

dependent upon the structure of carbon particles only. 

The adsorption analysis was performed by linear fitting 

the results to the adsorption models. The linear fitting 

analyses are presented in Figs. 4 (a), (b), (c), and (d), 

corresponding to Freundlich, Langmuir, Temkin, and 

Dubinin-Radushkevich models, respectively. Table 1 

presents the detailed parameters obtained based on the 

fitting analysis.   

The best isotherm model based on R2 value from the 

linear fitting analysis was found in the Freundlich isotherm 

model, closer to 1. The data of Table 1 replied that the best 

fit isotherm models subsequently were Freundlich, 

Langmuir, Temkin, and Dubinin-Radushkevich. This table 

also discusses about the fitting analysis results for 

confirming what phenomena occurred during the 

adsorption process 

5. Discussion 

The digital microscope image (Fig. 3(a) and Fig. 3(b)) 

and the FTIR analysis results (Fig. 4) confirm the 

transformation of pineapple peel waste into carbon 

microparticles. 

The adsorption analysis showed that the best isotherm 

model based on R2 value from the linear fitting analysis 

was found in the Freundlich isotherm model, which was 

closer to 1 (see Table 1). The data of Table 1 replied that 

the best fit isotherm models subsequently were Freundlich, 

Langmuir, Temkin, and Dubinin-Radushkevich. The 

detailed explanations for each model are discussed as 

follows.  
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The Freundlich isotherm model (see Fig. 5(a)) was the 

most appropriate model for explaining the type of 

adsorbing curcumin molecules on carbon microparticles 

compared to other models. The Freundlich parameters, 

including kf, n, 1/n, and R2 values, were analyzed based on 

equation (1). From the experiments, the value of 1/n 

followed 0.1 < 1/n < 0.5, confirming that the adsorption 

occurred on heterogeneous surface of adsorbent. This also 

confirmed no cooperative adsorption during the process. 

Experiments found that the kf value was in the range of 0 < 

kf < 1, implying favorable adsorption and discouraging 

desorption. The value of 1/n less than 1 indicated a normal 

adsorption. The n value obtained in this work was greater 

than 1, informing the support of physical process in the 

adsorption. 

The Langmuir isotherm adsorption model (see Fig. 

5(b)) was found as the second best fit model in the fitting 

analysis. The Langmuir parameters, i.e. qmax¸ KL, RL, and R2 

value, were investigated based on equations (2) and (3). 

Unlike Freundlich model, the adsorption of Langmuir 

model has been assumed to be ideal and irreversible, giving 

restriction only to the formation of monolayer. Based on 

the experimental data, RL ranged between 0 and 1, implying 

the favorable adsorption, and this result was in a good line 

with the Freundlich model about favorability results. 

The parameter of Temkin model (i.e., AT¸ βT, and R2) 

(see Fig. 5(c)) was studied using equation (4). Temkin 

assumed that the heat adsorption of all molecules in the 

layer decreased linearly, which was characterized by the 

uniform distribution of binding energies. The regression 

value R2 of Temkin model obtained in this work was less 

than Freundlich and Langmuir model. βT value indicated 

that βT < 8 kJ/mol, indicating a physical adsorption 

(physisorption). 

Linear fitting from Dubinin-Radushkevich model was 

analyzed for obtaining qs, E, and R2 values. The linear 

fitting analysis showed E < 8 kJ/mol, confirming that the 

type of adsorption of curcumin molecules onto carbon 

Fig. 3. Photograph image of carbon particles (a) and their particle size distribution (b). 

Fig. 4. FTIR analysis of carbon particles with different sizes from pineapple peel waste 
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surface followed a physical process. Meanwhile, the 

Dubinin-Radushkevich model had the smallest regression 

value compared to a Freundlich, a Langmuir, and a Temkin  

models. Therefore, Dubinin-Radushkevich model was the 

least appropriate model for this work. 

The data of regression value in Table 1 indicated that 

the best fit isotherm models sequentially included 

Freundlich > Langmuir > Temkin > Dubinin-Radushkevich 

models. As explained above, since the best fit model 

related to Freundlich model, the type of adsorption of 

curcumin molecules onto the surface of carbon 

microparticle can be predicted as  

(i) Occurrence on the heterogeneous surface of 

adsorbent,  

(ii) Interactions between adsorbed molecules,  

(iii) Following multilayer adsorption.  

The amount of adsorbed molecules refers to the total 

adsorption on all adsorption sites. The stronger binding 

sites occupy until the adsorption energy exponentially 

decreases upon the completion of the adsorption process. 

The heterogeneous surface is confirmed by 1/n value. In 

this work, normal Freundlich adsorption also took place. 

Fig. 5. Linear fitting of Freundlich (a), Langmuir (b), Temkin (c), and Dubinin-Radushkevich (d) adsorption isotherms models. 

 

Fig. 6. Illustration of the adsorption profile in the porous adsorbent 
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Based on the Freundlich, Temkin, and Dubinin-

Radushkevich parameters, the adsorption of curcumin 

molecules onto carbon microparticles surface was a 

physical process. The adsorbate molecules were attracted to 

the adsorption site through the Van der Waals force, 

producing heat that was slightly greater than the 

sublimation of the adsorbates. This low heat of adsorption 

reduced the amount of energy required for desorption [29].  

The existence of multilayer adsorption and no 

involvement of cooperative adsorption in the multilayer 

structure confirmed the interference of pore structure (see 

Figure 6). This is confirmed by the fact that pineapple peel 

Table 1. Models of isotherm adsorption in this study 

 

Model Parameter 
Particle size (μm) Notes 

100 125 200  

Freundlich 

 

 

 

n 6.6313 1.9339 4.0683 above 1, indicating 

physisorption. 

1/n 0.1508 0.5171 0.2458 0 < 1/n < 1, indicating 

heteregenous surface, 

favorable, and normal 

adsorption. 

kf (mg/g) 13.5894 4.2316 11.9867 The adsorption capacity of 

the adsorbent. 

R2 1 1 0.999 The correlation coefficient. 

Langmuir 

 

 

 

qmax (mg/g) 19.646 8.897 31.056 The maximum adsorption 

capacity of adsorbent. 

KL (L/mg) 1.9280 1.497 0.6180 Relatively small value, 

indicating weak interaction 

between adsorbate and 

adsorbent. 

RL 0.0904 0.1193 0.0525 0 < RL < 1, indicating 

favorable adsorption. 

%E 83.08 94.45 77.99 Relatively high percentage 

of adsorption efficiency. 

R2 0.9809 0.9929 0.9775 The correlation coefficient. 

Temkin 

 

 

AT (L/g) 1.1434 1.0490 1.3720 The equilibrium binding 

constant. 

T (J/mol) 100.3594 114.4798 36.0374 below 8 kJ/mol indicating 

physisorption. 

R2 0.9987 0.9411 0.9801 The correlation coefficient. 

Dubinin-

Radushkevich 

 

 

qs (mg/g) 18.5933 17.6561 27.2703 Theoretical isotherm 

capacity. 

β (mol2/kJ2) 1.6942 . 10-7 5.9282 . 10-6 2.8753 . 10-5 Dubinin-Radushkevich 

isotherm constant. 

E (kJ/mol) 1.7179 0.2904 0.1319 below 8 kJ/mol indicating 

physisorption. 

R2 0.9484 0.9276 0.8954 The correlation coefficient. 

 

      

Fig. 7. Illustration of the pore formation in carbon particles 
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waste contains some inorganic components (See Fig. 7). 

When pineapple peel waste is burned, the composite 

carbon/inorganic material is formed. Then, releasing 

inorganic components from the formed composite by 

washing method creates porous structures in the final 

product, in which this has been well-explained in our 

previous studies for the synthesis of porous carbon particles 

[9]. The existence of porous structure must indeed be 

confirmed by further analysis such as a nitrogen sorption 

analysis, which later on is done in our future work. 

In addition, particle size has a major role in the 

adsorption. The adsorption efficiency of 100-, 125-, and 

200-μm carbon microparticles was 83.08, 94.45, and 

77.99%, respectively. Carbon microparticles with small 

sizes (i.e., 125 and 100μm) have greater adsorption 

capability than that of large particles (200μm). This is 

because the smaller particle size has direct correlations to 

the promotion of larger surface area, providing a better 

adsorption ability [30].  

Theoretically, as discussed above, small particles 

should have better adsorption efficiency than large ones. 

However, based on the experimental data, 100-μm carbon 

particles were less efficient in the adsorption compared to 

125-μm carbon particles. The issues in the colliding and 

aggregating small particles become the main problems. 

Such inclination in the agglomeration forms larger particles 

[31], indeed resulting less surface area and giving 

consequences in the deterring adsorption ability (confirmed 

by qmax and qs values). 

6. Conclusion 

The adsorption characteristics of carbon microparticles 

with various sizes (i.e. 100, 125, 200μm) have been 

investigated for adsorbing curcumin molecules as a model 

of adsorbate. The adsorption results showed that the 

adsorption profiles of carbon microparticles in all sizes 

were appropriate to the Freundlich model, indicating 

multilayer adsorption on the heterogeneous surface. The 

adsorption followed a normal adsorption with a physical 

process, implying Van der Waals force in binding the 

adsorbate onto the surface of the carbon microparticles. 

The additional multilayer without cooperative adsorption 

confirmed the effect of surface structure (i.e. pores) on the 

adsorption. In addition, the adsorption profile of carbon 

microparticles with 125-μm size was found as the most 

efficient. 100-μm carbon particles, although they had larger 

surface area, had a lower adsorption ability due to the 

issues in the particle aggregation that could block the 

adsorption process into the deepest adsorption site in the 

adsorbent. This study is important for understanding what 

phenomena occur during the adsorption process and can be 

used for further uses, especially when using carbon from 

organic waste as a catalyst and an adsorbent. 
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