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ABSTRACT 

In this study, a low-cost jackfruit based KOH-activated carbon aerogel (AJCA) is prepared 

from facile hydrothermal treatment synthesized core of jackfruit with different heating rate. 

AJCA is sythesisized to absorb crystal violet (CV) dye from aqueous solutions and effectively 

treat other dyes. Scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy 

(EDS) allow for targeted analysis of sample surfaces which has many grooves of varying depth, 

and many layers of scales stack on top of each other. The specific surface area, which is 

examined by The Brunauer-Emmett-Teller (BET) method, reaches 592.65 m2/g. The most 

suitable heating rate is 3 degrees per minute (AJCA-3). The maximum adsorption capacity is 

386,66 mg/g and the absorption performance reaches 96,5% at a concentration of 300 ppm, 

which indicates that AJCA-3 is very efficient and competitive with several adsorbents. The 

pseudo-second-order model satisfactorily describes the adsorption kinetics, and the Langmuir 

model was suitable to represent the adsorption equilibrium. These experiments show that AJCA 

has excellent potential on treating real coloured eflluents. 

Keywords: Activated carbon aerogel; Efficent; Crystal violet. 

1. INTRODUCTION  

In recent years, the rapid development of industry leads to a large amount of water pollution 

[1]. It is estimated that more than 700,000 types of dyestuffs which are annually emitted from 

various industries such as textile, paper, cosmetics, food, etc. into the aquatic environment [2]. In 

the year 2050, without appropriate and strong policies to manage water resources, increased 

water demand can deplete groundwater resources, and eutrophication, affecting aquatic 

biodiversity and human life [3]. 

Synthetic dyes are mostly organic compounds with complex molecular structures, high 

stability [4]. Crystal Violet (CV), a triphenylmethane dye, causes serious water pollution 

problems, directly affects aquatic ecosystems and human life. CV interferes with photosynthetic 

activities at low concentrations; In several cases, CV can cause human’s permanent blindness, 

and kidney and respiratory problems [5]. However, CV is still widely used in industrial sectors, 

mainly the textile industry. Therefore, it is very important to remove CV from water sources. 

Electrochemical treatment techniques, chemical oxidation, ozonation, nanofiltration, and 

reverse osmosis, etc. are studied to treat water containing CV [6]. The biological treatment 

effectively removes dyes but not watercolors due to their high stability and resistance to 

microbial degradation [7]. Oxidation is the most commonly used chemical process for dye 

degradation due to its ease of use and the ability to degrade molecules. However, this process can 

form sludge [8]. Among the physical methods, adsorption is the most popular and cost-effective 

method, so it is widely applied to large scale [2].  

 The trend of making carbon materials of agricultural origin for water treatment adsorption is 

more interesting than traditional adsorbent materials with many advantages such as high 

efficiency, cost savings, and degradability [9]. The carbon material is synthesized by pyrolysis 

aerogel to create an aerogel that retains the natural structure of the base material. Carbon aerogel 
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can be produced in a green process, using fewer chemicals, cheaper, and more durable than 

hydrocarbon precursors. Converting agricultural by-products into valuable products will not only 

improve the economy but also reduce environmental pollution [10]. 

Carbon aerogel from jackfruit was reported to have a high specific surface area at 512.42 m2/g 

and high stability, making it suitable as an adsorbent, electrode and supercapacitor with high 

specific capacitance reaching 323.8 F/g [10-12]. According to the authors' research, there have 

been no studies on carbonizing aerogel from jackfruit’s core for gas adsorption. In this study, 

carbon aerogel from jackfruit core was synthesized to enhance the adsorption capacity for CV. 

2. MATERIALS AND METHODS   

2.1. Theoretical foundations 

2.1.1. Model of adsorption isotherm 

The adsorption isotherm represents the relationship between the amount of adsorbent per unit 

mass of the adsorbent at constant temperature and the concentration in the solution at 

equilibrium. Several isothermal models have been used to evaluate the adsorption equilibrium 

such as Langmuir, Freundlich, Redlich Peterson, Dubinin-Radushkevich, Sips, and Temkin [13]. 

Among them, Langmuir and Freundlich isotherm models are most commonly used. 

The Langmuir adsorption isotherm model, the adsorption takes place simultaneously at 

different sites in the adsorbent and the adsorption is monolayer, the maximum adsorption occurs 

when the adsorbed molecules form a single - saturated layer on the surface of the adsorbent [14]. 

In a liquid-solid system, the Langmuir isotherm is described in equation (1): 

 𝑞𝑒 =
𝑄𝑚𝑏𝐶𝑒

1+𝑏𝐶𝑒
[15]                                            (1) 

Where: 𝑞𝑒: Adsorption capacity at the time of equilibration, mg/g. 

 𝐶𝑒: Solution concentration at the time of equilibrium, mg/L. 

 𝑄𝑚: Maximum adsorption capacity of the adsorbent, mg/g. 

 b: Langmuir adsorption constant, L/mg. 

It is possible to return the Langmuir equation to a linear form if equation (1) is inverse: 

 
𝐶𝑒

𝑞𝑒
=

1

𝑄𝑚
𝐶𝑒 +

1

𝑄𝑚∗𝑏
                                             (2) 

The Freundlich adsorption isotherm model, it is assumed that the adsorption takes place on a 

heterogeneous surface. The Freundlich adsorption isotherm is expressed by equation (3): 

 𝑞𝑒 = 𝐾𝑓𝐶𝑒
1/𝑛

[16]                                            (3) 

Where: 𝑞𝑒: Adsorption capacity at the time of equilibration, mg/g. 

 𝐶𝑒: Solution concentration at the time of equilibrium, mg/L. 

 𝐾𝑓: Freundlich adsorption constant, mg/g. 

 n: Adsorption strength. 

Logarithmic equation (3) we get the linear form of Freundlich's equation  

 𝑙𝑛𝑞𝑒 = 𝑙𝑛𝐾𝑓 +
1

𝑛
𝑙𝑛𝐶𝑒                                    (4) 

Constructing a graph of ln𝑞𝑒 depending on ln𝐶𝑒, we can determine the adsorption constant 𝐾𝑓 

and the exponent n. 𝐾𝑓 is related to adsorption capacity and 1/n is a measure of adsorption 

strength or surface heterogeneity. The value of 1/n ranges from 0 to 1, the adsorption becomes 

more heterogeneous when the value of n is close to 0 [17]. 

2.1.2. Adsorption kinetics 
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The kinetic study is an important part of adsorption research because it explains the rate of 

adsorption, thereby predicting the mechanism of the process and the steps controlling the rate. 

The adsorption kinetics determines the retention time, thereby determining the reactor size. 

The apparent first-order kinetics (pseudo-first-order) assumes that the adsorption occurs only 

on local sites, unrelated to the interaction between the adsorbed ions, and the energy of the 

adsorption is independent. Depending on the surface coverage, the maximum adsorption 

corresponds to a saturated adsorbent layer on the surface of the adsorbent, and the concentration 

of the adsorbent is assumed to be constant [18]. 

The equation of the first-order apparent adsorption kinetics model for the solid-liquid 

adsorption system is shown in equation (5): 

 
𝑑𝑞𝑡

𝑑𝑡
= 𝑘1(𝑞𝑒 − 𝑞𝑡) [19]                                     (5) 

Where 𝑞𝑡 , 𝑞𝑒 : Adsorption capacity at time t and time of equilibrium, mg/g. 

 t: Time, min. 

 𝑘1: Speed constant, 1/min. 

The boundary conditions, the linear equation (6) is established: 

 𝑙𝑛(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝑘1𝑡                                         (6) 

Graph ln(qe – qt) against t, from which 𝑘1 and 𝑞𝑒 can be determined. 

The second-order apparent adsorption kinetics model has the same assumptions as the first-

order apparent kinetics model. The apparent second-order kinetic model of adsorption takes into 

account the rate-limiting step when forming chemical bonds during adsorption [20]. The rate of 

the adsorption process depends on the adsorption capacity at time t and the time of equilibrium 

according to equation (7): 

 
𝑑𝑞𝑡

𝑑𝑡
= 𝑘2(𝑞𝑒 − 𝑞𝑡)2[21]                                       (7) 

  𝑘2: Rate constant according to the apparent quadratic kinetic model (g/(mg.time)). 

 𝑞𝑡 , 𝑞𝑒: Adsorption capacity at the time of equilibrium with time t (mg/g).  

Applying the boundary condition, equation (7) becomes equation (8): 

  
𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

𝑡

𝑞𝑒
                                                         (8) 

Construct a graph of t/qt against t, from which we determine the values of 𝑞𝑒 and 𝑘2. 

2.2. Experiment preparation 

2.2.1. Instrumentation 

Scanning electron microscope and energy dispersive X-ray spectroscopy equipment (SEM-

EDS) determine surface morphology and the existence and content of elements in the 

composition of the sample. BET surface area analysis equipment shows the specific surface area 

and average capillary size. Fourier-transform infrared spectroscopy equipment (FTIR) 

determines the functional group and chemical structure of the sample.  

CV solution was determined at a wavelength of 585 nm by using a UV-VIS 

spectrophotometer. In the pH experiments, the CV solution pH was adjusted from 3.0 to 11.0 

with hydrochloric acid and sodium hydroxide solution. The adsorption isotherms, and kinetics 

were studied by analyzing 0.5 g of adsorbent in 100 mL of solution at different initial CV 

concentrations. At the end of the adsorption experiment, the adsorbent was separated from the 

solution by filtering. Then, the absorbance of the filtrate dye was measured using a 

spectrophotometer at a wavelength of 585 nm [22]. The residual concentration of CV dye in the 
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aqueous solution was calculated using the initial dye concentration and absorbance values before 

and after adsorption. The adsorption capacity at time t and removal rate of CV by samples were 

calculated using the following equation: 

 𝑞𝑡 =
(𝐶0−𝐶𝑡)𝑉

𝑀
                                                       (9) 

 𝑅 =
𝐶0−𝐶𝑡

𝐶0
× 100%                                             (10) 

Where 𝑞𝑡 (mg/g) is the adsorption capacity of CV; 𝐶0 and 𝐶𝑡 (mg/L) are the concentrations at 

initial and time t, respectively; V (L) is the volume of the reaction solution; M (g) is the weight 

of sample; and R (%) is the removal rate of CV by sample. 

2.2.2. Experimental materials 

Jackfruit’s core was collected from the Phu Nhuan market. All chemicals in this study are 

from China. After collection, Jackfruit’s core was washed with deionized water to remove dust, 

and then cut into 3 x 3 x 3 cm3 pieces. Then, Jackfruit’s core was put into the hydrothermal pot 

so that the Jackfruit’s core and deionized water account for 60% of the volume of the 

hydrothermal pot. The hydrothermal pot was placed in the drying oven and heated to 180 oC. The 

hydrothermal process was carried out for 10 h, after which the drying oven was turned off and 

the hydrothermal pot was naturally brought to room temperature. After the hydrothermal process, 

the hydrogel was formed and washed 2-3 times with a mixture of ethanol/H2O solution (v/v = 

1/1) to clean the hydrogel. The hydrogel was then frozen with liquid nitrogen and freeze-dried 

for 48 h to form a jackfruit aerogel (JA). 

The aerogel was pyrolysis to carbon aerogel by a tubular furnace. The furnace was heated 

slowly at 6 °C/min and heated to temperatures up to 700 °C. The pyrolysis process was 

maintained for 1 h with an N2 gas atmosphere and a gas flow rate of 100 ml/min. 

Carbon aerogel was mixed with KOH according to the mass ratio KOH/CA = 5 in 50 ml of 

water. The mixture had been keep for 24 hours and then filter the solids. The solid was dried at 

110 °C until the mass remained constant. The solid was calcined at 700 oC for 1 hour at a heating 

rate of 3, 6, and 9 oC/min. After the activation process, the solid was cooled down and washed 

with deionized water to pH = 7 to obtain the samples AJCA-3, AJCA-6, and JCA-9 respectively. 

3. RESULTS AND DISCUSSION 

3.1. SEM-EDS analysis  
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Figure 1. SEM images of powdered AJCA-3 (A,B,C); EDS elements of powdered AJCA-3 (D). 

The activated carbon aerogel SEM image of AJCA-3 (A, B, C) is shown in figure 1. In 

figures 1A, B, numerous voids are adjacent to each other with fairly uniform size on the surface 

of the sample. At 2500 times of the AJCA-3 (figure 1C), the sample surface is quite indented 

with many holes which is about 2-25 m in size. It also has a lot of grooves of varying depth, 

and many layers of scales stack on top of each other. 

According to EDS (figure 1D), sample AJCA-3 consists of Carbon 83.77% mass, Oxygen 

9.86% mass, Potassium 3.10% mass and other elements. This proves that through the activation 

process, Oxygen and Potassium adhered to the surface of the airgel sample, expanding the voids 

in number and size, helping to enhance the adsorption capacity. 

3.2. BET analysis 

Adsorption-desorption isotherm of N2 for sample, Fig. 2a, followed a type II isotherm. The 

amount of specific active surface for AJCA-3 sample according to the analysis represented in 

Fig. 2b, was 592.65 m2/g. The correlation coefficient R2 of BET plot reached 0.99. Furthermore, 

the pore diameter sizes of AJCA-3 was in the ranges of 2-50 nm (according to IUPAC 

standards), indicating that it had a mesoporous structure. Additionally, the relative pressure in the 

range of (P/P0 = 0 – 0.5) indicates the presence of the material's mesoporous structure. BJH plot 

illustrated in Fig. 2c shows an average pore diameter at 5.6964 nm.  

3.3. Adsorption study 

The adsorption equilibrium tests for aerogel carbon materials have been operated with 

different heating rates (Fig. 4). The adsorption capacity of the materials both increased rapidly in 

the first 20 minutes and slowly grew in the next 40 minutes. The adsorption capacity changed 

insignificantly, from min 60 to min 100, suggesting that 60 min is the equilibrium time for CV 

adsorption by AJCA. In this experiment, the adsorption process took place quickly in the first 20 

minutes because the solution contained many CV molecules and the number of empty adsorption 

centers of the material was still high, so the adsorption process was fast, leading to a rapid 

increase in the adsorption capacity. Then the number of adsorption sites decreases and the 

number of CV molecules in the solution also decrease and the solution concentration gradually 

reaches equilibrium. The maximum adsorption capacity of AJCA-3 is 128.57 mg/g, higher than 

that of AJCA-6 and AJCA-9 with values of 103.12 and 97.54 mg/g, respectively, showing the 

influence of the heating rate of the activation process to the adsorption capacity. 

The study of CV adsorption kinetics (Co = 100 ppm) by AJCA material was performed from 

the experimental values. The values of K1, qe_cal, and the correlation coefficient R2 is shown in 

C D 
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table 1. The value of R2 for the relationship between ln(qe - qt) and t is from 0.63 – 0.96. 

However, the equilibrium adsorption capacity values determined from the first-order kinetics 

equations are significantly different from the experimental values. Therefore, the apparent 

pseudo-first-order kinetics equation is less suitable for CV adsorption on carbon aerogel 

materials. The values of R2 between t/qt and t according to pseudo-second-order kinetics are all 

greater than 0.98. Besides, the equilibrium adsorption capacity values calculated from the 2nd-

order kinetics equation are close to the experimental values. Therefore, in this study, the apparent 

quadratic kinetic model is suitable to describe CV adsorption by carbon aerogel, showing that 

CV adsorption by AJCA is mostly chemisorption. The pseudo-first and pseudo-second-order 

kinetics models are shown in figures 4a and b. 

  

 
Figure 2. a) N2 adsorption - desorption isotherms; b) BET plot and c) BJH plot of AJCA-3.  

The concentration of pollutants is treated as an important design parameter in environmental 

remediation units. As can be seen in figure 5, as the CV concentration increases from 50 to 300 

ppm, the CV adsorption capacity of the material increases gradually. The material with the best 

adsorption capacity is still AJCA-3, reaching 386.66 mg/g. Figure 3 shows that there is no 

significant difference between the adsorption capacity of the samples at the concentrations of 50 

and 100 ppm. At a concentration of 300 ppm, there is a big difference between AJCA-3 and AJCA-

9. The regression analysis of Ce/qe - Ce in the Langmuir isotherm and ln(qe) - ln(Ce) in the 

Freundlich isotherm were performed. The isotherm constants were examined correlation 

coefficients of the Langmuir and Freundlich isotherms are summarized in table 2. It is shown that 

the correlation coefficient of the Langmuir isotherm is higher (R2 = 0.9618) than that of the 

Freundlich isotherm, proving that it is suitable for describing CV adsorption by carbon materials. 

a) b) 

c) 



 

 

 

 

 

Nghiên cứu khoa học công nghệ  

 

Tạp chí Nghiên cứu KH&CN quân sự, Số Đặc san Viện Nhiệt đới Môi trường, 12-2022 57 

The adsorption capacity of materials AJCA-3, AJCA-6, and AJCA-9 at the concentration of 300 

ppm tend to approach the qmax value calculated from the regression equation of Langmuir isotherm.  

 
Figure 3. Adsorption capicity of CV at time. 

  
Figure 4. The pseudo-first and pseudo-second-order kinetics models. 

The effect of pH on the adsorption capacity of AJCA-6 at 300 ppm is shown in Fig. 6. The 

CV adsorption capacity increased from 311.43 to 379.32 mg/g with increasing pH from 3 to 11 

and reached the maximum adsorption capacity. The adsorption capacity of AJCA-6 so unstable 

that it in this experiment is a little different from it in concentration of solution experiment. 

Table 1. The pseudo-first and pseudo-second-order kinetic parameters  

of CV adsorption by AJCA. 

 k (min-1) qe_cal (mg/g) qe_exp (mg/g) R2 

The pseudo-first order kinetics model 

AJCA-3 0.0388 63.80937 128.57 0.9563 

AJCA-6 0.0296 24.90827 103.12 0.5458 

AJCA-9 0.042 51.49064 97.54 0.6287 

The pseudo-second-order kinetics model 

AJCA-3 0.0009672 136.9863 128.57 0.9996 

AJCA-6 0.0014297 108.69565 103.12 0.9954 

AJCA-9 0.00067 111.11111 97.54 0.9886 
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Based on the experimental results of this study, and depending on the structure of the 

adsorbate and the properties of the adsorbent surface, the mechanism for removing CV by AJCA 

adsorption may involve the following steps: 

(i) Migration of the dye from the solution to the surface of the adsorbent. 

(ii) Dye diffusion through the boundary layer on the surface of the adsorbent. 

(iii) Adsorption of the dye on the AJCA surface. 

 
Figure 5. The CV adsorption capacity of the materials at different concentration of solution. 

Table 2. The isotherm constants of the Langmuir and Freundlich isotherms. 

 Langmuir Freundlich 

 qmax qexp R2 Kf n R2 

AJCA-3 384,62 386,66 0,9618 91,47 1,61 0,8458 

AJCA-6 370,37 373,22 0,9729 90,92 2,30 0,8469 

AJCA-9 322,58 307,37 0,9883 70,24 2,75 0,9705 

 

 
 Figure 6. The effect of pH on the adsorption capacity of AJCA-6. 
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Table 3. Comparison of CV sorption capacity of AJCA-3 with  

other reported low-cost adsorbents. 

Sorbent qmax (mg/g) Reference 

Activated carbon 420.068 mg/g [23] 

Orange peel 14.3 mg/g [24] 

Skin almond waste 85.47 mg/g [25] 

Treated coir pith 94.7 mg/g [26] 

Chitin-psyllium based aerogel 227.11 mg/g [27] 

Sugarcane bagasse–bentonite/sodium alginate 839.9 mg/g [28] 

Silane-modified cellulose nanofiber aerogel 150 mg/g [29] 

Three-dimensional graphene aerogel 280.8 mg/g [30] 

KOH-activated carbon aerogel 379 mg/g This study 

4. CONCLUSIONS 

In this work, an aerogel was synthesized using biowaste as the core of jackfruit. The aerogel 

developed was used to evaluate its ability to adsorb molecules of crystal violet dye present in 

aqueous solutions. The aerogel's characterization demonstrated a randomly interconnected hole 

with a channel structure that resembles an open pore network. These characteristics contribute to 

the adsorption of dye molecules and may be a consequence of the uncontrolled growth of 

carbonization. The adsorption was dependent on the contaminant dosage and at 100 ppm, and 

300 ppm CV, AJCA-3 respectively removed 100%, and 96% of CV dye from the aqueous 

solution. The increase in pH caused a significant increase in dye removal percentage, increasing 

10,8% in pH = 11. Because of cost benefits, the pH of the CV solution (pH = 7) was considered 

more suitable for adsorption. The pseudo-second-order model well represented the adsorption 

kinetics and the Langmuir model was suitable to represent the equilibrium data. The maximum 

adsorption capacity achieved was 379 mg.g−1, which indicates that aerogel is very efficient and 

competitive with several adsorbents in removing CV from aqueous solutions. In the next study, a 

regeneration experiment will be conducted to evaluate the reusability of AJCA to remove CV 

from an aqueous solution. In conclusion, the tests using aerogel to remove the color from a 

simulated effluent containing different dyes and compounds indicate that aerogel has a high 

potential to treat real colored effluents. 
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TÓM TẮT 

Tổng hợp carbon aerogel hoạt hóa bằng KOH  

để loại bỏ thuốc nhuộm Crystal violet hiệu quả ra khỏi nước 

 Trong nghiên cứu này, một sản phẩm carbon aerogel hoạt hóa bằng KOH (AJCA) từ 

mít được điều chế bằng quá trình xử lý thủy nhiệt lõi của mít với tốc độ gia nhiệt khác 

nhau. AJCA được tổng hợp để hấp thụ thuốc nhuộm màu tím pha lê Crystal violet (CV) từ 

dung dịch nước và xử lý hiệu quả các loại thuốc nhuộm khác. Kính hiển vi điện tử quét 

(SEM) và quang phổ tia X phân tán năng lượng (EDS) cho thấy bề mặt mẫu có nhiều rãnh 

có độ sâu khác nhau và nhiều lớp vảy xếp chồng lên nhau.. Diện tích bề mặt riêng được 

kiểm tra bằng phương pháp The Brunauer-Emmett-Teller (BET), đạt 592,65 m2/g. Tốc độ 

gia nhiệt phù hợp nhất là 3 độ mỗi phút (AJCA-3). Khả năng hấp phụ tối đa là 386,66 

mg/g và hiệu suất hấp thụ đạt 96,5% ở nồng độ 300 ppm, điều này cho thấy AJCA-3 rất 

hiệu quả và có khả năng cạnh tranh với một số chất hấp phụ. Mô hình bậc hai giả mô tả 

thỏa đáng động học hấp phụ, và mô hình Langmuir thích hợp để biểu diễn cân bằng hấp 

phụ. Những thí nghiệm này cho thấy rằng AJCA có tiềm năng tuyệt vời trong việc xử lý 

các chất sinh màu thực. 

Từ khoá: Activated carbon aerogel; Hiệu quả; Crystal violet.  

 

 

 


