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Abstract. Methyl orange is a hazardous anionic dye for the environment; hence, it is 

necessary to carry out processing before disposal. One of the methods for its treatment 

is adsorption. Hydrotalcite is used as an adsorbent due to its significant adsorption 

capacity. This research aims to study the adsorption of methyl orange using Co/Fe-CO3 

hydrotalcite, with test parameters including pH, contact time, adsorbent mass, methyl 

orange concentration, and to determine the kinetic and isotherm adsorption models. The 

synthesis of Co/Fe-CO3 hydrotalcite is conducted through coprecipitation with a 4:1 

mole ratio of Co2+ ions to Fe3+ ions, followed by hydrothermal treatment at 65oC for 24 

hours. Hydrotalcite was characterized using FTIR and XRD. The optimum conditions 

for methyl orange adsorption by Co/Fe-CO3 hydrotalcite are obtained at pH 6, a contact 

time of 60 minutes, an adsorbent mass of 50 mg, and a methyl orange concentration of 

80 mg/L. The adsorption kinetics followed pseudo-second-order dynamics with an R2 

value of 0.9998; the adsorption rate constant is 0.025 g/mg.minute, and the qe value is 

13.793 mg/g. The adsorption isotherm model followed the Freundlich isotherm model, 

with R2, n, KF, and E values of 0.9969, 3.073 mg/g, and -2.781 kJ/mol, respectively. 

Keywords: B. gymnorrhiza, carboxymethyl chitosan, nanoparticles, ionic gelation 

 

1. Introduction 

The textile industry is one of the contributors of liquid waste generated from the dyeing 

process. One of the dyes widely used in the textile industry is methyl orange. This dye consists 

of azo groups and its derivatives, particularly benzene groups, which are known to be highly 

resistant to degradation. Therefore, a treatment is required to reduce the concentration of methyl 

orange in wastewater to make it environmentally safe. 

Adsorption is widely recognized as an effective method for dye removal from water, 

primarily due to its cost-effectiveness, operational simplicity, and scalability. Activated carbon 

is a renowned adsorbent in wastewater treatment, exhibiting exceptional adsorption capabilities 

for color, odor, oil, and toxic organic pollutants [1]. Nonetheless, the operational cost of 

activated carbon adsorption is high, and its regeneration process is challenging. Therefore, it is 

imperative to explore alternative materials with potential adsorption properties, such as 

hydrotalcite. 

Hydrotalcite, an anionic clay with stacked positive layers and interlayer anions, offers 

several advantages, including a substantial surface area, anion exchange capabilities, and ease 

of synthesis [2]. Synthesis of Ni/Fe-NO3 hydrotalcite for the adsorption of the dye methyl 

orange (MO) and the metal Cr(VI), demonstrating significant adsorption capacities of 205.76 

mg/g for MO and 26.78 mg/g for Cr(VI) [3]. Another research is synthesized Co/Fe-CO3 

hydrotalcite for the adsorption of wastewater containing complex chromium [4]. 
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Based on the aforementioned studies, hydrotalcite shows great potential as an effective 

adsorbent due to its high adsorption capacity. Therefore, this research focuses on the adsorption 

study of Co/Fe-CO3 hydrotalcite for the removal of methyl orange dye. Hydrotalcite with 

carbonate ions as interlayer anions is known to be challenging to exchange due to its strong 

affinity [5]. The adsorption study includes parameters such as pH, contact time, adsorbent 

dosage, and the maximum dye concentration to determine the kinetics and adsorption isotherms. 

This will provide insights into the adsorption capability of Co/Fe-CO3 hydrotalcite as a methyl 

orange dye adsorbent. 

 

2. Methods 

2.1.Tools and Materials 

      The tools used in this study were an analytical balance, magnetic stirrer, oven, Whatman 

No. 42 filter paper with a diameter of 90 mm, pH meter, glassware, volumetric flask, 

Eppendorf tubes, watch glasses, dropper pipettes, volumetric pipettes, filler, centrifuge, and 

shaker. In addition, the instruments used are a UV-Vis spectrophotometer, X-ray 

Diffractometer (with CuKα radiation source, λ = 0.15406 nm, operating conditions at 40 kV 

and 30 mA, 2θ = 2° - 60° at room temperature), and Infrared Spectrophotometer. Whereas, 

the materials used in this study were methyl orange p.a, cobalt nitrate (Co(NO3)2.6H2O) p.a, 

iron(III) nitrate (Fe(NO3)3.9H2O) p.a, sodium hydroxide (NaOH) p.a, sodium carbonate 

(Na2CO3) p.a, nitric acid (HNO3) p.a, pH paper, nitrogen gas, distilled water, and deionized 

water. 

2.2.Synthesis and characterization of Co/Fe-CO3 hydrotalcite 

A cobalt/iron carbonate layered double hydroxide with a cobalt–iron ratio of 4:1 was 

used in this study. The Co/Fe-CO3 hydrotalcite was synthesised using the co-precipitation 

method. A total of 11.64 grams of Co(NO3)2.6H2O and 4.04 grams of Fe(NO3)2.9H2O were 

separately dissolved in 100 mL of deionized water each. The solutions were mixed while 

continuously purged with nitrogen gas and stirred using a magnetic stirrer for 30 minutes. 

Solution B was prepared by mixing 0.4M Na2CO3 and 0.96M NaOH, each in 50 mL of 

deionized water. Solution A was then slowly added drop by drop into Solution B under 

magnetic stirring. During the reaction, the pH of the reaction system was carefully 

maintained at approximately 10.0. Subsequently, following the reaction, the mixture was 

aged at 65°C for 24 hours. Afterward, the sediment was subjected to multiple washes until 

the supernatant reached a neutral pH. The washed sediment was then dried at 65°C for 18 

hours and subsequently ground into a fine powder. The resulting powder was identified as 

Co/Fe-CO3, and then this powder was characterized using FTIR and XRD to determine its 

characteristics. 

2.3. Adsorption Experiments 

2.3.1 Preparation of Methyl Orange Stock Solution 

A total of 0.1 grams of methyl orange was dissolved in a 100 mL volumetric flask and 

then topped up with distilled water to the mark. This solution had a concentration of 1000 

ppm. The stock solution was used to prepare standard solutions through a series of dilutions. 

 

2.3.2 Preparation of Methyl Orange Calibration Curve  

The calibration curve was constructed by plotting the relationship between 

concentration (x) and absorbance (y) to obtain the linear regression equation y = bx + a. This 
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regression equation was used to determine the concentration of adsorbed methyl orange in 

the samples. A 100 ppm methyl orange stock solution was prepared, and various 

concentrations of 2, 4, 6, 8, 10, and 12 ppm were derived from it. The absorbance of each 

solution was measured using a UV-Vis spectrophotometer at the maximum wavelength. 

2.3.3 Effect of pH 

The adsorption experiments were carried out by a batch method in an open medium 

and at room temperature. A total of 16 mL of 10 ppm methyl orange solution was prepared 

at varying pH levels from 4 to 12 using NaOH and HNO3 solutions. Then, 0.01 grams of the 

adsorbent were added to each solution. The mixtures were homogenized using a shaker for 

1 hour. The solution was separated from the adsorbent by centrifugation at a speed of 2500 

rpm, and the filtrate was analyzed using a UV-Vis spectrophotometer to determine the 

concentration of methyl orange. 

2.3.4 Effect of contact time 

A total of 16 mL of 10 ppm methyl orange solution was adjusted to the optimum pH. 

Then, 0.01 grams of the adsorbent were added to the solution, and it was homogenized using 

a shaker for various time intervals, namely, 5, 10, 15, 30, 40, 50, 60, 70, 80, 90, 120, 150, 

and 180 minutes. The solution was separated from the adsorbent by centrifugation at a speed 

of 2500 rpm, and the filtrate was analyzed using a UV-Vis spectrophotometer to determine 

the concentration of methyl orange. 

2.3.5 Effect of LDH amount 

A total of 16 mL of 10 ppm methyl orange solution was added with hydrotalcite with 

weight variation of 0.01 grams to 0.09 grams at the optimum pH. The mixture was then 

homogenized for the optimal contact time. The solution was separated from the adsorbent 

by centrifugation at a speed of 2500 rpm, and the filtrate was analyzed using a UV-Vis 

spectrophotometer to determine the concentration of methyl orange. 

2.3.6 Effect of methyl orange concentration 

A total of 16 mL of methyl orange solution was made with varying concentrations of 

10 - 100 ppm at optimum pH, adding hydrotalcite with optimum weight. The mixture was 

homogenized using a shaker at the optimum contact time. The solution was separated from 

the adsorbent by centrifugation at a speed of 2500 rpm, then the filtrate was analyzed using 

a UV-Vis spectrophotometer so that the methyl orange content could be determined.  

2.3.7 Adsorption kinetic 

The data obtained from the adsorption process in determining the optimum contact 

time were utilized to determine the adsorption reaction kinetics using first-order (1), second-

order (2), pseudo-first-order (3), and pseudo-second-order (4) equations 

𝑙𝑛 𝐶𝑡 = −𝑘1. 𝑡 +𝑙𝑛 𝑙𝑛 𝐶0                                                                                                        (1) 

1

𝐶𝑡
= 𝑘2. 𝑡 +

1

𝐶0
                                                                                                                         (2) 

               log(𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 − 
𝑘1𝑡

2,303
                                                                                                  (3) 

               
𝑡

𝑞𝑡
=  

1

𝑘2𝑞𝑒
2  +  

1

𝑞𝑒
                                                                                                                         (4)                             

 2.3.8 Adsorption isotherm 
The adsorption data obtained in the determination of the optimum concentration are used to 

determine the type of adsorption isotherm. The determination of the Langmuir adsorption isotherm 

is based on Equation (5).                      
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𝐶𝑒

𝑞𝑒
 =

1

𝑞𝑚𝑎𝑘𝑠
 𝐶𝑒  +

1

𝐾𝐿.𝑞𝑚𝑎𝑘𝑠
                                                                                                       (5) 

Meanwhile, the determination of the Freundlich adsorption isotherm type is based on Equation (6). 

      𝑙𝑛 𝑞𝑒  =  
1

𝑛
 𝑙𝑛 𝐶𝑒  +  𝑙𝑛 𝐾𝐹                                                                                                                   (6) 

                                                                      

3. Results And Discussion 

3.1. Co/Fe-CO3 hydrotalcite 

Hydrotalcite Co/Fe-CO3 with a Co/Fe molar ratio of 4:1 was synthesized using the 

coprecipitation method. This molar ratio was chosen based on the research [6], which showed 

increased crystallinity in Co/Fe hydrotalcite with a higher Co2+ content. This indicates that an 

increased cation ratio results in materials with high crystallinity and a large surface area.  

The preparation of Co/Fe-CO3 hydrotalcite started with the preparation of solution A and 

solution B containing interlayer anions. Solution A was prepared by mixing solutions of 

Co(NO3)2·6H2O and Fe(NO3)2·9H2O, resulting in a red-colored solution, while solution B was 

prepared by mixing solutions of NaOH and Na2CO3, resulting in a clear solution. Solution A 

was added to solution B under rapid and constant stirring for 2 hours. During the reaction, the 

pH of the system was maintained at pH 10 using NaOH. 

After mixing, a brown slurry was formed. The slurry was then placed in a Teflon container and 

subjected to hydrothermal treatment at 65°C for 24 hours. The time and temperature in this 

process produced Co/Fe-CO3 hydrotalcite sheets with a large surface area [7]. After 

hydrothermal treatment for 24 hours, the slurry was filtered and washed with deionized water 

until reaching pH 7. The obtained precipitate was then dried at 65°C for 18 hours to remove 

residual water in the hydrotalcite. Drying conditions [8] showed that using low temperature and 

longer drying time results in crystals with a large surface area. The resulting Co/Fe-CO3 

hydrotalcite adsorbent is in the form of brown solid particles. 

3.2. Characterization of materials 

3.2.1 XRD analysis 

Hydrotalcite synthesized products were characterized using X-ray diffractometer to identify 

that the main compound of the synthesis product is Co/Fe-CO3 hydrotalcite. Figure 4.1 displays 

the characteristic diffraction peaks of the synthesized Co/Fe-CO3 hydrotalcite located at 2θ 

values of 11.454°, 23.184°, 33.919°, 38.558°, and 59.069°. These diffraction peaks closely 

resemble those of the standard Co/Fe hydrotalcite structure (JCPDS No. 50-0235). 

  

 

 

 

 

 

 

 

 

 

Figure 1. XRD patterns of Co/Fe-CO3 hydrotalcite 
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 The characteristic peak at 2θ = 11.454° indicates the presence of carbonate anions in the 

interlayer of the synthesized hydrotalcite with a basal spacing of 7.72 Å. This finding is in line 

with the research [9], which reported carbonate anion reflections on the (003) plane at 7.57 Å 

and 7.67 Å. The sharp and symmetric diffraction peaks at low 2θ values suggest that the 

hydrotalcite phase has crystallized well. Increased cobalt content in the hydrotalcite structure 

leads to greater stability and an increase in interlayer spacing. Conversely, higher iron content 

can disrupt the layer structure of hydrotalcite and reduce its crystallinity [10]. 

3.2.2 FTIR 

The hydrotalcite material was characterized using a FTIR (Fourier-Transform Infrared) 

spectrophotometer to complement the synthesis data by identifying the functional groups 

present in the hydrotalcite compound. The FTIR spectrum of the hydrotalcite obtained in this 

study is shown in Figure 2. 

 

Figure 2. FTIR spectrum of Co/Fe-CO3 hydrotalcite 

The FTIR analysis was conducted in the wavenumber range of 4000-400 cm-1. Based on Figure 

2, the Co/Fe-CO3 hydrotalcite exhibits broad absorptions at wavenumbers of 3368.68 cm-1, 

which correspond to the stretching vibration of O-H groups from water molecules in the 

interlayer of the hydrotalcite. Furthermore, the absorption at 1637.04 cm-1 arises from the 

bending vibration of O-H groups within water molecules in the interlayer region. Additional 

absorptions are observed at wavenumbers 1347.47 cm-1 and 1649.49 cm-1, indicating the 

stretching vibration of C-O and the vibration of C=O groups from CO3
2- anions. Absorptions 

around 547.59 cm-1 and 483.08 cm-1 in the low wavenumber region are associated with the 

brucite-like structure, believed to originate from the M-O and M-O-M (M = Co, Fe) vibrations 

within the layered metal hydroxide sheets. 

3.3. Adsorption study 

3.3.1 Calibration curve 

The calibration curve is a line that represents the relationship between concentration and 

absorbance values. The calibration curve generated can be used to demonstrate the linear 

relationship between the actual substance concentration and the instrument's response. Linearity 

between concentration and absorbance is expressed in the correlation coefficient (R). The R 
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value indicates that there is a linear correlation between concentration and absorbance, and 

almost all points lie on a straight line with a positive gradient [11]. Based on regression 

calculations from the standard curve, the values obtained are a (intercept) = -0.0009; b (slope) 

= 0.0742; and the linear equation is y = 0.0742x - 0.0009 with a coefficient of determination 

(R2) of 1. The y coefficient represents absorbance, while x is the concentration of the methyl 

orange solution. The regression values obtained indicate a correlation between concentration 

and absorbance 

3.3.2 Effect of pH 

The determination of the optimum pH is carried out because the pH of the solution will 

influence the activity of functional groups on the adsorbent during the adsorption process. pH 

changes can affect the chemical properties and surface characteristics of the adsorbent, the 

solubility of the adsorbate, and the competition of ions in the adsorption process [12]. 

 
Figure 3. Curve of pH effect on the adsorption of methyl orange by Co/Fe-CO3 hydrotalcite 

Based on Figure 3, under pH conditions ranging from 4 to 10, the amount of adsorbed dye tends 

to remain stable under acidic conditions. The adsorption efficiency of the methyl orange dye 

absorbed by the adsorbent does not show significant differences. The pH of the solution results 

in changes in the charge distribution on the adsorbent and the dye due to protonation and 

deprotonation reactions of functional groups [13]. Hydrotalcite has -OH functional groups 

originating from metal hydroxide bonds on the surface. The calculated optimum pH is at pH 6 

with an adsorption efficiency of 81.011% and an adsorption capacity of 12.962 mg/g, while at 

pH 11-12, there is a tendency for a decrease in efficiency and the amount of adsorbed dye. 

Methyl Orange is an anionic dye that contains sulfonate groups carrying negative charges. In a 

solution of methyl orange at low pH conditions, the excess of H+ ions in the solution causes the 

-OH functional groups on the adsorbent's surface to undergo protonation, making them 

positively charged and causing the deprotonation of the sulfonate groups of methyl orange [14]. 

Meanwhile, functional groups on the surface of the adsorbent that are positively charged can 

interact with the negatively charged sulfonate (-SO3
-) groups of the methyl orange dye, forming 

strong bonds between the adsorbent and the dye [15]. 

On the other hand, at high pH, the adsorption process can still occur because the hydroxyl (-

OH) groups originating from the adsorbent weakly interact with the amine groups from the dye. 

However, its adsorption capacity becomes smaller. This happens because at high pH, the excess 

hydroxyl ions will compete with the anionic molecules of the dye to occupy active sites on the 

adsorbent, resulting in a low adsorption capacity [16]. 

3.3.3 Effect of contact time 
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The determination of the optimum adsorption time is performed to understand the time required 

for the adsorbent to adsorb methyl orange solution optimally. The longer the contact time 

between the methyl orange solution and hydrotalcite adsorption, the more opportunities the 

active sites of the adsorbent have to bind the dye. However, when saturation is reached, the 

contact time no longer has an effect, leading to a decrease in adsorption capacity. 

 
Figure 4. Curve of contact time effect on the adsorption of methyl orange by Co/Fe-CO3 

hydrotalcite 

Based on Figure 4, the amount of adsorbed dye increases with increasing contact time in the 

range of 5-150 minutes. This is possible because at the beginning of the adsorption process, the 

adsorbent surface is still empty, so the amount of adsorbed dye increases rapidly. At a contact 

time of 60 minutes, the adsorption efficiency is 81.954%, and the adsorption capacity is 13.113 

mg/g, indicating that the adsorbent's ability to adsorb methyl orange dye has reached 

equilibrium. This means that at this point, all active sites of the adsorbent have bound the 

adsorbate, so adding more time from 60 to 150 minutes does not significantly increase the 

amount of adsorbed dye. 

However, at a contact time of 180 minutes, the adsorption capacity decreases. This is because 

the active sites on the adsorbent have reduced due to the possibility of the adsorbed dye being 

released back into the solution, forming a layer on the adsorbent's surface that covers the 

adsorbent layer, thereby reducing the adsorption efficiency [17]. 

3.3.4 Effect of LDH amount 

The greater the mass of the adsorbent, the greater the efficiency of adsorbing methyl orange. 

This occurs because increasing the amount of adsorbent creates more empty space on the 

adsorbent's surface and active groups that can bind the adsorbate. This is evident in the range 

of adsorbent masses from 10 mg to 50 mg, where the adsorption capacity continues to increase. 

With an increase in the mass of the adsorbent, more empty spaces are provided on the 

adsorbent's adsorption sites to bind the adsorbate [18]. 

 
Figure 5. Curve of LDH amount effect on the adsorption of methyl orange by Co/Fe-CO3 

hydrotalcite 
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The data show that the optimum adsorption occurs at an adsorbent mass of 50 mg, with an 

adsorption percentage of 91.253% and an adsorption capacity of 2.920 mg/g. However, at 

adsorbent masses ranging from 60 to 90 grams, there is a decrease in adsorption efficiency, 

which can be attributed to the adsorbent surface reaching saturation, leading to a decrease in 

adsorption capacity [19]. 

3.3.5 Effect of adsorbate concentration  

The influence of the initial dye concentration is based on the direct relationship between the 

dye concentration and the available active sites on the adsorbent's surface. 

 

Figure 6. Curve of LDH amount effect on the adsorption of methyl orange by Co/Fe-CO3 

hydrotalcite 

Optimum adsorption of methyl orange dye is achieved at a concentration of 80 mg/L with an 

adsorption efficiency of 93.903%. This indicates that after reaching the optimum conditions, an 

increase in the dye concentration no longer significantly affects the amount of dye adsorbed. 

However, increasing the concentration of methyl orange dye will decrease the adsorption 

efficiency. This is because at higher concentrations, the amount of dye in the solution is not 

proportional to the number of adsorbent particles available, causing the hydrotalcite surface to 

reach saturation, and desorption or release of the adsorbate from the adsorbent may occur [20]. 

3.3.6 Adsorption kinetic 

Adsorption kinetic is the ability of an adsorbent to adsorb by considering its reaction rate. The 

adsorption rate can be determined from the value of the adsorption rate constant (k) and the 

reaction order, which refers to four adsorption kinetics equations. 

Table 1. Kinetic Parameters of Methyl Orange Adsorption 

Models Kinetics 

Parameters  

R2 
k 

(g/mg.minute) 
q (mg/g) 

First-order 0.8032 0.007 - 

Second-order 0.8942 0.003 - 

Pseudo-first-order 0.9570 0.023 3.163 

Pseudo- second-

order 
0.9998 0.025 13.793 

Based on Table 1, it can be observed that the R2 value for pseudo-second-order kinetics is 

greater compared to pseudo-first-order, first-order, and second-order kinetics. Therefore, the 

adsorption process of methyl orange dye by Co/Fe-CO3 hydrotalcite follows pseudo-second-
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order kinetics. The adsorption rate constant (k) values indicate the speed of an adsorption 

process. The research results indicate that pseudo-second-order kinetics have the highest 

adsorption rate constant (k) value. A higher adsorption rate constant value corresponds to a 

faster adsorption rate [21]. 

Furthermore, the data is supported by the adsorption capacity (qe) value in pseudo-second-order 

kinetics, which is 13.793 mg/g, closer to the experimental adsorption capacity (qe) value of 

13.890 mg/g. This suggests that the adsorption rate is directly proportional to the available 

adsorbent capacity, but the adsorption rate decreases as it approaches equilibrium [22]. 

3.3.7 Adsorption isotherms 

Adsorption isotherms describe the relationship between the amount of substance adsorbed by 

an adsorbent and the pressure or concentration at equilibrium at a specific temperature [23]. 

The data from the influence of methyl orange concentration in this study is used to determine 

adsorption isotherms and understand the adsorption process between hydrotalcite and the 

adsorbate, which is methyl orange. The isotherm models used in this research are the Langmuir 

and Freundlich isotherm models. 

Table 2. Isotherm Parameters of Methyl Orange Adsorption 
Langmuir Isotherm Freundlich Isotherm 

KL  

(L/mg) 

qmaks  

(mg/g) 
R2 

E 

 (kJ/mol) 

KF  

(mg/g) 
n R2 

E  

(kJ/mol) 

0.084 35.461 0.858 6.132 3.073 0.781 0.9969 -2.781 

 

Based on Table 2, the Langmuir isotherm yields a relatively high R2 value with a maximum 

adsorption capacity (qmaks) of 35.461 mg/g. This indicates that the adsorption process of 

methyl orange dye by Co/Fe-CO3 hydrotalcite occurs through chemical adsorption with the 

formation of a monolayer. Chemical interactions that can occur during this adsorption process 

include: 

1. Electrostatic interactions between the anionic sulfate groups of methyl orange and the 

positively charged surface of Co/Fe-CO3 hydrotalcite. 

2. Hydrogen bonding between sulfate groups and hydroxyl groups on the surface of Co/Fe-

CO3 hydrotalcite. 

3. Ion exchange processes between interlayer anions and anionic dye groups. 

These interactions contribute to the adsorption of methyl orange by forming a monolayer on 

the hydrotalcite surface [24]. 

The R2 value for the Freundlich isotherm is higher than that for the Langmuir isotherm, 

indicating that the adsorption process follows the Freundlich adsorption isotherm more closely. 

The Freundlich isotherm assumes that adsorption occurs in a multilayer manner, and the active 

sites of the adsorbent are heterogeneous, meaning they have varying energy levels. The 

parameters in the Freundlich isotherm are the Freundlich constant (KF) and the adsorption 

intensity (n). The Freundlich constant indicates the adsorbent's capacity to adsorb the adsorbate; 

the higher the value of KF, the greater the adsorption capacity. The value of n is used to describe 

the adsorption process. 

In this study, a value of n < 1 was obtained, indicating that the adsorption of methyl orange by 

Co/Fe-CO3 hydrotalcite involves chemical adsorption. The value of 1/n in this study was found 

to be 1.2805, and 1/n provides information about the strength of the adsorption process, where 

a value of 1/n > 1 indicates coordinative adsorption [25]. Based on these results, it can be 

inferred that during the adsorption process of methyl orange by Co/Fe-CO3 hydrotalcite, both 
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physical and chemical interactions occur simultaneously. Figure 7, illustrates the possible 

coordinative adsorption that may occur in this study. 

 

Figure 7. Illustration of coordinative adsorption 

Based on Figure 7, physical interactions occur where methyl orange molecules directly adhere 

to the adsorbent's surface, forming a monolayer adsorption. In the second layer, chemical 

interactions occur between the adsorbed methyl orange molecules and free methyl orange 

molecules. The physical interaction between the adsorbent surface and methyl orange in the 

monolayer results in relatively weak interactions that are easily disrupted. The phenomenon of 

monolayer adsorption that forms indicates the presence of coordinative adsorption and chemical 

interactions among the adsorbates [26]. 

 

4. Conclusion 

The Co/Fe-CO3 hydrotalcite has been successfully synthesized through coprecipitation and 

hydrothermal methods. The optimum adsorption conditions for methyl orange by Co/Fe-CO3 

hydrotalcite occur at pH 6, a contact time of 60 minutes, an adsorbent mass of 50 mg, and an 

optimum concentration of 80 mg/L. The adsorption process follows the pseudo-second-order 

kinetic model and the Freundlich isotherm. 
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