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Abstract 

The effect of initial Congo Red and Procion Red concentration on isotherm adsorption 

and thermodynamic adsorption study using natural and Zn/Fe Pillared bentonite have 

been conducted. The adsorbents were also characterized by Fourier transform infrared 

(FTIR), X-Ray Diffraction (XRD), and Scanning electron microscope-energy 

dispersive X-Ray analysis (SEM-EDX). The study showed that the optimum dye 

removal of Congo Red and Procion Red was obtained at the initial dye concentration 

of 80 mg/L. The adsorption isotherm study showed that the Congo Red and Procion 

Red adsorption on natural and Zn/Fe Pillared bentonite followed the Freundlich 

isotherm model. The adsorption thermodynamics study showed that the adsorption of 

Congo Red and Procion Red occurred endothermically, whereas the positive value of 

entropy indicated a high level of disorder of adsorption for both dyes. Furthermore, the 

FTIR, XRD, and SEM-EDX analysis showed that the pillarization of Zn/Fe on 

bentonite successfully well occurred, and it could be concluded that the adsorption of 

Congo Red using natural and Zn/Fe pillared bentonite showed a better adsorption 

process than Procion Red.  

Keywords: Bentonite, Pillared bentonite; Adsorption isotherm, Adsorption 

thermodynamic 

 

INTRODUCTION 

The textile industry is vital in expanding the non-

oil and gas economic sector in many developing 

countries. However, besides its significant role, the 

textile industry also poses quite severe problems for the 

environment, especially the disposal of liquid waste 

dyes [1]. Congo Red and Procion Red dyes are 

commonly found in the textile industry, and these dyes 

have an azo group (-N=N-), which have been reported 

to be carcinogenic, mutagenic, and teratogenic, and 

potentially damaging to the environment and 

organisms [2]. The high risk of this harmful dye to 

humans and the environment has led researchers to 

develop various methods to treat dye's waste. 

Chemical, physical, and biological methods, 

including adsorption, biosorption, flocculation 

coagulation, ozonation, advanced oxidation, and 

membrane filtration, have been widely used to treat the 

waste of dyes [3]. Among the various dye removal 

methods, adsorption is the preferred and primary 

method due to its simplicity of design, low cost, ease 

of operation, and high efficiency [4]. Bentonite is one 

of the alternative adsorbents that is often used for dye 

adsorption because it is relatively cheap, non-toxic, 

and has a large specific surface area which can increase 

the adsorption capacity [5]. The adsorption capacity of 

bentonite is generally higher for cationic dyes than for 

anionic dyes due to the negative charge on the 

bentonite surface. Therefore, bentonite must be 

modified to increase its adsorption capacity against 

acidic dyes [6]. 

Modification of bentonite through pillarization 

has been widely carried out to increase its adsorption 

ability and dye removal [7]. Pillared bentonite can be 

synthesized by exchangeable cations into bentonite 

layers using single or mixed oligomeric polycations 

Article Info 

Received 8 May 2022 

Received in revised 25 

May 2022 

Accepted 26 May 2022 

Available online 25 June 

2022 



Desnelli, et al. Indones. J. Fundam. Appl. Chem., 7(2), 2022, 51-57 

 

DOI: 10.24845/ijfac.v7.i2.51   52 

 

such as Fe, Cr, Al, Co, Cu, Zr, Al/Cu, Al/Fe, and Al/Si. 

Cation exchange can lead to a tremendous increase in 

bentonite basal spacing [8]. The metal oxides Zn and 

Fe have been reported to have good abilities to azo 

dyes adsorption, respectively [9-10]. These metal 

oxides are also reported to have favorable 

physicochemical characteristics as adsorbents [11]. 

Based on that idea, Zn/Fe Pillared bentonite 

hypothetically has a great adsorption ability as well as 

dye removal than Natural bentonite. 

The previous report has studied the effect of 

adsorbent weight, adsorption time, pH, and pseudo 

kinetic of adsorption Congo Red and Procion Red 

using Zn/Fe Pillared bentonite [12]. Further studies are 

needed to obtain more optimal adsorption results. 

Hence, this research would be focused on isotherm and 

thermodynamic studies of the adsorption of Congo Red 

and Procion Red using Zn/Fe Pillared bentonite, 

considering those parameters have not been reported 

yet. The adsorbent would also be characterized using 

Fourier Transform Infrared (FTIR) and Scanning 

Electron Microscope-Energy Dispersive X-ray (SEM-

EDX) as well as compared with natural bentonite. 

MATERIALS AND METHODS 

Materials 

Bentonite clay was provided from bentonite 

deposit placed in Lampung Province, Indonesia. All 

chemicals i.e zinc chloride (ZnCl2, 98.0-100.5% 

purity), ferrous chloride (FeCl2, ≥ 98.0% purity), 

Congo Red (C32H22N6Na2O6S2) (dye content of ≥75%), 

and Procion Red (C19H10Cl2N6Na2O7S2) (dye content 

of 40%) were analytical grade purchased from Merck 

Millipore. 

Synthesis of Zn/Fe Pillared Bentonite 

Firstly, the bentonite was washed with distilled 

water and dried at 110 ˚C for one day. Zn/Fe Pillared 

bentonite was synthesized by preparing 12 g of 200-

mesh bentonite dissolved in 120 mL of distilled water 

and stirred for 2 hours. The suspension was then 

pillared using a Zn/Fe solution by stirring for 24 hours. 

The solution was filtered, and the residue was dried 

using an oven at 100 ˚C and calcined using a muffle 

furnace for 2 hours at 400 ˚C. The product was 

characterized by XRD (Rigaku Minu Flex 600), FTIR 

(Shimadzu), and SEM-EDX (JEOL-JSM 6510 LA). 

Adsorption Studies 
Adsorption isotherm and thermodynamic aspects 

were conducted by varying the concentration of dye 

(20, 50, 80, 100, and 130 mg/L) and adsorption 

temperature (30, 50, 70 ˚C) with a 0.05 g of adsorbent, 

which dissolved in 50 mL of dye. The solution was 

shaken for 1 hour. The solution was then filtered, and 

the concentration of the remaining dye after the 

adsorption was measured using a using UV-Vis 

Spectrophotometer (Shimadzu) at λ max of 498 nm and 

537 nm for Congo Red and Procion Red, respectively. 

The dye removal was calculated according to the 

difference in the initial and the final concentrations of 

the dye divided by the initial dye concentration as well. 

The adsorption isotherms were evaluated using the 

Langmuir and Freundlich model. 

RESULTS AND DISCUSSION 

Adsorbent Characterizations 

Natural bentonite and Zn/Fe Pillared bentonite 

were characterized using FTIR, XRD, and SEM-EDX. 

The infrared spectra of Natural bentonite and Zn/Fe 

Pillared bentonite are shown in Figure 1. The infrared 

spectra of Natural bentonite and Zn/Fe Pillared 

bentonite. The spectra of Natural bentonite reveals a 

peak at 3636 cm-1, indicating the presence of –OH 

groups segregated from the interlayer of bentonite by 

Si-OH and Al-OH silanols [6, 8]. The broadband at 

3474 cm-1 was associated with adjacent silanol groups, 

and it could be observed that the absorption band tends 

to weaken after pillarization due to the calcination 

effect of Si-O-Si bond formation [13].  

 

Figure 1. FTIR spectra of bentonite and Zn/Fe pillared 

bentonite 

In the low-frequency region, the strong band at 

1050 cm-1 indicates Si-O stretching vibrations in the 

bentonite plane, the peak at 916 cm-1 was associated 

with Al-OH-Al, the adsorption band in 620 cm-1 

represents vibrations in the Al-O and Si-O planes [14, 

15]. Furthermore, the low peaks at 674 cm-1 and 710 

cm-1 indicate stretching vibrations of Fe-O. Fe-O bands 

are also found in Natural bentonite from dioctahedral 

or trioctahedral smectite [8]. The Zn-O stretching 

absorption is generally in the range of 400-700 cm-1, in 
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this case, absorption at 525 cm-1 was presumably from 

Zn-O stretching vibration [10, 16].  

The diffractogram of Natural bentonite and Zn/Fe 

Pillared bentonite are shown in Figure 2. The 

characteristic peaks at 2θ of 20.82˚, 28.81˚, 35.12˚, 

61.92˚ indicated the montmorillonite structure. This 

pattern was in accordance with the standard JCPDS file 

(card no. 01-088-0831); this finding was consistent 

with similar a report [17]. From the diffractogram, it 

could be observed that there was an increase in basal 

spacing (d001) from 11.21 to 15.65 nm. This increase 

was caused by the intercalation of hydrolyzed Zn/Fe in 

the bentonite interlayer through the formation of 

pillars. The inclusion of transition metals into the 

bentonite layer makes the reflection position of 001 can 

shift the angle by 2θ compared to bentonite [8].  

 

Figure 2. Diffractograms of Natural bentonite and 

Zn/Fe Pillared bentonite 

Figure 2 shows that the 6˚ angle in the bentonite 

diffractogram shifts to a lower angle of 5.64˚, 

indicating that the intercalation in clay minerals has 

occurred  [18]. The appearance of a new peak after 

pillarization at 2θ of 26.64˚ and 54.11˚ may indicated 

the presence of Zn/Fe metal oxide [19, 20], The peak 

was relatively difficult to observe and distinguish, 

presumably due to the low crystallinity as well as the 

concentration of metal oxide [21]. 

The SEM images of bentonite and Zn/Fe pillared 

bentonite are shown in Figure 3. It can be seen that 

Natural bentonite has a thin structure with sharp and 

irregular edges. The presence of Zn/Fe alters the 

lammeral structure of Natural bentonite and causes the 

formation of scattered granules from the Bentonite 

surface [8, 18]. This finding was consistent with Ain et 

al. [22] in the study bentonite pillarization using iron 

oxide. The morphological changes due to the 

pillarization of bentonite have also been reported by 

Satwikanitya et al. [23] using cobalt oxide. Furthmore, 

EDX analysis showed that the Zn content increased 

from 0 to 1.92 % and Fe from 0.68 to 0.89 %, 

respectively, which indicates that the Zn/Fe 

pillarization process well occurred. 

 

Figure 3. Morphological surface of (a) natural 

bentonite and (b) Zn/Fe pillared bentonite 

Effect of Dye Initial Concentration 

The efficiency of Congo Red and Procion Red 

removal by bentonite and B-Zn/Fe is shown in Figure 

4. It can be seen that the percentage of dye removal 

increased with increasing dye concentration. After 

achieving an optimum dyes removal at 80 mg/L, 

surprisingly, the percentage of dye removal was 

gradually decreased. A similar trend has been reported 

by Al-Ghouti et al. [24] in the study of adsorption of 

methylene blue using cellulosic olive stones biomass. 

 

 

Figure 4.  Effect of initial concentration on dyes 

removal of (a) Congo Red and (b) Porcion 

red 

According to Albroomi et al. [25], at low dye 

concentrations, the availability of empty pores and the 

active site on the adsorbent was high. However, the 

fractional adsorption of dyes and mass transfer 

decreases, leading to a lower percentage of dye 

removal. As the dye concentration increases, the mass 

transfer of the dye also increases, and more bonds are 

available, leading to an increase in the percentage of 

dye removal [26]. Furthermore, the ratio of dye 

molecules to available binding sites did not support 

mass transfer at higher concentrations. In addition, at 

high dye concentrations, the mass transfer of dye 

molecules is higher due to an increase in the ratio of 

the dye to the binding site. Nevertheless, the number of 

binding sites available on the adsorbent will decrease 

and disappear when the dye molecules occupy these 



Desnelli, et al. Indones. J. Fundam. Appl. Chem., 7(2), 2022, 51-57 

 

DOI: 10.24845/ijfac.v7.i2.51   54 

 

sites [27]. This was what caused at high dye 

concentrations, which more than 80 mg/L, the 

percentage of dye removal decreased. Figure 4 also 

shows that the dye removal of the pillared Zn/Fe was 

more significant than Natural bentonite. This condition 

certainly showed that the pillarization using Zn/Fe 

oxide could be associated with an increase in the ability 

of bentonite as an adsorbent [28]; This was due to the 

availability of Zn/Fe active sites on the bentonite 

surface, as a result the percentage of dye removal 

becomes much more effective [29]. 

Adsorption Isotherm Study 

The Langmuir and Freundlich isotherm data can 

be seen in Table 1 and Table 2 for Congo Red and 

Procion Red, respectively. According to the Langmuir 

Isotherm model, it can be seen that increasing the 

temperature will increase the adsorption of both dyes 

over the adsorbent; this indicated that the adsorption 

was favorable at a higher temperature [30]. The higher 

adsorption capacity for Zn/Fe Pillared bentonite 

corresponded to the Zn/Fe intercalation in bentonite. 

According to Aziz et al. [31] increasing the distance 

between layers via intercalation would facilitate dye 

adsorption onto Zn/Fe Pillared bentonite. Furthermore, 

the KL value between 0 and 1 indicated that Zn/Fe 

Pillared bentonite was a suitable adsorbent for the 

adsorption of both dyes [32]. Meanwhile, it was also 

found in the Freundlich model that the KF value 

increased with increasing adsorption temperature, 

which could be explained by the increase in the rate of 

dye diffusion into the pores. Thus, a high adsorption 

ability to the surface of the adsorbent was obtained due 

to the high-temperature adsorption [33]. 
 

Table 1.  The adsorption isotherm data using the Freundlich and Langmuir model on Natural bentonite and Zn/Fe 

Pillared bentonite on Congo Red adsorption 

Temperature (˚C) 

Freundlich model Langmuir model 

Parameter 
Natural 

Bentonite 

Zn/Fe 

Pillared 

Bentonite 

Parameter 
Natural 

Bentonite 

Zn/Fe 

Pillared 

Bentonite 

30 KF 0.8406 0.7698 KL 0.0210 0.0601 

 n 2.1123 0.4357 Qm 6.1425 12.1359 

 R2 0.9294 0.9504 R2 0.2563 0.6532 

50 KF 0.8695 0.9016 KL 0.0061 0.0368 

 n 1.2397 0.6957 Qm 46.0829 52.0833 

 R2 0.8676 0.9059 R2 0.076 0.439 

70 KF 1.0143 1.1763 KL 0.0021 0.0157 

 n 0.9698 1.0937 Qm 298.7 555.5 

 R2 0.9498 0.7327 R2 0.0274 0.0643 

 

Table 2. The adsorption isotherm data using the Freundlich and Langmuir model on Natural bentonite and   

Zn/Fe Pillared bentonite in Procion Red adsorption 

Temperature (˚C) 

Freundlich model Langmuir model 

Parameter 
Natural 

Bentonite 

Zn/Fe  

Pillared 

Bentonite 

Parameter 
Natural 

Bentonite 

Zn/Fe 

Pillared 

Bentonite 

30 KF 0.08007 0.9641 KL 0.0311 0.1792 

 n 2.3320 0.9493 Qm 4.9480 67.5334 

 R2 0.3724 0.9417 R2 0.1002 0.1365 

50 KF 0.1078 0.9430 KL 0.0219 0.0227 

 n 1.1659 1.0474 Qm 17.2063 83.6435 

 R2 0.8501 0.9845 R2 0.1574 0.998 

70 KF 1.0998 2.2420 KL 0.0043 0.0186 

 n 1.8749 0.7727 Qm 10.8886 83.4127 

 R2 0.7518 0.8547 R2 0.02559 0.7844 

According to the adsorption isotherm study, the 

correlation coefficient (R2) Freundlich models have 

higher values than the Langmuir model. This condition 

indicates that the adsorption of Congo Red and Procion 

Red dye adsorbents using natural and Pillared 

bentonite was more suitable using the Freundlich 

adsorption isotherm model and indicates that the 

adsorption occurs in a multilayer system rather than a 

monolayer with a heterogeneous adsorbent surface 

[34-36]. 
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Adsorption Thermodynamics Aspect 

The thermodynamic adsorption parameters using 

natural and Zn/Fe Pillared bentonite were presented in 

Table 3 for Congo Red and Table 4 for Procion Red, 

respectively. It can be seen that the enthalpy value of 

Congo Red and Procion Red were positive; this 

indicated the adsorption endothermically occurred 

[24]. In addition, the positive entropy of each dye 

indicated the randomness between the solid-liquid 

phase during the absorption process [37]. This 

condition indicates surface changes due to the 

interaction of the dye molecules with the active site of 

the adsorbent. According to Nasuha and Hameed [38], 

the randomness in the system was also caused by dye 

ions which replaced the water adsorbed prior on the 

surface of the adsorbent. 

 

Table 3.  The Adsorption energy (E), Entropy (ΔS) and Enthalpy (ΔH) on Congo Red adsorption using Natural 

bentonite and Pillared bentonite adsorbent 

Concentration 

(mg/L) 

ΔS 

(J/mol) 

ΔH 

(kJ/mol) 

E (kJ/mol) 
Natural 

bentonite 

Zn/Fe 

Pillared 

Bentonite 

Natural bentonite 

Zn/Fe  

Pillared 

Bentonite 

20 66.9 84.78 24.60 48.94 46.212 

50 46.27 86.36 17.84 43.28 32.787 

80 30.26 78.87 13.32 35.44 23.087 

100 25.81 62.93 11.93 28.15 20.275 

130 22.22 52.85 12.58 24.22 17.375 

 

Table 4.  The Adsorption Energy (E), entropy (ΔS) and Enthalpy (ΔH) on Procion Red adsorption using Natural 

bentonite and Zn/Fe Pillared bentonite adsorbent 

Concentration 

(mg/L) 

ΔS 

(J/mol) 

ΔH 

(kJ/mol) 

E (kJ/mol) 
Natural 

bentonite 

Zn/Fe 

Pillared 

Bentonite 

Natural bentonite 

Zn/Fe  

Pillared 

Bentonite 

20 39.87 96.55 15.83 28.43 4.588 

50 36.71 77.48 9.88 21.39 4.347 

80 22.12 56.03 5.15 15.58 2. 328 

100 13.80 37.11 2.43 9.73 2.732 

130 10.55 25.09 3.19 3.86 1.576 

 

CONCLUSION 

This research studied the adsorption isotherm and 

thermodynamics of adsorption of Congo Red and 

Procion Red on Zn/Fe Pillared bentonite. The FTIR, 

XRD, and SEM-EDX analysis showed that the Zn/Fe 

pillarization of bentonite was successful. Adsorption 

studies showed that the optimum condition for dye 

removal was achieved at the initial dye concentration 

of 80 mg/L. The Congo Red and Procion Red 

adsorption using bentonite and Pillared bentonite were 

more suitable using the Freundlich model, which takes 

place in multilayers system with heterogeneous 

adsorbent surfaces. Thermodynamic studies showed 

that Congo Red and Procion Red adsorption tends to 

occur endothermic with a positive entropy value of 

both adsorbents. Overall, the pillarization of bentonite 

using Zn/Fe metal oxide of bentonite could increase 

with favorable adsorption onto Congo Red and Procion 

Red. 
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