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Abstract: Modification of bentonite material using doping Fe(III) was conducted. The purpose of this study is to 

increase the capacity and effectiveness of bentonite adsorption. The characterization of material was carried out 

using XRD, XRF, BET and FTIR spectrophotometers. The material produced were used as an adsorbent of phenol 

in an aqueous medium. The result of characterization material using XRD analysis was showed the difference 

between unmodified bentonite and modified bentonite, it is indicated from a shift of diffraction peak at 3-10°. The 

result of XRF analysis was showed the increasing of the iron element on doped bentonite, from 21.3 to 59.11%. 

The result of BET analysis was showed isotherm adsorption fitted to type IV, which indicates bentonite has a 

mesoporous type with a size 5-50 nm and natural bentonite has a smaller pore size than activated and doped 

bentonite. From the FTIR spectrum, there is no chemical interaction between adsorbent and adsorbate. The 

adsorption rate was fitted to pseudo-first-order. The maximum capacity of phenol adsorption at 60 minutes for 

controlled was 7.186% and for doped bentonite was 16.4651%. Thermodynamics study explained that the 

adsorption process occurred spontaneously. It can be concluded that modification bentonite use doping Fe(III) can 

enhance its ability to adsorbed phenol. 
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1. Introduction   
 

One of the organic compounds can be derived from 

industrial waste is coal, oil and paint, namely phenol. 

Phenol compounds can be harmful to the environment 

that can cause unpleasant odors, are toxic and can 

cause irritation to the skin and even cause death in 

aquatic organisms 1. Therefore, it is necessary to 

process phenol. Many ways can be done for the 

provision of waste containing phenol include using 

microorganisms 2, advanced oxidation process 3, 

adsorption processes 4, membrane filtration 5 and 

photocatalysts 6. 

Among the methods, adsorption method is currently 

used and is considered the most effective method in 

removing pollutants. The forces that contribute to this 

adsorption process are the combination of two crucial 

factors, the adsorbate affinity towards the solvent and 

the adsorbate affinity towards the adsorbent 7. Many 

adsorbents can be used to remove phenol such as 

bentonite 8 and activated carbon 9. One of the 

adsorbents used for phenol adsorption is bentonite.  

Based on research 10 were carried out to investigate 

the possible use of bentonite as an effective adsorbent 

for removal phenol.  The choice of bentonite because 

it has several advantages such as high porosity level 

and easy to find and can be modified in the                 

laboratory 11. Bentonite has a cation exchange 

capacity (CEC) and has hydrophilic properties on its 

surface so that bentonite can adsorb both organic and 

inorganic pollutants in the water. However, the ability 

of bentonite to adsorb organic pollutants, such as 

phenol, is still less than maximum. For this reason, the 

adsorption capacity needs to be improved by 

modifying bentonite 12.  

One way to modify bentonite to increase its 

adsorption capacity is through doping metal on the 

surface of bentonite. Metals that are usually used in 

doping are transition metals such as Al 13 and Fe 14. 

According to Zu 15, Fe is abundant in nature after Al. 

The iron used is in the form of Fe (III) can easily be 

doped on the surface of the bentonite. Therefore, Fe 

(III) doped bentonite has a high adsorption ability, 

because Fe can enter the bentonite surface and form 

complexes with phenolic anion compound 16. 

In this study, there were two steps taken — first, 

modification of bentonite with Fe(III). Second, the 

phenol adsorption. The products are characterized 

using XRD, XRF, BET and FTIR spectrophotometer. 

To measurements of the concentration of phenol, were 

carried out using a UV-Vis spectrophotometer. The 
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data will be used to calculate the kinetic and 

thermodynamic parameters. 

 

2. Experimental  
 

2.1. Materials and Instruments 

The materials used in this study were natural bentonite 

from Lampung, Indonesian, hydrochloric acid (HCl), 

sodium hydroxide (NaOH), sodium chloric (NaCl), 

sulfuric acid (H2SO4), iron(III) nitrate nanohydrate Fe 

(NO3).9H2O, phenol (C6H5OH), sodium hydroxide 

(NaOH), sodium carbonate (Na2CO3), and folin 

ciocalteu reagent. All the chemicals were analytic 

grades and supplied by Merck. The distilled water was 

used in every step of the experiment. 

 

2.2. Characterization of material  

The functional groups were determined by Fourier 

Transform Infrared (FTIR Thermo Scientific Nicolet 

iS10). The identification of phases or rock-forming 

compounds can be done using the X-Ray Diffraction 

(XRD Bruker D8 Advance method) while the analysis 

of metal and non-metal elements as a whole can be 

done with the X-Ray Fluorescence (XRF Malvern 

PANanalytical). The surface area of the material was 

mapped by the BET method using N2 adsorption-

desorption (Nova 4200e). 

 

2.3. Preparation of Fe (III) Doping Solution 

Preparation of Fe (III) doping solution was carried out 

by adding Fe (NO3)3.9H2O 0.5M as much as 40 mL 

mixed into 500 mL beaker and then pouring 0.5 M 

NaOH solution as much as 240 mL. Then the mixture 

was sterilized for 24 hours then left at room 

temperature for 2 days. 

 

2.4. Process of Fe(III) Doped onto Bentonite 

Fe(III) doped bentonite was synthesized by adding 12 

g of activated bentonite into 120 mL of distilled water 

while stirring for 24 hours. The Fe(III) dopant was 

added and stirred for 24 hours at room temperature, 

centrifuged with 4000 rpm for 10 min, and then the 

precipitate was dried in an oven at 100℃ for 48 hours. 

Fe(III) doped bentonite obtained was characterized by 

XRD, XRF, BET and FT-IR spectrophotometer. 

 

2.5. Measurement of Point Zero Charge of 

activated Bentonite and Fe (III) Doped Bentonite 

Measuring the zero charge point was done by 

preparing 50 mL of NaCl solution 0.1 M and set the 

initial pH of 2, 3, 4, 5, 6, 7, 8, 9 and 9. The pH set was 

made by adding NaOH 0.01 M, and HCl 0.01 M. Then 

added 0.05 g of activated bentonite and 0.05 g of Fe 

(III) doped bentonite into the pH-adjusted. Then the 

mixture was shaken for 24 hours, and then measured 

by a pH meter so that the final pH was obtained and 

graphed. 

 

2.6. Effect of Adsorption Time and Kinetic 

Parameters 

The effect of adsorption kinetics by activated and 

Fe(III) doped bentonite was done by adding as much 

as 0.03 g of activated bentonite into 30 mL phenol 

with a concentration of 100 mg/L. The mixture was 

stirred with a shaker at a predetermined time interval 

(20, 30, 40, 50, 60 and 70 min). After the adsorption 

process, the phenol was separated. The filtrate was 

taken 5 mL, added with 0.5 mL folin ciocalteu and 1 

mL Na2CO3 20% reagents. The solution is 

homogenized and left for 30 minutes. After that, each 

absorbance was measured using a UV-Vis 

spectrophotometer. The same procedure was done 

with Fe(III) doped bentonite. The amount of adsorbed 

phenol (mg/L) was calculated using the standard 

solution calibration curve equation.  The adsorption 

rate is determined using adsorption kinetic data 

following pseudo-first-order and pseudo-second-

order equations: 

  log (Qe-Qt) = log Qe - (
𝐤₁

𝟐,𝟑𝟎𝟑
) t          (1) 

𝑡

𝑄𝑡
 = 

1

𝑘₂𝑄𝑒²
 + 

1

𝑄𝑒
 t                                          (2) 

 

Where Qe is the amount of adsorbate adsorbed at 

equilibrium (mg/gr), Qt is the amount of adsorbate 

adsorbed at time t (mg/gr), k1 is 1st order adsorption 

rate (min-1), k2 is 2nd order adsorption rate (g.mg-1min-

1), and t is time (min). 

Adsorption isotherms are calculated based on the 

Langmuir and Freundlich equations as follows: 

𝐶𝑒

𝑄𝑒
 = 

𝐶𝑒

𝑄𝑚
 + 

1

𝑄𝑚𝐾𝐿
                  (3) 

 Log Qe = log KF + 1/n log Ce                     (4)
        

Where Ce is the concentration of phenol solution at 

equilibrium (mg/L), Qm is the maximum adsorption 

capacity (mg/g), KL is the Langmuir constants, KF is 

the Freundlich constants, Qe is the adsorption capacity 

at equilibrium (mg/g). 

 

2.7. Effect of Concentration, Temperature, 

Isotherm and Thermodynamic Parameters 

The isotherm and thermodynamic parameters of 

phenol adsorption were carried out through a series of 

experiments by varying phenol concentration and 

adsorption temperature. A total of 0.05 g of adsorbent 

of activated bentonite were mixed with 50 mL of 

phenol with the concentration of 25, 50, 75, 100 and 

150 mg/L. The adsorbent mixed with phenol was 

stirred using a horizontal shaker for 80 minutes at 

various temperatures (30, 40, 50, 60 and 70 oC). The 

mixture was separated, then the phenol solution 

diluted 10 times and measured the absorbance value 

using a UV-Vis spectrophotometer to determine the 

concentration of the remaining phenol. The same 

procedure is performed for Fe(III) doped bentonite. 

The thermodynamic parameters in the form of 

enthalpy, entropy, and Gibbs free were calculated 

using the formula:
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𝑄𝑒

𝐶𝑒
=  

∆𝑆

𝑅
−

∆𝐻

𝑅𝑇
                         (5) 

ΔG = ΔH – TΔS               (6) 

       

Where E is the adsorption energy (kJ/mole), R is 

Constants, T is Temperature, Qe/Ce is Coefficient of 

distribution of adsorbate, ΔH is the  Enthalpy 

(kJ/mole), ΔS is Enthropy (kJ/Kmole). 

3. Results and Discussion  
 

3.1. Characterization of Controlled Bentonite and 

Fe (III) Doped Bentonite Using XRD 

The results of the characterization of activated and 

Fe(III) doped bentonite using XRD were aimed at 

seeing changes at the peak of diffraction (2θ). The 

successful of doping of Fe(III) onto bentonite surface 

can be seen from the shift of the diffraction peak (2θ) 

at an angle of 3-10° 17 as shown in Figure 1. 
 

 
Figure 1. XRD spectrum: (a) Activated bentonite, (b) Fe(III) doped bentonite 

 

According to Bertella and Pergher 18, bentonite will 

experience changes in XRD diffraction patterns when 

doped by atoms, molecules and compounds.  From 

Figure 1 it shows the difference in diffraction patterns 

of activated and Fe(III) doped bentonite. This 

difference can be seen from the diffractogram that 

appears or disappears at a certain angle. For example, 

in Figure 1a around an angle of 2θ, i.e. 28 ° the peak 

formed is not too sharp, while in Figure 1b around the 

angle 2θ, i.e. 28° there appears a sharp peak rise. This 

shows that at this angle, other elements appear in the 

bentonite content, and it can be ascertained that the 

angle appears due to the addition of Fe to the 

bentonite. The next difference can be seen in the 

characteristics of the diffraction peak. In Figure 1a, 

activated bentonites exhibit characteristics of the 

montmorillonite (2θ) diffraction peak around 5.671; 

17.53; 19.738; 35.03 and 61.94°, while in Figure 1b, 

Fe(III) doped bentonite shows a diffraction peak at the 

peak of montmorillonite at an angle of 2θ which is 

around 7.04; 20.041; 28.68; 29.438; 36.59 and 62.04°. 

From the results of XRD characterization, it can be 

concluded that activated bentonite has a characteristic 

angle at 5.671° and after doping using Fe(III) there is 

an angle shift to 7.04°. This means that bentonite has 

a shift in angle from a smaller angle to a larger angle. 

These angular changes indicate the presence of other 

cations in the form of Fe(III) found in the inter-field 

of bentonite 19. 

3.2. Characterization of Activated and Fe (III) 

doped bentonite Using XRF 

Characterization using XRF aims to see the 

composition of metals found inactivated and Fe(III) 

doped bentonite. In Figure 2 shows that activated 

bentonite contains a percentage of Al, Si, K, Ca, Fe, 

Cu, and Cr metal composition were 15.05; 56.6; 1.06; 

4.27; 21.3; 1.084 and 0.636%, respectively. Fe (III) 

doped bentonite contains a percentage of Al, Si, K, 

Ca, Fe, Cu, and Cr metal composition were 7.6; 29.3; 

0.34; 3.34; 59.11; 0.17 and 0.14%, respectively. The 

composition of Al, Si, K, Ca, Cu, and Cr metals 

decreased while the Fe increased. It proofs the cation 

exchange between Fe metal and metals in bentonite 

composition. The result of the chemical composition 

in bentonite similar to those of previous workers 20. 

The complete composition of metals before and after 

the doping process can be seen in Table 1. 

 

Table 1. The composition of Fe metal before and after 

the doping process. 
 

Sample Fe (%) 

Controlled bentonite 21.3  

Doped bentonite 59.11  
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Figure 2. Metal composition for controlled bentonite and Fe(III) doped onto bentonite 

 

3.3. Characterization of Natural Bentonite, 

Activated Bentonite (Controlled) and Fe(III) 

Doped onto Bentonite Using BET 

Natural bentonite activated bentonite and Fe(III) 

doped bentonite were characterized by nitrogen 

adsorption-desorption, so data on the surface area, 

pore volume and pore size were obtained through a 

calculation using BET which will be directly obtained 

from the measurement data. The adsorption-

desorption nitrogen isotherm for natural bentonite, 

activated, and Fe (III) doped bentonite can be seen in 

Figure 3. 

 

 

 

 
 

Figure 3. Nitrogen adsorption and desorption profile: (a) natural bentonite, (b) activated bentonite and (c) Fe(III) 

doped onto bentonite 
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The image shows that the isotherm match in type IV. 

This type usually occurs on porous adsorbents with a 

pore size of 1.5 - 100 nm, which includes pore size in 

the form of mesoporous to macrospore. While at high 

pressure shows an increase in absorption of adsorbate 

that makes pores significant 21. The red line on the 

isotherm graph shows the process of nitrogen gas 

adsorption in natural bentonite, activated bentonite 

and Fe(III) doped bentonite while the blue line shows 

the desorption process. We know, that the existence 

of impurities in samples can break the material due to 

activation and doping by Fe(III) so that the material 

becomes low in volume adsorption by nitrogen gas. 

BET results data for natural bentonite, activated, and 

Fe (III) doped bentonite are presented in Table 2. 

 

Table 2. BET Results Data. 

 

Based on the data in Table 2, it can be concluded that 

bentonite doped with Fe(III) has a smaller surface area 

compared to natural bentonite and activated bentonite. 

This is caused by the doping process using Fe(III), 

which is large enough to increase pore size because it 

can reduce the density of bentonite. The addition of 

Fe(III) to bentonite causes the concentration of Fe in 

bentonite to increase, causing the pore diameter to 

increase and the surface area to decrease 22. 

 

3.4. Identification of Activated Bentonite, Fe (III) 

Doped Bentonite and Phenol Adsorption Results 

by Using FT-IR Spectrophotometer 

The activated and Fe(III) doped bentonite, both for 

before and after adsorbing phenol were characterized 

using FT-IR spectrophotometer. Characterization 

aims to identify functional groups in activated 

bentonite, Fe(III) doped bentonite and bentonite after 

the adsorption process. The FT-IR spectrum is 

presented in Figure 4. 
 

 
Figure 4. FT-IR spectrum: (a) activated bentonite, (b) activated bentonite after adsorbing phenol,  

(c) bentonite doped with Fe(III), and (d) Fe(III) doped bentonite after adsorbing phenol 

 

In Figure 4, it can be seen that there is a change in IR 

spectrum that is not too significant. It is seen that there 

is a typical absorption band on bentonite at wave 

number 3600 cm-1 and 1600 cm-1 that shows Al-O-

(OH)-Al and Al-bending strain vibration. O-(OH)-Al 

as an octahedral layer in bentonite. Si-O-Fe that 

appears at a wavenumber of 500 cm-1 23. 

Based on FTIR data in Figures 4a and 4b above at 

wave number 1100 cm-1 that is known as the presence 

of C-O phenol, the peak narrowing occurs. At 1400 

cm-1 wavenumber peak was identified as the presence 

of C-C phenol. At 1800 cm-1 wave number there is 

also widening identified as Fe-O. In Figure 4a and 4c 

there are differences in the shape of the FTIR 

spectrum, namely the emergence of a peak at wave 

number 1400. The appearance of the peaks in                  

Figure 4c is identified as the presence of C-C phenol. 

There are also differences in Figures 4a and 4d, 

namely the appearance of two peaks at wavenumber 

1400 cm-1 and those identified as the presence of C-C 

phenol. In Figures 4b and 4d, FTIR spectrum 

differences occur. It can be seen in Figure 4d; two 

peaks appear at wave number 1400 cm-1 and 1600 cm-

1. In Figures 4c and 4d there is also a narrowing of the 

peak at the wave  

number 1100 cm-1 which is identified as the presence 

of C-O phenol. At 1400 cm-1 wavenumber peak was 

identified as the presence of C-C phenol. 

Type of Bentonite Surface Area (m2/g) Pore Diameter BJH 

(nm) 

Pore Volume  

BJH (cm3/g) 

Natural  6.464 13.211 0.105 

Controlled 6.060 13.263 0.083 

Doped 5.166 13.559 0.077 
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Doped bentonite, which has absorbed phenol was 

characterized using FT-IR spectrophotometer, which 

is presented in Figure 4. It can be seen from the FT-

IR spectrophotometer data that there was no change 

and significant shift of absorption band from activated 

bentonite, activated bentonite after absorbing phenol, 

doped bentonite Fe(III) and bentonite doped after 

absorbing phenol. In the spectrum, it is said that there 

is a bond between bentonite and Fe, while the phenol 

adsorption process is not clearly observed. 
* 

 

3.5. Point Zero Charge (PZC) Analysis 

Controlled bentonite (activated) and Fe(III) doped 

bentonite were characterized by conducting a pHpzc 

determination study which aimed to determine the 

nature of the charge from the bentonite surface. pHpzc 

is a condition at a pH point, where at that condition 

the surface of the adsorbent has no charge or the 

charge value is zero. This analysis uses pH drift which 

is the observation of shifting initial pH and final pH. 

The results of the pHpzc analysis of activated and 

Fe(III) doped bentonite are shown in Figure 5. 

 

 
Figure 5. pHpzc analysis 

 

Based on Figure 5, it can be seen that there is no 

change in the initial and final pH values at pH 4 and 

8. This shows that the pHpzc value is at pH 4 for 

activated bentonite and pH 8 for Fe(III) doped 

bentonite. The difference in the pHpzc value is due to 

differences in the acidity of activated and Fe(III) 

doped bentonite 24. 

 

3.6. Phenol Adsorption Using Activated Bentonite 

and Fe (III) Doped Bentonite 

3.6.1. Effect of Adsorption Time and Kinetic 

Parameter Determination 

The effect of phenol adsorption time by activated and 

Fe(III) doped bentonite was aimed to find the 

optimum time in the phenol adsorption process.  

 
Figure 6. Effect of contact time of adsorption of activated bentonite and Fe(III) doped bentonite on phenol 

   

The effect of time is an essential factor in the 

adsorption process to see collision interactions 

between adsorbents and adsorbate. The adsorption 

time was varied, namely 20, 30, 40, 50, 60, 70. The 

residual concentration of phenol was calculated using 

a UV-Vis spectrophotometer with a wavelength of 
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650.5 nm. The following curve of the effect of time 

on the amount of phenol is presented in Figure 6. 

In Figure 6 it can be seen that Fe (III) doped bentonite 

absorbs more adsorbate than activated bentonites at 

the same time. The percentage of adsorption for 

activated bentonite increases with increasing 

adsorption time; this is due to the collision between 

the adsorbent and the adsorbate. Percentage of 

adsorption for Fe (III) doped bentonite increased and 

decreased because the phenol, which was adsorbed at 

that time, was not yet stable. The optimum time for 

adsorption of bentonite activated against phenol is 60 

minutes. Activated and Fe (III) doped bentonite at 60 

minutes reached equilibrium, percent adsorption was 

7.18% and 16.46%. This is because after reaching the 

optimum time, the surface side of the adsorbent will 

be fulfilled with phenol so that it cannot absorb the 

adsorbate 25. It should be noted that the more the initial 

phenol concentration, the more would be the 

adsorption capacity of adsorbent, but the adsorption 

efficiency of adsorbent was inversely related to the 

initial phenol concentration, and the removal 

efficiencies decreased as the concentration increase at 

a fixed adsorbent dosage 26. The result shows that an 

increase in initial phenol concentration would lead to 

a decrease in the rate of constant values, which are in 

agreement with the study before 27. 

From the data of the effect of adsorption time, data 

were obtained to calculate the adsorption rate using 

the first order pseudo equation and the pseudo-

second-order. The adsorption rate is the adsorption 

power of activated and Fe(III) doped bentonite which 

can adsorb phenol at specific concentrations and 

times. The kinetic model calculation data is presented 

in Table 3. 

 

Table 3. The kinetic model constants of phenol adsorption on the effect of time. 

 

From the data obtained in Table 3 shows the 

adsorption of phenol on activated bentonite using the 

Pseudo-first-order and Pseudo-second-order kinetic 

adsorption model because the correlation coefficient 

(R2) of Pseudo-first-order is the same as the Pseudo-

second-order. Fe (III) doped Bentonite does not occur 

in Pseudo-first-order or Pseudo-second-order 

equations, so it does not follow the two equations 28. 

 3.6.2. Effect of Concentration and Temperature 

and Thermodynamic Parameters 

The data of the effect of concentration and 

temperature of phenol adsorption with activated and 

Fe (III) doped bentonite is showed in Figure 7 and 8. 

 

 
 

Figure 7. Effect of phenol concentration and 

temperature on activated bentonite 

 

 
 

Figure 8. Effect of phenol concentration and 

temperature on Fe (III) doped bentonite

In Figure 7 and Figure 8, it can be seen that the higher 

the concentration and temperature the per cent 

adsorption will increase. The adsorption process with 

the effect of phenol concentration at various 

temperatures was calculated based on the Langmuir 

equation and the Freundlich equation. The Langmuir 

Isotherm model can explain the adsorption process on 

the adsorbent that occurs on the surface of the 

adsorbent and adsorption occurs monolayer, whereas 

the Freundlich adsorption isotherm model can be used 

to predict the adsorption capacity of the adsorbent. 

The data are presented in Table 4.  

 

Table 4. Data on adsorption isotherm using the Langmuir model and Freundlich 
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Bentonite 

7,18 10,51 0,03 0,94 12,3 0,001 0,94 

Doped Bentonite 16,46 14,44 0,03 0,4 18,72 0,0004 0,16 
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The adsorption isotherm using the Freundlich model 

has better adsorption than the Langmuir model. The 

coefficient of relations (R2) of the Freundlich model 

has a higher value than the Langmuir model. This 

shows that in phenol adsorption using activated and 

Fe (III) doped bentonite is more suitable using the 

Freundlich isotherm model. Freundlich isotherm is an 

empirical equation based on the assumption of 

multilayer formation of adsorbate and that adsorption 

take place on heterogeneous surface 29. 

The thermodynamic parameters of adsorption include 

enthalpy (ΔH), entropy (ΔS), Gibbs free energy (∆G). 

The values of enthalpy (ΔH) and entropy (ΔS) can be 

calculated as slope and intercept values of 1/T against 

ln Qe/Ce. The value of the change in Gibbs free 

energy (∆G) is calculated from the enthalpy value 

(ΔH) and entropy (ΔS). Data on the effect of 

temperature on phenol adsorption on activated and Fe 

(III) doped bentonite can be seen in Table 5. 

Tables 5 show the value of adsorption capacity (Qe) 

increases with increasing temperature for the 

adsorbent of activated and Fe (III) doped bentonite. It 

can be seen that the adsorption capacity of Fe (III) 

doped bentonite is higher than that activated 

bentonite. This is because the doping process causes 

the surface pore to be slightly larger so that the 

material capacity to adsorb becomes larger. The 

adsorption capacity also increases with increasing 

concentration 30.  

From Tables 5, which present enthalpy data (∆H) and 

(∆S) tend to decrease with the concentration of 

phenol. The value (∆H) marked positive indicates an 

endothermic reaction. Gibbs free energy (∆G) shows 

that in natural bentonite adsorbent (activated) there is 

a tendency to decrease Gibbs free energy (∆G) with 

increasing temperature. The same thing happened to 

the adsorbent of Fe (III) doped bentonite with 

increasing temperature. Gibbs free energy also tends 

to decrease. ∆G has a negative sign indicating the 

reaction is spontaneous. 

 

Table 5. Data of Entropy (ΔS), Enthalpy (ΔH), free energy Gibbs (∆G), and Adsorption capacity (Qe). 
 

Conc. 

(mg/L) 

Temp. 

(K) 

Controlled bentonite Doped bentonite 

Qe 

(mg/g) 

ΔS 

(kJ/mole) 

ΔH 

(kJ/mole) 

ΔG 

(kJ/mole) 

Qe 

(mg/g) 

ΔS 

(kJ/mole) 

ΔH 

(kJ/mole) 

ΔG 

(kJ/mole) 

50 303 0.349 0.2847 -97.616 -11.350 3.695 0.074 -39.040 -6.467 

313 2.791 -8.503 4.364 -5.722 

323 8.326 -5.656 8.060 -4.977 

333 9.047 -2.809 8.337 -4.232 

100 303 5.419 0.1442 -50.601 -6.908 10.230 0.039 -29.263 -5.452 

313 13.349 -5.466 12.817 -5.060 

323 17.047 -4.024 15.127 -4.668 

Temp. 

 (°C) 

Model isotherm Langmuir Model isotherm Freundlich 

Para 

meter 

Controlled  

Bentonite 

Fe (III) doped  

onto bentonite 

Para 

meter 

Controlled  

Bentonite 

Fe (III) doped  

onto bentonite 

30 KL (L/mg) 0.0076 4.5785 KF 0.0001 0.0204 

Qm (mg/g) 1.7082 16.0513 n 0.4281 0.7059 

R2 0.8870 0.7559 R2 0.9742 0.9626 

50 KL (L/mg) 0.0031 0.0063 KF 0.0681 0.0148 

Qm (mg/g) 46.5116 15.8478 n 0.8001 0.6152 

R2 0.5585 0.6384 R2 0.9889 0.9616 

70 KL (L/mg) 0.0049 0.0068 KF 0.0819 0.0158 

Qm (mg/g) 45.4545 17.1526 n 0.7395 0.6013 

R2 0.7712 0.6219 R2 0.9623 0.9627 
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333 27.860 -2.582 17.528 -4.276 

150 303 18.767 0.060 -23.196 -5.016 22.702 0.050 -19.384 -4.234 

313 23.407 -4.416 29.676 -3.734 

323 26.651 -3.816 36.605 -3.234 

333 38.302 -3.216 38.937 -2.734 

 

4. Conclusion 
  

Based on the results of the characterization of 

activated and Fe (III) doped bentonite using XRD. 

XRF. BET and FTIR spectrophotometer Fe (III) 

doping process on bentonite can increase adsorption 

capacity and effectiveness. Phenol adsorbed by 

activated bentonite reached 7.186% less than phenol 

adsorbed by Fe (III) doped bentonite that reached 

16.465%. Based on the kinetics calculation on 

activated bentonite, the adsorption kinetics used to 

meet Pseudo-first-order and Pseudo-second-order 

equations. 

Meanwhile, the isotherm model used is a Freundlich 

isotherm model, which means that the adsorption 

process takes place physically. Based on 

thermodynamic calculations. Enthalpy and entropy 

values inactivated and Fe (III) doped bentonite tend to 

decrease with increasing phenol concentration. The 

Gibbs free energy value with a negative sign indicates 

the reaction is spontaneous. 
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