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Abstract 

This study describes the creation of a low-cost activated carbon from lemon peels 

material extract as a precursor which is made from inexpensive lemon peels through a 

simple calcination process at 500°C and a green extraction with water. Nitrogen 

adsorption-desorption, FTIR analyses, and transmission electron microscopy were 

used to characterize the samples. The surface area of the obtained mesoporous lemon 

peels-derived activated carbon material was 282 m2/g1, and the pore size was 5.7 nm. 

For the adsorption of Fe (III) ions, an excellent adsorbent was obtained. Maximum Fe 

(III) ion adsorption capacity was 117.9 mg/g, and the effect of temperature, and time 

on its adsorption capacity were also investigated. The kinetic data fit the pseudo-

second-order mode well, and the adsorption isotherms were confirmed with the 

Langmuir model. The thermodynamic results Negative values of G° indicate that the 

adsorption process was spontaneous, and negative values of entropy S° indicate that 

the state of the adsorbate at the solid/solution interface became less random during the 

adsorption process. According to the findings, prepared lemon peels-derived activated 

carbon has a high potential for removing heavy contaminating metal ions Fe(III) from 

aqueous solutions as a low-cost alternative to commercial adsorbents 
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1. Introduction 

 The release of large amounts of pollutants into the environment due to the rapid 

increase in industrial and agricultural activities is one of the key challenges globally 

[1]. Currently, one of the most important problems facing humans is environmental 

pollution. It was increased dramatically in the last few years and reached dangerous 

levels that threaten living organisms. The term heavy metal points to any chemical 

element with a comparatively high density and be toxic or poisonous at low 

concentrations [2]. Heavy metals are crucial pollutants in the water sources and 

industrial water-treatment. Hence, a severe public health issue is developing every day 
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by accumulating the heavy metals 'existence. Electroplating, finishing of metal, and 

metallurgical are some examples of the leading causes of these heavy metals and the 

chemical manufacturing, mining, and processes of battery manufacturing in large 

quantities. Heavy metals are recognized as toxic components, and their deposals 

through streams are causing unfavorable effects on the health of humans alike the 

environment [3][4][5]. High quality water is absolutely necessary to life of human; 

also, water with reasonable quality is important for domestic; agricultural; 

commercial, and industrial uses. From all above, it was observed that all these 

activities are responsible for water pollution. Every day huge quantities of waste are 

dumped from these sources into fresh water. The need of water is increasing as all 

resources of water slowly become unusable because of inappropriate disposal of waste 

[6]. The mission of providing suitable treatment facility for all sources of 

contaminated is hard and costly, so there is an urgent need for innovative, low-cost 

technologies that require low maintenance and energy efficient. Mostly, the use of 

different techniques is effective to remove heavy metals from water and wastewater 

[7, 9]; from these, sorption is efficient and economical [6]. Considered sorption onto 

activated carbon is a preferable method has been widely utilized in the past few years. 

Because of the urgent requirement to this treatment to be economic, the researchers 

intensified their efforts to finding and developing inexpensive alternatives available 

from various industrial, natural and biological materials or residues. Amidst these 

techniques, adsorption has great decontamination potential due to its tunability, 

versatility, and a wide variety of available sorbents [10, 11]. The efficiency of the 

adsorption technique is strongly reliant on the characteristics of the analyte, type of 

the adsorbent, and wastewater matrix composition. Lately, numerous scientists have 

explored the use of activated carbon derived from natural and low-cost agricultural 

wastes such as banana peels, orange peels, lemon peels, peanut shells, bamboo shoots, 

and coconut shells for the removal of dye contaminants from water [12]. One of the 

possible low-cost adsorbents is lemon peel. In addition, fruit peels or skins generally 

consist of lignin, cellulose, hemi-cellulose, carboxyl, hydroxyl, pectin substances, and 

amide surface functional groups which enhances the adsorbent-adsorbate interactions 

[13]. World citrus production was almost 140 million tons and growing, and orange 

production was reported to be 70 million tons in 2015 [14]. Both lemon and orange 

peel are no longer useful after the juice extraction and is free of charge from the 

processing industry, therefore, it is a preferred sorbent that has been studied by many 

researchers [15]. In this study as a result, carbon-rich agricultural residues will 

contribute to the negative environmental impacts when landfilled due to leachate that 

could lead to greenhouse gas emissions. Hence of, the manufacture of AC from waste 

materials, particularly agricultural residues would add economic value, reduce the 

cost and waste, and provide an economical alternative to commercial ACs. In order to 

remove Fe (III) from water sources, lemon peels and skins were used as precursors for 
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the manufacture of porous activated carbon. In comparison to the utilization of 

alternative commercially available carbon adsorbents, the conversion of biowaste to 

highly activated lemon peel carbon (LPAC) is both environmentally friendly and cost-

effective. All adsorption studies were carried out, mass transfer on the material's 

surface is encouraged, and the interaction between the solute and the adsorbent is 

encouraged, all of which improve the adsorption effectiveness on the adsorption of 

different pollutants from aqueous solutions and have been documented. The result of 

different. The effect of various conditions, such as pH, adsorbent mass, and contact 

time, on the performance of the method was evaluated, and the optimal conditions 

were used to evaluate the isotherms and kinetics models 

 

2. Materials and Method  

 

Materials and Chemicals 

 

Materials and reagents Ferric oxide, and sodium hydroxide (NaOH) were purchased 

from Merck, respectively. are analytical grades. 1000 mg /L of dye stock solution was 

made with redistilled water and diluted as needed to make a working solution. 

 

Instrumentation and characterization 

 

A Perkin-Elmer Lambda 35 spectrophotometer with 1.0 cm3 quartz cells and an 8 

nm/sec scan speed was used to obtain spectrophotometric measurements. A Jenway 

3305 pH meter and a glass-calomel electrode assembly calibrated with buffer 

solutions with pH values of 4.0 and 10.0—buffered by dissolving buffer capsules in 

second-generation de-ionized water—were used to measure the pH, which was 

accurate to 0.01 pH units. To mix the liquids, a Jenway 1000 magnetic stirrer was 

utilized. Additionally, the samples' surface functional groups were identified. The 

nitrogen (N2) adsorption-desorption isotherms at 77.5 K were determined with a 

Quantachrome Instruments NOVA 2200e surface area and pore size analyzer. The 

BET (Brunauer-Emmett-Teller) method was used to determine the sample's specific 

surface area, and the pore size distribution was investigated. 

 

Preparation of activation carbon adsorbent  

 

A modified process was used to create activated carbon [16]. In a nutshell, lemons 

were bought at a nearby market, properly cleaned with deionized water, and dried 

separately for 24 hours at 100 °C. The dried skins were then broken down into 

particles with diameters between 100 and 300 mm. After the extra liquid was drained 

away, the material was dried for 12 hours at 100 °C in the oven. The carbon was then 

heated to 500 °C for three hours in a furnace. Distilled water was used to clean the 
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chemically activated carbon before it was dried at 100 °C. LPAC is the new name for 

the carbon that has been activated by lemon peel. 

 

Adsorption Isotherm 

 

Batch experiments were conducted with 0.5 g of activated carbon and 100 mL of Fe 

(III), solutions, with initial Fe (III), concentrations ranging from 100 to 400 mg/L. 

These were added to various conical flasks, and the adsorption took place for 24 hours 

at 60°C under normal pH conditions with continuous stirring. The equilibrium 

adsorption capacities of activated carbon for Fe (III), were calculated using the 

following equation: 

 

 
 

  
where qe is the equilibrium adsorption capacity (mg/g); C0 and Ci are the initial and 

equilibrium concentrations (mg/L) of the Cu2+ solution, respectively; v is the volume 

of the initial solution (L) used for sorption; and W is the weight of the adsorbent (g). 

 

Kinetic Adsorption  

The kinetic reaction occurred and the equilibrium time was determined utilizing 0.5 g 

of sorbent at 70°C. The adsorption time varied from 30 to 120 min. The kinetics 

adsorption was estimated by two kinetic models: the pseudo-first-order model and 

pseudo-second-order mode 

 3. Results and discussion  

FTIR spectroscopic studies 

The samples’ functional group changes were determined using FTIR. The extracted 

Activated Carbon. FTIR spectra were analyzed according to the steps shown in Fig. 1 

[17]. The main characteristic peaks at 3000 and 3250 cm and 3300-3800 cm were 

assigned to (Si-O-Si), (Si-OH), and (Si-O-Si), respectively [18]. Fe (III) spectrum 

showed a main characteristic peak at 1560 and 2100 cm, and the formation of a metal 

oxygen bond caused the peak to appear at around 2100 cm. 

The presence of metal coordination was confirmed by a strong band at 1000 cm, 

which corresponds to C-O-Fe stretching vibration [19].  
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Fig. 1 FTIR of: (A) Lemon peel activated carbon (B) Fe (III) 

 

 

 

  

Scanning Electron Microscope (SEM) 

 

The surface morphology and elemental composition of the LPAC were investigated 

using SEM the images and spectrum are displayed in Figure 11. As seen from the 

SEM images in Figure 2 a, and b highly porous material, with surface pores, was 

successfully synthesized. This porous structure allows efficient adsorption as it offers 

adequate free spaces for target adsorbates. 

 

  
 

Fig. 2.  SEM images of (a), Lemon peel activated carbon (b) after adsorption of Fe (III). 

Nitrogen Adsorption Desorption Analysis 
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As shown in Fig. 3, the functionalized activated carbon's N2 adsorption isotherm 

produced a hysteresis loop in the p/p0 value range of 0.2 to 0.8, which is linked to 

capillary condensation, a property of mesoporous materials. The International Union 

of Pure and Applied Chemistry states that this proves activated carbon is a 

mesoporous substance with pores smaller than 50 nm in diameter [20]. The 

functionalized activated carbon was found to have a surface area of 236.36 m2/g, a 

pore size of 0.269 cm3/g, and a pore volume of 5.18 nm/nm using BET analysis. 

 

 
 
Fig.3. Adsorption/desorption isotherm of the functionalized Lemon peel activated carbon.  

 

 

 

 

 

Adsorption Isotherms 

Isotherms illustrate the equilibrium relationship between the concentration of 

adsorbate in the solution and the amount adsorbed on the adsorbent surface at a 

constant temperature. To fit experimental adsorption data, a variety of adsorption 

models are available in the literature. The adsorption isotherm displays the 

distribution of adsorption molecules between the liquid and solid phases once the 

adsorption process has reached an equilibrium condition. Finding a good model that 

can be applied to design is a crucial first step in fitting the isotherm data to various 

isotherm models. The equilibrium adsorption isotherm of Fe(III) ions onto lemon peel 

activated carbon is shown in Figure 4(a,b). It indicates that the adsorbed amount 

increases very little with increasing concentrations, showing a vertical increase at low 

concentrations and a horizontal plateau at higher values. As the initial Fe(III) 

concentration grew from 100 to 800 mg/L, the adsorption capacity at equilibrium (qe) 

increased from 38.98 mg/g to 159.168 mg/g, as illustrated in Fig. 4. At 800 mg/L of 

Fe (III) ion concentration, the maximum value of 117.9 mg/g was recorded. Fe (III) 

ion adsorption rose as the mass transfer driving force increased with starting 

concentration [21]. Similarly, [22] found that neem leaf powder has an adsorption 

effect on Cu (II) (NLP). Their results showed that, after reaching a maximum, the 

adsorption capacity rose with the initial Cu (II) ion concentration before declining as a 
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result of active group saturation. The results of the current investigation are in line 

with this. 
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Figure 4. a)   Adsorption isotherm of Fe (III) on the surface of lemon Peel Activated carbon, b) % 

Removal Fe (III) 

 

Effect of adsorbent dosage on Fe (III) adsorption  

 

As the adsorbent dosage was raised from 1 to 4 g, the Fe (III) removal percentage rose 

quickly, reaching 99% at the concentration of 600mg/L (Fig. 5). At a dosage of 4 g, 

the removal efficiency progressively reached adsorption equilibrium, and the amount 

of Fe (III) that was adsorbed did not increase further as the adsorbent was added. The 

adsorption potential of an adsorbent at a particular starting concentration is largely 

dependent on the adsorbent dosage. The accessible adsorption sites may be the main 

cause of the difference in adsorption capabilities at various adsorbent dosages. As the 

adsorbent dosage rose, more surface area and active sites became available for 

adsorption. Because it added unavailable sites, the higher adsorbent dosage had no 

effect on adsorbate absorption until adsorption achieved equilibrium [23, 24]. 

Moreover, the equilibrium concentration of Fe(III) was lower even though increasing 

the adsorbent dosage increased the interference of the adsorbent surface among the 

active groups. This occurred because there was insufficient driving force for the 

adsorbate to spread and bind to the adsorbent surface. These results are in line with 

other studies [25]. 
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Fig 5. Effect of adsorbent dose of Fe (III) on the surface of lemon Peel Activated carbon b) %Removal 

of Fe (III) 

 

Effect of time on adsorption of Fe(III) 

  

Figure 6 illustrates the relationship between time and Fe(III) adsorption capacity as 

well as time and Fe(III)adsorption efficiency. The adsorption efficiency and capacity 

of Fe(III) increased with time, as Fig. 7 illustrates. There were two phases to the 

Fe(III)adsorption process using activated carbon: the initial reaction stage, which 

lasted from the start to the thirty-minute mark, and the subsequent stage. The primary 

mechanism of the first-stage reaction was surface adsorption, which accelerated the 

adsorption reaction and enhanced its capacity and efficiency. Gradual adsorption 

dominated the second reaction step. Relatively slowly, the adsorption reaction 

occurred. After 90 to 120 minutes, it steadily came to a state of balance. Fe (III) can 

be readily adsorbed by activated carbon because it is a mesoporous material with a 

strong mass transfer driving force in the early phases of adsorption and a large 

number of active sites. Nonlinear adsorption results from the accumulation of a 

significant amount of Fe(III) on the surface of activated carbon over time, which 

decreases the number of active sites and impedes Fe(III)  mobility. 
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Fig 6. Effect of contact time on Fe (III) adsorption, on lemon Peel Activated carbon surface b)% 

Removal Fe(III) 

Effect of Temperature 
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At an initial solution concentration of 40 mg/L, the adsorption of Fe (III) ions onto 

Activated carbon derived from lemon Peel was investigated at 343 K, 353 K, and 

373 K. As illustrated in Fig. 7, the adsorption of Fe (III) metal ions onto Activated 

carbon  increased from 118.81 mg/g at 343 K to 373 K. 119 mg/g at 373 K to 353 K 

The adsorbent's degradation altered the sorbent's surface chemistry, increasing the 

availability of functional groups that are active and reducing the adsorption of heavy 

metal ions. Moreover, the bonds switched in favor of the desorption process as 

temperatures increased [26]. Because metal ions leaked into the solution phase from 

the surface, limiting the adsorption capacity, the thickness of the boundary layer 

reduced as temperature rose [27].Similar results were achieved by Aksu et al. (2005), 

who found that when temperature increased from 25 to 45°C, the equilibrium 

absorption capacity of Cu (II) ions using dried sugar beet pulp as a sorbent reduced 

from 24.6 to 12.3 mg/g. 
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Fig 7. a) Effect of temperature of Fe (III) on the surface of lemon Peel Activated carbon  
 
 
Adsorption Isotherms 

 
Isotherms of Adsorption Two isotherm models—the Freundlich and Langmuir 

models—were used to determine the adsorption isotherms. As seen in Figs. 8 and 9, 

these two models were suitable for the Fe (III) adsorption process on the activated 

carbon in the lemon peel. Table 1 is a list of the data outcomes. The R2 values were 

used as correlation coefficients by the isotherm equations that determined the 

adsorption process. In this study, the Freundlich and Langmuir isotherm models were 

applied. 
 
Langmuir Isotherm 

 
The Langmuir Isotherm While the Freundlich isotherm is an experimental 

equation used to represent heterogeneous systems, the Langmuir isotherm is based on 

the assumption of homogeneous adsorption. The findings showed that, for the 

adsorption examined in this work, the Langmuir model performed better than the 

Freundlich model. This implied that there was homogeneity in the adsorption process. 
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The maximum Fe (III) adsorption capacity was 142.9 mg/g, which was higher 

than or comparable to previously published data (Table 1). When Ce /qe was plotted 

against Ce, a straight line with a slope of 1/qe was obtained, as shown in Fig. 8. The 

results for the adsorption of Fe (III) ions onto lemon Peel Activated carbon were well 

fitted using the Langmuir isotherm, as demonstrated by an R2 correlation value of 

0.90. The Langmuir constants, b and qmax, which were connected to the adsorption 

energy and maximum adsorption capacity, respectively, were computed using the 

slope and intercept. The following formula represents the Langmuir isotherm, which 

denotes monolayer adsorption [28]. 
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Fig. 8. Langmuir isotherm adsorption of Fe(III) on the surface of lemon Peel Activated carbon 

 

The Langmuir isotherm's essential properties can be expressed in terms of a 

dimensionless equilibrium parameter (RL) [ 29] The following is the definition of this 

parameter: Where Ci is the initial concentration of Fe(III) The RL value indicates that 

the adsorption is unfavorable: RL > 1; linear: RL = 1; favorable: 0 < RL < 1; or 

irreversible: RL = 0. Table 1 lists the Langmuir and Freundlich isotherm model 

parameters and correlation coefficients for the adsorption of Fe (III) ions on lemon 

Peel Activated carbon. RL was found to be 0.0037, 0.00018, 0.00012, and 0.0092. 

These results emphasized that the Langmuir isotherm was the best at describing the 

adsorption of Fe (III) ions lemon Peel Activated carbon. The values of RL were in the 

range of 0–1, which indicated that the adsorption of Fe (III) ions lemon Peel Activated 

carbon was favorable [ 30].  
 

Freundlich Isotherm  
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The Freundlich isotherm is an experimental model where Kf and n are Freundlich 

constants that represent adsorption capacity and adsorption intensity, respectively, and 

qe represents the amount adsorbed per amount of adsorbent at equilibrium (mg/g), Ce 

represents the equilibrium concentration (mg/L), and so on. The adsorbate has an 

impact on them as well.  

Plotting ln qe vs log Ce yields a straight line with slope n, which is the Freundlich 

equilibrium constants Kf and n. They also depend on the adsorbate if n is in the range 

of 1 to 10 (1/n is smaller than 1). Plotting ln qe versus log Ce shows a straight line 

with slope n, which is the Freundlich equilibrium constants Kf and n. A number 

between 1 and 10 is thought to be advantageous for adsorption; the most common 

value is n > 1, which accounts for the distribution of active centers on the surface and 

any other feature that causes the adsorbent-adsorbate interaction to decrease as surface 

density increases. In the event that n falls between 1 and 10 (1/n is less than 1), metal 

ions have physically adhered to the lemon Peel Activated carbon. In the current 

investigation, n ranged from 1 to 10, indicating that metal ions were physically 

adsorbed onto the lemon Peel Activated carbon. It was valued at 4.67, and Kf was 

valued at 1.91. as displayed in Table 1 and Fig. 9. Equation (4) was used to compute 

the Freundlich constants Kf and n, which are given in Table 1. The favorability of 

adsorption is measured by the magnitude of n. The following equation represents the 

Freundlich model's logarithmic form [31]:  
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Fig. 9. Freundlich isotherm adsorption of Fe (III) on the surface of lemon Peel Activated carbon 

 

 

 

 



2024 32(1 )

14

 
 

Table 1. Parameters of Langmuir and Freundlich isotherms for adsorption of  

Fe(III) ions onto (LPAC ) Lemon peels activated carbon surface 

Langmuir Freundlich 

 

𝑞max 

(mg/g) 

𝑏 

(L/mg) 

R2 n Kf R2 

142.9 1.11 0.90 1 0.26 0.78 

 

 

Adsorption kinetics studies 

Kinetics of Adsorption The properties and mechanism of adsorption, as well as the 

rate-limiting step throughout the adsorption process, have been understood through 

the application of several adsorption kinetic models, including the pseudo-first-order 

and pseudo-second-order models.[32] 

The pseudo-first-order model was suggested by [33] The linear form of the pseudo-

first-order model is expressed as follows:  

 

where qe and qt (mg/g) are the amounts of Fe (III) ions adsorbed onto lemon Peel 

Activated carbon at equilibrium and time t, respectively; and K1 (min−1) is the rate 

constant of the pseudo-first-order kinetic model. A straight line was obtained by 

plotting ln (qe - qt) against time. This straight line was used to determine -K1, 

correlation coefficient R2, and the theoretical value of qe. Although the plot was linear 

and the calculated value (qe, calc.) and experimental value (qe, exp.) were not in 

agreement with each other, the values of the correlation coefficient for the pseudo-

first-order kinetic model were smaller than those of the pseudo-second-order kinetic 

model. Thus, the adsorption kinetics for the pseudo-first-order kinetic model were 

poor, as shown in Fig. 10 and Table 2. 
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Fig. 10. Pseudo-first-order of Fe (III) on the surface of lemon Peel Activated carbon 
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Pseudo-second-order reaction 

 

 
 

Figure 11 shows the typical graphs for the pseudo-second order equation. The 

outcomes show that the pseudo-second-order binding mechanism predominates and 

that the chemisorption step is used to adsorb the Fe (III) LPAC adsorbent. This 

involves the valence force through the exchange of electrons between the dyes and 

adsorbent. Furthermore, there is a strong affinity between the adsorbent and the Fe 

(III). The quick half-adsorption time obtained with the majority of the Fe (III) 

removed illustrates this. 
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Fig. 11. Pseudo-second-order of Fe (III) on the surface of lemon Peel Activated carbon 

Table 2.  Kinetic parameters and correlation coefficients of two kinetic equations for different initial Fe (III) ion 

concentrations on lemon Peel Activated carbon 

Metal ion qe.exp 

mg/g 

First-order kinetic mode Second-order   kinetic mode 

Fe (III) 117 qe, cal 

(mg/g) 

 

K1 min R2 qe, cal 

(mg/g) 

K2 g/g.min R2 

4.777 -2.33x10-5 0.88 119 0.996 0.99 

 

Thermodynamic Parameters 

The thermodynamic parameters that determined the process were changes in the 

standard enthalpy (H°), standard entropy (S°), and standard free energy (G°) due to 

the transfer of a unit mole of solute from the solution onto the solid–liquid interface. 

The values of H° and S° were calculated using the following equations: 
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where R is the universal gas constant (8.314 J/(mol.K); T (K) is the absolute 

temperature in Kelvin, and Kc is the linear adsorption distribution coefficient, which 

is defined as follows: Kc = Co/Ce, where Co and Ce (mg/L) are the initial adsorbate 

concentration and concentration of the adsorbate remaining in the liquid phase at 

equilibrium, respectively. ΔG° is the free energy of adsorption, ΔH° (kJ/mol) is the 

enthalpy change, and ΔS° (J/(mol. K)) is the entropy change. The values of H° and S° 

were calculated from the slope and intercept of the plot for log K versus Temp in 

Kelvin and it is shown in Figure 12.Figure 12 depicts the values of H° and S° as 

determined from the slope and intercept of the log K versus Temp plot in keleven 

plot. The information on the thermodynamic parameters was gathered and is shown in 

Table 3. An associative mechanism participated in the adsorption process, as indicated 

by a negative result for ΔS°. In this instance, the adsorption occurred as a result of the 

adsorbent and adsorbate forming an activated complex [34]. The entropy ΔS° value 

indicated a decrease in the degrees of freedom for the Fe (III) ions in the solution as 

well as a change in the state of the adsorbate at the solid/solution interface during the 

adsorption process, with ΔS° < 0 or > 0. When the temperature increased, ΔG° 

showed a positive value, indicating that the adsorption process was not spontaneous. 

Conversely, a negative value indicated that the adsorption process was spontaneous. 
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Figure 12 . Effect of temperature of Fe (III) on the surface of lemon Peel Activated carbon. 
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Conclusions 

It was investigated how to remove it from synthetic water samples using an LPAC 

adsorbent. The two most important factors influencing the sorption of Fe (III) from 

water sources were the pH and the bulk of the adsorbent. The Langmuir isotherms and 

pseudo-second-order reaction rate model provided the best description of the 

isotherms and kinetics results on the sorption of Fe (III) from water sources. 117.9 

mg/g of Fe (III) might be adsorbed from water sources, according to the results. Thus, 

the process involving LPAC adsorbent and Fe (III) was electrostatic attraction. While 

the chemisorption adsorption mechanism of dyes onto the LPAC adsorbents is 

suggested by pseudo-second order to utilize its adsorption capability, the LPAC 

material can be recovered up until the fifth cycle. These might be directed. These 

could be referred to as a good cleaning technology for Fe (III) adsorption. The 

maximum removal efficiencies of Fe (III) in water samples ranged from 96 % to 98.4 

%. Furthermore, the outcomes received shows that LPAC could be a possible 

adsorbent for the adsorption process of Fe (III). In order to obtain basic engineering 

data on adsorbents for field operation, fixed-bed continuous operation is required. 

Further studies should focus on the application of activated carbon material derived 

from lemon peels on continuous adsorption study using batch technology. It is a good 

technology that has been previously applied in the removal of various pollutants such 

heavy., the outcomes received shows that LPAC could be a possible adsorbent for the 

adsorption process of Fe (III). In order to obtain basic data on adsorbents for field 

operation 
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Table 3. Thermodynamic parameters for adsorption Fe (III) on 

the surface of lemon Peel Activated carbon 

∆S° (J/mol.k) ∆H° (J/mol) ∆G° (J/mol)  T (K) 

-140.72 

 

-73 -33.88. 343 

-85.48 353 

-60.36 363 

-46.83 393 
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