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Using Chemically Unprocessed Orange Peel to Effectively Remove Hg(II) Ions 

From Aqueous Solutions: Equivalent, Thermodynamic, And Kinetic 

Investigations 
 

 

Yalçın ALTUNKAYNAK *1  

 

 

Abstract 

 

This study looks at the capacity of raw orange peel (ROP) to adsorb Hg2+ ions from aqueous 

solutions. According to the results obtained, it is aimed at using ROPs more efficiently by 

recycling them. In this way, the usability of both ROP and other agricultural wastes in 

adsorption processes can be investigated. The effects of many variables on adsorption 

efficiency were investigated in the study, including initial metal ion concentration (MIC), 

contact time (CT), and pH. Under optimal operating conditions for Hg2+ ion adsorption, CT, 

solution pH, and initial concentration were determined to be 90 minutes, 3.08, and 180 mg/L, 

respectively. SEM, Fourier transform infrared spectroscopy (FT-IR), energy dispersion 

spectroscopy, and Brunauer, Emmett, and Teller (BET) analyses were used to examine the 

surface features of ROP. The isotherm values were found to be appropriate for the Langmuir 

isotherm model, indicating chemical absorption and likely process irreversibility. At 318, 308, 

and 298 K, the capacity of adsorption for the Hg2+ ion was calculated to be 66.225, 63.291 and 

61.728 mg/g, respectively. The pseudo-second order (PSO), which exhibited the largest 

regression coefficient and best described the kinetic data for the removal of Hg2+ ions, according 

to thermodynamic studies, it was seen that the adsorption of Hg2+ ions on ROP is a natural and 

endothermic process. ROP, which is abundant throughout the world, can be used effectively in 

its natural state without any modification or chemical treatment, together with Hg2+ adsorption, 

to remove other heavy metals, dyestuffs, and toxic substances. ROP has been recognized as a 

potent and promising material for eliminating Hg2+ ions from the aquatic environment due to 

its characteristics such as high adsorption capability, cheap cost, and ease of availability. 

 

Keywords: Langmuir isotherm model, adsorption, orange peel, mercury, second order kinetic 

model 

 

1. INTRODUCTION 

Natural resources are being depleted 

significantly as a result of factors such as 

urbanization, population growth, 
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industrialization, and migration. As a result, 

the air, land, and water quality continues to 

deteriorate on a regular basis. Water supplies 

have been contaminated by industrial 

processes such as textile, fertilizer 
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manufacture, pharmaceutical, paint, and 

heavy metal. Non-biodegradable heavy metal 

ions have increased water contamination, 

posing severe risks to the environment and 

living beings [1].  

 

Numerous research have been conducted 

around the world to prevent mercury (Hg2+) 

pollutions, which have a substantial impact 

on the ecosystem. Mercury is one of the most 

poisonous heavy metals, and it is widely 

released into the environment by industries 

such as mining, refineries, and coal mining 

[2]. It causes many major diseases, such as 

blood, nervous, reproductive system, 

immune, psychiatric disorders, Alzheimer's 

disease, cardiovascular difficulties, and so 

on, due to its high toxicity and significant 

carcinogenicity [3]. For the reasons described 

above, the adsorption of Hg2+ ions from 

aqueous solutions has become more 

important to reduce environmental pollution 

and improve the quality of life. 

 

Heavy metals and hazardous chemicals can 

be removed from water, various analytical 

techniques have been developed. Nano 

filtration, Membrane separation, ion 

exchange, adsorption and precipitation are 

just a few of the techniques available. [4]. 

While these methods are effective at 

removing heavy metal ions at high 

concentrations, they are ineffective at 

removing metal ions at low concentrations. 

Adsorption is a more beneficial and 

practicable way than other methods for 

eliminating heavy metals at a cheap cost [5]. 

From aqueous solutions, different adsorbent 

materials are used by researchers every day 

to remove heavy metal ions [6]. It is usually 

preferable to employ a novel adsorbent 

capable of reducing the concentration of 

heavy metal ions in aqueous solutions to 

acceptable levels. 

 

Agricultural and animal wastes have been 

used as adsorbent in numerous scientific 

studies [7]. This adsorbent has the benefit of 

being a low-cost adsorbent with high 

adsorption capability for inorganic and 

organic environmental contaminants. 

Tetracycline adsorbed carbon, for example, is 

derived from biogas residue [8]. Tetracycline 

was absorbed into the biogas residual at a rate 

of 58.25 mg/g [9]. The raw orange peel 

(ROP) utilized in this investigation absorbed 

Hg2+ better than some of the adsorbents 

described in the scientific literature (Table 3). 

 

Because of their low cost and lack of 

secondary trash formation, orange peels have 

recently become popular for heavy metal 

removal. It is made composed of cellulose, 

pigments, and hydrocarbons with various 

hydroxyl functional groups. They also have 

considerable levels of thiamine, potassium, 

folacin, calcium, niacin, and magnesium, as 

well as phytochemicals such liminoids, 

pectin, hesperidin flavonoid, and 

polyphenols [10].  Waste orange peels are 

generally preferred in adsorption 

experiments because they may be obtained at 

a very low cost from food processing firms 

[11]. Due to their low economic worth, 

orange peels are discarded, polluting the 

environment. The use of such carbon-rich 

agricultural products as adsorbent will boost 

their economic value while reducing their 

negative environmental effects [12]. 

 

The adsorption of Hg2+ ions out of aqueous 

solutions was examined utilizing ROP as an 

adsorbent in this study manuscript. On metal 

ion adsorption, the impacts of ROP 

operational factors including as solution pH, 

starting MIC, temperature, and CT were 

studied. The equilibrium isotherm, kinetic, 

and thermodynamic coefficients were used to 

compute the adsorption capacity. 

 

2. EXPERIMENTAL 

 

2.1. The Adsorbent Preparation Method 

 

ROP was acquired as an adsorbent in this 

investigation from Finike oranges purchased 

from a market in Batman, Turkey. The 

washed orange peels were dried at room 

temperature for 7 days. By sifting the crushed 

ROP, the particle size was lowered to less 
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than 100 microns. The orange peels were not 

chemically treated before being used. 

 

2.2. Preparation of Metal Ion Solutions 

 

Mercuric nitrate monohydrate [Hg(NO3)2 

2H2O] in deionized water was used to make 

Hg2+ ion stock solutions with a concentration 

of 1000 mg/L for the adsorption 

investigation. After that, the solutions were 

produced using the stock solution procedure 

at reduced concentrations. Each adsorption 

experiment was carried out with new 

dilutions. HCl and NaOH solutions were used 

to prepare solutions at various pH levels. 

Merck provided the chemicals used in the 

study. 

 

2.3. Batch Experiments 

 

Mix 25 mL of Hg2+ ion solutions with 0.2 g 

of ROP at concentrations ranging from 100 to 

1000 mg/L to examine ROP adsorption 

kinetics. At 298, 308, and 318 K 

temperatures, equilibrium was obtained with 

a continuous stirring speed of 100 rpm. Using 

the calibration curve technique, Perkin-Elmer 

Analyst AA2400 atomic absorption 

spectroscopy (AAS) was used to determine 

the Hg2+ content.  

 

The following equation was used to compute 

at time t, the quantity of Hg2+ ions adsorbed 

per unit mass. 

 

  𝑞𝑡 =
𝐶0− 𝐶𝑡

𝑚
 𝑉                                           (1) 

 

The initial and equilibration metal ion 

concentrations are supplied by C0 and Ct 

(mg/L), respectively, while the amount of 

Hg2+ ion extracted from the adsorbent per 

mass unit is given by qt (mg/g). 

 

To explain how concentration affects 

adsorption, a Hg2+ ion stock solution was 

used to create solutions with concentrations 

ranging from 100 to 1000 mg/L. To 0.2 g of 

ROP, a 25 mL sample (100/1000 mg/L) was 

added. It was shook for 120 minutes at 298, 

308, and 318 K. The solutions were then 

shaken continuously for 120 minutes. At the 

end of the shaking period of 120 minutes, it 

was observed that there was no turbidity in 

the solution, but a clear yellow color was 

observed due to the color of the orange peel. 

This is probably due to the pigments found in 

the orange peel. This practice also supports 

similar studies on orange peel in the literature 

[13]. The quantities of non-adsorbed Hg2+ 

ions were determined using AAS equipment 

after 120 minutes of shaking. Eq. (1) was 

used to calculate the amount of metal 

adsorbed. The initial concentrations that 

resulted in the greatest amount of adsorption 

were discovered. As a result of this 

experiment, the adsorption isotherms for 

describing equilibration were created 

 

To characterize the CT adsorption results, 0.2 

g of ROP was treated with 25 mL of a 600 

mg/L Hg2+ ion solution. The concentrations 

of Hg2+ in the shaker-mixed samples were 

measured by AAS at 10-minute intervals 

from 10 to 120 minutes. The adsorption 

period at which the Hg2+ solution reached 

saturation was calculated using the data 

obtained. 

 

PZC refers to the pH biomass surface with a 

neutral charge PZC was measured in 50 mL 

of solution with 0.5 g adsorbent (30 °C) at 

various starting pH values using HCl and 

NaOH solutions (2.01, 2.94, 3.92, 4.98, 6.08, 

6.99, 8.07, 9.02, 10.09, and 11.02). 0.1 mol/L 

KCl was added to the solution to change its 

ionic strength. The final pH was taken when 

the data had reached equilibrium (24 h), 

allowing for the production of a last pH vs. 

starting pH plot; and the PZC pH, which 

matched to the last pH constant value, was 

defined [13]. 

 

To test the effect of pH on removal, 600 mg/L 

Hg2+ ion solutions with pH values ranging 

from 2 to 6 were created with 0.1 mol/L HCl 

and 0.1 mol/L NaOH solutions. In a shaker, 

25 mL of these solutions were mixed with 0.2 

g of ROP and stirred for 120 minutes. An 

AAS instrument was then used to define the 
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quantity of metal ions that remained 

unabsorbed. 

 

2.4. Adsorbent Description 

 

The binding patterns of functional groups 

found in ROP were investigated using FTIR 

spectroscopy. Surface features and 

fundamental analyses were studied using 

SEM and EDS. At low temperature N2 

sorption, a Brunauer, Emmett, and Teller 

(BET) analysis was used to compute the 

specific surface area. 

 

3. RESULTS AND DISCUSSION  

3.1. Batch Experiments 

 

3.1.1. The impact of pH on adsorption 

 

PZC is used to evaluate pH in adsorbents 

when the surface charge transitions from 

positive to negative. It is defined as the state 

in which the electrical charge density on a 

surface is zero. Physical adsorption and ion 

exchange are linked to ROP sample 

adsorption capability [14]. Surface groups 

may gather and keep metal types in aqueous 

circumstances, where pH variations can 

impact them, modifying the adsorption 

process [15]. As a consequence, utilizing 

PZC definition, a preliminary assessment of 

the ROP's acid-base behavior was performed. 

Fig. 1A shows the findings for a 0.1 mol/L 

KCl solution.  

 

The value of PZC The pH was determined to 

be 3.66. The residue would have primarily 

positive surface charges in solutions with a 

pH less than PZC and mostly negative 

surface charges in solutions with a pH greater 

than PZC. PZC was found to be below pH 5.0 

in the majority of the residues, with mostly 

negative surface charges attracting positive 

metal ions [13]. 

 

Studies were carried out at various pH (2–6) 

ranges to investigate the effect of solution pH 

on the behavior of Hg2+ ions during the 

adsorption process. Adsorption tests were not 

carried out at alkaline pH values to avoid the 

precipitation of Hg2+ ions. The effect of 

solution pH on Hg2+ adsorption is seen in Fig. 

1B. At low pH, functional groups such as –

NH– and OH are protonated to form –NH2+ – 

and OH2+, respectively, resulting in a 

decrease in Hg2+ binding ability [16]. 

Furthermore, because of the high electrical 

interaction between the positively charged 

face and the Hg2+ ion, Hg2+ is prevented from 

reaching the adsorbent. Functional groups are 

gradually deprotonated as the pH rises. In this 

circumstance, the adsorbent recovers its 

binding capacity, and the adsorption capacity 

increases as the pH of the solution rises. 

When the pH rises, Hg2+ hydrolyzes and 

changes to HgOH+, which then becomes 

Hg(OH)2. This mercury inhibits Hg2+ ion 

adsorption. [17]. 

 
Figure 1 (A) PZC characterization in ROP. 

Concentration of KCl: 0.1 mol/L (B) 

consequence of pH on adsorption of Hg2+ using 

ROP. pH 2.0–6.0, beginning Hg2+ ion 

concentration 600 mg/L 

 

As seen in Figure 1B, the elimination of Hg2+ 

ions is pH dependent. When using 25 mL of 

Hg2+ ion solution with 0.2 g of ROP at a 

starting concentration of 600 mg/L and pH 

ranging from 2.0 to 6.0, the elimination 

capacity varied from 302.7 to 387.4 mg/L in 

2 hours. The experiment was continued at pH 

3.08, the natural pH solution value, to avoid 

the precipitation of metal hydroxides in the 

next phases. 
 

3.1.2. Consequence of CT 

 

The CT of Hg2+ ions in the adsorbent solution 

is a critical feature of the adsorption process. 

At various temperatures (298, 308 and 318 K) 

and time intervals, the equilibrium period of 

a 600 mg/L starting concentration of Hg2+ 
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solution was found to be 90 minutes (10 –120 

minutes) (Fig. 2). Because of the huge 

useable surface region, the removal rate of 

Hg2+ ions increased quickly in the first stage. 

Between the first saturation of the adsorbent 

surface area and equilibrium, the rate of 

removal slows [18]. The amounts of Hg2+ 

ions that were retained in equilibrium at 

starting concentrations of 600 mg/L at 

working temperatures were computed as 

45.237, 42.787, and 41.350 mg/g, 

respectively, as shown in Fig. 2. The results 

of this investigation were also utilized to 

evaluate the adsorption process' kinetics. 

 

 
Figure 2 Consequence of CT on Hg2+ ion  

adsorption using ROP. (V=25 mL,  

C0=600 mg/L m= 0.2 g, pH 3.08) 

 

3.1.3. Adsorption kinetic studies 

 

Kinetic studies were carried out to understand 

more about the processes of Hg2+ ion 

attachment to ROP and to identify the rate-

limiting phase of the process. The CT is a 

critical factor in the adsorption process. 

Based on the findings in Fig. 3, the ROP 

removal capacity was rapidly increased 

utilizing CT in the early stages. The bulk of 

Hg2+ ions were adsorbed throughout the 90-

minute CT. This is because short CTs have a 

significant number of vacant adsorption sites. 

As CT increases, target ions fill the empty 

gaps, and the adsorption process slows down 

[19]. To gain more thorough data on kinetic 

characteristics, nonlinear kinetic modeling 

was used [20]. The data for removal was 

analyzed using pseudo-second order (PSO), 

pseudo-first order (PFO), and Elovich kinetic 

models. PSO, PFO, and Elovich all have 

nonlinear kinetic equations (2, 3, 4, 

respectively) [19]. Weber-Morris kinetic 

model, on the other hand, might be utilized to 

explain the film and pore diffusion rates [20]. 

The abovementioned kinetic model linear 

form could be demonstarted as in Eq. 5. 

 

ln(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝑘1𝑡                         (2) 

 
𝑡

𝑞𝑡
=

𝑡

𝑞𝑒
+

1

𝑘2𝑞𝑒
2                                             (3) 

 

𝑞𝑡 =
1

𝛽
ln(𝛼𝛽) +

1

𝛽
ln𝑡                                (4) 

 

𝑞𝑡 = 𝑘𝑑𝑡0.5 + 𝐶                                         (5) 

 

The quantities of adsorbed ions and the 

equilibrium adsorption capacity at time t are 

represented by qt and qe, respectively, in this 

equation. The adsorption rate constants for 

PSO and PFO are k2 and k1, respectively, and 

is the initial adsorption rate. Kd is the surface 

coating's adsorption constant, Kd denotes the 

reaction rate constant, and C denotes the 

intersection point determined by the 

thickness of the created boundary layer. 

 

Figure 3 and Table 1 illustrate the kinetic 

values derived from the nonlinear graphs of 

the models. Table 1 shows that qe against t 

value may be calculated for 318, 308, and 298 

K, as well as for low R2 regression 

coefficients, qmax exp., and qmax calc. Trials are 

used to determine a theoretical removal 

capacity that is near to the value; also, 

reasonably high R2 values indicate that the 

PSO model accurately characterizes the 

kinetics of Hg2+ ion adsorption by ROP. The 

temperature-dependent increase in estimated 

k2 values (298, 308, 318K) demonstrates that 

the interplays are temperature-dependent. 
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Figure 3 For Hg2+ removal through ROP (A)  PFO (B) PSO (C) Weber-Morris (D) Elovich model plots 

 

As the temperature rises, the reaction rate 

constants increase, as seen in Table 1. Using 

this data, the linearized Arrhenius Eq. (Eq. 6) 

was used to calculate the activation energy 

(Ea). Ea was defined to be -14.75 kJ/mol in 

the adsorption of Hg2+ ions by ROP. Ea is less 

than 4.2 kJ/mol in the presence of weak 

forces [21]. In activated processes, strong 

forces give Ea (in chemisorption) ranging 

from 8.4 to 83.7 kJ/ mol. As a consequence, 

the predicted Ea values in this work show that 

Hg2+ ion adsorption through ROP increases 

chemisorption. The negative Ea value, on the 

other hand, indicated that a reduction in 

temperature aided adsorption. 

 

𝑙𝑛𝑘2 = 𝑙𝑛𝐴 −  
𝐸𝑎

𝑅𝑇
                                     (6) 

 
 

 

Table 1 Kinetic variables for the removal of Hg2+ through ROP at disparate temperatures 
Pseudo - First Order  Pseudo - Second Order  

(K) Line equation R2 k1 qm Line equation R2 k2 qm 

298 y=-0.0414x + 3.2389 0.9130 0.0414 25.505 y=0.0215x + 0.2994 0.9945 0.00154 46.511 

308 y=-0.0368x + 3.4079 0.9163 0.0368 30.192 y=0.0213x + 0.2435 0.9969 0.00186 46.948 

318 y=-0.0392x + 3.5136 0.9148 0.0392 33.568  y=0.0203x + 0.1832 0.9977 0.00224 49.291 

Weber- Morris Elovich  

(K) Line equation R2 Kd Cb Line equation R2 β α 

298 y=2.1316x+24.331 0.8814 2.1316 24.331 y=7.3458x+11.789 0.9334 0.136 36.596 

308 y=2.1232x+21.207 0.9564 2.1232 21.207 y=7.1506x+9.3741 0.9674 0.139 26.688 

318 y=2.3175x+17.903 0.9328 2.3175 17.903 y=7.7773x+5.0966 0.9368 0.128 15.044 
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3.1.4. Adsorption isotherms 

 

As indicated in Fig. 4, the influence of Hg2+ 

ion concentration on adsorption was 

examined. The removal capacity rose 

rapidly up to the adsorption saturation limit 

when the Hg2+ ion concentration was raised. 

As Hg2+ ion concentrations increased, the 

adsorption rate decreased first owing to 

ROP surface saturation, but finally 

stabilized after reaching equilibrium. The 

adsorption isotherm makes it easy to define 

the adsorbate-adsorbent interaction. It also 

guarantees that a basic variable process 

strategy for adsorption goals is in place. 

Dubinin-Radushkevich, Langmuir, 

Temkin, and Freundlich isotherms were 

used to apply data from four nonlinear 

isotherm models in batch [22, 23]. 

 

3.1.4.1. Langmuir isotherm 

 

When a solution's solid face comes into 

contact with adsorbate particles, it refers to 

the desorption-adsorption equilibrium. As 

the adsorbate concentration rises, the 

adsorption areas gradually get hooked until 

they reach adsorption saturation, which 

takes into consideration the greatest 

monolayer adsorption capacity (qm). This 

model implies that homogenous and 

monolayer adsorption occur in energetically 

equivalent effective regions. This model is 

depicted Eq. (7) 

 
𝐶𝑒

𝑞𝑒
=  

1

𝑞𝑚𝑎𝑥.𝐾𝐿
+

𝐶𝑒

𝑞𝑚𝑎𝑥
         (7) 

 

Here, Ce is the MIC at equilibration, qe 

denotes the equilibration adsorption 

capacity, KL denotes the adsorption 

constant, and qm denotes the maximum 

adsorption capacity. KL and qm values were 

calculated using the nonlinear graphs of qe 

and Ce [22]. 

 

3.1.4.2. Freundlich isotherm 

 

This model, which accounts for multilayer 

adsorption and adsorbent surface 

heterogeneity, is stated as Eq (8). 

𝑙𝑜𝑔𝑞𝑒 = 𝑙𝑜𝑔𝐾𝐹 + (
1

𝑛
)𝑙𝑜𝑔𝐶𝑒       (8) 

 

In this equation, n and KF are Freundlich 

constants that represent density and 

removal capacity, respectively. These 

constants' values were obtained using 

nonlinear plots of experimental data points 

[22]. 

 

3.1.4.3. Dubinin-Radushkevich isotherm 

 

Adsorption may occur on heterogeneous as 

well as homogeneous surfaces, according to 

this model, which allows for the separation 

of physical and chemical adsorption [23]. 

Eqs. (9 and 10) give an explanation for this 

model.  

 

𝐼𝑛𝑞𝑒 = 𝐼𝑛𝑞𝑚𝑎𝑥−𝐾𝐷𝑅Ɛ2         (9) 

 

Ɛ = 𝑅𝑇𝑙𝑛(1 +
1

𝐶𝑒
)        (10) 

 

In these equations, the Polanyi potential is 

represented by ε and the isotherm constant 

associated with the average adsorption 

energy is represented by KDR.  

 

3.1.4.4. Temkin isotherm 

 

Because of the interaction between the 

adsorbate and the adsorbent in this model, 

the face coverage rises. As a result, the 

molecules adsorption heat in the layer 

decreases linearly [24]. The mathematical 

model in Eq. (11) reoresents these qualities. 

 

𝑞𝑒 =  
𝑅𝑇

𝑏𝑇
+ ln (𝐾𝑇𝐶𝑒)       (11) 

 

Where bT is the adsorption heat and KT is 

the equilibration constant. Plotting qe 

versus Ce yielded the bT and KT values. 

Figure 4 shows adsorption isotherm graphs, 

and Table 2 lists adsorption related 

variables. 

 

As shown in Fig. 4A, the removal capacity 

(qe) rises rapidly at first, then slows as the 

Hg2+ concentration rises, eventually 

remaining steady after reaching 
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equilibrium. Figures 4B, 4C, 4D, and 4E 

provide adsorption equilibration data for the 

Hg2+ ion using Freundlich, Langmuir, 

Temkin isotherm, and Dubinin-

Radushkevich models, respectively. Table 2 

shows the variables that were estimated 

using the provided isotherm models. When 

Table 2 is studied, it is evident that the 

Langmuir model, based on R2, is the 

optimal isotherm model for Hg2+ ion 

adsorption. The appropriateness of this 

model verifies the process's potential 

irreversibility and chemisorption. The 

greatest removal capacity of Hg2+ on the 

ROP was determined as 63.291, 61.728, and 

66.225 mg/g at 308, 298 and 318 K, 

respectively, using Langmuir conditions. 

This coating has a single layer. The before 

mentioned characteristic implies that ROP 

has a high capacity for Hg2+ ion adsorption. 

 

 

 

 
Figure 4 (A Impact of Hg2+ ion concentration on adsorption using ROP. (B) Langmuir (C) Freundlich (D) Dubinin- 

Radushkevich (E) Temkin, isotherm plots 
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Table 2 Isotherm parameters for removal of Hg2+ ions through ROP 
  Constants 298 K 308 K 318 K 

Langmuir KL (L/mg) 0.0064 0.0086 0.0121 

qmax. (mg/g) 61.728  63.291  66.225 

R2 0.9934 0.9951 0.9982 

Freundlich n 1.8426 2.1321 2.3068 

Kf 1.8997 3.0164 3.9682 

R2 0.9288 0.9792 0.9376 

Temkin AT (L/g) 0.0649 0.1012 0.1429 

bT (j/mol) 182.284 196.313 197.196 

R2 0.998 0.9872 0.9974 

D-R KD-R 5.10-9 5.10-9 5.10-9 

E (kj/mol) 10.00 10.00 10.00 

R2 0.9545 0.9933 0.9642 

 

When analogous investigations for adsorbed 

Hg2+ ions in scholarly articles were 

analyzed, it was observed that the acquired 

findings were fairly good. The removal 

capabilities found in this investigation were 

compared to those found in previous studies 

published in the scientific publications 

indicated in Table 3. ROP adsorption 

capacity for Hg2+ ions were found to be 

comparable to or superior than values 

obtained using similar adsorbents. This 

demonstrates that ROP is a viable material 

for adsorption procedures. 

 

 

3.1.5. Thermodynamic study 

 

Investigating the effect of temperature on the 

removal of Hg2+ ions using ROP will help to 

evaluate Enthalpy (ΔH), Entropy (ΔS) and 

Free energy (ΔG) parameters, which are the 

basic thermodynamic functions of removal 

process. The free energy change values 

(ΔG°) were computed by using Eq. (12). 

 

∆𝐺𝑂 =  ∆𝐻𝑂 − 𝑇∆𝑆𝑂 =  −𝑅𝑇𝑙𝑛𝐾𝑒
0       (12) 

 

The equilibration constant  𝐾𝑒
0 , may 

be computed using Eq.(13) [29]. The 

abovementioned equation converts the best 

isotherm model's equilibration constant (K) 

to a dimensionless thermodynamic 

equilibration constant. 

 

𝐾𝑒
0 =  

(1000𝐾𝑀)[𝐴𝑑𝑠𝑜𝑟𝑏𝑎𝑡𝑒]0

𝛾
        (13) 

 

In this equation, [Adsorbate]o stands 

for adsorbate standard concentration, M 

represents the molecular weight of the 

adsorbate, and y refers to unitary activity 

coefficient upon the dilution of adsorbate 

solution. 

 

As regards to Eq. (14), ΔH° and ΔS°are 

possible to be acquired from the slope and 

intersection of graph ln 𝐾𝑒
0 versus 1/T. 

 

𝑙𝑛𝐾𝑒
0 =  

∆𝑆𝑂

𝑅
−  

∆𝐻𝑂

𝑅𝑇
                    (14) 

 

Thermodynamic variables were calculated 

using reversible methods for Hg2+ 

adsorption through ROP. When looking at 

the values in Table 4, it is clear that the 

Table 3 Adsorption capacities of various 

adsorbents in Hg2+ removal were compared 

Adsorbent Adsorption 

capacity 

(mg/g) 

References 

δ-FeOOH 35 [24] 

FeMnOOH 12 [25] 

Graphene 

oxide/FeeMn 

composite 

33 [26] 

MnOX/graphene 2.7 [27] 

P-NHT 52.18 [28] 

Raw orange peel 61.728 (298K) 

63.291 (308K) 

66.225 (318K) 

This work 
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distribution constant (lnKd) is greatly 

influenced by temperature. What was 

discovered was that when the temperature 

climbed, the removal ability for Hg2+ ion 

enhanced. Here, negative ΔG° values 

indicate that Hg2+ ion removal using ROP is 

a thermodynamically advantageous and 

natural process. The decline in ΔG° with 

increasing temperature shows that Hg2+ ion 

removal capacity improves with 

temperature. ΔH° with positive value of 

(+16.63 kJ/mol) exhibits that the adsorption 

of Hg2+ through ROP is an endothermic 

process. 

ΔS° positive number indicates that the 

degree of freedom at the liquid/solid 

interface grows during the adsorption 

process [30]. ΔG° low values with positive 

ΔS° (as observed in Table 4) imply that 

adsorbate (ROP) properties increase the 

unpredictability at the liquid-solid interface 

during Hg2+ adsorption. A dissociation 

mechanism can occur in the adsorbent and 

adsorbate in this situation, with certain 

structural changes occurring throughout the 

removal phase [31]. 

 

Table 4 ROP was used to calculate Gibbs free energy, enthalpy, and entropy values for Hg2+ ions 

adsorption 
Metal Temperature (K) lnKd ΔG0(kJ/ mol) ΔH°  (kJ/ mol) ΔS0 (J/ mol K) 

Hg2+ 298 8.240 -20.54  

16.63 

 

124.71 
308 8.418 -21.78 

318 8.667 -23.03 

 

3.2. Description of Material Pre/Post-

Adsorption Experiments 

 

3.2.1. SEM/EDS and definite surface area 

analysis 

 

The microstructure and surface morphology 

of the prepared prior to adsorption (Fig. 5A) 

and post-adsorption (Fig. 5B) are shown in the 

SEM micrographs. Figure 5A depicts the ROP 

surface morphology as well-structured layers 

with no clear orientation due to pectin, 

cellulose, and hemicellulose producing the 

orange peel with a limited number of pores. 

Using BET theory, this morphology yielded 

0.756 m2/g. On the other hand, The surface 

morphology of ROP-Hg with very diverse 

cavities and holes is seen in Figure 5B. The 

active sites and voids on the ROP surface are 

also seen to increase after the adsorption 

process. This explains why novel chemical 

structures arise on the surface during Hg2+ 

adsorption. The event on the ROP surface can 

be described as a dissolution-precipitation 

mechanism that occurs as metal ions adsorb 

from aqueous solutions [32]. 

 

 
Figure 5 SEM micrograph of ROP and EDS: A) 

prior to adsorption B) Post-adsorption 

 

3.2.2. FTIR analysis 

 

FT-IR was used to determine the functional 

groups on the surface of ROP that assist metal 

ions clinging to the adsorbent or potential 

removal sites. Figure 6 shows the FT-IR 

transmission spectra for ROP and ROP-Hg. 

The intra-intermolecular groups were 

responsible for the stretching vibration of O-

H groups causes widespread extended band 

absorption at 3291 cm-1. [33]. Aliphatic acid 

C-H stretching vibrations are responsible for 

the peak at 2922 cm-1. The peak observed at 
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1739 cm-1 could be due to stretching 

vibrations for C=O caused by nonionic 

carboxylic group bonds (–COOH, –

COOCH3). The peaks at 1645 cm-1 

correspond to lignin skeletal aromatic 

vibrations of C=C. Finally, the 1014 cm-1 peak 

could represent the primary OH group in 

lignin or hemicellulose [34]. After the 

adsorption of Hg2+ ions, slight variations in 

the zenith locations of these functional groups 

were discovered. For example, while the peak 

at 3291 cm-1 increased to 3325 cm-1, the zenith 

at 1739 cm-1 decreased to 1734 cm-1. 

 

 
Figure 6 FTIR spectra of ROP and ROP-Hg 

 

3.2.3. Desorption studies 

 

Material regeneration is anticipated to be a 

critical component in improving separation 

process costs. The material with high 

desorption potential indicates that it may be 

reused in future adsorption procedures. 

Loading the adsorbent with a certain quantity 

of metal ions was used to analyze the 

desorption of mercury from the adsorbent. 

They were then rinsed with 150 mL of Milli-

Q water and dried for a whole day in a 50 °C 

oven. Following this time, the materials were 

submerged in a 50 mL solution of 0.1 mol/L 

HCl to recover the mercury. The adsorption 

capacity of Hg2+ from the aqueous solution 

was determined at 83.33% using ROP. 

However, in the desorption study conducted, 

it was determined that Hg2+ was 58.84% 

desorbed. 
 

Mercury desorbed at low percentage levels 

even in acidic media. This study shows that 

ROP strongly adsorbs mercury, which is 

consistent with the findings of enthalpy and 

PSO kinetics. This proportion of desorbed 

ROP was deemed insufficient for future ROP 

re-use in later adsorption phases. 

 

4. CONCLUSION 

 

ROP was utilized as adsorbent to remove Hg2+ 

ion out of aqueous solutions in this study. 

When no chemical treatment was applied to 

the orange peel, it demonstrated outstanding 

removal performance in the elimination of 

ions with Hg2+ (61.728 (298 K), 63.291 (308 

K), and 66.225 (318 K) mg/g. In the natural 

pH settings of the solutions, the maximum 

eliminating capability for Hg2+ ions was 

achieved with ROP. pH 3.08 was found to be 

the value for Hg2+. This system, according to 

the equilibrium research, followed the 

Langmuir isotherm model better than other 

models. The elimination of the Hg2+ ion 

followed the PSO equation, according to 

kinetic studies. The calculated 

thermodynamic variables demonstrated the 

adsorption process's viability and natural 

character. The enhanced unpredictability of 

Hg2+ at the solid-solution interface was 

demonstrated by a positive entropy change. 

The surface area of ROP before adsorption 

was found to be 0.756 m2/g by BET analysis. 

ROP varied considerably before and after 

adsorption, according to SEM/EDS and FT-IR 

investigations. The morphological and 

structural changes that result demonstrate that 

removal, together with sedimentation, is a key 

aspect of the process of removing Hg2+ from 

aqueous solution. The reuse of the adsorbent 

material is very important in terms of cost 

calculation. In the study conducted to 

determine the desorption capacity of ROP, 

58.84% removal capacity was determined. 

When the results are analyzed, it is possible to 

infer that ROP is an effective material to 

remove Hg2+ out of aqueous solutions owing 

to its inexpensive cost and availability, in 

addition to its high adsorption capability. 
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