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Abstract—The objective of this study was to evaluate the use of activated carbon obtained from orange 
peel (Citrus sinensis) in the removal of Pb (II) ions present in the waters of the Anticona-Cerro de Pasco 
River.Activated carbon with phosphoric acid was prepared as an activating agent in an impregnation 
ratio of 0.70 g H3PO4 per gram of material.The physicochemical properties of the adsorbent were studied 
using the isothermal adsorption of nitrogen (BET), electron microscopy (SEM) and infrared 
spectrophotometry with Fourier transform (FTIR).The most influential factors in the adsorption process 
were the pH of the solution, contact time, porous structure and acidity of the carbon.The results indicate 
that Freundlich's model is the one that best adjusts the experimental data, reaching a bioadsorption 
capacity of 478.5 mgL-1Pb (II), which represents 95.70% lead removal (II). 
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I. INTRODUCTION 

Contamination of drinking water sources by pathogens, toxic inorganic organisms, radionuclides and 
synthetic and emerging organic pollutants is a public health concern; the presence of heavy metals being one of 
the greatest, due to inadequate treatment of wastewater discharged into water bodies and containing heavy 
metals such as lead, chromium, cadmium, cobalt and zinc,which are toxic to living organisms and which due to 
their physicochemical properties are not biodegradable [1]–[3]. 

In this context, the exploitation of mineral resources has been considered an essential activity for the 
development of countries such as Peru, highlighting the production of lead, which has increased over the years, 
consolidating itself as one of the most important producers of lead in the world [4]. However, it has brought 
with it a series of negative effects on the environment, causing profound changes, with the consequent 
deterioration of landscapes, plants, water [5]. 

The central region of Peru is among the most affected with this environmental problem, the presence of lead 
in the upper zone (Cerro de Pasco) and average of the Mantaro River basin is variable, evidenced in the source 
of the Mantaro River values that exceed the LBC-PMR = 0.0210 mg L-1, being the stations of greatest concern 
San Juan = 0.049 mg L-1, Anticona River = 0.630 mg L-1, before discharge to Mantaro, where it exceeds 
between 2.3 and 30 times respectively the LBC-PMR, and 196.9 and 15.3 times the standard proposed by 
CONAMA-Chile class a1 (0.0032 mg L-1) respectively.It is important to note that the concentration of lead in 
the Anticona River exceeds 6.3 times the class III standard of the General Water Law-LGA [6]. 

Thus, a variety of technologies have been adopted for the removal of heavy metals in wastewater, such as 
chemical oxidation, precipitation, adsorption, ion exchange, reverse osmosis and membrane 
separation.Adsorption is the process in which molecules are concentrated in an interfacial layer and are 
considered an effective remediation strategy due to the low cost and regeneration of adsorbent, high selectivity, 
and simple design [7]. 

The adsorption process uses various organic and inorganic materials as adsorbents that can be of natural or 
synthetic origin, the selection of an adsorbent material is based on structural, chemical, surface and 
morphological characteristics.Different residual biomasses have been used for the removal of lead in solution, 
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including corn husks and orange peels [8], Fumariaindica[9], aquatic mosses [10], peanut shells [11], walnut 
shells [12], among others.There has also been interest in obtaining porous materials with good physico-chemical 
properties, such as activated carbon, to be applied in the field of contaminant removal technology in aqueous 
media [13]. 

Many of these coals are obtained from agricultural or industrial waste, which reduces the cost of these, and 
also generates alternatives for waste treatment, among the precursors used include nut shells [14], sesame seeds 
[15], cane (Phragmitesaustralis) [16], olive and cherry seeds [17], coconut shells [18], among others. In this 
way, in the present research, the use of orange peels was experimented as a precursor for the production of 
phosphoric acid impregnated activated carbon (H3PO4) in the adsorption of Pb (II) present in the waters of the 
Anticona River. 

II. MATERIALS AND METHODS 

A. Area of study and sampling sites 

The Anticona River is located between the Vicco and Huayllay districts, in the Cerro de Pasco region of Peru, 
where effluents from the Pan American Silver mine operating through CompañíaMineraHuarón are the main 
pollutants of Pb (II) waters. Sampling of waters was carried out according to the protocols proposed by 
DIGESA with Directoral Resolution No. 2254/2007/DIGESA/SA [6]. Four sampling points were chosen, 
depending on the review of existing information, population interviews and field visits (Fig. 1). 

Punctual sampling was carried out, which consisted of taking the samples at the point fixed at the date and 
time established. Composite sampling was also done, which consisted of obtaining several samples during an 
eight-hour period at the same sampling point, these samples were taken every hour and then homogenized to 
obtain a representative sample of 5 L of water. 

 
Fig. 1. Sampling points on the Anticona - Cerro de Pasco River. 

B. Pre-treatment and characterisation of the activated carbon precursor 

The orange peel (Citrus sinensis), from the central jungle of Peru, was prepared to obtain activated carbon by 
the following procedure: reduction of size in pieces of approximately 5-7 mm and heating in muffle at 700°C for 
1 h, to be dried in a desiccator.Afterwards, 5 g of raw material (M1) was weighed, heated to 110 °C for 1 hour, 
then placed in the desiccator until it cooled down and then weighed (M2).The dry samples were then placed in 
the oven at 700 °C, one sample was left for 15 min to determine its dry weight and the amount of volatile 
material (M3) and the other for 1 h, to determine the ash content (M4), the percentages of moisture, volatile 
material and ash were determined with the following Equations 1 to 4: 

݁ݎݑݐݏ݅݋ܯ % ൌ   ቀ
ெభି ெమ

ெభ
ቁ* 100 (1) 
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ቁ*100 (2) 
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(4) 

C. Preparation of activated carbon 

The process of obtaining activated carbon was carried out by the following procedure: I) Impregnation of 50 
g of orange peel (precursor) with 250 mL of H3PO4 solution (85% purity), with a ratio of 0.70 g H3PO4 per g 
of precursor with constant agitation at 50 ºC for 3 h, followed by drying at 70 ºC for 12 hours. II), Thermal 
activation of 50 g of impregnated and dry precursor in a muffle with heating rate of 7 ºC /min, with continuous 
flow of 100 mL of N2min-1 to reach the activation temperatures of 400, 500 and 600ºC, respectively, during 1 h. 
III). The activated carbons were initially washed with a 5% NaHCO3 solution and then with plenty of distilled 
water to remove excess H3PO4. The activated carbons were then dried in a stove at 70ºC for 10 h. 

D. Characterization of coal and precursor 

Precursor and prepared coals were characterized by analytical tests: Fourier Transform Infrared Spectroscopy 
(FTIR), Scanning Electron Microscopy (SEM) and Brunauer-Emmett-Teller (BET) analysis, in order to know 
the structure of the material and the possible interactions of the ions with the material studied, its chemical 
composition on the surface and its apparent surface areas, respectively.The surface chemistry and determination 
of the functional groups of the precursor was performed by FTIR analysis using a Shimadzu FTIR-8700 infrared 
spectrophotometer. The samples were dried in an oven for 15 h at a temperature of 100°C. Then they were 
pulverized and homogenized in a mortar.A scanning electron microscope model EVO 10Z6 was used for the 
SEM analysis of the carbons and precursor. Powdered and low vacuum (20 torr) and N2 samples were used as 
99.99% purity adsorbate for the structural characterization of coal, with tests carried out at 77 K in the relative 
pressure range of 0.005 to 1 using Gemini VII model 23901. The isothermal graph was linearized according to 
the BET model. 

E. Determination of operating conditions 

The conditions under which the adsorption tests were carried out were determined: to establish the contact 
time, a 100 mg L-1 solution of Pb (II) was prepared, using lead nitrate for the preparation of the standard 
solution; it was placed in contact at different intervals of time (0 ≤ t ≤ 5 h) at room temperature with 20 mg 
activated carbon with H3PO4 at 150 rpm; the solution was then filtered and the residual lead concentration in 
the solution was determined.The effect of pH at different values (2 to 7) was studied, keeping it constant for 
each test, adjusting it with NaOH and HCl 0.1 M. For 60 min the same amount of adsorbent with a 100 mg L-1 
solution of contaminant at 150 rpm was placed.To establish the activation temperature, heat treatment was 
carried out by heating the activated carbons with H3PO4 in a muffle with a heating ramp of 7 ºC min-1, with a 
continuous flow of 100 mL of N2min-1 in a range of 400 to 600 ºC and the residual concentration in the solution 
was determined. 

F. Determination of adsorbent effectiveness 

In order to determine the effect of activated carbon quantity with H3PO4 on Pb (II) adsorption, the conditions 
shown in Table 1 were studied. 

Table 1. Mass of activated carbon with phosphoric acid 

Treatments Adsorbent mass (mg) 

T1 2 

T2 5 

T3 10 

T4 15 

T5 20 

G. Kinetic and isothermal modeling 

The adsorption kinetics were determined by contacting 100 mL of water from the Anticona-Cerro de Pasco 
River with 20 mg of activated carbon at 120 rpm with H3PO4, taking as independent variables the pH (3-5), 
during 120 min, following a factorial design 22, and fitting the experimental data to pseudo-primer order, 
pseudo-second order, Elovichand intraparticular diffusion. 

To adjust the data to the Langmuir and Freundlich isotherms, five aqueous solutions were placed in contact at 
concentrations of 20 mgL-1, 16 mg L-1, 12 mg L-1, 8 mg L-1 and 4 mg L-1Pb (II) at 20 g adsorbent, a volume of 
50mL, pH 5, at a constant temperature for 60 min. 
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The adsorption capacity was determined based on the principle of mass transfer according to equation 5: 
where Ci and Ce are the initial and final concentration of lead (II) in the solution, respectively in mg L-1. V the 
volume of the solution in L and m the mass of adsorbent in g. 

௘ݍ ൤
݉݃

݃
൨ ൌ

ሺܥ௜ െ ௘ሻܸܥ

݉
 

(5) 

III. RESULTS AND DISCUSSIONS 

A. Proximal chemical analysis of the precursor 

As shown in Table 2, the precursor shows a fixed coal content (10.832%) and a low ash value (0.398%); 
suitable characteristics in the biological material to be transformed into activated carbon.The decrease in 
humidity and increase in ash and fixed carbon when the precursor is impregnated with phosphoric acid, could be 
due to the dehydrating characteristics of H3PO4, which facilitates the loss of hydrogen and oxygen in the form of 
water, a process that occurs simultaneously with the compaction of large carbon units to smaller units and 
enriched in coal [19]. 

Table 2. Chemical - proximal analysis of precursor and activated carbon with H3PO4. 

Sample Moisture (%) w w-1 Volatile (%) w w-1 Ash (%) w w-1 Fixed coal (%) w w-1 

PrecursorCA with 
H3PO4 

5.62 83.15 0.398 10.832 
4.52 29.32 13.05 58.71 

The results obtained in the present study are similar to those reported by Borghi [20], whose proximal 
chemical analysis of banana peel is: humidity 5.12%; ash 0.51%; coal 9.65%; volatile material 80.24%. 

B. FTIR Analysis 

The FTIR analysis allowed to know the surface chemistry of activated carbon without phosphoric acid and 
activated carbon with H3PO4, obtaining information from the functional groups present on the surface of 
activated carbon, which are decisive in the bioadsorption process, which are shown in Table 3: 

Table 3. FTIR analysis of activated carbons from orange peel. 

CA sin H3PO4 CA con H3PO4 

Adsorption 
peak (cm-1) 

Group Adsorption peak (cm-1) Grupo 

2297 Alkanes Stretching (CH) 3732 OH group vibration 

2869 Alkyl groups 2859 Alkanes and alkyl (C-H) tension 

1703 Group C=O of esters, 
aldehydes and lactone 

2353 CC Tension 

1580.3 Stretching of C=C 1732 Vibration of the carboxyl group of 
aldehydes, ketones and carboxylic 

acids 

1580 C-C 1413,7 Bending in the plane of aliphatic 
groups (CH3 and CH2) 

1321 Bending in the C-O link 
plane 

972,1 Alkenes vibrations C-H 

1076,2 Groups CH3 and CH2 2927.9 CH Group of the H3PO4 

From the reported peaks it is established that functional groups undergo various chemical changes during 
pyrolysis, caused by the influence of the activating agent, with respect to the functional groups of activated 
carbon without phosphoric acid. Thus, the signs are observed around 2927,9 and 3732 cm-1 corresponding to 
group C-H and group O-H (alcohols and phenols), respectively.This marked difference is due to the action of 
H3PO4 on the precursor, constituting the appearance of the band around 3732 cm-1 assigned to groups P=O of 
phosphates or polyphosphates, which together with the phenol O-H, are acid groups. 

The stretching of the alkanes and OH groups indicates that phosphoric acid acted as a dehydrating agent and 
eliminated a considerable amount of hydrogen from the precursor; on the other hand, the stretching of alcohols, 
carboxylic acids, esters and ethers, are related to the removal of hydrogen and oxygen [21], [22]. 
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Fig. 4. Adsorption isotherm of nitrogen per gram of activated carbon with H3PO4 in relation to the adsorbed volume of N2 (cm3g-1) under 

normal conditions. 

The nitrogen adsorption/desorption curve describes a type IV curve according to IUPAC, which represents 
the adsorption isotherm with hysteresis associated mainly with mesopores in activated carbon [25].The literature 
has reported activated carbons with areas of 1974 m2g-1 modified with H3PO4 at 30%, and 794 m2g-1 
chemically modified with ZnCl2 and carbonized at temperatures above 500 °C, which gives an acceptable range 
for the surface area of activated carbon area values synthesized in this study [23]. 

E. Determining the operating conditions 

Contact kinetics is an important variable in adsorption, since it measures the saturation time of active 
adsorbent sites and helps to define adsorption velocity.The results of experiments to determine equilibrium time 
are shown in Fig. 5a, showing that removal of Pb (II) was initially rapid, reaches equilibrium in 95 min and 
continues to increase, which can be caused by initial saturation of active sites by mass transfer [13]. 
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(c) 

Fig. 1. Effect of contact time (a), effect of pH (b), effect of activation temperature (c) on the removal of Pb (II) using activated carbons with 
H3PO4 

The effect of pH on adsorption is important because it is associated with the surface nature of activated 
carbon and the predominant species of adsorbate, it is observed in Fig. 2b that the highest percentage of 
adsorption was achieved at pH 5, which is due to the fact that high pH increases the concentration of OH- 
anions,inducing changes in the surface of the adsorbent and increasing the adsorption of metallic ions such as 
lead, since in solution its predominant species are cations of Pb (OH)2 and PbCl2, therefore there will be an 
electrostatic attraction with OH anions [26], [27]. 

Fig. 2c shows the percentage of Pb (II) adsorption at different carbon activation temperatures, showing that at 
500 ºC a higher percentage of adsorption was obtained, similar to that reported by Kyzaset al.[22], [28] and 
Abbas et al., [29].The efficiency (%) of impregnated and unimpregnated activated carbons with H3PO4 at the 
different activation temperatures was determined using the Equation 6, where WCA is the mass of activated 
charcoal and Wp is the mass of the precursor in g, such results are shown in Table 3. 

݊ ሺ%ሻ ൌ   ൬
஼ܹ஺

௉ܹ
൰ ∗ 100 

(6) 

It is observed that the higher the activation temperature, the lower the yields, this calculated parameter is very 
similar to the revised literature.Delgadillo [30], mentions that the activated carbon of medlar seed with H3PO4 
and subjected to the activation temperatures of 400°C and 500°C obtained a yield of 50.6% and 53.2% 
respectively, and the activated with KOH at 600°C a yield of 24.5%. 

Garcés and Coavas[31], report that the yield of activated carbon orange peel with chitosane is 41.4%. Paredes 
[32], mentions that the yields of chestnut activated carbon with H3PO4 at temperatures of 400°C, 500°C and 
600°C are 32.98%, 39.18% and 41.23% respectively.The effect of the activating agent with respect to the 
activation temperature is very important, in this respect Lavadoet al.[33] and Sun-Kou et al., [34] state that 
H3PO4 comes into contact with the precursor hydrolyzing the glycosidic bonds of biopolymers, accelerating the 
dehydration of the material at temperatures below 100 ºC.Thus, an increased relationship with this agent 
produces a more drastic attack on the structure, which is reflected in a decrease in performance.Precursor 
dehydration caused by H3PO4 is intensified with temperature increase, indicating that dehydration depends on 
temperature, due to the high packing density of the precursor resulting in reduced yield. 

F. Activated carbon efficiency in adsorption 

To calculate the effectiveness of adsorbent, a randomized design with five treatment units and five replicates 
was applied, using different adsorbent masses for 60 min, determining the residual concentration (Ce) in mg L-1 
of Pb (II) in solution as shown in Table 4.It was found that as the mass of activated carbon (mg) increases the 
adsorption efficiency (%), so at a weight of 20 mg AC there is an efficiency of 95.686%. 
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The first-order model is based on the fact that each metal ion is assigned an adsorption site of the adsorbent 
material and corresponds to Equation 7 where the adsorption capacity in equilibrium (mmolg-1) and k1 is the 
velocity constant of pseudo first order (min-1): 

௧ݍ ൌ ௘ሺ1ݍ  െ ݁ିି௞భ௧ሻ (7) 

The pseudo-second order model assumes that adsorbate is adsorbed at two active biomass sites and is 
represented by Eq. 8 where k2 is the second order adsorption constant (g-1 min-1). 
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The intraparticular diffusion model is based on the fact that within the pores of the adsorbent particle it is 
based on the transport of solute through the internal structure of the adsorbent pores and the diffusion itself in 
the solid, which leads to the adsorbent having a homogeneous porous structure[35], and is represented by 
Equation 10 where k is the diffusion kinetic constant: 
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(9) 

The intraparticular diffusion model is based on the fact that within the pores of the adsorbent particle it is 
based on the transport of solute through the internal structure of the adsorbent pores and the diffusion itself in 
the solid, which leads to the adsorbent having a homogeneous porous structure [36], and is represented by 
Equation 10 where k is the diffusion kinetic constant: 

௧ݍ ൌ  (10) ݐ√݇

The parameter values of the above-mentioned kinetic models and their sum of errors are shown in Table 6 
and the graph in Fig. 6. 

Table 6. Adjustment parameters of the kinetic adsorption models 

Kinetic model Parameters Value 
Pseudo-first order K1 (min-1) 18.43 

qe (mg g-1) 0.12 

Suma 12,45 

Pseudo-second order K2 0.011 

qe (mg g-1) 19.53 

Suma 2.94 

Elovich Β 0.55 

α 576.02 

R2 2.05 

Intraparticulardifussion K3 1.91 

R2 300.44 

Where it is established that both the pseudo-second order model and Elovich adequately describe the 
experimental data. From the constant k2 it is shown that the initial adsorption rate is low, however, an important 
adsorption efficiency is achieved. According to the Elovich model, a high initial adsorption velocity? is also 
established, as well as more surface area for metal intake [7]. 

I. Adsorption equilibrium 

The experimental adsorption data of Pb (II) were adjusted by the isothermal models of Langmuir and 
Freundlich. Five aqueous solutions at concentrations of 20 mg L-1, 16 mg L-1, 12 mg L-1, 8 mg L-1 and 4 mg L-1 
of Pb (II) with 20 g of adsorbent were used for this, as shown in Table 7. 

Table 7. Initial and final concentration of Pb (II) for the construction of bioadsorption isotherms 

Sample code C0 Pb (II) (mg L-1) Ce Pb (II) (mg/L) qe(mg g-1) 

1 4 0.0456 0.0098 

2 8 0.1565 0.01961 

3 12 0.549 0.02863 

4 16 0.821 0.03795 

5 20 1.123 0.04719 
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Langmuir's model considers that the adsorption energy of each molecule is independent of the surface of the 
material, occurring at specific locations of the adsorbent and without any interaction between molecules because 
the adsorption heat is constant for these sites; this model can be represented by the linear Equation 11, 
whereqmax(mg g-1) is the maximum adsorption capacity y b (L mg-1) is Langmuir constant related to adsorption 
heat: 
௘ܥ
௘ݍ
ൌ

௘ܥ
௘,௠௔௫ݍ

൅
1

௘,௠௔௫ݍ ∗ ௅ܭ 
 

(11) 

The Freundlich isothermal model makes use of Equation 12 and relates the concentration of a solution on the 
surface of an adsorbent to the concentration of the solution in the liquid with which it is in contact, assuming 
multiple adsorption layers with a non-uniform distribution of heat and adsorption affinities on the heterogeneous 
surface and can be applied for low and intermediate concentrations: 

logሺݍ௘ሻ ൌ logܭ௙ ൅ 
1

݊
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(12) 

Where, Kf and n are the Freundlich velocity constants designated as adsorption capacity and adsorption 
intensity, respectively.The value of n lies in the range 1 to 10, and is a reference point for evaluating adsorbent-
adsorbate interaction; the magnitude of the exponent, n-1 determines the favorability of adsorption, since when 
n>1 represents a favorable adsorption condition and this empirical constant indicates the adsorption intensity (L 
mg-1) and depends on the temperature and properties of the adsorbate and adsorbent.Ce is the residual 
concentration of solute in solution (mg L-1), which is the amount of adsorbate adsorbed by a unit mass of 
adsorbent in equilibrium (mg g-1). The adjustment of experimental data with the Langmuir and Freundlich 
models is shown in Table 8. 

Table 8. Adjustment parameters to the isotherms of Langmuir and Freundlich. 

Model Parameter Value 
Langmuir Qmax (mg g-1)) 0.05457 

KL 3.2923 

R2 0.9237 

Freundlich KF 0.04373 

n-1 0.4745 

n 2.10748 

R2 0.9734 

From the calculated parameters it can be observed that the value of n-1=0.4233 < 1, proving that 
bioadsorption is favorable. The parameter values of the mathematical equations and the correlations of the 
isotherms of Langmuir and Freundlich show values very close to 1, but the mathematical model of Freundlich is 
the one that best adjusts the adsorption of the Pb (II).It can then be indicated that the bioadsorption process was 
carried out in energetically heterogeneous active centers, forming multilayers on the entire surface. Considering 
the high values of R2, it can be said that adsorbed molecules can interact with each other by distribution and 
close distance between the active binding sites.These results are consistent with those reported by other 
sourcesAbbas et al.[29], Babarinde and Onyiaocha[11], Guoet al.[16], Tejada-Tovar et al.[8], Tejada-Tovar et 
al. [37]. 

IV. CONCLUSION 

Orange peel (Citrus sinensis) is a good precursor for the preparation of activated carbon (AC), due to its low 
ash content (0.398%), high volatile content (83.15%) and fixed carbon content (10.832%).The physicochemical 
characteristics of activated carbon such as BET analysis, determined that the area was 1626.44 m2g-1 CA, SEM 
micro-photographs show porosityand Fourier FTIR transform infrared spectroscopy identified the different 
functional groups that may interfere with the adsorption of Pb (II) such as alcohols, organic acids, aldehydes and 
ketones.The activated carbon obtained from the orange peel has a positive effect, the greater the weight of the 
adsorbent, the greater the bioadsorption capacity of Pb (II) with 20 mg of CA, the bioadsorption capacity was 
95.686 %.In addition, the mathematical model that best correlated the Freundlich equation with an R2=0.97, 
characterizing the Pb (II) bioadsorption process as a multi-layer process. 
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