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ABSTRACT 

 When mangoes are consumed or processed, their peels and seeds are generated as waste. Waste 

is an environmental concern, but it is a natural and renewable resource. In this Thesis, a process 

was developed to convert mango peel and seeds into carbonized adsorbents. The effectiveness of 

mango peel and seed-derived activated carbon was prepared for the removal of AMX from an 

aqueous solution. The formation and composition of the prepared AC were characterized by 

XRD and FTIR techniques. FTIR analysis identified the presence of O-H, C=C, C-O and C=O 

on surface of AC adsorbent. The AMX uptake efficiency of AC was investigated at different 

parameters such as the initial concentration of amoxicillin (10-50mg L-1), contact time (min), 

and different dosages of activated carbon (0.25-1.25g) through batch adsorption study.  The 

equilibrium information was analyzed using Langmuir, Freundlich and Liu models. The results 

displayed that the experimental data were well fitted with Langmuir isotherm. Pseudo- first 

order, pseudo-second-order, as well as Elovichmodels were utilized to analyze experimental 

kinetics data with a high correlation coefficient for pseudo- second - order model with .obtained 

with lower SD and higher R2adj values 

Keywords: Adsorption, Activated carbon, Amoxicillin, Isotherm, Mango  
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1. INTRODUCTION 

1.1 Background 

Pollution is a discharge of solid, liquid, or gaseous substance or Radiation (energy) into an 

environment that causes unwanted changes [1]. Pollution causes short term or long term harm 

that affects the earth’s ecological balance and lowers the quality of life in the environment. A 

pollutant is a substance that changes air, water or any other natural resource in a way that in pairs 

the use of the resource [1].Water pollution is one of the most undesirable environmental 

problems in the world and it requires solutions [1].Antibiotics and anti-inflammatory drugs are 

widely used worldwide for treatments in humans, animals and the agricultural industry. 

Antibiotics and anti-inflammatory drugs administered are often poorly absorbed and metabolized 

by humans and animals, and tend to enter water bodies being difficult to recover because of their 

low concentration and, in large quantities, can cause damage to the ecosystem, degrading water 

quality [1].In addition, exposure to these and their by-products after transformations in the 

environment can cause a variety of adverse effects, including acute and chronic toxicity and 

micro-organisms with antibiotic resistance [2-6]. 

Amoxicillin is one of the most widely used drugs, 60-70% of which is excreted unaltered, once 

consumed, it therefore has a negative impact on two levels: during manufacture and during and 

after use [7, 8].Bio adsorption is a technology that offers the possibility of reducing the 

concentration of heavy drugs present in liquid effluent, through the use of biomass as adsorbent 

material. In recent decades, the emphasis of research in this area has been directed towards the 

research and development of typical and regional biomass, which have excellent adsorbent 

properties [9, 10]. Activated carbons from biomass and agro-industrial waste provide the 

products obtained with a high affinity for the removal of substances that wish to be removed 

from an effluent due to the inherent characteristics of the precursor material and the chemical 

agent used, This is how activated carbons have multiple applications such as the synthesis of 

activated carbon from mango peel and seed chemically impregnated with ZnCl2 for the efficient 

removal of AM from aqueous solutions. 
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 Mangoes are consumed worldwide, and there has been an increasing demand in the past few 

decades. However, fruits have the highest wastage rate of all foods. A mango’s peel and seed 

consist up to forty percent of its total fruit weight. Since mangoes are abundant in a multitude of 

countries, a large amount of waste is produced and difficult to dispose of. One possible solution 

to the agricultural waste and polluted water issues is to convert mango seeds into activated 

carbon, and use the resulting carbon to remove contaminants from water  

Activated carbon (AC) is an amorphous form of carbon that is specially treated to produce a 

highly developed internal pore structure and a large surface area, thus, producing reasonably 

cheap and excellent adsorbent [13, 14]. There is a multitude of industrial applications of AC 

including de colorization, purification and deodorization of vegetable oils and fats, sugar refining 

and other food industries.  Pollution control and wastewater treatment are growing areas to 

combat environmental   pollution through adsorption [13, 15]. 

Adsorption technology using agro-industrial wastes as an adsorbent in the form of activated 

carbon is a new emerging option in the treatment of effluents that contain pharmaceuticals like 

AMX because of its efficiency, ease of operation, and cost effectiveness [11, 12]. Unlike 

commercially available adsorbents that are expensive [11], activated carbons made from 

agricultural wastes are cheap, renewable, and abundant [11]. Mango peel and seed coat a by-

product of mango plantations, is an agro-waste biomass that can be used for activated carbon 

production. The present study aims at preparing the activated carbon from mango peel and seed 

for the removal of AMX from aqueous solutions. Effective parameters in the adsorption process 

including pH, contact time, amount of bio-adsorbent, concentration of pollutant, were studied 

and the characteristics of prepared bio -adsorbents, isotherms, kinetics and thermodynamics of 

the adsorption in this investigation were determined. 

1.2. Statement of the problem 

Pharmaceutical compounds play an essential role in preventing and treating human and animal 

diseases. Growing population and the search for a cure for new and old diseases have 

significantly increased. The excessive increase in drug use occurs, an increase in the disposal of 

these compounds in the environment. These chemical compounds can be released into the 

environment in a variety of way. After administration; a significant part of the original 
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pharmaceuticals and its metabolites is excreted through human and animal urine and feces, 

reaching in domestic sewage, industrial and hospital effluents, soil, and aquatics ecosystems.            

 The inappropriate disposal of miss used and overpowered pharmaceuticals has contributed to the 

increase in the incidence of it in the environment. After dispersed to the environment, these 

chemical compounds can compromise water and soil quality by compromising human and 

animal health. The presence of pharmaceuticals on domestic and industrial wastewaters was 

detected in the waters of different countries. Pharmaceuticals are very persistent and poorly 

biodegradable compounds and may be hazardous in aquatic life even at low concentrations. For 

this reason, environmental regulatory agencies around the world have given additional attention 

in monitoring these chemical compounds in waters. There are several treatment methods 

available that can be employed for the removal of pharmaceutical compounds from aqueous 

media. Adsorption is considered to be one of the most valuable and effective process to remove 

various contaminants within wastewater. This method is simple, environmentally friendly and 

applicable at low cost using mango peel and seed adsorbent materials. In  this study, zinc 

chloride has been extensively used for activating agent due to its ability to produce activated 

carbon with a high surface area, its distribution of fine pore size under the same conditions, low 

environmental pollution, less corrosiveness and lower cost and mango peel and seed activated 

carbon were used for removal of amoxicillin from aqueous water. 

1.3. Objective of the Study 

1.3.1 General Objective 

 The general objective of this study is adsorptive removal of amoxicillin using fibrous mango 

peel and seed activated   carbon  

1.3.2. Specific objective 

The specific objectives of this study were… 

❖ To prepare activated carbon from mango peel and seed using ZnCl2 as activating agent.  

❖ To investigate the surface structure and composition of the prepared activated carbon using 

XRD, and FTIR instrumentations. 

❖ To examine the adsorption efficiency of the prepared AC for the removal of amoxicillin. 
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❖ To study the kinetic and isotherm of the adsorption of amoxicillin onto activated mango peel 

and seed. 

1.4. Significance of the Study 

The significance of the current study is introducing an alternative preparation approach for 

efficient adsorbent for the removal of amoxicillin from waste water by mango peel and seed 

activating carbon using zinc chloride activating agent which is form high pore structure, low 

environmental pollution, less corrosiveness and lower cost. 
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2. LITRATURE REVIEW 

2. 1. Adsorption 

Water purification or water treatment is the process of removing undesirable chemicals, 

biological contaminants suspended, solids and gases from water [18]. Purifying water may 

reduce the concentration of particulate matter including suspended particles, parasites, bacteria, 

algae, viruses’ fungi [19]. Some of the common water purification techniques are sedimentation 

or settling boiling/distillation, chemicals treatment (precipitation/coagulation/adsorbents), 

densification and filtration. Sedimentation/settling:-during sedimentation, flocculation settle to 

the bottom of the water supply due to its weight [18]. Precipitation is also another common 

technique for removing one or more substances from a solution by adding regents so that 

insoluble solids appear [18, 19]. This technique is used to for in softening of water as well as to 

remove impurities like phosphorus, fluoride, arsenic, Ferrocyanide and heavy metals, dyes. 

Besides, distillation is the most common separation techniques [19, 20]. In this separation 

technique, the mixed components in water are separated by the application of Heat. It is based on 

the differences in boiling point of the individual component [20]. Photocatalytic degradation and 

membrane filtration are the best alternatives currently employed for the advanced water 

treatment process [21]. Despite, the efficiency of the aforementioned water treatment of 

techniques, they are not economically wise and some of them are not guaranteed to reduce the 

pollutants to the minimum permissible limit [29]. Hence, low-cost and environmentally benign 

water treatment technologies such as adsorption are highly desirable [22].  Adsorption is a 

process; dissolved contaminants adhere to the porous surface (solid) parts including activated 

carbon, silica gels, and alumna’s zeolites [23]. It is based on the capability of porous materials 

with large surfaces to selectively retain compounds on the surface of the solid (adsorbent) [37]. 

There are two types of adsorption; physical and chemical adsorptions  
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Table 2.1 Differences between physisorption and chemisorptions 

Chemical Adsorption  Physical Adsorption 

Chemical bonding is involved in the 

interaction between adsorb ate and the 

surface of the adsorbents 

Intermolecular forces are involved in the 

interaction between adsorbents and the 

surface of the adsorbents 

Highly specific  Nonspecific 

Monolayer  Can be both monolayer or multi-layer 

Dissolution can occur  No dissociation of adsorbed 

Adsorption can occur over a wide 

temperature range  
Occurs at low temperature 

Adsorption may be slow and is irreversible  
Adsorption is fast and the interaction is 

reversible 

Bonds are formed as a result of electron 

transfer  
No transfer of electrons 

 

Physical adsorption is achieved by Vander Waals forces, dipole interactions, and hydrogen 

bonding [24]. There is no electron exchange between adsorbent and adsorb ate. Because there is 

no activation energy required for physical adsorption, the time needed to reach equilibrium is 

very short. Physical adsorption is a non–specific and reversible process [24, 25]. 

2.2 Adsorbents from Agro-industrial wastes 

Large quantities of agro-industrial waste are generated because of industrial development. A 

novel attribution of greater added value is given by the application of the 

residues as adsorbents. Although their removals capacities are usually lower than those of 

activated carbon, their use in industrial scale is more economically attractive [47]. Besides low 

cost, higher abundance and availability, the agro-industrial waste adsorbents offer 

environmental advantages in comparison with conventional adsorbents, including renewable 

nature and the possibility of partial reduction of the waste. Cellulose is the main 

contaminant of agro-industrial wastes and the one that most contribute to their adsorption 

properties. Other important components are hemicellulose, lignin, lipids, proteins, simple 

sugars, water, hydro-carbons, and starch.  
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2.3. Activated carbon 

 Activated carbon is carbon produced from carbonaceous source materials such as bamboo, 

wood, lignite, coal, and petroleum pitch, etc. It can be produced by one of the following 

processes:  

2.4. Preparative methods of activated carbon 

2.4.1 Physical activation 

The source material is developed into activated carbons using hot gases. Air is then introduced to 

burn out the gasses, creating a graded, screened and de-dusted form of activated carbon. This is 

generally done by using one or a combination of the following processes: 

Carbonization: Material with carbon content is pyrolyzed at temperatures in the range 600–900 

°C, usually in inert atmosphere with gases like argon or nitrogen Activation/Oxidation: Raw 

material or carbonized material is exposed to oxidizing atmospheres (oxygen or steam) at 

temperatures above 250 °C, usually in the temperature range of600–1200°C. 

2.4.2 Chemical activation 

Prior to carbonization, the raw material is impregnated with certain chemicals. The chemical is 

typically an acid, strong base or a salt [16] (phosphoric acid, potassium hydroxide, and sodium 

hydroxide, calcium chloride, and zinc chloride). Then, the raw material is carbonized at lower 

temperatures (450– 900 °C). It is believed that the carbonization / activation step proceeds 

simultaneously [17] with the chemical activation. Chemical activation is preferred over physical 

activation owing to the lower temperatures and shorter time needed for     activating.    Activated 

carbons are complex products which are difficult to classify based on their behavior, surface 

characteristics and other fundamental criteria. However, some broad classification is made for 

general purpose based on their size, preparation methods, and industrial applications [17]. 

Natural materials which are available in large quantities, or certain waste products from 

industries or agricultural operations, may have potential as inexpensive adsorbents. Generally, an 

adsorbent can be assumed as low cost if it requires little processing, is abundant in nature, or is a 

by-product or waste material from another industry. Of course, improved adsorption capacity 

may compensate the cost of additional processing. Research has already been conducted on a 
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wide variety of adsorbents. They include walnut shell, waste tea, Turkish coffee, nut shell, 

exhausted, rice bran carbon have been investigated to remove nickel (II)from wastewater. 

Reports have appeared on preparation of activated carbon from biomass like soya bean, peanut, 

pecan and walnut shell. In this study the activated carbon prepared from mango peel and seed 

was used. 

2. 5 Activators in the chemical activation process 

2.5.1 Activated carbon preparation through activation with phosphoric acid 

Among the activating agents, phosphoric acid with the chemical formula H3PO4 is widely used 

in the activation of various lingo-cellulosic materials [39]. In the reaction of phosphoric acid 

with lingo cellulose since cellulose is resistant to hydrolysis of acid, at the beginning of the 

mixing of the compounds the acid first reacts with the cellulose and lignin. Activation with 

phosphoric acid is used in the preparation of activated carbon from various forms of biomass. 

Acidic groups are the most derivative of the reaction between phosphoric acid and activated 

carbon precursor. Activation with phosphoric acid leads to the composition of the phosphorus 

element in the carbon structure [40]. Phosphoric acid is the most commonly used chemical 

activator, can produce high porous activated carbon from raw materials and has fewer 

environmental and toxicological contaminants than potassium hydroxide and zinc chloride. 

Moreover, phosphoric acid requires a lower activation is not volatile and can form a large 

number of alkaline or acid-soluble phosphates with elements such as iron, nickel and boron and 

others that can be incorporated into carbon precursors. 

2.5.2Activated carbon preparation through activation with potassium hydroxide 

The chemical activation of phosphoric acid and zinc chloride is used to activate lingo-cellulosic 

materials that have not previously been carbonized, while metal compounds such as potassium 

hydroxide are used to activate the precursors of coal [41]. Several reports have been presented on 

the effectiveness of KOH-activated carbon in the adsorption of various organic chemicals such 

as phenol, dyes, heavy metals and pesticides. OH activator is an activating agent rapidly 

saturated with precursors and does not evaporate completely, so its activation temperature is 

generally lower than the boiling point of KOH. KOH-activated carbon has a higher surface area 
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and pore volume, but typically has lower yield (10–40%) compared to other activators such as 

ZnCl2 and H3PO4 [42]. 

2.5.3 Activated carbon preparation through activation with sodium hydroxide 

Studies show that chemical activation using alkaline materials such as sodium hydroxide and 

potassium hydroxide produces large amounts of microspores on the activated carbon 

surface [43]. Sodium hydroxide is widely known as an effective activating agent for the 

production of activated carbon. The proposed reactions during activation by NaOH are presented 

in the following equation 

6NaOH + 2C → 2Na + 2Na2CO3 + 3H2-----------------------1 

Na2CO3 → Na2O + CO2-------------------------------------------2 

2Na + CO2 → Na2O + CO-----------------------------------------3 

The possible reactions between active substances and the surface of the organic precursor result 

in the creation of micro pores on the activated carbon surface due to: i) the release of CO, CO2, 

H2 gases Esq.[1]– [3], which are produced by Na2CO3 decomposition at high temperature and 

hydroxyl reduction, respectively, and ii) alkali metal intercalation into the carbon structure.. As a 

result, the evaporation of sodium hydroxide and other compounds derived from activated carbon 

gives rise to a rugged surface with different pore sizes, indicating that the porous structure is well 

developed and that these canals are suitable channels for adsorbent materials to penetrate the 

surface of the activated carbon. 

2.5.4 Activated carbon preparation through activation with zinc chloride 

Among the activating reagents, zinc chloride is widely used to produce activated carbon, 

especially lignocelluloses and cellulosic precursors [44]. Zinc chloride acts as a dampening agent 

for samples impregnated with this material during activation. Movement of volatile substances 

through zinc chloride-saturated pores is not disrupted, and after that, during the activation 

process, volatile substances are released from the surface of activated carbon. Increasing the 

mass ratio of zinc chloride causes easier release of volatile substances, so the absorption of 

nitrogen increases on the activated carbon ([44].During the activation process, lingo cellulosic 
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materials are converted into carbon, and hydrogen atoms, oxygen, carbon monoxide, carbon 

dioxide,  aldehydes are liberated, and diatomaceous distillates are produced. Zinc chloride 

prevents the formation of bitumen and other fluids that block the surface of carbon monoxide 

and prevent the movement of volatile substances, and volatile substances are subsequently 

released from the surface of activated carbon [45] Since zinc chloride does not react with carbon, 

the obtained activated carbon has a higher yield than activated carbon produced with potassium 

hydroxide In recent years, ZnCl2 have been widely used in the production of low-cost activated 

carbon [46]. Among the various activators, zinc chloride has been extensively used, due to its 

ability to produce activated carbon with a high surface area, its distribution of fine pore size 

under the same conditions, low environmental pollution, less corrosiveness and lower cost. 

2.6. Amoxicillin 

Pharmaceutical compounds belong to the class of emerging contaminants that have been 

identified in low concentrations in the environment and that can negatively affect human health 

and/or ecosystems. Pharmaceuticals especially antibiotics are among the numerous emerging 

pollutants that have been detected in different water systems. Studies have shown that most 

antibiotics cannot be absorbed and digested well by living organisms. In general, antibiotics 

reach water systems through the discharge of poorly treated wastewaters and effluents 

discharges. The presence of antibiotics in aquatic systems is of concern because of their toxicity 

to aquatic life and other organisms. Their toxicity may cause a long-term effect on ecological 

sustainability even if they are present in trace levels. Besides, antibiotics are known to have 

adverse effects such as the emergence of multi-resistant bacteria, acute and chronic toxicity in 

humans and animals. 

Among other antibiotics, amoxicillin (AMX) is the most widely used drug for the treatment of 

bacterial infections such as ear, nose, throat, skin, and lower respiratory tract [48]. It has been 

reported that over 80% of oral administration of AMX in humans is excreted through urine after 

2 h of consumption [3, 11]. Recently, the presence of AMX in concentration ranges of ng L−1 to 

mg L−1 in surface water, domestic and industrial wastewater and hospital waste has been 

reported. Hence, it is highly desirable to remove AMX before discharging to the environment. 
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3. MATERIALS AND METHODS 

3.1 Materials 

Amoxicillin (C16H19N3O3S) (Figure 3.1) was purchased from an Ethiopian pharmaceutical 

agency NaOH  was purchased from the alnhax chemical industry (India), HCl was purchased 

from alpha chemical industry (India)NaCl purchased from the loba chemical industry (India. 

ZncL2 (97%)purchased from UMI chemR chemical reagent (India) Mango peel and the seed 

wastes were collected from Debre Berehan town .Distilled water was used throughout the whole 

experiment. All the remaining reagents used in the experiments were of analytical graded. 

 

Figure 3.1Structure of AMX 

3.2. Preparation of mango peel and seed activated carbon 

Collected mango peel and seedwere cut into small pieces about (1-2 cm). The peel and seed were 

washed several times with tap water and followed by distilled water. The washed materials were 

allowed to sun-dried for 12 hours and followed by oven-dried at 105 C0 for 12 hours to remove 

the moisture contents from the peel and seed. The dried material was finely grounded and 

screened through the sieves of different mesh sizes (250,90mm). After sieves 10g of powder was 

measured, and soaked with 20 mL of ZnCl2 (97%) for1:2 ratio in a Beaker, stirring for 10 min 

until the powder was dissolved with acid and put for 24 hours. Then washing with distilled water 

until the pH is in the range of 6-7using a pH meter (209 Hannah pH meter). Then, the black 
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residue was dried in a muffle furnace at 500 oC for 1 hour for further activation purpose [36]. 

Finally, the activated carbon powder was obtained. The overall schematic diagram for 

preparation activated is presented in Figure 3.2. 

 

Figure 3.2. Preparation of mango peel and seed activated carbon powder. 

3.3. Adsorption study  

 The Stock solution of amoxicillin of Concentration 250 𝑝𝑝𝑚 (250 mg/L) was prepared by 

dissolving (0.25) g of amoxicillin in a 250 𝑚𝐿 volumetric flask by using a magnetic stirrer .The 

batch experiments were performed by adding the desired amount of the stock solution in 

250 mL of volumetric flask at the designated adsorbent dose, pH, and temperature. The solution 

was shaken using a mechanical Gemmy orbit shaker (model: VRN-480, USA) for a 

definite period. Adsorbent dose, contact time, initial concentration and pH were optimized by 

continuous variation method (studying one, keeping the other parameters constant). After 

equilibrating, the system was allowed to settle for 20-30 min, filtered and analyzed for AMX. 

The pH of the original solution and the filtrate solution was determined using HANNA 

instruments pH meter (pH 209 models, Portugal).Batch experiments were carried out in a 250-
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mL glass beaker containing 50𝑚𝐿 of AMX solution of known concentration, pH, and AC 

dosage. The removal of AMX from aqueous solution was investigated using four operating 

variables: pH (2,4,6,8 and 10), initial AMX concentration (10, 20,30,40 and50 mg L-1), contact 

time (30,60,90,120,150 and180min), and AMX dosage (0.25, 0.5, 0.75, 1.0, and 1.25 g). The pH 

of the solution was adjusted using 0.01M of 𝑁𝑎𝑂𝐻 and HCL [16]. Each run was conducted at 

room temperature using a magnetic stirrer. The percent removal of AMX can be calculated by 

using the formula. 

 %removal =
(Co − Ce)100

Co
… … … … … … … … 4 

𝑞𝑒 =
(Co − Ce)v

m
… … … … … … … … … … … … 5 

The equilibrium concentration for each solution was calculated from the absorbance using the 

Calibration Curve equation where C0 (mg/L) represents the concentration before the adsorption, 

while𝐶𝑒 (mg/L) represents the concentration after adsorption, m (g) represents mass of carbon, 

(𝑞𝑒) equilibrium amount of AMX adsorbed per unit mass of carbon and V (L) represents the 

volume of AMX solution 

3.3.1. Effect of pH 

Samples with initial pH values of 2–10 with a fixed concentration of AMX (10 mg L–1) and the 

adsorbent dose of 0.25g L–1 were prepared in order to determine the optimum PH. The 

concentration of AMX was measured after the retention time of 180 min and the optimum pH 

was determined given the removal efficiency. To adjust the pH of the solution, 0.01 M 𝐻𝐶𝑙 and 

NaOH were applied. 

3.3.2. Effect of initial AMX concentration: 

The effect of initial AMX concentration was estimated for every30 min. by contacting 0.25 g of 

mango peel and seed powder with 50 ml of AMX at different initial concentrations ranging from 

10 to 50 mg/L for 120 min. For every 30 min, we measured the absorbance in order to optimize 

the initial concentration of AMX. 
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3.3.3. Effect of contact time 

Samples of AMX with a fixed concentration of fife 50ml of beaker each 10mgL-1,0.25 g of 

adsorbent at optimum PH were prepared different time intervals of 0–180 min and their 

concentration was measured. 

3.3.4. Effect of the amount of adsorbent 

 In this stage, samples with fixed concentrations (10 mg L–1) were prepared and the adsorbent 

dose was changed from 0.25 to 1.25 g and the samples were analyzed at optimum contact time 

and optimum pH according to previous stages in order to study the effect of the amount of 

adsorbent on the adsorption process. 

3.4. Characterizations 

3.4.1. Fourier transforms infrared (FTIR) 

FTIR analysis was performed to identify functional group of adsorbents before and after 

adsorption. For FTIR analysis of activated carbon prepared from mango peel and seed 

stem, a small amount of powdered adsorbent sample was mixed with dry AMX and ground. 

After pressure was applied, the sample was scanned over a wave length of 4,000 – 400 cm-1 by 

attenuated total reflection FTIR [28] and the results were presented in form of graphs. 

3.4.2. Powder X-ray diffraction (XRD) 

Powder X-ray diffraction was employed to investigate the crystal structure of AC, and AC-AMX 

composite materials. Identification of the impurity phase and unit cell parameters was calculated 

from the diffraction pattern of the so-synthesized materials.  The crystallite size of the as-

synthesized AC was calculated using Scherer equation. 

Particle Size (D) =
𝟎. 𝟗 × 𝛌

𝑩 𝐜𝐨𝐬 𝜽
− − − − − − − − − − − −𝟔 

Where; B is the averaged dimension of crystallites; K (0.9) is the Scherer constant, λ is the 

wavelength of X-ray; and B is the integral breadth of a reflection (in radians 2θ) located at 2θ. 

In the present work, the interlayer structural investigation of AC And AC-AMX were determined 

by performing X-ray diffraction analyses using Philips X' Pert-PRO PMRD system operating at 

2θ values of 2-50°. The operating conditions were 50 kV and 100𝑚𝐴 in continuous scan mode. 
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3.4.3. Point of zero charge 

The pH of the aqueous solution at which the sum of all the surface positive charge balances the 

sum of all the surface negative charges is called the point of zero charge. Take 

0.01M𝑁𝑎𝐶𝑙solutions in 500mL of the conical flask were prepared. Take 50 𝑚𝑙 of the above 

solution into fife beakers. Then the pH was adjusted for 2,4,6,8 and 10 by using the pH-meter 

use 0.01M 𝑁𝑎𝑂𝐻 and HCl. Then, 0.25g of adsorbent was added in contact with 50ml of each 

solution and keep for shaking for 24 hours. After, 24 hours shaking, filter and measure the pH for 

each set. Then, draw a line where Δ pH (final pH-initial pH) via initial pH.The resulting pH = 0 

is taken as the pH PZC. 

3.5. Kinetics of the reaction 

  Kinetics of adsorption is one of the major characteristics defining the efficiency of adsorption.  

The kinetic models have been used to elucidate the mechanism and designing the adsorption of 

AMX molecules. The rate and mechanism of adsorption are controlled by various factors like 

physical and/or chemical properties of adsorbent as well as a mass transfer process. Hence, these 

kinetic models are useful for the design and optimization of effluent treatment in the practical 

application. The pseudo-first-order, pseudo-second-order models and as well as Elovich models 

were used in this stage and the results obtained from the effect of contact time on the kinetics of 

the reactions were studied and in the end, the best kinetic model of the process was determined 

based on the correlation coefficient. Pseudo first-order, pseudo-second-order, and Elovich 

models were used to fit the kinetic data [33]. 

 

The kinetic and equilibrium data fitness was carried out with nonlinear methods, which were 

evaluated using the Simplex method and the Levenberg–Marquardt algorithm using the fitting 

facilities of the Origin 2018 software [35]. The adequacy of the equilibrium and kinetic models 

was evaluated using the determination coefficient (R2), the adjusted determination coefficient 

(R2adj), and the standard deviation of residues (SD) [35].The Lagergren pseudo first order 

model is one of the most widely used rate equation for the adsorption of adsorb ate from aqueous 

solution. It was found that well represented the experimental kinetic data where the adsorb ate 

interactions were expected to be negligible The main assumptions of pseudo-second-order 
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kinetics model are the adsorption may be second-order, and the rate-limiting step could be 

chemical adsorption involving valent forces through sharing or the exchange of electrons 

between the adsorbent and adsorb at. The mathematical equations of these respective models are 

shown in 

𝑞𝑡 = 𝑞𝑡𝑥[1 − exp(−𝑘1𝑥𝑡)] … … … … … … … … … … … … … … … … … … …7 

𝑞𝑡 =
𝑞𝑒

2𝑘2𝑡

[𝑘2(𝑞𝑒)𝑥𝑡 + 1]
… … … … … … … … … … … … … … … … … … … … … … .8 

𝑞𝑡 =
1

𝑎
ln (1 + (𝑎 ∗ 𝑏 ∗ 𝑡))’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’9 

Where k1 is the pseudo-first-order rate constant (min-1), K2is the pseudo-second-order rate 

constant (g mg-1 min-1), t is contact time (min), qt and 𝑞𝑒 are the amounts of adsorb ate adsorbed 

at time t and the equilibrium (mg g-1). “b” is the desorption constant of the Elovich model (g 

mg−1). 

3.6. Adsorption Isotherm 

The adsorption isotherm was significant for the explanation of how the adsorbent interact with 

adsorb ate and give an idea of adsorption capacity. The adsorption isotherms give further insight 

into the adsorption mechanism and quantitatively describe adsorption capacities of the adsorbent.  

The adsorption phenomenon between the AMX and adsorbent were described by fitting 

experimental isotherm data collected at a different concentration, pH, and temperatures, to the 

adsorption isotherms, i.e. Langmuir, Freundlich, and Liu [29] adsorption isotherm models. 

The isotherm models of Freund lich, Langmuir and Liu were studied in this investigation. The 

Freundlich model is an equation assuming that the adsorption process takes place on 

heterogeneous surfaces. Whereas in the Langmuir theory basic assumption is that the adsorption 

takes place at specific homogeneous sites within the adsorbent. Langmuir, Freund lich, and Liu’s 

models were employed for analysis of equilibrium data.Equations10, 11and 12show the 

corresponding Langmuir, Freund lich, and Liu models respectively [33]. 
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𝑞𝑒 =
𝑄𝑚𝑎𝑥𝑥𝐾𝐿𝑥𝐶𝑒

1+𝐾𝐿𝑥𝐶𝑒
… … … … … … … … … … … … … … … … … … … … … … … …10 

𝑞𝑒 = 𝐾𝐹𝑥𝐶𝑒

1
𝑛𝐹⁄ … … … … … … … … … … … … … … … … … … … … … … … … 11 

𝑞𝑒 =
𝑄𝑚𝑎𝑥𝑥(𝐾𝑔𝑥𝐶𝑒)𝑛𝐿

1 + (𝐾𝑔𝑥𝐶𝑒)𝑛𝐿
… … … … … … … … … … … … … … … … … … … … … 12 

Where 𝑞𝑒 is the adsorb ate amount adsorbed at equilibrium (mg g-1); 𝐶𝑒 is the adsorb ate 

concentration at equilibrium (mg L-1); 𝑄𝑚𝑎𝑥 is the maximum sorption capacity of the adsorbent 

(mg g-1); KL is the Langmuir equilibrium constant (L mg-1); KF is the Freundlich equilibrium 

constant (mg g-1.(mg L-1)-1/𝑛𝐹); Kg is the Liu equilibrium constant (L mg-1); 𝑛𝐹 and 𝑛𝐿 are the 

exponents of Freundlich and Liu model, respectively,[27] (𝑛𝐹 and 𝑛𝐿 are dimensionless). 
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4. RESULTS AND DISCUSSION 

4.1. Characterizations study 

4.1.1. FTIR analysis 

The FTIR technique is an important tool to identify important functional groups present on the 

surface of materials which are capable of adsorbing organic pollutants. The different functional 

groups were found in activated carbon like carboxylic group, ketone group, aldehydes, hydroxyl 

group, ester group, alkenes etc. The presences of this functional group in the activated carbon 

were responsible for adsorption of AMX from aqueous solution.Figure 4.1 shows thatFTIR 

peaks detected in the modified AC Spectrums of 3,369 cm–1 are related to stretching area 

functional groups of O–H [32]. The peak at 1,671 cm–1 are related to stretching area of 

alkenes(C=C), ~ 1540 (C=O), 1128 alcohol (C-O) and 1462 (ketone/phenol) are identified. 
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Figure 4.1FTIR Spectrum of AC prepared from Mango peel and seed 

4.1.2. Powder XRD (XRD) 

The powder XRD pattern of activated carbon prepared from mango peel and seed is presented in 

Fig.4.2. As shown in Figure 4.2, the strong and weak diffraction peaks emerged at 2𝜃 = 25∘ and 
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2𝜃 = 44∘respectively. This result indicates the existence of graphite crystallite in mango peel and 

seed active carbon. 
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Figure 4.2 The powder XRD pattern of AC. 

4.2. Adsorption study 

4.2.1. Effect pH of the solution and Point of zero charge 

The pH influences adsorption capacity and the surface charge of the adsorbent and leads to 

ionization of substance in the solution and separation of functional groups on the active 

sites of the bio adsorbent. The pH of zero-point charge (pHPZC) of AC was determined (Figure 

4.5). The pH at 5 was found to be a point of zero charge, the value of pH at which the surface 

became neutral. For the pH below 5 a cationic surface is obtained. This is due to the proto nation 

of the surface in acidic medium. In basic medium at pH above the source became anionic due to 

OH- ions dominates on the surface of the adsorbent. Hence, the maximum AMX removal 
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(95.5%) was obtained at pH = 6. So, the pH 6.00 was selected as optimum pH for adsorption of 

AMX. Amoxicillin has positive and negative charge due to the proto nation of amoxicillin 

carboxyl and amine groups by the presence of free H+ ions in the solution. 

 For carboxyl and amine groups the proto nation took place as follows but phenol groups were 

not protonated on amoxicillin [34]. 

                   COO-+H+                     COOH When pH< 2.68 

                  NH2 + H+                     NH3+ When pH< 7.49 

 In the present study, the pH values for the zero point charge for AC is pH = 5. Therefore, at low 

pH (pH>5), the adsorbent surface has a negative charge and adsorbs the AMX (cationic) Hence, 

the maximum AMX removal (95.5%) was obtained at pH = 6 (Fig 4.4). via electrostatic 

attraction. 
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Figure 4.3:Effect of pH on adsorption of AMX onto the AC material. 
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Figure 4.4: Point of zero charge analysis of AMX adsorption on to AC material. 

4.2.2. Effects of the initial AMX concentration 

The effects of the initial AMX amount on the removal of AMX were studied by varying the 

AMX amount (10–50 mg L–1) and the results were presented in Figure 4.6. The results show that 

by increasing the AMX concentration, the removal AMX efficiency decreased. Due to an 

increase in the number of AMX ions for a fixed amount of adsorbent i.e. the limited number of 

surface binding sites. The highest removal efficiency was obtained in amoxicillin concentration 

of 10mg L–1(95.9%). 
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Figure 4.5Effects of the initial AMX concentration [pH=6, Time=120min, Con=10, 20, 30, 

40,50ppm]. 

4.2.3. Effect of contact time 

Contact time is one of the effective factors in the adsorption process. The results associated with 

the effect of contact time   on the adsorption rate of AMX are shown in Figure 4.7. The 

adsorption removal of AMX increased as time progressed and the maximum adsorption was 

achieved at 120 min. The removal of AMX beyond 120 min became constant and this indicates 

all free adsorption sites are occupied i.e. after equilibrium time, adsorption is nearly constant and 

the AMX uptake does not display any considerable results. This is fundamentally due to in the 

initial time of adsorption, empty surface sites are available, once equilibrium is attained; the 

remaining vacant sites are difficult to be occupied and also this is obvious from the fact that a 

large number of vacant surface sites are available for adsorption during the initial stage, and after 
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a lapse of time, the remaining vacant surface sites are difficult to be occupied due to repulsive 

forces between the solute molecules on the solid and bulk phases[30]. 
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Figure 4.6 The Effect of contact time on adsorption of AMX . 

4.2.4. Effect of adsorbent dose 

 Adsorbent dose study was performed ranges from 0.25 to1.25 g of AC mass represented in 

Figure 4.8. As the amount of adsorbent dose increased, the percentage of AMX adsorbed 

increased. This indicates the increase in available binding sites and also increase in the contact 

surface of the adsorbent which in turn results in an increase in active sites that leads to the 

adsorption of antibiotic onto the adsorbent[31, 32]. 
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Figure 4.7 The effect of adsorbent dose (from 0.25-1.25, Co=10ppm, pH=6, Time. 

4.3. Adsorption Kinetic study 

The kinetic adsorption data were processed to understand the dynamics of adsorption process in 

terms of the rate constant order. The kinetics of AMX adsorption onto activated carbon prepared 

from mango peel and seed was analyzed using pseudo-first-order, pseudo-second and Elovich 

kinetic order kinetic models. The data of kinetics of adsorption of the AMX onto AC adsorbent 

were assessed using the nonlinear kinetic models of the Elovich, pseudo-first-order, and pseudo-

second-order [35]. The kinetic adsorption curves and the parameters of the kinetic model are 

depicted in Figure 4.8 and Table 4.1. The standard deviation (SD) and the adjusted determination 

coefficient (R2adj) were used to statistically evaluate the fitting of the kinetic data. The smaller 

discrepancy between the theoretical (calculated by the models) and experimental ‘q’ values are 
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obtained with lower SD and higher R2adj values. The kinetic parameters, SD, and R2adj are 

shown in Table 4.1. According to the results shown in Table 4.1, the best fitted kinetic model 

was found to be the Pseudo second order. The Pseudo second order exhibited lower SD value 

0.03947 and highest R2adj values 0.951. This indicates that the adsorption of AMX proceeds via 

chemisorptions process.  

Table.4. 1 Pseudo first order, Pseudo second order and Elovich kinetic parameter 

Pseudo first order Pseudo second order Elovich model  

k
1
 (min

-1
) = 0.0451 k

2
 (g mg

-1
 min

-1
) = 0.03792 a ( g mg

-1
)= 3.786 

q
e
 (mg g

-1
) = 1.8 q

e
 (mg g

-1
) = 1.985 b (mg g

-1
 min

-1
) = 1.822 

R
2

adj
= 0.865 R

2

adj
= 0.951 R

2

adj
=0.940 

SD (mg g
-1

) = 0.07332 SD (mg g
-1

) = 0.03947 SD (mg g
-1

) = 0.04355 

 

Figure 4.8The kinetics plot of AMX adsorption onto AC analyzed by Pseudo first, Pseudo 

second and Elovich kinetic models. 
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4.4. Adsorption Isotherm 

The Freund lich, Langmuir, and Liu isotherm models were employed to explore the equilibrium 

adsorption data. The experimental studies were done employing the best adsorption conditions 

previously obtained, 120 min of contact time, the temperature of 25 °C, amass of adsorbent 

0.25g and pH 6 .Equilibrium adsorption studies were performed to determine the maximum 

amoxicillin adsorption capacities of AC. The Langmuir model assumes that the adsorptions 

occur at specific homogeneous sites on the adsorbent and is used successfully in many 

monolayer adsorption processes [40]. The Freund lich model endorses the heterogeneity of the 

surface and assumes that the adsorption occurs at sites with different energy levels of adsorption 

[38].The applicability of the isotherm equation is compared by judging the correlation 

coefficients. It can be seen from table 4.2.The Langmuir isotherm presented R2adj closer to 1.0 

and lower SD values (see Table 4.2), suggesting being the best fitted isotherm model. The 

maximum sorption capacities (Qmax) obtained by the Langmuir model was6.166mg g-1 AMX. 

Table 4.2 Langmuir Freundlich and Liu adsorption isotherms parameter 

 

 

 

 

 

 

 

Langmuir Freundlich Liu 

Qmax (mg g-1) = 6.166 KF (mg g-1 (mgL-1)-1/nF) = 3.298 Qmax (mg g-1) = 6.274 

KL (L mg-1) = 1.2 nF = 4.57 Kg (L mg-1) = 1.152 

R2adj = 0.973 

SD (mg g-1) = 0.27 

R2adj = 0.854 

SD (mg g-1) = 0.6297 

n = 0.933 

R2adj = 0.96 

SD (mg g-1) = 0.3266 
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Figure 4.9 The graph for Langmuir, Frindlich and Liu isotherm models. 

4.5. Plausible mechanism of AMX adsorption and stability analysis 

  FTIR analysis was used to determine the functional groups present on the surface of 

activated carbon. FTIR peaks of figure4.10 detected inthemodifiedACbeforeandafterAMXadsorp

tion, indicating the shifting and disappearance of some peaks were observed. These changes 

observed in the spectrum indicated the involvement of specific functional groups during AMX 

adsorption. Before and after adsorption the activated carbon surface show the same feature 

indicates stability. 
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Figure 4.10 : The FTIR spectra of AC before and after adsorption of AMC. 
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5. CONCLUSIONS 

In this work, an efficient and new activated carbon was produced from mango peel and seed by 

activatingZnCl2.The removal of AMX from wastewater is primarily controlled by the AMX 

concentration in the wastewater, the adsorbent concentration, the pH of the wastewater. The 

percentage of AMX removal was found to increase with an increase contact time, and adsorbent 

concentration and found to decrease with an increase in initial AMX concentration. The 

percentage of AMX removal increased with increasing PH and decreases as PH increase. The 

maximum adsorption was obtained at pH 6.It was found that the sorption of the AMX was 

increased by the presence of cationic surfactant, and on the other hand was decreased by the 

presence of cationic and nonionic surfactant. FTIR analysis identified the presence of O-H, C=C, 

C-O and C=O functional groups on surface of AC adsorbent. The isothermal analysis show 

Langmuir isotherm presented R2adj closer to 1.000 and lower SD values suggesting being the 

best fitted isotherm model from Frindlich and Liu models.. The results of the kinetic equations 

also confirmed that the adsorption behavior of AMX per unit time follows a pseudo-second-

order kinetic model. The Pseudo second order exhibited lower SD value 0.03947 and highest 

R2adj values 0.951 from other models.. This indicates that the adsorption of AMX By second-

order model to study the mechanism of adsorption, calculated qe value agreed with the qe 

experimental value. According to the results, the mango peel and seed bio adsorbent, as the cost-

effective adsorbent, in comparison with other natural adsorbents, can be used in the removal of 

AMX antibiotic. 
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