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Abstract 
 

This paper is examined the study of removing antimony (V) ions from 

contaminated aqueous solutions using white chicken egg shells (WCES) as a 

naturally available and low-cost adsorbent material in a batch mode 

adsorption unit, unite operation. The results showed that the efficiency of 

adsorption depends on a number of operational factors, which are the acidic 

function of the solution (pH), contact time, initial antimony ion 

concentration, the amount of absorbent material, temperature, and agitation 

speed. The obtained results also showed that the highest removal percentage 

was 96.2228% at a pH of 6 and the system reached equilibrium after 120 

min, while the maximum adsorption capacity was 6.05 mg/g. It was also 

observed that the efficiency of the treatment process increases with 

increasing contact time, agitation speed, acidic function (pH), amount of 

absorbent material and temperature, but decreases with increasing initial 

concentration. By this way it can dispose more than one type of waste in 

benefit, non-cost and eco-friendly method accessing to zero residue level 

(ZRL). 
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1 Introduction 
 

Water is the most important material finding on our planet. It is covering 

more than 70% of Earth’s surface [1][2]. All life forms on Earth need water, 

so the life cannot be continued on our planet without this important material 

[3]. Despite of this huge amount, however the salt water composes of more 

than 97% of all water in Earth distributed between oceans, seas, great gulfs 

and slain ground water. The rest nearly 2.5 – 2.75% is fresh water and human 

can consumed it which comprising 1.75 – 2% frozen in glaciers, ice and 

snow, 0.7 – 0.8% ground water and humidity of soil and less than 0.01% of it 

as a surface water in rivers, lakes, and marshes [4]. Although this reality 

known to everybody, but the pollution of water arrived to severe ranges in 

more than one spot of the world has and become a real problem difficult to 

resolve [5]. According to UN reports, more than 2.1 billion people around the 

world cannot obtain safe drinkable water despite the expansion and 

development in the numbers of water treatment plants [6]. Due to the 

increase in population, the demand for safe drinking water will also increase. 

It is expected that in 2025, approximately 50% of people in the world will 

suffer from an acute shortage of drinking water supplies, according to some 

observers [7]. Recently, researchers works towards green engineering using 

different methods to keep a sustainable water recourses and analysis the 

experimental results and simulate the cases for future prediction using 

advanced CFD models [8-12]. However, With the acceleration of 

development in the industrial, agricultural, commercial and health various 

fields, many activities will consume huge amounts of different chemicals and 

therefore poses various toxic and hazardous waste to the aquatic environment 

[13]. One of the most important and dangerous of these residues is the toxic 

and heavy metals [14]. Heavy metals are the elements having a density of 5 

g/cm3 including chromium, iron, cadmium, copper, zinc, silver, lead, etc. 

[15-18]. While the toxic metals is the elements that have the same effect 

heavy metal in terms of toxicity to humans, but be lower than density include 

lithium, barium, beryllium, and others [19-20]. These metals (heavy and 

toxic) often related to the problem of water pollution. Contamination by toxic 

metals takes place either directly by the effluent pollutants from industrial 

and agricultural activities to water bodies or indirectly via the transfer of 

contaminants from soil or groundwater or the atmosphere through rain water 

precipitation [21]. The recent mode of different living activities changes the 

natural influx of substances and enters new chemical materials to the 

environment resulting in environment contamination [22]. Industrial 

effluents are released to the environment especially water resources increased 

in rate because increasing the demand of industrial products and as a result 

[23]. The increase in population and rapid technological progress in all fields, 

as well as the development of cities besides the economic growth were the  
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major issues of the water environment deterioration in various places around 

the world[24] [25]. Industry is responsible largely for the pollution of the 

environment with various sources of pollutants in general and with heavy 

metals particularly [7]. Toxic metals launched to aquatic systems through 

many industrial waste such as metal plating, steel, pesticides’ production, 

electroplating of metals, purification of ores, smelting, mining, batteries, 

phosphate fertilizer industries, paint industries, leather tanning, pigments, 

textile dyes, paracetamol production, paper industries and alloying industries 

as well as from sewage and so forth and recently the hospital sewage polluted 

the COVID 19 [25-30]. Among different pollutants, the important one which 

is heavy metals, diminution the equipping of applicable water, raise the cost 

of purifying it, polluted water resources and affect food supplies [31]. 

Biodiversity, ecosystems and different food chains are greatly affected by 

natural pollution and human pollution resulting from various natural disasters 

and human activities respectively [32]. The sources of heavy metal pollution 

include domestic sewage and industrial waste discharged into water bodies 

[33]. The existence of these toxic metals in industrial waste effluent to the 

environment extremely undesirable as they are causing serious threats not 

only to human health but also for other organisms too and caused a 

dangerous adverse effects on aquatic ecosystems like ecological damage if 

there accumulated, whether in high or low concentrations [34]. The high 

concentrations of heavy metals resulting from the disposal of various 

industrial and agricultural wastes have toxic and dangerous effects on the 

environment and humans in different degree [35]. To protect the human and 

water environment from the pollution and prevent the serious detrimental 

effects caused by different heavy metals on the human public health and 

food, it must be removed the toxic pollutants from any aquatic system [36]. 

Removal of these toxic metals from water or any aquatic resources is a 

paramount matter because it required due consideration and more coasts and 

potentials [37]. As a result of growing human required for clean and 

unpolluted water in various needs, many methods has been developed to 

eliminate the pollution caused by heavy metals and treated contaminate 

industrial flows of wastewater for removing the pollutants especially 

different toxic metals [37-38]. Antimony is one of a well-known chemical 

element since ancient times and it is a semi-metallic element belongs to a 

group of elements called (chalcophile). Antimony is considered as one of the 

most important minerals in the global economy where the high purity of it 

used for manufacturing of special types of semiconductors, catalysts for 

plastics production, diodes and infrared indicators, flare delaying, and alloys 

for repertory [39]. It is used in the preparation of high-interest lead alloys, 

which are used in the manufacture of high hardness and mechanical 

resistance batteries [40]. This element is used in the hardening of antimony-

low content alloys, which are used in the produce of some devices pipes’ and 

also used in the manufacture of low-friction alloys (Babbitt alloy) [41]. On  
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the other hand, some compounds of antimony are used for production of anti-

fire materials, dyeing elaboration, glass making, pottery preparation, 

enameled ceramic and writing metal, as well as for packaging of electrical 

cables, as well as in bullets and lead shot and in pewter [39]. In addition to 

that, it is use in the preparation of lead-free welding with antimony 5%. As 

well as the above, antimony is considered as one of the substances involved 

in the preparation of antimony potassium tartrate hydrate which is used in 

schistosomiasis treatment [42]. Because of what is antimony or most of its 

component characterized, it is used as a raw material in many other 

industries. Although the wide use of this metal, however, antimony and is 

deemed as a universal preference pollutants, also its compounds. The high 

concentration of antimony in wastewater disposed from natural or industrial 

processes is a global concern [39]. On this basis, particular attention is 

focused on the potential toxicity and damages that may be caused to the 

environment as a result of water pollution by this element. In addition, the 

antimony is considered as heavy metals due to its density of 6.79 g/cm3 at 

20°C [26]. Therefore, for all the above effects, antimony and its compounds 

must be removed from wastewater and aquatic environments to maintain 

human health and environment [39]. Various conventional methods for 

treating wastewater contaminated with heavy metals has been used and is 

still being used such as chemical deposition, electrolysis, ion exchange, 

solvent extraction, membranes and reverse osmosis [15]. These methods 

have many disadvantages and technical impediments or economic trammels, 

e.g. deficient treatment, great demands of energy, and toxic sludge 

production that may generate additional problems in how to safely dispose of 

them [39]. The adsorption technology has been identified using activated 

carbon as a possible alternative to previous technologies and is the most 

common and effective way of treating waste water. However, although 

adsorption by activated carbon is highly efficient, but the problems related to 

regeneration and reuse, as well as increased operating costs, have made 

contaminated water treatment and pollutant removal less useable and have 

many limitations and constraints [27]. For this reason, there are ongoing 

researches on low-cost, high-efficiency adsorbents to be alternatives for 

activated carbon to remove various types of pollutants, particularly heavy 

metal ions such as antimony [16]. Recently, great attention has been paid to 

the adsorbent materials of natural basis, such as rice husk [28], banana peel 

[29], sunflower seeds [39], lemon peel [30], watermelon rinds [31], and alga 

[32] or from industrial wastes like aluminum foil [33], which can be used as 

adsorbents for many pollutants from aqueous solutions and from soil [39]. 

White chicken eggshell (WCES) can be used as natural adsorbents, thus 

reducing the cost of wastewater treatment and polluted water to a large 

extent, also it is used for treated crude oil [43,44]. The goal of this paper is to 

evaluate and determine the efficiency of white chicken eggshell (WCES) to 

remove antimony (Sb
+5

) ions from aqueous solutions and to get rid of more 

than one type of wastes together in a useful, economical and eco-friendly 

method accessing to Zero Residue Level (ZRL) concept [45-53]. 
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2 Methodology 
 
2.1 Preparation of Adsorbent (WCES) 
 

White chicken eggshells (WCES) produced in Iraqi hatcheries were 

collected from domestic uses and fast food restaurant waste in Baghdad. The 

collection process extended from 1/10/2019 to 1/2/2020 as the months of 

winter represent the most period for consuming eggs. Each amount of WCES 

collected was washed with an excess of tap water for several times and then 

with deionized water to ensure obtaining of clean WCES and remove any 

impurities or unwanted substances that might be affected on the results of the 

experiments. Then it is dried in a drying oven (Memmert Universal Oven UN 

55) at 50 °C for 4 hours as an initial period and continuing until the samples 

are completely dry. The last step of preparation included crushing the WCES 

using a grinder (Strand Lab Grinder S102DS) and sieving it from a 35-mesh 

sieve. The WCES were stored in opaque, sealed, and moisture-proof plastic 

containers until experiments were conducted.  

 

2.2 Preparation of Antimony (V) ions Stock Solution 
 

For averting the interference between antimony and other compounds, 

salts, ions or elements, a stock solution containing 1000 mg/L of antimony 

(V) ions was prepared used hexahydroxoantimonate salt of chemical 

formula, molecular weight and CAS # are KSb(OH)6, 262.89 g/mol and 

12208-13-8 respectively which supplied from Merck & Co. for 

Pharmaceutical company. The preparation process was achieved via 

dissolving 1.0795 g of potassium and in 500.0 ml of distilled water in 

laboratory temperature and mixed for 20 minutes using Heathrow Scientific 

MINI MAGNETIC STIRRER 120584 to ensure obtains perfect dissolving. 

All subsequent experiments were performed by diluting precise volumes of 

stock solution with deionized water to obtain the required concentration. 

 

2.3 Calibration Curve 
 

For knowing the concentration of antimony (V) ions in all aqueous 

solutions used in the study, whether in the stock solution or solutions after 

the adsorption process, antimony aqueous solution samples of precise 

concentrations are examined using atomic absorption spectrophotometer 

(AAS) which works on the principle of absorbance. Thus, in order to 

determine the concentration of Sb
+5

 ions exactly, a calibration curve must be 

conducted to convert the absorbance reading from AAS to correct 

concentrations. So, for this reason, a series of solutions were prepared with 

different and accurate concentrations of antimony (V) ions, examined in the  
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AAS apparatus, the absorbance was determined for each specific 

concentration and finally plotting the curve between the antimony 

concentrations and absorbance. Figure 1 below shows the calibration curve 

of antimony (V) ions using atomic absorption spectrophotometer (AAS 

shimadzu AA-7000, Japan) at wavelength of λmax= 217.6 nm.  

 

 
 

Figure 1 Calibration Curve of Antimony (V) Ions 

 

2.4 Adsorption Experiments 
 

The removal of antimony (V) ions from aqueous solutions prepared from 

dilution of certain volumes of stock solution was carried out at different 

operating conditions using WCES which represented the adsorption media in 

adsorption unit of batch mode. Adsorption experiments were carried out by 

mixing a desire amount of the adsorbent material with 100 ml of antimony 

(V) ion solution of the required concentration in a 150 ml Erlenmeyer flask 

and at a specific acid function. The acidic function of solutions were adjusted 

using laboratory pre-prepared solutions of 0.1 N hydrochloric acid (HCl) and 

0.1 N sodium hydroxide (NaOH) supplied by (Sigma Aldrich Co.-Germany). 

The glass flasks were closed and placed in a water bath shaker (Thermo 

Scientific MaxQ SHKE7000 Benchtop, Model 4303) at desired agitation 

speed, determined period of time and specific temperature. The different 

designing factors included in this study were ranged between (1-9), (1-100) 

mg/l, (100-500) revolutions per minute (rpm), (0.1-5) grams, (10-180) 

minutes, (20-50 °C) of the acidic function, the initial concentration of Sb
+5

 

ions, the agitation speed, the amount of adsorbent material, the contact time, 

and the temperature of adsorption unit respectively. After the end of the 

specified period of time, samples of solutions are taken from each test flask 

and check the amount of adsorbed antimony (V) ions using AAS device and  
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calibration curve. From the remaining concentration, the percentage of 

removal and adsorption capacity is determined by equations (1) and (2), 

respectively: 

  
     
  

           ( ) 

  
 

 
 (      )    ( ) 

Where:  : is the percent removal of Sb
+5

 ions (-),  : is the capacity of 

adsorption by WCES (    ),     and   : initial and final concentrations of 

Sb
+5

 ions respectively (    ),  : mass of WCES used for adsorption ( ) 
and  : volume of solution ( ). 
 
3 Results and Discussion 
 
3.1 Operating Parameters Study  
 
3.1.1 Effect of Acidic Function (Ph) 
 

The effect of the acidic function (pH) on the removal of antimony (V) 

ions from aqueous solutions using WCES has been studied with a range of 

(1-9) at initial concentration of Sb
+5

,
 
agitation speed, dose, contact time, 

temperature of 10 mg/l, 300 rpm, 1 g, 120 minutes, room temperature 

respectively. Figure 2 shows that the relationship between the acidic 

function of the solution and the removal percentage is a direct proportional 

relationship up to the value of pH = 6, after that the removal efficiency 

increases sharply until it reaches the full ratio. The reason for this result may 

be that adsorption of antimony (V) ions decreases at low values of pH due to 

competition of positive hydrogen ions to the ions of metal on adsorption 

sites, which increases with a decrease in the value of the acid function. 

However, when increasing the value of pH, the positive hydrogen ions will 

decrease due to the increase in the concentration of negative hydroxide ions, 

which will reduce competition with metal ions of positive charge too. Thus, 

the adsorption of antimony ions will increase the concentration in the 

solution decreases and the removal efficiency increases. The acid function is 

one of the most important factors to be studied and verified in any adsorption 

process to know the ideal value that represents the borderline between 

adsorption and precipitation. Therefore, the sharp and rapid increase in the 

percentage removal at the acidic function values greater than 6 can be 

attributed to the precipitation state that occurs, which reduces the 

concentration of antimony ions in the solution but precipitates at the bottom 

of the flask, thus increasing the removal efficiency due to precipitation not 

due to adsorption. Accordingly, the optimum acidic function for antimony 

adsorption in the current study is 6. This result is agreement with [18]. Figure 

2 shows Acidic Function (Ph) Influences on Removal Efficiency of 

Antimony (V) Ions. 
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Figure 2 Acidic Function (Ph) Influences on Removal Efficiency of Antimony (V) 

Ions 

 

3.1.2 Effect of Agitation Speed 
 

Figure 3 shows the influence of agitation speed on the removal efficiency 

within the range (100-500 rpm) and at initial concentration of Sb
+5

,
 
optimum 

pH, dose, contact time, temperature of 10 mg/l, 6, 1 g, 120 minutes, room 

temperature respectively. It is noted that the efficiency of removing antimony 

increases with increasing agitation speed, and the reason for this may be that 

increasing the agitation speed will improve the diffusion of ions in the 

solution, which will increase the chance of antimony ions for reaching to the 

effective sites on the surface of the adsorbent material, which will increase 

the efficiency of adsorption. Or, the reason for this result may be due to the 

shattering of the boundary layers formed around the particles of the 

adsorbent material, thus the number of antimony (V) ions arriving to the 

active sites on the surface will increase and the number of ions in the solution 

will decrease, consequently the removal percentage will increase. Figure 4 

also shows that the removal efficiency does not change after reaching 400 

rpm and remains constant. Probably, the reason for remaining the removal 

percentage constant is due to the forces of repulsion that may be generated 

between the adsorbed ions as a result of severe turbulence. Or, the high 

agitation speed does not allow the antimony ions to reach the effective sites, 

which will reduce the number of adsorbed ions and thus reduce the  
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adsorption efficiency. So, in the present study the ideal agitation speed is 400 

rpm. This result is agreement with [31,34]. 
 

 

 
 

Figure 3 Agitation Speed Influences on Removal Efficiency of Antimony (V) Ions 

 
3.1.3 Effect of Initial Concentration 
 

Within a range of (1-100) mg/l, the effect of initial concentration on the 

treatment process efficacy of solutions contaminated with antimony was 

investigated and at optimum acidic function,
 
optimum agitation speed, dose, 

contact time, temperature of 6/l, 400 rpm, 1 g, 120 minutes and room 

temperature respectively. It is noticed from the results obtained that the 

removal percentage increases gradually with decreasing the value of initial 

concentration of antimony (V) ions, which means that the relationship 

between them is inversely. The WCES, which are the media of adsorption, in 

this study have a fixed surface area. This means that the number of 

adsorbable ions on the surface of the adsorbent material is limited. Therefore, 

the increase in the concentration of the pollutant means that the ions of that 

substance increase with the same volume. Thus, increasing the competition 

between antimony ions on the same number of active sites, which in turn will 

lead to a decrease the number of adsorbed ions and an increase the number of 

antimony ions in the solution. So, the percentage removal will decrease. This 

result is agreement with [39]. 
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3.1.4 Effect of Adsorbent Dose 
 

The effect of WCES dose was studied on the adsorption efficiency of 

antimony (V) ions through the use of different doses of the adsorbent 

material ranging between (0.1-5) g at optimum acidic function,
 
optimum 

agitation speed, optimum initial concentration, contact time, temperature of 

6, 400 rpm, 50 mg/l, 120 minutes, and room temperature respectively. It was 

found through this study that the maximum removal percentage of antimony 

(V) ions was when using the dose of 5 g of WCES. This can be attributed to 

the fact that the active sites on the surface of the adsorbent material that are 

available for adsorption of metal ions are increased in number when using 

greater dosages of the adsorbent material. By increasing the mass of the 

adsorption medium, the active sites increase as a result of the increase in the 

surface area, which increases the chance of ions adsorption, thus increasing 

the adsorption efficiency. Figure 5 shows the relationship of the adsorbent 

dose and the adsorption efficiency of the antimony (V) ions. This result is 

agreement with [38-39]. 

 

 

 
 

Figure 4 Initial Concentration Influences on Removal Efficiency of Antimony (V) 

Ions

 
 

Figure 5 Adsorbent Material Dose Influences On Removal Efficiency of Antimony 

(V) Ions 
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3.1.5 Effect of Contact Time 
 

The contact time is considered as one of the important factors when 

designing adsorption experiments. Therefore, the effect of this parameter on 

the adsorption of antimony ions has been studied with a range of (10-180) 

minutes, at optimum acidic function,
 
optimum agitation speed, optimum 

initial concentration, optimum dose, temperature of 6, 400 rpm, 50 mg/l, 5 g, 

and room temperature. As it is known the time required for the system to 

reach equilibrium, and any time period after that is considered ineffective. 

The results obtained from this study showed that the percentage of antimony 

removal increases gradually with increasing contact time, which means that 

the efficiency of removal is related by a direct relationship with contact time 

and the maximum efficiency occurred by reaching 120 minutes. After that, 

the removal efficiency becomes constant and does not change with 

increasing the contact time. This is shown in Figure 6.The increase in 

contact time with keeping the rest operating factors constant means an 

increase in the residence time of the pollutant ions in contact with the 

adsorption media. This means increasing the chance that these ions will reach 

the active sites on the surface of the adsorbent material, which in turn will 

lead to adsorb a greater amount of ions, and reducing the number of ions in 

the solution thus increasing the removal efficiency. When the adsorption 

surface reaches saturation state (which happens at the time of 120 minutes), 

the increase in time will not effect on the adsorption efficiency as a result of 

the filling of these effective sites with adsorbed ions and the absence of any 

other vacant places. Therefore, it can be considered that the time of 120 

minutes is the time needed to reach equilibrium. This result is agreement 

with [45]. 

 

 
 

Figure 6 Contact Time Influences On Removal Efficiency of Antimony (V) Ions 
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Figure 7 Temperature Influences on Removal Efficiency of Antimony (V) Ions 

 

3.1.6 Effect of Temperature 
 

In order to determine the optimum temperature at which the maximum 

adsorption efficiency occurs, the effect of changing the temperature within a 

range of (20-50) °C were studied while the rest operational factors are 

keeping at optimum acidic function,
 
optimum agitation speed, optimum 

initial concentration, optimum dose, optimum contact time, temperature of 6, 

400 rpm, 50 mg/l, 5 g, and 120 minutes respectively. The results obtained are 

represented in Figure 7, from which it is observed that the relationship 

between the removal efficiency of antimony (V) ions is direct proportional 

and the maximum adsorption efficiency occurs at a temperature of 50 °C. 

The adsorption of antimony (V) ions on the surface of WCES is endothermic 

and this is evidence for presence of absorption process in addition to 

adsorption process. This result can be explained by the increase in 

temperature leading to an increase in the diffusion rate of adsorbed antimony 

ions on the surface of the adsorption media due to the relative decrease in the 

viscosity of the solution. On the other hand, the increase in temperature 

increases the movement of ions associated with the increase in kinetic 

energy, which increases the chance of metal ions for reaching the active sites 

in the adsorbent material. Also, probably the increase in temperature lead to 

the surface porosity or the increased pore volume in the adsorbent surface or 

both, and as a result of all the above explanations the adsorption efficiency 

will increase. This result is agreement with [34,44]. 
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4 Conclusions 
 
1. WCES exhibit a good ability to remove antimony (V) ions from aqueous 

solutions at different operating conditions in a batch mode unit. 

2. The percentage removal of antimony ions using WCES residue was 

increased with increasing pH, contact time, temperature, agitation speed 

and dose of adsorbent media while it is increasing with decreasing initial 

concentration. 

3. The maximum percentage removal was 96.2228% at pH=6, agitation 

speed=400 rpm, temperature=50 °C, contact time=120 min, adsorbent 

dose=5 g and initial concentration=1 ppm. The maximum adsorption 

capacity was 6.05 mg/g 

4. By this way it can dispose more than one type of waste in benefit, non-

cost and eco-friendly method accessing to zero residue level (ZRL). 
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