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Abstract

In this study the removal of chromium (V1) from aqueous solutions by using modified Eggshells (Eg-Fe) was
investigated. The effects of pH, concentration of Cr(VI), Eg-Fe dosage and contact time on the removal process
were studied.

The results demonstrate that the chromium concentration and pH of solutions are the predominant factors affecting
the removal of Cr(VI), it was observed that the removal capacity significantly decreased at pH value more than
6.5. While the removal efficiency exhibit a decreased tend with increasing of Cr(VI) concentration, while Eg-Fe
dosage and contact time were not significantly influential.

The optimal removal conditions were achieved at: pH 6.0, contact time was 120 minutes, while the best dose of
the Eg-Fe started from 1.0 g, whereas the removal efficiency reached 82%.
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Introduction

Various industrial processes have become a significant threat to the environment due to the continuous generation
of waste [1], some of this waste is non-biodegradable, highly toxic, and carcinogenic. Therefore the International
environmental protection agencies adopted a specific approach that involves applying measures to source-reduce
the production of pollutants at the source and developing effective technologies for the safe removal of existing
waste or modify its physical and chemical properties to eliminate its toxicity and convert hazardous compounds
into environmentally friendly materials [2,3].

Even with the significant variety of environmental contaminants, heavy metals are a critical class released from
industrial activities that can harm human health even at low concentrations.

Chromium is classified as one of the most toxic metals [4], it exists in two stable oxidized states: trivalent
chromium (Cr(111)) and hexavalent chromium (Cr(V1)). The distribution of chromium in the environment depends
on its reducing properties and pH value of medium [5]. (Cr(VI) is classified as highly toxic, carcinogenic and
causes severe damage to the liver and kidneys. while (Cr(I11)) is much less toxic and stable. [6-8].

Chromium enters into the environment through various industrial processes such as metal plating, tanning,
manufacture of dyes, magnetic tapes, photographic materials and others [9].

Several methods for chromium removal from aqueous solutions have been employed including techniques such
as ion exchange and membrane filtration [10]. Researchers have also developed methods such as sedimentation,
flotation, and biological treatment [11]. However these techniques may exhibit limited efficiency in the presence

of high salt concentrations in samples [12,13]. Materials such as activated carbon and alumina have been
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extensively utilized as active surfaces for adsorbing toxic material. However, these methods exhibit limited
efficiency and removal capacity due to non-selective or the influenced by interference.

The use of materials such as clays and calcium carbonate as natural materials is highly preferred in the field of
pollutants removal due toe availability and cost-effective which are effective in removing pollutants due to their
high surface area [14,15], which enhance adsorbing efficiency.

The continuous increase in industrial activities which generate large amounts of pollutants has prompted
researchers to conduct and develop low-cost materials. In recent years the use of natural materials has increased
for treating wastewater contaminated with hazardous compounds.

The development of low-cost and available materials that achieve high removal efficiency has become a priority
for researchers [16,17]. Recent studies have focused on utilizing waste materials which are randomly discarded
to effectively remove various toxic ions. Eggshells are a source of solid waste with huge quantities discarded
without control. Recently research has shown the uses of eggshells in various industrial and pharmaceutical
applications [18-21]. It consists of approximately 94% (CaCOs3) [22], which is a rich source of natural calcium.

Several studies have been conducted on the use of eggshells as an adsorbents material, due to their porosity, which
contains between 7,000 and 17,000 surface pores [23, 24]. These characteristics establish eggshells as an effective
material for removal various ions from wastewater due to high adsorption capacity [22,24-26], its particular
effective for nitrates, whereas high removal capacity reached up to 95% has been observed[27,28].

Recently researchers have developed highly efficient processing techniques that utilize modified materials as
selective adsorbents which are based on chemical adsorption onto surfaces containing active sites that bind to the
compounds to be removed [29].

This study investigates the development of an effective adsorbent material using eggshells loaded with iron Eg-
Fe for the selective removal Cr(VI1) ions. The effects of pH, adsorbent dosage Eg-Fe, initial Cr(\VI) concentration,
and contact time on the efficiency of chromium removal from solutions have been evaluated.

Materials and Methods

Materials
All Reagents used in this study were analytical grade, K,CrOs (Aldrich); Ethanol C;HsOH, (Winlab);
(NHa4)2Fe(S0a4)2( Riedel-De Haen); NaOH (Merck); HNOs (Merck); DPC, C13H12N4O (Merck).

Chromium (VI)
A 1000 mg L stock solution of Cr(\V1) was prepared by dissolving 3.73 g of potassium chromate ( KoCrQO,, p.a.,
Aldrich) in distilled water. The solution was diluted in a 1000 mL volumetric flask and stored in a amber bottle

to ensure stability.

Preparation of eggshells
Residual materials were removed from the eggshells by hand, followed by boiling in deionized water for one hour
to eliminate any remaining matter. The eggshells were then rinsed with ethanol and deionized water, after dried

overnight at room temperature the eggshells were crushed with a grinder.

Synthesis of modified eggshells Eg-Fe
The modified eggshells Eg-Fe were prepared as follows: 25 g of eggshells were placed in a conical flask
containing 50 mL of deionized water and shaken for one hour followed by filtration. Then 50 mL of 0.75 mole L

L ammonium ferrous sulfate solution was added slowly to the eggshells while stirring continuously for one hour.
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1.0 mole L't NaOH was added very slowly while stirring continuously for four hours. The mixture was filtered,
and the filtrate was washed with 1000 mL of deionized water, dried at room temperature for 24 hours. The
specifications of the Eg-Fe were as follows: Iron content (168.18mgg?), density1.44 mg L, stability (pH 4.0 to
pH 8.0) and color orange as showed in figure 1).

Eggshells (a) | (Eg-f'e) W(b)

Figure 1: The color of eggshells (a; before) and (b; after) modification

Results and discussions
Effect of pH value
In this study the influence of pH on the removal of Cr(VI) was investigated in the range of pH 4.0 to pH 8 .0,
while all other factors were constant (Cr(\VI) concentration 10 mg/L; Eg-Fe mass 1.0 g; contact time 60 min;
shake speed 150 rpm; and temperature (room temperature). The pH of the solution was adjusted using (NaOH)
and (HNOz3). The results are shown in Figure 2. It was observed that the adsorption capacity increased with
increasing pH from 5.0 to 7.0, then decreased with further increases in pH. This can be attributed The pH of a
solution is a crucial factor in the existence and mobility of chromium in the environment [30-32], where the Cr(V1)
exists in its highest concentration as an anion at neutral pH, whereas at acidic conditions it reduced to Cr(ll1).
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Figure 2: Effect of pH value in the removal process
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The results in figure 2 indicated that the removal of Cr(VI)) was significantly influenced by pH of solution,
whereas the optimal performance and acceptable removal efficiencies were achieved within weak acid to neutral
conditions.

This behavior is consistent with the known environmental chemistry of Cr(VI) and its removal mechanism by iron

hydroxide-maodified sorbents. In aqueous system Cr(V1) species exists as anions species (HCrO).

The results demonstrated that the maximum removal efficiency was achieved at pH 6.0 the high removal

efficiency at pH 6.0 may be due to two reasons:

- The chemical adsorption results from the strong electrostatic attraction between the positively charged iron
hydroxide surface and the anionic HCrO4.

- At the pH less than 6.0 the chemical reduction occurs, where Cr(V1) is reduced to Cr(l11) by Fe(ll) ions or any
residual organic matter remaining from the eggshell, the Cr(l11) ions are immobilized through the precipitation
as insoluble Cr(OH)s

Effect of Eg-Fe dosage
The weight of Eg-Fe is an important parameter that governs the adsorption efficiency in the batch adsorption
system. The effect of different doses of Eg-Fe (0.5, 1.0, 2.0, 3.0, and 4.0 g, respectively) was studied while all
other factors were constant, whereas the pH value was 6.0, concentration of Cr(V1) (10 mg L), temperature (room
temperature) and contact time (1 h). The results in figure 3 showed that the adsorption capacity increased with
increasing in the dose of the Eg-Fe, the maximum removal was observed at 2.0 g, the adsorption capacity
continued to increase with further dose increases. The increase in the adsorption capacity typically increases with
the increase in surface area of the adsorbent and the availability of more adsorption sites with the increase in dose
of Eg-Fe.
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Figure 3: Influence of Eg-Fe dose on removal efficiency
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Effect of initial concentration of Cr(VI)

Experiments were conducted to examine the effect of the initial Cr(\VI) concentration on adsorption capacity. The
Cr(VI) concentration ranged from 10 to 100 mg L™ at pH 6.0, with all other factors held constant; the E-Fe mass
was (2 g), contact time (1h), stirring rate (150 rpm), and the temperature of the solution (room temperature). Figure
4 shows that the Cr(VI) removal rate increased from 33% with an initial concentration of 100 mg L', while at a
lower initial concentration of 10 mg L™, the binding sites had a greater chance of adsorption of chromium it
reached to 79%.
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Figure 4: Effect of Cr(VI) concentration on the removal process

Effect of contact time

The adsorption study was conducted at different contact times while all other variables were constant: adsorbent
dosage (2.0 g), Cr(VI) concentration (10 mg L), pH 6.0, and temperature (room temperature). The results showed
that the adsorption efficiency increases with increased with contact time, the removal reaching to 82% after 2.0
hours as shown in figure 5. The adsorption rate then stabilized over time it may due to the iron reaching

equilibrium as the Eg-Fe pores became saturated with Cr(VI).
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Figure. 5. Effect of contact time on the removal of Cr(VI) by Eg-Fe

Real water samples

The removal of Cr(VI) from tap water was investigated to confirm the efficiency of the eggshells Eg-Fe.

Two real water samples were investigated. The total dissolved solids (TDS) concentrations in sample 1 were 897
mg L, while in sample 2 were 109 mg L. Different concentrations of Cr(\VI) were added to the samples as

shown in Table 1.

Table 1: Recovery removal of Cr(VI1) by using Eg-Fe in spiked real water samples

Sample Added (mg L) Removed Recovery
1 10.0 8.3 83 %
2 10.0 8.8 88 %

The results in Table 1 showed that the removal of Cr(VI) by Eg-Fe in sample 2 was unaffected by presence of
dissolved salts. However in sample 1 the high concentration dissolving salts slightly reduced the efficiency of Eg-

Fe, this decrease may attributed to the presence of naturally ions in the water.

Conclusion

This study demonstrated the practicality of modifying eggshells for use as a selective adsorbent for Cr(V1). The
influence of pH on removal efficiency was initially investigated to determine the optimal aqueous condition for
subsequent experiments. Furthermore the effects of contact time, Eg-Fe dosage, and Initial Cr(VI) concentration
were evaluated.

The results showed that pH is the primary factor influencing removal efficiency, with pH 6.0 as the optimal

condition, while the Eg-Fe dosage less than 1.0 gram exhibited minimal impact on the removal process. The
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Cr(VI1) removal was affected by initial concentration, where the results showed a significant decrease in removal
efficiency at concentrations exceeding 15 mg L.

This method demonstrates that it is highly effective in the selective removal of Cr(VI) through chemisorption
process. It is suggested that the performance of this method can be further enhanced by employing a low-detection-

limits analytical technique such as ICP-MS.
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