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Abstract: The adsorption of congo red (CR) from aqueous solution using untreated powdered eggshell by
varying the parameters such as agitation time, dye concentration, adsorbent dose, pH and temperature was
investigated. Adsorption isotherms of CR onto powdered eggshell were analyzed by Langmuir, Freundlich and
Sips models. It was observed that the optimum CR adsorption onto powdered eggshell occurred at contact time
of 20 minutes, the adsorbent dosage of 20 g, initial concentration of 20 mg/L and pH 2. In addition, the particle
size of powdered eggshell has no significant effect on the adsorption of CR. Adsorption isotherms studied
through the use of graphical methods revealed that the adsorption of CR onto powdered eggshell follows the
Langmuir model, with the maximum adsorption capacity was 95.25 mg g-1. The powdered eggshell investigated
in this study thus exhibited as a high potential adsorbent for the removal of CR from aqueous solution.
Keywords: adsorption; congo red; dye; eggshell; isotherm.

Introduction

One of the major problems concerning textile, rubber, paper, paints, printing inks, food and plastic
industrial wastewater is colored effluent. In the textile industry, the main sources of wastewater are the dyeing
and finishing operations. The wastewater thus generated contains a wide range of contaminants such as salts,
dyes, enzymes, yeasts, surfactants, scouring agents, oil, grease, oxidizing and reducing agents1. These make
treatment of this wastewater more difficult. Further, discharging even small amount colored wastewater is not
only damaging the aesthetic nature of receiving streams, but also it can affect aquatic life and food webs due to
the carcinogenic and mutagenic effects of synthetic dyes 2,3.

Synthetic dyes as congo red (CR) are difficult to biodegrade due to their complex aromatic structures,
which provide them physico-chemical, thermal and optical stability 3,4.

Physical and chemical processes to remove color and toxicity from wastewater were extensively
studied. These processes include ion exchange, coagulation, flotation, oxidation, biosorption, biodegradation,
UV photodecomposition and reverse osmosis. Most of these processes are high energy consumption or
expensive and none of them are considered commercially. Therefore, there is an urgent requirement for
development of low cost processes, by which dye molecules can be removed.

Adsorption has been found to be an efficient and inexpensive method for removal dyes, pigments and
other colorants and for controlling the bio-chemical oxygen demand. Activated carbon, inorganic oxides,
mineral and natural adsorbents have been extensively used as adsorbents to treat wastewater5,6. Activated carbon
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is the most popular adsorbent for removal of dyestuff from wastewater7. However, there problems are associated
with the use of carbon for the adsorption of pollutants: its relatively high cost, regeneration and reuse are
difficult, and it is limited to the removal of non-polar materials8. Therefore, there is a need to find locally
available, low cost and effective materials for dyes wastewater treatment.

In recent years, numerous low cost natural materials such as phyrophyllite1, rice husk4,
montmorillonite7, plant9, activated carbon prepared from coir pith10, bagasse11, fungi12, soil 13, clay
mineral14,15,16, fruit shell17, water hyacinth root18, activated carbon prepared from algae19, chitosan hydrogel20

and other adsorbents3,21 have been used and investigated for removal and adsorption of CR from aqueous
solution.

Meanwhile, eggshells are used in enormous quantities by food manufacturers, restaurants and household
and the shells are disposed of as solid waste. Investigations have been conducted to explore the possibility of
useful applications of eggshells, especially for wastewater. Research has shown that eggshells and eggshell
membrane may be used as an adsorbent for iron22, cadmium23,24, chromium23,25-28, lead23,29, arsenic8, reactive
dye30-32, cationic dye33, azo dye34, malathion35, lignosulfonate36 and humic acid from peat water37.  However,
there has so far been no study reported in academic literature related to the use of powdered eggshells as an
adsorbent for removing CR from aqueous solution. Therefore the main aim of this study was the use of
powdered eggshells as adsorbent material for removal of CR from aqueous solution. The effects of agitation
time, dye concentration, adsorbent dose, pH and temperature on the adsorption of CR were investigated.

Materials and Methods

Materials

Chicken eggshells were collected from local restaurants in Bandung, Indonesia. The membranes were
separated from the eggshells by hand. The eggshells were then washed with distilled water, air-dried, ground
into powder with particle sizes of 100 µm and finally dried at 105 oC in an oven for 2 h. The characteristics of
the eggshells are showed at36,37. Sodium hydroxide and hydrochloric acid used to adjust pH was purchased from
Merck. Congo red, an azo dye was obtained from Merck was used as adsorbate. All materials were used without
further purification.

Methods

Sorption studies

Adsorption experiments were carried out by agitating 5 g of adsorbent with 50 ml of CR solution of the
desired concentration and pH at 200 rpm, 25 oC in a thermostated rotary shaker (ORBITEK, Chennai, India) for
2, 5, 10, 15, 20, 25, 30, 45, 60, 75 and 90 minutes. Dye concentration was estimated spectrophotometrically by
monitoring the absorbance at 495.7 nm using a UV-vis spectrophotometer (Hitachi, model U-3210, Tokyo). pH
was measured using a pH meter (300 Hanna Instrument, USA). The samples were withdrawn from the shaker at
predetermined time intervals and the dye solution was separated from the adsorbent by centrifugation at 20.000
rpm for 10 min. The absorbance of supernatant solution was measured. The effect of pH on the adsorption of
CR compounds was studied by conducting equilibrium sorption tests at different suspension pH values (2.0-
10.0) using 5 g of powdered eggshell for 5, 10, 15, 30, 45, 60, 75, and 90 minutes. The suspension pH was
adjusted by using dilute NaOH and HCl solutions. Effect of adsorbent dosage was studied with different
adsorbent doses (5, 10, 15 and 20) and 50 ml of 20 mg/L CR solutions at equilibrium time and pH 7. The effect
of particle size was investigated by using three different particle size: 50, 100 and 150 µm, of powdered chicken
eggshells. The experiments were carried out using 20 g of powdered eggshell for 60 minutes. Langmuir,
Freundlich and Sips isotherms were employed to study the adsorption capacity of the adsorbent.

Desorption studies

The adsorbent that was used for the adsorption of 20 mg/L of CR solution was separated from the dye
solution by centrifugation. The dye loaded adsorbent was filtered using Whatman filter paper and washed gently
with water to remove any unadsorbed dye. The powdered eggshell was then loaded with 50 mL of HCl at
concentration 0.1 to 0.001 M for 90 minutes. The desorption percentage (DP) of humic acid is defined as 36,38:
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Results and Discussion

Effect of agitation time and concentration of dye on sorption process

Effects of agitation time on removal of CR by powdered eggshell for different CR concentrations are
presented in Figure 1. The percent removal of dye increased with increase in agitation time and reached
equilibrium after 20 min for the dye concentrations used in this study.
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Fig. 1. Effect of agitation time and concentration of dye on CR removal.

The percent CR removal at equilibrium decreased from 93 to 48.5 as the dye concentration was
increased from 20 to 80 mg/L. This is due to increase in the initial concentration provides an important driving
force to overcome all resistances of the dye between the aqueous and solid phases31,32,39. At lower
concentrations, all sorbate ions present in the sorption medium could interact with the binding sites, hence
higher percentage removal results. At higher concentrations, because of the saturation of the sorption sites, the
percentage removal of the dye shows a decreasing trend32,40.

Effect of pH on sorption process

Effect of pH on the removal of CR is shown in Figure 2. For 20 mg/L dye concentration the percent
removal decreased from 95 to 37, when the pH was increased from 2 to 8 and then the percent removal
remained almost the same up to pH 10. The possible mechanisms of adsorption of CR on powdered eggshell
may be considered as electrostatic interaction between the protonated surface of powdered eggshell and dye.
The decrease of CR removal may be related to the formation of negative surface charges of powdered eggshell
at higher pH. Our study previously shows that the zero point of charge (pHPZC) of powdered eggshell was at pH
= 8.8 37. At pH < pHPZC, the surface becomes positively charged, and favors uptake of dye due to increased
electrostatic force of attraction. At the solution having pH > pHPZC, the adsorbent surface becomes negatively
charge and does not favors the adsorption of dye anions due to the electrostatic repulsion. The results show that
the dye removal decrease with increasing initial pH of the dye solution and maximum removal occurs at pH 2.

0

20

40

60

80

100

2 4 6 8 10

%
 R

em
ov

al

pH

Fig. 2. Effect of pH solution on CR removal.
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Effect of particle size of powdered eggshells on sorption process

Determination of the effect of particle size on sorption was conducted using samples of three different
average particle sizes: 50, 100 and 150 µm at pH 2 and temperature of 25 oC for 90 minutes. The result is shown
at Figure 3. As seen from Figure 3, variation of the particle size of powdered eggshells statisticaly has no
significant effect on the removal of CR compounds as indicated by 86 - 91%.
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Fig. 3. Effect of particle size of powdered eggshells on CR removal.

Effect of powdered eggshells dosage on sorption process

Figure 4 shows the removal of CR by powdered eggshell at different adsorbent doses (5-30 g) for the
dye concentrations of 20 mg/L at pH 2. Increase in adsorbent dosage increased the percent removal of dye,
which is due to the increase in absorbent surface area of the adsorbent.

70

80

90

100

0 5 10 15 20 25 30 35

%
 R

em
ov

al

Dosage (gram)

Fig. 4. Effect of powdered eggshells dosage on CR removal.

Adsorption isoterm

Langmuir isotherm is represented by the following equation below:
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where qe and qm is the amount adsorbed at equilibrium and maximum mg/g, respectively, Ce is the equilibrium
concentration (mg/L) and b is the Langmuir isotherm constant (L/mg). The plot of qe vs Ce is shown in Figure 5.
Values of Langmuir constants are tabulated in Table 1. From Figure 5, we can see that the adsorption curves
were single, smooth, plateau, continuous, leading to saturation, and this indicates the possible monolayer
coverage on the surface of the adsorbent 41. From the linearization plot of the Langmuir isotherm model, the
value of qm in our experiment was found to be 95.25 mg/g.
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Fig. 5. Non-linear isotherm of CR adsorption onto powdered eggshell.

The essential features of the Langmuir isotherm can be expressed in terms of a dimensionless constant
separation factor or equilibrium parameter RL, which is defined by 3,9,14,16,20,42,43:

RL =
aCo1

1
(3)

Which a (or b) is Langmuir constant and Co is initial dye concentration (mg/L). The RL value indicates the
isotherm shape according to the following adsorption characteristics: RL > 1 (unfavorable), RL = 1 (linear
adsorption), RL = 0 (irreversible) and 0 < RL < 1 (favorable) 3,9,14,16,20,42,44. The value of RL in this study was
found 0.18. This suggests that adsorption of CR by powdered eggshell is favorable.

Table 1. Langmuir, Freundlich and Sips constants for CR adsorption
Langmuir Model Freundlich Model Sips Model

b
(L/mg)

qm

(mg/g)
R2 n

Kf

(mg/g)
R2 qm

(mg/g)
Keq

(mL/g)
n R2

0.236 95.25 0.999 3.93 28.8 0.957 90.3 0.095 0.898 0.981

The Freundlich isotherm was also applied for the adsorption of CR onto powdered eggshell by using the
equation below:

qe = KfCe
1/n (4)

where Ce is the equilibrium concentration (mg/L), qe is the amount of adsorbate adsorbed per unit mass of
absorbent (mg/g), Kf and n is Freundlich constants.

Plots of qe vs Ce for the dye concentrations of 20 mg/L show that the adsorption could not be fitted by
this model (Fig. 5) and hence the adsorption does not follow the Freundlich isotherm at these concentrations.
Values of Kf and n are presented in Table 1.

Sips model is a three-parameter isotherm model that is basically a combination of Langmuir and
Freundlich models. It is expressed as:
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where Keq (L/mg) represents the equilibrium constant of the Sips equation and qm (mg/g) is the maximum
adsorption capacity. The Sips isotherm model is characterized by the heterogeneity factor, n, and specifically
when n = 1, the Sips isotherm equation reduces to the Langmuir equation and it implies a homogenous
adsorption process 3,20,21.

The value of the heterogeneity factor (n) of powdered eggshell is 0.864 and this indicates a homogenous
adsorption process (Table 1). The maximum adsorption capacity of chitosan-silica beads obtained from the Sips
isotherm was 90.3 mg/g.

In our experimental range, the results of powdered eggshells are best described using the Langmuir
model, as indicated by the well fitted curve lines.

Desorption study

Desorption study will help to elucidate the nature of adsorption process and recycling of the spent
adsorbent and the dye 9,14. One of the important characteristics of an adsorbent is its ability to be regenerated 38.
The most common desorbing agents used to desorbs adsorbates are NaOH, HCl, HNO3, EDTA, CaCl2 and
organic solvents such as methanol and ethanol 38. In this study only HCl was used to regenerate the adsorbent.
The results for desorption studies found that the maximum desorption percentage of CR was achieved by
treating powdered eggshell with 1.0 M HCl (Figure not shown). This could be due to the increased solubility of
CR in acidic medium 9.

Comparison of lignosulfonate adsorption with other adsorbents reported in the literature

Several studies have been investigated on removal of CR in aqueous solution using low cost adsorbents.
Table 2 summarises the adsorption capacity of different types of adsorbents for CR removal. It can be seen that
adsorption capacity varies and depends on the properties of the individual adsorbent, the extent of
surface/surface modification, the initial concentration of the adsorbate 16,45, range of molecular size fraction of
adsorbate and degree of ionization per unit weight of adsorbate 46.

Table 2. Comparison of adsorption capacity of various adsorbent for CR removal
Adsorbent qm (mg/g) Reference

Phyrophyllite 4.00 1
Chitosan hydrogel beads impregnated with CTAB 433.12 3
Surfactant-modified montmorillonite 351.0 7
Alternanthera bettzichiana plant powder 14.67 9
Activated carbon prepared from choir pith 6.72 10
Sugarcane bagasse 38.20 11
Mycelial pellets of Trametes versicolor 51.81 12
Soil (30 oC) 8.65 13
Organo-attapulgite 189.39 14
Burnt clay 22.86 15
Kaolin 5.44 16
Tamarind fruit shell 10.48 17
Water hyacinth roots 13.46 18
Carbon prepared from algae Valoria bryopsis 20.20 19
Chitosan hidrogel bead-SDS 186.02 20
Chitosan hydrogel beads impregnated with carbon
nanotubes

450.40 21

Powdered eggshell 95.25 This study
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Conclusions

In this study, the adsorption of CR on powdered eggshell under the influences of contact time, initial
concentration, particle size of adsorbent, adsorbent dosage and pH were investigated. The optimum CR
adsorption onto powdered eggshell occurred at contact time of 20 minutes, the adsorbent dosage of 20 g, initial
concentration of 20 mg/L and pH 2. The particle size of powdered eggshell has no significant effect on the
adsorption of CR. Adsorption isotherms studied shows that the adsorption of CR onto powdered eggshell
follows the Langmuir model, with the maximum adsorption capacity was 95.25 mg g-1. The desorption of CR
from powdered eggshell could be obtained by using HCl 0.1 M.
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