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Abstract

The removal of Cu (Il) ions from water by chicken eggshell powder adsorption was examined in a fixed-bed column.
Kinetics data were satisfactorily described by a pseudo-second order chemisorption model. A 100% adsorption of Cu (Il) ions at
the initial copper concentration of 50 mg/L was obtained by using an eggshell amount of 8.0 g packed in the pilot-scale column
with a height of 16 cm, and flow rate of 1.0 ml/min. Regarding co-adsorption with other metal ions, the Pb (1) ions reduced the
adsorption of Cu (lI) ions. However, the eggshell in fixed-bed column can remove Cu (Il) ions from water by up to 83% in a
mixed metal system. Then 0.5 M BaClz with a flow rate of 0.5 mL/min can desorb about 60% of the Cu (Il) ions. This process
can be scaled up for the removal of heavy metal ions in actual wastewater treatment.
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1. Introduction

Heavy metals are an important type of
environmental pollution. Without any treatment, the discharge
of heavy metals causes concerns about community health,
because this hazard component can contaminate the food
chain (El-Sherif, Tolani, Ofosu, Mohamed, & Wanekaya,
2013). In industry, heavy metals are generated from the
production processes. Although effluents are passed through
the best treatment processes, still small contents can remain
due to limitations of processing, and unfortunately
contaminate the wastewaters. It is necessary to improve the
wastewater treatment processes. The conventional physico-
chemical methods used to remove metal ions include chemical
precipitation, electroplating, membrane separation,
evaporation, and resin ionic exchange (Kalyani, Rao, Saradhi,
& Kumar, 2009). However, these methods are usually
expensive. A cheaper process, such as adsorption, was found
to be attractive not only when using synthesized materials
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(Chen & Chen, 2011; Chen et al., 2020; Xiangxue, Xing,
Jiagi, & Hongtao, 2020) but also when using low-cost natural
materials such as chicken eggshells (Rohaizar, Hadi, & Sien,
2013; Kristianto, Daulay, & Andreas, 2019), oyster shells
(Wu, Chen, Clark, & Yu, 2014; Xu, Liu, Oh, Park, 2019),
chestnut shells (Cetinkaya, Targan, Tirtom, 2018), Bornean
oil palm shells (Chong, Chia, Ahmad, 2013), natural zeolite
(Sabadash, Mylanyk, Matsuska, & Gumnitsky, 2017) and clay
(Melnyk, Bessarab, Matko, & Malovanyy, 2015), to reduce
contents of heavy metals. Moreover, this approach provides a
good performance and is easier to operate compared to other
alternatives.

Among the mentioned adsorbents, eggshells are a
waste from cooking. We can get them free from restaurants or
bakeries. The CaCOs species in an eggshell makes it suited for
metal adsorption (Arunlertaree, Kaewsomboon, Kumsopa,
Pokethitiyook, & Panyawathanakit, 2007; Tsai et al., 2006).
In this work, the adsorption of Cu (ll) ions from aqueous
solution by eggshells was examined using a fixed-bed column.
The adsorption kinetics were studied. The conditions for Cu
(I1) ions adsorption and desorption as well as the effects of
other two-valent metal ions namely Pb (II), Fe (1), Zn (1),
and Mn (1) were also assessed.
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2. Materials and Methods

2.1 Preparation of adsorbent

The eggshells were washed with tap water several
times and washed afterwards with distilled water. They were
left to dry overnight in ambient air. The dried eggshells were
milled to a particle size of 212 um for the batch system and to
300-600 um for the fixed-bed column. They were then dried
at 105 °C for 1 hour. The eggshell powder was stored in a
desiccator at room temperature (~27 °C) before use in the
experiments.

2.2 Batch adsorption experiments

2.2.1 Adsorption of Cu (1) ions

The batch experiment was preliminarily studied.
The stock standard solutions of Cu (lI) ions were prepared
using CuSO4. The initial Cu (Il) ion concentrations varied
within 5.0-50.0 mg/L. At room temperature, 50 mL of
different Cu (Il) ion solutions were mixed with 1.0 g of
eggshell and stirred at 200 rpm. After due time, the adsorbent
was filtered using a filter paper (No.5). The Cu (1) contents in
the supernatant were determined by using an atomic
absorption spectrometer, AAS (Perkin Elmer model 3110)
using Acu = 324.8 nm. The amount of metal adsorbed by
eggshell powder was calculated using the following equation
2):
— (CO _ Ce)v
Cooom @
Here ge is the metal uptake (mg/g); Co and Ce are the
initial and equilibrium metal concentrations in the solution,
respectively (mg/L); V is the solution volume (L); and m is
the mass of adsorbent (g).

2.2.2 Adsorption kinetics

The kinetics of Cu (IlI) ion adsorption were
determined using batch adsorption. The solution with 5 mg/L
of Cu (Il) ions was agitated with 1 g of eggshell powder at
200 rpm for 360 min. The remaining concentration of Cu (II)
ions after adsorption was measured by AAS.

2.3 Fourier transform infrared spectroscopy

The ground eggshell powder was analyzed using
Fourier-transform infrared spectrometer, FTIR (Bruker model
Alpha). The eggshell powder was thoroughly mixed with KBr.
The mixture was ground and then pressed with a special press
to give a disk of standard diameter. The sample was scanned
for IR spectrum in the range of 400-4000 cm™.

2.4 Fixed-bed column experiments

2.4.1 Eggshell dose and flow rate for Cu (11) ion
adsorption

A 100 mL sample of 50 mg/L Cu (Il) ion solution
was passed through the adsorbent (0.5-8 g) in a fixed-bed
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column (glass tube, i.d. of 1 cm) with a flow rate of 1.0
mL/min. The solution from the column was collected and
analyzed every 10 min. The flow rates 1.0-3.0 mL/min were
tested using the selected eggshell dosage. The adsorption
efficiency of metals can be calculated from equation (2), as
follows

%Adsorption = ©=Co) 100
Co @)

2.4.2 Cu (I1) ion desorption

After the Cu (Il) ion adsorption process had
achieved 100% saturation, distilled water, NaCl, BaCl, and
KCI were tested for desorbing Cu (I1) ions out of the fixed-
bed column. Among Ca?", Mg?*, and Ba®*" chloride species,
the BaClz was chosen for testing. This is because the size of
Ba?* is larger than of Ca?" and Mg?" ions. Therefore the
hydrated ionic radii of Ba?* tends to be smaller than that of the
other ions, and be highly efficient for elution. A 100 mL of
0.5 M salt solution was passed through the column with the
flow rate of 1.0 mL/min. The solution from the column was
collected and analyzed every 10 min. A suitable eluent was
selected, and different concentrations and flow rates were
studied.

2.5 Effects of common ions

Pb(NOs3)2, FeSOs, MnSOa, and ZnSO4 were used to
prepare stock standard solutions of Pb (II) ions, Fe (II) ions,
Mn (11) ions, and Zn (I1) ions, respectively. The adsorption of
Cu (I1) ions together with the other ions (100 mL of 50 mg/L
metals solution, 8 g of eggshell, and flow rate of 1 ml/min)
was studied using binary blends and all mixed metals solution.
The solutions from the column were analyzed by AAS (Apb =
217 nm, Are = 248.3 nm, Amn = 279.5 nm, Azn = 213.9 nm).

3. Results and Discussion
3.1 Batch adsorption of Cu (11) ions
3.1.1 The contact time and initial concentration

As shown in Figure 1, the adsorption increases
rapidly due to the availability of active sites on the adsorbent
surface during the first stage. It can be attributed to the mutual
attraction between the negatively charged surface of the
adsorbent and positive metal ions. Afterwards, the adsorption
rate slowed down and adsorbed amount leveled off, because
the active sites became occupied and an equilibrium was
reached (Elabbas et al., 2016; Khoo & Esmaeili, 2018). The
repulsive forces between the adsorbed and bulk metal ions, led
to a slow-down in adsorption rate.

When considering the initial Cu (ll) ion
concentration, it can be noted that the rate of Cu (Il) ion
removal increased when the initial concentration was stepped
up from 5 to 50 mg/L. The initial Cu (Il) ion concentration at
50 mg/L gave the highest Cu (IlI) ion adsorption, which
leveled to a constant when the contact time reached 180 min.
Therefore, in this batch experiment, a contact time of 180 min
was sufficient to reach an equilibrium. The eggshell can
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Figure 1. Effects of contact time and initial concentration on the
adsorption of Cu (I1) ions

adsorb Cu (I1) ions maximally to 0.26, 1.14, and 2.42 mg/g for
the initial concentrations of 5, 25, and 50 mg/L, respectively.
The metal uptake did not change significantly at a low
concentration. The further adsorption tests in a fixed-bed
column are conducted with an initial Cu (1) ion concentration
at 50 mg/L.

3.1.2 Adsorption kinetics

The mechanism of Cu (Il) ion adsorption by
eggshell powder and the potential rate-controlling steps were
investigated with pseudo-first order and pseudo-second order
kinetic models. The linear forms of the two models can be
represented by equations (3) and (4), respectively.

K
| —q,)=I Ly

0g(a,—q,) 094, o0 .
t 1 1

— =t

qt kzqe qe (4)

Here q: is the adsorption capacity at time t (mg/g),
ki is the first-order reaction rate constant (min?), and k2
represents the second-order reaction rate constant (g/mg.min).

The plots linearizing pseudo-first order and pseudo-
second order models are shown in Figure 2. It can be seen that
the coefficient of determination (R?) of the pseudo-first order
kinetic model (R?=0.7636, Figure 2(a)) is less than that
obtained for the pseudo-second order kinetic model
(R?=0.9993, Figure 2(b)). It is clear that the adsorption of Cu
(1) ions is well fit with the pseudo-second order kinetics
model. This model describes the adsorption on the adsorbent
as time-independent. The adsorption rate depends on the
number of active sites on the surface of adsorbent. Similar
results for the adsorption of Cu (II) ions have been reported in
some prior studies (Ali, Ibrahim, & Madhloom, 2016;
Rohaizar et al., 2013). This suggests that chemisorption could
be the rate-limiting step in the overall adsorption process.

3.2 FTIR analysis of eggshell powder

The eggshell powder was characterized by the FTIR
technique. The most significant peak was observed at 1417
cm'l, suggesting the presence of carbonate minerals within the
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Figure 2. Test for Cu (Il) adsorption kinetics model: (a) Pseudo-first
order; and (b) Pseudo-second order

matrix. There are also two observable peaks at about 712 cm'?
and 875 cm, which are associated with in-plane and out-
plane deformation modes, respectively, of the CaCOs
molecules. The presence of amines and amides in the eggshell
membrane was also found, exhibiting peaks at 3200-3500
cm®. The main functional groups of the eggshell powder
before and after Cu (Il) ion adsorption were not significantly
changed.

3.3 Fixed-bed column adsorption of Cu (1) ions

The eggshell dose and flow rate were studied for the
Cu (I1) ions adsorption. Actually, a small particle size gives
more specific surface area, which increases the opportunity to
adsorb metal ions (Zhang et al., 2017). However, the eggshell
particle size of 300-600 pum was used for the fixed-bed
column. This is because the flow could be clogged when the
eggshell powder with particle diameter smaller than 600 pm
was employed. The eggshell amount of 0.5-8.0 g was packed
in the column with a height of 1.0-16.0 cm, respectively. The
amount of eggshell that can adsorb copper (lI) ions (50 mg/L,
100 mL) was considered. The results of Cu (Il) ion adsorption
are shown in Figure 3. It was found that the ability to adsorb
Cu (I1) ions tends to increase with the quantity of eggshells
used, as would be expected simply from considering
availability of adsorbent, but also because the residence time
of solution with Cu (Il) ions in the column increased. This
corresponded to the adsorption kinetics described in Section
3.1.2. The adsorption rate depends on the vacant sites in the
adsorbent. The eggshell amount of 8.0 g can adsorb the Cu
(1) ions up to 100 %, being equivalent to 0.620 + 0.20 mg/g.

The effects of flow rate were studied on Cu (lI) ion
adsorption. The flow rate of 1.0-3.0 mL/min was passed
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Figure 3. Effects of eggshell dose on Cu (I1) ion adsorption

through 8 g of eggshell powder, for considering the adsorption
of copper (I1) ions (50 mg/L, 100 mL). The results are shown
in Figure 4, and it is noted that the Cu (Il) ion adsorption
capacity decreased with an increased flow rate, since the
residence time between the Cu (Il) ions and the adsorbent
decreased. A low flow rate promotes chemisorption and an
increased residence time would increase the removal of Cu
(1) ions.

3.4 Fixed-bed column desorption of Cu (11) ions

In the Cu (Il) ions adsorption process, the initial
concentration of 50 mg/mL, 100 mL, eggshell powder of 8.0 g
and flow rate of 1.0 mL/min gave 100 % adsorption of the Cu
(I1) ions. After that, the effects of eluent type, concentration of
eluent, and flow rate, on Cu (Il) ion desorption were studied.

Distilled water, and 0.5 M of NaCl, BaClz, and KCI
solutions were selected for the investigation of Cu (Il) ion
desorption. The comparison of eluent types showed that the
0.5 M BaClz gave the highest elution with desorption by 43.76
% (Figure 5) because the ionic strength of BaCl. is greater
than of the other solutions. Therefore, the BaCl: solution was
chosen to tests of the effects of concentration.

The 100 mL BaCl: aliquots at concentrations of 0.1,
0.3, and 0.5 M were selected for finding an appropriate
concentration to remove the Cu (Il) ions from the eggshell
powder. Higher concentrations than 0.5 M were not studied
because BaClz solubility limits the range. The %desorption of
Cu (I1) ions decreased when the concentration of BaClz was
decreased. Increasing the concentration of BaCl. gave a
higher ionic strength, which increased Cu (Il) ion desorption.
Thus, high concentration of the eluent was suitable for
desorption.

The flow rate of desorption was adjusted to 0.5, 0.8,
and 1.0 mL/min. This showed that a low flow rate gave a high
Y%desorption, since the solution was retained for a longer time
in the column, giving more opportunity to Ba?" species to
replace adsorbed Cu (Il) ions. The flow rate of 0.5 mL/min
gave the highest %desorption of Cu (I1) ions of 59.27 %.

3.5 Effects of common ions

The 50 mg/L, 100 mL solutions of Pb (II), Fe (1),
Zn (1), Mn (1), and Cu (Il) ions were used to study the
effects of interference by other ions. The binary metal solution
results are shown in Figure 6. The results show that eggshell
powder the adsorbs Pb (I1) ions better than Cu (Il) ions. The
Cu (II) ions, Fe (I) ions, and Mn (Il) ions were similarly
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Figure 4. Effects of flow rate on Cu (ll) ion adsorption
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Figure 5. Effects of eluent type on Cu (I1) ion desorption

adsorbed by the eggshell powder, while Zn (Il) ions were
adsorbed less than Cu (I1) ions. In the case of the mixed metal
ion systems presented in Figure 7 and Table 1, the ability to
adsorb Cu (II) ions by the eggshells was decreased. The rank
order of adsorption preferences was as follows: Pb (1) ions,
Mn (I1) ions, Fe (1) ions, Cu (1) ions, and Zn (11) ions. This is
because the adsorption is inversely proportional to the
hydrated ionic radii of the metal ions. The Pb (Il) ions are
larger than the other ions. The Pb (Il) produced low charge
density to bind with water molecules, causing smaller
hydrated ionic radius (Chen, Ma, Chen, & Xian, 2010). Thus
the highest activity of Pb (I1) for adsorption was obtained.

However, the eggshell powder in fixed-bed column
can remove Cu (Il) ions from water by up to 82.9% in the
mixed metal system. Therefore, the results confirm that
chicken eggshell powder in a fixed-bed column has potential
for use as a sorbent to adsorb various heavy metal ions.

4, Conclusions

The adsorption of Cu (Il) ions by chicken eggshell
powder was investigated. Kinetics data were satisfactorily
described by a pseudo-second order chemical sorption model.
A long adsorption bed coupled with a low flow rate can
promote the adsorption of Cu (Il) ions from water. A
concentrated BaClz solution with a low flow rate was suitable
for Cu (Il) ion desorption from the eggshell powder. The
adsorption of mixed metal showed that the removal of Pb (II)
ion was favored over the other tested ions. Although the Pb
(1) ions reduced the adsorption of Cu (Il) ions, eggshell
powder in a fixed-bed column was still able to remove Cu (1)
ions from water by up to 83%. This work demonstrated the
ability of chicken eggshells for use as an adsorbent of heavy
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Effects of other common ions on Cu(ll) ion adsorption in binary solution: (a) Cu (Il) ions and Pb (I1) ions; (b) Cu (I1) ions and Fe (I1)

Ali, Z., Ibrahim, M. A., & Madhloom, H. M. (2016). Eggshell
powder as an adsorbent for removal of Cu (1) and
Cd (1) from aqueous solution: equilibrium, kinetic
and thermodynamic studies. Al-Nahrain University,
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Figure 7. Effects of other common ions on Cu (ll) ion adsorption
from a solution with multiple metal ions
Table 1. The Cu (Il) ion adsorption in the mixed metal solution
system
Metal ion % Adsorption
Cu (I 82.9
Pb (1) 99.0
Fe (I1) 88.5
Zn (Il 50.1
Mn (1l 89.3

metal ions. The procedure can be scaled up for actual
wastewater treatment. Moreover, this system could be
developed for pre-concentrating some metal ions before
quantitative analysis.

Acknowledgements

The authors would like to acknowledge the
Department of Chemistry, Faculty of Science and
Technology, Rambhai Barni Rajabhat University, for partial
support.

Removal of lead from battery manufacturing
wastewater by egg shell. Songklanakarin Journal of
Science and Technology, 29, 854-868.

Cetinkaya, S., Targan, S., & Tirtom, V. N. (2018).
Comparative adsorption of Pb(Il) and Cd(Il) ions on
chestnut shell in aqueous system. Chemistry and
Ecology, 34, 640-654. doi:10.1080/02757540.2018.
1472245

Chong, H. L. H, Chia, P. S., & Ahmad, M. N. (2012). The
adsorption of heavy metal by Bornean oil palm shell
and its potential application as constructed wetland
media. Bioresource Technology, 130, 181-186.
d0i:10.1016/j.biortech.2012.11.136

Chen, S. B, Ma, Y. B, Chen, L. & Xian, K. (2010).
Adsorption of aqueous Cd?", Pb%", Cu?" ions by
nano-hydroxyapatite: ~ Single- and multi-metal
competitive adsorption study. Geochemical Journal,
44, 233-239. doi:10.2343/geochemj.1.0065

Chen, Y. & Chen, Y. (2011). Kinetic study of Cu(ll)
adsorption on nanosized BaTiOs and SrTiOs
photocatalysts. Journal of Hazardous Materials,
185,168-173. doi:10.1016/j.jhazmat.2010.09.014

Chen, Z., Zhang, S., Liu, Y., Alharbi, N. S., Rabah, S. O.,
Wang, S., & Wang, X. (2020). Synthesis and
fabrication of g-CsNs-based materials and their
application in elimination of pollutants. Science of
The Total Environment, 731, 139054. doi:10.1016/j.
scitotenv.2020.139054



1182

Elabbas, S., Mandi, L., Berrekhis, F., Opns, M. N., Leclerc J.
P., & Ouazzani, N. (2016). Removal of Cr (I1I) from
chrome tanning wastewater by adsorption using two
natural carbonaceous materials: Eggshell and
powdered marble. Journal of environmental
Management, 166, 589-595. doi:10.1016/j.jenvman.
2015.11.012

El-Sherif, 1. Y, Tolani, S., Ofosu, K., Mohamed, O. A., &
Wanekaya, A. K. (2013). Polymeric nanofibers for
the removal of Cr (Ill) from tannery waste water.
Journal of Environmental Management, 129, 410-
413. doi:10.1016/j.jenvman.2013.08.004

Kalyani, G., Rao, G. B., Saradhi B. V., & Kumar, Y. P.
(2009). Equilibrim and kinetic studies on
biosorption of zinc onto Gallus Domesticus shell
powder. Journal of Engineering and Applied
Sciences, 4, 39-49.

Khoo, F. S., & Esmaeili, H. J. (2018). Synthesis of CaO/Fe304
magnetic composite for the removal of Pb (Il) and
Co (II) from synthetic wastewater. Journal of the
Serbian Chemical Society, 83, 237-249. doi:10.
2298/JSCJSC170704098S

Kristianto, H., Daulay, N., & Andreas A. A. (2019).
Adsorption of Ni(ll) ion onto calcined eggshells: A
study of equilibrium adsorption isotherm.
Indonesian Journal of Chemistry, 19(1), 143-150.
d0i:10.22146/ijc.29200

Melnyk, L., Bessarab, O., Matko, S. & Malovanyy, M. (2015).
Adsorption of heavy metals ions from liquid media
by palygorskite. Chemistry and Chemical
Technology, 9¢4), 467-470. doi:10.23939/chcht09.
04.467

S. Raksaphort et al. / Songklanakarin J. Sci. Technol. 43 (4), 1177-1182, 2021

Rohaizar, N. A. B., Hadi, N. B. A, & Sien, W. J. (2013).
Removal of Cu (Il) from water by adsorption on
chicken eggshell. Journal of Engineering and
Technology, 13, 40-45.

Sabadash, V., Mylanyk, O. Matsuska, O. & Gumnitsky, J.
(2017). Kinetic regularities of copper ions
adsorption by natural zeolite. Chemistry and
Chemical Technology, 11(4), 459-462. doi:10.239
39/chcht11.04.459

Tsai, W. T, Yang, J. M,, Lai, C. W,, Cheng, Y. H., Lin,C. C,,
& Yeh, C. W. (2006). Characterization and
adsorption properties of eggshells and eggshell
membrane. Bioresource Technology, 97, 488-493.
doi:10.1016/j.biortech.2005.02.050

Wu, Q., Chen, J., Clark, M., & Yu, Y. (2014). Adsorption of
copper to different biogenic oyster shell structures.
Applied Surface Science, 311, 264-272. doi:10.
1016/j.apsusc.2014.05.054

Xiangxue, W., Xing, L., Jiagi, W., & Hongtao, Z. (2020).
Recent advances in  carbon nitride-based
nanomaterials for the removal of heavy metal ions
from aqueous solution. Journal of Inorganic
Materials, 35, 260-270. doi:10.15541/jim20190436

Xu, X., Liu, X., Oh, M., & Park, J. (2019). Oyster shell as a
low-cost adsorbent for removing heavy metal ions
from wastewater. Polish Journal of Environmental
Studies, 28, 2949-2959. doi:10.15244/pjoes/92941

Zhang, T., Tu, Z,, Lu, G., Duan, X., Yi, X., Guo, C., & Dang,
Z.(2017). Removal of heavy metals from acid mine
drainage using chicken eggshells in column mode.
Journal of Environmental Management, 188, 1-8.
d0i:10.1016/j.jenvman.2016.11.076



