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Introduction

Water vapor, carbon dioxide, methane, di-nitrogen
monoxide and ozone are the main causes of the
greenhouse phenomenon, so that the increase in carbon
dioxide has led to a 67% raise in temperature from 1750
to 2015 [1]. Therefore, finding new methods to reduce
the amount of carbon dioxide produced has been of
great interest to researchers in recent years. The method
of surface adsorption in which carbon dioxide gas is
adsorbed by using a solid adsorbent on the surface of
the adsorbent is a very efficient method due to less
energy consumption, low cost, simple equipment
and available raw materials [2]. The best chemical
adsorbents include metal oxides such as calcium
oxide, magnesium, iron, titanium, etc. Calcium oxide
is one of the best chemical solid adsorbents due to its
high porosity, high adsorption capacity and activity,
and fast carbonation/calcination kinetics [3]. Calcium-
based adsorbents obtained from mineral and biological
sources, such as limestone and eggshell, not only have
a very low supply cost, but also maintain their high
adsorption capacity in operational conditions and at
the high temperatures required in power plants [4]. The
calcium looping process is one of the most desirable
carbon dioxide adsorption technologies during which,
calcium carbonate and calcium oxide are reversibly
converted into each other in a fluid bed reactor or in
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a thermogravimetric analysis (TGA), so that carbon
dioxide from the exhaust gases of power plants
should be separated. One of the main disadvantages
of the calcium cycling process is the reduction of
the adsorbent activity (thermal stability) with the
increase in the number of cycles due to the increase in
sintering, which is inevitable in the presence of high
temperature of cyclic operation [5]. In this research,
the effect of adding acetic acid in a specific volumetric
concentration on the adsorption capacity of limestone
and eggshell has been investigated and compared. To
confirm the successful loading of acetic acid, the phase
composition, morphology and adsorption capacity,
Fourier transform infrared spectroscopy (FTIR), X-ray
diffraction (XRD), scanning electron microscopy
(SEM), BET and TGA have been used.

Material and Methods

Eggshell waste was collected from local restaurants
in Tabriz. Limestone was also obtained from Qom
mine located in Qom province. Acetic acid was used
as a modifier and distilled water was used in all stages
of the experiments. After washing the eggshell and
limestone particles with deionized water, removing
the internal tissues of the eggshell and drying the both
types of particles at 60 °C in the oven, the particles of
both calcium adsorbents were crushed in a mortar and



after using the mill, the raw eggshell and raw limestone
was obtained. To achieve a uniform distribution of
particle size, the obtained powders were sieved using
mesh number 320 in order to obtain particles with a
diameter smaller than 45 pm. To modify the adsorbents
with acetic acid, 250 ml of acetic acid with a volume
concentration of 10% was added to a certain amount
of raw eggshell and raw limestone. After complete
mixing, the resulting mixture was dried in an oven at
120 °C.

Results and Discussion

Scanning electron images of raw eggshell, raw
limestone and also their acidified samples, to study
any change in surface morphology, are shown in
Figure 1. As can be seen, the structural morphology
of raw and acetic acid samples is completely different.
Eggshell and raw limestone, which are mainly
composed of calcium carbonate, have sharp-edged
crystals that have little porosity and a smooth surface.
However, the addition of acetic acid to eggshell and
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limestone resulted in the production of acetate crystals
resembling flute-like columns with rough surfaces. By
comparing the SEM images of samples containing acid
in eggshell and limestone (Figure 1 ¢ and d), it is clear
that the limestone sample has more flute-like structures
compared to eggshell, which can be attributed to the
higher calcium content of lime. Aston pointed out in
the analogy with eggshells.

TIR spectra of raw eggshell, raw limestone and their
modified samples with acid are shown in Figure 2.
These spectra confirm the conversion of calcium
carbonate to calcium acetate due to acidification. X-ray
diffraction analysis was used to study eggshell and raw
limestone as well as egg- shell and limestone modified
with 10% of acetic acid, and the corresponding
patterns are presented in Figure 3. As can be seen, the
main peaks in eggshell and raw limestone are related
to calcium carbonate, which indicates the crystalline
structure of calcite. On the other hand, the diffraction
of eggshell and acid-modified limestone is mainly
calcium acetate with very little calcium carbonate.
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Fig.1 SEM images of a) Raw Eggshell b) Raw Limestone, ¢) Eggshell-10%acide and d) Limestone-10%acide.
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Fig.1 SEM images of a) Raw Eggshell b) Raw Limestone, c)
Eggshell-10%acide and d) Limestone-10%acide.

0 20 30 40 50 60 70
20
——Raw Eggshell ——Raw Limestone ——Eggshell-10%acide —— Limestone-10%acide
Fig. 2 FTIR spectra of raw eggshell, raw limestone, eggshell
and limestone modified with 10% v/v acetic acid.
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The effective transformation data of raw eggshell
and limestone and adsorbents modified with 10% by
volume of acetic acid under calcium cycle conditions
in twenty cycles are shown in Figure 4. In almost
all cycles, the carbonation of calcium acetate oxide
obtained from eggshell and limestone modified with
acetic acid is higher than that for raw eggshell and
limestone, which indicates the better performance and
adsorption of the modified adsorbents. Moreover, the
downward trend of effective conversion is obvious
and inevitable for all samples. The main reason for the
decrease in the conversion rate can be attributed to the
sintering phenomenon. Limestone has performed better
in the presence and absence of acetic acid compared to
eggshell, which is consistent with the results reported
in the SEM section, that more flute-like structures are
formed in limestone containing 10% acetic acid than
in eggshell containing 10% acetic acid. It is good.
Also, the elemental analysis of eggshell, which shows
the presence of other elements besides calcium, carbon
and oxygen, compared to the high purity of limestone,
can indicate the better performance of limestone
against eggshell.
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Fig. 4. The effective conversion of raw eggshell, raw
limestone and adsorbents containing 10% v/v of acetic acid.

Conclusions

Compared to raw eggshell, raw limestone had a better
performance in terms of carbon dioxide adsorption,
so that the conversion of raw limestone was 1.2

times of the conversion for raw eggshell. The better
performance of limestone can be attributed to its
higher purity compared to eggshell. However, eggshell
as a disposable and available waste still has a lot of
appeal compared to other calcium adsorbents. The
highest effective conversion of carbonation at the
end of the 20th cycle of carbonation/calcination was
obtained for eggshell and limestone modified with
10% v/v acetic acid 0.33 and 0.38, respectively, which
was comparable to the effective conversion of raw
eggshell and raw limestone which were 0.20 and 0.24.
The effective residual conversion rate for limestone
containing 10% by volume of acetic acid was 44%
higher than that reported for raw limestone and about
22% more than eggshell containing 10% v/v acetic
acid.
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