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ABSTRAK

Linear Alkilbenzena Sulfonat (LAS) merupakan komponen utama dari bahan aktif detergen.
Beberapa efek negatif dapat dihasilkan jika senyawa ini memasuki lingkugan air dengan konsentrasi tinggi.
Dalam penelitian ini, adsorpsi LAS pada serbuk cangkang telur ayam dipelajari pada waktu kontak, pH,
dan konsentrasi awal yang berbeda. Pola isoterm adsorpsi juga dipelajari dalam dua model yang berbeda
yaitu Langmuir dan Freundlich. Serbuk cangkang telur dikarakterisasi menggunakan FTIR, XRD, dan N:
sorption analyzer sebelum dilakukan uji adsorpsi. Jumlah maksimum LAS yang teradsorpsi pada cangkang
telur dicapai pada waktu kontak 45 menit, pH 7, dan konsentrasi LAS awal 75 mg/L. Adsorpsi LAS pada
cangkang telur ditemukan mengikuti isoterm adsorpsi Langmuir dengan kapasitas adsorpsi (b) = 1,6218
mol/g, konstanta adsorpsi (K) = 6,1660 x 10* L/mol, dan energi adsorpsi (AG° ads) = 27,78 kJ/mol.

Kata kunci : linear alkilbenzena sulfonat, cangkang telur, adsorpsi, Langmuir, Freundlich
ABSTRACT

Linear Alkylbenzene Sulfonate (LAS) is the main constituent of the detergent active ingredients.
Some negative effects may be appear if this compound enters the aquatic environment with high
concentration. In this study, the adsorption of LAS on chicken eggshell powder was studied in different
contact time, pH, and initial LAS concentration. The adsorption isotherm pattern was also investigated in
two different models i.e. Langmuir and Freundlich. Eggshell powder was characterized using FTIR, XRD,
and Surface Area Analyzer prior to adsorption test. The maximum amount of LAS adsorbed on eggshell
powder was achieved at contact time of 45 minutes, pH of 7, and initial LAS concentration of 75 mg/L. LAS
adsorption on eggshell powder was found to follow the Langmuir isotherm adsorption with the adsorption
capacity (b) of 1.6218 mol/g, adsorption constant (K) of 6.1660 x 10* L/mol, and the adsorption energy (AG®
ads) of 27.78 kJ/mol.
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harmful to the environment. Varsha et al. [1]
suggested that high concentration of LAS can
cause damage to the gills of the fish in a
relatively short time. In human, LAS can cause
irritation to skin and eyes and it is also toxic if

INTRODUCTION

Linear Alkylbenzene Sulfonate (LAS) has
been widely used as an active ingredient in

detergent. This compound was used to replace
Alkyl Benzene Sulfonate (ABS) which has been
banned because its toxicity to the environmental
and human life in the long term. Unfortunately,
some researchers showed that LAS can be
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ingested. Wasil and Dewi [2] revealed that LAS
can produce chlorobenzene if treated with chlor
in water purification process. Chlorobenzene
was the basic ingredient of pesticides and
herbicides. Thus, the presence of this substance
in the body can be dangerous.

Various studies have been conducted in
order to decrease the concentration of LAS in
the environment. One of the most prominent
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was the bioremediation process by utilizing
microbial fungi and bacteria as well as plant
which  was known as bioremediation.
Bioremediation is broadly defined as a
spontaneous process in which biological
catalyst acting on pollutants, to improve or
eliminate existing environmental contamination
in water, wastewater, sludges, soil, or gas flow
[3].

Hermawati et al. [4] showed that
bioremediation using kayu apu plant can reduce
the concentration of LAS to 43%. Wulan et al.
[5] studied the decomposition of LAS in
detergent using Pseudomonas aeroginosa,
Bacillus subtilis, Bacillus aglomerans, Bacillus
cereus and Bacillus alvae. The results showed
that these bacterias can survive in the LAS
environment with concentration up to 1500
mg/L and can degrade LAS into harmless
compounds. Wignyanto et al. [6] conducted the
bioremediation process of wastewater in tempe
industrial center, Sanan using Pseudomonas
aeruginosa, Pseudomonas stutzeri, Serratia
liguefaciens and  Kurthia zopfii. The
concentration of LAS in waste water was
reported to drop to 46%.

Though bioremediation was very effective
in reducing the concentration of LAS in
wastewater, but there are some weaknesses that
need a great attention. Bioremediation was a
process that spends much time and also the use
of microorganisms can produce toxic
metabolites [7]. Thus, it is necessary to seek a
faster and secure method in term of reducing the
concentration of LAS in wastewater. One way
that can be done is by adsorption using chicken
eggshell powder. Eggshell is the outermost
layer of the egg, which protects the egg from
outside interferences. The largest component of
eggshell (about 95%) is CaCOs in the form of
calcite crystal [8]. In addition, the eggshell has
thousands of pores served as a gas circulation
[9].

There has been no report about the
adsorption of LAS on eggshell until today.
However, this material has tremendous
potential as an adsorbent of wastewater
pollutants. Ishikawa et al. [10] conducted
adsorption of selenium and arsenic using
chicken eggshell powder. The result showed
that eggshell powder was proven to reduce
concentration of selenium and arsenic up to
90%. Other studies that have been conducted by

researchers in order to reduce the concentration
of pollutants in wastewater using eggshell
powder were: the adsorption of Pb?*, Ni?* and
Cd?* metal ions [11]; Adsorption of reactive azo
dye [12]; adsorption of Cr®* and Cr** ion [13];
adsorption of Pb?* ion [14]; and adsorption of
lignosulfonate dyes [15].

This paper focused on the adsorption of
linear alkylbenzene sulfonate (LAS) on chicken
eggshell powder under different conditions,
such as contact time, pH, and initial
concentration of LAS. Eggshell powder was
analyzed by FTIR, XRD, and N2 Sorption
Analyzer without any activation prior to
analysis. Isotherm adsorption behaviour was
also investigated on two different models, i.e.
Langmuir and Freundlich.

METHODS

Materials. Eggshells were obtained from
bakery industrial wastes in Tabanan. Linear
alkylbenzene sulfonate (LAS) and de-ionized
water were purchased from PT. Brataco
Chemica, Denpasar. Ethanol 95%, NaOH, blue
methylene, sodium tetraborate decahydrate,
phenolphthalein, and chloroform were provided
by Merck KGaA (Darmstadt, Germany).

Instrumentation. Shimadzu X-ray
diffractometer (XRD6000), Shimadzu 8201
FTIR spectrometer and Quantacrome N
Sorption Analyzer were used to characterize
eggshell powder. The concentration of LAS
before and after adsorption was measured using
Spectrophotometer UV-Vis.

Preparation of adsorbent. Eggshells were
soaked and washed with warm water.
Membranes were separated from the shells. The
clean eggshells were dried and crushed into
pieces. Subsequently, the eggshells powder
were sieved using 200 mesh siever. The powder
was then heated in oven at 110°C for 3 hours.

Effect of contact time. This experiment
was conducted by mixing 0.2000 g of adsorbent
with 25 mL of LAS solution (30 mg/L) in 100
ml Erlenmeyer. The mixture was then stirred
using a magnetic stirrer for 5, 10, 15, 30, 45, and
60 minutes. Subsequently the mixture was
filtered and the final concentration of LAS was
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measured by spectrophotometer UV-Vis using
methylene blue method which was based on the
method presented by Jurado et al. [16].

Effect of pH. This experiment was
performed to determine the optimum pH for
adsorption of LAS on eggshell powder. For this
purpose, an amount of 0.2000 g of adsorbent
was mixed with 25 mL of 30 mg/L LAS
solutionatpH 7,9, 11, and 13. The mixture was
stirred using a magnetic stirrer during the
optimum contact time obtained in previous
experiment. Subsequently, the mixture was
filtered and the final concentration of LAS was
measured by spectrophotometer UV-Vis using
methylene blue method which was based on the
method presented by Jurado et al. [16].

Effect of initial LAS concentration. The
maximum amount of LAS adsorbed on eggshell
powder was carried out by mixing 0.2000 g of
adsorbent with 25 mL of LAS solution at
various initial concentration of 5, 10, 15, 30, 45,
60, and 75 mg/L. The mixture was stirred using
a magnetic stirrer during the optimum contact
time and pH obtained in previous experiment.
Subsequently the mixture was filtered and the
final concentration of LAS was measured by
spectrophotometer UV-Vis using methylene
blue method which was based on the method
presented by Jurado et al. [16].

Adsorption Isotherm study. Adsorption
isotherm was determined by Langmuir and
Freundlich models. Langmuir isotherm was
based on the assumption that the adsorption of
LAS on eggshell occured in a single layer
(monolayer). Langmuir isotherm equation for
adsorption of solution on solids can be written
as follows:

&:L_,_ Ce 1)

Q Q.K Q,

Where Q is the amount of LAS adsorbed on
eggshell per gram adsorbent (mol/g), Qm is the
maximum monolayer adsorption capacity
(mol/g), C. is the concentration of LAS in
equilibrium (mol/L), and K is the Langmuir
constant. Langmuir isotherm was determination
by plotting the value of Ce/Q vs Ce. A straight
line equation y = ax + b was then obtained.
Where a = 1/Qn and b = 1/QnK. Adsorption

energy can be calculated using the equation E =
RT InK.

Freundlich isotherm was based on weak
interaction on multilayer adsorption. Freundlich
equation can be written as:

log Qe = log K¢ + 1/n log Ce 2

Where n is the maximum adsorption
capacity (mol/g), and K is the Freundlich
constant (L/mol). If log log Qe is plotted vs log
Ce, the straight line equation y = ax + b will be
obtained. Where a = 1/n and b = log K
Adsorption energy can be calculated using
equation: E =RT In K [17].

RESULT AND DISCUSSION

Characterization of eggshell powder.
Figure 1 shows the FTIR spectra of eggshell
powder. The three bands at 1419.61 cm,
871.81 cm?, and 709.80 cm? are due to
asymmetrical stretching, out of plane bending,
and in plane bending of COs* respectively.
These results are agreeable with the results
demonstrated by Jazie et al. [18]. The
emergence of the COs* bands indicate the
existence of calcium carbonate (CaCOs) in the
eggshell. The bands at wavenumber of 3410.15
and 1797.66 cm are due to —OH stretching and
bending vibration of water molecules
respectively. Water molecules were adsorbed
by the eggshell during the washing process or
contact with air.
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Figure 1.  FTIR spectra of eggshell powder

Figure 2 depicts the XRD pattern of
eggshell powder. The highest peak at 26 =
29.46° (d = 3.03 A) is due to calcite mineral
(JCPDS 24-27). The peak at 26 = 26.54° (d =
3.36 A) is attributed to the existence of
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aragonite mineral (JCPDS 5-453). The similar
result was also showed by Krithiga and Sastry
[19] who revealed that the calcite mineral
appeared at 26 = 29.30°. Calcite and aragonite
are the mineral form of CaCOs. In the eggshell,
calcite dominates the mineral contents. This
was evidenced by the high intensity of the
calcite peak in the XRD pattern.
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Figure 2.  XRD pattern of eggshell powder

Characterization using N2 sorption analyzer
was aimed to determine the specific surface area
of eggshell. The data obtained was then inserted
into the BET (Brunauer-Emmett-Teller)
equation. The specific surface area obtained
from calculation using BET equation was
15.201 m?/g. The surface area is an important
characteristic in the adsorption process, because
the adsorbent with high surface area will
provide active sites for chemically and
physically bonded adsorbates.

Effect of contact time. The experiments
were performed to determine the optimum
contact time for adsorption of LAS on eggshell
powder. Figure 3 shows the effect of contact
time on LAS adsorption. The amount of LAS
adsorbed on eggshell powder increased
significantly for a short time and slowed
gradually when equilibrium was approached. At
the beginning of the adsorption process, the
active sites of eggshell powder was fully free
and ready to bind the adsorbates. As the contact
time increased, the active sites of eggshell were
covered by adsorbates until equilibrium. The
equilibrium point was achieved in 45 minutes
with the amount of LAS adsorbed on eggshell is
1.9543 mg/g. This result indicated that the
available active sites of eggshell were saturated
during the adsorption process and formed
monolayer coverage.

Effect of pH. Figure 4 depicts the effect of
pH on LAS adsorption. It can be seen that the

amount of LAS adsorbed on eggshell decreased
as the pH of solution decreased. The maximum
LAS adsorption on eggshell was occurred at pH
7. Atthis point, the concentration of H* and OH"
ions in solution were in the same value and did
not interfere the active sites eggshell surface.
Thus, LAS can fully adsorbed on the surface of
eggshell.
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Figure 3.  Effect of contact time on LAS adsorption
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Figure 4.  Effect of pH on LAS adsorption

When the pH of the solution increased, the
OH- ions concentration in the solution was
greater than that of H* ions. This resulted in
competition between OH- ions with the negative
charge of LAS molecules to fight for the active
sites of eggshell. Kalyani et al. [14] revealed
that the higher the pH of solution, the stronger
the carbonate character in the eggshell. This
impacted on the increase of negative charges of
the eggshell surface. The repulsion was than
occurred between eggshell surfaces with
negatively charged of LAS molecules.

Effect of initial LAS concentration.
Figure 5 demonstrates the effect of initial
concentration on LAS adsorption. It can be seen
that the amount of LAS adsorbed on eggshell
increased dramatically at concentrations of 5
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mg/L to 45 mg/L. This indicated that the active
sites of eggshell were still in large amount to
bind LAS molecules. At remain concentrations
(45 mg/L to 75 mg/L), the adsorption curve
sloped gradually. It might be due to the active
sites of eggshell were already filled and
saturated with LAS molecules. Thus, there was
no significant increase in the adsorption
capacity when the concentration of LAS
increased. The highest adsorption capacity was
4.0146 mg/g in initial LAS concentration of 75
mg/L.

Amount of LAS adsorbed
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Figure5.  Effect of initial concentration on LAS
adsorption

Adsorption isotherm study. This study
was conducted to determine the adsorption
properties. There were two widely used
isotherms i.e. Langmuir and Freundlich
adsorption isotherm. Langmuir isotherm was

used to indicate the monolayer coverage where
each active site can bind to an adsorbate
molecule and no interaction between the
adsorbate molecules with neighboring sites
[20]. While the Freundlich isotherm gave the
sense that there was no limit adsorption
capacity, so the number of molecules adsorbed
approaching infinite when its concentration
increased [21]. The Langmuir isotherm of LAS
adsorption on eggshell can be seen in Figure 6.
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Figure 6.  Langmuir isotherm of LAS adsorption on
eggshell.

The equation of y =0.6116x + 0.00001 with
R?=0.9976 was obtained from this straight line.
Parameters such as the Langmuir adsorption
capacity (b), adsorption constant (K) and
adsorption energy (AG° ads) can be calculated
using the straight line equation. The detailed
calculation can be seen in Table 1.

Table 1. Comparison of Langmuir and Freundlich isotherm parameters

Adsorption . . . K AG° ads
isotherm Straight line equation b (mol/g) (moliL) (ka/mol)
Langmuir y =0.6116x + 0.00001 0.9976 1.6218 61659.88 27.78
Freundlich y = 0.4652x + 2.0311 0.9243 2.1496 107.4237 11.78

03 Figure 7 shows the Freundlich isotherm of
' LAS adsorption on eggshell. The straight line
=0.4652x + 2.0311 X . :
Y e ooons 4 s yielded equation y = 0.4652x + 2.0311 with R
0.1 = 0.9243. Parameters such as the Freundlich
8 8 adsorption capacity (b), adsorption constant (K)
> 6 2 o and adsorption energy (AG° ads) can be
2 =" calculated using the straight line equation.
e Table 1 shows the parameters of each
-6:3 adsorption isotherm. To determine whether the
0.4 adsorption of LAS on eggshell followed
05 Langmuir or Freundlich isotherm, can be done

log Ce

Figure 7. Freundlich isotherm of LAS adsorption on
eggshell

by comparing the value of R? of each isotherm.
In this case, the value of R? in the Langmuir
isotherm was higher (0.9976) than that in
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Freundlich isotherm (0.9243). It can be
concluded that the adsorption of LAS on
eggshell followed Langmuir isotherm with
adsorption capacity (b) of 1.6218 mol/g,
adsorption constant (K) of 6.1660 x 10* L/mol,
and the adsorption energy (AG°® ads) of 27.78
kJ/mol. The adsorption energy (AG°® ads) of
27.78 kJ/mol can be classified as energy
accompanying  chemical adsorption or
chemisorption [17].

CONCLUSION

The adsorption of LAS on eggshell powder
was successfully performed on different contact
time, pH, and initial concentration.
Characterization using FTIR and XRD revealed
that calcium carbonate was the main constituent
of eggshell. The adsorption study showed that
the maximum amount of LAS adsorbed on
eggshell powder was achieved at contact time
of 45 minutes, pH of 7, and initial LAS
concentration of 75 mg/L. LAS adsorption on
eggshell powder was found to follow the
Langmuir isotherm adsorption with the
adsorption capacity (b) of 1.6218 mol/g,
adsorption constants (K) of 6.1660 x 10* L/mol,
and the adsorption energy (AG° ads) of 27.78
kJ/mol.
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