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Article history: Chitosan from freshwater crab (Parathelphusa convexa) shell has been successfully
Received : 20 July 2023 extracted and its kinetic adsorption models for iron (Fe) metal ions in the batik cual
Revised : 3 August 2023 waste solution (BCWs) were studied. Freshwater crab chitosan (FwC-Chi) was
Accepted : 15 August 2023 extracted via demineralization, deproteinization, decolorization, and deacetylation
Available Online : 21 August 2023 steps. The deacetylation degree value of FwC-Chi was 97.92% determined through

FTIR spectra using the baseline method. In this study, iron metal ions distributed
in the BCWs homogeneously with the concentration of iron (Fe) was 0.43 mg/L
determined by atomic absorption spectroscopy (AAS). The performance of FwC-
Chi adsorption on iron in the BCWs with the ratio of 1:100 (w/v) for various contact
times of 30, 60, 90, 120, 150, 180, 210, and 240 minutes respectively while stirring
homogeneously at room temperature. The result showed that the adsorption
kinetic models for iron metal ion in the BCWs follows Behnajady-Modirshahla-
Ghanbery (BMG) and pseudo-second-order kinetic model. Based on this model we
found that the decrease of iron concentration is indicated by the decolorization of
the waste color. It’s clear that there is a relationship between the waste color with
the concentration of iron metal in the BCWs. The coefficient of decolorization decay,
rate of decolorization and adsorption rate coefficient was 1,366 g1, 16,053 g min”,
and 0,043 g mg"! min"! respectively achieved based on this model.
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Introduction

Iron (Fe) metal ions are one of the heavy metals contained in the batik cual waste solution
(BCWs) because of the high levels of residual dyes contained in the waste solution.! The
presence of iron metal ions has potency as a pollutant in the environment and it can increase
the risk of chemical substances stored in various aquatic biota especially aquatic commodities
as a source of human food.? The aquatic commodity products that have been contaminated by
heavy metals are very dangerous for human consumption because it is toxic in the long term so
that its required removal of iron metals ion treatment from environment.>> Several methods
have been used to remove the dyes associated with heavy metals content from batik waste
solution such as: electrocoagulation, advanced oxidation processes (AOPs), and adsorption.®$
Adsorption is one of removal of heavy metals ion treatment are widely applied because its low
cost, high efficiency and environmentally friendly.’

Parathelphusa convexa is one of freshwater crab that can be found in aquatic and terrestrial
habitat. These crabs are often found in rice fields and make holes in these areas as their hideouts.
The existence of these holes causes leaks in rice field irrigation channels so that it decreases
effectiveness and the presence of these crabs is often considered a pest by farmers. The high
reproductive rate and lack of natural predators of these crabs cause the crab population increase
rapidly especially during the rainy season so it is possible that plenty of freshwater crabs exist."
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Although these population has not yet been estimated and commercially evaluated in fact,
freshwater crabs are an important source of chitin as chitosan precursors like the other
crustaceans.!!

Chitosan has high adsorption ability and environmentally friendly because its non-toxicity
and biodegradable.”? The extraction of chitosan generally consists of three main steps:
demineralization, deproteinization, and deacetylation.’>!*> Modifications of chitosan with the
optimizing parameters in the extraction process and additional specific treatments are needed
to get the desired chitosan performance. Chitosan adsorption kinetic models describe
quantitatively the adsorption mechanism. The kinetic models, such as pseudo-first order,
pseudo-second order, and BMG models, are based on the determination coefficient (R?).” This
model is also able to estimate the rate of the iron metal ions as adsorbate moves from the waste
solution to the FwC-Chi as adsorbent.

Materials and methods
Extraction of FwC-Chi

Freshwater crabs (Parathelphusa convexa) known as Yuyu crabs are found in the rice fields
habitat, were used. The extraction of FwC-Chi follows taking the crab shells after boiling for 15
min. The shells were dried under sunlight and were ground using a electric blender and sieved
with 200 mesh sieve. The powder of crab shells was demineralized with analytical HCl 1.5 M
and stirred for 1 hour at room temperature with a solid/solvent ratio of 1:12 (w/v), then rinsed
with distilled water until neutral and dried in an oven at 85°C overnight. The deproteination of
demineralized crab shell powder was performed with analytical NaOH 2 M and stirred for 1
hour at room temperature with a solid/solvent ratio of 1:6 (w/v), then rinsed with distilled water
until neutral and dried in an oven at 85°C overnight to obtain chitin. The chitin powder was
bleached using analytical NaClO 5% with a solid/solvent ratio of 1:10 (w/v) stirred for 1 hour at
room temperature, then rinsed until neutral and dried in an oven at 85°C overnight to obtain
fine chitin. The deacetylation of chitin was achieved by treatment of fine chitin under conditions
of room temperature with 60% analytical NaOH and stirred for 1 hour and a solid/solvent ratio
of 1:10 (w/v), then rinsed until neutral and dried in an oven at 85°C overnight to obtain FwC-
Chi. The deacetylation degree (DD) of FwC-Chi is calculated using the baseline method based
on Fourier transform infrared (FTIR) spectra were recorded using Thermo Fisher Scientific
Nicolet 8700 spectrophotometer according to Equation (1) below:

DD = (100 — ((Q‘ﬁ) x%) % 1)

Where Aisss and Assso are the absorbances of the amide band and hydroxyl band respectively. A
factor of 1.33 showed the ratio value of Azsss/Assso for chitin deacetylation completely.

The iron adsorption method

The batik cual waste (BCWs) are collected from batik cual home industry around
Pangkalpinang city. Preparation of the BCWs aimed to distributing the iron metal ions
homogeneously was performed by stirring for 1 hour at room temperature. The concentration
of iron (Fe) metal ions in the BCWs after preparation was 0.43 mg/L determined by atomic
absorption spectroscopy (AAS) Shimadzu AA 6300. The adsorption process started by making
BCWs standard 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, and 0% with distilled water where BCWs
standard 100% are prepared BCWs and BCWs standard 0% are distilled water. The BCWs
standard was tested using UV-Vis Shimadzu 1800 spectrophotometer with wavelength
measured from 200 - 900 nm respectively. The relationship of iron metal ions concentration in

Fadillah Ramadhani, et al. 94



TIME in Physics volume 1 no 2 (2023) 93-100

the BCWs standard with maximum absorbance value obtained based on UV-Vis data expressed
in linear equation from the graph of iron metal ions concentration Vs maximum absorbance
value (conversion equation) where it used to convert the maximum absorbance value of BCWs
after treatment to iron metal ions concentration. The performance of FwC-Chi adsorption on
iron metal ions in the BCWs with ratio of 1:100 (w/v) while stirring for 5 min and then left in
variation contact time: 30, 60, 90, 120, 150, 180, 210, and 240 min at room temperature. The iron
metal ions content after treatment was calculated by conversion equation based on the UV-Vis
data of BCWs after adsorption. The analysis of the adsorption kinetic models of iron metal ions
in the BCWs onto the FwC-Chi was carried out using pseudo-first, second-order and BMG
kinetic models using Wolfram Mathematica 11.3 software are based on the determination
coefficient (R?). The analysis of the pseudo-first, second-order and BMG kinetic models of iron
metal ions adsorption onto FwC-Chi are based on the Equation 2, 3, and 4 respectively follows:

C = Coe™*t )
__ G
T 14kCot ©)
t
c=C (1-55) @

Where C is the concentration of iron metal ions of solution after treatment (mg/L), C. is the
initial concentration of iron metal ions in the BCWs after preparation (mg/L), k is is the
coefficient of FwC-Chi adsorption rate (g mg' min?), t is the contact time (min), b is the
coefficient of decolorization decay (g"') and m is the rate of decolorization (g min™).

Results and discussion

FTIR analysis

The characteristics of FwC-Chi described based on FTIR spectra are marked with red dots
wavenumber are shown in Figure 1.
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Figure 1. The FwC-Chi FTIR spectra
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The red dot shows that in the FwC-Chi compound there is an O-H, N-H, C=C, N-O, C-O
and C-N group in the absorption band 3435.40, 3258.23, 1622.78, 1374.95, 1152.42, and 1014.58
cm? respectively. The presence of each functional group indicates that FwC-Chi was
successfully extracted from freshwater crabs (Parathelphusa convexa) shells confirmed by Table
1. The broad band at about 3435.40 cm™ and the bands nearly disappeared at 3258.23 cm!
indicate stretching of N-H after deacetylation. It is confirmed by the reduction of bands at
1622.78 cm and 1374.95 cm assigned to the stretching of C=O in amide bond and CO-NH
bending vibration respectively indicating that the deacetylation process was successfully
carried out.

Table 1. The functional group of chitosan standard [14]

The functional group Wavenumber (cm™)
O-H 3650-3400
N-H 3500-3100
C=C 2250-2100
N-O 1550-1350
cO 1300-1000
C-N 1350-1000
UV-Vis spectra analysis

The graph of absorbance value (A) Vs wavelength (A) from BCWs standard is relatively
have same pattern at 400 — 700 nm for BCWs standard 10 - 100% with different absorbance
values shown in Figure 2. It indicated that color degradation is more dominant than color
change in the making of BCWs standart. It confirms that color degradation occurs by a gradation
of dark color to no color (clear one) are shown in Figure 3a. The curve of BCWs standard 0%
showed a linear pattern is so different ones (no absorption happens) it may due to the UV-Vis
totally transmitted. In addition, an increase in color degradation means a change from dark to
clear one causes a decrease in UV-Vis absorbance.
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Figure 2. UV-Vis spectra of BCWSs standard
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The maximum absorbance of UV-Vis (peak of the curve) is found at 607 nm as a reference
to make the graph of iron metal ions concentration (C) Vs maximum absorbance value (Ac7)
lead to the conversion equation are shown in Figure 3b.
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Figure 3. (a) The BCWs standard UV-Vis and (b) the C Vs A« graph of BCWs standard

The conversion equation based on C Vs Aez graph of BCWs standard represented by

Equation 5 below:
Aso7 =3,8068C - 0,0145 5)

Based on Equation 5, its linear equation which has a positive gradient value and shows that
the increase of the C value followed the increase of the Ae value. It can be observed in Figure
4, that the saturation condition of iron adsorption occurs at a contact time of 150 min which is
characterized by an increase in the concentration of the adsorbed iron metal which is relatively
insignificant at the next contact time but the contact time of 60 min is suggested to get the
effective condition in this case.
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Figure 4. (a) The C value of iron metal ions of solution after treatment at various contact times,
(b) The BCWs standard, and (c¢) The BCWs after treatment left at 60 min.
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The concentration of iron metal ions of solution after treatment decreased with increasing
contact time. It confirms that color degradation occurs by a gradation of the BCWs standard
color before and after adsorption are shown in Figure 4b and 4c. Generally, the effectiveness of
chitosan adsorb heavy metal ions in the same conditions is influenced by the chitosan degree of
deacetylation (chitosan DD). In previous studies explained that the chitosan DD affects the
adsorption ability of chitosan as an adsorbent.!? If the chitosan DD is greater, the adsorption
ability of chitosan will be better. Based on the value of the FwC-Chi DD was 97.92%, it becomes
a support for its adsorption ability which can optimally decrease iron metal ions and be
associated with color degradation in the BCWs. The quantitative constant of adsorption and the
determination coefficient of each models are shown in Table 2.

Table 2 . The adsorption kinetic model of iron metals in the BCWs onto FwC-Chi

. L The quantitative The determination
The adsorption kinetics model i ..
constant of adsorption coefficient (R?)
The pseudo-first-order k =0.9 g mg! min?! 0.438
The pseudo-second-order k =0.043 g mg! min™ 0.958

m =16.053 g min'!
b=1.366 g

The BMG’s model 0.999

The determination coefficient value of the adsorption kinetics equation in pseudo-first is
smallest one than other models in Table 2. This indicates that the pseudo-first-order model
cannot describe representatively the kinetic mechanism of iron metal adsorption in the BCWs
onto FwC-Chi. The value of the adsorption rate obtained is proportional to the coefficient of
decolorization decay and rate of decolorization. This indicates that the greater of the adsorption
rate value of FwC-Chi, the adsorption of iron metal ions in the BCWs process will run faster and
lead to the color degradation process in the BCWs increase.
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Figure 5. The adsorption kinetic models of iron metal ions in the BCWs onto FwC-Chi: (a) the

first-order, (b) the second-order, and (c) the BMG’s model.

Conclusion

The adsorption kinetic models for iron metal ion in the BCWs onto FwC-Chi follows
Behnajady-Modirshahla-Ghanbery (BMG) and pseudo-second-order kinetic model. The
coefficient of decolorization decay, rate of decolorization and adsorption rate coefficient was
1,366 g1, 16,053 g min, and 0,043 g mg™' min™ respectively achieved based on this model. The
decrease of iron concentration is indicated by the decolorization of the waste color.

Funding
This work did not receive any funding.

Acknowledgments

The author would like to acknowledge Universitas Bangka Belitung for partial financial
support through Penelitian Dosen Tingkat Universitas (PDTU) 2023 scheme with reference
code: 323.G/UNS50/L/PP/2023.

Conflicts of Interest
The authors listed above have no conflicts of interest.

References

1. Livia KWB and Aldila H. Pengaruh variasi waktu kontak terhadap nilai efisiensi dan mekanisme
kinetika adsorpsi logam besi (Fe) pada limbah batik cual menggunakan kitosan. Jurnal Riset Fisika
Indonesia 2022; 2(2): 31-36.

2. Aldila H, Fabiani, VA and Dalimunthe DY. The effect of deproteinization temperature on chitosan
extraction for iron metal ions adsorption: Case study in Bangka post tin mining water. |. Phys.: Conf.
Ser 2021; 1869: 012105.

3. Iget, Nurhaeni, Ruslan and Puspitasari DJ. Biosorben Kitosan Cangkang Keong Sawah terhadap
Penyerapan Zat Warna Methylene Blue. KOVALEN, Jurnal Riset Kimia 2019; 5(2): 214-21.

4. Kurniawati P, Wiyantoko B, Kurniawan A and Purbaningtias TE. Kinetic Study of Cr(VI) Adsorption
on Hydrotalcite Mg/Al with Molar Ratio 2:1. EKSAKTA 2013; 13: 11-21.

5. Aldila H, Dalimunthe DY and Nuryadin A. Ekstraksi Kitosan dari Limbah Cangkang Udang sebagai
Adsorben Ion Logam Cu pada Air Pasca Tambang Timah. PROMINE 2020; 8(2): 65-71.

6. Kim T and Zoh KD. Removal Mechanism of Heavy Metal (Cu, Ni, Zn, and Cr) in the Presence of
Cyanide during Electrokoagulation using Fe and Al elektrodes. Journal of Water Process Engineering
2020; 33(1): 101-09.

Fadillah Ramadhani, et al. 99



TIME in Physics volume 1 no 2 (2023) 93-100

10.

11.

12.

13.

14.

Behnajady MA, Modirshahla N and Ghanbary F. A Kinetic Model for the Decolorization of C.I. Acid
Yellow 23 by Fenton Process. Journal of Hazardous Materials 2007; 148: 98-102.

Dalimunthe DY, Indriawati A, Hisyam ES and Aldila H. Isotherm Studies of Cu (II) Adsorption in
Kolong Bangka’s Water onto NaOH-Deacetylated Shrimp Shells Waste Chitin. Stannum : Jurnal Sains
dan Terapan Kimia 2023; 5(1): 1-7.

Darjito D, Purwonugroho D and Ningsih R. The Adsorption of Cr (VI) Using Chitosan-Alumina
Adsorbent.The Journal of Pure and Applied Chemistry Research 2014; 3: 53-61.

Utami DD, Widodo E. and Sjofjan O. 2013. Pengaruh Penggunaan Tepung Kepiting Sawah
(Parathelphusa maculata) dalam Pakan terhadap Kualitas Karkas Ayam Pedaging. pp.1-7.

Bolat Y, Bilgin S, Gunlu A, Koca, SB, et al. Chitin-Chitosan Yield of Freshwater Crab (Potamon
potamios, Olivier 1804) Shell, Pakistan Veterinary Journal 2010; 30(4): 227-231.

Aldila, H, Asmar, Fabiani FA, Dalimunthe DY, et al. The effect of deproteinization temperature and
NaOH concentration on deacetylation step in optimizing extraction of chitosan from shrimp shells
waste, [OP Conf. Ser.: Earth Environ. Sci. 2020; 599: 012003.

Mashunia M, Ritonga H, Jahiding M and Hamid FH. Sintesis Kitosan dari Kulit Udang sebagai
Bahan Membran Elektrode Au/Kitosan/GTA/Ache untuk Deteksi Pestisida. ALCHEMY: Jurnal
Penelitian Kimia 2022; 18(1): 112-121.

Pavia DL, Lampman GM and Kriz GS. 2008. Introduction To Spectroscopy. Third Edition Ed. US Of
America: TSI Geaphics.

Fadillah Ramadhani, et al. 100



