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ABSTRACT
Chitosan crosslinking from Clam Shells (Cerithidea obtusa) with tripolyphosphate for cadmium adsorption has been researched. The chitosan was prepared by deacetylation of chitin by adding of NaOH 60% and heating at temperature 140oC for 60 minutes. The chitin was isolated from Clam Shells (Cerithidea obtusa) as abundant waste in East Kalimantan. The crosslinking of chitosan with tripolyphosphate was synthesized by gelation methods using 5 g chitosan were dissolved in acetic acids and added of tripolyphosphate 0.1% as crosslinker. Characterization of chitosan-tripolyphosphate were analyzed using FTIR, XRD and SEM.  The result showed that FTIR spectra of  a N-H vibration at 1635 cm-1, functional group of NH3+ deformation at 1534 cm-1, streching vibration of a –C-O- at 1072 cm-1 and vibration of P-O at 1026,91 cm-1 was indicated the presence of  tripolyphosphate in chitosan. The XRD pattern has a broad at 19,85o and 23.50o, which are thypical fingerprints chitosan-tripolyphosphate indicates amorphous shape. SEM image of chitosan-tripolyphospahte was flat sheet without pores and the surface is tight. The cadmium (II) adsorption on chitosan-tripolyphophate at an optimum pH 4, the kinetics model for cadmium (II) adsorption on chitosan-tripolyphosphate could be described using pseudo second-order equation and was in accordance with the Langmuir isotherm model with maximum adsorption capacity of 27.8 mg/g. Furthermore, using the adsorbent of chitosan crosslinking with tripolyphosphate indicates adsorption effectiveness for cadmium (II) adsorption.
Key word: crosslinking, chitosan, tripolyphospate, heavy metal adsorption, cadmium
INTRODUCTION
Clam shells (Cerithidea obtusa) is clam-spesies from Potamididae familiy and existing is very abundant in beach of Pondong Village, Paser Regency, East Kalimantan. Based on data Ministry of Maritime Affairs and Fisheries, shellfish production in East Kalimantan experienced quite a significant increase from 2020, namely 642.93 tons to 647.57 tons in 2021 [1]. The shells as a waste and unutilized. The utilization of shells waste is processed into chitin and chitosan product. The Chitin is poly (β-(1→4)-N-acetyl-D-glucosamine from the shell of clam, crab and shrimp. Chitin is collected by deproteinization and demineralization of crustaceans’ wastes. The deacetylated form of chitin is chitosan. The result of dyacetilation produces many functional group of amine (-NH2) dan hydroxyl (-OH) [2,3]. Compared with chitin, chitosan have higher solubility, lower crystallinity, degree of deacytilation, particle size, formation of particle and agregation [4]. 

Application of chitosan exhibits the promising to removing of inorganic heavy metal polutant like research of removal of several heavy metal [5],  Pb and Pt [6], Fe(II) and Mn(II) [7]. The removing capacity is due to the presence of functional group that can form to coordination bonds [5]. For removing of organic polutant like dyes [8] or organic solutions [9] The properties of chitosan exhibit biodegradle, non-toxic, biocompatible and can be resized in nano-size. 

Synthesis of chitosan have five methods are presently available are ionic gelation method, microemulsion, emulsifcation solvent diffusion, polyelectrolyte complex and reverse micellar method [4]. The most widely used method is ionic gelation method. The ionic gelation method requires simple, easy to find and expensive materials and equipment, so it can be carried out easily, lightly and quickly in an ordinary laboratory This method utilizes the electrostatic interaction between the amine group of chitosan and a negatively charged group of polyanion such as tripolyphosphate [10]. The tripolyphosphate is a type of harmless anionic crosslinker and can interact by inter- and intramolecular with chitosan to provide better spherical morphology, increase the flexibility of the polymer and and produces stable bead structure [11]. According to Dogan’research (2020), the formula of weight ratio between chitosan and triployphosphate of 0.5 : 0.25 will provide a smaller particle size [12]. Modification of crosslinking chitosan with tripolyphosphate as a crosslinker can expands its usefulness as drug delivery [14], organ transplants and restoring organ function [15] and efficient sorption of heavy metal [16].
In this work, isolation of chitin from Clam shells (Cerithidea obtusa,) and deacetylation of hitin by adding of NaOH 60% and heating at temperature 140oC for 60 minutes. process of chitosan from chitin. The crosslinking chitosan with tripolyphosphate was prepared using gelation method and characterized by functional group using FT-IR spectrometer, crystal structure using X-Ray Difractometer and surface morphology using scanning electron microcscope. The effect of pH, kinetics model and adsorption capacity of cadmium on chitosan-tripoyphosphate was also evaluated.

METHODS
Materials Clam Shells (Cerithidea obtusa) was collected from beach Pondong Beach, Paser Regency, East Kalimantan on Tuesday, March 10, 2020 with sunny weather conditions at the time of sampling.  The reagent from analytical grade i.e sodium hidroxide, chloride acid 37%, sodium tripolyphosphate, acetic acid 25%, sodium hypochlorite and 3CdSO4.8H2O
Preparation of Chitin from Clam Shells (Cerithidea obtusa) was prepared by a demineralization and deproteination. The initial stage, grinding of Clam shells (Cerithdea obtusa) into a portal pestle until smooth and sieve at 100 mesh. The mineralization stage, 50 g of fine Clam shell was added to 750 mL of 1 N chloride acid solution and heated at temperature 75oC for 60 minutes. The deproteination stage, 30.3 g of extract was added to 300 mL of 3.5% sodium hydroxide solution and heated at temperature 85oC for 30 minutes. After that it is cooled to room temperature.. The product of chitin was transformed into chitosan by deacetylation process. 
The chitosan was prepared by deacetylation of 18 g of chitin by adding of 360 mL of 60% sodium hydroxide solution and heating at temperature 140oC for 60 minutes. The resulting of chitosan was separated, washed with distilled water to neutral pH.

Crosslinking of chitosan with tripolyphosphate. Five grams of chitosan were dissolved into 25 mL 1% acetic acids solutions and then 5 mL croslinker of 0.1% sodium tripolyphosphate solution was added into chitosan solution. The mixture was shaked by magnetic stirer for 60 minutes to homogeneous. The product of chitosan-tripolyphosphate was washed by deionized water to neutral. 

Characterization of chitosan-tripolyphosphate. The functional group of chitosan-tripolyphosphate was analyzed by Shimadzu 8201 PC Fourier transform spectrometer (FTIR).  The crystal structure were characterized by Shimadzu X-ray diffraction (XRD) using CuKα radiation (λ = 1.5406 Å) operated at 40 kV and 30 mA). The surface morphology surface was examined by JEOL SSM-6510 LA Scanning electron microscopy (SEM)

The adsorption of cadmium on chitosan-tripolyphosphate was carried out by a batch method. A series of 50 mg.L-1 of cadmium (II) solution  were adjusted to pH 2; 3; 4; 5; 6; 7; 8; 9; 10; 11 by adding HCl or NaOH solutions. Interaction of cadmium (II) solution on 20 mg of chitosan-tripolyphosphate by shaking for 120 minutes. After adsorbent was separated, concentration of cadmium (II) was analyzed using Perkin Elmer Atomic Absorption Spectrometer. The adsorption kinetics was measured at an initial cadmium (II) concentration of 70 mg.L-1 was added 20 mg of chitosan-tripolyphosphate with interaction time of 1; 2; 5; 10; 15; 30; 50; 100; 150; 200; 250; 300 minutes. The kinetics models of Lagergren’s pseudo first-order and Ho’s pseudo second-order were used to analyze the adsorption kinetic model. The adsorption capacity was also measured using the batch method in the inital cadmium (II) concentrations of 1, 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 mg.L-1 was added 20 mg of chitosan-tripolyphosphate The isotherm models of Langmuir and Freundlich were used to analyze the adsorption capacity..

RESULTS AND DISCUSSION
Clam shells (Cerithidea obtusa) were obtained from beach of Pondong, Paser Regency, East Kalimantan. The size of Clam shell taken was around 5 cm, blackish brown color and existing is very abundant and unutilized. The initial stage, Clam shells were ground until smooth and sieved with a 100 mesh. The demineralization The mineralization stage, fine Clam shell was added chloride acid solution and heated at temperature 75oC for 60 minutues and deproteination stage, extract was added sodium hydroxide solution and heated at temperature 85oC for 30 minutes. The form of Calm shells and chitin are shown in Fig.1.
Figure 1. The form of a) Calm shells and b) chitin
[image: image1.jpg]e e e




 [image: image2.jpg]



The deacetylation process of chitin by adding of sodium hydroxide and heating at temperature 140oC for 60 minutes The chitosan-tripolyphospate was synthisized by gelation method that is the complexation of chitosan with tripolyphospate as a crosslinker by weight ratio between chitosan and triployphosphate of 2 : 1. The form physical of chitosan and chitosan-tripolyphospate are shown in Fig.2. 

Figure 2. The form physical of a) chitosan and b) chitosan-tripolyphosphate

[image: image3.jpg]


 [image: image4.jpg]



The adsorbent of chitosan tripolyphosphate was successfully syntesized which was indicated change in the characteristics of the FTIR, XRD and SEM analysis. The FT-IR spectra of chitin, chitosan and chitosan-tripolyphosphate are shown in Fig.3
Figure 3. FTIR Spectra of chitin, chitosan and chitosan-tripolyphosphate
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The functional group of chitin has a wavenumber at 3425 cm-1 due to the -OH groups. The -CH2 group was showing at 2924 cm-1 as attributed to the symmetrical stretching, the band at 1473 cm-1 was -CH3 group on amide (-NHCOCH3), wave number at 1798 cm-1 due to the C=O group on amide (-NHCO) and then at 1080 cm-1 the stretching vibration of C-O-C in glucose circle. The impurities spectra of silica mineral on chitin at wavenumber 864,11cm-1 and 709,80 cm-1. [16]. The FTIR spectra of chitosan has similar to a chitin, this has a wavenumber at 3448 cm-1 due tothe -OH groups, -CH2 group at 2931 cm-1, stretching vibration of C-O-C at 1087 cm-1, CH3 group on amide (-NHCOCH3) at 1473 cm-1,wave number at 1798 cm-1 due to the C=O group on amide (-NHCO). [16] and then presence of silica mineral at wave number 864 cm-1. The difference FTIR spectra of chitin and chitosan was loss of C=O group of amida (-NHCO-) [16]. The success of crosslinking chitosan with tripolyphosphate was indicated by the FTIR spectra has peak at 1534 cm-1 was assigned to deformation of -NH,the band at 1651 cm-1 was bending vibration of N-H group from amine (-NH2) and vibration of P-O on tripolyphosphat at 1026 cm-1. The loss FTIR spectra of chitosan-tripolyphosphate were C=O group, CH3 group on amide (-NHCOCH3) and impurities of silica mineral. [16]. 
The difractogram of Clam Shell has crystalline structure because there are still many minerals. XRD pattern of chitosan has two characteristic peaks at 10,15o and 19,94o but still has impurities in peaks at 32o and 38o. This diffractogram result that the structure of chitosan is crystalline. XRD pattern of Clam shells, chitosan and chitosan-tripolyphosphate are shown in Fig.4. 

Figure 4. XRD pattern of Clam shells, chitosan and chitosan-tripolyphosphate
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The characteristic XRD pattern of chitosan-tripolyphosphate has a broad at 19,85o and 23.50o [10]. Crosslinking of chitosan with tripolyphosphate shows the appearance of two peaks which indicate an amorphous form. The change in the structure of chitosan from crystalline to amorphous is due to crosslinking with tripolyphoaphate. The decrease in crystallinity can be caused by the formation of a dense network structure of tripoliphosphate counterions that penetrate each other, where the polymer chains are cross-linked to each other by TPP.
SEM image of chitosan and chitosan-tripolyphosphate are shown in Figure 5. The morphological surface of chitosan has flat-shape without pores with a dense surface and then SEM image of chitosan-tripolyphosphate showed threads-shaped on surface dense. The change in surface morphology of chitosan-tripolyphsphate compared to chitosan is caused by the addition of crosslinker which functions to strengthen and stabilize of chitosan.
Figure 5. SEM image of a) chitosan and b) chitosan-tripolyphosphate
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Table 1 The functional group of chitin,chitosan and chitosan-tripolyphosphate

	Functional group
	Wave number (cm-1)

	
	chitin
	Chitosan
	chitosan-tripolyphosphate

	O-H streching
	3425
	3448
	3448

	C-H Stretching
	2924, 2854
	2931
	2924

	N-H amide
	1473
	-
	-

	C=O
	1798
	-
	-

	N-H bending
	-
	1635
	-

	Deformation NH3+
	-
	-
	1534

	C-O
	1080
	1087
	1072

	P-O
	-
	-
	1026

	Si-O
	864
	864
	-


The effect of pH adsorption of cadmium (II) on chitosan-tripolyphosphate are shown in Fig.6. Based in Figure 6, pH range experiment was varied from 1.0-9.0. At low pH, ion H+ has high concentration and compete with cadmium (II) ion for sorption. Hovewer, if pH solutions was increased, the sorption of cadmium (II) was increased because concentration of ion H+ due to decreased. Optimum pH for sorption of cadmium (II) ion on chitosan-tripolyphosphate at pH 4.0. Increasing the pH futher was resulted in a decreased for sorption until at pH 7. At pH 8 -9, the sorption of cadmium ion was increased because Cadmium (II) ion has was started to precipitate. Chitosan has a pKa of 6.5 and is protonated at a pH below 6.5, resulting in increased cation adsorption. If the pH is very low, it was produces more H+, which competes with cadmium (II) cations. In contrast, at pH values above 4, the weakening of chitosan protonation exceeds the decrease in competitive adsorption of hydrogen ions.  

The kinetics models adsorption of cadmium (II) on chitosan-tripolyphosphate using the Lagergreen’s pseudo first-order and Ho’s pseudo second-order. The value of the correlation coefficient (R2) for the Ho’s pseudo second-order is greater, namely 0.996, with the Ho’s pseudo second-order rate constant value being 0.01 g. mg-1 min-1. This shows that the dominant interaction between adsorbent and adsorbate occurs due to chemisorption interactions.

Figure 6. The effect of pH adsorption of cadmium (II) on chitosan-tripolyphosphate
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Table 2 Kinetic parameters of the Lagergreen’s pseudo first-order and Ho’s pseudo second-order model for adsorption of cadmium (II) on chitosan-tripolyphosphate
	Adsorbent
	Lagergreen’s pseudo first-order
	Ho’s pseudo second-order

	
	q m (mg/g)
	K1 (min-1)
	R2
	q m (mg/g)
	K2 (g/mg.min)
	R2

	chitosan-tripolyphosphate
	5,79
	0,002
	0,162
	30,3
	0,010
	0,996


Table 3 Adsorption isotherm parameters of adsorption of cadmium (II) on chitosan-tripolyphosphate by Langmuir and Freundlich

	Adsorbent
	Lagergreen’s pseudo first-order
	Ho’s pseudo second-order

	
	q m (mg/g)
	K1 (min-1)
	R2
	q m (mg/g)
	K2 (g/mg.min)
	R2

	chitosan-tripolyphosphate
	5,79
	0,002
	0,162
	30,3
	0,010
	0,996


The kinetics models adsorption of cadmium (II) on chitosan-tripolyphosphate are shown in Figure 7. The adsorption capacity of chitosan-tripolyphosphate to adsorb cadmium (II) in various of initial cadmium (II) concentration was determined as shown in Fig. 7.
Figure 7 Plot of kinetics model for adsorption of cadmium (II) on chitosan-tripolyphosphate (a) Lagergren’s pseudo first-order, (b) Ho’s pseudo second-order

[image: image10.png]vqt

x4 0,106

150

200

1 (menit)

%

30




[image: image11.png]0002841768
20 ¢ Ri=0.126

16

12

0 SO 100 150 200 250 300 350
1 (menit)




Based on the calculation results of the Langmuir and Freundlich isotherm parameters for adsorption of cadmium (II) on chitosan-tripolyphosphate, it was obtained that the correlation coefficient R2 was greater using the Langmuir isotherm equation model than the Freundlich isotherm. 
Figure 8. Plot of isotherm models for adsorption of cadmium (II) on chitosan-tripolyphosphate
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Therefore, experimental data on the adsorption of cadmium (II) tends to be suitable for using the Langmuir isotherm equation model, this menas that adsorption occurs homogeneously, adsorption occurs through the same mechanism and occurs in a single layer and there is no interaction between the adsorbate molecules.
CONCLUSION
The succesfull isolation of chitin from Clam Shells (Cerithidea obtusa) and synthesis of chitosan-tripolyphosphate from chitin, indicated by functional group vibration of N-H, -C-O, -P-O. The XRD pattern has a broad which are thypical fingerprints indicates amorphous shape. SEM image of chitosan-tripolyphospahte was flat sheet without pores and the surface is tight. The adsorption of cadmium on chitosan-tripolyphosphate was optimum pH at pH 4. the kinetics model for cadmium (II) adsorption on chitosan-tripolyphosphate could be described using pseudo second-order equation and was in accordance with the Langmuir isotherm model with maximum adsorption capacity of 27.8 mg/g. Furthermore, using the adsorbent of chitosan crosslinking with tripolyphosphate indicates adsorption effectiveness for cadmium (II) adsorption
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