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Abstract 

In this study, chitosan was extracted from shrimp shells by demineralization and deproteination processes. The extracted chitosan was used to 

modify the layered double hydroxide and used as an adsorbent for the removal of congo red from aqueous solutions. Composites were 

successfully synthesized using M2+/Al (M2+ = Zn, Mg, Ni) and chitosan (CH) and the samples obtained were characterized using XRD and 

FTIR. The X-ray diffraction (XRD) pattern appeared at the layered double hydroxide peak of 2θ = 11.63°; 23.00°; 35.16°; and 61.59° and 

chitosan at 2θ = 7.93° and 19.35. The composite appearing in the layered double hydroxide and chitosan indicated that the composite material 

has been successfully synthesized. The XRD diffraction patterns of Zn/Al-CH, Ni/Al-CH, and Mg/Al-CH showed low crystallinity. The Fourier 

Transform Infrared (FTIR) spectra verifying absorption spectrum showed the presence of two bands at 3448 cm-1, 1382cm-1 characteristic to 

both chitosan and LDH. Adsorption of Congo Red (CR) followed the pseudo-second-order and Langmuir isotherm models. The adsorption 

capacities of Zn/Al-CH, Ni/Al-CH, and Mg/Al-CH were 181.818 mg/g, 227.273 mg/g, and 344.828 mg/g, respectively. The layered double 

hydroxide-chitosan composite adsorption was endothermically characterized by positive enthalpy and entropy values. On the other hand, the 

adsorption spontaneously was characterized by a negative Gibbs free energy value. The composites in this study were formed from LDH 

modified from chitosan extracted from shrimp shells to form Zn/Al-CH, Ni/Al-CH, and Mg/Al-CH. The results of the characterization showed 

a number of characteristics that resembled the constituent materials in the form of LDH and chitosan. After being applied as an adsorbent to 

absorb Congo red dye, it then showed the most effective results using Mg/Al-CH adsorbent with an adsorption capacity of 344.828 mg/g. 
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1. Introduction  

The use of synthetic dyes in textile industry has some 

positive impacts in regard to higher durability, stability and 

more color variations [1]. However, the waste of synthetic dye 

has a number of negative impacts, in terms of environmental 

pollution. Synthetic dyestuffs can also be degraded into 

carcinogenic [2] and toxic compounds. Congo Red or CR is a 

reactive dye that is widely used in the textile industry [3]. It is 

an aromatic complex compound, red with the molecular 

formula (C32H22N6Na2O6S2) [4]. The existence of CR dye in the 

environment can have some quite serious impacts for living 

because the nature of CR toxicity is quite high and it can cause 

the disorders of liver [5], nerves, and kidneys when entering the 

body [6].  

Some efforts need to be given to minimize Congo red dye 

waste before being discharged into the waters considering its 

effects. Several methods can be used to minimize the dye 

content in textile industry waste, including coagulation [7], 

electrocoagulation, photodegradation, ozonation [8], 

biodegradation [9], electrolysis, and oxidation methods. 

However, these methods are less effective in dealing with 

textile dye waste and often arise some problems for the 

environment. Adsorption is the most common method used to 

treat waste with affordably [10] and simply in its operation 

[11]. Also adsorbent can be used again (regeneration) [12]. 

Several factors affect adsorption such as the type of adsorbent 

used, contact time, pH, and weight. The use of affordable and 

environmentally friendly adsorbents is needed to minimize the 

cost of the adsorption process. 

 
Figure. 1. Chemical Structure of CR 

Chitosan (CH) is a natural polymer in the form of a 

yellowish-white amorphous solid and is a polyelectrolyte with 

a molecular weight of 120,000 g/mol. Chitosan (poly-β-(1→4)-
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2-amino-2-deoxy-D-glucose, or D-Glucosamine, or a 

compound with the formula (C6H11NO4)n is a reactive cationic 

polymer compound of amino acids [13], namely amino 

polysaccharides [14]. Chitosan contains an amino group (-NH2) 

and hydroxyl group (-OH) enabling it to be potential as an 

adsorbent for cationic and anionic dyestuffs and heavy metals  

[15]. However, it has a small surface area, so it needs to be 

modified for more effective results. Chitosan can be modified 

physically or chemically to reduce particle size and expand the 

surface of chitosan by composite, grafting, and crosslinking. 

The poor physical properties of chitosan can be improved if it 

is composited on the clay/clay surface. The coating of chitosan 

as a thin layer on the clay supports to increase the ease of 

binding and improve the mechanical stability of chitosan. 

Chitosan can be obtained from crustacean waste such as 

shrimp and crabs. The choice of chitosan as an adsorbent in 

addition to utilizing waste is also because it is cheap, 

biodegradable, biocompatible and having high selectivity. 

Chitosan is also easily formed into materials in the form of 

films, membranes, tissues, sponges, gels, beads, and 

nanoparticles. However, the direct use of chitosan as an 

adsorbent is less effective as it has low chemical stability, is 

easily biodegradable and easily soluble in acids such as HNO3, 

CH3COOH, and HCl. 

In this study, composites were made using layered double 

hydroxides (LDH) M2+/Al (M2+= Mg, Ni, Zn) and chitosan. 

Mg/Al-CH, Ni/Al-CH, and Zn/Al-CH were used to remove CR 

from aqueous solutions. The obtained materials were then 

characterized using XRD and FTIR. To determine the 

adsorption ability of composites, it was studied through the 

selection of a mixture of dyes, isotherms, and adsorption 

thermodynamics, as well as adsorption regeneration studies. 

2. Materials and Methods 

2.1. Chemicals and instrumentation 

In this work, materials included Mg(NO3)2.6H2O 

(EMSURE® ACS, 256.41 g/mol), Ni(NO3)2.6H2O (EMSURE® 

ACS, 290.81 g/mol, Zn(NO3)2.6H2O (297.49 g/mol) 

Al(NO3)3.9H2O (Sigma-Aldrich, 375.13 g/mol), NaOH 

(EMSURE® ISO, 40 g/mol), distilled water (PT. Bratachem 

Indonesia), malachite green (MG), methylene blue (MB), and 

congo red (CR). CH was extracted from shrimp shells by 

demineralization and deproteination [13]. The material was 

characterized by X-Ray Rigaku Miniflex-6000, FTIR using 

Shimadzu Prestige-21. The concentration of dye was measured 

using a UV-Visible spectrophotometer Bio-Base BK-UV1800. 

2.2. Preparation of composite M2+/Al (M2+ = Mg, Ni, Zn) 

The M2+ solution is Mg(NO3)2.6H2O, Ni(NO3)2.6H2O, 

Zn(NO3)2.6H2O and Al3+ solution = Al(NO3)3.9H20 with a 

molar ratio of 3:1. The mixture was dripped with NaOH to pH 

10 and the suspension was stirred for 1 hour to form a layered 

structure. In the final process, the suspension was added with 3 

g of chitosan into each layered double hydroxide (Mg/Al, 

Ni/Al, and Zn/Al) and stirred for 72 hours using a temperature 

of 70℃. After 72 hours, the suspension was filtered using the 

vacuum to obtain residue, rinsed with distilled water, and dried 

in an oven at 50°C. The material was characterized using XRD 

and FTIR.  

2.3. Selectivity of Dyes  

The selectivity of the dyes mixture was carried out by 

mixing cationic dyes (MB, MG) and anionic dyes (CR) with a 

dye concentration of 20 mg/L each and 0.02 g adsorbent 

(Mg/Al-CH, Ni/Al-CH, and Zn/Al-CH). The dye mixture was 

stirred according to the variation of time used (0, 15, 30, 60, 

and 120 minutes). Here, the dye mixture was measured using a 

UV-Visible spectrophotometer. 

2.4. pH optimum of Congo Red 

The pH variation of the dye was carried out using a 

concentration of 50 mg/L Congo red with a pH variation of 2, 

3, 4, 5, 6, 7, 8, 9, 10, and 11, using HCl and NaOH in the setting 

process. Then, 0.02 g of adsorbent was added to the solution 

and stirred for 2 hours. The separation process was carried out 

by centrifugation and the obtained filtrate was measured for its 

absorbance value using a UV-Vis Spectrophotometer. 

2.5. Adsorption Process 

The effect of isotherm and adsorption thermodynamics was 

determined by varying the initial concentrations of CR (60, 70, 

80, 90, and 100 mg/L) and adsorption temperatures (60, 70, 80, 

90, and 100℃). The filtrate was measured using a UV-Visible 

spectrophotometer at a wavelength of 466 nm. 

2.6. Regeneration of Adsorbent 

The structural stability of Zn/Al-CH, Mg/Al-CH, and Ni/Al-

CH was evaluated by the dyes regeneration process after 

desorption using an ultrasonic system. The regeneration 

process of each adsorbent was carried out by adsorbing dyes on 

each adsorbent. The dyes concentration of 100 mg/L was as 

much as 25 mL and each adsorbent of 0.1 g. The adsorbent after 

dyes adsorption was desorbed by an ultrasonic system equipped 

with a water chamber and then the adsorbent was dried at 100℃ 

for 3 hours. After the adsorption process was complete, the 

absorbance of dyes was measured. The adsorbent used was 

filtered and then dried to make it possible to be used for seven 

regenerations. The regeneration process was carried out until 

the adsorbent were not able to re-adsorb so that in this study the 

regeneration process was carried out for 7 cycles [17]. 

3. Results and Discussion  

Figure 2 shows the diffraction pattern of the LDH-based 

composite and chitosan support material. Composites can be 

stated as a combination of two or more constituent materials 

where the chemical and physical properties are different and 

remain separate in the final product of the material [18]. Figures 

a, b, and c show diffraction at an angle of 2θ = 11.63° (003); 

23.00° (006); 35.16° (009); and 61.59° (110) as the typical peak 

of LDH. The characteristic peak of chitosan appears at an angle 

of 7.93° and 19.35°, indicating that the chitosan is semi-

crystalline [15].  
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Figure 3 (a, b, c) shows the vibrational peak of LDH at the 

wavenumber of 3464 cm-1 indicating the presence of O-H 

vibrations of water molecules. The peak of the vibration at 

wavenumber 1635 cm-1 indicated a bending vibration of O-H. 

The peak of the vibration at wavenumber 1381 cm-1 indicated 

the existence of vibration from the NO3
- anion and the peak of 

the vibration at the wavenumber of 748 cm-1 was the M-O 

vibration in the form of Ni-O and Al-O [4]. Figure 3(d) shows 

the vibrational peak at 3427 cm-1 (O-H group of chitosan), 2924 

and 2870 cm-1 (C-H stretch) , 1566 cm-1 and (C=C stretch of 

aromatic ring) [19]. Zn/Al-CH, Mg/Al-CH, and Ni/Al-CH 

composite (Figure 3 e, f, g), the absorption spectrum shows the 

presence of two bands at 3448, 1382cm-1 characteristic to both 

chitosan and LDH. A shift occurred in the peak at 1654 cm-1 

was due to the υ3 vibration of NO3
- [20]. 

Figure. 2. XRD powder patterns of Zn/Al LDH (a), Mg/Al LDH (b), 

Ni/Al-LDH (c), Chitosan (d), Zn/Al-CH ©, Mg/Al-CH (f), and Ni/Al-CH (g) 

Figure 3. FTIR spectrum of Zn/Al LDH (a), Mg/Al LDH (b), Ni/Al-LDH 

(c), Chitosan (d), Zn/Al-CH ©, Mg/Al-CH (f), and Ni/Al-CH (g) 

 

Figure 4 shows the dye selectivity of each adsorbent. The 

selectivity process was carried out by measuring the maximum 

wavelength of the dye mixture methylene blue (MB), malachite 

green (MG), and Congo Red (CR) using wavelengths in the 

range of 400 to 700nm. The selectivity of the dye mixture can 

be seen from the change in the maximum wavelength during 

the adsorption process at a predetermined time variation. There 

was a decrease in the absorbance of each mixture as the 

adsorption time increased. Figure 4 shows a drastic decrease in 

absorbance occurred at 120 minutes and it can be seen that CR 

dyes were more effectively adsorbed than MB and MG. Then 

the isotherm adsorption process and thermodynamic adsorption 

on the most selective dyes were carried out. 

Figure 4. UV-Visible spectra of mixture MB, MG, and CR onto Zn/Al-

CH (a), Ni/Al-CH (b), and Mg/Al-CH (c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. pH optimum of CR using Zn/Al-CH, Mg/Al-CH, and Ni/Al-CH 

Figure 5 shows the optimum pH of the CR of each 

adsorbent. The pH will have a direct impact on changes in the 

wavelength of the CR dye. Adsorption is influenced by pH, by 

affecting the protonation of the adsorbent used. Each adsorbent 

will have a different charge so that they can interact with each 

other. Under acidic conditions, the dye will be deprotonated 

and when the adsorbent is added to the dye solution, the surface 

of the adsorbent will be protonated first and then electrostatic 

interactions will occur and cause the transfer of the dye in the 

solution to the surface of the protonated adsorbent. 

The determination of the adsorption kinetics of CR was 

studied by varying the time (0, 10, 20, 30, 40, 50, 60, 70, 90, 
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120, 150, 180, and 200 minutes) as shown in Figure 6. The 

closer the R2 values to 1, the better the adsorption process. The 

value of the adsorption rate constant (k) is an adsorption 

kinetics parameter that indicates fast or slow process of the 

adsorption [21]. The higher the value of k, the faster the 

adsorption takes place. The value of Qe is the amount of CR 

adsorbed at equilibrium. The higher the value of Qe, the higher 

the amount of substance adsorbed. Table 1 shows the effect of 

contact time; the R2 value tends to follow pseudo-second-order 

for each adsorbent used, judging from the R2 value closer to 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Time variation of adsorption 

Table 1. Kinetic parameter 

Adsor

bent 

Initial 

Concent

ration 

(mg/L) 

Qeex

p 

(mg/

g) 

PFO PSO 

QeCa

lc 

(mg/

g) 

R2 k1 

QeCa

lc 

(mg/

g) 

R2 k2 

Zn/Al-

CH 
201.174 

80.6

82 

79.9

47 

0.9

844 

0.0

20 

106.

383 

0.9

852 

0.0

002 

Ni/Al-

CH 
201.174 

87.8

79 

87.6

80 

0.9

826 

0.0

23 

106.

383 

0.9

919 

0.0

002 

Mg/Al

-CH 
201.174 

115.
152 

129.
658 

0.9
403 

0.0
22 

125.
000 

 

0.9
834 

 

0.0
002 

The variation of initial concentration of CR (120, 140, 160, 

180, and 200 mg/L) and adsorption temperature (30, 40, 50, and 

60℃) using Zn/Al-CH, Ni/Al-CH, and Mg/Al-CH adsorbents 

aims to determine the thermodynamic parameters. Figure 7 

shows an increase in adsorption capacity as the temperature 

used increases; this indicates the endothermic nature of the 

adsorption process. The maximum adsorption process occurs at 

a temperature of 333K as shown in Figure 7. 

The adsorption capacity can determine the adsorption 

isotherm equation. The adsorption isotherm describes an 

interaction between the adsorbate and the adsorbent at 

equilibrium. Langmuir and Freundlich are the commonly used 

adsorption isotherm equations. The Langmuir isotherm is based 

on the assumption that adsorption takes place only in one layer 

(monolayer) where the active site has uniform energy 

(monolayer). The Freundlich isotherm, meanwhile, is assumed 

that adsorption takes place only on multilayer surfaces where 

adsorption increases with the increasing concentration and 

takes place on adsorbents whose active sites have 

heterogeneous energies. The determination of the adsorption 

pattern can compare the value of linear regression (R2) between 

Langmuir and Freundlich isotherms [22]. 

Figure 7. Effect of adsorption time on Zn/Al-CH (a), Ni/Al-CH (b),  

Mg/Al-CH © 

Table 2. Isotherm adsorption 

Adsorbent Adsorption Isotherm Adsorption Constant 

Zn/Al-K 

Langmuir Qmax 181.818 

 kL 0.031 

 R2 0.9636 

Freundlich n 3.203 

 kF 31.681 

 R2 0.8328 

Ni/Al-K 

Langmuir Qmax 227.273 

 kL 0.029 

 R2 0.9138 

Freundlich n 1.879 

 kF 17.302 

 R2 0.9073 

Mg/Al-K 

Langmuir Qmax 344.828 

 kL 0.067 

 R2 0.9560 

Freundlich n 3.426 

 kF 23.361 

 R2 0.8288 

 

Based on the statement above, the adsorption process 

follows the Langmuir isotherm equation as seen from the R2 

value, which is closer to 1 for each adsorbent [23]. The 

maximum adsorption capacity of CR using Zn/Al-CH, Ni/Al-

CH, and Mg/Al-CH were 181.818, 227.273, and 344.828 mg/g, 

respectively, as shown in Table 2. The CR adsorption process 

was more effective using Mg/Al-CH, which was characterized 

by the highest adsorption capacity value. 

Thermodynamic parameters are used to determine whether 

the adsorption process takes place spontaneously or not based 

on the Gibbs free energy (ΔG) value. In this study, the 
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adsorption process occurred spontaneously [18], indicated by a 

negative Gibbs free energy (ΔG) value as shown in Table 3. 

The value of enthalpy (ΔH) and entropy (ΔS) in the adsorption 

process can also be seen in Table 2. The change in total heat 

energy indicates that the process occurs endothermic, which is 

known from the enthalpy value below +40 kJ/mol [24]. The 

degree of adsorption irregularity is positive and small where the 

greater the initial concentration of CR used, the smaller the 

entropy value and the degree of adsorption irregularity obtained 

[4]. 

Table 3. Thermodynamic adsorption 

Adsorbent T (K) Qe (mg/g) 
∆H 

(kJ/mol) 

∆S 

(J/mol 

K) 

∆G 

(kJ/mol) 

Zn/Al-K 

303 92.366 15.332 0.049 -0.445 

313 100.382   -0.046 

323 110.305   -0.537 

333 119.466   -1.028 

Ni/Al-K 

303 99.779 16.838 0.060 -1.244 

313 107.412   -1.840 

323 113.061   -2.437 

333 120.695   -3.034 

Mg/Al-K 

303 129.779 22.875 0.080 -1.503 

313 141.687   -2.308 

323 153.901   -3.112 

333 161.382   -3.917 

Figure 8. Regeneration of Zn/Al-CH, Ni/Al-CH, and Mg/Al-CH 

 

4. Conclusion 

The manufacture of composites with LDH as a base 

material and a supporting material in the form of chitosan has 

been successfully synthesized. This is evidenced from the 

results of XRD characterization, which showed the appearance 

of LDH diffraction at an angle of 2θ = 11.63° (003); 23.00° 

(006); 35.16° (009); and 61.59° (110) and at angles of 2θ = 

7.93° and 19.35° as the characteristic of chitosan. The 

adsorption capacity of CR using Zn/Al-CH, Ni/Al-CH, and 

Mg/Al-CH adsorbents were 181.818, 227.273, and 344.828 

mg/g, respectively. The regeneration process showed the 

stability of Mg/Al-CH better than Zn/Al-CH and Ni/Al-CH to 

be adsorbent, which could be used repeatedly on CR 

adsorption. 

Figure 8 shows the regeneration process of each adsorbent 

for seven cycles. The results showed that Mg/Al-CH was more 

effectively used as an adsorbent. In addition to the higher 

adsorption capacity, Mg/Al-CH was also more stable to be 

reused in the CR adsorption process in an aqueous solution. 

Table 4 shows the comparison of the absorption of CR from 

aqueous solutions using several adsorbents modified with 

chitosan. The adsorption capacity of CR in this study was 

greater than that of some of the adsorbents as shown in Table 

4. 

Table 4. Adsorption of CR by several adsorbents 

Adsorbent 
Adsorption 

capacity (mg/g) 
Reference 

Chitosan/Montmorillonite 54.52 [25] 

Dialdehyde  

Microfibrillated 

Cellulose/Chitosan 

152.5 [26] 

Magnetic Chitosan Composite 

Microparticles 

263.16 [27] 

Chitosan Hydrobeads 93.71 [28] 

Chitosan 78.90 [29] 

Chitosan–Silica Composite 150 [30] 

Chitosan Coated Magnetic Iron 

Oxide 

56.66 [31] 

Chitosan Hydrogel Core–Shell 124.97 [32] 

Chitosan/Polyvinyl Alcohol/Tio2 134 [33] 

The Carboxymethyl-Chitosan-

Montmorillonite 
81.77 

[34] 

Cellulose/Chitosan 40 [3] 

Chitosan Coated Luffa Fibers 20.37 [35] 

Chitosan/Rectorite Composite 73.8 [36] 

Zn/Al-CH 
181.818 

This 

Research 

Ni/Al-CH 
227.273 

This 

Research 

Mg/Al-CH 
344.828 

This 

Research 
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