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ABSTRACT  

Chitosan in acid was polycationic and can react with negative charges like tripolyphosphate. Tripolyphosphate was a 

crosslinking agent with low toxicity. This study was to review the ability of crosslinked chitosan-tripolyphosphate (Cs–

TPP) in reducing the color levels of methyl orange. Synthesizing Cs–TPP was conducted by reacting chitosan solution 

with acid tripolyphosphate. The Cs–TPP was characterized using FTIR and determined for its molecular mass. The 

adsorption study of methyl orange was conducted at various pH, contact times, and the determination of adsorption 

isotherm. The spectra IR analysis showed that there was adsorption of –PO groups in the Cs–TPP in the area of 1026 

cm-1. The molecular mass of Cs–TPP was 345.24 x 103 g/mol. Cs–TPP optimally absorb methyl orange at pH 7 and a 

contact time of 120 minutes, with presence removal of 47.36%, and followed the Freundlich adsorption isotherm pattern. 
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1. INTRODUCTION 

Various industries will influence the economy of a 

society by increasing the standard of living. On the other 

hand, those industries can cause problems to the 

environment. One of the industrial wastes is dye waste. 

The dye waste can harm the environment because it is 

non-degradable, toxic, and stable [1]. Therefore, they 

need to be treated before their waste is disposed of. 

Chemical and food industries generate wastewater that 

contains methyl orange dye [2]. Methyl orange is an 

anionic [3] and carcinogenic dye [4]. Therefore, it is 

necessary to take serious action to remove this waste. The 

removal process must be simple, efficient, and cost-

effective [3]. The azo dye methyl orange is an aromatic 

and heterocyclic compound that contains a double bond 

between nitrogen atoms [5]. Depending on the pH of the 

solution, MO chromophores appear as anthraquinones or 

azo compounds [4]. Figure 1 shows the structures of 

methyl orange.  

A lot of methods have been developed to handle the 

dye waste; one of them is adsorption. Adsorption is one 

effective method to eliminate dye from wastewater [10] 

and one of the best alternatives to deal with dye pollution 

[11].  

 

Figure 1. Structures of methyl orange 

Scientists and commercial practitioners have been 

interested in the use of chitosan since the search for 

renewable materials. A linear polysaccharide chitosan is 

a polysaccharide with β-(1-4)-linked D-glucosamine and 
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N-acetyld-glucosamine randomly distributed throughout 

[6]. Chitosan is the product of chitin deacetylation [7]. 

Chitosan's amino group protonates in acidic to neutral 

solutions, causing the polymer to be water-soluble at 

these pH levels [6]. Chitosan nanoparticles can be created 

by using crosslink with tripolyphosphate to produce 

crosslinked chitosan-tripolyphosphate (Cs–TPP) [8]. An 

increased amount of crosslinking agent will change the 

strength of the crosslink when TPP and chitosan ion 

interact electrostatically [9].  

The chitosan-based adsorbent has a high capacity of 

adsorption towards many dyes. Chitosan powder and 

chitosan beads can adsorb rhodamine B, each is at 0.655 

mg/g and 0.603 mg/g [12]. Adsorption using chitosan can 

adsorb tartrazine as many as 4.22 mg/g [11]. Cs–TPP can 

reduce congo red dye by as much as 87.20% and 

methylene blue as much as 81.90% [10]. It has been 

previously reported that Cs–TPP can reduce the levels of 

heavy metals Ni(II) [8], so it is possible to use Cs–TPP to 

reduce the levels of dyes, especially methyl orange. 

Based on the description above, it is necessary to research 

to determine the ability of Cs–TPP to reduce methyl 

orange levels. Effects of pH, contact time, and the 

determination of adsorption isotherm were reviewed in 

this study. 

2. METHODOLOGY  

2.1. Materials and instruments 

The materials used in this study were chitosan 

(purchase from CV Chemix Pratama, DD 77.03%) 

Na5P3O10 (Merck), methyl orange (Merck), CH3COOH 

(Merck), and AgNO3 (Merck). The instruments used 

were Fourier Transform Infra-Red Spectrophotometer 

(FTIR) Shimadzu 8201 and Spectrophotometer 

Ultraviolet–visible (UV–visible) Shimadzu 1240. 

2.2. Synthesis of Cs–TPP 

A 2% chitosan solution was added with 10% TPP in 

pH 3 with a 3:1 ratio. The mix was then stirred for 15 

minutes. The deposit was then strained and washed using 

distilled water. The deposit of Cs–TPP was dried at 40 °C 

[8]. Cs–TPP was analyzed using FTIR.  

2.3. Adsorption experiments  

Prepared a solution of 100 ppm of methyl orange. 

That solution was then diluted to 12 ppm and then 

measured for its absorbance at the wavelength range of 

300-600 nm using spectrophotometer UV–visible to get 

the maximum wavelength (λmax). 

The adsorption experiment has three stages, namely 

determination of the optimal pH value, determination of 

the effect of time, and determination of the determination 

of adsorption isotherm. Adsorption was carried out by 

reacting 40 ml of 20 ppm methyl orange with 1 g of Cs–

TPP in a 100 ml beaker. The adsorption of the dyes was 

studied in various pH (4 3, 4, 5, 6, and 7), various times 

(20, 40, 60, 80, and 100 minutes), and various dye 

concentrations (10, 20, 30, 40 and 50 ppm). The methyl 

orange dye concentration was measured by 

spectrophotometer UV–visible. Equation (1) calculates 

the percent removal: 

% Removal =
(Ci−Cf)

Ci
 (1) 

where Ci is the initial concentration of methyl orange and 

Cf is the concentration of methyl orange after the 

adsorption process. 

3. RESULT AND DISCUSSION  

3.1. Synthesis of crosslink chitosan-

tripolyphosphate (Cs–TPP) 

Chitosan modification can be done by crosslinking to 

increase its adsorption ability [8]. The negative groups of 

tripolyphosphate can bind –NH2 groups from chitosan 

spontaneously at the mechanical stirring at room 

temperature. This technique can be carried out at the 

solution media simply and easily. Cationic chitosan can 

interact with multivalence counter ions, like 

tripolyphosphate, through intermolecular and 

intramolecular bonds with ionic reactions.  

The Cs–TPP (Figure 2) in this study was created by 

reacting chitosan solution with pH 3 tripolyphosphate 

solution. The Cs–TPP made in acid conditions will have 

a higher density compared to that made in alkali 

conditions [8]. When sodium tripolyphosphate is 

dissolved in water will give hydroxyl and TPP ions. The 

interaction between polycationic chitosan and 

tripolyphosphate ions will result in a complex 

polycationic-multivalent anion, which is Cs–TPP. Cs–

TPP depends on the cations site availability and the 

number of negative sites. Therefore, the pH solution 

influences the Cs–TPP synthesis greatly. The interaction 

of chitosan and tripolyphosphate ions will occur in an 

ionic crosslink at low pH while at high pH will go 

through a deprotonation mechanism [13]. 

The synthesized Cs–TPP was characterized using 

FTIR (Figure 3). The analysis using FTIR was used to 

find the uptake characteristics of Cs–TPP. IR spectra for 

Cs–TPP showed that the uptake widened at the 

wavenumber of 3433 cm-1, which is related to stretching 

vibrations of –OH and –NH functional groups involved 

in H–bonding [14]. The peaks identified at 2931 cm-1 

were caused by stretching vibrations of CH3 groups, both 

asymmetric and symmetric. Wavenumbers 1635 cm-1 and 

1543 cm-1 come from N–H vibrations due to asymmetric 

or symmetric N–H deformation of –NH3
+. Bands in the 

range of 1800–1500 cm-1 probably cover the vibrational 

bands in the amide I and amide II [14]. The peak of C–O 

coming from C–O–C or C–O–H was identified at the 
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wavenumber of 1095 cm-1, while the range of oxygen 

bridge was identified at the wavenumber of 1026 cm-1 

which showed the range vibration P–O. 

3.2. Adsorption Study of Dyes 

In batch sorption equilibrium experiments, the 

adsorption of methyl orange on Cs–TPP was 

investigated. In successive batches, pH, contact time, and 

the adsorption isotherm were investigated. Adsorb study 

was initially begun by determining the wavelength and 

standard curve. Determining the maximum wavelength 

(λmax) was necessary to set the maximum uptake of the 

solution towards the ray at a particular wavelength. Every 

molecule has a different wavelength depending on its 

structure and its nature in the solution. The result of λmax 

for methyl orange is 426 nm (Figure 4). 

 

Figure 2. Structure of Cs–TPP 

 

Figure 3. IR spectra of Cs–TPP 

pH solution is an important factor to determine the 

charge of Cs–TPP, dissociation of methyl orange, and to 

determine the absorbent’s successful performance to 

adsorb the solution. The pH values which are too low or 

too high will cause Cs–TPP not to optimally reduce the 

levels of methyl orange. Figure 5 shows the effect of pH 

solution on the ability of Cs–TPP to reduce the levels of 

methyl orange. 

Figure 5 shows that the increase of pH will cause the 

amount of adsorbed methyl orange to increase to the 

optimum condition at pH 7. When the pH of the solution 

is greater than the pKa of methyl orange (3.76), more 

sulfonates groups will be dissociated from methyl orange 

so more will interact with Cs–TPP active sites and this 

will cause the adsorption percentage to increase. The 

more increased the pH, the less Cs–TPP cationic side. 

The percent removal of methyl orange at pH 7 and a 

contact time of 60 minutes was 45.46% with an 

adsorption capacity is 0.59 mg/g. The further adsorption 

of methyl orange will be carried out at pH 7. There are 

several ways in which Cs–TPP interacts with methyl 

orange, including electrostatic bonds (Figure 6) and 

hydrogen bonds (Figure 7). 

 

Figure 4. Determination of the maximum wavelength of 

methyl orange 
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Figure 5. The effect of pH on percent removal of 

methyl orange 
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Figure 6. The electrostatic bond between Cs–TPP with 

methyl orange 

Figure 7. The hydrogen bond between Cs–TPP with 

methyl orange 

The optimum contact time is the time when the 

adsorbate’s adsorption to the absorbent’s surface occurs 

maximally. The various times are carried out to find out 

the length of time needed for maximal adsorption at pH 

7 (optimum pH). The percent removal of methyl orange 

increases along with the increasing time and eventually, 

it reaches its maximum adsorption (Figure 8). 
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Figure 8. The effect of contact time on percent removal 

of methyl orange  

The longer contact time enables diffusion and the 

adsorption of adsorbate molecules to occur well.  The 

percent removal of methyl orange at pH 7 and a contact 

time of 120 minutes was 47.36%. After reaching the 

optimum time, the adsorbent experiences decreasing 

percent removal on dyes. This decreasing ability is 

because the active side of Cs–TPP has been saturated by 

dyes so that it cannot absorb them again.  

Analyze the interaction between the adsorbate and an 

adsorbent, the adsorption isotherm is essential [2]. In the 

determination of adsorption isotherm, the initial 

concentration of the methyl orange solution was varied. 

There are some isothermal adsorption equations 

commonly used to find out the phenomena that happen 

from adsorption, which are isothermal adsorption 

Langmuir (Equation 2) and isothermal adsorption 

Freundlich (Equation 3)[15].  

Ce

qe
=  

1

KLqm
+ 

1

qm
Ce      (2) 

The qe, Ce, qm, and KL are adsorption at equilibrium 

(mmol/g), the concentration at equilibrium (mmol/L), 

maximum adsorption (mmol/g), and adsorption 

equilibrium constant (L/mol), respectively. 

log qe =  log KF  +  
1

n
 log Ce        (3) 

There are two constants in Freundlich adsorption, KF 

and n. Based on equation 2, a 
𝐶𝑒

𝑞𝑒
 vs Ce curve can be made 

(Figure 9). While Equation 3 can be used to make a curve 

of log qe vs log Ce (Figure 10). How to determine the 

kinds of adsorption is conducted by comparing the 

determination coefficient (R2) with its adsorption 

capacity.  

Based on the determination coefficient, the 

adsorption model of methyl orange followed Freundlich's 

isothermal adsorption as well. The Freundlich isotherm 

model also occurs when methyl orange is adsorbed with 

modified xanthan gum [4] and crosslinked chitosan [chit-

cl-Poly (AA-co-Am] [16]. The Freundlich model showed 

the adsorbate’s layers formed on the adsorbent’s surface 
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were multilayer. This model also described that the 

adsorption on the surface was heterogenic, in which not 

all adsorbent surface has the adsorption power. 
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Figure 9. The curve of Langmuir adsorption isotherm 
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Figure 10. Curve of Freundlich adsorption isotherm 

4. CONCLUSION  

Cs–TPP can be synthesized by reacting chitosan 

solution with TPP solution. By using a TPP solution with 

an acidic pH, ionic crosslinks will be obtained. Cs–TPP 

can reduce levels of methyl orange by 47.36%. The 

interactions that occur between Cs–TPP and methyl 

orange are electrostatic bonds and hydrogen bonds. 

Based on the results of the study, Cs–TPP has the 

potential to be used in reducing methyl orange levels in 

wastewater. 
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