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ABSTRACT 

This research is the adsorption of dyestuffs from batik industry waste. The adsorption method 

was used chicken feather adsorbent with natural zeolite. Zeolite was activated by HF. Feather 

flour was activated with 0.2 M KOH. The main focus of this research is determine the potential for 
dye degradation with the batch method.Samples were analyzed by Atomic Absorption 
Spectroscopy (AAS), Fourier Transform Infra Red Spectrophotometer (FTIR), and Surface Area 
Analyzer (SAA). Measurement of dye degradation includes the effect of adsorbent concentration, 
pH, contact time and particle size of adsorbent. The results showed that the optimum pH in the 
degradation of dyestuffs from the batik industry waste was pH 8.5. The optimum contact times by 
activated and unactivated adsorbents were 65 minutes and 120 minutes, respectively. The 
reaction kinetics analysis showed the Freundlich adsorption model based on the  experimental 
data. This indicates that the surface pores of the adsorbent are very influential in the degradation 
of the dye. Adsorption capacity of degradation dyestuffs with adsorbents has an efficiency of 94%. 
In the laboratory, it  has been proven that adsorbents are able to degrade dyes in batik waste before 
being discharged into the water disposal system. 
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INTRODUCTION 

Batik is one of Indonesia's cultural 

heritage. The progress of the batik industry is 

directly proportional with the batik waste.  

Pollution is caused batik wastewater.  This is 

main element in environmental pollution [1]. 

The environmental impact is colored waste 

and the death of marine life [2]. Pekalongan is 

one of the centers of the batik industry in 

Indonesia. There are batik artisans ranging 

from home industries to large scale. One of the 

batik home industries produces liquid waste of 

around 98 L/kg of batik. The main source of 

this pollution is the dye produced from the rest 

of the dye, the washing and rinsing process at 

the end of the batik making process [3]. In 

addition, batik waste produced is came from 

wax, residual water in the coloring process 

and mori residue that used in the batik process 

[4]. 

Colors in batik usually used synthetic 

dyes containing chemical substances. 
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Examples of batik dyes commonly are used 

napthol, indigosol and ondanthrene [5]. The 

process of making batik used large amounts of 

water and produces a high amount of dye 

waste. This is directly proportional to the 

chemical content in the waste which is quite 

high if the waste treatment is not carried out 

first before being discharged into water bodies 

[6]. 

The dye waste in batik contains 10-15% 

of the dye that has been used and must be 

disposed because it cannot be recycled [7]. 

The dye component in batik waste is a 

combination of saturated organic molecules 

with chromophore groups as dyes and 

auxochromes as color binders with batik cloth 

fibers [8]. Unsaturated organic components in 

the process of forming dyes are a group of 

aromatic compounds, phenols and their 

derivatives. In addition, there are hydrocarbon 

compounds containing nitrogen [9]. While the 

chromophore group is a group of compounds 

that provide dye in the component. 

Many studies have been carried out to 

overcome batik waste, including ozonation 

[20], electrochemical coagulation [21] and 

microbial degradation [22]. The disadvantage 

of this method is that requires complicated and 

expensive equipment and methods for the 

home industry scale. One of the waste 

treatment methods, cheap and environ-

mentally friendly is adsorption [23]. The 

adsorption process applies the principle of 

adsorbent and adsorbate that occurs in a 

solution with a certain composition and ratio of 

the adsorbate used. In this study, chicken 

feather-based adsorbants and zeolite. 

Chicken feathers is used as adsorbent in 

processing textile waste due to the content of 

keratin [24]. Keratin contains N-H groups, 

C=O, O-H, COOH and S-H. The keratin 

content of chicken feathers is 85- 90%. Protein 

content in chicken feathers is 60-80%. Keratin 

or fiber consists of cystine disulfide bonds, 

hydrogen bonds, and interactions hydro-

phobicity of protein molecules [10]. Zeolite is 

an adsorbent that has pores that can absorb 

molecules that have a smaller diameter [11]. 

Besides, zeolite has a cation exchange 

capacity with high selectivity [12]. This study 

aims to degrade the dye in batik waste. 

 

METHODS 

1. Materials 

Zeolite preparation and activation used 

H3PO4 and HF from Sigma–Aldrich 

(Steinheim, Germany). Textile Synthetic 

Waste used indigosol. Chicken feathers are 

obtained from chicken waste at Nusukan 

Market, Central Java. Activation of chicken 

feathers used KOH from Sigma–Aldrich 

(Steinheim, Germany). Aquades is used as a 

solvent. 

2. Preparation of Textile Synthetic Waste 

Synthetic waste was prepared with 

various concentrations of 10, 30, 50, 70, and 

100 ppm. 

3. Preparation of natural zeolite as adsorbent 

Natural zeolite is taken from Klaten, 

Central Java as one of the largest zeolite 

producers. Natural zeolite was pulverized 

and sieved with a size of 100 mesh. Then the 

zeolite was washed with distilled water and 

dried in an oven at 100oC for     
2 hours. 10 

grams of zeolite was immersed in 100 mL of 
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3.5 M H
3
PO

4 
solution for 

24 hours with a 

shaker and stirrer. Then it was washed again 

with distilled water and dried in an oven for 3 

hours at 60oC. 

4. Preparation of Chicken Feathers as Ad-

sorbent 

Chicken feathers were taken from a 

chicken farm in Wonorejo Village, 

Karanganyar, Central Java. Feather chicken 

is a type of free-range chicken. Then the 

chicken feathers are cleaned of dirt and 

washed with water until clean until the smell 

and dirt disappear. Chicken feathers are cut 

into small pieces and ground to a size of 150 

mesh. The chicken feathers were washed 

again with distilled water then with alcohol for 

60 minutes and dried with freeze dry. 

5. Chicken Feather Activation 

10 grams of chicken feather flour was 

taken and activated with 0.2 M KOH as much 

as 50 mL then stirred with a shaker and stirrer 

for 60 minutes. The solution was filtered to 

use a Buchner funnel and dried in an oven at 

60oC. The activated chicken feathers were 

characterized by FTIR. 

6. Activation of Natural Zeolite 

Zeolite activation process: 30 grams of 

zeolite mixed with 180 mL of 1.5% HF. Then 

the stirring process was 12 hours at a 

temperature of 25oC. Then the washing 

process with distilled water 3 times and drying 

in an oven at a temperature of 60oC. 

7. Adsorption-Desorption of Textile 

Waste Dyes with Natural Zeolite Mixed 

Chicken Feather 

Textile waste solution was put into 5 

Erlenmeyer 25 mL as much as 10 mL. The 

adsorbent pellet was put into an Erlenmeyer. 

Then the solution was stirred for 90 minutes 

with a stirring speed of 25 rpm. The solution 

was filtered, the filtrate was obtained by using 

AAS. Then the adsorbent was put back into 

the second beaker and stirred for 90 minutes 

and the content of the textile waste dye was 

not adsorbed again. The treatment was 

repeated for the second to fifth glasses. 

8. Data Analysis 

The concentration of adsorbed waste 

for each treatment was calculated from: 

𝐶𝑎 = 𝐶𝑜 − 𝐶𝑡  (1) 

The amount of adsorbed waste (mg) per 

gram of adsorbent is determined the 

equation: 

 

𝑞𝑒 =
(𝐶0−𝐶𝑡)𝑉

𝑊
                    (2) 

 

Description: 
qe : adsorbed waste rate (mg/g) 
C0 : initial concentration (mg/L) 
Ct : final concentration (mg/L) 
V : solution volume (L) 
W : weight of adsorbent (g) 

 

The adsorption capacity is calculated 

from the Langmuir equation (Ce/qe = 1/Qob 

+ Ce/Qo) or Freundlich's equation [log(x/m) = 

log k + 1/n (log C) with plot Ce/qe against Ce 

for the Langmuir equation or the equation 

Freundlich obtained the value of k 

(adsorption capacity) and from the slope of 

the equation Langmuir can obtain the value 

of Qo which is related to the adsorption 

capacity. 
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RESULTS AND DISCUSSION 

1. Adsorbent 

Adsorbent is a combination of natural 

zeolite and chicken feather flour, each of 

absorbent has been activated. The activation 

process used an alkaline solution and H3PO4 

at a certain temperature to create a space 

between the pores so that the adsorbed 

substance can penetrate the small pores and 

stick to the adsorbent. The results of the 

analysis with the Survace Area Analyzer 

(SAA) instrument resulted in surface area 

data presented in Table 1. 

 

Table 1. Result of surface area analysis. 

Adsorbent 
Surface area 

(m2/g) 

Natural zeolite 42.17 

Activated natural zeolite 78.56 
Chicken feathers 54.13 

Activated chicken feathers 96.82 

 

Based on Table 1, it shows activated 

natural zeolite with a higher surface area than 

without activation. Activated natural zeolite 

experienced an increase in surface area of 

46.32%. Meanwhile, after the activation 

process, activated chicken feathers have a 

higher surface area than unactivated 

feathers. It is used to adsorb chemical 

components in batik waste in the adsorption 

process. 

 

Table 2. Pure volume data from chicken 
feathers 

Method Pore volume 
data 

HK method cumulative 

pore volume 
3.625e-02 cc/g 

SF method cumulative pore 
volume 

3.974e-02 cc/g 

The activation process in chicken 

feathers aims to break the disulfide bond 

bridge (-S-S-). The results of the FTIR 

analysis showed that the absorption region of 

the peptide bond (-CONH-), the vibration in 

that area was the absorption region of amide 

I-III. 

 

Figure 1. Spectra FTIR of chicken feathers 

 
Besides chicken feathers, adsorbents 

are made from natural zeolite. The zeolite 

activation process used the acid method that 

through an ion exchange mechanism 

between metal cations from zeolite and H+ 

from acid [13]. 

 

Table 3. FTIR results of chicken feathers 

ƛ (cm-1) Functional Groups 

1628 Amida I = vibrasi stretching C=O 
1414 Amida II = vibrasi bending N-H 

dan stretching C-H 

1242 Amida III = vibrasi stretching C-N 

dan bending sebidang N-H 

 

Zeolite pore volume has increased to 

3.625e-02 cc/g. Zeolite activation causes the 

zeolite surface to be larger than its original 

size [14]. The activation process causes 

damage to the zeolite framework structures, 

O-Si-O and O-Al-O are replaced with silanol 

(≡SiOH) and aluminol (=AlOH) groups [15]. 
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Some of the hydroxide groups (-OH) are 

replaced by -OH + [14]. The replacement of 

this group increases the surface area and 

pore diameter of the zeolite. The following at 

Figure 2 is the activation reaction of the 

zeolite. 

 

Figure 2. Natural zeolite activation reaction 
with HF. 

 

The zeolite is used an activation 

process. It aims to open the pores of the 

zeolite [16]. 20-50% of the total volume of the 

open zeolite pores through the activation of 

the aluminosilicate structural framework and 

the intercrystalline cavity of the zeolite [14]. 

The activated zeolite can trap the adsorbate 

by the process of dehydration and hydrogen 

bonding that occurs between the adsorbent 

and the adsorbate [17]. 

2. pH Analysis on Textile Waste Dyestuff 

Degradation 

pH is one of the factors that affect the 

adsorption process. pH played a role in the 

analysis of functional groups in the wall mass 

of chicken feather biomass. Optimum pH was 

determined from the absorbent work in 

degradation waste. 

Batik waste is used a synthetic waste 

solution with a concentration of 60 ppm with 

a contact time of 90 minutes. Each adsorbent 

has optimum conditions at pH 8.5 with an 

adsorbed efficiency at 98.25% and 73.21%, 

for activated and inactivated adsorbents. The 

pH of the textile waste solution affects the 

work of the adsorbent in adsorption of textile 

waste, which is optimum under alkaline 

conditions. 

 

Table 4. The results of the analysis pH from 
adsorbent with the efficiency of the 
absorbed batik waste. 

pH 
Adsorbed Efficiency 

Activated Not activated 

3.5 39.37 26.71 

4.5 56.49 42.57 

5.5 62.55 49.21 

6.5 67.89 54.25 

7.5 72.67 60.59 

8.5 98.25 73.21 

9.5 83.26 59.56 

10.5 79.11 58.23 
 

One of the dyestuffs in textiles is 

indigosol. This type of dye is obtained dye 

with a fixed composition, it had many color 

choices and easy to apply at a low price. The 

following is the structure of indigosol [12]. 

 

Figure 3. Efficiency if adsorbed waste. 

 

Indigosol was the potential pollute 

environment [18]. At pH above 3, indigosol 

was released H+ which interacts with the thiol 

group of the adsorbent (-SH) [19]. This 

caused an increase strong interaction 

between the two specimens. Meanwhile, at 

pH above 8, the dye waste was begun 
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NaO3SO- structure which caused the 

ionization of the cysteine side chain, namely 

the thiol group (-SH). That was caused 

attraction of NaO3SO- to the adsorbent. 

3. Effect of Concentration on Degradation 

of Textile Waste Dyes 

Concentration was a parameter in 

determining the optimum conditions for batik 

waste. The concentration of adsorbed waste 

is related the number of active sites on the 

surface of the adsorbent, if the number of 

active sites on the adsorbent is greater than 

the amount of adsorbate to be absorbed, the 

absorption efficiency will be constant because 

there has been saturation of the adsorbent. 

Higher concentration of the adsorption 

process was caused higher efficiency of 

adsorption by the adsorbent. Based on the 

adsorption process, the optimum 

concentration was 52.48 ppm with an 

adsorbed efficiency at 94.32%. Meanwhile, 

the unactivated adsorbent had an adsorbed 

efficiency of 72.13% at 63.21 ppm. 

At a concentration of 52.48 ppm 

adsorbent, the adsorbent performs had many 

physical interactions with textile waste. There 

was a collision between atoms in the 

adsorbent with the waste on the surface 

adsorbent active site. The dye waste is 

adsorbed in the pores zeolite surface. This 

was undergoes a physical process in the 

adsorption process,      followed by a chemical 

reaction with chicken feathers on the thiol 

group of the adsorbent. At concentrations 

above 60 ppm, the efficiency of adsorption 

tends constant. This was indicated a balance 

point between the adsorbent and its 

environment. 

 

Figure 4. Efficiency of adsorbed dye degradation 
with adsorbent concentration. 

 

This adsorbent concentration was 

determined with reaction mechanism in 

absorbing dyes in textile waste. Zeolite which 

has an active site from adsorbent will absorb 

H+ from waste. The H+ is strongly attracted 

oxygen atoms. That is followed van der Walls 

bonds. The dye has been adsorbed 

adsorbent then it through chemical 

adsorption with the active site of the chicken 

feather. The amide group in chicken feathers 

was degradeyed the dye chemically to purify 

textile waste. Furthermore, adsorption and 

desorption processes were occured in textile 

waste through chemical exchange of cation 

and anion groups. The possible mechanisms 

were occured in the adsorption process in 

Figure 4. This was happened at the beginning 

of the absorption, the surface of the 

adsorbent is still not very good to bind with 

the waste so that the absorption process 

takes place less effectively. The surface 

adsorption capacity of the biomass has been 

saturated and an equilibrium between the 

adsorbate concentration in the biomass and 

the environment, so that optimal absorption 

was occured at concentrations above 80 

ppm. 
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4. Optimum Contact Time 

 Contact time is one of the 

parameters in the adsorbent adsorption 

method on the degradation of textile waste 

dyes. Contact time is done after determining 

the optimum pH. The results of the time test 

are shown in the Figure 5 below. 

 Based on the graph, the degradation 

of dyes had optimum absorption at 65 and 

120 minutes, for activated and inactivated 

adsorbents. The adsorbents were interacted 

a lot of batik dye waste which is adsorbed on 

the surface of the adsorbent. After the 

optimum absorption at that minute, the dye 

absorption was tend constant at a time 

duration more than 100 minutes. The factor 

influences was the adsorbent that has 

reached the saturation point of the absorption 

of the waste. In addition, this was an 

equilibrium point that has been reached 

between the adsorbent and environmental 

conditions. This is called the adsorption 

equilibrium. When the optimum condition of 

the adsorbent was the dye degradation 

absorption process. That had maximum 

absorption capacity value. Then after the 

equilibrium point, the adsorbent undergoes a 

desorption process. 

 

Figure 5. Optimum contact time for dye 
degradation. 

 

5. Study of Adsorption Isotherms 

The study of adsorption isotherms was 

investigated for activated adsorbents. The 

adsorption process for dye degradation of 

batik waste used adsorbent tends to follow 

the Freundlich isotherm. 

 

 

Figure 6.  Adsorption isotherms curves (a) 
Langmuir, and (b) Freundlich 

 

The adsorption process was influenced 

dominantly by the pores of the adsorbent 

compared to the exchange of active groups 

between the adsorbent and the adsorbate. 

The zeolite pores had a larger size which 

absorb the dye in the batik waste. Then an 

adsorption process will be carried out on the 

chicken feather biomass. Chicken feathers 

will degrade the chemical content in batik 

waste then the adsorbate will be adsorbed. 

 

CONCLUSION 

The adsorbent degrades the dye with 

an optimum condition at 60 ppm, contact time 

of 90 minutes and pH of 8.5. The adsorption 

process for dye degradation of batik waste 

used adsorbent follows the Freundlich 

isotherm. The use of adsorbents made from 
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chicken feather waste that one of the efforts to 

achieve environmental cleanliness based on 

green chemistry. In addition, green chemistry 

in this research is shown by eliminating waste 

and formation of toxic and dangerous 

chemicals after the dye adsorption process in 

waste. 
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