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ABSTRACT 
 

The industrial waste can be many kinds of substances, one type of industrial waste is waste waste materials used 

dye textile industry. Waste dyes used by the industry are often not treated properly, this resulted from industrial 
waste does not meet standards for environmentally safe and no one waters. With the existence of water pollution, 

especially from industrial waste, environmental support will be reduced and the natural ability to reforming itself 

would be significantly reduced. This problem will pose a problem for the entire human receptors, namely water, 

plants, animals, and materials. With the onset of problems due to the inability of water quality naturally restored 

quickly. Neutral Red (NR) is a cationic dye that is toxic and can harm aquatic environment. In this research studied 

the adsorption NR using Calcium alginate (CA), and the shell powder encapsulated eggshell calcium alginate (CA-

SKT)). The maximum adsorption condition of NR by CAdan CA-SKT is determined by studying the effects of pH, 

initial concentration of NR, the initial mass of adsorbent, and the contact time. Percent adsorption increases with 

increasing pH and reached a pH optimum at pH 6. The initial concentration optimum CA and CA-SKT row is 1000 

ppm and 500 ppm. Adsorption capacity CA and CA-SKT row was 152.77 mg / g, and 94.58 mg / g. The optimum 

adsorbent mass to CA and CA-SKT is 0.1 grams. The optimum contact time CA and CA-SKT are 2 hours. 

Adsorbent CA and CA-SKT can be reused for the adsorption of NR after didesorpsi HCl 0.5 M. 
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1. INTRODUCTION 
 

Advances in technology led to the development of the industry fairly quickly, with the development of the 

industry is beneficial from an economic standpoint in the form of land where the jobs and source of foreign 

exchange and the ease of getting a lot of specific products, but the progress of the industry can lead to various 

problems. Problems arise because the industry one of them is going to waste production and waste generated quite 

a lot so purification naturally can not compensate for the time terolahnya waste naturally slow and or the amount 

of waste generated is too much[1] 

The industrial waste can be many kinds of substances, one type of industrial waste is waste waste materials 

used dye textile industry. Waste dyes used by the industry are often not treated properly, this resulted from 

industrial waste does not meet the standards and is not safe for the environment. The dye used by the industry is 

very varied, one of which is a dye Neutral Red (NR) which is quite dangerous, especially for aquatic organisms 
because it can reduce the oxygen content in water and toxic, it can damage the environment if the results of the 

waste after use dye NR is not processed properly[2]. 

Water is a compound that is needed by humans and is vital for life. The water used by humans, among others, 

to drink, to wash and to bathe. Ideal clean water has the physical characteristics clear, colorless, tasteless and 

odorless. With the existence of water pollution, especially from industrial waste, environmental support will be 

reduced and the natural ability to self purification will decrease drastically. This problem will pose a problem for 

the entire human receptors, namely water, plants, animals, and materials [3-5]. With the onset of problems due to 

the inability restored natural water quality rapidly, it is necessary to process waste water treatment with the 

additional process of humans such as the processing of physical, chemical, and biological conditioned[6,7] 

In this study, has been studied NR dye adsorption using adsorbents to the batch method. The adsorbent used 

is calcium alginate (CA) and eggshell shell powder encapsulated in calcium alginate (CA-SKT). Adsorption 
performance of each adsorbent was analyzed on four-parameter optimum conditions of adsorption among others 

the effects of conditions of pH, contact time, initial concentration of NR, and the initial mass of adsorbent. 
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2. METHODOLOGY 

 

Study of adsorption performance in the third adsorbent ion binding NR studied on various parameters such 

as the effect of pH, contact time, and the initial mass of adsorbent. In addition, do also adsorption-desorption cycles 

of NR in the second adsorbent. NR desorption of adsorbed adsorbent done using 0.5M HCL. 

 

Preparation of Powdered Egg Shells (SKT) into calcium alginate 

A total of 0.2 g of Na-Alginate is mixed with 2 g of eggshell powder and then 100 mL of water is added at a 

temperature of ± 80 ° C little by a little while stirring with the stirrer. The mixture is then stirred until homogeneous. 
Next, the mixture is dropped into a 2% solution using a burette CaCl2.2H2O. CA-SKT roomates granules are 

formed later, are allowed to stand for 24 hours in solution. Then removed, washed using aqua dm, drained and 

dried at room temperature for ± 24 hours. 

 

Adsorption of Neutral Red Using Eggshell Encapsulated (Ca-SKT) 

Preliminary Determination of Optimum Concentration 

A total of 0.05 grams of each adsorbent put in a 50 ml Erlenmeyer flask. Then added 20 ml of NR 50, 100, 

250, 500, 1000, and 1250 ppm throughout the NR solution has a pH of 6.5. The mixture is agitated using a shaker 

at 200 rpm at room temperature for 4 hours. The mixture was then decanted and the filtrate obtained absorbance 
was measured using a spectrophotometer. 

 

Determination of the optimum pH,  

A total of 0.05 grams of adsorbent (CA and CA-SKT) put in a 50 ml Erlenmeyer flask. Then add 20 ml of 

NR 100 ppm at various pH 2, 3, 4, 6, 7, and 8 to CA while the pH variation for CA-SKT is 4, 6, 8, 10. Then the 

solution is agitated using a shaker at 200 rpm on room temperature for 2 hours. The mixture was decanted and the 

filtrate obtained was measured using a visible spectrophotometer absorbance at 530 nm. 

 

Determination of Optimum Time,  

A total of 0.05 grams of each adsorbent (CA and CA-SKT) put in a 50 ml Erlenmeyer flask. Then add 20 ml 
of NR in the concentration and pH optimum of each adsorbent. The mixture is agitated using a shaker at 200 rpm 

at room temperature for 5, 15, 30, 60, 120, and 480 minutes. The mixture was then decanted and the filtrate obtained 

was measured using a visible spectrophotometer absorbance at 530 nm. 

 

Determination of Optimum Massa Adsorbent,  

Weighed each adsorbent (CA and CA-SKT) with 0,025 mass variations; 0.05; 0.1; 0.15 and 0.2 grams. Then 

put in a 50 ml Erlenmeyer flask. Then add 20 ml of NR in the concentration and pH optimum. The mixture is 

agitated using a shaker at 200 rpm at room temperature for 4 hours. The mixture was then decanted and the filtrate 

obtained was measured using a visible spectrophotometer absorbance at 530 nm. 

 

Adsorption-desorption cycles NR 

Do adsorption as much as 20 ml of NR in certain circumstances of each adsorbent then the solution is agitated 
using a shaker at 200 rpm for 2 hours. Do decantation and the filtrate is the result of adsorption measured using 

visible spectrophotometer absorbance at 530 nm. 

Adsorbents to adsorb NR, didesorpsi through the addition of HCl solution with a concentration of 0.5 M and 

agitated using a shaker at 200 rpm for 2 hours. Do decantation and the filtrate desorption results were measured 

using visible spectrophotometer absorbance at 530 nm. The cycle has done 3 times to CA and CA-SKT. 

 

3. RESULTS AND DISCUSSION 

 

Determination of Optimum pH Adsorption NR  
Determining the influence of NR solution pH on adsorption performance of the adsorbent is shown in Figure 

4.9 where NR solution pH varied from pH 2 to pH 8 to CA and variation of pH 4 to pH 10 for CA-SKT. On the 
use of adsorbent CA pH of below pH 3 NR NR cause low adsorption. The surface of the negatively charged alginate 

result would be -COOH -COO- group due to the amount of H + in solution, so that the positively charged NR will 

be more difficult to be adsorbed on alginate.[8]  
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Figure 1 Percent adsorption CAdan CA-SKT to variations in pH 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
The curve above shows that the optimum pH for the adsorbent CA achieved at a pH of about 6 and 7, the 

adsorption capacity of CA showed the highest value. By knowing the optimum conditions of CA then determining 

the optimum pH of CA-SKT performed at various pH 4 to 10 wherein the adsorption capacity CA is fairly flat in the 

area. The results showed that the adsorption capacity of the adsorbent CA-SKT quite stable from pH 4 to pH 10. 

 

Determination of Optimum initial concentration Adsorption NR  
Determination of the influence of the initial concentration of NR in the third adsorption performance of the 

adsorbent is shown in figure 2. In the determination of the optimum concentration for the adsorbent CA NR 

performed the initial concentration variation NR from 300 to 1250 ppm. It is seen that the adsorption capacity of 

the CA will continue to increase from 300 ppm to 1000 ppm and obtain maximum capacity of CA was 152.77 mg 

/ g. Capacity then decreases at 1250 ppm. The increase in capacity is due to an increase in the initial concentration 
because the amount of NR that can be absorbed by the CA more. Capacity continues to increase until eventually 

the active side of the CA will be saturated and the maximum capacity has been reached.[2] 

 

Figure 2 adsorption capacity CA and CA-SKT at the initial concentration variation 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
In the determination of the optimum concentration for adsorbent CA NR-SKT done NR variations initial 

concentration of 20 ppm to 500 ppm. Figure 2 shows that the adsorption capacity of CA-SKT will continue to 
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increase from 20 ppm to 300 ppm and 24 ppm to 500 ppm tends to be flat because the active CA-SKT is already 

saturated. The maximum capacity of CA-SKT obtained amounted to 94.58 mg / g. 

In the determination of the optimum concentration for the adsorbent NR on the initial concentration is too 

high and the active side of the adsorbent is saturated, the adsorption capacity of the CA be decreased. This is 

expected because of NR in high concentrations can agglomerate in solution and can not be absorbed by the 

adsorbent in the form of gumpalannya. So that the adsorption capacity is lowered because there is competition 

between adsorption with the NR clotting process.[9] 

 

Determination of Optimum Contact Time Adsorption NR  
Characterization of adsorption remainder of that is the effect of contact time between adsorbent with 

adsorbate as shown by Figure 3 In determining the optimum contact time NR adsorbents CA shows that the percent 

of adsorption CA will continue to increase from 5 minutes to 120 minutes but it's unlikely to change in minute 120, 

this indicates that the active site is already quite saturated CA by NR after 2 hours of contact time.[10] 

 

Figure 3 Percent adsorption of CA and CA-SKT to variations in time 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
In determining the optimum contact time NR adsorbents CA-SKT saw that the percent adsorption of CA-

SKT will continue to increase from 5 minutes to 240 minutes and flat at 480 minutes, the contact time of 120 

minutes active side CA-SKT is already quite saturated by NR so that the curve percent adsorbansinya already 

unlikely to change.  

 

Determination of Optimum Adsorption Adsorbent Mass NR  
Adsorbent mass influence on the performance of two adsorptions of the adsorbent can be seen in Figure 4 On 

the curve seen with increasing mass percent adsorption is also growing. 

 

Figure 4 Percent adsorption of CA and CA-SKT against the mass variation 
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In the adsorbent mass, greater than 0,025 grams increased percent adsorption. Percent adsorption tends to be 

flat after a 0.1 gram to CA and CA-SKT. Percent adsorption will increase along with the increase in the mass of 

adsorbent used. This is because with the same concentration in the solution NR adsorbent number continues to 

grow so that absorption is divided on the amount of adsorbent is increasing. Based on the results obtained by the 

NR optimum adsorption on the adsorbent mass of 0.1 grams for CA and CA-SKT.[11] 

 

Adsorption-Desorption Cycle Neutral Red 

In this research, the cycle with certain conditions. The solution used for the release of the adsorbent is NR 

HCl 0.5 M. Under the adsorption-desorption cycles eusability of CA is excellent, but continued to decline from 

each cycle is done, this happens because the desorption process is done can not eliminate all NR adsorbed on the 
adsorbent so that the adsorbent will gradually become saturated and its ability to decrease.[12] 

While the reusability of CA-SKT has not been too good, with a declining ability of each cycle is done, this 

happens because the desorption process is done in less optimal and can not deliver NR adsorbed on the adsorbent 

well. CA-SKT by desorption using 0.5 M HCL less good results because of the adsorbent becomes saturated 

quickly. 

Based on the third cycle of adsorption desorption from the adsorbent, it appears that the globules CA have 

the most excellent reusability capabilities. Pellets CA-SKT has the potential to be reusable, desorption capability 

of granules CA-SKT has the potential to be improved is by replacing the type of acid or by increasing the 

concentration of the acid. 

  

4.  CONCLUSION 
 

Synthesis adsorbent CA-SKT has been successfully carried out, but the ability of CA-SKT has not been too 

good. The maximum capacity of the CA and CA-SKT in consecutive is, 152.77 mg / g and 94.58 mg / g. Adsorption 

using an adsorbent third optimum at pH around 6.5. The optimum adsorbent mass to CA and CA-SKT is 0.1 grams. 

The optimum contact time for CA and CA-SKT is 2 hours. 

 

5. SUGGESTION 
 

As for some suggestions regarding this study as follows:  

1. Need to relearn desorption uses other than the acid HCl.  

2. Provision of treatment CA-SKT modifications needs to be done, such as giving an acid or base in the CA-
SKT.  

3. The use of the adsorbent column system for CA and CA-SKT needs to be done.  
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