
AAmerican Journal of Sciences and Engineering Research wwww.iarjournals.com 

 

 143 Received-25-10-2021,                                                                                  Accepted-  16-11-2021 

 

American Journal of Sciences and Engineering Research                                    

E-ISSN -2348 – 703X, Volume 4, Issue 6, 2021 

---------------------------------------------------------------------------------------------------------------- ---------------------------------- 

Effect of Contact Time and Agitation Speed on the 

Adsorption Process of Methylene Blue Dyes Using Longan 

Shell (Euphoria longan L.) as Biosorbent 

  

  

Eka Darma Ramadhani 
1
, Desy Kurniawati 

2*
 

1,2
Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Negeri 

Padang, Jln. Prof. Dr. Hamka, Air Tawar, Padang, West Sumatra, Indonesia. 

ABSTRACT: Dyes are very complex organic compounds consisting of chromophore and ausochrome groups, 

and are non-biodegradable, making them difficult to decompose naturally. The dyes that accumulate in these 

waters can cause negative impacts on the environment and society, so they need to be removed by using an 

effective method such as adsorption. The use of this method is also safe because it uses an environmentally 

friendly adsorbent in the form of longan peel waste which is activated with 0.01 M HNO3. In this longan skin 

biosorbent there are several functional groups identified through the FTIR results, which consist of O-H 

stretching groups from alcohol and carboxylic acid, then there is C-H stretching from alkyne, then the presence 

of C=O from esters and the presence of -C-NO2 of aromatic nitro on the fingerprint area, C-H bending and C=C 

aromatics were also identified. In addition, the C-O-C groups of esters, ethers, carboxylic acids and alcohols, as 

well as the presence of C-N from amines were identified in the longan shell biosorbent. The absorption capacity 

of the longan skin biosorbent obtained was 65.0791mg/g at a optimum contact time of 150 minutes and 

64.5472 mg/g at an optimum agitation speed of 200 rpm. Measurements were made using a UV-Vis 

spectrophotometer at a wavelength of 664 nm. 
 

Keywords: Biosorption, Biosorbent, Longan Shell, Solution, Methylene Blue, Capacity of Adsorption, Batch 
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I. INTRODUCTION 

The dye molecule consists of two main components, namely the chromophore which is responsible for 

producing color, and the auxochrome which acts to increase the affinity of the molecule to be able to adhere 

to the substrate and make the dye molecule soluble in water [1]. Dyes consist of a combination of unsaturated 

organic substances such as aromatic hydrocarbon compounds, phenols and their derivatives, as well as 

hydrocarbon compounds containing one or more azo groups (-N=N-) [2]. Because of its complex structure 

makes it difficult to degrade. the presence of this chromophore group, the dye can produce a good and strong 

color so it is widely used in industry, especially in industries that involve the coloring process. 

One of the dyes that are often used is methylene blue. MB has the molecular formula C16H18N3SCl, 

which is allowed to be used in chemistry laboratories and not allowed in food. This dye has the form of a dark 

green and blue solid, has a melting point of 190
0
C, a molecular mass of 319.89 g/mol and a pH of around 4. 

This methylene blue dye also has moderate solubility in water, but is soluble in chloroform , glycerol and acetic 

acid, and is toxic to the environment [3]. 

To overcome the contamination of this methylene blue dye, an alternative method is needed to reduce 

the levels or eliminate this dye in the waters. The method used is also of course environmentally friendly, 

which means it does not become an additional factor in environmental pollution. Therefore, one method that 

can be used is adsorption. Adsorption itself is an analytical method that uses an adsorbent as an adsorbent for 

adsorbate which is considered as a pollutant in a sample. The adsorbent used can be derived from natural 

materials and can also be synthesized. The adsorbents commonly used are activated carbon, activated silica, 
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activated alumina, zeolite and polymer. Besides these adsorbents, several studies have been carried out to 

produce alternative substitute adsorbents derived from agricultural and fishery waste, such as the use of 

langsat skin [4], reeds [5], peanut shells [6], coffee pulp [7], banana peels [8], leaves pineapple [9], tamarind 

seeds [10], rice field snail shells [11], egg shells [12] and crab shells [13] to absorb MB dye in waters. 

In previous research, this longan shell has been used as an adsorbent to adsorb Rhodamine B dye and 

metal ions (Cu(II) and Pb(II)). In a previous study, the functional groups identified by FTIR consisted of O-H 

stretching which were derived from hydroxyl groups in alcohols and carboxylic acids. The C-H stretching 

functional group and the C=O stretching group from the ester [14][15]. In addition, longan skin contains high 

amounts of bioactive compounds, such as phenolic acids, flavonoids and polysaccharides [16]. 

 

II. MATERIAL AND METHODS 

2.1. Tools 

Glassware, pH meter (HI2211), analytical balance (ABS 220-4), filter paper, magnetic stirrer (MR Hei 

Standard), shaker (model : VRN-480), sieve (BS410) 250 µm, and spray bottle. The instrument used is FTIR 

(Fourier Transform Infra Red) type pectin elmer universal ALT sampling Accesor 735 B and UV-Vis 

Spectrophotometer. 
 

2.2. Material  

The reagents used are solution of methylene blue 1000 and 550 ppm, NaOH solution (0.01 M, 0.1 M, 

and 0.5 M), HNO3 (0.01 M, 0.1 M, and 0.5 M) and aquadest. 

  

Figure 1. Chemical Structure of Methylene Blue Dye 

 

2.3. Preparation Sample 

Lengkeng shell is cleaned with aquadest and dried without the help of sunlight ± 1 week. Cut and 

grinder, then sifted to sizes  250 μm [14]. 

2.4. Activation and Characterization of Biosorbent 

A total of 20 grams of longan shells at a size of 250 µm were activated with 0.01 M HNO3 for 2 hours. 

Then the longan skin was washed with distilled water until the pH was neutral, dried and stored. 

The biosorbent characterization process from longan shell was carried out using FTIR to determine the 

functional groups of chemical components in the sample. 

2.5. Dyestuff Biosorption Experiments using Batch Method 

2.5.1. Effect of Contact Time 

A total of  0.2 grams of longan skin measuring 250 µm was contacted with 25 mL of methylene blue 

solution at pH 5 with a concentration of 550 ppm using a batch method. The solution was shaken at a stirring 

speed of 200 rpm for 30, 60, 90, 120, 150 and 180 minutes. The solution was filtered and the filtrate was 

collected, then measured with a UV-Vis spectrophotometer at a wavelength of 664 nm. 
 

2.5.2. Effect of Agitation Speed 

A total of 0.2 grams of longan skin measuring 250 µm was contacted with 25 mL of methylene blue 

solution at pH 5 with a concentration of 550 ppm using the batch method. The solution was shaken at various 

agitation speeds of 50, 100, 150, 200 and 250 rpm for 150 minutes. The solution was filtered and the filtrate 

was collected, then measured with a UV-Vis spectrophotometer at a wavelength of 664 nm.  
 

For the adsorption potential of dyes, the following equation is calculated: 

   
(     )
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where, Co is the initial concentration and Ce is the final concentration of the methylene blue solution (mg/L), 

W is the mass of adsorbent used (g) and V is the volume of the methylene blue solution (L). 

  ( )   
(     )

  
         

Where, E is the adsorption efficiency in percentage (%), Co is the initial concentration and Ce is the final 

concentration of the methylene blue solution (mg/L). 

 
 

III. RESULT AND DISCUSSION 

3.1. Preparation Sample 

The process of making biosorbent from longan skin consists of several stages, including washing and 

drying stages of longan skin. It aims to remove impurity particles and reduce the water content in the longan 

skin. Followed by the process of refining the longan skin sample to increase the surface area of the biosorbent 

so as to increase the adsorption power and the activation process aims to increase the volume and diameter 

of the pore. 
 

(a)   (b)  

Figure 2. (a) Longan Shell; (b) Biosorbent of Longan Shell 

 
 

 At this stage of activation is carried out chemically using an acid solution in the form of HNO3 at a small 

concentration of 0.01 M. During the activation process, HNO3 which is an oxidizing agent will oxidize the 

surface of the biosorbent, by breaking the double bonds or oxidizing other elements. on the surface of the 

biosorbent. As a result, the surface of the biosorbent will be eroded so that new pores are formed or increase 

the diameter of the previously formed pores. Therefore, this process can increase the adsorption power of the 

biosorbent to the adsorbate in solution. The last step is neutralization of the biosorbent to remove residue 

from the activator reagent and neutralize the charge on the surface of the biosorbent accompanied by re-

drying to remove residual water which can reduce the quality and adsorption capacity of the biosorbent. In 

addition, the presence of excess water content can increase humidity and accelerate the decomposition 

process of biosorbents. 

 
 

3.2. Characterization of Biosorbent 

The characterization of the biosorbent was carried out using FTIR, to see the chemical components 

contained in the biosorbent by identifying the functional groups in the wave number of each functional group. 
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(a)  

(b)  

Figure 3. FTIR spectrum of longan shell (a) before activation (b) after activation 

 
 

Based on Figure 1, it can be seen that the functional groups identified in the biosorbent before 

activation consisted of the OH stretching group from alcohol and carboxylic acid at a wave number of 3399.95 

cm
-1

 with a strong intensity of 65.54% T, then there was CH stretching from alkyne. at a wave number of 

3226.62 cm
-1

 with a strong peak intensity of 62.82 %T, then the presence of C=O from the ester at a wave 

number of 1613.43 cm
-1

 with a strong intensity of 57.83%T and the presence of -C-NO2 from aromatic nitro at 

a wave number of 1368.68 cm
-1

 with an intensity of 58.95%T and usually appears in the wave number range of 

1300-1570 cm-1 in the fingerprint area at a wave number of 1453.94 cm
-1

, it is assumed that there are C-H 

bending and C=C aromatics that can appear in the range of wave numbers 1450-1500 cm-1 and ~1600 cm
-1

. 

Then the presence of C-O-C groups of esters, ethers, carboxylic acids and alcohols at a wave number of 

1244.65 cm
-1

 which is characterized by a strong peak intensity of 51.03% T. Furthermore, at a wave number of 

1022.31cm
-1

, it was identified the presence of C-N of the amine which usually appears in the wave number 

range of 1300-1000 cm
-1

 with an intensity of 33.99 %T. 
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Figure 4. FTIR spectrum of longan skin after contact with Methylene blue solution 

 
 

In the FTIR results of the longan skin biosorbent after being activated and contacted, several functional 

groups identified experienced a very small wave number shift consisting of C=C aromatics, -C-NO2 from 

aromatic nitro, CN from amines and CH groups from alkynes changed to C-H stretching on alkanes. Where the 

double bond contained in the C atom is lost and turns into a single bond between the C atom and other atoms 

that are bonded to each other 

 

3.3. Effect of Contact Time 

The contact time that occurs between the biosorbent and the adsorbate greatly affects the efficiency of 

the biosorption process. Contact time is the time required for the biosorbent to be able to interact with the 

adsorbate optimally at a certain time in order to bind the adsorbate optimally. The rate of the biosorption 

process will increase significantly with increasing contact time so that it reaches the equilibrium point. Where, 

the longer the contact time, the greater the adsorption capacity. When the equilibrium time has been 

reached, however long the contact time is added to the adsorption process, it will not increase the absorption 

capacity, but will decrease the value of the absorption capacity due to the presence of adsorbate particles that 

can be released back into the solution. Determination of the optimum contact time is illustrated in the 

following figure. 

 

 
Figure 5. Effect of Contact Time on Adsorption Capacity of Methylene Blue Using Longan Shell 

 
 

Based on Figure 5, the optimum contact time obtained is 150 minutes with a Qe value of 65.0791 mg/g. 

In general, the adsorption process occurs in 2 stages. The first step is the adsorbate reaches the surface of the 
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biosorbent and enters the pores on the surface of the biosorbent. The second stage is the process of releasing 

the adsorbate from the biosorbent. Therefore, to achieve these two stages requires a long time for the 

adsorption process to take place optimally [16]. At the beginning of the process, the adsorption rate is very 

fast because there are active sites and pores that are still empty on the surface of the adsorbent, so that the 

adsorbate can quickly bind to the active site and enter the pores according to the particle size of the 

adsorbate. This adsorption rate will then decrease gradually due to saturation of all active sites and the pores 

that have been filled with adsorbate until it reaches the equilibrium point and cause the biosorbent to no 

longer be able to bind the adsorbate in solution. This is what describes the increase in the adsorption rate at 

the contact time of 30 to 150 minutes significantly and decreases when it reaches 180 minutes. 

 
 

3.4. Effect of Agitation speed 

The speed of agitation in the batch method in this adsorption process helps speed up the adsorption 

process. With this agitation speed, the biosorbent will be distributed in all directions in the solution and 

interact with the adsorbate as a whole. 

 
Figure 6. Effect of Agitation speed on Adsorption Capacity of Methylene Blue Using Longan Shell 

 

Based on the figure above, the optimum agitation speed obtained is 200 rpm with an adsorption 

capacity of 64.5472 mg/g. At a speed of 50 rpm, the value of Qe obtained is very small. This is because the 

biosorption process runs very slowly, and at a speed of 100 to 200 rpm, there is an increase in the value of Qe 

due to an increase in the adsorption rate and at a speed of 250 rpm a decrease in adsorption power. This is 

because the stirring process is very fast and strong so that the adsorbate bound to the surface of the 

biosorbent is released again. The process of releasing the adsorbate from the biosorbent is due to the fact that 

the bond formed is not strong and stable so that the adsorbate is easily released and replaced with another 

adsorbate attached to the surface of the biosorbent. This can accelerate the process of saturation on the 

surface of the biosorbent and cause the adsorption power to decrease. In addition, with a very fast agitation 

speed, the possibility of damage to the structure of the biosorbent is faster and causes the biosorption process 

to take place less than optimally and reduce the adsorption capacity. 

 
 

IV. CONCLUSIONS 

This research resulted in functional groups identified in the longan shell which function to bind particles 

of methylene blue dye in solution, which consist of O-H stretching groups from alcohol and carboxylic acid, 

then there is C-H stretching from alkyne, then the presence of C=O from esters and the presence of -C-NO2 of 

aromatic nitro on the fingerprint area. In addition, C-H bending and C=C aromatics were also identified. In 

addition, the C-O-C groups of esters, ethers, carboxylic acids and alcohols, as well as the presence of C-N from 

amines were identified in the longan shell biosorbent. The absorption capacity of the longan skin biosorbent 

obtained was 65.0791mg/g at a optimum contact time of 150 minutes and 64.5472 mg/g at an optimum 

agitation speed of 200 rpm. Based on the results of this study, it can be seen that the longan shell can be used 

as a biosorbent in the adsorption process as an alternative adsorbent to the commonly used adsorbent. 
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