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Abstract: Application of Syzygium cumini seeds as biosorbent for the removal of acid violet 4BS 

dye from aqueous solution was investigated using batch process. Batch experiments were out to 

the effect of pH, Biosorbent Dose, contact time and initial dye solution. Maximum dye 

biosorption of 87.06% was achieved at pH 2.0, Biosorbent dose of 1g/L, contact time of 120mins 

and initial concentration of 50mg/L. The equilibrium biosorption data fitted well to Langmuir 

and Freundlich isotherm models with Langmuir monolayer biosorption capacity of 8.13 mg/g 

and Freundlich biosorption capacity of 13.49(mg/L)(mg/g). The pseudo first order and second 

order of kinetic models were also applied to experimentation data. The results indicated that the 

pseudo first order and pseudo second order fitted well and the biosorption rate constant increased 

with increased concentration. Characterization of biosorbent was also done by SEM and FTIR. 

The biosorption results in this study indicated that Syzygium cumini seeds are attractive candidate 

for removing acidic dyes from the waste water. 
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1. Introduction 

Dyes are the toxic and trace material available in the waste water. Dyes usually have a complex 

aromatic molecular structure which makes them more stable and difficult to biodegrade [1] .Dyes 

are basically chemical compounds that can attach themselves to fabrics or surfaces to impart 

colour. Most dyes are complex organic molecules and are resistant to weather, action of 

detergents, etc. Synthetic dyes are extensively used in many fields of up-to-date technology, e.g., 

in various branches of the textile industry, leather industries, paper production, food industries, 

hair colouring industries and so on [2,3]. 

 

 The adverse effect of these dyes has not only been seen on the environment but also a major 

concern regarding human health. It has not only polluted the nature but slowly increasing the 

biomagnifications of the chemicals regarding in imbalance of hormones and immunity loss. 

Synthetic dyes are used in various industries for various purposes and they removal from the 

effluent has now been an issue of concern as a result series of methods are followed for the 
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removal of dyes. There are various conventional methods such as chemical coagulation using 

alum, lime, ferric sulphate [4], oxidation methods using chlorine and ozone [5] biological 

treatments, floatation[6] and many more which has a draw back as it is expensive, inefficiency 

and sludge disposal problem[7] Hence the industries interest and main approach is towards low 

cost and effective method which can remove the dyes from the effluent or waste water and 

support in maintaining the balance of nature, hence the approach of processes like adsorption or 

biosorption using agricultural or low cost material is been favourable by the industries.
1
 

The present study is a small step in the reduction methods of dyes using biosorption technique. 

The present study investigates the biosorption of acid Violet 4BS dye from aqueous solution 

using Syzygium cumini seeds as biosorbent. The effect of pH, biosorbent dose, contact time and 

initial concentration of the dye on the biosorption were studied in detail. Kinetic, Langmuir and 

Fruendlich isotherm models were used to fit the equilibrium data. 

2. Material and methods 

The acid Violet 4BS dye was obtained from fareeda group ltd, Ranipet Tamil Nadu. The 

molecular   structure of the dye is given below. 

Generic name: Violet 4BS 

CID 24180996 

 

IUPAC 

Name 

sodium;3-[(4-

aminophenyl)hydrazinylidene]

-5-hydroxy-4- 

oxonaphthalene-2,7-disulfonic 

acid 

Molecula

r Weight 

462.409489 [g/mol] 

 

Molecula

r Formula 

 

C16H13N3NaO8S2
+
 

     

2.1 Dye solution preparation 

 An accurately weighed quantity of acid V4BS dye was dissolved in double distilled water to 

prepare stock solution (1000mg/L) and further diluted to obtain working solutions of lower 

concentration which was determined using the absorbance values before and after the biosorption 

using spectrometer(Perkin Elmer A Analyst 800, USA). The pH adjustment of the solution was 

carried out using 0.01n HCl and 0.01N NaOH at initial pH values ranging from 2.0 to 10.0.  

2.2 Preparation of biosorbent: 
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The plant Syzygium cumini belongs to the family Myrtaceae. Syzygium cumini, is also called 

as jambul, jambolan, jamblang, or jamun, which is an evergreen tropical tree in the flowering 

plant .  The name of the fruit is sometimes mistranslated as blackberry, which is a different fruit 

in an unrelated family. The seeds of Syzygium cumini (SCS) are used in this study. The seeds 

were collected, washed thoroughly and dried it in the sunlight. Subsequently the seeds were 

grounded and sieved to get fine sizes (100µm, 200µm, 400µm, 800µm). And sieved biosorbent 

was washed thoroughly and constantly several times using double distilled water to remove dust 

particles and dried well in the oven for 110
0
C for 24h, cooled stored the biosorbent in the dry 

place for experimentation. 

2.3 Characterization of the biosorbent 

The scanning electron microscope which was used to identify the surface texture and 

morphology of SCS was ZEISS, EVO/LS-15-15-41, Smart SEM version 5.05. The FTIR 

analyses were carried out by Varian Resolutions Pro-FTIR spectrometer. 

2.4 Batch experiments 

Batch experiments were carried out at room temperature. For experimental run 1000mg/L of 

stock solution of V4BS was prepared and dilutions were made with distilled water to make 

different concentrations (10 to 50mg/L) at required pH level which was determined by using 

0.01N HCl and 0.01N NaOH respectively to obtain various range of pH from 1.0 to 10.0 were 

taken in 250ml Erlenmeyer flasks. Known amount of SCS ranging from 0.1 to 2.0g/L was added 

and the mixture was shaken at 170rpm using mechanical shaker (KEMI KRS 110, India) for a 

fixed period of time varying from 15mins to 120mins. The stock solution mixture was then 

filtered from SCS and determined spectrophotometrically by recording the absorbance changes 

at maximum biosorption (600nm) using Systonics uv-vis spectrophotometer).  All 

determinations were done in triplicate average values were considered. Percentage adsorption 

was calculated by the formula 

%A= [(Ci-Ce)/Ci] x100 

Where Ci and Ce are the initial and final V4BS concentration (mg/L) respectively. 

3. Results and Discussion 

 

3.1 Scanning Electronic Microscopic Studies (SEM) 

 

SEM is widely used to study the morphology features and surface characteristics of the 

biosorbent. It also reveals the surface texture and porosity of biosorbent. Figure 1a and 1b 

shows that the surface of the biosorbent SCS before and after biosorption, where SCS  

becomes wider due to biosorption of V4BS.the comparison of both the figures describes 

the porosity clearly, where the pore size of the particle has increased. It also plays an 

http://en.wikipedia.org/wiki/Myrtaceae
http://en.wikipedia.org/wiki/Tree
http://en.wikipedia.org/wiki/Flowering_plant
http://en.wikipedia.org/wiki/Flowering_plant
http://en.wikipedia.org/wiki/Flowering_plant
http://en.wikipedia.org/wiki/Blackberry
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important role in determining the surface availability for the biosorption of V4BS on 

SCS. 

 
 

Fig 1a- SCS before biosorption of V4BS       b- SCS after biosorption of V4BS 

 

3.2 FTIR Analysis 

Measurements were carried out by means of a Varian Resolutions Pro-FTIR 

spectrometer. One centimeter diameter and constant weight KBr pellets were prepared by 

mixing sample. The spectra were measured in the wave number range of 500-4000cm
-1

. 

Figure 2a and 2b shows the FTIR spectra of V4BS before biosorption on SCS and V4BS 

after biosorption on SCS. The bands show the functional groups of sulphur and 

carboxylic acid and their derivatives. The peak ranging from 544.753cm
-1

 is due to S-S 

bonds in figure 2a which reduced in the figure 2b as observed; this is due to the 

biosorption of V4BS on SCS. The peaks between 1539 and above 3300 cm
-1

 indicates N-

H bonds and C-N bonds of amine along with overlap C-H stretched bands. The peaks 

which are reduced in figure2b indicate strong stretching vibration of carboxylic acids 

groups of amide. An FTIR spectrum of fig 2b shows peaks in low frequency regions 

because there is a biosorption of V4BS on SCS surface. Decreased intensity of sharp 

peaks concluded that V4BS has been functionalized by SCS. 

 



 

5 
 

                          Fig-2 a. FTIR of SCS before biosorption of V4BS     b FTIR of SCS after 

biosorption of V4BS 

3.1 Effect of pH 

The pH of the dye solution has a great influence on the biosorption of the dye on the biosorbent 

as it effect on the surface properties of the biosorbent, ionization or dissociation of the dye 

molecules[8,9] .Figure 3 shows the effect of pH on the removal of V4BS. The highest dye 

removal efficiency was observed at pH 2. The removal percentage then decreased as pH 

increased from 3 to 10. Similar results were recorded in the other acidic dyes in the process of 

biosorption. [8, 10, 11]. 

 

     Fig-3 Effect of pH on biosorption of V4BS by JCS                                     Fig-4 Effect of 

particle size on biosorption of V4BS by JCS 

3.2. Effect of Biosorbent Particle size 

 The effects of particle size on the biosorption of the V4BS on to SCS are shown in the figure 4. 

The results describes that the percentage removal of the V4BS increases with decrease in SCS 

particle size. Clearly a decrease in the particle size would increase in the surface area and 

consequently an increase in V4BS biosorption onto the SCS surface occurs. Various factors are 

responsible for the low biosorption capacity of the V4BS on the biosorbent large particles. [1, 12, 

13].  

3.3 Effect of Biosorbent Dose 

The biosrbent doses on V4BS by JCS are shown in figure 5. The results describes that V4BS 

biosorption by JCS increases with increasing in the biosorbent dose from 0.2 to 2g/L (28.30 to 

87.06%).This is due to the increase in surface area which in turn increases the availability of the 

exchangeable sites on the JCS for the biosorption of V4BS.[14]. Further increase in biosorbent 

dose beyond 1g/L keeps V4BS biosorption static which suggest that it has attained equilibrium 

between the liquid and solid phase. Similar results were observed by [15, 16]. 
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Fig-5 Effect of Biosorbent dose on biosorption of V4BS by JCS    Fig-6 Effect of contact time on 

biosorption of V4BS by JCS 

3.4 Effect of Contact time 

The variation of contact time of V4BS by JCS is shown in figure 6. It was clear that maximum 

biosorption (87.06%) of V4BS by JCS was achieved at 120min. A rapid biosorption of the V4BS 

by JCS took place at 30mins and than the biosorption was slow till it reached the equilibrium. 

The reason being that, at initial stage there was a more vacant biosorption site which gets 

occupied later resulting in the slow biosorption and once the biosorption reaches the equilibrium 

the contact time and percentage of biosorption becomes constant.[17,18,19]. 

3.5 Effect of initial dye concentration 

Figure 7 shows the initial concentration of V4BS by JCS. The figure7 describes that the 

percentage of biosorption decreases (99.60% to 87.06%) with increase in the concentration. This 

is due to the fact that in dye ion concentration causes saturation of biosorption sites on JCS and 

this blocks further V4BS biosorpted on biosorption sites as a result the biosorption efficiency 

decreases. [16, 20]. 

 

     

Fig-7 Effect of Initial dye concentration on biosorption of V4BS by JCS 

3.6 Kinetic isotherms 

The Lagergren‟s pseudo-first-order model and Ho's pseudo-second-order model [21] have been 

widely used to predict adsorption kinetics. The pseudo-first order equation is generally 
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applicable to the initial stage of the adsorption processes whereas the pseudo-second order 

equation predicts the behavior over the whole range of adsorption. These two models were used 

to fit the experimental data of this study 

Log (qe − qt ) = log qe − ( k1 / 2.303) t                                (1)  

t / qt = (1/ k2qe
2
) + (1 / qe ) t                                                    (2) 

where k1 (min
-1

)is the rate constant of pseudo-first- order adsorption and k2(g mg
-1

 min 
-1

) is the 

rate constant of pseudo –second-order adsorption. qe, amount of dye adsorbed on adsorbent at 

equilibrium 

 

  Fig: 8 Pseudo first order sorption Kinetics for V4BS by JCS     Fig: 9 Pseudo second order 

sorption Kinetics for V4BS by JCS 

In figure 8, the values of Pseudo first order reaction are shown, the dye adsorption rate constant 

onto JCS were plotted. The straight line of the plot indicates that the rate of removal of V4BS by 

JCS does not follow the Pseudo first order equation as the data is fitted with poor correlation co 

efficient. The calculated slopes and intercepts from the plots were used to determine the rate 

constant K1 and equilibrium capacity (qe) [22].  

In figure 9, the values of Pseudo second order reaction are shown, the dye adsorption rate 

constant onto JCS were plotted. The straight line of the plot indicates that the rate of removal of 

V4BS by JCS does follow the Pseudo second order equation as the data is fitted with good 

correlation co efficient for the biosorption of the V4BS on to JCS.  The correlation co efficient 

R
2
 and K2 were calculated from the intercept and the slope respectively and recorded in Table 1 

From Table 1, the correlation coefficient for the first and second order kinetic models are greater 

than 0.99 which led to believe that the first and second order equation provided good correlation 

for the biosorption of V4BS. 

Table -1 Pseudo first order and Pseudo second order constants chosen for biosorption by JCS 

Dye Pseudo first order 

 

Pseudo second order 

 

V4BS K1(min
-1

) R
2
 K2 (min

-1
) R

2
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0.0340 0.993 0.000818 0.999 

 

3.6a Langmuir isotherm 

Langmuir isotherm model was applied to describe the biosorption ofV4BS. The Langmuir 

isotherm [23] model is represented by the following equation.  

 Ce / qe = 1 / QmaxKL + Ce / Qmax                           (3)  

 where Qmax is the maximum adsorption capacity of JCS (mg g
−1

)and KL is the Langmuir 

constant related to the adsorption energy (L mg
−1

). RL, a dimensionless constant, is used to 

determine whether an adsorption is favourable or not and is calculated by 

RL = 1 / (1 + KLC0)                                                   (4)         

Figure 10 shows the linear plot obtained by plotting Ce/qe versus Ce. The Langmuir model 

parameters Qmax (mg/g) and b(L/g) statistically fits the biosorption data which are presented in 

Table 2 . The Langmuir model effectively describes the biosorption data R
2 

value of 0.995. This 

behavior indicates a monolayer biosorption. The values of b (8.83 L/g) and Qmax (11.3mg/g) 

indicates maximum interaction and greater affinity of V4BS with JCS [24]. 

       

Fig: 10 Linear form of the Langmuir isotherm for V4BS by JCS           Fig: 11 Linear form of the 

Freundlich isotherm for V4BS by JCS    

3.6b Freundlich isotherm 

Freundlich isotherm model is also applied to describe the adsorption of V4BS. Linearized in 

logarithmic form of Freundlich isotherm [25] model equation is represented by.  

log qe = log KF + (1/n) log Ce                                                                  (5)  

Where KF is the Freundlich constant and „1/n‟ is the heterogeneity factor. 

Figure 11 shows the linear plot obtained by plotting log qe versus log Ce. The Freundlich model 

parameters Kf (mg/g) (mg/L)
1/n

 and n are given in Table 2. The R
2
 values of 0.999 obtained 

indicates V4BS biosorption also takes place on heterogeneous surface of JCS. The Kf value of 
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13.49 (mg/g)(mg/L)
1/n  

indicates higher biosorption capacity and n value of 0.933 indicates 

favourable biosorption.  

Table -2 Langmuir isotherm and Freundlich isotherm parameters for biosorption by JCS 

Dye  

Langmuir isotherm 

 

Freundlich isotherm 

V4BS Qmax 

(mg/g) 

b(L/g) R
2
 Kf(mg/g)(mg/L)

1/n
 n R

2
 

11.30 8.83 0.995 13.49 0.933 0.999 

 

Table -3: Comparison of sorption capacity of various seeds as biosorbents 

Dye Biosorbent Sorption capacity References 

Acid Blue 324  

 

mango 

seed 

12.8  

 

[26] 

 

Acid Green 25 8.6 

Acid Orange 7 17.3 

Acid Red 1 11.2 

Congo red Jujuba seeds 55.56 [21] 

Acid Violet4BS Syzygium 

cumini seeds 

11.3 Present 

study 

Reactive Black 

5 

 

sunflower seed 

shells 

0.873 

 

[27] 

 

 

4. Conclusion  
 

The present study investigated the biosorption of V4BSby JCS from aqueous media. 

Characterization of biosorbent showing clearly the porosity and wider surface texture and the 

FTIR peaks also revealed that biosorption occurred. The kinetic data fit well with the pseudo-

second-order model, and prove the performance of biosorption. The biosorption equilibrium 

was described by the isotherm model. A single-stage batch biosorption system was design for 

the dye removal which was also outlined based on the isotherm model. The Langmuir and 

Freundlich isotherm model also proved that the data fits well for the V4BS biosorption. It 

was concluded that the JCS could be used as a promising alternative for V4BS removal from 

aqueous solutions. 
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