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ABSTRACT 

In the present paper adsorption technique was employed for removal of Basic Blue 54 dye. Basic Blue 54 dye is 

a carcinogenic dye which comes in the effluents of textile industries during dyeing and rinsing processes. The 

technique was found to be very useful and cost effective for a better removal of dye. Although commercial 

activated carbon is a preferred sorbent for colour removal, its wide spread use is restricted due to high cost. 

Currently, the study of activated Jack fruit carbon as a low cost sorbent for removing dye has drawn attention 

of various researchers working in this field. In the present work, Jack fruit carbon (JC) in the form of powder 

was investigated for removing dyes taking Basic Blue 54 as a model system. The adsorbent was made from 

Jack fruit procured from Paderu and was investigated under variable system parameters such as agitation time 

and dose of adsorbent. An amount of 0.1 g/l of JC could remove 10 to 99 % of the dye from an aqueous 

solution of 50 ppm with the agitation time increasing from 20 min to 40 min. The interactions were tested for 

both pseudo first- order and second – order kinetics and it was observed that the interactions could be better 

explained on the basis of pseudo second order kinetics.  
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I.  INTRODUCTION 

 Colored wastewater could be generated from several industries such as textile, ceramic, rubber, 

paper, leather, printing, plastic, cosmetics, etc. These industries commonly use synthetic dyestuff as their 

colorant [1-3]. Discharge of this dye-containing-wastewater into environment can contaminate surface water 

and ground water system [4]. The presence of dyes even in very small amounts in water system is undesirable 

since dyes are highly visible and can result in a hazard to the aquatic life [5]. Furthermore, some of dyes have 

been reported to be mutagenic and carcinogenic especially for human [1, 6].  

 In the present study we used nitric acid as activating agent for activated carbon preparation using 

jackfruit (Artocarpus heterophyllus) peel waste as the precursor [7]. Here we used the activated carbon from 

jackfruit peel to remove Basic blue 54 from aqueous solution. The adsorption equilibrium and kinetic of Basic 

blue 54 onto activated carbon prepared from jackfruit peel waste were also studied. Basic blue 54 (BB 54) is 

one of frequently used dyes.  
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Material and Methods 

Preparation of activated carbon 

 Jackfruit of pichiparai-1 variety was selected; its rind and pulp waste was washed with hot distilled 

water to remove dirt and dehydrated at 105
o
C until constant weight was obtained. This dried waste was then 

cut into small pieces and was mixed with K2CO3 solution at impregnation ratio 1. Impregnation ratio (IR) was 

given by weight of K2CO3 (g) in solution/weight of waste in g. It was dehydrated in an oven overnight at 105
o
C. 

The impregnated material was carbonized in uniform nitrogen flow at 600
o
C. The heating was provided at rate 

of 10
o
C min

-1
 from room temperature. The prepared carbon was cooled to room temperature and washed 

with hot distilled water to remove remaining chemical and filtered. The washing and filtration steps were 

repeated until the filtrate showed neutral pH. The activated carbon was sieved to 45mesh. They were 

subjected to liquid phase oxidation with 0.1N HNO3 for 3hours individually. The filtered carbons were washed 

with distilled water until filtrate showed neutral pH. They were dehydrated in an oven overnight at 105
o
C.  

Preparation of Adsorbate 

 All reagents used in this study are of analytical grade. The cationic textile dye, BB54, used in this 

experiment was supplied by SIGMA ALDRICH. It is directly taken to prepare stock solution without further 

purification. Stock solution (1000 mg l
-1

) of dye was prepared by dissolving 1g dye into one liter double distilled 

water. The structure of the BB54 was shown in Figure 1. 

 
Figure 1. Structure of C.I. Basic Blue 54 

Batch adsorption studies 

 All experiments were carried out in 250 ml conical flasks with 100 ml test solution at room 

temperature (25±2
o
C). The flasks, along with test solution and 0.5g of the adsorbent for BB54 at neutral pH, 

were shaken in horizontal shaker at 120 rpm to study the equilibration time (10-100 min) for maximum 

adsorption of dye and to know the kinetics of adsorption process. At the end of the desired contact time, the 

samples were filtered using Whatman no. 42 filter paper and filtrates were analyzed for residual dye 

concentration. Test solution of dye of 50 mg l
-1

 concentration was prepared from fresh stock solution. All the 

experiments were carried out in 250 ml conical flasks with 100 ml test solution at room temperature (25±2
0
C). 

These flasks, along with test solution and adsorbent, were shaken in horizontal shaker at 120 rpm to study the 

various control parameters. At the end of desired contact time, the conical flasks were removed from shaker 

and allowed to stand for 2 min for settling the adsorbent. The adsorbent and dye solution were separated 

using filtration method. The samples were filtered using Whatman no. 42 filter paper, the first part of the 

filtrate was discharged to avoid the effects of adsorption on to the filter paper and the remaining filtrate was 

analyzed for residual dye concentration using UV visible spectrophotometer. To correct any adsorption of dye 

on containers, control experiments were carried out in duplicate.  

% 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 =
 𝐶𝑖 − 𝐶𝑒 

𝐶𝑖

𝑋100 …………… (1) 

𝐴𝑚𝑜𝑢𝑛𝑡 𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑  𝑞𝑒 =
 𝐶𝑖 − 𝐶𝑒 

𝑚
𝑉…………… . (2) 

Where Ci = initial concentration of dye solution in mg l
-1 

Ce = equilibrium concentration of dye solution in mg l
-1 

m = mass of the adsorbent in grams (g) 
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V = Volume of test solution in litres (l) 

Effect of adsorbent dosage 

The percentage removal of BB54 by adsorption onto JCHNO3 in the range 0.1 to 1g with 50 mg l
-1

 initial 

concentration of dye and agitation time of 60 min at pH 7 and at temperature (25±2
0
C) was studied. The 

results are presented as percentage removal of dye versus adsorbent dosage in Figure 2. 

 
Figure 2. Effect of adsorbent dose on BB 54 dye removal 

Effect of contact time 

 In order to study the effect of contact time which is related to kinetics of adsorption of dye by JCHNO3, 

the adsorption experiments have been conducted in the extent of removal of dye at an optimum initial 

concentration of dye of 50 mg l
-1

 with optimum dose (0.5g) of adsorbent at pH 7 and at room temperature 

(25±2
o
C) by varying the agitation time from 5 to 60 min. The time profile of adsorption of dye onto adsorbent 

is presented in Figure 3. 

 
Figure 3. Effect of contact time on BB 54 dye removal by JCHNO3 

Effect of initial concentration of dye 

 The effect of initial concentration of dye on the extent of removal of dye in terms of percent removal 

and amount of the dye adsorbed on prepared JCHNO3 has been studied by varying the initial concentration of 

dye (range: 10 – 120 mgl
-1

) and keeping the other control parameters at their optimum conditions. The effect 

of initial concentration of BB54 on adsorption is shown in Figure 4. 
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Figure 4 Effect of adsorbate concentration on BB 54 dye removal by JCHNO3 

Effect of pH 

 The effect of pH on adsorption was studied by varying the pH from 3 to 11 under constant process 

parameters i.e., the initial concentration of the standard dye solution which is 50 mg l
-1

, the dose of adsorbent 

is 0.5 g and contact time of 40 min and at room temperature (25±2
o
C). The results were depicted in Figure 6. 

 
Figure .5 Effect of solution pH on BB 54 dye removal by JCHNO3 

Adsorption kinetics 

 To study the adsorption kinetics five kinetic models were used which include pseudo-first-order [8] 

pseudo-second order [9], Weber and Morris intraparticle diffusion [10], Bangham’s pore diffusion [11] and 

Elovich models [12]. The relevant equations and results are tabulated in Table 1. 

Table 1. The adsorption kinetics of BB 54 on JCHNO3 

Pseudo first-order 

Adsorbent Adsorbate qe(expt.)  

(mg g
-1

) 

k1X10
-1

  

(min
-1

) 

qe(Cal.) 

(mg g
-1

) 

SSE R
2
   

JCHNO3 BB 54 9.640 0.8452 4.7087 0.26168 0.9362   

Pseudo second-order 

Adsorbent Adsorbate qe(expt.)  

(mg g
-1

) 

k2X10
-1  

(
 
g mg

-1
min

-1
) 

qe(Cal.) 

(mg g
-1

) 

SSE R
2
   

JCHNO3 BB 54 9.640 0.3213 10.2669 0.00423 0.9975   

Intraparticle diffusion 
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Adsorbent Adsorbate qe(expt.)  

(mg g
-1

) 

kipX10
-1  

(mg g
-1

 min
-

0.5
) 

qe(Cal.) 

(mg g
-1

) 

SSE R
2
   

JCHNO3 BB 54 9.640 8.388 9.5484 0.00009 0.9920   

Pore diffusion 

Adsorbent Adsorbate qe(expt.)  

(mg g
-1

) 

k0  

(ml(g l
-1

)
-1

) 

qe(Cal.) 

(mg g
-1

) 

SSE R
2
 Α 

JCHNO3 BB 54 9.640 5.6519 9.1000 0.00314 0.9351 0.152 

Elovich equation 

Adsorbent Adsorbate qe(expt.)  

(mg g
-1

) 

β qe(Cal.) 

(mg g
-1

) 

SSE R
2
 Α 

JCHNO3 BB 54 9.640 0.8034 9.3516 0.00090 0.9351 2.1714 

Results and discussion 

 The BET surface area of JCHNO3 was found to be 987m
2
g

-1
. The study of effect of adsorbent dose found 

that the optimum amount of JCHNO3 for removal of dye was fixed for further analysis. At 0.5g the percentage 

removal of dye was found to be 97.20%. From Figure 2 it is clear that the rate of removal of dye was found to 

be increased rapidly with increase of carbon doses and slowed down later. When the dose increased from 0.5-

1g.This could be attributed to increasing adsorbent surface area, augmenting the number of adsorption sites 

available [13]. 

 From Figure 3 it is evident that, as contact time was increased, initially the percentage removals also 

increase. But after 30min, it gradually approach constant value, denoting attainment of equilibrium, so 30min 

was fixed as optimum contact time for further. The changes in the rate of removal of dye with time might be 

due to the fact that initially all adsorbent sites were vacant and the solution concentration gradient was high. 

Later the dye uptake rate by adsorbent was decreased significantly due to the decrease in available active 

adsorbent sites. Decreased removal rate, particularly, towards the end of experiment indicates that the 

possible monolayer adsorption on surface of adsorbent. In Figure 4 it was observed that as dye concentration 

increase the percentage removal of dye was decreased from 99.80 to 73%. It could be explained by the fact 

that, at low adsorbate concentration, the ratio of surface active sites to total dye is high. Hence dye molecules 

have more number of available active sites at low concentration. But with the increase in adsorbate 

concentration, the number of active sites was not enough to adsorb dye molecule dye ions. However at 50mgl
-

1
 the percentage removal of dye was 96.40% and it was fixed as optimum concentration of dye solution. In 

Figure 5 it was depicted that the percent removal of dye increased from 20-50% after that it was going on 

increasing and reached 99.8% at alkaline P
H
 12, at neutral P

H
 also the percent removal was 96.4% and it was 

taken as optimum P
H
. From Table .1 the high R

2
value (0.9975) and low SSE value (0.00423) indicates the 

sorption process can be well described by pseudo -second order model confirming to other well established 

models. It predicts the behaviour over the whole range of studies and it is in agreement with the 

chemisorptions mechanism being the rate controlling step [14]. 

Conclusion 

 The prepared JCHNO3 successfully removed Basic Blue 54 dye from its 50 mg l
-1

 aqueous solution. The 

adsorption process reached equilibrium time within 30 min and the required adsorbent dose is 0.5g. The 

kinetics of the process was best described by pseudo second order pattern. It indicates that dye was 

chemisorbed. However, pore diffusion is one of the rate controlling steps during sorption process. 

REFERENCES 

1. Tor,A. and Cengeloglu, Y. 2006. Removal of congo red from aqueous solution by     adsorption onto 

acid activated red mud; J Hazard Mater ; 138: 409-415. 



 

International Journal of Engineering Research-Online  

A Peer Reviewed International Journal   
Email:editorijoer@gmail.com http://www.ijoer.in ISSN: 2321-7758 

Vol.4., S2., 2016 

 

112 Proceedings of UGC Grants Sponsored National Seminar on “Environmental Protection and Sustainable Development: Issues and Challenges” 
(EPSDIC) 22-23 September 2016 Organized by  The Department  of Chemistry, Botany and Zoology, Sir.C.R.Reddy (A) College, Eluru 

 

2. Chandra, T.C., Mirna, M.M., Sudaryanto, Y. and Ismadji, S. 2006. Adsorption of basic dye onto 

activated carbon prepared from durian shell: Studies of adsorption equilibrium and kinetics; Chem 

Eng J; 127: 121-129. 

3. Han,R., Zou, W., Yu, W. and Cheng, S., Wang, Y. and Shi, J. 2006. Biosorption of methylene blue from 

aqueous solution by fallen phoenix tree’s leaves; J Hazard Mater ;141: 156-162. 

4. Acemioğlu. B. 2004. Adsorption of congo red from aqueous solution onto calcium-rich fly ash; J 

Colloid Interface Sci 274: 371-379. 

5. El Qada, E.N., Allen, S.J. and Walker, G.M. 2006. Adsorption of Methylene Blue onto activated carbon 

produced from activated bituminous coal: A study of equilibrium adsorption isotherm; Chem Eng J; 

124: 103-110. 

6. Lorenc-Grabowska, E. and Gryglewicz, G. 2007. Adsorption characteristics of Congo Red on coal based 

mesoporous activated carbon; Dyes Pigments; 74: 34-40. 

7. Prahas, D., Kartika, Y., Indraswati, N and  Ismadji, S. 2007. Activated carbon from jackfruit peel waste 

by H3PO4 chemical activation: pore structure and surface chemistry characterization; Chem Eng J, in 

press. 

8. Lagergren, S. and Svenska, B.K. 1898. About the theory of so-called adsorption of soluble substances. 

Kungliga Svenska Vetenskapsakademiens Handlingar. 24, 1- 39. 

9. Crini, G., Peindy, H.N., Gimbert, F. and Robert, C. 2007. Removal of C.I. Basic Green 4 (Malachite 

Green) from aqueous solutions by adsorption using cyclodextrin-based adsorbent: Kinetic and 

equilibrium studies. Sep. Purif. Technol. 53(1), 97-110. 

10. Weber Jr., W.J. and Morris J.C. 1963. Kinetics of adsorption on carbon from solution. J. Sanit. Eng. Div. 

89(2), 31-59. 

11. Aharoni, C., Sparks, D.L., Levinson, S. and Revina, I. 1991. Kinetics of soil chemical reactions: 

relationships between empirical equations and diffusion models. Soil Sci. Soc. Am. J. 55(5), 1307-1312. 

12. Ozacar, M. and Sengil, I.A. 2005. A kinetic study of metal complex dye sorption onto pine sawdust. 

Process Biochem. 40(2), 565-572. 

13. Vadivelan, V. and Kumar, K.V. 2005. Equilibrium, kinetics, mechanism, and process design for the 

sorption of methylene blue onto rice husk. J. Colloid Interface Sci. 286(1), 90-100. 

14. McKay, G., Ho, Y.S. and Ng, J.C.Y. 1999. Biosorption of copper from wastewaters: A review. Sep. Purif. 

Meth. 28(1), 87-125. 


