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ABSTRACT: A column study for the removal of Methylene Blue (MB) by the activated carbon from  

the leaves of Calotropis Gigantea (CGLAC) was done.  The CGLAC was characterized by SEM, FT-IR, 

Raman, TGA/DTA EDAX, BET, and XPS. TGA/DTA studies of CGLAC showed a high fixed carbon 

content, which indicated that the activated carbon was highly efficient for adsorption. XPS studies 

confirmed the presence of the aromatic conjugated pi system, C = O and C = C as the main functional 

group in CGLAC. The pHpzc studies showed that CGLAC has a negative surface charge density and 

hence adsorption of the cationic dye would be highly efficient. In the column studies, the effect of  

the parameters like initial concentration (100 – 500 mg /L) of dye, bed height (1, 1.5, and 2 cm), pH (2, 

6.5, and 10), flow rate (3.5, 5, and 6.5 mL), and temperature (303, 318 and 333 K) for the removal of 

MB were tested. Dynamic column models were tested for BTC and it was found that BDST model fitted  

the experimental data most. R2 for BDST model was found to be greater than 0.99 for most of the parameters 

studied. Other models were found to fit BTC model at certain conditions. Higher flow rate showed  

a better fit towards Thomas model with R2 value of 0.95.  The highest % of removal of MB by CGLAC 

was found to be 86.4 % for 3.5 ml min-1flow rate, 100 mg/L concentration, and 2 cm bed height. ANN 

and ANFIS predictive models were applied to the study and both the models were found to give good results. 

ANFIS model showed the highest R2 value for validation data compared to ANN and hence ANFIS could 

be applied to the prediction of adsorption compared to ANN for the column studies. 

 

 

KEYWORDS: CGLAC; fixed-bed column model; BDST; BTC; Artificial Neural Network; Adaptive 

- Fuzzy Network. 

 

 

INTRODUCTION 

Pollution of water by the extensive usage of dyes and 

dye products is one of the major environmental threats  

to the mankind [1-3]. Dyes cause various problems  

to the mankind by contaminating water and are a potent carcinogen.   

 

 

 

Dyes are non-biodegradable, mutagenic and carcinogenic 

and are not degraded easily in the environment [4,5]. 

Textile industry is one of the major contributors  

to the pollution of dye in water; many other industries like paint,  
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paper, and food industries also contribute to the pollution 

of water [6-9]. A textile industry may contaminate water 

from 2 to 5 mg L-1 with a dye.  Wide usage of cationic dye 

in textile, paper and other industries were found to be one 

of the main contaminants in the water [10, 11]. Many 

techniques have been used to remove the MB from water, 

namely; coagulation, photolytic degradation by nano-

particle, usage of nano-composite, electro kinetic method, 

filtration, ion exchange methods and reverse osmosis 

process [12, 13]. But most of the method suffers from 

various disadvantages especially they cannot be applied  

to a large amount of wastewater and are not cost effective 

(especially nano-particles and nano-composites) and they 

may cause secondary pollution [14]. This may lead  

to secondary treatment of water to remove the unwanted 

secondary material. Many low-cost adsorbents were used 

to remove Methylene Blue (MB) from the wastewater 

which includes agricultural wastes like rice husk, peanut 

shell, industrial wastes like coir waste, and mine industries 

wastes. These materials have a disadvantage of poor 

removal of dye and the time taken for removal was found 

to be too long [15-18]. Continuous flow model (Column 

method) is considered as the main method for the removal 

of dyes from the industrial wastewater. This work focuses 

on synthesis of low cost activated carbon from Calotropis 

Gigantea leaves and the usage of activated carbon column 

to remove MB from wastewater. Column method was chosen 

for this experimental work so that a new and cost effective 

reactor can be built to remove the methylene blue from industrial 

wastewater.  Calotropis Gigantea leaves has no economic 

value and could be found in the waste land of South India. 

Activated carbon prepared from Calotropis Gigantea 

leaves was found to remove a large amount of MB from 

synthetic water. A small column was found to be very efficient 

as it removed a higher amount of dye when compared to the other 

adsorbent. The efficiency of the column was tested under 

various conditions viz., pH, temperature, bed height, flow 

rate, and dye concentration. Thomas [19], Adams-Bohart, 

Wolbroska, Yoon-Nelson [20] and Bed Depth Service 

Time (BDST) models [21] were used to test the column 

performance. Artificial Neural Network (ANN) method 

was used to predict the removal percentage. A thorough 

review of literature has shown that much work has not been 

done for predicting the removal percentage using ANN. 

The Adaptive Neuro Fuzzy Inferences System (ANFIS) 

which was not used for predicting the column removal 

efficiency in the other research papers (to the best of author 

knowledge) was used to predict the removal efficiency of 

MB by activated carbon in this work.  

 

EXPERIMENTAL SECTION 

Adsorbent 

Calotropis Gigantea leaves were obtained near 

Government College of Engineering, Salem, Tamilnadu. 

These leaves were first cleaned with water, dried  

in shadow for 5 days, cut into pieces and then powdered.  

The powdered leaves were then sieved with 100 micron size 

and were taken for the preparation of the activated carbon. 

25 g of powdered leaves were mixed with 50 mL  

of concentrated sulfuric acid and the mixture was heated 

to 160o C in an open furnace. The mixture was then cooled 

and washed with water and 1 % NaOH to remove excess 

of sulphuric acid present until the pH of the filtrate  

is neutral. The mixture was then dried at 105o C in  

an air oven. The dried powdered was preserved at room 

temperature for further analysis. 

 

Adsorbate 

MB was obtained from Sigma-Aldrich Corporation, 

USA. A stock solution of 1000 mg/L was prepared  

by dissolving 1g of MB in 1L of double distilled water 

(DDW). From the stock solution, various concentrations of 

MB were prepared by appropriate dilution using DDW. 

The pH of the dye solution was adjusted with 1M NaOH 

and 1M of HCl. 

 

Method  

The column was prepared using a borosil glass column 

of internal diameter 1cm and a height of 15 cm.  

The two ends of the column were packed with cotton so that  

the fixed column cannot be disturbed during the analysis. 

A mass of 0.25 g was taken to fill the column with a height 

of 1cm and in this analysis three different heights viz.,  

1 cm, 1.5 cm, and 2 cm were used. A peristaltic pump was 

used to give a constant flow of synthetic wastewater  

at a rate of 3.5 ml/min, 5 ml/min, and 6.5 ml min-1.  

The schematic diagram of the experimental set up  

is represented in Fig 1. 

 

Characterization of the Adsorbent 

Characterization of the adsorbent was carried out using 

FT- IR  and  SEM-EDAX.  SEM  images  of  the  CGLAC 
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Fig. 1: Schematic diagram of fixed bed column. 

 

before adsorption and after adsorption were shown  

in Fig. 2(a, b). From the SEM images, it can be easily 

inferred that after adsorption, the coarse nature of the activated   

carbon had been reduced. EDAX images have given  

the elemental composition present in the CGLAC before 

and after adsorption. Fig. 2 (c) shows that the main elemental 

compositions of the CGLAC were carbon (C), calcium 

(Ca), sulfur (S) and oxygen (O). From the EDAX images, 

the presence of extra sulfur peak (2.18 %) was seen due to 

the adsorption of the MB onto activated carbon, whereas, 

before adsorption, the above peak was not seen in CGLAC.   

The FT- IR spectrum before adsorption and after 

adsorption was shown in Fig. 3 (a and b).  From  

the spectrum, it can be inferred that the activated carbon 

showed a broad peak at around 3200 cm-1 which  

indicated that the presence of OH group either phenolic or 

alcoholic. Apart from this peak, the activated carbon does 

not show any appreciable peak in the characteristic 

functional group area except for a broad peak at around 

1500 cm-1 which might be owing to the presence of aryl 

group.  After adsorption, peaks (2800 cm-1) are slightly 

sifted from their position and intensity got altered, due to 

the weak van-der walls force of attraction between MB 

ions and the functional group present in the CGLAC.  

The result indicated that the physical adsorption process. 

Increase in peak intensity at around 1500 cm-1  

might be due to the presence of the strong aromatic group 

in MB.  

XRD analysis  

Fig. 4 shows the X- Ray Diffraction (XRD) pattern  

of CGLAC, which confirmed the amorphous nature of  

the activated carbon. XRD pattern shows two broad peak one  

at around 23o which indicated the presence of 002 plane due to 

disordered graphite.  Another broad peak at 43o indicated  

the reflective 100 plane. The XRD patterns clearly demonstrate 

that the lignocelluloses have been destroyed in the carbon 

matrix [22-24]. The XRD image clearly indicated that  

the activation of sulfuric acid on the leaves was complete. 

 

Point of Zero Charge ( pHpzc) of CGLAC 

The pHpzc was found out for CGLAC using solid addition 

method.  In this method, 50mL from 0.01M NaNO3  

was transferred to the 100 mL beaker.  10 such beakers were used 

and the pH of the solution in the beaker was varied from 2 to 12 

using diluted HCl and NaOH. 0.125 g of CGLAC was then 

added to each beaker and placed stagnant without disturbing  

for 12 hours at room temperature. Final pH of each beaker 

was then measured and the difference between initial and 

final pH was calculated [25-27]. The procedure was repeated 

for 3 times and average values were taken for analysis. 

Initial pH vs ∆pH was plotted (Fig. 5) to find pHpzc. pHpzc 

gave an idea of surface coverage, presence of ionic site and 

active functional group in CGLAC. From the Fig. 5,  

it can be ascertained that CGLAC has a net negative charge 

and hence, it can be used to adsorb a positively charged 

(cationic) dye like MB.  
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Fig. 2: The SEM pictures (a, b), EDAX (c) showed that before and after adsorption of CGLAC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: FT- IR images showed that the before (a) and after 

adsorption (b) of CGLAC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4:  XRD pattern of CGLAC. 

 

 

Textural parameters of CGLAC 

Surface area and porosity of CGLAC was investigated 

by BET (Brunauer –Emmett- Teller), which was carried out 

by standard N2 gas absorption /desorption isotherm 

method. The sample was degassed at 450 oC for 12 h  

and BET analysis was carried out. Investigation of surface area 

was an essential factor for the choice of adsorbent.  

The adsorbent having high surface area had large binding sites 

to the adsorbate. Surface area of the activated carbon 

determined by N2 - gas adsorption / desorption isotherm 

analysis was shown in Fig. 6. BET analysis showed that 

the adsorbent surface area was 15.393 m2/g. It indicated  
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Table 1: BET parameters of the CGLAC. 

Physical parameters (BET) Value 

Surface area 15.393  m2/g 

Specific surface area 0.410716 m2/g 

Porosity 0.19067 

Pore volume 0.06 cc/g 

Density 0.808 cc/g 

Radius 18.082 A˚ 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Point of zero charge of CGLAC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: N2 adsorption/ desorption isotherm of CGLAC.. 

 

that the surface area is large for the accumulation of dye  

in solution [28, 29]. Fig. 6 indicated the adsorption followed 

Type - III and it indicated that there was no limiting 

adsorption even at high pi/p0. Type - III curve indicated 

there was a weak interaction between adsorbate and 

adsorbent. Hysteresis loop of Type - III indicated that  

the adsorbent CGLAC existed as non-rigid aggregates and has 

a plate like particle shape. The volume porosity and 

diameter of the adsorbent were shown in Table 1.  

Raman Analysis 

A Raman spectra was an important complementary 

tool to IR spectroscopy and the groups which were IR 

inactive could be active in the Raman spectra for  

the activated carbon. A Raman spectrum of the carbonaceous 

materials does not give many peaks, but the intensity  

of these peaks might give much valuable information about 

the structure of the carbon. It might give important insight 

to the physical characteristic of the activated carbon like 

size, disorderliness of the microcrystalline carbon network 

[28-30]. In Fig. 7, the Raman spectra of CGLAC show two 

broad peaks at around 1380 cm-1 and 1670 cm-1. The peak 

at 1670 cm-1 also known as G band arises due to the 

vibration of sp2 hybridized graphite like hexagonal 

structure of the graphite. The disordered sp3 hybridized 

carbon showed the peak at 1380 cm-1 (D band) which  

in turn indicated that the micro porous and amorphous 

structure of carbonaceous substance [29]. The D/G peak 

intensity ratio gave a measure of the degree of 

graphitization during the activation process. Higher  

the D/G ratio would mean lower graphitization. CGLAC 

showed a D/G ratio of 1.09 which indicated lower 

graphitization during the activation process. Lower 

graphitization resulted in introduction of micro pores into 

the activated carbon which led to the increase in defects 

and disorders which in turn led to amorphous nature [30-32]. 

The Raman spectra clearly confirmed that the CGLAC was 

highly amorphous and has micro porous structure.  

 

XPS Analysis 

XPS spectrum of CGLAC was showed in Fig.8 (a, b). 

These spectra showed valuable information of the 

functional group present in CGLAC. The binding energy 

and peak intensity of the peak showed information about 

the nature and the relative abundance of the functional 

group. High intensity peak at lower binding energy  

in the carbon 1s showed that the presence of C = C conjugated 

system with aromatic rings. FT-IR analysis also confirmed 

the presence of the aromatic group.  XPS of CGLAC 

showed a carbon 1s electron peak at around 284.34 eV that 

corresponded to graphitic C - C and  carbon peak at 285.52 eV 

that corresponded to C - O peak and another peak at  

286.45 eV that corresponded to C = C  group [33, 34]. XPS 

spectra confirmed the presence of these groups which  

was also shown by FT-IR. Various functional groups present 

in the CGLAC were given in the Table 2. O 1s peaks 
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Table 2: Chemical analysis of CGLAC determined by XPS. 

S.No Signals Peak (eV) Assignment 

1 C 1s 
~ 284.34 
~ 285.52 

~ 286.42 

Graphite, Ar- C 
C-OH 

C = O, C-NH2 and C≡N group 

2 O 1s 
~ 530.41 
~ 530.0 

~ 533.2 

-COOH (Carboxylic group) 
-C = O (Carbonyl group) 

-C-OH (Hyroxyl group) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Raman Spectra of CGLAC. 

 

confirms the presence of the major functional group like  

C = O, C - O, amide and alcohol functional group.  

The absence of sulfur peak confirmed that there was no sulfuric 

acid or sulfate residue present in CGLAC and hence, 

washing was complete as discussed earlier.  

Proximate analysis of CGLAC was represented  

in the Table 3. The analysis confirmed that CGLAC showed 

a very low ash content.  Fixed carbon and ash content  

of CGLAC were found be around 75 % and 3 %.  The low 

ash content and high carbon content indicated that  

the activation of CGLAC was efficient. The sulfuric acid 

activation of the CGLAC has degraded most of the organic 

substance and has been discharged as gases during  

the activation process. As a result, a high fixed carbon  

was present in CGLAC which was responsible for high 

efficiency of the carbon mass for the removal of MB. 

Different methods of activation of Calotropis Gigantea 

leaves viz., pyrolysis, base (KOH) activation were done 

using the standard procedure from the literature.  

It was found from proximate analysis that the fixed carbon 

content for those activations were low. Hence, these 

activated carbons were not efficient in the removal of the dye. 

TGA-DTA analysis of the CGLAC was shown in Fig 9. 

The analysis was carried out in N2 atmosphere to find out 

the thermal stability of the activated carbon. Many authors 

have used TGA-DTA analysis to determine the presence 

of the hygroscopic groups and other functional groups 

present in the activated carbon [35, 36]. TGA-DTA 

analysis showed three mass loss steps, at around 100, 450° 

and 550 °C respectively. The first mass loss of around 10 % 

was due to the loss of physically adsorbed water.  

This water might be due to the physical absorption during 

the storage process of CGLAC. The presence of the 

hygroscopic functional group might have caused  

the attraction of water from the atmosphere through hydrogen 

bonding. The Oxygenated surface in the activated carbon 

could form hydrogen bond with water [37]. The second 

and third mass loss region in the sample indicated 

oxidative degradation of the functional group present  

in the activated carbon. The loss in weight of the carbon 

mainly occurred owing to the oxidation of the groups into 

CO and CO2 as gases. The second mass loss at around  

400 to 500 °C was due to the oxidative degradation of the 

functional groups which were less thermally stable. In this 

temperature range carboxylic acid derivatives like 

carboxylic acids, anhydrides and lactones were decomposed 

since they were less thermally stable [38-40].  

The third mass loss step could be attributed due to  

the decomposition of phenols, quinines, hydroquinone and 

other thermally stable functional group. DTA in addition 

to the three peaks showed a peak at around 600 °C which 

might be owing to the degradation of the carbon skeleton 

in the activated carbon. It can be seen from the TGA-DTA 

curve that the residue content was very low which 

indicated that there was no silicon or aluminum present  

as residue. 

 

Theoretical background 

The real usage of activated carbon from Calotropis 

Gigantea leaves could be determined by studying  

the shape of “Break through the curve” (BTC) in a fixed bed 

column condition and the break point appearance. BTC 

represented a plot of effluent dye concentration versus 

lapse time [41]. The adsorption performance of the activated 
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Table 3: Proximate analysis and elemental analysis of the CGLAC. 

Adsorbent Proximate analysis Ultimate Analysis 

CGLAC 
Moisture (%) Volatile matter (%) Fixed carbon (%) Ash content (%) % C % Ca & Mg % O 

11.52 10.08 75.25 3.12 59.92 1.48 & 0.77 37.83 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: XPS analysis of CGLAC at (a) C1s, (b) O1s. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: TGA/DTA analysis of CGLAC. 

 

carbon bed column could be ascertained by breakthrough 

(t2%) and exhaustion time (t99,5%). The breakthrough point 

in this study was taken as the time required for the effluent 

concentration to have 2 % inlet concentration i.e., C = 0.02 

Co. When the effluent concentration has reached 95 % of 

the original solution i.e., C = 0.95 Co then exhaustion point 

was found to be reached. Inlet concentration, flow rate, pH, 

temperature and bed height were the variables which 

characterized the shape of the BTC curve. The plot of 

“Cefflunet (C) or Ceffluent / Cinfluent (C/Co)” versus “t” showed 

a typical BTC, for the given bed height, flow rate and 

concentration of the dye.   

The following parameters characterize the column data 

tt=∫ (1 −
C

Co
) dt

t=∞

t=0
 = At                                                                  (1) 

tt = Total time 

The usable capacity of the column is given by  

tu = ∫ (1 −
C

Co
) dt

tb

t=0
 = A1                                                                 (2) 

tu = Time equivalent to usable capacity, tb  time taken 

for C to become 0.02 Co  i.e., breakthrough point. 

tu  ≈ tb  for most of the column bed studies.  

Area of the curve ∫ (1 −
C

Co
) dt

t=∞

t=0
  gives tt values  

and ∫ (1 −
C

Co
) dt

tb

t=0
 curve gives tu. The fraction of total 

bed capacity utilization upto break point is given by tu/tt.   

The effective height which was used for adsorption 

could be represented by Mass Transfer Zone (MTZ)  

or unused bed height (HUn). Many factors control MTZ 

namely, temperature, flow rate, solution pH, inlet dye 

concentration, height of bed, particle size of the activated 

carbon, adsorbate nature and adsorbate characteristics. 

MTZ is given by  

MTZ = HUn = (1 −
tu

tt
)  HT                                                             (3) 

HT is total height of the column in cm 

The used bed length HU may be represented as  

HU = (
tu

tt
)HT                                                                                         (4) 
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Veff is total effluent volume which is given by 

Veff = Qttotal 

Q is volumetric flow rate in ml min-1 and ttotal is total 

flow in minute.   

R % is the total removal percentage of MB dye  

by the activated carbon.  R % could be determined from 

the ratio of mass of the dye adsorbed (qtotal) to the overall 

quantity of the MB dye pumped into the column (mtotal) 

% R = 
qtotal

mtotal
 x 100                                                                             (5) 

The total MB dye adsorbed in the column for  

a specified bed height, initial dye concentration and  

flow rate is given by 

qtotal = 
QCo

1000
∫ (1 −

C

Co
)

t=total

t=0
dt                                                  (6) 

m total,  the total amount of dye sent to the column  

is given by 

mtotal = 
CoQttotal

1000
                                                                              (7) 

Section area of the column given as A cm2 was calculated 

from the equation  

A= 2πHT + 2πr2                                                                (8) 

Where, HT is the bed column height and r is the inner 

radius of the column. 

Various models describing the column BTC and its 

usefulness were studied. In this work, five models were used 

to describe BTC and fitting of the curve against each 

models. 

 

Adams-Bohart model 

This model is one of the most widely used and  

a simplified form of Thomas model.  It was mainly used  

to predict the initial part of BTC. This model worked  

on the assumption that there was no inter-particle diffusion 

and mass transfer external resistance. The adsorption kinetics 

was considered to be controlled by adsorbent and 

adsorbate surface chemical reaction. The model also 

assumed that 

i. The fixed bed has practically no axial and radial 

dispersion  

ii. Void fraction in column was constant 

iii. The physical property of the adsorbent and adsorbate 

does not change.  

The linear form of Adams - Bohart equation used  

in this work is given as  

  ln (
C

Co
) =  

LNoKAB

U
−  KABCo                                                       (9) 

KAB is the Adams - Bohart rate constant, No is 

adsorption capacity for the unit volume of the column  

and U is linear velocity of the solution. A plot of ln (
C

Co
) vs t 

showed a straight line.  Slope and intercept of the line 

could be used to determine KAB and No.  

 

The Wolborska model 

This model finds application in the initial part of BTC 

curve at relatively low concentration of the dye. Axial 

diffusion of the dye to the activated carbon and external 

mass transfer was considered to be the main contribution 

to BTC at relatively low concentration. The linear form  

of Wolborska model is given by 

ln (
C

Co
) =  

βaCo

No
t − 

βaL

U
                                                       (10) 

βa is kinetic coefficient of external mass transfer 

 where,  

 βa =
Uo

2D
(√1 +

4Dβo

U2 − 1)                                                 (11) 

D is axial diffusion coefficient 

 

Thomas model 

One of the most widely used models for determining 

column performance in predicting BTC was Thomas 

model. This model mainly followed the Langmuir kinetics 

of adsorption and assumed that there was a plug flow 

condition in the column. It also assumed that there  

is no axial dispersion in the column and second order kinetics 

were assumed to be the driving force for the adsorption. 

The main disadvantage of this model was that  

the adsorption was controlled by second order kinetics  

and mass transfer at the interface which in turn contributed  

to the adsorption along with chemical reaction.  

The linear form of the Thomas model is given  

by the equation  

ln (
Co

C
− 1) =  

KTqo

Q
m −  

KTCoVeff

Q
                                       (12) 

Where, KT is Thomas rate constant (mL/min.mg),  

qo is the  predicted  equilibrium  adsorbate amount in mg/g, 
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m is for the amount of the activated carbon in gram, Veff is 

effluent volume, Co and C are inlet MB and effluent MB 

concentration and Q is flow rate (mL/min). 

ln (
Co

C
− 1) vs t gives linear plot with slope and 

intercept is used to calculate KT and qo  

 

Yoon-Nelson Model 

This model was less complicated as it has not been 

dependent on the characteristics of the dyes and activated 

carbon used and also not on the physical property of  

the column bed. Yoon-Nelson model worked on the principle 

that “the probability of adsorption and breakthrough of dye 

and activated carbon determined the rate of adsorption  

on the column of given depth”.  So adsorption and desorption 

were considered by Yoon-Nelson model as the 

determining factor of rate of adsorption in the column.  

Yoon-Nelson model is given as linearized equation  

in the following formula 

ln (
C

Co−C
) =   KYNt −  KYN                                                  (13) 

KYN is Yoon and Nelson rate constant (min-1). τ is  

the predicted time for 50 % adsorption in breakthrough 

curve in (min)  

The plot of ln (
C

Co−C
)  vs t results in a straight line and 

the slope and intercept gives KYN and τ  

 

Bed depth service time (BDST) model 

BDST model was also a model widely used for 

studying the adsorption characteristic in the column study 

which stated that the column height and service time has  

a linear relationship. BDST model was derived from 

Adams-Bohart model which was modified by Hutchins 

[42]. A process like external mass transfer resistance  

and intra-particle diffusion was considered to be negligible 

in the BDST model. BDST model predicted that surface 

chemical reaction of the solute and the unused adsorbent 

was used to control the adsorption kinetics. 

The linearized form of BDST is given by  

t =
NoHT

CoU
−

1

KoCo
 ln (

Co

C
− 1)                                                     (14) 

No is the adsorption capacity (mg/L), Ko is the rate 

constant (L/mg.min) HT is the bed height.  Plot of t vs HT 

gives a straight line and slope and intercept give No and Ko 

A more simplified form of the equation is given as 

t =  aHT +b                                                                                       (15) 

The slope of the straight line gives a which is given as 

a =  
No  

CoU
 and the intercept 

b =   
1

KoCo
 ln (

Co

C
− 1)                                                                   (16) 

 

ANN Prediction  

The ANN could be used to solve many non-linear 

problems which use weights and bias from the training 

method to determine the best fit for the problem. ANN 

model was based on the biological neural model which  

was used to predict the percent removal of dye by the column. 

ANN used the structure which consists of the input layer, 

a hidden layer and the output layer. Input layer received 

the data from the independent variable and the data  

was passed on to the hidden layers through neurons  

and weighed connections. From the neurons, the data  

was again carried out to the output layer by the weighed 

connection. In the ANN modeling, first data was given  

for training data and then the prediction was made from  

the other set of data. The model was validated by comparing 

the results of the trained and predicted data. ANN used 

weights and bias as the input for each layer and ANN trains 

the weights and bias in such a way to get the optimum 

results [43-45]. 

 

ANFIS Prediction 

ANFIS was another important method to solve the non-

linear problem to predict the maximum removal of dye 

from the wastewater. The method was based on Takagi-

Sugeno-Khan (TSK) model [46]. ANFIS could be considered 

as combination of the human based ANN  

modeling and the fuzzy rule of if –then.  ANFIS could be 

used to solve where linear method fails and it works  

on the membership function based on the fuzzy interface system 

and artificial intelligence based back propagation method 

[47]. In addition to the membership function and if-then 

rule, ANFIS also used logical operations to solve  

the non-linear problem. 

 

RESULTS AND DISCUSSION 

The effect of the removal of MB by the CGLAC  

was studied by BTC curves. The BTC curves were obtained 

by plotting ratio of outlet concentration of dye to inlet 

concentration (C/Co) vs time for different flow rates,  
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different concentrations, different bed heights, different 

pH and different temperatures, varying one parameter  

and keeping other variable constant. It was found that initially, 

the adsorption of dye towards the column was maximum 

with increase in time. The saturation of the column 

occurred and equilibrium was reached between the 

adsorbed and unadsorbed dye. As a result, the “S” type 

curve i.e., breakthrough curve was obtained. 

 

Effect of inlet MB Concentration 

The inlet concentration of MB was considered as  

one of the most important limiting factors for the removal 

of the dye by the column.  As the column has fixed mass 

of activated carbon and the amount of the dye would be  

the deciding factor for the removal. When the amount of dye 

was increased then the column would get saturated quickly 

and a steeper BTC was obtained. So, when the 

concentration of dye increased, there was a lesser volume 

of dye solution purified by the column [48]. In this study, 

removal of MB at various concentrations ranging from  

100 mg/L to 500 mg/L at various bed heights were found 

out and the corresponding BTC curve was plotted. Fig. 10 (a), 

the temperature, flow rate and pH of the solution were  

kept constant at 303 K, 3.5 ml min-1 and 6.5 respectively. 

Table S1(S - Available in Supplementary Data) has shown  

all the parameters for the column adsorption at various 

concentration and bed height. It can be seen for all the bed 

heights that the increase in concentration of the dye led  

to a decrease in the exhaustion time. MTZ was also found  

to increase which suggested that the saturation has occurred 

at the faster rate with increase in concentration. BTC 

showed an increasing trend that when the concentration 

increased, the BTC became steep. This could be attributed 

to the fact that when there was an increase in the dye 

concentration, the active site for adsorption was covered 

quickly. With the increase in time, the active sites  

for the adsorption became less [49]. There was no definite 

trend in the removal percentage when the concentration  

of the dye solution increased for a given bed height.  

As the dye concentration was increased from 100 to 200 mg/L, 

the removal % decreased from 80.58 % to 62.64 % for 1.0 cm 

bed height, with near 18 % reductions. But when  

the concentration of dye increased from 200 to 300 mg/L, 

the removal percentage decreased. With further increase  

in concentration, the removal percentage was not reduced 

drastically. This trend was observed for all the bed heights. 

This property could be mainly attributed to the saturation 

of the column adsorption site which does not get 

drastically affected at higher concentration. The shorter 

saturation period was also confirmed by the value of Veff 

which was also found to decrease with increase in the 

concentration. With increase in concentration, higher 

inter-particulate diffusion may also be a contributing 

factor for the quicker saturation of the column. And again 

breakthrough time decreased from 94 minutes for 100 mg/L 

to 14 minutes for 500 mg/L, with increase in  

concentration. Similar trend was also seen for the other bed 

heights. 

 

Effect of column height 

The effect of column height for the removal and BTC 

of the dye on the CGLAC was studied using 3 different 

column heights viz, 1 cm, 1.5 cm and 2.0 cm at different 

concentration of the dye. With increase in the bed height, 

the removal percentage was found to increase and BTC 

became steeper at exhaustion time as seen in Fig.10 (a), 

(b), (c).  Various parameters for the removal of the dye  

at different bed height are given in Table S1. Increase in % 

removal with the increase in bed height suggested that  

the number of activation site for adsorption increased.  

The breakthrough time for each bed height was tabulated 

in the Table S1. From this table, it can be inferred that  

the breakthrough time nearly doubled for most of  

the concentration when the height was doubled except  

for 100 mg/L and showed a lesser increase in the breakthrough 

time with increase in the bed height. Inter-particulate 

diffusion and adsorption was slower at lower 

concentration which led to competitively lower 

breakthrough time at higher bed depth. From the Table S1, 

it can be inferred that Veff, height of the column and MTZ 

increased with the increase in bed height. Although the 

adsorption site increased when the bed height increased, 

the ratio of the used to unused site decreased for the higher 

bed height which might be due to competition of the dye 

to get adsorbed in the given site [49].  

 

Effect of Flow rate 

The effect of flow rate on the adsorption was studied 

by the flow rate from 3.5 to 6.5 ml min-1, with 100 mg/L 

dye concentration, 303 K temperature, 1.0 cm bed height 

and 6.9 pH maintained as constant. For continuous 

treatment of industrial wastewater, fixed bed column flow 
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Fig. 10: Plot (a, b, c, d) are BTC for adsorption of MB on CGLAC effect of the MB different concentrations (a),  

bed height (a, b, c), flow rate (d), at 303 K). 

 

rate played an important role in determining the 

performance of the adsorption parameter in the column. 

Table S2 and Fig.10 (d) showed the effect of MB dye 

adsorption onto CGLAC at various flow rates. It was found 

that with the increase in the flow rate, the breakthrough 

time and exhaustion time decreased, the removal 

efficiency decreased from 80.58 % to 64.71 % and MTZ 

showed an increase in value. As the flow rate increased, 

the residential time of the dye in the column decreased. 

Hence, the probability of the dye getting adsorbed on  

to the column decreased. This might be attributed  

to the fact that the dye molecule had no enough time to find 

the activated carbon to get adsorbed. 

 

Effect of pH 

The pH of the solution has an important effect  

on the adsorption of the dye towards the column with increase  

or decrease in the pH is the adsorption characteristics could 

change drastically in the column. The electrical charge  

on the activated carbon depends on the pH of the solution. 

The effect of the pH on the percentage removal and BTC 

was determined by running the column at different pH (2, 

6.9 and 10) to characterize the BTC in acidic, neutral and 

basic medium respectively. Fig. S1 (a) and Table S2 shows 

the characteristics of the effect of pH on BTC. BTC was 

found to lie to the left of pH 6.9, but it is far from the left 

of pH 2 and 10. From the table, it can be inferred that 

breakthrough time was very less for the solution with pH 

2 due to the faster saturation of the column. The 

experiment suggested that increase or decrease in pH 

resulted in the decrease in breakthrough time, decrease  

in % removal, increase in MTZ and decrease in Veff 

compared to the dye solution at neutral pH. The used 

column  height  was  found  to  be  highest  for  the  dye
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in neutral solution and very low for the acidic solution.  

The BTC at pH 2 was found to be very steep as the saturation 

time for the solution with the activated carbon was 

considerably low. The electrostatic force of attraction and 

chemical reaction between the dye and adsorbent decided 

the removal of dye in the column. The reason for the poor 

removal of the basic dye MB in acidic pH owing  

to functional group gets protonated in activated carbon [50]. 

The protonated functional group would have a less 

electrostatic attraction towards the MB as a basic dye and 

has a positive charge. So the electrostatic forces  

of repulsion between the charges would lead to decrease  

in the % removal and hence, BTC shifted more toward  

the left. An increase in pH affected the adsorption as  

the positive charge of the dye would be associated  

with the hydroxyl ion in the solution. The attraction between 

the dye and the column would be less compared  

to the adsorption at neutral pH. So the pH study indicated 

that the dye could be removed from the neutral solution 

rather than in the acidic or in the basic pH.  

 

Effect of temperature 

The effect of temperature was not normally studied due 

to the complex instrumental set up, of constant temperature 

(Temp) was maintained throughout the experiment. In this 

work, specially designed oven was used to maintain  

the temperature of the solution. The inlet solution  

was preheated using an oven and the temperature of the outlet 

solution was checked to confirm the maintenance of 

solution temperature. In this experiment, three different 

temperature were studied viz., 303 K (room temperature), 

318 K and 333 K. The Fig. S1 (b) shows the BTC  

for various temperature and the corresponding data  

is presented in Table S2. BTC curve was found to move 

towards the left with the increase in temperature and  

was found to be steeper at high temperature. From the Table S2, 

it can be inferred that with the increase in temperature  

the breakthrough time was found to become less. At 333 K, 

the breakthrough time was found to be only 8 minutes for 

100 mg/L solution at neutral pH and flow rate of 3.5 mL/min. 

The MTZ was also found to increase with the increase  

in temperature, which indicated that saturation  

was achieved quickly when the temperature increased.  

The results might be explained by considering the fact that 

the physical adsorption (Electrostatic force of attraction) 

played an important role in the mechanism of the 

adsorption. With the increase in temperature, the physical 

adsorption decreased due to the weakening of electrostatic 

forces of attraction between the adsorbent and the adsorbate, 

which led to faster elution of the dye. 

 

Thomas model 

Thomas model of fitness for the column was carried 

out by plotting  ln (
Co

C
− 1)  vs t, and R2 was calculated  

to find the applicability of the model towards the column 

studies. Table 4 gives the values of R2, KTH and Q from  

the straight line fit of the Thomas model. It can be inferred 

from the table that R2 value ranges from 0.6 to 0.95.  With 

increase in the flow rate, correlation coefficient (R2) values 

increased and this is showed that the Thomas model  

was fitted the column.  KTH, rate constant for Thomas model 

was found to increase and Q value was found to decrease 

with the increase in flow rate. With increase in the 

concentration of the dye solution, it fitted well, KTH 

decreased, and Q was increased with a change in pH, R2 

and KTH value was increased and Q decreased. With  

an increase in temperature the R2 value was first found  

to decrease drastically and then at 333 K it was increased, 

KTH value showed an increased and consequently, Q value 

decreased which indicated that with increase in 

temperature there was a decrease in adsorption of the dye. 

Interestingly, it was found that with increase in the bed 

height the deviation from the Thomas model increased 

with the lowest R2 value at the bed height of 2.0 cm  

in 100 mg L-1. The same trend was observed at higher 

concentration also, that with increase in bed height,  

the R2 value showed a decrease in value. The value of  

Q decreased with an increase in bed height for the same 

concentration which showed a poor fit of Thomas model. 

 

Adams-Bohart model  

Adams-Bohart model is a modification of Thomas 

model and Table 4 shows the results of the plot of 

ln (
C

Co
)vs t. It can be inferred from the table that the 

Adams-Bohart model was fitted poor, when compared  

to the Thomas model. R2 value ranges from 0.56 to 0.89. 

It was found that R2 value has not exceeded 0.9 for all  

the experimental condition which indicated that the 

Adams-Bohart model fitted poorly to BTC. The results 

also indicated that the same pattern was followed as  

the Thomas model, with one exception. When the flow rate 
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Table 4: The parameters using linear regression analysis and fixed bed column adsorption  

of MB by CGLAC at different conditions. 

S
. N

o
 

Parameter Thomas Adams-Bohart Yoon Nelson Wolborska 

C0 

mg 

L-1 

HT 

Cm 

Flow rate 

ml/min 
pH 

Temp 

K 

KTH 

ml-1 mg L-1 
Q R2 

KAB 

L mg-1 

min-1 

N0 

mg L-1 
R2 

KYN 

Min-1 

τ 

(min) 

50% 

(exp) 
R2 βa N0 

1 100 

1 3.5 6.9 303 0.000878 176.51 0.8690 0.00070 10860.1 0.8912 0.08784 126.083 130 0.86905 7.6075 10860.1 

1 5 6.9 303 0.001302 157.14 0.9261 0.00097 10002.7 0.8589 0.13026 78.5710 76 0.92618 9.7827 9998.678 

1 6.5 6.9 303 0.001508 168,36 0.9545 0.00117 10515.8 0.8689 0.15087 64.7525 62 0.95450 12.335 10515.79 

1 3.5 2 303 0.004133 21.52 0.8704 0.00262 1552.95 0.6598 0.41333 25.0491 13 0.87041 3.9988 1522.947 

1 3.5 10 303 0.001535 94.61 0.8827 0.00118 5934.95 0.7635 0.15357 67.5823 66 0.88273 7.00324 5934.001 

1 3.5 6.9 318 0.001718 55.49 0.6413 0.00120 3715.6 0.4763 0.17180 39.6070 37 0.64134 4.46581 3715.631 

1 3.5 6.9 333 0.036416 30.22 0.8023 0.00261 1976.3 0.6209 0.36416 21.5874 18 0.80236 5.66295 2166.145 

1.5 3.5 6.9 303 0.000633 158.9 0.7847 0.00051 7268.51 0.7844 0.06338 170.255 161 0.78472 10.0787 7268.512 

2 3.5 6.9 303 0.000480 157.09 0.6006 0.00040 5635.91 0.5826 0.04804 224.411 193 0.60061 2.28648 5635.910 

 

2 
200 

1 3.5 6.9 303 0.000654 218.4 0.8858 0.00048 14321.9 0.7913 0.13510 78.4452 79 0.92285 6.94157 14325.82 

1.5 3.5 6.9 303 0.000580 170.25 0.8303 0.00041 8351.05 0.7145 0.11607 91.2115 84 0.83035 3.49658 8350.734 

2 3.5 6.9 303 0.000373 176.13 0.7149 0.00028 6629.15 0.6117 0.07472 125.809 123 0.71493 1.91648 6628.011 

 

3 
300 

1 3.5 6.9 303 0.000520 249.09 0.8636 0.00036 17427.0 0.7085 0.15608 59.3035 52 0.86346 6.03834 16569.12 

1.5 3.5 6.9 303 0.000407 220.47 0.7774 0.00028 110117 0.6301 0.12226 78.7383 73 0.77744 3.14874 11014.73 

2 3.5 6.9 303 0.000354 193.77 0.6897 0.00025 7809.46 0.5647 0.10623 98.5419 86 0.68979 1.94455 7656.734 

 

4 

 

400 

1 3.5 6.9 303 0.000550 227.04 0.8220 0.00038 15167.2 0.6605 0.22036 40.5584 37 0.82220 5.82270 15171.32 

1.5 3.5 6.9 303 0.000338 387 0.7661 0.00025 12596.5 0.6435 0.13529 71.1496 66 0.76611 3.24739 12596.54 

2 3.5 6.9 303 0.000267 253.52 0.6508 0.00020 9753.50 0.5381 0.10718 90.5419 85 0.65087 1.95723 9753.262 

 

5 

 

 

500 

1 3.5 6.9 303 0.000529 206.6 0.8153 0.01035 13700.1 0.6111 0.26488 29.5166 23 0.81530 5.06169 14335.84 

1.5 3.5 6.9 303 0.000324 351.9 0.8109 0.00023 11519.7 0.6607 0.16228 50.2703 48 0.81094 4.03997 17279.60 

2 3.5 6.9 303 0.000291 230.75 0.7183 0.00021 8856.4 0.5750 0.14552 65.9280 62 0.71834 1.90406 9042.863 

 

increased for Thomas model was found to fit the BTC 

whereas Adams-Bohart model seemed to fit poorly. With 

the change in pH also the Adams-Bohart model was less 

followed. KAB and R2 value has not followed a definite 

trend in BTC. KAB increased with increase in flow rate but 

R2 value decreased when the flow rate was changed from 

3.5 ml min-1 to 5.0 ml min-1 whereas, increases when the 

flow rate was increased to 6.5 ml min-1. The adsorption 

capacity No was found to increase when the flow rate 

increased. With the change in pH the adsorption capacity 

No decreased which was in trend with the breakthrough 

time, whereas increase, in pH also followed the same 

trend. Bed height changes on BTC showed no definite 

trend in R2 and No whereas, KAB showed a decrease  

in value with increase in bed height. Increase in temperature 

on BTC showed a regular decrease in No value and 

increase in KAB value. 

 
Yoon Nelson Model 

Yoon Nelson model was obtained by plotting 

ln (
C

Co−C
)  vs t. The values of KYN, the rate constant and τ 

were presented in Table 4. It was found that the removal 

of MB in the activated carbon, BTC showed a better fit 

towards the Yoon Nelson model with R2 ranging from 0.60 

to 0.95 for various conditions. It was found that R2 values 

increased with the increase in flow rate and also the rate 

constant  KYN  was  increased  whereas,  τ  the half time or 
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time for 50 % removal was found to decrease, which was 

consistent with the experimental data for 50 % removal 

and was also tabulated in the table. With the increase  

in temperature, it was found that R2 first decreased and then 

increased which was consistent with the other models,  

but the KYN value showed a consistent increase with  

the increase in temperature and τ value showed a consistent 

decrease with increase in temperature. The KYN values 

showed a regular increase with increase in concentration 

and τ value showed a regular decrease which was 

consistent with the experimental data. KYN value  

for the change in the pH was found to increase drastically 

and the τ value seemed to decrease. The τ value for the change 

in pH was found to be inconsistent with the experimental 

data. With increase in the bed height, correlation 

coefficient was found to decrease for all concentrations 

and the τ value was found to increase. The τ value was 

mostly consistent with the experimental data for all  

the concentrations. 

 

Wolborska model 

The BTC was fitted with Wolborska model also which 

was showed in the plot of ln (
C

Co
) vs t. Table 4 gives  

the Wolborska parameters. It was found that kinetic 

coefficient (βa) was decreased with increase in 

concentration but the adsorption capacity No increased. 

The increase in adsorption capacity could be attributed  

due to the fact that increase in the probability of adsorption 

was owing to increased concentration of MB. With the increase 

in flow rate, it was found that βa was found to increase and 

adsorption capacity was found to be stable without any 

variation. With the change in pH, it was found that βa got 

reduced compared with the neutral pH and adsorption 

capacity was also found to reduce, but increase in 

temperature showed a decrease in βa and then later 

increased, while adsorption capacity decreased. With  

the increase in bed height, βa was found to decrease, while No 

increased because of the increase in the adsorption sites.  

 

BDST model 

BDST model was obtained by plotting bed height vs 

time for C/Co values of 0.02 and 0.5 and Fig.S2 (a), (b) 

represents, the straight line while the BDST parameters 

were presented in Table S3 for BTC at a different 

concentrations at a pH of 6.9, temperature 303 K and  

a flow rate of 3.5 ml min-1. The R2 obtained was found to be 

nearly 1 for all the concentrations for C/Co of 0.02 except 

for 200 mg/L which showed a value of 0.908, this 

suggested that BTC fitted well with C/Co- = 0.02. From the 

table, it can be inferred that with the increase in 

concentration there was no regular change in Ka, No and R2. 

C/Co = 0.5 also showed a good fit to BSDT model  

except for 200 mg/L which showed a poorer fit at  

C/Co = 0.02. The value of adsorption capacity was found to 

increase with increase in concentration whereas, Ka value 

showed no regular trend. BTC was found to follow BDST 

in most of the concentrations, whereas, Thomas model  

was also found to be followed at higher flow rate. The CGLAC 

was compared with other adsorbents with removal of 

different adsorbates, with column parameters and fitted 

models are shown in Table 5.    

 
ANN and ANFIS modeling 

ANN and ANFIS predictions for the removal of MB  

by the activated carbon were carried out. Five variables 

such as concentration, pH, temperature, bed height and flow 

rates were used to predict the output in both the models 

and the removal of MB by the activated carbon were  

the response that was predicted. The discussion on the theory 

of ANN can be seen elsewhere [51- 53]. Totally, 60 

experiments were carried out for the prediction using ANN 

and ANFIS network, out of which the data of 40 

experiments were used for training purposes and 20 

experiments were used for prediction purpose.  

A concentration range from100 to 500 mg/L, pH range 

between 2 to 10, temperature range from 303 to 333 K, 

flow rate between 3.5 to 6.5 ml min-1 and bed height range 

of 1 to 2 cm were taken as input to the ANN and ANFIS 

model. Extensive literature survey has shown that only 

very limited work has been done for ANN prediction  

in the bed column removal of MB, but most of the work 

was not carried out with percentage removal of MB and 

ANFIS modeling was also not found.  

So, in this work, both the models were compared  

by the correlation coefficient of the predicted data and 

experimental data. Fig. S3 (a, c) shows the linear plot  

of the predicted and experimental data for ANN and ANFIS. 

ANN model with feed forward back propagation method 

was carried out with Trainlm as training function, 

learngdm as adaption learning function and MSE was used 

to minimize the error [54]. Number of neurons was fixed 

at 10 after carrying out the model with a different number 
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Table 5: Comparison of column models by various adsorbent and adsorbate. 

 Adsorbent Adsorbate Parameters Column  models Best model References 

1 Peanut Husk biomass 
Yellow 

BG 
Initial concentration flow rate, 

bed height 
Thomas, BTC, BDST Thomas [48] 

2 
Eucalyptussheathiana 

bark biomass 
MB 

Initial concentration pH, flow 

rate, bed height 
Thomas, BDST Thomas [49] 

3 Hyacinth root Lead 
Initial concentration pH, flow 

rate, bed height 
Thomas, BTC, Yoon Thomas [55] 

4 Sunflower shells Copper 
Initial concentration pH, flow 

rate, bed height 

Thomas, Adams - Bohart and  

Yoon 
Thomas [56] 

5 
Auricularia matrix 

Waste 
Lead pH, flow rate and bed height Thomas and Adams - Bohart Thomas [57] 

6 Watermelon rind MB 
Initial concentration flow rate 

and bed height 

Thomas,  Adams Bohart and 

BDST 
Thomas [58] 

7 CGLAC MB 
Initial concentration flow rate, 

pH and bed height 

Thomas , Adams Bohart, BDST, 

BTC, Wolborska  and  Yoon 

BTC, BDST 

and Thomas 
This study 

 

of neurons and it was found that the minimum error 

occurred only with a number of a neuron as 10. The transfer 

function, Tansig gave the best result compared to logsig  

or pureln. In ANFIS membership type of Gbelmf was 

taken as it gave best results compared to the other 

membership functions and a number of membership 

functions were fixed at 4. The number of epochs for both 

ANN and ANFIS were fixed at 1000. The ANN data  

was showed the R2 values are 0.947 and 0.92 for the training 

and validation data. ANFIS model showed the value of R2 

as 1.0 and 0.960 for training and validation data 

respectively. Both the models were found to be applicable 

to the removal of MB by the activated carbon as  

the correlation coefficient value was above 0.9 for both  

the training and validation data. However, ANFIS model 

showed excellent correlation with the experimental data 

which could be inferred from Fig. S3 (b, d) and R2 value. 

 

CONCLUSIONS  

In this study, the inexpensive, abundantly available 

plant leaves of Calotropis Gigantea activated carbon were 

used as an alternative to commercial adsorbent  

for the removal of MB from industrial wastewater. The CGLAC 

was characterized by SEM, FT-IR, XRD, Raman, 

TGA/DTA, EDAX, BET, TGA/DTA and XPS. These 

experimental analyses widely explained the physical 

properties and adsorption performance of CGLAC.  

The column study was used to test the effect of dynamic 

column parameters such as, initial concentration, bed 

height, pH, flow rate and temperature for the removal  

of MB. The experimental data was applied to column models 

like Thomas model, Adams-Bohart model, Wolbroska 

model, Yoon-Nelson model and BDST model. The BTCs 

were determined at different flow rates, initial 

concentrations, bed heights and temperatures from 303 to 

333 K. The obtained results indicated that the removal  

of MB were strongly dependent on bed depth, flow rate 

and initial concentration. An increase in bed height resulted 

in improved adsorption performance. With the increase in 

flow rates, the adsorption capacity was found to decrease. 

The results of the removal of MB by CGLAC using 

column method showed that removal percentage increased 

with the increase in bed height. With the increase in flow 

rate, concentration and temperature, the removal of the dye 

decreased and also neutral pH was found to be ideal. Out 

of various models that were investigated for BTC, BDST 

model was found to fit the best for the experimental data, 

then followed by Thomas model. Though, the non - linear 

models such as ANN and ANFIS gave an excellent 

prediction, ANFIS was found to fit better for the prediction 

of removal of the dye by the column bed. 

This work indicated that the good adsorption capacity and 

acceptability of extensively used Thomas, Yoon–Nelson and 

BDST column models make the Calotropis Gigantea leaves 

activated carbon, gorgeous, excellent and novel adsorbent  

for treating dyes and heavy metals in industrial wastewater. 

This work would be both cost - free and eco-friendly. 
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