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ABSTRACT 

A carbonaceous adsorbent prepared from plant material like Emblica Officinalis Bark Carbon 

(EOBC) was found to show good porosity, appreciable surface area and consequently adsorbs 

dyes to an appreciable extent. Effect of various experimental parameters have been investigated 

using batch adsorption technique at room temperature (30±1°C) and the adsorption of 

Rhodamine B (RB) on carbonaceous adsorbent confirms to Langmuir equation, is a first-order 

process and pore diffusion controlled. The efficiency of carbonaceous adsorbent was evaluated 

by comparing the results with those obtained on a Commercial Activated Carbon (CAC). It was 

found that prepared carbonaceous adsorbent exhibits dye removal efficiency that is about 86–

96% of that observed with CAC. FT-IR spectra of the adsorbents were recorded to explore the 

number and position of functional groups available for the binding of dye onto adsorbents. SEMs 

of the native and exhausted (CAC and EOBC) were recorded to explore the morphology of the 

adsorbent. 
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INTRODUCTION 

           Color is one of the characteristics of an effluent, which is easily detected and readily 

traced back to its source. Most of the dyes normally have a complex aromatic molecular structure 

which makes them more stable and more difficult to biological degradation [1]. Many industrial 

processes use different synthetic chemical dyes for various purposes. Some frequent users of 

these chemicals include paper and pulp manufacture, dyeing of cloth, leather treatment, printing 

etc. Most of the used solutions containing such dyes are discharged as effluents [2]. Large 

quantities of colored effluents are discharged into receiving water each year. It affects the 

aesthetic nature but also interferes with the transmission of sunlight into waters and therefore 

reduces photosynthetic activity [3]. Wastewater offer considerable resistance for their 

biodegradation due to the presence of these heat and light stable dyes, thus upsetting aquatic life 

[4]. Thus, pollution caused by industrial wastewater has become a common problem for many 

countries [5]. It is estimated that 10–15% w/w of this capacity is discharged in effluents.  

 From environmental point of view, the discharge of dyes into natural water bodies 

represents a serious problem because of their persistence and non-biodegradable characteristics 

[5].  Highly colored effluents containing dyes can affect aquatic life present in natural water 

bodies by decreasing sunlight penetration or even leading to direct poisoning of living organisms 

[6-10]. In order to avoid these problems, effluents containing dyes must be treated for their 

removal before disposal. For this task some processes can be employed like: (i) photochemical 

degradation, which is not an efficient process due to the high stability of most dyes in front of 

light and (ii) chemical or anaerobic digestion, which are not suitable for dyes elimination 

because their intrinsic resistance [11]. The application of the adsorption technique has assumed 

remarkable importance in the treatment of contaminated waters and effluents, especially if the 

adsorbent employed presents low cost and does not require any treatment before its utilization 

[12,13]. Adsorption process using activated carbons is widely used to remove pollutants from 

wastewaters. However, commercially available activated carbon which is widely used as 

adsorbent is expensive [14]. 

 Earlier adsorbents used include banana pith [15], wheat straw [16], sawdust [17], 

powdered waste sludge [18], babul seed [19] wheat shells [20], wheat bran[21] and hen feathers 

[22], Peat moss and rice hulls[23], coconut husk [24], fly ash [25], emblica officinalis bark [26], 

moringa oliefera bark [27], zea mays dust carbon [28] and tamarind seed powder [29] 
 
have also 

been reported as efficient adsorbent for removing colour. 

 Rhodamine B dyes are generally toxic, and are soluble in water, methanol and ethanol 

[30]. It is widely used as a biological stain [31]. RB is used for dyeing of various products 

including cotton [32], silk [33], paper [34], and finds a variety of applications in the analytical 

and photo-chemical fields, especially in the extraction, spectrophotometric and fluorometric 

analysis of uranium [35-37]. Hence, it may be found in wastewater of many industries and 

chemical, biomedical and photochemical laboratories. In the present study removal of RB on 

EOBC was studied by batch adsorption model. 
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MATERIALS AND METHODS 

Preparation of Activated Carbon 

 

 The raw material Emblica Officinalis Bark (EOB) were collected locally, washed, dried, 

cut into small pieces, carbonized at 300-400
°
C and thermally activated with sodium bicarbonate 

at 700-900
°
C to produce CO2 inert atmosphere at this temperature, which avoids ash formation. 

The obtained carbon was ground well to a fine powder and sieved (Jeyant Sieve, India) into 

discrete particle size (90, 125, 150, 180, 210 and 250 micron) and stored. 90 micron size carbon 

was activated by acid digestion (4N HNO3; 2hr at 80
°
C

)
 and dried in an air oven at 120

°
C

 
for 2 

hr. The resulting carbon washed with distilled water until a constant pH of the slurry reached.   

Adsorption Experiments 

 An accurately weighed quantity of the rhodamine B dye was dissolved in double distilled 

water to prepare the stock solution (1000 mg/l). The percentage purity of the dye was taken into 

consideration while preparing the stock solutions. Adsorption experiments were carried out at 

room temperature (30 ± 1°C) under batch mode [38].  Experimental solutions of desired 

concentration were obtained by successive dilution.  All the other chemicals used in this study 

were of reagent grade and obtained commercially. Double distilled water was employed for 

preparing all the solutions and reagents.  Thermostatic incubator shaker (Neolab, India) was used 

to maintain the temp (30 ±1
°
C). The concentrations of the RB solution was analyzed by 

measuring its absorbance at λmax = 544 nm using UV–Visible Spectrophotometer (ELICO Semi 

Micro Spectrophotometer, (Model, no: 207) India. Exactly 50 ml of dye solution of known 

initial concentration (Ci) was shaken at constant agitation speed (200 rpm) with required dose of 

adsorbent of a fixed particle size (90 micron) for a specific period of contact time (Table 2). The 

pH of the dye solution was adjusted by adding either 1 M HCl or 1 M NaOH solution and the pH 

values of dye solutions were noted with digital pen pH meter (Hanna instruments, Portugal). 

After equilibration, the final concentration (Cf) of RB was measured. The values of percentage 

removal of dye and amount adsorbed (q in mg g
-1

) were calculated using the following 

relationships: 

 

Percentage removal  = 100 (Ci – Ce)/Ci    (1) 

 

Amount adsorbed (q)   = (Ci – Ce)/m    (2) 

 

Where Ci and Ce are the initial and equilibrium (final) concentration of dye (in mgL
-1

), 

respectively and m is the mass of adsorbent, in gL
-1

.  

 

RESULTS AND DISCUSSION 

 
Scanning Electron Microscope (SEM) study gives useful informations regarding the 

textural/morphological characteristics of the adsorbents [39]. The SEM images of pure CAC and 

EOBC (Figure.1-A, C) show the porosity of the structure. After dye adsorption, a significant 

change is observed in the surface morphology of these adsorbents (Figure. 1-B, D). The 

adsorbents have a rough surface and pores containing a new shiny and bulky particles. It also 

shows that the particles can be included to account for the irregularities. At higher magnification, 

the globules are distinctly visible and they appear to be quite uniform with internal porous 
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structures. The size of the particles of used adsorbents were 90 microns. From the SEM picture 

we find well aligned uniform pore net work is developed upon activation and pore shape is 

spherical layer structure [40]. 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. SEM images of before (A, C) and after (B, D) adsorption of RB on CAC and 

EOBC. 

 The FT-IR spectra of CAC and EOBC before and after adsorption of RB were used to 

determine the frequency changes in the functional groups in the adsorbents.  FT-IR spectra of the 

adsorbent displays number of absorption peaks, indicating the complex nature of studied 

adsorbent [41]. Table -1. Presents the fundamental peaks of the adsorbent before and after use. 
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Table 1. FT-IR Spectroscopic characteristic frequencies (  in cm
-1

) of CAC and EOBC 

before and after adsorption of RB. 

Adsorbents 
O-H 

stretching 

C-H 

stretching 

>C=O 

stretching 

>C=C< 

bending 

C-O 

stretching 

-CN = 

stretching 

CAC 3446-3454 2424-2432 1631-1660 1612-1550 1119-1121 ---- 

CAC-RB 3437-3440 2969-2719 1631-1657 1380-1385 1118-1123 1526-1532 

EOBC 3385-3448 2924-2938 1708-1891 1611-1600 1032-1082 --- 

EOBC-RB 3444-3448 2244-2253 1733-1893 1444-1458 1037-1084 1560-1568 

 

 The peak around 3385.9 cm
-1

 and 1708.5 cm
-1

 represented bonded hydroxyl group and 

C=O stretching. The peak observed at 1708.5 cm
-1

 corresponds to C=O stretching. The peaks 

around 1614.7cm
-1

corresponds to the C=C stretching and at 1037.4 cm
-1

 corresponds to C–O 

band. The observed peak of –OH, C=O and C–O bands are shifted to 3448, 1891 and 1082 cm
-1 

when CAC and EOBC are loaded with RB (Figure 2). It seems that these functional groups 

participate in dye binding on the surface of CAC and EOBC. 
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Figure 2. FTIR spectrum of before and after adsorption of RB on CAC and EOBC. 
 

 

Effect of initial concentration 

 Effect of initial concentration on the extent of removal of RB (in terms of percentage 

removal and amount adsorbed) on CAC and EOBC were studied.  The initial concentration 

provides an important driving force to overcome all mass transfer resistance of dye anions 

between the aqueous and solid phases [42]. The relevant data are given in Table 2. The 

percentage removal is found to decrease exponentially, while the amount of RB adsorbed 

increases exponentially with the increase in initial concentration of RB (Figure 3). This indicates 

a decrease in adsorption, which is attributed due to the lack of available active sites required for 

the high initial concentration of RB. Similar results have been reported in literature on the extent 

of removal of dyes [43-45], metal ions [46-49] and carboxylic acid [50, 51].  
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Figure 3. Effect of Initial concentration for the removal of RB onto CAC and EOBC 
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Table 2.Effect of process parameters on the extent of removal of RB by CAC and 

  EOBC at 30 ±1°C 
 

 

Variation Adsorbents 

Initial 

concentration 

(ppm) 

Contact 

time 

(min) 

Dose of 

ACs (g/l) 

Initial 

pH 

Particle 

size (μ) 

Initial 

concentration 

CAC 

EOBC 

10 – 190(90*) 

10 – 100(50*) 

30 

30 

2 

4 

7.5 

7.5 

90 

90 

Contact time 
CAC 

EOBC 

90 

50 

5-50 

5.50 

2 

4 

7.5 

7.5 

90 

90 

Dose of ACs 
CAC 

EOBC 

90 

50 

30 

30 

1 - 2 

3.5 - 4.4 

7.5 

7.5 

90 

90 

Initial pH 
CAC 
EOBC 

90 
50 

30 
30 

2 
4 

2-11 
2-11 

90 
90 

Particle size 
CAC 

EOBC 

90 

50 

30 

30 

2 

4 

7.5 

7.5 

45-250 

45-250 

                  * Optimum Initial Concentration 
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Table 3. Effect of process parameters on the extent of removal of RB and amount adsorbed 

by CAC and EOBC at 30 ±1°C 

Variation Para meters* CAC EOBC 

Initial concentration 
% R 93.00-80.63 97.25-86.50 

Q 21.16-38.65 22.95-34.53 

Contact time 
% R 89.26-99.650 88.26-99.11 

Q 23.73-30.25 22.56-28.78 

Dose (gl-1) 
% R 84.56-99.28 80.83-98.56 

Q 18.19-27.15 28.13-32.89 

Initial pH 
%R 84.22-99.20 86.59-99.83 

Q 24.43 -34.56 23.56-35.56 

Particle size (μ) 
%R - 90.25-99.23 

Q - 25.35-34.45 

 

 

Adsorption Isotherms: 

 In order to determine the adsorption potential, the study of adsorption isotherm is 

essential in selecting an adsorbent for the removal of dyes . The adsorption data were analyzed 

with the help of Freundlich and Langmuir isotherms. 

 

Freundlich isotherms: log qe = log K + (1/n) log Ce    (3) 

 

Langmuir isotherms: (Ce/q) = (1/Qob) + (Ce/Qo)    (4) 

 

 Where, K and 1/n are the measures of adsorption capacity and intensity of adsorption, 

respectively. q is the amount dye adsorbed per unit mass of adsorbent (in mg g
-1

) and Ce is the 

equilibrium concentration of dye (in mgL
-1

 or ppm); Qo and b are Langmuir constants, which are 

the measures of monolayer adsorption capacity (in mgg
-1

) and surface energy (in g L
-1

), 

respectively.  

 

 The values of Freundlich and Langmuir constants obtained from the linear correlation 

between the values of (i) log qe and log Ce (ii)(Ce/qe)  and Ce. They are found to be linear (Figure 

4A, 4B). The applicability of Langmuir isotherm indicates the formation of mono-layer and also 

nature of adsorption process. The values of adsorption  isotherm constants along with the 

correlation co-efficients are presented in Table 4. In order to compare the validity of each model 

a normalised standard deviation, ∆q(%) is calculated using the following equation: 

 

∆q (%) = 100 × [ ( ∑ [ (qt
exp.

 – qt
cal.

)/qt
exp.

]
2
)/ (n - 1)]

1/2 
         (5) 
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Figure 4. ( A) -Freundlich and (B)-Langmuir adsorption isotherms for the removal of RB  

onto CAC and EOBC 
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 Where the superscripts, exp. and cal. are the experimental and calculated values of qt viz., 

the amount adsorbed at different time t and n is the number of measurements. The ∆q (%) values 

are also given in Table 4. Based on the low values of ∆q (%), it is concluded that the adsorption 

of RB can best be described by the Langmuir adsorption isotherm. This indicates the 

applicability of Langmuir isotherm and the mono-layer coverage on adsorbent surface.  The 

mono-layer adsorption capacities (Qo) of the adsorbents are found to be of the order:  EOBC < 

CAC 

 Adsorption capacity of EOBC is better and nearer to CAC. Further, the essential 

characteristics of the Langmuir isotherm can be described by a separation factor, RL, which is 

defined by the following equation: 

  RL = [1 / (1 + bCi ) ]                                                                              (6) 

 Where,  RL is the separation factor, Ci  and b are the  initial concentration of dye (in mg L
-

1
 or in ppm) and Langmuir constant (in g L

-1
). The value of RL, indicates the shape of the 

isotherm and nature of the adsorption process as given below; 

 RL value                                 Nature of adsorption process 

 RL > 1                                               Unfavourable 

 RL = 1                                               Linear 

 0 < RL < 1                                         Favourable 

 RL = 0                                               Irreversible 

In the present study, the value of  RL (0.127 and 0.132) indicates that the adsorption process is 

favourable for this low cost  adsorbent. 
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Table 4.  Freundlich and Langmuir parameters of adsorption isotherms for the removal of 

RB by CAC and EOBC at 30 ±1°C. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effect of contact time 

 The effect of contact time on the amount of RB adsorbed is observed at the optimum 

initial concentration of RB. The relevant data are given in Table 2.0. The extent of removal of 

RB by these adsorbents is found to increase exponentially and reach a maximum value with 

increase in contact time (Figure 5). The relative increase in the extent removal of RB after 

35min., of contact time is not significant and hence it is fixed as the optimum contact time. 

Similar results have been reported in literature for the removal of dyes [12,43-46,52]. The 

contact time experiments are useful to investigate the influence of system parameters on the rate 

and extent of adsorption. 

S. No Parameters 

Adsorbents 

CAC EOBC 

1 

Freundlich isotherm 

Slope(1/n) 

Intercept (log k) 

Correlation coefficient (r) 

∆q(%) 

 

0.862 

54.65 

0.996 

0.015 

 

0.572 

5.451 

0.987 

0.007 

2 

Langmuir  isotherm 

Slope(1/Qo) 

Intercept (1/Qob)) 

Correlation coefficient (r) 

Qo (mg/g) 

b (g/L) 

RL 

∆q(%) 

 

0.040 

0.175 

0.996 

34.538 

0.597 

0.127 

0.007 

 

0.188 

0.678 

0.991 

22.47 

0.345 

0.132 

0.004 
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Figure 5.Effect of contact time for the extent removal of RB onto CAC and EOBC 

 

Contact time (min)  

P
er

ce
n

ta
g
e 

o
f 

 R
e
m

o
v
a
l 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Kinetics of adsorption 

 

 The kinetics and dynamics of adsorption of RB  these two  adsorbents have been studied 

by applying the various first order kinetic equations, proposed by Natarajan-Khalaf-as cited by 

Kannan and Vanangamudi [45], Lagergren-as cited by Trivedi, and Bhattacharya- Venkobachar .
 
 

 

 Natarajan and Khalaf equation: 

 Log (Ci / Ct ) = ( k / 2.303 ) t        (7) 

            Lagergren equation: 

 Log ( qe  -  qt ) = log qe – ( k / 2.303 ) t       (8) 

   Bhattacharya and Venkobachar equation: 

 Log [ 1  -  U (T) ] = – ( k / 2.303 ) t       (9) 

 

 Where k is the first order rate const ant (min.
-1

) for adsorption of RB.  Ci  and  Ct  are  the 

concentration of dye (in mg L
-1

 or ppm), at time zero  and at time t respectively; qe and qt  are  

the  amount  of dye  adsorbed per  unit  mass  of  the  adsorbent (in mg g
-1

) and at  time t 

respectively,  

U (T)   =   [ ( Ci  -  Ct ) / ( Ci  -  Ce ) ]     (10) 

Where  Ce is an equilibrium concentration of RB (mg L
-1

). 

 

 The values of (i) log(Ci /Ct ), (ii) log (qe - qt ) and  (iii) log [1-U(T)] are linearly correlated 

with time (t). The values of first order rate constant (k), ∆q (%) and correlation co-efficient (r-

value) are given in Table 5. All the linear correlations are found to be statistically significant, 

indicating the applicability of these kinetic equations and the first order nature of the adsorption 

process of RB on these adsorbents.  
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Figure 7. (A)- Natarajan & Khalaf, (B)- Lagergren and (C)- Bhattachary& 

Venkobachar Plots 
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 The rate of adsorption (k-value) for CAC and EOBC are obtained from Lagergren 

equation and it is found to be almost equal with the value obtained from Bhattacharya and 

Venkobachar equation. Hence any one of these kinetic equations could be used in future to 

calculate k-value for the adsorption of dyes. Lagergren plots are shown in Figure 7(A),based on 

the high r-values, which are close to unity and low ∆q (%) values, it is concluded that the 

Lagergren equation is applicable to the kinetics of adsorption of RB.  
 

 

 

 

  

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Intra particle diffusion model 

 The adsorbate species (dye RB) are most probably transported from the bulk of the 

solution into the solid phase through intra particle diffusion / transport process, which is often the 

rate limiting step in many adsorption processes, especially in a rapidly stirred batch reactor. The 

possibility of intra particle diffusion process was explored by using the Weber and Morris intra 

particle diffusion model [54]: 

 

qt = kp t
1/2

 + C          (11) 
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Figure 8. (A) - Intra-particle diffusion model, (B) - log Intra-particle diffusion Plot. 
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  Where qt is the amount of dye adsorbed (in mg g
-1

) at time t; C is the intercept and kp is the 

intra- particle diffusion rate constant (in mg g
-1

 min 
-½

). 

 The values of qt are found to be linearly correlated with values of t
1/2

 (Figure 8-A). The kp 

values were calculated by using correlation analysis (Table 5.). The r-values are found to be 

close to unity, this reveals the presence of intra particle diffusion process [62], [57]. Based on the 

calculated values of kp (mg
 
g

-1 
min.

-1/2
) for EOBC, indicates that the EOBC has more porous like 

CAC. The large values of intercept (Table 5.0) give an idea about the boundary layer thickness 

i.e. larger the intercept, greater is the boundary layer effect
44

. The intercept (C) value of CAC is 

more and EOBC is less, indicating the boundary layer effect is maximum in CAC and minimum 

in EOBC. 

  

 The correlation of the values of log (% removal) and log (time) also resulted in linear 

relationship (Figure 8.0-B). This indicates that the process of intra particle diffusion also taking 

place in this adsorption system (Table 5). The divergence in the values of slope from 0.429-

0.414, indicates the presence of intra particle diffusion process as one of the rate limiting steps, 

besides many other processes controlling the rate of adsorption, all of which may be operating 

simultaneously [43,44,52]. 

 

 

 

 

 

 

 

 

 

Table 5. Kinetics and dynamics of adsorption of RB by adsorption on CAC and EOBC 

at 30 ±1°C. 
 

S.No Parameters CAC EOBC 

01 Natarajan  & Khalaf equation. 

Correlation Coefficient (r) 

10
2
k (min

-1
) 

Δq (%) 
 

 

0.997 

9.108 

8.562 

 

0.934 

0.523 

37.25 
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Figure 9. Effect of dose for the removal of RB onto CAC and EOBC  
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02 Lagergren equation. 

Correlation Coefficient (r) 

10
2
k (min

-1
) 

Δq (%) 
 

 

0.999 

15.128 

2.892 

 

0.956 

7.598 

11.035 

03 Bhattacharya and Venkobachar equation. 

Correlation Coefficient (r) 

10
2
k (min

-1
) 

Δq (%) 
 

 

0.998 

15.619 

6.782 

 

0.983 

8.205 

17.12 

04 Intra Particle diffusion Model. 

Correlation Coefficient (r) 

kp (mg g
-1

 min
-1/2

) 

Intercept (C) 
Δq (%) 
 

 

0.928 

178.5 

76.28 

1.256 

 

 

0.986 

3.976 

2.369 

0.019 

 

05 Log (% removal) Vs log (time) 

Correlation Coefficient (r) 

Slope (m) 
Δq(%) 
 

 

 

0.989 

0.429 

18.36 

 

0.936 

0.414 

34.04 

 

Effect of dose 

 The effect of dose of adsorbent on the amount of RB adsorbed has been studied (Table 

2.0). The value of amount adsorbed (q) is observed to decrease exponentially with increase in 

dose of adsorbent. This may be due to the increase in availability of surface active sites resulting 

from the increased dose and conglomeration of the adsorbent [2840, 43,45,55]. The value of 

percentage removal of RB (Table 2) increase exponentially with increase in dose of adsorbent 

(Figure 9). This suggests that the adsorbed species (dye) may either block the access to the 

internal pores or causes particles to aggregate and there by resulting in the availability of active 

sites for adsorption. Similar observations have been noticed for the removal of dyes [12,43-

45,53] .  
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Effect of initial pH 

 The effect of initial pH of the dye solution on the amount of dye (RB) adsorbed has been 

studied by varying the initial pH, under constant conditions of other process parameters (Table 

2.0). The pH value changes slightly after adsorption and a decrease in pH value is noted (∆pH = 

pHfinal – pHinitial). The optimum pH value is fixed as 7.5. The results are shown in 

(Figure10.0).The increase in initial pH almost linearly increases the amount of RB adsorbed. The 

change in initial pH values of dye solution significantly affect the adsorption characteristics of 

basic dye indicating that removal of RB (basic dye) is enhanced by basic solution. This result is 

in harmony with the literature reports for basic dye [28,40,43,46,53]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effect of particle size 

 The amount of RB adsorbed increases linearly with the decrease in particle size of the 

adsorbent. This is due to the increase in available surface area with the decrease in particle size. 

The effect of particle size of EOBC (except CAC) on the amount adsorbed is shown in Figure 

11.0. There exists a linear relationship between the amount adsorbed and particle size, as 

evidenced by the r-values close to unity (r-values for EOBC = 0.989). Similar observations have 

been reported for the adsorption of dyes [12,40,43-45,54]. 
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Figure 11. Effect of Particle size for the removal of RB onto EOBC 
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APPLICATIONS 

The present study concludes that EOBC could be employed as low cost adsorbent as alternative 

to CAC for the removal of colour and dyes from water and wastewater in general and the data 

may be useful in construction, designing and fabrication of an economic treatment plant for the 

removal of Rhodamine B from wastewater. The results also helpful to design adsorption 

treatment systems and establishing a continuous treatment plant for water and wastewater. 

 

CONCLUSION 

The present study showed that Emblica Officinalis Bark Carbon (EOBC) can be used as an 

effective adsorbent for the removal of Rhodamine B dye from aqueous solution. The maximum 

adsorption capacity was observed (98.74%) by using carbonaceous Emblica Officinalis Bark at 

p
H
 of 7.5 with dose of 200 mg with agitation time of 30 minutes .The percentage removal of RB 

increases with decrease in initial concentration and   particle size and increases with increase in 

contact time, initial pH and dose. The adsorption data are modeled with adsorption isotherms and 

first order kinetic equations. Adsorption process obeys Langmuir isotherm and Lagergren 

equation and proceeds with first order kinetics, with intra particle diffusion as one of the rate 

determining steps. 
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