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Abstract: Acid activated strychnos nux-vomica leaf powder (SLP) was employed for removal of the 

rhodamine-B (RB) dye from aqueous solution. Batch adsorption studies were carried out under varying 

conditions of dye concentration, adsorbent dose, contact time, pH and temperature. Removal efficiency 

was 92% in 50 min with 6.5 pH, 50 mg/L as dose, 50 mg/L RB concentration and 30 °C temperature. 

The equilibrium data the best fitted with Langmuir model. The adsorption followed Lagergren pseudo-

second order kinetics. The values of free energy change (∆G°), enthalpy change (∆H°) and entropy 

change (∆S°) indicated the process to be spontaneous. The diffusion studies indicated that adsorption 

initially takes place by external mass transfer and later by intra-particle diffusion. The results indicate 

that SLP is a good adsorbent for the removal of RB from wastewater.  

Keywords: Acid activated strychnos nux-vomica leaf powder, Adsorption, Rhodamine B, Isotherms, 

Kinetics, Thermodynamics 

Introduction 

With the revolution in textile and similar industries in Egypt, colored effluents are due to the 

use of organic dyes such as Methylene blue and Rhodamine-B for dying silk, cotton, leather, 

wool, paper and other final products. This is one of major problems concerning textile waste 

waters. These colored effluents have large amounts of suspended organic solids which are 

harmful to human beings and toxic for organisms. The removal of these dyes from 

wastewater has a considerable attention over the past decades to decrease their impact on the 

environment
1
. Several physical and chemical methods have been developed for the removal 

of organic dyes from industrial effluents. Physical methods, mainly adsorption on various 

supports were recognized to be a promising and effective process to remove dyes from 

industrial wastewater completely
2
. The main advantages of adsorption are the reusability of 

material, low-cost, ease of operation and short time of operation so it is necessary to develop 

effective adsorbents for the removal of dyes from textile effluents. Activated carbon is the 

most widely used adsorbent and can be prepared by physical activation in which carbonation 
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or pyrolysis of the carbonaceous material at higher temperature (500-900 ºC) in an inert 

atmosphere followed by thermal activation at the same temperature in the presence of 

oxidizing agent such as air, steam and carbon dioxide or chemical activation in which 

pyrolysis and activation carried out only in one step simultaneously in presence of dehydrating 

agent such as H3PO4, HNO3, KOH, NaOH, H2O2 and H2SO4. Chemically activated carbon has 

higher yield, more surface area and better development of porous structure than that obtained 

by physical activation
3
. Several attempts have been made for the preparation of activated 

carbon from agriculture wastes. Water hyacinth (WH) is one of the bio-absorbent plants. WH
4
 

propagates both by seed germination and by vegetative means where by mature plants produce 

rosettes of leaves and fibrous roots at each node of the growing stem. A single plant can 

produce about 65,000 off spring during a single season. Since WH can grow at an alarming 

rate, a novel activated carbon can be prepared from the dead plant. Several attempts has been 

described for the removal of Rhodamine-B or Methylene blue from wastewater by activated 

carbon prepared from agriculture wastes such as rice husk, bamboo
5
, rattan saw dust, yellow 

passion fruit, corncob hulls, sugar beet pulp
6
, pineapple leaf powder, eichhornia crassipes 

root
7
, indian rose wood

8
, pomegranate peel

9
, posidonia oceanic

10
. 

 In this paper, we report the efficiency of activated carbon prepared from strychnos nux-

vomica L (Kanchira) H2SO4 activation for removal of basic dye (Rhodamine-B). The isotherm, 

kinetic and thermodynamics of the adsorption process have been evaluated. 

Experimental 

All reagents used in the experiments were of analytical (AR) grade and were obtained from 

scientific equipment, Trichy. Stock solutions of the test reagents were prepared by 

dissolving the dye in distilled water. 

Preparation of adsorbent 

The natural plant material for strychnos nux-vomica L leaf (Figure 1) used in the present 

investigations was collected from a nearby Pudukkottai, Tamilnadu, India. The leaf was 

washed with distilled water several times to remove the dirt and dust and was subsequently 

dried in a hot air oven at 110 
o
C. Afterward, carbonization of the leaves was carried out at 

450 
o
C for 1 h in a muffle furnace, was maintained throughout the process of carbonization 

primary carbon was obtained on carbonization, which was afterward mixed with zinc 

chloride. Zinc chloride acts as a catalyst in the process. The primary carbon was activated at 

600 
0
C for 6 h under optimized conditions to obtain activated carbon. The activated carbon 

was thereafter looked to room temperature in an insert atmosphere of nitrogen and washed 

with hot distilled water and  0.5 N hydrochloric acid until the pH of the material reached 6.5 

the activated carbon was also dried in a hot air oven at 110 
o
C, ground and sieved to obtain 

the desired particular size (150 µm) and stored in desiccators for further use. 

 

Figure 1. Plant material of strychnos nux-vomica L 
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Experimental 

Batch experiments were conducted to study the influence of important parameters like the pH, 

contact time, initial dye concentration and temperature on the removal of RB onto activated 

SLP. For adsorption isotherms, dye solution of different concentrations (50-250 mg/L) and at 

different temperatures (30-60 ºC) with known pH and known amount of adsorbent (1 g/L) 

were agitated at 207 rpm until the equilibrium was reached then the solution was kept to settle 

down and the residual concentration of RB were analyzed by UV-Visible spectrophotometer at 

662 nm and 554 nm, respectively. All experiments were carried out at normal pH for RB. 

Effect of pH on dye removal was studied over a pH range of 2.2-10.4 the initial pH of the 

solution was adjusted by addition of acetate or phosphate buffers. The effect of sorbent dosage 

on adsorption rate was investigated at different dosages (50-250 mg/50 mL). The percentage of 

dye removal was calculated using the following equation. 

Qt = 
(Ci-Ct) x v 

m 

 Where q(t) is  the mass of adsorbed dye per unit mass of adsorbent (mg g 
-1

) (i) and (t) are 

the initial and actual concentration (g dm
-3

) of dye at time, respectively V is the volume of the 

treated solution (mL) m is the mass of adsorbent (g). The adsorption degree, AD as a function 

of time was also determined from the experimental data using the following relationship 

AD% = 
(1-Ct) x 100 

Ci 

 Based on the adsorption kinetics experiments, the process time for the equilibrium 

adsorption experiments was chosen, long enough assuming that the considered sorbent / 

sorbate system is equilibrated. The following parameters of the process were changed during 

these experiments, amount of adsorbent (Activated SLP), the particle size, initial pH of the 

solutions and the initial concentration of the considered ions, all experiments were 

performed at ambient temperature. 

Results and Discussion 
Characterization 
The different chemical constituents of activated SLP are given in Table 1 along with some 

other characteristics. Surface area of the samples activated in air is 629 and 107 m
2
 g

-1
 for 

activated SLP, respectively. X-ray spectra of both adsorbents do not show any peak 

indicating the amorphous nature of activated SLP.  

Table 1. Characteristics of the adsorbent 

 

 

 

 

 
 

Table 2. Equilibrium parameters for the adsorption of RB onto SLP 

M0 
Ce, mg/L Qe, mg/L Removal % 

30 oC 40 oC 50 oC 60 oC 30 oC 40 oC 50 oC 60 oC 30 oC 40 oC 50 oC 60 oC 

50 3.80 3.63 3.73 3.00 92.39 92.72 92.53 93.98 92.39 92.72 92.53 93.98 

100 14.26 12.36 10.73 9.08 171.47 175.27 178.53 181.83 85.73 87.63 89.26 90.91 

150 30.36 27.64 23.09 20.68 239.26 244.70 253.80 258.62 79.75 81.56 84.60 86.20 

200 58.62 54.09 23.09 44.70 282.74 291.81 353.80 310.58 70.68 72.95 88.45 77.64 

250 90.67 85.68 49.06 74.68 318.65 328.62 401.87 350.63 63.73 65.72 80.37 70.12 

Properties SLP 
Particle size, mm 0.0190 

Density, g/cc 0.2005 
Moisture content, % 0.2527 
Loss in ignition, % 0.0210 

pH of aqueous solution 6.5000 

(1)

(2)
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Contact time 

In order to establish the equilibration time for maximum uptake and to know the kinetics of 

the adsorption process, Rhodamine-B adsorption on SLP adsorbent was investigated as a 

function of contact time and the results are shown in Figure 2 and data are given in Table 2. 

The figure shows that the uptake rate was initially rapid with 50% of the adsorption was 

completed within 45 min, equilibrium was achieved with in 60 min therefore, an 

equilibration period of 1 h was selected for all further experiments. The time profile of RB 

uptake is a single smooth and continuous curve leading to saturation suggesting the possible 

monolayer coverage of RB on the surface of the adsorbent. 
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Figure 2. Effect of contact time on the removal of RB [RB]=50 mg/L; temperature 30 
o
C; 

adsorbent dose=50 mg/50 mL 

Effect of adsorbent dosage 
The adsorption of the Rhodamine-B dye on SLP was studied by varying the adsorbent dose 

(50-250 mg/50 mL) for 50 mg/L of dye concentration. The percentage of adsorption 

increased with increases in the SLP concentration, which is attributed to increased carbon 

surface area and the availability of more adsorption sites
11

. Hence, all studies were carried 

out with 0.050 g of adsorbent /50 mL of the varying adsorbate solutions 50, 100, 150, 200 

and 250 mL. The results obtained from this study are shown in Figure 3. The amount of RB 

adsorbed per gram reduced with increase in the dosage of SLP. This reveals that the direct 

and equilibrium capacities of RB are functions of the activated SLP dosage.   
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Figure 3. Effect of adsorbent dose on the removal of RB [RB]=50 mg/L; contact time  60 
o
C; 

temperature 30 
o
C 
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Effect of initial pH 

Previous research has shown that the adsorption of dye molecules onto an adsorbent is 

highly pH dependent since the functional groups, which are responsible for interaction 

between dye molecules and adsorbent, can be protonated or deprotonated to produce 

different surface charges in solution at different pH values
12

. Therefore the effects of initial 

solution pH were studied in the pH range of 2-10 for RB. The percentage removal increased 

from 63% to 94% for RB where as it decreased slowly after pH 8 for RB (Figure 4). The 

pHPZC of any adsorbent is a very important characteristic that determines the pH at which the 

surface has net electrical neutrality. It is well-known that for basic dye adsorption, 

negatively charged groups on the adsorbent are necessary. At lower pH values (pH < pHPZC) 

the surface charge of the surface of SLP may get positively charged as a result of being 

surrounded by H3O
+
 ions and thus the competitive effects of H3O

+
 ions as well as the 

electrostatic repulsion between the dye molecules and the positively charged active 

adsorption sites on the surface of the SLP lead to a decrease in the uptake of dye molecules. 

In contrast at higher pH values (pH > pHPZC) the surface of SLP may acquire a negative 

charge leading to an increase in dye uptake due to the electrostatic force of attraction. On the 

other hand no valid reason can be given for the decrease in the adsorption amount of RB 

after pH 8. Similar results were obtained for the adsorption of Rhodamine-B onto activated 

SLP. As a result, the initial pH value was optimized as 6.5 for dye. 
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Figure 4. Effect of initial pH on the removal of RB [RB]=50 mg/L; temperature 30 
o
C; 

adsorbent dose=50 mg/50 mL 

Kinetic modeling in a batch system 

In order to investigate the mechanism of adsorption kinetic models are generally used to test 

experimental data. Pseudo-first-order and pseudo-second-order equations can be used 

assuming that the measured concentrations are equal to surface concentrations
13

. The 

pseudo-first-order rate lagergren model is
14

: 

dq 
= k1, ads(qe-q) 

dt 

 Where, q (mg/g) is the amount of adsorbed heavy metals on the adsorbent at time t and 

k1,ads (min
-1

) is the rate constant of first-order adsorption
15

. The integrated form of Eq. 3 is: 

 

 
log(qe-q) =logqe

- k1,ads 
t 
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 qe the equilibrium sorption uptake, is extrapolated from the experimental data at time     

t = infinity. A straight line of log(qe-q) versus t suggests the applicability of this kinetic 

model. qe and k1,ads can be determined from the intercept and slope of the plot, respectively. 

The pseudo-second order kinetic model is expressed as
16

: 

dq 
= k2, ads(qe-q)

2
 

dt 

 Where, k2,ads (g/mg min) is the rate constant of second-order adsorption. The integrated 

form of Eq. 5 is:    

dq 
= 

1 k2,ads t 

qe-q qe 

Eq. 6 can be rearranged and linearized to obtain: 

t 
= 

1  

+ 

1 
t 

q k2, adsqe 
2
 qe 

 The plot t/q versus t should give a straight line if second order kinetic model is 

applicable and qe and k2,ads can be determined from the slope and intercept of the plot, 

respectively. It is important to notice that for the application of this model the experimental 

estimation of qe is not necessary
17,18

. Data is given in Table 5 

Weber and Morris intra-particle diffusion model 

Kinetic data was further analyzed using the intraparticle diffusion model based on the theory 

proposed by Weber and Morris
19

. The amount of RB adsorbed (qt) at time‘t’ was plotted 

against the square root of time (t
½
), according to Eq. 8.                             

Qt =kid t
½
 +C                                                                      (8) 

 Where kid is the intraparticle diffusion rate constant and c is the intercept related to the 

thickness of the boundary layer. According to above equation a plot of qt versus t
½
 should be 

a straight line from the origin if the adsorption mechanism follows the intraparticle diffusion 

process only
20

. However, if the data exhibit multi linear plots, then the process are governed 

by two or more steps, It is clear from  that there are two separate cases: first linear portion 

(phase I) and second linear part (phase II). The first linear portion (Phasse I) can be 

attributed to the immediate utilization of the most readily available adsorbing sites on the 

adsorbent surface, phase II may be attributed to very slow diffusion of the adsorbate from 

the surface site in to the inner pores. Thus initial portion of RB adsorption by adsorbent may 

be governed by the initial intraparticle transport of RB controlled by surface diffusion 

process and the later part controlled by pore diffusion. However, the intercept of the line 

fails to pass through the origin which may be due to the difference in the rate of mass 

transfer in the initial and final stages of adsorption. Further, such deviation of the straight 

lines from the origin reveals that the pore diffusion is not the sole rate controlling
20

. 

Adsorption isotherms 

In order to determine the adsorption efficacy of activated SLP adsorbent for RB adsorption, 

the equilibrium adsorption studies were carried out at room temperature (30 
o
C) that the 

other initially raises sharply, indicating that plenty of readily accessible sites are available in 

the beginning for adsorption. However after equilibration when the adsorbent becomes 

saturated, a plateau is reached indicating that no more sites are available for further 

adsorption an adsorption capacity was observed for RB on activated SLP adsorbent at 30 
o
C. 

Adsorption potential of activated SLP adsorbent from the present study was compared with 

other adsorbent reported in previous studies for RB removal and compiled. It is seen that the 

prepared adsorbent in the  present  study  shows  lower  adsorption capacity for RB removal  

(5)

(6)

(7)
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compared to some previously developed adsorbents. This might be due to difference in 

experimental conditions. Research is being focused now to enhance the adsorption potential 

of prepared adsorbent by surface modification. 

Adsorption models 

The adsorption equilibrium data were further analyzed into two well known isotherm 

models via Freundlich and Langmuir models. 

Freundlich model 

The Freundlich model which is an indicative of surface heterogeneity of the adsorbent is 

described by the following equation
21

. 

log qe = log kf + 1/n + log Ce                                                 (9) 

 Where kf and 1/n are Freundlich constants associated with adsorption capacity and 

adsorption intensity respectively, The Freundlich plots between logqe and logCe for the 

adsorption of RB were drawn. It was found that correlation efficient values were less than 0.99 at 

both the temperature studied indicating that Freundlich model was not applicable to this study. 

Langmuir model 

The adsorption isotherm was also fitted to Langmuir model
22

. The Langmuir equation which 

is valid for monolayer adsorption on to a surface is given below. 

1/qe = 1/qm + 1/qm bCe                                                        (10) 

 Where qe (mg g
-1

) is the amount adsorbed at the equilibrium concentration Ce (mol L
-1

), 

qm (mgg
-1

) is the Langmuir constant representing the maximum monolayer adsorption 

capacity and b (L mol
-1

) is the Langmuir constant related to energy of adsorption. The plots 

1/qe as a function of 1/Ce for the adsorption of RB was found linear. Suggesting the 

applicability if Langmuir model in the present adsorption system. The correction coefficient 

(R
2
=0.9926 and 0.9932 at 30 and 60 

o
C respectively for Langmuir model) confirm good 

agreement between both theoretical models and our experimental results the values of the 

monolayer capacity (qm) and equilibrium constant (b) have been evaluated from the intercept 

and slope of these plots and given in Table 3. It is adsorbent for the RB is comparable to the 

maximum adsorption obtained from the adsorption isotherms. These facts suggest that RB is 

adsorbed in the form of monolayer coverage on the surface of the prepared adsorbent. 

Satisfactory fitting of the Langmuir model to the adsorption of RB on activated SLP 

adsorbents has also been reported by various researchers
23

. 

Table 3. Langmuir and Freundlich isotherm parameter for the adsorption of RB onto SLP 

Temp. oC Langmuir parameters Freundlich parameters 

Qm b Kf n 

30 361.73 0.0703 1.7603 2.5411 

40 373.39 0.0753 1.7743 2.4949 

50 574.08 0.0464 1.6440 1.6932 

60 395.68 0.0940 1.8278 2.4673 

Thermodynamic studies 

Thermodynamic parameters related to the adsorption process, i.e., Gibb’s free energy 

change (∆G
0
, J mol

-1
), enthalpy change (∆H

0
, kJmol

-1
) and entropy change (∆S

0
, Jmol

-1
K

-1
) 

are determined by the following equations: 

∆G
0
 = ∆H

0
 - T∆S

0    
(11) 

∆G
0
 = -RTln (Kc)     (12) 
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Where, R is the universal gas constant (8.314 JK
-1

 mol
-1
), T is the absolute temperature 

(Kelvin) and K represents the equilibrium adsorption constants of the isotherm fits (KL, 
Langmuir equilibrium constant and Kf, Freundlich equilibrium constant, which must be 
converted to SI units, by using the molecular mass of the RB dye) obtained from the isotherm 
plots. ∆H

o
 and ∆S

o
 values can be calculated from the slope and intercept of the linear plot of 

ln(K) versus 1/T.  Thermodynamic results are depicted in Table 4. Enthalpy changes (∆H
o
) 

indicate that adsorption followed endothermic processes. Negative values of ∆G
o
 indicate that the 

methylene blue dye adsorption by the adsorbent is spontaneous and favorable processes for all 
studied temperatures.  The positive values of ∆S

o
 confirm a high preference of methylene blue 

molecules for the carbon surface of adsorbent and also suggest the possibility of some structural 
changes or readjustments in the dye-carbon adsorption complex.  Besides, it is consistent with the 
dehydration of dye molecule before its adsorption to carbon surface, and the releases water 
molecules to the bulk solution.  The increase in the adsorption capacities of adsorbent at higher 
temperatures may be attributed to the enhanced mobility and penetration of dye molecules within 
the adsorbent porous structures by overcoming the activation energy barrier and enhancing the 
rate of intra-particle diffusion

24
. 

Table 4. Thermodynamic parameter for the adsorption of RB onto SLP 

C0 
∆G

o
, J mol

-1
 ∆H° 

kJ mol
-1 

∆S° 

Jmol
-1

K
-1 30 

o
C 40 

o
C 50 

o
C 60 

o
C 

50 -6289.62 -6623.7 -6759.89 -7612.5 6.029 40.41 
100 -4518.22 -5096.11 -5689.3 -6377.31 14.15 61.56 

150 -3453.76 -3870.54 -4575.28 -5074.15 13.42 55.54 

200 -2217.31 -2582.12 -5467.31 -3447.26 18.39 68.61 

250 -1420.07 -1694.32 -3786.12 -2362.47 13.97 51.23 

Table 5. The kinetic parameters for adsorption for the adsorption of RB onto SLP 

C
0
 

T
em

p
 

°C
 Pseudo second order Elovich model Intraparticle diffusion 

qe k2 γ h α β γ Kid γ C 

50 

30 102.15 21×10
-3

 0.9952 14.01 134.90 0.0694 0.9959 1.6461 0.994 0.1771 

40 100.41 19×10
-3

 0.9983 16.28 427.67 0.0846 0.9968 1.7065 0.995 0.1416 

50 99.85 18×10
-3

 0.9960 17.75 744.47 0.0913 0.9982 1.7284 0.997 0.1298 

60 101.59 17×10
-3

 0.9940 17.50 401.61 0.0818 0.9948 1.7105 0.999 0.1446 

100 

30 188.47 25×10
-3

 0.9946 26.66 297.98 0.0387 0.9961 1.6238 0.998 0.1705 

40 192.25 24×10
-3

 0.9988 27.23 353.65 0.0391 0.9987 1.6417 0.997 0.1647 

50 195.11 23×10
-3

 0.9954 29.74 442.24 0.0395 0.9967 1.6622 0.994 0.1590 

60 197.29 21×10
-3

 0.9990 32.32 712.14 0.0418 0.9989 1.6921 0.995 0.1462 

150 

30 265.76 28×10
-3

 0.9987 33.59 302.95 0.0263 0.9984 1.5714 0.997 0.1812 

40 269.83 27×10
-3

 0.9967 38.25 412.92 0.0268 0.9967 1.6016 0.999 0.1718 

50 278.59 26×10
-3

 0.9961 40.42 500.05 0.0267 0.9983 1.6260 0.998 0.1662 

60 281.20 24×10
-3

 0.9981 34.63 673.53 0.0288 0.9943 1.6406 0.997 0.1520 

200 

30 319.81 31×10
-3

 0.9975 34.36 200.22 0.0197 0.9982 1.4709 0.998 0.2079 

40 326.80 29×10
-3

 0.9969 38.74 273.80 0.0202 0.9972 1.5100 0.992 0.1946 

50 338.38 14×10
-3

 0.9973 39.64 267.73 0.0193 0.9969 1.5198 0.994 0.1973 

60 345.49 28×10
-3

 0.9989 44.37 382.72 0.0200 0.9981 1.5588 0.991 0.1830 

250 

30 364.90 31×10
-3

 0.9928 35.93 168.18 0.0163 0.9948 1.3953 0.992 0.2255 

40 377.59 32×10
-3

 0.9941 36.36 164.50 0.0156 0.9994 1.4028 0.991 0.2288 

50 391.93 20×10
-3

 0.9948 37.38 174.85 0.0152 0.9972 1.4219 0.992 0.2264 

60 397.03 31×10
-3

 0.9959 42.08 228.70 0.0156 0.9963 1.4589 0.991 0.2129 
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Desorption studies 

In order to assess the reusability of RB-loaded activated SLP biomass desorption 

experiments were carried out. The effect of strength of desorbing solution (NaOH) on the 

recovery of RB is shown in Figure 5. It is evident from the above figure that when the strength  

of the desorbing solution increased from 0.5 to 2.0 M, RB desorption percentage increased 

from 30% to 85%. Thus a significant amount of Rhodamine-B is being desorbed, which 

shows that the SLP biomass can be effectively reused after desorption
25

. 
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Figure 5. Effect of NaOH concentration of Rhodamine-B desorption 

Conclusion 
The composite adsorbent exhibited effectiveness in the removal of RB dye from aqueous 

solution. The removal efficiency was controlled by solution pH, adsorbent concentration, 

contact times and initial dye concentration. Adsorption data fitted well with the Langmuir 

and Freundlich models however, Langmuir isotherm displayed a better fitting model than 

Freundlich isotherm because of the higher correlation coefficient that the former exhibited, 

thus, indicating to the applicability of monolayer coverage of the Langmuir dye on the 

surface of adsorbent. Strychnos nux-vomica L leaf to produce activated carbons potentially 

provide a less expensive raw material, a highly effective adsorbent as well as production of 

activated  carbon processed from renewable resources instead of non-renewable ones. 
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