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Abstract:  
The activated carbon produced from Activated 
Chloroxylon Sweitenia Bark has been chemically 
activated using sulfuric acid, and utilized as an 
adsorbent for the adsorption of Cr (VI) from aqueous 
solution in the concentration range 10-50 mg/L. 
Adsorption experiments were carried out in a batch 
adsorption process and various experimental 
parameters such as contact time, initial chromium 
ion concentration, carbon dosage, and pH on 
percentage removal of chromium ions have been 
studied. Adsorption results obtained from 
Chloroxylon Sweitenia Bark Carbon has been 
chemically activated using sulfuric acid. The 
optimum efficiency shows that the Cr (VI) uptake 
being attained at pH 6.5.  
The data of equilibrium adsorption was suitable into 
the Langmuir adsorption model. The results of 
kinetic models showed that the pseudo-first-order 
kinetic model was to found to correlate the 
experimental data well. The result was concluded 
that activated carbon produced from Chloroxylon 
Sweitenia Bark has an efficient adsorption capacity. 
 
Keywords: Activated Chloroxylon Sweitenia 
Bark Carbon (ACSBC), Chromium, Adsorption, 
Kinetics of Cr (VI) removal and Contact time. 
 

I. INTRODUCTION 
Chromium (VI) is one of the very toxic heavy 

metals found in various industrial wastewaters in the 
novel world. The biological effects of the ingestion 
of Cr(VI) ions on human health have been studied 
intensively. Public health consideration of 
chromium is mostly related to Cr (VI) compounds 
that are irritants due to their high solubility and 
diffusivity in tissue, allowing them to cross 
biological membranes easily [1]-[3]. It is 

documented that certain Cr (VI) compounds are 
carcinogenic and mutagenic. The toxic effects of Cr 
(VI) ions on humans include liver damage, internal 
haemorrhage, respiratory disorders, dermatitis, skin 
ulceration and chromosome aberrations. Several 
metal ion removal techniques have been targeted as 
possible solutions [4].  Ion exchange, reduction, 
chemical precipitation, polymer based membrane 
separation, adsorption, electrochemical 
precipitation, solvent extraction; cementation and 
electro kinetic remediation are among the available 
methods to accomplish the reduction of metal 
concentration [5]. Nevertheless, many of these 
approaches are marginally cost effective or difficult 
to implement in developing countries. Adsorption 
technology is being used extensively for the removal 
of heavy metals from aqueous solutions because it is 
a cleaner, more efficient and cheap technology. 
Previously, various researchers have studied the 
possibility and efficiency of utilization of 
agricultural fibres as an adsorbent for heavy metals 
removal in polluted water. Some of the low cost 
agricultural wastes that have been studied include; 
rice husk, soya bean hulls and sugar bagasse. These 
agricultural wastes which are generated in large 
quantities and which in some cases might become 
difficult to dispose, have proved very effective in 
the adsorption of heavy metals removal in 
water/polluted water [6]. With the vast array of bio-
sorbents currently available for the removal of metal 
ions. Therefore, this study assessed the potential of 
Activated Chloroxylon Sweitenia Bark Carbon 
(ACSBC) derived from Chloroxylon Sweitenia Bark 
for the removal of chromium (VI) ions from 
water/polluted water [7]. 

 
 

II. MATERIALS AND METHODS 
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All the Chemicals used to prepare reagent solution 
were of analytical reagent grade.  The stock solution 
to obtain 1000 mg Cr(VI) solution was prepared by 
dissolving K2Cr2O7 in double distilled water. The 
solution was diluted to the desired concentration 
(from 100 mg/L to 400 mg/L) for experiment. The 
pH of each experimental solution was adjusted to 
the required initial pH value using dilute HCl (or) 
NaOH before mixing the adsorbent. The 
concentration of residual Cr (VI) ion was measured 
by using UV-Spectrophotometer at the maximum 
absorption wavelength of 540 nm. 
A. Preparation of Adsorbent 
Chloroxylon Sweitenia Bark (Fig.1) collected 
from near by area of Komapuram village, 
Pudukkottai (DT), Tamilnadu, India. It charity to 
be become dry, charred with superfluous 
of concentrated sulphuric acid continuing at 120oC 
for 8 hours. Then the follow on carbon was washed 
with excess double distilled water to put off any 
residual acid. The carbon was an activation 
via thermal activation, the carbonized fabric was 
once treated at 1100 ºC in furnace for 6 hours and 
was taken out, grind well to fine powder and stored 
in a vacuum desiccators. 

 

          
 
   Fig.1 Chloroxylon Sweitenia Tree and Bark  
 
B. Batch Adsorption experiments 

To study the effect of important parameters [8] 
like contact time, pH and initial Cr(VI) ion 
concentration on the adsorptive removal of Cr(VI), 
batch experiments were conducted. For each 
experimental run, 50 mL of different concentrations 
of the Cr(VI) ion solution (10-50 mg/L) was agitated 
with 0.025 g of the adsorbent at 120 rpm until the 

equilibrium was achieved.Samples were withdrawn 
at different time intervals (15, 30, 45 and 60 

minutes) and kinetics,isotherm and other parameters 
of adsorption was determined by analyzing the 
remaining Cr(VI) ionconcentration from aqueous 
solution. In order to evaluate the effect of the initial 
pH on Cr (VI) ion adsorption, the equilibrium study 
was conducted at different pH levels (3, 4, 5, 6, 7, 8 
and 9) and other equilibrium studies were continued 
at the optimum pH 6.5. The pH of the solutions was 
adjusted by adding 0.01 N aqueous solutions of 
NaOH and HCl. The percentage removal of the 
Cr(VI) ions and the amount of Cr(VI) ion taken 
up by adsorbent was calculated from the following 
equations. 
 

 

 

Where Ci and Ct are the initial and liquid phase 
concentrations of Cr(VI) at time ‘t’ (mg L-1) Q is the 
amount of Cr(VI) ion adsorbed on the adsorbent of 
at any time (mgg-1), m(g) the mass of the adsorbent 
sample used and V is the volume of the Cr(VI) ion 
solution (L). 
 

III. RESULTS AND DISCUSSION 
A. Effect of contact time: 

The effect of contact time [9] on Cr (VI) 
adsorption on activated carbon was investigated to 
study the rate of Cr (VI) ions removal. It is shown in 
Fig.2 that the percentage removal of Cr (VI) metal 
ions increased with increasing the contact time. It is 
clear that, at the beginning percentage removal 
increased rapidly in few minutes, by increasing 
contact time, percentage removal increased lightly 
and slowly till reach maximum value and this can be 
explained on the basis that, initially a large number 
of vacant surface sites may be available for 
adsorption of metal ions and by time the surface 
sites become exhausted. These results indicate that 
the activated carbon have a strong capacity for 
adsorption of Cr (VI) ions in solutions. 

B. Effect of initial Cr (VI) ion concentration: 
The effect of initial metal ion concentration [10] 

onto ACSBC was carried out at pH 6.5 solution, 
with 25 mg of activated carbon and 60 minutes as a 
contact time. The initial concentrations were 
prepared by diluting a known volume from stock 
standard solution to 100 ml volumetric flask with 
double distilled water to prepared (10, 20, 30, 40 
and 50 mg/L). It reveals that, percentage of 
adsorption decreased with increase in initial metal 
ion concentration, but the actual amount of metal 
ions adsorbed per unit mass of carbon increased 
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with increase in metal ions concentration. It means 
that the adsorption is highly dependent on initial 
concentration of metal ions. It is because of at lower 
concentration, the ratio of the initial number of 
metal ions to the available surface area is low 
subsequently the fractional adsorption becomes 
independent of initial concentration. However, at 
high concentration the available sites of adsorption 
becomes fewer and hence the percentage removal of 
metal ion is dependent upon initial concentration. At 
low concentrations Cr (VI), is adsorbed to specific 
sites, but when the concentration increase, the 
specific sites are saturated and the exchange sites are 
occupied. 
C. Effect of adsorbent dose 

The effect of varying adsorbent doses [11] was 
investigated by employing (25, 50, 75, 100 and 125 
mg). They were agitated with 50ml of Cr (VI) ions 
solution. The adsorbent dosages have impact on the 
adsorption of Cr (VI) ions by ACSBC are 
represented in Fig.3. It is revealed that the increased 
adsorbent doses with increase the Cr (VI) ions 
removal efficiency. This is because the contact 
surface areas of adsorbent have increased. It would 
be more probable for Cr (VI) ions on to be adsorbed 
on adsorption sites and the adsorption efficiency 
increased. Hence, the entire studies were carried out 
with the adsorbent dosage of 25 mg 50 ml of 
adsorbate solution. 

 
D. Effect of initial solution pH: 

The solution pH [12] is one of the most important 
factors that control the adsorption of metal ions on 
the sorbent material. The adsorption capacity can be 
attributed to the chemical form of heavy metals in 
the solution at specific pH (i.e. Pure ionic metal 
form or metal hydroxyl form). In addition, due to 
different functional groups on the adsorbent surface, 
which become active sites for the metal binding at a 
specific pH the effect of adsorption can vary 
substantially. Therefore, an increase in pH may 
cause an increase or decrease in the adsorption, 
resulting different optimum pH values dependent on 
the type of adsorbent. To examine the effect of pH 

on the % removal of Cr (VI) ions, the solution pH 
were varied from 3.0 to 9.0 by adding acid and base 
to the stock solution. However, as the pH is lowered, 
the hydrogen ions compete with metal ions for the 
adsorption sites in the adsorbent, the overall surface 
charge on the particles become positive and hinds 
the binding of positively charged metal ions. On 
other hand, decrease in the adsorption under pH 
>6.5 may be due to occupation of the adsorption 
sites by OH- ions which retard the approach of such 
ions further toward the adsorbent surface. From the 
experimental results, the optimum pH range for the 
adsorption of the Cr (VI) ions is 3.0 to 6.5 shown in 
Fig.4. 

 
E. Effect of other ions: 

The effect of other ions like Cl- on the adsorption 
process studied at different concentrations. The ions 
added to 50 mg/L of metal ion solutions and the 
contents were agitated for 60 min at 30 0C. The 
results had shown in the (fig.5) reveals that low 
concentration of Cl- does not affect the percentage of 
adsorption of metal ion on activated ACSBC, 
because the interaction of Cl- at available sites of 
adsorbent through competitive adsorption is not so 
effective. This is so because ions with smaller 
hydrated radii decrease the swelling pressure within 
the sorbent and increase the affinity of the sorbent 
for such ions. 

F. Effect of Temperature: 
It is well acknowledged that temperature shows an 

important spot in the adsorption process. The Cr 
(VI) ion removal increase briskly from 303K to 
333K, this result recommends that the experimental 
temperature had an increased effect on the 
adsorption process indicating that 
the surface coverage increased at greater 
temperatures. This may also be recognized to 
the increased penetration of Cr (VI) ion inner micro 
pores or the creation of new active sites 
at higher temperatures. This shows the endothermic 
nature of the controlled adsorption process. 
Similar result has been suggested in the literature. 

 

TABLE: 1. EQUILIBRIUM PARAMETERS FOR THE ADSORPTION OF CHROMIUM ION ONTO 

ACSBC

  

M0 
Ce (Mg / L) Qe (Mg / g) Removal % 

30oC 40oC 50oC 60oC 30oC 40oC 50oC 60oC 30oC 40oC 50oC 60oC 
10 1.04475 0.62685 0.4184 0.3970 17.911 18.746 19.163 19.206 89.553 93.732 95.816 96.030 
20 2.29845 2.0905 1.8893 1.4632 35.403 35.819 36.221 37.074 88.508 89.548 90.553 92.684 
30 5.0320 4.5560 3.9701 3.6784 49.936 50.888 52.060 52.643 83.227 84.813 86.766 87.739 
40 7.3308 6.7041 6.3592 5.9650 65.338 66.592 67.282 68.070 81.673 83.240 84.102 85.087 
50 10.8654 10.488 10.257 9.648 78.269 79.023 79.486 80.704 78.269 79.023 79.486 80.704 
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G. Adsorption isotherm models: 
Adsorption isotherm [13] is significant to decide 

the most appropriate correlation for equilibrium 
adsorption isotherm, to optimize the design of a 
sorption system. The Freundlich, Langmuir, 
Temkin, Hurkins-Jura, Halsay, Redlich-Peterson,  

Dubinin-Radushkevich, Jovanovich and BET 
isotherm models were used to analyses the  
 
adsorption equilibrium. Experimental isotherm data 
were obtained at different temperatures. 
 
1. Freundlich adsorption isotherm 

The Freundlich adsorption isotherm based on the 
equilibrium sorption on heterogeneous surfaces. 
This isotherm is derived from the assumption that 
the adsorption sites are distributed exponentially  
with respect to heat of adsorption. The adsorption 
isotherm are expressed by the following equation 

 

Which, can be linearized as 

 
Where, qe is the amount of Cr (VI) adsorbed at 

equilibrium (mg/g) and Ce is the concentration of 
Cr(VI) in the aqueous phase at equilibrium (ppm). 
KF (L/g) and 1/nF are the Freundlich constants 
related to adsorption capacity and sorption intensity, 
respectively. 

The Freundlich constants KF and 1/nF were 
calculated from the slope and intercept of the lnqe Vs 
lnCe plot and the model parameters are shown in 
Table 3. The magnitude of KF showed that AHBC 
had a high capacity for Cr (VI) adsorption from the 
aqueous solutions studied. The Freundlich exponent, 
nF, should have values in the range of 1 and 10 (i.e., 
1/nF<1) to be considered as favourable adsorption. A 
1/nF value of less than 1 indicated that Cr (VI) is 
favorably adsorbed by ACSBC, it is shown in Fig.6. 
The Freundlich isotherm did not show a good fit to 
the experimental data as indicated by SSE and Chi-
square statistics. 
 
2. Langmuir adsorption isotherm 

The Langmuir adsorption isotherm [14] is based 
on the assumption that all sorption sites possess 
equal affinity to the adsorbate. The Langmuir 
isotherm in a linear form can be represented as: 

 

Where, qe is the amount of Cr (VI) adsorbed at 
equilibrium (mg/g), Ce is the concentration of Cr 
(VI) in the aqueous phase at equilibrium (ppm), qm 
is the maximum Cr (VI) uptake (mg/g), and KL is 

the Langmuir constant related to adsorption capacity 
and the energy of adsorption (g/mg). 

A linear plot of Ce/qeVsCe was employed to 
determine the value of qm and KL, as shown in Fig. 
7, and the data so obtained were also presented in 
Table 3. The value of KL increased with an increase 
in the temperature. A high KL value indicates a high 
adsorption affinity. The Langmuir isotherm in term 
of dimensionless constant separation factor or 
equilibrium parameter (RL) defined in the following 
equation: 

 

Where, C0 is the initial Cr (VI) concentration 
(ppm). Four scenarios can be distinguished: 

The sorption isotherm is unfavorable when RL> 1, 
the isotherm is linear when RL = 1, The isotherm is 
favorable when 0 < RL< 1 and the isotherm is 
irreversible when RL = 0. The values of 
dimensionless separation factor (RL) for Cr (VI) 
removal were calculated at different concentrations 
and temperatures. As shown in Table 2, at all 
concentrations and temperatures tested the values of 
RL for Cr (VI) adsorptions on the ACSBC were less 
than 1 and greater than zero, indicating favorable 
adsorption. 

 

TABLE: 2. DIMENSIONLESS SEPERATION 

FACTOR (RL) FOR THE ADSORPTION OF 

CHROMIUM ION ONTO ACSBC 

(Ci) 
Temperature C 

30oC 40oC 50oC 60oC 
10 0.1932 0.1280 0.0960 0.0825 
20 0.1070 0.0684 0.0504 0.0430 
30 0.0739 0.0466 0.0342 0.0291 
40 0.0565 0.0354 0.0259 0.0220 
50 0.0457 0.0285 0.0208 0.0177 

 
The Langmuir isotherm showed a better fit to the 

adsorption data than the Freundlich isotherm as 
shown in the arrived results. The fact that the 
Langmuir isotherm fits the experimental data well 
may be due to homogeneous distribution of active 
sites on the ACSBC surface, since the Langmuir 
equation assumes that the adsorbent surface is 
energetically homogeneous. 
 
3. Temkin adsorption isotherm: 

The Temkin adsorption isotherm assumes that the 
heat of adsorption decreases linearly with the 
sorption coverage due to adsorbent-adsorbate 
interactions. The Temkin isotherm equation is given 
by the following equation. 
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 Which, can be represented in the following linear 
form 

 

 
Where, KT (L/g) is the Temkin isotherm constant, 

bT (J/mol) is a constant related to heat of sorption, R 
is the ideal gas constant (8.314 J/mol K), and T is 
absolute temperature (K). A plot of qe versus ln Ce 
enables the determination of isotherm constants bT 

and KT from the slope and intercept. The model 
parameters are listed in Table 3. The Temkin 
isotherm appears to provide a good fit to the Cr (VI) 
adsorption data. 

The adsorption energy in the Temkin model, bT, is 
positive for Cr (VI) adsorption from the aqueous 
solution, which indicates that the adsorption is 
endothermic. The experimental equilibrium curve is 
close to that predicted by Temkin model. 
Consequently, the adsorption isotherm of Cr (VI) on 
ACSBC can be described reasonably well by the 
Temkin isotherm. 
 
4. Hurkins-Jura adsorption isotherm 

The Hurkins-Jura adsorption isotherm[15] can be 
expressed as; 

 

 
This can rearranged as follows: 

 
Where, AH (g2/L) and BH (mg2/L) are two 

parameters characterizing the sorption equilibrium. 
The isotherm equation accounts for multilayer 

adsorption and can be explained by the existence of 
a heterogeneous pore distribution. The Harkins–Jura 
isotherm parameters are obtained from the plots of 
of 1/qe

2 versus log Ce enables the determination of 
model parameters AH and BH from the slope and 
intercept. 
 
5. Halsay adsorption isotherm 

The Halsay adsorption isothermcan be given as; 

 

 
And, a linear form of the isotherm can be expressed 
as follows: 

 
Where, KHa (mg/L) and nHa are the Halsay 

isotherm constants. 
A plot of lnqeVs lnCe, enables the determination 

of nHa and KHa from the slope and intercept. This 
equation is suitable for multilayer adsorption and the 
fitting of the experimental data to this equation attest 
to the ACSBC nature of adsorbent. The result shows 
that the experimental data and the model predictions 
based on the linear form of the Halsay models. The 
model parameters are listed in Table 3. This result 
also shows that the adsorption of Cr (VI) on AHBC 
was not based on significant multilayer adsorption. 
The Halsay model is also not suitable to describe the 
adsorption of Cr (VI) on ACSBC, because this 
model also assumes a multilayer behavior for the 
adsorption of adsorbate onto adsorbent. 
 
6. Radlich-Peterson adsorption isotherm 

The Radlich-Peterson adsorption isotherm 
contains three parameters and incorporates the 
features of Langmuir and Freundlich isotherms into 
a single equation. The general isotherm equation can 
be described as follows; 

 

 
The linear form of the isotherm can be expressed 

as follows: 

 

 
Where, KR (L/g) and aR (L/mg) are the Radlich-

Peterson isotherm constants and g is the exponent 
between 0 and 1. There are two limiting cases: 
Langmuir form for g = 1 and Henry’s law for g = 0. 

A plot of lnCe/qeVslnCe enables the determination 
of isotherm constants g and KR from the slope and 
intercept. The values of KR, presented in Table 3, 
indicate that the adsorption capacity of the ACSBC 
decreased with an increase temperature. 
Furthermore, the value of g lies between 0 and 1, 
indicating favorable adsorption. 
 
7. Dubinin-Radushkevich adsorption isotherm 

The Dubinin-Radushkevich adsorption isothermis 
another isotherm equation. It is assumed that the 
characteristic of the sorption curve is related to the 
porosity of the adsorbent. The linear form of the 
isotherm can be expressed as follows: 

 

PROTEUS JOURNAL

VOLUME 11 ISSUE 10 2020

ISSN/eISSN: 0889-6348

http://www.proteusresearch.org/     Page No: 98



6 
 

 
Where, QD is the maximum sorption capacity 

(mol/g), and BD is the Dubinin-Radushkevich 
constant (mol2/kJ2). A plot of lnqeVsRTln(1+1/Ce) 
enables the determination of isotherm constants BD 
and QD from the slope and intercept. 
 
8. Jovanovic adsorption isotherm 

The model of an adsorption surface considered by 
Jovanovic is essentially the same as that considered 
by Langmuir. The Jovanovic model [16] leads to the 
following relationship: 

 

The linear form of the isotherm can be expressed 
as follows: 

 
Where, KJ (L/g) is a parameter. qmax (mg/g) is the 

maximum Copper (II) uptake. The qmax is obtained 
from a plot of lnqe and Ce, Comparison of the 
experimental data and Jovanovic model is also 
shown. Their related parameters are listed in Table 
3. 

By comparing the values of the error functions, it 
was found the Langmuir and Temkin models are 
best to fit the Cr (VI) adsorption on the ACSBC. 
Both models show a high degree of correlation. This 
one is clearly confirmed from the good fit of 
Langmuir and Temkin models with the experimental 
data for removal of Cr (VI) from the solution. 

 
9. The Brunauer–Emmett–Teller (BET) isotherm 
model  

Brunauer–Emmett–Teller (BET) isotherm is a 
theoretical equation, most widely applied in the gas–
solid equilibrium systems. It was developed to 
derive multilayer adsorption systems with relative 
pressure ranges from 0.05 to 0.30 corresponding to a 
monolayer coverage lying between 0.50 and 1.50. 
Its extinction model related to liquid–solid interface 
is exhibited as: 

 
Where, CBET, Cs, qs and qe are the BET 

adsorption isotherm (L/mg), adsorbate monolayer 
saturation concentration (mg/L), theoretical 
isotherm saturation capacity (mg/g) and equilibrium 
adsorption capacity (mg/g), respectively. As CBET 
and CBET (Ce/Cs) is much greater than 1, 

In the linear form as used is represented as 

 
Where, Ceis equilibrium Concentration (mg/l), Cs 

is adsorbate monolayer saturation concentration 
(mg/l) and CBET is BET adsorption relating to the 
energy of surface interaction (l/mg) the BET 
isotherm model. 

 

 

TABLE: 3. ISOTHERMS PARAMETER FOR THE ADSORPTION OF CHROMIUM ION ONTO 

ACSBC 

Model Constant 
Temperature (o C) 

30 40 50 60 

Freundlich 
Kf(mg/g) (L/mg)1/n 18.818 24.038 28.053 29.836 

nF 1.6245 1.9425 2.2090 2.2232 

Langmuir 
Qm(mg/g) 118.96 103.23 96.76 96.07 
KL (L/mg) 0.1670 0.2725 0.3766 0.4447 

Temkin 
bT (J/mol) 25.138 21.178 18.753 19.000 
KT (L/mg) 1.1595 1.2220 1.2407 1.2564 

Hurkins-Jura 
AH (g2

/L) -367.16 -456.17 -530.82 -551.16 
BH (mg2/L) -0.9428 -0.9257 -0.9117 -0.8775 

Halsay 
KHa(mg/L) 117.636 481.303 1579.966 1899.311 

nHa 1.6245 1.9425 2.2090 2.2232 

Radlich-Peterson 
G 0.3844 0.4852 0.5473 0.5502 

KR (L/g) 0.0531 0.0416 0.0356 0.0335 
Dubinin-

Radushkevich 
qs (mg/g) 64.034 60.769 60.003 62.232 

KD ×10-4 mol2 kJ-2 1.4770 1.4561 1.4470 1.4537 

Jovanovic 
KJ (L/g) 0.1357 0.1349 0.1325 0.1381 

qmax (mg/g) 21.315 23.140 24.759 25.650 

BET 
CBET (L/mg) 9.2678 16.6865 25.7858 30.4410 

qs (mg/g) 0.1079 0.0599 0.0388 0.0329 
 H. Kinetic parameters 
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The rate and mechanism of the adsorption process 
can be elucidated based on kinetic studies [17]. Cr 
(VI) adsorption on solid surface may be explained 
by two distinct mechanisms: (1) An initial rapid 
binding of Cr (VI) molecules on the adsorbent 
surface; (2) relatively slow intra-particle diffusion.  

 
 

To analyze the adsorption kinetics of the Cr (VI), 
the pseudo-first-order, the pseudo-second-order, and 
intra-particle diffusion models were applied. Each of 
these models and their linear modes of them equa-
tions presented in below. 

 
 

Table:4 Kinetic Models and Their Linear Forms 
Model Nonlinear Form Linear Form Number of Equation 

Pseudo-first-order dqt/dt= k1(qe-qt) ln (qe-qt) = ln qe-k1t (20) 

Pseudo-second-order dqt/dt= k2(qe-qt)
2 t/qt= 1/k2qe

2+ (1/qe)t (21) 
 
 
Where, qe and qtrefer to the amount of Cr(VI) 

adsorbed (mg/g) at equilibrium and at any time, t 
(min), respectively and k1(1/min), k2(g/mg.min) are 
the equilibrium rate constants of pseudo-first order 
and pseudo-second order models, respectively. 

Pseudo-first order model is a simple kinetic 
model, which was proposed by Lagergren during 
1898 and is used for estimation of the surface 
adsorption reaction rate. The values of ln (qe- qt) 
were linearly correlated with t. The plot of ln (qe-qt) 
Vs t should give a linear relationship from which the 
values of k1were determined from the slope of the 
plot. In many cases, the first-order equation of 
Lagergren does not fit well with the entire range of 
contact time and is generally applicable over the 
initial stage of the adsorption processes. 

In the pseudo-second order model, the slope and 
intercept of the t/qtVs t plot were used to calculate 
the second-order rate constant, k2. The values of 
equilibrium rate constant (k2) are presented in Table 
6. According to Table 6, the value of R2(0.999) 
related to the pseudo-second order model revealed 
that Cr(VI) adsorption followed this model, which is 
in agreement with the results obtained by Karagoz et 
al., Hameed et al., and Altenor et al.,. Nevertheless, 
pseudo-first order and pseudo-second order kinetic 
models cannot identify the mechanism of diffusion 
of Cr (VI) into the adsorbent pores. 
 
1. The Elovich equation 

The Elovich model equation [18] is generally 
expressed as 
dqt/ dt = α exp (-βqt)    (22) 
 
Where; α is the initial adsorption rate (mg g-1 min-1) 
and β is the adsorption constant (g/mg) during any 
one experiment. To simplify the Elovich 
equation.Chien and Clayton (1980) assumed t>>t 
and by applying boundary conditions qt = 0 at t= 0 
and qt = qt at t = t Eq.(23) becomes: 

 
 

qt = 1/ln () + 1/ln t      (23) 
 

Since, Cr (VI) ions adsorption fits with the 
Elovich model, a plot of qt vs. ln(t) should yield a 
linear relationship with a slope of (1/β)and an 
intercept of (1/β)ln (αβ). The Elovich model 
parameters α, β, and correlation coefficient () are  

 
summarized in table 5. The experimental data 

such as the initial adsorption rate () adsorption 
constant (β) and the correlation co-efficient (γ) 
calculated from this model indicates that the initial 
adsorption (α) increases with temperature similar to 
that of initial adsorption rate (h) in pseudo-second–
order kinetics models. This may be due to increase 
the pore or active site on the AHBC adsorbent. 
 
2. The Intraparticle diffusion model 

The kinetic results were analyzed by the 
Intraparticle diffusion model to elucidate the 
diffusion mechanism [19]. The model is expressed 
as: 

qt = Kid t
1/ 2 + C  (24) 

 
Where C is the intercept and Kid is the intra-

particle diffusion rate constant. The intercept of the 
plot reflects the boundary layer effect. Larger the 
intercept, greater is the contribution of the surface 
sorption in the rate controlling step. The calculated 
diffusion coefficient Kid values are listed in     Table 
5. The Kid value was higher at the higher 
concentrations. Intraparticle diffusion is the sole     
rate-limiting step if the regression of qt versus t1/2 is 
linear and passes through the origin. In fact, the 
linear plots at each concentration did not pass 
through the origin. This deviation from the origin is 
due to the difference in the rate of mass transfer in 
the initial and final stages of the sorption. This 
indicated the existence of some boundary layer 
effect and further showed that Intraparticle diffusion 
was not the only rate-limiting step. It is clear from 
the Table 5 that the pseudo- second-order kinetic 
model showed excellent linearity with high 
correlation coefficient (R2>0.99) at all the studied 
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concentrations in comparison to the other kinetic 
models. In addition, the calculated qe values also 
agree with the experimental data in the case of 
pseudo-second-order kinetic model. It is also 
evident from Table 5 that the values of the rate 
constant k2 decrease with increasing initial Cr (VI) 

concentrations. This is due to the lower competition 
for the surface active sites at lower concentration but 
at higher concentration the competition for the 
surface active sites will be high and consequently 
lower sorption rates are obtained. 

 

TABLE:  5. THE KINETIC   PARAMETERS FOR THE ADSORPTION OF CHROMIUM ION ONTO 

ACSBC 

M0 
Temp 
C 

Pseudo second order Elovich model Intraparticle diffusion 
qe k2  H    Kid  C 

10 

30 18.0524 0.0208 0.9901 6.7922 -4.0E-34 -4.26E+00 0.9939 -0.0129 0.9889 1.9449 

40 19.7528 0.0127 0.9902 4.9745 1.2E+03 5.73E-01 0.9866 0.1004 0.9881 1.7883 

50 19.7861 0.0208 0.9959 8.1446 2.4E+05 8.58E-01 0.9868 0.0638 0.9909 1.8646 

60 19.7927 0.0221 0.9929 8.6586 5.6E+05 9.04E-01 0.9879 0.0603 0.9920 1.8721 

20 

30 37.9568 0.0046 0.9963 6.6251 2.7E+02 2.40E-01 0.9922 0.1304 0.9942 1.7044 

40 38.2079 0.0051 0.9909 7.3918 4.4E+02 2.51E-01 0.9877 0.1222 0.9909 1.7262 

50 38.5414 0.0057 0.9943 8.4831 7.9E+02 2.63E-01 0.9872 0.1140 0.9935 1.7498 

60 39.0065 0.0063 0.9904 9.6372 2.3E+03 2.90E-01 0.9889 0.1004 0.9952 1.7821 

30 

30 52.3028 0.0048 0.9912 13.0786 8.1E+03 2.39E-01 0.9926 0.0901 0.9892 1.7503 

40 53.7375 0.0052 0.9970 15.0537 5.3E+03 2.20E-01 0.9867 0.0953 0.9883 1.7584 

50 55.3751 0.0044 0.9955 13.6436 1.6E+03 1.89E-01 0.9890 0.1097 0.9875 1.7432 

60 55.1426 0.0063 0.9971 19.2506 9.6E+03 2.22E-01 0.9868 0.0910 0.9877 1.7845 

40 

30 68.8612 0.0047 0.9945 22.4323 4.8E+03 1.63E-01 0.9906 0.1002 0.9896 1.7390 

40 70.1034 0.0044 0.9904 21.7984 4.6E+03 1.60E-01 0.9883 0.1006 0.9905 1.7445 

50 70.6653 0.0047 0.9934 23.5790 6.8E+03 1.64E-01 0.9930 0.0969 0.9926 1.7564 

60 71.4736 0.0047 0.9965 24.0860 7.7E+03 1.64E-01 0.9886 0.0956 0.9937 1.7637 

50 

30 82.1005 0.0028 0.9912 18.9087 4.9E+03 1.39E-01 0.9888 0.0997 0.9924 1.7053 

40 82.9705 0.0028 0.9972 18.9613 4.7E+03 1.37E-01 0.9881 0.1002 0.9945 1.7085 

50 83.1564 0.0029 0.9906 20.3419 8.8E+03 1.45E-01 0.9888 0.0936 0.9892 1.7232 

60 84.5875 0.0027 0.9930 19.3622 5.2E+03 1.36E-01 0.9917 0.0992 0.9892 1.7187 

I. Adsorption Thermodynamics 
Thermodynamic parameters [20] were evaluated 

to confirm the adsorption nature of the present 
study. The thermodynamic constants, free energy 
change, enthalpy change and entropy change were 
calculated to evaluate the thermodynamic feasibility 
and the spontaneous nature of the process. Enthalpy 
change (ΔH), and entropy change (ΔS) may be 
determined from following equation: 

 

G H T S          (26) 
Where, ΔG is the free energy change (kJ 

mol−1), R is the universal gas constant (8.314 J mol−1 
K−1), K the thermodynamic equilibrium constant and 
T is the absolute temperature (K). 

ln cG H T S RT K     
   (27) 

ln c

S H
K

R RT

 
 

 
                     (28) 

2.30log e

e

q S H

C R RT

 
       (29) 

log
2.303 2.303

e

e

q S H

C R RT

 
 

     
 (30) 

The values of ΔS, ΔH, ΔG was obtained 
from a plot of log (qe/Ce) vs. 1/T. 

 The value of ΔH range from 3.9 to 
29.9kJ/mol from Table-6 which indicate that the 
nature of adsorption of Cr(VI) on AHBC is physical 
adsorption. The positive value of ΔH & negative 
value of ΔG indicate endothermic and spontaneous 
process of adsorption of Cr(VI) on ACSBC 
respectively. 

In order to support that physical adsorption 
is the predominant mechanism, the values of 
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activation energy (Ea) and sticking probability (S*) 
were calculated from the experimental data. They 
were calculated using modified Arrhenius type 
equation related to surface coverage (θ) as follows: 

e

i

C
1-

C
= 
 
 
     

 (31) 

* (1 ) a
e

E
S

RT
 

              (32) 

The sticking probability, S*, is a function of 
the adsorbate/adsorbent system under consideration 
but must satisfy the condition 0 < S*< 1 and is 
dependent on the temperature of the system. The 
values of Ea and S* can be calculated from slope 
and intercept of the plot of ln(1-θ) versus 1/T 
respectively and are listed in Table 6. 

 

 

TABLE: 6. THERMODYNAMIC PARAMETERS FOR THE ADSORPTION OF CHROMIUM ION 

ONTO ACSBC 

(C0) 
∆Go 

H S Ea S* 

30oC 40oC 50oC 60oC 
10 -5412.3 -7038.9 -8408.5 -8820.0 29.927 117.444 27963.2 0.0000014 
20 -5142.6 -5589.6 -6069.8 -7029.8 13.3706 60.781 12123.38 0.0010 
30 -4035.1 -4476.0 -5049.8 -5448.3 10.56941 48.182 9046.67 0.0046 
40 -3764.5 -4170.7 -4473.5 -4821.4 6.76227 34.811 5641.86 0.0194 
50 -3228.1 -3451.5 -3637.3 -3961.5 3.97920 23.738 3162.62 0.0622 

 
From Table 6 it is clear that the reaction is 
spontaneous in nature as ΔG0 values are negative at 
all the temperature studied. Again positive ΔH0 
value confirms that the sorption is endothermic in 
nature. The positive value of ΔS0 reflects the 
affinities of the adsorbents for the Cr (VI). The 
result as shown in Table 6 indicate that the 
probability of the Cr (VI) to stick on surface of 
biomass is very high as S*<< 1, these values 
confirm that, the sorption process is physisorption. 
 
3.10 Desorption studies 

In order to assess the reusability of 
chromium-loaded Activated Artocarpus 
Heterophyllus biomass desorption experiments were 
carried out. The effect of strength of desorbing 
solution (NaOH) on the recovery of Cr (VI) ion. 
When the strength of the desorbing solution 
increased from 0.5 to 2.0 M, Cr (VI) desorption 
percentage increased from 24.5% to 88%. Thus a 
significant amount of chromium is being desorbed, 
which shows that the ACSBC biomass can be 
effectively reused after desorption. 
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Fig:2 Effect of Contact Time on the Removal of 

Chromium ion 
[Cr]=50mg/L; Temperature 300C; Adsorbent 

dose=0.025g/50mL. 
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Fig:3 Effect of Adsorbent dose on the Removal of 

Chromium ion 
[Cr]=50mg/L; Temperature 300C; Contact Time 60 

min. 
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Fig:4 Effect of Initial pH on the Removal of 
Chromium ion 

[Cr]=50mg/L; Temperature 300C; Adsorbent 
dose=0.025g/50mL. 
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Fig:5 Effect of Concentration of other ions on the 
Removal of Chromium ion 

[Cr]=50mg/L; Contact Time 60 min.; Adsorbent 
dose=0.025g/50mL. 
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Fig.6 Freundlich adsorption isotherm for the 
removal of Cr(VI) ion. 
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Fig.7 Langmuir adsorption isotherm for the removal 
of Cr (VI) ion. 

 
IV. CONCLUSION 

This study is revealed that Activated Chloroxylon 
Sweitenia Bark Carbon can be used as an alternative 
adsorbent for heavy metal ion removal in industrial 
wastewater due to its efficiency of Chromium ions 
adsorption in aqueous solution. The adsorption of Cr 
(VI) onto ACSBC was affected by pH, adsorbent 
dosage and temperature. The Cr (VI) ion uptake 
percentage by ACSBC was found to be 96% when 
0.025 g of adsorbent was agitated with 50mL of 
Cr(VI) solution of 20 mg/L for 60 min. at pH 6.5. 
The adsorption data was fitted well by pseudo-
second order kinetic indicating that chemical 
reaction is involved in the adsorption process. The 
adsorption process was found to be controlled by 
steps of diffusion mechanisms. The temperature 
equilibrium data fitted well with Langmuir isotherm 
model and the monolayer adsorption capacity was 
found to be 118.96 mg/g at 303 K. Thermodynamic 
constants were also evaluated using equilibrium 
constants from Langmuir isotherm. The negative 
values of ∆G0 and ∆H0 indicated the spontaneity of 
Cr(VI) adsorption process and the positive value of 
∆S0 showed the endothermic nature. This study 
illustrated that it is possible to remove Chromium 
(VI) ion from aqueous solution with ACSBC. 
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