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industrial and technologies has been accompanied by a sharp
modernization and metropolitan growth [1]. With awareness
rising about industrial activities has intensified several
deteriorations affecting several ecosystems and posing a
serious threat to human health and environment, it has become
utmost importance to enforce stringent rules and regulations
concerning the emission of contaminants from industrial waste
streams by various regulatory agencies [2].

Abstract— Human activities have posed a great threat on
the need of environmental protection from a global
viewpoint. In the present context, the use of adsorption
separation in the environmental chemistry has always seek
attention globally, owning to its low initial cost, simplicity
of design, ease of operation, insensitivity to toxic
substances and complete removal of pollutants even from
dilute solutions. With the advent of isotherms modeling,
there has been a steadily growing interest in this research
field. This paper presents single solute and multi solute
streams and the kinetic modeling studies and adsorption
isotherms modeling using the adsorbents like activated
carbon and lignite, Actual samples at the end of three
different unit processes were collected and batch
adsorption study was carried out using activated carbon
and lignite for pure streams as well as composite multi
solute streams. The data of COD were analyzed and
modeled. The study clearly showed that the reduction in
the COD using the activated carbon was 69 to 77% for
single stream and 81 to 85% for mixed stream while 62 to
73% for single stream and 70 to 81% for mixed stream
which clearly suggest that low cost lignite can be used for
treatment. The data were fitted in various models to
analyze using pseudo first order kinetic behavior for single
stream and pseudo second order kinetic study for both
absorbents. For both adsorbents, the predicted R2 of single
stream range between 0.92 to 0.96 using pseudo first order
kinetic behavior and R2 of multi stream range between
0.90 to 0.92 using pseudo first order kinetic behavior for
multi stream predicted R2 between 0.98 to 0.99 while
pseudo second order kinetic study predicted for multi
stream predicted R2 between 0.988 to 0.99 which clearly
demonstrates the pseudo second order kinetic behavior
can be easily used to model the behavior and design the
adsorption system for treatment of the effluent and low
cost lignite can be used instead of activated carbon.

Simultaneously, research has always led by the invention of a
wide range of treatment technologies (precipitation,
coagulation–flocculation, sedimentation, flotation, filtration,
membrane processes, electrochemical techniques, biological
process, chemical reactions, adsorption and ion exchange)
with changing success rates has led a path to increase progress
in the scientific community[3][4][5][6][7][8][9][10][11][12].
Of major interest, adsorption process, a surface phenomenon
by which a multi-component fluid (gas or liquid) mixture is
attracted to the surface of a solid adsorbent and forms
attachments via physical or chemical bonds, is recognized as
the most efficient, promising and widely used fundamental
approach in wastewater treatment processes, mainly depends
on its simplicity, economically viable, technically feasible.
A notable trend in the development of activated carbon (AC),
an adsorbent with its large porous surface area, controllable
pore structure, thermo-stability and low acid/base reactivity
has been found [13], in terms of its versatility for removal of a
broad type of organic and inorganic pollutants dissolved in
aqueous media, even from gaseous environment. Despite its
prolific use in adsorption processes, the biggest barrier of its
application by the industries is its high cost and difficulties
associated with regeneration. Realizing the complication, a
growing exploitation to evaluate the feasibility and suitability
of natural, renewable and low-cost materials (bamboo dust,
peat, chitosan, lignite, fungi, moss, bark husk, chitin, coir pith,
maize cob, pinewood sawdust, rice husk, sugarcane bagasse,
tea leaves, and sago waste) as alternative adsorbents in water
pollution control, remediation and decontamination processes
has been tried [14].

Keywords: Activated carbon, Adsorption Isotherm, ,
Freundlich, Langmuir, Lignite, Kinetic models, Pseudo order.

I.

INTRODUCTION

Over the past several decades, the exponential population and
social civilization expansion, change in lifestyles and
unlimited resources use, and continuing progress of the
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In the endeavor to explore novel adsorbents in accessing an
ideal adsorption system, it is essential to establish the most
appropriate adsorption equilibrium correlation [15], which is
definitely needed for reliable prediction of adsorption
parameters and quantitative comparison of adsorbent behavior
for different adsorbent systems (or for varied experimental
conditions)[16][17]. In the perspective, equilibrium
relationships, generally known as adsorption isotherms,
describe how pollutants interact with the adsorbent materials,
and thus are critical for optimization of the adsorption
mechanism pathways, expression of the surface properties and
capacities of adsorbents, and effective design of the adsorption
systems [18][19].

2.2. TWO PARAMETER ISOTHERMS
2.2.1. Langmuir isotherm model
Langmuir adsorption isotherm, originally developed to
describe gas–solid-phase adsorption onto activated carbon, has
traditionally been used to quantify and contrast the
performance of different biosorbents. In its formulation, this
empirical model assumes monolayer adsorption (the adsorbed
layer is one molecule in thickness), with adsorption can only
occur at a finite (fixed) number of definite localized sites, that
are identical and equivalent, with no lateral interaction and
steric hindrance between the adsorbed molecules, even on
adjacent sites. In its derivation, Langmuir isotherm refers to
homogeneous adsorption, which each molecule possess
constant enthalpies and sorption activation energy (all sites
possess equal affinity for the adsorbate), with no
transmigration of the adsorbate in the plane of the surface.
Graphically, it is characterized by a plateau, an equilibrium
saturation point where once a molecule occupies a site, no
further adsorption can take place. Moreover, Langmuir theory
has related rapid decrease of the intermolecular attractive
forces
to the rise of distance. Hereby, a dimensionless
constant, commonly known as separation factor (R L) defined
by Weber and Chakkravorti can be represented as:

2.1 ADSORPTION ISOTHERMS MODELS
In general, an adsorption isotherm is an invaluable curve
describing the phenomenon governing the retention (or
release) or mobility of a substance from the aqueous porous
media or aquatic environments to a solid-phase at a constant
temperature and pH [20]. Adsorption equilibrium (the ratio
between the adsorbed amount with the remaining in the
solution) is usually established when an adsorbate containing
phase has been contacted with the adsorbent for sufficient
time, with its adsorbate concentration in the bulk solution is in
a dynamic balance with the interface concentration [21].
Typically, the mathematical correlation, which constitutes an
important role towards the modeling analysis, operational
design and applicable practice of the adsorption systems, is
usually depicted by graphically expressing the solid-phase
against its residual concentration. Its physicochemical
parameters together with the underlying thermodynamic
assumptions provide an insight into the adsorption
mechanism, surface properties as well as the degree of affinity
of the adsorbents.

(1)
where b (l/mg) refers to the Langmuir constant and Co is
denoted to the adsorbate initial concentration (mg/L). In this
context, lower RL value reflects that adsorption is more
favorable. In a deeper explanation, RL value indicates the
adsorption nature to be either unfavorable (RL > 1), linear (RL
= 1), favorable (0 < RL < 1) or irreversible (RL = 0).
2.2.2 Freundlich isotherm model

Over the years, a wide variety of equilibrium isotherm models
(Langmuir,Freundlich,Brunauer–Emmett–Teller,Sips, Redlich
–Peterson,Dubinin–Radushkevich,Temkin,Toth,Khan, Koble–
Corrigan,Hill, Flory–Huggins and Radke–Prausnitz isotherm),
have been formulated in terms of three fundamental
approaches[22][23]. Kinetic consideration is the first approach
to be referred where adsorption equilibrium is defined, being a
state of dynamic equilibrium, with both adsorption and
desorption rates are equal, whereas, thermodynamics, a second
approach, can provide a framework of deriving numerous
forms of adsorption isotherm models, and potential theory, as
the third approach, usually conveys the main idea in the
generation of characteristic curve. However, an interesting
trend in the isotherm modeling is the derivation in more than
one approach, thus directing to the difference in the physical
interpretation of the model parameters

Freundlich isotherm is the earliest known relationship
describing the non-ideal and reversible adsorption, not
restricted to the formation of monolayer. This empirical model
can be applied to multilayer adsorption, with non-uniform
distribution of adsorption heat and affinities over the
heterogeneous surface. Historically, it is developed for the
adsorption of animal charcoal, demonstrating that the ratio of
the adsorbate onto a given mass of adsorbent to the solute was
not a constant at different solution concentrations. In this
perspective, the amount adsorbed is the summation of
adsorption on all sites (each having bond energy), with the
stronger binding sites are occupied first, until adsorption
energy are exponentially decreased upon the completion of
adsorption process.
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At present, Freundlich isotherm is widely applied in
heterogeneous systems especially for organic compounds or
highly interactive species on activated carbon and molecular
sieves. The slope ranges between 0 and 1 is a measure of
adsorption intensity or surface heterogeneity, becoming more
heterogeneous as its value gets closer to zero. Whereas, a
value below unity implies chemisorptions process where 1/n
above one is an indicative of cooperative adsorption. Recently,
Freundlich isotherm is criticized for its limitation of lacking a
fundamental thermodynamic basis, not approaching the
Henry’s law at vanishing concentrations.

covering
power
and
resistance
to
the
effects
of alkalis and acids. It has the appearance of a blue powder,
insoluble in water and most solvents. A typical batch process
has a completion of about 115 hours with various unit
processes like Reaction, solvent recovery and purification
stages like acid treatment and alkaline treatment. The solid
mass is usually filtered and washing is done at each stage to
recover the product and improve the quality. Samples of
wastewater at three different stages were collected in sealed
carboys and they were considered as single solute stream (S1
to S3) and multi solute streams were also prepared by mixing
the streams as MS-1(S1+S2) and MS-2(MS-1+S3). While
carrying out experimental studies on the waste water from
each carboy sample was analyzed for pH and COD which was
determined by open reflux method.

2.3 KINETIC MODELS
The kinetic values of adsorption can be analyzed using
pseudo-first-order and pseudo-second-order kinetic models.
These models correlate solute uptake to predict the required
reactor volume.

During experiment 100 ml of sample was taken from the
respective carboy in a Erlenmeyer flask in which 0.5%, 1.0%,
1.5%, 2.0% activated carbon was added in 100 ml of sample
and the mixture was stirred using magnetic stirrer at 150 rpm
for the different time interval of 30, 60, 90 and 120 min to the
end. After the adsorption it was then filtered using filter paper
and the filtrate were analyzed for COD. At the end of 120
minutes, the stirring was stopped and the experiment was
(2)
terminated.
All the experiments were carried out at room
temperature of around 30oC.The above method was repeated
using Lignite also.

2.3.1 The pseudo-first-order equation of Lagergren is
generally expressed as in Equation (2):
dqt/dt = k1(qe − qt) ………….(2)
where qe and qt are the sorption capacities at equilibrium and
at time t, respectively, and k1 is the rate constant of pseudofirst-order sorption (min−1). After integration and applying
boundary conditions, qt = 0 to qt = qt at t = 0 to t = t, the
integrated form of Equation (2) becomes:

4.0 Results and Discussion:
The various result obtained are shown in Table-1 shows that
activated carbon definitely be used as adsorbent which
(3) 69% to 77% reduction in the COD values for single
indicates
stream and 80.6 % to 85% for multi solute streams whereas it
is 64% to 73% reduction in the COD values for single stream
and 69.6 % to 81% for multi solute streams are obtained as
shown in Table-2 for lignite as adsorbents.

ln(qe − qt) = lnqe − k1t………(3)
The pseudo-first-order rate constant, k1, can be obtained from
the slope of the graph of ln(qe-q) versus time t.

2.3.2 The pseudo-second-order chemisorption kinetic rate
equation is expressed in Equation (4):

SUMMARY SHEET
SR.
NO

dqt/dt = k2(qe − qt)2 ………(4)

TYPE OF
SAMPLE

COD

(4)

where qe and qt are the sorption capacities at equilibrium and
at time t, respectively, and k2 is the rate constant of pseudosecond-order sorption (g/(mg·min)). After integration and
applying boundary conditions, qt =0 to qt = qt at t = 0 to t = t,
the integrated form of Equation (3) becomes:
t/qt = 1/k2qe2 + 1/qe* t…………(5)

0.5

1

1.5

2

%
Red.

1

STREAM 1

12240

3427

3182

2937

2815

77.0

2

STREAM 2

5672

2155

2041

1871

1758

69.0

3

STREAM 3

2496

873

773

723

673

73.0

4

MIXED
STREAM 1
(1+2)

6263

2236

1782

1498

1215

80.6

MIXED
STREAM 2
(1+2+3)

4454

980

846

757

668

85.0

(5)

5

where t is the contact time (min), and qe (mg/g) and qe 2
(mg/g)2 are the amount of solute adsorbed at equilibrium.

COD FINAL AFTER 2 HOURS

INITIAL

Table-1 Summary sheet for COD for activated carbon

3.0 About CPC Blue and Sample collection
CPC blue is a bright, crystalline, synthetic blue pigment from
the group of Phthalocyanine dyes [24]. Its brilliant blue is
frequently used in paints and dyes. It is highly valued for its
superior properties such as light fastness, tinting strength,
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Kinetic data modeling:
Single solute data: The results of the COD values were fitted
to the pseudo first order kinetics and the pseudo second order
kinetics for all the single solute streams as shown in the fig-1
and fig-2 and the results obtained are shown in the table-5.

SUMMARY SHEET
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STREAM
1
STREAM
2
STREAM
3
MIXED
STREAM
1 (1+2)
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2 (1+2+3)
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3
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COD FINAL AFTER 2 HOURS

INITIAL
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5672

2495
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2496
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ln(qe-qt)
Psuedo first order kinetic study
using Activated carbon
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6
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4

Table-2 Summary sheet for COD for Lignite

2
0

Kinetic data analysis:
The various results obtained were fitted in the Langmuir
isotherm equation and Freundlich isotherm equation and the
constants are as shown in table-3 for activated carbon and
table-4 for lignite.
Sr.
No

Type of Sample

b

n

Psuedo second order kinetic study

3940.0

0.15

2.73E-09

2

STREAM 2 (S-2)

0.0310

2482.3

0.18

1.08E-07
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5
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0
0

Type of Sample

Qo ,l/mg

b

n
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1

STREAM 1 (S-1)
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0.13

1.43E-11

2
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3
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4
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1.82E-15

5
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m
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t
R2

Freundlich
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Langmuir equation

30
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time,min
Fig-2 Pseudo second order kinetic study fitting to single
streams

Table -3 Constants for Isotherms modeling for
activated carbon

Sr.
No

using

activated carbon

0.2
STREAM 1 (S-1)

90

Fig-1 Pseudo first order kinetic study fitting to single
streams

Kf ,l/mg

1

60

time, min

Freundlich
equation

Langmuir equation
Qo ,l/mg

30

s-1

-0.04

8.60

0.92

s-2

-0.029

7.90

0.92

s-3

-0.03

6.96

0.95

Psuedo second order kinetics
for activated carbon
strea
slo
interce
m
pe
pt
R2
2 es-1
04
-6e-04
0.99
1es-2
04
-6e-04
0.98
7es-3
05
-1e-04
0.99

Table -5 Kinetic data fitting for multi streams using
activated carbon
Multi stream data
The results of the COD values were fitted to the pseudo first
order kinetics and the pseudo second order kinetics for all the
multi solute streams are as shown in the fig-3 and fig-4 and
the results obtained are shown in the table- 6.

Table -4 Constants for Isotherms modeling for lignite
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t/qt v/s timePsuedo second order kinetic study for Lignite

ln(qe-qt)
Psuedo first order kinetic study (MultiStream)
for Activated carbon
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0.14
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8
mixed
stream
-2

4
2

0.1
0.08
0.06
0.04
0.02

0
0

30

60

90

0

120

0

time, min

t/qt v/s time Pseudo second order kinetic study
(Mixed stream) for Activated carbon

t/qt, min.l/gm

0.15

Mixed
stream-1

0.1

Mixed
stream-2

0.05

30

60

90

time,min

120

Fig-6 Pseudo second order kinetic study fitting to single streams

Fig-3 Pseudo first order kinetic study fitting to multi
streams
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Table -7 Kinetic data fitting for single streams using lignite
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Fig-4 Pseudo second order kinetic study fitting to multi
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Fig-7 Pseudo first to order kinetic study fitting single streams
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Table -6 kinetic data fitting for multi streams for activated
carbon

t/qt v/s time
Pseudo second order kinetic study
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Fig-8 Pseudo second order kinetic study fitting to multi streams

Fig-5 Pseudo first to order kinetic study fitting single streams
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Psuedo First order kinetics
for Lignite
strea
interc
m
slope
ept
R2
0.9
m.s-1
-0.037
7.63 1
0.8
m.s-2
-0.032
7.58
3
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Gujarat pollution Control Board, Indian Institute of Chemical
Engineers-ARC & Institution of Engineers India)- Gujarat
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Chemical Engineering, SAL College of Engineering is helping
us to publish our research paper in the journal “IJAER”. We
also extend our gratitude to the Department for the same.

Psuedo Second order kinetics
for Lignite
strea
inter
m
slope
cept
R2
m.s-1

0.001

-5e-4

0.98

m.s-2

0.001

-1e-3

0.99

Table -8 kinetic data fitting for multi streams for Lignite
The kinetic data for reduction in COD with activated carbon
for single stream using Langmuir equation showed constants
Qo, ranging from 0.0310 l/mg to 0.0425 l/mg and B ranging
from 980 to 3940, Freundlich equation n ranging from 0.15 to
0.20 and Kf, ranging from 5.29e-6 l/mg to 2.73E-09l/mg and
for multi stream using Langmuir equation showed constants
Qo, ranging from 0.1226l/mg to 0.1296 l/mg and B ranging
from 1359.3to 3859.5, Freundlich equation n ranging from
0.29 to 0.48 and Kf , ranging from 0.0006 l/mg to 0.00737
l/mg.

7. Declaration
We also declare that the presented work is done by us. Any of
the staff members/ faculty members of the above mentioned
organizers and that of SAL Education campus is not
responsible for data or work presented in the paper. We
publish our paper “Study of Removal of Heavy Metals from
Waste Water by Adsorption” in the above said journal at our
sole responsibility and resolve the issues if raised any time at
ourselves.

The kinetic data for reduction in COD with lignite for single
stream using Langmuir equation showed constants Qo,
ranging from 0.0154 l/mg to 0.0282 l/mg and B ranging from
1079 to 4427, Freundlich equation n ranging from 0.10 to 0.13
and Kf, ranging from 2.3e-12 l/mg to 1.43E-11 l/mg and for
multi stream using Langmuir equation showed constants Qo,
ranging from 0.0706 l/mg to 0.1296 l/mg and B ranging from
1289 to 2969 , Freundlich equation n ranging from 0.09 to
0.21 and Kf , ranging from 1.82e-15 l/mg to 1.08 e-5 l/mg.
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