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ABSTRACT
The removal of phosphorus from water using marble dust as sorbent material was studied by conducting batch tests,
kinetic sorption model and isotherm model. The kinetic sorption model based on a pseudo equation was applied to predict the rate constant of sorption. Thorough investigations to understand the mechanism of phosphorus sorption onto the
marble dust using kinetic sorption models, pseudo first order and pseudo second order kinetic sorption models showed
that the kinetic sorption is consistent with the second order model, from which it can be inferred that the mechanism of
sorption is chemisorption. The Langmuir and Freundlich isotherm models were applied to describe the equilibrium isotherms. The results of isotherm models showed that the Langmuir isotherm agrees very well with the experimental data
compare with Freundlich isotherm. Batch tests and kinetic sorption models results showed that using the marble dust as
sorbent material could be remove more than 94.3% of phosphorus from water.
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1. Introduction
Phosphorus is an essential nutrient for all forms of life
and cannot be replaced by other species. Phosphorus is
mostly obtained from mined rock phosphate and existing
rock phosphate reserves could be exhausted in next 50 100 years [1]. At the same time release of phosphorus
from wastewater systems, agricultural areas runoff and
landfill leachate into water reserves constitutes the main
risk for reduced water quality.
In order to reduce the negative effects of overloading
the ecosystems with phosphorus as well as recycling of
phosphorus and reducing the high costs of mining and
processing of phosphorus, it is necessary to investigate
various techniques and materials that could contribute to
the removal and recycling of phosphorus.
Phosphorus removal using natural materials as novel
sorbents has been gaining increased attention. Several
studies have reported on the using of natural materials to
improve the phosphorus removal by sorption, including:
limestone, shale, slag, iron rich gravel, zeolite, calcite
and other artificial materials [2]. Adam et al., (2007) [3]
reported that the shells and filtralite as natural materials
were been tested for their phosphorus sorption capacity,
both with batch and column experiments and found that
the phosphorus removal rate of 92 and 91 was measured
in the columns of shells and filtralite respectively, for the
entire experimental period. It was reported that zeolite
Copyright © 2012 SciRes.

and pelleted clay, either alone orin combination with
soils, alum, calcite and dolomite, was found to improve
the phosphorus sorption capacity [4].
In this study marble dust was chosen in order to test its
phosphorus sorption capacity. The main goal of this
study was to determine the removal efficiency of marble
dust with regard to a synthetic phosphorus solution, including the maximum sorption capacity of this material.

2. Materials and Methods
2.1. Materials
The sorbent material used in this experimentis marble
dust; it was supplied by Tawarayakobo Company, Japan.
The marble dust grain size is smaller than 0.2 mm and a
chemical composition is 99.8% of CaCO3.

2.2. Batch Experiments
Batch experiments were conducted to investigate the
kinetic sorption and efficiency of phosphorus removal by
marble dust. The batch experiments were carried out in
300 mL glass flasks and the standard phosphorus solution used in the experiments were prepared from KH2PO4.
Glass flasks were filled with 250 mL of phosphorus solutions at four different phosphorus concentrations (5, 30,
100, and 150 mg/l), and 5 g of the marble dust was added
toeach glass flask. The mixtures were shaken at 120 rpm
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and 25˚C for 120 h. At different periods solution samples
were taken and filtered with a 0.2 mm membrane filter
prior to determination of phosphorus concentrations by
spectrophotometer. The sorbet amount of phosphorus
was calculated from the concentrations in solution before
and after sorption. Also the amount of phosphorus sorbet
by natural material from the solution at equilibrium qe
(mg/g) was computed using Equation (1) [5]:

qe 

 Co  Ce V
m

(1)

where Co and Ce are the initial and equilibrium phosphorus concentrations respectively (mg/l), V is the solution
volume (l) and m is the mass of mixed sorbent (g).
The percentage of phosphorus removed Re (%) from
the aqueous solution was calculated using Equation (2)
[6]:
Re 

Co  Ce
100
Co

(2)

2.3. Kinetic Sorption Model
To investigate the sorption kinetics of phosphorus onmarble dust used in this study, two kinetic models are
used: pseudo first order and pseudo second order.
2.3.1. Pseudo First Order Model
The pseudo first order equation can be written as follows
[5,7,8]:
dq
 k1  qe  q 
dt

(3)

where k1 is the rate constant of pseudo first order sorption (1/hr), q is the amount of phosphorus sorbet at time t
(mg/g), qe is the amount of sorption at equilibrium (mg/g)
and t the contact time (hr). After integration of equation
(3) for the boundary conditions q = 0 at t = 0 and q = q
at t = t, Equation (3) becomes:
ln  qe  q   ln qe  k1t

(4)

The plot of ln  qe  q  vs t gives a straight line with a
slope of −k1. Equation (4) can be rearranged to obtain:
q  qe  qe  e  k1t

(5)

2.3.2. Pseudo Second Order Model
Another model for the analysis of sorption kinetics is
pseudo second order. The pseudo second order equation
can be written as follows [5,7-9]:
dq
2
 k2  qe  q 
dt

(6)

where k2 is the rate constant of pseudo second order sorption (g/mg·hr). Integrating Equation (6) and applying the
Copyright © 2012 SciRes.

boundary conditions q = 0 at t = 0 and q = q at t = t,
Equation (6) becomes:
t
1
1

 t
2
q k2 qe qe

(7)

The plot of t q vs t gives a straight line with slope of
1 qe and intercept of 1 k2 qe2 . So the qe and k2 could be
evaluated from the slope and intercept respectively.
Equation (7) can be rearranged to obtain:
q

t
 1   t 



2  
 k2 qe   qe 

(8)

2.4. Isotherm Model
In this study, the Langmuir and the Freundlich isotherm
models were used to describe the equilibrium sorption
data. To optimize the design of a sorption system, it is
important to establish the most appropriate correlation
for the equilibrium curves.
The Langmuir equation is widely used for adsorption
equilibrium because of its thermodynamical basis. The
Langmuir isotherm model assumes monolayer coverage
of sorbet over a homogeneous sorbent surface, and at
equilibrium, a saturation point is reached where no further sorption can occur. The Langmuir isotherm model is
expressed as [10]:
qe  qm

k L  Ce
1  k L  Ce

(9)

where qm is the maximum sorption capacity of the sorbent (mg/g) and kL is the Langmuir constant related to the
affinity of the compound for the sorbent (l/mg). Equation
(9) can be rearranged into a linear form:
1
1
1
1



qe qm qm k L Ce

(10)

A graph with 1 Ce as x-axis and 1 qe as y-axis
provides a line; kL and qm could be calculated from the
slope and intercept of the line respectively.
The Freundlich isotherm is an empirical equation employed to describe heterogeneous systems and is expressed by the following equation [10]:
qe  k F Ce1 2

(11)

where kF is the Freundlich constant related to capacity of
sorbent (l/g) and n is the Freundlich exponent related to
affinity the compound for the sorbent (dimensionless).
Equation (11) can be rearranged into a linear form:
1
ln qe  ln k F  ln Ce
n

(12)

A graph with ln  Ce  as x-axis and ln  qe  as y-axis
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provides a line; kF and n could be calculated from the
intercept and slope of the line respectively.

2.5. Validity of Models
The validity of sorption models pseudo first order and
pseudo second order checked from the linear plots of
ln  qe  q  vs t and t q vs t respectively. The validity
of isotherm models Langmuir and Freundlich isotherms
also checked from the linear plots of 1 Ce vs 1 qe and
ln  Ce  vs ln  qe  respectively. In this study the coefficient of determination, r2, was used to compare the applicability of the models [11]:

  qmo  qme 

2
2
  qmo  qme     qmo  qme 
2

r

2

(13)

Figure 1. Percentage removal of phosphorus with time for
different initial concentrations.

where qmo is the modeled amount of phosphorus sorbet at
time t, qme is the measured amount of phosphorus sorbet
at time t and qme is the average of qme.

3. Results and Discussion
3.1. Effect of Contact Time and Initial
Concentration
Kinetics of phosphorus sorption governs the rate, which
determines the residence time, and it is one of the important characteristics defining the efficiency of asorbent
[12]. The kinetic behavior of phosphorus sorption onto
the marble dust was examined by 120 hours contact time
at various concentrations. The removal efficiency of the
marble dust for phosphorus is illustrated in Figure 1,
while the variation of sorption capacity of phosphorus
with contact time for the marble dust is shown in Figure
2. It can be seen from these figures that the removal efficiency of marble dust after 12 hours were 32.0%, 60.0%,
74.6%, and 78.3% for initial concentrations 5, 30, 100,
and 150 mg/l respectively. The rate of phosphorus removal was rapid initially, but it gradually becomes slower with passage of time reaching equilibrium almost at 24
hours. The initial faster rate may be due to the availability of the uncovered surface area of the sorbent initially,
since sorption kinetics depends on the surface area of the
sorbent [13]. The final removal efficiencies of the marble
dust for phosphorus were 74.0%, 83.0%, 93.0%, and
94.3% for initial concentrations 5, 30, 100, and 150 mg/l
respectively. The sorption capacity at equilibrium increases with an increase in the initial phosphorus concentration. The sorption capacity of the marble dust for
phosphorus were 0.15, 1.02, 3.81, and 5.8 mg/g for initial
concentrations 5, 30, 100, and 150 mg/l respectively.

3.2. Kinetic Modeling of Phosphorus Sorption
In order to investigate the mechanism of phosphorus
Copyright © 2012 SciRes.

Figure 2. Phosphorus sorption capacity variation with contact time for different initial concentrations.

sorption by the marble dust, kinetic models were used to
model the transport of phosphorus. Two kinetic models
were used, pseudo first order and pseudo second order.
The pseudo first order plot of ln  qe  q  vs t (Equation (4)) for the sorption of phosphorus for different initial concentrations is illustrated in Figure 3. The pseudo
first order rate constant k1 obtained from the plotis shown
in Table 1. The values of the rate constant k1 computed
from the slope of the straight line. The results show weak
compliance with the pseudo first order equation at high
initial concentrations. The disagreements between the
sets of data are reflected by the low coefficient of determination obtained and these values are shown in Table
1.
The pseudo second order rate constants k2 obtained
from the plots of Equation (7). The values of the rate
constant k2 (Table 1) computed from the intercept of the
straight line. Figure 4 shows the plots of t q vs t for
sorption of phosphorus for the pseudo second order
model and there are good agreements for all of initial
concentrations. The good agreements between the sets of
data are reflected by the extremely high coefficient of
JEP
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Table 1. Kinetic values for pseudo first and second order models.
Co (mg/l)

Ce (mg/l)

Re (%)

qe (mg/l)

5

1.3

74.0

30

5.1

100
150

Pseudo first order

Pseudo second order

k1 (1/hr)

r2

k2 (g/mg·h)

r2

0.15

0.03

0.98

0.73

0.98

83.0

1.05

0.04

0.60

0.38

0.99

7.0

93.0

3.88

0.04

0.28

0.37

0.99

8.5

94.3

5.92

0.04

0.68

0.17

0.99

second order mechanism, with chemisorption as the rate
limiting step. So the rate of occupation of sorption sites is
proportional to the square of the number of unoccupied
Sites [14,15].
A comparison of the experimental phosphorus sorption
with the profiles of pseudo first order and second order
models for different initial concentrations shown in Figures 5 and 6, the data generated using the values of qe, k1,
and k2 obtained from kinetic studies, clearly showed that
the experimental data followed pseudo second order
model at all initial concentrations.
Figure 3. Pseudo first order kinetics of phosphorus for different initial concentrations.

Figure 4. Pseudo second order kinetics of phosphorus for
different initial concentrations.

determination obtained and these values are shown in
Table 1. The results obtained from pseudo first and second order kinetic sorption model showed that the kinetic
sorption is compliance with the second order model.
Thus this second order kinetic model was taken as the
best fit equation for the description of the mechanism of
sorption of phosphorus. In addition, examination of the
sorption capacity values of the pseudo second order
model shows that the values were in the same range as
the experimental sorption capacity values. Therefore, the
sorption of phosphorus from aqueous solution onto the
marble dust sorbent was found to follow the pseudo second order kinetic equation. Similar conclusion was also
reported for the sorption of phosphorus onto various sorbent surfaces [5,8]. Furthermore, the pseudo second order is based on the assumption that sorption follows a
Copyright © 2012 SciRes.

3.3. Isotherm Model
Isotherm studies were done by applying the experimental
data to the known Langmuir and Freundlich isotherms.
Sorption isotherms of Langmuir and Freundlich are presented in Figures 7 and 8.
The Langmuir parameters of the maximum sorption
capacity qm and the constant kL calculated from the intercept and the slope of the linear plot are showed in Table
2. Also the Freundlich parameters of kF and n obtained
from the intercept and the slope of the linear plot are
showed in Table 2. Both Langmuir and Freundlich isotherms describe with success the equilibrium sorption
data of phosphorus sorbet onto the marble dust. The
Langmuir isotherm fitting more accurately compared to
Freundlich isotherm. The accurately of Langmuir isotherm is reflected by the extremely high coefficient of
determination obtained, the coefficient of determination
r2 values are 0.99 and 0.95 for Langmuir and Freundlich
respectively.

4. Conclusion
The sorption of phosphorus onto marble dust was investigated by batch experiments, kinetic sorption model and
isotherm model. The results showed that the sorption
capacity of marble dust were 94.3%. Therefore, the present investigation on the removal of phosphorus suggests
that the marble dust can be used as novel sorbent for
phosphorus removal from aqueous solution. Furthermore,
the marble dust as a waste of marble mining areas and
marble industry production is not only economic sorbent
JEP
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Table 2. Isotherm parameters of Langmuir and Freundlich
for sorption of phosphorus on marble dust.
Langmuir isotherm

Freundlich isotherm

kL (l/mg)

qm (mg/g)

r2

kF (l/g)

n

r2

0.1

0.98

0.99

0.08

0.53

0.95

Figure 8. Freundlich isotherm for sorption data of phosphorus on marble dust.

sorption the kinetic model is important and significant in
the rate controlling step and for the sorption of phosphorus onto marble dust the pseudo second order kinetics
provides the best correlation with the experimental data.
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