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The Ca-Al-Zn layered double hydroxide (LDh) which synthesized by the co-precipitation 
method and its calcined product was used in the removal of Cu(II) from aqueous solutions. 

At optimum conditions, the calcined Ca-Al-Zn LDh product has a higher potential application in 
the cupreous ion’s adsorption field (45.2mg/g) than the uncalcined LDH (38.8mg/g). Langmuir 
and Freundlich models were used to optimizing the adsorption process and pseudo-first and 
pseudo-second-order models were used to evaluating the adsorption kinetics of Cu(II) onto Ca-
Al-Zn LDH and its calcined product. Langmuir model fitted the experimental data better than 
Freundlich model and the pseudo-first-order model is more sufficient to depict the adsorption 
kinetics. From thermodynamic studies; Gibbs free energy (∆G°), Enthalpy change (∆H°), and 
Entropy change (∆S°) revealed that the adsorption processes are spontaneous, endothermic, and 
randomness processes at the solid-solution interface during adsorption.
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Introduction                                                                            

Large amounts of metal-contaminated wastewater 
from industries and other sources consist of 
many heavy metals such as Fe, Cd, Cr, Cu, Ni, 
Mn, As, hg, Pb, and Zn which are the most 
pollutants present in the chemical-intensive 
industries and human waste. heavy metals have 
a high solubility in aquatic environments, they 
can be absorbed by living organisms and large 
concentrations of them may accumulate in the 
human body. When the heavy metals are taken 
out of allowed concentration, they can cause 
serious health disorders [1-6]. Accordingly, it is 
necessary to remove these pollutants like heavy 
metals from wastewater prior to polluting the 
environment. These heavy metals removed from 
the inorganic stream by traditional treatment 
processes such as chemical precipitation, ion 
exchange, and electrochemical removal processes. 
These operations have a lot of troubles such as 

high-energy needing, incomplete removal, and 
producing a toxic sludge [7]. Latterly, some 
developments regarding the more, higher, and 
cheaper effective treatment processes such as 
adsorption technology which has become one 
of the possible treatment techniques [8]. There 
are different types of these adsorbents such as 
biological or organic origin, mineral, a byproduct 
of industry, wastes of agriculture, and natural or 
synthetic materials [9].

The adsorption of biosynthesized melanin for 
copper ions (Cu(II)) was well illustrated by the 
pseudo-second-order model and the equilibrium 
data well fitted to Langmuir isotherm with a 
maximum adsorption capacity of 167.8 mg/g. 
The thermodynamic parameters revealed that the 
adsorption of Cu(II) on melanin was favorable, 
spontaneous, and endothermic in nature [10]. 
The adsorption of Cu(II) on CaTiO3 powders 
was well illustrated by the pseudo-second-
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order adsorption kinetics and it will be fitted by 
Langmuir adsorption isotherm. The adsorption 
process was spontaneous and endothermic and 
the maximum adsorption capacity was 66.4 mg 
g–1 [11]. The adsorption of Cu(II) on titanate 
nanocomposite was well fitted by the pseudo-
second-order adsorption kinetic and Langmuir 
adsorption models and the maximum adsorption 
capacity was 13.8 mg g−1. The thermodynamic 
parameters revealed that the adsorption of these 
ions was spontaneous and endothermic [12]. 
The adsorption equilibrium by copper (Cu2+) 
onto multi-walled carbon nanotubes (MWCNT) 
was described well by the Langmuir isotherm 
model and pseudo-second-order adsorption 
kinetic with a maximum adsorption capacity of 
12.34 mg/g. The thermodynamics parameters 
pointed at spontaneous and endothermic nature 
of the adsorption process [13]. The elimination 
of copper ions from aqueous solutions by 
poly(N-vinylpyrrolidone) reached 3.27 mg.g-

1. Equilibrium data were well fitted with the 
Langmuir and the experimental data follow 
well the pseudo-second-order kinetics. The 
thermodynamic parameters show spontaneous 
and exothermic adsorption process with a negative 
value of ∆S° [14]. The adsorption of Cu(II) ions 
by Albizia lebbeck pods as agricultural waste was 
fitted well with the Langmuir isotherm model with 
correlation coefficient (R2> 0.94), whereas the 
adsorption kinetics followed the pseudo-second-
order kinetics. The thermodynamic parameters 
proved that adsorption process is endothermic 
and non-spontaneous at low temperatures, while 
spontaneity occurred at higher temperatures [15]. 

This study is a continuation of our study in 
determining the potential of Ca-Al-Zn LDh and 
its calcined product as adsorbents for Cu(II) ions 
from aqueous solutions. The paper deals with 
Langmuir and Freundlich models to optimizing 
the adsorption process and the pseudo-first-order 
and pseudo-second-order models were used to 
evaluating the adsorption kinetics of Cu(II) onto 
Ca-Al-Zn LDh and its calcined product. Also, 
thermodynamic parameters (∆G°, ∆H° and ∆S°) 
are studied. 

Materials and experimental                                

Materials
The used materials have high analytical 

purity. Copper nitrate pentahemihydrate 
[(Cu(NO3)2·

2½h2O)], aluminum nitrate 
nonahydrate [Al(NO3)3.9h2O], potassium 
carbonate [K2CO3], and potassium hydroxide 

[KOH] were purchased from Sigma-Aldrich Co. 
Calcium nitrate tetrahydrate [Ca(NO3)2·4h2O]; 
and zinc nitrate hexahydrate [Zn(NO3)2·6h2O] 
were purchased from Loba Chemie Co [16]. 

Synthesis of Ca-Al-Zn LDH
The Co-precipitation is the method used 

in the preparation of Ca-Al-Zn LDh. Firstly, 
a salt solutions containing Al(NO3)3.9h2O, 
Ca(NO3)2.4h2O and Zn(NO3)2.6h2O were 
prepared in the required amounts in an equimolar 
ratio to prepare a solution A. Alkaline solution 
(2M) containing K2CO3 and KOh was prepared 
at a controlled ph of 9 (solution B). Then, 
the solutions A and B are mixed in a glass 
reactor containing deionized water; the formed 
precipitate is stirred for 18 hours at 80°C. After 
that, the formed precipitate was washed with 
deionized water and then dried at 100°C for 24 
h. The obtained Ca-Al-Zn LDh was calcined for 
5h at 450°C prior to adsorption. The structure, 
composition, and morphology of synthesized 
materials were deeply discussed in our previous 
study [16].

Metal adsorption 
Adsorption of copper ions onto calcined and 

uncalcined of Ca-Al-Zn LDh was studied at 
constant ph 6, the adsorbent dosage of 0.25g/l 
and stirring rate of 160 rpm, and at different 
initial metal concentrations (45, 55, 65, 75, 85, 
95, 105, 115, 125 and 135mg/l), different contact 
times (10, 20, 30, 60, 90, 120, 150 and 180 
minutes) and different temperatures (298, 313 and 
328K). The ph value of solutions was adjusted 
using a standard acid solution (0.01M hNO3) 
and standard alkaline solution (0.125M NaOh). 
Buffer solutions of ph 4.0, 7.0 and 10.0 were used 
to adjusting the solution ph and measured by ph 
meter (Thermo Orion 5 Star). At different times of 
reactions, the samples of solutions were taken and 
the metal concentrations were determined using 
Spectrophotometer, LaMotte, model SMART 
spectro, USA.

The adsorption capacity and the removal 
percentage were determined using the following 
two equations [17,18]:

                                                        (1)

                                                     (2)

where, qe represents the adsorption capacity 
at equilibrium (mg of adsorbate/g of adsorbent), 
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V represents the volume of solute solution (l), 
C0 represents the initial concentration of solute 
(mg/l), Ce represents the residual concentration of 
solute after adsorption (mg/l) and m represents the 
weight of adsorbent (g).

Kinetic studies
Pseudo-first order model

The kinetic process of liquid-solid phase 
adsorption was described by equation of the 
pseudo-first-order model which is the earliest 
model pertaining to the adsorption rate based on 
the adsorption capacity [19, 20].  

The linear form of the pseudo-first order 
model equation is:

(3)

where, qt and qe are the amounts of adsorbate 
adsorbed at a definite time and at equilibrium, 
respectively. k1 is the constant of pseudo-first-
order rate which can be calculated from the plot 
of log (qe - qt) vs. t.

Pseudo-second order model 
The chemisorption reaction involving valence 

forces through exchange or sharing of electrons 
between adsorbent and adsorbate was indicated 
by equation of the pseudo-second order model 
[20].

The linear form of pseudo-second-order model 
equation is:

         (4)

where k2 is the constant of pseudo-second-
order rate which can be calculated from the slope 
and intercept of t/qt vs. t plot.

Adsorption studies
As a function of concentration at a constant 

temperature, the amount of adsorbed material is 
determined and the function resulted here is called 
adsorption isotherm. There are many isotherm 
models e.g. linear isotherm, Temkin, BeT, 
Langmuir and Freundlich, but the most commonly 
used models are Langmuir and Freundlich. These 
models are used in water treatment especially 
for monolayer and noncompetitive adsorption 
processes which described by development of 
experimental isotherm data [21,22].         

The accordance of predicted and experimental 
values calculated by isotherm models is 
expressed by the correlation coefficient (R2). 
The more applicable model is the nearest to one 

of the relatively high values of the correlation 
coefficient.

Langmuir’s adsorption
The monolayer adsorption onto a surface 

containing a certain number of many sites 
supposes regular energies and transmigration on 
that adsorbate surface and it conforming to the 
isotherm of Langmuir’s adsorption. The maximum 
adsorption capacity of adsorbent formed from 
a complete monolayer covering the surface is 
determined by Langmuir isotherm model [22].   

The linear form of Langmuir’s isotherm 
equation is:

(5)

where Ce is the amount of adsorbate at 
equilibrium time (mg), b and kL are the maximum 
adsorption capacity (mg/g), and the Langmuir 
constants (l/mg) (related to adsorption energy), 
respectively. These constants can be calculated 
from the plot of Ce/qe vs. Ce, while b is 1/intercept, 
and kL is equal to the intercept x 1/slope.

Freundlich adsorption
The heterogeneous surface energies were 

determined by Freundlich adsorption isotherm 
and the ratio of quantity of solute adsorbed 
on a known mass of adsorbent to different 
concentrations of solute was presented by this 
isotherm. The Langmuir’s energy varies with 
adsorption capacity (qe) due to variation of the 
adsorption heat [18].

The linear form of Freundlich isotherm 
equation is:

               (6)

where Kf (l/mg) is the constant of Freundlich 
isotherm (related to the sorption capacity) and n 
is the heterogeneity factor (related to the sorption 
intensity). These constants can be calculated from 
the plot of Log qe vs. Log Ce.

The adsorption rate is remarkable to reaching 
the equilibrium state and it happens through three 
proceedings; firstly, when the adsorbate is diffuse 
through a surface layer to the outer surface of 
adsorbent, secondly the adsorbate is diffuse inside the 
pores of adsorbent and finally, the adsorption takes 
place between the adsorbate and adsorbent [23].       

Thermodynamic calculations 
The spontaneity of the adsorption process can be 

determined by energy and entropy considerations 
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and the values of the thermodynamic parameters 
are perfect indicators for practical application of 
the adsorption process.   

At equilibrium of adsorption process, the 
change in Gibbs free energy (∆G°) can be written 
as follows [24,25]:

                                                                   (7)

where T is the temperature (K), R is gas 
constant (8.314 kJmol-1K-1) and b is Langmuir 
equilibrium constant. Therefore, for an adsorption 
reaction can be estimated at different temperatures 
if Langmuir equilibrium constant, for the 
adsorption mechanism is known. 

The rest constants of thermodynamic 
parameters of adsorption process can be resulted 
from b values at different temperatures by 
equation of Van’t hoff [61]:    

                                                                  (8)

where ∆S° and ∆H° are entropy and enthalpy 
changes respectively, and a straight line with slope 
(∆H°/R ) and intercept (∆S°/R) can be obtained 
from plotting lnb versus 1/T.

Results and Discussion                                                         

Characterization of Ca-Al-Zn LDH and its 
calcined product 

The characterization of the prepared Ca-Al-Zn 
LDh and its calcined product were discussed in 
our previous study [16].

Influence of adsorption contact time 
The adsorption contact times (10-180 

minutes) required for the maximum adsorption 
capacities of copper ions by Ca-Al-Zn LDh and 
its calcined product at different temperatures, 
initial concentration of 115mg/l, adsorbent 
dosage of 0.25g/l, ph 6.0 and stirring rate of 
160rpm are shown in Figure 1. There is an 
increment in adsorption capacity appeared for all 
temperatures in the case of Ca-Al-Zn LDh and 
its calcined product for adsorption process. In the 
initial stages of Cu(II) adsorption, the adsorption 
capacity fastly increased with increasing contact 
time (optimum time is 120min) and increasing 
temperature (optimum temperature is 328K), to 
be 38.8mg/g for Ca-Al-Zn LDh and 45.2mg/g for 
calcined Ca-Al-Zn LDh. This is attributed to the 
availability of large surface areas and more pores 
of adsorbents in the initial period. After 180min, 
a little increment happens reached to 40.7mg/g 
in the case of Ca-Al-Zn LDh and 46.0mg/g in 

the case of calcined Ca-Al-Zn LDh. The slow 
rate of adsorption at this stage may be due to 
the agglomeration of copper ions on all pores of 
adsorbent surface [26,27].

Kinetics evaluation
The pseudo-first and pseudo-second-order 

models {equations (3,4)} were applied to evaluate 
the adsorption kinetics of Cu(II) ions onto Ca-Al-
Zn LDh and its calcined product. Linear plots of 
log(qe-qt) versus t (pseudo-first-order model) and 
t/qt versus t (pseudo- second-order model) are 
depicted in Figures 2 and 3 for Ca-Al-Zn LDh 
and its calcined product at 298, 313 and 328K, 
respectively. 

The data obtained from those figures are listed 
in Table 1. These data revealed that the correlation 
coefficients for the pseudo-first and pseudo-
second orders are suitable to describe the Cu(II) 
adsorption process at different temperatures. The 
correlation coefficients for the pseudo-first-order 
(R2 = 0.987 and 0.963) and (R2 = 0.974 and 0.972) 
were higher than for the pseudo-second-order (R2 

= 0.758 and 0.924) and (R2 = 0.787 and 0.953) at 
298 and 313K for uncalcined and calcined LDhs, 
respectively. While, the data revealed that by 
increasing temperature to 328K, the correlation 
coefficients for the pseudo-second-order (R2 = 
0.933 and 0.986) were higher than that for pseudo-
first-order (R2 = 0.922 and 0.932) for uncalcined 
and calcined LDhs, respectively. This referred 
that the system is more appropriately described by 
the pseudo-first order model at low temperature, 
while at a higher temperature; the system is more 
appropriately described by the pseudo-second-
order model. 

At low temperature, the pseudo-first-order 
model assuming the adsorption process depending 
only on metal ions numbers present in aqueous 
solution and the availability of binding sites on the 
adsorbent surface at a definite particular period. 
While at the higher temperature, the pseudo-
second-order model assuming the adsorption 
process is chemical adsorption [28-30].    

Influence of initial Cu(II) concentration
The adsorption capacities resulted in different 

initial Cu(II) concentrations (45-135 mg/l) for 
uncalcined and calcined Ca-Al-Zn LDhs are 
shown in Figure 4. The increase in adsorption 
capacity was observed with increasing initial 
copper ion concentrations from 45 to 95mg/l 
at all temperatures (298,313 and 328K). The 
adsorption capacities from initial copper ion 
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Fig. 1. Effect of contact time on the adsorption capacity of Cu(II) onto (a) uncalcined Ca-Al-Zn LDH and (b) 
calcined Ca-Al-Zn LDH at different temperatures, initial concentration of 115mg/l, adsorbent dosage of 
0.25g/l, pH 6.0 and stirring rate of 160rpm.

concentrations of 95mg/l were 37.2 and 38.0mg/g 
for uncalcined and calcined Ca-Al-Zn LDhs at 
higher temperature (328K), respectively. A little 
increment happened in adsorption capacities for 
115mg/l of initial copper concentration reached 
to 38.8mg/g in the case of Ca-Al-Zn LDh and 
45.2mg/g in case of its calcined LDh. This 

increment in uptake capacity was due to the 
higher concentration gradient, which is a driving 
force to overcome the mass transfer resistance 
between the liquid/solid phases. While at higher 
concentrations (>115 mg/l), the saturation of 
adsorption binding sites may have occurred. 
This behavior is attributed to less availability of 
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Fig. 2.  Adsorption kinetics of pseudo-first-order models for adsorption of Cu(II)  on (a) uncalcined Ca-Al-Zn LDH 
and (b) calcined Ca-Al-Zn LDH at different temperatures, initial concentration of 115mg/l, adsorbent 
dosage of 0.25g/l, pH 6.0 and stirring rate of 160rpm.

surface-active sites [31-33].    

Adsorption isotherms evaluation
Adsorption isotherms are evaluated by 

Langmuir and Freundlich models. The suitability 
of a certain adsorption isotherm to describe 
the obtained data depends on the correlation 
coefficients (R2) of the profile [34]. According 
to Figures 5 and 6, Freundlich (KF and n) and 
Langmuir (kL and b) constants were evaluated 

from the intercept and slope of the linear plot of 
log qe versus log Ce (for Freundlich model) and the 
linear plot of Ce/qe versus Ce (for Langmuir model) 
and they are given in Table 2, which summarizes 
the correlation coefficients and Langmuir and 
Freundlich constants. The results showed that 
the correlation coefficients for Langmuir model 
were 0.996, 0.999 and 0.999 and for Freundlich 
model was 0.930, 0.958 and 0.920 for uncalcined 
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Fig. 3. Adsorption kinetics of pseudo-second-order models for adsorption of Cu(II) on (a) uncalcined Ca-Al-Zn 
LDH and (b) calcined Ca-Al-Zn LDH at different temperatures, initial concentration of 115mg/l, adsorbent 
dosage of 0.25g/l, pH 6.0 and stirring rate of 160rpm.

Ca-A-l-Zn LDh at different temperatures 298, 
308 and 318K, respectively. While the correlation 
coefficients for Langmuir model recorded 0.999, 
0.999, and 1.0 at temperatures 298, 308, and 328K 
for calcined Ca-A-l-Zn LDh and Freundlich 
model recorded 0.989, 0.980 and 0.940 at the 
same temperatures, respectively. 

Where the correlation coefficients for 
Langmuir model were higher than for Freundlich 

model, the Cu2+ adsorption process is more 
appropriately described by Langmuir model than 
Freundlich one. This indicates the homogeneity of 
active sites on the LDhs surfaces and it means that 
the whole surface has identical adsorption activity 
and the adsorbed copper ions don’t interact or 
compete with each other and the chemisorption 
reaction is the principal mechanism in adsorption 
process. Also, the observed increment in kL and b 
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TABLE 1. Kinetic parameters of pseudo-first- and pseudo-second-order models for Cu(II) adsorption on Ca-Al-
Zn LDH and its calcined LDH product at different temperatures, initial concentration of 115mg/l, 
adsorbent dosage of 0.25g/l, pH 6.0 and stirring rate of 160rpm.

Sample
T

(k)

Pseudo first-order kinetic model Pseudo second-order kinetic model

k1 

(min−1)

qe 

(mg/g)

R2 k2 

(gmg-1Lmin−1)

qe 

(mg/g)

R2

Uncalcined  Ca-Al-Zn 
LDh

298
313
328

2.3 x 10-3

6.9 x 10-3

9.2 x 10-3

 49.2
38.4
35.2

0.987
0.963
0.922

9.1 x 10-5

3.4 x 10-4

6.0 x 10-4

50.0
43.5
47.6

0.758
0.924
0.933

Calcined      Ca-Al-Zn 
LDH

298
313
328

2.3 x 10-3

6.9 x 10-3

0.011

51.3
36.9
26.9

0.974
0.972
0.932

1.2 x 10-4

5.3 x 10-4

1.2 x 10-3

52.6
47.6
50.0

0.787
0.953
0.986

TABLE 2. Isotherm parameters for Cu(II) adsorption onto Ca-Al-Zn LDH and its calcined LDH product at 
different temperatures, adsorbent dosage of 0.25g/l, pH 6.0, stirring rate of 160rpm and contact time 
of 120min.

Sample

T 

(k)

Langmuir isotherm model Freundlich isotherm model

kL  (L/mg) b (mg/g) R2 KF    (mg/g) n R2

Uncalcined  Ca-Al-Zn 
LDh

298 0.08 21.83 0.996 36.74 59.17 0.930

313 0.31 31.06 0.999 19.44 9.51 0.958

328 1.4 39.84 0.999 8.83 5.8 0.920

Calcined      Ca-Al-Zn 
LDH

298 0.177 26.67 0.999 15.10 8.68 0.989

313 1.92 36.76 0.999 30.37 20.92 0.980

328 5.88 46.08 1 45.03 52.63 0.940

(in case of Langmuir model) and kF and n (in case 
of Freundlich model) with increasing temperature 
may be due to the increment in the stability 
of binding forces between Cu2+ ions and LDh 
surface [35,36]. 

Adsorption thermodynamics
Thermodynamics parameters of copper ions 

removal by Ca-Al-Zn LDh and its calcined 
product were determined at various temperatures 
(298, 313, and 328K). The Gibbs free energy 
(∆G°) was calculated by equation 7, while 
Enthalpy change (∆H°) and Entropy change 
(∆S°) were calculated according to equation 
8. Thermodynamic constants are determined 

from the plot of lnb against 1/T in Figure 7 and 
showed in Table 3. The results of thermodynamic 
calculations showed that the values of ∆G° 
decreased with increasing the temperature, -7.62, 
-8.94 and -10.02kJmol-1 for Ca-Al-Zn LDh and 
-8.11, -9.35 and -10.43kJmol-1 for calcined LDh 
product, respectively, indicating spontaneous 
cupreous ions by adsorbents and the adsorption 
become more favorable at higher temperature 
due to the presence of a more driving force of 
Cu(II) adsorption [37]. The positive values of 
ΔH° (16.12 and 14.76KJ mol-1 for Ca-Al-Zn LDh 
and its calcined product, respectively) indicate 
that there is an endothermic behavior of the 
adsorption reaction and they suggest that there is 
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TABLE 3. Thermodynamic constants for adsorption of Cu(II) onto Ca-Al-Zn LDH and its calcined LDH product 
at various temperatures, adsorbent dosage of 0.25g/l, pH 6.0, stirring rate of 160rpm and contact time 
of 120min.

Sample T 

(k)

ln b ΔGo          (kJ 
mol−1)

ΔHo        (kJ 
mol−1)

 ΔSo               (J 
mol−1K−1)

R2

Uncalcined   Ca-Al-Zn 
LDh

298
313
328

3.08
3.44
3.68

- 7.62
- 8.94

  - 10.02

16.12 79.8 0.996

Calcined       Ca-Al-Zn 
LDH

298
313
328

3.28
3.60
3.83

- 8.11
- 9.35

  - 10.43

14.76 76.9 0.998

Fig. 4. Effect of Cu(II) initial concentration on adsorption capacity of (a) uncalcined Ca-Al-Zn LDH and (b) 
calcined Ca-Al-Zn LDH at different temperatures, adsorbent dosage 0.25g/l, pH 6.0, stirring 160rpm and 
contact time 120min.
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Fig. 4. Effect of Cu(II) initial concentration on adsorption capacity of (a) uncalcined Ca-Al-Zn LDH and (b) 
calcined Ca-Al-Zn LDH at different temperatures, adsorbent dosage 0.25g/l, pH 6.0, stirring 160rpm and 
contact time 120min.

a large amount of heat was consumed to transfer 
the copper ions from aqueous solution to solid 
phase [35,38]. 

The positive ΔS° values (79.8 and 76.9KJ 
mol-1 for Ca-Al-Zn LDh and its calcined product, 
respectively) revealed that there is an increase 
in randomness at the interface of solid-solution 
during the Cu(II) adsorption process [34].

Conclusions                                                                          

The synthesized Ca–Al–Zn LDh and its 
calcined LDh product were examined in Cu(II) 
adsorption from aqueous solutions. The optimum 
conditions required for producing maximum 
adsorption capacities of copper ions by Ca-Al-
Zn LDh(38.8mg/g) and its calcined product 
(45.2mg/g ) were 328K of temperature, 120 min 
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Fig.  5. Adsorption isotherm models: (a) Langmuir and (b) Freundlich for Cu(II) removal by uncalcined Ca-Al-Zn 
LDH at different temperatures, adsorbent dosage of 0.25g/l, pH 6.0, stirring rate of 160rpm and contact 
time of 120min.

Fig. 6. Adsorption isotherm models: (a) Langmuir and (b) Freundlich for Cu(II) removal by calcined Ca-Al-Zn 
LDH at different temperatures, adsorbent dosage of 0.25g/l, pH 6.0, stirring rate of 160rpm and contact 
time of 120min.

Fig. 7. Plot of the Langmuir isotherm constant (ln b) vs. temperature (1/T) (The thermodynamic parameters in 
Table 3 are determined from this graph).
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of contact time, 115mg/l of initial concentration, 
0.25g/l of adsorbent mass, constant ph 6.0 and 
stirring rate of 160rpm. From the correlation 
coefficients of Cu(II) adsorption process, the 
pseudo-first order model at low temperatures 
(298 and 313k) was more suitable to describe 
the system and at higher temperatures (328K); 
the system is more appropriately described by 
pseudo-second-order model. The homogeneity of 
active sites on the LDhs surfaces means that the 
chemisorption reaction is the principal mechanism 
in the adsorption process and the adsorption 
process followed Langmuir adsorption model. 
The thermodynamics parameters indicated a 
spontaneous cupreous ions removal by adsorbents 
and the adsorption become more favorable at a 
higher temperature and there is an endothermic 
behavior of the adsorption reaction. 
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