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COMPETITIVE ADSORPTION OF Cd(II)
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ABSTRACT

Single and simultaneous Cd(II) and Zn(II) adsorption isotherms
from aqueous solution onto activated carbon were determined ex-
perimentally. Single isotherms for these ions fit the Langmuir
isotherm well, and the maximum molar uptake of Zn(II) averaged
1.6 times that of Cd(II). The simultaneous adsorption isotherms
also fit the bisolute Langmuir isotherm modified with an interac-
tion factor. Adsorption of each single ion was reduced by the pres-
ence of the other ion, which competed for some of the same active
sites. The Zn(II) isotherm proved to be more sensitive to the pres-
ence of the competing ion than did the Cd(II) isotherm.
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INTRODUCTION

Adsorption of a metal ion from an aqueous solution onto activated carbon
depends on several factors, such as solution pH, metal ion species or hydrocom-
plexes formed in solution, temperature, physicochemical characteristics of the ad-
sorbent surface, and presence of other metallic ions or compounds that can adsorb
on the surface. The influence of competing ions and other solution compounds on
adsorption efficiency has been largely ignored, and most reports of metal adsorp-
tion from aqueous solution examine only the adsorption isotherm for a single
metal. Furthermore, the few studies reporting on metal adsorption isotherms in the
presence of other components in solution have provided scantly results with very
limited applications.

The adsorption of a component onto activated carbon is affected by the
presence of other solution components that may compete for the same adsorp-
tion sites. Adsorption of a single component onto a porous solid is generally rep-
resented by the adsorption isotherm, which is a mathematical relationship ex-
pressing the equilibrium that exists between the moles of the component
adsorbed onto the solid surface and the concentration of that component re-
maining in solution. The most commonly applied isotherm models for solid-liq-
uid systems are the Langmuir and Freundlich isotherms. The adsorption
isotherm for a single component allows evaluation of the capacity of the adsor-
bent for a particular component solely present in the solution. In other words,
the adsorption isotherm describes a relationship between 2 variables and is il-
lustrated by a two-dimensional graph.

When 2 or more components are being adsorbed simultaneously from an
aqueous solution, the adsorption isotherm is much more complex than when a
single component is adsorbed. The adsorption of 2 components may be repre-
sented by a three-dimensional isotherm in which the moles adsorbed are plotted
against the concentrations of the 2 components. The moles adsorbed may be
composed of either or both of the solution species. The adsorption surface is
thus obtained. This method of plotting the adsorption isotherm has been used by
Volesky et al. (1,2,3) to represent adsorption isotherms for 2 metallic ions onto
biosorbents or biomass.

Because of their chemical similarity, cadmium and zinc ions are generally
found together in industrial wastewaters. To manage ion removal systems, re-
searchers must evaluate the effect of competitive adsorption between these 2 ions.
Few studies of competitive adsorption between Cd(II) and Zn(II) from aqueous
solution onto activated carbon have been reported in the literature. Gabaldon et al.
(4) measured the percentage of removal for Cd(II) and Zn(II) when both ions were
adsorbed simultaneously. They reported a lower percentage of removal for simul-
taneous adsorption than when each ion was adsorbed independently, and they con-
cluded that the percentage removal of each ion was reduced by the presence of the
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other. Those authors presented their data as percentage removal for each ion as a
function of the initial concentration of the other ion and not as three- dimensional
adsorption isotherms.

A number of researchers have studied the multicomponent adsorption of
heavy metals from aqueous solution onto activated carbons (4,5), goethite (6), lig-
nite (7), peat (8), and pine bark (9). Several multicomponent adsorption isotherm
models have been used to describe the experimental data. The adsorption of
Cu(II)-Ni(II), Cu(II)-Cd(II), Cu(II)-Zn(II), and Cd(II)-Zn(II) onto activated car-
bon were modeled with the surface-complex-formation triple layer model (4,5).
The bisolute adsorption of the systems Cu(II)-Cd(II), Cu(II)-Ni(II), and Cd(II)-
Ni(II) on pine bark were fitted to the bisolute Langmuir model, extended Fre-
undlich model, Sips model, and the ideal adsorption solution theory model with
the single-solute adsorption isotherm constants (9). The competitive adsorption of
Cu(II) and Ni(II) on peat was studied by Ho and McKay (8) who reported that
their data were described reasonably well with a bisolute Langmuir isotherm mod-
ified with an interaction factor.

Our aim was to determine simultaneous isotherms for Cd(II) and Zn(II) ad-
sorbed from an aqueous solution onto activated carbon and to represent these
isotherms as adsorption surfaces.

EXPERIMENTAL METHODS

All Cd(II) and Zn(II) solutions were prepared from Cd(NO3)4H2O and
Zn(NO3)6H2O, and the solution pH was adjusted with 0.01 mol/L HNO3 and
NaOH solutions. The activated carbon used in this study is commercially known
as C carbon and is produced from sawdust by Carbones Mexicanos S. A. C car-
bon has a surface area of 781 m2/g, pore volume of 0.397 cm3/g, average pore di-
ameter of 2.07 nm, particle density of 1.51 g/cm3, and mean particle diameter of
0.416 mm. The carbon as received from supplier contained dust and was treated
to remove it. The carbon was washed with deionized water as many times as
needed to remove the dust and was dried in an oven at 110°C for 24 hours. Soon
afterward the carbon was stored in plastic containers.

Adsorption isotherm experiments were carried out in a batch adsorber that
consisted of an 500 or 1000 mL Erlenmeyer flask. The metal ion solution and
granular activated carbon were maintained in contact within the adsorber. The car-
bon was placed in a nylon mesh basket to avoid formation of fine particles due to
attrition between the carbon and adsorber walls. Such fine particles could interfere
in the determination of metal ion concentration in aqueous solution. The adsorber
was maintained partially submerged in a constant-temperature water bath and the
solution within the flask was stirred continuously with a Teflon-coated stirring bar
over a magnetic stirrer located under the water bath.

COMPETITIVE ADSORPTION OF Cd(II) AND Zn(II) 3675

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

3676 LEYVA-RAMOS ET AL.

Aqueous concentrations of Cd(II) and Zn(II) were determined using atomic
absorption spectrophotometric methods (10). Absorbance of a sample was mea-
sured with a double beam Varian Spectra AA-20 atomic spectrophotometer and
metal ion concentration was determined by comparing absorbance with a previ-
ously prepared, standard calibration curve.

We performed adsorption experiments by adding a known mass of carbon
to a specific volume of an aqueous solution of previously determined metal ion
concentration. Carbon doses of 1, 2, and 4 g/L were used in the experiments, and
the initial concentrations of Cd(II) and Zn(II) varied from 0.04 to 1.5 mmol/L.
Metal ion solution and carbon remained in contact until equilibrium was reached.
Samples were taken at various times to follow the progress of adsorption, and
metal ion concentration in solution was determined as described above for each
sample. When 2 consecutive samples showed no change in metal ion concentra-
tion, the system was considered to be at equilibrium. Preliminary runs showed that
the equilibrium was reached between 5 and 7 days. The molar uptake of the metal
ion adsorbed was calculated by performing a mass balance for the metal ion. All
adsorption experiments were carried out at pH 7 and 25°C.

RESULTS AND DISCUSSION

Single Adsorption Isotherms for Cd(II) and Zn(II)

We chose C carbon to use in this study because in a previous study (11) both
Zn(II) and Cd(II) were reported to adsorb more on C carbon than on other com-
mercial carbons. Single adsorption isotherms for Zn(II) and Cd(II) onto C carbon
at 25°C and pH 7 are shown in Fig. 1. Experimental data were fitted to the Lang-
muir isotherm represented by the following equation:

qi � �
1
qm

�
,iK

K
i

i

C
C

i

i
� (1)

The constants for this isotherm were obtained by a method of least-squares
based on the optimization algorithm of Rosenbrock-Newton. Table 1 presents the
values of the isotherm constants and the average percent deviation, which is de-
fined as follows:

%D � ��
N
1

� ∑
N

i�1
��

qexp

q
�

exp

qcal
� � � � 100% (2)

As shown by the average percent deviation values reported in Table 1, a reason-
able fit to the experimental data was obtained with the application of the Langmuir
isotherm. The Freundlich isotherm was also tested, but a better fit was obtained
with the Langmuir isotherm. Several authors (12,13) found that the experimental
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single-solute adsorption isotherm data for Zn(II) and Cd(II) from aqueous solution
onto different types of activated carbon can be represented by the Langmuir
isotherm.

Comparison of the individual adsorption isotherms shown in Fig. 1 illus-
trates that the maximum molar uptake of Zn(II) adsorbed is close to 1.6 times that
of Cd(II). In other words, the order of the single-component adsorption capacity
is Zn(II) �Cd(II). Gabaldon et al. (4) and Seco et al. (5) reported similar results
for the single-component adsorption of Cd(II) and Zn(II) onto some activated car-
bons.

Zn(II) can be adsorbed more selectively on C carbon than can Cd(II). This
result cannot be attributed to accessibility of the internal surface area due to dif-

Figure 1. Single adsorption isotherms for Zn(II) and Cd(II) onto C carbon at pH 7 and
25°C.

Table 1. Langmuir Isotherm Constants for Single Cd(II) and Zn(II)
Adsorption onto C Carbon at 25�C and pH 7

qm,i Ki

Ion (mmol/g) (L/mmol) %D

Cd(II) 0.175 21.22 11.21
Zn(II) 0.280 84.88 7.94
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ferences in ion sizes because the hydrated radius of Zn(II) (0.430 nm) is very sim-
ilar to that of Cd(II) (0.426 nm) (14). This difference in adsorption capacity can-
not be explained so simply and it is probably related to the electrostatic attraction
between the very heterogeneous surface of the activated carbon and the metal ions
in solution. In previous studies (15,16), researchers reported that at pH 7 the sin-
gle adsorption of Cd(II) and Zn(II) is facilitated by the electrostatic attractions be-
cause these metals exist as Cd2� and Zn2� in water solution and the surface of C
carbon is negatively charged.

Another possible explanation for the relatively high Zn(II) selectivity is re-
lated to the ability of Cd(II) and Zn(II) to be adsorbed on one kind of surface sites
while Zn(II) can also be adsorbed on other kind of surface sites. This means that
the single adsorption isotherm of Zn(II) should be represented by a dual-site Lang-
muir isotherm, known as the bi-Langmuir isotherm (17). However, a Scatchard
plot (q/C vs. q) of the single solute adsorption data of Zn(II) did not suggest that
Zn(II) was adsorbed on 2 kinds of sites (17). Thus, the single-site Langmuir
isotherm is appropriate to represent the single adsorption of both metal ions.

Simultaneous Cd(II) and Zn(II) Adsorption

As cadmium and zinc ions usually occur together in industrial wastewaters
(18), the effect of each ion on the adsorption properties of the other is important
information for managing efficient removal techniques. These 2 ions can compete
for the same active sites when adsorbed onto C carbon, so that when both ions are
present in solution, adsorption of each will be altered depending on the concen-
tration of the other.

The single adsorption isotherm of a specific solute in an aqueous solution is
mainly a function of solution pH, temperature, and the characteristics of the ad-
sorbing material. However, in multicomponent systems, the adsorption isotherm
of a certain solute is also dependent on the concentration and characteristics of the
other solutes in the aqueous solution. The solute of interest may be in competition
with other solutes for the same active adsorption sites.

The experimental data for simultaneous Cd(II) and Zn(II) adsorption were
interpreted with the bisolute Langmuir isotherm because the Langmuir isotherm
best fit the single adsorption data for both Zn(II) and Cd(II) onto C carbon at pH
7 and 25°C. The competitive Langmuir isotherms for Cd(II) and Zn(II) are repre-
sented as follows (19):

qCd � (3)

qZn � (4)
qm,Zn KZn CZn

���
1 � KCd CCd � KZn CZn

qm,Cd KCd CCd
���
1 � KCd CCd � KZn CZn
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The constants of these 2 isotherms are from the single-solute Langmuir
isotherms and are reported in Table 1. This isotherm model successfully fitted
the competitive adsorption of Cu(II)-Ni(II) onto pine bark (9) and of Zn(II)-
Cd(II), Cu(II)-Cd(II), and Cu(II)-Zn(II) onto a biosorbent prepared from sea-
weed (1).

The experimental molar uptake values of Cd(II) and Zn(II) were compared
to the molar uptake values of Cd(II) and Zn(II) predicted with the bisolute Lang-
muir isotherm, as plotted in Fig. 2. As shown in this figure, the bisolute Langmuir
isotherm overestimated the molar uptake of Zn(II) and the average percent devia-
tion was 94.0%. However, it underestimated the molar uptake of Cd(II) and the
average percent deviation was 33.36%. Thus, the binary adsorption data cannot be
properly described with the bisolute Langmuir isotherm.

As documented in the literature (9), the bisolute Langmuir model provides
a reasonable fit to the multicomponent adsorption data as long as the qm,i values
for each metal evaluated from single-solute Langmuir isotherm are similar to each
other. As previously noted, qm,Zn is approximately 1.6 times greater than qm,Cd.

Jain and Snoeyink (20) assumed that some adsorption occurs without com-
petition because not all sites are available to all solutes. They modified the biso-
lute Langmuir isotherm for systems in which the qm,i values of components are
different, proposing the following isotherm for the solute with the higher qm,i,

Figure 2. Comparison between the experimental molar uptake and the molar uptake pre-
dicted with the bisolute Langmuir isotherm.
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which in our study is Zn(II):

qZn � � (5)

The isotherm for the solute with the lower qm,i is the same as that represented in
Eq. (3). The constants are from the single-solute Langmuir isotherms and are
noted in Table 1. In Eq. (5), the difference between the maximum molar uptakes
is the number of sites with noncompetitive adsorption.

The modified bisolute Langmuir isotherm was used by Christophi and Axe
(6) to describe the binary adsorption of the systems Cd(II)-Cu(II), Cd(II)-Pb(II),
and Cu(II)-Pb(II) onto goethite. This modified bisolute Langmuir isotherm pro-
vided a better fit to the experimental data of the 4 binary systems than did the biso-
lute Langmuir isotherm.

The modified bisolute Langmuir model was applied to the experimental
data for simultaneous Cd(II) and Zn(II) adsorption and as shown in Fig. 3, over-
predicted the molar uptake of Zn(II), with an average deviation of 112.7%. The
modified bisolute Langmuir isotherm failed to predict the molar uptake of Zn(II),
and its prediction had a higher average percent deviation than that obtained with
the bisolute Langmuir isotherm.

Ho and McKay (8) modified the bisolute Langmuir isotherm with an inter-
action factor, 	, and obtained an excellent fit of the adsorption data of Cu(II) and

qm,CdKZnCZn
���
1 � KCdCCd � KZnCZn

(qm,Zn � qm,Cd) KZnCZn
���

1 � KZnCZn

Figure 3. Comparison between the experimental molar uptake and the molar uptake pre-
dicted with the modified bisolute Langmuir isotherm.
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Ni(II) onto peat. The model proposed by these authors can be represented as fol-
lows:

qCd � (6)

qZn � (7)

where 	i,j is the interaction factor of metal i for the adsorption of metal j. This in-
teraction factor is specific to each metal ion in a given system and depends upon
the other metal ions present. This interaction-factor isotherm model was satisfac-
torily used to represent the multicomponent adsorption equilibrium data of dyes
on activated carbon (21).

We obtained the best interaction factor by fitting the isotherm models to the
experimental data with a method of least-squares that employs an optimization al-
gorithm. The values of the interaction factors are as follows: 	Cd,Cd � 1.02; 	Zn,Cd

� 3.29; 	Cd,Zn � 0.089; and 	Zn,Zn � 1.26. Figure 4 shows a comparison between

qm,Zn KZn ��	
C

Zn

Z

,

n

Zn
��

����
1 � KCd ��	

C

Cd

C

,

d

Zn
�� � KZn ��	

C

Zn

Z

,

n

Zn
��

qm,Cd KCd ��	C

Cd

C

,

d

Cd
��

����
1 � KCd ��	C

Cd

C

,

d

Cd
�� � KZn ��	C

Zn

Z

,

n

Cd
��

Figure 4. Comparison between the experimental molar uptake and the molar uptake pre-
dicted with the bisolute Langmuir isotherm modified with the interaction factor.
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the experimental molar uptake and the molar uptake predicted with the bisolute
Langmuir isotherm that has been modified with the interaction factor. As shown
in Figure 4, this bisolute Langmuir isotherm interprets the experimental data for
both ions reasonably well. The average percent deviation was 18.8% for Cd(II)
and 31.0% for Zn(II), which are the lowest values for all the models tested in this
work.

The experimental data for the competitive adsorption isotherms of Cd(II)
and Zn(II) are displayed in Figs. 5 and 6, respectively. The bisolute Langmuir
isotherms modified with the interaction factor, determined through the single-so-
lute Langmuir constants (Table 1) and the best values of the interaction factors,
are also plotted in these figures. At all Zn(II) concentrations, the Zn(II) adsorption
isotherm decreased as the Cd(II) concentration increased. The same behavior was
observed for the Cd(II) adsorption isotherm with respect to Zn(II) concentration.

An alternate method for representing the Langmuir isotherms for competi-
tive Cd(II) and Zn(II) adsorption (Eqs. 6 and 7) is to graph the adsorption isotherm
of one of the ions while the concentration of the other ion is kept constant. Ad-
sorption isotherms for Zn(II) at different Cd(II) isoconcentrations are shown in Fig.
7. The uptake of Zn(II) was reduced significantly by the presence of Cd(II) with
greater reduction at lower Zn(II) concentrations. For example, at a Zn(II) equilib-
rium concentration value of 0.1 mmol/L, the uptake of Zn(II) adsorbed without

Figure 5. Adsorption isotherm for Cd(II) onto C carbon in the presence of Zn(II) at pH 7
and 25°C.
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Figure 6. Adsorption isotherm for Zn(II) onto C carbon in the presence of Cd(II) at pH 7
and 25°C.

Figure 7. Effect of Cd(II) concentration on the Zn(II) adsorption isotherm onto C carbon
at pH 7 and 25°C.
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Cd(II) was reduced by 60.7, 75.5, 86.1, 90.3 and 92.5% for Cd(II) concentration at
equilibrium values of 0.05, 0.1, 0.2, 0.3 and 0.4 mmol/L, respectively.

Cd(II) adsorption isotherms at different Zn(II) isoconcentrations are shown
in Fig. 8. The uptake of Cd(II) decreased as concentration of the competitive
Zn(II) ion increased. For a Cd(II) concentration at equilibrium of 0.1 mmol/L, the
uptake of Cd(II) adsorbed in the absence of Zn(II) decreased by 45.5, 62.5, 71.5
and 77.0% in respective Zn(II) concentration at equilibrium values of 0.1, 0.2, 0.3
and 0.4 mmol/L. In the presence of the competing ion, the uptake of Zn(II) de-
creased to a greater extent than the uptake of Cd(II). Thus, Zn(II) is more sensi-
tive to the presence of the competing ion than is Cd(II).

CONCLUSIONS

Experimental data for single Cd(II) and Zn(II) adsorption isotherms on C
carbon fit reasonably well to the Langmuir isotherm. The maximum molar uptake
of Zn(II) was 1.6 times that of Cd(II).

Experimental data for simultaneous Cd(II) and Zn(II) adsorption onto C car-
bon correlated well to the bisolute Langmuir isotherm modified with an interac-

Figure 8. Effect of Zn(II) concentration on the Cd(II) adsorption isotherm on C carbon
at pH 7 and 25°C.
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tion factor. The simultaneous adsorption isotherms for Cd(II) and Zn(II) were al-
ways reduced compared to the single adsorption isotherms for these ions. The
Zn(II) adsorption isotherm was affected more by the presence of the other ion than
was that of Cd(II). The adsorption isotherm for a given ion is always reduced by
the presence of the other because the 2 ions compete for some, but not all, of the
same active sites.

NOMENCLATURE

CCd concentration of Cd(II) in aqueous solution at equilibrium (mmol/L)
Ci concentration of metal ion in aqueous solution at equilibrium (mmol/L)
CZn concentration of Zn(II) in aqueous solution at equilibrium (mmol/L)
Ki Langmuir isotherm constant for metal i, (L/mmol)
N number of experimental data
qcal molar uptake of metal predicted with an isotherm model (mmol/g)
qCd molar uptake of Cd(II) adsorbed (mmol/g)
qexp molar uptake of metal measured experimentally (mmol/g)
qi molar uptake of metal adsorbed (mmol/g)
qm,i molar uptake of metal adsorbed once a monolayer is formed (mmol/g)
qZn molar uptake of Zn(II) adsorbed (mmol/g)
	i,j interaction factor of metal i for the adsorption of metal j

ACKNOWLEDGMENTS

This study was funded by CONACyT through grant No. 485100-5-25931A.
In addition CONACyT granted to Luis Armando Bernal Jacome a graduate fel-
lowship (No. 117218) to obtain the Master of Science Degree in Chemical Engi-
neering at Universidad Autonoma de San Luis Potosi.

REFERENCES

1. Chong, K.H.; Volesky, B. Description of Two-Metal Biosorption Equilibria
by Langmuir—Type Models. Biotechnol. Bioeng. 1995, 47 (4), 451–460.

2. Figueira, M.M.; Volesky, B.; Ciminelli, V.S.T. Assessment of Interference
in Biosorption of Heavy Metals. Biotechnol. Bioeng. 1997, 54 (4), 344–350.

3. De Carvalho, R.P.; Chong, K.H.; Volesky, B. Evaluation of the Cd, Cu, and
Zn Biosorption in Two-Metal Systems Using an Algal Biosorbent. Biotech-
nol. Prog. 1995, 11 (1), 39–44.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

3686 LEYVA-RAMOS ET AL.

4. Gabaldon, C.; Marzal, P.; Ferrer, P.; Seco, A. Single and Competitive Ad-
sorption of Cd and Zn onto a Granular Activated Carbon. Wat. Res. 1996,
30 (12), 3050–3056.

5. Seco, A.; Marzal, P.; Gabaldon, C. Study of the Adsorption of Cd and Zn
onto an Activated Carbon: Influence of pH, Cation Concentration, and Ad-
sorbent Concentration. Sep. Sci. Technol. 1999, 34 (8), 1577–1593.

6. Christophi, C.A.; Axe, L. Competition of Cd, Cu and Pb Adsorption on
Goethite. J. Environ. Eng. 2000, 126 (1), 66–74.

7. Allen, S.J.; Brown, P.A. Isotherm Analyses for Single Component and Mul-
ticomponent Metal Sorption onto Lignite. J. Chem. Tech. Biotechnol. 1995,
62, 17–24.

8. Ho, Y.S.; McKay, G. Competitive Sorption of Copper and Nickel Ions from
Aqueous Solution Using Peat. Adsorption 1999, 5 (4), 409–417.

9. Al-Asheh, S.; Banat, F.; Al-Omari, R.; Duvnjak, Z. Predictions of Binary
Sorption Isotherms for the Sorption of Heavy Metals by Pine Bark Using
Single Isotherm Data. Chemosphere 2000, 41, 659–665.

10. Varma, A. Handbook of Atomic Absorption Analysis; CRC Press: Boca Ra-
ton, Florida, 1987; 68–72.

11. Bernal-Jacome, L.A. Adsorcion y Difusion Intraparticular de Zinc (II) en
Solución Acuosa sobre Carbón Activado, M.S. thesis, Universidad
Autónoma de San Luis Potosi, Mexico, 1999. (in Spanish).

12. Reed, B.E.; Matsumoto, M.R. Modeling Cadmium Adsorption by Activated
Carbon Using the Langmuir and Freundlich Isotherm Expressions. Sep. Sci.
Technol. 1993, 28 (13 & 14), 2179–2195.

13. Ferro-Garcia, M.A.; Rivera-Utrilla, J.; Rodríguez-Gordillo, J.; Bautista-
Toledo, I. Adsorption of Zinc, Cadmium, and Copper on Activated Carbon
Obtained from Agricultural By-Products. Carbon 1988, 26 (3), 363–373.

14. Nightingale, E.R. Phenomenological Theory of Ion Solvations. Effective
Radii of Hydrated Ions. J. Phys. Chem. 1959, 63, 1381–1387.

15. Leyva-Ramos, R.; Rangel-Mendez, J.R.; Mendoza-Barron, J.; Fuentes-Ru-
bio, L.; Guerrero-Coronado, R.M. Adsorption of Cadmium (II) from Aque-
ous Solution onto Activated Carbon. Water Sci. Technol. 1997, 35 (7),
205–211.

16. Leyva-Ramos, R.; Bernal-Jacome, L.A.; Mendoza-Barron, J.; Fuentes-Ru-
bio, L.; Guerrero-Coronado, R.M. Adsorption of Zinc (II) from Aqueous So-
lution onto Activated Carbon. J. Hazardous Materials 2002, 89 (2–3).

17. Guiochon, G.; Shirazi, S.G.; Katti, A.M. Fundamentals of Preparative and
Nonlinear Chromatography; Academic Press: London, UK, 1994; 68–69.

18. Gonzalez-Pradas, E.; Villafrana-Sánchez, M.; Canton Cruz, F. Adsorption
of Cadmium and Zinc from Aqueous Solution on Natural and Activated
Bentonite. J. Chem. Tech. Biotechnol. 1994, 59, 289–295.

19. Do, D.D. Adsorption Analysis Equilibria and Kinetics; Imperial College
Press: London, UK, 1999; 191–194.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

COMPETITIVE ADSORPTION OF Cd(II) AND Zn(II) 3687

20. Jain, J.S.; Snoeyink, V.L. Adsorption from Bisolute Systems on Active Car-
bon. J. WPCF, 1973, 45 (12), 2463–2479.

21. McKay, G.; Al-Duri, B. Prediction of Multicomponent Adsorption Equilib-
rium Data Using Empirical Correlations. Chem. Eng. J. 1989, 41, 9–23.

Received October 1999
Revised March 2001

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Order now!

 

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081SS100108355

Request Permission or Order Reprints Instantly! 

Interested in copying and sharing this article? In most cases, U.S. Copyright 
Law requires that you get permission from the article’s rightsholder before 
using copyrighted content. 

All information and materials found in this article, including but not limited 
to text, trademarks, patents, logos, graphics and images (the "Materials"), are 
the copyrighted works and other forms of intellectual property of Marcel 
Dekker, Inc., or its licensors. All rights not expressly granted are reserved. 

Get permission to lawfully reproduce and distribute the Materials or order 
reprints quickly and painlessly. Simply click on the "Request 
Permission/Reprints Here" link below and follow the instructions. Visit the 
U.S. Copyright Office for information on Fair Use limitations of U.S. 
copyright law. Please refer to The Association of American Publishers’ 
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted, 
reposted, resold or distributed by electronic means or otherwise without 
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the 
limited right to display the Materials only on your personal computer or 
personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 

 

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1

http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=SS&title=COMPETITIVE+ADSORPTION+OF+Cd%28II%29+AND+Zn%28II%29+FROM+AQUEOUS+SOLUTION+ONTO+ACTIVATED+CARBON&offerIDValue=18&volumeNum=36&startPage=3673&isn=0149-6395&chapterNum=&publicationDate=12%2F31%2F2001&endPage=3687&contentID=10.1081%2FSS-100108355&issueNum=16&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+11%3A40%3A51&publisherName=dekker&orderBeanReset=true&author=R.+Leyva-Ramos%2C+L.+A.+Bernal-Jacome%2C+R.+M.+Guerrero-Coronado%2C+L.+Fuentes-Rubio&mac=R26%M%hq8HnENskKKakreQ--

