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Abstract: The adsorption behaviour of cobalt (II) from aqueous solutions on un-treated and treated peat moss was
investigated. The treatments suppose the mixing of peat moss with 0.2 mol/L aqueous solution of HNO3 and NaOH,
respectively. The influence of initial solution pH, peat moss dose, initial cobalt (II) concentration and contact time, was
studied in batch experiments. The optimum results were obtained at pH = 6.0 (acetate buffer), an adsorbent dose of 5 g/L
and an initial concentration of 240 mg Co(II)/L. The experimental results have show that in case of peat moss treated with
NaOH, the adsorption capacity increase with 15 % and the contact time necessary for to attain the equilibrium decrease
until 15 min. In case of peat moss treated with HNO3, the adsorption capacity slowly decrease and the contact time
required for to attain the equilibrium has almost the same value as un-treated peat. The adsorption process of cobalt (II) on
un-treated and treated peat moss was tested with Langmuir isotherm model and the isotherm constants were deduced from
this.
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of different metal ions under various experimental
conditions. In most of these is showed that such natural or
waste products can be good adsorbents for metal ions and
some of them have excellent ion-exchange properties.
The adsorbent used in this study is peat moss (from
Poiana Stampei, Romania). This a complex material,
obtained by partial degradation of vegetables, and where
the major constituents are cellulose, lignin and humic
substances [15]. Due to these constituents, the peat moss
has in its structure different polar groups (such as
carboxylic, phenolic, alcoholic, etheric, etc.) which can
chemical bind metal ions from aqueous solutions.
In ours previous studies [16, 17], it has that cobalt (II)
can be successfully removed from aqueous solutions
(> 97 %) when its initial concentration is lower than 100
mg/L. For a higher initial metal ion concentration the
cobalt removal percents drastically decrease, and the
adsorption process is not efficient any more.
In order to improve the adsorption capacity of peat
moss for cobalt, simple chemical treatments were used.
These treatments suppose the mixing of peat moss with
0.2 mol/L aqueous solutions of HNO3 and NaOH,
respectively. An increasing of adsorption capacity for
cobalt (II) with less 15 % and a decreasing of contact time
necessary for to attain the equilibrium until 15 min was
obtained, when the peat moss was treated with NaOH
solution. The main advantage of this procedure is that the
increasing of adsorption capacity of peat moss is done
without to be used additional expensive additives.
In this study, the batch experiments were conducted in
order to investigate the adsorption of cobalt (II) ions from
aqueous solutions on un-treated and treated peat moss.

1. Introduction
Environmental contamination with metal ions
represents a potential treat to human, animals and plants.
The metal ions do not undergo biodegradation and many of
them are soluble in aqueous solutions, therefore become
more available for living systems and accumulate in the
environment [1].
Cobalt (II) compounds are essential in many
industries. Their applications in nuclear power plants,
metallurgy, mining, pigments, paints and electronic are
only few examples where the presence of cobalt in waste
waters represents a major environmental problem [2, 3].
Conventional methods for removing dissolved metal
ions fro aqueous media include chemical precipitation,
chemical oxidation and reduction, ion exchange and
activated carbon adsorption [3-5]. However, these
processes have significant disadvantages, such as
incomplete removal of metal ions, high quantities of toxic
sludge, required additional reagents and have high
operation cost.
In recent years, considerable attention has been
received the utilization of adsorption technique, in which
the adsorbents are natural material or industrial and
agricultural wastes, to passively remove of metal ions from
aqueous effluents. Thus, the utilization of peat [6-8], living
and death biomass [9-11] or clay and related minerals [1214] offers an efficient and cost-effective alternative
compared to traditional chemical and physical remediation
and decontamination techniques.
A large number of studies from literature related the
performances of different such adsorbents for the removal

13

Chem. Bull. "POLITEHNICA" Univ. (Timişoara)

Volume 54(68), 1, 2009

The influence of initial solution pH, peat moss dose,
initial cobalt (II) concentration and contact time, was
studied in order to establish the optimum experimental
conditions for adsorption process. The Langmuir isotherm
model was used for the mathematical description of cobalt
(II) adsorption on un-treated and treated peat moss, and the
isotherm constants were deduced from this.

The cobalt (II) adsorption on un-treated and treated
peat moss was quantitatively evaluated using amount of
metal ion adsorbed on weight unit of adsorbent (q, mg/g)
and percent of cobalt removal (R, %), calculated according
with their definition relations [20].

3. Results and discussion
Peat moss is usually described as a complex material,
which contains organic matter in various decomposition
stages [15], and which has as major constituent lignin,
cellulose and humic substances. These constituents contain
numerous functional groups, which can be involved in
specific
chemical
interaction
(ion-exchange
or
complexation) with metal ions, during of their adsorption
from aqueous solutions. Thus, the efficiency of adsorption
process will depend both on the affinity of metal ion for
functional groups from adsorbent surface, and on the
availability of these to interact with metal ions.
For a particular metal ion, the increasing of adsorption
process efficiency can be done by increasing the
availability of functional groups from adsorbent surface,
using specific treatments. Thus, we select HNO3 and NaOH
for the treatments, because a mineral acid can remove the
metal ions which are already complexed on superficial
functional groups of adsorbent (and thus these become
free), and a strong base for to increase the ionization degree
of the functional groups of adsorbent, without to be
affected the structure and the conformation of peat moss.
Under these conditions is expected that the amount of
cobalt ion retained on peat moss to depend on the type of
chemical treatment, as well as other experimental
parameters, such as initial solution pH, adsorbent dose,
initial metal ion concentration and contact time.

2. Experimental
2. 1. Materials
Experiments were carried out using peat moss
sampled from Poiana Stampei, Romania. The material was
dried in air (4 days) at room temperature, and the grounded
and sieved the particles have the granulation less than
1-2 mm.
All chemical reagents were of analytical degree and
were used without further purifications. The stock solution
of cobalt, containing 600 mg Co(II)/L, was prepared by
cobalt nitrate (from Aldrich) dissolving in twice distilled
water. After preparation the solution was standardized [18],
for to determine the exact concentration of metal ion. The
working solutions were obtained by diluting the stock
solution with twice distilled water. The initial solution pH
values of work aqueous solutions were obtained using 2N
HNO3 solution or acetate buffer (CH3COOH/CH3COONa).
2. 2. Methods
The treatment of peat moss was done with HNO3 and
NaOH. Thus, 2.0 g of peat moss was mechanically shake,
for 60 min, with 100 mL of 0.2 mol/L HNO3 and 0.2 mol/L
NaOH, respectively. After 24 hours, the peat moss samples
were filtrated, washed with twice distilled water (1012 times), dried for 5 hours at 80-85 °C and then mortared.
The adsorption experiments were performed by batch
technique, mixing samples of cca. 0.125 g of un-treated and
treated peat moss with volumes of 25 mL solution of
known concentration of lead (24 – 240 mg Co(II)/L), in a
150 mL conical flasks. The initial pH of work solutions
was obtained adding small volumes of 2N HNO3 solution
(for pH=2.0 and 3.0) and 5.0 mL of acetate buffer (for pH
= 4.0 and 6.0), and was measured with a Radelkis OK-281
pH/ion-meter, equipped with a combined glass electrode.
After a determined time (usually 24 hours) with
intermittent stirring, the phases were separated by filtration
and the cobalt (II) concentration in filtrate was analyzed
spectrophotometrically with rubeanic acid (Digital
Spectrophotometer S 104 D, λ = 450 nm, 1 cm glass cell,
against a blank solution [19]), using a prepared calibration
graph.
The effect of peat moss dose on cobalt (II) adsorption
was determined by mixing adsorbent samples between 3
and 30 g/L with 25 mL of cobalt (II) solution (50 mg/L) at
pH = 6.0. For the contact time experiments, we use the
same procedure as described above, with the difference that
the samples were filtrated after a specific period of time.

3. 1. Effect of initial solution pH
The initial solution pH is an important parameter in
the adsorption process of metal ions from aqueous
solutions, which affect both the dissociation degree of
functional groups from adsorbent surface and the
speciation and solubility of metal ions [21].
In this study, the initial solution pH was adjusted with
2N HNO3 (for pH=2.0 and 3.0) and with acetate buffer (for
pH = 4.0 and 6.0). The adsorption efficiency of cobalt (II)
on un-treated and treated peat moss as a function of initial
solution pH is presented in Figure 1.
As can be seen from Figure 1, the adsorption
efficiency gradually increased with the increase of initial
solution pH, and this effect is more pronounced in case of
peat moss treated with NaOH, than in case of un-treated
peat moss, or for the peat moss treated with HNO3.
This behaviour is mainly determined by the ionic state
of functional groups from adsorbent surface involved in
adsorption process. Thus at pH = 2.0, most of functional
groups are un-dissociated and the obtained values of
removal percent are lower (< 15 %), in all cases. The
increasing of initial solution pH determined the increasing
of functional groups dissociation degree, and thus the
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cobalt (II) ions can be more easily bonded. In consequence,
the adsorption efficiency increases.
Because the maximum efficiency of cobalt (II)
removal is obtained at initial solution pH = 6.0 (acetate
buffer), this was considered as optimum value, and was
used in all further experiments.

3.3. Effect of initial cobalt (II) concentration
The cobalt (II) removal on un-treated and treated peat
moss was studied as a function of its initial concentration
under optimized conditions, initial solution pH and amount
of adsorbent.
The amount of cobalt (II) retained on weight unit of
adsorbent (q, mg/g) (Fig. 3a) increase with the increasing
of initial metal ion concentration from aqueous solution. At
the same time, the percent of cobalt (II) removal (R, %)
(Fig. 3b) sharply decrease with the increasing of the initial
concentration. This opposite trend is determined by the fact
that at higher concentrations, the most superficial groups
are already occupied and in consequence, the diffusion of
cobalt (II) ions to the un-reacted functional groups is
inhibited.
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Figure 1. Effect of initial solution pH on cobalt (II) removal on (1) untreated peat moss, (2) peat moss treated with HNO3, (3) peat moss treated
with NaOH (50 mg Co(II)/L, peat dose = 5 g/L; time = 24 h; t = 19.5 °C)
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3. 2. Effect of peat moss dose
Figure 2 presents the effect of adsorbent dose for
cobalt (II) adsorption on un-treated and treated peat moss.
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Figure 2. Effect of adsorbent dose for cobalt (II) removal on (1) un-treated
peat moss, (2) peat moss treated with HNO3, (3) peat moss treated with
NaOH (50 mg Co(II)/L, pH = 6.0 (acetate buffer), time = 24 hours,
t = 19.5 °C)
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Figure 3. Effect of initial cobalt (II) concentration on the adsorption on (1)
un-treated peat moss, (2) peat moss treated with HNO3, (3) peat moss
treated with NaOH (pH = 6.0 (acetate buffer), 5 g peat moss/L, time = 24
hours, t = 19.5 °C)

It can be observed that varying the adsorbent dose
from 3 to 30 g/L, the q values decrease from 9.36 to
4.23 mg/g for un-treated peat moss, from 9.02 to 3.57 for
peat moss treated with HNO3, and from 9.68 to 4.88 for
peat moss treated with NaOH, respectively. Therefore 5 g
peat moss/L was considered sufficient for quantitative
removal of cobalt (II) from aqueous solutions, and was
selected as the optimum value for the adsorption
experiments.

On the other hand, the efficiency of cobalt (II)
removal follows the order: peat moss treated with NaOH
(q = 34.20 mg/g) > un-treated peat moss (q = 29.75 mg/g)
> peat moss treated with HNO3 (q = 20.85 mg/g) for an
initial cobalt (II) concentration of 240 mg/L. The
experimental results indicate that in case of peat moss
treated with NaOH, the adsorption capacity for cobalt (II)
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increase with 15 %, in comparison with un-treated peat
moss.
A good retention of cobalt (II) take place at initial
metal ion concentration lower than 95 mg/L in case of untreated peat moss, 65 mg/L in case of peat moss treated
with HNO3, and 120 mg/L in case of peat moss treated with
NaOH, when the residual concentration is lower than the
permissible limit for cobalt discharge. The increasing of
initial cobalt (II) concentration over these values,
determined a decrease of adsorption efficiency, and in
consequence for its removal are necessary two or more
adsorption steps.
These experimental results suggest that the removal of
cobalt (II) from aqueous solutions, by adsorption on untreated and treated peat moss occurs predominantly by ionexchange interactions, and the efficiency of adsorption
process depends on the ionic state of superficial functional
groups of adsorbent. Thus, in case of peat moss treated
with HNO3, most of functional groups are un-dissociated
and the number of electrostatic interactions between these
and the metal ion is low. When, the peat moss is treated
with NaOH, the dissociation degree of functional groups
increase drastically, and the ion-exchange interactions are
facilitated.

(II) adsorption on un-treated and treated peat moss occurs
predominantly by electrostatic interactions.
3.4. Adsorption isotherms
The different values of cobalt removal percents
obtained for its adsorption on un-treated and treated peat
moss are in agreement with the values of quantitative
parameters obtained from Langmuir isotherm model. This
model gives the best fit of experimental results.
The Langmuir isotherm model can be used when the
adsorbed coverage is limited to one molecular layer, and
describes chemosorption as the formation of an ionic or
covalent bond between adsorbent and metal ion [21]. The
linear expression of Langmuir isotherm model is:

c
c
1
=
+
q q max q max ⋅ K L

where: qmax is the maximum adsorption capacity (mg/g), q
is the equilibrium adsorption capacity (mg/g), c is the
equilibrium solution concentration (mg/L) and KL is the
Langmuir constant (L/mg) related to the free energy of
adsorption.
The graphical representation of the linear form of
Langmuir adsorption isotherm model for the cobalt (II)
adorption on un-treated and treated peat moss is illustrated
in Fig. 5, and the isotherm model parameters are
summarized in Table 1.

3. 4. Effect of contact time
The effect of contact time between adsorbent (untreated and treated peat moss) and cobalt (II) aqueous
solutions with an initial concentration of 50 mg/L and
pH = 6.0 (acetate buffer) is illustrated in Fig. 4.
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Fig. 5. Application of Langmuir model for cobalt (II) adsorption on (1)
un-treated peat moss, (2) peat moss treated with HNO3, (3) peat moss
treated with NaOH (pH = 6.0 (acetate buffer), 5 g peat/L, time = 24 hours)
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The high values of correlation coefficients (R2 > 0.98)
indicate a good agreement between parameters and confirm
the monolayer adsorption of cobalt (II) on un-treated and
treated peat moss. The maximum adsorption capacity
(qmax), which is a measure of adsorption capacity to form a
monolayer, is higher in case of cobalt (II) adsorption on
peat moss treated with NaOH, than in case of cobalt (II)
adsorption on un-treated peat moss, and both are higher
than the value obtained in case of cobalt (II) adsorption on
peat moss treated with HNO3. In addition, the KL values
decrease in the same order, and suggest that between
functional groups of adsorbent and cobalt (II) ions from
aqueous solution strong interactions occur.

Figure 4. The effect of contact time on cobalt (II) removal on (1) untreated peat moss, (2) peat moss treated with HNO3, (3) peat moss treated
with NaOH (5 g peat/L, t = 19.5 °C)

It can be seen that the cobalt (II) removal percent
increase rapidly with the contact time up to 15 min for the
peat moss treated with NaOH, up to 60 min for the untreated peat moss, and up to 100 min in case of peat moss
treated with HNO3. After this fast initial step, the rate of
adsorption process becomes slower and the maximum
removal is attained.
The low values of contact time necessarily for to
reach the equilibrium sustains the hypothesis that the cobalt
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TABLE 1. Isotherm constants for cobalt adsorption on studied
peat’s moss

Parameter

Un-treated
peat moss

R2
qmax (mg/g)
KL (L/mg)
∆G (kJ/mol)

0.9874
30.03
0.2220
-23.05

Peat moss
treated with
HNO3
0.9980
21.51
0.2802
-23.63

than the value obtained in case of cobalt (II) adsorption on
peat moss treated with HNO3. In addition, the change in
free energy (∆G) calculated from Langmuir constant
confirm the feasible and spontaneous adsorption of cobalt
(II) on un-treated and treated peat moss.

Peat moss
treated with
NaOH
0.9807
35.21
0.1451
-22.02
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The change in the free energy (∆G) was calculated
from the Langmuir constant using eq (2):
(2)
∆G = − RT ln K L
where: R is universal gas constant (8.314 J/mol K) and T is
the absolute temperature. The negative values of ∆G
(Table 1) indicate that the removal process of cobalt (II) by
adsorption on un-treated and treated peat moss is feasible
and spontaneous. In addition, the lower and negative value
of ∆G obtained in case of cobalt (II) adsorption on peat
moss treated with NaOH suggest that after the treatment,
the availability of functional groups from adsorbent
surface, increase.

4. Conclusions
In this study was investigated the adsorption
behaviour of cobalt (II) from aqueous solutions on untreated and treated peat moss. The treatments suppose the
mixing of peat moss with 0.2 mol/L aqueous solutions of
HNO3 and NaOH, respectively. The adsorption
experiments were carried out in batch systems, in order to
evaluate the adsorption capacity of peat moss before and
after treatments.
The efficiency of cobalt (II) adsorption on un-treated
and treated peat moss was studied as a function of initial
solution pH, adsorbent dose, initial cobalt (II)
concentration and contact time. The optimum results were
obtained at pH = 6.0 (acetate buffer) and adsorbent dose of
5 g/L and an initial concentration of 240 mg Co(II)/L,
when the efficiency of cobalt (II) adsorption as a function
of peat moss type follows the order: peat moss treated with
NaOH (q = 34.20 mg/g) > un-treated peat moss
(q = 29.75 mg/g) > peat moss treated with HNO3
(q = 20.85 mg/g). The experimental results, also indicate
that the removal percent of cobalt (II) increases with the
initial solution and decrease with initial cobalt (II)
concentration.
The Langmuir isotherm model was used for the
mathematical description of cobalt (II) adsorption on untreated and treated peat moss. The maximum adsorption
capacity (qmax) is higher in case of cobalt (II) adsorption on
peat moss treated with NaOH, than in case of cobalt (II)
adsorption on un-treated peat moss, and both are higher
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