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Abstract

The binding capacities of chitin (CT) and chitosan (CS) produced from silkworm chrysalides were investigated aiming at their future application
in the removal of Pb?* and Ni?* from wastewaters. CS with 75% deacetylation degree (DD) exhibited good binding performance for Pb**, but bad
efficiency for Ni’**. The maximum binding capacity obtained from isotherms for CS—Pb was 141.10mgg~" and 52.81 mgg~' for CS—Ni. The
binding capacities for CT were 32.01 mg g~! for Pb>* and 61.24 mg g~' for Ni**. The authors attribute these behaviors to two main factors: (i) the
large ionic size of Pb?* and (ii) the steric hindrance due to CT acetyl groups. Metal binding onto CS was evaluated by the Freundlich and Langmuir
isotherm models. The parameter values obtained from the isotherm analysis confirmed that Pb** and Ni?* interact differently with CS and that
various factors influence their adsorption. Thermogravimetric analysis (TGA) showed that the thermal behavior of CS with 75% deacetylation
degree was in the same profile of standard CS; however, the binding of the metals onto its structure affects the curve profile.
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1. Introduction

Lead (Pb%*) and nickel (Ni2*) are found in low concentra-
tions in some biological systems and high concentrations of
these metals are lethal [1-3]. Pb?* is found in air, water, soil,
rocks and sediments and it is used in glasses, ceramics, tanned
leather, ammunition, and in other types of materials such as met-
als, tubes, batteries, etc. Furthermore, Pb2* has also been used as
abase in different types of inks and many countries have already
prohibited its use in domestic inks [4].

Studies have demonstrated that high levels of Ni>* in human
hair are associated to cardiovascular problems and immune dys-
function by alteration of immunoglobulin levels [5]. The toxicity
of Ni%* has been associated to dermatitis, allergies, renal distur-
bances, hepatitis, infertility, lung cancer, stomatitis, gingivitis,
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insomnia and nauseas. These problems are prevented in humans
[5] by appropriate levels of Fe?*, Cu?*, Zn** and Mn?*, which
inhibit the absorption and retention of Ni**.

Low-priced solid adsorbents have been widely applied in
wastewater treatment throughout the world [6-9]. These adsor-
bents are considered inexpensive because they require little
processing. Low-cost adsorbents can also be easily found in
nature or as industrial sub-products [10]. Examples of low-cost
adsorbents found in nature are bark, a waste from the timber
industry; lignin, a waste from paper industry; dead biomass such
as rice hull, seaweed alginate, xanthate; minerals such as zeo-
lites, clay, fly ash, coal, natural oxides, miscellaneous activated
carbon, peat moss, etc. They are widely applied in wastewa-
ter treatment as an alternative large scale procedure [11-13].
These absorbents may remove Hg>*, Cd>*, Pb>*, Cr% and Cr3*
metallic ions present in industrial process wastewaters [13,14].

Chitosan, CS, is a copolymer of 3-(1,4)-D-glucosamin and
B-(1,4)-N-acetyl-D-glucosamin. It is a crystalline polysaccha-
ride obtained by deacetylation of the biopolymer chitin, CT. It
is widely used due to its biodegradability and nontoxicity. The
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differences between the structures of CT and CS are just the
presence of acetyl in CT and the presence of —NH; groups in
CS. Thus, the —NH; of CS may interact with metallic ions and
studies demonstrate that it is efficient in their adsorption [15,16].
The amine groups in CS possess the best active sites for the for-
mation of complexes with metallic ions, which are stabilized
by coordination [17]. The maximum binding capacity of CS to
heavy metals may decrease as the amount of acetyl groups in its
structure increases. As the adsorption of heavy metals onto CS
is stabilized by the interaction between amine groups and metal-
lic cations, it can be considered that when the amount of amine
groups decreases, in case of the addition of acetylated com-
posites to the chitosan network, the maximum binding capacity
also decreases [17,18]. The CS chains are less flexible after the
addition of either acetyl groups or others carboxyl groups. The
crosslinking of CS by reaction with glutaraldehyde or other moi-
eties and the presence of acetyl groups will hinder the diffusion
of metal ions throughout the network. These effects decrease
the capacity of chemically modified CS to remove heavy metals
from wastewater and drinking water [18-20].

Silkworm chrysalides (BM), Bombix Mori, rejects from silk
fiber industries after fiber extraction, are rich in chitin. With the
intention of finding an inexpensive and high capacity adsorbent
for the removal of Pb%* and Ni%*, we have used CS produced
from CT found in BM [17,21]. To this end, it is important to
investigate the binding capacity of Pb>* and Ni** to CS. CS with
various degrees of deacetylation have been used in adsorption
experiments of Pb>* and Ni>* ions. The binding capacity of
these metallic ions to CT, used in this work as a reference, was
investigated as well.

2. Materials and methods
2.1. Materials

Silkworm chrysalide samples were kindly supplied by Coca-
mar (Cooperativa Agroindustrial, Maringa-PR, Brazil). The
Pb%* and Ni** purchased from Merck and used in the adsorption
experiments as standards had analytical grade. All other reagents
of analytical grade were used without further purification.

2.2. Extraction of CT from BM

BM were dried by lyophilization (Martin Christ, Freeze
Dryer, Alpha 1-2/LD) for 12 h, reduced to powder with a knife
automatic crusher, weighed, and treated with HCl at 1.0 mol Lt
(1:15, w/v) for 1h under stirring at 90 °C, for the removal of
minerals. The residue containing chitin and insoluble protein
remains were filtered and treated with NaOH at 1.0 mol L~!
(1:10) for 2 h under stirring at 70 °C to remove proteins. This
final residue was filtered and washed up to the neutralization of
chitin, CT.

2.3. Preparation of CS

The extracted CT was weighed and treated with 40%
NaOH/NaHB4 (0.250 g of NaHB4 and 300 mL 40% NaOH)

under stirring for 30 min at 110 °C to induce CT deacetyla-
tion. The solid was filtered and washed several times until pH
was adjusted to 7.0 & 0.2. Using this reaction time (30 min), it
was obtained a deacetylation degree (DD) of 62%. Higher reac-
tion times were also used and the following DD (in %) were
obtained: 75 (60 min); 92 (120 min); 93 (180 min or 240 min)
[17,21].

2.4. Determination of the deacetylation degree of CS

The deacetylation degree of CS was determined by 'H NMR
spectroscopy. 'H NMR spectra of CS were taken on a Varian
spectrometer model Oxford 300 operating at 300 MHz. CS was
dissolved in CD3COOD. The deacetylation degree of CS was
calculated using Eq. (1), which correlates the area corresponding
to the signal of the hydrogen bound to CHj3 groups (Ach,) to
the area attributed to the hydrogen bound to the carbon-2 of the
glucosamin groups (An,) [17,21].
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2.5. Analysis of CS and CT morphologies by scanning
electron microscopy (SEM)

The CS and CT morphology assays were conducted with a
Shimadzu scanning electron microscope model SS 550 operat-
ing at 12keV. SEM micrographs of pure CS particles with the
same granulation used in adsorption experiments (300—425 j.m)
were obtained. Before the examination by SEM, the samples
were frozen in liquid nitrogen and lyophilized at —60°C for
24h.

2.6. Determination of adsorbed and remaining in solution
metals

The adsorption performances of CT and CS for Pb>* and
Ni?* were evaluated by square-wave voltammetry. An Auto Lab
Pgstat 30 potentiostat/galvanostat (GPES) was used for electro-
chemical measurements. The amount of heavy metals adsorbed
onto CT and CS and remaining in solution were determined
using a system of three electrodes constituted of a mercury drop
as a working electrode versus Ag/AgCl as a reference electrode
and graphite as the counter electrode. The metal concentrations
were determined by an analytical curve. In this procedure, solu-
tions with 20.0 mL of electrolyte and 100 uL of metals were
used in each determination.

2.7. Adsorption experiments for Pb** and Ni** onto CT
and CS

Solutions of 100mgL~" Pb?* and 100mgL~" Ni** were
prepared from metallic nitrate (Merck) using MilliQ water for
dilution. Adsorption experiments were performed by adding 50-
mL standard solutions of Pb?* and Ni>* each to a flask with
either S0 mg chitin or 30 mg chitosan. The pH was adjusted
with the addition of the required volume of a 1.0 mol L~! NaOH
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solution to reach basic pH or the addition of the required volume
of a 1.0 mol L~! HCI solution to reach acid pH. This was done
under stirring at 200 rpm and 25 °C. The adsorbate-to-adsorbent
(mg g~ 1) ratio was obtained by the difference between the initial
and final masses of metal in solution [22,23] for each gram of
either CT or CS. These procedures were performed with CT
and CS particles from 300 to 425 pm in size as determined by
granulometric analysis. In the study conditions, CS remained
insoluble.

3. Results and discussion

3.1. Determination of CS morphology by scanning electron
microscopy

The morphology of CS with deacetylation degree of 75%
and molar mass (Mw) of 5.9 x 10° gmol~! was investigated
by SEM images [24,25]. In studies of Ni>* and Pb** ion
adsorption onto solid adsorbents, the pore size structure must
be considered because this parameter may be an indicative of
binding capacity. The metallic ions are lead into the adsor-
bent basically through diffusion process driven by chemical
interactions between metallic ions and adsorbent active sites
[24,25].

The SEM micrographs shown in Fig. 1a and b correspond to
solid CS. It should be highlighted that solid CS has a tight but
porous structure, which could aid in the adsorption process. In
this sense, we can speculate that the adsorption of metallic ions
onto CS could occur either by pore-penetration or by molecular-
level interactions among CS amine groups and metallic
ions.

3.2. The effect of pH on adsorptions studies

Fig. 2 shows the precipitation of Pb>* and Ni>* in aqueous
solutions by pH changes. The amounts of 100 mg L~! Pb>* solu-
tions, and 100mgL~! Ni** solutions were prepared in MilliQ
water using powder metallic nitrate (Merck). The pH changes
were performed by adding the required volume of either NaOH
or HCI solutions as described earlier. At high pH, the metallic
ions bind to hydroxide ions forming Pb(OH); and Ni(OH), com-
pounds, which are solid at room temperature (close to 25 °C).
In Fig. 2, it is observed that the pH threshold for Pb%* is
5.5 and the pH threshold for Ni** is 7.5. To avoid precipita-
tion and for good binding capacity, the adsorption experiments
with Pb?* and Ni?* solutions were conducted at pH from 4.5
to 5.5.

Fig. 3 shows the amounts of Pb>* and Ni>* adsorbed onto
CS as a function of pH. The initial concentrations of Pb** ion
solution and Ni%* ion solution were 100 mg L~ for both metals
and the adsorption time was set at 24 h. In acidic medium, CS
does not show a significant binding capacity for Pb>* and Ni%*.
The authors have attributed this effect to the preferential inter-
actions between H* ions in solution and the basic NH; groups
of CS. As most NH; groups of CS are in NH3" form, it does
not allow binding with metals. In addition, the binding capac-
ity decreased. On the other hand, it was observed a significant
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Fig. 1. SEM images of CS after 75% deacetylation. Sub-parts (a) and (b) refer
to solid CS.

enhancement in binding capacity at high pH for both metals
up to the threshold pH. As pH increased, interactions between
H* and NH; are destabilized, leading to an improvement of the
adsorption of Pb>* and Ni** onto CS because the NH» groups
are available for interactions. However, above the threshold pH,
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Fig. 2. Effect of pH changes on the precipitation of Ni** and Pb?* in aqueous
solution.
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Fig. 3. Effect of pH changes on the adsorption of Pb>* and Ni** onto CS. The
experimental parameters were; 75% deacetylation degree, particle size from 300
to 425 pm, and contact time of 24 h.

the binding capacity decreased because of the precipitation of
the metallic ions as hydroxides.

3.3. CT-metal adsorption kinetics curves

Fig. 4 shows the bindings capacities of Pb** and Ni** onto
CT as a function of time. The initial concentrations of Pb**
and Ni’* were 100mgL~!. The binding capacities of CT for
either Pb?* or Ni? after 48-h contact time were (in mg of ion
per g of CT) 32.01 and 61.17, respectively. These values were
attributed to two main factors; the large ionic size of Pb%* and
the steric hindrance due to the presence of CT acetyl groups.
Both factors hinder the molecular arrangement of Pb>* within
the CT structure. Other less important factors that might also be
considered are the coordination number, aggregation, different
complex properties, hydrolysis constants and electrostatic forces
[26,27].
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Fig. 4. Adsorption of Pb?* and Ni** onto CT versus time. The experimental
parameters were; pH 4.50, particle size from 300 to 425 pm.
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Fig. 5. Effect of CS deacetylation degree on Pb>* adsorption. The experimental
parameters were; pH 4.50 and particle size from 300 to 400 wm.

3.4. Effect of the deacetylation degree on the adsorption of
Pb** and Ni**

Fig. 5 shows the effect of the deacetylation degree of CS
on Pb>* adsorption. The initial concentrations of Pb>* and
Ni?* were 100mgL~! for both metallic solutions. High Pb**
adsorption was observed for a deacetylation degree of 75%.
Quantitatively, the binding capacity was 50 mg Pb>* per g CS.
When the deacetylation degree was kept low (62%), it was
observed a reduction in the binding capacity of CS. In this
case, a smaller number of amine groups in polymer are gen-
erated, resulting in less adsorption. High deacetylation degree
does not lead to an improvement of Pb>* binding. Long deacety-
lation reaction time induces high deacetylation degree; however,
it also induces polymer degradation, resulting in chains with
low average molecular weight. The polymer chains with either
low molecular weight and/or its fragments are released from the
coiled structure of CS to the surrounding liquid, affecting the
adsorption capacity of CS drastically.

The effect of the deacetylation degree of CS on Ni** adsorp-
tion is shown in Fig. 6. The best binding of Ni** was detected
for deacetylation degree close to 92%. On the order hand, CS
adsorbs Ni* less effectively than Pb>*. The binding capacity of
Ni?* onto CS is close to 17 mg g~ ! after 240 min of contact. The
binding effect of Ni* onto CS observed may be attributed to dif-
ferent interactions among amine groups from different polymer
chains as shown in Fig. 7. However, the interactions between
Ni?* and amine groups are less established than the interac-
tions between Pb>* and amine groups. An improvement in Ni**
adsorption may be obtained when 3-CS is used, because the for-
mation of the complex CS—Ni is more suitable in this molecular
arrangement. In 3-CS, the NH, groups are packed in a paral-
lel molecular arrangement throughout its polymer chains, which
favors the formation of strong interactions between CS and Ni%*
better. However, in this work, a-CS, the most abundant form,
was used [17]. It presents NH» groups packed in an antiparal-
lel molecular arrangement throughout its polymeric chains [28].
A schematic drawing of the complex formed by Ni** and NH,
groups of a-CS is shown in Fig. 7.
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Fig. 6. Effect of CS deacetylation degree on Ni%* adsorption. The experimental
parameters were; pH 4.50 and particle size from 300 to 400 pwm.

3.5. Adsorption capacity in optimal study conditions

Fig. 8 shows the binding capacity curves of Pb** and
Ni* onto CS in optimal deacetylation degree, 75% and 92%,
respectively. The initial concentrations of Pb?* and Ni** were
100mgL~! for both ions. It was observed that CS adsorbed
more Pb>* than Ni** in the time range studied. If CS with
75% deacetylation degree is used, the adsorption values are
74.97mg g~ ! of CS for Pb** and 32.14mg g~ of CS for Ni%*.
Although Pb%* ion has a molecular mass higher than that of Ni%*,
this parameter must be minimized by the high porosity of the
CS structure, as shown in Fig. 1a and it does not affect adsorp-
tion. When porous CS is in contact with either Ni’* or Pb**
solutions, both adsorbates penetrate into the polymer structure
throughout the pores easily and the adsorptions for Pb** and
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Fig. 8. Binding capacity of Pb>* and Ni?* onto CS in optimal study conditions.
The experimental parameters were; pH 5.0, particle size from 300 to 425 pm.

Ni?* are supported by interactions between metallic ions and
the active groups of the polymeric chains. The decrease in pore
size of CT and CS could affect mostly the adsorption of Pb>*
rather than of Ni** due to the ionic radii.

3.6. Langmuir and Freundlich equilibrium isotherms

Equilibrium isotherms are used to determine the bioadsorbent
capacity for metallic ions. The bioadsorbent was stirred with
fixed volumes of metal ion solutions varying the initial concen-
trations in the equilibrium time. The relation between the amount
of adsorbed metal and the metal ion concentration remaining in
solution is described by the isotherm. Langmuir and Freundlich
adsorption isotherms describe the interaction in two different
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Fig. 7. Schematic representation of the complex of Ni2* ions and CS NH, groups with polymeric structure of a-spatial conformation.
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Fig. 9. Adsorption isotherms for CS—Pb and CS—Ni. The experimental param-
eters were; 75% deacetylation degree, particle size from 300 to 425 pm, pH 5.0,
contact time of 24 h and temperature of 20 +0.2 °C.

ways; (i) the Langmuir isotherm assume that the adsorption
occurs in monolayer or may only occur in a fixed number of
definitive localized sites on the surface, and that each site may
adsorb only one molecule (monolayer). All sites are equivalent
and no interaction may be observed between adsorbed moi-
eties and adjacent molecules. The Langmuir isotherm considers
that the energies and enthalpy resulting from the adsorption
phenomenon are the same. The equation for this isotherm is
represented by:

Ce_ L %, @
ge kL kL

where ki, o, are the characteristic constants of the Langmuir
equation. The Langmuir equation is based on the assumption that
a plot of Ce/g. versus C. gives a straight line with slope oy /kr,
and intercepts 1/k, for a structurally homogeneous adsorbent.
In this sense, ki /oy, gives the theoretical monolayer saturation
capacity (Qp). (ii) The Freundlich isotherm is another form
of the Langmuir approach for adsorption onto amorphous sur-
faces. The amounts adsorbed are the summation of all sites.
This isotherm describes the reversible adsorption and it is not
restricted to a monolayer formation. The Freundlich model is
considered as a multi-site adsorption when the surface of the
adsorbate is heterogeneous. This model is the most important
multi-site adsorption isotherm for heterogeneous surfaces. The
equation is represented by:

1
In ge = —In Ce + In kp 3)
n

where kg and n are characteristic constants of the Freundlich
equation and may be determined by linear fitting. C, is the con-
centration of the adsorbent in equilibrium, g, is the adsorption
capacity of the adsorbate and (1/n) =b.

The adsorption isotherms for CS—Pb and CS—Ni are shown
in the Fig. 9, while the linear replots from Langmuir and Fre-
undlich analysis are shown in Fig. 10a and b for CS—Pb and
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Fig. 10. (a) Langmuir and (b) Freundlich replots of Pb** adsorption onto CS.
The experimental parameters were; 75% deacetylation degree, particle size from
300 to 425 pm, pH 5.0, contact time of 24 h, and temperature of 20+ 0.2°C.

in Fig. 11a and b for CS—Ni. The linear replots were eval-
uated by correlation coefficients (R?) obtained from plots of
Figs. 10 and 11, and Egs. (2) and (3) considering the isotherm
constants. The isotherm constants studied were g, o, kL, 7,
Qo, br and kg, which are summarized in Table 1. The best

Table 1
Langmuir and Freundlich adsorption isotherms for the Pb?* and Ni** onto CS-
BM

Metal R or (Lmg™") ke (Lg™) Qo (mg™")
Langmuir isotherm
Pb?* 0.7319 0.00130 0.1954 150.42
NiZ* 0.9136 0.00637 0.4160 65.31
Metal R? bg kg n
Freundlich isotherm
Pb%* 0.9677 0.9996 1.9750 1.0004
NiZ* 0.9148 0.5366 2.0852 1.8636
Experimental conditions: pH 5.0’;temperature=20+0.2°C; particles

size =300-425 pwm; contact time =24 h.
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Fig. 11. (a) Langmuir and (b) Freundlich replots of Ni* adsorption onto CS.
The experimental parameters were; 75% deacetylation degree, particle size from
300 to 425 pm, pH 5.0, contact time of 24 h and temperature of 20 +0.2°C.

conditions for the isotherms studied were pH 5.0, temperature
20+ 0.2 °C, particles size from 300 to 425 pm, 75% deacetyla-
tion degree, and equilibrium time of 24 h. The maximum binding
capacities of CS—Pb and CS—Ni from the adsorption isotherms
shown in Fig. 9 are 141.10 and 52.86 mg g~ !, respectively. How-
ever, the maximum binding capacity of CS—Pb and CS—Ni
estimated from Langmuir replots are 156.67 mg g~! for CS—Pb
and 86.51 mg g~ ! for CS—Ni. The differences between the max-
imum binding capacities estimated from Langmuir replots are
11.0% for CS—Pb and 65.7% for CS—Ni. From Figs. 10a to 11a,
it is observed that the Qg values from the Langmuir isotherm
of CS—Pb and CS—Ni are 150.42 and 65.31, respectively. The
binding equilibrium constant (k1) values for CS—Pb and CS—Ni
are 0.1954 and 0.4160, respectively. The Qg values increased in
the order Pb>* > Ni2* while the k. values increase in opposite
order. The Langmuir isotherm supported a two-fold increase of
ki, values from Pb%* to Ni** and Qg values increased as much
as 2.5 from Ni%* to Pb?*. Therefore, as the k;, and Qp values
are quite different for each type of metallic ions, it is suggested
that the data are fitted by the Langmuir equation better than by

the Freundlich equation. Taking into account that the k;, values
obtained from the Langmuir studies for each CS-metal system
are statistically different, it confirmed that Pb?* and Ni%* interact
differently with CS. From the R? data obtained from the Lang-
muir model, it is suggested the metal-CS adsorption increases
in the following order; CS—Ni>CS—Pb. Different adsorption
enthalpies might affect these data. The kr parameter values for
CS—Pb and CS—Ni obtained from Figs. 10b to 11b are 1.975 and
2.085, respectively, and the R values are 0.9687 and 0.9148,
respectively. The n values for the CS—Pb and CS—Ni systems
are 1.0004 and 1.8636, respectively, and the bg parameters for
CS—Pb and CS—Ni are 0.9996 and 0.5366. As the kg param-
eter is different for each CS-metal and the n values are both
higher than 1, either electrostatic interaction or ion-exchange
or a combined mechanism of metal adsorption onto CS is
supported.

In previous studies by Krajewska, it was recognized that the
affinity of chitosan to transition metals depends on parameters
such as the total concentration of amino groups (deacetylation
degree), the availability of these groups (geometrical configura-
tion of chitosan matrix, either @ or 8 or y), diffusion rate, and
matrix water content. The sequence of affinity for metal adsorp-
tion onto chitosan was in the order Cu>Hg > Cd > Ni>Pb [26].
On the other hand, the sequence for metallic ion removal by
adsorption onto CS considered in this study was in the order
Pb > Ni. The different result was due to the larger pore size struc-
ture of CS and the ensuing better diffusion process. In addition,
CS has a a-configuration and presents NHy groups packed in
an antiparallel molecular arrangement throughout its polymeric
chains [17]. This chitosan conformation supports less binding
for Ni?* than for Pb2*. In this way, CS has a good performance
mainly in adsorption studies of Pb>* comparatively to either chi-
tosan from crustaceous or other adsorbents [13—14,27], because
of its structure and the physical and chemical characteristics
are satisfied. It was observed that in comparison to other adsor-
bents, the chitosan used here had a good performance for Pb?*
and Ni2*,

standard

% weight

T T T T T T ¥ T
0 100 200 300 400 500 600
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Fig. 12. TGA curves of standard chitosan, CS with 75% deacetylation degree
and CS after adsorption of Pb>* and Ni?* at pH 5.0.



146 A.T. Paulino et al. / Journal of Hazardous Materials 147 (2007) 139-147

3.7. Thermo gravimetric analysis (TGA)

TGA curves of CS 75% (DD), CS after binding to either
Pb%* or Ni2* and for the standard CS (92% DD) used as a refer-
ence in this analysis are shown in Fig. 12. It was observed two
degradation stages for CS regardless of DD or the presence of
adsorbed ions. The first begins at 90 °C with 6% weight loss
and the second starts at 300 °C, reaching maximum degrada-
tion at 350 °C. In the CS-metallic ions systems, the first stage
begins at 90 °C with 7% weight loss and the second stage begins
at 300 °C with maximum degradation at 400 °C. Thus, the pres-
ence of ions in the CS structure induces a better thermal stability
compared to that of pure CS. Also, it is important to report that
the thermal behavior of CS was in the same profile of standard
chitosan.

4. Conclusions

e The adsorption experiments of CT as a reference were con-
ducted and compared with results of CS 75% deacetylated
and My of 5.9 x 10° gmol~.

e The binding capacities of CT were 32.01 mgg~! for Pb>*
and 61.24mg g~! for Ni>*. This was attributed to two main
factors; the large ionic size of Pb>* and the steric hindrance
due to presence of acetyl groups in CT.

e CS with 75% deacetylation degree exhibited a good binding
for Pb>* but it adsorbed Ni%* less efficiently.

e From the adsorption isotherms, the maximum binding capac-
ities of CS were 141.10mg g~! for CS—Pb and 52.86 mg g~
for CS—Ni. The values estimated from Langmuir replots were
156.67 and 86.51 mg g~! for CS—Pb and CS—Ni, respectively.
The differences between the adsorption isotherm values and
the Langmuir replots were 11.0% for CS—Pb and 63.7% for
CS—Ni.

e CS exhibited a good performance principally in adsorption
studies of Pb>*.

e As the ki, values and Qg were different for each metal, it was
confirmed that Pb?* and Ni>* interacted with CS in different
ways.

e By analysis of the kr parameters and for n values to be higher
than 1 for the two CS-metals, either electrostatic interaction or
ion-exchange or a combined adsorption mechanism of metals
onto CS was supported.

e The thermal behavior of CS with deacetylation degree 75%
was in the same profile of the standard chitosan.
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