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Abstract Brazilian sawdust samples (Caryocar spp.;
Manilkara spp.; and Tabebuia spp.) have been used for
Cr(VI) adsorption from water. The series of adsorption
isotherms were adjusted to modified Langmuir equation.
Thermodynamic data of interactions were studied by the
calorimetric titration of Cr(VI) in aqueous solution. All
liquid/solid interface adsorptions were entalpically and
entropically driven. These sawdust samples were also used
to remove chromium from tannery wastewater. The
application of Caryocar spp.; Manilkara spp.; and
Tabebuia spp. reduced the amount of chromium from
2114018 mgL™" to 1.15 £ 0.10; 0.29 & 0.02 and
0.26 + 0.02 mg L™, respectively.
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Introduction

Development of environmentally friendly processes to
decrease waste and toxic effluents has been increasing by
population and governmental authorities pressure on the
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chemical industry [1]. One of the major contributions that can
be carried out from a chemical point of view is the application
of new materials to degrade/remove waste from water [2-7].
However, metal ions are not degradable; thus, series of
approaches can be applied to remove metal ion from waters
[7]. These methods are based on chemical precipitation,
cementation, exchange resins, membrane filtration and new
modified adsorbents [8—11]. Alternative low-cost adsorbents
such as chitosan, clays or certain waste products from indus-
trial operations such as fly ash, coal, and oxides have been
used in order to replace the costly ones in recent years [12—16].

Many byproducts of furniture industries and civil con-
struction as sawdust have little or no economic value, and
which have been disposed in large amounts during the
years. In this direction, sawdust could be used as an
adsorbent in order to clean water from inorganic contam-
inants [17-20].

Many metal ions presents risks to health, among these
contaminants, chromium must be highlighted due to its
toxicity. Chromium has been introduced into natural waters
by many industrial processes such as: electroplating, paint
manufacturing, metal processing, steel production, agricul-
tural runoff, and mainly by tanning [21-23]. Chromium
occurs in aquatic environment as trivalent Cr(III) and hexa-
valent Cr(VI) states. However, Cr(VI) presents significantly
higher levels toxicity than in other oxidation states [24]. This
toxicity valency state is present in water in the form of
chromate (CrO, ), and mainly in dichromate (Cr,O; ") form.
In this way, the Cr(VI) removal from water is extremely
important to protect the environment and mankind.

Taking into account the meaning of Cr(VI) ions toxicity
in natural waters, the purpose of the present work is the
application of Brazilian sawdusts to remove Cr(VI) from
aqueous solution and the thermodynamic approach of the
interaction between Cr(VI) and sawdust.
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Experimental
Chemicals

Brazilian sawdust samples of Pequia (Caryocar spp.),
Macaranduba (Manilkara spp.) and Ipé€ (Tabebuia spp.)
were obtained from Rancho da Cabocla Sawmill Ltd in
Brazilian Santarém city. Sawdust adsorbents were grained
and sieved by a range of sieves and according to ASTM
Method D4749, only the particles smaller than 2.5 mm
were used [25].

Potassium dichromate (Vetec), HCI (Vetec), NaOH
(Vetec) were used without purification.

It was usually observed that waste liquors from beam
house and tan house find their way into a common drain in
tanneries. Thus, the mixing of these two streams forms was
used as tannery effluent, which was collected into the glass
bottles, and wastewater samples were stored in the refrig-
erator at 4 °C.

Metal ion removal

The adsorption process was followed batchwise in aqueous
solution of K,Cr,0O with controlled pH = 5at 298 + 1 K.
For this process, a series of samples of about 25.0 mg of
sawdust were suspended in 50.0 mL of aqueous K,Cr,0,
solutions of different concentrations, varying from zero to
5.0 mmol L™"'. The best pH value was determined by fol-
lowing 50 mg of sawdust suspended in 50 mL of aqueous
K>Cr,05 solutions with pH varying from 1 to 12 controlled
by Clark/Lubs buffers. The amount of metal ion adsorbed
was determined from the difference in metal ion concen-
tration measured by atomic adsorption spectrometry using
a Buck model A-200 instrument in the aqueous sample
before and after treatment with sawdust. All experiments
were carried out in triplicate.

Calorimetric analysis

The adsorption of Cr(VI) by Brazilian sawdust samples
was followed calorimetrically by titration using an solution
calorimeter Parr 6755. In a typical experiment, 0.50 g of
the material was suspended in 50.0 mL of water, equili-
brated at 298.15 £ 0.02 K (thermostatically controlled),
and titrated with aqueous solution of K,Cr,0O,
0.50 mol L™". The metal solution was added in increments
of 0.05 mL, via a syringe coupled to the calorimetric
vessel, up to saturation of the active surface sites of the
material [26, 27]. Following each addition, the constant
heat flux (A;Q) was recorded at the end of the operation,
and the mixture allowed to re-equilibrate. A similar pro-
cedure was used to monitor the heat flux due to metal
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dilution (A4;;Q) in the absence of sawdust and also the heat
flux of solvation of the suspended sawdust (A, Q) [26, 27].

Treatment of tannery wastewater with sawdust samples

The metal content in tannery wastewater was determined
by inductively coupled plasma-optical emission spectrom-
etry (ICP-OES) using a Varian Liberty RL Series II spec-
trometer. The metal removal from tannery wastewater was
followed batchwise with pH = 4.6 (pH of tannery effluent)
at 25 °C. During the treatment of wastewater with sawdust
samples, 100 mL of tannery wastewater was mechanically
stirred with 5 g of the sawdust samples during 24 h at
25 °C. The solutions were decanted, and a clear solution
was collected and analyzed. The metal amounts of tannery
effluent before and after sawdust treatments were quanti-
fied by ICP-OES Varian Liberty RL Series II spectrometer.

Results and discussion

The capacity of these materials to remove Cr(VI) from
water was followed by sorption isotherms. Under equilib-
rium conditions, the exchange processes occurred at the
solid/liquid interface and could be characterized through
the number of moles adsorbed (Ny) per gram of solid
material. This value was calculated from the initial number
of moles of cation (n;) and those at the equilibrium (ng)
condition for a given mass (m) of the adsorbent in grams
[26-29], by applying the Eq. 1:

ny — ns
Ny =—

(1)

The effect of pH values on Cr(VI) adsorption by the
sawdust samples was followed through the data obtained,
as shown in Fig. 1. Thus, the retention ability with changes
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Fig. 1 Effect of pH on the adsorption of Cr(VI) by Caryocar spp.
(A), Manilkara spp. (B) and Tabebuia spp. (C)
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in pH presented the lowest value at pH 1.0 for all sawdust
samples. Above this pH value, the adsorption increased up
to pH 7.0, maintaining constant from this pH value for all
sawdust samples. This figure showed that Tabebuia spp.
adsorbed much more Cr(VI) ions than Manilkara spp., and
this last one adsorbed more chromium ions than Caryocar
spp. in any pH values.

Profiles of the obtained adsorption isotherms repre-
sented by the number of moles adsorbed (Ny), versus the
number of moles at equilibrium per volume of solution
(Cs), are shown in Figs. 2, 3, 4. For the series of isotherms,
the data reveal that the adsorption process conforms to the

Langmuir model (Eq. 2) [3, 26-29].
Cs Cs 1
g I 2
Nt Ng +NSK 2)

where Cg is the concentration of solution at equilibrium
(mol LY, N; and Ns are the concentration of Cr(VI)
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Fig. 2 Adsorption isotherm of aqueous K,Cr,O; solution for
Caryocar spp. sawdust at 298 + 1 K (filled square), and the
linearized form of the adsorption isotherm (open circle)
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Fig. 3 Adsorption isotherm of aqueous K,Cr,O; solution for
Manilkara spp. sawdust at 298 &+ 1 K (filled square), and the
linearized form of the adsorption isotherm (open circle)

adsorbed and the maximum amount of Cr(VI) adsorbed
per gram of material (mol g~'), respectively, which
depend on the number of available adsorption sites, and
K is the equilibrium constant. All these adsorption studies
were based on the linearized form of the adsorption
isotherm derived from a plot of Cs/N; as a function of Cs,
as showed in Figs. 2, 3, 4. From this linearization the
maximum retention capacity (Ns) for each cation—sawdust
interaction can be obtained. Thus, through the application
of the modified Langmuir equation, Ng values were
calculated from the angular coefficient and K from the
linear coefficient of the straight line and from these data Ng
were obtained. From these values, the Cr(VI) adsorption
followed sequence Tabebuia spp. > Manilkara spp. >
Caryocar spp. and the Free Gibbs energies for all
interactions, AG, were calculated by Eq. 3, which showed
that the adsorption of Cr(VI) by all sawdust samples were
spontaneous processes as listed in Table 1.

AG = —RTInK (3)

where R is universal gas constant and 7 is the temperature
in Kelvin.
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Fig. 4 Adsorption isotherm of aqueous K,Cr,O; solution for
Tabebuia spp. sawdust at 298 & 1 K (filled square), and the
linearized form of the adsorption isotherm (open circle)

Table 1 The maximum number of moles adsorbed, N, equilibrium
constants, K, and the thermodynamic data, AH, AG and AS, for
Cr(VI) adsorption on Caryocar spp.; Manilkara spp.; and Tabebuia
spp. at 298.15 £ 0.02 K

Caryocar spp.  Manilkara spp. Tabebuia spp.

Ng/mmol g~ 0.68 + 0.05 1.22 £0.16 3.23 +0.26
Ng/mg g~! 3539 £2.61  63.67 £ 835 168.57 &+ 13.57
K 1.045 £ 0.033  1.074 & 0.28 1.18 + 0.29
AG/KI mol™' =011 £0.01 —0.17 £0.01 —1.37 £ 0.07
AH/KT mol™'  —3.624+022 —4174+023 —3.85+025
AS/J mol~'K~! 12+1 1341 8+1
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Thermodynamic effects accompanying adsorption of any
compound onto the sawdust surface at a solid/liquid inter-
face can be determined in different ways, such as theoretical
treatment [30, 31], adsorption studies in different tempera-
tures [32-35] and calorimetric titration [36-38]. In this
direction, a suspension of the sawdust samples were calo-
rimetrically titrated with Cr(VI), in order to obtain more
information about the cation—sawdust interactions.

Three separated titration experiments were carried out in
order to determine the component parts: (a) the heat
evolved by the sawdust titrated with Cr(VI) (Qyy), (b) the
heat of solvation of the solid sawdust samples (Qy,) and (c)
the heat of dilution of Cr(VI) solution (Qg;). The net heat
of interaction between sawdust and Cr(VI) (Q.qs) (d) is
given by the Eq. 4.

ZQads = 204t + X001 — Z0dil 4)

Since the heats of solvation of the aqueous suspended
sawdust samples were zero, the equation was reduced to
Eq. 5.

2Quss = 20t — ZQ0uil (5)

The corresponding Q values were collected for all inter-
actions between Cr(VI) and the sawdust samples. The net
heat outputs for these interactions in the solid/liquid
interface were obtained and illustrated in Fig. 5. This figure
showed that the interaction between Cr(VI) and sawdust
samples presented an exothermic behavior because all Q.45
for all interactions were negative.

-ZQN
=
<I .

"o e >

Vad/mL

Fig. 5 Calorimetric titration of a suspension of 0.50 g of Caryocar
spp. (A), Manilkara spp. (B) and Tabebuia spp. (C) sawdust samples
in 50.0 mL of water with 0.50 mol L™' K,Cr,O; solution at
298.15 £ 0.02 K. The experimental points in the curves represent
the sum of the heat output, £.Q for Caryocar spp. (A'), Manilkara
spp. (B') and Tabebuia spp. (C') by considering the respective
titration and Cr(VI) dilution X4;,Q values (dil)
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Using the net resultant heat output from the reaction,
adjusted to a modified Langmuir equation, the integral
enthalpies involved in the formation of a monolayer per unit
mass of adsorbate, A ,onoH, Was calculated through the Eq. 6.

X 1 X

=— AponoH + ———— 6
SARH b—1 ™" +2Am0noH (6)

In this equation, X is the total mol fraction of Cr(VI) in
solution after adsorption, and X values were obtained for
each addition of titrant, using the modified Langmuir
equation, whose behavior was shown to be a good
adjustable model for such heterogeneous systems. b is a
proportionality constant that also includes the equilibrium
constant, and AgH is the integral enthalpy of adsorption
(kJ mol™!) obtained from the net heat outputs of
adsorption and the maximum retention capacity as
presented in Eq. 7.

z:Qads
S

XAgH = (7)
Thus, enthalpic values for these interactions were plotted in
Figs. 6, 7, 8. Using the angular coefficient values from the
X/AgH versus X plot, AponoH values for all interactions
could be determined, and the entropy of interactions were
calculated by using Eq. 8.

Thermodynamic data for interaction between Cr(VI) and
sawdust samples are presented in Table 1.

AH — AG
- ®)

Adsorption and calorimetric data show that the interaction
between Cr(VI) and Brazilian sawdust was spontaneous
and these adsorption processes were enthalpically and
entropically favored. These data show the high ability
of these sawdust samples in removing Cr(VI) from water.
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Fig. 6 Isotherm for the integral enthalpy of the adsorption of Cr(VI)
adsorption onto the surface of Caryocar spp. sawdust obtained from
calorimetric titration (filled square) and the linear form of this
isotherm (open circle) at 298.15 K
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Table 2 Amount of inorganic elements in aquatic effluent of battery
tannery before and after treatment with Caryocar spp., Manilkara
spp. and Tabebuia spp. sawdusts

Element Effluent

Caryocar spp. Manilkara
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Fig. 7 Isotherm for the integral enthalpy of the adsorption of Cr(VI)
adsorption onto the surface of Manilkara spp. sawdust obtained from
calorimetric titration (filled square) and the linear form of this
isotherm (open circle) at 298.15 K
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Fig. 8 Isotherm for the integral enthalpy of the adsorption of Cr(VI)
adsorption onto the surface of Tabebuia spp. sawdust obtained from
calorimetric titration (filled square) and the linear form of this
isotherm (open circle) at 298.15 K

Thus, the application of these low-cost materials in
environment samples must be followed.

Wastewaters of tanneries present an environmental
problem due to their high level of chromium. The total
chromium discharge limits in water and sewers in Brazil
is 0.5 mg L~' [39]. However, the tannery wastewater
analyzed presented 2.11 mg L™', which is a value much
higher than Brazilian limits.

The Table 2 shows that the treatment of wastewater by
sawdust samples reduced the amount of chromium from
2114018 mgL™" to 1.15 £ 0.10; 0.29 & 0.02 and
0.26 + 0.02 mg L™" for application of Caryocar spp.,
Manilkara spp. and Tabebuia spp., respectively. These
facts suggest that the Manilkara spp. and Tabebuia
spp. present high potential to remove this inorganic

Tabebuia spp.

(mgL™") (mgL™h spp- (mg L™") (mg L™

Ag ND ND ND ND

Al 2.78605 0.23 ND ND

As ND ND ND ND

Au ND ND ND ND

B 2.78605 2.05183 1.95327 1.26242
Ba ND ND ND ND

Be ND ND ND ND

Bi ND ND ND ND

Ca 60.71 60.75 62.47 62.31
Cd ND ND ND ND

Co ND ND ND ND

Cr 2.11 1.15 0.29 0.26
Cu ND ND ND ND

Fe 0.77323 ND ND ND

Ga ND ND ND ND

Hg ND ND ND ND

La ND ND ND ND

Li ND ND ND ND

Mg 29.61 29.92 29.63 29.66
Mn 1.63467 1.6997 ND 0.37659
Mo ND ND ND ND

Na 3220.34 104.604 141.829 62.8545
Nb ND ND ND ND

Ni ND ND ND ND

Pb ND ND ND ND

Pd ND ND ND ND

Sb ND ND ND ND

Sc ND ND ND ND

Se ND ND ND ND

Si ND ND ND ND

Sn ND ND ND ND

Sr 2.2344 1.47534 0.82205 0.76433
Ta ND ND ND ND

Te ND ND ND ND

Ti 0.46211 0.40732 0.38667 0.40932
T1 ND ND ND ND

v ND ND ND ND

w ND ND ND ND

Y ND ND ND ND

Zn 5.1459 1.46836 ND ND

Zr ND ND ND ND

contaminant from wastewater. This table also shows that
this treatment was efficient to remove other metal from
wastewaters.
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Conclusions

Brazilian sawdust samples: Ip€ (Tabebuia spp.), Maga-
randuba (Manilkara spp.) and Pequia (Caryocar spp.)
presented an efficient ability of adsorbing Cr(VI) from
water and wastewater. Adsorption data showed that
168.57 £ 13.57; 63.67 £ 8.35; and 35.39 £ 2.61 mg of
Cr(VI) per gram of Tabebuia spp.; Manilkara spp.; and
Caryocar spp. sawdust samples were adsorbed respec-
tively. Thermodynamic data for adsorption processes
showed that all interactions were spontaneous, exothermic
and presented a disfavoured increasing of entropy, then all
interactions were enthalpic and entropic driven. Tannery
wastewater treatment showed that all sawdust samples are
capable to remove chromium from wastewater. Treatments
by using Tabebuia spp.; Manilkara spp. Brazilian sawdust
samples showed high efficiency in removing chromium
from tannery effluent, thus, these residual Brazilian saw-
dusts can be used to purify wastewater of this inorganic
contaminant with thoroughness.

Acknowledgements The authors thank FAPDF for financial

support and CNPq for fellowships.

References

1. Prado AGS. Green chemistry, the chemical challenges of the new
millenium. Quim Nova. 2003;26:738-44.

2. Evangelista SM, Deoliveira E, Castro GR, Zara LF, Prado AGS.
Hexagonal mesoporous silica modified with 2-mercaptothiazoline
for removing mercury from water solution. Surf Sci. 2007;
601:2194-202.

3. Prado AGS, Miranda BS, Jacintho GVM. Interaction of indigo
carmine dye with silica modified with humic acids at solid/liquid
interface. Surf Sci. 2003;542:276-82.

4. Prado AGS, Faria EA, Souzade JR, Torres JD. Ammonium
complex of niobium as a precursor for the hydrothermal prepa-
ration of cellulose acetate/Nb,Os photocatalyst. J Mol Catal A.
2005;237:115-9.

5. Prado AGS, Miranda BS, Zara LE. Adsorption and thermo-
chemical data of divalent cations onto silica gel surface modified
with humic acid at solid/liquid interface. J Hazard Mater.
2005;120:243-7.

6. Roldan PS, Alcantara IL, Castro GR, Rocha JC, Padilha CCF,
Padilha PM. Determination of Cu, Ni, and Zn in fuel ethanol by
FAAS after enrichment in column packed with 2-aminothiazole-
modified silica gel. Anal Bioanal Chem. 2003;375:574-7.

7. Roldan PS, Alcantara IL, Padilha CCF, Padilha PM. Determi-
nation of copper, iron, nickel and zinc in gasoline by FAAS after
sorption and preconcentration on silica modified with 2-amino-
tiazole groups. Fuel. 2005;84:305-9.

8. Alvarez P, Blanco C, Granda M. The adsorption of chromium
(VD) from industrial wastewater by acid and base-activated
lignocellulosic residues. J Hazard Mater. 2007;144:400-5.

9. Tiravanti G, Petruzzelli D, Passino R. Pretreatment of tannery
wastewaters by an ion exchange process for Cr(III) removal and
recovery. Water Sci Technol. 1997;36:197-207.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Torres JD, Faria EA, Prado AGS. Thermodynamic studies of the
interaction at the solid/liquid interface between metal ions and
cellulose modified with ethylenediamine. J Hazard Mater. 2006;
129:239-43.

Yu B, Zhang Y, Shukla A, Shukla SS, Dorris KL. The removal of
heavy metal from aqueous solutions by sawdust adsorption—
removal of copper. ] Hazard Mater. 2000;80:33—42.

Babel S, Kurniawan TA. Low-cost adsorbents for heavy metals
uptake from contaminated water: a review. J Hazard Mater. 2003;
97:219-43.

Deydier E, Guilet R, Sharrock P. Beneficial use of meat and bone
meal combustion residue: “an efficient low cost material to
remove lead from aqueous effluent”. J Hazard Mater. 2003;
101:55-64.

Sen Gupta S, Bhattacharyya KG. Immobilization of Pb(II),
Cd(IT) and Ni(II) ions on kaolinite and montmorillonite sur-
faces from aqueous medium. J Environ Manag. 2008;87:
46-58.

El-Hamouz A, Hilal HS, Nassar N, Mardawi Z. Solid olive waste
in environmental cleanup: oil recovery and carbon production for
water purification. J Environ Manag. 2007;84:83-92.

Tarley CRT, Arruda MAZ. Biosorption of heavy metals using
rice milling by-products. Characterisation and application for
removal of metals from aqueous effluents. Chemosphere. 2004;
54:987-95.

Ansari R, Fahim NK. Application of polypyrrole coated on wood
sawdust for removal of Cr(VI) ion from aqueous solutions. React
Func Polym. 2007;67:367-74.

Karthikeyan T, Rajgopal S, Miranda LR. Chromium(VI)
adsorption from aqueous solution by Hevea Brasilinesis sawdust
activated carbon. J Hazard Mater. 2005;124:192-9.

Djeribi R, Hamdaoui O. Sorption of copper(Il) from aqueous
solutions by cedar sawdust and crushed brick. Desalination. 2008;
225:95-112.

Larous S, Meniai AH, Lehocine MB. Experimental study of the
removal of copper from aqueous solutions by adsorption using
sawdust. Desalination. 2005;185:483-90.

Deepa KK, Sathishkumar M, Binupriya AR, Murugesan GS,
Swaminathan K, Yun SE. Sorption of Cr(VI) from dilute
solutions and wastewater by live and pretreated biomass of
Aspergillus flavus. Chemosphere. 2006;62:833—40.

Garg UK, Kaur MP, Garg VK, Sud D. Removal of hexavalent
chromium from aqueous solution by agricultural waste biomass.
J Hazard Mater. 2007;140:60-8.

Pandey AK, Pandey SD, Misra V, Srimal AK. Removal of
chromium and reduction of toxicity to Microtox system from
tannery effluent by the use of calcium alginate beads containing
humic acid. Chemosphere. 2003;51:329-33.

Hu J, Lo IMC, Chen G. Fast removal and recovery of Cr(VI)
using surface-modified jacobsite (MnFe,O4) nanoparticles.
Langmuir. 2005;21:11173-9.

American Society for Testing Materials—ASTM D4749-
87(1994)el. Standard test method for performing the sieve
analysis of coal and designating coal size. West Conshohocken,
Pennsylvania, 1994.

prado AGS, torres JD, Faria EA, Dias SCL. Comparative
adsorption studies of indigo carmine dye on chitin and chitosan.
J Colloid Interface Sci. 2004;277:43-7.

Prado AGS, Deoliviera E. The interaction at the solid/liquid
interface of 2, 4-dichlorophenoxyacetic acid with silica modified
by reaction with ammonia gas. J Colloid Interface Sci. 2005;291:
53-8.

Cestari AR, Vieira EFS, Mattos CRS. Thermodynamics of the
Cu(Il) adsorption on thin vanillin-modified chitosan membranes.
J Chem Thermodyn. 2006;38:1092-9.



Application of Brazilian sawdust samples for chromium removal from tannery wastewater

687

29.

30.

31.

32.

33.

34.

Vieira EFS, Cestari AR, Santos EB, Rezende CX. Measure-
ment of cation binding to immobilized vanillin by isothermal
calorimetry. J Colloid Interface Sci. 2006;298:74-8.

Okuno Y, Yokoyama T, Yokoyama S, Kamikado S, Mashiko S.
Theoretical study of benzonitrile clusters in the gas phase and
their adsorption onto a Au(111) surface. J Am Chem Soc. 2002;
124:7218-25.

Rudzinski W, Charmas R, Piasecki W, Thomas F, Vilieras F,
Prelot B, et al. Calorimetric effects accompanying ion adsorp-
tion at the charged metal oxide/electrolyte interfaces: effects
of oxide surface energetic heterogeneity. Langmuir. 1998;14:
5210-25.

Dos Anjos FSC, Vieira EFS, Cestari AR. Interaction of indigo
carmine dye with chitosan evaluated by adsorption and thermo-
chemical data. J Colloid Interface Sci. 2002;253:243-6.

Argun ME, Dursun S, Ozdemir C, Karatas M. Heavy metal
adsorption by modified oak sawdust: thermodynamics and
kinetics. J Hazard Mater. 2007;141:77-85.

Aydin H, Buluta Y, Yerlikaya C. Removal of copper (II) from
aqueous solution by adsorption onto low-cost adsorbents.
J Environ Manag. 2008;87:37-45.

35.

36.

37.

38.

39.

Trivedi P, Axe L. Modeling Cd and Zn sorption to hydrous metal
oxides. Environ Sci Technol. 2000;34:2215-23.

Alcantara EFC, Faria EA, Rodrigues DV, Evangelista SM,
Deoliveira E, Zara LF, et al. Modification of silica gel by
attachment of 2-mercaptobenzimidazole for use in removing
Hg(I) from aqueous media: a thermodynamic approach.
J Colloid Interface Sci. 2007;311:1-7.

Arakaki LNH, Da Fonseca MG, Da Silva EC, Alves APM, De
Sousa KS, Silva ALP. Extraction of Pb(Il), Cd(II), and Hg(II)
from aqueous solution by nitrogen and thiol functionality grafted
to silica gel measured by calorimetry. Thermochim Acta.
2006;450:12-5.

Vieira EFS, Cestari AR, Oliveira CS, Lima PS, Almeida LE.
Thermodynamics of pyrimethamine and sulfadiazine binding to a
chitosan derivative. Thermochim Acta. 2007;459:9-11.

National Environment Comission—CONAMA. Resolution no.
357/2005. Brazilian Environment Ministry, Brasilia, Brazil, 2005
(in Portuguese).

@ Springer



	Application of Brazilian sawdust samples for chromium removal from tannery wastewater
	Abstract
	Introduction
	Experimental
	Chemicals
	Metal ion removal
	Calorimetric analysis
	Treatment of tannery wastewater with sawdust samples

	Results and discussion
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


