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This work describes the preparation of sugarcane bagasse cellulose with zirconium oxychloride for
adsorption of sulphate ions in aqueous solution. The materials were prepared by using an ammonium
solution as precipitating agent. The obtained materials were characterized by thermogravimetry, scan-
ning electron microscopy and surface area measurements. Sulphate ion was adsorbed on the Cell/
ZrO2�nH2O by immersing this solid in an aqueous solution of sulphate sodion. The analyses to determine
the concentration after the adsorption were made using UV–vis spectrum, in a wavelength of 420 nm.
The results were satisfactory showing that the Cell/ZrO2�nH2O materials obtained presented good adsorp-
tion capacity. The adsorption capacity was 0.4 mol g�1 for both materials.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction Agricultural residues have been used for production starting
Sulphate is a major ion occurring in natural waters and waste-
waters. The main natural source of sulphate in surface and ground
water is the processes of chemical weathering and dissolution of
sulphur-containing minerals. Other natural sources are the oxida-
tion of sulphides and elemental sulphur, and the decomposition
of animal and plant residues. Sulphur is a nutrient essential for
the synthesis of proteins and it is released upon their degradation
(Radojevic & Bashkin, 1999).

Measurement of sulphate is a crucial step in environmental
monitoring, regulatory inspection and compliance, especially in
the treatment of mining-influenced waters. Determination of sul-
phate is useful in assessing the redox state of the system be-
cause sulphur is a critical element in controlling the fate and
solubility of polluting elements in the aquatic environmental
(Baird, 1995).

Sulphate ions are measured using many direct and indirect ana-
lytical principles including ion chromatography (IC), inductively
coupled plasma absorption spectrophotometry (ICP-AES), turbidi-
metric, colorimetric and gravimetric methods (Morais, Souto,
Lopes, & Rangel, 2003; Reisman, Sundaram, Al-Abed, & Allen,
2007). However, the turbidimetric method is very rapid, where
an excess of barium chloride is added to the sample. The barium
ion reacts with the sulphate to precipitate barium sulphate. The
colloidal suspension is measured using a spectrophotometer and
the sulphate concentration determination by comparison with
standards (Radojevic & Bashkin, 1999).
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materials. Reusing and recycling these residues can minimize the
environmental problems associated with their build-up reducing
the use of noble starting materials. This trend has contributed to
the reconsideration of the use of traditional biomaterials such as
natural fibers to substitute synthetic polymers.

Sugarcane bagasse is a residue produced in large quantities by su-
gar and alcohol industries. According to Cerqueira, Rodrigues Filho,
and Meireles (2007), 1 ton of sugarcane generates 280 kg of bagasse
and 3 � 108 tons of sugarcane is processed annually in Brazil. About
80% of this residue is used in distillery plants as a source of energy
(Pandey, Soccol, Nigam, & Soccol, 2000). Thus, on account of the
importance of bagasse sugarcane as an industrial waste, there is a
great interest in developing chemical methods for recycling it. Sug-
arcane bagasse has around 50% cellulose, 27% polyoses, and 23% lig-
nin. These three biological polymers have many hydroxyl and/or
phenolic functions that can be chemically reacted to produce mate-
rials with new properties (Pasquini, Belgacem, Gandini, & Curvelo,
2006; Rodrigues Filho et al., 2000; uma, Silva, & Meireles, 2005).

Cellulose, the most abundant of all naturally occurring sub-
stances, is the principal structural cell wall component of all major
plants and accounts for about a half of the total bagasse. It is non-
toxic, renewable, biodegradable and modifiable, and has great po-
tential as an excellent industrial material. Chemical modification of
cellulose is one method for the production of value added products.
It is based on reactions of the free hydroxyl groups in the anhydro-
glucose units, resulting in the production of cellulose derivatives
(Karnitz et al., 2007; Liu et al., 2007a,b).

Despite many studies of the chemical modification of cellulose
published around the world in this area, only a few have been
investigated about the modification of sugarcane bagasse (Liu,
Sun, Zhang, Ren, & Geng, 2006; Liu et al., 2007a,b).
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Table 1
Quantity of ZrO2�nH2O incorporated on cellulose surface

Samples ZrO2�nH2O incorporated (wt%) SBET (m2/g)

Cellulose — 0
ZrO2�nH2O — 254
Cell/ ZrO2�nH2O (2 g) 3.66 36
Cell/ ZrO2�nH2O (3 g) 5.45 57

Fig. 1. TG curves: (A) pure cellulose; (B) ZrO2�nH2O; (C) Cell/ZrO2�nH2O (2 g); (D)
Cell/ZrO2�nH2O (3 g).
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In the present work, we describe the chemical modification of
sugarcane bagasse cellulose and evaluation to adsorb sulphate ions
in aqueous solution.

2. Experimental

2.1. Isolation crude cellulose from sugarcane bagasse

To isolate the cellulose, the sugarcane bagasse was pretreated
with 10% sulphuric acid solution (reactor of 350 L at 120 �C,
10 min), followed by centrifugation with the purpose of separating
the rich pentosanes solution. Extracted lignocellulosic fraction was
deslignificated with 1% sodium hydroxide solution (reactor of
350 L at 100 �C, 1 h) being obtained the crude pulp and bleached
with sodium chloride. Furthermore the bleached cellulose dried
in a store at 50 �C, 12 h (Rocha, 2000).

2.2. Preparation of the hydrous zirconium oxide

Five grams of zirconium oxychloride were dissolved in 100 mL
of aqueous hydrochloric acid solution (0.5 mol L�1). The precipitate
was obtained adding an ammonium solution (1:3) at pH 10.0, un-
der stirring, which was filtered, rinsed several times with distilled
water for the complete removal of chloride ions (negative silver ni-
trate test). Finally, the product was dried at 50 �C for 24 h.

2.3. Preparation of the cellulose/hydrous zirconium oxide hybrid
materials

About 2 g of zirconium oxychloride were dissolved in 100 mL
of aqueous hydrochloric acid solution (0.5 mol/L) and 5 g of cellu-
lose were immersed in this solution. The material was precipitate
with ammonium solution (1:3) at pH 10.0 and under stirring. The
solid after being exhaustively washed with distilled water and the
residual solvent was removed under vacuum. The product was
dried at 50 �C for 24 h. The resulting material was designated as
Cell/ZrO2�nH2O (2 g). The preparation was repeated using the
same procedure, but changing the amount of the metal oxide pre-
cursor reagent, i.e., 3 g of zirconium oxychloride.

2.4. Adsorption sulphate ions in the cellulose/hydrous zirconium oxide
hybrids materials

About 0.2 g of Cell/ZrO2�nH2O material was shapen for 5 min at
298 K in 50 mL of Na2SO4 solution whose initial concentrations
varied between 0.5.10�4 and 5.10�4 mol L�1. The amount of sul-
phate in the supernatant solution was determined using turbidi-
metric method by UV–vis absorption spectra, in the wavelength
at 420 nm. The amount of adsorbed sulphate ions was determined
by applying the equation Pavan, Francisco, Landers, & Gushikem
2005):

Nf ¼
Ni � Ns

m
ð1Þ

where Ni and Ns are the initial and equilibrium condition mol num-
ber of sulphate sodium and m is mass of the solid.

2.5. Characterization of the materials

The materials were characterized by thermogravimetry, scan-
ning electron microscopy and surface area measurements. Ther-
mogravimetry (TG) measurements were obtained in a Shimadzu
thermogravimetric instrument model TGA-50. Thermal behavior
for each one of the preparations was studied by recording the
TG/DTG curves between 40 and 800 �C rates under nitrogen atmo-
sphere using weighted samples between 5 and 10 mg with a heat
rate of 20 �C min�1 in N2 atmosphere. Surface area measurements
(BET) were obtained in a Quantachrome instrument model NOVA
1000 in nitrogen atmosphere, followed by pre-treatment at 50 �C
for 3 h of samples. Micrographs (SEM) were obtained in a scanning
electron microscope LEO1450 V using low vacuum, in backscat-
tered electrons for the cellulose and hybrids materials. Samples
were dispersed on a brass support and fixed with a double face
3 M tape.

3. Results and discussion

Cell/ZrO2�nH2O hybrids materials were obtained with a satisfac-
tory degree of coated with oxide on the cellulose surface. The
amount of ZrO2�nH2O incorporated into the Cell/ZrO2�nH2O hybrids
materials were determined calcining 0.3 g of sample at 1173 K in
air for 3 h and weighing the residue (Table 1).

The deposited hydrous zirconium oxide is amorphous because
the specific surface area, SBET, increased from 0 m2 g�1 (see Table
1) in pure cellulose to 57 m2 g�1 for the material Cell/ZrO2�nH2O.

These effects can be confirmed by TG curves. TG curves ob-
tained of materials are presented in Fig. 1. Curve 1A corresponds
to bleached cellulose, curve 1B to hydrous zirconium oxide and
curves 1C and 1D to the hybrids materials. Bleached cellulose pres-
ent two decomposition steps: first at 300 �C corresponds to degra-
dation temperature and second one at 380 �C corresponds to
decomposition temperature completed. Cell/ZrO2�nH2O (2 g) hy-
brids materials show two different steps in relation to bleached
cellulose: one at 260 �C and the other one at around 338 �C. Cell/
ZrO2�nH2O (3 g) is similar to Cell/ZrO2�nH2O (2 g). This progressive
decrease in temperature of hybrids materials in relation to
bleached cellulose may be attributed to the presence of the dis-
persed oxide particles on cellulose surface, indicating a strong
interaction between hydrous zirconium oxide and cellulose fibers
The condition of the preparation of hybrid materials (acid medium
at the beginning and basic medium in the end) did not degrade the
cellulose fiber, because it is known that the cellulose degradation
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occurs at pH 10 (Borgo & Gushikem, 2002). Due to this, during the
process, care was taken not to pass this pH. (Mulinari, Da Silva, &
Da Silva 2006). Toledo, Gushikem, and Castro (2000) studied the
antimony (III) oxide film on a cellulose fiber surface and it was ob-
served similar results.

Table 2 shows the values of percentage mass loss in the respec-
tive temperature range and residue occurred in the materials.

TG curve of the pure cellulose presents a higher mass loss in
relation to the hybrids materials in temperature range 200–
500 �C, due to the presence of metallic oxide in the cellulose sur-
face. Comparing TG curves of the pure cellulose with of hydrous
metallic oxide in this temperature range, was observed that the
oxide present a lesser mass loss in relation the pure cellulose,
therefore the pure cellulose was practically all degraded while that
the oxide presented a 71% residue. It was also observed that the
amount of residue in the hybrids materials increased, due to the
amount of ZrOCl2�8H2O in the reactional system. The residue of
each hybrid material presents the amount of oxide which was
not degraded.

By means of the TG curves can be calculated the amount of
grafted material in hybrids materials. Table 3 shows the percent-
ages of ZrO2�nH2O grafted in the cellulose, being that the loss mass
corresponds to the interval of 200–300 �C (see Fig. 1), where oc-
curred higher loss mass.

It was also observed that the Cell/ZrO2�nH2O (3 g) presented a
higher grafted that the Cell/ZrO2�nH2O (2 g) with an increase of
approximately 92%.

The results were confirmed by scanning electron microscope
(SEM). The bleached cellulose micrograph (Fig. 2A) shows a great
amount of fibers presents forms flattened while the hydrous zirco-
nium oxide (Fig. 2B) presents as a porous agglomerates. Fig. 2C and
D shows the hydrous zirconium oxide dispersed on the surface of
the fibers cellulose. However, it is noticed that the oxide was not
deposited of a uniform way on the surface fibers cellulose. As ex-
pected, it was observed an increase of oxide in the Cell/ZrO2�nH2O
(3 g) (Fig. 2D).

After the characterization of materials, it was determined the
amount of sulphate ions incorporated on the Cell/ZrO2�nH2O hy-
brids materials surface.

Figs. 3 and 4 show the adsorption isotherm of sulphate ions on
the Cell/ZrO2�nH2O hybrids materials surface, determined at 298 K.
Table 2
Results of the thermogravimetrics curves of the materials, with the losses mass (m), in
the respective range of temperature (DT) and its respective residues (R)

Material m (%) DT (�C) R (%)

Cellulose 4.7 40–200 2.8
83.9 200–500

8.6 500–800
ZrO2�nH2O 28.3 40–500 71.1

0.6 500–800
Cell/ZrO2�nH2O (2 g) 7.1 40–200 12.3

77.7 200–500
2.9 500–800

Cell/ZrO2�nH2O (3 g) 9.7 40–200 19.1
64.3 200–500

6.9 500–800

Table 3
Percentages of grafted materials in the Cell/ZrO2�nH2O

Material Initial mass
(mg)

Loss mass
(mg)

Final mass
(mg)

Grafted
material (%)

Cell/ZrO2�nH2O
(2 g)

4.2 3.3 0.9 29

Cell/ZrO2�nH2O
(3 g)

5.0 3.2 1.8 55

Fig. 2. Micrographs: (A) pure cellulose; (B) ZrO2�nH2O; (C) Cell/ZrO2�nH2O (2 g); (D)
Cell/ZrO2�nH2O (3 g).
At the limit of saturation of the surface, the maximum adsorption
capacity of sulphate ions was 0.4 mol g�1 for both materials.
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Fig. 3. Adsorption of sulphate ions on the Cell/ZrO2�nH2O (2 g).
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Fig. 4. Adsorption of sulphate ions on the Cell/ZrO2�nH2O (3 g).
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Under such conditions, assuming that all the ZrO2 particles
dispersed on the cellulose surface reacted with sulphate ions, the
adsorption process may occur by reaction of sulphate ions and the
zirconium reactive center, designated as Zr-OH, can be expressed
as follows (Suzuki, Bomani, Matsunaga, & Yokoyama 2000):

Protonation at lower pH

Cell=Zr—OHðsolÞ þHþ ! Cell=Zr—OHþ2 ð2Þ

Followed by bonding of a sulphate ion

Cell=Zr—OHþ2 þ SO�2
4 ! Cell=Zr—OHþ2 SO�2

4 ð3Þ

Analyzing the results it was observed that both Cell/ZrO2�nH2O
hybrids materials presented good adsorption capacity. As the Cell/
ZrO2�nH2O hybrids materials showed close specific surface area
(see Table 1), it was expected the materials to present similar
adsorption capacity, since the adsorption capacity is related to spe-
cific surface area (Da Silva, Da Silva, & Caetano 2002; Peixoto, Da
Silva, & Da Silva 2006).

4. Conclusions

The hybrids materials Cell/ZrO2�nH2O were obtained with a
high degree of dispersion with hydrous zirconium oxide on the cel-
lulose fiber surface. However the metal oxide was heterogeneously
dispersed on the cellulose fiber surface. These results were con-
firmed by characterization techniques. The results obtained for
adsorption capacity from solutions of sulphate sodium, that both
Cell/ZrO2�nH2O hybrids materials showed good adsorption
capacity.
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