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Abstract: The performance of two zeolites with differentustures and acidity properties was
evaluated on the biosorption of Cr(VI) and catalyakidation of ethyl acetate. The starting zeolites
HY and HZSM5, were modified by ion exchange treattaén order to obtain zeolites with different
acidity and sodium contenArthrobacter viscosus supported on the different zeolites was used for
Cr(VI) recovery from solution. The best removaligéncies and uptake of chromium were achieved
for the Y zeolites due to their higher ion exchamggacity. The Y and ZSM5 zeolites were
characterized by ICP-AES, SEM, Nidhemisorption, XRD and Nadsorption. Y and ZSM5 zeolites
obtained after biosorption of chromium were sucitdiysreused as catalysts in the oxidation of ethyl
acetate. The chromium-loaded ZSM5 zeolites weresidenably more active and selective towards
CGO, than chromium-loaded Y zeolites, essentially aduist different framework structure, textural and
acidity properties.
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Introduction

Wastewater pollution with heavy metals is an imgottissue of great environmental
concern. The discharge of effluents with toxic nrefeom many industrial activities

into water bodies could lead to serious health tisza@ue to the accumulation of
metals in the food chain (Gravilescu, 2004). Amdhg different heavy metals,

chromium is one of the most toxic and is released the environment through a
variety of industrial activities. The two oxidatigtates of environmental significance,
+3 and +6, have widely contrasting toxicity chagaistics. Chromium in hexavalent
oxidation state, Cr(VI), is very toxic and carcieogc, while trivalent chromium,

Cr(ll), is an essential trace element to livingrigs (Mohan and Pittman, 2006).

Intensive efforts towards heavy metals removal fefftuents have been done, to
overcome the drawbacks of traditional treatmenth s high cost and generation of
toxic sludge. In recent years, biosorption haseghimportance due to its advantages,
such as cost-effectiveness and possibility of metdovery. Several microorganisms,
such as bacteria, are found to be able of effiigatcumulating heavy metals. In the
field of metals recovery, low cost ion exchangershsas zeolites are also widely used
due to their unique properties in terms of selé@gtignd exchange capacity. For the
recovery of Cr(VI), this work proposes a conjughitgsorption system that combines
simultaneously the biosorption properties of a éacm with the ion exchange
capacity of a zeolite.

It has been demonstrated that zeolites containmagsition metal ions are
promising heterogeneous catalysts in pollution etbant and selective oxidation
reactions (De Vos et al., 2002). In the presenkwioe metal-loaded zeolites obtained
after the biosorption studies were reutilized atalgats in the oxidation of ethyl
acetate. Therefore, the treatment system desciibeldis work presents a double
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advantage, since it allows the removal of metasfaqueous solutions, as well the
recycling of the metals by their reutilization iatalytic oxidation reactions.The aim
of this work is to evaluate the effect of the zeoktructure (FAU and MFI) and the
modification of their acidity, obtained by ion ewige treatments, in Cr(VI)
biosorption and in their further catalytic reutdtion in the oxidation of ethylacetate.

Material and Methods

HY and HZSM5 zeolites were used as the startingerizds and were modified by ion
exchange treatments with NahlO'he modified zeolites were prepared by two ion
exchange treatments (Neves et al.,, 2006), desgregeA and B. A medium with
glucose, peptone, malt extract and yeast extracd wsed for the growth of
A. viscosus. Batch experiments were conducted in 250 mL Erkyenflasks using 15
mL of the A. viscosus suspension previously prepared, with a biomasseartration

of 5 g/L, 150 mL of a potassium dichromate solutiaith an initial concentration of
100 mgCr/L, and 1.0 g of each zeolite. Samples weaken and analyzed for
chromium quantification. Hexavalent chromium tha&mained in solution was
quantified by measuring absorbance at 540 nm opthple complex of Cr(VI) with
1,5-diphenylcarbazide, in acidic solution. The eliéint zeolites were characterized by
ICP-AES, SEM, NH chemisorption, XRD and Nadsorption. After the biosorption
experiments, the chromium-loaded zeolites were asechtalysts in the oxidation of
ethyl acetate.The catalytic tests were performeadgusimilar conditions as reported
by Bastos et al. (2009).

Results and Discussion

The ion exchange treatments with Naj\&&@rformed to the starting HY and HZSM5
zeolites led to the increase of sodium contentams$equently to the decrease of total
acidity, as it can be seen in Table 1.

Table 1 Sodium content and total acidity of the starting anodified zeolites

Sample Na jnitial (%) @ Total acidity (cm3 NHj/g) ®
HY 1.80 255
H(Na).Y 1.95 20.1
H(Na)sY 2.50 194
HZSM5 0.08 233
H(Na)sZSM-5 0.79 184
H(Na)gZSM-5 1.10 17.9

@ petermined by chemical analysis (ICP-AES)
®) petermined by Nkl chemisorption

An improvement on the removal of total Cr can bsesbked with the modified
zeolites H(Na)Y and H(NapY, in comparison to the starting HY zeolite. Howeve
with ZSM5 zeolites it was not observed the samediras the decrease of acidity did
not produce considerable changes on the uptakegsoburing biosorption process,
the Y zeolites presented higher efficiencies obatium removal due to their higher
ion exchange capacity in comparison with ZSM5 zesli(see Figure 1). After the



biosorption of Cr(VI), the different chromium-loatlezeolites (Table 2) were
successfully used as catalysts for the complet@ativin of ethyl acetate.
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Figure 1 Removal efficiencies and uptake of total Cr foe thiosorption assays performed with
A. viscosus supported on Y and ZSM5 zeolites. Experimentstaép initial Cr(VI) concentration of
100 mg/L and biomass concentration of 5 g/L.

Table 2 Sodium and chromium content of the zeolites dftesorption

Sample Naga (%) ®  Cr(%)®
Cr-HY 0.22 1.10
Cr-H(Na),Y 0.24 1.10
Cr-H(Na)sY 0.44 1.20
Cr-HZSMS5 0.07 0.93
Cr-H(Na),ZSM-5 0.11 0.95
Cr-H(Na)sZSM-5 0.18 0.92
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Figure 2 Removal Light-off curves for the oxidation of ethgcetate on Cr-HY, Cr-H(Na)BY,
Cr-HZSMS5 and Cr-H(Na)BZSM-5 for the cooling stepaa/OC concentration of 4000 ig’.
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The ZSM5 catalysts showed higher activity and $ei¢g towards CQ than Y
zeolites, as it can be observed in Figure 2. Naickenable differences were observed
in the catalytic behaviour of Y and ZSM5 catalysith different content of sodium,
which reveals that the extension of sodium exchahdenot affect substantially the
catalytic properties of the zeolites. Other impotrtéactors such as structural and
textural properties as well as the acidity of thpports played an important role in
the activity and selectivity of the catalysts dgrethyl acetate oxidation.

Conclusions

A combined biosorption system consisting of a baote, A. viscosus, supported
on Y and ZSM5 zeolites revealed to be efficienttbea removal of Cr(VI) from
agueous solution. The increase of Na content inzéwdites after the ion exchange
treatments led to the decrease of total aciditthoalgh this modification did not
change significantly the removal efficiency of {ofa. During Cr(VI) biosorption, Y
zeolites showed better uptake performances, wh8®&% catalysts showed higher
activity and selectivity towards GQluring the catalytic oxidation of ethyl acetate.
The different performances observed are explaingdthe distinct framework
structure, textural and acidity properties of testéd zeolites.
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