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Abstract : Ironand copper exchanged ZSM-5 has
been prepared following severa strategies of syn-
thesis. The oxidative properties of exchanged zeo-
lites (Cu_-ZSM-5; Fe_-ZSM-5) towards the liquid
phase oxidation of phenolsand P-cresolsusing per-
oxides (H ,O, 35%, SPC anp SBP) under mild reac-
tions conditions (reflux of solvents and at atmo-
spheric pressure) have been evaluated. Stoichiomet-
ric amount of peroxides was used for good oxida-
tion efficiency. The cata ytic performance wasmoni-

INTRODUCTION

In the last few years, an increasing concern has
risen due to the pouring of residual waters coming
fromindustriesthat have organic toxic contaminants,
with a negative impact on the ecosystem and man-
kind (toxicity, carcinogenic and mutant properties).
Within these compounds, substituted phenols, pesti-
cides, herbicides, among others stand out. Particu-
larly the phenol (commonly chosen as“model”” mol-
ecule for studies on the catalytic oxidation of or-
ganic compounds in diluted aqueous solutions) is

tored by the nature of active exchanged cations zeo-
lites and the nature of used peroxide. In most cases,
high yields of ketones have been obtained. The
formed products wereidentified by gas-phase chro-
matography. © Global Scientificlnc.

Keywords : Phenol, Hydrogen Peroxides, Het-
erogeneous Catalyst, Fe-ZSM5, Cu-ZSM5, Oxida
tion.

considered asone of the most toxic pollutants, harm-
ful to human health and to water life. Hence causing
anincreasein the demand of oxygeninwater sources
and giving out unpleasant tasteand smell indrinking
water even whenitisfoundinvery small quantities.
Several procedures have been developed to elimi-
nate the organi c contaminating compoundsfoundin
residual waters, for instance, adsorption processes,
biological processes, cremation through dry way and
processes of wet oxidation (WO), and of these only
the WO processes show greater viability and rela-
tive efficiency. Considerable improvements have
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been proposed and performed, in order to oxidize
organic pollutantsinto carbon dioxide or into prod-
ucts which are able to be eliminated by biological
treatment. The catal ytic oxidizing processesinvolv-
ing ozone, oxygen, hydrogen peroxide or a combi-
nation of them appear to be very attractive. Numer-
ous papers and reviews especially on catalytic wet-
air oxidation (CWAO) have been published. Differ-
ent types of catalysts containing either non-noble
metals such as copper or iron“ or noble metals
(Pt, Ru,) supported on varioustypesof carrierssuch
as active carbons,>7, titanid® and rare earth ox-
ided™ ¥ have been proposed as promising catalytic
materias. So, theincorporation of transition e ements
into framework positions of high silicazeolitesand
silicates has attracted much interest because it pro-
vides a novel means of obtaining high dispersions
of these elements within the zeolite structure. Be-
sides, thegenerated acidity isdifferent from that as-
sociated with Al sited?9. Transition metal ions have
promising catalytic behavior in the oxidation of or-
ganic compounds, and their stability toward disso-
ciation and/or oxidativedestruction isimproved over
their homogeneous counterparts™. The use of solid
catalysts for selective oxidation of phenols, prefer-
ably at near ambient conditionsand using clean oxi-
dants like H,0,, sodium percabonate (SPC) or so-
dium perborate(SPB) is aresearch area of great in-
dustrial importance. Hydroxylation of phenol with
H.,O, using microporoustitanosilicate, TS-1 and its
commercia utilization by Enichem workerd*3is a
magjor advancein thisarea. Hydroquinone (HQ) and
catechol (CAT), widely used in chemical, pharma-
ceutical and food industries, are obtained with high
selectivity over TS-113, In the search for aterna-
tive catalysts, awide variety of materials have been
studied: metal oxides, supported metal complexes,
hydrotalcite-like compounds, metal- containing
mesoporous materia's, metal hydroxyl phosphatesand
heteropoly compounds, among othersl, However,
the TS-1 appearsto be the most important catalysts
for thisreaction. The narrow poresof TS-1 are nec-
essary for theformation of hydroquinone, and though
catechol is formed on the external surface, it can
alsoforminthe poresof TS-11%, |n contrast to phe-
nol hydroxylation over microporous TS-1 whichis

effectively carried out with methanol or acetone,
organic solvents are not adequate for phenol hy-
droxylation over Cu-HM S8 Cu-ZSM-5119,
CoNiAl ternary hydrotalcites?”, Cu(ll)+SiW12
Keggin-type heteropoly compound?!, and
CuM(IM(I11) ternary hydrotal cites?.

Recently, the use of ZSM-5 containing copper
or iron as active sites has been reported-?! for the
wet peroxide oxidation of phenol from wastewa
ters. Theactivity and stability of the active Cu or Fe
species were dependent on the preparation method.

Theaim of thisstudy wasdouble: firstly, it aimed
to find a heterogeneous catalyst that will act effi-
ciently for phenol degradation by promoting H,O,,
decomposition to HO. radicals without producing
inactive molecules. Secondly, it aimed to avoid any
additional pollution, to minimize the concentration
of transition metal ionsgenerated in the solution dur-
ing the reaction. For this purpose, a series of screen-
ing tests were conducted to oxide phenol and p-
cresol with different type of H,0O, as terminal oxi-
dants. The activity of Cu- and Fe-ZSM-5 catalysts
exchanged with lower content of Cu and Fefor the
liquid phenol oxidation was performed.

The concept we have tried to develop was to
improve the catalytic efficiency of the process by
combining a porous support and an active phasein
order to increase the concentration of organic com-
pounds closeto the H,O, activation sites and there-
fore to enhance both the oxidation rate and the effi-
ciency of theuse of H,O..

EXPERIMENTAL

Catalyst preparation

ZSM-5 synthesized as described el sewhere?®
using sodium sili cate and tetrapropylammonium bro-
mide (TPABTr) from Merck, aluminium sulfate from
Fluka, potassium fluoride from Aldrich and deion-
ized water has the following molar composition:

100 Si0,, 1AlL0,, 10K, 0, 27 Na,0, 5 TPA O,
7000 H,O. The treatment of ZSM-5 (2 g) with1 M
NaCl solution (200 mL x 2) at room temperaturefor
24 hledto Na-ZSM-5. An aqueous 0.1M solution of
Cu(NQ,), and separately of Fe(NO,), (40 mL) at pH
5 (adjusted with agueous MeNH?2) was added to
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Na-ZSM-5; heating thismixtureat 70 °C for 2 h led
to theion-exchanged zeolites.

Theresulting Fe-ZSM-5 and Cu-ZSM5 zeolites
were filtered, carefully washed with deionized wa-
ter, and then dried at 80°C overnight.

Catalyst characterization

Cu-ZSM-5 and Fe-ZSM5 were characterized by
powder X-ray diffraction using a Philips PW 1801/
29 diffractometer with Cu Karadiation.

The chemical analysis of the catalyst solidswas
carried out through the use of the X-rays fluores-
cence technique (using a Philips Magix apparatus).
Selected areas were analyzed by EDX, which
showed that Cu and Fe was regularly distributed at
the zeolite framework. TEM images were obtained
by using a Philips XL30 FEG apparatus. The BET
surface area was measured with an ASAP 2010 in-
strument.

Oxidation procedure
Blank test

Intheabsence of activecations, case of Na-ZSM-
5, phenol was adsorbed in the pore volume of solid
catalysts, but not oxidized even in the presence of
hydrogen peroxide.

Oxidation of phenol and P-Cresol

A mixture of Cu-ZSM-5 or Fe-ZSM5 catalysts
(20mg), oxidants 8 mmol e (35% agueousH,0,, SPC
(Na,CO,1.5H,0,) and SPB (Na,B,O, (OH),), sub-
strate 1 mmole (phenol, p-cresol) in PhMe (20 mL)
was stirred at 80°C under air atmosphere during 8
hours. After cooling to room temperature, the mix-
turewasfiltered over asmall pad of alumina. Evapo-
ration of the solvent foll owed by chromatography of
theresidueled to the oxidized compound, which was
identified by gas chromatography phase (CPG).

RESULTSAND DISCUSSION

Catalyst properties

The intensity of the main peaks of Cu-ZSM-5
and Fe-ZSM5 with that of Na-ZSM-5 indicated the
absence of ateration of the zeolite structure in the
course of theion exchanges (Figures 1, 2, 3). Scan-
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TABLE 1: Variation of the cell parameters of the exchanged ZSM-5 and its exchanged forms

Samples a(A) b (R) c(A) V (A)?
Cddned ZSM5 20.10 19.81 13.28 5287,84
Na-ZSM-5 19.99 19.72 1316 5187,70
Cu-ZSM-5 20.10 19.89 13.30 5317,19
Fe-ZSM-5 20.16 19.94 1334 5362,55

Magn® -
4000 NaZsM-5

ZSM5 crystals showed, a sphere like morphol ogy
and a crystal size of 1 or 2 mm size with uniform
dispersion of Cu and Fe in the framework of the
zeolite. The BET surface area was 460 m? g* for
Cu-ZSM-5and 490 m? g *for Fe-ZSM-5. The chemi-
cal compositions of the unit cells of the Fe-ZSM-5
(F&, Ko e\, , (Al S, O, ) and that of Cu-

ZSM-5(CuK .. ,Na (Al S, 0O, .) weredeter-
mined by X-ray fluorescence
Thecell parameters cal culated from the crystal -

lographi c data, showed that the structurewas dightly

Cuivre Kal

Figure 6 : Analysis of the copper ions EDAX insertion
CuzZsSM5

7 Maqn
A000x

Image MEB of Fe-ZSM-5

modified (TABLE 1). Such changes can be explained
by the penetration of theion Cu Il and Felll in the
framework zeolite. In the passage from theform Na-
ZSM-5 to the form Cu-ZSM-5 and Fe-ZSM-5, the
cell parameters aand b have increased, this growth
indicate the penetration of theions of copper and of
iron in the two channels types a and b (rectilinear
tunnels with the openings quasi-circulars (5A° X
5.A°), and in zigzag channels with the elliptic open-
ings (5,1A° X 5,A°).

Figure 7 :
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Detailed analysis of the spectrum given by the
MEB wer edeter mined by X-ray fluorescence

AnalysisEDAX by e ectronic scan microscopy
also givesinformation about the dispersion of cop-
per and iron in the framework of zeolite. Copper
and iron are dispersed in a uniform way; they are
well occluded in the framework of zeolite (Figure
6,8).

Images M.E.B presented on (Figures 5,7, 8)
showsthat theformed crystals are of spherical mor-
phology, which notify that the iron and copper ex-
changed ZSM-5 not altered the structure, thisis by
the way with the analysis given by DRX.

AnalysisEDAX by e ectronic scan microscopy
also givesinformation about the dispersion of cop-
per intheframework of zeolite. Copper isdispersed
in auniform way; it iswell occluded in the frame-
work of zeolite (Figure 7).

Image MEB presented on (Figure 7) shows that
the formed crystals are of spherical morphology,

Fer Ka1l
Figure 8 : Analysisof iron ions EDAX insertion FeZSM 5

which notify that the iron exchanged with ZSM-5
not altered the structure, thisis by the way with the
analysisgiven by DRX

AnaysisEDAX by electronic scan microscopy
confirms that iron is not well dispersed in the zeo-
lite framework, and a certain iron content remains
occluded in the extraframework.

The analysis by x-ray fluorescence highlighted
the chemical composition of our samples (TABLE
2) and confirmed the presence of its components. It
was noted that the major part of catalystswasin the
form of silicaand oxygen, the Si/Al ratio varied be-
tween 30.2 and 34.23 % and this confirmed the char-
acteristic of the richness of the zeolite prepared in
fluoride medium. The metal content of synthesized
materialswas 1% of copper and 3.51% of iron. This
isin good agreement with the results given by the
MEB spectra.

Activity in the oxidation of phenol and P-cresol
inliquid phase

The potential of Cu-ZSM-5 and Fe-ZSM5 as
oxidative catalyst was separatel y examined using the
phenol as p-cresol as substrates. The use of (35%
aqueous H,O,, SPC (Na,CO,1.5 H,O,) and SPB
(Na,B,0,(CH),), asterminal oxidantsin toluene at
80°C led to the oxidation of the substrates in good
yields (TABLE 3, Entries 1-6) for phenol and
(TABLE 4, entries 7-12) for p-cresol

The following experiments consist on the oxi-
dation of phenols and p-cresol and the formation of
the novel products according to the oxidant intro-
duced into the reactional mixture (TABLES 3,4).

For the oxidation of phenol withthe oxidant H,O,
a change of colour after the addition of HZO2 and

TABLE 2 : Chemical analysis of the ZSM-5 unit cells and its exchanged forms with copper and iron

Na-ZSM5 CuZsSM5 Fe-ZSM5

Si % 44.4 44.5 44.4

Al % 147 13 147

Na % 1.25 0.24 0.2

0% 52.5 52.3 50.5

K % 0.23 0.532 0.06

Cu% 1

Fe% 351
Si/Al % 30.20 34.23 30.20
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TABLE 3: Cu-ZSM5 and Fe-ZSM5 catalyzed oxidation of phenol

Formed product

Entry Catalyst Oxidant Conversion% Yields %
Hydroquinone Cathecaol Benzoquinone

1 Cu-ZSM-5 35% aq. H,0, 85 50 20 15

2 Cu-ZSM-5 SPC 80 35 45

3 Cu-ZSM-5 SPB 75 35 40 -

4 Fe-ZSM-5 35% aq. H,0, 65 20 35 10

5 Fe-ZSM-5 SPC 95 40 55

6 Fe-ZSM SBP 85 30 55

TABLE 4 : Cu-ZSM5 and Fe-ZSM5 catalyzed oxidation of p-cresol
Formed product
Entry Catalyst Oxidant Conversion % Yields %
4 methyl hydroquinone 4 methyl cathecol Benzoquinone

7 Cu-ZSM-5 35% aqg. H,0, 90 50 40
8 Cu-ZSM-5 SPC 85 55 30
9 Cu-ZSM-5 SPB 75 25 50
10 Fe-ZSM-5 35% ag. H,O, 80 50 30
11 Fe-ZSM-5 SPC 95 50 45
12 Fe-ZSM-5 SBP 80 30 50

was observed, this colour becomes darker while
heating until obtaining ared rust colour at the end of
thereaction. Theuseof SPCledto obtaining atrans-
parent solution. The SBP identically givestranspar-
ent solutions after filtration. For the total of these
experiments, we could prove the strong effective-
ness of the oxidants SPC and SBP and H,0, (35%),
on the conversion of the quantities of phenals, all
oxidants used in our case are very active, the prod-
ucts formed are Hydroguinone and Cathecol, but in
the case of H,0,(35%) asterminal oxidant, in addi-
tion to the two preceding products, there is forma-
tion of benzoquinonein dight quantity.

But in the case of p-cresol it show to be more
active. However the Fe-ZSM-5 seem more active
then Cu-ZSM-5, thisis granted to the high specific
areaof Fe-ZSM-5

The best results were obtained by using the SPC
and the SBP aswell as Fe-ZSM-5 with all phenols.

CONCLUSIONS

Several oxidative testswere done using phenol,
p-cresol astarget pollutants. The oxidation was con-

tinuously conducted under reflux conditions using
the exchanged Cu and Fe-ZSM5 as catalyst. The
moderate conditions were used as low temperature
80°C and atmospheric pressure to carry out these
experiments. The time of reactions was fixed to 8
hoursfor all experiments.

When the exchanged Cu and Fe- ZSM-5 were
used in the presence of hydrogen peroxide at appro-
priate pH value about 6, phenol is quickly oxidized
into intermediate products such as hyroquinone,
cathecol and in some cases benzoquinone was ob-
served. For the case P-cresol, the products formed
are 4-methyl hydroquinone, 4-methyl cathecol and
also the benzoquinone was observed. The forma
tion of hyroquinone (HQ) and cathecol (CAT) is
major advance in this area, because these products
are widely used in chemistry and pharmaceutical
industries

The reactivity of the target pollutants was dif-
ferent depending on the operating conditions and
catalyst behaviour. It seemsthat the use of solid hy-
drogen peroxide (SPC and SBP) as terminal oxi-
dant givesbetter results than agueous hydrogen per-
oxidedoes. Hencethe Fe-ZSM5 givesthe better re-
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sultsthan the Cu-ZM5 does dueto its great specific
area.
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