Journal of

Khelifi et al., J Chem Eng Process Technol 2016, 7:5
DOI: 10.4172/2157-7048.1000316

Chemical Engineering & Process Technology

Research Article Open Access

Synthesis and Characterization of Heterogeneous Catalysts and Comparison

to Iron-ore
Khelifi S*, Ayari F, Hassan Chehimi DB and Trabelsi-Ayadi M

Laboratory of Applications of Chemistry to Resources and Natural Substances and to the Environment (LACReSNE), Faculty of Sciences of Bizerte, University of

Carthage, Zarzouna 7021, Tunisia

Abstract

The placement of metal oxide pillars between clay mineral layers modifies their physicochemical properties,
including surface area, acidity, and catalytic activity. Aluminum is the most commonly used pillar cation, but the
use of Fe offers a distinct opportunity to expand the range of catalytic behavior. The purpose of this study was to
prepare Al-Fe-pillared smectite and to characterize the resulting materials. Al-Fe-pillared clay was synthesized from
Tunisian clay precursors according to a common procedure: grinding, sieving, Na exchange, pillaring, drying and
calcinations. Smectite suspension was mixed with different pillaring solutions containing Al and Fe oligomers with Fe/
(Al+Fe) percent ratios: 1; 5; 10 and 50%. Other types of material were investigated in this work; natural iron-ore was
defined and characterized as heterogeneous catalysis. The structural and textural properties of synthesis and natural
catalysis have been determined by X-ray diffraction, nitrogen adsorption-desorption isotherms, Transmission Electron

Microscopy (MET), X-ray fluorescence, CEC and infrared spectroscopy.
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Introduction

Wastewaters have become a major social and economic problem
as modern health-quality standards and environmental regulations
are gradually being more restrictive [1]. Among these pollutants an
increased concern is directed towards organic refractory compounds
which are difficult to remove by means of conventional wastewater
treatment technologies. One of the most promising solutions for the
elimination of pollutants from waste waters is catalytic wet peroxide
oxidation (CWPO) using pillared clays, will probably constitute the
best option in the near future. It has been proven as a method extremely
effective under mild conditions for the degradation of almost all organic
compounds to CO,, H,0 and inorganic ions [2]. Pillaring is a process of
smectite modification used to obtain materials that have found a wide
range of applications in catalytic, adsorption and separation processes
[3-5]. Common procedure for pillared clay (PILC) preparation is:
swelling of smectite in water, exchange of the interlayer cations by
partially hydrated polymeric or oligomeric metal cation complexes in
the interlamellar region of the starting clay, drying and calcining of
wet cake formed of expanded clay to have the metal polyoxocations
transformed into metal oxide pillars [6].

Very often, the introduction of a catalyst will improve the process
performances as the reaction rates increase through a better elimination
of the pollutants and more selective usage of the oxidizing agent [6]. As
aresult, the technology costs are also lowered. As far as soluble catalysts
might hardly be separated from the treated effluents, most researches
concentrated on the development of stable heterogeneous catalysts for
the complete mineralization of the organic pollutants. Heterogeneous
catalysis has several advantages over homogeneous catalysis: (1)
simplicity in synthetic operations; (2) prevention of the production of
salt wastes during neutralisation of the catalysts or reagents; and (3)
reusability of the solid catalyst [7-10].

Pillared clays are very interesting and promising catalysts with
a broad range of applications, such as acid-catalyzed reactions
and synthesis, since the pillared clays present higher surface areas,
microporosity and thermal stability than those of the parent clays. Al-
Fe PILCs have been reported as active catalysts in oxidation reactions
of environmental interest [11-16]. The iron (III) species incorporated

into the pillars between the clay layers are the active sites for the
oxidation reaction [17]; meanwhile, the Al polyhydroxocations are
needed for facilitating the pillaring of the solid and increasing its
microporosity [18].

Different solids have been employed to catalyze the oxidation of
organic compounds in wastewaters: transition-metal oxides and noble
metals have been extensively used as active components. Transition
metal exchanged zeolites [19,20] and Cu** or Fe*-montmorillonites
have been proposed as active catalysts for organic compounds oxidation
in aqueous phase [21-24]. On the other hand iron is the metallic ion
used in Fenton’s reagent [25], thus, the intercalation of cations Al-Fe
in the interlayer spacing of smectite should produce catalytically active
materials for oxidation of organic compounds with hydrogen peroxide.
Pillared clays have received increasing interest in the last 2 decades due
to their textural and catalytic properties in different reactions. They
represent a new class of microporous materials that have potential
applications as catalysts [26]. PILC properties are affected by various
synthesis parameters such as solid/liquid ratio, clay origin, particle size,
type of oligomeric metal cation or mixture of cations, intercalation
conditions, temperature and duration of calcining. In this work the
pillaring process was performed on one fraction of Tunisian-originated
clay. PILC catalysts based on smectite-Na with Al** and Fe** as active
cations were synthesized where several synthesis parameters were
maintained constant such as clay size and origin, type of pillaring
cations and their ratio, cation/clay ratio. On the other hand, four
extreme pillaring cations ratio sets of parameters were applied and their
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influence on the catalyst properties was investigated. In the other hand,
utilization of natural heterogeneous catalyst in Fenton process could be
a potential alternative owning to their low cost and abundance. So, a
natural iron-ore was defined and characterized in this study.

Experimental Section
Starting materials

The raw clay: The starting material was a smectite extracted from
soils of Teboursouk (North-West of Tunisia). This clay underwent
a purification stage per the procedure given in this work [27] before
synthesis of Fe- Al intercalated montmorillonites as follows: 100 g of raw
clay (particle size<100 um) was added into 1 L of Na,CO, solution (1
mol.L") and stirred at 80°C for 3 h. During the stirring, several drops of
HClI were added into the suspension to dissolve the CO,*. Na-smectite
was collected by centrifugation and washed with deionized water until
the solution was free of chloride (titration with AgNO,) [28]. The Na-
smectite was dried at 80°C, ground through a 60-mesh sieve and kept
in a sealed bottle. The surface area and CEC were 592.70 m?/g and
72.93 meq/100 g. The chemical composition and the X-ray diffraction
pattern are reported in Figure 1. The structural formula is Ca , Na,
K, s (Sigq Al ) (Al Fe Mg ) O,. All solutions and dispersions
were prepared using deionized water. A1C13.6H20, FeC13.6HZO, Na,CO,
and NaOH were purchased from Sigma-Aldrich.

Natural iron-ore: Two samples were collected by works staff from
iron-ore career situated at Tamra region in the north-West of Tunisia.
Samples were dried after collection and crushed twice to reduce particle
size. Natural catalyst being labeled MF and MFO01.

Synthesis of pillared clay

Preparation of the pillaring agents: Al-Fe-pillared clays (Al-Fe-
PILCs) were synthesized by the reaction of Na-smectite with base-
hydrolyzed solutions of Fe and Al. The process of pillaring was carried
out according to a common procedure [29,30] with simple modification.
The Fe/(Fe+Al) ratios (Fe: Fe** and Al: AI*¥ used were 0.01; 0.05; 0.10
and 0.50. An intercalant solution was prepared by titration of an AI**/
Fe** cationic solution with 0.2M NaOH. The cationic solution consisted
of 0.18M AICL.6H,0 and 0.02M FeCl..6H,O. The addition of the
NaOH solution to the cationic solution was attempted under stirring
at a controlled rate and at 70°C for 12 hours while the amount of the
NaOH solution added was such that the final OH/cation ratio was
equal to 1.9. These pillaring solutions which give Fe-polyhydroxy and
Al-polyhydroxy species were aged for 7 days out at room temperature
before use. A nomenclature was used for the PILCs where the first
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Figure 1: X-ray diffraction pattern and chemical composition of the natural clay.

letters, Al or Fe, respectively indicated the absence or presence of iron
in the pillaring solutions, and the following numbers indicated the used
Fe/(Al+Fe) ratio: Fe-0.01-PILC, Fe-0.05-PILC, Fe-0.1-PILC and Fe-0.5-
PILC.

Pillaring process: The PILCs were prepared by adding dropwise
the pillaring solution to a 2% suspension of homoionic smectite under
stirring to give a metal/ clay ratio of 3.8 mMol. g"'. The suspension was
aged for 1 day at room temperature. Then, the resulting dispersion was
left for 24 h and the excess supernatant was removed. The sediment was
dialyzed with distilled water until chloride was absent [28]. Finally, the
pillared clay precursor was dried at 60-70°C and their calcinations were
happened at 500°C for 2 h. Dehydration and dehydroxylation occur
upon calcination to give metal oxide clusters which act as pillars. Four
solids were prepared: Fe-0.01-PILC, Fe-0.05-PILC, Fe-0.1-PILC and
Fe-0.5-PILC.

Characterization methods: The catalysts were characterized using
several techniques to identify the structural and physicochemical
properties. The chemical composition of the PILC was determined
by X-ray fluorescence. All XRF measurements were performed with
a commercial instrument (ARL 9900 of THERMOFISCER), using
monochromatic radiation K  of cobalt (A\=1.788996 A). The crystalline
form of the catalyst was identified by X-ray diffractometer (XRD) using
a PANalytical X'Pert HighScore Plus diffractometer, CuKa radiation.
X-ray diffraction spectra were recorded on samples dried at room
temperature for all catalysts and after calcinations for 2 h at 300°C,
500°C and 750°C for pillared clays. Oriented films were prepared
on glass slides. The data were collected from 2° to 60° 20. These data
allowed the calculation of the d , spacing which was shown to be
characteristic of the interlamellar spacing for pillared clays. The textural
parameters of the samples were studied by means of the adsorption-
desorption isotherms of N, at 77K using a Quantachrome model
Nova 1200e surface and porosity analyser. Prior to the measurement,
samples were outgassed at a temperature of 200°C under high vacuum
for 2 h. Specific BET surface area (S,;,) values were calculated with
0.05<P/P <0.30. The total pore volume (V) was estimated from the
adsorption data at a P/P value of ~ 0.99. The Barrett-Joyner-Halenda
(BJH) method was applied to the desorption data for P/P, values above
0.20 to determine the mesopore surface area (SB)H) and the mesopore
volume (V) for pores in the 10-500 A° range. The mesopore volume
distribution as a function of pore size was calculated by (BJH) method.
Cation Exchange Capacity (CEC) were determined by the copper
ethylendiamine complex Cu(EDA),* method [31,32].

Fourier transform infrared (FT-IR) analysis was done to identify
the functional groups associated with the catalyst. FT-IR spectra were
collected on a Perkin Elmer 783 dispersive spectrometer in the range of
4000-400 cm™.

The morphology of natural clay and the catalyst was studied using
TEM. Elemental composition was identified by EDX energy dispersive
X-ray microanalysis. Samples for TEM analysis were prepared by
dispersing the powdered sample in ethanol by sonication and then drop
drying on a copper grid (400 mesh) coated with carbon film.

Results and Discussion

Pillared clay characterization

The Table 1 shows the clay mineral elemental composition obtained
from the raw clay and after pillaring with Al-Fe oligomers. Intercalation
of these oligomers was successful as noted in the increase in Al and
Fe content relative to the initial clay mineral in concordance with Fe/
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(Al+Fe) ratio used in the pillaring process. However, a decrease in
Al content was observed in Fe-0.5-PILC which contents the highest
amount of Fe. This could be a consequence of aluminum dissolution
or also due to isomorphic substitution of aluminum by iron on the
octahedral network [33]. There is also a decrease in the octahedral Mg
content in the pillared clay minerals due to the attack of protons from
the oligomeric cations, which are decomposed after heating in oxide
pillars with the subsequent proton release [34]. This Mg release yielded
hydroxyl acid sites.

X-ray diffraction

The X-ray diffractograms corresponding to the PILC by intercalation
of Al and Fe oligomers are shown in Figure 2. The XRD results indicate
that the modification carried out over the clay leads, in all the cases, to
the successful pillaring of the material, revealing the shift of the signal
d,,, to higher values between 19 A and 14 A. This peak was broadened
and its intensity weakened by the incorporation of Fe-Al complexes,
indicating that the Fe-Al complexes were intercalated randomly into
the interlayer of smectite [35]. The d,, values were clearly much greater
at a relatively small Fe/(Al+Fe) ratio, while they decreased to 14.49
A at Fe/(Al+Fe)=0.5, similar to previous results in which an increase
of the Fe content produced materials with little increase in the basal
spacing [36-39]. In the other hand, some research was done at low angle
26=1° which showed an additional peak at 52 A [40], 72 A [41], 76 A
[42]. This peak at low angle was of lower intensity compared to that at
18 A. These studies explained the d,,, values obtained in the current
study especially for an Fe/(Al+Fe) ratio of 0.5 who is almost similar of
previous studies performed with Fe-Al based PILCs with starting angle

% oxides Cp Fe-0.01-PILC FT;IoL'gs- Fe-0.1-PILC Fe-0.5-PILC
Sio, 55.21 53.08 52.14 52.00 53.34
ALO, 20.09 27.32 28.23 28.87 20.14
Fe,O, 7.10 9.36 10.68 12.19 18.28
K,0 0.29 1.21 1.16 1.02 1.10
MgO 3.33 2.94 2.93 2.84 2.44
Na,O 1.97 0.23 0.21 0.18 0.19
Ca0 0.13 0.088 0.09 0.097 0.10
SO, 0.81 0.81 0.80 0.83 0.79
PO, 0.10 0.10 0.09 0.06 0.09

LOI 11.27 6.27 6.18 4.05 4.64

LOI: loss on ignition
Table 1: Chemical analysis of the raw clay mineral and PILCs expressed as oxide

percentage.
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Figure 2: XRD patterns of natural and pillared clays.

20=2°[13,14,43-45] which showed the largest basal spacing of about 25
A, 19A,17 A. The simple different observed can be due to the different
(Fe+Al)/OH ratios used in the formation of the Fe and Al oligomers,
since the pillaring process is strongly dependent on experimental
conditions such as temperature, pH and dependent on the nature of the
exchangeable cation and especially on the metal/base ratio used.

For more explanation of this phenomena, catalysis based Fe-PILC
was synthesized with Fe/(Fe+Al) ratio equal to 1. The XRD patterns
of this sample and the raw clay are presented in Figure 3. The great
reflection observed in 26=2.3° is related to basal spacing d ,, (37.41 A)
confirming the success of the pillaring process. The second reflection
at 20=6.04° relative to 14.65 A. Other diffractions are related to the
presence of iron oxide: hematite (20=33.3° 40.53° 49.10°% 67.56°) and
magnetite (20=35.18° 53.69° 63.62°). These results indicate that iron
not only entered the clay layers, but also a portion of it was deposited
out of the layer. But, there is no diffraction of iron or aluminum oxide
in the patterns of all Al-Fe-PILCs samples, suggesting that Al species
are totally inserted on the clay or that the iron and aluminum oxides
particles are very small particles.

Furthermore, pillared clays have been calcined at some temperature
for investigate the temperature effect. The obtained results are figured
in Figure 4 at four temperatures: at room temperature, 300°C, 500°C
and 650°C. The d,, values does not undergo a large variation. So, these
results improve the thermal stability of materials synthesized.

Textural properties

The Figure 5 shows the N, isotherms at 77 K for natural clay and
Fe-Al-PILCs samples. The isotherms are of type IV, corresponding to
microporous solids and parallel from P/P >0.2. This indicates that the
nitrogen adsorbed from this point to P/P =0.98 was similar in all types
of samples. The presence of micropores is generated in the pillaring
process to intercalate inorganic polyoxycations between the clay
layers. All samples show a hysteresis loop type H, according to TUPAC
classification.

The Table 2 presents the values for specific surface area, S, volume
of N, adsorbed at P/P =0.98; V_,, mesoporosity surface and volume;
Sppme a0d Vi o respectively, from the Barret-Joyner-Halenda
method [46] and average pore diameter (D) of the different samples.

It's seen that all pillared clays have similar textural properties and
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Figure 3: XRD patterns of natural and Fe-1-PILC clay.
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Figure 4: X-ray diffraction patterns of the calcined Al-Fe-PILCs at 300°C, 500°C and 650°C.
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Figure 5: Adsorption-desorption isotherms of the PILCs and natural clay.
s s Fe-0.5-PILC. The larger decrease for the micropore area vs. the total
Samp|es 351 BJI-;Imesp ags BJlemesp D(A°) X R .
(m?/g) (m?/g) (cm?g) (cm?/g) surface area indicated that most of the new surface area created in the
Natural clay =~ 57.963 38.316 0.07 0.059 19.109 pillaring process with Fe species corresponded to mesopores. Also,
Fe-0.01-PILC = 61.673 34.706 0.08 0.063 18.848 a uniform pore size and volume pore is observed for all the catalysts
Fe-0.05-PILC = 55.429 30.856 0.07 0.046 18.904 (Figure 6). This result is similar to that for the parental clay. The BJH-
Fe-0.1-PILC ~ 50.086 30.069 0.05 0.047 19.003 mesopore size distributions obtained from the nitrogen adsorption
Fe-0.5-PILC = 53.854 44.278 0.09 0.078 18.848 isotherms for the samples that were studied are presented in Figure, as

Sger BET surface area, S, mesopore surface area, V, s, mesopore volume,
V- volume of N, adsorbed at P/P =0.98, D: average pore diameter.

Table 2: Textural parameters of the samples: Natural and pillared clay.

these properties do not change remarkably with different synthesis
conditions. The similar textural properties of these samples may be
explained by the formation of a similar sized basal spacing and similar
dispersions of the pillars in the interlayer region. However, synthesized
catalysts have a greater d , value than the parental clay, but they have a
lower S value, wish is associated with the amount and dispersion of the
pillars among the interlayer of these samples. Furthermore, BET surface
area of the parental clays decreases after the intercalation with Fe and Al
polycations, possibly due to the formation of iron oxide nanoparticles
covering the external surface and clogging the microspore of the clay
support. However, the micropore area decreased from Fe-0.01-PILC to

can be seen from Figure, there is a good agreement between the pore
size distributions of the samples studied.

The Table 2 reports the basal spacing (d,,) after calcinations
at different temperature, BET surface area of pillared clays. The
corresponding values of the starting smectite calcinated at the same
temperatures are also included for comparison. As can be seen, the basal
spacing decreases when the calcinations temperature is increased owing
to the dehydroxilation of the pillars. The pillaring process substantially
increases the basal spacing and decrease BET surface area. Indeed,
these pillars separate adjacent silicate layers which then increases the

interlayer distance and creates a permanent porosity between them.
Transmission electron microscopy-EDX

The morphological changes of the solid particles were observed
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by Transmission Electron Microscopy (TEM). Figure 7 depicts TEM
micrographs of the natural and pillared clay. In this paper, we give
only the example of Fe-0.1-PILC. For viewing the clay particles mainly
parallel to the c-axis, a dilute suspension of material in 70% alcohol was
briefly ultrasonicated and a small drop of the suspension was placed on
a thin carbon film on a TEM copper grid, allowed to dry and coated

with a thin carbon layer to improve stability under the beam. It can be
learned that Na-smectite has a layered structure and a two-dimension
porous structure with small basal spacing. For Fe-0.1-PILC the layers
were obviously kept apart, obtaining large pore structures, and the basal
spacing between two neighboring fringes was discarded, corresponding
to the successful pillaring (Figure 7c and 7f).
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Figure 6: BJH-method pore size distribution curves from nitrogen sorption data. a=natural, b=1%, c=5%, d=10%, e=50%.

\

N\

W
04830 Qm“ (N

Figure 7: Morphology of natural clay and Fe-0.1-PILC at different scale: Natural clay: 10 nm (a) (b) and 5 nm (d) Fe-0.1-PILC: 25 nm (d), 20 nm (e) and 10 nm
(f) given by TEM.
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The EDX analysis is consistent with the expected presence of Fe
and Al in Fe-0.1-PILC. This confirms the reality insertion of the raw
material. Figure 8 presents the spectrum of Fe-0.1-PILC and natural
clay.

IR spectroscopy

The Figure 9 illustrates the FTIR analysis of the natural clay and all
the Al-Fe-PILCs. The spectra of Al-Fe-pillared clays show that several
bands typical of smectite (3624 cm™ for O-H stretching of structural
O-H groups, 1087 cm™ for Si-O stretching, 914 cm™ of Al-Al-OH
deformation, 795 cm™ for Si-O stretching of cristobalite, 626 cm™ for
coupled Al-O and Si-O out of plane stretching vibration, 519 cm™ Al-
O-Si deformation, and 467 cm™ of Si-O-Si deformation) are nearly the
same or the change in these bands is insignificant after pillaring. Major
change was observed in three areas of wavelength range, at 3430 cm’',
1640 cm’!, and 797 cm'. The absorption at 3430 cm™ can be assigned
to the symmetric O-H stretching vibration of H-bonded water [47]; the
frequency shifted to a higher, then back to a lower, wavenumber with
increasing Fe/Al+Fe molar ratio. Comparison between intercalated
samples revealed that Fe contributed to the decrease of hydrogen-
bonding strength in Al-Fe-PILC. Meanwhile, the H-O-H bending
vibration at 1642 cm™” found in smectite shifted to 1634 cm™ after
intercalation.

Cation Exchange Capacity: CEC

The CEC value of pillared clays samples shows a decrease with the
amount of added Fe/(Fe+Al) (from 24 to 13 méq/100 g) indicating

that the exchangeable cations and the protons were replaced by pillars
incorporated into the clay. The Table 3 shows these experiments results.

Iron-ores characterization

The component analyses of the studied iron-ore were shown in
Table 4. As evident from the results in the table, that Fe, Si and Ca
are the three most abundant elements in the samples, the Fe grades
of all samples were higher than 50%, the sample MFO01 contains the
highest amount of iron and the ignition loss (LOI) values varied
from 9-11.2%. The Alumina (Al,O,) content normally ascribed to
kaolinite varied from 3.9 to 5.03%. The silica (SiO,) grades were
much higher than 10%. Also worth noting is these iron ore all
contain some toxic heavy metals.

Textural characterization

BET analysis was used to investigate the microstructural properties
of natural iron-ore samples. BET surface area analyses (Table 5)
indicate the studied samples have similar S 44.3 and 45.86 m*/g for
MF and MFOI respectively. A uniform pore size and volume pore is
observed for both catalysts (Table 5). The adsorption-desorption
isotherms of all samples are a type IV isotherm with a hysteresis loop
according to UIPAC classification [48]. As shown in Figure 10 the most
probable values of samples pore size are about 2 nm indicating they are
microporous materials.

Mineralogical characterization

The XRD analysis was applied to define the structure of both iron-

a) Fe=11.2
¢ Al=21.3
Si=55.4
Mg=5.9

K=2.5

b) Fe=15.2
Al=27.0
Si=52.5
s Mg=3.5
o K=1.8
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Figure 9: Infrared spectra of natural (e) and pillared clays: (a) Fe-0.5-PILC; (b) Fe-0.1-PILC; (c) Fe-0.05-PILC and (d) Fe-0.01-PILC.
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Solids Natural | Al-Fe-0.01- | Al-Fe-0.05- Al-Fe-0.1- Al-Fe-0.5-
clay PILC PILC PILC PILC 80 A
CEC 70
. 72.93 24 21.33 17.33 13.33 .
(méq/100g) -
Table 3: Cation exchange capacity (CEC) of the raw clay mineral and PILCs. En * M
Component (%) MF MFO01 2 0 ™ : m:m
Feq, 50.76 64.12 3 o3
© a'® .
SiO, 15.38 13.66 g 30 .. :.u{ .
sCa0 487 6.29 ;3 » -} ;,s,ozt. .
LJ
K,0 0.31 0.25 Cad PP
10 S
Na,0 0.05 0.02 sie®
AlLO, 5.03 3.90 0
0.00 0.20 0.40 0.60 0.80 1.00 1.20
MgO 0.77 0.69 Relative Pressure(P/P0)
SO, 0.01 0.24
P,O, 0.12 0.15 0.003 B
TiO, 0.26 0.23
0.003 —s— MFO1
MnO 2.08 1.44
——MF
Cr,0, 0.02 0.02 g 0.002
Lol 11.23 9.01 2
Table 4: Chemical composition and ignition loss (LOI) of the samples studied (MF g o002
and MF01) by XRF analysis. £
= 0.001
Samples S,.. (m%g) sBJH/mesp VBJH/mesp V_ (Cm3g) D(A°)
BET (m?/g) (cm?/g) ads 0.001
MF 44.393 35.173 0.096 0.11 19.073
MF01 45.868 44.170 0.092 0.10 18.989 0.000
0 50 100 150 200 250
Sger BET surface area, S, mesopore surface area, V, ., ,: mesopore volume, Pore Diameter(AR)

V, . volume of N, adsorbed at P/P=0.98, D: average pore diameter.
Table 5: Textural properties of the studied samples: MF and MFO1.

ores and the obtained patterns were shown on Figure 11. It can be
explicitly considered that the same diffraction peaks have appeared in
the XRD spectra of the two samples. Some diffractions are related to the
presence of goethite FeFOOH (20=21.2°, 34.96°, 36.8°, 41.4°, 50.5°, 53.2°
and 59.3°) [49,50], hematite Fe,O, (20=33.22°, 40.5° and 68.3°) [51] and
magnetite Fe,O, (20=35.5° and 61.3°) [52] iron phases. On the other
hand, typical peaks of quartz (Q) and kaolinite (K) phases are detected.
It should be noted that the XRD pattern of MF shows the same peaks
which are less intense.

FT-IR analysis

In order to identify the functional groups of MF and MF01, FT-
IR analysis was performed (Figure 12). Various functional groups
represented in the IR spectra were the same as that of goethite. For
MF, the absorption bands at about 894 and 797 cm™ are attributed
to O-H bending bands in goethite (Fe-OH) and are respectively on
behalf of the vibrations in and out of the plane [53]. The peaks at
about 476.84; 538.27 and 600 cm™ are assigned to the symmetric
stretching vibration bands of Si-O/AI-O and O-Fe-O functional
groups, respectively [53,54]. The two bands around 538.27 and
476.84 cm™ can be attributed to hematite characteristic bands. The
bands at 1046.09 cm™ and 1656 cm™ are related with asymmetric
stretching vibration of Fe-O-Si, O-H respectively. Finally, the band
between 3000 and 3400 cm™ corresponds to the hydrogen-bonded
hydroxyl groups stretching vibration [53].

The FT-IR spectrum of MFO1 shows that the chemical groups
of MFO1 are similar to the ones in MF sample. However, in MF01,
the presence of C=0 species is indicated by the band at 1451 cm™
correspond to asymmetric stretching vibration.

Figure 10: Nitrogen adsorption/desorption isotherms at 77K for iron-ores
samples (A) and BJH-method pore size distribution curves from nitrogen
sorption data (B).

M:Magnetite

- H:Hematite
3000 - G:goethite
] Q Q:Quartz
2500 K:Kaolinite
2000 - M
=5 M
5 J
S 1500 4 mH M
2 1 K G G GM H
£ 1000 N MFo1
E J
500 |
| G
0~ MF
_5()0 T T T T
20 40 60 80
2 Theta(degree)
Figure 11: Powder X-ray diffraction patterns of MF and MFO1.
Conclusion

In this work, clay with many properties was obtained through a
simple, inexpensive and innovative route. The developed material is
pillared smectite with mixed Al-Fe pillars between the clay layers. A
care has been given to the physical and chemical properties of these
catalysts. XR diffraction showed an increase in the basal spacing up
to 19 A. They have a high thermal stability. Textural characterization
show a decrease in BET surface area indicating that a portion of the iron
inserted into the clay structure is deposited on the surface, interacting
with the tetrahedral sheets of the clay, without destroying the original
framework. That change in the amount of iron on the surface of the
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Figure 12: FTIR spectra of the iron-ore samples: MF and MFO1.

material leads to a substantial increase in the adsorption and catalysis
activity due to changes in the structure of surface sites available for the
reaction to take place.

In addition, a natural catalyst was defined and characterized in this
work: the iron-ore wish is not toxic compound and causes no secondary
pollution in the environment. Regarding their physical and chemical
properties, natural iron-ore will be utilized as a heterogeneous catalyst
in Fenton process.
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