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Abstract: We present the structural
characterization of several sets of minerals:
a) natural clinoptilolite (ZNM), b) ZNM
subjected to grinding for three hours
(ZNMO025), ¢) ZNMO025 calcined at 250 °C
(ZNM250) and d) ZNMO025 treated at 500
°C (ZNM500), X-ray diffraction (XRD)
technique was used to determine what
the changes were. On the other hand, the
aforementioned samples were used to carry
out the degradation of the Reactive Black 5
(RB5) textile dye, relying on a photocatalytic
process. The effects of calcinations at 250 °C
and 500°C on the materials, according to
the diffraction patterns are: i) increase in the
amorphous phase; ii) positive or negative shift
(compared to ZNMO025), of the diffraction
peaks of ZNM250 and ZNM500; iii) decrease
in particle size, according to the Debye-
Scherrer model; iv) absence of diffraction
peaks of Iron Oxide (FeOx) particles.In
addition, we have found that the sample set can
photocatalytically mineralize the RB5 dye. The
degree of mineralization was verified through
the decrease in the height of the absorption
band of the UV-Vis spectrum (A = 600 nm),
which corresponds to the azo bond (-N=N-)
of the chemical structure of the compound.
organic (RB5). Finally, the following dye
degradation order was established, ZNMO025 <
ZNM250 < ZNM500, indicating that the heat
treatment at 500 °C of natural clinoptilolite
improves the catalytic properties and allows
for better RB5 degradation efficiencies.
Keywords: Natural zeolite, Photocatalysis,
X-rays

INTRODUCCION

Zeolites are crystalline minerals; which are
made up of a network of silicon and aluminum
tetrahedrons  (aluminosilicates),  linked
together by oxygen atoms [SiO,]* y [AlO,]*
[1-3]; in their intramolecular structure
they have channels or cavities of molecular
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dimensions (30 to 150 nm) [4].

Natural zeolites (ZN) have been the subject
of much research, due to their adsorbent
properties, abundance, availability and their
low cost compared to other minerals, but
there is an important limitation, which are the
impurities it has, the most common being the
presence of iron oxides, which is associated
with non-zeolitic phases, and other impurities
found are cationic species [5].

Recently, at the XIX National Academic
Meeting on Physics and Mathematics 2014,
held at ESFM-IPN (Mexico City), preliminary
results of the spectroscopic characterization
of natural zeolites from Etla, Oaxaca were
presented with the following techniques:
XRD (Diffraction of X-rays), UV-Vis
(Ultraviolet-Visible Spectroscopy) and FTIR
(Infrared Spectroscopy) [6]. It was found
that for the diffraction peak at 26= 9.8, there
is a decrease in its intensity, which is due to
the heat treatment to which the sample was
subjected; In addition, an average grain
size was established by means of the Debye-
Scherrer analytical method [7-9] from only
this diffraction peak. In addition, in this work,
using the FTIR-CO and UV-Vis techniques,
the presence of iron oxide/hydroxide (FeOx)
nanophases was determined in the zeolite
with non-calcined three-hour grinding and
the modification of these FeOx nanophases
by calcination in an oxidizing atmosphere at
temperatures of 250 and 500°C respectively.
These FeOx nanophases were shown to have
maghemite/magnetite type ferromagnetic
characteristics. By heating these species above
500 °C, they transformed into a new hematite-
type ferromagnetic nanophase [10,11].

In the previous work, the XRD peaks of
the natural zeolite calcined at 250 and 500
°C were analyzed, at the 20 = 9.8 peak; now,
in this report, the Debye-Scherrer analysis is
extended and quasi-overlapping diffraction
peaks are described in detail; two from the
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clinoptilolite phase, two from the mordenite
phase and one associated with the quartz
phase. In the second part of this work, the
photo-catalytic degradation of the Reactive
Black 5 (RB5) dye dissolved in deionized
water is studied. The main objective is to find
the average grain size of the three minerals, in
addition to monitoring their photo-degrading
activity on the organic azo compound, and to
relate the influence of heat treatment on the
catalytic properties of zeolitic powders.

METHODOLOGY

The zeolitic mineral was extracted directly
from the deposit of the town of Etla, in the state
of Oaxaca, in Mexico; its origin is natural since
it was not subjected to no physicochemical
process to remove undesirable impurities;
its composition is approximately 75% of the
clinoptilolite crystalline phase, the rest of the
material is made up of mordenite, erionite,
quartz, feldspar, iron oxides [12].

This material was submitted to a
calcination process during an interval of 2 to
3 hours, maintaining a stable temperature of
250 and 500 °C respectively; The equipment
used was a Thermolyne Sybron muffle model
Programmable Asching Furnace Type 2000.

The X-ray measurements were carried
out in a Rigaku Miniflex 600 model
powder diffractometer, with a graphite
monochromator and using CuKa radiation
with a A=0.154 nm, a V=40 kV, current of
15 mA; with a step increment of 0.001, and
w=2°/min. The equipment was provided by
the Center for Nanosciences and Micro and
Nanotechnologies (CNMN-IPN).

The photodegradation was carried out
in a three-way reactor under the following
conditions: 100 ppm of Black 5 dye diluted in
distilled water were prepared; Subsequently,
it was stored in a dark container (to avoid
minimal contact with white light), a volume
of 250 ml of prepared liquid was measured

and deposited in a reactor (which was covered
with aluminum to block external light), and
50 mg of powdered zeolite were added, later
1.5 ml of HCI was added to control the pH of
the solution and 0.5 ml of H202 to start the
reaction, a 13-watt visible light lamp (white
light) was used to start with photocatalysis.

Photocatalytic measurements ~ were
quantified through UV-Vis spectroscopy;
catalytic activity spectra were obtained by
means of a Cary 1G model Variant UV/
Vis lamp spectrophotometer with v=600
nm/min as scanning speed; the wavelength
range was A= 190 to 800 nm. The reaction
of photocatalysis was monitored from 0 to
200 min. An aliquot was taken at each 20
min interval to determine its corresponding
UV-Vis spectrum. The experimentation was
carried out in the G-bis Building of the UAM-
Azcapotzalco.

RESULTS Y DISCUSSION
A. X-RAY DIFFRACTION

For the diffraction lines at 20= 13.45
and 19.61, of the mordenite phase; the
diffractograms for the 3 samples (ZNM025,
ZNM250 and ZNM500) were studied. in the
figure 1 schematizes the peak at 13.45, the
corresponding peak at 19.61 (not shown).
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Fig. 1. XRD simulation for the 20 = 13.45

peak for the samples ZNMO025, ZNM250

and ZNM500, of the mordenite phase with 4
Gaussian distributions.

To better understand the impact of
calcination temperature on zeolite powders;
the average particle size was determined using
the Debye-Scherrer equation [6, 13].

L=K-1/pBcosO (1)

The variables correspond to:

K=0.89 is a constant

A=0.154 nm

p= Peak width in radians

O=half angle of diffraction

The peak analyzed at 20= 1345 is
surrounded by 2 neighboring peaks, one on its
right side and the other on the left side, for this
reason it is identified as a quasi-overlapping
peak, for which there are several zeolitic
phases present, but the peak is more defined
(central band) is the one that is studied.

The following information is extracted
from the study: the apparent center, its
width, the height, the peak area, as well as the
approximate diameter of the grain. The results
were reported in Table I.

S | hK peak beak peak peak dearticle
ample center | width height | area iameter
(nm)
ZNMO025 13.47 0.196 | 5403.5| 1325.9 40.35
ZNM250 | 111] 13.57 0.194 | 5321.8 | 1296.2 40.72
ZNM500 13.55 | 0.200 | 4885.0 | 1223.9 39.55

TABLEI - Fit parameters of the four Gaussians
of the peak at 20 = 13.45 to determine the
particle diameter of the mordenite phase.

Regarding the clinoptilolite phase, the
peaks at 26=11.19 and 32.02 were analyzed, in
this section only the first peak is reported, see
Fig.2.
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Fig. 2. XRD simulation for the 26 = 11.19

peak for the samples ZNMO025, ZNM250 and

ZNM500, of the clinoptilolite phase with a
Gaussian distribution.

It is notably appreciated that for the
clinoptilolite phase its diffraction peak is
uniform, and that there are no contiguous
peaks that affect its behavior; For this reason,
only one simulation is carried out, which
allows a perfect fit and obtains reliable values.
when there is an overlap of bands, a more
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rigorous simulation is needed to have a finer
fit.

As in the mordenite phase, the results
found for the clinoptilolite phase are shown
in Table II. This table allows us to observe in
greater detail the changes produced in the 3
samples.

K Particle

Sample | hki | P2 beak | peak | peak | diameter
center | \width | height | area (nm)
ZNMO025 11.16 0.160 | 2251.9 | 451.88 49.36
ZNM250 | 200| 11.27 0.160 | 2163.5 | 434.37 49.19
ZNM500 11.26 0.166 | 2472.2 | 513.40 47.65

TABLE II - Parameters of the fit to a Gaussian
of the peak at 20 = 11.19 to determine the
particle diameter of the clinoptilolite phase.

Finally, a single peak of the a-quartz phase
was analyzed at 20=26.65, see Fig. 3. In the
Table III specifies all the information related
to the a-quartz phase.

The peak at 20=26.65 has quasi overlap
and therefore a Gaussian fit is needed to have
a fine coupling.

Reference [14] shows the X-ray diffraction
patterns of the phases: clinoptilolite, mordenite
and a-quartz, according to this, the peaks that
were not superimposed were chosen, for this
the simulation was carried out to find all the
desired parameters.
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Fig. 3. XRD simulation for the 20= 26.65

peak for the samples ZNMO025, ZNM250 and

ZNM500, of the a-quartz phase with 3 and 4
Gaussian distributions, respectively.

When analyzing Table I to III, the effect
of calcination on the samples is reflected;
although there was no significant change,
in the center and in the width of the peaks;
however, if there is considerable variation
height, area, and diameter of the particle.

Particle
k
Sample | hkl peak bga pe.ak peak diameter
center | width | height | area (hm)
ZNMO025 26.64 0.179 10287 | 2306.4 45.14
ZNM250 | 101]| 26.72 0.179 | 9212.6 | 2061.7 45.15
ZNM500 26.69 0.186 | 7645.5 | 1779.2 43.48

TABLE III - Fitting parameters to three and

four Gaussians, respectively, peak at 20 =

26.65, to determine the particle diameter of
the a-quartz phase.

The general average diameter of the three
phases of the zeolite under study is represented
in Table IV.
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Sample gﬁng‘:t]il)olite Eﬂzr(gg?te E—%g]a;?t)z
ZNMO025 48.37 42.61 45.14
ZNM250 47.75 43.78 45.15
ZNM500 46.04 42.545 43.48

TABLE IV - Average diameter of the 3 zeolite
phases at 3 different calcination temperatures.

The thermal effect on the material is
constantly noted in the change in grain size;
on the other hand, the initial diameter for the
three phases is greater than the final diameter,
according to the information provided; the
following can be set:

Dpclinoptilolita > Dpa—cuarzo > meordenita (2)

B. PHOTO-CATALYTIC ACTIVITY

Photocatalysis is an advanced oxidation
process (POA) that employs a catalyst,
H202 and a light source (visible light);
has the objective of mineralizing organic
compounds from residual effluents [15]. The
quantification of a photo-catalytic process
can be carried out by: High Performance
Liquid Chromatography (HPLC) [16], and
controlling the absorption bands of the dye by
UV-Vis Spectrophotometry [17, 18 ].

In this report we have used the monitoring
of the band with a wavelength at 600 nm to
determine the degree of degradation and
discoloration of the Reactive Black 5 (RB5)
compound.

RB5 is made up of a group of atoms, which
are responsible for the characteristic color
(black), known as chromophores; of which,
the most common are: carbonyls (-C=0), azo
compounds (-N=N-), methyls (-CH3), nitro
groups (-NO2) and quinoid groups [19]; This
dye is widely used in the textile industry, for
the garment dyeing process, see Fig. 4.
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Fig.4. Molecular structure of Reactive Black
5 dye

Figure 5 shows the UV-Vis spectrum
of RB5, in collaboration with the sample
ZNMO25 as a catalytic agent.
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Fig. 5. UV-Vis spectrum of RB5 degradation
for an irradiation time of 200 min using
ZNMO025.

The initial absorption band at A=600 nm
disappears as a function of the photocatalytic
reaction time, that is, the zeolitic material
(ZNMO025) catalytically promotes the

T — -



degradation and discoloration of the organic
compound, qualitatively it can be seen that it
is a good catalyst.

The photodegrading behavior of the
materials ZNM250 (Fig. 6) and ZNM500 (Fig.
7) on RB5 is shown below.
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Fig. 6. UV-Vis spectrum of RB5 degradation
for an irradiation time of 200 min using
ZNM250.
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Fig. 7. UV-Vis spectrum of RB5 degradation
for an irradiation time of 200 min using
ZNM500.

In the same way, both in Fig. 6 and 7 it is
observed that the absorption peaks decrease
in intensity, this is due to the function that
the calcined zeolitic mineral induces on the
organic compound. Thus, it is observed that
the heat treatment of the mineral allows there
to be an improvement in the degradation and
discoloration of RB5.
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Fig. 8. UV-Vis spectrum of total RB5
degradation using ZNMO025, ZNM250 and
ZNM500 respectively..

Now, Figure 8 presents the comparative
analysis of the curves of the 3 spectra of
Figures 5, 6 and 7 at 200 min of reaction; that
is, the last curve (orange color) of the 3 UV-
Vis spectra is extracted, the three final curves
are all reflected in a general graph (see Fig. 8).
From which it is observed how when using
calcined zeolites, they considerably attenuate
the RB5 peaks (A=600 nm); qualitatively, it
is established that the photo-degradation
pattern follows this trend:

ZNM500 > ZNM 025 > ZNM 250 (3)

For a reaction time of 200 min, there is a
good mineralization of the azo compound,
possibly in CO2, CO, carboxylic acids, etc.,
we can say that the 3 zeolites demonstrate
their high catalytic power, but especially the
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ZNM25 and ZNM500 samples. Although the
reaction time is moderately long, in future
works it is intended to make modifications to
zeolites to improve the oxidation efficiency of
RB5 in less time.

CONCLUSIONS

The structural study using the XRD
technique shows the presence of 3 different
phases in the natural zeolite corresponding to:
mordenite, clinoptilolite and a-quartz. When
said material is subjected to a calcination
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process;arearrangementofits crystallographic
structure occurs, a modification in the grain
size, as well as a change in its peak area.

When monitoring the intensity of the 600
nm peak of the RB5 dye, it is observed that the
mineralizing photocatalytic activity is more
efficient when the zeolite that was calcined at
500°C is occupied.
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