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Abstract

Background and aims: Nitrogen oxide, as one of the most dangerous
environmental pollutants, have harmful effects on the health of people in the
workplace. Today, the catalytic oxidation of nitrogen oxide, is a highly efficient
method for removing these gases; many researches have been dedicated to
this matter. The aim of this study was to investigate the removal efficiency of
nitrogen dioxide (NO,) by nickel and nickel-platinum supported on multi-
walled carbon nanotubes, from air streams in the catalytic oxidation process.

Methods: In this experimental study, structural and functional specifications of
the catalysts were characterized by analysis Field Emission Scanning Electron
Microscope (FE-SEM), X-ray Diffraction (XRD), Fourier-transform Infrared
spectroscopy (FTIR) and Temperature-Programmed Reduction (H,-TPR) after
stabilization of nickel and nickel-platinum nanoparticles on carbon nanotube
substrate. The removal efficiency of the synthesized catalysts, was studied at
the temperature of 250 °C, space velocities of 15000 — 20000 hr and the NO,
concentrations of 3000,4000,5000 ppm.

Results: The results of the FESEM and XRD analysis showed that the diameter
of carbon nanotubes, ranged from 11 to 18 nm, and the size of crystalline nickel
and platinum nanoparticle on the catalyst bed were between 10 to 50 nm. The
results of catalytic removal of NO, showed that the highest efficiency was
related to the condition of 250°C temperature, the concentration of 3000 ppm
and the space velocities of 20000-15000 per hour.

Conclusion: According to the acquired results, the use of carbon nanotubes
as a catalyst support, is appropriate for the removal of NO, from air streams.
Bimetallic catalysts that used the supported nickel and platinum on carbon
nanotubes, had a high efficiency and productivity in NO, removal at various
temperatures, retention times, and the concentration of pollutants.
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EXTENDED ABSTRACT

INTRODUCTION

Nitrogen dioxide is caused by various industrial
processes, and results in acidic rain, photochemical
smog, and ozone depletion in the environment
(1). Nowadays, various methods such as catalytic
oxidation, photocatalytic oxidation, scrubbers,
etc., are utilized to diminish the discharge of
nitrogen oxides and eradicate this hazardous
pollutant. Catalytic oxidation is a new method,
used to eliminate this dangerous environmental
pollutant. These catalysts, remove nitrogen oxide
at a nanoscale (2, 3). In the present study, nickel-
based mono-metallic catalysts were loaded on
Multi-walled Carbon Nanotubes (Ni / MWCNT),
and nickel-platinum bimetallic catalysts were
loaded on Multi-walled Carbon Nanotubes
(Ni-Pt / MWCNT), as the new catalysts were
synthesized to eliminate nitrogen dioxide. Finally,
after the structural assessment of the amount
of hydrogenation of the synthesized catalysts at
different temperatures, tests were conducted to
determine the optimal operating conditions.

EXPERIMENTAL SECTION

Nickel and nickel-platinum nano-catalysts,
were synthesized and loaded onto Multi-walled
Carbon Nanotubes (MWCNT), respectively:

1. The first step is the acid treatment of
multi-walled carbon nanotubes, and the removal
of any impurities on multi-walled carbon
nanotubes (4).

2. The second step is the preparation and
synthesis of the catalysts. In this stage, nickel-
based catalysts were loaded on Multi-walled
Carbon Nanotubes (Ni / MWCNT), with a 207.
nickel content and nickel-platinum catalyst,
loaded on Multi-walled Carbon Nanotubes (Ni-
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Pt/ MWCNT), were synthesized with 25/ nickel
and 37. platinum (5, 6).

The structural characteristics of nano-
catalysts, was synthesized by 200 nanometers
Scanning Electron Microscope (SEM), and the
phases of the catalysts was formed by X-ray
Diffraction (XRD), in the ranges of 5° to 80°%
to determine the hydrogenation rate of the
catalysts, synthesized from reductase test with
the Temperature-programmed Reduction (H,-
TPR) was utilized. Fourier-transform Infrared
spectroscopy (FTIR) was employed to investigate
the functions on the structure of acid-purified
multi-walled carbon nanotubes.

In the current study, the laboratory system of
nitrogen dioxide, continuous its production with
a 28/ humidity airflow, according to the required
NO, concentration, and the targeted spatial
velocities were mixed and then imported to the
reactor. The catalysts that were synthesized in
the reactor were mixed and placed with ceramic
stones. The nitrogen dioxide emitted from the
reactor, was measured by a Pollytector G 750
equipped with an electrochemical sensor.

FINDINGS

Pre-tests were executed on Ni/MWCNT
catalysts, with various weight percentages of
nickel and platinum. The results of the pre-
tests demonstrated an outstanding removal
efficiencies of 20/. W.Ni / MWCNT catalysts,
and 25/. W.Ni-37. W.Pt / MWCNT catalysts. The
following are the results of the removal period of
these catalysts, in different operating conditions.

X-ray Diffraction pattern (XRD): The X-ray
diffraction peaks of the Ni / MWCNT and Ni-Pt/
MWCNT catalysts are displayed in Figure 1.
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Figure 1. X-ray diffraction pattern related to catalysts: (A) Ni/MWCNT (B) Ni-Pt/ MWCNT
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The results of Field Emission Scanning
Electron Microscope (FE-SEM): The results
of the FE-SEM tests regarding synthesized
catalysts presented in Figure 2, show that the
carbon nanotubes are 11 to 18 nanometers in
diameter, and have a porous interstitial space
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and separate strands.Energy Dispersive X-ray
(EDS): The results of the EDS tests on the base
and synthesized catalysts presented in Figure
2, indicate the presence of nickel, platinum,
carbon particles, and a small amount of oxygen
and chlorine. Table 1 displays the percentage of
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Figure 2. Results of electron imaging (FESEM) and X-ray spectroscopy (EDS) of catalysts: (a) MWCNT, (b) Ni/MWCNT and
(c) Ni-Pt/MWCNT.
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Continued Figure 2. Results of electron imaging (FESEM) and X-ray spectroscopy (EDS) of catalysts: (a) MWCNT, (b) Ni/
MWCNT and (c) Ni-Pt/MWCNT.
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Figure 3. Temperature analysis (TPR) diagrams for catalysts (a) MWCNT, (b) Ni / MWCNT, (c) Ni-Pt / MWCNT.
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Table 1. Mean weight percentage of elements in Ni / MWCNT and Ni-Pt / MWCNT catalysts

Catalyst type %W.C  %W.0 %W.Ni  %W.Pt %W.Cl
MWCNT 85.11 14.89 - - -
25%w. Ni/MWCNT 64.20 14.05 21.75 - -
3%w. Pt-25%w. Ni/MWCNT 63.08 4 23.68 7.09 2.15
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Figure 4. Catalytic removal efficiency at NO, concentrations of 3000-4000-5000 ppm, temperature 250 °C and spatial velocities
(a) 15000/ hr. (b) 20000/ hr.

elements in catalysts separately.
Temperature-programmed Reduction (H,-
TPR) test results: The results of the TPR test of
MWCNT, Ni / MWCNT and Ni-Pt / MWCNT
catalysts presented in Figure 3, demonstrated
that the hydrogenation rate of Ni-Pt / MWCNT
catalyst, is higher at lower temperatures. The
highest hydrogenation of functionalized carbon
nanotubes, Ni / MWCNT catalyst, and Ni-
Pt / MWCNT catalyst, are in the temperature
ranges of 500-700 °C, 350-400 °C, and 200 °C,
respectively. The reduction temperature of the
synthesized catalysts was determined according
to the temperature-programmed reduction,

which was consistent with the results of NO,
removal in the present study.

Fourier-transform Infrared spectroscopy
(FTIR): The infrared spectroscopy of acid-
purified multi-walled carbon  nanotubes
presented, revealed the presence of oxygenated
functional groups at specific wavelengths. The
peak appearing at the distance of 2800-3400
cm (2926 cm™) and 1550-1610 cm’, is related
to the formation of carboxyl functional groups
(R-COOH) (R-CO-0).

The impact of concentration, on N catalytic
removal efficiency: The results of the study of
synthesized catalyst removal efficiency in Figure 4
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(aand b), demonstrated that as the concentration
increases, at 250 °C, NO, removal efficiency at
different spatial velocities was associated with
a decreasing trend. It should be noted that
the results of catalyst removal efficiency were
unaffected for 120 minutes.

The impact of spatial velocity on the
removal efficiency: The results showed that with
the increasing spatial velocity at a concentration
of 3000 ppm and 250 °C, the removal efficiency
of NO, on catalysts was constant and associated

2
with slight changes to increase the efficiency.

100

However, as the concentration was enhanced
from 3000 ppm to 5000 ppm, the removal
efficiency of NO, at the space velocity, had a
decreasing trend from 20000/hr to 15000/hr
(Figure 5) .

DISCUSSION

The XRD results in Figure 1, indicated the
presence of nickel particles in the Ni / MWCNT
catalyst, and nickel-platinum particles in the Ni-
Pt / MWCNT catalyst, as active phases at the
scattering angles of (with Miller index) (220)
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Figure 5. Catalytic removal efficiency NO, at space velocities 15000-20000/hr, temperature 250 °C and concentrations of (a)
3000 ppm, (b) 4000 ppm, (c) 5000 ppm.
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6/67, (211) 24/37, (224) 6/62, (111) 07/43, (220)
23/75, and (121) 69/39. The active phases of
these catalysts were consistent with the results of
similar research studies, including Rosado et al.
(7), Abolanel et al. (8).

The FESEM results, showed that the structure
of carbon nanotubes and their diameter, were
intact in catalyst synthesis. The EDS test confirms
an 857. decrease in nickel ions to nickel particles
in catalyst synthesis. The presence of oxygen in
the structure of the catalysts, could indicate the
modification of nickel and platinum nanoparticles
to nickel and platinum oxides.

The results showed that the highest rate
of hydrogenation of functionalized carbon
nanotubes, is at 650 °C. Adding nickel
nanoparticles to carbon nanotubes, diminished
the hydrogenation temperature to 400 °C.
However, the lowest hydrogenation temperature
was associated with Ni-Pt/MWCNT catalyst, at
200 °C, which had a higher regenerative activity
than other catalysts. The results of similar studies
on different catalysts such as the coating of nickel
and platinum nanoparticles on multi-walled
nanotubes (9), and the coating of nickel and
platinum nanoparticles on alumina (10) were
consistent. The peak demonstrated in Figure 4,
indicates a reduction of platinum particles to
platinum ions at 200 °C. Furthermore, it indicates
a reduction of nickel on the surface of the catalyst
at 400 °C (11, 12).

The impact of concentration and spatial
velocity on NO, catalytic removal efficiency:
The results of removal efficiency of synthesized
catalysts in different concentrations in Figure
6, demonstrate that the efficiency diminishes as
the concentration enhances. MWCNT catalyst
at 250 °C, at concentrations between 3000 and
5000 ppm, has a removal efficiency of 20 to 457.
Similar studies have revealed that this removal
efficiency of the MWCNT catalyst is due to
impurities and oxygenated functional groups
on carbon nanotubes (13). Adding nickel and
platinum particles to nanotubes, increases the
NO, removal efficiency by Ni / MWCNT and Ni-
Pt / MWCNT catalysts. The results of the TPR
tests on the activity of catalysts in the oxidation
and reduction process, illustrated the high
activity of Ni-Pt/ MWCNT catalyst as opposed to
Ni/ MWCNT catalyst, which was consistent with
the results of this section in terms of increased
efficiency.

Retention Time (RT), is one of the important
factors in performing a chemical reaction in the

gaseous state. The results of NO, removal tests at
different spatial velocities presented in Figure 5,
demonstrated that the changes in spatial velocity
are inversely related to changes in catalyst removal
efficiencies, which differs, depending on the type
of flow and the type of catalysts. Reduction of gas
flow retention time in Ni-Pt/ MWCNT bimetallic
catalysts has more resistance in reducing removal
efficiency than Ni / MWCNT mono-metallic
catalyst. In other words, the spatial velocity in
this study, had a smaller impact on the removal
efficiency of nickel-platinum bimetallic catalysts.
The catalytic reduction process: Studies have
indicated that water vapor, in addition to having
a significant role in catalytic reduction, has the
greatest impact on the production of N, in the
SCR process as opposed to N,O in the NO_
catalytic reduction process (11, 12). Water vapor
plays an active role in reducing the temperature
of nitrogen oxides, and does not play an active
role in the oxidation process of nitrogen oxides
(14). In the present study, 28/ humidity was
utilized. However, the impact of water vapor at
different concentrations, needs to be further
investigated in other studies. Reduction of NO,
on Ni-Pt / MWCNT and Ni/ MWCNT catalysts,
depends on the adsorption and desorption of
H,0 and NO, on the catalyst, and the ability
of this catalyst to oxidize H,O. Water vapor is
produced on the surface of the oxidized catalyst
and hydrogen ions. These hydrogen radicals
reduce the nickel and platinum particles on the
catalyst by adsorption on the active centers of the
catalyst. This reduction in the electron density
of the metals on the catalyst, undermines the
bonds between oxygen and nitrogen in NO,, and
eventually causes the formation of N,, CO,, H,O,
0, and N,O.

CONCLUSION

The results of the present study, ascertained
that the use of acid-purified carbon nanotubes
with regards to the oxygenated functional groups
on their surface, has a relatively good removal
efficiency at moderate spatial velocities. The
efficiencies of Ni/ MWCNT and Ni-Pt/ MWCNT
catalysts, vary at different input concentrations
and spatial velocities. The results of NO, removal
in the process of increasing the concentration by
the synthesized catalysts, demonstrated that at
high spatial velocities, further changes occur in
NO, removal efficiency. Efficiency changes show
that the retention time has a significant impact
on the number of pollutants treated at different
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concentrations of NO,. Using optimal water
vapor flow in the SCR process, plays a significant
role in NO, removal. Using 28. relative humidity
at 32 °C on Ni / MWCNT and Ni-Pt / MWCNT
catalysts at tested operating conditions, reflects
stable conditions and high NO, removal
capabilities. It is recommended that the impact
of various amounts of relative humidity on the

performance of these catalysts be evaluated,
and the modification status of NO, to different
products be assessed.
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