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Abstract

In this work catalytic fibrous filters were produced through two distinct processing routes from natural amorphous silica fibers
(NASF) and Ni(NOs), solution (wet route) and NiO (dry route) as catalyst precursors. The Ni-SiO, fibers were characterized for X-ray
powder diffraction, scanning electron microscope, particle size distribution, specific surface area, nickel contents, porosity, tortuosity,
permeability, compressive strength, degree of dispersion, filtration and gas conversion efficiency. Morphological characterization
revealed that Ni from wet route was distributed over the silica fibers with significantly lower particle size than the Ni produced through
the dry route. Both methods led to a homogeneous distribution of Ni. The catalytic fibrous filter obtained from the dry route showed
higher conversion efficiency for both propylene and propane, especially at high temperatures, due to the higher degree of dispersion of
Ni particles over the NASF surfaces.
© 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

The environmental problems generated by atmospheric
pollution demand new green technologies that require
highly efficient separation and cleaning techniques for
pollutants released from combustion processes such as
particulates as well as unburned hydrocarbons, CO and
NO,. The continuous tightening of emissions regulations
for the mobility sector has been possible due to the
continuous advances in in-cylinder control of formation
of pollutants and the development of effective underfloor
filters and catalytic converters. Different alternatives for
particulate filters and catalysts have been developed in the
last two decades in order to achieve the emission limits
established by national and international legislation [1-5].

*Corresponding author.
E-mail address: rambo@eng.ufsc.br (C.R. Rambo).

Catalytic filters combine filtration and catalytic reactions
in a single unit in a way that the processing costs,
investments and maintenance are reduced. The particulates
in the gases are initially captured on the filter surface and
the undesirable gases are treated during flow through the
catalytic surface [6,7]. The use of ceramic substrates is
necessary since the gas temperature during normal opera-
tion of diesel engines ranges from ambient, in cold-start,
up to 1000 K during the regeneration cycle of wall flow
particulate traps. Normal temperatures for catalysis of
pollutants emitted from internal combustion engines range
from 500 K to 700 K [8].

The catalytic activity and selectivity of a supported
catalyst is influenced by several factors such as catalyst
preparation, support composition, metal loading, size and
shape of dispersed metal particles, active phase, and
precursor employed as well as pretreatment. Different
routes can be applied to obtain highly dispersed metals
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on support surface. The precursor compounds used for the
catalyst preparation have a key role in catalytic perfor-
mance [9,10]. Supported nickel catalysts have been widely
used industrially in reforming of natural gas [11,12] and
methanation [13,14], mainly due to their commercial low
cost and high activity for C—H bond breaking of the
methane [12]. Supported nickel catalyst can be prepared
using high metal loading, typically around 20 wt%, how-
ever, getting a highly dispersion catalyst is a challenge due
to the trend of nickel for sintering in high temperatures
[11]. The most usual routes for the preparation supported
nickel catalysts are impregnation with salts, ion-exchange
and precipitation—deposition of nickel precursors on the
supports [10,15].

The filtration efficiency is an important characteristic of
filters used to remove aerosol particles. Fibrous media filters
are widely used with high efficiency in the cleaning of
suspended particles [16]. However, the fibrous structures of
filters for removal of aerosol particles are complex and difficult
to model. The filtration efficiency is function of several
variables, such as, structure of the filtering media (porosity,
pore size distribution, fibers diameter and medium thickness),
of the aerosol properties (mass concentration, dust size
distribution, particle and gas density and gas viscosity) and
of the operation parameters (temperature, humidity and
filtration velocity). Variations in the parameters of the filters
in order to increase filtration efficiency are usually accompa-
nied by an increase of pressure drop [16-18]. Therefore, in-situ
measurements of these properties are required to develop
catalytic filters.

In this context, this work reports the processing and
characterization of Ni-based catalytic fibrous filters by two
distinct routes. The effect of the processing routes on the
filter physical properties and catalysis efficiency was
evaluated.

2. Materials and methods

The Ni-based catalytic filters were prepared by two
distinct routes, here named wet and dry routes, using
natural amorphous silica fibers (NASF) as support. Nat-
ural amorphous silica fibers (NASF) are obtained from
spongillite ore, and exhibit a cylindrical shape. The
spongillite is composed particularly of siliceous spicules
(small needles composed of amorphous hydrated silica or
opal), associated with clay, grains of sand, shells of
diatoms and organic matter. These spicules are inorganic
constituents of the support structure of the body of fresh
water sponges [19,20]. The NASF used in this work were
provided by Sao Caetano Ceramic Ltda (Brazil-SC).

In the dry route, NASF, 5 wt% bentonite (Colorminas-
Brazil-SC) and 5wt% of NiO (Vetec) were dry mixed,
humidified (10%) and uniaxially pressed at 5.4 MPa. The
green compacts were then heated up to 500 °C for 60 min
at 5 °C/min in a 5%H,/95%N, atmosphere for reduction
of NiO, followed by a temperature increasing up to
1000 °C at 10 °C/min for 60 min in N, atmosphere. For

the wet route aqueous suspensions containing NASF and
5 wt% bentonite were prepared, homogenized, dried and
disaggregated. The powder was added to a 0.5 M nickel
nitrate solution Ni(NOj), (Vetec), stirred and heated at
100 °C for 3 h. The dry powder from the wet route was
then uniaxially pressed at 5.4 MPa and the compacts were
sintered at 1000 °C for 60 min in N, atmosphere.

The true (or solid) density (p;) of the sintered samples
was measured by using a He-picnometer and the apparent
density (p,,) was obtained by mass and size measurements.
Porosity (¢) was calculated according to Eq. (7).

e =[1=(pyy/p)] - 100 (1)

The specific surface area (Sprr) was measured by
BET (Quantachrome analyzer-Model Nova 1200) using N,
adsorption at 77 K. Scanning electron microscope (SEM)
(Philips—Model XL-30) was used for morphological and
microstructure analysis. Particle size distribution was obtained
by image analysis—IMAGO®. To investigate the crystalline
phases formed during heat treatments, samples were analyzed
with a powder diffractometer (XRD Philips X'Pert) with
radiation Cu-Ka (A=1.54 A), generated in 40 KV and
30 mA. The nickel loading in each catalyst was measured
by inductively coupled plasma mass spectroscopy (ICP-MS)
(Perkin Elmer SCIEX, ELAN 6000). Compressive strength
was measured in a universal test machine (EMIC-Model DL
2000) with a test speed of 1 mm/min. The degree of dispersion
was estimated through image analysis (SizeMeter, Software
Solutions, v.1.1) of three binarized SEM micrographs of each
route by measuring the average distance between a selected
particle and its first neighbors. A set of 10 randomic particles
for each measurement was used for statistical counting. The
coefficient of variation (C,) was used as parameter that
indicates the degree of dispersion. It is defined as the ratio
of the standard deviation ¢ to the mean { (C,=0¢/{). In this
case the evaluation of dispersion is made in terms of the mean
distance between particles. For a homogeneous distribution,
ie., well dispersed particles, ¢ approaches to zero. X-ray
photoelectronic spectroscopy (XPS) (ESCA3000, V.G. Micro-
tech) was applied to analyze the Ni deposited on the surface
of NASFs. The measurements were performed using MgKao
radiation (1253.6eV) in an ultrahigh vacuum chamber at
10~ mbar. The data were evaluated with the XPSPEAK41
software.

Permeability parameters were obtained experimentally
and based on Forchheimer’s Eq. (8), an empirical relation-
ship that expresses the parabolic dependence of pressure
drop (AP) through the medium with the superficial velocity
(vy) [21-23].

A—LP = kﬂlvs + k%vf 2)

For compressible flow, assuming ideal gas behavior, AP
is obtained from Eq. (9).
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where P; and P, are, respectively, the absolute fluid
pressures at the entrance and exit of the medium, L is
the medium length or thickness along the macroscopic flow
direction, u and p are, respectively the gas dynamic
viscosity and density. The superficial or face velocity vy is
the volumetric flow rate Q divided by the nominal face
area of the sample exposed to flow, Ag,,. P is the absolute
pressure (either P; or P,) for which v, u and p are
calculated. The terms k; and k, are referred as Darcian
and non-Darcian permeability coefficients or constants
[21,24]. k; is related to microscopic resistance to viscous
flow in absence of inertia effects while k, reflects the
growing importance of microscopic inertia effects as the
pore Reynolds number increase.

The experimental evaluation of permeability was carried
out at room conditions and also at temperatures up to
450 °C, in tests in which air was forced to flow through the
porous samples in stationary regime. The sample was
laterally sealed between two chambers and flow was
controlled by a valve. Pressure drop (P,—P,) was mea-
sured by a digital micromanometer (Gulpress 200, Instru-
temp) and recorded as a function of the air volumetric flow
rate Q, measured with rotameters (0—40 L/min) and soap-
bubble flow meters (0-10 L/min) and converted to the
superficial velocity by v,=0/Anow. The whole system
(chambers and sample-holder) was set within an electric
furnace (7500 W) controlled by a PID system, which
allows programming up to 10 heating rates and 10
temperature plateaus. The air flow was pre-heated in a
2 m-long metal-coil within the furnace chamber before
reaching the sample. Temperature was measured with
K-type thermocouples situated normal to the sample at
entrance and exit chambers. Thermocouples were also used
to monitor the air temperature near the pressure transdu-
cers and prior to entering in the flowmeter devices. The exit
measured temperature was used for calculations of air
density and viscosity.

For the tests, firstly the sample was tightly fixed in the
sample-holder using heat-resistant O-rings to avoid leak-
age. The temperature was raised to the desired point and
air allowed to flow upwards through the sample with a
constant pressure P, When the steady-state regime was
reached (constant 7, P; and P,), the volumetric flow rate Q
was measured at the sample exit. Three flow rate measure-
ments were carried out for each pressure setting at a given
temperature. After the collection of at least 10 pairs of
pressure and flow rate data, the temperature was raised
and the whole procedure repeated. The collected data set
(AP x vy) was treated according to the least-square method
using a parabolic model of the type: y =ax+bx>, in which
y is AP (from Eq. (9)) and x is the fluid velocity vy.
The permeability parameters of Forchheimer’s equation
(Eq. (8)) were then calculated from the fitted constants a
and b, respectively by k;=pu/a and k,=p/b.

Changes in fluid properties were considered for the
evaluation of permeability coefficients. Both air density (p,;-)
and air viscosity (u,;) were corrected with temperature (7)

assuming ideal gas behavior and using Egs. (4) and (5) [21].

TP
pair(T) =P, 7? (4)

(T)= 173 x 105 (L (38 (5)
Hairl £)= 2. 273) \T+125

where p, is the air density at the temperature 7, and pressure
P, of reference (in this work, p,=1.29 kg/m® at 7,=273 K
and P,=1.013 x 10° Pa). T is the average air temperature
between entrance and exit of the sample.

An equivalent transport pore diameter was also
obtained for the tested samples from permeability and
tortuosity data. Such approach is very common to predict
equivalent pore sizes in soils and basically involves the
application of a parallel capillary model to the permeation
in the porous medium [25]. The equivalent transport pore
diameter (dyqnsp) is defined as the diameter of a straight
tube in which a Poiseuille flow would result in the same
ratio between Darcy permeability, porosity and tortuosity
as the flow in the porous medium [25-27], i.e.,

dtransp = <7‘El) (6)

where ¢ is the porosity and 7 is the tortuosity.

Eq. (6) neglects variations in pore diameter, pore length,
connectivity and surface effects and for this reason is
expected to be an average value for the whole structure.
The range of validity for this equation is within the Darcy
flow regime, where the influence of k; predominates [26].

2.1. Filtration efficiency

The filtration tests were performed at room temperature
using a ground phosphate concentrate with nominal
density of 2.75 g/em?® and average diameter of 20 pm as
the particles to be captured. An aerosol stream was
generated in a fluidized bed generator and introduced by
suction provided by a vacuum pump downstream from the
filter. Filtration velocity was kept at 1.1 cm/s with help of a
control valve, within the range recommended for hot gas
filtration in industrial applications (1 to 5 cm/s). Only the
overall filter efficiency was evaluated. Filtration time was
fixed at 10 min and only one cycle was performed for each
sample. The aerosol flow exiting the filter was bubbled into
a water column with surfactant to retain the passing dust
particles. Measurements of turbidity were performed
before and after filtration. A calibration curve previously
prepared with different dust loads was used to obtain the
actual aerosol mass concentration at the filter exit.

2.2. Catalytic efficiency

The experimental setup used to evaluate the catalytic
efficiency is described schematically in Fig. 1. It is composed
by an atmospheric pressure, stainless steel reactor with 30 mm
of diameter, a furnace, flow rate controllers, gas mixtures
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Fig. 1. Schematic drawing of the experimental setup used to evaluate the
catalytic efficiency.

containing C;Hg, C3Hg, CO, CO,, H,, N, and synthetic air. A
sample with approximately 7.0 g of the catalytic fibrous filters
was used in each test. The experimental procedure is explained
below. First, the temperature of the reactor was increased until
150 °C under a flow of N, (40 mL/min) and kept at this
temperature for 60 min under a flow of 5%H,/95%Ar
(40 mL/min). The temperature was increased until the desired
reaction temperature under a flow of N». Then, the system was
fed with equal parts of a gas mixture composed: 503 ppm of
C5Hg, 0.3% of C3Hg, 954 ppm of CO, 25% of CO», 311 ppm
of H,, balanced in N, and synthetic air (20% O,), with a total
gas flow rate of 1.33 L/min. Sampling of the gas-phase
reactants and products were made with the aid of a gastight
syringe at the same conditions and at temperatures of 150 °C,
300 °C and 500 °C.

The quantitative analysis of the main gas-phase species
were carried out in gas chromatograph (Agilent, model
6890) equipped with thermal conductivity detector (TCD).
The gases were analyzed with two different columns,
Porapak Q (for Cs3Hg and CsHg) and Molesieve (for
CO). Helium was used as carrier gas in both columns with
a constant velocity of 40 cm/s.

3. Results and discussion

The XRD patterns for NAS fibers, green and reduced
Ni-based catalyst supported on natural amorphous silica
fibers for dry and wet routes are shown in Fig. 2. The
broad halo at around 22° in the pattern (a) is related to
amorphous SiO,. The diffractograms (b) and (c) refer to
Ni-SiO, fibers obtained by dry route before and after
reduction, respectively. Before reduction only amorphous
silica and NiO (ICDD PDF card 04-835) were detected.
After reduction metallic nickel (ICDD PDF card 04-850)
was formed. The diffractograms (d) and (e) refer to
Ni-SiO, fibers obtained through the wet route before
and after reduction, respectively. Before reduction nickel
nitrate  hydroxide hydrate (Niy(NOj3)>(OH),-2H>0)
(ICDD PDF card 27-0952) was detected together with
amorphous silica. After reduction, however, metallic nickel
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x NiO
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+ Ni,(NO,),(0H), 2H,0
o Critobalite
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o * #
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Fig. 2. X-ray diffraction patterns of: (a) NASF; (b) green Ni-SiO, fibers
(dry route); (c¢) reduced Ni-SiO, fibers (dry route); (d) green Ni-SiO,
fibers (wet route); (¢) reduced Ni—SiO, fiber (wet route).

(ICDD PDF card 04-850) was formed, but quartz (ICDD
PDF card 85-0797) and cristobalite (ICDD PDF card 27-
0605) were also detected. The crystallization of quartz and
cristobalite in the wet route are probably related to a water
vapor atmosphere formed during heat treatment. When
ceramic systems containing liquid silicates are submitted to
high water vapor containing atmospheres a decrease in the
vitrification temperature occurs, which causes the decrease
of the liquid silicate viscosity and as a consequence a
decrease in the crystallization temperature of the phases
present in the system [28]. The absence of peaks attributed
to silicates in all spectra indicates that there is no apparent
interaction between the nickel catalysts and NASF.

Fig. 3 shows SEM micrographs of NAS fibers, commer-
cial nickel oxide and the deposited precursors on SiO,
fibers for by dry and wet routes before annealing, respec-
tively. According to the SEM observations, the NAS fibers
(Fig. 3a) are characterized by an acicular shape with a
mean diameter of 10 um and lengths ranging from 200 to
600 um. Moreover, the silica fibers are hollow with inner
diameters below 1 um. Fig. 3b shows micrographs of a
commercial nickel oxide powder. Agglomerates composed
of spherical particles with average particle size of 65 nm
can be observed. Fig. 3c and d show micrographs of the
precursors deposited onto the SiO, fibers by wet and dry
routes, respectively. The particles of both precursors are
coating the NAS fibers. NiO particles exhibit sizes below
1 ym, while nitrate deposited particles are present in an
acicular morphology with sizes in the order of 1 um.

Fig. 4 shows SEM micrographs of the Ni coated NASFs
after annealing. No significant morphoilogical changes
could be observed on the fibers after heat treatment. A
higher magnification of the fibers surface revealed that
particles of Ni produced through the dry route were
homogeneously distributed over the NAS fibers (Fig. 4b).
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Fig. 3. SEM micrographs of: (a) NAS fibers; (b) commercial nickel oxide; (c) Ni-NAS fibers-wet route and (d) Ni-NAS fibers-dry route. Ni coated

NASFs before annealing.

Fig. 4. SEM micrographs of the Ni coated NASFs after annealing. (a) and (b) Ni-NAS fibers-dry route; (c) and (d) Ni-NAS fibers-wet route. Inset in (a)

and (c) are EDS color maps of Ni.

Moreover, the Ni particles obtained via wet route are
smaller and less dispersed (Fig. 4d). Color mapping of Ni
obtained by EDS (inset in Fig. 4a and b) for both samples
revealed that Ni obtained from dry route exhibits a higher
degree of dispersion, i.e. more homogeneously distributed,
while Ni obtained by wet route is agglomerated.

A Dbetter distribution of the particles on the fibers
could be demonstrated by examining the coefficient of
variation of the distance between the particles of nickel.

The analysis revealed that Ni—SiO, fibers prepared by
dry routes exhibited a coefficient of variation of the
distance between the particles of 0.37, while the value
found for Ni-SiO, fibers prepared by wet routes was 0.65.
The closer to zero is the standard deviation (o), the more
homogeneous is the distribution, i.e., the particles are well
dispersed on the fiber surface. Therefore, the higher
distribution of particles occurs for Ni-SiO, fibers prepared
by dry routes.
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Fig. 5. XPS spectra of Ni 2p from the catalytic filters obtained from:
(a) wet and (b) dry routes.

Fig. 5 shows the XPS spectra of Ni 2p from the catalytic
filters obtained from both wet and dry routes. Although
the precursors were submitted to similar conditions, the
XPS results revealed no substantial difference between
metallic Ni resulted from both dry and wet routes. The
main Ni peaks were identified in both Ni 2p spectra, which
are assigned to: metallic nickel (Ni 2p3/2 at 852 ¢V and Ni
2pl/2 at 870 eV) and its oxidized state (Ni 2p3/2 at 858 eV
and Ni 2pl1/2 at 876 eV) [29,30]. The amount of metallic
nickel on the surface of NASFs represents 44.6% for dry
route and 45.1% for wet route, respectively. Moreover, the
amount of Ni° was higher than oxidized Ni.

Particle size distribution obtained by image analysis—
IMAGO™ of Ni over the NAS fibers for both wet and dry
routes is shown in Fig. 6. Ni particles generated by the dry
route are distributed in a broad range of sizes, with mean
size of approximately 0.15 pm, while for the Ni—SiO, fibers
processed by the wet route the majority of Ni particles is
significantly smaller with mean size of approximately
0.10 pm, which is in good agreement with the SEM
observations (Fig. 4). Additionally, the wet route produced
particles with a narrower size distribution.

Table 1 summarizes the physical and mechanical proper-
ties (BET total surface area, porosity, pore diameter,
tortuosity, Ni-content, Ni-coefficient of variation and
compressive strength) of samples obtained by dry and
wet routes, as well as of pure SiO, fibers filter, as reference.
The Ni—SiO, fibers produced by wet and dry routes exhibit
similar Ni content. The porosity of the Ni—SiO, fibers
produced by the wet route is slightly lower, probably
caused by the clogging of sub-microsized pores by the
smaller Ni particles. The compressive strength for all
samples is similar (NAS fibers, dry and wet routes). The
values of BET surface reveal that the addition of Ni
catalyst in the NAS fibers support results in a significant
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Fig. 6. Ni-particles size distribution: (a) Ni-SiO, fibers—dry route and
(b) Ni-SiO, fibers—wet route.

Table 1
Physical and mechanical properties of catalytic fibrous filters.
Property Material /support

Dry route Wet route NASF filter
Ni content (wt%) 3.67 3.98 0
Sger (M?/g) 4.13 12.2 <0.01
Porosity (%) 64.6+ 1.3 61.3+14 63.9+0.4
Mean pore diameter (pm) 21.86 22.21 20.09
Tortuosity (—) 2214018 234+0.06 1.73+0.01
Ni-coefficient of variation 0.37 0.65 -
Compressive strength (MPa) 1.9+03 24404 24+0.1

increase on the surface area. Notably, the BET surface
area of the Ni—SiO, fibers obtained through the wet route
is higher than the surface area of the samples produced by
the dry route, due to the smaller size of the Ni particles
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resulted from this processing route. The pore diameter of
the samples obtained by dry and wet routes is similar to
the NAS fibers. The catalytic fibrous filters obtained by dry
and wet routes exhibit a larger tortuosity than the SiO,
fibers. This behavior is probably related to the nickel
particles that hinder the gas flow. The Ni-SiO, fibers
obtained by dry routes revealed a more homogenecous
particle distribution than the Ni—SiO; fibers obtained by
wet route. This behavior might be seen in light of the
coefficient of variation of the distance between particles of
Ni, as discussed above.

Fig. 7 shows typical pressure drop curves as a function
of air velocity at different temperatures. Pressure drop
increased with the increase in air velocity, following clear
parabolic trends in all cases, which confirmed that For-
chheimer’s equation fitted better to experimental data than
the pure linear relationship stated by Darcy’s law.

The increase in air temperature also shifted the pressure
drop to higher values and this behavior is related to
changes in both fluid and medium properties. Density
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Fig. 7. Pressure drop curves at different temperatures: (a) dry route and
(b) wet route.

and viscosity of the gas phase are oppositely affected by
temperature, as can be seen in Egs. (10) and (5). The fact
that pressure drop increased with temperature implies in a
larger influence of air viscosity changes (represented by the
linear term of Eq. (8)) than in air density (represented by
the inertial or quadratic term).

Fig. 8 shows the influence of air temperature on the
permeability constants, k; and k,, for the catalytic fibrous
filters obtained by dry and wet routes. Permeability tests at
elevated temperatures revealed the complexity of interactions
between the fibrous structure and the gas flow regime. It can
be seen in Fig. 8a that the Darcian permeability constant (ki)
tends to be constant with temperature after an initial decrease
up to 100 °C. The non-Darcian constant (k) (Fig. 8b)
exhibits a slight tendency to decrease, up to 430 °C.

Fig. 9 shows the global filtration efficiency of the
catalytic fibrous filters obtained by dry and wet routes.
According to the Brazilian resolution (CONAMA 403/
2008) [31] the maximum emission of pollutants for diesel

4 6
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Fig. 8. Influence of testing temperature on the permeability constants:
(a) Darcian permeability (k) and (b) non-Darcian permeability constant (k).
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cycle engines of automotive heavy vehicles is limited to
a generation rate of particulates in the range 0.02-
0.03 g/kw h and according to resolutions CONAMA 415/
2009 [32] the maximum emission to light vehicles is limited
to a generation rate of particulates in the range 0.025-
0.03 g/km [33]. The global efficiency of 99.9%, probably,
would be enough to meet the maximum particle emission
in diesel engines.

Fig. 10 shows the propylene (CsHg), propane (CsHg) and
carbon monoxide (CO) mass conversion profile as a function
of temperature for the catalytic fibrous filters obtained by dry
and wet routes. The C3Hg mass conversion reactions starts at
150 °C with a low conversion, 14% (dry), and 5% (wet) and
increases slowly up to 23% (dry) and 12% (wet) at 300 °C,
reaching a conversion of 81% and 53% at 500 °C (Fig. 10a).
For propane (Fig. 10b) a similar behavior in the mass
conversion reactions occurred, starting with 17 wt% (dry)
and 12% (wet) at 150 °C, increasing to 36% (dry) and 14%
(wet) at 300 °C and 53% (dry) and 47% (wet) at 500 °C. The
conversion of propane is lower than that of propylene for
both routes. The possible reactions for the propylene and
propane are listed in the chemical reactions from 7 to 10
[34,35]. The catalytic filter produced through the dry route
exhibits higher mass conversion to propylene and propane
than the filter obtained by the wet route. Catalysis depends
not only on the total surface area of the catalyst dispersed
over a substrate but also on its degree of dispersion and
homogeneity on the surface, which promotes a contact area
between the catalyst (Ni) and the gas over the entire support.

C3Hg+9/20,—3C0, 4 3H,0
C3Hg+ 50, —3C0,+4H,0
C3Hg+30,-3CO +3H,0
C3Hg+7/20,—3CO+4H,0

Fig. 10c shows the mass conversion of CO as a func-
tion of the temperature. For the dry route the highest gas
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Fig. 10. Mass conversion efficiency of catalytic filters obtained by
dry and wet routes for: (a) propylene; (b) propane; and (c) carbon
monoxide.

conversion (reduction) was achieved at 300 °C (32 wt%)
and for the wet route the highest value was achieved
at 150 °C (36 wt%). At 500 °C for the wet route a
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slight increase of the CO occurred. The possible chemical
reactions (11) and (12) are represented below [33].

CO+1/20,—CO,
CO+H20<—>C02+H2

4. Conclusion

Fibrous Ni-deposited natural amorphous silica catalytic
filters were successfully produced through two different
techniques named wet and dry routes. Morphological
characterization revealed that Ni from wet route was
distributed over the silica fibers with significantly lower
particle size than the Ni produced through the dry route.
Both methods led to a homogeneous distribution of Ni
particles over NASF. The catalytic fibrous filter obtained
from the dry route showed higher conversion efficiency for
both propylene and propane, especially at high tempera-
tures, due to the higher degree of dispersion of Ni particles
over the NASF surfaces. Fibrous ceramic with Ni dis-
tributed over the fiber surfaces could be used to remove
particulates and purify the gases generated in the diesel
combustion in a number of applications.
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