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Abstract
Article Info The oxidation of carbon monoxide (CO) and unburnt hydrocarbons (HC) under segmented
Submitted: honeycomb catalysts was investigated using actual exhaust gas mixtures from a gasoline-
15/12/2023 fueled internal combustion engine of a motorcycle. The honeycomb catalysts were prepared
Revised: through a wet process, resulting in four types coated with transition metals (Cu, Cr, Fe, and
05/04/2024 Ni) supported on Al20s. The oxidation of CO and HC was monitored using an exhaust gas
Accepted: analyzer across a range of air-to-fuel ratios (AFR), from lean to rich, under stationary
05/04/2024 conditions. The results demonstrate that the honeycomb catalysts effectively decreased CO
Online first: and HC concentrations in the exhaust gas. Among the transition metal oxide honeycomb
27/04/2024 catalysts, Cr and Ni exhibited high CO and HC conversion rates, surpassing those observed

with Cu. The average CO and HC conversion calculations, spanning from lean to rich air-to-
fuel ratios, were consistent with the actual conversion rates achieved. Furthermore, the study
investigated the effect of honeycomb segmentation on CO and HC conversion. Surprisingly,
the catalytic performance of Cr and Niremained high even with longer gaps in the honeycomb.
Interestingly, the conversion of CO and HC over the iron oxide honeycomb catalyst increased
as the gap in the honeycomb became longer. This is likely due to an increase in the gap size
and enhanced re-mixing of reactants (CO, HC, and O2) caused by recirculation. Thus, this
study provides valuable elucidation on the potential application of segmented honeycomb
catalysts for reducing CO and HC emissions in exhaust gases.

Keywords: Catalytic converter; Honeycomb; CO oxidation; HC oxidation; Segmentation;
Transition metal

1. Introduction mitigate this issue, catalysts are applied to convert
CO and HC into less harmful carbon dioxide
(CO2) and water (H20) [7]. Conventionally, noble
metals such as rhodium, platinum, and palladium
have been used due to their high performance in
oxidizing CO and volatile organic compounds
(VOCs) [8]-[15]. However, their limited
availability and high cost have slowed down their

Internal engine combustion produces carbon
monoxide (CO) and unburnt hydrocarbon (HC) as
byproducts  of  incomplete  combustion,
contributing to harmful emissions [1]-[3]. This
contrasts with the advantages of low-temperature
combustion and less NOx emission [4]-[6]. To
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International License.

Automotive Experiences 86


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index
http://creativecommons.org/licenses/by-nc/4.0/
mailto:haris.puspito@polinema.ac.id
https://doi.org/10.31603/ae.10686

widespread use in commercial processes [4], [8],
[10], [12], [16].

In recent years, transition metal oxides have
emerged as promising substitutes to noble metals
for CO, HC, and VOC oxidation, offering
advantages such as lower cost and comparable
catalytic performance. Notably, cobalt, iron,
copper, and nickel oxides supported on Al:0Os
catalysts ~have  demonstrated  promising
performance in CO, and HC oxidation, reducing
the need for noble metal loading. This, in turn,
contributes to a more economically attractive
option [17]-[21].

Chromium oxide (CrO and Cr20s) catalysts
have shown high activity, selectivity, and thermal
stability in CO oxidation [17]-[21]. The thin film of
Cr20s with O2 vacancies allows for CO adsorption
on Cr* species surface or possibly on Cr20s
interface sites, while Oz interacts with Cr atoms to
preserve the Cr:0s. This results in highly
dispersed Cr203;, and is advantageous for low-
temperature CO oxidation. Various metal ions can
be added into hexagonal Cr0s [18]. Similarly,
copper oxide catalysts have shown efficient
oxidation of CO. VOCs, and NH3 when supported
on CeO2 or Al2Os[4], [22]-[29].

Nickel catalysts have intensively
investigated for CO oxidation. The catalytic

been

activity of nickel is influenced by crystallite size,
surface area, and pore volume. The catalytic
activity of nickel for CO oxidation depends on its
shapes consecutively is nanorods > nanobelt >
nanowires > nanoflowers > nanospheres >
nanocubes [30]-[32]. Moreover, nickel oxide is
active in oxidizing hydrocarbons such as benzene,
pentane, n-hexane, and formaldehyde [33], [34].
Iron oxide has also shown interesting CO
oxidation capabilities even at ambient conditions.
The catalytic activity of iron oxide nanoparticles
for CO oxidation depends on particle size, surface
area, surface-coordination unsaturated sites, and
the concentration of hydroxyl groups [34]-[36].
In pursuit of higher catalytic activity, multi-
segment catalysts with gaps between segments
have been explored. This approach combines
hetero- and homogenous reactions, enhancing HC
conversion. In contrast, conventional catalytic
combustion involves competition between these
reactions [37]. Many studies have successfully
explained the honeycomb catalyst gap in
microreactors [37]-[41]. It has been demonstrated
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that multi-segment catalysts outperform single
catalysts in hydrogen combustion, with longer
gaps promoting homogeneous reactions, resulting
in high reactant conversion over short distances
[39]. High conversion rates of CO: methanation
and CHs4 conversion are achieved with a longer
catalyst gap while maintaining high selectivity,
enabling efficient conversion over short distances
[37], [40]. The gap in the segmented honeycombs
facilitates a pre-reaction in an upstream catalyst
segment, intermediates and
catalytically inducing exothermicity [37].

Based on significant findings of transition
metal oxides and catalysts segmentation, our

study focuses on the practical application of

generating

honeycomb-shaped catalysts in exhaust systems.
We prepared honeycomb catalysts using Cu, Cr,
Fe, and Ni supported on Al20s. The performance
of these honeycomb catalysts was evaluated for
CO and HC conversion using actual exhaust gas
from gasoline internal combustion engines.
Furthermore, we investigated the effects of
segmentation gaps in the honeycomb catalysts on
the catalytic activity of CO and HC conversion.

2. Materials and Method

2.1. Catalyst Preparation

Alumina (AlOs) was prepared via a wet
process. Aluminum sulfate was precipitated by 25
wt% ammonia under vigorous stirring. The
precipitated was collected, washed, dried, and
calcinated at 500 °C for 3 hours in the air.
Subsequently, an aqueous solution of CuClz, CrOs,
FeCls, or NiCl2 was impregnated onto the
alumina, followed by drying, and calcination at
500 °C for 6 hours in air. The loading of transition
metals on Al:Os was 10 wt%. So, four types of
catalysts were prepared, namely Cu/ALO:;,
Cr/Al20s, Fe/Al20s, and Ni/Al0s.

In this study, four types of honeycomb-coated
catalysts were prepared. The powder of Cu/ALQOs;,
Cr/AL:Os, Fe/Al2Os, and Ni/ALlOs catalysts was
coated onto a monolith honeycomb as illustrated
in Figure 1. The monolith honeycomb catalysts
were prepared by immersing a honeycomb (2.5
mm in diameter x 30 mm, 69 cells) into a slurry
prepared with 30 wt% catalyst powders, and
water. Subsequently, the coated honeycomb was
dried at 100 °C and calcined in the air at 500 °C for
3 hours.
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Figure 1. Schematic illustration of honeycomb
catalysts. M means transition metals of Cu, Cr, Fe, or
Ni

2.2. Catalytic Performance Testing

The catalytic activity evaluation of the
honeycomb catalysts was conducted within an
exhaust gas system of a gasoline-fueled internal
combustion engine, specifically from a
motorcycle. The system employed a flow reactor
configuration, with the honeycomb catalysts
positioned at a distance of 40 cm from the
combustion chamber. Testing was conducted
under wherein the
motorcycle remained fixed in place.

Initially, data collection began over fresh
catalysts after the engine was started from a cold
state and allowed to run for 10 minutes at 1500
rpm. Subsequently, data were collected
incrementally as the engine rotation speeds varied
from 1500 to 7500 rpm. Throughout the
experiment, the exhaust gases were maintained
under steady-state conditions.

The honeycomb catalysts featured a gap
ranging from 1 to 3 cm, as shown in Figure 2. The
concentration of CO and HCs in the effluent gas

stream was monitored using a gas analyzer.

stationary conditions,

3. Results and Discussion

3.1. Actual Exhaust Gasses

Table 1 presents the actual exhaust gas
composition of a gasoline-fueled internal
combustion engine from a motorcycle, observed
without the presence of a honeycomb catalyst. The
data confirms that as the engine rotation speed
increases, the concentration of CO rises, while the
concentration of HC decreases. Conversely, the
concentrations of CO2 and Oz increase with higher

engine rotation speeds. This trend can be explained

© Haris Puspito Buwono et al.

honeycom honeycom
6 cm

3 cm

1-3cm 3 cm

Figure 2. Schematic illustration of honeycomb catalysts
arrangement. The gap of the honeycomb catalyst was 1
-3 cm

by the increased flow rate of fuel as the engine
rotation speed rises, while the flow rate of air
remains relatively constant. At elevated engine
speeds (6500 rpm), incomplete
combustion of the fuel-air mixture within the
engine cylinders is likely, resulting in higher
levels of unburned fuel, including CO, in the
exhaust gases compared to lower engine speeds
(5500 rpm). Consequently, the conversion of CO

rotation

decreases. This phenomenon results in the air-to-
fuel ratio (AFR) becoming richer at higher engine
rotation speeds and leaner at lower engine
rotation speeds.

Figure 3 further illustrates these observations,
depicting the correlation between AFR and
lambda as a function of engine rotation speed. The
AFR values range from 14.1 to 19.6, indicating that
the experiments were conducted under both
reducing and oxidizing conditions, depending on
the engine rotation speed. The shift of the AFR
from lean to rich condition with increasing engine
rotation speeds aligns with Eq. 1, which describes
AFR as a function of the mass ratio of air to fuel.
According to Eq. 1, as the mass of air remains
constant and the mass of fuel increases, the AFR
decreases. This decrease in AFR explains the
transition towards richer conditions at higher
engine rotation speeds.

Overall, these results provide a wvaluable
understanding of the exhaust gas composition of
the gasoline engine without a honeycomb catalyst
at  different speeds.
Understanding the correlation between engine
rotation speed, AFR, and exhaust gas composition
is essential for evaluating the effectiveness of

engine rotation

honeycomb catalytic converters in reducing
harmful emissions.

AFR = —41 1)
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Table 1. Actual exhaust gas composition of a gasoline-fueled internal combustion engine of a motorcycle in the
absence of a honeycomb catalyst

Engine speed (rpm) CO (%) HC (ppm)
1500 3.95 531
2500 3.94 533
3500 4.52 273
4500 426 305
5500 5.38 144
6500 4.30 157
7500 5.38 144
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Figure 3. The correlation between engine rotation
speed towards AFR and lambda (})

3.2. Catalytic Activity

Figure 4 shows the catalytic performance of CO
conversion for four types of honeycomb catalysts
featuring metal oxide catalysts, including Cu, Cr,
Fe, and Ni, supported on Al2Os with a gap of 1 cm
between honeycombs. The results demonstrate
dynamic CO conversion rates across different
engine rotation speeds for all honeycomb
catalysts. However, nickel and chromium oxide
catalysts consistently exhibit high CO conversion
rates across all engine rotation speeds or AFRs,
whereas iron and copper oxide catalysts show
comparatively lower CO conversion rates. The
observed trends suggest that the catalytic activity
order for CO conversion in honeycomb catalysts
is as follows: Ni > Cr > Fe > Cu, with nickel oxide
demonstrating the highest CO conversion rate
and copper oxide displaying the lowest CO
conversion rate among the tested catalysts.

Figure 5 shows the catalytic activity of HC
conversion for the same four types of honeycomb
catalysts coated with transition metals (Cu, Cr, Fe,
and Ni) supported on Al2Os, with a gap of 1 cm
between honeycombs. Similar to CO conversion,
the results indicate dynamic HC conversion rates
at different engine rotation speeds. However, only
chromium catalysts consistently
demonstrated high HC conversion for all engine

oxide

Figure 4. The catalytic activity of CO conversion for
four honeycomb-supported catalysts, with a gap of 1
cm between honeycombs
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Figure 5. The catalytic activity of HC conversion for
four honeycomb catalysts coated with transition metal
(including Cu, Cr, Fe, and Ni) supported Al20s, with a

gap of 1 cm between honeycombs

rotation speeds or AFRs, while copper oxide
showed lower HC conversion. The catalytic
activity order for HC conversion was as follows:
Cr > Ni = Fe > Cu, with chromium oxide
displaying the highest HC conversion, whereas
copper oxide showed lower HC conversion on a
honeycomb catalyst.

These findings highlight the varying catalytic
performances of the different honeycomb
catalysts coated with transition metals (Cu, Cr, Fe,
and Ni) supported on AlOs for CO and HC
conversion. The nickel and chromium oxide
showed superior CO

catalysts consistently
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conversion, while chromium oxide demonstrated
high HC conversion. Conversely, iron and copper
oxide catalysts showed lower conversion rates for
both CO and HC. The reasons for the zigzagging
pattern in the catalytic activity of CO and HC
conversion among four different honeycomb-
supported catalysts (Cu, Cr, Ni, and Fe) remain
unclear. Further investigation is needed to
comprehensively understand the underlying
mechanisms driving this observed behavior.
Given the dynamic results observed for CO
and HC conversion, determining which catalyst
exhibits better overall catalytic performance for a
operating under varying AFR
conditions is challenging. Motorcycles typically
operate across a range of AFRs, transitioning from
lean to rich or vice versa, from rich to lean.
Therefore, to address this, a simple model was

motorcycle

developed based on the average conversion from
lean to rich AFR. Figure 6 shows the average
catalytic activity of CO and HC conversion for
different supported catalysts using this model.
The results indicate that chromium and nickel
oxide exhibited the highest CO conversion, while
copper oxide showed lower CO conversion on the
honeycomb catalyst. This simple model aims to
represent the actual CO and HC conversion data
obtained at different engine rotation speeds,
which displayed dynamic conversion trends.

The catalytic activity order for CO conversion
in honeycomb catalysts was determined as Ni> Cr
> Fe > Cu, indicating that nickel achieved the
highest CO conversion among the tested catalysts.
This result is consistent with the known catalytic
performance order of supported base metal oxide
transition catalysts of single transition metals,
except for iron oxide. The catalytic activity of CO
oxidations order of supported base metal oxide

S AR

10% Fe 10% Ni 10% Cu

Honeycomb catalyst

10% Cr

Figure 6. The average catalytic activity for the
simplicity of CO and HC conversion of four different
supported catalysts

© Haris Puspito Buwono et al.

transition catalysts of single transition metal is
reposted as Co3Os > Cu20 > Fe20s > NiO > Cr20s
[42]. Since this experiment utilized CuClz, CrOs,
FeCls, or NiCl: precursors, the transition metal
oxides present were CuO, CrOs, Fe:0s, and NiO.
In this study, iron (II) oxide was found to be less
active than NiO. The exact reason remained
unclear, but the presence of sulfate in the catalyst
support precursor may have influenced the
catalytic activity. Studies by Cilgt and Cetisli and
Buwono et al. have shown that the presence of
sulfate in the precursor remains constant below
calcination at 800 °C and could decrease the
amount of active metal on the catalyst surface,
resulting in decreased catalytic performance [43],
[44]. In contrast, the high catalytic performance of
Fex0s
observed when prepared using a chemical vapor
deposition method [35]. According to Dey and
Mehta, the oxidation of carbon monoxide (CO) is
strongly affected by the size of the crystals in
nickel oxide catalysts. When the crystal size of the
catalyst decreases, the CO oxidation rate increases
until it reaches a certain point. However, beyond
this point, further reduction in crystal size leads to
a decrease in the conversion of CO oxidation [31].
Therefore, it is reasonable to suggest that the
preparation method affects the crystal size, which
in turn can influence the catalytic performance of

over alumina for CO oxidation was

the catalyst material.

The catalytic activity order for HC conversion
was determined as Cr > Ni > Fe > Cu, with
chromium (Cr) achieving the highest conversion
rate among the honeycomb catalysts. This result is
consistent with the known catalytic performance
order of supported base metal oxide transition
catalysts of single transition metals. The high
catalytic activity of chromium catalysts in HC
conversion may be attributed to the presence of
both Cr3* and Crf* species after calcination, as
explained by Sainio et al. [45]. They utilized CrOs
as the precursor, and X-ray Photoelectron
Spectroscopy (XPS) analysis revealed the presence
of Cr* and Cr¢ species after calcination. These
species might have contributed to the high HC
conversion observed in honeycomb catalysts.

Additionally, the HC
honeycomb catalysts may have been influenced

conversion in

by the catalyst support (alumina), as seen in
previous studies where the HC conversion order
of unsupported base metal oxides differed from
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that of metal oxides supported on alumina [34].
For instance, unsupported base metal oxides
exhibited HC conversion order, from high to low,
of cobalt-, manganese-, nickel-, and iron-oxide.
However, the presence of support changed the
order of catalytic activity with metal oxides
supported on alumina showing an HC conversion
order of manganese oxide, chromium oxide, and
cobalt oxide [34]. This suggests that alumina as a
supported catalyst plays a role in affecting the HC
conversion, leading to different catalytic
performances compared to unsupported catalysts.
Furthermore, the phenomenon of strong metal-
support interaction (SMSI) may have also
influenced catalytic activity. Elevated
temperatures can cause the support to cover the
active metal so that reducing the number of active
catalytic sites [46]. This interaction could further
contribute to variations in the catalytic activity of
the supported catalysts.

In brief, the experimental findings highlight
the varying catalytic activities of the honeycomb
catalysts coated with transition metals (Cu, Cr, Fe,
and Ni) supported AlOs for CO and HC
conversion. Nickel oxide exhibited the highest CO
conversion, while chromium oxide demonstrated
the highest HC conversion. However, the exact
reason for these observed differences in catalytic
activities remains elusive but may be linked to
factors such as electronic structure, oxygen
mobility surface species, and active sites. Another
reason is probably related to the resilience of
metal towards sulfate content as support
precursors and chlorine from metal salts. The
presence of sulfate in the precursor, along with
phenomena like strong metal-support interaction
(SMSI), might have influenced the catalytic
activities of the supported catalysts, resulting in
variations in catalytic performances compared to
unsupported catalysts.

3.3. Honeycomb Catalyst Segmentation
Moreover, to elucidate the effect of the gap
between honeycomb, catalyst segmentation was
performed. Figure 7 and Figure 8 provide insights
into the influence of the gap between honeycombs
on CO and HC conversion for various types of
honeycomb catalysts coated with transition metal
(Cu, Cr, Fe, and Ni) supported on Al20s, with gap
sizes ranging from 1 to 3 cm. Figure 7 demonstrates
that, in general, as the gap between honeycombs

© Haris Puspito Buwono et al.

widens, the CO conversion decreases for most of
the tested catalysts. However, an interesting
exception is observed with the iron oxide
catalyst, where CO conversion
increases as the gap widens. This demonstrates
that the gap has an important effect on the
catalytic activity of the honeycomb catalysts, and
the effect varies depending on the specific metal
oxide catalyst used. Similarly,
demonstrates the effect of the honeycomb gap on

honeycomb

Figure 8

HC conversion. In most cases, as the gap
increases, HC conversion decreases for the tested
honeycomb catalysts. However, both the iron- and
nickel-oxide honeycomb catalysts exhibit the
opposite trend, where both CO and HC
conversion rates increase as the gap widens. With
a longer gap, there is more space for the exhaust
gases to mix and flow before reaching the catalyst-
coated portions of the honeycomb. This potential
improvement in dispersion ensures a more
uniform distribution over the catalyst surface,
thereby  enhancing efficiency.
Consequently, and flow
facilitate a more efficient conversion of CO and

conversion
enhanced mixing
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Figure 7. The average catalytic activity of CO
conversion for different supported honeycomb
catalysts with a gap of 1 -3 cm
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Figure 8. The average catalytic activity of HC
conversion for different honeycomb-supported
catalysts with a gap of 1 -3 cm
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HC into less harmful byproducts. This highlights
the complex interplay between the gap and the
catalytic activity of different metal oxide catalysts.

The findings emphasize the importance of
catalyst segmentation and the role of the gap
between honeycombs in influencing CO and HC
conversion rates. The CO and HC oxidation
reactions involve a collaborative mechanism
between hetero- and homogeneous reactions. The
pre-reaction of the heterogeneous reaction on the
first honeycomb catalyst assists the second
homogeneous reaction by providing the necessary
catalytically —induced  exothermicity.  This
cooperative behavior has been supported by
previous studies. For instance, Li et al
demonstrated that the second catalyst segment
promotes the reduction of CO due to its high
adherence coefficient on the platinum surface,
leading to high CHas conversion and complete
oxidation in a short distance [37].

Another factor contributing to the varying
catalytic performance of honeycomb catalysts can
be addressed to the different catalyst behavior,
flow conditions, and different reactor properties
associated with multi-segment catalysts [37], [41].
Figure 9 illustrates the vector of velocity and
pressure of honeycomb catalysts as a function of
the gap, ranging from 1 to 3 cm. When the gap is
1 cm (Figure 9a), the velocity vector within the gap
tends to remain relatively constant, as indicated

T

ST
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by the red color. However, as the gap increases to
2 and 3 cm, (Figure 9b and Figure 9¢, respectively),
the velocity vector within the gap tends to
decrease, represented by the green color.
Additionally, the vectors in the gap of 3 cm show
a spreading out phenomenon, leading to
recirculation within the gap in contrast to those
observed in the 1cm gap.

This decrease in velocity with increasing gap
size is in accordance with the principle of mass
conservation. As the gap widens, the cross-
sectional area of the pipe increases, resulting in a
decrease in velocity while maintaining constant
mass flow. The tendency of fluids to fill the space
between gaps is particularly evident in Figure 9c.
The change in fluid direction and increased
vorticity contribute to higher pressure at the end
of the gap zone, potentially causing pressure
drops in the fluids. Upon entering the second
honeycomb hole, the cross-sectional area of the
pipe decreases, leading to an increase in fluid
velocity while adhering to the law of mass
conservation. Furthermore, the recirculation of
reactants (CO, HC, and O2) within the honeycomb
catalyst gap promotes better mixing of the
reactants. Enhanced mixing facilitates additional
opportunities for reactant molecules to interact
with active sites on the catalyst surface, thereby
promoting catalytic reactions.

uz.;:r(a) e

==Er (c)

Figure 9. The velocity vector of honeycomb catalysts as a function of the gap, ranging from 1 (a), 2 (b), and 3 cm (c)
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It is well known that the efficient mixing of the
reactants increases the probability of collisions
between the reactant molecules and the catalyst,
thereby leading to the catalytic reaction. This
enhanced mixing and re-mixing of the reactants
within the gap of the honeycomb catalyst can lead
to improved reaction rates and overall catalytic
performance. In some cases, the gap did not
increase catalytic performance. These phenomena
are probably related to high reaction rates, in line
with as observed by Chen et al. [39]. For example,
in the case of Fe/Al:Os supported on honeycomb,
an increase in the honeycomb gap led to increased
CO and HC conversion rates. This could be
attributed to improved mass transport and
enhanced access of reactants to catalytic sites,
thereby boosting the catalytic activity of Fe/Al20s
in CO and HC oxidation reactions. The enhanced
mass transport may also facilitate better oxygen
supply to the catalyst surface, thereby facilitating
redox processes and resulting in higher CO and
HC conversion rates.

In contrast, Cu, Cr, and Ni catalysts supported
on honeycomb may already possess effective
oxygen activation and are less affected by changes
in mass transport by a gap. Copper (Cu) is highly
efficient in  low-temperature  oxidation,
(Cr) may not exhibit a direct
correlation between the gap and catalytic activity
in CO and HC oxidation, as it can be more
selective in different oxidation reactions. Nickel

Chromium

(Ni) is generally more active in steam reforming,
rather than in CO and HC oxidation. Overall, the
recirculation and re-mixing of reactants within the
honeycomb catalyst's gap play a crucial role in
enhancing the catalytic performance and
optimizing the efficiency of CO and HC
conversion processes. However, the specific
impact of the gap size on catalytic performance
may vary depending on the catalyst type and its
inherent properties.

4. Conclusion

Four different honeycomb-coated catalysts
containing Al20s as support for Cr, Ni, Fe, and Cu
were prepared, and their catalytic performances
under actual CO and HC oxidation conditions
were studied compared to standard conditions
(without catalyst). The catalyst's performance was
evaluated based on catalytic conversion rates.
Notably, all four honeycomb catalysts effectively

© Haris Puspito Buwono et al.

decreased the concentration of CO and HC in the
exhaust gas. High CO and HC conversion were
achieved by Cr, Fe, and Ni, with the catalytic
activity order as follows: Cr 2 Ni > Fe > Cu.
Furthermore, the study explored the impact of
honeycomb segmentation. Interestingly, as the
gap of the honeycomb increased, both Cr and Ni
catalysts maintained their high catalytic efficiency
for CO and HC conversion rates. Remarkably, the
iron oxide honeycomb catalyst displayed an
increase in both the CO and HC conversion, while
the nickel oxide honeycomb catalyst showed an
increase in the HC conversion. The gap facilitates
the recirculation and re-mixing of reactants within
the honeycomb catalyst, which is important for
improving catalytic performance and optimizing
the efficiency of CO and HC conversion processes.
The findings call attention to the importance of
catalyst
improving the conversion of different exhaust
gases. Further research in this area could lead to
advancements in emission control technology for
oxidation.

composition and segmentation in
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