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Abstract

The catalytic dry reforming of ethanol (EDR) offers a promising approach to reduce CO2 emissions and support the less
carbon-intensive processes. This study examined the effect of cobalt (Co) loading on fibrous ZSM-5 (FZSM-5), which
was synthesized at hydrothermal aging times of 6, 8, and 10 h, for EDR. The catalytic evaluation was carried out at
650 °C, 1 bar, and 30,000 mL.g!.h! for 8 h. The results showed that hydrothermal aging time influenced the catalyst
properties and catalytic performance. The catalyst aged for 8 h developed a distinct dendritic structure, a surface area
of 208.9 m2.g'1, and distributed hierarchical porosity. During EDR, the 8 h Co/FZSM-5 catalyst sustained stable ethanol
conversion and produced a favorable H2/CO ratio of 1.55. By contrast, the 6h catalyst showed low crystallinity, while
the 10 h catalyst underwent extended crystal growth that limited mass transfer. TGA results further showed that the
8 h catalyst limited carbon deposition more effectively and exhibited less deactivation better than the other samples.
These findings provide practical guidance for catalyst design and support the development of more resource-efficient
reforming processes.
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1. Introduction through carbon-capture and utilisation (CCU)
pathways to yield C1-C2 building blocks, fuels,

Decarbonizing the chemical and fuel sectors
and polymers. Central to almost every CCU value

hinges ona converting carbon dioxide (COgz) from a - PO ! )
liability into a feedstock. In 2024, energy-related chain is synthesis gas (syngas), the adjustable
CO: emissions edged up once again, reaching an mixture of He and CO that'underplns Fischer-
estimated 37.8 Gt, an all-time high that Tropsch, methanol, ammonia, and oxo-alcohol
platforms [2]. Currently, most industrial syngas is
produced from coal gasification [3], steam
reforming of natural gas [4], or partial oxidation
of heavy hydrocarbons [5], and all three pathways
* Corresponding Authors. o linked to substantial carbon output and capital

Email: ainirazali@umpsa.edu.my (Ainirazali, N.) cost [6] Consequently, a dvancing low-carbon

underscores the scale of the challenge [1]. Yet that
very carbon, once captured, can be rerouted
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syngas technologies is essential to achieve deep
emissions reductions throughout downstream
chemical value chains.

Dry reforming of ethanol, represented by the
reaction, C,HsOH + CO, — 3CO + 3H,, presents a
compelling route to low carbon syngas [7].
Compared with the traditional dry reforming of
methane, ethanol dry reforming benefits from the
higher hydrogen-to-carbon ratio of ethanol, which
lowers the equilibrium temperature for syngas
formation and greatly suppresses solid carbon
deposition [8]. The process is strongly highly
endothermic and genrally requires high operating
temperature, typically 700 °C, to overcome kinetic
constraints and reduce thermodynamic limitation
[9]. However, highly active catalysts have been
reported to deliver high H: yield at the lower
temperature, such as 550 °C, by promoting
reforming activity and suppressing competing
side reaction [10]. Besides that, nickel (Ni)- and
rhodium (Rh)-based catalyst systems can reach
almost complete ethanol conversion with more
than 90% hydrogen selectivity, yet they are
constrained by noble-metal cost and limited
hydrothermal durability [11]. Cobalt (Co) offers a
plentiful, low-cost alternative with strong activity
for carbon-carbon bond cleavage, but unmodified
cobalt particles tend to sinter and promote
filamentous carbon under dry reforming
conditions [6,9,12].

ZSM-5 is widely utilized in catalysis and
adsorption due to its distinctive channel system,
form selectivity, hydrophobicity, strong acidity,
and excellent thermal stability, making it a cost-
effective material for diverse applications
[13,14,15]. However, conventional compact zeolite
crystals often face diffusion limitations, which can
be mitigated by structural modifications such as
forming fibrous zeolitic materials [16]. Fibrous
ZSM-5 (FZSM-5) and Fibrous Faujasite Y (FY), for
instance, exhibit an enhanced external surface
area and better accessibility to active sites
compared to their bulk counterparts, thereby
improving mass transfer during reactions. FZSM-
5 and FY were synthesized in this study via a
hydrothermal-assisted microemulsion method
followed by crystallization. Specifically, FZSM-5
was prepared by transferring the gel mixture into
a Teflon-lined autoclave and treating it
hydrothermally at 120 °C for 6 h [17], while FY
was synthesized using a microemulsion system
integrated with seed-assisted crystallization,
followed by hydrothermal treatment at 120 °C for
6 h [18] and 12 h [19] to examine the effect of
crystallization duration.

In hydrothermal synthesis, aging is an
influential pre-crystallization step where the
aluminosilicate gel is maintained at a regulated
temperature, determining nucleation density,
crystal growth, phase selectivity, and the
formation of fibrous rather than compact

morphologies. For ZSM-5, a silica-containing
pentasil zeolite known for its fine-pore structure,
large surface area, and distinct pore channel[16],
increasing the aging time during hydrothermal
treatment improved its crystallinity up to a
maximum level [16]. Therefore, the aging and
hydrothermal treatments play a pivotal role in
controlling the formation and growth of ZSM-5
crystals, ultimately affecting structural properties
and catalytic efficiency. Given this significance,
further systematic study is warranted for
structural  modification and  performance
enhancement.

The use of cobalt was to maximize the
catalytic efficiency while minimizing material
usage [20,21]. Recently, it is proven that the noble
metal including platinum, rhodium and
ruthenium as well as non-noble metal as
transition metal (Ni, Co and Fe), are employed a
catalyst in EDR. Due to cheaper cost and
equivalent catalytic efficiency, non-noble metal
such as cobalt has been attracted in this research.
Co-based catalyst, for instance, have notable soot
oxidation capability, which can help improve
resistance to carbon deposition by limiting coke
formation during the reaction, However, cobalt
catalyst is also highly susceptible to re-oxidation,
which can lead to reduce catalytic performance
[22]. Cobalt have been used in many application of
industrial process, they are also active for
dehydrogenation and oxidation reaction. Cobalt
catalyst applied to partial oxidation of reaction 9
[23]. The addition of a non-noble metal is
preferable. In this respect cobalt is of great
interest [24]. Thus, this study focuses on
systematically investigating the effect of
hydrothermal aging time on the properties of
fibrous ZSM-5 as support for Co loading, including
the correlation between aging time, catalyst
structure, and catalytic activity in the dry
reforming of ethanol.

2. Materials and Method
2.1. Materials and Reagents

1-Butanol (> 98 %, Merck), toluene (> 98 %,
Sigma-Aldrich), tetraethyl orthosilicate (TEOS, >
99 %, Sigma-Aldrich), hexadecyltrimethyl-
ammonium bromide (CTAB, > 98 %, Sigma-
Aldrich), urea (> 98 %, Merck), cobalt(I) nitrate
hexahydrate Co(NOs)2.6H20 (> 98 %, Sigma-
Aldrich) were used as received. Carbon dioxide,
hydrogen, and nitrogen with a purity 99.99 %
were supplied by Alpha Gas Solution Sdn. Bhd.

2.2. Synthesis of Fibrous ZSM-5 (F-ZSM-5)
Support

A hydrothermal-assisted microemulsion
route was used to prepare fibrous ZSM-5 (F-ZSM-
5) [19]. First, 1-butanol and toluene were mixed at
the desired weight ratio in a beaker. Then, pre-
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formed ZSM-5 seeds were introduced, and the
suspension was sonicated for one hour. Tetraethyl
orthosilicate (TEOS) was added dropwise, and
sonication continued for an additional hour to
complete silica hydrolysis. A second solution
containing water, CTAB, and urea was prepared
separately under vigorous ultrasonic mixing until
complete dissolution. The two solutions were
combined, and the resulting mixture was
sonicated at room temperature for four hours,
followed by sonication in an 80 °C water bath for
three hours. The slurry was transferred to a 250
mL Teflon-lined stainless-steel autoclave and
heated at 120 °C for eight hours. After cooling, the
solid product was recovered by centrifugation,
washed with water to neutral pH, filtered, and
dried overnight at 110 °C. Finally, the dried
material was calcined in flowing air at 550 °C for
6 hours to remove organic templates and form the
fibrous ZSM-5 support [18]. The hydrothermal
aging time was varied from 6 to 10 hours, and the
samples were designated as FZSM-5 XH, where X
represents the time.

2.3. Preparation of Co/FZSM-5

The ultrasonic wet impregnation technique
was employed to load transition metal cobalt (Co)
active site onto fibrous zeolite (FZSM-5). A specific
amount of cobalt nitrate  hexahydrate
(Co(NOs3)2.6H20) was dissolved in deionized water
and subsequently mixed with FZSM-5 [22]. The
resulting mixture was heated in an ultrasonic
water bath at 80 °C until most of the solvents
evaporated. The obtained solid was then dried
overnight at 110 °C and calcined at 550 °C for 6
hours. The resulting material was designed with
a 3%Co/FZSM-5 XH.

2.4. Characterization Techniques

The textural properties, including specific
surface area and pore characteristics, were
determined via N2  adsorption-desorption
isotherms at 77 K using a Micromeritics ASAP-
2010 analyzer, based on Brunauer-Emmett-Teller
(BET) theory. The functional groups and metal-
support interactions were assessed by Fourier-
transform infrared (FTIR) spectroscopy, with
spectra between 4000 and 400 cm? on finely
ground powders pressed against the diamond
crystal. Surface morphology was visualized by
field-emission scanning electron microscopy
(FESEM) (JEOL JSM-7800F). Carbon deposition
and thermal stability were quantified by
thermogravimetric analysis on a TGA analyzer in
an air atmosphere containing 20% Oz and 80% Ng,
with the recording extending up to 750 °C .

2.5. Ethanol Dry Reforming (EDR)

Catalytic performance for Ethanol Dry
Reforming (EDR) was evaluated in a stainless-

steel fixed-bed reactor with an inner diameter of
11 mm and a total length of 417 mm, operated
under ambient pressure. 0.1 g of catalyst, with a
particle size range of 0.5-1.0 mm, was placed at
the center of the reactor. Before the reaction, the
catalyst was reduced in situ using a hydrogen flow
of 50 mL/min at 700 °C for two hours[22].
Following the reduction step, a reactant gas
mixture of ethanol and carbon dioxide (1:1
stoichiometric molar ratio) was introduced into
the reactor at 650 °C [2], [9]. The reaction was
conducted at a Gas Hourly Space Velocity (GHSV)
of 30,000 mL g-! h-1, with a total of 8 hours of time-
on-stream (TOS). Product gases at the reactor
outlet were analyzed using Gas Chromatography
with a Thermal Conductivity Detector (TCD) to
determine conversion and product distribution.
The ethanol conversion and product yield (Hz and
CO) were calculated based on the following
equation: C,HsOH + CO, - 3C0 + 3H,

Ethanol conversion:
(2 X Fyp) + (4 X Feya)

(6 X Feanson,in) (1)
X 100

Xcz2ne0 (%) =

Product yield:

(2 X Fyp)
0 — = H2F
Vie2 (%) (6 X Feansom,in) X 100 @

(Fco)

(2 X Feansonim) + (Feoin) 3
x 100

Yeo (%) =

where, F represents the molar flow rate (mol/min).

3. Results and Discussion
3.1. Catalyst Characterization
3.1.1. N2 adsorption-desorption analysis

The physical characteristics of 3% Co/FZSM-5
at various hydrothermal aging times were
tabulated in Table 1. Among the catalysts, the 8 h
hydrothermal treatment exhibits the highest BET
surface area (208.91 m2?/g) with 0.1488 cm?3/g for
pore volume, and 4.41 nm of pore diameter [18].
Meanwhile the 6 h sample exhibited a decline in
BET area (=15%) and pore volume (5.17%), but an
increase in pore diameter (10.4%), yielding value
of 177.86 m2?/g, 0.1411 cm3/g, and 4.87nm,
respectively. In contrast, extending the
hydrothermal treatment for 10 h lead to in a
27.6% decrease in surface area relative to the 8h
sample, despite a further increase in pore volume
(16.8%), and pore diameter (51.5%) reaching
151.20 m?/g, 0.1738 cmd/g, and 6.68 nm,
respectively. In a catalyst, a high surface area of
the support materials provides a sufficient
platform for uniform metal dispersion, effectively
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preventing particle aggregation even at high
metal loading [22]. Variations in textural
properties  across  different  hydrothermal
durations show that the process alters the FZSM-
5 structure. Research reports that aging time
affects nucleation and crystallization rates, which
in turn control crystal size and synthesis yield
[25]. Consequently, the improvement in BET
surface area and pore volume may result from a
greater crystallinity within the catalyst.
Meanwhile, prolonged hydrothermal aging time
may initiate the dealumination of the FZSM-5
framework, resulting in localized framework
collapse and a sharp reduction in both BET
surface area and micropore volume [26]. While the
total pore volume peaked at 10 h (0.1738 cm?®/g),
increasing from 0.1411 cm?/g for 6 h and 0.1488
cm?®/g for 8 h. This implies that while small
micropore domains (which fell to 112.91 m?/g at 10
h) collapsed or merged, the overall porosity
continued to grow. Such textural modifications
may influence EDR by altering cobalt dispersion,
facilitating reactant diffusion, and enhancing
active-site accessibility.

The N2 adsorption/desorption isotherms and
pore size distribution of FZSM-5 catalysts were

plotted in Figure 1. This result reveals that the
characteristics of the mesoporous FZSM-5, as
evidence by the presence of hysteresis loop [27].
The capillary condensation of N2 occurs over
range of P/P= 0.4 and 0.9, demonstrating the
existence of voids both inside and between the
particles. This behavior confirms the occurrence
of capillary condensation within the mesopores
[28]. According to IUPAC categorization, the
isotherm of all samples was classified as type IV
multilayer adsorption at P/P,= 0.4-0.8 between
the mesopore range as isotherm plateaued. Type
IV isotherm with a hysteresis loop, H3 represents
the pore condensation and loop behavior between
both adsorb-desorb branches, which usually
reflects the features of mesoporous materials
[29]. At low relative pressure (P/P, <0.1), the
initial uptake of N2 in adsorption indicates the
presence of microporosity an strong adsorbent-
adsorbate interaction [27]. The fact that N2
uptake occurs at low P/Po between 0.1 and 0.4
indicate that adsorption occurs on the surface of
FZSM-5 catalyst, whereas at sharp increase
uptake at P/Po between 0.8 and 1.0 is associated
with capillary condensation in mesopores and
interparticle voids of FZSM-5 [18].

Table 1. Physical attributes of 3% Co/FZSM-5 at different hydrothermal times.

Catalvst BET Surface Pore Volume Average Pore Micropore
Y Area (m?/g) (cm?®/g) Diameter (nm) Area (m?/g)
3%Co/FZSM-5 6H 177.86 0.1411 4.87 124.07
3%Co/FZSM-5 8H 208.91 0.1488 4.41 129.49
3%Co/FZSM-5 10H 151.20 0.1738 6.68 112.91
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Figure 1. N2 adsorption-desorption analysis for
FZSM-5 (a) 6 h, (b) 8 h and (c) 10 h.

Figure 2. BJH desorption pore size distribution
for 3%Co/FZSM-5.
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The BJH pore size distribution was calculated
from a branch of the nitrogen desorption
isotherms. Figure 2 shows the BJH Desorption
Pore Size Distribution of 3%Co/FZSM-5 catalyst.
For 10 h, large peak was observed in the range of
2 nm to 5 nm, and the representative pore size was
a maximum of around 4 nm. The presence of a
distinct peak in this region indicates that
mesopores contribute significantly to the pore
structure of the catalyst [30]. The 10 h sample
exhibits the sharpest and highest peak, indicating
a more concentrated and uniform mesopore size
distribution [18]. In contrast, the 8 h sample show
a board distribution, suggesting a wider of
mesopore size. Although 10 h has the most
pronounced pore size distribution peak and the
highest BHJ desorption pore volume, 8 h exhibits
the highest BET surface area, indicating that pore
size distribution and surface area do not
necessarily vary in the same manner since large
pore size can improve the mass transport and
reduce coke accumulation in reaction part [18].
The influence of these textural properties on
catalytic performance is discussed in details in
reaction section.

3.1.2 Fourier-Transform Infrared Spectroscopy
(FTIR) Analysis

The FTIR spectra of the 3%Co/FZSM-5
catalysts (400-4000 cm-') are shown in Figure 3.
Within the framework vibration region (400-1300
cm-1), the band at 540 cm-1, common associated of

the pentasil ring vibration, exhibits a gradual
weakening with increasing hydrothermal
duration. This attenuation suggests a partial loss
of crystallinity and framework integrity,
comparable to reports identifying such intensity
reductions an indication of  structural
degradation and a loss-range order in aged ZSM-
5 zeolites [25]. Furthermore, the modest shifts
and intensity variations observed in the
asymmetric Si-O-T stretching band (1050-1100
cml) correspond to modifications in the Si/Al
environment, in line with the occurrence of
framework dealumination. In the hydroxyl
stretching region (3000-3800 cm), the band
centered at =~3610 cm'l, assigned to the linking
hydroxyl group (Si-OH-Al), shows progressive
attenuation as aging duration increases. This
trend points to a progressive loss of framework
aluminum. In the content of the 3%Co/FZSM-5
catalysts, this decrease may also suggest an
interaction between cobalt species and the acid
sites. Such Dbehavior is a hallmark of
hydrothermal dealumination and is well-
documented in studies concerning the steam-
stabilization and degradation of zeolitic
structures [18].

3.1.3 Field Emission Scanning Electron
Microscopy (FESEM) Analysis

The morphological evaluation of the FZSM-5
samples with aging time is presented in Figure 4.
All synthesized FZSM-5 samples exhibit a

transmitter (%)

—6h ——8h

10h

1100

3400 2400

1400 400

wavenumber (cm1)

Figure 3. FTIR spectra for FZSM-5.
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predominantly spherical “flower-like” distribution
characterized by radical wrinkle morphologies.
These particles closely resemble the dendritic
fibrous nano-silica (KCC-1 type) structures
reported in previous literature [31,32,33]. At the
shortest aging time (6h), the particles exhibit
predominantly irregular and poorly faceted
morphologies. Spherical nuclei appear embedded
within a dense, partially amorphous matrix. The
absence of well-defined crystal edges and the
presence of rounded, non-uniform particles
indicate that FSMZ-5 crystallization is incomplete
at this stage, where nucleation processes still
dominate over crystal growth [17,34,35].

As the aging duration is prolonged to 8h, a
uniform distribution of microspherical FZSM-5
aggregates was obtained. These aggregates are
composed of clearly formed fibrous
nanostructures, creating a hierarchical porosity
with elevated crystallinity. The formation of this
dendritic ZSM-5 was attributed to the interactive
interaction among the urea surfactant, toluene,
and the aqueous phase [36]. The absence of
surface roughness produced to a homogeneous
microporous framework [35]. The hierarchical
structure combining micropores with notable
wrinkles 1s associated with improved mass
transport and promotes uniform cobalt dispersion.
Furthermore, the increased surface area and
available active sites allow greater interaction

between reaction components [31] At extended
hydrothermal aging times up to 10h, the
crystallization appears complete, resulting in
predominantly crystalline FZSM-5 crystals with
no residual amorphous phase. However, the
prolonged aging leads to a reduction in
mesoporousity as the structure becomes gradually
microporous and compact. The formerly defined
fibrous features become less defined and
extensively intergrown. This implies an
overgrowth of the FZSM-5 crystals, leading to
some loss of the hierarchical structure and a
consolidated morphology [35]. This finding
demonstrates that the morphology of FZSM-5 is
closely related to the duration of the hydrothermal
aging process, from a partially formed amorphous
mixture at 6h, to a developed hierarchical
dendritic structure at 8h, and finally to a highly
intergrown crystal at extended aging times.

3.1.3 Thermogravimetric Analysis (TGA)

Figure 5 reveals the TG-DTG profiles with
three distinct regimes of mass change for spent
3%Co/FZSM-5 catalysts aged at 6, 8, and 10 h. The
baseline of fresh catalyst that provide the direct
baseline for comparison, characteristic
temperature range for moister removal and coke
oxidation in ZSM-5 were refer from another
journal. The TGA curves show two distinct stages
of weight loss. The first stage (90 to 200 °C) is

Figure 4. FESEM of FZSM-5 at different aging time (a) 6 h, (b) 8 h, (c¢) 10 h.
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attributed to the removal of physically adsorbed
water [37]. The second stage (550-800 °C) is more
pronounced weight loss, corresponds to the
combustion of coke deposited on catalyst during
the cracking process [38]. There were All three
samples lose a small amount of weight (<2 wt %)
below 150 °C, attributable to the removal of
physisorbed water and loosely bound volatiles.
While a very gradual, nearly featureless decline in
mass (<1 wt %) in the region 400 °C-625 °C was
due to the oxidation of amorphous carbon species
[18]. It was apparent that the weight loss at
temperatures more than 625 °C is attributed to
the combustion of thermally stable, graphitic coke
[18]. Among the catalyst, the 8h hydrothermal
aging time 3%Co/FZSM-5 exhibits the lowest
weight loss, demonstrating superior coke
resistance compared to the 6h and 10h sample due
to its optimal fibrous structure and metal
dispersion. The accumulated coke follows the
order: 6 h (1.6 wt%) < 8 h (2.5 wt%)<10 h (4.2
wt%). The differences in coke formation were
highly correlated with the Co/FZSM-5 catalysts’
properties. Co/FZSM-5-6H catalyst has the
highest BET surface area but relatively narrow
pore size, which appears to restrict deep carbon
growth, resulting in only a small fraction of coke
remaining after the reaction. Meanwhile, for 8h
aging catalyst, the structure with more open
channels and hierarchical network intergrowth
fibers allows deeper carbon penetration during
the reaction, raising the coke formation to ~2.5
wt%. Prolonging aging to 10 h promotes
coalescence of these spheres into denser
cauliflower-like aggregates, which lowers BET

surface area yet enlarges inter-particle channels
seem to trap graphical fragments more effectively,
culminating in the highest residual carbon. This
result proven that an aging treatment time near 8
h offers an optimal compromise; sufficient surface
area for activity, yet a morphology that restricts
excessive coke deposition and facilitates its
subsequent removal.

3.2. Catalytic Performance in Ethanol Dry
Reforming (EDR)

The catalytic activity, stability, and product
distribution of the 3%Co/FZSM-5 catalyst as a
function of hydrothermal aging time are
illustrated in Figure 6. The EDR was performed
at 650 °C with a GHSV of 30,000 mL.g-1.h-1, and
pressure atmosphere. Initial result indicates that
the duration of hydrothermal aging during
synthesis of FZSM-5 significantly impacts the
structural properties of the catalyst, which in turn
governs the catalytic activity of EDR. Initially, the
catalyst hydrothermally aged for 10 hours
exhibited a robust initial CO2 conversion of
approximately 80%. This elevated initial activity
can be attributed to its expanded total pore
volume (0.1738 cm?/g), which facilitates the initial
mass transfer and diffusion of CO2 molecules to
the active cobalt sites. However, the 10 h catalyst
suffered from rapid deactivation, evidenced by a
sharp decline in ethanol conversion to 55% within
just 2 hours of time-on-stream (TOS). While the
widened pores enhance initial reactant uptake,
the concurrent reduction in microporosity (112.91
m?/g) severely limits the catalyst's ability to
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Figure 5. TG-DTG profiles of spent 3% CoFZSM-5 catalyst.
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sustain reforming reactions, leading to rapid
active site blocking. Ultimately, this loss of
microporosity and pore widening lowers the
overall density of active sites, thereby suppressing
steady hydrogen production.

The 8 h catalyst showed the best long-term
stability and overall reaction performance.
Although its initial COz conversion was
marginally lower than that of the 10 h catalyst, it
maintained the highest steady-state ethanol
conversion (=68%) and CO2 conversion (=60%)
throughout the 8 h reaction. This stable
performance is associated to its textural
properties, particularly its higher BET specific
surface area (208.91 m?/g) and larger measured
microporosity (129.49 m?/g). These features
improved cobalt dispersion and increase the
number of accessible active sites. These also
reduce deactivation by reducing coke formation

and the poisoning effect of adsorbed water. It also
notable that the catalyst properties influenced
syngas distribution. The Co/FZSM-5 8 h catalyst
showed the greatest steady-state hydrogen yield
(*55%), and the highest Ho/CO ratio (1.55), above
those of the 6 h (0.9) and 10 h (1.3) catalysts. This
result is related to the larger surface area and the
specific radial wrinkle morphology of the FZSM-5
synthesized at 8 h, which promotes the formation
of intermediate hydrocarbons and facilitates the
formation of hydrogen molecules. Meanwhile, CO
formation seems to be more favorable over the
Co/FZSM-5 6H, due to its under-developed fibrous
shell, which predominantly triggers ethanol
dehydration pathways rather than the complete
reforming reaction. With the Co/FZSM-5 10H, the
reduction in microporosity and the widening of
pores likely decrease the density of active sites,
leading to inferior hydrogen production.
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4. Conclusions

This study investigated the effect of ageing
time on the morphology and catalytic properties of
fibrous ZSM-5 (FZSM-5) supported cobalt catalyst
for ethanol dry reforming (EDR). The 8h
3%Co/FZSM-5 produced the highest measured
performance, achieving ethanol conversion of
68%, COz conversion of 60%, and Hz yield 55%
with a syngas Ho/CO ratio of 1.55. Furthermore,
the TGA analysis showed measurable coke
accumulation, indicating that the sample with
distinct dendritic morphology helps decrease
deactivation by preventing pore-mouth plugging
and stabilizing cobalt active sites against
sintering. Conversely, the 10 h catalyst
experienced increase deactivation rate due to its
greater graphitic carbon deposition (4.2 wt%) and
constrained microporosity. Thus, these findings
suggest that hydrothermal aging is a controllable
factor for modifying fibrous zeolites.
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