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Abstract

Silica aerogels, characterized by their high porosity and substantial specific surface area,
are suitable for applications as catalysts or catalyst supports. The simultaneous
attainment of a substantial specific surface area and robust mechanical properties in
aerogel materials remains a formidable challenge in material synthesis. Spherical
FePOx/Si02 aerogel materials were synthesized employing a combination of heating

reflux, the sol-gel technique, and supercritical ethanol drying. These composites



demonstrate an exceptional specific surface area, uniformly dispersed active
components, shape controllability, and superior mechanical strength. A noteworthy
enhancement in both specific surface area (1175 m*/g) and compressive modulus (7.56
MPa) surpasses many findings reported in extant literature. Under conditions of a
reaction temperature at 650°C and a flow rate of 97.5 mL/min, the HCHO selectivity
and yield for 4 wt.% FePOx/Si10:2 aerogel were 18.3 and 4.2 times, respectively, higher
than those of 4 wt.% FePOx/SiO2 particles. These composites manifest significant
selectivity towards the direct catalytic oxidation of CH4 to HCHO.
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1. Introduction

Silica aerogels are recognized as the materials with the lowest density among known
solids, typically produced via supercritical drying[1-4] or freeze drying[5-7]. During
the drying phase, liquids are gradually supplanted by gases, ensuring the preservation
of an integral skeletal structure with minimal collapse. Such a unique porous skeletal
design bestows upon the aerogel attributes like remarkably low density, elevated
porosity, reduced thermal conductivity, and high specific surface area[8-11]. These
properties earmark aerogels for promising applications in areas like thermal
insulation[12-14], optics[15, 16], sensing[17-19], catalysis[20, 21], and
supercapacitors[22, 23], among others[24, 25]. Particularly in catalysis, aerogels can
significantly influence liquid-solid and gas-solid catalytic reactions as catalysts or as
catalyst supports.[26-28]. Synthesized through the sol-gel technique, aerogels can be
modulated by adjusting components and proportions, controlling their composition,
content, structure, and degree of dispersion, thereby tailoring them for specific
reactions[29-34]. Nonetheless, the interlinking of nanoparticles that creates the skeletal
structure and high porosity also introduces challenges such as the aerogel's inherent

brittleness and tendency to crumble[35, 36]. The introduction of composite components



in aerogels typically results in reduced porosity and specific surface area, consequently
constraining the versatility of aerogel applications.

Recent research has highlighted advancements in enhancing the specific surface area
and mechanical attributes of aerogel composites. Yu et al.[37] integrated mesoporous
Al203-S102 aerogel into the macropores of quartz fiber via sol-gel impregnation. The
resulting quartz fiber/Al203-Si02 aerogel composite exhibited a specific surface area of
580.5 m?/g and a compressive strength of 0.85 MPa. Similarly, Lei et al.[38] fabricated
S102/GO composite aerogel monoliths using sol-gel technology. The interfacial
synergy between GO nanosheets and the SiO2 matrix enhanced the composite's
compressive modulus by 0.156 MPa, albeit with a reduction in specific surface area by
277 m?/g. Using triacrylate cross-linking to cross-link the silica surface, Maleki et al.
managed to enhance mechanical properties, resulting in an optimized APD aerogel with
a specific surface area of 53.1 m?/g and an approximate twofold increase in mechanical
strength[39]. Through process optimization and the introduction of reinforcing
components or cross-linking modifications, researchers have augmented both the
structure and mechanical attributes of aerogels[40-42]. However, the concurrent
attainment of high porosity, specific surface area, and optimal mechanical properties
remains challenging. Additionally, the bulk-form aerogel produced via conventional
methods is not ideally suited for regular reactor applications[43, 44].

In this study, a novel aerogel preparation technique was introduced. Using the sol-gel
method followed by ethanol supercritical drying, spherical FePOx/Si02 aerogel (FPSA)
catalyst materials characterized by an ultra-high specific surface area and superior
mechanical properties were fabricated. The FePOx active component renowned for its
marked advantage in catalytic methane processes[45, 46]. Characterization shows that
FePOx is dispersed uniformly within the SiO2 aerogel support possessing a vast specific
surface area. This uniform distribution contributes to the catalytic activity of the
composite material. The resultant FPSA boasts a high surface area, optimal dispersion
of active components, a controllable morphology, and a robust, intact structure. Notably,
its specific surface area and mechanical properties surpass most documented research

findings. This composite catalyst material not only augments the specific surface area



and mechanical properties but also exhibits heightened HCHO selectivity during the

direct catalytic oxidation of methane to HCHO.

2. Experimental section

2.1. Synthesis

2.1.1. Preparation of sol

Deionized water, ethanol, and nitric acid were mixed uniformly in a volume ratio of
60:40:1 to obtain an acidic solution. Tetraethyl orthosilicate (TEOS) was dissolved in
12 mL of ethanol and stirred evenly at room temperature. Slowly added 8 mL of acidic
solution dropwise, continued to stir for 10 min, and then stirred and heated to reflux at
50 °C for 30 min, yielding solution A. 6 mL of deionized water was mixed with 18 mL
of ethanol, 7 g of urea was dissolved in it, and stirred for 30 min at room temperature,
which was recorded as solution B. Fe (NO3)3-9H20 and NH4H2PO4 with a molar ratio
of Fe: P=1:1 were dissolved in 8 mL of deionized water, stirred evenly at room
temperature, and recorded as solution C. Solution A was slowly added to the stirring
solution C, mixed and stirred at room temperature for 30 min. Slowly added solution B,
stirred at room temperature for 10 min, then transferred to a heating and refluxing
device, stir and reflux at 80°C. The solution is in the form of a viscous sol to obtain a
composite sol.

2.1.2. Sol forming spherical gel

The polydimethylsiloxane (PDMS) was elevated to 80°C. Upon temperature
stabilization, the composite sol was meticulously dispensed into PDMS via a dropper.
Over time, the sol droplets underwent gelation within PDMS, forming spherical entities.
These spheres were extracted, and several rounds of deionized water rinses were
performed to remove residual PDMS. These cleaned spheres were then transferred to
ethanol solution, subjected to aging at 50°C, with ethanol solution being replaced thrice
daily over a span of 4 days to facilitate solvent exchange. Following this, the spheres
were taken out and supercritical dried with ethanol to obtain spherical aerogels. Post

calcination at 650°C for 6 h, FPSA was obtained. Samples 4 wt.% FePOx/Si10:2 aerogel,



8 wt.% FePOx/Si02 aerogel and 16wt. % FePOx/SiO2 aerogel with different FePOx
loadings were denoted as 4FPSA, 8FPSA and 16FPSA. For comparison, the same
preparation process was used to synthesize pure SiO2 aerogel (SA), and precipitated
Si02 was used as a support to prepare 4 wt.% FePOx/SiO2 particles (4FPSP) by

impregnation method.

2.2. Characterizations

Scanning electron microscopy (SEM) was performed by ZEISS GeminiSEM 300 to
analyze the morphology of the materials. Transmission electron microscopy (TEM)
images and high-resolution transmission electron microscopy (HRTEM) were
performed on a JEOL JEM 2100F. Using an X-ray powder diffractometer (Rigaku
Ultimate IV) with Cu-Ka radiation (A= 1.5418 A), powder X-ray diffraction (XRD)
was measured in the 20 range of 10° to 80° to analyze the phase and crystal structure
of the material. Fourier Transform Infrared (FTIR) was tested using a Thermo Scientific
Nicolet iS20 in the range of 400~2000 cm™' to analyze the chemical composition of the
samples. The specific surface area and pore size distribution of catalyst were measured
by V-Sorb 2800P specific surface area and pore size analyzer, and analyzed by the
Brunauer-Emmet-Teller (BET) test method. Mechanical performance was determined
on a universal testing machine (DECCA-1, GB/T13480) stand at a constant
compression rate of 0.2 mm/min. X-ray photoelectron spectroscopy (XPS) analysis was
performed on the XPS Spectrometer Kratos AXIS Supra to study the elemental and
valence composition of the material. The H2 temperature programmed reduction (Hz-
TPR) test was performed using a Micromeritics AutoChem II 2920 instrument and a
TCD detector. Before starting the test, 0.1 g of the sample was put into the instrument
and pure Hz was passed through it. The temperature was raised to 200°C to pretreat the
sample for 1 h, and the test was started after cooling down to 100°C. 10% H2 in H2-Ar

mixed gas was introduced and heated to 800°C at a heating rate of 10 °C/min.
2.3. Catalytic activity

The catalytic reaction experiment was completed in a self-made fixed bed reactor



(quartz tube with a diameter of 1 cm). The working temperature was monitored and
controlled by contacting the fixed bed with a thermocouple and connecting it with an
electric furnace. The schematic diagram of the test system is shown in Fig. 1 In a typical
catalytic reaction, the catalyst mass was 0.6 g. Before the catalytic reaction started, the
evaporator was turned on to preheat, and the DINKO water injection pump was turned
on after the temperature was stable. The deionized water was converted into water vapor
in the evaporator and discharged. At the same time, the fixed-bed reactor containing the
catalyst was heated up to the working temperature at a heating rate of 10 °C/min under
a protective atmosphere of N2. The flow rates of N2, O2 and CH4 was controlled using
the Brooks 5850 TR flow controller. After the temperature of the reactor and the
discharge of water vapor were stabilized, the valve was turned to let the mixed gas pass
into the catalytic bed, and the catalytic reaction test was started. The non-condensing
reaction products were analyzed in a gas chromatograph (GC-CP3800 Varian with TCD
detector). The condensed products were collected by an ice-bath condensation unit and
analyzed in a gas chromatograph (GCMS-QP 2010 Shimadzu) connected to a mass

spectrometer.
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Fig. 1. The schematic diagram of the test system.

The results related to conversion and selectivity were calculated based on the results of



online monitoring of gas products and the identification and quantification of products
in the condenser. The calculation of yield was obtained by multiplying the CHa4

conversion and the average selectivity of HCHO.

The calculation formula for the conversion of CHa.

nCH,0 + nCO, + nHCHO + 2nEtOH + nCO + nHCHO(liq) + 2nEtOH(liq) + nCH,0(liq)
nCH, totals

XcH, =

4

nCH . .
ncy, totals = —— * experiment time

The calculation formula for HCHO selectivity.

S ~ nHCHO + nHCHO(liq)
CHs~HCHO ™ 100, + nCO + nCH,0 + 2nEtOH + nCH,0(liq) + 2nEtOH(liq)

The calculation formula for HCHO yield.
YcH,»HCHO = ScH,~HCHO ® X ¢y,
3. Results and discussion

3.1. Material Photographs
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Fig. 2. Gel formation mechanism and aerogel samples with different reflux times.



The synthesis of composites involves the gelation of mixed sols, leading to the
formation of wet gels. This is followed by aging and drying to produce aerogels. During
preparation, the duration of the heating reflux critically influences the sol-to-gel
transition time and the resultant material structure. It is imperative to circumvent issues
such as premature sol solidification due to inadequate reflux durations and undesired
gelation arising from prolonged reflux. Fig. 2 illustrates the gel formation mechanism
and the block samples post different reflux durations. A noticeable improvement in
sample uniformity correlates with extended reflux times. The sol initiated solidification
when the heating reflux duration surpassed 2 h 15 min, warranting the removal of the
sol at 2 h 10 min to facilitate subsequent droplet experiments. Fig. 3 delineates the
preparation process of spherical 4FPSA. The sol droplets assume a spherical shape due
to surface tension dynamics when the sol drops into PDMS. Given the elevated
temperature of PDMS, these spheroidal sols commence gelation while descending,
culminating in their settling at the bottom of the PDMS. At this juncture, the material's
internal structure remains incompletely cross-linked. The subsequent transfer of the gel
and multiple solvent replacements over a defined duration also contribute to material
aging. Consequently, the internal structure achieves enhanced maturity and integrity.
The final spherical aerogel results from supercritical ethanol drying followed by
calcination. The spherical aerogel has a size of about 3 mm and can be modulated based

on the volume of sol dispensed in a single instance.

AAAAAA

Sl

Fig. 3. Preparation process of spherical 4FPSA (a) gel in PDMS, (b) gel after solvent

replacement, (c¢) spherical aerogel, (d) calcined spherical aerogel.
3.2. Morphological analysis

Fig. 4 displays the SEM image and elemental distribution of 4FPSA as observed



through EDS mapping. Fig. 4(a~d) reveal that 4FPSA exhibits a honeycomb-like
morphology with a profusion of pores. Silica nanoparticles interconnect to form a
characteristic "pearl-like" framework, leading to continuous pores primarily of
mesoporous nature. Pore sizes predominantly fall within the 10-30 nm range. Fig. 4 (i~)
illustrate a uniform distribution of Si and O signals within the material, with silicon
oxide serving as a supportive matrix ensuring an evenly dispersed platform for the
active components. Although Fig.4(g) and 4(h) show that the counts for Fe and P signals
are comparatively low, as depicted in Fig. 4(f), they are evenly distributed within the
silicon oxide support. For a catalyst material, such high dispersion of the active
component on its surface augments both its catalytic efficiency and the selectivity for

HCHO.
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Fig. 4. (a~d) SEM images and (e~j) EDS mapping image of 4FPSA.



3.3. XRD analysis

Fig. 5(a~d) presents the XRD patterns of SA and FPSA with varying FePOx loadings.
Within the SA's XRD pattern, a broad diffraction peak is evident at 20 = 22°, denoting
the existence of silica in its amorphous form. As the FePOx loading increases, the 20
value corresponding to the silica characteristic peak shifts to a higher value[47]. With
the increase of loading, some weak peaks appeared in the patterns. Notably, no distinct
FePOx characteristic peaks manifest in the XRD patterns of FPSA across different
loadings, which is in accordance with the previous literature studies. Combined with
mapping image in 3.2, this absence might be attributed to the extensive dispersion of
FePOx within the mesoporous channels or pore walls of the silica aerogel, rendering it
elusive to XRD detection[48]. Fig. 5(e) shows the XRD pattern of 4FPSA heat-treated

at 750°C, with weak characteristic peaks corresponding to FePO4[49].
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Fig. 5. XRD patterns of (a) SA, (b) 4FPSA, (c) 8FPSA, (d) 16FPSA, (¢) 4FPSA-750°C.

3.4. FTIR analysis

Fig. 6 depicts the FTIR spectra of SA and FPSA across different loadings within the
400-2000 cm™ range. The characteristic vibrational region around 470.63 cm™ is
ascribed to the Si-O symmetric bending vibration, while the absorption band close to
1097.64 cm™! is attributed to the Si-O-Si asymmetric stretching vibration[11, 50]. Given
the minimal content of Fe and P, no discernible absorption bands appear in the FTIR

spectra. The displacement in the characteristic vibrational region in the FTIR spectra of



various loadings corroborates the effective loading of the active component.
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Fig. 6. FTIR spectra of (a) SA, (b) 4FPSA, (c) 8FPSA, (d) 16FPSA.

3.5. BET analysis

To investigate the specific surface area and pore structure of the sample, 4FPSA treated
with varying temperatures was subjected to BET-BJH analysis. Fig. 7 presents the Na-
adsorption/desorption isotherms and the pore size distribution of 4FPSA across
different heat treatment temperatures, with the accompanying data detailed in Table 1.
All isotherms in Fig. 7(a) exhibit an HI-type hysteresis loop, classified as type IV
isotherms, indicative of capillary condensation typical in mesoporous materials[51].
The saturation plateau in the adsorption isotherm signifies a uniform pore size
distribution[52]. Combined with the BJH pore size distribution displayed in Fig. 7(b),
the mean pore size of samples subjected to varying heat treatment temperatures lies
between 12 and 16 nm. This reinforces the characterization of 4FPSA as a mesoporous
material constituted of uniformly distributed spherical particles. There is a decline in
the material's specific surface area as the heat treatment temperature escalates, a
phenomenon ascribable to the high temperatures compromising the aerogel's pore
structure. Upon a heat treatment at 550°C, the specific surface area for 4FPSA registers
at 1175 m*/g. An elevated specific surface area in the catalyst material can augment the

dispersion of the active component, thereby enhancing the selectivity during catalytic



reactions.
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Fig. 7. (a) N2- adsorption/desorption isotherms, (b) pore size distribution curves of

4FPSA-550°C, 4FPSA-650°C, 4FPSA-750°C.

Table. 1 Pore structure of 4FPSA-550°C, 4FPSA-650°C, 4FPSA-750°C

BET surface area Average pore size
Sample
(m*/g) (nm)
4FPSA-550°C 1175 12.5
4FPSA-650°C 925 15.2
4FPSA-750°C 830 13.3

3.6. Mechanical property analysis

To evaluate the mechanical properties of the materials, the compressive strain-stress
curves for block 4FPSA and SA were acquired, as depicted in Fig. 8. Silicon-oxide
based aerogels are widely recognized for their limited mechanical strength, often
fracturing immediately under applied pressure. Previous studies have documented a
compression modulus of approximately 0.13 MPa for pure silica aerogels produced
through traditional preparation techniques[53]. However, the compression modulus of
the pure silica aerogel SA, prepared using the methodology outlined in this study,
reached 1.33 MPa. Notably, the mechanical strength of 4FPSA surpassed that of SA,
registering a compression modulus of 7.56 MPa. This analysis suggests that materials

synthesized using the method detailed in this research exhibit enhanced mechanical



strength.
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Fig. 8. Compressive strain-stress curves of 4FPSA and SA

3.7. XPS analysis
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Fig. 9. XPS spectra of (a) 4FPSA; High-resolution XPS spectra of (b) Fe 2p, (c) P 2p,
(d)Si 2P and (e) Ols of 4FPSA.

Elemental composition of the 4FPSA surface was elucidated through XPS analysis. Fig.

9 presents the full XPS spectrum of 4FPSA, complemented by the high-resolution XPS



spectra for Fe 2P, P 2P, Si 2P, and O Is. In Fig. 9(a), the full XPS spectrum of 4FPSA
displays characteristic peaks corresponding to each elemental component. The peak
intensities of Fe 2P and P 2P are relatively low due to the low doping of Fe and P. Fig.
9(b) shows two characteristic peaks of the Fe 2P spectrum, corresponding to Fe 2pi.
and Fe 2p32[54]. The Fe 2ps» peak, situated at 712.0 eV, predominantly signifies the
vacancy generated from electron ionization in the 2p orbital of the iron atom,
highlighting the Fe®" oxidation state and corroborating the inclusion of Fe*" in the
sample[55, 56]. The Fe 2pi2 peak exhibited enhanced sensitivity to alterations in the
Fe chemical milieu than its Fe 2ps2 counterpart. Fig. 9(c) depicts the P 2p peak
positioned at 133.4 eV, wherein the peaks at 134.0 eV and 133.3 eV are ascribed to P
2p12 and P 2psp, respectively[54]. The O s spectrum, represented in Fig. 9(e), is
characterized by two peaks: the peak at 532.9 eV pertains to surface hydroxyl oxygen,
while the one at 533.7 eV is linked to lattice oxygen[57]. Surface hydroxyl oxygen,
denoting surface adsorbed oxygen entities chemically bonded to surface atoms or
molecules, exhibits significant chemical reactivity, playing a pivotal role in catalytic

reactions and redox processes[58, 59].

3.8. H>-TPR analysis

The catalytic activity of the material is inherently linked to its redox performance. The
H>-TPR technique was employed to assess the material's reduction performance across
varying temperatures. As depicted in Fig. 10, H2-TPR profiles for FPSA at diverse
loadings reveal a reduction peak ranging between 200°C and 350°C, ascribed to the
conversion of Fe*" to Fe?'[60]. To delve deeper into the phase transformations during
reduction and oxidation processes, powder XRD and Mdssbauer analyses were
conducted on both reduced and oxidized FePOas specimens by the researchers. Peaks
observed above 350°C are predominantly due to the transformation of FePOas to

Fe2P207[61, 62].
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For the minimally loaded FPSA, the reduction peak manifested within a lower
temperature spectrum. Notably, 4FPSA exhibited a pronounced reduction peak for the
Fe’" to Fe?" transition, especially in the low temperature range. In the lower temperature
range, the reduction signal decreased with increasing load. H2-TPR results affirmed that
the FPSA with lower loading exhibited a more potent reduction signal at a lower
temperature. This observed pattern aligns with prior literature reports suggesting that
highly dispersed, XRD-undetectable FePOa clusters potentially situated within the
mesoporous channels of the catalyst support can undergo reduction at comparatively
lower temperatures[48, 49]. A reduced loading augments the dispersion of the active

component, enhancing the material's reduction efficacy at lower temperatures[63, 64].
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Fig. 10. Ho-TPR profiles of (a). 4FPSA, (b).8FPSA, (c).16FPSA.

3.9. Catalytic activity

Reduced loading augments the dispersion of the active components and thus enhances
the material's reduction efficacy[63, 64], as confirmed in the testing of H>-TPR. The

catalytic performance of the catalysts with lower loading was assessed. The



performance of 4FPSA and 4FPSP as catalysts was evaluated in a fixed bed reactor.
Table 2 delineates the catalytic reactions' outcomes, including CHs conversion along

with the selectivity and yield of HCHO. Fig. 11 provides a comparative analysis.

Table. 2 Catalytic performance of 4FPSA and 4FPSP

Flow rate CHa4 HCHO HCHO
Catalyst . . . .
(mL/min) Conversion Selectivity Yield
97.5 0.72% 13.92% 0.0997%
4FPSA 130 0.39% 17.25% 0.0671%
162.5 0.35% 23.75% 0.0832%
97.5 3.13% 0.76% 0.0237%
4FPSP 130 2.03% 1.45% 0.0296%
162.5 1.59% 5.58% 0.0888%
30% 3.5%
g 259, g 3.0%
< 0% = 2.5%
.E . g 2.0%
E o =4wt% FPSA & 1.5% = 4wt.% FPSA
S 10% = 4wt.% FPSP Q 1.0% 4wt.% FPSP
S 5%  0.5%
0% 0.0%
975 130 162.5 975 130 162.5
Flow rate (mL/min) Flow rate (mL/min)
= 25% 0.12%
S 20% 2 0.10%
:%‘ o ;0.08%
E 5 0.06%
% 10% m4wt.% FPSA o m 4wt.% FPSA
o u 4wt.% FPSP 5 0.04% u 4wt.% FPSP
g % l l = 0.02% L
o
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Fig. 11. Catalytic performance of 4FPSA and 4FPSP.
As the flow rate increased, the conversion of both O2 and CH4 diminished, while HCHO
selectivity escalated. 4FPSP demonstrated a markedly superior CH4 conversion

compared to 4FPSA. This enhanced conversion can be attributed to the primary



distribution of active components on the SiO2 support surface in the 4FPSP catalyst. A
more extensive contact area between the active component and the reaction gas
culminates in this elevated CHa4 conversion. Conversely, 4FPSA manifests a more
pronounced HCHO selectivity, which can be linked to the mass transfer limitations
appeared with the larger particles present in 4FPSP. Established knowledge suggests
that, within catalytic systems undergoing series reactions, mass transfer limitations
cause a decline in selectivity for intermediary compounds[65-67]. SEM and XRD
analyses for 4FPSA indicate that the active components Fe and P in the catalyst are
thoroughly dispersed within porous SiOz, predominantly residing in the mesoporous
channels or pore walls of the silica aerogel support. Such a distribution result in
diminished CH4 conversion but accentuated HCHO selectivity. At flow rates of 97.5
mL/min, 130 mL/min, and 162.5 mL/min, HCHO selectivity for 4FPSA exceeded that
of 4FPSP by factors of 18.3, 11.9, and 4.3 respectively. Furthermore, at flow rates of
97.5 mL/min and 130 mL/min, HCHO yield for 4FPSA surpassed that of 4FPSP by 4.2

and 2.3 times, respectively.

4. Conclusion

In summary, FPSA was synthesized utilizing a combination of heating reflux, sol-gel
technique, and supercritical ethanol drying process. These aerogel materials boast an
exceptionally high specific surface area and ensure optimal dispersion of Fe and P on
porous SiOz2. The size of the spherical aerogel are controllable. The composite's specific
surface area reached an impressive 1175 m?/g, and the compression modulus of 7.56
MPa surpassed that of the aerogel produced through conventional methods. These
performances are outperform the majority of existing literature studies. Catalyst
materials with lower loading displayed a pronounced reduction signal at a lower
temperatures. Enhanced dispersion of the active components contributed to the
elevation of HCHO selectivity in catalyst materials. Under conditions of a reaction
temperature of 650°C and a flow rate of 97.5 mL/min, the HCHO selectivity and yield
for 4FPSA were 18.3 and 4.2 times greater than those of 4FPSP, respectively. This

research offers a valuable benchmark for the synthesis of silica-based aerogels with



ultra-high specific surface areas and introduces a novel approach for the direct catalytic

oxidation of methane using silica-based catalyst materials.
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Highlights
e Spherical FePOx/Si02 aerogel was synthesized by heating reflux and sol-gel
method.
e The active components were highly dispersed on a porous SiO2 aerogel support.
e 4FPSA has an ultra-high specific surface area (1174.71 m*/g) and a high

compression modulus (7.56 MPa).

e The 4FPSA has an 18. 3 times higher HCHO selectivity than 4FPSP.





