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Highly Efficient Honeycomb Hypocrystalline V-P-C Catalysts for Sustainable
Production of Acrylic Acid via Glycerol Dehydration-Oxidation
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A series of hypocrystalline vanadium-phosphorus-carbon (V-P-C) catalysts, synthesized via a
novel organic phosphoric acid-assisted strategy, were developed for the dehydration-oxidation of
glycerol to acrylic acid. Among these, the VPO (vanadium-phosphorus oxide)-EDTPMA catalyst,
derived from ethylenediamine tetramethylphosphonic acid (EDTPMA) as both phosphorus
precursor and structure-directing agent, demonstrated exceptional performance, achieving 90%
glycerol conversion with 53.4% selectivity to acrylic acid and 28.7% to acrolein under optimized
conditions. Advanced characterization (X-ray diffraction (XRD), Raman, X-ray photoelectron
spectroscopy (XPS), H, temperature-programmed reduction (H,-TPR), scanning electron
microscopy (SEM), and temperature-programmed desorption of ammonia (NH;-TPD)) revealed that
the thermal decomposition of amino groups in EDTPMA triggered a crystalline-to-hypocrystalline
transition, generating a hybrid structure with preserved vanadium-phosphorus oxide phases
embedded in an amorphous carbon matrix. This unique architecture introduced abundant oxygen
vacancies and medium acid sites, which synergistically facilitated glycerol dehydration to acrolein
and subsequent selective oxidation to acrylic acid. The hypocrystalline nature of VPO-EDTPMA
enhanced redox cycling via vanadium species while mitigating over-oxidation pathways. This work
provides a rational design strategy for multifunctional hypocrystalline catalysts, emphasizing the
critical role of defect engineering in biomass valorization processes.
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Introduction propylene, rendering glycerol-based routes economically

and environmentally advantageous.'®

The extensive reliance on fossil fuels has historically
underpinned global industrialization and economic
growth,!? yet their combustion has precipitated severe
environmental crises through unabated CO, emissions.>*
In response, the Paris Agreement has galvanized efforts to
transition toward renewable energy sources, with biodiesel
emerging as a sustainable alternative.>” However, biodiesel
production via transesterification generates about 10 wt.%
glycerol as a byproduct,®!® necessitating innovative
strategies to valorize this surplus into high-value chemicals
such as acrylic acid, a versatile precursor for polymers,
detergents, and agrochemicals.'""> Current industrial
acrylic acid production relies on petroleum-derived
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As a typical acid-catalyzed reaction, glycerol can be
converted into acrylic acid on catalysts that possess both
Brgnsted and Lewis acid sites. These catalysts encompass
heteropolyacids, !’ zeolites,'® metal oxides,'>?! phosphates,’
and sulfates.”> For instance, phosphoric acid-modified
HZSM-5 achieved 89.6% selectivity at full glycerol
conversion,’ while WO,/ZrO,@SiC enabled microwave-
assisted reactions (250 °C) with > 70% selectivity.! MoP
catalysts demonstrated 80% selectivity over 50 h,'* and
tungsten-based heteropolyacids revealed acid site density-
dependent performance.” Despite these advances, such
systems rely on crystalline frameworks, which inherently
limit oxygen vacancy (Oy) concentrations and active site
accessibility due to their rigid, defect-poor structures.?

Hypocrystalline materials, featuring a hybrid ordered-
disordered atomic arrangement, present a paradigm shift

This is an open-access article distributed under the terms of the Creative Commons Attribution License.
BY


https://orcid.org/0009-0007-2401-8220
https://orcid.org/0000-0002-9006-6913

Zhao et al.

in catalysis. Their undercoordinated atoms and dangling
bonds generate abundant Oys and electron-rich active
sites,?* while their flexible local structures enhance electron
transfer efficiency.” Though hypocrystalline catalysts have
shown promise in CO, hydrogenation,* oxygen evolution
reaction,” and alkane oxidation,?®?” their potential in
glycerol valorization remains unexplored.

Herein, we design hypocrystalline vanadium-
phosphorus-carbon (V-P-C) catalysts using organic
phosphonic acid to unlock synergistic acid-redox
functionalities for glycerol dehydration-oxidation. The
hypocrystalline architecture, engineered via amino group
decomposition in ethylenediamine tetramethylphosphonic
acid (EDTPMA), preserves vanadium-phosphorus
oxide phases while embedding them in an amorphous
carbon matrix. This unique structure fosters numerous
medium acid sites, oxygen vacancies, and redox-
active V*/V>3* species, collectively enabling 90%
glycerol conversion with 53.4% acrylic acid selectivity,
outperforming conventional crystalline analogues. This
work establishes hypocrystallinity as a critical lever for
designing multifunctional catalysts in biomass upgrading.

Experimental
Materials and reagents

The involved chemical reagents, comprising
vanadium pentoxide (V,0O;) and four organophosphorus
compounds, phenylphosphonic acid (PPOA, C(H,O,P,
98%), n-hexylphosphonic acid (HPAA, C,H,5;0,P, 99%),
ethylenediamine tetramethylphosphonic acid (EDTPMA,
C.H,(N,O,,P,, 95%), along with glycerol, were procured
at analytical reagent (AR) grade purity. All materials were
used as received without further purification.

Catalyst preparation

Vanadium-phosphorus oxide (VPO) precursors were
synthesized by mixing vanadium pentoxide (V,Os,
0.03 mol), stoichiometric organophosphonic acid (P/V molar
ratio = 1), and deionized water (90 mL) in a stainless-steel
autoclave. The suspension was hydrothermally treated at
140 °C with continuous stirring for 12 h. The resultant solid
was collected via vacuum filtration, washed repeatedly
with acetone to remove residual organics, and then dried
under reduced pressure at 80 °C for 24 h. Three distinct
precursors-designated as VPO-PPOA-Pre, VPO-HPA A-Pre,
and VPO-EDTPMA-Pre, were obtained by employing
phenylphosphonic acid (PPOA), n-hexylphosphonic acid
(HPAA), and ethylenediamine tetramethylphosphonic acid
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(EDTPMA) as phosphorus sources, respectively.

The precursor powders were calcined in a tubular
furnace under nitrogen atmosphere using the following
protocol, heating from ambient temperature to 400 °C
at a controlled ramp rate of 2° C min”', followed by
isothermal retention for 16 h. This thermal treatment
yielded the activated catalysts VPO-PPOA, VPO-HPAA,
and VPO-EDTPMA, corresponding to their respective
precursors.

Characterization of catalyst

The physical and chemical characteristics of the
catalysts were investigated through a combination
of advanced characterization techniques, including
scanning electron microscopy (SEM), Raman, X-ray
diffraction (XRD), X-ray photoelectron spectroscopy
(XPS), H, temperature-programmed reduction (H,-TPR),
and temperature-programmed desorption of ammonia
(NH;-TPD).

XRD

Powder diffraction patterns were acquired on a Philips
X’Pert MPD Pro diffractometer equipped with a graphite-
monochromated Cu Ko radiation source (A = 0.1541 nm).
Scans were performed in the 20 range of 10-80° at 0.02°
step size.

Raman

Room-temperature spectra were collected on a
HORIBA LabRAM HR Evolution spectrometer with a
532 nm diode laser excitation source.

XPS

The binding energy (BE) was calibrated against the
Cls signal (284.6 eV) of contaminant carbon. Elemental
surface composition was estimated on the basis of peak
areas normalized using Wagner factors. Relative surface
concentration of C, V, and O element with different states
can be estimated through deconvolution analysis of the
corresponding XPS peak. For the same batch of sample
measured under identical conditions as well as the same
parameters adopted for deconvolution analysis.

H,-TPR

Reduction behavior was analyzed in a quartz
microreactor loaded with 100 mg catalyst. Samples were
pretreated in Ar (40 mL min') at 200 °C for 1 h, then
cooled to 25 °C. Temperature-programmed reduction
was conducted under 5% H,/Ar (40 mL min') from
25t0 850 °C at 10 °C min™, followed by isothermal holding
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until baseline stabilization. Hydrogen consumption was
monitored by thermal conductivity detection (TCD).

NH,-TPD

Catalyst of 50 mg was first heated in an Ar flow
(40 mL min) to 200 °C and kept at this temperature
for 1 h. Then, the sample was cooled to 50 °C in the Ar
flow. After that, NH; adsorption was performed at 50 °C
for 1 h. Finally, NH,-TPD was carried out in an Ar flow
(40 mL min™) with the sample being heated to 500 °C at
a rate of 10 °C min'. The amount of desorbed NH; (in
umol g') was determined by a titration, in which a HCI
solution (0.01 mol L") was used to absorb the released NH;.
A NaOH solution (0.01 mol L") was used as the titrant.

Catalyst evaluation

Catalytic performance assessment was conducted
through a fixed-bed reactor system for the gas-phase
dehydration-oxidation of glycerol to acrylic acid under
atmospheric pressure. Prior to testing, catalyst precursors
were pelletized, mechanically crushed, and sieved to
obtain 20-40 mesh granules. A straight quartz tubular
reactor (internal diameter (ID) = 10 mm) was loaded
with 0.5 g of catalyst bed, followed by quartz sand of
the same mesh size to fill the remaining space. The
catalyst activation protocol comprised three sequential
steps, (i) thermal pretreatment under continuous N,
flow (30 mL min') with temperature programming from
ambient to 320 °C at 10 °C min™' ramp rate, (i) isothermal
conditioning at 320 °C for 2.5 h, followed by (iii) system
equilibration to reaction temperature. The reaction
was initiated by introducing an aqueous glycerol feed
(27.36 mmol glycerol h'') through a calibrated micro-
syringe pump, with air serving as both oxidant and
carrier gas (total flow rate optimized through preliminary
experiments). Liquid products were continuously
collected using a dual-stage cold trap system maintained
at 5 °C to prevent volatile loss, while gaseous effluents
were periodically sampled through a six-port valve
for online analysis via thermal conductivity detector
(TCD). Post-reaction liquid mixtures were quantitatively
analyzed using gas chromatography (GC-126N system
equipped with flame ionization detector) employing an
HP-FFAP capillary column (25 m x 0.32 mm X 0.5 um).
Identification and quantification of acrylic acid, acrolein,
and other oxygenates were achieved through external
calibration with certified reference standards.

The conversion of glycerol (Xg,,), the selectivity of
products (S,) and carbon balance (CB) were calculated
as follows:
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where, ng,, is the molar quantity of unreacted glycerol
(mmol), n’, is the molar quantity of glycerol fed into
the reactor (mmol), n, is the molar quantity of glycerol
equivalent to products such as acrolein (Acr), acrylic acid
(AA), acetic acid (HAc), acetaldehyde (MeCHO), and
CO,, N is the number of carbons in a specific molecule, n
is the mole quantity of each component measured by gas
chromatography (GC).

Results and Discussion
Morphology analysis

Figure 1 presents comparative SEM analyses of catalyst
precursors synthesized with different phosphorus sources.
Upon the activation process, a significant alteration of the
catalyst morphology is observed, particularly evident in
the fusion of the layers for VPO-HPAA and the absence of
lamellar morphology for VPO-PPOA. Notably, the catalyst
VPO-EDTPMA exhibits a distinct porous honeycomb
structure due to the decomposition of amidogen during
roasting, which provides abundant active sites and
facilitates favorable mass transfer conditions for catalytic
reactions.

Structure and phase composition analysis

Figure 2 presents the XRD patterns of catalyst precursors
(designated as VPO-PPOA-Pre, VPO-HPAA-Pre, and
VPO-EDTPMA-Pre) and their activated counterparts. All
precursors exhibit distinct crystalline phases corresponding
to phenylphosphonate,?® n-hexylphosphonate,* and
ethylenediamine tetramethylphosphonate,*® respectively.
Thermal activation induces notable crystallinity degradation,
attributable to hydrogen-bond network collapse during
organic component pyrolysis, ultimately yielding
hypocrystalline architectures. Furthermore, distinct phase
compositions are observed for catalysts obtained from
different precursors, (i) VPO-PPOA exclusively displays
VOPO,-2H,0 (PDF No. 36-1472), (ii) VPO-HPAA
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Figure 1. SEM images of the catalysts, (a) VPO-PPOA-Pre,
(b) VPO-HPAA-Pre, (c) VPO-EDTPMA-Pre, (d) VPO-PPOA,
(e) VPO-HPAA, and (f) VPO-EDTPMA.

shows coexisting VOPO,-2H,0 (PDF No. 36-1472) and
0-VOPO, (PDF No. 47-0951), while (iii) VPO-EDTPMA
uniquely converts to VOHPO,-3H,0O (PDF No. 45-0578).
This phase evolution confirms V*—V# reduction in
VPO-EDTPMA through organic nitrogen elimination
during activation.
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Figure 2. XRD patterns of the catalysts, (a) VPO-PPOA-Pre,
(b) VPO-HPAA-Pre, (¢c) VPO-EDTPMA-Pre, (d) VPO-PPOA,
(e) VPO-HPAA, and (f) VPO-EDTPMA. #-6-VOPO, PDF No. 47-0951,
4-VOHPO,-3H,0 PDF No. 45-0578, ¥-VOPO,-2H,0 PDF No. 36-1472.
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Complementary Raman spectroscopy overcomes XRD
limitations in characterizing hypocrystalline systems.?!
The vibrations associated with P-O and V-O typically
manifest in the range of 850-1200 cm™.* The vibrations
associated with amorphous carbon, on the other hand, can
be observed within the range of 850 to 2000 cm™.*® As
shown in Figure 3, the peaks observed at 991 cm™! can be
attributed to the vibrations of V—0,* while those at 961,
919, and 885 cm correspond to the vibrations of P—O
under different chemical environments.** These variations
arise from the influence of various alkyl groups of organic
phosphinic acids. The activated catalysts also demonstrate
distinct phase compositions. For instance, the catalyst VPO-
PPOA comprises 0-VOPO,, VOPO,-2H,0, and (VO),P,0,
phases. The catalyst VPO-HPAA contains 6-VOPO,
and (VO),P,0, phases. The catalyst VPO-EDTPMA is
composed exclusively of VOPO,;-3H,0 phases. Notably,
the characteristic peaks associated with disordered carbon
(1350 cm™!, D band) and graphite sp? carbon (1560 cm™,
G band) are also revealed in VPO-EDTPMA. It suggests
a significant presence of amorphous carbon in catalyst
VPO-EDTPMA. As literature reports,?* amorphous carbon
possesses abundant active sites, oxygen vacancies, high
oxygen mobility, and large surface area due to unsaturated
coordination and numerous defects on the surface atoms.
In contrast, the relatively perfect crystal surface structure
of crystalline catalysts restricts both the type and quantity
of surface oxygen.
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Figure 3. Raman spectra of the catalysts, (A) VPO-PPOA-Pre,
(B) VPO-HPAA-Pre, (C) VPO-EDTPMA-Pre, (D) VPO-PPOA,
(E) VPO-HPAA, and (F) VPO-EDTPMA. #-3-VOPO,, ¥-VOHPO,-3H,0,
4-(VO),P,0;, (a) V-0, (b) P-O, (c) P-O, (d) P-O.

Surface composition and state analysis
The H,-TPR profiles of all catalysts exhibit two

distinct reduction peaks upon deconvolution (Figure 4).
The lower-temperature peaks (< 700 °C) are attributed
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to the reduction of V3 species, whereas the high-
temperature region (> 700 °C) corresponds to V#
reduction.’” Hydrogen consumption was quantified using
CuO as calibration reference. As summarized in Table S1
(Supplementary Information (SI) section), VPO-EDTPMA
demonstrates significantly enhanced V** surface
concentration (V#/V3* = 2.16) compared to VPO-PPOA
(V#/V3* = 0.29) and VPO-HPAA (V#/V = 0.31),
accompanied by a notable 30 °C reduction in V>* reduction
temperature. This phenomenon suggests that the thermal
elimination of organic nitrogen during precursor activation
induces structural defects and unsaturated bonds in the
hypocrystalline framework, thereby generating abundant
reactive oxygen sites.

Intensity (a.u.)

100 250 400 550 700 850 — Hold
Temperature (°C)

Figure 4. H,-TPR profiles of the catalysts: (a) VPO-PPOA, (b) VPO-HPAA,
and (c) VPO-EDTPMA.

Complementary XPS analysis reveals significant
variations in surface composition influenced by phosphorus
precursors. As revealed by the data in Table S2 (SI section),
the catalysts exhibit substantial C content in addition to the
characteristic V, P, and O elements, primarily attributed
to the carbonization of organic alkyl phosphate during
the thermal activation process. Notably, the absence of N
element in catalyst VPO-EDTPMA confirms the thorough
decomposition of amino-containing groups under the
applied activation conditions. Deconvolution of the V 2p
spectra (Figure 5) confirms the coexistence of V>* and
V# species.?®3° Notably, VPO-EDTPMA exhibits the
highest V# concentration among the catalysts (Table S3,
SI section), corroborating the H,-TPR findings. This
consistency strongly supports the hypothesis that amino-
containing precursors facilitate V3* reduction.

The oxygen speciation analysis (Figure 6) resolves the
O 1s spectrum into two components, lattice oxygen (O, ) and
oxygen vacancies (Oy).*** Quantitative analysis (Table S4,
SIsection) shows VPO-EDTPMA possesses the highest Oy,
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Figure 5. XPS spectra of V 2p,, for the catalysts: (a) VPO-PPOA,
(b) VPO-HPAA, and (c) VPO-EDTPMA.

concentration, greater than other catalysts. This structural
evolution from crystalline to defect-rich hypocrystalline
phase during amine removal creates electron-deficient
layers,* thereby driving redox reactions. It suggests that
the activation process results in the removal of amino
groups, leading to a transformation from crystalline to
hypocrystalline structure and subsequently promoting O,
formation. The presence of O, has been documented to
increase the number of surface hydroxyl groups, thereby
enhancing the density of Lewis acid sites on the catalyst
surface and improving the catalytic performance.*? It also
elucidates why catalyst VPO-EDTPMA with the highest
number of Oy, exhibits more potent catalytic activity.

(@)

(b)

Intensity (a.u.)

(©

535 533 531 529 527
Binding Energy (eV)

Figure 6. XPS spectra of O 1s for the catalysts: (a) VPO-PPOA,
(b) VPO-HPAA, and (c) VPO-EDTPMA.

Surface acidity and catalytic performance

The target reaction represents a prototypical acid-
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catalyzed dehydration-oxidation process, necessitating
comprehensive evaluation of catalyst surface acidity through
NH,-TPD to establish structure-activity correlations. As
shown in Figure 7, the NH, desorption profile displays three
characteristic peaks corresponding to weak (140-170 °C),
medium (320-350 °C), and strong acid sites (400-430 °C).*
Quantitative analysis (Table S5, SI section) reveals that
the VPO-EDTPMA catalyst, while demonstrating the
lowest total acidity and complete absence of strong acid
sites, exhibits exceptional medium acid site density. This
distinctive acid distribution originates from its unique
composition containing multiple vanadium oxidation states
and abundant oxygen vacancies (Oy), as corroborated by XPS
and H,-TPR results. Notably, prior studies®! have established
a direct correlation between medium acid site concentration
and target product selectivity in acid-catalyzed acrylic acid
synthesis, providing a mechanistic rationale for the superior
catalytic performance of VPO-EDTPMA.
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Figure 7. NH,-TPD profiles of the catalysts: (a) VPO-PPOA,
(b) VPO-HPAA, and (c) VPO-EDTPMA. W: weak; M: medium; S: strong.

Catalytic evaluation under ambient pressure glycerol
conversion conditions (Figure 8 and Table S6, SI section)
demonstrates marked performance differences between
precursor and activated catalysts. While precursor materials
showed negligible glycerol conversion and poor acrylic
acid selectivity, activated catalysts achieved > 90% glycerol
conversion with exceptional product selectivity, particularly
with catalyst VPO-EDTPMA, which exhibits an impressive
selectivity of 53.4% for acrylic acid and 28.7% for
acrolein. The superior performance can be ascribed to its
hypocrystalline structure and abundant medium acid sites
on the surface. The catalyst VPO-EDTPMA is also notable
for its excellent carbon balance, which is attributed to
the higher content of V# species. This feature effectively
prevents excessive oxidation of the target products and
results in significantly lower CO, selectivity.
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Multitechnique characterization (Raman, XPS, H,-TPR,
SEM, NH;-TPD) reveals a coherent structure-function
relationship. During the catalyst preparation process, the
presence of amino groups in EDTPMA induces a transition
of the catalyst from crystalline to hypocrystalline while
preserving the fundamental vanadium-phosphorus oxide
phases. The transformation generates numerous amorphous
components within the hypocrystalline structure, resulting
in a proliferation of Oy and active sites on the catalyst
surface. Moreover, it facilitates the formation of a
significant number of medium acid sites that promote the
target reaction. Additionally, this conversion leads to the
development of a porous honeycomb architecture which
enhances catalytic activity.

Previous studies** have systematically elucidated the
catalytic mechanism of glycerol dehydration and oxidation
over solid acid catalysts. Initially, glycerol is adsorbed onto
the catalytic active site via its C,—OH group, initiating
the reaction. Subsequently, the synergistic transfer of
C,—H and the cleavage of the C,—O bond facilitate the
formation of ketene intermediates. These transient species
are then converted into thermodynamically stable enols
through tautomerization reactions. Finally, the C-O
bond is broken with the concurrent elimination of water
molecules, completing the formation of acrolein and its
further oxidation to acrylic acid. Kinetic analysis reveals
that the initial chemisorption process and the formation of
ketene intermediates are the rate-determining steps. Oxygen
vacancies (Oy) have been demonstrated to play a pivotal
role in modulating catalytic performance via two primary
mechanisms. Firstly, these defects markedly enhance
the density of acidic sites on the surface by introducing
unsaturated metal centers, thereby significantly improving
the adsorption capacity of oxygen-containing substrates.*
Secondly, Oy induce a redistribution of the electronic
structure on the catalyst surface, particularly altering the
energy states of the p-orbitals of adjacent oxygen atoms.*
This electronic effect enhances the nucleophilic properties
of the active sites, effectively promoting o-H abstraction
and stabilizing the ketene intermediates during the rate-
limiting step. In this study, the hypocrystalline catalyst
VPO-EDTPMA rich in surface oxygen vacancies exhibited
a substantial increase in the density of medium-strength
acidic sites, which greatly facilitated the initial chemisorption
process and the formation of ketene intermediates, ultimately
demonstrating superior catalytic performance.

Under analogous reaction conditions, the catalytic
performance of hypocrystalline catalyst VPO-EDTPMA
and crystalline catalysts (Mo-V, V/H-b, and Mo,V ,0,)
was systematically evaluated for the dehydration oxidation
of glycerol (Table S7, SI section). Crystalline catalysts
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demonstrate high glycerol conversion and acrylic acid
selectivity due to their well-defined active site geometry
and thermodynamic stability. However, the formation
rate of acrylic acid on crystalline catalysts is significantly
lower compared to that on the hypocrystalline catalyst
VPO-EDTPMA. This discrepancy can be ascribed to the
limited density of accessible active sites on the crystalline
surface, which is constrained by the rigid lattice structure,
thereby impeding the realization of high-throughput
reaction kinetics. In contrast, the hypocrystalline catalyst
VPO-EDTPMA exhibits a porous honeycomb structure,
offering a higher density of active sites. Consequently,
this structure renders the hypocrystalline catalyst VPO-
EDTPMA more conducive to high-throughput reactions.
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Figure 8. Catalytic activity of the catalysts, the reaction temperature and
carrier flow rate were 320 °C and 30 mL min™ (air), respectively. The liquid
feed was a glycerol aqueous solution (10 wt.%), witha LHSV of 3 mL h™'.

In this study, the mass transfer limitation of the reaction
system was quantitatively assessed through systematic
parameter analysis. As depicted in Figure 9, within the
extensive control range of key parameters (reactant feed rate
of 3-9 mL h'!, carrier flow rate of 30-90 mL h™!, and catalyst
amount of 0.5-1.5 g), the catalytic efficiency remained
consistently within a little fluctuation, demonstrating
exceptional operational stability. Notably, variations in
catalyst particle size within the 40-60 mesh range did
not result in any discernible performance degradation.
This observation indicates that the reaction kinetics are
predominantly governed by the intrinsic chemical reaction
rate rather than the external mass transfer process. A deeper
investigation reveals that the distinctive hierarchical pore
structure of the hypocrystalline catalyst VPO-EDTPMA,
which comprises interconnected honeycomb pores and
mesoporous channels, forms a three-dimensional diffusion
network. This network ensures the rapid transport of reactant
molecules within the catalyst phase, thereby significantly
reducing sensitivity to mass transfer conditions.
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Figure 9. Catalytic performance of the catalyst VPO-EDTPMA, (a) carrier
flow rate = 30 mL min’!, liquid feed rate (LHSV) = 3 mL h!, catalyst
amount = 0.5 g (20-40 mesh); (b) carrier flow rate = 60 mL min™!,
LHSV = 6 mL h!, catalyst amount = 1.0 g (20-40 mesh); (c) carrier
flow rate = 90 mL min™, LHSV = 9 mL h’!, catalyst amount = 1.5 g
(20-40 mesh); (d) carrier flow rate = 30 mL min"!, LHSV =3 mL h,
catalyst amount = 0.5 g (40-60 mesh).

Conclusions

In this study, a series of hypocrystalline vanadium
phosphorus oxide (VPO) catalysts were synthesized
through an organic phosphoric acid-assisted route, with
subsequent evaluation of their catalytic performance in
glycerol dehydration-oxidation for acrylic acid production.
Notably, the VPO-EDTPMA catalyst, prepared using
EDTPMA as the phosphorus precursor, demonstrates
enhanced hypocrystalline structural features and superior
catalytic activity compared to its crystalline VPO
counterpart. Comprehensive characterization through XRD,
Raman, SEM, H,-TPR, XPS, and NH,-TPD reveals that
the choice of organic phosphoric acid critically modulates
both acid site distribution and catalytic functionality.
The unique hypocrystalline architecture facilitates the
generation of abundant oxygen vacancies (Oy) and mixed-
valence vanadium species (V*/V>*), which synergistically
create a high density of medium-strength acid sites. These
optimized acid sites exhibit remarkable specificity for
the dehydration-oxidation reaction. Furthermore, the
crystalline-to-hypocrystalline phase transition promotes
the porous honeycomb structures, effectively increasing
accessible active surfaces and mass transfer efficiency,
ultimately resulting in enhancement in acrylic acid yield
relative to conventional crystalline catalysts.

Supplementary Information

Supplementary information is available free of charge
at http://jbcs.sbq.org.br as PDF file.
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