Volume 54, Issue 9, September 2026 LL'j
Journal of Fuel Chemistry and Technology
Cite this article as: J Fuel Chem Technol, 2026, 54, 20250403 RESEARCH PAPER

Construction of PtZn/TS-X catalyst mediated by hydroxyl
nests and its high-efficiency catalytic performance for

propane dehydrogenation
LI Jiani, NI Zenan*, YANG Xuan, GUAN Hanyue, ZHANG Qijian

JOURNAL OF FUEL CHEMISTRY AND TECHNOLOGY ‘
JJ JRRME 2% e

College of Chemistry and Environmental Engineering, Liaoning University of Technology, Jinzhou 121001, China

Abstract: Acid etching enables the enrichment of abundant

hydroxyl nests on the surface of titanium silicalite (TS). These - - C,H,
hydroxyl nests offer stable anchoring sites for the immobilization W e T

of active components, facilitating synergistic interaction with PtZn & L\*/L

bimetallic species and enhancing propane dehydrogenation (PDH) § 60 OPt

catalytic performance. Based on this concept, in the present work, E :gl

TS supports were etched using hydrochloric acid with varying SRR

concentrations, and a series of PtZn/TS bimetallic catalysts were sk

fabricated via the co-impregnation method. The effects of acid ) )
concentration on the catalyst structure, surface properties, and PDH 0.05 0.15 025

Acid concentration/(mol-L ™)
catalytic =~ performance  were  systematically  investigated.
Comprehensive characterization results reveal that acid etching induces the formation of surface-enriched hydroxyl nest
structures on TS supports. These structures act as efficient anchoring centers for PtZn species, leading to enhanced dispersion and
increased exposure of metallic Pt species, thereby lowering the energy barrier for the PDH reaction. This study thus provides a
feasible and rational strategy for the design of high-performance PDH catalysts.
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Propylene is a key platform chemical for the production
of value-added products such as polypropylene and

significance for improving the stability and selectivity of Pt-
based PDH catalysts'®.

propylene oxide, and its global demand has continued to
grow in response to the ongoing upgrading of the chemical
industry . Propane dehydrogenation (PDH) technology has
emerged as one of the mainstream propylene production
routes, owing to its abundant availability of propane
feedstocks and high propylene selectivity!”. Pt,
characterized by high catalytic for C—H bond activation and
low selectivity for C—C bond cleavage®™, is widely
regarded as an ideal active component for the PDH reaction.
However, under high-temperature reaction conditions, Pt
particles are prone to agglomeration, accompanied by
severe carbon deposition on the catalyst surface, which
together result in a rapid catalyst deactivation®. Therefore,
developing a synergistic strategy integrating ‘“additive
modification” and “support regulation” is of great
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In PDH reactions, Pt-based catalysts with small particle
sizes exhibit significantly higher activity than that of those
with large particle sizes” ®. Constructing bimetallic Pt-
based catalysts with additive modification is an effective
strategy to inhibit the sintering of small Pt species and
promote their dispersion” ', In terms of additive design,
Zn has emerged as an efficient modifying additive for Pt-
based catalysts, as it can inhibit Pt sintering through
geometric hindrance and facilitate the desorption of carbon
deposition species via electronic effects!'' ™. However, in
most reported Pt-Zn bimetallic systems, research has
primarily focused on the catalytic performance of Pt, while
Zn has been treated merely as a promoter!™ 7. For
example, Song et al.'® demonstrated that upon loading the
Pt-Zn bimetallic component onto self-pillared Silicalite-1

Foundation items: Supported by 2024 Annual Education Department Operating Fund Grant-Leading Talent Team Project (Science and Technology), Energy

Chemistry and Nano-Catalysis (LJZZ222410154002).
* Corresponding author. Tel: 18810058532, E-mail: hgnzn@Inut.edu.cn.

DOI: 10.1016/S1872-5813(26)60682-2  CSTR: 32157.14.2097-213X.2026.JFCT.0039  Associated Data DOI: 10.57760/sciencedb.j00124.00398
A SCIHPESCHL F IR Elsevier ML 7E ScienceDirect [ H} iR (http://www.sciencedirect.com/science/journal/18725813)


mailto:hgnzn@lnut.edu.cn
https://doi.org/10.1016/S1872-5813(26)60682-2
https://doi.org/10.1016/S1872-5813(26)60682-2
https://doi.org/10.1016/S1872-5813(26)60682-2
https://doi.org/10.1016/S1872-5813(26)60682-2
https://doi.org/10.1016/S1872-5813(26)60682-2
https://cstr.cn/32157.14.2097-213X.2026.JFCT.0039
https://cstr.cn/32157.14.2097-213X.2026.JFCT.0039
https://cstr.cn/32157.14.2097-213X.2026.JFCT.0039
https://doi.org/10.57760/sciencedb.j00124.00398

LI Jiani et al.: Construction of PtZn/TS-X catalyst mediated by hydroxyl...... /J Fuel Chem Technol, 2026, 54(9), 20250403 (2 of 11)

zeolite nanosheets (SP-S-1), the specific surface area of the
support was notably enhanced, and abundant Si—OH groups
were introduced. This modification substantially augmented
the exposure of Pt active sites on the surface of SP-S-1.
Similarly, Zhang et al."” reported that Pt-Zn supported on
modified ZSM-5 exhibited superior catalytic performance
compared to unmodified ZSM-5, where Zn functioned
solely as a promoter through geometric and electronic
effects.

The synergistic effect between Pt and Zn is highly
dependent on the surface structure of the support, which
should provide stable anchoring sites for the bimetallic
active components to inhibit the agglomeration of PtZn
species at elevated temperatures. MFI-type zeolites (e.g.
ZSM-5 and S-1), featuring excellent thermal stability and
tunable pore structures, are extensively employed as
supports for PDH catalysts™ ?*. Chen et al.’**! reported the
synthesis of Pt-Zn catalysts supported on high-silica
HZSM-5, revealing the presence of two distinct types of
active sites: Lewis acid sites associated with framework Zn
species and small-sized Pt-Zn particles. Another
representative MFI-type zeolite, S-1, was investigated by
Zhang et alP4, who demonstrated that framework-
incorporated Zn in S-1 plays a critical role in facilitating
and stabilizing PtZn species for efficient PDH performance.
This stabilization is attributed to the synergistic effects of
spatial confinement imposed on PtZn particles and lattice
confinement provided by framework Zn species.

Titanium-silicon zeolite (TS), a prominent member of the
MFI-type zeolite family, exhibits exceptional thermal and
chemical stability. Framework-incorporated Ti species can
modulate the electronic properties of Pt active sites via
coordination interactions, while surface hydroxyl groups
serve as anchoring sites for the immobilization of active
components®. Li et al.” reported that PtSn bimetallic
nanoparticles supported on TS exhibited the highest PDH
activity when the TS particles were small. When employed
as a PDH catalyst support, the weak acidity and confined
pore environment of TS can effectively suppress side
reactions, and the synergistic interaction between
framework Ti and metal components significantly enhances
the catalyst stability during PDH. However, for the Pt-Zn
bimetallic system, strategies to optimize Pt-Zn dispersion
by tailoring the surface structure of TS (e.g., hydroxyl
nests) and further suppress coking-induced deactivation
remain largely unexplored.

Based on these considerations, TS was employed as the
support in this study. The surface hydroxyl nest density of
TS was regulated via acid etching with different
concentrations, and a series of PtZn/TS-X catalysts were
prepared by a co-impregnation method. The influence of
acid concentration on the structural evolution of the TS
support was systematically investigated. By combining
systematic catalytic evaluation with comprehensive
structural and spectroscopic characterizations, this work
aims to clarify the role of hydroxyl nests in anchoring PtZn
species and modulating the structure-performance

relationship in PDH.
1 Experimental

1.1 Catalyst preparation

Commercial TS zeolite (Si/Ti molar ratio=80, Tianjin
Yuanli Chemical Co., Ltd.) was employed as the support.
Hydrochloric acid (HCI) solutions with concentrations of
0.05, 0.1, 0.15, 0.2 and 0.25 mol/L were prepared
separately. For each HCl concentration, the solution was
mixed with TS powder at a fixed liquid-to-solid ratio under
stirring at 40 °C for 12 h. After etching, the samples were
thoroughly washed with deionized water until neutral,
followed by drying at 100 °C for 12 h. The dried samples
were then calcined at 300 °C with a heating rate of 1 °C/min
and maintained for 11 h. The obtained acid-etched supports
were denoted as TS-X, where X represents the concentration
of the etching HCI solution in mol/L.

The PtZn/TS-X series of catalysts (with a Pt loading of
0.5% and a Zn loading of 2%) were prepared by the co-
impregnation method. The specific steps are as follows: A
certain amount of hexachloroplatinic acid hexahydrate
(H,PtCls-6H,0, analytical grade, Shanghai Aladdin Bio-
Chem Technology Co., Ltd.) and zinc nitrate hexahydrate
(Zn(NOs), 6H,0, analytical grade, Tianjin Damao Chemical
Reagent Factory) were weighed and dissolved in 20 mL of
deionized water. Then, 1 g of TS-X was added to the above
precursor solution, and stirred at room temperature for 2 h,
followed by heating to 50 °C under continuous stirring until
complete solvent evaporation. The dried solid was placed in
a 100 °C air-circulating oven for 12 h, and then transferred
to a muffle furnace and heated at a rate of 1 °C/min to
550 °C, calcined in air for 4 h to obtain the target catalyst,
which was denoted as PtZn/TS-X. Catalysts with different
Zn loadings were prepared following the same procedure.

To explore the individual effects of Pt and Zn, the
comparative catalysts 0.5Pt/TS-0.15 and 2Zn/TS-0.15 were
prepare dusing the same metal loading and preparation
procedures as those of PtZn/TS-0.15.

1.2 Catalyst characterization

X-ray diffraction (XRD) measurements were performed
on a Rigaku Ultima IV diffractometer (Rigaku Corporation,
Japan) using Cu Ka radiation (A = 1.54 A) at an operating
voltage of 40 kV and current of 40 mA. The diffraction
patterns were recorded over a 26 range of 5° to 50° with a
scanning rate of 2(°)/min. Transmission electron
microscopy (TEM) characterization was conducted using a
JEOL JEM-F200 microscope (JEOL Ltd., Japan), coupled
with an energy-dispersive X-ray spectroscopy (EDS)
detector (JED-2300T) for elemental analysis. Ultraviolet-
visible diffuse reflectance spectroscopy (UV-vis DRS)
spectra were collected on a Shimadzu UV-3600i Plus
spectrometer (Shimadzu Corporation, Japan). Raman
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spectra were acquired using a Horiba LabRAM HR
Evolution spectrometer (Horiba Ltd., Japan) within a
wavenumber range of 50—600 cm'. Fourier transform
infrared spectroscopy (FT-IR) experiments were carried out
on a Bruker infrared spectrometer. Prior to measurements,
background correction was performed at 500 °C using
potassium bromide (KBr) pellets. The catalyst sample was
then loaded into an in sifu reaction cell, pretreated by
heating to 500 °C under an argon (Ar) atmosphere for 1 h,
and cooled to room temperature. Subsequently, FT-IR
spectra were collected at 500 °C under a continuous Ar
atmosphere, covering a wavenumber range of 3000—
3800 cm™'. X-ray photoelectron spectroscopy (XPS)
measurements were conducted using a Thermo Scientific K-
Alpha X-ray photoelectron spectrometer (United States).
The excitation source was a monochromatic Al-Ka X-ray,
and binding energy values were calibrated against the C 1s
peak at 284.8 eV to correct for charge-induced shifts. The
dispersion of Pt was quantified via CO pulse titration,
employing a BSD-Chem C200 temperature-programmed
chemisorption analyzer. For hydrogen temperature-
programmed desorption (H,-TPD) experiments, the
procedure was as follows: 100 mg of catalyst was first
pretreated by heating to 600 °C for 1 h, followed by
reduction in a H,/N, mixture for 1 h. The sample was then
cooled to 50 °C to allow complete H, adsorption, purged
with Ar for 30 min to remove physisorbed species, and
subsequently heated from 50 to 650 °C at a ramp rate of
10 °C/min. H, desorption signals were detected using a
thermal conductivity detector (TCD). Thermogravimetric
analysis (TGA) was carried out on a HITACHI STA200
thermogravimetric analyzer (Japan), where samples were
heated to 600 °C at 10 °C/min under an air atmosphere.

1.3 Catalyst evaluation

The activity test of PDH under atmospheric pressure was
carried out in a fixed-bed quartz reactor (outer diameter:
8 mm). A 0.1 g of catalyst (40—60 mesh) was diluted with
quartz sand and loaded into the quartz tube, where the lower
end was packed with quartz wool to immobilize the catalyst
bed. Prior to the reaction, the catalyst was reduced in a
flowing H,/Ar mixture (12 mL/min, 10% H,) at 600 °C for
1 h, with a heating rate of 10 °C/min. Subsequently, the
reaction feed (C;Hg/Ar = 4:6) was introduced into the
catalyst bed at a total flow rate of 30 mL/min, and the PDH
reaction performance was evaluated isothermally at 600 °C.
The effluent products were analyzed online in real time
using a Hua’ai GC9560 gas chromatograph. The
calculations of propane conversion and propylene
selectivity were based on the following formulas:

x(%) = n(C;Hs,,) — n(C,H;..) /n(C;Hg,,) X 100%
(1)

5(%)=n(CsHgou) /n(C;Hy;,)—n(C,Hy ) X 100% (2)

where x(%) and s(%) denote the propane conversion and
propylene selectivity, respectively, while n(C;Hg) and
n(C;Hy) represent the molar amounts of propane and
propylene. The subscripts “in” and “out” refer to the inlet
and outlet streams of the reactor.

2 Results and discussion

2.1 Evaluation of catalyst performance

Figure 1(a) shows the effects of different acid
concentrations on PDH performance. Compared with
catalysts etched at other acid concentrations, PtZn/TS-0.15
exhibits the best catalytic performance, delivering an initial
propane conversion rate of 34.2% and a propylene
selectivity of 99.6%. Further increasing the acid
concentration leads to a gradual decline in conversion rate
and propylene selectivity. Based on these results, PtZn/TS-
0.05, PtZn/TS-0.15 and PtZn/TS-0.25 were selected as
representative catalysts for stability tests. As shown in
Figure 1(b), the conversion rate of PtZn/TS-0.15 remained
stable at 21.7% after 15 h, whereas PtZn/TS-0.05 exhibits a
much lower initial conversion of only 9.5%. The
deactivation parameters summarized in Table 1 indicate that
catalyst stability follows the order: PtZn/TS-0.15 >
PtZn/TS-0.25 > PtZn/TS-0.05. Overall, PtZn/TS-0.15
combines high initial activity and selectivity with a
relatively low deactivation rate, demonstrating its favorable
performance under the tested conditions. Table 2 further
compares the PDH performance of PtZn-based catalysts
reported in the literature. Notably, although the propane
conversion of PtZn/TS-0.15 is moderate, its propylene
selectivity is higher than that of most previously reported
catalysts.

Figure 2(a) shows the effect of Zn loading on the PDH
performance of PtZn/TS-0.15 catalysts. Propane conversion
initially increases and then decreases with increasing Zn
content, reaching a maximum of 34.2% at 2% Zn, which is
significantly higher than the other loadings (0, 4% and 6%).
Propylene selectivity remains above 95% for all Zn
loadings, with a maximum of 99.6% at 2% Zn. The optimal
performance at 2% Zn may be attributed to the most
effective interaction between PtZn species and the TS
support, facilitating propane activation. Figure 2(b)
presents the Arrhenius plots (In » versus 1/T) for 0.5Pt2Zn/
TS-0.15, 0.5Pt/TS-0.15 and 2Zn/TS-0.15 catalysts at
reaction temperatures of 540, 555, 570, 585 and 600 °C.
Compared with the monometallic Pt/TS-0.15 and Zn/TS-
0.15 catalysts, PtZn/TS-0.15 exhibits a significantly lower
activation energy, indicating that the efficient synergy
between Pt, Zn and the support reduces the reaction energy
barrier and enhances catalytic activity.
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Fig. 1 Performance of PtZn/TS-X for PDH at different acid concentrations: (a) Activity test, (b) Stability test (atmospheric pressure,
600 °C, C;Hg:Ar=4:6, WHSV=12h")

Table 1 Initial conversions (x,), final conversions (x,), deactivation parameters (d), and initial selectivity (s,) of samples

Sample X,/ % X/ % d 5,/%
PtZn/TS 4.4 0 - 98.5
PtZn/TS-0.05 9.5 1.2 87.4 98.7
PtZn/TS-0.15 342 21.7 36.5 99.6
PtZn/TS-0.25 21.8 6.8 68.8 99.3

d=100%*(x,—xy/x,)-

Table 2 Comparison of performance data of Pt-based catalysts used in the PDH reaction

Catalyst t/°C Feed composition X,/ % 8./ % WHSV/h ' Active site Reference
Pt/Zn-MSN 590 C;Hg:N,=1:2 513 98.7 4.7 Pt [27]
ZnPt/HZSM-5 525 C;Hg:N,=1:19 43.0 93.0 2 Pt-Zn synergism [23]
PtZn/SiO, 600 C,Hg:H,=1:1 48.5 96.0 4 PtZn, [28]
PtZn@S-1-Fin 600 Pure C;Hg 48.3 97.1 12 Pt-Zn clusters [29]
PtZn@S-1 600 C,Hg:H,:N,=1:1:2 46.6 99.0 5.9 Pt-Zn alloy [24]
PtZn/SP-S-1 580 Pure C;Hg 40.0 98.5 15 Pt [18]
PtZn@S-1 550 C;Hg:N,=11:19 453 99.0 6.5 PtZn clusters [30]
PtZnALD/SiO, 600 C;Hg:He=1:4 53.0 97.0 23.6 Pt,Zn, [31]
PtZnO/ALO; 600 C,Hy:H,=1:1 35.0 97.0 3 7t [32]

Pt-Zn/TS-0.15 600 C,Hg:Ar=4:6 342 99.6 12 Pt this work

x,: Initial conversion (%); s,: Initial selectivity (%).
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Fig. 2 PDH performance: (a) different Zn loading, (b) Arrhenius curves of PtZn/TS-0.15, Pt/TS-0.15 and
Zn/TS-0.15 (C;Hg: Ar=4:6, WHSV=12h")
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2.2 (Catalyst characterization

The effects of different HCI etching concentration on the
structure on the PtZn/TS-X catalysts were investigated
through a series of characterization techniques. Figure 3
shows XRD patterns of PtZn/TS-X catalysts with different
concentrations of HCl. As shown in the figure, the five
characteristic diffraction peaks at 26=7.92°, 9.96°, 23.26°,
24.03° and 24.63° in all catalyst samples are associated with
the “five-finger peaks” of the MFI topology™ ", The
introduction of PtZn and etching at different acid
concentrations did not alter the MFI structure of TS. No
characteristic diffraction peaks of PtZn were detected in any
catalyst, indicating that PtZn are highly dispersed on the TS
zeolite support without noticeable agglomeration or
crystallization.

TEM characterization of the PtZn/TS-0.15 catalyst was
conducted to examine the morphology and dispersion of
metal species. As shown in Figure 4, the Pt-based particles
are uniformly dispersed without obvious agglomeration.
The lattice spacing of 0.36 nm corresponds to the (101)
crystal plane of the anatase type TiO,, where electrons are
confined to the Ti5c site on the surface and are in a shallow
capture state, facilitating electron migration®.

In addition, to further investigate the microstructure,
energy dispersive X-ray elemental spectroscopy (EDS)
characterization was performed on the PtZn/TS-0.15
catalyst. As shown in Figure 5, PtZn elements were
uniformly distributed, indicating that PtZn was successfully
loaded in the sample.

= PtZn/TS
PtZn/TS-0.05
PtZn/TS-0.15

——PtZn/TS-0.25

Intensity

o

10 20 30 40 50
20/(°)
Fig. 3 XRD patterns of PtZn/TS-X catalysts

Fig. 4 TEM images of the PtZn/TS-0.15 catalyst

Fig. 5 EDS element mapping diagrams of
PtZn/TS-0.15 catalyst

To further verify the effect of acid etching on the
evolution of Ti species, ultraviolet-visible diffuse
reflectance spectroscopy was used to investigate the
coordination state of Ti in PtZn/TS-X catalysts. The spectra
are shown in Figure 6. According to previous reports™”), the
strong absorption peaks of the samples at 200 and 270 nm
belong to framework four-coordinated Ti and extra-
framework six-coordinated Ti respectively, while the
absorption peak at 330 nm is the characteristic absorption
peak of anatase TiO,”* ¥ It can be seen from the spectra
that the intensity of the characteristic absorption peak of
Ti* at 200 nm of the catalyst after acid etching is
weakened, and the absorption peak shifts towards the longer
wavelengths, indicating the transformation of the four-
coordinated Ti to the high-coordinated Ti species. This
process is likely associated with the partial cleavage of
Ti—O bonds, leading to the detachment of framework Ti and
the formation of extra-framework Ti species.

k PtZn/TS

— PZn/TS-0.05
— PZn/TS-0.15
—— PtZn/TS-0.25

Absorbance

200 220 240 260 280 300 320 340 360
Wavenumber/cm™!

Fig. 6 UV-vis diffuse reflectance spectra of
PtZn/TS-X catalysts
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Among them, PtZn/TS-0.15 exhibits the most
pronounced shift of the Ti coordination-related absorption
band, suggesting to the greatest degree of Ti—O bond
disruption. Further increasing the acid etching severity
results in a continuous increase in free Ti species, which can
interact with hydroxyl groups to form hydroxylated Ti
species. Subsequent condensation of these hydroxylated Ti
species leads to the formation of Ti—O-Ti structures, which
may partially cover the originally exposed hydroxyl nest
sites.

Raman spectroscopy is widely used to probe atomic
vibrations in zeolites™”. As shown in Figure 7, the
characteristic peak at 150 cm™' belongs to the vibration of
the Ti—O bond™", the peak at 385 cm™ belongs to the
vibration signal of platinum oxide*, and the absorption
peak near 515 cm™' belongs to the vibration absorption of
anatase®. For the PtZn/TS-0.15 catalyst, the extensive
cleavage of Ti—O bonds results in a reduced vibrational
frequency of the Ti—O linkage, leading to a noticeable red
shift of the ~150 cm™ band. This observation further
confirms the process of the transformation from skeleton Ti
to extra-framework Ti. When the acid concentration was
increased to 0.25 mol/L, hydroxylated Ti condensed to form
the Ti—O-Ti (Ti—O) bond structure, which increased the
vibration frequency of Ti—O bonds. Consequently, a blue
shift at 150 cm™' was observed. This phenomenon is
consistent with the evolution of the Ti coordination
environment inferred from ultraviolet-visible spectra.

roTos

‘ / 120 130 140 150 160 170 180
'/ \N_ PZn/TS : ‘

Absorbance

\ PIZ0/TS-0.15

50 100 150 200 250 300 350 400 450 500 550 600
Raman shift/cm™

Fig. 7 Raman spectra of PtZn/TS-X catalysts after reduction

To deeply explore the types and distribution
characteristics of hydroxyl groups on the surface of TS
support, FT-IR was used to characterize the hydroxyl
vibration of TS-X samples. As shown in Figure 8, there are
two characteristic absorption peaks in the hydroxyl vibration
region, located at approximately 3710 and 3500 cm™
respectively, belonging to the isolated hydroxyl and
hydroxyl nest on the TS-X surface*"!. By comparison, it was
found that the area of the characteristic peak of the hydroxyl
nest of the TS-0.15 at 3500 cm™' was significantly larger
than that of the other samples, indicating a significantly
higher abundance of hydroxyl nests. In contrast, when the
acid concentration increased to 0.25 mol/L, the hydroxyl

content decreased. Combined with the aforementioned UV-
vis and Raman results, this behavior can be rationalized by
the excessive generation of free Ti species at higher acid
etching severity. These free Ti preferentially interact with
hydroxyl nest sites to form hydroxylated Ti species, which
subsequently undergo condensation reactions to generate
Ti—O-Ti (Ti—O) bond structure. As a result, the originally
exposed hydroxyl nest active sites are progressively
covered, leading to a pronounced reduction in detectable
hydroxyl groups. These results indicate that the
concentration of hydroxyl nests does not monotonically
increase with the increase of acid etching concentration.

/Isolated OH

TS
OH nests
\

Intensity

3800 3700 3600 3500 3400 3300 3200 3100 3000
Wavenumber/cm™!

Fig. 8 FT-IR spectra on hydroxyl groups of TS-X

Figure 9 further compared the evolution of hydroxyl
nests of on TS-X support before and after PtZn loading. As
shown in Figure 9(a)—(d), the intensity of the characteristic
peak corresponding to the isolated hydroxyl group at
3720 cm™' remains nearly unchanged after metal loading,
indicating that PtZn species do not significantly interact
with the isolated hydroxyls. In contrast, the intensity of the
strong absorption band corresponding to the hydroxyl nest
at 3500 cm' is markedly attenuated upon PtZn
incorporation. This phenomenon indicates that following
the introduction of metal components, most hydroxyl nest
sites on the TS support are occupied by the introduced
metal species, leading to a reduction in the number of
hydroxyl nests and a significant decrease in band
intensity™®**. Among the acid-etched samples, PtZn/TS-
0.15 exhibits the largest decrease in hydroxyl-nest intensity,
indicating the strongest interaction between the PtZn
bimetallic and TS support treated with 0.15 mol/L HCI.
This result demonstrates that the hydroxyl nests serve as
effective anchoring sites for PtZn species, consistent with
literature reports highlighting their role in stabilizing metal
species!'®. Accordingly, PtZn/TS-0.15 catalyst exhibits
optimal PDH performance, which is associated with the
formation of stable and highly active metal species on the
TS-0.15 support. The Pt dispersion data summarized in
Table 3 further support this conclusion. Pt dispersion in
PtZn/TS-0.15 is 23.2%, and as the acid concentration
increases further, the corresponding Pt dispersion drops to
19.5%, which is lower than that of PtZn/TS-0.15. Combined
with FT-IR results, it is known that the dispersion of Pt is
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closely related to the abundance of hydroxyl nests on the
support. An enriched hydroxyl-nest environment provides

effective anchoring sites, thereby promoting the dispersion
and stabilization of Pt species.

(2)

Intensity

PtZn/TS

Intensity

(®)

TS-0.05

PtZn/TS-0.05

3800 3700 3600 3500 3400 3300 3200 3100 3000
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Wavenumber/cm™ Wavenumber/cm™!
(c) (d)
2 2
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£ £
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Fig. 9 FT-IR spectra on hydroxyl groups of the TS-X and PtZn/TS-X

Table 3 The distribution and dispersion degree of Pt species in the PtZn/TS-X after reduction
Sample Pto/(Pt0+Pt2+)/% Pt2+/(PtO+Pt2+)/% Dispersion degree of Pt/%
PtZn/TS 914 8.6 10.3
PtZn/TS-0.05 92.5 7.5 15.8
PtZn/TS-0.15 96.5 3.5 23.2
PtZn/TS-0.25 93.7 6.3 19.5

XPS analysis was employed to elucidate the chemical
states of Pt species in the PtZn/TS-X catalysts, as shown in
Figure 10. The Pt 4f spectra can be deconvoluted into two
sets of doublets, corresponding to metallic Pt” and oxidized
Pt*" species. Specifically, the 4f,, and 4f;, binding energies
of Pt’ are approximately 72.0 and 75.5 eV respectively, and
the 4f;, and 4f;, binding energies of Pt** are approximately
73.1 and 76.4 eV respectively™ *. According to previous
studies™ !, P’ is generally regarded as the main active
center for PDH and a higher fraction of Pt’ is beneficial for
PDH activity. The relative proportions of Pt” and Pt**
species, summarized in Table 3, show clear differences
among the catalysts. The proportions of Pt’ species in
PtZn/TS, PtZn/TS-0.05, PtZn/TS-0.15 and PtZn/TS-0.25
are 91.4%, 92.5%, 96.5% and 93.7%, respectively. Notably,
PtZn/TS-0.15 exhibits the highest proportion of Pt species,

indicating that metallic Pt is the dominant surface species
on this catalyst. This result is well consistent with the FT-IR
analysis, which demonstrates that the TS-0.15 support is
enriched with hydroxyl nests. These hydroxyl nests act as
effective anchoring sites for Pt species, facilitating their
uniform dispersion and stabilizing Pt in the metallic state,
thereby increasing the surface exposure of active Pt” species.

To further investigate the regulation mechanism of acid
etching on the PtZn/TS-X catalyst, the H, adsorption
capacity of the catalyst was determined using H,-TPD, as
shown in Figure 11. All catalysts showed two desorption
peaks, among which the low-temperature desorption peak
(~150 °C) was attributed to the H, desorbed from metallic
Pt, and the high-temperature desorption peak (300—450 °C)
was attributed to hydrogen spillover from Pt to the support
hydrogen overflow ). According to the literature



LI Jiani et al.: Construction of PtZn/TS-X catalyst mediated by hydroxyl...... /J Fuel Chem Technol, 2026, 54(9), 20250403 (8 of 11)

reports™*** abundant spillover hydrogen is beneficial for
suppressing carbon deposits and thereby improving catalyst
stability during PDH. Among the catalysts, PtZn/TS-0.15
has the largest H, desorption peak in the high-temperature
range, indicating the largest H, desorption capacity and the
strongest hydrogen spillover effect. This behavior suggests
enhanced exposure of metallic Pt species, which can be
attributed to the optimal interaction between PtZn species
and the acid-etched TS-0.15 support™. The essence of this
phenomenon is that surface hydroxyl groups act as
anchoring sites for PtZn species, thereby effectively
increasing the exposure of Pt° on the support.

(a) PZ0/TS

Intensity

8 8 80 78 76 74 72 70 68 66
Binding energy/eV

(c) PtZn/TS-0.15

Intensity

84 8 80 78 76 74 72 70 68 66
Binding energy/eV

Intensity

Intensity

Carbon deposition is a major cause of deactivation of Pt-
based catalysts. TG characterization was employed to
evaluate carbon deposition on the used catalyst. Figure 12
shows the TG profile of PtZn/TS-0.15 after 15 h of PDH
reaction. Two distinct weight-loss regions can be observed.
The first weight loss below 300 °C is attributed to the
removal of adsorbed water and residual surface species. The
second weight loss occurring between 300 and 600 °C
corresponds to the combustion of carbonaceous deposits,
amounting to 1.18%. The relatively low level of carbon
deposition contributes to the improved stability of the
catalyst.

(b) PZn/TS-0.05

84 82 8 78 76 74 72 70 68 66
Binding energy/eV

(d) PtZn/TS-0.25

8 8 8 78 76 74 72 70 68 66
Binding energy/eV

Fig. 10 Pt 4f orbital XPS spectra of the PtZn/TS-X after reduction
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Fig. 11 H,-TPD profiles of PtZn/TS-X catalysts
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Fig. 12 TG curve of the spent PtZn/TS-0.15
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Figure 13 shows the XRD pattern of PtZn/TS-0.15 after
the reaction. The catalyst still retains the characteristic
diffraction peaks of the TS zeolite, with no obvious changes
in peak position or intensity, indicating the has excellent
structural stability of the TS framework under high-
temperature PDH conditions. In addition, no distinct carbon
species-characteristic diffraction peaks were detected,
indicating a low level of carbon deposition on the catalyst
surface. This observation is consistent with the TG
characterization results.

Intensity

10 20 30 40 50
20/(°)

Fig. 13 XRD patterns of the spent PtZn/TS-0.15

3 Conclusions

In this paper, a series of PtZn/TS-X bimetallic catalysts
were prepared by regulating the surface structure of TS
supports via acid etching, and the relationship between
catalyst structure and PDH performance was systematically
investigated. Under reaction conditions of 600 °C and
WHSV=12 h!, the initial conversion rate reached 34.2%,
with propylene selectivity up to 99.6%. After 15 h of
continuous reaction, the conversion rate remained 21.7%,
the deactivation parameter was as low as 36.5%, and the
carbon deposit on the catalyst surface was only 1.18%. The
excellent performance of PtZn/TS-0.15 is attributed to acid
etching induced formation of enriched hydroxyl nests on the
TS surface. These hydroxyl nests provide -efficient
anchoring sites for PtZn species, promoting high dispersion
and increasing the surface exposure of Pt’ to 96.5%, thereby
generating abundant highly active sites for the PDH. In
addition, the synergistic interaction between hydroxyl nests
and PtZn significantly lowers the reaction energy barrier,
enhancing both activity and stability. This study not only
enriches the preparation and modification methods of
zeolite-based catalytic materials, but also provides
important theoretical guidance for the efficient catalytic
conversion of light alkanes.
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