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Correlating Single-Atomic Ruthenium Interdistance with Long-Range Interaction Boosts Hydrogen
Evolution Reaction Kinetics
Bowen Jiang,Litao Sun,kuibo Yin

SEU-FEI Nano-Pico Center, Key Laboratory of MEMS of Ministry of Education, Southeast University

As the global energy crisis and environmental deterioration deepen, the promotion of clean and sustainable
energy while decreasing non-renewable resource usage is a crucial scientific research task. Hydrogen, an energy
source that is clean, has high energy density, and emits no carbon, has generated significant interest!!l. However,
electrocatalysts for electrochemical hydrogen precipitation reactions require highly efficient and stable materials
typically reliant on costly and scarce precious metals like Pt to reduce overpotential®. This creates a barrier to
widespread applicability. Consequently, the development of low-cost, durable, and high-performance catalysts is
of paramount importance.

Among the novel discoveries, single-atom catalysts (SACs) have drawn significant attention due to their
exceptional performance in a wide range of catalytic applications!*. With the catalyst particle size reducing to the
atomic level, SACs provide uniform active site comparable to homogeneous catalyst, achieving theoretical 100%
atomic efficiency with well-defined active sites and unsaturated coordination environment!*l. Although SACs offer
a viable alternative to conventional catalysts, yet their simple structure and insufficient synergistic active sites
limit their performance when dealing with complex electrocatalytic reactions. Therefore, optimizing metal center
and surrounding ligand interaction can enhance SAC performance further, and Correlated Single-Atom Catalysts
(c-SACs) are a potential solution to achieve this optimization. Moreover, at high SAC loads, metal atoms are more
likely to form diatomic pairs, which is necessary to explore the field of ¢-SACs. Hitherto, c-SACs have drawn
considerable attention in recent years due to their amazing high activity and selectivity in electrocatalytic
reactions®), Compared to SACs, ¢-SACs composed of two atoms of different isotopes or elements introduce
synergistic effects and exhibit higher electrocatalytic activity and selectivity(®l. Notably, the long-range interaction
(LRI) between the two atoms in the ¢-SACs plays a crucial role in determining its performancel”). The LRI in
c-SACs predominantly relies on the electrostatic forces between the two atoms, and this interaction is greatly
influenced by slight variations in interatomic distances and can be harnessed to manipulate the catalyst's electronic
structure. A pioneer study revealed that the modulation of SAD in the c-SACs near the peak or valley of a wave
intensified the LRI to a certain degree!®], thus resulting in enhanced electrocatalysis. Consequently, the interatomic
distance between the two atoms is a crucial factor in understanding the essential mechanism from the atomic level,
constructing the structure-activity relationship and then designing efficient electrocatalysts.

Herein, we have designed new binuclear metal-organic complexs to control interatomic distance, discuss the
impact of LRI on diatomic electrocatalysts and analyze its effects on their electrocatalytic performance. We report
three kinds of catalysts, Rud-3 A, Rug-70 A and Rug—.4 A with varying atomic distances, and we find that the
overpotential decreases as the interatomic distances decreases. Mass activity relative to metal of Rug=70 A reach
100.4 A-mg™" at 1 = 100 mV and the turnover frequency (TOF) of Rud=7.0 A is 17.92 s™! at n = 50 mV higher
than those of both Rud=9.3 A (8.68 s7!) and Rud=2.4 A (5.02 s7'), and such value is 143.4-fold and 228.0-fold
that of 20 wt% Pt/C and 5 wt% Ru/C, respectively, demonstrating superior catalytic activity. The effect of LRI on
the HER performance of the Ru-based catalysts was unveiled theoretically. Density functional theory (DFT)
calculations illustrate that the d-band center of Ru moves closer to the Fermi level as the distance between two
adjacent Ru atoms decreases. Moreover, the LRI is found to affect the d-band center through the highest degree of
overlapping with the unoccupied O orbital, facilitating the adsorption and dissociation of water. Compared with
Rug=4 A and Rug-93 &, Rug=70 A has a moderate binding capacity to hydrogen (-0.45 eV), creating a site for
hydrogen desorption (AGH*=0.04 eV) and achieving a synergistic enhancement of adsorption and activation in
the HER process, which is in line with the experimental observations.

In summary, this study demonstrated the existence of LRI and found that the Ru single-atomic interdistance
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equal to 7.0 A has the highest mass activity and ultra-high TOF.
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Mass Transport Modulation by Interface Engineering in Proton Exchange Membrane Fuel Cells
Ningran Wu,Luda Wang
Peking University

Proton exchange membrane fuel cells, as a zero-carbon method of direct conversion from chemical energy to
electrical energy, have an expected energy utilization rate exceeding 60%. Compared to the reversible open-circuit
voltage of 1.229 'V, there exists polarization, ohmic, and mass transfer losses. Mass transfer loss comes from the
kinetic energy loss generated in the process of gas reaching the catalyst, accounting for over 70% of the total
voltage drop, severely affecting the output power of the fuel cell. The balance of water vapor transport is key to
achieving high output power, which can be achieved by adjusting the pore size, selecting suitable materials, and
controlling the interface of water vapor transmission.

Due to the slippage of water on the surface of graphene and inside carbon nanotubes, rapid water transport
might promote transport in the microporous layer of the fuel cell. Supercritical fluid-exfoliated graphene, as a
microporous layer, compared to the carbon black, reduced surface cracks by 35% and surface resistance by 4%
with only 1% graphene loading. It tripled the gas permeation rate, achieving a peak output power of 1.1 W cm™.
Electrochemical impedance spectroscopy characterization found that the high output power comes from the
reduction of ohmic loss and mass transfer loss, as it decreased by 80%.



T EREL R 2 2024 5 i SRR & FB04 #HH N AV &

Furthermore, graphene grown from top-down and bottom-up approaches were analyzed, and the effect of

graphene loading was explored. The microwave-grown graphene, with particle diameters in the hundreds of
nanometers, defect density of 10'3 cm?, a high surface area of up to 30 m? g’!, and a low tortuosity of about 3, is
more promising to enhance the power density of proton exchange membrane fuel cells under all humidity
conditions. This provides a standard for material selection and lays the foundation for designing high-efficiency

energy conversion devices based on novel carbon materials.

Spongy and Anti-pollution MXene/Ag2S/Cellulose Acetate Membrane for Sustainable Solar-driven
Interfacial Evaporation and Water Purification
Xue Bai,Xin Huang
Tianjin University

Solar-driven interfacial evaporation (SIE) technology stands out as a promising approach for seawater
desalination, leveraging solar energy efficiently in an environmentally friendly manner. However, the enrichment
of organic pollutants on the interfacial evaporator has posed significant obstacles to the sustained implementation
of SIE. Herein, a spongy, anti-pollution cellulose acetate membrane consisting of Ag,S-doping MXene nanosheets
(MT-Ag,S/CAM) is proposed for sustainable desalination. The MT-Ag,S/CAM exhibited ultralow water
vaporization enthalpy of 1.50 kJ g~!. Meanwhile, the MT-Ag,S/CAM, featured by high porosity (75.25%),
excellent light absorption and salt resistance, demonstrated a notable solar-driven evaporation rate of 1.8 kg m™
h! and a remarkable photothermal conversation efficiency of 91.6% under one sun irradiation. Meanwhile,
MT-Ag,S/CAM can realize a removal efficiency of 93.3% for methylene blue, exhibiting outstanding
anti-pollution and self-cleaning capabilities as well as long-term stability due to its strong mechanical properties.
Finally, a device for sustainable desalination, water purification and clean water collection is designed and

implemented in a practical SIE process.

Multiple regulation mechanism of space-constrained composite electric field facilitates the ultrafast
lithium/sodium-ion storage
Qi Meng
Shandong University of Science and Technology

The built-in electric field formed by heterostructure has been widely studied in the field of secondary battery
energy storage, but most of the current research focuses on the built-in electric field formed by a single
heterojunction. It is difficult for a single electric field to function adequately. Accordingly, it is of great
significance to construct a stable complex built-in electric field and probe the fast electron transport rate and the
transmission path, then improving the electrochemical performance of lithium/sodium ion batteries. Herein, a
complex built-in electric field confined in carbon nanotube structure (Co-Co2P@C core-shell) engineering is
proposed by a controllable strategy of carbon coating, etching and phosphating process. Complex electric field
derived from Co|NC, Co|Co2P and Co2P|NC interfaces accelerates the charge transfer, optimizes the transmission
path. The heterostructure of carbon nanotubes in the core-shell confinement structure not only protects the
stability of electrode materials but also shows excellent electrical conductivity. Benefitting from its composite
electric field in confined structure, Co-Co2P@C electrode exhibits the large reversible capacities, excellent rate
capability and cycling performance. When it used as an anode of SIB and LIB, Co-Co2P@C shows excellent
pseudocapacitance and electrochemical performance (220 mAh g-1 for SIB and 471.25 mAh g-1 for LIB in 0.1 A
g-1). When used as a lithium-ion capacitor, it can be stable for more than 7,000 cycles. This work provides a
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strategy for constructing a composite electric field in confined structure for a secondary battery to get excellent
electrochemical performance.

Sub-3 nm ultrafine Cu20O for electroreduction of carbon dioxide to ethane
Fanshi Meng
Shandong University of Science and Technology

Carbon dioxide reduction reaction (CO2RR) is a promising technology to solve environmental problems.
However, the CO2RR catalysts have the disadvantages of low selectivity and poor stability. The size of the
nanostructured catalyst is closely related to the C2+ product selectivity, because the ultrafine structure not only
enlarges the surface-active sites by an order of magnitude, but also improves the charge transfer efficiencyln this
report, layered double hydroxide (LDH) containing three cations of Cu, Zn, Al is synthesized, and then ultrafine
Cu20 with lateral dimensions of less than 3 nm are assembled on LDH support using ascorbic acid as a reducing
agent under ambient conditions which is one of the smallest Cu2O particles so far . Compared with the bulk Cu20
grain, the ultrafine Cu20 grain has significantly improved the faraday efficiency of ethane (C2H6) by 64.73%.
Double-layer capacitance analyses and BET show that the excellent CO2RR behavior of ultrafine Cu20 is mainly
due to the higher surface roughness, which endows more active sites with rich defects for promoting C-C coupling
and thus forming C2+ product. Density Functional Theory (DFT) calculations were performed to determine the
intrinsic properties of the active species in cuprous oxide (Cu20) for the reduction of CO2 to ethane. This study
provides a new reference for later CO2RR research.
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Size-induced d band center upshift of copper for efficient nitrate reduction to ammonia
Jincheng Zhang,Jian Tian,min ma

Shandong University of Science and Technology

Electrocatalytic nitrate reduction (NO3RR) technique has emerged as a hotspot in NH3 production, for its
practicability, and a series of advanced electrocatalysts with high activity and robust stability needed to be
constructed in today's era. In this work, size-tunable Cu nanoparticles on porous nitrogen-doped hexagonal carbon
nanorods (Cu@NHC) were reasonably designed and served for catalyzing NO3;RR in neutral media. Especially,
Cuzo@NHC demonstrated a remarkable electroactivity for NH3 production as it showed a suitable grain size
with massive catalytic centers and favorable d band structure with faster *NO3 -to-*NO;~ catalytic dynamics. As
expected, Cuso@NHC (3628.28 pg h™! mge: ') had a much higher NHs yield than those for Cus@NHC
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(1268.42 pg h™' mgea ") and Cusps@NHC (725.03 pg h™! mge ). And those collected NH3 products indeed
derived from NO3;RR process revealed by !N isotope-labeling and systemic control tests. Moreover,

Cuzo%@NHC was also durable for NO3RR bulk electrolysis with minor loss in activity. This work offered an
effective modifying tactics to boost NO3;RR catalysis and could guide the design of other advanced
electrocatalysts via size-induced surface engineering.

Oxygen vacancies-rich molybdenum tungsten oxide nanowires as a highly active nitrogen fixation
electrocatalyst
Jincheng Zhang,Jian Tian
Shandong University of Science and Technology

Herein, vacancy engineering is utilized reasonably to explore molybdenum tungsten oxide nanowires
(W4MoOs; NWs) rich in O-vacancies as an advanced NRR electrocatalyst, realizing further enhancement of NRR
performance. In 0.1 M Na,SO4, WsM0O3 NWs rich in O vacancies (CTAB-D-W4Mo00Os3) achieve a large NH3
yield of 60.77 pg h'! mg'eae at -0.70 V vs. RHE and a high faradaic efficiency of 56.42% at -0.60 V, much
superior to the WsMoOs NWs deficient in oxygen vacancies (20.26 pg h™! mg'e and 17.1% at -0.70 V vs. RHE).
Meanwhile, W4sMoO3 NWs rich in O-vacancies also show high electrochemical stability. DFT calculations present
that O vacancies in CTAB-D-W4MoOj reduce the energy barrier formed by the intermediate of *N-NH, facilitate
the activation and further hydrogenation of *N-N, promote the NRR process, and improve NRR activity.
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Atomically Dispersed Ni Active Sites supported Ti3C2Tx as a High-Performance eNRR catalysts
Shanna An
Shandong University of Science and Technology

Electrocatalytic Nitrogen Reduction reaction(eNRR) for environmentally friendly chemical production
technology is still a challenging work for the efficient and stable electrosynthesis of ammonia (NH3). Herein, we
synthesized atomically dispersed Ni active sites supported TizCoTx-MXene (Ni/MXene) by using a self-reduction
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strategy via the assistance of rich Ti vacancies on the TisC,Tx MXene surface, which act as the trap and anchor

sites for individual Ni atoms. Ni/MXene as an efficient eERR catalyst achieves a high ammonia yield of 66.31 pg
h'! mg'e:. and faradaic efficiency (FE) of 72.3% at -0.5 V (vs. RHE). In addition, Ni/MXene present great
stability and selectivity, and there is no significant change in NH3 rate and FEs after multiple cycles. The
structural characterization shows that the active center in the NRR process is the Ni sites in the catalyst, thus
boosting the electrochemical activity. This work provides a reasonable way for the design and application of
MXene-based NRR catalysts in the future.

Decorate Ultra-fine Sb Atomic Clusters on 2D MXene Nanosheets as Anode for Lithium-Ion Batteries
Jiajia Sun
Ningxia University

In this work, the ultra-fine Sb atomic clusters (ACs) have been decorated on MXene for lithium ions battery
(LIB) with enhanced capacity and rate capability. It is found that the SbACs evenly distributes on 2D MXene
without aggregating, which effectively provides rich electroactive sites. On the other hand, the agglomeration of
MXene is to some extent alleviated due to the involvement of SbACs. Remarkably, the strong interaction between
the SbACs and MXene enabled by Sb-F and Sb-C bonds promises the high structural stability with excellent
cyclic stability. As a result, the optimized SbACs/MXene anode delivers highest specific capacity of 403.2
mAh-g-1 after 100 cycles at 0.1 A-g-1 among all samples, which is almost twice higher than that of pure MXene
(169.8 mAh-g-1). Notably, even at high rate of 1 A-g-1, it exhibits 186.3 mAh-g-1 after 1000 cycles. Further, the
kinetic analysis suggests that the capacitance contribution increases to 74% which allows for rapid transfer of

electrons.

Three-dimensional Nanoflower Design of Bionic Rose: Mesoporous NiMnCoO3 Anode and its Derivative
LiNi1/3C01/3Mn1/302 Cathode towards High-properties Lithium-ion Battery
Junxiang Zhou,Jia fu Wang,Bo Feng
Air Force Engineering University

Firstly, we present the bionic design and preparation processes and electrochemical properties of three
dimensional (3D) Ni-Mn-Co-O nanoflowers (NMCO-NF) as a conversion anode material for lithium-ion batteries
(LIBs). The 3D NMCO-NF is assembled viatwo dimensional (2D) mesoporous Ni-Mn-Co-O
nanosheets (NMCO-NS), and the nanosheets structure is composed of multitudinous nanoparticles, and numerous
mesoporous exist between the nanoparticles. Furthermore, an integrated electrode is constructed by
NMCO-NF supported via Ni foam (NMCO/Ni-NF). Benefited from the unique hierarchical structure design, the
NMCO/Ni-NF can not only effectively alleviate the large volume changes during cycling, but also provide three
scale channels for lithium ion transmission, which makes it exhibit excellent electrochemical properties, that is,
1079 mAh g-1 in an average charging capacity and 75.83% in capacity retention ratio after 120 cycles at 1 A
g-1. Secondly, mesoporous  LiNi1/3Co1/3Mn1/302 nanoflowers ~ (LNCMO-NF) is successfully synthesized
via taking 3D NMCO-NF as a template and using sacrificial template method. The feasibility of constructing
complex mesoscale structures in ternary cathode system is demonstrated.

Building Stable Solid-State Potassium Metal Batteries
Wang Lv

hunan university
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Solid-state potassium metal batteries (SPMBs) are promising candidates for the next generation of energy
storage systems for their low cost, safety, and high energy density. However, full SPMBs are not yet reported due
to the K dendrites, interfacial incompatibility, and limited availability of suitable solid-state electrolytes. Here,
stable SPMBs using a new iodinated solid polymer electrolyte (ISPE) are presented. The functional ions
reconstruct ion transport channels, providing efficient potassium ion transport. ISPE shows a combination of high
ionic conductivity, superior interfacial compatibility, and electrochemical stability. In situ alloying and iodinated
interlayer increase K metal compatibility for prolonged cycling with low polarization. Moreover, the ISPE enables
SPMBs with Prussian blue cathode stable operation at a high voltage of 4.5 V, a superior rate capability, and
long-term cycling over 3000 cycles (4.2 V vs K*/K) with an ultra-high coulombic efficiency of 99.94%. More
importantly, a classic solid-state potassium metal pouch cell achieves 4.2 V stable cycling over 800 cycles with a
high retention of 93.6%, presenting a new development strategy for secure and high-performance rechargeable

solid-state potassium metal batteries.

Boosting OER Activity of Stainless Steel via Thermal Oxidation for Water Electrolysis in Acidic
Environment
Xiaoling Chen,Kaiping Yu,Mingxin Huang
The University of Hong Kong

There has been a long-time desire to replace the costly noble-metal-based catalysts (e.g., IrOx, RuOx) and
anode material (e.g., Ti) with low-cost earth-abundant materials for acidic proton-exchange-membrane (PEM)
water electrolysis. It is noted that traditional stainless steels are low-cost materials but are generally considered
non-catalytic and susceptible to corrosion in strong acids at high potentials above water splitting. Here, we report
a stainless steel with significantly enhanced catalytic activity and superior corrosion resistance in acid. Compared
with the non-catalytic stainless steel, the present stainless steel anode yielded a magnitude higher current density
of ~0.75 mA/cm?2 at 1.65 V (standard hydrogen electrode, SHE), which is attributed to the mixtures of crystalline
and amorphous manganese oxides formed on the surface achieved by simple heat oxidation treatment in air
furnace. Meanwhile, the present stainless steel anode durably catalyzed oxygen evolution reaction (OER) for over
100 hours due to the robust mixed Mn oxides and another Co-rich layer that bridged them to the matrix. Despite
degradation after a prolonged time, the stainless steel anode can be easily recovered by quick and simple oxidation
heat treatment. This study provides a possible cost-effective strategy to make active and renewable stainless steel

anode for affordable green hydrogen.
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An asymmetrically coordinated CoMn-NSC hetero-diatomic catalyst enables efficient oxygen reduction
reactions
Yue Zhao

Tianjin University

Heterometal atomic site with asymmetric coordination structures is significant for improving the oxygen
reduction reactions (ORR) electrocatalytic performance in fuel cells and metal-air batteries. Herein, an
asymmetrically coordinated CoMn-NSC hetero-diatomic  catalyst was synthesized through the
adsorption-pyrolysis process of a bimetallic zeolitic imidazolate framework (ZIF). The catalyst consists of the
adjacently sulfur/nitrogen dual-coordinated Co atoms and the nitrogen-coordinated Mn atom (CoN2S-MnN3),
anchored in N-doped carbon. Atomic structural investigations and density functional theory (DFT) calculations
demonstrate that CoN2S-MnN3 experiences spontanecous OH binding to form CoN2S-MnN3-20H with
asymmetric charge distribution. This leads to a multiple electron-filled state in the orbital and optimized O2
adsorption energy. In the bimetallic atomic structure, Co is the main active site and Mn is the co-catalytic site. The
asymmetric hetero-diatomic CoN2S-MnN3 can accelerate the formation and cleavage of ORR intermediates,
further promoting the catalytic reaction. The CoMn-NSC catalyst exhibits excellent ORR activity with a high
half-wave potential of 0.901 V. The assembled Zn-air battery with CoMn-NSC catalyst has high power density of
152.2 mW cm-2 and ultralong lifespans of up to 1000 hours. This work provides a new idea for designing new

diatomic oxygen electrocatalysts.
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Constructing High-Performance In2S3/Ti3C2Tx MXene Composite Nanostructures for Sodium-Ion
Battery
Xianghui Hu
Ningxia University
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Preparing nano-anode materials with high structural stability and outstanding electrochemical performance
for sodium-ion batteries (SIBs) is still very difficult. Herein, In2S3/Ti3C2Tx MXene composite nanostructures
synthesized by electrostatic adsorption and subsequent vulcanization strategy are developed. The strong interfacial
interaction renders the material of good structural durability and enhanced reaction kinetics. Meanwhile, the
enlarged and few-layered MXene nanosheets can be easily obtained according to this interaction, providing a
conductive network for sufficient electrolyte penetration and rapid charge transfer. Moreover, these nanostructures
exhibit small charge transfer impedance evidenced by electrochemical impedance spectroscopy (EIS) analysis.
Therefore, the SIB based on the In2S3/MXene electrode presents outstanding electrochemical performance with
the excellent sodium-ion storage capacity of 250 mAh g-1 at 0.5 A g-1 and rate capability. It also exhibits
excellent pseudocapacitive characteristics with a capacitance control ratio of up to 97.3%. Such excellent
performance indicates that high theoretical capacity In2S3 and good conductivity MXene can be combined

through reasonable design, providing ideas for the development of negative electrode materials for SIBs.

Synergically Enhancing Lithium Ions Storage Performance of Silicon Anode by Designing Double-shelled
Structures with Reduced Graphene Oxide and ZrQO2
Huibin Jin,Zehao Zhang,Haibo Li
Ningxia University

In this work, we prepared Si@reduced graphene oxide@ZrO2 (Si@rGO@ZrO2) with a double-shell
structures as novel anode for lithium-ion batteries (LIBs) with stable electrochemical performance. Such structure
not only greatly improves the electrical conductivity of the whole electrode, but also protects the inner Si
nanoparticles (Si NPs) from rupturing and being damaged by undesired side reactions with the electrolyte. The
results realize that the Si@rGO@ZrO2 anode has delivered high initial discharge capacity of 3046 mAh-g-1 at 1.0
A-g-1. After 100 cycles, it can be maintained at 613 mAh-g-1, which is much higher than that of either the pure Si
NPs (31 mAh-g-1 after 100 cycles) or the Si@rGO (261 mAh-g-1 after 100 cycles). Even at 2 A-g-1, it still
provides high specific capacity of 834 mAh-g-1, while the pure Si anode merely possess 41 mAh-g-1. Further, the
density functional theory calculations point out that the ZrO2 shell can significantly improves the adsorption
energy of Li+ and optimizes the migration paths of Li+, which in turn enhances the electrochemical performance
of Si@rGO@ZrO2 composite anode.
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Co-Ni-Fe layered double oxides as anode materials to improve the performance of sodium ion batteries
Xiaoyi Liu
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Ningxia University

Layered double hydroxides (LDHs) as two-dimensional materials have gradually emerged in the field of
electrochemical energy storage batteries due to their large interlayer spacing, high redox activity and interlayer
channels providing ample diffusion pathways for ions. However, the intrinsic low electronic conductivity of LDHs
severely hinders the kinetics of electron/ion transfer, and their fragile structure prone to aggregation reduces the
cycling performance and stability of batteries. To address these challenges, we employed a simple hydrothermal
method using glycerol acid nanospheres as sacrificial templates and adopted a straightforward sequential
self-templating approach to prepare hollow microflower-like structures of ternary metal Co-Ni-Fe LDH, which
were subsequently calcined at different temperatures to obtain Co-Ni-Fe layered double oxides (Co-Ni-Fe LDO).
The results indicate that the structure state and stability of Co-Ni-Fe LDO oxides can be controlled by varying the
calcination temperature, forming uniform nano-pores during this process, increasing the specific surface area, and
providing more active sites. Therefore, Co-Ni-Fe LDO calcined at 850°C exhibits a specific capacity of 268.5
mAh g-1at 0.1 A g-1 with excellent rate performance and significantly improved cycling stability as well
as capacity retention. The rational design of Co-Ni-Fe LDO electrode materials opens up new avenues for the

high-performance sodium-ion secondary batteries.
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Surface oxidation of Mo2CTx synergises with phosphorus doping to improve lithium-ion battery
performance
Shengzu Xiao
Ningxia University

MXenes is a class of two-dimensional (2D) transition metal carbons and nitrides with unique layered
structure, fast cation embedding channels, excellent conductivity and hydrophilicity, and tunable surface
terminations, which are highly promising for energy storage applications. The construction of uniquely structured
2D MXene heterojunctions can promote charge transport and lithium ion adsorption capacity. In this work, the
heterojunction structure of MXene with MoO2 was synthesised by simple surface oxidation and subsequent
phosphorylation process using Mo2CTx as the precursor. While constructing the heterojunctions, phosphorus
doping was innovatively introduced to produce lattice distortions, which enriched the lithium-ion adsorption sites,
altered the electron distribution on the surface of the heterojunctions, and facilitated the charge transport. The
experimental results show that the heterojunction synergistic phosphorus doping reduces the charge transport
impedance and improves the lithium-ion storage capacity compared with Mo2CTx. The Mo2CTx/MoO2
heterojunction has a discharge specific capacity of 1380.8 mAh g-1 at 0.1 A g-1, and a specific capacity of 350.1
mAh g-1 after 300 cycles at 1 A g-1, which is higher than that of Mo2CTx. which is higher than the discharge
specific capacity of 246.1 mAh g-1 of Mo2CTx. This work provides a new idea for the rational design of
heterojunction of Mo2CTx, which is of great significance for the application of Mo2CTx in energy storage.
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n-d Conjugated Copper Chloranilate with Distorted Cu-O4 Site for Efficient Electrocatalytic Ammonia
Production
Chengyong Xing
Shandong University of Science and Technology

Understanding the relationship between electrocatalytic performance and local structure at the molecular
level is of great significance. Herein, a bifunctional electrocatalyst CuCA (CA = chloranilate) was constructed
for both nitrogen reduction reaction (NRR) and nitrate reduction reaction (NORR). Combined structural
analyses using Rietveld refinement, extended X-ray adsorption fine structure (EXAFS) and pair distribution
function (PDF) revealed a significant distortion of the Cu-O4 structure. Benefitting from the unique local
structure, Cu-CA shows an impressive NH3 yield rate of 286.00 ug h-1 mg-1 (FE = 18.25%, - 0.85V vs. RHE),
3180.00 ug h-1 mg-1 (FE = 90.3%, -0.9V vs. RHE) for NRR and NORR reactions. In contrast, the pyrazine
(Pyz) decorated compound Cu-CA-Pyz with less distorted Cu-O4 structure and fewer active sites show much
lower activity. Density functional theory (DFT) calculations shed light on that the distorted nature can
effectively regulate the electron density distribution, which can lower the energy barrier of adsorption and
activation of the intermediate species, leading to the enhanced activity. These finding may give a new insight
into the structural-property relationship and open up opportunities for exploration efficient electrocatalysts.
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Approaches Towards High-Energy-Density Anode-Free Lithium Metal Battery
Yidan Cao,Kangning Cai,Nanrui Li,Geng Zhong,Shifei Huang,Feiyu Kang
Tsinghua Shenzhen International Graduate School
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With the wide application and rapid development of lithium-ion batteries in electric vehicles and portable
devices, it is highly demanded to develop batteries with higher energy density, improved safety performance,
longer lifetime and lower cost. Lithium metal possesses extremely high theoretical capacity of 3860 mAh g-1, ten
times that of graphite (372 mAh g-1), and low redox potential (-3.04 V vs standard hydrogen electrode).
Replacing graphite-based anode with metallic lithium is one of the most promising strategies to improve the
energy density of rechargeable lithium-ion battery to achieve the goal of 400 Wh kg-1 or even higher energy
densities. The strategy around current collector is also powerful for developing zero excess lithium or lithium-free
rechargeable batteries which is called anode free lithium metal batteries (AFLMBs). Strategies enhancing the
interfacial stability between electrode and liquid electrolyte have been investigated. Artificial interface layers in
nanoscale with desired architectures, including lithiophilic metallic sites, super three-dimensional structure and
crosslinked lithiophilic networks, have been developed to regulate the lithium deposition behavior and prolong the
cycle life of AFLMB. Besides, novel cathode and electrolyte materials with high-capacity/wide electrochemical
window have been developed to improve the stability of electrode-electrolyte interface and enable
high-energy-density anode-free batteries.
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AR AR B R Dt SR AR ARG S KOO AT T B RS, E 5, SRR A IR 1
HRAAR BN REM BT R, Behh, sl IR R rIAT PEDL AR S L, e R E T A
ARMPEL TIN ARy L RE . W [ A 078 W] 3 Sk 15 <t ) AR AR/ oK R AE v U N b 45 i ORI R
HAZ TN J5 MR I NIRRT, AU B & 7 e, TR B AR 53 AP A AR 1
R ERE . £ 55°CH TARREE T, WA )5 A RHE I AR E f stk 22 PERE . iAol el RARH, &
BFPEHE 100 AEMJEHERIAx 850.0 mAh g 756 B EVERLY, @ ARRERMBUS 2] 0.2 C ’HE
F4x 850.3 mAh g & 54 TOF-SIMS BEAT A /AT 45 R R0, WBARLEAT R4f (0 A A e 1k,
AR T R TN 7Y o LERE 2 1K) SEX R

R ZEER SRR KT &S ESE R b M REpT T
ek o
TLE R

[ P RIS 7ol s ¥ St o SN =] o AN TR X W A bt S B < Tl R AV SRR A
REBOAR . A H b, [ HU B R S R BE AL RGBT 7, S L A I 1 Pl A SRR e V22 5%
e LA ) 24 ] 28 R0 L A P Y S B R0, [ 285 P AR A 214 T [ 28 P b A5 7 I L R SRS LR
HAZOMWEL . AR 2t al, RS EbhA RN TS . BEW a3 irmin s
TSR, RaEZE, AR, BAGR, FmAE Tz, R E DR, B I ),
FATERL G FEAR AT 2E70) . Bk SR R G AL H & R AW . SINHE T34, SI RS
PR SCHLIR SR B B DU BB R . ThREAL B Eh i 2 2 1 SRS SR R A e R S I 8 7 2

20



T EREL R 2 2024 5 i SRR & FB04 #HH N AV &

L BHIATERE . RACSEARE MR . SR g A FAEEERE, IRl T RAFHE &S b RE .

Constructions of high-performance flexible organic-inorganic composite thermoelectric films and
generators using screen printing technology
Yong Du,Qiufeng Meng,Jie Qin,Zuo Xiao,Shichuang Ma,Xinlian Liu
Shanghai Institute of Technology

P-typed Cu-Se nanowires (NW) and N-typed Ag,Se NW powders were synthesized using a wet chemical
method, and then adding them into methyl cellulose (MC) matrix to prepare screen printing slurries. Flexible
P-type Cu-Se/MC and N-type AgoSe NW/MC composite thermoelectric films were constructed using a
screen-printing technology, and the composition and microstructure of the films were optimized using cold
pressing combined with annealing treatment. Results showed that the Ag,Se NW/MC composite films treated by
cold pressing combined with annealing treatment exhibited excellent flexibility and maximum power factor of
1641.58 pyWm'K? at 360 K. The flexible thermoelectric generator assembled with 4 Ag,Se NW/MC legs
generated a maximum output power of 653.73 nW at a temperature difference of 14.1 K, corresponding to a
power density of 3.51 Wm?. This study opened an effective and large-scaled strategy for fabricating
high-performance flexible TE materials and energy-harvesting devices.
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Regulating the Zn Electrode/Electrolyte Interface Toward High Stability-- Insights from the Resting Time
Impact on Zn Electrode Performance
Zhijun Cai
The Chinese University of Hongkong

The resting period, commonly performed prior to cycling, is known to have a significant impact on the
cycling performance of acidic aqueous zinc-ion batteries (AZBs). We have demonstrated that even without
electrochemical cycling, the resting time significantly influences the cycling performance of the Zn electrode and
is closely related to the evolution of zinc hydroxide sulfate (ZHS) byproducts formed on the Zn electrode, whose
presence not only affects the corrosion of Zn but also determines the plating/stripping characteristics of Zn.As
shown in the upper part of Figure 1, a short resting time (1 day) results in incomplete ZHS coverage on Zn,
leading to a reduction in the electrode's lifespan due to short-circuit failures. A moderate resting time (3 days)
allows for complete ZHS coverage on Zn and helps improve the cycling lifespan. However, a further prolonged
resting time (7 days) leads to an excessive amount of ZHS, suppressing effective charge transfer at the interface
and thus reducing the electrode's cycling lifespan.

The uniformity and quantity of ZHS are crucial factors determining the electrode's cycling stability.
Therefore, controlling the ZHS at the Zn interface can prevent corrosion and promote uniform Zn stripping/plating
during the cycling, effectively enhancing the cycling performance of the Zn electrode. Based on this
understanding, we have developed a ZHS layer with an appropriate quantity and coverage on the Zn surface
(ZHS-Zn) using a one-step hydrothermal method. As shown in the lower part of Figure 1, the fine ZHS layer can
protect the Zn electrode from resting-induced damage, enabling a long lifespan of over 3800 hours at 1 mA cm-?%/1
mAh cm-2. The ZHS-Zn layer also exhibits stable cycling performance when assembled into MnO2//Zn full cells,
maintaining capacity stability over 6000 cycles.

In summary, this work emphasizes the importance of standardized resting time in evaluating the
electrochemical performance of Zn anodes. It also deepens the understanding of the relationship between the
resting period, ZHS evolution, and the cycling performance of Zn electrodes, providing guidance for further
interface design strategies for AZBs of long stability.
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Effective recycling of waste polyimide into platform chemicals
Haodi Chen,Xuehui Liu,Shimei Xu,Yu-zhong Wang
FBR-M R 5707 AP RHE S 5 R & TAE SRR =

Polyimide (PI) is one of the promising engineering polymers with outstanding thermal stability, but its
recovery presents a formidable challenge due to the stability of aromatic heterocyclic rings. Recently, some
chemical recycling methods have been developed including hydrolysis, aminolysis and hydrogenation. However,
harsh reaction conditions and complex post-processing lead to poor monomer yield, high energy consumption and
narrow applicability. Here, we present an aminolysis coupling hydrolysis method for PI’s recycling. Under milder
temperature, atmospheric pressure and simple post-processing, two kinds of monomers were recycled with the
yield of 91% and 82%, respectively. Based on life cycle assessment (LCA), the CO2 saving of this work is 1.74
times as conventional hydrolysis, making a substantial contribution to carbon neutrality. Such a cascade approach
provides a mild and effective alternative to conventional one-step degradation and shows significant advantages

regarding reaction conditions, monomer yield and carbon emissions.

Environmentally robust superhydrophobic coating with pH-induced switchable wettability, antifouling, and
recoatability
Meilin Guo,Fang Wang,Fei Song,Yuzhong Wang
Sichuan University
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Low-surface-energy coatings, acting as significant protecting materials, are widely used in construction and
building materials. Promoting the green manufacturing and low-carbon application of these coating materials is of
great significance for the sustainable development of buildings and livelihood-related industries. However, there
are very limited reports on low-surface-energy coatings that possess environmental robustness, multi-scenario
practicability, and recoatability. Here, in combination with hydrophobic hydrocarbon chain segments,
aminopropyl functional groups, inorganic silica nanoparticles, and epoxy coatings, we demonstrate a low-cost and
environmentally friendly organic/inorganic hybrid superhydrophobic coating having high environmentally
durability, as well as self-cleaning, antifouling, and recoating capabilities. This coating exhibits a water contact
angle of 155.4°, and maintains superhydrophobicity even after the exposure to various harsh environmental
conditions, including 100 cycles of sandpaper abrasion, 70 cycles of tape-peeling, 120 h of water immersion, and
144 h of heat and humidity corrosion. Relying on the design of pH-responsive groups, the reversible surface
wettability of the coating is achieved from superhydrophobicity to hydrophilicity under pH regulation, thereby
realizing the recoatability of the superhydrophobic coating with an adhesion strength as high as 5.34 MPa. The
structural design of this study provides a feasible and sustainable strategy for constructing multifunctional
low-surface-energy coatings for potential applications in construction, transportation, and electrical engineering.
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Macroscopic morphology and microstructural analysis of Tal0W alloy electron beam welded joint
Fengming Chen
Nanchang University

TalOW alloy has excellent weldability and corrosion resistance, and has been widely used in the fields of
aerospace, military, and shipbuilding. However, due to its high requirements for welding methods and equipment,
it is often difficult to weld thin plate parts of TalOW alloy in practical applications. This paper takes TalOW alloy
as the research object, studies its electron beam welding process and joint performance, and conducts research
from three aspects: macro morphology and microstructure analysis of TalOW alloy electron beam welding joint,
numerical simulation of TalOW alloy electron beam welding, and performance analysis of Tal0W alloy electron
beam welding joint. The following conclusions are drawn: (1)Different vacuum electron beam flat butt
welding processes were carried out on TalOW alloy plate, and the optimal welding process parameters were
determined. The microstructure and phase changes of the welding joint were analyzed.

(2)The welding process of Tal0W alloy was modeled using finite element analysis software Workbench, and
the vacuum electron beam welding process was simulated. The simulation results were verified and analyzed
through actual experiments. A three-dimensional model of the EBW temperature field was established, and the
accuracy of the model was confirmed by comparing the welding joint fillet section size with the simulated data.

(3)The performance of the TalOW alloy welding joint was analyzed using hardness testing, corrosion testing,
and friction and wear testing. Through experiments and analysis, it was found that electron beam welding reduced
the microhardness of the welded joint of TalOW alloy, while also reducing its corrosion resistance. However, the
impact on the friction and wear resistance of the welded joint under different load conditions was relatively small.
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Oxygen Strengthening for High-Fatigue Resistance in Powder Metallurgy Titanium AlloysShangxing
Qiu,Fang Yang,Cunguang Chen,Xinhua Liu,Zhimeng Guo
AL RO

Oxygen is well-known as a double-edged sword in titanium alloys. By understanding the mechanisms of
interstitial element regulation and employing a combination of powder metallurgy and thermomechanical
deformation techniques, we successfully achieved an oxygen content of up to 0.48wt% in Ti-6Al-4V titanium
alloy, addressing the brittleness issue caused by high oxygen levels. Utilizing precise interstitial element
regulation, interface strengthening, and fine-grain techniques, along with multi-scale dislocations and twinning to
release concentrated stress, we achieved an astonishing high-cycle fatigue strength of 865 MPa, the highest
reported at this oxygen concentration. We confirmed the high fatigue resistance of high-oxygen microstructures
and the potential advantages of powder metallurgy in producing structural components with maximum fatigue
strength. Our research not only offers new solutions for addressing oxygen-induced brittleness but also provides

valuable insights for the recycling of titanium alloys.
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Enhanced interfacial bonding quality of stainless steel clad plate by hot rolling and element diffusion
Bo Gao,Yinpeng Wang,Lu Zhu,Zhaodong Li
Central Iron & Steel Research Institute Company Limited

Stainless steel clad plates combine the corrosion resistance of stainless steel and high strength toughness of
carbon steel, have been widely used in the field of bridge engineering. To study the effect of hot rolling and
element diffusion on the interfacial bonding quality, low carbon weathering steel (0.06 wt% C)+316L stainless
steel clad plates were prepared by hot roll bonding and the evolution of element, grain size, microstructure and
shear strength at the interface was investigated using electron probe microanalysis, scanning electron microscope
and universal testing machine. Result shows that after two-stage hot rolling, fine equiaxed grains (the average
grain size<Sum) appear at the interface of stainless steel clad plates, with a width of 5-20 um. And the smaller the
compression ratio, the wider the width of the fine equiaxed grain zone. The diffusion of elements such as Cr and
Ni at the interface enhances the metallurgical bonding between carbon steel and stainless steel, and also inhibits
the formation of ferrite in carbon steel. The coupling effect of fine equiaxed grains and element diffusion leads to
an improvement in interfacial bonding quality. The shear strength of interface reached 380~420MPa.
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P R A RS, AR EGn 2, G TR B LR AU AR R SR, IR e A TR
TR A AR TEANARES o W TSR B2 H AT ML 2R ) B B 2R AR A

M £t 40CrMnMoSi R &R FINE A LK BE B 1 RE AR M
SRIERS 12, g et R R
1. A R e < JE T 5T
2. FEBFEEBR RS
ARSI AE 40CtMnMoSi fil AN IS AR P A IR AR £, R EmEILEER, KRG 1
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WFt. 45RKH, 7E 40CrMnMoSi W IINKEAM 1, BEEBERI 200um Yo W WBIREE &, B2
FIBALY AR 5 LA SHE 0, B ERE R I T T . Bhah, BARHE LI I s e AR R N5
E R T H B TUINHG 15 40CrMnMoSi #Xi3 2 BRI AR 5 L. P RS T R In#s L 1)
40CrtMnMoSi ¥, TEZERMERN LR ae% A B T4 ETHL, ARdem T B ER M AL GBI M
HPURIE RS, AR T BB R R, e 1Bk,

BRRE AR G5 RIS E A AL R 3 2 e A R P B B AT N R
HASHE L BRR 12 MR 12 s
1 #eloRs: WASARHE S BOR 5 Bh 2 [ R i S0 =
2. MRS EZRFCGH 3 & e TZ TREBRIE G
3. b E TR e BRI B

e Bl AN IR AL N 2 52 B 8 vl Rn BE A B L RIAE S, SR BUE AR IR S A . CriN & A T A
(Mn18Cr7C0.6N0.2 £X) J& 156 M5 IR AL 58 Bl HF A B b B 4N [1-3]0 A SC6F Mn18Cr7C0.6N0.2 HXAH
Mn13C1.1 ARAE N IR R A B0 el B 54T Db AT 1 K, R4 A LA 22 7% . SEML, FIB-TEM., STEM-EDS
A HRTEM MHATF-BOEAT 7 MM 4. SRR, ZEhERE, WMt ms e 1 1B gK
ZERIANBIALIR . £ Mn18Cr7C0.6N0.2 #W IR T Al 1 BN B H A AR S & B AR S B R, XHRAE
B HLA B (OB E A, ELIZ 0 o (10 O AR B P A 8 Ao LA 8 e B 5 R P 0 P K R R R S, 75
RAG T U BRI 0 R I ORAF 1 BRI, AR T SR A T BE 1% . Min13C1.1 KA B2 45 ) o
1T RS SR FRAC T B T i 240, FR I R BEAL Iy BT W AR 54 Y 0-FeOOH, Jigin 240 1) Hh L5 AH N 42
ZEJE T4 BE 0 S B TCIE RS AR BE QK A AL R ) e B %, DRI J i B i itk e e 2 . 2, Y
Cr+N #<1t Mn18Cr7C0.6N0.2 4N7E N TR Y H A% 4t e Bt LA 5 m O S b B ik e, A S O IIRAR
TJE PP R R 0 R T B AL

SH R

[1] C. Chen, F.C. Zhang, F. Wang, H. Liu, B.D. Yu, Effect of N+Cr alloying on the microstructures and
tensile properties of Hadfield steel, Mater. Sci. Eng. A 679 (2017) 95-103.

[2] C. Chen, Wear behavior and the corresponding work hardening characteristics of Hadfield steel, Tribol.
Int. (2018).

[3] C. Chen, F. Zhang, B. Lv, H. Ma, L. Wang, H. Zhang, W. Shen, Asynchronous effect of N+Cr alloying on
the monotonic and cyclic deformation behaviors of Hadfield steel, Mater. Sci. Eng. A 761 (2019) 138015.

40Cr10Si2Mo I BT 4R B E A SR K RAT N B SRAL DL 7
MEEE. FRME. HEE. FRC
75 22 SR K2

40Cr10Si2Mo MR R 4F AU e Rl 32 N, AR R ST & e Ja SR AH A T 20 S R AU 4 Re
HER R AN BRSO I R A B (HT-LSCMD 34T R AT M 225256, REGWTTT T 40Cr10Si2Mo
TE 900-1250°C R 1800 s FY B ER AR Al ki R B B IRIARAH AR LB, Jf @27 1 B IR dfoki KRB g 2 A A DA
SEMLR AR T2 S8 . R Gleeble #BALIGA LT 4 7E 800-1100°CHT 0.1-20 s AR B AN B AR 3
RIGHE N HAT TRITEEE, TR TN TE, 5B EMATHRR. EREH, &
E RT3 B2 T v A TR SE K TS K. Dong AL THEAS 31 ok R PO 5 Se 3 (V) & R I . B iR B2
M 1000-1250°CHF =7, B ERAR deok i @ T2 5 Al b A KK, M(Cr, Mo)2sCe AN BTT H A AR 521
FLAEKs HB 40 i S W SR TR RN . BURIREE T B4 SR B IR AR IR S (M 1) Bf
K, FAR D AT i B IR f A% A s AR B A DL — 5 A AR BRI AR D IRIATEAZ JG AT AR, RIS
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1) JED B oA 2 A B [RAA PRI AR AR o FAVISE AL SIZ 6 43 i 2 B A [ P88 AR 7 735 13K 23 o 44 1Y) T ZE AR U R A B AN B
EVEA B R o A LR AN R AR T B T 4 /N S A B, FL iR T B PO Sk B BE R N o A7 TE
ANASTGIX R, AR AR S I AN 25 A A5 5 (DRX) AL DN 28 o Hh v £ JBE bt (103 A% A KOs
fE o 7 ra AR S 2R3 HR i I K e T B S RIS TR A AR TE Ay A 9% . DRX ML B13%E 4 DRX )5
DRX #74%,

Zn SRR RN AR K T F 1R RBT 5T
AR RFRR L s i 2
1. REEH T
2. REH TR TR AP

DR e i B E A TWIP AR 5 i (T SR EE AN S R 2, AE3RZE R B o B T RS0 AR T L
RS LA, AMECLE e R & @iy A 2 H s K (3R ER . ASCRAZ ok & &t Rt i
AR TWIP AWHEAT 58 4E, 81T T AL-Si-V-Mo HJ#S LA R BL ) A Ab BE T XMW 4L 43 b 2 77 241k BE R 5200 o
72 BLIB KRRl () B AR SR RST O 1.26-2.54pm, R RST 2105 20nm 5 300nm PRI AR . &5 H
BIEEE R, HrifHEZO MC 5 MoC Hl (MO VL Mn. Mo Jo3R), 4R & A B A RGEE T
AIARAL R . BEE IR KIRBETT R, SR ORI, 1M i AR AN 5 B 2o th e T e PR i 3. 12
o ()38 IR SR A T 3R A e e IR SR EE AR SR, EIHT) TR R AR A S B N, 4R R
W, 2 7u 6 e TR A IR} ) i Al 5 S RN T4 55 B2 Ik 25 BT I 1 HL P B b 0 5 eI SR AN 5 o5 A

316L AEFHN-35# N E S HERELH B AR 7T
PR A B A I 24 R A Boaat 3. M 24, AT
1. g REENUE TR 2R, Wi K
2. TR = ZHM R A IR AT, R 2R
3. TTEEMIN R G IR A, T A
4. WA ERERE A LRV OARAT, B %K

HATHR W LS E R TR 2 A7 RN SE P JGT D™ 0 ) 8, SRR . S Bl s i A
R VEREN B RAF A YI TR . E AR — R RS, RN AN AL 5 A ELR T, 1 RIFHL
B RE RN S 1 B8, TEAN 5 AL AUk LA T R (0 9 FH T 5% o ASHF FEIE X 3161 ANERAR TCE4E R 3S#AAN B A 1
RIEMRE RS LEAARE ARG SR AR, 8 13 R ENLAGLAEF" 1045 A8, X A
SRS REIEAT T 2 hT
AT A5 A RS T R T T T 45 S 1 O R, ERSRARUNLI, I 3161 REENTE J2 51 i /ME
J90.21mm, REEGE SRS, SRESMNH GB/T 36707-2018 178 25 5 /M 0.18mm, 5 &40
TR RS A o K BB MR, S AN A AN B 43 3 R B T 7R RS BE 9B B 2 A B B 2 -
HLPE B RHS 1/3 AL EAMUZEATH Fes Cr M Ni JGE 3 IREHIIY BUME 258 2.16. 3.09 F12.70um,. #
S PR B SRR 4 & ST P BT V) SR 248 g 348.33 MPa, % WA A FEAN i X4 B SR TS AR T BRI IRvR 4
Shitrs MEAR 1/4 JEBUE FURAR RIS R, PrhusmfE . i R FI a2 53 711 2h 612.25 MPa. 353.45
MPa 1 40.56%, WEMZREFHE, FEHEATK.
AW FCIGAUE T & A S DAL AT, BN E L B SR L T 2 BRI 18 225 AUk s,
X SEIUE A AR T A A 77 R s v F 3 K

TP347H ZE4 5 17 Nb drH ARSI 7
FRECA L AAE . B SR, R E RTA?2
1. NPT BB A R A A
2. FKOLFERR A LR A AT FR A 7
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L. TP347H SRIER A G, HTH (Nb) JTRImITERER, FEAEESRE AT, Fl
s& R2 AL E RO E, AR KRS IS Nb AT AR X SRR ST (195 Nb A AR S 4L 5 B T fE AN
BEW RGOV A BRI R, HEMTs2m 78NS I M e FB AR T B . AT I8 ) 0 B AR 1 220 B, 6
TP347H &R J AH 2 TP34TH RAFEH K RSE & Nb A i AT 5 0 AT T VR A, FEERTT T 87
FE ML SEIRFIGETT AR I, XK RSEE Nb A7 HAHTE B RN Tk fe Hh Je kbl 52 A b, HAR
FF T HEGRIES . I8 SR SRR S5, AR — 500 7R RE T TP347H #E &
SRR Nb AT AR RZ0R, HEAE A 7= T 2T T AR A X ARG ET S5 %55 TP347H BRI A B 14,
SRR, RALJE PEG IR RIBE A prdd s, CHR IR A B R2 AL B OGS B2, MO E
FRIEE TS A BEAIC

Enhancing surface strength of tungsten by gradient nano-grained structure
Dagian Xu,Zhifeng huang,Like Xu,Hao Li,Fei Chen
Wuhan University of Technology

A gradient nano-grained (GNG) structure demonstrates satisfactory surface strength. However, the
underlying mechanism responsible for its strengthening lacks sufficient research. To explain how gradient
nano-grained structures improve surface strength in detail, large-scale parallel molecular dynamics simulations are
utilized in this study to investigate the mechanical deformation behavior of BCC tungsten with varying grain sizes
during spherical nanoindentation. The findings suggest that a well-designed gradient structure can promote
rational plasticity and an appropriate distribution of internal atomic stress. The critical point of maximum stress
and hardness is observed when the initial grain size is 4.5 nm, with an average grain size of 7.1 nm. The
interaction between grain boundary slip and migration in small grains, along with the enhanced activity of grain
boundary dislocations in large grains, collectively contributes to the enhancement of the strength and hardness of
the GNG structure. Compared with a homogeneous nano-grained structure, the gradient nano-grained structure
exhibits a more rational distribution of dislocations and stress relaxation effects to enhance strength. The present
work utilizes the molecular dynamics nanoindentation method to study GNG materials, providing a methodology
for investigating the surface strengthening effects of GNG structures at the atomic scale and effectively revealing
potential mechanisms for resisting surface deformation in GNG structures.

Atomic-scale study of the synergistic deformation mechanism of nano-IMC and bimetallic Ti-Ni
Hao Li,Daqgian Xu,Fei Chen,Zhifeng Huang
Wuhan University of Technology

Due to the micrometer-scale intermetallic compounds (IMCs) generated by metallurgical reactions, they are
widely recognized as the primary cause of interfacial cracking in titanium-nickel bimetallic alloys under high
strain. However, research on the interface binding strength of nanoscale IMCs in titanium-nickel bimetallic alloys,
especially under high strain, is limited. In this study, three different models established by molecular dynamics
simulations were used to investigate the influence of the position and size of nanoscale IMCs under high strain on
the binding strength of titanium-nickel bimetallic alloys. The results indicate that the presence of lamellar Ti;Ni
and TiNiz (R) IMCs and granular IMCs within the matrix enhances the binding strength of titanium-nickel
bimetallic alloys, while the IMCs at the interface weaken it. The presence of lamellar IMCs redistributes stress
throughout the model, delaying the cracking of the Ti layer and altering the original cracking mode. Granular
IMCs within the matrix promote the phase transformation of the Ni layer under high strain, with a greater degree
of transformation as the grain size increases. Although the IMCs at the interface generate conical shear bands that
can stabilize cracks, more stress concentration at the interface leads to premature cracking. This study plays a
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significant role in enhancing the binding strength of titanium-nickel bimetallic alloys and in understanding the

reinforcement mechanism of IMCs in these alloys.

TREETAESR: WERESEWEREN R
TR, DEM. E.
PP TR

TEIXIRE L, @ HUERLEHl % T — &5 Cu SR Al-Cu-Ag B4, HRAMMEEHBEILA Ag
M5INE Al-Cu-Ag &4 1FEREIIELR . TR KR, W& Cu 2, Al-Cu-Ag &MY
FHEAL ML Ag TC R0 A i B M LA R A28 4L . TEM 45 B985 4 B 1Ak &0 £ E2R AR CuAlR, Ag
IAEE A Ag2Al, Ag BJFRI Ag (Cu) ¥R, Al-80Cu-3Ag & & B it T i 2Re, XIAKT
HNE R 9ekviE. BEVERIZE1ER .. Al-50Cu-3Ag S4BT SRA M, XHE T KRESE
A SR TR0 . Al-20Cu-3Ag T8 AL E YR EERIR/N, RILEPITERRAT N . Ag EIANE K
%/ Al-20Cu-3Ag 1 Al-80Cu-3Ag &< I dki R, LRI H — & BIAT A .. A5 HE-R T Al-Cu &
S E R L SIS B Z R R, AN AL SR SRR Cu B E A R RS gt 1%
%

Material and shape optimization of multi-directional functionally graded materials with
thermal-mechanical loading using an IGA and improved 3D-CNN multi-objective optimization algorithm
Guangshuai Gu
Wuhan University of Technology

Functionally graded materials (FGMs) are an innovative composite material with a gradual variation in
composition throughout the entire volume, enabling customized multifunctional properties. Multi-dimensional
functionally graded materials (MFGMs) offer greater design freedom compared to traditional unidirectional
gradient designs. This paper investigates the multi-objective optimization problem of variable-thickness MFGMs
in thermal environments. A numerical optimization model is proposed, combining isogeometric analysis (IGA),
three-dimensional convolutional neural networks (3D-CNN), and non-dominated sorting genetic algorithm III
(NSGA-II), which can simultaneously optimize the shape and material distribution of MFGMs. Non-uniform
rational B-splines (NURBS) basis functions and control points are used to describe the material and thickness
distribution of the model. Based on three-dimensional elasticity theory and the IGA framework, governing
equations for the static and dynamic mechanics of variable-thickness MFGMs under thermal environments are
established. A 3D-CNN is employed to construct a rapid performance prediction platform for MFGMs, and
combined with the multi-objective optimization algorithm NSGA-III to achieve simultaneous multi-objective
optimization of material and shape for MFGMs. Various numerical examples are presented to demonstrate the
effectiveness of the proposed algorithm, and the influence of different boundary conditions, temperature fields,

and design models on the optimization results is discussed.

it CrN/TIAIN 2 2R ERE 45 NEEB R
FAR L BREEEE . WEGR . Mg, YT
1. BV Tk
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Mif g, P EEE R BN 0.79, EEJRAIAA 315.09 um?, CrN/TIAIN i3 /2 BEHE B R 06 b = R
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mHA N EEE 2 RAE!
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BN R B e AR R DU RSO R, AEARBE . S R S5 U R AT B A2
ISt (HER & 2 FR S Jea AR AR R 2%, S v 1 AR A IO AR w2 08 <o Y RGBT HEBE K
WO e R B2 I BOR K AINDTiVZrCrMoH T 2258 5 ME A i i i oy - 45 K- P Bl 4, Jfdind
A BT AR Cr U & R & Sl RS R 2K . BRI AR 22 ST BT I B B
r-HAMEREE B, 4562 AR ik, BRI G SAMai . R B, BRI ERE,
Thseit i 3 Pl R AT SAR S5 R BRI P e A R B e R il B S R ER B R S
KR Friit i 3 Fha &N bee A2 454, HEAUMEGHER B & &1 —F (6.4~6.5g/cm®), i
JEERITR et P T B SCHR BB 1 il < KB e 5 AME N AR 1 DGE I — AR BT SEEUET
PR FER R S Tk A BROHEAR e 15 T, iE— B R WINLAR 5% S SRSl ) e B T SR Xt R R T Y vy Mk e A
W E e R BH R R

NbHITiVCx MEE R & SH LG R /1 EERT R
FeBe PR REZR MR RN FBER] SR
AT TRESARBE TG PR 2 7]

TERF LG R R, B A 4 DRHMURE I B o BT RS, DA E S (R s kvt X R RS A ey
AN S NS BSOS &, A B T R B S R A B ], HAh DU LR N s s R A 4
WAMFHLRE 1 ERe, RAEMTS KN 2N B RS U FH B9 71, BB o — A
BEMEL. RRBLL NDHITIV REEEEGE, SIIANEEEITE ¢, RAESHIUSGE ARG & T
NbHfTiVCx(x=0, 0.1, 0.2, 0.3)IUFh =i &<, 4 TR & S G A ) Ve Rese e, IRl
R HRAEE, GERGLE—PRAHL, BT EENGEE IR, BT 4R

(1) NbHITiV &4:H BCC HAHRENVE AR, & al NRITEG, £ BCC A4 T FCC 45t
) MC BBk . BESE DS BRI, SRR ST 537 pm 0404 25 pm, BRACYD R ST FIARFR 2> BOR Wi
.

(2) FIR/F, MEGES TS EREM, &40 ES R H 958 MPa $#27F £ 1115 MPa, MR
AT G5 TR S RIS T B T S om0 IR B e v 2 B2 R TR TR AL A
BRI SR AN, A E R A T RE NSRS RS BN, AR R
Tict P55 IR S S TOC B B PRI, S MARAH I 4 oK R IR A B i 8.13 GPa P& IR A 6.81 GPa, RAFEXT AL

(3) B&AE 700~900 °CHFR IR X [RIHEAT 24 h # b3 5, FEAAM T H T KREE V Al Hf JLEK Laves
DUEAH « TP BARET, 1% Laves FHAZK R ST BURCIRAEL Kb i AH, SR 200~600 nm; i FE 45 =il
Prd ARk, RS 1~5 pme 900 °CHREL S, FrA &4& et iMr=4, HALZRHESH#%E
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e EER E BB FR TR AR O B0 B AR S KA A, RS SRR T W I TE ST AR
A
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(A F] 1050 °C), G EHEMEFLISFE R R AEFE FL W, R IRFISGE0 B .
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SRR, =M FEAEE IR T EAG Z AN, FEN FCC A, MgZno A ALTI A S8
5 E 43 IE E] 750 MPa. 650 MPa Al 760 MPa. 5 = #4525 Ui 1A %] 202 MPa-g/em3; 483 380°CHAbFH
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o X EMRE PTG AR R ORGE RAE IS TR] L BRI A 1) (RN R FRAN S B iR B2, A 2 AR R AT 58 2 FH Ay
B P, =Mk B A it e R S . /95T MgZn2 AL ALAHL AI3TI AHAR R (0 5
PhERE, =FhEEAE 3.5 wit% NaClIER I i 20 T1E 48 Me-Al A4, KRR 7 HNHEH .

FSEHBI 7 -FeCoNiCrMo R & S RRIBE W T HITA
KRERTE A
bR

The surging demand for advanced fluorine corrosion-resistant materials underscores their significance in
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ensuring operational safety and reliability across various industries. This study investigates the corrosion behavior
of the FeCoNiCrMo high-entropy alloy (HEA) via a series of 28-day immersion tests in hydrofluoric acid (HF)
solutions with varying concentrations. The results resoundingly demonstrate the FeCoNiCrMo HEA's superior
corrosion-resistant performance in HF environments, exhibiting remarkably low corrosion rates of 0.179 mm/y,
0.276 mm/y, and 0.352 mm/y in 20 vol.%, 30 vol.%, and 40 vol.% HF solutions, respectively. Comprehensive
phase and microstructural characterizations were conducted on samples exposed to the 40 vol.% HF solution to
elucidate the underlying corrosion mechanisms. The study revealed that localized pitting corrosion preferentially
initiates within the interdendritic regions of the HEA matrix upon HF exposure. During the intermediate stage,
micro-galvanic corrosion occurs between the dendritic arms and interdendritic regions, leading to the formation of
a uniform and compact corrosion product film on the alloy surface. This film, enriched with Mo, Cr, and O,
provides temporary protection. However, as corrosion progresses, the partial detachment of particulate corrosion
products compromises the integrity of the film, resulting in increased dissolution within the interdendritic regions
and the formation of irregular corrosion grooves in the later stage. These insights significantly enhance the
understanding of the corrosion mechanisms of FeCoNiCrMo HEA in HF environments and provide valuable
guidance for the development of innovative protective materials designed for fluorine-rich engineering

applications.

BT ZHS Ti-V-Zr-Nb-M (M=Mg, Al) A& HEMES MR
FAREVR . MR

N

K TAER I T WIS LR & 2 A0 A6 TiVZIND & &3 EErERE. A, B0 TR F T
# Mg f Al XfZ A4 TiVZIND &M TEIFIE AR . XRD 450K, @idix
Ji R T H 4% DR A RS R R S S5 M R E R S A L S S R R RS & . JEf TiVZIND & &L
Ein AR IIERZ 0.50 wt%. SR, MUEFE =R LT, IEA TiVZIND &4 78 150°C Al
250°C W20 Al 0.14 wt%e A 0.18 wt% HIE. WSInEEMEETTIE mifdEsh /1%, EMocE TRt T
RTINS U A AL s RS

Superior high-temperature strength of a carbide-reinforced high-entropy alloy with ultrafine eutectoid
structure
Xiao Wang'2,Guogiang Luo!,Qingin Wei'3,Yi Sun'2 Jian Zhang!,Junjun Xu',Xinting Wu!,Xiaohong Chen',Peibo
Li',Shiqing Liang',Qiang Shen'
1. Wuhan University of Technology
2. Hubei Longzhong Laboratory, Xiangyang 441000, Hubei, China

3. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan, 430070, China
Refractory alloys with high-temperature softening resistance are crucial for extreme high-temperature
components in aerospace and weapon equipment. Traditional alloys and single-phase refractory high-entropy
alloys suffer from unstable microstructures and loss of strength at high temperatures. Here we report a strategy to
obtain a superior strong high-entropy alloy by introducing eutectic carbides to form micro-nano scale eutectic and
eutectoid structures. These metal-carbide interfaces remain stable under high-temperature deformation and exhibit
strong dislocation blocking effects. The ultrafine eutectoid structure provides a primary strengthening effect due to
its numerous enhanced phase interfaces. The resulting alloy achieves a high temperature yield strength of 1.17
GPa at 1473 K and 0.92 GPa at 1673 K. This work provides valuable insights for optimizing the high-temperature
performance and microstructure design of high-temperature composites to further extend their potential

applications in high-temperature areas.
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72 HATE E PR BT Y b3 I [ 5 1 AR AT 8 S0 56 10E 5 (3) ey REO 15 3 45077 S5 o £ T X A sk g 475 B
B X S RI AP EHR A RANERZ], 5 = DB G B AT a7 28 T e PRl o

BEXTCAE R, BAT150 0T e T R B A AT i DR B0 T MRS AL R RFVERIT 7T, B AR 4R
TR EE A5 R E 2T N VEBE IS . £E4R SRS ALAT 7T A R B T35 05 5 K 3 0 T BOR 45 S S ERAE B,
T INFE BRI . YOI A RERN AT T AR R 1 4P bl s 7ESRIBO 15 S (i 78 vhoal i /e 2
IELA ST BT T S s A s A E MG R, 2P HRIR 7O I BRFE AR . B ST AE RAE 4T
O YO ARG % . BT A Yo oA 37 Ae e M SEM S AR T DU AL TERE I SR BE B IE , DURSILIBHRE
LT AT 7 A 2T 1) YO AR S AN S IR L RS Yo Az ResE M. ik, SR T IRALEOT
Kl T2 LFOARHR R SNl ZR I 7 A SE BRIy (I Ced 2RO EHA R 5l A FasE
Yo3+RLALIA ISy (U B o B FUEE AR SCHE B PUAR IR I R B RO LR RE N AN B 52 7T

FER T HRIRI BRI B 1 M B45 Y203 Z A%
sk SRR F/NEL AR SO
IlibN

FHOE A5 20 5% AL (UV), IRKIERIZE 200-400 nm. K 8] 52 35 7 AN N 2o A AR R4k
FEREGTE . BRIE RSN BERAR (s, B, RE, 3 BRI EME, HE
e R R P A S P S A i R 5 R R 2 PRI 35 B P 8 — ool ot o 1 R o 225 T 1 )
BA N ERIEN Z SR, S5m0 T RIS G0 AMR BE MO RIAR B, 37 B W 8 38 i 2 AL HR B A0 S 1)
2 RaE TR SO, Sy biRe, BIETRGENE. MRS R, FERXT/ET, BATIERE CeOr 1EAN
AL, Y205 FBWAMEAEIER, JTFRBTAE ML FHAMEL . REHBF T CeOr WX Y203
PRI et JIERIBEE R IR . 45 R, CeOn AMY AT LME AR AN RIS, 1T Hik 2 Y205 i% B
BEHBIIBLEE . S at% Ce B4 Y205 & M ER I H LR 6= &, 78 800nm kb H AL 77%1)iE
IR, Ce 51 NE Y203 3% B & 1R AME I 23N 250 nm #2230 E 375 nm, X U5 KT Ce* (1] WLk Bt
Wo XFRAELARMK T Y205 17 W M SR AN 2R B e /0, fEH X UVC (100-280 nm) A1 UVB (280-320 nm) H
H 100%HK1BE#E /1, X UVA (320400 nm) EAG L) 95%MI BRillcAe 71, WEIC TSRSt (BR. Bl
HANE RS A EIRD) JEHREFER R, IFK T CeY 0: F I EM R Ett, i T EHEE S5~E%RM
LANEBEWAR A0, MIEARE) MRS R, XA il S5 N R AM R B kA R A T 8T
R AL IIE SR VG g

WO BB BN TR — AL B Al 5
R 5
LIS
OB T 5 R AVRM R CHIBA. T A% JOMOBE SR T B RO Bl STk
(KT EBE I . B K S B O 31 S A BD LB L. VRO 2 B 0 LB MK A B0
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BRE . SRR 113573 180 )15 140, (ReaxFF-MD) 5 & S250AIT 7T, AT AR FEAN RIBRIEAS BHE S i e o
REP R BB . AR AR IR TG PRI [ AT SRR R 0 SRR AT e ) S S R, R REAULBR AT 4
st PR o 5 PR R A B s B0 il i vy TR 75 AR e WA B A 0 2 e sl 0 LB 0T D T 2R Tk TR I ) #6
T RN AR RS 0 T ER I S A MRV IS s ARl SROGIE 2 P PR G M &) 3D R, JEd
UG, B TR 11 B AL i 70 5 Rk 26 AN R] v B AR ) S SRR P TP, I D IR Ak
MR T AN AL SRR Mt . JFAEBLIEAE F, THETH RBT . BRI Hom TOUL SRR I 5
WOt — R AL IR T REAR FRIE T

JRALEF ST 5052 SB-E & T A SRR AT AL K He VBT AREME R
T2, WA 12 XIERE 120 2R M OUR S EREE . !
1. EITRY
2. REAZAE TR AR O
3. bt TR AR A R A
A6 e AR PUEsh. J a8 NIRRT RSN i, BT IR T T B R R HE 1 HE O
PR BE R L. (HS2, FERRTINIE], ZRaeki A S SRR S PR EER, Emigba
g1, B FEGL )RR IR . AT A S, BB &P HT HAHTE SR U R A I3 AT 9 B LTS SR A A
W, JEHSRTE He 52M1 R o AR 30 keV He W ATHE IR, @I @S BB R T 5052 488 &h A
A BT H AR E R R N 4R IR R e SR OGS FE P AT N . S5 R B M ARSI M ik A T A R B B B
IR E R, N[BT HAH DA A [RIAT HE AR 5 B AR S T AR 1Y) He MOEAAT AR AR ER . EAREE T
FEIRAE 1.0 dpa REFEH, FEAHT HUAH PSR He SR AE KR K T4a584 0, JH7E 373 K 2 473 K AR ILH
B BRIE . PRI B E AL BT H A B S AL R s B SR AT T AN, Al-Mg #H KT Al-Fe £,
XN ZSe SR T A Z R AR R . A 7045 RS £48 IR AT 0 A LEE 73R 4 1 336 His A
Hitz%, (ZLERIIEZNHEEREES (1222550600 FIAHRIE.

Disorder-broadened phase boundary with enhanced amorphous superconductivity in In2TeS under
Pressure
Yi Zhao!, Tianping Ying?,ChuiZhen Chen?, Yanpeng Qi!
1. Shanghaitech University
2. PEBEEB BT T
3. SR
As an empirical tool in materials science and engineering, the iconic phase diagram owes its robustness and
practicality to the topological characteristics rooted in the celebrated Gibbs phase law (F = C — P + 2). When
crossing the phase diagram boundary, the structure transition occurs abruptly, bringing about an instantaneous
change in physical properties and limited controllability on the boundaries (F = 1). Here, we expand the sharp
phase boundary to an amorphous transition region (F = 2) by partially disrupting the long-range translational
symmetry, leading to a sequential crystalline-amorphous-crystalline (CAC) transition in a pressurized In,Tes
single crystal. Through detailed in-situ synchrotron diffraction, we elucidate that the phase transition stems from
the rotation of immobile blocks [In2Te,]**, linked by hinge-like [Tes]* trimers. Remarkably, within the amorphous
region, the amorphous phase demonstrates a notable 25% increase of the superconducting transition temperature
(T¢), while the carrier concentration remains relatively constant. Furthermore, we propose a theoretical framework
revealing that the unconventional boost in amorphous superconductivity might be attributed to an intensified
electron correlation, triggered by a disorder-augmented multifractal behavior. These findings underscore the
potential of disorder and prompt further exploration of unforeseen phenomena on the phase boundaries.

Superconductivity with Pauli limit violating upper critical field in Ta-Te granular nanowires under high
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pressure
Lingxiao Zhao,Yi Zhao,Yanpeng Qi
Shanghaitech University

Nanoscale superconductors present exotic properties compared with their bulk isomers. In the cases of
few-layer 2D superconductors and some kinds of superconducting nanowires, the upper critical field (¢Hc2(0)) is
much higher than the corresponding bulk materials. In this work, we have synthesized the Ta-Te granular
nanowires. Superconductivity is induced via high-pressure modulations in these nanowires. The superconducting
temperature 7. and uHc(0) is about 4 K and 16 T under high pressure, two times beyond the Pauli limit. The
combinations of transition metal chalcogenides' elemental compositions, nanowires and high-pressure
modulations have succeeded in realizing a large ¢Hc2(0) in the Ta-Te nanowires. Our work demonstrates that the
Ta-Te nanowire is a possible candidate for applications in high magnetic fields, and it also provides an ideal
platform for further investigations of the mechanisms between nanowires and large xHc2(0).

Rep TR TR E CMOS BG &R AR ESHR 1
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Fe+-He+-H2+ =R[FN JRALE R AR R Fa s AT I LB SR SO s45 4 L] sz
WA L2 T I L2 R L2, pRERRG 12, )T 12
[ AP e U
2. tREAZEE TREE AR5 O

FERAR e, AR MO R S 7 P R Y S 25 S AR ROW S5 4, 1 T DRt B R 8 PR IR A I
BRIk, AT 7 2 A3 0 R S S [ RS AN R AT A v e SR A 75 A RE ARk T LS T PPl i RS 1k e 22
HAETZE L HEAR S BHG S (H/dpa. He/dpa) FLMa4E &SI IE AT AN IALEAMSRANTE 2. AT
FEAE 723 K 1 FH 400 keV Fe+. 50 keV Het+Fl 50 keV H2+XF 20 ZRIEAT = SRBpRIAR IR, JRALATF AT T 40 HR R IE
AT N RFE . R0 26 B AE DU A SR R S5 IR L. 10 appm He/dpa & 45 appm H/dpa. 10 appm
He/dpa & 100 appm H/dpa. 100 appm He/dpa & 100 appm H/dpa L 45 appm He/dpa & 10 appm H/dpa. %5
W], H/dpa Al He/dpa LU 25 52 M 4R I A 50 5 00 T ALAT 9 BAHE, BHE<100>Fr 53R LLf L 7
B RSTRIE BE, ARRN . B 5045 . 24 He/dpa (RIFAARIT, 871 H/dpa 2 ii/b<100>07 453
A EEBI AL EE AR RS, SRR AR PR A R B, R IR AR 24 0R4F H/dpa A48, #9111 He/dpa
AATHEIN<100>ALEEH B LL B L LSRR RE L 0O RT ARE L, TRV A 8 RST - H/dpa A1 He/dpa
AR 05y S 8 e 0 5 AR K o S I BRSSO A IR R B s T R, SRS AR PR TR AZ S N T A
T 2R LS A IE RS M RCR 58 T 2 AW FT4SE ROGIR N BEARAZ B BHR BRI AT 00 S b S5 he gt 7 822
AR EEE MR S . (12 AT 21 [ S0 L A% JE AL 5E A FE 78 % Ti1(2022YFE03 110000) f1 22 3% SCH7)

S — BTSRRI A
SLI
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R FRHE PR EEA, @i A ssn, R0 TR EREFIER, BiEERREE TY
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1. Key Laboratory of Material Simulation Methods and Software of Ministry of Education, College of Physics,
Jilin University, Changchun 130012, China
2. Center for Quantum Science and Technology under Extreme Conditions, Osaka University, Toyonaka, Osaka
560-8531, Japan
3. State Key Laboratory of Superhard Materials, College of Physics, Jilin University, Changchun 130012, China
4. International Center of Future Science, Jilin University, Changchun 130012, China
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A TS E SN SR T — KRR LR, HRTE R E A miRE S (CaHs f1 LaHio
S5 FHYRMESZIRIESE, R VB SR KE LT, ST tE Y, Stk RS A BEER, A
7] 43 J@ JC 2R (W24 nT LSEE b R R 3 S A v ) b AR i B S i A AR AR, AT 3 s A 8 S R
Rt THMIMES. REHIL TECARH 782 BG = ndmE i E S sl S48, (Hies ik, X
B = 0 E A i SRR A A

A TAELL La-Be & &AM E80A B ARTIRY), R SN TR E 110~130GPa F1 800~2300K [
SR AN A T I A R T — R AEN I = nE A S Sk LaBeHso M5 A7 FHNE SLIG A 1Z A6 &)
7f 80GPa FEFA 110K Ei T . seif TR WM ARN SR RO S, HIRERK FIRE T A
B =oAL R E S AR 35 LaBeH8, #HE T B AW EWSEMRR, @ 7 E = na kRt
SR A T AR 2

JRFEE R SiC Th% MOSFET #t & o Rt I w7t
VFETA. % . R, Kk, [mEyE
o [ R} 27 o i SR AL B AR 5T B

R A A2 A A R 51 R BIRR S RN A2 #1144 SiC MOSFET #3FHIiAM IR R 2 —. AR
Fi SiC MOSFET 155 758 M8 J5 1 a8 AR 0 AU S v SEVEIR AR, TR T AN [0 R 25 A RNAS () g L FL
T FHREIRIRES, AAEEET 100 MeV A1 300 MeV {15 T-AER, 600 V-1000V (1)1 B 46 1F LR AN A I4R
TRk, IR AR R T 2R A AR FE R . Gt SRE R, BERTREEH K, SRR BRI IR
BRI AT AR AR R T AR ERREHT, (R I B R AN AR, ST SR R BRI, RILH
RS EBEFRBIX A & E R N AR A SR TR SR AR AT R, S S U R
RSB R, AR FLEAT RS B 7S A A i 28 o TR AR P AR R R 2R PRI, BB T E S 1Y K
M/ BRI6 45 8 SiC MOSFET 7525 (B3R5 Hh [ a] SE N H$2 4t T S5k .

KTFIRMEEA TR SETEEED 105 K MIEER =THME &Y
RIBEE ' AETE L BUHZR N DY 3. XITEM 2. DR A XISER A EdthE e EW L EAA L F
WSS, Mo s BSCEE S R R mEE L HEAE!
1. #Mel K2
2. HRKH
3. M A R
4. FRIN K2
5. RiERHEREF

H =8 S E ORISR, MDY ERESFHIER R T — A2, Ea RS ST &bk
PR . SR SLELE AR T AR IR, HET. AMICEX MRS BT T2
Rz, Hrh, BAREEREREN LaH10 7 180 GPa [ SHARIRE (Te) ik 260 Ko #R1f, iX
S Te A R TERSR R 1 R A SRR e, Wl 110 K 8 SRR, fae @i 120
GPa, XK RIFRG] T M FAPR R o XA AT BT A sofe e IR 1 BCNE H s Te e
AT

ARTAEAF,  BATTHRI LRI R TR 5 B AR E AL O ISR, I RI7E 150 GPa #2000 K %%
PER AR T ARER ) = e AL &9 (LaB2HS) . Ak, FRoA10 5l WML I B R G0 R0 F) 2D 4R i X 52k
T 8 285 B 0 I T PR R SR AR S M AT T RAE . SRR, 78 90 GPa MZLE T, FEMT Te =ik 106
K; BEESMIIRZ RN, T MAKERS), Xt—Pirse 178 S 71 ; @il GL Al WHH #AHL5,
FEARTE 92 GPa N A =ik 26 T 134 T 1) bls Fttdds . @ik v S AL XRD &, FRATSH] 1 HRREAR 4
J&F g R, HAERE RS, SRR RRE 2 59 GPa. Z5& sl E. XRD &SR
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AN 2 AMBIEAT K AR R AR e E . HL PR T DURGHE S PR A T, 14/mmm LaB2H8 &5 SEe 45 i —
BURBEAT . [EAERRZ, LaB2HS I M URIL 8Oy T AR 458, Hoh B 5I<Ei B AT H
JEF DI A SRR T B2HS Hot. XK IERN], BIEeETRBACHK —uema ik R Ll
FEOR BRI Te 15 0L T FRIREARE S 0, RONFE L Tu AW TR R RS E AR 2% R 0w Te &k
PERAL T — 2RISR BB

Re03 FEMH—R TR ERHNETRE 2K
Lo N Ve RN & & 9/
1. ERR B BT 0T
2. JbEUE SRR T

W IE T ReOs N A MBI EBERY 450 (Pm3m), #E 12 ~ 38 GPa [{JEHRIEE N ReOs N2 T5 451 R-3c
FH, %S5 LLE1E ReOg /\THI A SE M B TC U H I ST 7 A< 111> R AR R A e i Ak i >R o VEGH 5 #4001
WA, FIRFERETE 30 GPa ik FIAH] 30°, BEI£544 i S8R T 3 R, JE— DNk %8 39 GPa.
ZHEEIAE] 320, MR R AEARAR, HEFIEWE K. mE EBHI R I R-3c AR T 2P0 SR, HAE 30
GPa Mk Bt Te =17 K, dt—DFtE R, 8 TR W s 75 39 GPa FH 2k BASTHE /- # R I,
ReOs FH S I ST T I T 25 7 il s TR 3R 05 S8\ A 7 7908 7 2 [ 1585 - ReOs &1
FAHP R IR AE T —FhiE i U i SR TR PUE TR MER TR, BEsREL R T S H S TR
MG, B scBlE TR SRR IGEE SR T T %,

Wonderland of 2D black phosphorus under pressure
Yang Lu
Center for High Pressure Science & Technology Advanced Research

Black phosphorus (BP) has recently emerged as a promising two-dimensional (2D) semiconductor for
optoelectronic applications mainly due to its thickness-dependent direct bandgap, relatively high charge mobility,
and remarkable in-plane anisotropy. Pressure can effectively and continuously tune lattice parameters, especially
the interlayer distance in layered 2D materials, hence alter their properties and performances. In this study, we
discovered the anomalous layer-dependent shift of optical transitions in few-layer BP under pressure via infrared
spectroscopy. The bandgap of 2L BP is enlarged with the pressure increasing to 2 GPa, while the bulk counterpart
undergoes a semiconductor to semimetal transition under ~1.8 GPa. These results can be described by a physical
model involving the intra- and interlayer coupling. This work highlights the novel properties of 2D black
phosphorus under pressure.

B S35 )5 70 SR 08 AT B /R A P 385 =KL 5 )T BR X SETR U e R A
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H ERFERR R
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45k, IR 51 R i SR R AR S e B KL T s B A O R A a0 S U= MoTe2 Hi A EE
IR IR, NRR WA SRR BB IR T B & R B RE TR R o
JEZ, T M BE AR S5 1 5 o B It 0 SRR R TR, R A B A I S T R AR A AR B RE T A A
FAIFIR T — R B WA Tl LB SR, AT v i 6 4R as AR 3EAT A i k. A SCxt
A SR I AN B 2R R AR R AE e IR B PEBRGEAT TIRAIIT T . SRURSE RO IL, i 7 RES 3 1S 32K
P30 NSRS KIS R BT B, IR IRAE 6GPa I 1 N WL B2 = K3 5w s LA BRI IS« 2T 58 4 oth
BRI ER T 5 S SER R SRR & o FRATAIRIT TR 7S H 1 77508 BE 7R i s A% 2R F) RE A PR AT 280 42
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1 .Yankowitz, M. et al. Dynamic band-structure tuning of graphene moiré superlattices with pressure. Nature
557, 404-408, doi:10.1038/s41586-018-0107-1 (2018).

2 .Gao, Y. et al. Band Engineering of Large-Twist-Angle Graphene/h-BN Moire Superlattices with Pressure.
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FES%S 8 F B FeTa3Se HitEMZE
BXZPE. Azizur Rahman. ZAR. ARG FEH-F. skigHd
i ERHE AR

AR, ZAEFYERE A RME R R R SRR R, T A G R as . A7 6 & A e
FEEETT A BN HNE, 23R ZE 9603 . FHRAIEF MR PR Dzyaloshinskii-Moriya
(DM) AHEAFEFHFIXIFR Heisenberg 22 # A FH (1) 5 4 22 7= A JE-F JiE 1 E I 2304, 40 -1 97 A% (CSL) B 5 1
PER MR 45 . a4 (E AT DB AN R AR R . T . BT R, A B T RATHTE 7T e -HiE A
AR FHFIRE H A T ) OGRS

ARSCWFFE T e N 4 F- RGP EA R FeTa3S6 A RIS AR T I B HNERi . 75 0.2-3.2 GPa J&
FIXI8], RIE A BT FeTa3S6 AERIR XM CSL 2%, 5 /AR AR & vl 8] DM A EAEH . Bl
F R SIHEIN, 25 CSL A% ETTH %, BRMEFAS M i RIS F ORI . 456502 61% . XRD M1 DFT 1H5,
FATHERT X P AR 7 R 5 AR 5 I, FHAE SR N e 2mds, S8 DM M EERRER. £ TERN
W T F VRGP A RHE R R B TR I 1)~ &, A RIT3ATTEE RN HUBHE FUREAR ELAE FH IRIHL o
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B/ SiC MOSFET HL B2 28N I R B 7T
PR M. W, fKURiE. SR
o [ R} 27 o i AL 15 AR 5T T

SiC MOSFET EA R4, ik myilietk, 75077 sl A2 () A 45 B K B FH A5
SiC MOSFET 5 Si #£3)% MOSFET J81bl, %) 5% Hi B e s 2N 5 . (H2% e H SR % 5 Si MOSFET %
SECR,  DRIHS FE R R SO, R U AR AE 22 57 o AN LR G 25 R TR A PR R B 1 v AR iR
E . IR, BEHERMI AT, SiC MOSFET K HL 5 R &N 5 E AL 2 iR A 2 4m S e
HLAF B IAE DG, RIS i S VAR I B4R S P B A 3 AP B 22 e, R B I ) BN i 5
FEaRIE S . i O e o 5 e M A 2 P ) L T SO A B A AR 2R . RIS T, PR AR R B B F A Y
mEEED, FHRRERN. &R R EmiE L ZE PR A AR R . SR, 2 W
HER FiEahmtk, R F S5 ENEAEH R KRR S, RASEER RIEA YRGBT R
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N A TS B A 5 0 8L = 0T B B L2 R O BB B R B, X EE T R IRAIRR R sic
MOSFET {1348 B S HGR IR, 404 /LT A AR G ACRIBRART, S HTA 3 2 15 AT AL A
FASE I N BEALRRAR G

BERE4E@MLa,Ce)HI BEREEKE KR
CAHEIN
TR B R B s AR S T 7 BT

P 1 R TR T U P S B SR A B AU B LA T T 2 — . AR N E R SRR, Sk
BAH SR OESEREIE FIRE LR, NHRERENENY) Lal o H AN EIZ) 250-260 K 1) T 5. Wnifii
R E SR SR T R U RS e . AR AR @ AERATER La JuEREUR
CeHo B §9WETER) Ce, TR —ufk RARU B BREEEW, FFIK T Abrikosov-Gor'kov |
RUSE, KM P23 51 H br ik 3 R0 SR o A SIS IE A A BE R LEA 1: 1 1) LaCe & AN BE A E 9 mT oK),
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The discoveries that the unconventional stoichiometric hydrides, SH3 and P4H6 become superconductors
with critical temperatures (Tc) of 203 and 103 K at high pressures motivate extensive investigations of
hydrogen-rich compounds. The As-H system, the hydride of the same main group, has also been predicted to have
a variety of stoichiometric ratios with high Tc under high pressure. However, its high-pressure stoichiometry
evolution and superconductivity remain unknown. Here, we explored the stoichiometry evolution and
thermodynamic process of the As-H system under high pressure. We observed that AsH3 underwent liquefaction
and solidification at approximately 0.01 GPa and 1.7 GPa, respectively. Upon further compression, AsH3
dimerizes into As2H4 at 5.3 GPa. Subsequently, the dimer starts to decompose at 8.5 GPa, and completely
transformed into amorphous As (a-As) at 12.3 GPa. Additionally, elevated pressure and prolonged pressure
maintenance promoted the formation of As2H4 at 5.3-8.5 GPa. This comprehensive exploration of the
high-pressure stoichiometric evolution of As-H is crucial for exploring superconductivity in the As-H system and
understanding the internal arsenic cycling in planets like Jupiter and Saturn.
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WA BATERTFT 7 IXF IR AIERERTEAE R, AT MR BB BRIBUR, ik Al A
RIEARA G LA 2R, WO it REms AT 27t

REEW: EI-RER . Si02 . kLR BT RZh

WOty T St RS IRE FER FT
JEVE ! SRR REOSER Y KGR T IR £3E2
| E TR B A O B A b, B TR A [ s, Y1 48BH 621900
2 b Y B S THEECER SO, B 100094

TEL: PR e - T2 B AR T T SN B S R AR R I B o AR IR A R A AT T RE A
R, WIS SR SR A A EZORIR, X Pl KA RCR R B . I, B e &
HERARITR IR C ROy B VB TE b 20 S A ORHE ) e SRASAS [F) 26 S AR M <R
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tbif#%. @it XRD. SEM 5F B0 NbTiZeU Sl & 4 IR LA /34T 704, SR 9K R IR XS 71 R
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45K, (NDTIZr)50U50. (NbTiZr)20UB0 ikl & < v I35 M fai s iAo 3277 (BCC) [V H, JF
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(NbTiZr)20U80 il UMo &4 .
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(Lawrence Livermore National Laboratory). #5481 77 H 0»(Laser Fusion Research Center) ) [ B\ 751 5%
AT T (Ta205) 10k M4 (Au)IRAE N RIS AT R Se0, SO 1 IREE B 2 7450 B i P 4 1)
HRNE FERT] Ta205 WA KB -BEE (Sol-Gel Process) ffill 263K 15, SR, %5148 A
PRI A7 AR EBE 22 . 0 TR R HMER) 1l 8, X PR 7 HAE S BEATUR N A . 8 T R dusEw bt
BHENUROIN AL 7 ks, BRI TR S8, RPEEZ . BUm RS R, A3
WR T RS AUIRNE (chemical Vapor Deposition, CVD) il %K% B Ta205 IR RO 471, 48
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*E-mail: ganbo@scu.edu.cn
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KB AR T ATE. PANi BREEHIE, i =
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FEAKTN
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Rtk R A RE Y E R I % . 7T ) B (AFM)IE 5234 2 L ARX DR . B4, iz mst K
FFF B R 4 3% (B A R B 2 R B R AP IR LB AL R e . DR b, AR A S8 A L 4 1 6] it i 4T 4E 41 il MRC-5
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The influence of microstructure and product films of Mg-xGd-5Y alloys on mechanical properties and
corrosion behavior was investigated. The results showed that RE elements dissolved in the matrix can improve
strength through a solid solution-strengthening andgrain boundary strengthening effect . The non-basal slip
systems also can be activated to enhance elongation. The Pilling-Bedworth ratio for film was proposed. The
product films mainly consisted of oxides and carbonates, which can effectively improve corrosion resistance.
Moreover, the cell morphology and relative growth rate were measured to evaluate the cytotoxicity of extracts.
These results illustrated the promising potential of Mg-xGd-5Y alloys for cardiovascular stent application.
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SCPE SRR W] 4, B 2 1R R 2T AR T RRLRE JE , SO T ARIR A, (15 2SRRI B KR 7 52 T 23.22%
(ERAZITVEAE DL S oK ER (1 A I FAE S AR I BN 15 rb e 5 — D, SRR S5 v s i
BRALET Y, E B AT 2 SRR R (B RN S B IR R . 25 E 1S B EMRH AiL fh
FERMBT B I B TR T 37.16%A1 27.46% . JHILIND T K LLAN NIRRT 130, TR S T J= R
W S R D) DURR B AT 4R AR R SR S I EE T, IR R EMRH 2, SR B SRR
£ 350°CHl I 2 AR NI T8 B Rz e P . B DUAR B MR ORI, B2 R IR SRR RE i 2 T
LR RE I ER
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1. At st 8w 7 b
2. JEE R
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AR RE. o, RS R A YRGS I SEBR B T, AR YERISEAR . [ H 2 BB DI ), AR
T B SR YEANR LRI AN LT Y- SL R IURY o ST AEA R EE K307 T2 ZER BN 4 SR T AL AR 73 BO IR 0 1
TiRATHEBAT Z JRIREG ), oy kI DL D SN, A RIS, RIEDETE 2. Bk, A7
St T RN T YRR I e R e (6.27 GPa) MIFLHTERE (49.3 MPa) HYCHEHENS . J@Id 5] N 4k
MR- SRR AL JEAAE L5, (R HELTHES SR, HESReT i TREN SR T, AR ERAT e, Sk
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SR ERINVE/R BN
palhi /NI AN
RYIBAR K
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FHORE E IR TR FEREAR . AR B . S REAE DAl o (o Ty ST BEVRATA T e ) S FH A5
C S BV 2 B XN N BE R 2 S mE TR o (H SR NERRBRARAR, TR 75 2 v R U U s AT A
Mo

AHEFCRIL > Pd/ TmsFesOr (TmIG) 55 45 H (11 #1 N /R RN (Topological Hall effect, THE)R] LA Pd
SRR PR /AR REAT AT, I H THE H AR Rl R PEIE 21 100%. BE4h, @64 Pd/W/TmIG =
R, WATKIEME W ZEERA 1 nm, BAESTEASUE THE. XX =25 R4+
THE 5 H W/TmIG F[H 7=E ] Dzyaloshinskii-Moriya A E.{EF(DMI), 57 mE NS HEMRZ DTk, &
e — 7 K, {E PA/Cw/TmIG Fii4sd, SR Cu 2 HRPUERGERSNRESE, AL Cw/TmIG
FHIARSR AT L A2 2 % 1) DMI K15t THE AZ W Fede it 17— o7 iR A i 1% B e i 5 a5 A8 1 1) THE,
RNRZEFET A e v ae fF ) 2% mn R BUE SR a3 384 78 % . [1] Lin Liu, Hongyu An, et al.
Reversible manipulation of the topological Hall effect by hydrogen. Phys. Rev. B 108, 024422 (2023)

SR CoPd 2 5 HEHUEAE RBLALBIFERR IT
VPR, A
YA K2

BT B T ARV EREN A ROR (MRAMD UG B IR S . IRAERE. FEH RME. =%
VM E, ARG EER . H AT RIS =AUE T BIgPUER (SOT) [ SOT-MRAM,
RGOSR TS

R 45 SOT-MRAM (%0 45H, . SOT 38 7 KEF AAMIRIE. HtRaE e
JBJZ, T EEET A RPUEREE L SOT, FF il T NEkHLE I A ROy it 42 i Bk i = 1w Ak
Jrile BOLMIBE TR, SO EERENEOT, BREEBE R L7 SOT, Jf HSeHl ik ah i ik
BEE . B0 TR ML R SOT RYBEFTIE A A5 B AE SRV E L N i, AN ER IR IE H 2 i SOT YW 7T ki
Bb.

AHFCUEY, fERAT Pd B BEEE [ CoPd HUZ M, A Pd (92 PE R] AT ROR 23 SOT (1)
PR TR, IR REAT AP AI CoPd B JZ RS HH HL RIS WA AL B0 A% Pl 75 O i S L 3 B o 3l X CoPd
B PG PR A 1 A SR HEAT 0 M, I CoPd BN NARTE SOT Y% Wi 2 CHEH « Wt 7T
M T R AMB IR Z R SOT U7k, R BRHANE SOT AT AR 1 — Rl s .

#7E Mn { Ni-Mn-Sn &SRR S RAHER.: B—REENLE
B BE. AR
RACK AP RIRL A 5 TR AR RS 17 2 5 S R SR 0e =

Ni-Mn-Sn J&6 4 R HAR R (k2 D BeAT T 45 52 %0k, A 73R A R ) B R R IE o 5 R ) 55 IR
IREERIEE DI C . SR 1T, A FERTHRE K Z 2 7EE Mn 7% Sn &4 R I B IR S NM 5 [k,
T A S5 v ok B B A0 B A RE PN S8R ('8 Min % Ni Al Sn &4 RIBRISTHEA A2 B, X
18T 4E Mn £ R 545 KRR RER N T 0EAT . ACEEA SR 55058, MR T
Ni24-xMn18+x+ySn6-y (x, y=0, 1, 2) A& RTERMAE, SR 6M 5 [RARF NM L FoAR R AHFEE HE A
WETERE, AR IRARARAS RN J15AT N . i3 8 T IR IERLRE (Eform-A) 5 Mn & & (XMn) Z [#] 1)
KR FE: Eform-A=507.358XMn-274.126, LLK 6M 5 [RIAHE fig (Eform-6M) 5 Ni f& (XNi) Z[a]f)
KA TFE: Eform-6M=-728.484XNi+264.374, FHEL T YRR AU RLAE 1) = oM B 12 Mn 2F#K 6M
5 [Rf& (MagbM) 1 NM 5 [Rf& (MagNM) [P iR, HCRITIEMT: Mag6M=-15.905XMn+7.902 Fl
MagNM=-14.781XMn+7.411, Ti*} B AR SRR S BN 0% . BT 5 IR AR I3 %, & aARW]
REZ ] Ao6MoNM AR T A GG IIH BN )15 4R, 5 IR IR BB x s i BefC, B
y BB AN . X e st B B9 TN Ni-Mn-Sn & 4 HIARRS & PEAIRE M REAR (L R S %,
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BT H RS R T R B 5 v BRI TR FRORS 1 P15 987 o
. T
B K S BR ReX

B VR 2 DA ey IR 9 5 AR A A RRAE AR ARU A 800 o B PR A 1 S 2 BB 2 s, | T As A
PIRAE S Rl BRI SOREOASE, 88 & 5 EURREPE I S SR AT RO 358 1) G 28 S B T RE R A, A
T BELAS I AR o 5 B 2k A8 . SIEER, M1 A (24 E VRN BRI R R %, 9+ A
ML M2 B (BLge) AR, xXfEARYE M1 BIEVRAIRRE, O Ea iR, thah, DLeu e &k
R AR R R 4 B R T B0 A g — 20 I E A8 R A S B, kI BELA I A AR S e A K, TR R 1
FA, M E RS O @A

AT H T RNEF RN (HCS) Ml 2, 3, 4-—=FHRHEE (TBA) Z IR b S o e S BEEF 71,
PAJ AR A0 TBA Z[a)(m i fe Ao (1) 0 R A2 16, RIS R = ek s At s sk ng (Py) 7E7KEE
W R A G, — Bkl R R R R B B B A )] P T K B
(HCS-TBA@Py). HiAAL . HEAL 2 TARSE S I0AE T 1% /KR S AL R, BRI R . RS
5 A BURIESE, R SEHAE AR 1 PR AE 70 S AR AR SR A8 75 T SRV 7. R, 1% 2 Dhie 3 rioK Bk e
AT R0 B P S R A0 i A B S Kz KB 5 F R & (HCS-TBA@PyY+ES) J5 , i1 RT-qPCR
5 WB S2I0E SE HAE IS A SUSIE BV A S T-1a. (HIF-1a) A1 c-JUN-AP-1 {5 5@ B, 84 M8 P 52 40
TESRE IR R IR IRE 7152400, R NI N B AR K7 (VEGF) & p-ERKI1/2 MIERIE, SR
LA B MARK B4 5 5T % . [, HCS-TBA@Py+ES IEREMSIEIT {3 NF. GAP43 254
RMFEER AR ARIRIE, FE RSN B — 2 g0 g a) Br 3, BEmfe b a2k . HEREIEMZ,
HCS-TBA@Py+ES g% L M1, M2 B EREAH AR iC B R S A DG e P B, R GRS A %058 M1
RE LA R EEEE ), R BRI r) M2 BUR . Sefa, a2 Sl R ok ISR DR, FIA
HE Jeft, Masson 4o 3Pk 15 3B 3K % B ALK, IERIH G2 22 et 49 iR A 2 23 b i A il s
&5 K E RN ACTE DLEEAT B0, BAH T 2 Dhfe 3 r Bk (HCS-TBA@Py) 7E & HE0E FR s 1 1 & [l i
AR RIS BRTE PR, S AL ARG, I HLSRELE R ) M2 B AR A DA B Rk if A A
Rt ZAE 57 THT ) S B FH R, D 2 T 50t W R 18 1k ) T 785 (1) F 0 B4 ik A

Biomolecule-targeted functional dyes for imaging and therapy
Beidou Feng,Li Zhong,Hua Zhang

Henan Normal University

Mitochondria are the center of energy metabolism and cell death regulation in cells, playing a crucial role in
the regulation of cell survival and death. Therefore, by targeting mitochondria and modulating the expression of
relevant active substances, triggering mitochondrial dysfunction and thus inducing cell death, it may become an
effective strategy for the treatment of cancer. Based on this, this work developed a targeted photo-sensitizing dye
PAT-Cy-I for hypoxic tumor treatment that is specific to mtDNA. PAT-Cy-I accumulates in mitochondria through
insertion of mtDNA and causes mtDNA destabilisation via PDT, leading to mitochondrial dysfunction and
subsequent cell death. UV absorption and circular dichroism spectra show good binding of PAT-Cy-I to mtDNA.
Solution and cellular experiments verified that PAT-Cy-I was capable of generating large amounts of ROS as well
as inducing mtDNA damage under both hypoxia and normoxia. Tumour therapy experiments in mice showed that
PAT-Cy-I was able to generate large amounts of ROS and inhibit tumour growth under specific light exposure. In
conclusion, the present work provides a targeted photosensitive dye, which is capable of target binding to mtDNA
to achieve in situ induction of mitochondrial dysfunction, and is an effective tool for cancer therapy.

Regulation of excited state and enhancement of dye function
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Yafu Wang
Henan Normal University

Photosensitive dye is one of the key factors to regulate the efficacy of photodynamic therapy (PDT), the
structure design and function strengthening have become the research focus at home and abroad. However, most
of the existing photosensitive dyes still have some limitations in tumor cell lethality and efficacy monitoring,
which greatly limits the clinical therapeutic efficacy. In view of this, based on the biological characteristics of
mitochondrial DNA (mtDNA), which is easy to damage, sensitive, and can indicate the process of apoptosis [1, 2],
this work takes mtDNA as the target and constructs a series of mtDNA target photosensitive dyes (DSs) through
the molecular excited state regulation strategy. It is expected to improve tumor lethality by rapidly inducing
mtDNA damage, and adjust treatment process with accurate feedback based on real-time monitoring of mtDNA
damage, so as to maximize therapeutic efficacy. In this work, through a series of optical and biological properties
tests, the dye molecule DSs can be highly bound to DNA through small grooves based on a special conjugated
structure. At the same time, the molecular conformation changes significantly, which causes changes in the
distribution and transfer of electrons within the molecule, triggering obvious fluorescence signals, and realizing
specific and highly sensitive monitoring of mtDNA damage. In addition, the introduction of heavy atoms in the
dye molecules enables them to induce photodynamic therapy when activated by light and exhibit high tumor cell
lethality. Based on the above characteristics, further verified by living tumor model, dye molecules have high
tumor cell lethality, and can monitor and feedback their PDT process in real-time to adjust relevant therapeutic

parameters, and successfully achieve efficient treatment of living tumors.

Targeted peptide-functionalized reduction-responsive polyamide amine as vaccine adjuvants against
Streptococcus pneumoniae infections
Hangeri Liang,Xiao-Yan Yang,Sha Li
Department of Bioengineering,Zunyi Medical University

The iron uptake ABC transporter proteins PiaA and PiuA have been reported as candidate protein antigens
for Streptococcus pneumoniae vaccines. However, protein vaccines alone suffer from weak immunogenicity and
limited level of immune response elicited. Therefore, we designed a reduction-responsive cationic polymer:
bisulfide-bonded polyamide amine (PAA) and modified 30 amino acids at the C-terminal end of the
peptide-Clostridium perfringens enterotoxin protein (CPE30) at the end of the polymer by an amide reaction, to
obtain the cationic polymer PAA-CPE30, which has the function of targeting the antigen-presenting cells (M-cells)
in the mucosal tissues.PAA- CPE30 was used as an adjuvant, and the fusion protein PiuA-PiaA was used as an
antigen to prepare the Streptococcus pneumoniae protein vaccine PAA-CPE30@PiuA-PiaA by electrostatic
interactions. The level and type of antigen-specific immune response induced by this vaccine preparation in mice
immunised by nasal drops, as well as the immune protective effect against Streptococcus pneumoniae in the
attacking mice, were further investigated. The results showed that in the presence of the vaccine adjuvant
PAA-CPE30, the protein antigen PiuA-PiaA induced stronger antigen-specific humoral and cellular immune
responses, and induced stronger resistance to bacterial infection. Mechanistic studies revealed that the vaccine
adjuvant PAA-CPE30 prolonged the retention time of the vaccine in the nasal cavity, promoted the uptake
efficiency of antigenic proteins by antigen-presenting cells, and mediated the lysosomal escape of antigenic
proteins, which may be the mechanisms by which the vaccine adjuvant enhances the immune effect.

TR E T R KA R ISR BT
BAEE . R, L SR EEE
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64



T EREL R 2 2024 5 i SRR & FB04 #HH N AV &

WFFE T REEER VM RIRE I, DA RLE BRAR 5 ik FELU ™1 X6 2% () FL A RS2

BJa, WA R, A DRI HESFHIGME] 10kV~25kV, DBC & @il moRei vl
RER R HWEL, BT R a5, BFSC T PWM HL IR A B R IR . AN 15 25 U Rk e I v e v el
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CLARIE K TEH L ZE A5 BRI BH e FLit H 42 1 HISF

LED TR Eh AT S5 ol 1l B MR RE AR AL 52
5R3C I
PN B TR
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I 22 AR A RIFRE R, I8 I bR e B I AR A ) 4 B vhond i 2R AT OB, S TR RAR T K
o BHIUT RGP AB HAE. S Ae s e RN AR fE =R RER I RO U0 T8 2RI RGERKIBHIIY
i AL Ao A AR TRLRE LA sz mi R o

FE=AE ARG, NITRIESHN AR E S 5, 5 AR R R R GEA R BN AR R KEL
TN B BB BEY RO S A, R IR SR A T AR RO 454 s 55
BoeWpt AR, X —id R, AN BOR AR ELRME L e ae 4, TR R TV 2 ke O 2 S 5
25 SRR LATC I 77 A8 A2 RRFAIE R AR I A2 B R 8 SR AR IS AR . B ARSI A TR 3R . B
[AIFRHERS , SRR AE R A S B A B2 AR, DL NARAG IS R h ) & AR MR SR R BRI . BEE 3
PENAZBERIIE AN, BESHIZRILH S v (K 4 1) Sk, JF A — 2 Vi A DR R A AR . B SRR N AR RE
BE— PN, AR 2 ML 2 I RAHBE SR, TGN 7 = Ae k2 [ A P AR R AR G mT e
SRR A s e N RS REAE FH T 22 4 22 W 2 M A LR AR I RE BRI IR LR T 56 DRIR AT T [ A AR AZ T
N AEAL S ) Rt

Ti-1023 FEAHA B B RESHEL R SEHRERRR
TR R EEL KRB B, el
PEAL Tk K%

WAE B AR SEMSHRMEN A IURA T IZ IR . HAE B kG e p AR EERIR, HAE
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AR T I R AT L AR BR A AR 7 AN AR AR TE AL, anZRtE . B R D IRARARAE (SIMT) 15y (R4
e (MR) & Hodr, RERE R (SIM) (AR 24k s i AR Ak, X ml gesgim H 5467 85 1A
HAER, MNMEmE SRR N T 2R TRV B ARE ST S IR B st A, AT
VEAE B SR A7 S 56 T-BRIF A 7 AS B 7Y Tio10V—2Fe—3Al1 &4 A8 ik P v 1 A4 45 by 1 36 A R G 155 [l sl 38
IR FR. 4760 CCREVAIG, %64 MORA L HEEH B FRIAIAIAE o BURLALRE, T [EA IR B4 & 2
780 °CX} S5 Hl B AR ST IRZ MR /N (4.1~4.7 pm), {H2 5535 PG o AR 70400 2k 2R3 [V IR 5 22 800
H1 820 °CH3 i AF o UKL A 54 /D N 52 R ANAELE, DU B ok ]R~F 43 )38 K %) 109.1 F1151.3 pmo  H4b,
E 770 °CEY B w5 [l v Ab B2 (PR R AEE B R S IR (TIMD o #05%,  HLATE 4 760~820 °Cifi & i [H]
[i] V5 A B 5 R REAE R AR AR T i AR AR B T XU RIS . X T4 760~780 °CLEl 5 AL BE 1 FE, ZIN R E
B SIMT W25, Wixd T2 800 Al 820 °Clal VA AL (i, B i MR I FE5 RN . [EEE
BEMAZ, SIMT/MR i F2 30 B 7 ]V (0 s i 34K R R AR TERN B, TIM o iR 25 B /a4 1 MR
A2, HANERE oA, T SIMT i F2 0] LRI A BEE AR TEREAT, o AHE I AR T A8 AN L HY
], CEARWIAREI R 5% A RH R o 2814,

RS SHE TR K8
JEWR. KR
KRR

The relationship between available phase-field models is not clear due to inconsistency of dimensionless
benchmarks. A general form of the phase-field model for binary alloy solidification is derived using arbitrary
benchmarks including concentration and temperature. Different forms of the phase-field equations are obtained by
substituting specific benchmarks in this general model. The effect of the benchmarks on characteristic parameters,
including capillary length and relaxation time, is discussed, and a reasonable range of benchmarks is determined
by evaluating both computing performance and numerical accuracy. The dimensionless phase-field equations with
arbitrary benchmarks are validated by simulating the growth of two kinds of typical alloys including
four-primary-branch (e.g., Fe, Al, and Cu) and six-primary-branch (e.g., Mg, Zn, and a-Ti) patterns in both 2D and
3D cases. The proposed model establishes the connection between models with different dimension benchmarks,
which provides guidance for further improvement and application of the phase-field models.

T Ni75Cu25 & AR B EA R R
J FE
AL Tl K2

TV e A bR ek [ P A R AL B 223 1 60 SERIBTTT, DO9RE — R IMR R R A . A SIS
SRR AN 7 T T ¥ Ni75Cu25 &< bR 4itb Ll . f5 B EBSD RAL > #r it [l 4L 437 /Nt e AR
AT B R SRAILE, IR 2530 7 SR RO 5 FRUBE 3t — 20 ot Lt [ 20 2R R e AT ik
AT T S HAIE . B 08 I AR~ RS e ] S0 R B Ni75Cu25 & &AE/NE A N4k doki B 2 sk, Kol
oI SR AL 7 24, T IEE MD W& G AT R AR R R, AR S B o R R BB, B
TN S MAFAEZIL R, R AR 70 200 S 50 B AR P O G Ty AN g o, 0 3R B A e i 4
Hy, IXRMRFIR S F e — ELAFSE 1

# Ni-Cu F&F BN F1E 80T 31 /1A BB
A
B[N
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X ] A5 RS (80 7 5 S LG BRGE R AT T HOIR N FEE B P2 R A8 B i 5 31 4 g ] ol A2 K
W SEHEREE SR 5 WASH A R 2 SR A R KT 32 TSR3 T B, B ARSI IE M 8 1 2 Sl AR it
T2 FA R 2 S LI R AT SR AR U ) — S BRI . ASBIE ST LA Ni-Cu B & 8001, A Bho>13)
JIEERRAN SIS G i v ok [ o A% £ 5] A 5 T A2 3 0 2 R KR SR LGB G R T g 17 5 RUEE 23T
SR S8 A3 6 4 RS M AR U T A% 42531 201 0 2 A0t I8 1 245 S B SR 0 AN T IE 1 i) R, B 1 [ A T
LRGSR K T AR o3 AR BE LV FE AR A, BRAT T TOAEAT S Bt v (K B A i SR o B 5T i

B B AR ANE Bl Y T TT B0 6] R A4 T PR 26 SRR
RMETT L IR BRXU 2, A !
NN PN
2. CompuTherm LLC

A b AR A A 5 ] A A7 AR IR, BRI R Vs By AR [ AHE B S A B [ 2 21
IR s EEAER, 2 R RE T AR R . AN SC MG 31K 24 2 (Lattice Boltzmann,
LB)J5 i%:A1HH37(Phase Field, PF)JjA A, #E 7HTHE —u & &R E KR SBsh RS,
FIFH & 7 5 LB 780 2245 itk 220 ol F IR A it AR KA AR BN, SR B ALY B Rl s A o ()9 o
Wz . AR G) N FA DY o A BRARHE T R 0 A A e (1) 8 ey e, S LB 7 AR il i ia e i
AR, SR AR BE AN [ Bl B A8 ik v S B R T2 A E R IR 5E, S T I8 SR i A B
BT o 1B AR B[RRIk T V& AR A 3 2 0k 1Y) DK T(drafting, kissing and tumbling) Bl %, EGAIE T 7 f1)
YERIE o AT 7T 7 SRR B B 2644 R Al-4.0 wt%Cu & 41 & B FRIR & 1 38 A48 KA s AL it
o SE R, FROUE R 1 & AR d i AR i R R s . Bl B A f 380K, B Al e ik N 52
GERKP B A TT 7 AN R E I B SR A P A AR AR KIS Bl R . 25 SRR, SRS B2 1 5
M, BT FEORL SR TSR BIASKIRR, 1 EH A it PR A Rk 2 [ T B8 PR G ORI G K. A Y R 8 A R 4
R Iu A S EIS R SRR WRYEG B AR AR EAT N, o T SO R AT B AR TR AE B
1 R i AR K AE B i FE A s B

JtFE4L 3D T EN e M Ao TR A B AR o itk 1
MEE'. ek 12
1. A7 K
2. Nk AP A

3D FTENHI SR A BRI A D) Re A CAEVF 29U B N, (H7E SR SRR AR s 2 1 07 T
PITHIEAR A Bk i o 7EIX B, 1k R R e R A B T U (Ui Y RN AN IR HR R TR R D AL e (75
IR SE D MBI 2% ST BpRskul, RIS (REEH IR NIGEREEM AR 1o6E 10 3D $TH7,
G ONZ I HA R G AN IR 5 P R I 2 [ 1 22 S S B SR SEM UBR PR RE R iy o FEIX R L, SUBEE B T 406
NUBCRI ) RE S AEHL, I S A fE Rl (R0 R IR T Ao YEAZE I, [Rtk, 3D #TERfa
PR R I A N R U A 3 H5R T y 29.3£1.1 MPa, Wi N AN 754.6£37% . HITE 57.9£4.2MI/m3.
Wi RN 22.944.2kI/m?. IX PRI BT DAERAA i B LR I B 2R S A R A RL 5 1 . Ak, BT H
IR BRIV AR MR . FSER, nTUMEA B (EIEFRER-IR) 7GR B e
FARSEEAE NI 48, 7R 1 HAE TRERIAE B2 N 7 T BRI 7T

LT SRR R PR R L 25 ) 25 ) 45 S K B e FE DU S AT R 2 e e

BIREL RE
R R
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Bt A S IEAZ R I AR E Sy, R (bR ) S S L AR, AR et o i P S~ e vt [ o A
FER R AMEAE K I A Bog AR .l JE A A ST NBAA S AE KRG TS eE, &R e SR
b Ak, AR A RIFI %R, A, SHAE S BA RRE ShE M EY R, AHEEEE
A H F 8 B AEP R AR Ti-6A1-4V & 4 AHFFER HLF OB R IR M5 Rl (EB-PBF) T 25 4 1) Ti-5 wt.%
Cu BB HAFRFE CERmSMED BB AT AT 7o, A= lilss REm, S
FHEL, RIS rEA A AR Tk FEL A 2 P AN B v A A B, B L SR S 0 S ke
% . 2% SEM. EBSD. STEM %5 F Bt O AL U4 K R FE Cu im SR H3E4T T RAE, T #Em[X Ti2Cu
PIRENTH, B0 EAEE MR BT o 38 ) e e 1 8 7 sk g 73 R 0 T 52 300 B 2 PR i Tt T 30
b T B4 R RS R 0 P 2 ok R ST HL SR IS A e R~ A o T B SEAR /N
m T BN R R AN R = AR R . TR B, EB-PBF Ti-5 wt.% Cu & &8 AT N & ml =k
SR EMMMT SRR A0 SRR 2 B S R o,

Post-heat treatment of laser powder bed fusion fabricated Al-L.a—Mg—Mn alloy: on intermetallic
morphology control and strength-ductility balance
Xinkui Zhang,Liejun Li,Peng Zhengwu
south china university of technology

In this study, a newly developed Al-La—Mg—Mn alloy was subjected to solution heat treatment for the first
time. During the solution heat treatment at 500°C, the continuous network AlllLa3 intermetallics were
transformed into a discontinuous granular form. Ultrafine intermetallics (~0.20 um) were achieved via multi-point
spheroidization with the aid of endogenous nanoprecipitates. Of note, the intragranular intermetallics were inert to
coarsening, while the intergranular intermetallics grew gradually to ~0.58 um within 6 h. Compared to the
as-printed alloy (UTS ~588 MPa, Elongation ~6.4%), the solution-treated alloy at 500°C for 1 h (UTS ~477 MPa,
Elongation ~14.3%) demonstrated a remarkable improvement in ductility, with a 123% increase, despite a modest
decrease of 19% in strength, thereby balancing the strength-ductility. The limited decline in strength is primarily
attributed to the high-content solute Mg atoms and thermally stable intragranular intermetallics. Interestingly, the
mechanical properties were independent of the holding times at 500°C, despite the coarsening of intergranular
intermetallics. This is mainly due to the optimization of intermetallics’ scale distribution, which tailors and
equalizes the stress distribution between the grain boundary and interior, as well as between the melt pool
boundary and interior during deformation. These findings provide the first insight into the effect of post-heat
treatment on the intermetallic evolution and mechanical properties of LPBF Al—(La, Ce) alloys.

BEERETIR Mo IRINT Ti6A4V & &R BRI 5 K Wi i 38 7+
MR ' RFEEE . B, gk, B2
1. K&K
2. PEAE T K 2E

T[] B 1) 3 2 2 FA T 52 Tied A& 7125 R IR T, WAL T Mo (0, 1, 2, 4 wt.%) i e B R & T
F(DED)Ti64 & 4 SR Jy 2 VERE FUREIH . Ti64-1Mo & 4 a-M Ak BB AL P 55 8 M~1.12 pum ¥k
/NFI~0.39 um), o-HREEIIAE S HARIRTS, o AR B EIG R, SRR B IS 2 FE RS, il
THEOEAT H(LS) SRS O ¥ DED I #2 H Bi) WARAH , 19 BH 1 404k B ZH S i % 71 5 PR Re 3R 15 5 R pL o
BEAL, B PRFR T2 SRS (R 2k e % FE (HE) MR ZR B &% BE(LE)) 315 1 Ti64-1Mo & 4 A R A B A4
4. FXTT LE #E85, HE KRG BB TS A a(aGB). B KK o A BRI o $05%. HE BE5 R I
BRI, 2 114.0 MPasm'?. 3@ T8 %1%, HE FE5FH oGB AR o SE 1 S AN
S IIAE 2K 1 A B I 7 BRAS R e e 2 OB B E o X B2 U B L T DUME ARk
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LAk EWRPIMEAR R NS, SLHUEM HiE k& o TR N 558 PR SR

WO AR R KA Bl LA Ti-6A1-4V &8 BRI PP 4T
FREKS RITEHL. R KEL BN SRR
FiERGE R

o R ARTVEG S Jo P R 1 A B A 3 CAMD KB S P R I B KBk . o T R s Y8 1 2 (R R I
AW FEE T O KRR AR (LPBF) #1457 Ti6Al4V-xMo (x=0, 1, 3, 5wt%) &4, LIEZR Mo
TrEX R AR ARTAT R PERE R . 45 R SR B, LPBF Ti64-3Mo & 45530 T S AL 15
JE-SE P4, X EEIHE T Mo 75 SR A RAH HH E R o AR S, ARSI B 0N 2 a4t 1k
A ROCARAL R, T AR T B AR o AHITE e JEAL R A X S ZRAT 5 A 5 - S8 Bt
R, BAHMRSC KA, JHEBM DR A B — o MHE AR ST SN JEHTE o,
o 2R i TR R ST A o BB B R T oo ST I RS A3 A . EAR, Mo 2k T o't 2 RIFFE A
A BEOE, HE iR VIR, AWFARN T LPBF ARG SR AL T LR, 1% & ilid o s ik
B AR AR, T 75 A T B R S B B AR ) 508 B - A R A

A 3D $TH! FeMnNiCrAlx & & H&&m i w5t
MRESRE 1. BhEifE L. 22, mARE . BEA L RSTH L MR !
1. HE JE T AT 7R
2. MB K%

1% H R /K HE — (] B K BRI S5 WA B e e B2 T B0 s i EESR . IE4EK, 2 F 0 FeMnNiCr £
A S TES G4, RIH R . AT 78R H M i % X O stk (SLM) 77 v il 4 T
FeMnNiCrAl(x = 0, 0.5, )R = aaSAs kL, 0F7T 7 Al & 8% FeMnNiCr =05 & &m0 2H 24 R ik
PERISZIANLE] . 5K, JAFHIEM HIE = & SR EA R S ECE R, 383 97%0h F. S4THI T
SN TIE 100w, FEE 1000 mm/s, [A]FE 0.07mm, JZ/E 0.03 mm i}, FeMnNiCrAl % E iR, 1A%
T 99.37%. HIALEALE KR, 3D $TE] FeMnNiCrAlx £ & & 4 il 4 I A FeMnNiCrAl>FeMnNiCr>
FeMnNiCrAlo.s. %8 7 ]y HE RS 1] 3 e 68 G 4 000 F o W v A0 JE ol P A AF DA 98 B8 L RV S 4 5 4 =

o

WP A O AL SURAE HY SE RO 90 5 T A
E—
IR PN

ME: SRR R G e R R IST B BORS AR N SO I 28 2 B T IR A RHE R i . 5-F5 13
an TR R, EE BRI RIS R TR & R AARE TR, BN ST R B i 4
HaMAEEM R R, VARG s R g, HOUEREE AT Z T, DUINREIF A%
o ABFTELL Al-La ek it iR RO O B, I BB WO B AR SC ISR VPl 7 -G M il ig T 2- st
R Z A ORI T R G R 2R o 2 AR AR A IR BE ARG SE M A, DASR S 45 SR D9 N A AN/ B4z
IEE, e TIVERMG XV, it RE T, R e IR AR, SR T MR R
SRR RHEI o B2, X LEE [ Ry R 25 70 5 SOV 2 2R 32 X [ ATV O O A e 618, DA AL S ik
WAL E TEZS IR . AV TR MGG D& ENAD BN TESHULR A RES. K
MR

() HFEA AL IR R, ARAT W] DARTE ARt R AR IR . 5 R0 -# & &k R
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AR B AR R, @ e foe SRR, SRESRMAK TR,  DASCEIURE fh/3t AR KA AL IR RS 1 SR i -
FHEE TAE B L AR AT, 127 VRSBl T SEAS b i SR A 1 A B AR IS5, S R 5 Sih s R %
L R AP0 R 2R

(2) Ham A 3 A O ZH 23 B EL 0.002m/s A1 0.011m/s FO AR K B | 3 s 1) W 3t vk o o1 WP 3t
em 22, A It TS D PRLR 225 ) P s PR ANV O AR B e, v DR P P R A I R FE A B TR
o
(3) AT =4EELE I L, SLREMTIEE T DL A ERFE R (D EREEEN, LR
7 J2 D) B AR AT B 1 T T BRI . (XD B 5 3 3t ) T B 5 5 o () PERA 3 SR 1 2 R B oG il i i G4
e AR KRN AR RO, SR T —PioBT 1 B S R T R I o A U A R (R B S T R A B R (AT EE R
HTFERMIEZ A 22, FIREAAR IS AV TR FAK, TERE RIS,

(4) FET RN, ME TR (O AKEE (V) RERE (G)Z MM S M i £ K .
1 AT DL B IO AS [F) 4T BN S ORI 2E 2 1 4 it o S R ROV 2 23 B AR i, R A L SRk PR 2
KRS, AT IEA G- AR RO PURTT R AER A R L.

WC-12Co ERTEH A HIH| % S 3 LPBF RTEMHERERN 5T
BTGz 12, PRAE 120 5042 120 Tl V2. BEE 3. BFARE VA g 12
1 FRINK2: MERLRL S TR b
2. HE S R e =
3. g Tolk K2

BRSO R AR K RE (LPBE) i £ 08 i & G B = = i B BRI 5 A0 AR ) 33, AT 90 5% FH 5 4
LB TEALR 2% T BB WC-Co Bk . BRIE WC-Co #3KH1 WC. Cov W2C. C Fl CosWsC 4%,
B O B A A B TR T S 3G AN Ry T AR R BRI T /N o IR ST S5 R AR B 5 A T 2 1 14 7 e gk
AR, BEIEE R BN TR N . BRI WC-12Co oK FR AR S (R R R, ELUK R R Sh AT
P2 55 P 5 B 1 R 1 E ) 2 IE A OGS RALERIL T ZE S5, B3 THEME N 9.23 s/50g, MABEE N
6.98 g/lem?®, FifE53A N 15-45 um [ WC-Co My AR . fEHIERE I, PUER WC-Co ¥y A5 EE, XFERE WC-Co
¥R #) LPBF BUEVEREHHTINAE. TR KR, MFETLESECR, BRE WC-Co ¥y A il & 14T BN 1 fL
PR HRSERN, DR S m B . b, HERIE WC-Co Hi oK Firiill 4 14T ER4FR T 2 IR
YRR SE B AT O AE), H WC @R~ 3 RST/N T DGRk A R T ER A, R 5 S 50RN B Al e
& 437328 0.401 1 1630 HV o [FFE B BAR T 1& Rk 4T B

Fe SRR S R TR 2 5 T M RO
B2 R
R A

TSR A Y8 2 A48 (Continuous carbon Fiber Reinforced Composite, CFRP) HA 11 HA K .
R M T, P RO R RN R, RN, LR BRI PUESSE
T B Ml S5 A0 B AR ) 30 A k) o 3 i A G TR 22 A% MG A ) 34 1) 50 Sk A 4B s B S A R
JEAPARE, e rh DS TE TR I Sy 55 A (1) Pl 22 A1 b At 53 ) iR 22 0L B AG 55 () 7 2t e, H R T SR TRk TRk I
KRR, B ACERE ,  ESR AT AE oR SR BR I TR 22 M DU £ . FEARIR S, TS RRBERS T
PR 1200MPa, FLERF/NT 3% L HR LT AE I 9 SR IRIRIR T 22, I 204 1 il a8 i R vh &% AN FR 0
TR 22 i R see, 152 1 £ S 1t B 1 Sk A 4 1 o SR BRI TR 22 1) T 205 1. [N A7 22 R
TOULEE A TGRS 11 55 77 TG i 46 R TR 22480 T R VERIPERE VAl o AR TAEXT T4 B2 302 2% e 12 e
SRR A4 R R B R TR 22 B S % AEH .
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X EOBEN L E UL & SR A SRR K& 1R RERT 5T
(ZETNIE Q7 N T
TR TR

A TG X B EFEE (SLM) $AR 5 #i7 AlCoCrFeNiy.; J& i i85 & 4 Fll AICrFeNis 35 i i & 441
i, WAL /A4 SLM BUERIER M. LI RRHMME S B REZN TEE N, &mil
HEYIEF] 99%LL b SLM A5G4 B LA AR AN s R S5 4, 72 AR T B R 4 MR AR IR S 2544 1)
FCC HAEIE B2 M. RN TS B IFA S R AR, HEEEEBOCRE R s m, Ak
AR R ST AR K, R 2 XS I B S, S AR R R e R e P i o R R AR A T R AR A TRV R B 1) 4
AF o SLM Z5 1P Fh -G 4 I AR BR B 5 P A M R A8 43 73 ik 1076.2MPa. 20.8%F1 1146.9MPa. 7.6%. %4
AN FJLRE RN TR ) AL B 5, PRI FR & 2 2RI ME RE 1S 2133 — 24T+ . AlCoCrFeNia, & 4 1E i 600°C
IR K, Prbon L E SRR, A SLM 5 1076.2MPa &7+ A 1481.1MPa, 5 M 317.60HV #2742 507.87HV .
AICrFeNis & & 1E =it 1000°C R [E%, PrhusmfEisE] 1336.5MPa, 2N 12.3%.

ir 17 Y AR AL AR B 48 1 2 R BE XU T B B DGR g B LR BRI 9T
BHEEES SKID
HAPIBEOE AT S O

AR LA B AR A A A IR SR L 28 W, TR T — Pl B 98 ) O T il e B Rl
AL AU BE B XOE T 3R G A HE YO A, e rp DU SV ) AR A P3G 58 1 LRI i B0 77 " P
BN WA A A L T RS E AR RSN 1 71.4%, Wigd s FEIE N 33.3%, BB HE 1N 35%, BEFEHE 0 29.4%,
I EA 5.97M) m3 (. JFIE I FORPEARLARSEIIESE | H R ERMA . XOLTRE 3D 4TH
RIS RN, 5 HARE A AT C 2B FL A AR AR5 (3T ENTERE . £ — RATBHOETI R (SmW £ 50mW).
PR (100 2 100000um s™) FSLIACAHIFTEISER, [N RT LT B BAT R R 45 M 1 LA B0 T
ITENS R RGN T R, 3R AAT 5.2GPa (AR 0.22GPa IBERE, (RS 1 OLIINLIERE . Be)m
JER AEIE BATIRTS A BE 7T, TR AE PO B IR N ORAF, AR ERESIIL T KB YR A

1 BT K HORL SRR & 4L SRR R
R, R

SIP

A B R AN T E & L e FLREE S — IR TR, NI PR = 2 B T e A B8R A
Bae, Ee FRRRE (Fe-Mn) &4, FATERK I AMERER R FIAEYIARENE, RN H
AR AP VL. @ X B0 EAR (SLMD AR T BEE S G450, AL A2 AR
SESE N, (HAAHTAL Mn (958K, RO a-BRERREVEM, AFTREIRBE (MRD st
B ~ 5 wt% 4 (Cu) Joz Al DA E ARRAE y- B IRIRAR, T H Cu BAT T ZMPimtE. REWIT T
Cu JTH NS Fe-18Mn & e A AU AR MR AL REMISE MU R, 3RA5 1 omE-28PE A, BRI A& BL &
MRI FH A Fe-Mn-Cu 54, 3040 i€ 1 B2 HI AT B MR AR SR AR L A5

Botik X2 REER KRB/ & SRR KR8 i

SRR, LR, (Tl
i N
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S22 0 SR UM RE PRI T SRR, it B s BE- 2R O R E FH R S it e IR LR 17— 2%
ARE . R, ERA™ EEEMATREIL T, BRGNS B fIE L P BBkl At
FCRIHTIE A PG 136G & <5 P IR RIR S, FEROEIE XL Ni35Co35C25Ti3ALR & gl
T L 2 IR K AR e 2 RUBEIR KR S W ) 9 K AT HE X 2 LUK B A, SBL T ~1.4 GPa FRI4LHL 58
FERI~25% AR R ik . A SR IIBOEIE XL T2 S MR L, HEE A % B A Ti oo
AT IAF AL, WIS AT S S AR, e T 2 REGR KR, 1eAh, HURgk
B HH R 2 3 5 T IR AR SR AR E P . BRI R R B (K B AR K 2R e LA A B T e S
TAREARE ST, SEBLOE A BN o v s BRI T S AL « AT SRk S A R oAb 55 2 R R A ML RS S 1R D -

AT T4 R e 1 3R & B R O A R I B AR R, NP R BRAIUR Jisathse &R AR Ot 145 2.

2T MWCNTs/PPyNTs/Fe304 IS B5 45149 KM 6L 3D FT ERSas: R hopt st
AN AR
AL T Bl 2 Bt

SEARJEREIAEE (SLAD 3D FTEIHL AT BABRIEST B ke bl RSO s B RBOR I 2 4% b I N aB AL
2 SRR, B2 5E RICIE B R AFE T BT 1 RS 45 4 ) MWCNTs/PPyNTs/Fe;O4
GORIGR, FRREEIMA SIS AR, TRRE SFEL XA RHERAR o & & TR A
SRR EBE - ] FeCls 1F NIRRT 51, K5 i A4 R 5 B L MWNTs _EJR SR 45H4,
R4 FeCls 55 2 A F2AE B FeCla Bl MDA I FesOg, FFRBRIE GBS M b IX T = Je 44K,
REA L S 0 HAE GO IR o, SURHES AR EL#A %, ORI 1RSI T B/ s BUREPERE, IR AT H
ORGSR - TSR 5 B 0.5 wit Yol [ A6 Sl IR S A sk, AE VLG IR FZ 1 mm I, FUBRBFE AT IA—22.5 dB.
A5 A 2R A0 [ A Bl IR S R R AFT B Al SRR ek BE BB B i i ¥ 1 BB MR st e
IS FH Y

BT Stk IR L BB ALMg-Si & A5 5 RER
. BRdkeE. R
YLV PE T K2

P I 22 B A 13 2 — PR B 5 B IO R, 1 0 MR 22 050 2 HE AR 1 Hh — 4 6 Jm PR )
FAHNER AR . B ZE ARG Al-Mg-Si G427 K& BB RE, RIS TiB- F 7 F144
K TiC FLF )G T AT R A & LA AR LT B & S HIVERE . AR SO PR FLIUG 22 B M G Al-Mg-Si &
(& TiB RLFH TiC R RIHL 15 tEre SR sk 5o AT T Tt 45 RR W EHCK TiB2 K7 F1g
K TiC R IR E T ks, BT &&0/MIE R G, 868 T A&, FTENZ Al-Mg-Si
EE IR TR 90 MPa $2713] T Al-Mg-Si/TiB, &4 1) 169 MPa il AI-Mg-Si/TiC & 411 166 MPa,
SRR T 88%A1 84%, FERMITENZ Al-Mg-Si &4 0.5%4 & 2] T Al-Mg-Si/TiB, & 41 7.5%
Al AI-Mg-Si/TIiC &4 17.5%. Zid#AbB 5 Al-Mg-Si/TiB, &4 Ml AI-Mg-Si/TiC 4 4 (K% FR P4z 58 5 4>
PR T 300 MPa Fl 350 MPa, ZEff3R MATEIZS Al-Mg-Si/TiB, B4 7.5% 5= 2] T 8.2%, T eI
Al-Mg-Si/TiC A& FEHZR A 17.5%F&F] T 5.2%. TiBy R 1Al TiC K A Al-Mg-Si &40 H JE
Tk PRI AR FE AN 1.12 pA/em? FEIKE] T AI-Mg-Si/TiB, A4 1 0.81 pA/em? Fl Al-Mg-Si/TiC £ 42 1) 0.88 pA/cm?,
FW TiBy RBLT- M TiC KT VSIS 1 & MR rh ke,  H. TiBo KL7X0 & S 8 b it 5e A4 THRCR
Hlif. T6 M Al-Mg-SUTIC &4 H B IR BN 4.02 pA/em? & T Al-Mg-Si A4 3.89 pA/cm? fl
Al-Mg-Si/TiB, &4 1) 2.5 pA/em?, FRW] T6 AKLIIY AL T =& S HM R itk 5E,  H. TiC K15 Nik
Ttl T HRMEFR 2 5 ) Al-Mg-Si &4 BT R i AE
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BVATT R AER it S PR & & P A B
T 12, B2, 4l 2
L B K
2. thERE B R

ROUAFAE R T 54 G B R & SRR, & Bl BT R M A G R il & < R AU
ARGEE. AREVRAREY, &2 yMRROTR SRR M. X B i B E TR, 7@
GRIG AT IE B2 e S e ] 3T BN R 2 18] A7 JE o T T 45 RO M il i AR el 5 < P VA T (1
gy vt SRR IR A

it Z MR B TR A 8, TR0 RE DT BOR B4 FE . 45 & Thermo-Cale #4215 At
B, ST, B IRE, EBSD Beek, IEHT AT BB s bR AT B S AR
AL #r o

FEILUR S W AT Mo (& e S AT i sl A, LA [ AR A 3, (g i ot [ 54
M. W A Re 37K 7 XT8], [FIFEIIRI T BEEIREOE &G R fiesdt AR Ti RS R idr, 5%
Rt g, BETR ARG PR . SR >50MPa, B W+Re<10 wt.%, F] DALRIIE& 4 il 4T Bk
HIC L I 2 XHE>0.34%, W LMRIE & & y M R PR & @58 ;s Md {H<0.96, 7] EAGRIE & & 2127
FasE .

C X —FE A &R E R B A ST S 1R R
BrRobige 12 JREsEs L Tk 2L IRfh 2. B4E 12
1. R ERFA A B TR
2. RILRE

f AR TC R C 851 S AR T sl & 4 AT 70 EL48 b A i oty {ELE 3 A 1) 36 iR & 4 R RO VE AT A
TERRG . A EEH] C JuRE MG SR G ST EE, o VARSI M miE, Msrs, JHiert
J12EVERE . fEIXITHEFEA, BT C iR S & (0-0.15wt.%), KH OM. EBSD. SEM 5 TEM Z:FE,
CEAFRBITEE, T C H X —Fh L M TG BRI SR & S 1 T T DA 2= R B 52 o 25
RERY, fE—wiulEN, & C FENEM, &8N FREURMIELA S ERIK, X5 C uEN& &S
RRIA . Ao, ERERZLT, B RIBROIER T &8P ML, IR T E58ImE. 5
5 TR G A HE R, AR RS HILE 2-5um, REERDIRIREL > A . IR IR R, RER
I3 A BIBAL YRR e S BB #5928 3, Rm & ME SR, WAy S5 2R AR
PEFERAY) A ARE A ST R, SEPERMEIC. XM T —EBE N C &EXEE&n 4T
PERI )2 ERE I, AJREA Wi C S REMIAEIRAE .

WO SRR AR A SR A B 4 ) o BT A L L S L8 A S e o
TS, Wi
R

EEELLAT AR R IABEVE R S APEE (CFRTPC), ARG s, OO e R AN S A A 4 e
B B R B AR HLas N BIIE M ESOR B 2 B R LRI et MBI G, W ORIT
B AR B A B e T JURTRAR, AT T SRS 2T YR R RIG R, SRR B AT L 2P R R o
TER, AflERA R URTAR, s S D075 i 58 5 BB LR R 1 B3 1L

ASFALFEUPE R 7 — RO Sl B /AR S 4 5 T ZRHLEE N R B R iE RS0 (RLAMD . 3R]
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e MR R 2 FEARALBR R 2 0.15%, TR VARG EM BUBHIRIRIE, BA KRR 2 2% CFRTPC 1k
RESE M GRS . JR1T0, RLAM R N2 21505 A T ZT AR R 4. RLAM 5 AL
s NFEERBRER N 32 5o BB S I T 2L R0, JCHRAE RS L BR AR AR B PRI A %) 7
TR R AT FE, IX {315 RLAM X LA E SIVCACHT BNt A%, S0 i 22 FLAGPF B AN R BE o 0 AN v
.

AL J HEESE T TR S A R 2 LS M RS AT AE M RO BR AR AL T i, O R T —
T NURBS ffi{E L as Nizshfr EANL A R U575, DLSCBLESE A YESE M g 1 b i gkt AL H
DAL UL R A E S IR B . SCIG A RAR W], TR AT ERT A Ol B /AR K SR TR 22 10T T2
PRI, ] SEPUNLA NS R ERIERIZ By (10 1o B e R P A 8 [R) A4 ], S 0 B2 Uk ) 2 BRI E 1102 AW o
PA_E A4 T DUR PR 4G A il 1 b 2L N SR mT ik ELE S U o, ) AR AT BE CRAIE AP TR 22 1
fEE BB E S 577, W ey i 1 222 FLAE A e A AR RO PR E — Bk

T B SRACBH I BOR R R B RESR Inconel 738 &R L
EE
PN B TR

Inconel 738 B4 A HE MG TE JUHES ALA T &8), AEEOUHRKKER (LPBF) dfEd
KO P RL, M E 29T LPBF ¥ Inconel 738 &4 MM 5 R & o AT 0 45 & 34 1 A USRS58
1t Inconel 738 & G AEFRUERL VBN I, &1 T —ME &b it 7, MR T & &M &4
Ay 22 P R RS2 . 45 SR 2 B, LPBE /%) Mod-Inconel 738 & 4 ik [ 28 FIF- 2 B 4487 23 531l b LPBF
BRJE Inconel 738 A4 4K T 87.1%F1 81.1%. 1% ZLR B T34 N [V 5 A0 0 3% 2 LA = & S R R i 5 F
I T TG R B ARG y oy IS AL AR B R LR S E R BT EL. E41, Mod-Inconel 738 &4k ¥4 B (1) 3
TNF#% T LPBF & & sk K&k, Hi, LPBF BB Mod-Inconel 738 &4 7E /K V- Fl 3 BL )7 [A] b=
RS EARFEAAE, (EACTRRE K RIRE T 68.8%. %07 TAE 8 A B 3 i & 4 (10 v 4T Bk i m]
SRR T — T

TS5 LPBF-FellCr8NiSCo3Mo 5 AN EBANA LR 8L B2
RRZ. TG, kIR, IKERA. FakiE. EBF
e R

I IR DR L o it P AT R G R e M R T2 FH T3 4 3, Fe-Cr-Ni-Co-Mo 4 R & — il U R i
(R R IO AR . A4 T HTENASHERR IR 36 5 M RE 1) 5 IR AN ER A, BEAL T AR 20 R Ik X
HMEAL Fe-Cr-Ni-Co-Mo 1 [CARRT RCANEE AN IO 4514« e RLE v o A2 %5 B S50 J 24 Mk Re s . 25 L3R
RF 5 18R 32 BRI A T T S0 B i P R R R ) ot RS, AR L 22 500 A5 B A [R] R B0
WL FE DA SRR ], T BARANER AN T AR it 57 85 25 FE VU L 7E 1.33%10"6 m2-2.05x10'0 m? 2 [i], 3
AL RE FEMALE 2.00pum-2.36um, AT TR ORFEI7RD Sk R R 3 ZR <1 1> HR], 5
3 FESAFAEE <00 1>HY Al T B T CEFT 1D BRI R 35 955 1<101>810 . H A BTN
200W, FAEEEAN 1000mm/s, AEITEEEY 100pum, JZEN 30um, FE R IIECE X F] 99.89%, KILHE
e VB R o 0 5 BE B) DR AR R A B 5 A >R i A >4 i S A >UTBE AR R AL, ST ESSRACNFTEN S B
PARANER AN it () = s AL, 7 S IR Y 62%

— P SEBL SR T 14 RE AR AR Y FE SR U AR 1 O FEXT AR UG R T

e, AR
PRk
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TR RME S — R4, FEERHIKTT s i e B Lt BRI o AR, AR i 2 PR Vit 10
TURERP R RO AR R VEVE I 2 AR K. O T IR A TR e, R 2O DR PR RE . IR T EAER
IR o FRATTAHL, AR AR RE 1A 22 5 A2 2R 11 J B 3 F 2% A R RBGE AR, SRR AT R 1725 i A
M BEAF il G0 FRATIF AR T — P57 532 I M RSS2 ) SR 4 s, IRl i et 3
SIACHARLIEAT 1 30iE . SERXMOITIERIR A&, BATRTE 7R AR AR AR T, 3 SRS A B A 2 T8
SERMBAL TR BRI TR . AR IR R AR E A R R T — 2SR, RSl T 5
i i P RS, ANTFIAE PM [R] s B A e ARURIT RS s 12 e

Al-Mg-Si & & B PHERE H IS L2 B 7 thi) it
Y. IRl 5
PO 2ATIE AR, HUblis RS TR E R AL =

PL ZL114 RAREM AL-Si-Mg &4, 7 Z NAHTZ TAT KRR S35 . R FLIUG 22 386 4 ) it
(wire arc additive manufacturing, WAAM) R DU R ) e . BB X B RSP F. 1 H A& A T
WAAM AR Al-Si-Mg 226 Tl A6 BRI SR BEAR . AT tH ARSI SO E AR (0 ) . ASHIF 705 L Rl
ER4220 O NTE WS ZL114), S8 iRk 178 ZL114A 228 (228 iy (wt.%): Si7.927, Mg
0.953, Fe 0.045, Ti 0.301, Mn 0.007, Zr 0.045, Sb 0.226, 44 AD, $TENH T BB W HEREK P45 & 4
i, PARFRE, HJEARGERE AT LA E] 299.2 + 1.3 MPa, B s®fE n] LA E] 376.5 + 8.1 MPa, J H 2L R
EAEFFAE 6.9 + 0.3 %, FHELT ER4220, JEMRUEIEIRT T4 20MPa, HihisdfEseTt 4] 50MPa. [Fif, A
TR, KIS T H S I S K B R EamAAE, FFH Mn I RT LLAE R Al6(Mn, Fe)
A, A EMAIER. HIIEE ER4220 i85 ZL114A, BRI BRI HER IR 5 FLIR BRIG 2 10 10 JE, 22
FAUNE S NyN L 22 = Vi b 2 o2 8

PO A PRI R B AR 2R T T30 160 48 # RUBE SN 5
ik EE. Mg HIR
B[N

BOELH R IRIERL (Laser powder bed fusion, LPBF) $5 A #i 4 #5 N 45 M 7E fir 25 i R AT 2 A ) i
IS ET 5. A1 H AT LPBF SR TH 5T f A1 77 2 BEd o R P AR AE S5 0 ROBEREEAT VAN, B RS54
(B I )3 AR 7890 2 4 ) RS 280 Pl ot >R ) R S5, DT 5 B0 A v vt 5 SR O A (1) Dy e 1 A
MORAFAE B2 AT 76 ] = PE R TiBo/AISi10Mg E &4 B &R EEE 424 0.2 mm % 5.0 mm ¥
FLARFE SRR ZE LPBF FAR B S50 RBE RS, HE pd B BT 225 ) FRURE T 3R TR by 0 25 ok 2 TR R A 28 TR 30 1) 52
e R, 8 7 3R T ol o R AR R A LB, (R E SR A A [ 540 ROBE AR I 0 5 ke, ARG Fe tH—FloE 2%
O R THI TR 30 R R RO (4 ) SR o 25 RS, T I H SRS, N RS MRS R I 53
FRORBE RN, L 25 R R TR0y A 2 THD T2 300 o B 0 M e Pk 52 B 3 TG 5 o, 2440 E B2 N 0.2 mm B %] 2.0 mm
i), FRIEHRERE Ra M~35.4 um B EFEME~17.5 um, FEIK~51%, FHEEREE R RBSIHEESE. 7
A7 2 BH 2 T 300 000 RBE ATy 32 BEVA DR AN [ 225 ) RO A 0 5 IX sl S i A T R T i, 3K I 1% FAA
R HIERIISIIES . 2N 2B LK 2 E L A S 2 MR R R G A R . Ak, 1R
R BRI REEAR G, AR EE EARM 0.2 mm BEINE] 2.0 mm I, Hif{d58E M~238.9 MPa i 312 m 2
~368.2 MPa, & i~54%, HHt, S/ Nate R R i B ACE MU T2 mbr i RBE R — 2. E3
HENSE, Ra MBI sm BRI 2.0 mm /58 TF0E, Kk LPBF £ AR 45 OB SN0 70 1 A
L2 2.0 mmo 24 T R TSN R A 5 B 1 5 8 ROBE 80, AT 4 H — e PR JE 70 +50 36 1 41 47 SRS o
B T4 B B A SN IR, AN [ 254 FRUBE R 10 5 X 35385) F I BT 7 e R ) 0 A7 PR /N Jes e 2L i
Ra A7 {58 73 B A& e F5HI7E 6.4~9.2 pm Al 381.5~406.9 MPa. A 5L TAE K 7Ty LPBF pJEEE R &
SERAE R AR S B iz B AR A E A e i AR A
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HHEM R K2 2024 B it R R K 2 FB04 HHENMKIEE
BOLAE R Z BRI #E FeCoNiCuMoSiBLaNdGd F) B ik 5 R 1tk BE A A0V 45 4 1 22 i B i)
S, Bt
FAb K

AHIF TR O 78 715 % 1 i AL £ Thie FeCoNiCuMoSiBLaNdGd &4 . - 5k I fE MO Th R %
FEAALJG 3RS T 00 S BB ARG AR (Ms) FTHLRE B il CEMD PR o FRATPKEX EZH N T R EZH) a-Fe
FHARG LAH, BRI T A RAFEFI BRI FE . FEXSRAE S, S A TS 45 A4 R Kb AR Bl T A%
YL o-Fe AH. BB, BB icMEREIA RN Z) 100 dB, 1AL SR L F]Z) 200 emu/g. ASHF 7T,
WOt 2 m & m e L ThRE & & 0T AT 71k

L 3D $T N2 M 2 MG T 2 ey 93 A R
FIEH. XURERT . AR, R
R A

FH T H R T PRE R AR TR B, s T A A A e 5 A i 48 A AN (R 5Tl 5 ) B2 2 S5 ) Se it P e
FEVPR IR FE TR AW v R L P A S5t PRI B G T 2SO e L 3D 3T B sl et B BewkBe 7 26 I 48 T
HAYEREMA T B 21, OB SO i R A R A HURG 2570 & s HAL B2k, AR
PRIE, BREEA 5, FLXMEDLAEE BE R SRR B AR 283 (R OSP4T, B ORER 1 7 OeEI4e 3D 4T ENSe it fg e
PREVES AN BENL AT, BRI AV AR o ASHIE FEMATRE BB AR I RE AL 7 SR = B XL 4
3D {THIESCHE M R U R AT R IE . Ee, RGMIE 1Ot ELEE ERB AN F L0 AR
PBEREAT RO SRR, PRI RE T BB, 0 i RAL T B T2k = A G AT 1
VRIS e, H9 TR AR T 3D 37 BV R AR SRR S T2 0 v v AR . Lk,
IR 7L 3D TSRt b B B T2 Bk LLEOR R R . AT RES etk 3D 4T
B St P B AR B T2 i vHR LB AR IR A ERIE S 2, RIS AR S AR b A8k ) PR e J

BT WO RIS AT 4 0 52 RBE AR 1A% A5 B M 636 P I 0 A RERI L0 SRAME R 5T
TEZE ARE

R A

AR, STk 25 4 1 5% JE Wk BE A ( Continuous Carbon Fiber Reinforced Polyetheretherketone,
CCFRPEEK) K& RHE I B A G HOAR TR I 1 FLAE T il 4 7 R 2 2% S5 A6 3 i B KT8 g0 A A
HLES N4 BDBOCI M G4, R0 T RURIRE . ITELEREZ . ITENE ). BOB DR MR R4S T 234
X CCFRPEEK H-&MEL A VERERIFENT . 45 R EH], EIGEST BN, BOCHE A B TR E 2 S8R
JRIAZEG AL TR ST BN, M T RO N [, SAaMENIMNEZE R, FEUNJZ PEEK BLA T
4 EiSZE PEEK 2K, JriE R REREAR,  FHMEMERT SR T AT A LI R o R B TR B E AT B s O
RN AR o jAl, B 7N BATUSE O e A LI R R B, JF R T AR AL LA M R, BRI S
I =7 [A) 52 2% il 2 i) — Ve ST AT BN

B 22 38 A4 T R P HEFEXT Al-Zn-Mg-Cu A& H R 5 MR R M
S N
AN N

FEL I 22 15 A 113G (WA AM) I A2 HOZ JZ TR BRI B RN, 0 DTRRE R = AR 567 FAKE #E(THT)
BN . ASCHEIE WAAM J7 25 7 U N TiC RiF- 2 = Al-Zn-Mg-Cu &4, 58 7 WAAM iZ#2
HRIEART A AL S TERERIS M . G5 RR B, FTEOR A MR8 21 T0050 e S5 A5 2H 23 el 440 /N P 55 i o 2L,
B RS A ZEA R (H2 T ARBTG5, fEfDE 2 oW 2 BRI A 28 A, RS R
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EEGRTALE . TE SRR T TH, AR 0 SR A P MRS BT S BT 5 R R ss, R TR E
(150mm)4bik 25 KAE 143HV 1, HBR B 580 BRI N AL B Brdi o B2 /N T TERA B, £ A7 E (20mm)
AR aEE H A 300MPa, 7ETRERA B (150mm)AL (K4t H 58 E A F] T 386MPa.

Effect of electromagnetic composite field on the microstructure of TC4 titanium alloy during laser melting
deposited
Tao Fu,Lechun Xie,Wei hao Li,Yan Wen,Yongjian Wu,Hongxin Sun
Wuhan University of Technology

Ti-6A1-4V(TC4) alloy is widely used in aerospace, automobile, shipbuilding, medical and many other fields
because of its light weight, high specific strength, corrosion resistance and many other advantages, Laser melting
deposition (LMD) is an advanced manufacturing technology , which can not only print materials quickly, but
also meet the requirements of high-precision parts manufacturing. At present, titanium alloys by laser
melting deposition (LMD) still have problems such as anisotropy and micro-nano defects. Electromagnetic filed
adjustment has the advantages of high efficiency, easy operation, energy saving and consumption reduction. so it
has been favored by many scholars. In this work, the microstructure of TC4 titanium alloy was characterized and
analyzed by laser melting deposition under electromagnetic composite field, and the results showed that the initial
LMD-TC4 sample contained many coarse p columnar crystals, and there were basket structures and cluster
structures inside, After electromagnetic adjustment, the equiaxial trend of columnar crystals became more and
more obvious, and needle-like o phases were precipitated in the B phase, and the number of cluster structures near
the grain boundary increased. The Electron Back Scatter Diffraction (EBSD) results showed that the maximum
texture strength of the sample after electromagnetic filed adjustment was significantly reduced, and the grain
orientation became uniform. At the same time, the average grain size has also been reduced to a certain extent,
indicating that electromagnetic filed adjustment can play an important role on grain refinement.

B = (R BY U1 5 PO SRR AT 2 358 PETG (38444 3
FCW
E)E YN

BEALRATYER i 2 A RE (CCFRC) R HAR 7 (1) 7 5 P RE AN AL 2 1t e LA S B/ B EL T 32 S it
R PUESCIE . AMRIBESIR . LK, ELAHEEAMEIIEMHIESE T ST R 2 M.
SR, A TG 1) CCFRC A4 (LIRS BELE DN ) 7 T SRAFAEA S o AR 7T FDM (1t
W%, WLk 4E 5 PETG Fl T CCCFC [3GMilis . £ Xt ESERE 2. BRI, EL 4 4425
TR FTERE AR . TR 2R 2 M L, P& AT TG, N T4 CCFRC JZ[AIAL 2550,
ASCHRVT T AN 5] XA (] BE R FT B T8 X1 2 (B B D) 9t B ) s . &5 SRR, /N e [R) R AT DAT B A
A ILSS B, FT R AR KR /N B2 FECE R BIFLIR A, AT PR 2R ILSS. Al 1 A BE X
FE G 12 R BT V)58 e mi i K. AL G, 7RIS TAIEE 0.8mm. FTENEFE 2mm/s (ISE0 T, A7 RE ik
J2 B) BY 7] 558 P A0 5 RAH X 85 FE IR 3 27.41Mpa 1 99.47%.

WG BA KR E MR R # A NiTi FRRIEIZ 64
P, SRS LR iR i
Hepg TR
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ARG T FESOER KRS A& (LPBF)I A #ili NiS1.2Ti48.8 (at.%)IRICIZ &4 (SMA) B A KAk &
AR R e BT . OSSR TR, LPBFed SMA FFE & EL AT FH R AR A0 /N ) R 19 R A (] i Ao
PIAESBI SIS R . FoH AR R X (5 327, ST EEIE~T9 vol. %, ALEE AR, ML, ftk
LN IATAR B R, HE RS, 208 21 vol.%. $55l&, BT LPBFed JE¥J%5) SMA F 5 #R A 51 (100)
S, SR EIA 40.2-56.1, FFPEE ST TidNi20 GKUTHEY) . TN G E4E R, £ 1200 MPa &1
WEMT, BB 79 vol Yo HIR S RLIX AT 52.8(100)23#411f) LPBFed i FE7E 15 ~ 30 IRAEIA FRI A2 1
R, PRE RN K, A 5.71%. X BRI RIS AR TR 0] £ 1) NiTi SMA . F e e s 3
BTGNSO FE A, 3R (100) 2 A LI MEAR T I AIE 51 3648 TidNi20 9K PTIE VIR 4518 30 1)
ETAEVER . [RIRSF, K]k 52 R AR YR T v 2 B DR Ao DX 9 67 5 1) R B B 7 o X T A ] DA v 1
NiTi sma R THR AL E T LA, FFiE S G gk — 0 Ik H TN H .

Optimization of Residual Stress in Laser Melting Deposition of TC4 Titanium Alloy Using In-situ
Electromagnetic Fields
Weihao Li'2, Tao Fu'2,Jian Zhou'?,Haoxing Wang'?, Yan Wen'2,Lechun Xie!*
1. Hubei Key Laboratory of Advanced Technology for Automotive Components
2. Hubei Collaborative Innovation Center for Automotive Components Technology

Ti-6A1-4V(TC4) alloys are prized in aerospace for their high strength, corrosion resistance, and temperature
tolerance. Additive manufacturing offers the ability to create complex geometries with reduced material waste and
shorter production cycles. However, laser melting deposition (LMD) TC4 faces anisotropic properties and cracks
due to energy power and cooling rates. This paper proposes electromagnetic field-assisted forming to improve
stress distribution during LMD. Induction heating reduces thermal stress and residual stress, while
electromagnetic stirring refines grain structure and enhances mechanical properties.

Residual stress mechanisms in LMD TC4 are analyzed, and electromagnetic optimization is explored. Using
ANSYS, a three-field coupling model (temperature, stress, electromagnetic) was simulated to study residual stress
distribution and the impact of electromagnetic forces.

Single-track multi-layer experiments were conducted to observe and analyze the grain structure within the
manufactured TC4 parts. X-ray diffraction was used to measure the residual stress on the workpiece surface, and
the electrolytic corrosion method was employed to measure the depth-wise residual stress.

The study results indicate that the electromagnetic optimization technique leads to a more uniform residual
stress distribution in LMD TC4 parts, effectively reducing stress concentration. The simulation results closely
matched the experimental findings. Additionally, electromagnetic optimization significantly refined the dendrite
structure, enhancing the mechanical properties of the TC4 workpieces.

This research provides a theoretical foundation and technical support for further optimizing the LMD process,

facilitating the application of this technology in manufacturing high-performance complex TC4 components.

TEGERRET Y A ] 1 SV RA LU G5 H TR 44T I RIALER A 52
JA &

) I NES

FOARA SR R AR LR E, R TREN R T2 N AW FedE T NG M, ek 17— Rl i
TUARALLSE . SR FDM BORIERiliE | IESRR AT ARG s 2 S MR OARa LU M, RS ST BRI 5
o RSS2SR DU OEAE R, T3 i AR S5 H 1 Fy 24 R R . Gl IS4 s iss, b 1
PR AR EEZE R R REBRCRE /0, il I B4 8 B e fe s i D SR AL B . 45 R, i
ARG M AT S AF i oA Re, HRELILNEESE S T 100%, JEARGREESE S T 14%, #ERER S T
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45%. BEFLRE, @i sol BT AT TR AR LA, T AR AR R AT 4N 5 S A AR A RA LS5 4 Y
J1EEERE, WA Rl vt D et iR e

HT CMT FEARK BRI Al-Zn-Mg-Cu &&HA 5H MR
TEL R, Bz, fEis. e
I PN

H T Al-Zn-Mg-Cu &R IR TR & &5, 755 72 AR SONFLITF S, S BURITUE M )& Al-Zn-Mg-Cu
G L2MmEE RPN N TR T2, #R il Al-Zn-Mg-Cu & & WO 2H 2381 77 22 14 R
PIRZMAALEE, =P 8 (CMT) U U T LTS A )i Al-Zn-Mg-Cu A& L& . BT RH
BEA IR AGN LT AL CMT SIS HE AR ST A 2 AT FI R I AT A B RE A o 5T 2 PR AE R S8
BT T RES ARG AT HAHRRIE . 45 IR R ISR CMT Rkl CMT #X (C+P) &M, H
T HL AL H R I e R AR O B /25 I G, MR IR RO RS BB A AR CMT B (C+A) 2%
R, BT AR i 7= A TSR EN IR E R, 97K T i A X, DAROZAR R A& R RGN
RIS T B A A AR RS e CMT A CHP AR R T, B T R 1 2k R BIAT tiAH, THAE CHA
B SEAR I BT AR TR B AR B4l /o BhAh, FLIRERFE I EEARNE CrA BEA M T A prmDb . A
SURMFIERFEINHE CrA B FHERUE IRt M R B R . %%, BIEZHERE Al-Zn-Mg-Cu
Edr C+A BERSAE TIRE T BT TR SR (~278.15 MPa)FIIEAHIE (~ 6.50%). 7E C+A LU Ak i) 3
fit b, AT E AR EERAEIE T, BB 1R . S ER AR AT AR R NS B AR L, A
AR R R SRR PR BT T R B K (~5 nm) WEARZS WAH, TERR T SRZIHT SRR . SR ER
T2, REE DM AR5, i85 T~ 180 HVO0.2, At fIaE (235 B &3 m, 2 liss
524.68+ 7.31 MPa 1 7.10£2.09%.

MR R R B S0 3D STERRT 5T
N
Fr ks

HERMEEM R EE, CROVE NS EZERNP RS, BT AR R AENELT 3D 4T B
IO, AT LLE SR E ARV RSO BB BRI ST A i i T A R S B MR A=
VARSI ROAR RS IO OB, BRI R AR SRS WA B SR B AT 78 vh 5 A SR O0 5 DRI AR ki
T &AL 22 KB 887K, SRIRBIHTH 3D ITEIHORK % 22 R B E SR, 8l 95 A PR =T BN o3 9%
AR L

BRI B AR E I A R 22, 3F KT Ja ) 25 FAE SF /KA, 8 e i A% RE T i AL (DS,
58 ] TR A QUKL SF /KB (Stiff gel) . BUIEALER G T B HA — s B (Micro gel
AT H5H2 3D FTER, )48 W SCBRAE 2 0d 1 Jm Ab 385 TR S0, R4 02 o B R IR 4R T

AR B B 22 ZRKBEI s K B R B AT AT EMPE AR ORILRE , T BN SCRAE T 1 o A B Je A B A
ITENSZIR 73 HE R I RN IR s S BRA R Dy P Re, (AT BNl SCORIE SR, Atk e J7 TH 5 N AL 5T B AH
ULHC, H9hnILAE A8 ST AR N F i AT Red: o

SR

[1] Koons G L , Diba M , Mikos A G .Materials design for bone-tissueengineering[J]. Nature Reviews
Materials, 2020, 5(Suppl. 2).

HETZXHE. 2R ZREMGIHEM3-PFORIBEOLRE RAETIR Fe/ Ni 2 SRS RBBRALERIT N
el
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e BAK
H R AR K

WOGE [ BEUTAR(LDED) 2 2 T R #ERHEOR , B FE S OG5 i) N B G B R S5 M IR RE Ty . 3T 3L N
FAE Rk B H -BRAL(ALE) /715, MWL LAR 775 (CFD) S B b S 8t B R AR R F (%, y, )
TFEAT T (x, y, )T T (A R A X RS A R B 2 T SRt AR B, 1T 11T F TAEOWL 25 /6 A 3 h
N AR I 3 KR A TSN 7, AT XS A AR 2 (1 T S A T SE R R % . 37 T 25 FE Marangoni it
SN L X, 22, 2R EHZTFEM3-PFC), % & T 2 ZUTR P It & s A a9 E 4
WL ¥ 2 E TR 42 pE] M3-PFC A, S 1 R A LDED T2 il 2 2 1% fmi ik . 9L T Marangoni
WBIRT M3-PFC JTRAAE 3161 Hefk 2 2 C276 UM S M AR (152 . 45 R B, S 4h i AR T A
RAAEIE I TERAN R EB o AR AT S5l 2 DL S5 s Marangoni Ji sl A SO 017742, BEAS T O7 [H]
AR ARG o (N1 JZ 38 3 B 2 F (N2) 2 2 AR IR 1 22 5 R Y, AR T (N1))2 PR 1) P ]« R
e FIRYEINFA, %6 N BEERA R FA . SBIN+)Z il 8 H S0l 58 4 A4 KO RO 58 AR &
A, IR BRI AR AT TH AR A, R R BB (N2) 2 AL IR W AR B [ 2 A« AR R AR ZE K BAZE (N+1)
JZ TR A A, TEEE(IN2) 2 A PR35 o it R4 50 45 R B, AR S PR 58 88 1102.78 MPa,
SR PURSRE S S, A 1464.34 MPa.

BB BEXTBOCB R RIS BB SRR AR R A S H SR R
TR AEBEAR. PRER. BEA
AESRHBCR AR R R 5 TR B

MHEOCH RIRIGAIE FGH4096M 2358 R Sl & et AT AN R FE (PR K Ab B, @it SEM. EBSD
Eor T A SO A R Gk, IR AT TR, a3 R 7T I8 K 2RO K AR RIS A B
FGH4096M 4758y A i & 4 AR 2R v A8 T Jg 5 PERe s . 25 L3R 0. BEAIR IR T, Ak
TGS HORAZFIAR EAL M T RAES, I 2B KRN 900°CH, KIA K v AT H
LA BB PRI Ty, HUr o B A0 R B 35 2 s, (B S 1B R 5%. X —RF AR
RO R IRIGA R AR HRD K =il & S PR RE ST AL 1T A Al = 4% .

6 S VRO 2R SR T BN AR o 453 Hia A BT G SR AR
TR R
IS PPN

AR SR T R L R TR P M AL R R, BT R T LD i S U
TR I S AT B OS5 . DHRERIPERERR K, 3D FTENEORAER LR 2% ThREER A i 8 AR F
R RN E RS D5 T AT TR AN P AT . R0, 204 SR & eI 2L A0 Gk
1064nm) R AT K B B e eGR4 e Jm MO M G 1ok 1 IRPkR . S RIUNIT BRI K
JEFR ) —FEi 7 3D FTENHOR, RIHTET & ot IBOG B % b St al, DLEIBRNIA RN Tr 20
REIE AR & S IT B . R A2 R WETHT BN i (R fie N, AETURRBRE I I AR e b 1 e L el 46
v AR, (H H TR T IS I R B LR AN B . AR RR AR (VOF) 3, #5711l
IR AL S s A, BRR N S8  RERN R BT 37 AR, S 17 V8 B R 77 (VR & FOAE S RO A4,
I ST B S AT IR AR AL . 45 P iR B X A I 20 s A 5 6 Cul 5Ni8Sn (JiLS C72900)
BEATRRAUAN LSS, TP 1 5 e i o 8 Jo i 20 PO i 5% 2 SO A AR B I B 7T, #8590 1 AN 224
D TRR L « FEARIR FE « 3T EDAIR S T Z 240 Sn Tz 7 7 A HIRE I, DU 6 IR WA 9T BN Cul 5Ni8Sn
AR AR AR T
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3D ITEIAN A B S u sl T S RE i B 37
B L RIRE . L2
1 WRIE TR 2R R R 5 TR 2 b
2. WEIRUE TP K22 S AR 12 5 1 [ X o i S

AW TR R B F I LB P oK, B AR e R L AL 3 T R G AR PR S 4 A RE T i
RS RS (s, PUREE ) ST R BT RS, P ROR B R A A, LRI R R R
MR & & ma eI AE Y 3D ITERRL, Bt 28, N ZEM B S8 A T, JFEid RS
SEGE . AP E I CRA & AE B SRR EARD LU BRIT T 07 5T oA L 2 PR REAN
REEMRILAEE 1. AR, [ T/E R S TR s I LU BE R R RE 0, AR T Hy 512 i)
ZERRREYE, RS TN SRR SRS SRR 1\ S A A R R I A AR IR BE AR
i TAE RN AL N AT E R RGN ST, TS . TC B PIRASSRME R ECE R T LA RERCR U - A
(R RA AR LB BT 28 s AR BL ) HERF S RE IR 3, B0l 1 &5 Bevh X 2 R R 2 & FI T . B4,
I8 2 A Te A R R 5 H ARG AR TR S TR LA DL, RESE A 3t 5 B2 i . ASHIE FCl I 45 5 0 B R S 30 4
BT FBeTE, AR RSB # FR AR5 L S IS AR TR (PR, 10 LB 7R 7 AN R LB PR e A R A
HEZSFAE N REERICE SR, EIERER I s 1 BRI 1R

Pt X Jo Rl ) 2% ol o R R AR TR Y LB
BEGSR L M B S TR N gk 2 X 2 R R AR !
L R ERE RS 5 5 ER TR B
2. HEEE R SRR S Y A

G 1138 AR v BE O AL I TR (1 AR 1B SR AR AROR I 454, m] LSO R 2 AR A
o HABOEE KRB (SLM) BIEREE R, BOUAEdh /AT Res, #0721 R R di e R E N
8o SR 2 BRI FUAE R B R 2% LT AR BETE D RE 100 SLM. il 28 U7 T ) SRR AT SRR D, DRI A
BT AL FENL, A SLM fil 4 17— bR LR Fe-80%Ni f B LB CAR MY, FEREFL 1 IR
KOO HAUEERE g2 VERE LA DA Re RO TR ML . A i 7EIR KR 5 R I 52— FCC FeNis A, ki
AREIS), HERARERRGER R 40N bl 320 SLM A i Jit i 5 BE iz KT F IR 1 (EAF) il %
(] Fe-80%Ni, 4 Frhifd o iR EEAE] T 690 MPa. 1BKJEM SLM 5 ANIE 515k 4 B 1 KR RE I,
FEVEA IS0, WWAIREALSRIE 115 emu/g, A72HET R _ETHE] 214, IR KJEI SLM 4 7152 5HESA 45
PEREILSE, KW T SLM $AR W] DAFERG SmATRHE BE IR RN 78 70 R AE RV E R R IR E 2R F I RE DT,
SLM fERA T AL ML A B 3R 5%

VoL KRS RE Fe45Mn35Co10Cr10 & MRS 13 A
1329'8
TN

X TR Z BRI 5T BN L, R T I IR B 2 A AR U R DR I o OB R A S il
HARBABIUAEEE & RIS I P 805 B = S %, HA L L-DED HRFEPRAAEITHEE, Bei%
Sy TCR M BOR ST /NI BRAREE M, AR T PR A R IR A R E M. [FIRE,  50~100 pm 1)/ E
FEICTE T LLRR K ) B AR A 72 AR IR AR B T, BRI AR 15 S T A ) IR i b . SRS ESEIR .
FAR JE K2 i A RRFERE 7T« H AR R AR 2250 FE AR R s e S 1 Fé T CoCrFeNiMn[209, 2101
AlCoCrFeNi[21115 Z M 4 L-PBF HARBIEWTL, fERIE T2 LU MREE N T T 277 A
BT KENEARMEE. T RYE2RM% 4 L-PBF $iARBJE T Fe50Mn30Co10Cr10, FHASEEHITEN T #%
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L], AR L B ER AR A v 9 6 <z L R e RO WG R R BT T, ELAE it i
KAAL 25%, JHIRGEEL 300 MPa. A TAEfEH] L-PBF %% T Fe45Mn35Co10Cr10. F4iHT 5 LPBF-FM
FERITEN S-SR WA G S RSN /) 54T R, #78 L-PBF J8UJE Fe45Mn35Co10Cr10 =
i SRR TN SIS y A R I KR o 2D X LS S AL AT AT RAL A, BRI ACE SIS
A RS y ARSIy AR S E R e AR SRR Oy L-PBF U FeMnCoCr WAR S
Wi 5 A BN AS BT Y5 RSN 4 FE P I SCH

ETRBHRE T L-PBF SRR B 7 £ MM RE B AR
TEAREE. XIPHH:
AERRHECR

L-PBF Jil i A v A it FE R A G A, SR (07 A 5 ELRR A RO, i Tt P P M I AT DL —
HULRHSZ L-PBF LW B Z 5 o 0 1 SEBURHE bl B A AE LRI, ASHIE FO A FH AN Rl ' it (7] i 2
PR T SRBUA I AR S AR, A Niv 4 Ti SRS s a8 @ R TROE S8, SR &S
JRR I SR PRV S S, SRR 985 R AR T A Eda 4, ] Stefan-Boltzmann 22 206 R A1 T #E4T 4
B, G R-T HIRRIOR AR, SEHIL AR TR S 9 B ) i e A e e A IRTIARAN /] T2 280 ds
M 8, e SC AR B AR TR B MR BE AR R AT R AR, AT A3 BIUER AR 7 7 AR . AR
6 HE T [ il 22 B vl v R PR CREAUL SEI 7 6) L-PBF R i R AR P2 PRI 7E 28 M I DA R 5 T2 240
RIR BRI BE /AT ORI, it — PR Oy 20 IR BRI . H VKA R R At 145 %

HRHRE B WRHES KRBT
Rt
FLHH TR

PR BRI T HARYINE. & TR SR REBOIR AT R0 Al 2 AR A sin
JEEATHR T, IR G L )T U S R SRR R R, B KRS B TR AT SUR SRR AL A R
MR EEIRZ, JEH iR B TR AR T R R HEIREAT I T . SRR
HR IR Z M WRIINES YSZ AR, FE7KV IR « DU A IR 23 74 0 57 S5 2 1 IR R ) R A0 3 22
7 RS R A AR IR A R AR (TGO B AR i B i K 2, R AR JE St Fe itk — 2B AR
W R T EZE N A

BREETAEE K —fh TP St p RE R T A B ER
EZERT
PONIR

SR TR X VK BB A R 1) 26 1 R A ) IR BEAL DX, mT LSRN B AR B %, (HAEAL X
FENPURBEE R & U™ EREONRT, IR e 5 RGN AR O, O 1 IR X A 424
WERE, AWFFTIRM 7 — MRS TR KR, SBRFIRZ LS B TR AR IR FE R K Bk sk
B, DSRAG AR ARG XL UM o JR 05 128 1 PR VR K 1 ST A P A AN AL T 1) 8 vt S ) ) PR
X, JZ A BT AR R KRR AL X AT A B DAt — 2D e AR AL VR o Oy 1A A A A DX [l
JARPE, X RUNAE RS TR SRR T RUEREAL, #hE 7RIS A TR T E S, T 1 e
AR BERTAE K X AL SR EE (5200 o 45 SRR B[R] KJRLRE A ERARAH AR e T BE T v ) B AR LR L
BEAL DX AR FRAARHT B BR A 56 AR D m] B B, AL XA EE A 800 HV FEARE 450 HV o BRIt 4h,
JE S 1 A [ KB AR AR B RS BEAL IX PR I T3 AN AL 250 20 SR ISR 8 1 MRV [ K AR B (R AR LA
AL DX RGO LR A2 ER, IF B PR IR i T RAC BRI . S b, RIS & 1 A el
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Kot — i T PR R 3 A R SR AL SR RE AT R AR T AR R, A BORTEAR IS B A3 ek 11l
Tt B2 A1 MR B4 i i 55 Uk 05 T B R4 R 2 TSt

R R R E E. Bk, BRTESMH & LR T
R EIRRAR S R
AR TREHABE T A PR 7]

A, B R LR B ZOCRE TR, MR RIS, 75 $eall @it TkiFslk
JRMEERHE. M. BK. B REHEGR MG AL RIFIINE e, LR bR s PERe Al R 4 bk im T
PERET) 2 N TR MUK . A% Tl R EURTEGER 3 25 S ek, (H b T 378 Sl T R T J bk %
PR, PR T AR ARG e B USRI R R o ASCUAAiEH L B5 . BRVE VAR, K F A2 0
ERT T R IO, RESGEAH ., B, KRB T 2. S50RM, M. B SRR IY IR
ERBINE, BINREE . R AN TSI R B o, RIEIE AL 15~22um 2 8], i)
JZH TaBy A TasBa AHAI TaB AHZH AL ZKEH)Z B TiB2 AHAT TiB AHZH AL 8515002 1 ZeBy AR ZiB AHZH
. Horp, BBWE SRS S IRK, N 27N, BRFESEIE S RASE A AR .

XSG BIRE S AT e il JR B R e, BRSSO R S A WAL, I EE R BN 4 B B Ak B AL
PIORFAE A s BHVS I b fa R T =28 B 2R ot 2, B2 WS B2 s h, s o (5B R
JE R 10%; JE g 2 0.0885um/h, #H ELEHIEARFEAIK 30%, 38 BRVE I Z nl B B 8 1A 3 RGP FH

HREH RN RSHHOR BN BIRL/S-Ni2A3 )= BB AL K& R ESUT BT T
SRIEMG . 2300 KR, 38R, B
Hh R 7 Bt < SR T TP

K TR BB B D 1 4 7 — P/ NRE cBN/S-NLAL IR JZE, IR ZE G T B s i AL
PEANH R B RE o AL SIS R R, RIMEIREIA S 1050°C, 8-NirAls £077 ) cBN FURLAT)HE AR fR 45 576 52
H5 &g G R BN B R EN S G @ o R B A OB, ZE R AINS TiN, @i o-Cr
HOHAERRLIE BT . BAh, FR T EIRIS R R SRR N EBILHIZS S 1 R R SRR R, [
1 cBN UL AN RT DA S F B DB ) 5 PR AR SR 08 i B R B0, AT B AR 2 A B 2

HFRRE T Re M1 Hf KA E/EAHLENT ReHf-NiAl 3R/= 1 REKI RSN
JRER 2L M L SKOCHR 2 ZGRA . B . A !
L. A R e < JE T 7T
2. FEBFEAROR RS

) E A % BB AR R 4% 7 Re-NiAl. HE-NiAl fl ReHf-NiAl 182, 50 T Re A1 HE Z ][
M EAEH . 7F ReHENIALRJZH, Re Al HE JEHTH, SidiB K5, ReHf S4B 2 3L TR A IE S A
HfsReas F HfsAlzo IXEEPTIEY) MY Bt — D kaR 1 800 B AR KTHRE . Re T HE (173 BOFI ARG B 1 T 9
ARG Wit T Re Al HE 7E18 SIS FE A B AR AR AL

BT R HBRRETE B BB AT A T 1R
MR AT FigE L SEE 2

L PYAE TR SRR e S 2t i T 15 s A R 7T O

2. R ERRA B AL A PR TE I (] A 3 1 K S e

H T HURF B JZ AR G AT T 0 BEAE 2 1, B ALAH (MoS2) J9 e e e IR 558 R 2 1 OR
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FORHR Bt T — 26 FRI T R INE . AT T, AT 2273l 1B 2 /2 MoS, R IR FISkEE
AT NREAT 7T, JATHITL T MoS, fEFE IR FP (K RE B RS A5 WIS, A4 22 sl R B A B
SREARIRITE . BEE NS SIREME N, S5 iie e —Jria Bt SRE R EE, EANEIREEE] 2.5 keV
IR BT . phAh, BATEIRGT IR KSR R I, FFEAT 7 SR A2 1 B DI, o8 TIRA
T AR R T AR R RN B R 2 PR RE R MR (1t 1 S5 A IR I Te 4 T 4R I3 B0 MoS, £5H4 58
BENEANHURNE RE 323 JELTALH D9 AR SN HEMTT AT R Tl ) 3 B8 AR A3 1 S 4R =

ISR R T X SR M R O vk 2 2 Pl e R R RS TR
SREEFR 120 fREZE N R N SRILN IR A AR 12 BRE 2
1. R ERRA B M AR TR [T X sk =
2. HHEBFEBERS MRS REOR B

2R SR v R ARG R ) — Pl S5 A N M BRI IR, T AFE TR S A, TR E 4
HEMMA . TSR BEREEE R KA S 520 R, 5 82 Tl 3477 1 5 Tk M
W (PAD HRInFAEM A (BP) LARSARELL IR, SR 25t e RE R M ANE 28 o X 12 ) i,
4345 T 4 PALIR)ZE (P-280) AIR[AI S & EP UMER PAL )2 (P-200 A1 P-170), 38 i s 2 ik o6 %t
PR AL T RS S PERE, SR XPS. TGA. 4KIEIE. SEM SERAEHT T FF 5 K1 )1 22 R0 s 1t B DA &
OER TR T/ B RAT AFNR S A AT S RS, SR TR 255K, WS EP Rl PAI )
AL TE R 2% R & 80~110 °C, {HIMEH P-280 1) 8.21 mJ m iZHi F&MKH] P-170 1) 3.18 mJ m3, & kis/E
FEZEAE T P o N B R AR 57 R 2L [, S0 EP J5 B PAT F A0S s 14 B B 5B 5 4K, 2501 30 min J&5 P-170.
P-200 F11 P-280 # St A4 BEK E 5% Hrnt R i B2 FRIE BE 2900 15.24%. 14.82%H1 9.05%, #— L IniEiRER
[ S1 5 RE B A J S b B3 « (R, P-200 AT P-170 EHIIE 25 30 min J& B E B L5 318 1.7 F1 3.6 mg,
& P-280 1) 2.1 il 4.5 5. LA HREIRIZEM BRI 25 ik R, P-200 HIE &R & &R N -
KA TR A FR Z LA TR S T REZ RIS R, N PAL IR E MR RS 18 k.

KRAEFETHHRE 8 B BE REIR R R R K& SRR N KA Rt
B, T
Hh R R b R R ER A TP

HfegiskEiRIz (TBCs) AL, FfE B2 R AR EE R N RA R s & RE B 12 B,
MRS R IIRE ST, WIER IR I iR AR dr . A SCRAIIA IR & IR %, 4G B RGE
X E B IE R KSR TR AR R R AT I E . MERIER Y 0.26mm, BHIERIZEEAN
0.04mm I, B fE F 2R IR Z B RED R MRAR I EOR, SREPRIE R R ERE . th T %% R R A HR AL
BRI S BURE RGRITE G ZRAM KR R FT I, ARt — B A e SR, AT
SO A7 5 R Get FE A R LTRSS F AR 2 A RS2 UARE o 45 R38 B, TC/TAZ Ji1i 5 TAZ/BC
FTHT VAR (B A LR, G T7E TAZ/BC FHHALHAE . A SCRAER T TR Z R AR N ) 551
MIRAHLE, NERE BB R IAREIRZ S 2 e T2ttt R4t 7 am i #ie i T

IR E SR BHR CuCrZr/W B&5RE PRI RER S P
PSRN S AN I BUIE SN 1 N
1. AR
2. TIRARFEBER AR BT

AL G R R WIRR R TEREN OCHE, (5 H AT VYR = A A AL & 5 3 o AR U2 Y i i
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P 25 BRI BER CuCrZr/W EETR)Z LRI PR @ S sms,  JExhi A 45 5 2 S IR 21
WORA LA 5 @A HURHEAT 08T . W BURLTTAR L ARE T 5UEAHRE CuCrZe FURL I R ZUEE AL, MBTRL
G BN AR T ARG = ZERBIUN X R MR S DX, AERORE [0l 3 RE 54 W BRI ST B H o A
fLo AP BE A 1s BIFDRERAL S8R LB 9K 4 N2 ) L Ha0K . iRk Bl, e A gt b,
FLIEA) CuCrZr 7= AE AR AR TR, S50 CuCrZr H Rt sl , (gLl &G BTk
FRTAEAE N B AR AR, UL ST PR A R S PR 20 L AR e a3, B BB G N, B A
Wi LSRR R S IE R B RO . R RE GRS, BURE S PN CuCrZr AT3ORH = B0 2 kil
o, BEERZESEERN IR S T 24%. %0 O TR AR BHRR 2 I Ls At T UIse R
I SRS o

RBEER NiCoCrAlY IWEVIBAT AR RITEMTHE R IR LI BT 7T
Fri. RGO BHR. FET.
Hh R} o e L R R SR AT ST P

PR IR JE I i R IR AL I BR AR KA B HGR T HORG S5 2 I &, TR 45 )2 1 P R D52 21 AL 2% 20 R i) £
T 28R, A FE R A R RoR 3l ) 5 BUE B T R T T ¥ W R ROk R TR Bl 28 AT
N I AR P T R SE, SREUEURL S AU URE M S IR . SO N AR AR,
FEFISEAR S TEREAE , 43 B PO SORL ORI ST BEYE L, 3R T 48 5 S Bniil 46 T2 Al g SRR 1.
UL )l I BE I B 600 my/s I, UKL AE NS AT RCTTARAEREAR b o VIR (Cold Spraying, CS)FHH 7 1%
KM (High Velocity Oxygen Fuel, HVOF)ill & f1ik E R A B L5 G0, i e pFpiR 218 =
25 A T i SR RS RS S 3T EL B T, R I HVOF WA 1) 45 34 R A = 5 25 Ik b 2 B0 HY B 4 (4
TYERE . W NRHIEAS 5% AT Pd () B AR RN A e, R IR T 245 IR 2 AR AR TR
B RGBS RS SR 2O MR R HMR S R IHE 5 KB =2, 238 18,
I ABURT T RS, RRER SRR, TR H SN BTY) B R R AU &L . SR G AR E
FESEHAT REIE I YAHRER R 1508, RILE 900 °C AT 1100 °C HI%AMLELFEH, CS Al HVOF i
F IR Z A B BTN R], fETE S A IREE T, B A 2 d A A E 25 5 A . HVOF il £ 1)
JETERGI (8] P9 2242 B 22 2R i A A - CS T HVOF il 4 1R 2 1) TGO J2 ¥ B8 S AT 8] FR 3 hn i 5 B 3 &
CS 1 HVOF L Z il 2 FIIR 2 HR AR N 7 B X0 R /N, 7F 900 °C I, HVOF il 28 IR JZAFAEH 0 A o 4H,
BRI m A AT BT, 2 fEREE 0 A1 o AR AR . SRS, TRIZRITRAR N 18K

RIS TR RA BRE AR RECRIUTE R
E2E. THRa
L YN

55 BAAASEE 4R R R NP OB FHEANT, (HERAS R RN R A W, A
R 23 B AR E AL )5 B L U S RO AL BT A R AR — kAR PR, M — GG R 4
A DA R A eI e Bk R 1) 5 A SR I Tk —

PRS2 ¥ B4 . PVP. H EE B2 Bi(NOs)s-SH,0 Al NaCl ¥R & o 3 T /K #Ux b, AL SR (BiOCD
YK P TE A SR I R T A A KRS SUA L B A S5 0 i 45 (BIOCI@G) » KAt b B iF i S5 AR 3R &
TEE TS, 75 A<420 nm 5L A>420 nm B R BHYGIE S N AT R AL PTRR S2 56 . Fr s % B2 s #i8 (DFT)
THE IR Vienna Ab initio BAUFEFAL (VASP)IHEAT . “FIHIEIEA FI#UEREREN 500 eV, K KAEH A
3x3x1 [f] Monkhorst-Pack M GHRMEASHEE (DOS) MZE G ZEREH 3x11x1. Fif & T %5840
%, BREWSIAZNEET 10°eV, BNET ERRZLT] <0.05eV-Al, KA COMSOL Multiphysics i1
HABBRMOBE . 2N BT RAEIRRY, RSCRERIC, BT 5 RMmE S 71k 5
(AR B S #2172 A2 SPR.

RS WM. TR ISR AR T AR E R B T R A5 e N

87



W E MR R 2 2024 B T m SO R R 2 FB04 HHNMKIE
PLEFIBIOCI@G), FH VPl 11 S2ki%k SPR AN AT B 2 1 DTHk . A1 55859 BiIOCI 4K Fr 184k 173951 0 Ah
MIATE, (EEE 73T 8. KN T 420 nm PGSR, BIOCI BB HFHUL B S0, s
BlA S L, FREBES Y BT IAK T 420 nm G RESH SR SPR NI NTE | AL s %
SPR RN 3 BiOCH AL A A E £ ROS, B MmO G T s k.

ST RS ER I, A SR o A2 3] BiOC] O Bi R A, S8 BIOCI@G F
Qb A SN () FBART A3 AT, Bi SRR VRSSO AEA A TIAL, AEE (DOS) W58 .. 5 BiOCI AHLL,
A ERIHTE BIOCI@G M BRALTTER T/ HiF, KB BiOCI@G BEARAE M, T H6 RS ol .
Rk, SRELMEHE TR FIER, S BIOCI 54 SN B2 % m. FIA COMSOL )
TE RN 1 AR R A P B BG SR AN . A s AR R T A L R A IR ORI 5, R 0 AR T OK I . BIOCI
HRBUR BORTAE A SR IREAT BIOCL 7= AR N B 1E R Pod AL 304 SRR 2 o B TR 7 56
5 LI A AR AR S B A AL FBR B ER SR, ARSI R IR S5 8 A K ol AL 4

gk TATEE B W R AKTTEIT R T T A S I R R A B IR SR A BB ) 4k
Feigh, I BAEEIRAM RGNS A S 4k A DG BT B TTRR .

SR
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Microstructural Evolution of HVOF-Sprayed and Inductively Remelted FeCoNiCrMoBSi High-Entropy
Alloy Coatings
Shengwei Wang
Shanghai University

This study explores an innovative approach combining High-Velocity Oxygen Fuel (HVOF) spraying and
subsequent induction remelting, utilizing self-fluxing alloy powders for the efficient, large-scale production of
high-quality coatings. Specifically, the microstructural evolution of FeCoNiCrMoBSi high-entropy alloy (HEA)
coatings applied to the outer surface of TP347H boiler tubes is comprehensively characterized using X-ray
diffraction (XRD), electron probe microanalysis (EPMA), transmission electron microscopy (TEM), electron
backscatter diffraction (EBSD), and nanoindentation techniques. The results reveal that severe plastic deformation
occurs in the powder particles of the HVOF-sprayed coating, leading to partial amorphization. Subsequent
induction remelting promotes the formation of a thin oxide scale on the coating surface. Furthermore, this process
induces self-fluxing effects, wherein Si interacts with surface metal oxides to generate protective silicates, which
work alongside a Cr203 layer to shield the molten HEA coating from atmospheric oxidation. A small proportion
of Si forms Si02, aiding in internal pore filling and markedly reducing porosity from 17.50% to 7.63%, while B
tends to form dispersed MoB2 particulates by reacting with Mo within the coating matrix. The presence of distinct
interdiffusion layers at the coating-substrate interface indicates strong metallurgical bonding. Nanoindentation
testing provides further insights into the resultant microstructural changes. These findings advance the
fundamental understanding of the HVOF spray-assisted induction remelting coating process and provide valuable
guidance for the composition design of FeCoNiCrMoBSi self-fluxing alloy powders and the synergistic
optimization of processing parameters to enhance the performance of HEA coatings.
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P, AT REREN M. H Fe &S, & Fe MEMNYS SHMLBEMTIER, HZM MR,
N 25wt.%Fe iR E B A1 Ni6OAA ATt b, i B 1 R 4 HL S puehd iz v T 3644 . Bl 2 o [T
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