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Analysis and prediction model of critical conditions of
stress corrosion cracking of 316L stainless steel in seawater
medium

Qiang Li
CGN Nuclear Power Operation Co., Ltd., Shenzhen, Guangdong, 518000, China

Abstract

This study explores the mechanisms and critical conditions of stress corrosion cracking (SCC) in 316L stainless steel in seawater
environments, revealing the electrochemical-mechanical coupling failure mechanism under the combined effects of anodic
dissolution and hydrogen embrittlement. Environmental parameters, material properties, and stress states are identified as the primary
influencing factors, with their interactions exhibiting significant nonlinear characteristics. A predictive model is developed through
multi-parameter coupling analysis, proposing a comprehensive protective strategy that includes environmental regulation, material
optimization, and stress management. In practical applications, it is essential to integrate critical stress thresholds and corrosion
kinetics parameters, achieving multi-dimensional prevention and control through optimized welding processes, surface modification,
and online monitoring, thereby providing theoretical support for SCC risk assessment and life prediction of marine equipment.

Keywords
stainless steel; stress corrosion cracking; protection
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Study on Heavy Ion Irradiation Effects and Hardening
Mechanisms in Multi-Principal Element Pyrochlores

Minghao Zhao

Institute of Materials Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing, Jiangsu,
211106, China

Abstract

The safe disposal of high-level radioactive waste (HLW) represents a critical challenge for the sustainable development of nuclear
energy. Pyrochlore ceramics are regarded as an ideal matrix for immobilizing actinide nuclides due to their exceptional chemical
stability. However, conventional pyrochlores are susceptible to amorphization under intense irradiation fields, leading to structural
failure. This study designed and fabricated four types of multi-principal element titanate pyrochlores (#1-#4). Utilizing 31 MeV
Kr ion irradiation experiments combined with XRD, Raman spectroscopy, and Vickers hardness testing, the influence mechanisms
of phase structure on irradiation-induced amorphization and hardness were systematically investigated. The results demonstrate
that single-phase pyrochlores exhibit superior irradiation resistance, retaining partial crystalline diffraction peaks up to a fluence of
1.36x10" cm™. In contrast, dual-phase materials experienced more severe amorphization and more significant irradiation hardening.
Raman spectra revealed that irradiation intensifies lattice distortion and induces an order-disorder transition (pyrochlore — fluorite).
This research elucidates the correlation mechanism between phase structure regulation and irradiation resistance, providing a
theoretical basis for designing irradiation-tolerant waste form matrices.

Keywords
Pyrochlore, Heavy ion irradiation, Nuclear waste immobilization, Irradiation hardening, High-entropy ceramics
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Evaluation and analysis of Uncertainty in the measurement
of tensile strength of metal sheets at room temperature

Huizhu Chen

Hainan Deep Sea Technology Innovation Center, Sanya, Hainan, 572024, China

Abstract

Based on the importance of evaluating the measurement uncertainty of test parameters in the process of inspection and testing
work, taking the tensile strength test of metal plates at room temperature as an example, this paper analyzes that in the actual
measurement process of tensile strength and elongation after fracture parameters of a certain testing institution, under the influence
of factors such as the accuracy grade of the mechanical testing machine used, the operational proficiency of the testing personnel,
and the measurement repeatability, The source of uncertainty and the evaluation process provide a reference basis for the uncertainty
evaluation work of the tensile strength test of metal sheets at room temperature, aiming to propose improvement measures for the
subsequent laboratory quality control and promote the further improvement of the professional level and testing ability of technicians.

Keywords

Metallic materials; tensile strength at room temperature; Evaluation of measurement uncertainty
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Discussion on defects and control in the processing of metal
materials

Lingyun Zhang
Jinduicheng Molybdenum Co., Ltd. Taiyuan, Shanxi, 710000, China

Abstract

Metal materials are widely used in the field of processing and manufacturing, and are currently showing a diversified development
trend, which is mainly characterized by high performance and environmental protection, and the application field is constantly
expanding. In the process of metal material processing, affected by various factors, it is inevitable that some defects will occur. In
order to make the processing of metal materials more delicate and high-quality, it is necessary to control defects in the processing
process. This paper introduces the common defects of metal materials, expounds the defect detection technology in the processing of
metal materials, and proposes the control measures of processing defects according to the requirements of material processing.

Keywords

metal materials; Processing; flaw
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Research on Optimization of Green Production Technology
for Commercial Concrete and Carbon Emission Control
Pathways

Yijun Su
Dali Science and Technology Achievement Transformation Center, Dali, Yunnan, 671000, China

Abstract

As the issue of global climate change becomes increasingly severe, reducing carbon emissions has become a common goal for
all countries. The construction industry, especially the production of commercial concrete, is one of the main sources of carbon
emissions. The green production and carbon emission control of commercial concrete are of great significance. This paper takes
Yunnan Province as the research background and explores the optimization path of green production technology and carbon
emission control measures for commercial concrete.By analyzing the production process and carbon emission sources, the process
optimization, material substitution and application of low-carbon technologies were studied, and a green production path suitable for
Yunnan Province was proposed. Research shows that by optimizing production processes, using green raw materials and improving
energy efficiency, carbon emissions can be effectively reduced, providing technical support for the green transformation of the
construction industry in Yunnan Province.

Keywords
Ready-mixed concrete; green production technology; carbon emissions; Yunnan Province; low-carbon technology
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Study on toughening modification and properties of
polypropylene matrix composites

Yukai Dong
Shandong University of Technology, Zibo, Shandong, 255049, China

Abstract

Polypropylene (PP) composites have been widely adopted in industrial applications due to their superior physical and chemical properties.
However, the brittleness of polypropylene remains a major limitation in practical applications. To enhance its toughness and impact
resistance, researchers have implemented various toughening modification methods. This paper reviews the techniques for toughening
polypropylene composites, including inorganic filler modification, organic polymer toughening agents, and blending modification, while
analyzing their effects on material performance. The findings demonstrate that appropriate toughening approaches can significantly
improve the mechanical properties of polypropylene composites, particularly in terms of impact toughness and durability. Finally, the
paper examines the development trends in polypropylene toughening modification and outlines future research directions.

Keywords
polypropylene; toughening modification; composite material; mechanical properties; filler
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A strategy for plastic mold rapid response to small batch
market demand based on light curing 3D printing technology

Tingfeng Cai
Lishang Precision Hardware (Dongguan) Co., Ltd., Dongguan, Guangdong, 523000, China

Abstract

In recent years, the consumer market has witnessed intensified trends of diversification and personalization. The growing demand
for small-batch customization of plastic products has exposed traditional mold manufacturing’s limitations in cost efficiency,
production cycle, and flexibility. Light-curing 3D printing technology, with its advantages in high precision, operational efficiency,
and automation capabilities, offers innovative solutions for rapid plastic mold production and small-scale manufacturing. This
paper comprehensively analyzes the core strengths and current applications of this technology in plastic mold development.
Through examining process innovations, material performance, design optimization, and workflow integration, it explores effective
strategies to address evolving small-batch market demands, aiming to achieve efficient, flexible, and intelligent mold manufacturing.
By analyzing technical bottlenecks and practical case studies, the paper proposes forward-looking strategies and development
recommendations for small-batch responsive manufacturing. Research findings demonstrate that light-curing 3D printing can
significantly shorten product development cycles, reduce costs, and empower enterprises to build flexible manufacturing systems,
thereby providing new momentum for industrial transformation and high-quality development.

Keywords
light curing 3D printing; plastic mold; small batch production; flexible manufacturing; rapid response

T R B 3D FTEN AR A B R E N AL/ e BT 55
TR ER

ORNEE T (FR5E) ARRAR], HE - %R AR5 523000
m =

WHER, KT SRR SR, BEA SR EEHERLCLR S, #ARAAZERA, AT ERE
HARERZAR, LEMNIDITHEREESHEE. GEL AR, A BBk 1 B ME & T R8I,
A X AT ER AL BRI TFL T 9B B RAIIK, AT E6H, Mabhae, Eit i, ARERE S5 @,
Wt RN BT T ERENH T i, ATIRLFE SR, M0, ik, B3EANFEERAAT L E0 L&,
TRB@E ARG DI I AR RS AN, FREN, REIDITH T RG4S BT AR, B A, B ek
MEFZERERR, AR ELERA BRI R ELEREHF .

KA
HEALIDATIR ; BEAER; DB A RbAld; tika s

15§ SRR R KB . G SIS R R S,

W6 % 2 KVH e 4 K 9 2B (RS L A AR B R A
bk, BAREEN AT A IEB AR MR . FRAEILLEF A/ MIE
. SO IMECE R R ZE . (Rt B B
BN T BimREZIA A TR A E, RS
B AR, (HHIMRRAR S . TR, R
ANESEERRE™ B ALY Tl MR Dok (= ST
). IR, DOLEL 3D FTHIA R MBI il h A

[EHEAT] EEiE (1986-) , B, PESBEA, 118
I, MBBUBEEARENBNDLLZHR.

FERE T BB Sk Ao VL 3D FTENH AR E & = [
TERIRERTEL, SN BB R i B, A
RGO TGN THWERETER, A/ MIERSERIATIR U T2
RIS R 5. (R e R R 4EiE . T
REBEWHEE T, WAz 8 EIE 3D FTEIRORTEZART
RIS TR OME, Psiii, MEETIZTR, B
ARSI TR L SE I SC B RS, AR SCPE Rl
RE FEPRERITT EEHEER b, G HAEGY, MNEET G
¥ 3D FTEN R AR EL PRI i SRS TR AT, A Tl
SRR SRS

21



MRRZEMAREA - £04% - £ 0311 - 2025 4 08 A

2 StEL 3D FTEN R RFEE AR B & 8y
Rz LS S a5 4

2.1 SEML 3D HTEN TZH MR Bt /It EE =1

&R
JElEfE 3D $TEI, FEEIHE SLA OBREMEIZIARSTED) |
DLP (#5otabil) % T2, RADCEWIIRTER E R B0t

ESOLIRTE A TR E B A, LA CNC T, ot
B TZEFERREAME, SEE R =4 R Pus
ARSI, SR TIPSR Bas R A
REATo X T/IMEEAERCBRA=7, JEEE 3D $THISE
BTSSR TRRIE], Ao D AR, $T
FREERGEREE . Hmr#ia . RIFAZRE TEATAREE R
JFRES, MEREL . EERI R RS R O THRASOR
SO ZRORFIET 25, Dt ARasisiy
SRR ST R, RES R PRBEAR R ST SRR
R TAIE o
2.2 BRI E S EML 3D FTEN Ry AL P BE PR U
REEDEENY 3D FTETRORTEAE R ZE M ERA LS,
(BEEMEHA R B RILOCEWIIE A, 5 ERe . TR A
MBS TR S B M L m TP E 2R, MDA
FS R | iR SR A TR . ZRTEEL
PPRHIEI RS . Wk, MPAMESFAR, Sl 3D FTE
PR EE SIS, /Mt DORRgIE . URIFTRE R T3k
BN S, XL RO . R Ao R ae )
BERHIRE, AN, BT ZE S, RAEFTE. Mgk
BB DN S i A PR A R . 241
PR EZEE T SR . SRR AR
MBI RS 5TA, DU R Tl bn PSR . % T4
AbSKisE, TS EIRTR AR RO R L S al A Es, R
[E(E 3D FTENR SRR SRR .
23 HFHRTETZRE—MLFERNEEETE
JElEE 3D FTEISEEL TR AIEM “Er iy B “H
RIS R, WERTE T A SR i
VAR (EBUENRZBE T o 5 B) CAD/CAE S8 fbisit TR
55 3D FTEME A HTCAESERE, oLt B, ke fitfefn
SHRRERIDISENAELRTERL, (P . T 2HE 55LR
HliEEEES . RIS N2 TR 2
B, T AR A R TERTT, D T R
AR TR FIRRAIRE . AR R RIS An PRk, sh
AR TR T 2R, RN ML, /MIERTT A,
SHIBIRRC B R I, XAE R R T E, X
I T B IRRCE, W) AN R AR B
KO, EEENR, B — AR - il - 4 -
DEACRIPIERBIETREE T IS0, s Al ae L.
WL AR TR AR PR EE, Al SRR BTN )
FIFIRSELA

22

3 /Mt ETIAE RIS E L 3D $TENR
BE RIS R
3.1 /MtEEH TIHXEEFIEN £ T EK

W& TH PRI RI T dn S e, P 7= i
YL, ERNETR Rk, REEDUE . Srdeft A0
HLE PR EXELI R LR oK. /MR E R i
HANER T H&EOR—AMUEDR S AR . &5t s
&, RERA B PR AN R RS RE . TERRIEA:
FPHERE PRI b, ST R AR
FETF P R FOREEAIBIETRE /. JEEE 3D FTEIRORDIHESE
R AR . Do SO AIRAATT L O RIR IS,
PREE T/IMERETATIZNFTK . Al 3D FTENSCEiE
FEH . MEREEE, A RIESINERN T RS
=, AT IREEEEERIETES, S FTESTEIATIN
£ 75 Sk, FERIERR TR B Sh R e s
JE, et MIT RS Ry e NN BT . 1R
OO T Hr =i BT A, B iR 2% S e il
%, SRR ERNL. R
3.2 WREMMS R T EE RS E 6 AE

LML 3D TR R RIERE ), A BT &
BE RS TZEmENR. BB R K
PEER-&, FTErm ikt D294, 3D4THEL. JEid
HE P NS emte, SO SR LB S s
o BRSBTS R GRIETT 5, Al TRy
RIAE FRsskEC N AT 3D TR R by, FIR T2 RERN
FrRAECFEIR FERE T S Kkt 5 T2 B B A bR L
Ko AR AGNUIRRIETT B R F AN A
T RBISRCATHMES, TEHAT T RINRILHERE, RE
TR EssfasE, BERD TREATRERS . AR, 5
LIPS LS ZEESInin vl s ZNIDE VNP R B KN S
JI, SRR — B AT RE . T EiREERR S
(VTN 412152 P8 E ALY LN i o A SR e L LAY e
B, ADURTH T AR AR, Wi T A
(ERIPEE RN RE ), A P iRBbS R . SMInENERIL
M5, HEshEEHERETE . EaeAEn it
3.3 EEHI SRR U KER A

/INEETE B A A S — B SRR E R T
BTk, BHEEELRELL 3D FTERERE+, AR
ARG . R R IIREL, Ml FHE e iR
EETRARANEOR R, BT BE . KSR R4
R, RO HER = RE FR U R e e
A, LR LR EBIAEERE A, AdtizE—
B, et MULS RIS AT T8, nlik
TP H L AR RS MR AR AN P ARy, D Sy
S FIXPUEUIEMEL S AL, SREAIRARE R, ARllA]
SIAETHERESR  BURAE T FE SRR, HR ARHESINE |



MRRZEMAREA - £04% - £ 0311 - 2025 4 08 A

DEFTENE TZOUEETE, ARERTHERM At S5EbRN
PERE. AL, BT HIEIESIRNSEIUEAE R, ]
S S T ZEATI R SER IR RIS g, M A4
EREMRZE , WtE i MtRAE PR E R e A 5
Bt bR, IXEEREILFEEERD TOLREL 3D FTEIR R R Y
PR, AT AT e, Db/ MR E FIl A R R TIRSE
T PR

4 StEL 3D FTENFELZRERN Ahpysmay
RO 5B
41 HBEETFITI . REmET, 4EtAE
TEI PR T4, 77 T, SR TR
ISR . SEREE 3D FTER AR e H s B R b
FRARORE A, BREDR T TR . R e s N0
R4 i S Bmi oA e, VRS ERET
TR PRES I S G A A Spiss , HEd Tidnk . X
—ASEEREIG =LA R R e B R KSR 2508, B
EARTE T I TARGERE . B, FAIZTFHLRAIR
JEIEA L 3D FTENRR, e R s sem T 23 FHLF%R
RETTR, RO T TimseL.
42 BTN A : STEEA, SRR SHEEE
I TS TR 1T, SCREE 3D TR ARAE 2B
P97 2SR AT th IR T T R RO R A BT B 7R EEA Tl
th, BEAMUFEEREESRBENER, RTHEEHAERRE
. B, —ER A TOLREME 3D FTEIRA 51554
SR EALE ARG . SRR . SR IR,
S5 3D FTEIROR AT IR RE I ot TAt
B AR, Wk % B SRR T4,
KR T AN, NGRS LIE T L 3D #T
R AR DO F R B ER M E BT TR RS, AR
TR SRR AN R TREREIER, @t a R
FEFENE 3D FTEIFOR, AV BERSTEARILE = L P I AT R,
TEEIT R, SRR, R H A
EE P IR T . X — ORISR EL R A L v e
RIBEE R, AL RGE & IR T .

5 E-F 3 E 4k 3D FTEN By #= B 193 fja 57 2
RAAE RS

PR BT TR IS, BT L 3D $TE0

AP R R AR TEMEBOR BT AR . TRl
A EIE TR et Al I Pa TR B 2w GO =t =
WL BN HIIRE, S BEREEN, SRR EE 7O .
IR ATk, HEEhsT . A7 mll— AP
Bk, LMedBEMIEESERNE). Eubrkl, &
PR R R T 2ZRIRE, SChee ittt 2 52
YUEEBhER. )5 BN RIS R &1,
TERE PP RGIETAERS . InaR 3D FTENAA BRI
ERROREE, e LRI R S EETRE T BUtF
STARR BN R R, SRR BN
HERBREGUR S SHET, SRR TSR ST
e ). i BRI, SRR AL T A eI |
SR HIERIZNE RS AT, A S B FIMEATE R /T F
RS o

6 4iE

FET LR 3D TR SRR B i iy ML T
Wk, AMUBEAGIS W AP RS AT 4R,
ST AR R (N B R . DGR 3D FTEIHAR R
EEER. RIGRERENEE, AvMbs. Z2FHb. Ehilt
TR R T YIS TR 5 2. 1B 26, #
B, RS EE S MRS, ML e B EIR
F AR M B, PR IR SR A, Hm
Malsse ). HAASK, MERAR M ARWrEIERIN ST
iR, JtlEfL 3D FTENE BB iZ PRI R M AE < il
SRS [SE . RAE AWHEEEoR 2 S TR AT, R
WAL INE A AT, A REEA AR B Tl SR M 1Y
FREFR §BK, iR ESE SRR, AREER R
Sk
(1] DR, s, P o, 5 2P R & b3 D TENRF 00 R

TEARZE LR AT I]. TAEEL F,2024,52(12):184-191.
[2] HE.3DITEIE = N RSO Wik i HE T R[] R T,

2024,(34):67-69.

[3] e 3DFTEIR AN #E R M HAEZ m s IR ST (1] 4K

A TAR2£4R,2025,10(01):12-21.

[4] BN BT 3DFTEN LR -2 S A th PR )6 S P RE DAL

FY[D]ILRIA,2023.

[5]1 FEHHZE VR L G255 A3 DETEN T 25T [D]. B 3 Tk
2£,2023.

23



MRRZENRARA - £04%5 - $03H - 2025408 A  DOL: https://doi.org/10.12349/msat.v4i3.7427

Study on the influence mechanism of ceramic coating on
needle puncture strength of diaphragm

Haiyang Wu
Shanghai Enshi New Material Technology Co., Ltd., Shanghai, 200120, China

Abstract

This study systematically investigates the bidirectional regulation mechanism of ceramic coating processes on lithium-ion battery
separator puncture strength. Through comparative analysis of 9um base films under different process parameters (temperature/
tension/time), combined with tribological experiments on single and double-sided ceramic coatings of varying thicknesses, we have
for the first time revealed the physical mechanism by which coatings regulate crack propagation paths through friction coefficient
control. Experimental results demonstrate that ceramic layer thickness shows a moderate negative correlation with puncture strength
(R?=0.73), while friction coefficient exhibits a strong positive correlation with puncture strength (Pearson coefficient > 0.97). This
research provides a new theoretical framework for “strength-cost” synergistic optimization of power battery separators, clarifying the
fundamental mechanisms underlying ceramic coatings’ impact on puncture resistance.

Keywords
ceramic coating; lithium ion battery separator; needle strength; friction coefficient; crack propagation
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Progress in rare earth element recovery of NdFeB permanent
magnets
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Abstract

As the third-generation rare earth permanent magnet material, NdFeB is widely used in new energy vehicles, wind power equipment,
consumer electronics and other fields due to its excellent properties such as high magnetic energy product, high coercivity and high
energy density. This paper summarizes the basic principles and research progress of the current mainstream recycling technologies for
NdFeB waste, and analyzes the advantages and disadvantages of each technology in detail. At the same time, aiming at the “impossible
triangle” challenge of purity - energy consumption - cost faced by existing technologies, it looks forward to the future development
direction of technologies for recovering rare earths from NdFeB, and puts forward relevant suggestions for the focus of subsequent
research, in order to promote the technological progress in this field and the sustainable development of the rare earth industry.

Keywords
NdFeB waste; Rare earth elements; Recycling; Hydrometallurgy; Pyrometallurgy
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Exploration of Injection Molding Process for EPDM Rubber

Fengtao Lu Benli Qi Gongle Han Haipeng Zhang
China Aerospace Science and Industry Corporation Sixth Research Institute 210, Xi’an, Shaanxi, 710065, China

Abstract

In solid rocket engines, the insulation layer and cladding are mostly made of ethylene propylene diene monomer (EPDM) rubber.
Currently, the molding process of EPDM rubber is mainly based on compression molding, involving molds such as upper and lower
molds and Haff molds. Some products formed by Haff molds have lower strength at the joint of the mold and are prone to cracking. In
addition, some rubber products contain metal inserts, and traditional molding processes make it difficult to locate and load the inserts.
Through analysis, it is found that the cracking problem of the mold joint in the product formed by Haf mold pressing is mainly caused
by local pressure relief during mold closing; The difficulty in locating inserts and loading materials is mainly due to the shared space
between the material cavity and the mold cavity in the molding process. In the injection molding process, when injecting glue, the
mold cavity is always in a locked state, there is no risk of pressure relief, and the material cavity is separated from the mold cavity,
which can effectively solve the problems of insert positioning and loading. Therefore, it is necessary to explore the injection molding
process of EPDM rubber.

Keywords
Ethylene Propylene Diene Monomer Rubber; Injection Molding; Process Investigation
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Collaborative Development of Carbon Materials and
Aluminum Electrolysis Process in the Context of Green and
Low-Carbon Transformation

Weihong Wang

Zahanaoer Branch, Inner Mongolia Huomei Hongjun Aluminum and ElectricityCo., Ltd., Huolinguole, Inner Mongolia,
029200, China

Abstract

In the context of global green and low-carbon transformation, the collaborative development of carbon materials and aluminum
electrolysis processes has become a crucial pathway for promoting high-quality development in the aluminum industry. Aluminum
electrolysis, as a high-energy-consuming industry, is closely linked to the consumption of anode carbon materials and carbon
emissions during its production process. As a core component of electrolytic cells, the performance of carbon materials directly
affects electrolysis efficiency, energy consumption, and pollutant emissions. By optimizing the preparation process of carbon
materials, enhancing comprehensive resource utilization, and promoting technological innovations in the aluminum electrolysis
process, deep collaboration can be achieved between the two in terms of energy conservation, carbon reduction, circular economy,
and intelligent production.

Keywords

Green and low-carbon; Carbon materials; Aluminum electrolysis process; Collaborative development; Energy conservation and
carbon reduction
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Physical properties research and application of tellurene
van der Waals heterojunction

Jingwen Jiang
Jiangmen Polytechnic guangdong province jiangmen city, Jiangmen, Guangdong, 529000, China

Abstract

As a highly promising emerging two-dimensional material in the post-graphene era, tellurene exhibits enormous application potential
in next-generation electronic and optoelectronic devices, attributed to its distinctive helical chain layered crystal structure, tunable
bandgap characteristics, high carrier mobility, and superior mid-infrared photoelectric response as well as thermoelectric performance.
Van der Waals heterojunctions, which enable precise stacking of diverse two-dimensional materials via non-covalent interactions,
offer an innovative strategy to overcome the performance limitations of single-component materials, achieve interface engineering
regulation, and realize multi-functional integration. This paper systematically reviews the research advances in tellurene-based van der
Waals heterojunctions, elaborates on their construction principles and classification systems, and dissects core mechanisms including
interfacial charge transfer and energy band alignment. Moreover, it clarifies the modulation rules of external field regulation and defect
engineering on key physical properties such as electron transport and photoelectric conversion. The application explorations in field-
effect transistors, mid-infrared detectors, and energy storage devices. are introduced. Furthermore, the current challenges in large-
area high-quality fabrication, precise interface regulation, stability enhancement, and device-scale integration are summarized. Finally,
the prospect of achieving practical breakthroughs in 5G/6G communications, infrared imaging, new energy, and other high-tech
fields through multi-component heterojunction design and advanced fabrication/characterization technology innovation is presented,
providing comprehensive insights for fundamental research and application translation in this domain.

Keywords
Tellurene; Van der Waals heterojunction; Electronic device
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Numerical Simulation Analysis of Stress Intensity Factor
of TC21 Titanium Alloy Based on Extended Finite Element
Method (XFEM)

Yang Gao' Chenchao Tian' Juan Zhang' Hao Zhang' Anqi Chen’

1. Xi’an Hantang analysis and Testing Co., Ltd, Xi’an, Shaanxi, 710016, China
2. Northwest Institute for Nonferrous Metal Research, Xi’an, Shaanxi, 710016, China

Abstract

TC21 titanium alloy, as a high-strength, high-toughness, damage-tolerant structural titanium alloy, is widely used in the defense,
military, aerospace fields. In aerospace applications, it is often subjected to multi-field coupling conditions such as force field
and temperature field. Therefore, quantitatively studying its fatigue damage tolerance performance is of great significance. This
paper focuses on the stress intensity factor K, an important indicator in the fatigue crack growth process, and conducts theoretical
calculations and crack growth numerical simulations based on XFEM. The results analysis proves that the simulation results are
relatively close to the actual situation, with an error of less than 5% compared to the theoretical calculation results, which can
accurately reflect the crack growth process of three-dimensional CT specimens. At the same time, it also verifies the existence of the
“tunnel effect” in the crack growth process, that is, the growth rate of internal cracks is often greater than that of surface cracks.

Keywords
CT specimen; XFEM; crack propagation; Stress intensity factor
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Analysis of Microstructure and Properties of 304 Stainless
Steel TIG Welded Joints

Yixing Huang
Nanchang Institute of Communications, Nanchang, Jiangxi, 33010, China

Abstract

This paper systematically studies the influence of TIG welding process parameters on the microstructure and properties of 304
stainless steel welds. By designing three heat input parameters of 8.5, 10.5, and 12.5 kJ/cm, and using metallographic microscopes,
scanning electron microscopes, and other detection methods, the microstructure, mechanical properties, and corrosion resistance of
the joints were mainly investigated. The research results show that when the heat input is 10.5 kJ/cm, the weld zone obtains fine and
uniform solidification structure, with 3-ferrite content of 5.8%, and the comprehensive performance of the joint is the best. The tensile
strength reaches 625 MPa, the elongation is 35%, and the corrosion rate is the lowest (0.85 mm/a). Excessive or insufficient heat
input will cause coarse grains or performance degradation. From the conclusion, it can be drawn that when the heat input is controlled
within the range of 10-11 kJ/cm, better comprehensive performance of 304 stainless steel welded joints can be obtained, providing an
important process basis for engineering applications.

Keywords
304 stainless steel; TIG welding; microstructure; mechanical properties; corrosion resistance; welding process optimization

304 INEEN TIG IR L AL SRS

HR

R E s, BE - P FE 330100

W =

A LHI04RHAATIGC 4 T L AHIF U LR B AT R e8P A, dladit8.5, 10.5, 12.5kI/cm = A # 4y
ANKH, REeMIMet, AR uEFan sy X, FEXRTEROBNMRER, HFhik, fRmkt, FREREL
B B AIANA10.5k]/cmit, BAER KGN GHREAL, S -4k EREEANS%, BAEORERIT, WIEREL
3]625MPa, bR H35%, FikikFRAK (0.85mm/a) , T F ALK A AAR L8 AT R K S AL AR, K256 T 47
t, EHEAIER E10-11KI/cmSE B W, 7T ARFEIF 9304 REF4RIF 48K 4r athal, AR ARSET T2 ERE,

KA
30445405 TIGHH:; MR HFEMak; alikit; 3T MM

15|18

304 BRI T H BT ROMHBS S B TR, ZE AT
T, SRS AL R . TIG MR T R
dep R, KT S AN e AP RIERE . (R
SKAESR TR — Lol FAsmialsis, 1
B4, XTI R R AR Ze 4 RN, EIRT 240
HOFFFS A AT B — T 22 A B, B T2 - 4141 - i
BB ARG . THERRREALRET, Bk
AU RO R . 0T 0 OB R, A%
A BT 2 AN AL, 6 304 REEE TIG IR
SCHOARLIT RGN, TN BRI AR RS itk

[EEBNT] && (1980-) , B, PEIFEEEA, K
R, SEEM, MBHBHEIS. MRIEB A HIZER.

fig, v TZSHMEESMEREZAINE R R, M TENA
SRS TR AROR S .

2 AR B EXRWigit
2.1 304 AR ZE M HErm B
WFFT H B A T HE 5 304 REE TIG fRHERE L o4
GERE, FEEFR TRER AR TR T 2R S i s R A
JEE DAL ERG N . e RE NS IR, I R SGER R
TZEE, VSRR SISS) . T i hik i
MiREE k. BAMEREF ARk 46 bR R T%T
600MPa, WL(HFHEAT 30%, BHUERE SRS, BEihisE
/NT 1.0mm/a, XESFEARRIE THELIOMRIE 24, XI55
TP TG T, ARSI T
BRI M,

45



MRRZEMAREA - £04% - £ 0311 - 2025 4 08 A

22 TIG BEIZSHE RN LWIZITHAR

INYREEISE F T IEEE 2 3mm 1Y 304 RNEEGIbs, FEH
WEPF ER308L 1RZZIEAIETEM B, A T3 A ek
REHTIRA TR, B E AR ASEINERE T2,
TR IR 140-180A . REHLE 12.5—13.5V, [R5
U 120mm/min 5250, 3843 8.5, 10.5 Fi1 12.5kI/em —Fh
RERIFE AR, FREI TR 99.99% AR SR, SR
FEAEEAE 15Limin, FRA REEEB A V B 0, B[Rl
0.5mm, FfRSCIGEE A PTEEERTATEME M, 38 1. amy)
H T =G BA T 2SO S W i A G, X
BOS BN REMF T R R A S5 R RESL O ZL R M fETsE 2
FUEERAE TR

R1BRIZSH

A5 HER (A HEIE (V) (mm/min)  #EA (kI/em)
1 140 12.5 120 8.5

2 160 13.0 120 10.5

3 180 13.5 120 12.5
2.3 HARE S HERIE A ENFEMKTE

AR R SRR, (A2 4R Rk
Zeh I iERE. WOWARZR KT FH IESOOM &40 B s kUL
SURMOZEZY, ] ISM-T800F 1%k Sl e 48 sk 1 40 B 4%
Kairhte JRElR A& =i h ks (GB/T2651)
AT RE e, TS bl e ) iR o P A0 88 bk 36 (GBY
T4334) , AUEMILE . BNSHEEE 3 METIREE, Lk
SERBCEE, RIEEUERNSS T, A ImageProPlus £k
HR I T E RN, IR R SR

3 W H R EFFE S TR
3.1 IREXEEE AR IR SHAERETHE

RERE A S THRSARAENEE LR, Yk
A 8.5kI/em i, SRAE A UTERAT N R SRR A S ZH AR
— RIS ETRIIEZ O 15um, BEE H A2 10.5k0/em,
B RCTHS AR, (HEASUNRRRT OB . S A
IRF 12.5kj/em FORHEE | A5 TR B gt 25 28 A F] 25um ify B
BIHZHMA. Wt EDS S0bral &, fRaEh DI AR &=,
S - BREMBES A ARGV )N, M 8.5kI/em B 6.2%
] 12.5kd/em Y 4.5%. iXFRAHZR AR ER TRAERIBTE
SUMERO S b A TR A M
3.2 #EMMX B FREFES T HE D HIFE

PEMX (HAZ) WMHAEE A B E . EIFAEA
(8.5 ki/em) 5/ F, HAZ %ifEHAE, 290 0.8mm, fhk
FUTRFETE 25um 247, a5 A (10.5kJ/em ) 5,
HAZ 3 KA 1.0mm, Sk RS0 35um, 4R
A (12.5k)/em ) B, HAZ SEEEUE— 20 K& 1.2mm,
s A AL, R R R ST IR E] S0pm. 183 TEM
Mg KB, TE 650-850°CHUVIREX ], 5hFALA MasCe 2l

46

BRACIMTH, EMTHSE SR AR R IFARE A, X4
OIS b R A= AR
3.3 B/ BREFEALREETUNERR

IA G LRI AR I B RRREE 25 (e BER I HL A
AR SR, SRS 28 20pm . SEITIA S 4RI HITT
ROGIREERAEE R, IR ME AR ARERGRIX . Mt
AN EILIEH, IBEAMHIEE Cr, NiSEENESE
TR EZE, ¥ HENTEERLA S0um, Cr TEEES
2 EERMEITE, RIREEY 17.5%, XatffSRm X i
FOM IS e 2 1 SR s AR B 2 Bz b A I
HORE SRR, MEERT) 210HV SIRAEX Y 230HV Z# o,
TXFheE P AR (Y R S BE AR IE &5 DR < o
4 Nt ERS1+ie
4.1 B3R EE SR IT A KBRS

P a0 45 R IR R S 1 2 e RE S i A S0
FFE—ERAREME. M AK 10.5k)/cm I, #5KH9%:4
PERESUT, PrhiiREIAE] 625MPa, JEARIREE  325MPa,
UL A 35%, L RERISREER 8.7%. (K#H A (8.5kJ/cm)
MR, TR, BSKIREA 605MPa, (HEMEME
Z; S A (12.5k0/em) I, BT RRRLL™ B, SREERE
KE] 595MPa. A 1A RERT S EFRERGEINI, W 4T
AR ATRRE AT SY, A REOTE; aild Ak
FEAEREEISY, SRAMMITE . B, X#&
PR AR A T RS SR B DTS . 3% 2 BdEiEmiHh
JEoR TRIA R A SR LA EREI BT, A fE4E
ST ETHE R T EEYRIE,

2 A EREMIK AR
REIA (kIfem)  STRSEEE (MPa)  IRSEEE (MPa)  FEH (%)

8.5 605 310 32
10.5 625 325 35
12.5 595 295 28

42 BHEESHHESHRETH N KR
TIREE MRS R T DL, Bk sy i B AHH
AN M X EECREEE 2100V 247, R4EX H
TP AR AR S sERAL, AEEE Rl 230HV,, FAGENE X
BAt, BAREREY 185HV, S51% Dk A [0 4
f e HEEEDREIATE R, PALX T8 RS B A RIRE K
A, 1F 8.5k)/em BF 954 0.6mm, 7F 10.5kJ/cm B 55 &
7 0.8mm, {F 12.5kJ/em B8N 1.0mm, iXFPEE SRR
FERIHOMEE A E R Y& 09I, IESL TR EERIE R s
RN RS S
4.3 BTN SR E R ERR
RIS R DR O EEBRE @ 180° AU
B, (BRMERE A ZR. # AN 10.5kT/em S
HhME AR, RIERA T ARG Tsiida AR S e



MRRZEMAREA - £04% - £ 0311 - 2025 4 08 A

SHBRERS, KRR T AN ARG ISR . AL
FEIGAAZR (DIC) HARR AN A - B OLINA T,
KIS GG N AESEPER, mHESES
FEESFIMANRE G L. MEREICKE, Bl dcEfeE
TZZ28, AIDEREREL &Ry Z M AThE, Mt
AR AT RE

5 BT AL ERENE
51 REFEMEREEETF N SIESH

TS Strauss RIG AT ESN BT FHE(L (EPR) (757
PR e RS SR A DU . SRR AR IR
FESLAS G AN FAREE B R bk e, #di ALY 10.5k/em
IS il e %, i R 4 0.85mm/a, B ThEELL A A 2.
EPR %5 5 B oR F i (0 2 b 5 i A = R g Nk, 78
12.5kd/em I ik, 4 15.8%. JBEIIALELE T Cr it fe
e T TSR AR X o i A SN IR IX AR
FORIR], SRR X (ORERE . B BN LB, JEih
T BRI R, EERENX R E, Xth51%
ISR BT B SARR &0 3% 3 BE B AR
JEOR T N AR A S T RSB TR B E R, RS
JE TR S BT EROE T B A ST

*® 3 BMIKBER
A (K/em) A (mm/a) TR BRI RS (wm)
8.5 0.92 B 125
10.5 0.85 A 105
12.5 115 C 155

52 RMESZRITAHMERR

K H FeCl3 It b A7 S e, AL ERE X
HIE . 5k (0 R AR R R Sk ) A o e (7 LB R 50-
100mV., v A A 12.5k0/em I S s, ShEs s
RE35 4 fom?, SEERETAREE Y 85um., i1k SEM LA,
SR ERIR TR AR AR AR O R b, DL g
JEAEL T BIRREEE R R, TR, pbTa
HUOEREE, B R R B T,
5.3 [ FER S EHERHE

i8I XPS A EDS W k=4 Tl &, L2
/& Cr203,Fe203,FeO0OH, H.A1 Cr,0, & & 22 fiif 68 Dl
HRIT-. 1F 10.5kI/em A BET Cr0, IS B RS, N 62.5%,
ifi 12.5kJ/em IRFEH Fe,0, IS RN T ESE &, B~
WHDES A AI, 206 2.3%, 1 Cl- A T
ZH. A BRSSO HTHE AR I A (]
JE TR S, SRR TR U R R DX IR, i
M5 e 2Rt AR BRI FRR A AR DA TF
FEAHE SR, s T Bk R ot iR

6 ZEHFLEIRNANE

6.1 AL — MEEXBHLFIM RS LR

IR R, IR A B SO S AR ik i
TERELEEAERE . M ADY 10.5k)/em B, ZHZA1EREDCHD
BRI IREEX TR NS S IR R AR, 8 - SREIK
S EEHIEREHE 5.8%, HEMX Sk K/ NMEHILE 35um
oA o IXRERALURFIE SRR RIF I MERE (BUhl
SREEA 625MPa, FE(HZY 35%) FURIA R A R IR ihid
(JE D2y 0.85mm/a), T ARG /NG R A2 55
HARHEAL, e A BRI RGBT ik 4 Rz DB,
P N SR BT, SR ERE T
Mo X A IACIRRE T 24200 7 E IS IR,
6.2 IBETZSHMAF ERIAREIN

ETHRERR, kAR ASEA P SRmAS
£710—11Kj/em () 304 REEH TIG JRH:, BAR T 22500
SRR 155—165A, HLIEY 12.8—13.2V, [RIEEHEEA
115—125mm/min, 7] PR AR INWSE ORI Z 2 218150
T, VD ERE IR A e PRSI E REEE < 150°C,
B 1AM e TS b ER b R T
AIDAME R B AL FR (1050°C % 30min), (HBRIEEER /7, (i
AL, XU ] B R SR S R
6.3 TRNAMBESREMRRE

KRS ORI T b Tl 5
304 REEAUFERELI AR EARTR T 99.5%, A& HEr
PEET 30%. WFSERIRAAE T . BRI E 2sE
1R T ZHVEBITTER TREE R ¥ [BEF it S lE TR
TR AT RSB D S A BV TSR RO RESCA ],
PR AR T A AR R M RSB FAS
(RN B IR R RAE S RE L S Ere T TR

7 &g

AR RN, TIG R ASEIO TR DURIT R
il 304 REFEFELAASRIMERE, 430 AFSHITE 10.5k)/em
I, BEKRISEEMERERT, PLAAREIAE] 625MPa, & i
FN 0.85mm/a. WFFTIDIR T ARG A - OUZHE - JhaebE
AE - MRS P E Z RINTERR 2, TERGR T 2P Ee A, I
RO AN AR TR, ARt TESNEHA
e e tgE, AR E LIS T Nk EREH
R S BER ORI R, AHEE AN EIE R R 2
PRULETIHE,
S 3k
[1] A5G0 MR AR T IR, 55 304 RS0 TIGIR LB [E 1 T S B
IR ) A5 % 5 T F2,2023,15(12):173-181.
[2] NI HOL-TIGE A I3 04 REH T 225k [D]. REtE A
2£,2023.
[3] XUKE KA1 TP304NEAINE I TIGIR MG &7 A Sl 4E
SO [I].16 4 50 2025,45(08):22-24.

47



MRRZEEMEREAR - $£04% - £03H - 2025408 8 DOL: https://doi.org/10.12349/msat.v4i3.7434

New Directions in Plant Active Ingredient Extraction: Natural
Proportional Compound of Single Active Components from
Authentic Plants

Anning Wang Sen Hou
Guyu Biotechnology Group Co., Ltd., Guangzhou, Guangdong, 510000, China

Abstract

Plant extracts play an important role in the Chinese cosmetics, health products, and pharmaceutical markets. With the continuous
advancement of extraction technology, the concept of plant extract raw materials is gradually changing. However, since their
inception, there have been inherent problems with plant extract raw materials. Some plant extract ingredients are mixed, and the
core functional components and mechanisms are unclear. Some plant extracts have merely a single component and lose the effect
of synergistic enhancement. Although there are numerous reports on the preparation of plant extracts, the theoretical research on
the development of plant extracts is still lacking. This study analyzes on the development theory of plant extract raw materials,
explains from a scientific perspective the four major characteristics that excellent plant extract raw materials should possess and
details the scientific basis behind them: sourcing authentic plants, extracting high-purity monomers, compounding multiple monomer
ingredients, and following natural ratios using the compound method. This study will provide theoretical references and R&D
guidelines for the development of plant extracts in the fields of cosmetics, health products, and pharmaceuticals in China.

Keywords

plant extract raw material; authentic; monomer; compound; natural proportion
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Preparation and Performance Study of Polymer Anti fouling
Coating on Ship Titanium Alloy Surface

Yiming Hu'® Longyu Zhou'” Chen Hu” Haoqiang Zhu'> Haitao Gao"
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2. China Shipbuilding Industry Corporation Nuclear Safety and Emergency Technology Center, Hubei, Wuhan, 430000, China
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Abstract

With the development of shipping industry, ships are often subjected to challenges such as biological fouling and corrosion during
long-term service in complex marine environments, which severely affect structural safety and operational efficiency. Titanium
alloys, with their excellent mechanical properties and corrosion resistance, are widely used in high-performance ship structures.
However, their surfaces are prone to become attachment bases for marine organisms, necessitating protection through efficient anti-
fouling coatings. High molecular anti-fouling coatings have gained extensive application in the maritime field due to their excellent
interfacial regulation capabilities, environmental friendliness, and durability. This paper systematically reviews the material selection,
structural design, preparation processes, and performance characterization of high molecular anti-fouling coatings on titanium alloy
surfaces, while conducting in-depth analysis of their anti-fouling mechanisms and engineering applications. The study demonstrates
that rationally designed high molecular anti-fouling coatings can significantly enhance the service life of ship hulls, showing
promising application prospects.

Keywords
titanium alloy; polymer anti-fouling coating; ship antifouling; surface modification; performance study
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Study on unidirectional tensile mechanical properties and
anisotropy of TA1 titanium alloy sheet

Xuan Li' Gang Zhao' Guogang Li' Ruowei Shao’

1. AVIC Xi’an Aircraft Industry Group Co., Ltd., Shaanxi, Xi’an710089, China
2. Shenyang Aerospace University, Shenyang, Liaoning, 110136, China

Abstract

To investigate the room-temperature forming properties of TA1 titanium alloy sheets, a unidirectional tensile testing system was
employed to study the effects of loading speed (1, 3, 5 mm/min) and orientation angle (0°,45°,90°) on the mechanical performance of
1 mm thick TA1 sheets. Results showed that as loading speed increased from 1 mm/min to 5 mm/min, the 0° deformation decreased
from 48.92% to 40.31%, while yield strength dropped from 218.4 MPa to 196.9 MPa, demonstrating significant strain rate sensitivity.
Different orientations exhibited distinct anisotropy: the 45° orientation showed optimal plasticity (deformation 51.85%) but lowest
strength (tensile strength 295.8 MPa), whereas the 90° orientation had highest strength (yield strength 271.3 MPa) but poorest
plasticity (deformation 43.23%). This study revealed the coupled effect between TA1 sheet anisotropy and loading speed, providing a
theoretical basis for optimizing room-temperature forming process parameters.

Keywords
TA1 titanium alloy; unidirectional tensile; anisotropy; loading speed; mechanical properties
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Analysis of Pain Points and Countermeasures in Training on
Rapid Detection Technology of Food Safety Colloidal Gold

Liangyu Chen
Shenzhen Zhuorun Testing Technology Co., Ltd., Guangdong, Shenzhen, 518114, China

Abstract

Colloidal gold rapid detection technology, with its strong immediacy and relatively simple operation, has seen increasingly
widespread application in food safety screening scenarios such as grassroots farmers’ markets, food production enterprises, and
regulatory sampling. However, the effective promotion and standardized implementation of this technology heavily rely on systematic
and professional training programs. Current training initiatives still face significant challenges. To address these issues, this paper
analyzes the root causes of these pain points from four dimensions: technical adaptability, resource supply, personnel foundation, and
management mechanisms.

Keywords
colloidal gold rapid detection technology; training pain points; solutions
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Analysis and quality improvement of non-layered flaw
detection for medium thick pipeline steel plates

Kong Ya
SD Steel Rizhao Co.,Ltd.,Rizhao, Shandong, 276805, China

Abstract

Pipeline steel has high requirements for non-destructive testing. In the case of high-sensitivity testing, it is easy for point like defects
to occur at 1/4 of the steel plate thickness. It is believed that this defect morphology is caused by Ca-AL-O inclusions with large
differences in acoustic impedance of the steel substrate. By optimizing the Ca treatment process during smelting, the significant
reduction and spheroidization of Ca-AL-O inclusions have been effectively achieved, which improves product safety.
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acoustic impedance; Ca-AL-O inclusions; Ca treatment process; spheroidizing
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