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KRN RERE I = HHUE, ﬂuﬁiﬂz@&ﬁﬁiﬁfﬁﬁ#ﬁﬁﬁﬁﬁE?ﬁz% X —FHRTE TR
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ghek NI (AUC) E@ﬂ?fﬁ@iiu\o.% DIk, FROWIET AIENATSEME, ARSI HE &
M- —IAMLITTR, NERERNREIRE IR R Tk, BN LR R i
SR EM REIR R AL LIE B B SR MEL,

X A
TAVESR ; BRESER ; geliEHE ; CIREFS ; SRAEEN
Abstract:

Detecting anomalies in building energy consumption can reduce unnecessary energy waste and improve
energy efficiency. The role of anomaly detection has become particularly pivotal in industrial buildings
because of their high energy consumption and the potential risks associated with abnormal events. Al-
though extensive data collected through smart meters has indicated the advantages for anomaly detec-
tion using data mining techniques, labeled data are often unavailable in practical situations. Therefore,
this study develops an ensemble framework that combines three unsupervised learning algorithms, in-
cluding Local Outlier Factor, Deep Isolation Forest, and Anomaly Transformer, to identify anomalous
power consumption with a focus on subsequence anomaly. The transformer-based network is estab-
lished to precisely impute missing values and enhance the reliability of anomaly detection. The exper-
imental results based on hourly cooling energy consumption in the two industrial buildings confirmed
the effectiveness of the proposed method. To better interpret the anomaly detection results, the Extreme
Gradient Boosting is applied to construct the relationship between influencing factors and anomalous
consumption. The area under the Receiver Operating Characteristic curve is used as a metric for the
classification task, and an average of over 0.96 indicates robust performance. Weekday and dew point
temperature are found to have significant impacts on the electricity usage pattern. The research findings
provide valuable insights for developing effective solutions to identify unexpected trends in building en-
ergy consumption and support efficient energy management.

Keywords:

Industrial building; deep abnormality detection; energy management; unsupervised learning; missing
value imputation
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SRR I 22 8] 0 1 RS B TN AL RESR B IR 5B TR E X EE, R =g EHISK 50
BRI BE R B RO R, BB &SR RATI RN AR TR TR, EAK T 5
BUERBIEORE T H AR MR PR TR0 ME R, XELUMN 2 S RN AR T 72 A 75 Ko
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AR MR m D PR ERE, 5RRY, 1F 4 LA, 2 REBAR MSE REET
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THEAEED 91.9%, SSIM FimiET! 282%, TonHIEFRHVEEICR, AR Tl REIE N
RUIMERERIEM, RIEBEFE DR &, 5 g S MO AL RERT 1R
TSR B ES . AT IRRIR T80 PR IR AE e i R A LA ), O S AR R
B o0 PR B A I IR (B TRTRIITZE T3 Rl AR SR Al — 2 5 A ER e A, SRR
RE, MBI PEREORTE & 2R PRI R A,

5 B A]:
SRS, BAPRER, WENE, NlE¥T
Abstract:

Accurate prediction of the spatial distribution of gas-liquid two-phase flow bubbles is crucial in the de-
sign and operation of nuclear energy equipment, however, high-precision experimental and numeri-cal
simulation data are usually difficult to obtain, with high cost and long computation time. Tradition-al
experimental methods and numerical simulation techniques can only provide low-resolution bubble dis-
tribution information, which is difficult to meet the needs of high-precision gas-liquid two-phase flow
research. For this reason, a neural network-based multiscale super-resolution reconstruction method is
proposed in this paper, which realizes high-resolution reconstruction of low-resolution bub-ble distri-
bution data by training the model. The results show that in the 4-fold pooling test case, the MSE error of
the multiscale model is lower than 0.2%, and the SSIM can reach more than 98%. In the more difficult 8-
fold pooling test case, the MSE of the multiscale model is reduced by up to 91.9% compared with double
triple interpolation, and the SSIM is improved by up to 282%, showing excel-lent reconstruction results.
This paper also explores the effect of the number of training sets on the model performance, and finds
that there is a smooth turning point in the number of training sets, and the effect of further increas-
ing the dataset size on the model performance improvement gradually di-minishes. The method in this
paper demonstrates the potential of super-resolution reconstruction in the field of bubble distribution
refinement and provides a new research direction for the application of super-resolution reconstruction
in gas-liquid two-phase flow. Future research can further introduce physical a priori knowledge to en-
hance the model performance and promote the application of super-resolution technology in complex
gas-liquid two-phase flow fields.

Keywords:

Bubble Distribution, Super-Resolution Reconstruction, Neural Networks, Machine Learning

Al+/ 86

FL TR S N 48 56 96 AR I 1 240 SR A I 22 A% 38 T T B 28 75 7R R HOx
2020 FYJ/R1E DIAE K AT R A

Authors: Sheng Fangl; Yuhan Xu!

! Tsinghua University
Corresponding Authors: fangsheng@tsinghua.edu.cn, xuyh21@mails.tsinghua.edu.cn

e

Page 2



2025 > I AF B e BT A RIS / Book of Abstracts

TR PERZ SR R TR BRI A B B LR U RO 5 S A N A K R A B, F 5K
BR U P A R TR UL B AR AN, A K (5B 7R B A WL A% SRR S IR R 1A T
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MGTEL RAV RS, ERD MRS, SEBRMEMBS SMmETENETE, XNRIE
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254.938 GBq, TEVRIANLE, FERUN MBS BT HIVERS RS EA e sE—, B#
USRS BHER I RAF W& R,

XA
BRI ; NZRIERE ; REEGER ; MEENME ; YI7RTE DUFEF K,
Abstract:

Accurate reconstruction of atmospheric release source terms for radionuclides is a critical scientific
challenge in nuclear accident consequence assessment and emergency response. In practical radio-
logical events, the source location is typically unknown, and relevant information must be inferred
from observed atmospheric activity concentration data. The source term can be represented as a five-
dimensional feature tensor comprising longitude, latitude, time, release height, and particle size. How-
ever, such inverse problems are inherently ill-posed, and the available measurements are often insuffi-
cient to support a reliable estimation of the complete tensor, highlighting the importance of incorpo-
rating appropriate prior information. To address this, we propose for the first time in this field a novel
strategy that integrates deep image priors with sparsity constraints. Within a variational optimization
framework, the method employs convolutional neural networks combined with sparsity regularization
to effectively constrain the spatiotemporal characteristics of the source term. Using the 137Cs release
event triggered by the 2020 Chernobyl forest fire as a case study, the proposed approach successfully
reconstructs a compact and physically plausible spatiotemporal source distribution without requiring
an initial guess, with an estimated total release of 254.938 GBq. The reconstructed results, including
source location, temporal profile, and total release, show strong agreement with previously reported
values, and the simulated concentrations exhibit good consistency with observations.

Keywords:

consequence assessment for nuclear accidents; spatiotemporal source term reconstruction; deep image
prior; sparsity regularization; Chernobyl wildfire
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X B
NAEEBAT AR ; SESKER  HEWH ; AL e
Abstract:

With the advancement of smart city development, text-to-image person retrieval has shown increasing
value in public security surveillance applications. To address the reliance of existing retrieval meth-
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ods on large-scale annotated data and their limited generalization across diverse deployment scenarios,
this study proposes a Graph-Based Cross-Domain Knowledge Distillation (GCKD) method, enabling
large-model-driven unsupervised cross-domain retrieval. The proposed approach leverages a graph-
based multi-domain propagation module and a contrastive momentum distillation module to tackle the
challenges of semantic transfer and modality discrepancy across scenarios. Experiments on multiple
benchmark person retrieval datasets demonstrate that our method achieves an average improvement
of over 4% in Rank-1 retrieval accuracy. This work has been accepted as an oral presentation at AAAI
2025, a top-tier international conference in artificial intelligence and a CCF-A recommended venue.

Keywords:

Text-to-Image Person Retrieval; Multimodal Large Model; Smart City; Public Security
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LVHEESREINERG, EF., SR 5 BRI AR R AR RIS L 2 FnTE R EE
(1], AL EENIRIUETT (Source term estimate, STE) FYRE:AM, EEFMME] T STE /5
(iEl’JfEEo IWERIE SR E R IERZEH %ﬂTfﬁEI(REEE%%Tﬁ??[ﬁﬁEEﬁ, IXTE STE T1E
FERUISERREY [2]o M2 NG RY STE HiESER R, LIV NI & 3], AR H—FRAR
SRR AR L L EL & 75 150 STE (mﬁ%?*ﬁ’*” F TS0 8 R4 A0 A 2 N it
AL B PR 8 RS A 1o 1?1‘%’*”?[)\{:.@%‘]@1@[ 1, BN T ZEARLI N AR
‘T‘ﬁiﬂif?@%&@ﬂﬁ, FERF XUAIATERAVE NI E R 55 | AR BRI ie k- M?ﬁié%ﬁfﬂ:
ﬁ?ﬁ (GA-PSO) SEHLT & ZXmset MR LECE [5]. Elﬂjﬁﬁﬂji BRI MY #eE

I SF-EF0 CFD A7Y K97 T BITCN-BiGUR A& XN A1 B AHZR PR 2% R I AR N Ze 5
Jé“ﬁ, SEH T 8 ZREE IR IS PE T R SR 0 R ) 7 B o FE M M

PRGAGE
EEM ; BREESELEE ; JEI{51T ; CEEMDAN-BITCN-BiGRU #&7AY
Abstract:

When the harmful gas is accidentally released, accurate and efficient source term estimation method
is very important to ensure the safe and stable operation of the natural gas station. As the basis of
Source term estimate (STE), reasonable sensor layout directly affects the accuracy of STE method. Most
of the existing sensor layout methods are only for a specific job and need to know the leak source in
advance, which is impractical in STE work. In addition, the existing STE method has poor real-time
performance, which is difficult to deal with dynamic scenes. In this paper, an optimal sensor configura-
tion method and STE deep learning model for gas station leakage are proposed, which can be used to
achieve fast and accurate estimation of leak point strength and location under complex structure and
wind direction. The model introduces information entropy theory, establishes an objective function un-
der multi-objective conditions to optimize the sensor configuration, and introduces the wind direction
frequency as the weight coefficient into the objective function. The genetic particle swarm optimiza-
tion algorithm (GA-PSO) is used to achieve the optimal configuration under complex wind direction
conditions. On this basis, a natural gas leakage and diffusion experiment platform and CFD model
were built, and a bidirectional deep neural network of BiTCN-BiGUR was constructed to capture the
spatio-temporal dependence of concentration time series data, thus achieving accurate estimation of
the location and intensity of leakage sources in natural gas stations and yards under complex structure
and wind direction conditions.

Keywords:
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Information entropy; Sensor optimization configuration; Source term estimation; CEEMDAN-BiTCN-
BiGRU model

TEMFERK /26

F T 5 IR R B K IR LT 5%

Author: fZUE!

REEOS:
Corresponding Author: kyx21@mails.tsinghua.edu.cn

T
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BATRUERBUERIE, 2R T MUK RAA SR AT I A IAE N R A B SRR YEIE, X ESE
Tl A AL SRR TR 028, I 5 [ ABENLIE R A ISR, 455R3RA, RimIa
A (60°-90°) S5 BENLARMTN XGBoost SFIELNEM & SRR, FEX 0 KRIAZE 5 THTARMS
SCIL T 23k 100% FIRGHERAI A ER, ABFFEEE 758w A WWEIRE K RFENHRIE S, D
TRIRAE TR IS BE TR 1 T SR AR ORI 55,

* BEA:
JORBEM, eI, BEBRRL. PAEET. THESER
Abstract:

Photoelectric fire smoke detectors are sensitive to false alarms caused by nuisance aerosols, which
causes massive losses. To address this, techniques such as multiple optical channels and wavelengths
have been developed to capture more particle scattering information. This paper presents an innovative
method using broadband light (400-800 nm) to obtain multi-dimensional scattering information in a sin-
gle measurement, enhancing particle discrimination. The approach was proved to be effective through
numerical simulations using Mie scattering theory, which generated scattering spectrum for five types
of fire smoke and five types of nuisance aerosols across various angles. These spectrum were input into
five machine learning models for particle classification, with random measurement noise introduced to
test robustness. These results indicate that forward scattering angles (60°~90°) combined with nonlinear
machine learning models like Random Forest and XGBoost achieved almost 100% precision and recall
in discriminating fire smoke from nuisance aerosols. This study highlights the potential of broadband
visible light sources in fire detection, offering a robust solution to reduce false alarms and improve de-
tection accuracy.

Keywords:

Fire detection, Nuisance Aerosols, Broadband Light, Particle Scattering, Numerical Study
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XU o

* B
MRUPERSY)  EEEMAE ; KIEEEEE
Abstract:

Grain dust is prone to explosion during pipeline transportation, posing a serious threat to personnel and
production safety. Exploring its flame explosion characteristics is of great significance. This study uses
13.85 p m corn starch as the material, and combines experiments and simulations to analyze the effects of
factors such as single-sided obstacles and pipeline inclination on the flame propagation characteristics of
corn starch dust. Research has found that single-sided obstacles can cause irregular flame shapes, with
flame propagation speed increasing first and then slowing down. The trend of temperature peak changes
is the same, and the higher the blockage rate, the more significant the impact; Under the condition of
curved pipeline obstacles, flame propagation is dominant, and increasing the bending angle will make
the flame shape more complex. When bending at 90 °, the flame velocity and turbulent kinetic energy
change significantly. The higher the dust cloud concentration, the more intense the outlet disturbance.
MFSV and AFSV first increase and then decrease, and both show an upward trend with increasing
bending angle. Unilateral obstacles and curved obstacles can increase turbulent kinetic energy and
have a significant impact on flame propagation. This study provides theoretical and data support for
preventing dust explosions, optimizing industrial design, and developing safety standards. Enterprises
can use this to optimize equipment, control dust concentration, and strengthen ventilation to reduce
accident risks.

Keywords:

Unilateral obstacle; Pipe bending angle; flame propagation speed
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Abstract:

The study of vortex structures is instrumental in elucidating the flame behavior and smoke dispersion
mechanisms during tunnel spill fires. This work combines numerical simulations with experimental
analysis to investigate the flame plume behavior and ceiling temperature distribution throughout both
the diffusion and stable stages of spill fires, with a particular emphasis on the temperature-flow field,
velocity-flow field and vorticity field. The findings indicate that the interaction of cold air and hot smoke
generates unstable vortex structures, which subsequently affect the flame morphology. During the dif-
fusion stage, the vortex structures tear the flame, resulting in bifurcation behavior. In contrast, in the
stable stage, the diminishing vortex structures allow the flame to stabilize and merge. From the diffusion
to the stable stage, the flame oscillation frequency gradually decreases and approaches a constant value,
primarily due to the deflection of the flow field at the flame root and the heat exchange between the hot
smoke and cold air, a predictive model for the flame oscillation frequency throughout the entire process
has been developed. Ceiling temperature variations are influenced by the combustion process, leading
to the establishment of models for maximum temperature rise and longitudinal temperature attenua-
tion over the entire process. During the diffusion stage, increased turbulence from vortex structures
gradually elevates ceiling temperatures. Conversely, in the stable stage, the disappearance of vortex
structures near the ceiling results in no significant changes in ceiling temperature. In the high vorticity
zone, there is a pronounced rise in ceiling temperature, whereas in the low vorticity zones, the mixing
of hot smoke and cold air tends to reach equilibrium, resulting in a gentler temperature increase.

Keywords:

Spill fire, Vortex fields, Flame plume behavior, Temperature distribution

TERFERK /89

Lithium-ion battery thermal runaway inhalable particle charac-
terization

Author: figkNone

Co-author: Xiaole Zhang '

! Tsinghua University

Corresponding Authors: zhangxiaole@tsinghua.edu.cn, zhangq24@mails.tsinghua.edu.cn

T

SET M (LiB) PR EAERMERIECR, W R T TR E, MAERIEERS, AT
i EEUHIBRIR T, FIAA 5 R RRE (TR) JFATHES | R K RBAE, fERVERER, M
BERO A B B AR B AT AR, X LEHE A PR 5\ (KB fE e, ARETE
FERTF A2 I — 1 3 4A FERE B P DT T AR TS, AT B, — B
FETI H P SR ] P B TS 6423 °C, 7 A RO B T34 17107 #/em3. 55
oI T BRI R, N EeC DU
-[’\, VN :ig o

XA
HHE M AR BRLRAE ; FONBOKE | S HHRE
Abstract:

Page 7



2025 > I A B E BT AEFERIRIE / Book of Abstracts

Lithium-ion batteries (LiBs) are widely used in electronic devices, electric vehicles, and energy storage
systems due to their high energy density and efficiency. However, under thermal, electrical, or mechan-
ical abuse, batteries are prone to thermal runaway (TR) and may cause fire or explosion. During TR, the
battery will emit gases containing toxic components and a large number of inhalable particles, which
are harmful to the environment and human health. In this study, a 3.4Ah cylindrical battery was heated
in a semi-open space to trigger TR. The experimental results show that the battery temperature of a
cylindrical battery can reach up to 642.3 °C during TR, and the particle number concentration generated
can reach up to 1*107 #/cm3. The conclusion shows that LiBs have significant safety risks during TR,
and provides a scientific reference for future improvements in LiBs design and particle hazard assess-
ment.

Keywords:

Lithium-ion battery; Thermal runaway; Particle characterization; Particle number concentration; Ther-
mal runaway temperature
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Abstract:

In inclined narrow and long spaces such as tunnels, the buoyancy-driven flow pattern and the result-
ing ventilation flow rate are different from those in enclosure-type buildings, because of their large
length-to-width aspect ratios. In this paper, the buoyancy-driven flow rate induced by a localized heat
source in inclined tunnels was investigated. Theoretical analysis and three series of experiments in-
cluding non-isothermal or isothermal buoyancy sources, i.e., large-scale fire tests, brine-water tests
and helium-air tests were performed. Two typical buoyant flow patterns were identified in the exper-
iments, which are stratified and well-mixed patterns, respectively. Both the stratification pattern and
the longitudinal decay rate of temperature rise were proved to be correlated with a dimensionless factor,
n=B01/3ALsina/(g0’1/2H3/2) , which is composed of characteristic parameters referring to both buoy-
ancy source and geometrical configuration. The flow stratification results in stack effect attenuation and
consequently ventilation flow rate reduction. A model for predicting the buoyancy-driven flow rate in
such spaces was proposed, with special emphasis on the effects of stratification pattern. The predictions
were validated with the experimental data, and the necessity for accounting for the stack effect atten-
uation caused by stratification was proved. The prediction model possesses an explicit expression and
can thus provide a convenient tool for design calculations.

Keywords:
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Inclined tunnel; Flow stratification pattern; Natural ventilation flow rate; Stack effect

TERFERAK /124

= 2RISR & It e R~ SRR 9T
Authors: JRE2!; A5

HRERF
Corresponding Authors: mhzhong@tsinghua.edu.cn, wu-120@mails.tsinghua.edu.cn

T

REEFLES, SWE %, NRES, KREHHEMEHTELERES A R A RS
X, MSTERRNRI PR & AERT A R AN N SRS ™ E R, 2R KR E R — T E %L
HISRFE KR IR T B, O T BRITE RS A K I SAE AN S B T A B S AE AL, JZEEY
KEEREFANMTE, ZFERER, R =M AR 2 KSR sLR,

X N R, BRI, ImTE Rl RERRRI R KT A S E T AU SR, A
AR KSR R T oA, S5 RE © R KK, B RINE KSR TEREH T
&, MAERSIR N HERTE S 2 XKIgEE, KEM AL KB fSSBUNTERERERE, PR
ERRR R 5 KX ER, AR SERREERRN S XIMEE, £22RZREE
BURHIERERIRT =M 0 EEHAE, SIERITEERE ANEERIGZ2BRTE, a2z
A TRE AT &ES R RN TS A IERR, 0.125 MW KRR R, M SHE 300
s WATEHEE 4—5 EXI, BAERERDI AL TESEREE 2,00 m, A RFTEEIRR,
XN ZERERSHAR, EE T BRERGEE N KR BRI, HE 7 KRXE, H%8E
(R ROR A ) M 55 Y /K SN IR 0 AT, AR SR 04T T i R AR Fp B 22 P2 ) 2 IR 4 A Y A <
RRRIFIE, RIS T L PR T FRAE A ip RACHUE SRS M 00 SRS RV T i, FFHESH T
RACHIR TR L= R TIAR R, F9RaE RaERM, MR EANFRE N RIHAFREREE,
TEE R B R BRI R IR, BT 2 RSTSLdE, RIS 7 RACHIH TR E =5
RRAUR 2 E IR 0 AR IR R SR, FFRIRMS TSR (] 22 (R (oL 1 A FE TN B R 2R 5
EERTRERB IR K, FEFEREI 3-10 ERTZE T AN A ACTREVRE RO =R R (AU AR A1 E AE TR, S
560 22 B IR AR B8 O KR IE BT IR E AR (P AR, IAREHORE N 407 kW T, KIRK
TR 3.5:1, I @YK TE LN KR BT RYIREE A oA T e RSN, FEAE S EERE N, M
AT EEEIAM [A] 550 B KRS RUARER EDUE RS, R SER L SRS, 23R E
BFTHEN RG2S, AHURE RIS, MEMETIRIIER, MEFTREBETREMENIEZ, N
MESARRIM SRR 2T R ETHES, &R meEET, MA~eriRTT ks
IR, X2 B T HERGE = A RO SAE R AIRREAR Rl UL 5B, BBIEEE R AR 5, it
MRS 17K RRTIRE, HEE TR ES X ERHAR S BN, S5 m il

2 FZMEER I,

ENTIEAIN P =Y e SR Fe e [51] 50 2 i SN VAL 7 e 6 o N RE 5 NV o
XA

EEEN  KKMSRELE ; 2R ; #i N KK BRIk R
Abstract:

High rise buildings have multiple floors, complex structures, and dense personnel. The path of toxic
smoke spread in fire accidents intersects with the evacuation and escape routes of personnel. The rapid
spread of smoke inside the building poses a serious threat to personnel evacuation and emergency res-
cue. Full scale fire experiments are an effective means of exploring the laws of fire spread. This study
conducted full-scale fire experiments on three typical types of high-rise buildings: basements, multi
room corridors, and stairwells. Focusing on the composite system of vertical through structures and
horizontal separated spaces in high-rise buildings, key parameters such as heat release rate, smoke
layer temperature gradient, and CO concentration distribution were monitored to quantitatively reveal
the dynamic characteristics of smoke propagation in heterogeneous spaces such as underground con-
fined spaces, narrow corridors, and enclosed stairwells.

In response to basement fires, the multi zone spread characteristics of smoke in underground spaces are
analyzed by measuring the horizontal and vertical smoke temperatures in the ignition area, adjacent
rooms, and stairwells. The results showed that in the fire area, the accumulation of smoke in the room
after the fire was significant, while the staircase and its front room were connected to multiple areas,
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and a large amount of smoke diffused to adjacent areas, resulting in a decrease in smoke accumulation
and the formation of stable smoke stratification; In the adjacent rooms of the fire area, smoke spreads
in multiple interconnected areas during the initial stage of the fire. The smoke stratification effect is
obvious in the front room of the staircase with lower spatial restrictions. The low-temperature smoke
that spreads to distant rooms is more severely mixed with air, and the temperature of the smoke in the
lower space shows a significant upward trend; The vertical spread of smoke in the stairwell is relatively
fast. In a 0.125 MW fire scenario, smoke can spread to the 4-5 story area within 300 seconds, and the
height of the smoke layer at the corner of the stairwell drops to 2.00 meters, posing a significant threat
to personnel evacuation.

In response to multi room corridor structure fires, the influence of fire source location under natural ven-
tilation conditions was considered, and the horizontal and vertical temperature distribution of smoke
in the fire area, adjacent rooms, and stairwells was measured. This study analyzed the smoke propaga-
tion characteristics of typical multi room corridor structures in high-rise buildings, explored the smoke
distribution patterns of the main and branch paths of ceiling smoke in L-shaped and T-shaped struc-
tures, and derived a prediction model for the temperature attenuation of ceiling smoke. The research
results indicate that the flue gas temperature exhibits different attenuation rates under different paths,
and both the constant coefficient and attenuation coefficient are affected by the number of diversion
times. Based on full-scale experimental data, the relevant parameters of the ceiling smoke temperature
attenuation model and the vertical temperature distribution model were obtained, and the temperature
prediction function expression for any spatial position inside the building was obtained.

In response to a stairwell fire, the influence of different heat release rates of the fire source on the ver-
tical spread of smoke in the stairwell was studied on floors 3-10 of a building. The experiment showed
that the aspect ratio of the fire source had a significant impact on the temperature distribution directly
above the fire source. Under the condition of a heat release rate of 407 kW, the aspect ratio of the fire
source could reach 3.5:1, and an excessively high aspect ratio had a certain impact on the temperature
distribution above the fire source. As the height increases, the slope between the arrival time of the
smoke front and the distance from the fire source shows an increasing trend, reflecting that during the
upward spread of smoke, the time required to travel the same distance gradually increases, that is, the
smoke velocity slows down. As the power of the oil pan increases, the heat released by combustion also
increases, resulting in a significant upward trend in temperature rise at the same measuring point. As
the height gradually increases, the temperature rise curve at the measuring point exhibits a multimodal
characteristic. This is because when the smoke generated by the combustion of the oil pan spreads in
the enclosed staircase, it bounces back when it encounters the wall, thereby obtaining horizontal ac-
celeration. When the vertically rising smoke overlaps with these rebounding smoke, multiple peaks
appear on the temperature rise curve.

This study provides data and technical support for fire prevention, smoke exhaust, and emergency re-
sponse in the interior spaces of high-rise buildings.

Keywords:

High rise building; Fire smoke spread; Full-size experiment; Basement fire; Staircase fire

TERFERR 123

—MPET BRI N E £k GPR B-scan TANE T %

Author: [F{— HiNene
Co-authors: 5ATE ' B S !

HBHERFE T 2RHFFR
Corresponding Author: shizy21@mails.tsinghua.edu.cn

I

PRHER K (GPR) EMIERAZE —FERAI SR EMIM NELAY 57, A, WEREZLTIRE
M B-scan 0 & BRI ST EIRILNME, TCHZEEIFEBE NS NIRBIEAN R B LN ZUER
AIRe ASGEH 7 — MM T B-scan WCHER BaI{LEERME, mET S = MLOP &R |
RFISHHIRE R (GRRA), FETBURIER A HE58 R L (DGFE), DUNEETH KA/ EEE B
EIEE (DLTS) MK 2E-REERTE, B, B A E T ok (8 B 2 i st
A 22 (A JETR s 4[4 B-scan MEATALTE, APRTIMERVHIE RIS, ST BRNEIZ, 22X

Page 10



2025 > I AF B e BT A RIS / Book of Abstracts

BATE R Z FRREE BN, 51N DGFE DUG R N S i) T IARLEH, fEH MR Fh B8 rl HEl,
e, RH ARG EBIEMKE B G IEE B, TEEH DLTS /5, @idy sk
HRE FSE BN LR SERE Bl SRIG A, IZARAUAE SCHISLIG AR AXAY B-scan 238 L SCEL TR
i HARHIEE R,

X A
B ER X (GPR) ; HIRELZL ; EIGRIGHE ; EB ; WLk E
Abstract:

Ground-penetrating radar (GPR) has been proven effective for detecting subsurface pipes in a nonde-
structive way, typically with manual processing and decision-making. However, existing automatic
models for segmenting target hyperbolas from B-scans perform inadequately, particularly for thin pipes
buried under suboptimal field conditions. In this paper, an automatic model for B-scan preprocessing
is proposed to assist in interpreting B-scans with small-scale hyperbolas that attenuate along the time
axis. The model includes a ground reflection removal algorithm (GRRA), the data gravitational force
enhancement (DGFE) method, and a global-local thresholding technique consisting of dilation-based
local thresholding and segmentation (DLTS). First, a frequency-domain filter based on the fast Fourier
transform and a spatial filter are applied to the raw B-scan to remove obstructive ground reflection strips.
Owing to the minimal intensity differences among the target hyperbola, multiples, and background, the
DGFE enhancement approach is introduced to amplify the main body of the hyperbola, distinguishing
it from the noise. Finally, the target hyperbola is extracted from the grayscale image by an integrated
thresholding approach. The approach initially employs global thresholding to eliminate all information
except part of the hyperbola, followed by DLTS, which uses a dilation operation with local thresholding
to fully segment the hyperbola. The proposed model is demonstrated to be fast and effective through
implementation on B-scans from a database acquired in a field experiment.

Keywords:

ground penetrating radar (GPR); underground pipes; image enhancement; thresholding; hyperbola seg-
mentation

TRRFEERK /99

BT ST K ARG R FFIRE &L
JIERSE

Authors: JiSFE52"; ZX2, IR EE?

B RE S HTREIREOR AT 72t
PIBERFE

Corresponding Authors: tongjj@tsinghua.edu.cn, ppc23@mails.tsinghua.edu.cn, zhaojun@tsinghua.edu.cn

T

PRS0 &5 DURKFR B TR B PSA AN R, B i2 WA TR RIESXRIEN, NisfT
SAETERHRBNRR S, HAp, DR ARGV AI S R Gtha & A2 XU il
aa R DR HAF, TR X I 85 T FF BRI E R ANVINE. (&R, MREEF)
AR L B AR E NG NRYRZ LR, H AT X &5 R IX R0 A BRI B £ 2
ETL5AIWT, TREMEMAIAIULAE] BEKXBE K, ASCETAIRIL S ] SEERTIT T, 18
T —RRARSE % PR RN R SO0 R N e k] AR GUR R B R IR T E B
BIERTE, TR REINERRIIAE, XERRSHEREAIEMESECCRIIRIE, |
FIKRGE R RAERNIR&E A RES BB IES, FHEld SR RIS BT FKRGUBITIR
A, MIME N ESCHON B e R BAFRETELEE, XU B a6 M AR A5 R,

X A
XRRGE, MR EEE, AIEESEUEIE. HE XA
Abstract:

Page 11



2025 £ LI BEEE A NIRIE / Book of Abstracts

To provide auxiliary decision-making support for operation and maintenance activities in nuclear power
plants, the risk monitor is built on the probabilistic safety analysis (PSA) model of the operation phase,
and has been widely used in online risk monitoring. It is an essential type of initiating event from sup-
port system represented by the loss of plant water system in risk monitors. And the frequency of such
events should be revised according to specific external environments, say high temperature or storm
surge. However, that correction in risk monitors is based on expert judgment at present and it cannot re-
flect the risk level of nuclear power plants on time and accurately. This paper proposes a novel method,
based on the reliability prediction method of mechanical equipment, to quantify and correct the initial
event frequency of loss of service water systems by selecting the key environmental influencing factors.
This method is realized by steps of selecting key environmental factors, determining the relationship
between those factors and equipment reliability parameters, and correcting the reliability parameters
of key active equipment in the plant water system, then the operating state of this system is simulated
through Monte Carlo sampling method. Compared to expert judgment, this method is more suitable
and practical to support for the application of risk monitors.

Keywords:

Support system, initiating event frequency, reliability parameter correction, risk monitor of nuclear
power plant
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Abstract:

High-performance pixelated CZT detectors that achieve 3D position sensitivity are promising candi-
dates for use in Compton imaging telescopes. We proposed to use pixelated CZT detectors in the MeV
Astrophysical Spectroscopic Surveyor(MASS), which is a large area Compton telescope. Nevertheless,
the presence of high-energy protons in space can lead to radiation damage in pixelated CZT detectors,
causing their performance to degrade gradually. Using non-ionizing energy loss (NIEL), this study de-
velops a method that quantitatively evaluates the radiation damage of detectors in space. To verify the
method, this study irradiated two 2 x 2 x 1 cm"3 pixelated CZT detectors with 100 MeV protons at flu-
ences ranging from 3 x 10"7 p+/cm2 to 3 x 10"9 p+/cm2 under two bias sets. When the proton fluence
reaches 3 x 10"9 p+/cm2, the energy resolution of the detectors significantly deteriorates to 3.8% at 511
keV (FWHM/E), even after post-correction. Finally, this study provides engineering considerations for
their application in space.

Keywords:

Radiation damage, pixelated CZT, energy resolution, space gamma detection
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Abstract:

Laser wakefield acceleration (LWFA) possesses ultra-high acceleration gradients, demonstrating signif-
icant potential for realizing compact free-electron lasers (FELs). Current FEL applications face diverse
requirements including X-ray generation, extreme ultraviolet (EUV) radiation, and broad bandwidth
operation. However, existing LWFA-based FEL schemes struggle to achieve multi-mode compatibility
within a single system. In this study, we propose a novel cascaded LWFA-based FEL scheme to ad-
dress this challenge. By combining two-stage LWFA acceleration with comprehensive control through
magnetic chicanes, this solution can generate high-quality electron beams with tunable bandwidth and
energy to meet various FEL application needs. Simulation results demonstrate that using a 35] laser sys-
tem, saturated FEL outputs can be achieved in three operational modes (X-ray, EUV, and broad-spectrum
with 10% bandwidth) within a compact facility of 115 meters total length through different parameter
configurations. This research provides a viable new pathway for developing compact LWFA-based FEL
systems.

Keywords:

laser wakefield acceleration, free electron lasers, cascaded acceleration,phasespace manipulation
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Abstract:

Using a simple one-step impregnation method, supported cobalt catalysts and uranium single atoms
loaded on cobalt nanoparticles were successfully synthesized. The presence of uranium single atoms
was confirmed through multiple characterization techniques, including XRD, XPS, AC-STEM, and EX-
AFS. The influence of uranium single atom catalysts on Fischer-Tropsch synthesis was investigated
using a small-scale fixed-bed reactor. Results indicated that the existence of uranium single atoms sig-
nificantly enhanced CO conversion while maintaining high C5+ selectivity and low methane selectivity.
Electron microscopy analysis and TPR experiments revealed that uranium single atoms do not promote
the FT reaction by altering particle size distribution or reduction properties. Furthermore, scaled-up
experiments demonstrated the potential of uranium single atom-containing catalysts for practical in-
dustrial applications.

Keywords:

Supported Co catalyst ; Single-Atom Catalyst ; Uranium Single Atom ; Fischer-Tropsch Synthesis
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Abstract:

The hard X-ray produced by the bremsstrahlung from low-energy electrons has a large emit angle, which
makes a low utilization ratio of the radiation field in hard X-ray source. A modulation method based
on Compton scattering to increase the utilization ratio of the radiation field is presented in this paper.
Escaped photons are scattered into the detection region partially to increase the utilization ratio of radi-
ation field by a Compton scattering layer with specific materials and structures. In addition, the average
energy of the photon is reduced. The progress of Compton scattering of photons in materials at different
energy and incident angles is studied. The effects of the materials and structures of Compton scatter-
ing layer on the radiation intensity and photon energy of X-ray are simulated. A Compton scattering
layer is designed for the hard X-ray source, the array of cylindrical virtual cathode reflex triode, and an
experimental study has been carried out. The experimental results show that the utilization ratio of the
radial field is increased by 12% by the Compton scattering, which is an effective method to enhance the
intensity of the radiation field.

Keywords:

Compton scattering, hard X-ray source, bremsstrahlung, Cylindrical Virtual Cathode Reflex Triode
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Abstract:

Magnetic resonance imaging (MRI) is a non-invasive medical imaging technique that provides high-
resolution 3D images and valuable insights into human tissue conditions. Even at present, the refine-
ment of denoising methods for MRI remains a crucial concern for improving the quality of the images.
This study aims to improve the prefiltered rotationally invariant non-local principal component analy-
sis (PRI-NL-PCA) algorithm. We relaxed the original restrictions using particle swarm optimization to
determine optimal parameters for the PCA part of the original algorithm. In addition, we adjusted the
prefiltered rotationally invariant nonlocal mean (PRI-NLM) part by traversing the signal intensities of
voxels instead of their spatial positions to reduce duplicate calculations and expand the search volume
to the whole image when estimating voxels’signal intensities. The new method demonstrated superior
denoising performance compared to the original approach. Moreover, in most cases, the new algorithm
ran faster. Furthermore, our proposed method can also be applied to process Gaussian noise in natural
images and has the potential to enhance other NLM-based denoising algorithms.
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Abstract:

The Self-Powered Neutron Detector (SPND), as a core component of reactor core monitoring systems,
has long been utilized for neutron flux measurement due to its advantages of requiring no external
power supply and compact size. However, existing SPND technologies exhibit limitations in neutron
spectrum detection. To address this, this study proposes a novel neutron spectrum detection method
based on a moderated-layer structure. Combining theoretical modeling and numerical simulation, the
physical mechanism of the self-powered neutron spectrum detection assembly was systematically an-
alyzed. A polyethylene-moderated neutron spectrum detection module was designed, comprising four
SPNDs with varying moderator thicknesses (0 cm, 2 cm, 5 cm, and 8 cm). A three-dimensional geomet-
ric model was established using the Monte Carlo simulation method to calculate the response function
matrix of the detection assembly across the neutron energy range of 1x107°-10 MeV. Numerical results
demonstrated that detectors with different moderator thicknesses exhibited selective sensitivity to neu-
trons in specific energy regions. To validate the feasibility of spectrum unfolding, an inversion algorithm
based on the response matrix was developed and tested using three typical neutron spectra: a thermal
neutron spectrum, a pressurized water reactor (PWR) spectrum, and a mixed spectrum. Simulation
results showed that the maximum relative deviation between the unfolded spectrum components and
preset values was less than 3.5%, confirming the effectiveness of both the detector design and the unfold-
ing algorithm. Error analysis indicated that deviations primarily originated from suboptimal moderator
thickness configurations and insufficient detector units. The proposed SPND-based spectrum detection
method provides a new technical pathway for real-time in-core neutron spectrum monitoring. Future
work should focus on increasing the number of detectors, employing high-temperature-resistant mod-
erator materials, and implementing advanced unfolding algorithms to enhance computational stability
and achieve higher-resolution spectrum detection.

Keywords:

neutron detection; spectrum measurement; reactor monitoring; Monte Carlo method; self-powered neu-
tron detector (SPND)
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Abstract:

The Institute of Nuclear and New Energy Technology (INET) at Tsinghua University has developed
an Engineering Simulator, HTR-ESS, specifically for Modular High-Temperature Gas-cooled Reactors
(HTR), which has been successfully employed in operator training, operational characteristic analysis,
and operational scheme design for the HTR-PM project. To expand the ability of HTR-ESS to simu-
late gas-liquid stratification phenomena and restart processes in the steam generator after the SCRAM,
TFNet (Two-fluid Flow Network module) was established on the vPower platform. And TFNet-SG is
specially developed from TFNet for helical tubes in HTR. Real-time thermal-hydraulic models of the
steam generators have been established with various node division schemes. A nodes division scheme
with 100 nodes has been selected for computational accuracy and real-time performance. The accuracy
of the inlet and outlet parameters in steady-state conditions and the rationality of the internal parameter
distribution have been confirmed by comparing the new steam generator models with the experimen-
tal data and design parameters. The results indicate that the difference between the calculated values,
experimental data and design parameters of the steam generator model constructed by TFNet-SG is rel-
atively small in 20%, 30%, 50%, 75% and 100% power conditions. And the variation trend of heat transfer
coefficients and heat flux density calculated using TFNet-SG aligns more closely with actual physical
processes compared to the original simulated steam generator module tools utilized in HTR-ESS. Fur-
thermore, dynamic processes of the SCRAM have been simulated based on the 100% power steady-state
condition with different operations of valves closure and flow flux reduction speed. The calculation
results indicate that a shorter closing time interval between the main steam valve and the main feed-
water valve will lead to a faster increase in internal pressure within the steam generator. Longer flow
flux reduction time leads to extended heating time on the steam-water side and higher overall temper-
ature of the steam generator. Future work will involve connecting TFNet-SG with other systems in
the secondary loop of the simulator, coupling it with the primary loop for calculations, and conducting
simulation analysis of the SCRAM to the restart process for the HTR-PM power plant.
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Abstract:

With the advent of stochastic geometry in nuclear reactors, implicit modeling processes play an increas-
ingly important role in the precise simulation of particle transport in random media. Current implicit
modeling methods in RMC utilize Chord Length Sampling (CLS). However, the CLS method experiences
significant inaccuracies compared to explicit modeling methods when simulating materials of high scat-
tering and absorbing properties, particularly where absorption interferes with scattering, and is espe-
cially prone to errors when simulating non-Markovian stochastic media. A Semi-Implicit CLS (SCLS)
method is proposed where previous neutron and particle positions are recorded, while an inclusion
sphere is used to maximise the accuracy of the method whilst minimizing the computational expense
incurred. The accuracy of the algorithm was then verified against particle distributions generated via
explicit modeling methods. The results show that SCLS can significantly improve the accuracy of im-
plicit modeling when simulating non-Markovian dispersion fuel compared to the original CLS method.

Keywords:
RMC, Chord Length Sampling, Stochastic Media, Dispersion Fuel

BEARGNH, EFEHEE TR / 109

A newly developed multi-kilo-channel high-speed and high-precision
waveform digitization system for Jinping Neutrino Experiment

Author: Haoyan Yang'

! Tsinghua University

Corresponding Author: hy-yang22@mails.tsinghua.edu.cn

R

KFA AT MR e 2 AR T IRG IR 7 — AT E, (T A E R T SRR =AY
ARSI RITE 2026 B2 BIFER — 500 WA TG R AR B2 S/ 22 ACBH A 7 3OS
NIRRT GG, SRR, R T —MEET IR IR AR & R %, 1%
TIEARSENT BAREEERES, 6 T I-A-EPBF RN EE, Am, BARKRH
FRE - SL 00 FU R AN I (BB R, REIETRGEVEREMIRS], Aitt, ASCHEH 17 —F 4000 18
H, S, SRENKRERTF (RS, %3RG5 T CpCl hikit, Bl 11 GSPS/13 fi ade 1
HRT R, Ay, A 1 ERFERIRT IR T 30 SEEPR TR, \ B
SKREEREKM, EREETCRAT, EERANRASERNERAEN 85.6 pso RIHIR AR
RN 193.5 kHz, LIEER KA, A XTFL IR FLRGH E T JNE LR AFE R, N
4000 JEIE E FRANIKITEE T F: bt

X BRI
CJPL, R F¥RGE, L5
Abstract:

Solar neutrinos provide an effective means of studying stellar evolution and neutrino oscillation. The
Jinping Neutrino Experiment, located at the China Jinping Underground Laboratory, plans to develop
a 500-ton liquid scintillator detector to study solar neutrinos by 2026. This will become the eighth solar
neutrino observatory globally.
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Recently, a mixed neutrino detection method based on waveform readout has been proposed. This
method effectively reduces isotropic background signals and enhances the sensitivity of Carbon-Nitrogen-
Oxygen neutrino detection. However, existing solar neutrino experiments only capture charge and time
information, limited by the performance of their electronic systems. Therefore, this paper proposes a
4000-channel, high-speed, high-precision waveform digitization system. The system is designed based
on the CPCI protocol and is equipped with 1 GSPS/13-bit ADCs and White Rabbit nodes. Additionally,
a 30-channel waveform digitization system was designed and validated using the 1-ton prototype.
Experimental results indicate a maximum reference clock skew of 85.6 ps between channels in the wave-
form digitization system. The maximum acceptable event rate of the system is 193.5 kHz. These exper-
imental results demonstrate that the waveform digitization system developed in this paper meets the
JNE experiment’s physical requirements and provides a foundation for the design of a 4000-channel
electronics system.

Keywords:

CJPL, Electronics system, Neutrino Experiment
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Abstract:

Here, we present a novel approach by integrating microwave plasma torch (MPT) with LIBS, referred
to as MPT-LIBS, which effectively addresses the limitations associated with traditional LIBS. The MPT-
LIBS technique is evaluated using Cu samples with a low laser pulse energy of 0.55 mJ. A remarkable
enhancement factor of over 70 for Cu I 521.82 nm line is demonstrated, while that of Cu I 324.75 nm
and 327.40 nm lines exceeding two orders of magnitude. Furthermore, the RSDs of all Cu spectral lines
are reduced, especially for Cu I 521.82 nm, which is decreased from 11.48% to 1.36%. This indicates
a significant improvement in signal stability. Characterization of the tested samples using con-focal
microscopy reveals that the ablation area of MPT-LIBS is only 1.36 times of that of LIBS. The limit of
detection of CuI324.75 nm line is reduced from 52.8 ppk to 319 ppm.

Keywords:

Laser-induced breakdown spectroscopy; Microwave plasma torch; Low laser energy detection
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Abstract:

In the Monte Carlo simulation process, due to the large and complex geometry, when counting the
information of distant positions, the number of particles is not enough and the results are not accurate
enough. A feasible method is to use a continuous surface source. That is, during the simulation, record
the information of particles passing through a certain surface or a certain grid element. Then in the next
calculation, by reading these particle track information, that is, taking this information as the source,
and then simulating these particles by splitting, biasing and other operations, the variance is reduced
and a more accurate effect is obtained. There is a function for MC-MC coupling calculation in MCNP.
The keyword SSW (write surface source card) is used to record the information of particles passing
through the specified surface, including particle energy, weight, position, flight direction, etc., and then
a binary file wssa is formed and provided to the read surface source (SSR) as the initial surface source for
the coupled continuous calculation. Then the particles can be split, biased and other operations can be
performed to reduce the variance and obtain more accurate results. This study is based on the reactor
Monte Carlo program RMC (Wang et al., 2015) developed by the Institute of Nuclear Energy Science
and Engineering Management, Department of Engineering Physics, Tsinghua University, and realizes
the function of connecting surface sources in RMC.

Keywords:

Segment-connection calculation; surface source recording; SSW/SSR; RMC
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Abstract:

This study explores the application of the Reactor Monte Carlo (RMC) code in fusion neutronics and
evaluates its key capabilities in fusion reactor analysis. In terms of model adaptation, to accommodate
the prevalent use of MCNP-format models in fusion device design and enable their conversion to RMC
format, we developed the M2R model conversion tool and validated its accuracy through the conversion
of the CFETR model. Additionally, this study conducted global neutron flux distribution calculations
for the CFETR model, employing a density reduction method for weight window generation. Through
three iterations, a complete global flux distribution was obtained, verifying the reliability of RMC in
variance reduction and deep-penetration neutron transport calculations. Furthermore, to assess RMC’s
CAD-based transport capabilities, we utilized Paramak to design a half-tokamak model and performed
neutron transport simulations in both RMC and OpenMC, yielding consistent results. Overall, this
study demonstrates the effectiveness and reliability of RMC in complex reactor model analysis, deep-
penetration neutron transport calculations, and variance reduction applications.

Keywords:
RMC, Monte Carlo, CFETR, Fusion neutronics

EERIF5 TR / 15

F%é%%% HYPAERE 7 3U/R LGSR | TSI R R I B

Author: Junren Hou

Corresponding Author: hou_junren@163.com

T

ASCIFAG TSR E R MBS EN SR T RS D N SR A AR B KRB, BFZERI, K%
BRI IS A AE R DR A5 A, AR ZUNE RSS2 — B, A, R
A ERmNL A EEER, SECRE S HIIEERA, NERRIXERE, A5G
H T RO SSAER, IZRERILE S TR Oy S AN AR At A A T, BTHIOR B AR TR
FBE, FIRTERR T ERE S ; doRRRAAS U AR TIR B R, FFRIERLK
P L VB (P T HH ) D SRR Sl T S PR S R B AR I, AL R
S & Raf, ERTEIE T BRI BRSBTS RAI] T IZE AL BT
B4 5 HIH AT T

XA
MFHURGETE  WAET ; i ; B4EH
Abstract:

The applicability of various force schemes under moving conditions is evaluated using two-phase Poiseuille
flow simulations. Most force schemes are found to suffer from interfacial velocity slip, while others fail
to achieve thermodynamic consistency. Additionally, the performance of various contact angle schemes
is as-sessed. It is observed that most contact angle schemes produce unphysical density layers near
the wall, lead-ing to significant errors in velocity profiles. To address these challenges, we propose a
novel pseudopotential model incorporating a new pseudopotential force and an improved contact angle
scheme. The new pseudopo-tential force ensures thermodynamic consistency while eliminating interfa-
cial velocity slip. Furthermore, the improved contact angle scheme effectively removes the unphysical
density layer and allows for flexible ad-justment of contact angles across a wide range. The proposed
pseudopotential model is applied to simulate capillary rise in cavities and tubes. The simulation results
show excellent agreement with analytical solutions, accurately capturing both the steady-state and dy-
namic behaviors of capillary rise. These findings highlight the significant potential of our model for
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simulating capillary phenomena.
Keywords:

Lattice Boltzmann method, Two-phase flow, Contact angle, Capillary rise.
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Abstract:

After spherical fuel elements are loaded into the storage tank, they must be extracted via the spent fuel
pneumatic conveying subsystem when needed. This process relies on negative pressure suction, where
the elements are drawn out of the tank through a suction hose and transported to the downstream
conveying pipeline. In this study, computational fluid dynamics (CFD) simulations are conducted to
investigate the suction feasibility of spherical elements positioned at various initial locations. The effec-
tive suction region under a maximum airflow rate of 300 m*/h is identified, and the associated flow field
characteristics are analyzed. The results indicate that the drag force acting on the spherical element
during suction is closely related to its position. As the element approaches the suction inlet, it experi-
ences an asymmetric flow field, resulting in a movement trend toward the central axis of the suction
pipe, which facilitates subsequent stable transport. During the ascent, although the drag force exhibits
slight fluctuations, it consistently exceeds the gravitational force of the element, ensuring continuous
transport. Overall, stable suction can be achieved when the spherical element is located within approxi-
mately 15 mm outside the 45° inclined suction nozzle. These findings provide valuable guidance for the
design and optimization of spent fuel conveying systems and offer theoretical support for pneumatic
suction of spherical objects in other engineering applications.

Keywords:

Numerical simulation; Pneumatic conveying; Suction; Spherical fuel element
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Abstract:

With the advantages of high-power density and low reactor pressure drop, Particle Bed Reactor (PBR)
has great application potential in Nuclear Thermal Propulsion (NTP). Flow path in PBR is no fixed and
the physical properties of hydrogen change dramatically, so it is easy to lead to flow instability, causing
the reactor temperature more uneven and even dry up. Considering the safety of NTP, it is necessary
to conduct a detailed analysis of flow instability and its mitigations. In this paper, computational fluid
dynamics method is used to analyze the flow instability in the simplified two-dimensional porous media
model of particle bed, whose applicability is verified by proving the existence of instability. The stability
boundary is calculated and the characteristics of flow instability are summarized by comparing with
classical two-phase instability in water reactor. Besides, a cold frit is added to the inlet of particle bed
to analyze the influence of the interface back conduction on the mitigation at different cases.

Keywords:

Particle Bed Reactor; Flow Instability; Mitigation; Back conduction
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Abstract:

The resuspension of deposited graphite particles in high-temperature gas-cooled reactors (HTGRs) un-
der specific accident conditions has attracted considerable attention due to its critical connection with
source terms. However, nearly all related studies have overlooked the effects of long-term high-temperature
sintering after particle deposition, which could have a significant impact by changing the strength of
particle-particle and particle-wall connections and lead to an overestimation of graphite dust resuspen-
sion in accident scenarios. In this work, we conduct an experimental study to quantitatively evaluate
the effect of sintering on the resuspension behavior of graphite particles, and combined with the Rock
‘n’ Roll (R ‘n’ R) model for theoretical analysis. Meanwhile, the resuspension process is recorded with
a high-speed camera. The results show that sintered particles exhibit a higher friction velocity thresh-
old for resuspension compared to their un-sintered counterparts, with the effect amplified by increased
sintering temperature and duration, particularly for larger particles. The friction velocity significantly
increases (up to ~80%) after 9 h sintering. The new resuspension curve can still be fitted to Rock’n’Roll
model by adjusting the effective surface energy which shows an Arrhenius-type dependence on the
sintering temperature. This preliminary study suggests that incorporating the sintering effect could
significantly lower the estimated aerosol source term for HTGRs.

Keywords:

High-temperature gas-cooled reactor; Graphite dust; Sintering; Resuspension; Rock ‘n’ Roll model
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Abstract:

This study addresses the computational inefficiency and stability limitations of the traditional SIMPLE
algorithm’s pressure correction process through systematic optimization via algorithmic architecture
reconstruction and numerical method innovation. The proposed solution involves three key strategies:
Firstly, replacing traditional nested-loop programming structures with tensor operations. In a bench-
mark test case with a 51x51 grid and a pressure relaxation factor of 0.3, the computation time was
dramatically reduced from 265.5 seconds to 80 seconds, achieving a speed improvement of approxi-
mately 231%. Secondly, an intelligent gradient analysis system was developed using automatic differ-
entiation and dynamic relaxation factors, enabling adaptive adjustment of pressure relaxation factors
across grid locations to reduce iteration counts and accelerate computations. Additionally, to overcome
the efficiency bottleneck in direct pressure correction value solving, a gradient descent optimization
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method was employed as an alternative to traditional solvers, further decreasing computational time
while enhancing solution accuracy. Validated through standard benchmark cases, the optimized algo-
rithm maintains high precision while significantly improving real-time performance and robustness in
complex flow simulations, establishing an efficient and reliable new paradigm for engineering fluid dy-
namics applications.

Keywords:

SIMPLE Algorithm; Tensor Operations; Adaptive Pressure Relaxation; Gradient Descent
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Abstract:

Helium-xenon gas mixture is used as the coolant of space nuclear power plants. Under the influence of
temperature gradient, thermal diffusion will lead to uneven mixture of helium-xenon. Current studies
on helium-xenon flow and heat transfer regard helium-xenon as pure gas, without considering the
problem of uneven mixing. However, the properties of helium and xenon are very different, and the
non-uniform mixing may have a great influence on the characteristics of flow and heat transfer. In
this paper, based on Taylor’s experiment, the mixing uniformity distribution of helium-xenon and the
flow and heat transfer characteristics in a circular tube under the influence of thermal diffusion are
studied based on Fluent. The results show that the influence of thermal diffusion on helium-xenon
flow heat transfer is not obvious in Taylor’s working condition. Further, the variation of helium-xenon
distribution and its influence on helium-xenon flow and heat transfer are investigated according to the
different heat flux and inlet mixing uniformity respectively. The results show that the higher the heat
flux and the shorter the length of the heating section, the greater the influence of thermal diffusion on
the mixing uniformity and flow and heat transfer characteristics of helium-xenon gas mixture.

Keywords:

Helium-xenon gas mixture; Flow and heat transfer characteristics; Species transport; Thermal diffusion
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Abstract:

The chemical states of nuclides significantly affect their behaviors in multicomponent and multiphase
systems, including adsorption, desorption, deposition, diffusion, migration, and chemical reactions.
Based on the design and operating parameters of the world’s first pebble-bed modular high-temperature
gas-cooled reactor demonstration power plant (HTR-PM), the chemical states and potential reactions
of 14 typical nuclides in the primary circuit under normal operating conditions of HTR-PM were inves-
tigated under a thermodynamic framework and a newly developed two-dimensional projected phase
diagram. A correlation matrix was used to quantitatively analyze the factors influencing the chemical
states, including the temperature, pressure, and amount of impurity elements (C, H, O, and N). The re-
sults showed that the temperature had the greatest effect on the chemical states of the nuclides, while
the pressure and N content had negligible effects. A mirror-symmetry relationship was discovered be-
tween the effects of C and O on the chemical states of typical nuclides. The phase boundary caused by
this symmetry was largely influenced by the chemical states and contents of the compounds of minor
elements. This study systematically provides the chemical states and reactions for typical nuclides in
the primary circuit of HTR-PM, which is of great significance for research into the behaviors of fission
products in advanced nuclear energy systems. The developed technologies and methods are also widely
applicable to multicomponent and multiphase chemical systems.

Keywords:

HTR-PM, Primary circuit, Chemical states and reactions, 2D projected phase diagram, Correlation anal-
ysis, Mirror symmetry relationship
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Abstract:

This study introduces a novel particle-to-particle contact thermal resistance model, which is developed
based on the concept of analogical correspondence between force dynamics and heat transfer phenom-
ena. By presuming a likeness between the distribution of heat flux across the contact surface and the
distribution of stress, the issue of temperature singularity at the contact edge is effectively mitigated.
The proposed model undergoes rigorous validation against existing theoretical frameworks and experi-
mental data, exhibiting commendable concurrence. Furthermore, the combined utilization of this model
alongside the thermal discrete element method is employed to scrutinize the temperature profiles and
effective thermal conductivity distributions within a pebble bed confined within a high-temperature
test unit. The computed average effective thermal conductivity values, derived from thermal conduc-
tion analyses, stand at 2.99 W/m'K and 2.61 W/m'K for power inputs of 20 kW and 82 kW, respectively.
Remarkably, a notable approximately 20% augmentation in effective thermal diffusivity is observed as
the outer wall temperature ascends from 200 °C to 1000 °C.

Keywords:

thermal analogy, contact thermal resistance model, thermal discrete element method, effective thermal
conductivity, effective thermal diffusivity
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Abstract:

Small gas-cooled nuclear reactor systems almost regard the helium-xenon mixture (He-Xe) as the cycling
working fluid and reactor core coolant. With the recommended mixing ratio, the Prandtl number (Pr)
of He-Xe is as low as 0.2. The RANS method is the main method on the CFD computation of nuclear
engineering, which needs the turbulence model and Prt model. Previous studies have focused on the
effect of Prt model on He-Xe heat transfer, but the applicability of turbulence model has not been deeply
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discussed. In this paper, the RANS method is used to study the flow and heat transfer of He-Xe in a
parallel channel, and the applicability of turbulence model and Prt model is studied in order to clarify
the influence on the heat transfer simulation. The results show that the SST k- model is the preferred
turbulence model for the channel flow, and existing Prt models still need to be improved to satisfy the
heat transfer simulation of He-Xe. It is proposed that the combination of turbulence model and Prt
model should be considered in RANS analysis of He-Xe flow and heat transfer.

Keywords:
Reynolds-Averaged Numerical Simulation; DNS standard Data; RANS Models
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Abstract:

Hangzhou Bay is a world-renowned tidal estuary and has long been a hot topic of research. This study
focuses on the Qinshan Nuclear Power Plant and adopts a 2D numerical simulation approach to inves-
tigate the transport behavior of radionuclides in the aquatic environment. Based on the MIKE model, a
two-dimensional hydrodynamic model of Hangzhou Bay was constructed to simulate the flow field of
the receiving water body and the transport of tritium under hypothetical accident scenarios at differ-
ent times. This paper assesses the distribution characteristics of radionuclides in Hangzhou Bay under
the influence of tidal forces in different seasons. The results show that the simulated flow field largely
reflects the actual conditions in the Hangzhou Bay area. For accident scenarios with different release
rates, the concentration fields of tritium exhibit similar distribution patterns, but there are significant
differences in peak concentrations. At the same time, tidal forces carry radionuclides to the open sea,
which can reduce the tritium concentration near the plant site.

Keywords:

Tritium, Radionuclide transport, Release rate, Numerical simulation
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Abstract:

Due to the high heat transfer efficiency and power density, plate-type fuel elements have been widely
applied in research reactors and special application scenarios. As the pursuit of higher reactor core
power density continues, even in PWR, high local void fraction phenomena will occur. At this point,
there is a tight multi-physics coupling within the reactor core, such as neutronics and two-phase flow
thermohydraulics, making it impossible to obtain the most accurate evaluation results with standalone
neutronic or thermohydraulic calculations. However, currently, no reactor coupling calculation code
considers the complex coupling mechanisms mentioned above. Thus, this limits the further increase in
power density of plate-type reactors. To address this issue, this paper establishes a refined steady-state
Neutronic-Thermohydraulic (N-TH) coupling calculation method suitable for the core of high-power
density PWRs based on the RMC and the commercial CFD software ANSYS Fluent. Coupling calculation
Of plate-type PWR based on High Parameters (COPHP) problem pro-posed by Nuclear Power Institute
of China (NPIC) is selected to show the numerical convergence characteristics of the coupling calcu-
lation method. It achieves convergence within five iterations under both single-phase and two-phase
operating conditions. Calculations and analyses were carried out for 6 different power levels ranging
from 0% to 100%. The results show that under the Hot Full Power (HFP) condition, the maximum out-
let void fraction in sub-channels reached 0.48, significant-ly higher than that of traditional PWRs. As
the power level changes, there is a transition from single-phase operating mode to two-phase operat-
ing mode. Under HFP condition, the maximum local heat flux on the cladding surface reached 918.49
kW/m2, which is 2.33 times that of the average heat flux of the core. The coupled calculation code de-
veloped in this paper has guiding significance for the design and safety analysis of high-power density
plate-type PWRs.

Keywords:

High-power density reactor; High local void fraction; Monte Carlo; Two-phase flow; N-TH coupling
calculation
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Abstract:

The residual stress in the Glass-to-Metal (GTM) seal is a key factor determining its mechanical perfor-
mance. This study focuses on the cooling-induced stress formation and evolution. K-type thermocou-
ples and fiber Bragg grating (FBG) sensors were used to obtain the in situ temperature and stress data
of the GTM seal during the cooling process. At the same time, a thermo-mechanical coupling finite
element analysis (FEA) model for this process has also been established. It was found that the internal
temperature distribution of the glass exhibits a “soft-boiled egg” shape. This is due to the low ther-
mal conductivity, which causes a time-delay effect at the center. Analyzing its stress formation curve,
stress rebound was observed when the temperature dropped below 200°C, which has been confirmed in
the FEA to be determined by the difference in thermal expansion coefficients (CTE)s. The cooling rate
directly determines the rate of stress formation. This study enhances the understanding of the stress
formation and evolution during the cooling process of GTM seals and emphasizes the impact of differ-
ent cooling rates on stress formation. It provides theoretical guidance for optimizing the process and
tailoring stress distribution.

Keywords:

Glass-to-metal seal; stress distribution; finite element analysis
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Abstract:

Probabilistic fracture mechanics (PFM) has been increasingly used in the structural integrity evaluation
of reactor pressure vessels (RPVs) in light water reactors (LWRs). For high temperature gas-cooled
reactor (HTGR), the working load of its RPV is different from that of LWR in terms of temperature,
pressure, transient and fast neutron fluence. In addition, there are differences in the safety requirements
associated with RPV. In this paper, PFM analysis of RPV of a 290MWth pebble-bed modular HTGR under
several typical transient conditions is carried out. To simulate the manufacturing conditions of RPVs
under different ASME rules, it is assumed that the flaw information of RPV along the wall thickness has
different levels of manufacturing quality. In addition, the contribution of different types and regions of
flaws in RPV to the conditional probability of initiation (CPI) and the conditional probability of failure
(CPF) is investigated. Numerical results indicate that due to the low level of fast neutron fluence and
slow transient development, the CPF of the RPV of HTGR is extremely low even under conservative
assumptions of flaw size.

Keywords:

High temperature gas-cooled reactor; Reactor pressure vessel; Probabilistic fracture mechanics
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AILIZ EIG 1N RCCS HIAREE, LUk HIZKIEE SR N BB R ) 220,

* A
ERASRHE, MREMEIRS. CAVCO, e
Abstract:

High Temperature Gas-cooled Reactor (HTGR) is the Generation IV advanced nuclear reactor, which
can realize inherent safety and prevent the occurrence of core melting accidents. Institute of Nuclear
and New Energy Technology (INET) of Tsinghua University has developed a commercial scale 200 MWe
High Temperature gas-cooled Reactor Pebble bed Module project (HTR-PM), which entered commercial
operation on December 6, 2023. A passive Reactor Cavity Cooling System (RCCS) is designed for HTR-
PM to export heat from the reactor cavity in normal operation and also in accident condition, keeping
the safety of the reactor pressure vessel (RPV) and reactor cavity. RCCS of HTR-PM has been designed
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as three independent sets, two sets of RCCS work can guarantee the safety of the PRV and reactor
activity. The heat from the RPV through thermal radiation and natural convection can be transmitted
to the final heat sink, atmosphere, through the natural circulation of water and air. The CAVCO code
has been developed by INET to simulate the behavior of RCCS. In this paper, assuming different RPV
temperatures and different ambient temperatures, as well assuming all or parts of the RCCS sets work,
the performances of RCCS are studied by CAVCO to evaluate its operational reliability, so as to provide
reference for further optimization. The analysis results indicate that even at conceivable extremely
high RPV temperatures, two sets of RCCS could effectively carry out the heat, without resulting in the
boiling of the water or failure of the system. However, in the case of low ambient temperatures in
winter, especially when reactor operates at lower RPV temperature, more attention needs to be paid
to the operation safety of the system. System failure caused by freezing of the circulating water and
freezing crack of the water-cooling pipe need to be avoided. Parts or all of the 3 sets need to be quit
operation depending on the reactor status and environmental conditions. Besides, the maximum heat
carrying capacity of the RCCS with only two sets working exceeds the design requirement of 1.2MW.
When the ambient temperature changes dramatically, it can be considered to increase the number of
RCCS sets to avoid the impact of drastic changes in cooling water temperature on pipeline thermal
stress.

Keywords:
HTGR, reactor cavity cooling system (RCCS), CAVCO, safety
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Abstract:

The subgroup method and the generalized Stamm’ler method are two classical methods for resonance
self-shielding calculation, which have been used in resonant self-shielding calculation and shown good
accuracy and geometric adaptability. Recently, the two methods have been implemented in XPZ code
for resonance treatment with double heterogeneous geometry in high temperature gas cooled reactors
(HTGRs). This paper presents a comparison study on the two methods in both theoretical and numerical
analyses. It is found that the two methods have equivalent accuracy in case of single resonance region or
distributed multi-resonance region, regardless of double heterogeneous system. Numerical results are
presented for HTGR fuel particle and element, which demonstrate the consistency of the two methods
in effective multi-group cross sections and multiplication factors

Keywords:

resonance self-shielding;subgroup method;generalized Stamm’ler method
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Abstract:

In High-Temperature Gas-Cooled Reactors (HTGRs), pneumatic conveying is used to achieve continu-
ous refueling without shutdown. However, the conveying process operates at high Reynolds number,
further efficiency enhancement may induce drag crisis. The pneumatic conveying process can be mod-
eled as the flow past a sphere in a pipe, exhibiting complex flow features such as boundary layer separa-
tion and vortex shedding. When the ratio of the sphere diameter to the pipe diameter (blockage ratio)
is large, the pipe wall will significantly influence the flow past a sphere. Currently, there are few nu-
merical simulation studies on the drag crisis of flow past a sphere in a pipe under high blockage ratios.
In this study, the Spalart-Allmaras BCM transition model (SABCM transition model) is implemented
in OpenFOAM. The validation of SABCM transition model code is performed using two zero-pressure-
gradient flat plate cases. Four turbulence models are selected to simulate the flow past a sphere in a
pipe. Among the four turbulence models, the simulation results of SABCM transition model agree best
with the experimental data while requiring the least computational resources. Therefore, the SABCM
transition model is capable to predict the drag crisis phenomenon.

Keywords:

flow past a sphere, drag crisis, transition model
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Abstract:

252Cf is a powerful spontaneous fission neutron source, characterized by its compact size, high inten-
sity, continuous neutron fission, and low heat emission. It is an important radioisotope, used as a neu-
tron source for the reactor startup and prompt y-neutron detection. Possible pathways for preparation
of 252Cf include reactor irradiation, accelerators, or underground thermonuclear explosions, with high
flux reactor irradiation being the most important and effective approach for large-scale production. This
paper employs a detailed burnup analysis program coupled with Monte Carlo simulations to evaluate
the 252Cf production process, analyzing differences in production yield and efficiency under various
neutron flux levels and energy spectra for typical target nuclei. The conversion characteristics of dif-
ferent target nuclei are discussed, and optimized irradiation schemes for 252Cf production in high flux
reactors are proposed. This study examines the primary depletion chain in the reactor-based production
of 252Cf and analyzes main intermediate nuclides. The findings reveal that the neutron spectrum in the
irradiation channel significantly influences 252Cf yield, with the (n, y) reaction being the primary fac-
tor affecting production efficiency. Enhancing the (n, y) reaction cross-section of bottleneck nuclides
through energy spectrum optimization can significantly improve productivity. This research also lays
the foundation for optimizing irradiation schemes, target structures, and target arrangements in high
flux reactors for 252Cf production.

Keywords:

252Cf, High flux reactor, Irradiation production, Conversion characteristics.
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Abstract:

High-temperature gas-cooled reactor (HTR) is one of the advanced fourth-generation nuclear power re-
actor types. Using the high-temperature helium generated from HTR to produce hydrogen through ther-
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mochemical cycles is considered to be the next research direction that can fully utilize the advantages
of the characteristics of high-temperature gas-cooled reactors. The iodine-sulfur (IS) cycle is considered
to be one of the advanced processes that can realize industrial large-scale hydrogen production. The
traditional method or program for solving the high-temperature reactor hydrogen production coupled
system often adopts Picard iteration, decoupling each subsystem or sub-physical field and solving them
separately, and then transferring the boundary conditions for coupling, which has only linear conver-
gence rate and poor stability. Using the Newton-Krylov (NK) method to directly solve such nonlinear
coupled systems has the advantages of computational efficiency and stability. In this study, a simplified
IS cycle hydrogen loop system based on the INET hydrogen production process at Tsinghua University
is solved by the NK method. The composition distribution of the system in the steady state and the
dynamic response of the hydrogen loop due to the change of the helium parameter at the core outlet are
obtained, as well as its effect on the temperature of the core. The numerical results of the calculations
are of great significance for the further study of the fully coupled solution of the hydrogen-electricity-
heat supply system of high-temperature gas-cooled reactor.

Keywords:

High-temperature gas-cooled reactors; Iodine-sulfur cycle; Nuclear energy for Hydrogen production;
Newton-Krylov method
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Abstract:

In this work, we proposed the Projection Embedded Schrédinger Bridge (PESB) for CT sparse view re-
construction. PESB constructs Schrodinger Bridges between the distribution of Filtered Back-Projection
(FBP) reconstructed images and the distribution of clean images conditioned on measured projections.
By embedding projections into the marginal conditions, data consistency is inherently incorporated
into the generative process. Experimental results validate the effectiveness of PESB, demonstrating its
superior performance in CT sparse view reconstruction compared to several diffusion-based models.

Keywords:

CT sparse view reconstruction, diffusion model, schrodinger bridge
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Abstract:

Coherent elastic neutrino-nucleus scattering (CEvNS) is a fundamental neutrino-matter interaction pre-
dicted by the Standard Model, in which neutrinos elastically scatter off entire atomic nuclei. Detection of
CEVNS not only enables researchers to verify the Standard Model but also provides opportunities to ex-
plore physics beyond it. Furthermore, CEVNS measurements could potentially offer new approaches for
real-time reactor monitoring and detection of solar and supernova neutrinos. CEvNS will also emerge as
a significant background source for next-generation dark matter direct detection experiments. Given its
importance, CEVNS detection has become a frontier topic in neutrino physics, with numerous detection
experiments currently operating or under development worldwide. However, the extremely low cross
section of CEvNS poses significant challenges for detector threshold and background requirements. The
CDEX RECODE experiment, a reactor neutrino CEVNS detection experiment utilizing high purity ger-
manium detectors, is scheduled to operate at the Sanmen Nuclear Power Plant in Zhejiang, China. With
its projected energy threshold of approximately 160 eVee (1 keVnr), the low-energy background of less
than 2 cpkkd, and exceptional long-term stability, CDEX-RECODE holds significant advantages among
similar experiments. This paper introduces the CDEX-RECODE experiment and discusses the future
prospects of this experiment.

Keywords:

coherent elastic neutrino-nucleus scattering; reactor neutrinos; CDEX-RECODE experiment; high pu-
rity germanium detector
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Human reliability data is critical for advancing reliability analysis methodologies. However, existing
data collection methods lack dynamic features and suffer from coarse granularity, with a heavy reliance
on expert knowledge, making the process time-consuming and labor-intensive. To address these chal-
lenges, this paper proposes a scenario-driven, automated human reliability data collection paradigm
based on large language models (LLMs). Our approach focuses on the workload indicators behind hu-
man errors. First, we collected operator workload data in a high-temperature gas-cooled reactor (HTGR)
control room environment, using the NASA-TLX questionnaire under different scenarios. Subsequently,
we fine-tuned the large language model Qwen-7B based on the collected real-world data. Experimen-
tal results demonstrate that the proposed method can simulate the cognitive workload of operators in
real-time within the explored scenarios. Compared to traditional HUNTER methods, our approach of-
fers significant advantages and outperforms existing commercial large language models in prediction
accuracy, providing more accurate, flexible, and scalable workload estimates.

Keywords:

Automated Human Reliability Data Collection; Large Language Models; Dynamic Load Prediction; High-
Temperature Gas-Cooled Reactor (HTGR)
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Improving the electrode configuration has been proved to be effective to improve the ion extraction
efficiency of atomic vapor laser isotope separation.

In this study, based on the analytical model of the ion extraction process of the one-dimensional parallel
plate electrode, the theoretical analysis and numerical simulation of the ion extraction process under the
M-type electrode structure were carried out by using the two-dimensional particle simulation software
(EDIPIC-2D).

On the one hand, the particle-in-cell (PIC) modeling results show that, for the M-type electrode config-
uration, the physical processes such as electron oscillations, Langmuir sheath formation and expansion,
and ion rarefaction wave (IRW) propagation can be observed during the ion extraction process. How-
ever, different from the 1-D ion extraction process, the IRW propagation occurs in both directions within
the M-type electrode, both of which affect the ion density distributions.

On the other hand, if the insertion depth or width of the anode is large enough, the potential of the
main plasma region will reach the level of the anode, forming a virtual anode. And with other parame-
ters being unchanged, increasing in the insertion depth and width of the anode can effectively improve
the potential of the main plasma region and shorten the ion extraction time; the insertion depth of the
anode has a more significant influence on the ion extraction features, and simultaneously, the potential
value of the anode also limits that of the main plasma region. In addition, the gap spacing between the
plasma and cathode surface has no significant impacts on the overall extraction time.

The above research work has a certain theoretical guiding significance for the selection of structural
parameters of ion extraction devices in practical applications.

Keywords:

Atomic vapor laser isotope separation (AVLIS); Ion extraction; M-type electrode configuration; Particle
simulation (PIC); Langmuir sheath
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Abstract:

China Jinping Underground Laboratory (CJPL) is ideal for carrying out MeV-scale neutrino experiments
and searching for neutrinoless double-beta-decay. To understand the cosmogenic background, we ana-
lyzed 820.28 days of the dataset from a one-ton prototype detector and measured the cosmic-ray muon
flux to be (3.61£0.19stat.+0.10sys.)x 10-10cm—-2s—1. From the detected cosmic-ray muon events, we also
measured the muon-induced neutron yield in liquid scintillation, which is (3.44+1.86stat.+0.76sys.)x 10-4X-1g-1cm2
at 340 GeV average energy of muons. In addition, we performed a survey of muon fluxes at different
laboratory locations globally, considering both those situated under mountains and those down mine
shafts. Under the same vertical overburden, the former is generally (4+2) times the latter due to the
leakage through the mountain. Based on Jinping Mountain’s terrain and the measurement in CJPL-I,
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we predicted cosmic-ray muons’ energy and angle distributions and fluxes for the four halls at CJPL-IL
We found the fluxes of Hall C and Hall D were about 2.3x10-10cm-2s-1 and 2.5x10-10cm-2s-1 respec-
tively.
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Abstract:

The energy spectrum estimation of an inverse Compton scattering (ICS) source is not only a key in-
dicator for assessing whether the system is operating normally, but also serves as the foundation for
further application studies. Spectrum estimation from transmission measurements using the expecta-
tion maximization (EM) method has been widely applied for X-ray spectra or Bremsstrahlung spectra.
However, for quasi-monochromatic gamma ray spectra of ICS sources, the low rate of change in the
attenuation coefficients of materials causes the traditional EM method to converge too slowly, making
it ineffective for spectrum reconstruction. We proposed a modified EM method that significantly ac-
celerated the convergence rate. The energy spectra of an ICS gamma ray source were obtained using
Monte Carlo simulations. Numerical simulations were carried out to test the feasibility of estimating
quasi-monochromatic spectra with mean energies of 530 keV (energy spread of 1.1%), and 2853 keV (en-
ergy spread of 1.28%) under various measurement error conditions. The results demonstrated that the
modified EM method can provide better approximations of quasi-monochromatic gamma ray spectra
with fewer iterations than the traditional EM method, but the transmission measurement accuracy were
required to reach 10"(-4), and 10"(-5) respectively.
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Abstract:

For space radiation simulation applications, low-energy slow extraction from proton synchrotron suffers
from strong space charge effect. Using high-order harmonic excitation and extraction below resonance
can solve this. Based on above, we studied local RF-KO method to reduce energy spread of extracted
beam and the effectiveness is demonstrated through simulation.

Keywords:

Proton Synchrotron, low-energy slow extraction, RF-KO excitation, energy spread
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Abstract:

This study presents a hybrid simulation method for gamma-ray phase contrast imaging of metallic mate-
rials, called the Directional Macro Wavefront (DMWF) method. Combining Monte Carlo simulation and
wave optics propagation techniques, the method aims to improve both the computational efficiency and
accuracy of high-energy gamma-ray phase contrast imaging. A series of simulations were conducted
to validate the effectiveness of the DMWF method, which demonstrated excellent energy adaptability
across a wide range of energy levels and a significant improvement in computational efficiency, espe-
cially under high-energy radiation conditions. The results show that the DMWF method can effectively
reduce computational complexity and storage requirements while providing high-quality simulation.
This method holds great potential for applications, particularly in industrial inspection and medical
imaging.

Keywords:

Phase Contrast Imaging; Inverse Compton Scattering Source; Monte Carlo Method; Wave Optics; Di-
rectional Macro Wavefront Method
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Abstract:

Building integrated photovoltaic (BIPV) system attracts increasing attention of researchers due to en-
vironmentally friendly and saving land resource. Combining storage battery with BIPV can improve
the flexibility of the entire system, which is promising for distributed renewable energy application.
However, how to optimally dispatch the hourly energy flow of PV panel, storage battery and power
grid based on a building load is crucial and less investigated. In the paper, a multi-restricted condition
nonlinear optimization model is established for a BIPV-battery storage hybrid system under different
building loads at a clear day. The optimization model was solved by fmincon function through MATLAB
code. In the optimization, overall minimum daily cost including facility cost of the hybrid system, elec-
tric price and carbon price were considered as objective function to obtain optimal operation strategy of
hourly power distributions of PV, battery and grid for daily building consumption. The key finding indi-
cates that the system has high dependence on power gird when the office building load is heavy, while
reduces the depending of power grid as the electrical demand is decreased. Under full-load resident
building scenario, when the system with battery cost of 800 Yuan/kW-h or higher, the redundant green
power generated by photovoltaic (PV) is sold to power grid in real time to earn extra profit, while the
green power is accumulated in the storage batteries as storage battery cost is declined. Moreover, the
resident building with BIPV-battery storage hybrid system has less dependence on power gird during
day time, realizing self-sufficiency. Under all the scenarios, high storage battery cost limits the capac-
ity of storage battery. And the CO2 emission is reduced as the BIPV-battery storage hybrid system is
adopted.

Keywords:

BIPV-battery storage system; optimization strategy; office building load; resident building load
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Abstract:

With the growing severity of issues such as the energy crisis and environmental pollution, the devel-
opment of renewable energy has attracted widespread global attention. Wind energy, being a clean,
green energy source with advantages such as low cost and renewability, has witnessed rapid growth
in wind power generation technology in recent years. However, due to the inherent randomness and
variability of wind energy, wind-generated power output remains unstable, significantly affecting the
normal operation and scheduling of power systems. In this paper, we utilize deep learning algorithms to
perform time-series forecasting of wind power. Using historical wind power data as inputs, we establish
a predictive model for wind power generation to forecast wind power outputs over future time horizons.
Through multiple approaches for model tuning, we ultimately achieve a model exhibiting high accuracy
in prediction error and strong alignment with observed trends.
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Time Series Forecasting; Deep Learning; Wind Power Prediction; LSTM; FNN
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Abstract:

In this paper, a simulation program is developed for an AMB-rotor system to simulate the response under
various operating conditions. A sixteen-pole pole electromagnetic force model is developed based on
the magnetic poles used in the AMB; a 5 DOF rotor model is developed; a fault model including rub-
impact and unbalance is developed; and a controller model with 5 DOF decentralized PID control is
developed. According to each theoretical model established, the simulation model corresponding to
each part is established and modularized in Matlab/Simulink using Simscape toolbox. After that, the
assembly between each module is carried out to complete the construction of the overall simulation
system. Simulation of various normal and fault conditions is carried out to test the accuracy of the
simulation system. A simple analysis of the fault conditions is carried out to find the causes of the faults
and the effects of each type of fault on the rotor behavior.

Keywords:

Active magnetic bearing; Fault simulation; Rub-impact; Unbalance response
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Abstract:

Extreme weather events, increasingly influenced by anthropogenic climate change, are inflicting sub-
stantial economic impacts globally. Existing research on climate change attribution for extreme events
has primarily focused on direct economic losses to people and physical assets, often neglecting the
broader indirect losses that ripple through the entire supply chain. Here, we combined disaster data
with attribution studies and employ a global multi-regional hybrid input-output model to assess both
direct and indirect economic losses attributable to anthropogenic climate change. Our findings reveal
annual direct attributable losses of 66.89billionandindirectlosseso f82.77 billion, together accounting
for approximately 47% of the total losses. International trade and industry linkages significantly am-
plify the domestic impact of international extreme events, with 15% of China’s total attributable losses
stemming from disasters abroad. Our assessment identifies risk-vulnerable sectors and regions where
climate adaptation investments are most needed. Our study also suggests the investments in overseas
adaptation measures can indirectly mitigate local impacts, emphasizing the interconnected nature of
global economic resilience against climate change.
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Extreme weather events; Economic impact; Impact attribution; Climate adaptation; Multi-regional input-
output analysis
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Abstract:

The development of efficient and continuous ozone resource utilization technology is crucial for achiev-
ing environmentally sustainable development. In this study, an iodide electro-cycling system using the
Mn-Sb/SnO2 anode was constructed, achieving both efficient ozone removal and its utilization for the
degradation of volatile organic compounds (VOCs), with the removal of both reaching 100%. Within this
system, the spontaneous redox reaction between ozone and I- facilitated the generation of I03- while en-
suring complete ozone removal. For the subsequent I03- oxidation reaction (IO30R), the Mn-Sb/SnO2
electrode exhibited exceptional performance of IO30R, with a Faraday efficiency of 96.2%. Afterward,
the I04- generated during the IO30R is further activated to generate I03-and -OH free radicals, enabling
the effective mineralization of various VOCs with a mineralization rate reaching up to 76%. Moreover,
the iodide in the system can be recycled, which ensures the system can operate continuously and stably.
This innovative approach offers a promising solution for the efficient and sustainable resource utiliza-
tion of ozone.
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Abstract:

[Objective] Artificial intelligence and big data technologies have been used to solve many scientific prob-
lems, including crime analysis. The investigation of criminal cases has always been a critical and difficult
point in the domain of crime analysis. The investigation stage of criminal cases primarily consists of
evidence collection and evidence reasoning, and comprehensive and efficient collection and reasoning
of evidence are critical to the rapid detection of cases. Simultaneously, the significance of the various
pieces of evidence in the case varies. Evidence of high importance gathered during the investigation
stage is critical for the accurate and efficient resolution of crime cases. However, existing research lacks
the application of artificial intelligence methods to crime investigation decision support. Aiming at the
problem of crime investigation, this research proposes a decision support model based on the Bayes Net-
work to help domain experts determine the direction of the investigation and reasoning the criminal
facts. [Methods] First, the Bayes Network is used to reason the hypothesis of criminal facts. Second,
the weighted information entropy method was used to calculate the importance of criminal evidence.
Four different types of weighted information entropy methods are employed to test the efficiency of the
calculation method. The two methodologies are then combined to create the decision support model
for crime investigation. Finally, the proposed model is applied to 420 crime cases to verify its accuracy,
and the proposed model is also applied to a real case analysis to illustrate the application process of the
model. [Results] The analysis of 420 crime cases revealed that calculations based on weighted informa-
tion entropy are the best of all four methods. The top 3, 5, and 10 evidence provided with the weighted
information entropy method all have the highest coverage of importance, given any arbitrary evidence
missing ratio. Meanwhile, when 50% of the evidence is missing, the output result’s coverage of the top
3, 5, and 10 important pieces of evidence are greater than 50%, 65%, and 80%, respectively; when 90%
of the evidence is missing, coverage of the top 3, 5, and 10 is greater than 40%, 60%, 75% respectively.
These suggest that the model’s detection recommendations are effective and can be used to assist in
crime detection. Furthermore, the analysis of a real-world case also shows that the proposed model can
generate effective investigation suggestions and provide decision support for evidence collection and
reasoning during the investigation stage. [Conclusions]Finally, the proposed decision support model
for crime investigation can analyze available case information and generate effective investigation sug-
gestions and reasoning conclusions. However, it should be noted that the model developed in this study
does not completely replace the role of professionals in the field of criminal investigations but rather
provides analysis results to scientifically support the investigation’s subsequent investigators’decisions
in the initial stages of the investigation. Furthermore, this study focuses on the research of evidence
collection and reasoning during the investigation stage of criminal cases but pays limited attention to
the “evidence standard”involved in the process of evidence collection. Therefore, we can continue to
investigate this aspect in the future to aid intelligence and standardization of evidence collected during
the investigation stage.
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Abstract:

Using a waveguide in a THz Free electron laser (FEL) has

been validated experimentally to enable efficient single-pass energy
extraction through a tapered helical undulator. An oscillator
configuration can further boost energy extraction above the single
pass limits and open the door towards very high average power THz
sources with the help of high repetition rate electron sources
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Abstract:

As a crucial component in uranium enrichment cascades, compressors play a key role in the efficient
transportation and compression of gases throughout the separation process. The magnetic suspension
centrifugal compressor, independently developed by the Institute of Technical Physics at the Depart-
ment of Engineering Physics, Tsinghua University, has been successfully applied in several domestic
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uranium enrichment cascade plants. Permanent magnet synchronous motors (PMSM) are favored for
high-speed applications due to their high efficiency, low losses, and significant energy-saving effects.
The matching of back-EMF with rated voltage is critical to motor performance. This paper analyzes
key factors influencing back-EMF, such as magnet design, winding turns, and air gap length. Through
a combination of electromagnetic design and simulations, a PMSM’s performance was verified, and an
optimization plan to reduce back-EMF was proposed. This research offers analysis and optimization of
the back-EMF of high-speed PMSMs from a design perspective, providing a reference for the application
of high-speed PMSMs in compressors.
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Abstract:

Obtaining ultrashort electron bunches is the key to the studies of ultrafast science, yet second and higher
order nonlinearities limits the bunch length to a few femtoseconds after compression. Traditional reg-
ulation methods using rf higher order harmonics have already optimized the bunch length to sub-fs
scale, yet the energy loss and rf jitter are not negligible. In this paper we demonstrate the second or-
der regulation with THz pulses through a dielectric-loaded waveguide. Simulations suggest that with
higher order regulations, the MeV electron bunches with tens of fC charges can be compressed to sub-fs
rms and the second order distortion can be compensated. The transverse beam size is also optimized to
less than 20um rms. This scheme is feasible for a wide range of electron charges. The relatively short
bunch length is expected to find a better time resolution in UED, UEM and other ultrafast, time-resolved
studies.
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Abstract:

Helical tube bundles are usually used for the main heat exchangers of High Temperature Gas-cooled
Reactors (HTGRs). In order to improve the thermal efficiency, the designers pursue as high as possible
operating temperature, which almost reaches the limited temperature of nickel based alloys. Tempera-
ture peaks in tube bundles will additionally make some of the tubes work at temperature higher than the
design value, and may induce large thermal stress in the tube header. The phenomenon of turbulence
fluctuation, splitting-rejoining flow and swinging wakes can help mixing and flattening the tempera-
ture peaks in tube bundles. Peclet number (Pe) can describe the effective mixing effect on temperature
distribution in tube bundles. In the current investigation, the concentration field of Rhodamine 6G is
measured to investigate scalar mixing process in cross flow over a tube bundle in a water tunnel. Pe
is obtained by comparing fitting curves at different streamwise locations. The tested tube bundle is a
straight tube bundle with tube pitch to diameter ratio (P/D) of 1.58. The Reynolds number (Re) range is
10000 ~ 40000. Pe first declines and then maintains stable when increasing Re from 10000 to 40000.
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Abstract:

During the process of Compton backscattering imaging, detectors capture not only single-scattered pho-
tons but also a large number of multiple-scattered photons. Distinguishing and extracting the single-
scatter signals while effectively reducing the adverse impact of multiple-scatter signals on reconstruc-
tion is crucial for improving the signal-to-noise ratio (SNR) and defect identification capability of re-
constructed images. This paper proposes a Monte Carlo-based correction and reconstruction algorithm
for multiple scattering in Compton backscattering, which judges the defect locations and compensates
for the changes in scatter signals caused by defects through two rounds of Monte Carlo simulations.
The method incorporates material properties as prior knowledge to obtain the linear attenuation coef-
ficient of the materials according to the characteristics of practical non-destructive testing applications.
Initially, the algorithm assumes there are no defects inside the object to get a rough initial correction
of single-scatter data. Then, image segmentation techniques are used to differentiate between mate-
rial and air defects, and two rounds of Monte Carlo simulations are employed to precisely estimate
the single-scatter counts in the original data. By establishing mathematical models of both continuous
spectrum X-ray tubes and Compton backscatter imaging systems, the system matrix is accurately mod-
eled, and higher SNR reconstructed images are obtained using the MLEM algorithm. To reduce noise
from Monte Carlo simulations and improve reconstruction quality, a statistics-based denoising algo-
rithm is proposed to decrease noise in multiple-scatter data. Simulation results on objects composed of
different materials and with various defect sizes, as well as real experiments, show that the proposed
method can effectively enhance the contrast-to-noise ratio (CNR) and structural similarity index mea-
sure (SSIM) of images, providing more accurate information about the electronic density of objects for
achieving more precise defect image segmentation. Compared to direct reconstruction from raw data,
this method significantly improves the SNR of reconstructed images. The findings hold practical value
for non-destructive testing of large objects.
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Abstract:

Environmental factors, especially thermal discomfort, significantly impair cognitive and executive func-
tions, leading to human errors that may result in severe system accidents. Various deep-learning models
driven by physiological monitoring have been developed to assess cognitive states and recognize unsafe
behaviors. However, most studies focus on real-time evaluation rather than forecasting and often ig-
nore the rich dynamic spatiotemporal information in physiological signals. To address these challenges,
this paper proposed DCATT (diffusion convolutional attention model), a novel spatial-temporal model
to provide multistep predictions of operators’ abnormal cognitive state under heat stress. Leveraging
fNIRS dynamic graphs and ECG time-frequency features extracted via neuroscience analysis, DCATT
effectively utilizes spatiotemporal information. The model captures spatial dependencies via diffusion
graph convolution to simulate dynamic brain networks, enhancing short-term forecasting. It further
models temporal relationships by a multi-head self-attention mechanism to aggregate historical infor-
mation, improving long-term prediction. Additionally, a temporal projection module, a multi-head
cross-attention mechanism with position encoding, is applied to the physiological embeddings to di-
rectly generate latent future cognitive representations. DCATT outperformed classic TCN, RNN, and
attention-based spatial-temporal models, achieving an accuracy of 0.7222, an AUC of 0.7243, and an F1
score of 0.6741. This approach provides a promising solution for early warning of abnormal cognitive
states in emergency scenarios, enhancing the reliability and productivity of human-cybernetic systems
in the Industry 5.0 era.
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Abstract:

Nuclear energy is vital for optimizing the energy mix and promoting sustainable development, and accu-
rate fault diagnosis in NPPs is crucial for safety, as operators’ reliance on experience and knowledge may
lead to errors under pressure. Currently, the data-driven fault diagnosis approach that does not rely on
experience or prior knowledge is considered one of the most promising methods. This method has high
requirements for raw data, while NPPs often experience interference from electromagnetic disturbances
or background noise, which can obscure the subtle features of early faults, leading to misdiagnosis or
missed diagnosis, potentially resulting in severe accidents. To address this issue, we propose a method
based on multi-scale learning and spatiotemporal feature fusion. We have constructed a multi-scale
learning framework using CNNs and integrated it with LSTM for spatiotemporal feature fusion. To
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validate the effectiveness of the proposed method, we tested it in three typical scenarios on simulated
data: fault type diagnosis, fault severity diagnosis, and fault diagnosis under multiple fault concurrent
conditions. We compared our method with models such as CNN, LSTM, WDCNN, and MBSCNN. The
results demonstrate that our proposed model achieves a fault diagnosis accuracy of over 99\% under
high noise conditions with an SNR of -100, outperforming the baseline models.
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Fault diagnosis , Spatio-temporal features fusion, Multi-scale learning
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Abstract:

Silicon photomultipliers (SiPMs) are highly valued for their excellent light response and high gain char-
acteristics, yet their application in fast timing scenarios is often limited by their high terminal capac-
itance, typically over 300 pF. In electromagnetic calorimeters, sub-nanosecond time measurements al-
low these detectors to function as supplementary time-of-flight devices, specifically aiming for a time
resolution of 150 ps in the NICA-MPD. To address these challenges, this study proposes a novel front-
end readout electronics design featuring a two-stage common-base transimpedance preamplifier and a
12-bit 200 MS/s pipelined successive-approximation-register (SAR) analog-to-digital converter (ADC).
Extensive SPICE simulations, using the Hamamatsu S13360-6025 as the input source, demonstrate the
preamplifier’s rapid rise time and good linearity. Experimental results from laser testing confirm that
this fast preamplifier design achieves a remarkable time resolution of better than 20 ps. The ADC circuit,
designed using the TSMC65nmLP process, employs a two-stage pipelined SAR structure with a two-step
conversion technique (6-bit + 7-bit), incorporating redundancy in the second step. Testing at a 160MHz
sampling rate with an 80MHz input condition showed that, at Vpk = -1dBFS, the ADC’s FFT spectrum
analysis yielded an effective number of bits (ENOB) of 9.34 and a spurious-free dynamic range (SFDR)
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of 73.8 dBc. Preliminary System-level timing assessments under a 200 MHz sampling rate revealed that
waveforms with 3 to 4 sampling points on the rising edge, with a rise time of 15 to 20 ns, achieved a
time resolution of approximately 20 ps.
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fast pre-amplifier, front-end readout, time resolution
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Abstract:

The determination of concentration distributions in isotope separation cascades is crucial for design
and optimization, directly impacting efficiency and costs. While the conventional Q-iteration method
is widely used for its simplicity and rapid convergence, it suffers from three limitations: manual tuning
of the relaxation factor without adaptability, suboptimal update directions leading to oscillations, and
extremely slow or stalled convergence under strong separation or critical parameters.

This study proposes the Minimal Residuals Q-iteration (MR Q-iteration), integrating traditional Q-iteration
with an enhanced Q-iteration strategy. The method operates in two phases: generating an initial ap-
proximation via Q-iteration, then switching to Q-iteration to optimize update directions and step sizes
using gradient information, transforming nonlinear problems into linear solutions. By adaptively ad-
justing the relaxation factor and leveraging global gradients, the method balances convergence speed
with stability while avoiding local oscillations.

Experiments demonstrate that MR Q-iteration significantly reduces iterations and computational time,
achieving robust convergence even in scenarios where conventional Q-iteration fails. Its adaptive mech-
anisms and global optimization capabilities enhance applicability to complex cascades, offering a novel
approach for efficient isotope separation. Future extensions may address transient processes and multi-
objective optimization.

Keywords:

multi-component isotope mixture; separation cascades; iterative method; Q-iteration method; Newton—
Raphson method
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Abstract:

Air pollution, with a particular emphasis on particulate matter (PM) pollution, has increasingly become
a critical global public health concern in recent years. The primary focus of this concern lies in PM10
and PM2.5, which are crucial in research due to their significant health impact. PM2.5, with its rela-
tively smaller particle size, poses a greater risk as it is more likely to penetrate the blood circulation and
adversely affect human health. Consequently, it is imperative to assess PM2.5 and PM10 exposure with
high accuracy and spatial-temporal resolutions, which is the fundamental data for evaluating health ef-
fects. Machine learning methods are promising candidates for this purpose. In this study, we developed
various machine learning methods to estimate the distribution of PM with high spatial and temporal res-
olutions by downscaling results from chemical transport models and compared the performance of the
methods. A key finding is that the Stacking method, when considered for computational performance
and operational efficiency, aligns with or surpasses deep learning methods regarding prediction accu-
racy and precision. Moreover, the Stacking method significantly reduced computational time. Utilizing
the Stacking model for downscaling pollutant data, the study successfully generated detailed pollution
distribution maps, which facilitate comparative and analytical assessment of PM2.5 and PM10 pollutant
distributions alongside population distribution maps, ultimately leading to a comprehensive population
risk map due to environmental pollution. This observation underscores the profound impact of popula-
tion size on pollution levels, demonstrating a direct correlation between human habitation density and
air quality deterioration. Furthermore, the study investigated the relationship between different demo-
graphic characteristics, e.g., age and gender, and their respective PM exposure levels. It was found that
the elderly population is particularly vulnerable to pollution, indicating a demographic skew in the risk
profile. Additionally, the research highlights significant variations in pollutant exposure levels across
different geographical settings, including urban, rural, and industrial areas, with a consideration of land
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usage patterns. These disparities shed light on the environmental impacts influenced by varying land
use and urban planning. In conclusion, the findings of this study are invaluable in informing the devel-
opment of effective environmental and health policies. By enhancing understanding of the relationship
between particulate matter pollution, population distribution, and demographic characteristics, this re-
search offers critical insights for policymakers to devise targeted strategies to mitigate air pollution’s
impact on public health, especially in densely populated and high-risk areas.
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Particulate Matter (PM) Pollution, Machine Learning Techniques, Stacking Method, Population Health
Risk Analysis
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Abstract:

In this work, the classification of relativistic particle guide orbits in tokamak is studied, and the influence
of relativistic effect on the dynamics of high-energy electron orbits is analyzed. By comparing the La-
grangian quantities in non-relativistic and relativistic cases, it is found that the influence of relativistic
effect on orbital classification is mainly reflected in the change of energy term, rather than the existence
of orbital type. The study shows that the relativistic correction will lead to the translation or deforma-
tion of the boundary on the phase diagram, which provides theoretical support for understanding the
resonance process of high-energy electrons in low-density plasma or disruption stage.
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Abstract:

This article uses a combination of the Discrete Element Method (DEM) and the Finite Element Method
(FEM) based on Hertz contact theory to study the impact failure behavior of the regularly arranged
pebble-bed in the HTR-PM600 fresh fuel storage canister under 15m drop conditions. The accuracy of
numerical calculations is verified through experiments. Linearizing the normal Hertz contact curve can
improve computational efficiency while maintaining acceptable accuracy. In previous studies, it was
generally believed that the force within a canister decreases sequentially from the bottom to the top
under drop conditions, and the broken pebbles were mainly concentrated at the bottom of the container.
However, both the experiments and simulations in this study discover the discreteness, layering, and
chain transmission characteristics of the force on the pebble-bed, indicating significant non-uniformity
in the force distribution. This study not only deepens the understanding of the failure mechanism of
regularly arranged pebble-bed, but also provides new theoretical basis for engineering design and safety
assessment as well as important foundation for optimizing the performance of fuel canisters in the future.
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Abstract:

The boron-coated ionization chamber is widely used in neutron detection for reactor external nuclear
instrumentation systems due to its strong radiation resistance, long service life, high-temperature and
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humidity tolerance, and reliable performance. These ionization chambers find extensive applications
in nuclear energy, radiation protection, and radiological medicine. The electrical signals in boron-
coated ionization chambers are primarily generated by gamma rays and neutrons, with gamma noise
significantly reduced through compensation techniques. However, due to potential compensation er-
rors, gamma noise may still affect the neutron signal. Under low neutron flux and high gamma noise
conditions, traditional boron-coated ionization chambers exhibit a low signal-to-noise ratio, leading
to neutron signals being obscured by gamma noise, making accurate neutron flux measurements diffi-
cult. To enhance the neutron detection efficiency and sensitivity of boron-coated ionization chambers,
this study proposes a novel design that incorporates a multilayer boron-coated cylindrical structure
based on a parallel-plate gamma compensation ionization chamber. The new structure significantly in-
creases the effective boron-coated volume per unit volume, replacing the traditional method of coating
boron compounds only on electrode surfaces, thereby improving neutron detection efficiency. Using
combined simulations with Geant4, Garfield++, and SRIM, the structural parameters of the ionization
chamber were optimized, and the neutron detection efficiency before and after improvement was calcu-
lated. Simulation results demonstrate a significant enhancement in neutron detection efficiency with
the improved boron-coated ionization chamber, providing a promising and reliable solution for practi-
cal neutron detection applications.

Keywords:

Key words: boron coated ionization chamber; Neutron detector; Gamma compensation; Monte Carlo
simulation
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Abstract:

Flat-top beam, known for its ability to generate a consistently even irradiation area, holds vast utility
in many fields of scientific and industrial applications. In this paper, a reflective laser beam shaping
method based on two axisymmetric aspheric mirrors (AAMs), a polarizing beam splitter (PBS) and two
quarter wave plates (QWPs) is proposed to transform Gaussian beam into flat-top beam. Compared
to alternative beam shaping methods, the method using AAMs demonstrates distinct advantages on
notably high energy efficiency and unique capability to generate parallel beams. Thanks to its relative
simplicities of design, manufacture and tunability, AAMs-shaping further enhances its appeal in applied
research scenarios.
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Abstract:

As a critical component of Prognostics and Health Management, anomaly detection (AD) is crucial for
ensuring the stable operation and safety of nuclear power plants (NPPs). With the rapid development
of artificial intelligence technologies, deep learning has made significant strides in AD. However, re-
search on uncertainty quantification in deep learning for NPPs remains limited. This paper proposes
an Uncertainty-Aware Convolutional Autoencoder (UAC-AE) for unsupervised AD in time-series data
from nuclear power plants. This approach combines the strengths of Convolutional Neural Networks in
feature extraction with the uncertainty estimation offered by Bayesian Neural Networks. The core idea
is to introduce the Monte Carlo Dropout-based variational inference in the autoencoder, which allows
for effective reconstruction of the input data while evaluating both epistemic and aleatoric uncertainty
in the reconstruction process. Experimental results demonstrate that UAC-AE outperforms traditional
autoencoder methods in AD, particularly in noisy background conditions. The model not only improves
the accuracy of AD but also provides valuable uncertainty information. This study highlights the im-
portance and advantages of considering uncertainty in AD, offering an effective solution to enhance
the reliability and safety of actual NPPs.
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Abstract:

Covalent organic frameworks (COFs) possess high surface areas and tunable pore structures and are
promising candidates for H2 physisorption materials. However, their interaction with H2 molecules is
too weak to take advantage of the high porosity of the COFs. Here, we report the first example of metal-
doped enhanced H2- physisorption COF. By leveraging the superior stability of TPB-DMTP-COF, we
can well preserve the porosity of the COF after lithium (Li) doping, yielding a surface area of 1350 m2/g.
Due to the Li-doping-enhanced H2 isosteric heat, the material’s total H2 uptake increased from 4.98 to
6.91 wt % at 77 K and 80 bar. The Li-doping-induced enhancement effect does not involve chemisorption,
and the material shows excellent cycling performance: 10 cycles at 30 bar with a capacity retention of
99%. Our results reveal that tuning H2 adsorption heat by postmodification is a promising strategy to
exploit the potential of porous materials for efficient H2 storage.

Keywords:

Covalent Organic Frameworks; H2 storage; Lithium Doping; Gas adsorption; Sorption heat
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Abstract:

This study investigates the control of fire smoke in emergency lay-bys under different air pressures
through full-scale experiments and numerical simulations. When smoke encounters a change in cross-
sectional area at the edge of the emergency lay-by, part of the smoke diffuses upstream, while some
smoke recirculates. A decrease in air pressure accelerates the diffusion of smoke, making smoke control
more challenging. To control the fire smoke in the emergency lay-by on the fire source side through
longitudinal ventilation, the required control velocity is 30-60% higher than that in a regular tunnel.
When considering the control of smoke in the emergency lay-by via longitudinal ventilation, the re-
sponse time increases, but the required control velocity does not significantly decrease, indicating that
the emergency lay-by structure is unfavorable for smoke control and increases the fire risk.

Keywords:

emergency lay-by; fire smoke; ambient pressure; control velocity
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Abstract:

The Gamma-Ray Integrated Detectors (GRID) mission aims to monitor high energy transients in space
with multiple CubeSats carrying compact gamma-ray detectors as payloads. Reconstructing the energy
spectra of detected bursts from the measured detector output energies requires detailed knowledge of
the detector response characteristics, which are represented by response matrices. We calculate the re-
sponse matrices for each GRID detector that has been launched and verify their accuracy using in-orbit
data. In this work, Monte Carlo simulations with Geant4 are employed to calculate the energy deposi-
tion of gamma-ray photons in the detectors under various conditions. The response matrices are then
generated by adjusting the simulation results based on the energy resolution obtained from on-ground
calibrations. In addition, we establish a database of response matrices designed for interpolation, en-
abling efficient generation of matrices for any incident direction. The generated response matrices are
verified through spectra fittings of gamma-ray bursts (GRBs) observed by GRID detectors in orbit. Build-
ing on the calculation method described above, we provide a response matrix generation tool alongside
the release of GRID scientific data, enabling convenient scientific analysis for the GRID mission.

Keywords:

space instrumentation, gamma detectors, spectral responses
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Abstract:

The current international situation is complex, with frequent local conflicts and turmoil, which bring
huge and increasing challenges to landmine detection. Especially in some local conflicts, such as the
Russia-Ukraine and Israel-Palestine conflicts, the extensive use of landmines sharply increases regional
security risks. Traditional landmine detection methods mainly rely on manpower and cannot meet the
demands for efficiency and accuracy. Currently, UAVs are becoming a new method for landmine detec-
tion. With equipped multifarious sensors, UAVs integrate data from optical, infrared, radar, and mag-
netometer sensors, which effectively overcomes the limitations of a single sensor, thereby significantly
improving the precision and reliability of landmine detection. This paper presents a comprehensive
study of the architecture of a multimodal data-fusion UAV system for landmine detection and discusses
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the critical role of data fusion in processing landmine-detection data. In addition, we discuss current re-
search hotspots, major challenges, and potential future development trends in UAV landmine detection
technology. The present review attempts to serve as a reference for research and practice in the field of
landmine detection and believes that multimodal UAV technology will be increasingly integrated into
global demining.

Keywords:

landmine detection, multimodal, data fusion, UAVs
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Abstract:

To reconstruct the energy and time of events in the liquid scintillator detector, in a neutrino or dark mat-
ter experiment, we need to analyze the waveforms from photomultiplier tubes (PMTs). Fast Stochastic
Matching Pursuit (FSMP) samples the posterior of PE time sequence for each waveform. It gains accel-
eration on GPU, and improves the energy and time resolution of LS detectors. The energy resolution is
improved by decreasing 12% of relative resolution.

Keywords:

waveform analysis, reconstruction, GPU acceleration
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Abstract:

The emission of gases during the thermal runaway of lithium-ion batteries (LIBs) significantly impacts
energy storage system safety, prompting exploration into gas detection technologies to understand gas
generation mechanisms and enhance safety warning technologies. In this study, we present a novel gas
monitoring approach that integrates traditional gas sensors with Tunable Diode Laser Absorption Spec-
troscopy (TDLAS), to detect gas venting before thermal runaway and even the first venting period. Two
types of LIBs were tested: fresh LFP 26650 cells and fresh NCM 18650 cells. These cells were subjected
to controlled overheating conditions to simulate a gradual thermal runaway process, where the early
gas generation can be monitored sufficiently. The effects of the LIB type on venting gas variation were
studied, including critical thermal runaway phase, gas concentration and detection response time. In
particular, the real-time CH4 change curves via TDLAS reveal distinct concentration values and early
detection of CH4 before the initial venting event in LFP cells, which the sensor cannot realize without
disturbance. This highlights the strong potential for verification of early gas venting characteristics
through optical methods. Additionally, we delineate the response time sequence of various gas sensors,
crucial for establishing practical response thresholds in warning systems.

Keywords:

Energy storage station safety, Lithium-ion battery, In-situ detection, TDLAS
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Abstract:

Carrier lifetime control through proton irradiation has proven effective in enhancing the performance
of power semiconductor devices such as diodes and insulated gate bipolar transistors (IGBTs), offering
advantages including reduced leakage currents and suppressed reverse recovery losses, with typical
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irradiation energies below 3 MeV. To fulfill the proton irradiation demands for power semiconductor re-
search at Tsinghua University’s Department of Electrical Engineering, a tailored irradiation system was
developed based on the existing 13 MeV high-current proton linear accelerator at the Compact Pulsed
Hadron Source (CPHS). By attenuating the microwave power fed into the Drift Tube Linac (DTL), a
3 MeV proton beam was extracted at the DTL exit, followed by energy reduction using aluminum de-
graders while maintaining a beam energy spread below 0.2 MeV. To achieve uniform irradiation across
a 149 mm diameter area, beam uniformity was optimized through a synergistic approach integrating
beam expansion and nonlinear magnet method, yielding an initial beam nonuniformity of 9.8%. This
uniformity was further improved to below 4% by implementing dynamic target rotation during irradia-
tion.

Keywords:

Proton irradiation, Uniform distribution, CPHS
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Abstract:

The Non-Ultrarelativistic Wake Function theory is not only applicable to proton or heavy ion accelera-
tors. But with the emergence of new accelerator physics, it has been found to be equally applicable to
electron accelerators such as the Steady State Micro Bunching (SSMB) storage rings.

However, existing results are still far from practical applications. In this paper, building on previous
work, we further generalize the previous point source model into a more universal ring model.

When considering the non-ultrarelativistic limit, we discover a completely new lowest-order transverse
wake field and estimate its intensity to be comparable to the dipole field on certain circumstance.
Moreover, by separating the space charge component, we propose a numerical algorithm that can com-
pute the Resistive Wall field more efficiently.

Finally, we calculate the Parasitic Loss and Kick Angle using SSMB’s parameters as simple applications.

Keywords:

resistive wall, wakefield, non-ultrarelativistic
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Abstract:

Breast cancer has become the most prevalent cancer worldwide. Given the high radiosensitivity of
breast tissue to external radiation such as diagnostic mammography (DM), accurate assessment of the
external radiation dose to the breast is critically important. However, most internationally used models
are based on the anatomical characteristics of Caucasian women, which do not adequately represent the
breast morphology of Chinese women, thus affecting the accuracy of dose assessment. Therefore, there
is an urgent need to develop a mesh-based breast model that reflects the anatomical features of Chinese
women. In this study, we constructed a series of high-resolution breast models based on anthropomet-
ric data derived from Chinese women’s underwear sizes. The models incorporate detailed anatomical
structures, including adipose tissue within the glandular region, milk ducts, and terminal duct lobular
units (TDLUs). The series includes five cup sizes—AA, A, B, C, and D—each further subdivided into
three glandular content levels: 25%, 50%, and 75%. Monte Carlo simulations were performed to calcu-
late and visualize the variations in glandular dose conversion coefficients under anterior-posterior (AP)
irradiation scenarios across different photon energies. The study also explores key factors influencing
glandular dose conversion, providing critical insights for improving the accuracy of breast dose assess-
ments in Chinese women.
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mesh-based model; dose conversion coefficient; anatomical characteristics of Chinese women
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Abstract:

In recent years, urban buildings have exhibited characteristics such as a high quantity, large scale, and
complex internal structures. These features pose significant challenges for both building security and
fire safety. Particularly concerning fire incidents, casualties have become a major safety concern. Timely
and effective evacuation guidance can significantly reduce the harm caused by fires. Addressing this
issue, this paper proposes the establishment of an integrated fire alarm and evacuation guidance system
based on edge computing devices and utilizing artificial intelligence algorithms for both security and fire
safety purposes. This system primarily functions as a security measure during normal circumstances,
detecting and tracking pedestrians in real-time. In the event of a fire, it can provide fire warnings and
calculate the optimal evacuation routes based on the detected number of pedestrians and the location of
the fire source. Through empirical testing, the feasibility of this system has been demonstrated. Finally,
this paper discusses the current issues with the system and outlines future work.
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Building safety ; Fire warning ; Fire evacuation ; Pedestrian detection and tracking
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Abstract:

Photon counting detectors (PCDs) offer significant advantages in capturing spectral information in com-
puted tomography (CT). Nevertheless, their application faces limitations due to charge sharing and pile-
up. In this abstract, we proposed a new analysis about how charge sharing affected the detected counts
of photons pixel by pixel. By assuming uniform charge sharing probabilities across all detector pixels,
our model addressed diverse charge sharing events based on their sources and destinations, and estab-
lished relationships between the numbers of incident photons and detected photon counts. Our analysis
reveals that the charge sharing compensation problem was always ill-posed for conventional detectors.
However, MEICC detectors provide a well-determined solution to this issue by providing coincidence
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counts of photons in more channels. We preliminarily applied Levenberg-Marquarelt algorithm to solve
the inverse problem. Utilizing data obtained from a MEICC detector, we achieved stable and physically
meaningful solutions while conventional detectors could not achieve. The results demonstrated that the
impact of charge sharing has been effectively mitigated.

Keywords:
PCD, spectral CT, charge sharing, analytical model
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Abstract:

Cardiac signals are crucial for assessing human health and emotional states. Features such as heart rate
variability (HRV) are widely applied in emotion recognition and stress testing. Imaging photoplethys-
mography (iPPG) enables remote, non-contact monitoring, from which heartbeat intervals and HRV
can be derived, demonstrating broad application prospects. These features rely on accurate detection of
heartbeat peaks. However, traditional iPPG signal extraction methods often yield poor-quality signals
susceptible to interference-induced artifacts, which compromise heartbeat interval calculations. This
study explores neural network-based approaches for iPPG signal processing and proposes an IMTrans-
former network for waveform reconstruction. The network improves upon the traditional Transformer
architecture by incorporating a GRU structure to enhance local temporal dependencies. Comparative ex-
periments evaluate the proposed IMTransformer against conventional Transformers, SE-Transformer
(used in speech enhancement), and existing methods (LSTM and PulseGAN) from literature. Results
validate the superiority of IMTransformer in reducing heart rate calculation errors, improving signal-
to-noise ratio (SNR), and enhancing waveform consistency. This work demonstrates the feasibility of
deriving reliable cardiac features (e.g., HRV) from iPPG signals, laying the foundation for expanding the
application of facial video analysis in stress detection and emotion classification.
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Abstract:

This paper explores the feasibility of using physical information neural network to solve the time-
dimensional infinite plate temperature field problem, and compares the method with the traditional
numerical method. Physical information neural networks integrate physical principles into learning
algorithms and provide a new method to handle complex partial differential equation problems. In this
study, the temperature field of a one-dimensional time-varying infinite plate with an internal and no
internal heat source is studied respectively. The results show that the physical information neural net-
work can achieve the same solution accuracy and speed by relying only on random sampling points.
Nevertheless, the effectiveness of physical information neural networks in solving more complex heat
conduction problems still needs further research.
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Abstract:

The lead — bismuth fast reactor uses liquid lead — bismuth alloy as the coolant, which has high safety
and promising development prospects as Generation IV.In this study, we mainly focus on the lead —
bismuth corrosion resistant coatings. The chromosiliconizing coatings, the Stellite alloy coatings and
the laser cladding Ti3SiC2 coatings are prepared on the austenitic stainless steel substrates, whose com-
position and microstructure are analyzed. The lead — bismuth corrosion resistance experiment of the
coatings is carried out to analyze its structural integrity, mechanical properties, surface oxide layer, and
phase composition changes. The lead — bismuth corrosion resistance of the different types of coatings
is evaluated by characterizing the microstructure and mechanical properties to provide theoretical and
technical support for the engineering application of the lead — bismuth fast reactors.

Keywords:

coatings; chromosiliconizing; lead — bismuth corrosion
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JED AT A — R BC IR B N-F1 O-BUAREFE, 2 —MBRHERIRNZEEG, 7B TIERED
B2 7TR (An) M#RITERE (Ln), RIFFLEM T =MEARFUENFEEERE (L), 2,6-—HF
HORNE-1-5 (L2) FOMSMRE: (L3) #:4% 2,9- “BiZ-1,10-3E2 Ik (DAPhen) ECIR, FHEEIT TEA]
EE IR (IL) C4mimNTR2 FIAKIZEEN =58 (Am) F1%6 (Euw) BINFH, RIRHTERA, £
ZZE Am(I) BB, 201 BoR/B 8 & &2 TEMYRE, MAEZEE Eu) i, 2181 1:1 E&
YIRS E R, 7 T S 2EBU TR 2 (B % i N BRSO RIS AR RN . [RIRS, S5 & TR Y
T, ROCYEHEE, 1H NMR JEHHERNI S I X FEATEHE TRV ST LIRS it — 2 ik
;%gﬂﬂﬁo IX TR R 1% 1 5 & 4289 DAPhen FCAH T Am(IIT)/Ln(IIT) 73 B2 AL T B 78 AL
fﬁjb Zéo

XK gEIA!
JED AT A BLAR = R TR AR TR B FIRIAZEEEE &
Abstract:

Phenanthroline derived diamide ligand featured with N- and O-donors is one of promising extractants
for the selective separation of trivalent actinides (An) over lanthanides (Ln). In the present work, three
representative isopropyl (L1), 2,6-dimethylpiperidin-1-yl (L2) and morpholino (L3) grafting 2,9-diamide-
1,10-phenanthroline (DAPhen) ligands were synthesized and the application in solvent extraction of
trivalent americium (Am) and europium (Eu) in an ionic liquid (IL), C4mimNTf2, was probed. Slope
analysis suggests the 2:1 ligand/metal complex as the dominant species in the case of extracting Am(III).
While both 2:1 and 1:1 complexes are generated during the extraction of Eu(Ill). The relationships be-
tween molecular structures and extraction behaviors are elucidated involving electric and steric effects.
Meanwhile, complexation studies in combination with absorption spectrophotometry, luminescence
spectrophotometry, 1H NMR spectrometry and single crystal X-ray diffraction as well as theoretical
analyses further elaborate the extraction mechanisms. This study uncovers more in-depth experimen-
tal insights into the design of more efficient DAPhen ligands for Am(III)/Ln(III) separation.

Keywords:

Phenanthroline derived ligand Trivalent actinide and lanthanide Ionic liquid Extraction Complexation
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FHEGUKGE G HEES (R) HEE, BB ESRYERFNENFE, FET RS
KA TZ (AOPs) BENIERMEHMAMIEE &, RUFFNRA, FREEMEE (PFS) 5 R4S,
BENS O EHE T FERR, [RIRTREKAERE, IR/PFS RGTEACFRAE( B KIS, LB TIHE (94.3%).
UV254 (69.4%) #1COD (43.6%) HIFIRFZEFR, (LT E##E A IR 8% PFS, ZRSIESE pH H 3-10
18 ZoKEE RSl TN E A (BPA) KT 99% HIRES#,

JEILHEFPE S WA Ferron @R & 6IE AT, $B7R T PES ISR E A BR AL b #435, PFS
BEWEINRE @ (1) BII/KBERRESEYRA, BTEE ; (i) 7EX Fenton REHIFRE Fe(lll) IR,
TE/KE TS0 Fe(ll)/Fe(Il) TEINFIERET 70 H,O, BUMEA T, F2/ERY «OH = & Lt B HEE 5118
=T 15 6%, XL T IR/PFS TE N —MBERGERITER, ML ZIIEMEEE S, NnlRrse
HI7KIE TR M TR E,

X HEIA:
FREGERR, REWMMEYE, SER, W A, REAHE
Abstract:

Integrating traditional water treatment with ionizing radiation (IR) can decrease the radiation dose
needed for pollutant removal, making IR-based advanced oxidation processes (AOPs) more efficient and
cost-effective. This study demonstrated that integrating polymeric ferric sulfate (PFS) with IR synergisti-
cally enhanced water treatment efficiency while reducing energy demand. The IR/PFS system achieved
concurrent removal of turbidity (94.3%), UV254 (69.4%), and COD (43.6%) in treating coking wastewater,
outperforming standalone IR or PFS. It also showed >99% bisphenol A (BPA) degradation across pH
3-10 and in complex water matrices. Characterization and Ferron-timed complex spectrophotometry
analyses revealed the PFS’s structural stability and iron species transformation trends. PFS enables dual
functionality: (i) hydrolysis generates polymeric iron species for coagulation, and (ii) it serves as a stable
source of Fe(Ill) for the Fenton system, which is driven by a hydrated electron-mediated reduction in
the Fe(Ill)/Fe(Il) cycle and radiolytic H202 production, amplifying «OH yield by 1.5 times compared to
radiation alone. These findings establish IR/PFS as an energy-efficient paradigm bridging physicochem-
ical processes for sustainable water remediation.

Keywords:
ionizing radiation, polymeric ferric sulfate, Fe(III)/Fe(II) cycle, bisphenol A
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HEPKIEE] 2060 FLIUAEM LN N 2R, RORMFTRERIATAR G HEE AJEREOR, [l
FARETR (RE) MIELERRNIZ M, fEARBIGRBENE R, LRSS B RAABIT A
RAEM EAEM . NROUX — A, BT T — N2 R PR RSN B R G O AR
A, IR T 2E R IRGUSIT, BRI Al AR AR N R B, TS
REW, XBEFIAFHRER U0 AT K E] 2,000 = 3,900 F L, HA—SRAMTEREERN S 2046 F 5
2060 FIRIEHTIA 300 & FLAVER G ENARE, EHATI—fF, ZEFIHATHLMERBCR, @&
80% FIKPHAER 55% HIXUBERFAE FZE A 0 100 23 TS EINER R, KFUBHRBCR GO 1
HOEEA, RIAAERETR T IRR R, FN B S RASE R BRI SR, 1 ™A Y R A A BETRUZE AL B
RR, B 740 T MDA ZURHAERE S TR KX ARG LT Al T, JXLEH0 XA AR H #E 52
B GANY T SRRl BRI RLIRBCAR 8 SE AR B S B AR ZE R B

X gEIA
AIEAERETR, THURIA, EARSEE, tedr, FE
Abstract:

China has committed to achieve net carbon neutrality by 2060 to combat global climate change, which
will require unprecedented deployment of negative emissions technologies, renewable energies (RE),
and complementary infrastructure. At terawattscale deployment, land use limitations interact with
operational and economic features of power systems. To address this, we developed a spatially resolved
resource assessment and power systems planning optimization that models a full year of power system
operations, sub-provincial RE siting criteria, and transmission connections. Our modeling results show
that wind and solar must be expanded to 2,000 to 3,900 GW each, with one plausible pathway leading
to 300 GW/yr combined annual additions in 2046 to 2060, a three-fold increase from today. Over 80% of
solar and 55% of wind is constructed within 100 km of major load centers when accounting for current
policies regarding land use. Large-scale low-carbon systems must balance key trade-offs in land use, RE
resource quality, grid integration, and costs. Under more restrictive RE siting policies, at least 740 GW of
distributed solar would become economically feasible in regions with high demand, where utility-scale
deployment is limited by competition with agricultural land. Effective planning and policy formulation
are necessary to achieve China’s climate goals.

Keywords:

renewable energy, land use, power systems modeling, carbon neutrality, China
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ARSCFZE T Inconel 617 1 Incoloy 800H A& BTE 950°C & A NFEIKEF S (50, 100, 400
ppm) R SFEF D RGN 50, 100, 200 h FHBHITAFBEIT A, ZREH, Inconel 617
#1 Incoloy 800H T 50 Al 100 ppm FHEEHY S A B 1% 50, 100, 200 h J[FHYBNIE AR, H
EABRAKLE THIFENABM, £ 400 ppm FHEAIESHEM 200 h J5, Inconel 617 £
AL AT T R BRI LES AR (L, SNIBHE IS T Inconel 617 FUREMEIR FLWTEE, KRR

B BIRBR T AR FIAE =R, [T Incoloy 800H HTE&FANHTH THk(LES, 5lREGSKAE TH
MEZRERMEL, S USSR T Incoloy 800H AUIEMHZR  (HAREMAMK R HTHARE,

X HEA]:
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BERSeHE, BEES. BWITN. BT, EEFHK
Abstract:

This paper investigates the carburization and tensile behavior of Inconel 617 and Incoloy 800H after
exposure to helium containing different methane concentrations (50, 100, and 400 ppm) at 950°C for 50,
100, and 200 hours. Results indicate minimal microstructural changes for both alloys after exposure to 50
and 100 ppm methane, with only slight surface oxidation and carburization. After 200 hours of exposure
to helium containing 400 ppm methane, Inconel 617 exhibited substantial intragranular precipitation of
chromium and molybdenum carbides. Intragranular carburization leads to brittle intergranular fracture,
significantly reducing the ultimate tensile strength and elongation of Inconel 617. In contrast, Incoloy
800H showed chromium carbide precipitation primarily at the grain boundaries, resulting in brittle
transgranular fracture. Intergranular carburization reduces the elongation of Incoloy 800H but does
not affect its ultimate tensile strength.

Keywords:

Very-High-Temperature Gas-Cooled Reactor, Ni-based alloy, Carburization behavio, Tensile properties,
Gas corrosion on the ppm scale
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ﬁ%@ﬁ@%[]ﬁﬁﬁﬂ,ﬁ%%%%xﬁ%ﬂﬁf“ﬁﬁ%%ﬁ,ﬁ&?%%@ﬁ%%o
M= R OERKE =E5EE (Ca-DTPA) MI=i#¢h (Zn-DTPA) ZEERHMLGYEEE
(FDA) HLHERTME— T MR R BRI EL RV B S 7], HM— LB S FIIEF &, [6]
R, PRIFTESHBERSSLENMER, &M Ca/Zn-DTPA RIS EFRBERIFH BIR, KItFRZE—Faems
SENL N PRI K B R B A (R, AT R T — R TS, FoXMIeE & &AW
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@, MAEEENECERE, EMmENEREDFE, friEasaRAKFrIH
BiE T, BEWTHEE A MABRIEIAF DI SR R,

* A
TR, fltRE. RS eEn
Abstract:

As a critical radionuclide in the nuclear fuel cycle, uranium if released to the environment during its min-
ing, processing, and fuel disposal, or from depleted uranium weapons left in former war-zones, could
accumulate in human bodies through oral uptake, posing high risks to the public health. In this study,
probiotic Escherichia coli Nissle 1917 (EcN) genetically engineered to express a uranyl-binding protein
(EcN-U) is developed to protect animals from oral uranium exposure. Leveraging its inherent intestinal
colonizing ability, engineered EcN-U after oral administration could colonize in the animals’intestinal
tracts and bind with uranyl in the drinking water, preventing uranyl from entering blood circulation
and accelerating its clearance via feces. As the results, mice with acute oral exposure of high dose of
uranyl if pretreated with EcN-U would survive from uranyl-induced death. As further demonstrated in
mouse, rat and beagle dog models, animals with long-term oral exposure of uranyl if pretreated with
EcN-U would show significantly reduced uranyl deposit in main organs, alleviated intestinal oxidative
stress, normalized intestinal flora, as well as reduced tissue damages in other organs. Our work presents
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a general prevention strategy to efficiently and continuously protect the public against radioactive con-
tainments during nuclear accidents using orally fed natural probiotics.

Keywords:

engineered bacteria, uranyl exposure, uranyl-binding protein,

o AE ML B RETRARES / 41

Temperature ultra-stable BaTiO3-based ceramics with near-nano
grains via the core-shell structure design and controlled grain
growth

Author: DFEE!

HBHEREM R
Corresponding Author: 905959386(@qq.com

e

EREGREMNIRGH, ERZEMERRTSE (MLCCs) NMUAHE/N, mHEBEAESEE
{H, MENH, EFTRANEMELAAER R E ST EEE. SRS NS IR ERE R
Ko R, FFABEW IR IX LRI MR B IR TUB I — I % SR ARSI 922 H, N
THRIOX—BkER, AREIEEN S B T B AR S LIRS, il T gk AL (5
BIRSTZ09 158.22nm, REFEHZ] 1onm) WIFEZE, RO TR ERENE FRYZEr (RERE
JOEEIN-55°C~125°C, H.1E 25°C I EAZE(L R AC/C25°C<+1.97%, F& X7C HIVE). SIHFN, FEE
KIMHENEHEE (1418.4), HEIAR MLCC N EAEMNFE R, A, &4 (14.31x10712
Q-cm) AMEAEHFE (0.60%) WALR T IREIME IR KR/ NME, FEERNH GREEF s
NN NEREEZEE (240kVA-1'-m*-2 | W_rec/E iK% 131.25 J'kVA-1'm*-2) H—FFIET
HAERKZEFEFEHG LM NREEFEITRER AU N AT AN, XU BaTiO3 HFEE LS M H
%?%Z};%J\%*ﬁﬁﬂ”%ﬂﬁ%%ﬁ?ﬁf&‘lﬁﬁ’é?%$, BEHSE R E SR EHEBE A MLCC A/ 1L

PGk
MLCCs, BaTiO3, Z&E1-54%, Fiaasty, REBREN, 9Ky Sk
Abstract:

In various high-precision systems, it is required that Multilayer Ceramic Capacitors (MLCCs) not only
have smaller volumes but also higher capacitance values. Correspondingly, the dielectric materials used
must simultaneously meet requirements for high permittivity (e_r), small grain size, and strict temper-
ature stability. However, the development of dielectric ceramics that fulfill all these properties remains
a critical technical bottleneck and research gap in this field. To address this challenge, this work em-
ploys precise multi-ion doping and core-shell structure ratio control to prepare ceramics with near-nano
grains (dg~158.22nm, with shell structure~10nm) successfully achieving breakthrough temperature sta-
bility (TCC: -55°C~125°C, AC/C25°C < £1.97%, meeting the X7C specification). Simultaneously, ceramics
exhibit high e_r (1418.4) which aligns with the high capacity demands of modern MLCCs. Additionally,
high insulation resistivity (Ir: 4.31 x 1012 Q-cm) and low dielectric loss (tan §=0.60%) ensure minimized
thermal losses caused by leakage currents. The ceramics’excellent energy storage stability and high
energy density per unit electric field (240 kV-1-m-2: Wrec /E reached 131.25 J-kV-1-m-2) further ensure
their ability to maximize energy storage functionality under low-to-medium electric field conditions
with long-term durability. The modified BaTiO3-based ceramics integrating high permittivity, small
grain size, and temperature ultra-stability, hold promise for advancing MLCCs in high-precision cir-
cuits possessing high capacity and the potential for miniaturization.

Keywords:

MLCCs, BaTiO3, multi-ion doping, core-shell structure, ultra-stable, near-nano grains.
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BIE-JE (GTM) EEFRHIFRARN 12 RE HAUMMRERT X KR, AR EEXESHES
N RIFERATE L, K B FENDELT R RiAg et (FBG) f&R&Es H T2RHL GTM #EEH 7L AT
RHRAEANREM N R, R, ET TR TS GRT o (FEA) AL, #i5E
REL, BIERINENRE 2 2 OKEE R, XE2HETSRARE, SEOHIVENSN, 2
MrE R TR ISR, HIREREE 2000C LURNK, WIEEIN I, XIEARIT O EHIESZE
AR S (CTE) AUZRRER, IDAERERIE 7N ATEROER, AFFZEINER T GTM
BB AN AR A N AT BRI AR BB, FFRRIE T A RIS AR T R, B e
TEMERIN S o ffeft T HIEE S,

5 B
WIE-E e ; N0 ; BRI
Abstract:

The residual stress in the Glass-to-Metal (GTM) seal is a key factor determining its mechanical perfor-
mance. This study focuses on the cooling-induced stress formation and evolution. K-type thermocou-
ples and fiber Bragg grating (FBG) sensors were used to obtain the in situ temperature and stress data
of the GTM seal during the cooling process. At the same time, a thermo-mechanical coupling finite
element analysis (FEA) model for this process has also been established. It was found that the internal
temperature distribution of the glass exhibits a “soft-boiled egg” shape. This is due to the low ther-
mal conductivity, which causes a time-delay effect at the center. Analyzing its stress formation curve,
stress rebound was observed when the temperature dropped below 200°C, which has been confirmed in
the FEA to be determined by the difference in thermal expansion coefficients (CTE)s. The cooling rate
directly determines the rate of stress formation. This study enhances the understanding of the stress
formation and evolution during the cooling process of GTM seals and emphasizes the impact of differ-
ent cooling rates on stress formation. It provides theoretical guidance for optimizing the process and
tailoring stress distribution.

Keywords:

Glass-to-metal seal; stress distribution; finite element analysis
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B AR IR LB TR HhBE-F REVOREL IR BRI AL, B TIZARIZ H T — R A %
ZRD B RS, RAZYERMEEIR CR& X FIEATEH, BIHRE N FiE o) Rtk 7 E
N SR R & T E-FARERNS], ZIER Sr2+ BT REHEERFERBIEEN (9
FLRE Kd = 1.36x107 mL g-1), PEREFEARIE T I A HGEM R, BIGDHTRA, ZIERIBFERT
Bz Z2 e AT T LATEA 5 Sr2+ B 72F1E (116 A) RECAIINERIRGHEPCEC, ABFFEAN
18R TR EE BT R 0 SOUSRI IR (E35, RN Tl B A 22 RO TRt
EE R BRI TR, O 8 AR R S R PR AT RIS R At TR RS SRR SR

X A
WIRITHR, BT, AR, BEIE
Abstract:

The investigation of actinide coordination chemistry holds pivotal scientific significance and application
potential for optimizing nuclear fuel cycle systems. Elucidating the coordination behavior of actinides
and developing novel separation materials not only advance fundamental theories in actinide chem-
istry but also offer innovative solutions for critical radioactive nuclide separation. Herein, we demon-
strate a synergistic coordination strategy between polydentate ligands and metal centers to precisely
control ligand conformation and metal-binding preferences, enabling the programmable assembly of
polynuclear uranium/thorium coordination cages. Building upon this approach, we propose a ground-
breaking methodology utilizing actinide coordination cages for selective extraction of key elements
from nuclear fission products. Through modular design, we successfully constructed a peroxo-bridged
diuranyl-functionalized uranyl-calix[4]resorcinarene capsule system. Comprehensive characterization
via NMR spectroscopy, mass spectrometry, and single-crystal X-ray diffraction revealed its host-guest
interaction mechanism with alkali/alkaline-earth metal ions, demonstrating exceptional Sr2+ selectiv-
ity with a remarkably high distribution coefficient (Kd = 1.36x107 mL g-1 under low-concentration
conditions), surpassing existing Sr2+ adsorbents. This superior performance originates from the geo-
metric complementarity between the precisely arranged donor atoms in the cage cavity and the ionic
radius (1.16 A) of Sr2+, coupled with optimal coordination environment matching. Our findings not
only validate the unique advantages of actinide coordination cages in radionuclide separation but also
establish a new paradigm for designing high-selectivity separation materials through cavity microen-
vironment engineering, offering both theoretical insights and technical frameworks for strategic metal
recovery in complex systems.The investigation of actinide coordination chemistry holds pivotal scien-
tific significance and application potential for optimizing nuclear fuel cycle systems. Elucidating the
coordination behavior of actinides and developing novel separation materials not only advance funda-
mental theories in actinide chemistry but also offer innovative solutions for critical radioactive nuclide
separation. Herein, we demonstrate a synergistic coordination strategy between polydentate ligands
and metal centers to precisely control ligand conformation and metal-binding preferences, enabling the
programmable assembly of polynuclear uranium/thorium coordination cages. Building upon this ap-
proach, we propose a groundbreaking methodology utilizing actinide coordination cages for selective
extraction of key elements from nuclear fission products. Through modular design, we successfully con-
structed a peroxo-bridged diuranyl-functionalized uranyl-calix[4]resorcinarene capsule system. Com-
prehensive characterization via NMR spectroscopy, mass spectrometry, and single-crystal X-ray diffrac-
tion revealed its host-guest interaction mechanism with alkali/alkaline-earth metal ions, demonstrating
exceptional Sr2+ selectivity with a remarkably high distribution coefficient (Kd = 1.36x107 mL g-1 under
low-concentration conditions), surpassing existing Sr2+ adsorbents. This superior performance origi-
nates from the geometric complementarity between the precisely arranged donor atoms in the cage
cavity and the ionic radius (1.16 A) of Sr2+, coupled with optimal coordination environment matching.
Our findings not only validate the unique advantages of actinide coordination cages in radionuclide sep-
aration but also establish a new paradigm for designing high-selectivity separation materials through
cavity microenvironment engineering, offering both theoretical insights and technical frameworks for
strategic metal recovery in complex systems.

Keywords:

Actinides, Supramolecular cage, Controlled coordination, Radionuclide separation
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LA HEE, BECORBRIREHE, 2P _S(UikE R8N, 2IRETR
FIRETRE LS PR (8 H 28 7 88, Al RFHYC R co2 JEfE(LIEIR D CO. CH4 55 & M E =4
BRIIAG, RIREEFREINER TR — SR-AHMESR (MOFs) 2 AHLEEMENE
BET/HABRARN—MESZILEN, BEEadatt. aftRER. RIGEAENZILEH
DIk ZEMMER R, TN CIURE R MM AR S, A, RSG5 PR 2 AL L
RS 5 IE B T BERT DUEDN MOFs MR8 T A, X AT DUE (R B I TE P D,
ith, St MOFs 52 B AR L, TEitt, FRATR IS T — Mo il sl A MOF # %
IHEP-101[(CH3)2NH2][UO2][UO2(L)(DMF)][UO2(L)(H20)]0.5-(DMF)1.5, A, Salen Ef{AHJ N202
ZEPERCEIIE B T 4R, TEAERIERY [UO2L] & B b ZRERELIR, % e E (LI RIR S 5 Fhlt B T
Bofr, TR — DRI 4 s WIREH, HAE@EE n - HHEEHAHES R =4EEREN,
THEP-101 R I BAFHYEMHE( cO2 IBJRIENE, TENRIMEMIAAFISMAT, CO =3 Ralik
458 pmol-g-1-h-1, CO HIIEFFMERTIX 98.6%, WL RAIZLA4EIE, DFT I HiH#—A 487~ IHEP-101 &
b, co2 Wy MALHE, THEP-101 ik CO2 TERI M50 1% EEAIATHY, HHEA U R+ SIESTE
+VI ] +V 2 [EEEAR, ARAE E A S BRI SCikiaE, 2 T IHEP-101 JEfE(LIER cOo2 RYAT
RER N ERE, ABFZEH7R T U022+ FHE FIEGE(L CO2 IR I MG AL YT /7, Mi&itHHn
B ECHT RSl EE MOFs Yt MR At T5%,

XA
HELE . SE-AIWERM AL k. S (bCE, A b
Abstract:

In the past few decades, with the massive consumption of fossil fuels, the carbon dioxide content in
the air has gradually increased, and environmental problems such as global warming and energy crisis
have become increasingly serious. Using sunlight to photocatalytically reduce CO2 to high value-added
products such as CO and CH4 is one of the important means to protect the environment and solve the
energy crisis. Metal-organic frameworks (MOFs) are a kind of crystalline porous structure composed
of organic ligands and inorganic metal ions/clusters. They have the characteristics of high crystallinity,
high specific surface area, flexible and adjustable porous structure, and easy modification, and have
broad application prospects in the field of photocatalysis. In addition, the unique photochemical prop-
erties and diverse coordination modes make uranyl ions can be used as both the metal nodes of MOFs
materials and the active centers of photocatalytic reactions. Therefore, uranyl MOFs are expected to
become a new type of heterogeneous photocatalyst. Here, we designed and prepared a new type of
uranium-based MOF material IHEP-101 [(CH3)2NH2][UO2][UO2(L)(DMF)][UO2(L)(H20)]0.5:(DMF)1.5.
Among them, the N202 cavity of the Salen ligand is occupied by uranyl ions to form a linear [UO2L]
metallized dicarboxylic acid ligand, and this metallized ligand continues to coordinate with uranyl ions
to form a distorted two-dimensional honeycomb network structure. Adjacent layers are stacked into
a three-dimensional framework structure through = - 7 interactions. IHEP-101 shows good photocat-
alytic CO2 reduction activity. Without adding any sacrificial agent, the yield of CO can reach 458 pmol-
g-1-h-1, and the selectivity of CO can reach 98.6%. The reaction mechanism of IHEP-101 activating CO2
is further revealed by in situ infrared spectroscopy and DFT calculations. It is feasible for IHEP-101 to
activate CO2 thermodynamically and kinetically, accompanied by the transformation of the oxidation
state of U atoms between +VI and +V. According to the existing experimental data and literature reports,
a possible reaction path for the photocatalytic reduction of CO2 by IHEP-101 is proposed. This study
reveals the potential of UO22+ cations as the active sites for the photocatalytic CO2 reduction reaction,
providing a reference for the design and synthesis of new uranyl MOFs photocatalytic materials.

Keywords:

uranyl ion, Metal-Organic Frameworks, photocatalysis, carbon dioxide reduction, coordination chem-
istry
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Abstract:

The environmental remediation potential of nanoscale zero-valent iron (nZVI) is generally hindered
by severe particle agglomeration or poor stability. A straightforward approach to overcome these
challenges is to uniformly and firmly disperse nZVI onto high surface area substrates such as two-
dimensional materials. Herein, we propose a novel method for one-pot synthesis of MXene-nZVI com-
posites based on the eutectic molten salt (MS) etching of MAX phase materials. Batch adsorption ex-
periments showed that the effective synergy between nano-lamellar MXene and nZVI played a pivotal
role in boosting U(VI) elimination performance of the composites, and the maximum removal capacity
reached 1750 mg/g. Further environmental application assessment indicated an excellent potential of
MS-MXene-nZVI for U(VI) sequestration from complex acid mine drainage. Advanced spectroscopic
analyses provided clear evidence of the conversion of Fe0 to structural Fe2+ during the reaction and es-
tablished that the removal mechanism of U(VI) was primarily reductive immobilization, concomitantly
with surface chemisorption and hydrolysis precipitation. This study offers new insights into the green
and facile preparation of MXene-based nZVI composites via MS strategy, as well as their environmental
remediation application in the highly efficient separation of radionuclides and other contaminants.
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MXene. nZVI, Molten salt synthesis. Uranium, Environmental remediation
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Abstract:

At present, the use of zinc powder to remove cobalt from zinc sulfate electrolyte has problems such as
zinc powder agglomeration and encapsulation, resulting in an increase in the amount of zinc powder
and a poor removal effect. In order to solve these problems, a new ultrasonic enhanced zinc powder
purification method was proposed to remove cobalt (II ) from zinc sulfate electrolyte. The removal rate of
cobalt (1I) was 95.02 % and the residual concentration of cobalt (I ) was 0.99 mg / L under the ultrasonic
condition of 60 min, 80 °C and 3 g / L zinc powder. Compared with conventional replacement, the
ultrasonic enhanced replacement reaction shortens the reaction time by 100 min, reduces the reaction
temperature by 10 °C, reduces the amount of zinc powder by 50 %, increases the removal rate by 23.65
%, and significantly reduces the concentration of cobalt. The cavitation effect and mechanical effect of
ultrasonic can refine the particles, break the inclusions, accelerate the mass transfer process, improve
the removal rate of cobalt (II), thus significantly reducing the consumption of zinc powder and reducing
the cost. Therefore, the use of ultrasound-enhanced zinc sulfate electrolyte purification technology is
of great significance for the comprehensive recovery of zinc electrowinning and cobalt. This study
proposes a new process of ultrasonic strengthening zinc powder to purify zinc sulfate solution, which
provides a new research direction for zinc hydrometallurgy enterprises, in order to achieve the purpose
of energy saving and emission reduction and efficiency improvement for enterprises.

Keywords:

Ultrasonic, zinc hydrometallurgy, purification, zinc powder
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Abstract:

As a stable isotope marker, nitrogen-15 isotope has a wide range of applications. To explore the sepa-
ration methods of nitrogen-15 isotope, single-stage and fourth-order diffusion separation experiments
were conducted, and cascade design was carried out based on the experimental results. Under existing
experimental conditions, the single-stage concentration coeflicient of nitrogen separation by gas diffu-
sion method can reach 0.008 in single-stage experiments; The single-stage concentration coefficient in
the four stage cascade can reach 0.007; Using natural nitrogen as raw material, high abundance nitrogen
isotopes can be prepared through two cascade steps. This study demonstrates the feasibility of using
nitrogen as a medium to separate nitrogen isotopes through gas diffusion.

Keywords:

Nitrogen isotope; Nitrogen; Gas diffusion method; Squared-off cascade
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Abstract:

Hydrophilic chelators are crucial for coordinating and separating radioactive elements in nuclear fuel
recycling, hazardous waste treatment, environmental remediation, radiopharmaceuticals, and related
fields. However, their development and understanding lag behind their lipophilic counterparts. This
review summarizes the development of hydrophilic ligands across four categories based on their struc-
tural similarities and chronological order. For each category, representative examples are discussed,
highlighting their advantages and disadvantages. The review also outlines current design challenges,
and emphasizes the importance of establishing structure-function relationships to guide future ligand
design. Additionally, we propose four novel f-block chelating ligands, some of which have shown ef-
ficiency in solid-liquid radionuclide separation, aiming to inspire the search for more robust systems
for f-block element utilization and recycling. This review aims to provide a comprehensive overview of
hydrophilic f-block element chelators and suggest promising approaches for future ligand development.

Keywords:

hydrophilic ligands; solution coordination chemistry; lanthanides/actinides separation; acid resistance;
nuclear waste management
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Abstract:

Fluidized bed-chemical vapor deposition coating for the Geldart C class ceramic microparticles is prone
to aggregate, which leads to a wide particle size distribution and short residence time in the constant
temperature reaction area, resulting in poor quality and uneven coating. To increase the residence
time of ceramic microparticles in the constant temperature reaction zone, the microparticle trajectory
is extended by twenty times through helical pipes. A carbon coating of nanoscale thickness (~ 400 nm)
was prepared on the surface of ceramic microparticles using fluidized bed-chemical vapor deposition
with a facile design. The microstructure, formation mechanism, bonding mode, and property of the
coating were studied. The results show that the coating first forms small spherical carbon and then
forms spherical shell coating. Furthermore, the carbon atoms in the coating are combined with the
oxygen atoms in the ceramic microparticle. The carbon coating of nanoscale thickness can serve as a
barrier to protect ceramic microparticles from long-term corrosion (5 days) by pure hydrofluoric acid.

Keywords:

FB-CVD; Coated ceramic microparticles; Residence time; Corrosion resistance
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Abstract:

Carbon dioxide removal (CDR) technologies have become crucial for meeting the climate targets set in
the Paris Agreement. Assessing the climate benefits of CDR technologies based on quality—permanence,
timing, and removal efficiency—is essential for guiding their large-scale development and deployment.
This study establishes a framework for quantitatively assessing the climate benefits of CDR technologies,
which comprehensively evaluates the permanence, timing and removal efficiency of five selected typical
CDR technologies. The framework obtains the true climate benefits of CDR technologies, assisting
policymakers or investors in technology selection and promoting the large-scale deployment of CDR
technologies. The results demonstrate that EW consistently shows the highest climate benefits, followed
by DACCS, while BC exhibits the lowest climate benefits. In terms of economic feasibility, AR is the
most favorable. Currently, DACCS is not economically feasible due to its high costs.
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Abstract:

Reducing energy consumption and carbon emissions in the metal smelting industry is an urgent and es-
sential task at present. This study investigated and analyzed the energy efficiency and carbon efficiency
evaluation methods for copper smelting, and explored corresponding efficiency improvement methods.
The relative energy efficiency of copper smelting in different months of a typical copper smelting en-
terprise over the past three years was evaluated based on the slack variable data envelopment analysis
method (SBM-DEA) and the super efficiency SBM-DEA model. The distribution characteristics of en-
ergy flow and carbon emissions during the copper smelting process corresponding to the best energy
efficiency and lower energy efficiency months were quantitatively analyzed. In the optimal energy
efficiency month, the energy consumption for refined copper production within three different calcula-
tion boundary ranges is 5044, 8446, and 10037 MJ/t-Cu, respectively; The carbon efficiencies of copper
smelting within three different calculation boundaries are 1.804, 1.027, and 0.855 kg-Cu/kg-CO2, respec-
tively. The influencing factors of smelting energy efficiency, and proposed suggestions or measures to
improve smelting energy efficiency and carbon efficiency based on the analysis results are investigated.
This study will provide practical methods and theoretical references for energy efficiency assessment
and improvement, as well as reducing carbon emissions in the copper metallurgical industry. It will
also contribute to the carbon neutrality process in the energy-intensive metallurgical industry.

Keywords:

Reined copper; Energy efficiency; Carbon emission; Nonferrous metallurgy; Copper smelting
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Abstract:

This study addresses the resource recovery requirements of spent lithium-ion batteries from the new
energy vehicle and energy storage sectors by developing a novel carbothermal reduction calcination
technology. This technology enables an efficient and selective recovery process for nickel and cobalt
from cathode materials. Through the integration of thermodynamic calculations and experimental val-
idation, this research systematically elucidates the regulatory mechanisms of calcination temperature,
carbon content, and duration on the selective reduction behavior of nickel and cobalt. An innovative
high-temperature in-situ XRD technique was utilized to dynamically analyze the formation and decom-
position processes of the (NiO)x(MnO)y intermediate phase during reduction, thereby clarifying its
phase evolution pathway. Experimental data show that under optimized conditions of 800 °C, 12.99
wt.% carbon content, and 60 min, the recovery rates of nickel and cobalt reached 99.70% and 99.43%,
respectively, while the migration rate of manganese to the alloy phase was only 0.49%. This study not
only deepens the understanding of selective metal recovery mechanisms but also provides a scalable
and environmentally friendly solution for the resource recovery of strategic metals from spent batter-
ies, thereby promoting resource recycling and green manufacturing in the battery industry.

Keywords:

Carbothermal reduction calcination; Spent lithium-ion battery; Nickel; Cobalt; Selective recovery; Phase
evolution
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Abstract:

The metallurgical industry, characterized by high energy consumption, generates substantial waste heat
resources requiring efficient utilization, particularly the critical challenge of recovering thermal energy
from molten slag. This study addresses the limitations of conventional waste heat recovery technolo-
gies through the innovative integration of biomass thermochemical conversion with metallurgical slag
heat recovery, developing a novel hybrid thermal energy recovery system. A three-dimensional rotary
reactor model was established using coupled Computational Fluid Dynamics-Discrete Element Method
(CFD-DEM) simulations, with the dense discrete particle model (DDPM) employed to investigate multi-
phase flow dynamics and heat-mass transfer characteristics between copper slag and biomass particles.
Key findings reveal: 1) Particulate bed behavior exhibits distinct rolling flow patterns, partitioned into
active (wall-adherent particle motion) and passive (internal particle slippage) regions, fundamentally
governing solid residence time distribution and reactor scalability. 2) Under optimized conditions (20
wt% slag addition, 4 rpm rotation), biomass particle heating duration to target temperature reduced by
188 seconds compared to slag-free operation, with particle size ratio (dp,slag/dp,biomass=0.5) demon-
strating 23.7% thermal enhancement. 3) Rotational velocity linearly regulates mixing efficiency, while
increased particle size disparity amplifies segregation effects, reducing mixing index. 4) Model valida-
tion shows maximum 4.7% deviation between simulated and experimental data. The developed mul-
tiscale CFD-DEM framework elucidates particle-scale heat transfer mechanisms and mixing behavior
in rotary reactors, providing theoretical foundations for biomass gasification reactor optimization and
advancing synergistic utilization of metallurgical waste heat with renewable biomass resources.

Keywords:

Metallurgical slag; Waste heat recovery; Biomass; Thermochemical conversion; Rotary kiln; CFD-DEM
method; Particle motion and heat transfer
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Abstract:

China has launched the national emissions trading system (ETS) and intends to form a novel mecha-
nism to control provincial carbon emissions. While previous studies have examined ETS and provincial
reduction targets separately, the impacts of the potential integration of these approaches on welfare
and air quality-related health remain underexplored. In this study, we employ an integrated modeling
framework to compare the economic impacts and health outcomes associated with PM2.5 and ozone
under three provincial control mechanisms with the same target for national total carbon emissions
in 2035. Our findings indicate that ETS improves national welfare by at least 0.12% compared to the
conventional provincial control mechanism (PRO_CAP). The partitioned carbon regulation mechanism
(PART_REG), which applies the national ETS to power and energy-intensive industry sectors while
assigning reduction targets to other sectors at the provincial level, achieves 85% of the welfare improve-
ment observed under full ETS coverage (FULL_ETS). ETS redistributes CO2 and co-emitted air pollutant
emissions from northern to southern China, improving air quality in northern provinces but worsen-
ing it in central and southern provinces. The national premature deaths increase by 32,700 (95% CI:
23,200—41,600) under PART_REG compared to PRO_CAP. When comparing the changes in welfare and
monetized health damages, ETS remains cost-effective nationally, with a median net benefit of US$6.6
billion under PART_REG —20% higher than that under FULL_ETS. Northern and southeastern coastal
provinces experience net positive benefits, while some central provinces face net negative impacts.

Keywords:

computable general equilibrium (CGE), climate policy, air quality, human health, cost-benefit analysis
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Abstract:

Microplasma based on glow discharge could act as non-contact gaseous electrode and have attracted
much attention in both fundamental research and application. Herein, with microplasma as the anode,
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the electrodeposition process of a series of metal and metal alloys in molten salt have been systemically
studied. Four metal cations with different valence states, Ag+, Ni2+, Cu2+, and Fe3+, could all be reduced
on the solid cathode with high current efficiency and the corresponding metal products were of high
purity. The electrodeposition of Al-Ln alloy on the aluminum cathode was also successfully carried
out with microplasma as the anode, and the same alloy was obtained by using the conventional anode
electrode. These results indicated that microplasma anode based on non-contact direct-current (DC)
glow discharge is a promising electrode to be applied in molten salt electrolysis.

Keywords:

Microplasma; Anode; Molten Salt; Electrodeposition; Al-Ln alloy
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Abstract:

Tritium, as a critical radionuclide in nuclear systems, plays a pivotal role in reactor radiation safety
and the advancement of advanced nuclear technologies. Focusing on the migration characteristics and
safety challenges of tritium in High-Temperature Gas-cooled Reactors (HTGRs), this study systemati-
cally investigates the diffusion mechanisms of tritium in silicon carbide (SiC), nuclear-grade graphite,
and alloy materials, along with strategies for permeation suppression. Key findings include: 1) The
strong retention effect of tritium at SiC surface regions significantly reduces its effective diffusion co-
efficient, and a composite-layer diffusion model successfully reconciles theoretical and experimental
discrepancies; 2) Thermal desorption experiments combined with Density Functional Theory (DFT) cal-
culations reveal that four characteristic tritium desorption peaks in nuclear-grade graphite correspond
to desorption from basal planes, amorphous surfaces, armchair edges, and zigzag boundaries, elucidat-
ing the microscopic origin of tritium enrichment at irradiated graphite edges; 3) Analysis of hydrogen
isotope (H/D/T) diffusion in Fe, Cr, and W validates the inverse square root relationship between dif-
fusion coeflicients and isotopic mass under high temperatures (=800 K), and establishes a component
volume fraction-based prediction model for tritium diffusion in multicomponent alloys (e.g., 2.25Cr1Mo
steel); 4) By integrating operational data from the HTR-PM demonstration project, the inhibitory effect
of oxide films on tritium permeation is demonstrated, with proposed engineering strategies to reduce
permeation rates through surface chemistry optimization and elemental doping. These findings provide
theoretical foundations and material design guidelines for refining tritium source-term models, enhanc-
ing radiation safety, and advancing nuclear hydrogen production technologies in HTGRs.

Keywords:
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SO EVIMEZEM KL (COFs) BA & LRI AEWAILEM, ZREB IS YA
Ko 187, HERT0 F2RIHEERE TM5Y, EiETTr &% COFs M FIHTE LIRS,
AWFFCE JARE T — @IS R B IR g5R S S BRI EBERY COFs #4%1, {EBf) TPB-DMTP-COF
PRHEERIRRENE, FAEE (L) BAYERINRE T COF MRIAYFLEEM, HELRmBLAF] 1350
m2/g, FHTHBRER 7MEN SRR, FEAE 77 K, 80 bar Z&fF NHYE S TIRISE M
4.98 wt% T2 6.91 wt%, HBAG HERBEERAN AW RACEIH, BMRRIIHERAEAME
AE ! 7E 30 bar SAF MEIA 10 KIEFEBREF R 99%, WIFEERREM, @S EEIHFEZEI IR
IR TE D TR ZAMEHE S, S & M E B A BRI,

* BRI
HMEHAREZRM R ; ERFE ; HBAR SRR ; DT
Abstract:

Covalent organic frameworks (COFs) possess high surface areas and tunable pore structures and are
promising candidates for H2 physisorption materials. However, their interaction with H2 molecules is
too weak to take advantage of the high porosity of the COFs. Here, we report the first example of metal-
doped enhanced H2- physisorption COF. By leveraging the superior stability of TPB-DMTP-COF, we
can well preserve the porosity of the COF after lithium (Li) doping, yielding a surface area of 1350 m2/g.
Due to the Li-doping-enhanced H2 isosteric heat, the material’s total H2 uptake increased from 4.98 to
6.91 wt % at 77 K and 80 bar. The Li-doping-induced enhancement effect does not involve chemisorption,
and the material shows excellent cycling performance: 10 cycles at 30 bar with a capacity retention of
99%. Our results reveal that tuning H2 adsorption heat by postmodification is a promising strategy to
exploit the potential of porous materials for efficient H2 storage.
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Em SURHE (High Temperature Gas-cooled Reactor, HTGR) E A PUMRICHZRERFINFE, R
P4 AP (Tri-isotropic, TRISO) HUETERZMNKIERL, AILUGAIESZAE =y, Hl 12
ALIRALFSABITAA (Fluidized Bed-Chemical Vapor Deposmon FB-CVD) ﬁiﬁfﬁ”% TRISO t178
EIRRIRIRL, E FB-CVD J3 A& TRISO MR ANIFEA, RN AR ALK, TR ERUR AR
TREEIFRABE, KNSENSE SRR EERE T OBAESE, FILAR R %
REABEENRRAEEEEN, —FHERLENERRLK (FFR Warster FH{LK) 55
TTHZRINA, HEMRIDHE TR RBE B, @O RBSE R NV aRBE AN, #
ok O SE FE - T T, BT HRORTEA, 7E FB-CVD H R e a0 A Wk (3 7,
5 AP IEOMERA > KT LR, S AL IR PR, (A AR 7 6 P R D P L T X
RA, PRIz 018 e EIMEIR X eI IAME & o IR HHERURIAT TIRIE A T MU P B E ]
idn, BRAERIRURL RGP RIA] cL 78 X (S I R], X SN AR S FE AL RIUR BN AR A
f8, T EAETHIEICTRI LT AR X SR, R X AL RN (] S R, ARER
%% % F CFD-DEM (Computational Fluid Dynamics Discrete Element Method) 757X, XTVWJDM&$
) ETmMV¢M%MmMHﬁﬁﬁﬂ@&UO“ﬁ?@%EWWﬁ% VI 53 K BR P T
RLSENTHN, R T RR BT R Rk SR BN A L, S5 REPH, CFD-DEM J57k
BES A RO SRR B E A, vsRiabtsedR it TEIESCR;, RN A LRIELRN T ZES
BRI SR BRI M T EHESE,
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Abstract:

High Temperature Gas-cooled Reactor (HTGR), as a representative of the fourth generation of advanced
nuclear energy systems, uses Tri-isotropic (TRISO) coated nuclear fuel particles, which can effectively
block fission products. Fluidized Bed-Chemical Vapor Deposition (FB-CVD) technology is widely used
to prepare TRISO-coated nuclear fuel particles. In the process of preparing TRISO particles by FB-CVD
method, the reaction gas is cracked and the required coating layer is deposited on the surface of the
fluidized particles. The gas-solid contact efficiency in the reactor directly determines the coating rate, so
it is important to optimize the reactor design to improve the quality of the coating layer. A bottom spray
fluidized bed (Wurster fluidized bed for short) with a central cylinder has been widely used, and has been
successfully used in the spray coating of particles, through the inner spray of the central cylinder and the
heating of the reactor wall, the particles can quickly complete the spray - drying - coating. Based on this
technical concept, a zoned fluidized bed with internal heating and external circulation was introduced
in the process of preparing nuclear fuel coated particles by FB-CVD technology. Through the inner
heating of the central cylinder, the gas phase cracking reaction is concentrated in the coating area of
the central cylinder, and the particles pass through the coating area and complete the cycle in the outer
low temperature area. This design makes the particles and air flow form a regular and orderly directional
flow field, effectively control the circulation time of particles and the residence time of the coating area,
and then realize the decoupling of the gas cracking process and the particle circulation process. In
order to obtain the relevant parameters of particle fluidization behavior and the particle residence time
and flow field characteristics in the coating area more accurately, the Computational Fluid Dynamics
Discrete Element Method (CFD-DEM) was adopted in this study. The particle fluidization behavior in
a zoned fluidized bed with internal heating and external circulation was numerically simulated. The
flow field, concentration field and motion behavior of particles in the coated area were analyzed, and
the key parameters and their influencing mechanisms were revealed. The simulation results show that
CFD-DEM method can effectively capture the interaction between particles and fluids, which provides
theoretical support for experimental research, and provides an important reference for optimizing the
process parameters of the fluidized bed and improving the coating efficiency of particles.

Keywords:

coated nuclear fuel, fluidized bed design, CFD-DEM, simulation of coating
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SRR TREERE, (RIRFERVARIT R, AT EEIRA, MERLIR L BRI TR ST
5 RlFrs R R B EE N A ME,

KA
SUNEIE IR R A ; {RETRAl ; BREK ; BRE
Abstract:

This study addresses the challenge of resource recovery from silicon wafer waste generated by the
diamond wire sawing process in the solar photovoltaic industry, and proposes a novel purification
process based on low-temperature CO, roasting pretreatment and wet leaching assisted by defoam-
ing agents. This technology effectively decomposes organic and inorganic carbon in the waste through
low-temperature CO, roasting, significantly reducing carbon residue. Additionally, the introduction
of efficient defoaming agents during the subsequent acid leaching process successfully suppresses the
accumulation of bubbles and the overflow of silicon powder caused by hydrogen production from the
reaction between silicon powder and acid, increasing the silicon recovery rate to over 80%. Compared
with traditional wet processes, this study optimizes the acid leaching system and process parameters to
achieve more efficient impurity removal: the oxygen content is reduced to 0.2%, and the removal rates
of metal impurities such as nickel and iron reach over 80% and 90%, respectively, ultimately obtaining
4N grade silicon powder. This work not only provides a low-energy and low-acid-consumption solu-
tion for the green recycling of photovoltaic silicon waste but also reduces the recycling cost, which has
significant application value for promoting the circular economy and sustainable development of the
photovoltaic industry chain.
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Abstract:

Copper (Cu) can be effectively recovered from copper slag by slow cooling, crushing, grinding, and
flotation. However, the mechanism by which slow cooling affects the growth of copper matte remains
unclear. This study investigated the mechanism of matte growth and the transformation behaviors of
Cu, Pb, and Zn during the cooling process of the molten copper slag. It is shown that the molten copper
slag is in a high-temperature non-equilibrium state and that slow cooling encourages the transition
from the non-equilibrium to the equilibrium phase. The conversion of Cu20 and PbSiO3 into Cu2S and
PbS, respectively, as well as the formation of Zn-doped spinel (Fe3-xZnx04) and Zn-doped fayalite (Fe2-
xZnxSiO4), were facilitated by slow cooling. The dissolved Cu precipitated and grew on the surface
of the pre-existing copper matte droplets during the cooling process. In addition, the dissolved Cu
preferentially heterogeneously nucleates and grows on the surfaces of the high melting Fe304, followed
by Fe2SiO4 with a lower melting. Slow cooling increased the nucleation and growth time of dissolved Cu.
It benefits the growth of copper matte particles, thereby improving the Cu flotation recovery. Moreover,
the toxic leaching concentration of the flotation tailing was shown to be below the standard limits by
the toxicity characteristic leaching procedure. These findings could aid in the recovery of heavy metals
from copper slag employing slow cooling and flotation, thereby lowering copper slag accumulation and
mitigating environmental hazards.

Keywords:

Copper slag; Slow cooling; Matte growth mechanism; Heavy metals recovery
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B EIEN. T HIESR )8 AL T HER M OFR KN E B EERE Y, A7 RA
—H HETRIESIE T & ERERY a-Ni3S2/Cu FEELF, a-Ni3S2/Cu HFEEE 1.49 V HYE@ EAE L5t
AJDUSEFR 10 mA cm-2 FUEIRERE, @ 7 KRS HSCRIHGER S ESE MR, a-Ni3s2 5 Cu #4
&, HETMa-Ni3s2 [ Cu 8%, METHETFER, cudHmH0 bR, EFFKNFRIKH B
Wb, FREgSZEs, JEAL Raman W —5UERA T Cu v H Wb/ i b BTSN A, S EIFBISREFEZ
HITE BT, EHEXN KD FHYiE e A7 Raman, {7 EIS Z2BH a-Ni3S2/Cu 1£ K M it F2 B A R 7%
PEY) 5 NiOOH, i — ) rh&EsLLe, HEEE L SCK 38 Ni o8 OER NV ATEMEAI A, HI85 T &
EP AR IR B BEE, KKIES 7T HEREIZZE (0+OH-—00H+e- ) WIN N4, X—T
VESEIL T E il SRR E K220,

X A
K, JER/ESFEN. [RARIE, DFT A
Abstract:

It is important to design highly active and durable non-precious metal electrocatalysts for HER and
OER reactions. In this study, a high performance A-Ni3S2 /Cu electrocatalyst was prepared by one-step
electrodeposition. A-ni3s2 /Cu requires only an ultra-low tank voltage of 1.49 V to achieve a current
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density of 10 mA cm-2, exceeding most previously reported transition metal-based materials. a-Ni352
is coupled with Cu, electrons transfer from a-Ni3S2 to Cu, and the electronic structure is optimized. The
D-band center of Cu moves upward, which is conducive to the adsorption of the reaction intermediate
H. In situ Raman also further proves that Cu is the active site for H adsorption/desorption. More positive
charges gather around S, promoting the activation of water molecules. In situ Raman and in situ EIS
indicate that a-Ni352/Cu is reconstructed into the active material NIOOH during the reaction. Further
poisoning experiments, methanol oxidation experiments showed that Ni was the active site of OER
reaction, which weakened the desorption free energy of oxygen-containing intermediates and greatly
improved the reaction kinetics of the rate-limiting step (O+OH-—OOH+e-). This work has achieved a
major breakthrough in zero-carbon hydrogen production technology.

Keywords:

water splitting amorphous/crystalline heterostructure in situ characterization DFT calculation
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Abstract:

The corrosion resistance of cobalt-based alloy cladding layers is crucial for the long-term reliability of
materials in the nuclear power industry, where they are exposed to highly aggressive environmental
conditions. A major challenge to their performance is the corrosion occurring at phase boundaries un-
der harsh operating conditions. This study investigates the effects of pulsed magnetic field treatment
(PMT) on improving corrosion resistance at phase boundaries, specifically at the carbide/matrix Co inter-
face, and seeks to clarify the underlying mechanisms. Advanced characterization techniques, including
scanning electron microscopy (SEM), in-situ transmission electron microscopy (TEM), in-situ scanning
kelvin probe force microscopy (SKPFM), and density functional theory (DFT) calculations, were em-
ployed. PMT samples exhibited no interface corrosion cracking or carbide spalling showed a significant
reduction in corrosion depth. TEM analysis revealed reduced lattice distortion at phase boundaries and
a partial transformation of face-centered cubic (FCC) Co to hexagonal close-packed (HCP) Co. The en-
hanced corrosion resistance at phase boundaries is attributed to changes in the electronic work function
(EWF), as determined by SKPFM measurements and DFT calculations.

Keywords:

Cobalt-based alloy cladding layer, Pulsed magnetic field treatment, Corrosion, Interface, Phase transi-
tion, Electronic work function
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R E SRR (PFCC) B—MEH“RREE + RAEVE + EE I =AW I HE
MR, HT AR EEE FHEM (LIB) WREEFEEMZ 2N, PFCC 322 T AR X 5eE
Mz %, #8m, HATN PRCC BIUERERIRTFEMAE X 50D, HAE LIB A HY R A RFERZHE
6%, B0 REV-SEEME Y. SFHEEZ, MEWEES, AXDERSRERENSE,
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(1) LUBMES R BN H RS2 28 N 7 2% T IS A il & =/ T N & S 5a & B £ K
(Al-CC). EgifieEERIK (Cu-CC). REVMEFSEEMIK (AI-PFCC) MREGVEMSESE
PR (Cu-PFCC) HEMIAR A,

(2) @It SEM FESRFEAE. EDS HACRIEM CAD FRiE(LRE IR LIS T8 291 IEAR Al-PFCC Fl i
% Cu-PFCC AR 1% T TR BIREMRGIE . LI LI, AI-PFCC AR FRIR &5 % &
(1.07-2.01 g/em3) BHZAXT Al-CC HIMRBRIAHE LA (2.04-3.12 g/cm3), Cu-PFCC HYRPRI AL
JESEZEEE (0.83-1.26 g/em3) FHEAKT Cu-CC BIMRIR IR ESLZEE (1.30-1.70 g/em3),

(3) M PECC FUMTRMRHE. SEMRHIERIIN T T E =N A H A ERE A E AT T HLEE 9 HT,
(4) X ARFRMERARIEE, R TR LUNRERGF TR, BEZEEMRE, REREGWEE =
AR PFCC B ERERH TEOE, FlA0 - IEEM TR R, RESHERE. RITaE itk
KR P RALERRR TS,

DUERFSE TAERT LN PRCC 1E LIB HRHYE—2 i Rt —E IS E NME,

KFEIA
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Abstract:

Plastic film composite current collector (PFCC) is a new type of battery collector with a sandwich-like
structure of “metal layer + polymer layer + metal layer”, which has attracted a lot of attention from
battery researchers due to its ability to improve the energy density and safety of lithium-ion batterie
(LIB). However, studies conducted on the various properties of PFCC are relatively few, and there are
still many challenges for its application in LIBs, such as weak polymer-to-metal adhesion, poor electri-
cal conductivity, and poor corrosion resistance. In this article, a controlled study was conducted for the
mechanical properties of PET-based PFCC using conventional metal collectors as a reference. The main
work is as follows:

(1) Use the composition of the activated slurry and its compaction density as the parameters of the me-
chanical operating conditions, simultaneously preparing Al-CC, Cu-CC, Al-PFCC and Cu-PFCC battery
electrodes in three mechanical processing conditions.

(2) Analyze the metal coating damage of anode Al-PFCC and anode Cu-PFCC by SEM morphological
characterization, EDS compositional characterization and CAD standardized breakage fitting under the
same mechanical processing conditions. It was found that the ultimate slurry compaction density of Al-
PFCC (1.07-2.01 g/cm3) was significantly lower than that of Al-CC (2.04-3.12 g/cm3), and the ultimate
slurry compaction density of Cu-PFCC (0.83-1.26 g/cm3) was significantly lower than that of Cu-CC
(1.30-1.70 g/cm3).

(3) Analyze the mechanism of the deficiencies in the mechanical properties of PFCC from three aspects:
material properties, structural characteristics and processing.

(4) Regarding the above possible causes, propose that the mechanical properties of PFCC can be im-
proved from three perspectives: interfacial protection engineering, modulation of the active material
layer and modification of the polymer film, such as: setting up a processed protective layer, setting up a
conductive undercoating, designing a functionalized active slurry and partitioning slurry coatings, etc.
The research above can provide some reference for PFCC’s further application in LIB

Keywords:
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Abstract:

The substitution of traditional fossil fuels with renewable energy sources is a crucial endeavor for car-
bon neutrality targets. However, the intermittency of solar, wind, etc. poses significant challenges to
the power grid. Power-to-X (P2X) technologies play an essential role in the consumption of renewable
energy sources. Using high-temperature solid oxide electrolysis cells (SOECs) to convert CO2 allows re-
newable electricity to be stored in chemicals, and enables the resourceful utilization of carbon resources.
Herein, two pathways for converting CO2 to chemicals via SOECs are summarized. Based on the above
discussion and analysis, the main challenges and development directions for the large-scale application
of SOECs within the domain of CO2 conversion are further proposed.

Keywords:
solid oxide electrolysis cells (SOECs), CO2 conversion, power-to-X (P2X)
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Abstract:

A time-dependent flavour tagging amplitude analysis and a helicity amplitude analysis are performed
to B_s"0—J/{ym"+ n"- decays, using the Run 2 pp collision data collected with the LHCb detector. The
CP-violating phase ¢_s is measured and the tetraquark state Z_c"+ is searched.
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Abstract:

In this study, we propose a high-spatial-resolution electric field diagnostic system based on the electric-
field-induced second harmonic generation (EFISH) effect, and apply it to measure the spatial distribution
of electric fields in atmospheric-pressure corona discharges. The influence of space charge polarity
on the electric field distribution was investigated experimentally. The results show that, under the
same applied voltage, the electric field intensity near the electrode in negative corona discharges is
significantly lower than that in positive ones. This difference is further analyzed and interpreted based
on the spatial distribution characteristics of space charges.

Keywords:

Atmospheric-pressure corona discharge; Electric field measurement; Electric-field-induced second har-
monic generation (EFISH); Space charge polarity effect
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Abstract:

We investigate the mechanism of the enhanced electron non-local collisional heating process in ra-
diofrequency (RF) CF4 capacitively coupled plasmas (CCPs) operating in the striation mode. Particle-
in-cell/Monte Carlo collision (PIC/MCC) simulations are conducted under an RF voltage amplitude V0
of 300 V, a CF4 gas pressure p of 60 Pa, a gap d of 2 cm and driving frequencies f within the interval
of 6.78 MHz to 27.12 MHz, presenting a discharge mode transition from the striation mode to the drift-
ambipolar (DA) mode. We show that in the striation mode, the mean electron energy ee within the
bulk plasma exhibits a striated profile with high-energy peaks. A comparative electron heating analysis
reveals that non-local collisional heating dominates the formation of these high-energy peaks in the
striation mode, whereas its contribution to the bulk plasma produced by the DA-mode discharges is
negligible relative to that of Ohmic heating. A further investigation conducted using a collisionless test
particle analysis demonstrates that low-energy electrons can be trapped in the bulk plasma of striation-
mode CF4 CCPs, triggering multiple rebounds among the striations. High-energy electrons are not
trapped but rather undergo periodic acceleration and deceleration during transport through the bulk re-
gion in the striation discharge mode. These findings support the critical role of striations in enhancing
the non-local collisional heating process in CF4 capacitive RF discharges operated in the striation mode.
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Abstract:

Seismic fragility analysis of building structures is important for evaluation of earthquake-induced dam-
age. This research proposes a physics informed two stage deep learning method for seismic fragility
analysis of building structures, which provides better prediction of engineering demand parameters
with less data cost. The proposed deep learning method utilizes the increment of predictions of engi-
neering demand parameters between simplified and refined model under the same seismic scenarios as
physics information, establishes connections between different physical models of the same structural
type, effectively integrating predictions from large-scale simplified model datasets and the increment
of predictions from refined model datasets with two stage techniques. The neural network developed
based on the multilayer perceptron and implemented within the proposed deep learning method demon-
strates the effectiveness of the proposed methodology. The computational results demonstrate that
the proposed method achieves significant improvements over conventional neural networks. Notably,
evaluation metrics on the test set show substantial reductions. Furthermore, the method reduces the
required training dataset size by 12.98% to achieve an R® value of 99% on the test set. Overall, the pro-
posed method exhibits considerable potential in reducing computational costs associated with seismic
fragility analysis, while facilitating rapid and accurate prediction of damage levels under various seismic
scenarios.
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