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Damage physics-informed tomography mechanics in additively manufactured components
B!
1. PURgACE R

Additive manufacturing (AM) processes give rise to complex internal architectures, which in turn lead to
anisotropic mechanical properties. To identify failure origins, various microscopic instruments can well gather
damage features. Nevertheless, these slice-based methods offer limited two-dimensional (2D) information,
making it difficult to connect long-term service behaviors to internal events. To tackle this drawback, damage
constitutive-informed mechanics enables the modeling of critical damage processes. For three-dimensional (3D)
objects, cutting-edge techniques, such as time lapse X-ray tomography and neutron tomography/scattering with
sample environments, can non-destructively probe those history events beneath the surface of the AM components.
By combining powerful computers, machine learning algorithms, and a vast number of radiographs and images,
we can reconstruct precise 3D renderings with internal structures. Additionally, to visualize damage features and
their evolution, numerical modeling can be employed under real conditions, quantifying critical failure events and
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then tailoring the fatigue resistance of AM materials. This work formulates a framework that integrates
time-resolved 3D computed tomography (CT) with failure physics (5D CT). The ultimate goal of novel
tomography mechanics is to trace vector damage fields, rather than solely relying on qualitative 2D images.
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Atomic-scale Structure Modulation and Electrochemical Application of Noble Metal-based Catalysts
Guigao Liu*
1. Nanjing University of Science and Technology

Noble metal-based catalysts exhibit broad application prospects in electrochemical synthesis, energy
conversion, and storage. However, their widespread adoption is constrained by high costs and scarcity. Enhancing
the atomic utilization efficiency of noble metal-based catalysts remains a key research focus. This study focuses
on atomic-scale structure regulation of noble metal-based catalysts and their applications in electrochemical
hydrogen evolution and alcohol oxidation. Through strategies such as nanostructuring, alloying, defect
engineering, and lattice engineering, we aim to optimize the electronic structure of catalysts, enhance their
intrinsic catalytic activity, and thereby significantly improve the atomic utilization efficiency of noble metals.
These investigations provide valuable theoretical insights and practical guidelines for developing more efficient
electrocatalysts.
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The microscopic-deformation mechanisms of an extruded magnesium alloy with and without precipitates
[Guinier-Preston (GP) zones] subjected to cyclic deformation were investigated by in-situ neutron-diffraction (ND)
measurements and crystal-plasticity modeling. The relationship between the macroscopic-cyclic-deformation
behavior and the microscopic responses (particularly twinning and detwinning) at the grain level was established.
The general deformation-mechanism evolution in the solution-state (ST) sample was similar to that in the
peak-aged-state (PA) sample over fatigue cycles. Both samples plastically deformed by extension twinning during
compression, and by a sequential process of detwinning and dislocation motion under reverse tension. The main
difference is that in the PA sample, the presence of precipitating particles constrains the twinning/detwinning
behaviors, which leads to an increase in the participation of dislocation slip in the plastic deformation and then
induces a strengthening effect during cyclic loading. Based on the combination of the previous in-situ ND results
and crystal-plasticity model, our work provides a comprehensive analysis of the interaction between the
precipitation strengthening and twinning/detwinning mechanism under the whole multi-cycle cyclic loading and
their effect on the macro- and micro-mechanical behavior of the precipitate-strengthened magnesium alloys.
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Neutron scattering of plastic crystals for barocaloric refrigeration and heat storage

1
%5

1. P EFBEEBE S R TR



M KK 2 2025 E1l. S R 5E S e A R R A H A

Plastic crystals, also known as orientationally disordered crystals, are characterized by dynamically and
randomly oriented molecules located on highly symmetric lattices. As temperature decreases, an ordered state
forms with aligned molecules and broken symmetry. Similarly, external pressure can also induce this phase
transition, where colossal barocaloric effects are named for the significant thermal changes, offering a promising
solution for solid-state cooling technology. Additionally, the plastic crystal state can be supercooled, eventually
becoming orientational glasses (glassy crystals). A small pressure application can induce crystallization, releasing
substantial latent heat. The orientational degree of freedom in plastic crystals can be effectively harnessed through
a combined temperature-pressure cycle for refrigeration and heat storage applications. Given these properties,
pressure-dependent neutron scattering, particularly quasi-elastic neutron scattering, has become highly valuable
for studying these materials. In this presentation, | will report our recent findings from pressure-dependent neutron
scattering and synchrotron X-ray scattering experiments on a series of barocaloric materials, including the
prototype neopentylglycol, ultrasenstivie NH4Il and carboranes, inverse barocaloric NH4SCN, and supercooled
(NH2)(CH3)C(CH20H)2. These studies provide crucial insights into the behavior and potential applications of
various barocaloric materials.
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I AL G P rbe - B e HLr R SR ORI, TR B o AR 3 E 2o/ AR 3t T YR A D RE A T R R B B B
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FEIK I TAE R 53R, TEA M EAMERE I ATHR T, H IR IIAT R S It R IS RO E 2. k4t
T2 0 R FINURASIT, SRR} )% FE O 8 3 B SR ) oG s R # . Rtk R EAI & TR
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(A=Li, Na, K;i M=B, Al, Ga, In) FEHRIZMK. B A GRG0, A as i AT
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UERTRFFE R, 1E2 MnNiGe & 415 [k 2 IS IE R BIEREA, 76 MnNiGe H1 5]\ Fe 25| A\ Mn-Fe £k
WERR G FE UM AAE ) Mn-Mn SERIEAR G o AR FAT9 FBL, 7E MnFeNiGe 241G & M) fig
Mt 7 TG B AR R RA A5 M . ETUR I, BTG B R HERR R A S5 F 1K) Mn0.87Fe0.13NiGe 5 2k 142k
HEZERE ) MnCoGe0.99In0.01 AHXSEE, HI TR HAE AT, =& Mn Ji i 405 Uk 45 1) PR H 3
ZE5, ik E] 3.61%5 2.60%. X FELELD RAAAHAREFEH, Mn0.87Fe0.13NiGe £ 4 (1 Ak Wi A8 55 1A )
8.68%, W\ KT MnCoGe0.99In0.01 &4 7.49%. F| X Fh TG 2 MBIl 45 K175 5 1) S 35 AR AR, 7F
K4k MnFeNiGe RFI4 &Sl T E R NTE 474, i, Mn0.87Fe0.13NiGe & &It K& 5 A2 K g
JE 3K 3] AL/L ~ -2369010°°, i 15 P14 5 b Ttk A BR ) (7121 < 10°°), H A MK IR A ) T 195K (80-275K).
EZTAERERE B, BRATFI AR FATS, 7 Mn0.87Fe0.13NiGe &4, T 150 KIEELUIT, KL T —
FRAE T IEAY MnNiGe BE5E [ Fhd 45 1) (1) 87 B 26 B I B WAMR e G 45 74 (CyS-AFMD) . SR AT RES . IR
IR FATHT R, 5 KIEE T CyS-AFMb 7E 0.6 T MRS AR R —Fh 70 HE 1 1) B HEIS Emg 4 b, LRk
TR TT I LATSRVE b, ZE RN canted FM 1 MREAIEIE LT, RESEHZEE— 0 5 AR 8 —Fh 2 2k
WhEEK . EE I, M 4 kbar I CyS-AFMb JAE A — M4 f1 o 45 <5 Tk Ak 1 [ HE N2 el &5 1
(452C0S-FMa), i FEH E& I PR%F TiNiSi L IEZZ 454, (Hi 48 Mn-Mn(d1) AKX 4% Mn-Mn(d2) 8+ &
AT AR, A MnlFe LLRERE KR R R 22%, /2B E KRG, 0.35 T Widh T s RE0AF| 5.34
emu-g-kbar®, TAEIEIX )y 150 K (0-150 K); 2-5 T Fid% T Ll 2 E0AF] 9.03 emu-gkbar?, TAEIR X Ny 250
K (0-250 K), ¥k 74l 5 i R B} o IX P9 0 TAE R A o P AT BOR F B, IR ZE T Mn 2 MM°X
R R A R R S LA B T RS AR M OCER, DLE MnFeNiGe 4 2 H TG A B 11 e 2546 i i 7 = 4k
B HUBAI M7 ) B A . AR T BRI SO IRAT 5 R8N, 0 PR 2 A B s 2
G(: AL AL T AR A .

E11-29
TR BORTEE Schwarz S A IEHT 78 5 i M A
AR OMRE L B B =R ERT
1 EREEBEE BTSN, DRI RREE E K7
2. PRl A B BRI TR, B O S =

B Schwarz S5 IRAK AL I, PTG TEREIN 2R 2 Kk RBM R & =4k
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7 Schwarz Z5F L HRING, 222 3 =4t Bt s o e d R s B R 1], 805 1A 7 aloki AL 7k
ZRH, NI BRI T BRI T e . AR Th R B R — R ST T IX MWL AR, #E s H Schwarz g
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FHECH BRI R BR, maR . KA YUK E BRI BHPR AL TR E . [FIR, REE T R A
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Mg EIRAE = Y TH R
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TR 2004 SEJRSFURER K, EACLET T 20 KE. WRIE EEOGTE, A RS E S A
T i ACER PSR, & Nature/Science/Cell 249 55, SCIig G 1 ik, Hrh—X 5L 41%. &
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I, EdEeIi SRRl SR AEWHI 2SR E A — RIMIRANGAE. AXWANHE—T Lk
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E11-32
Ising-type antiferromagnetic order and gapped magnetic excitation in Shastry-Sutherland lattice
Er2Be2GeO7
Erxi Feng™, Donger Cheng®, Otkur Omar?, Xiao Wang®, Wentao Jin®, Zhendong Fu*, Lunhua He®, Wei Luo®, Xin
Tong", Gao Shang?
1. Institute of High Energy Physics, CAS / Spallation Neutron Source Science Center
2. Department of Physics, University of Science and Technology of China
3. School of Physics, Beihang University
4. Songshan Lake Materials Laboratory
5. Institute of Physics, Chinese Academy of Sciences

The Shastry-Sutherland lattice (SSL) represents a canonical frustrated geometry known for hosting exotic
quantum magnetic states. Er.Be2GeO-, an insulating melilite-type compound with symmetry and orthogonally
arranged Er3* dimers, provides an ideal platform for investigating such phenomena. In this study, we investigate
the ultralow-temperature magnetic structure and excitations of Er:Be.GeO- using various neutron scattering
techniques. Specific heat measurements indicate long-range antiferromagnetic order below TN = 0.84 K. Neutron
diffraction reveals a commensurate non-collinear magnetic structure (k = (0, 0, 0)) of stripe-type like with ordered
moment~ per Er*, tilted around 18° from the c-axis due to the crystal electric field (CEF) effect. The temperature
dependence of magnetic Bragg peaks suggests a two-dimensional Ising-type behavior. Inelastic neutron scattering
identifies localized magnetic excitations at 0.43, 1.86, and 2.0 meV below the ordering temperature, exhibiting
negligible dispersion and gradual suppression under weak magnetic fields. These findings provide insights into the
complex magnetic behavior of Er.Be.GeO~ and contribute to a deeper understanding of frustrated SSL systems.
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E11-33
Soft Phonon Mode Triggering Fast Ag Diffusion in Superionic Argyrodite Ag8GeSe6
Xingchen Shen
1. Northwestern Polytechnical University

The structural coexistence of dual rigid and mobile sublattices in superionic Argyrodites yields ultralow
lattice thermal conductivity along with decent electrical and ionic conductivities and therefore attracts intense
interest for batteries, fuel cells, and thermoelectric applications. However, a comprehensive understanding of their
underlying lattice and diffusive dynamics in terms of the interplay between phonons and mobile ions is missing.
Herein, inelastic neutron scattering is employed to unravel that phonon softening on heating to Tc = 350 K triggers
fast Ag diffusion in the canonical superionic Argyrodite Ag8GeSe6. Ab initio molecular dynamics simulations
reproduce the experimental neutron scattering signals and identify the partially ultrafast Ag diffusion with a large
diffusion coefficient of 10 cm™ s *. The study illustrates the microscopic interconnection between soft phonons
and mobile ions and provides a paradigm for an intertwined interaction of the lattice and diffusive dynamics in
superionic materials.

E11-34
The dynamics beamline at SSRF
Zhen Liu %, Lihua Wang *, Yong Jiang !, Huachun Zhu , Te Ji %, Min Chen *, Xiangjun Wei **
1. Shanghai Advanced Research Institute, Chinese Academy of Sciences

The dynamics beamline (D-Line), which combines synchrotron radiation infrared spectroscopy (SR-IR) and
energy-dispersive X-ray absorption spectroscopy (ED-XAS), is the first beamline in the world to realize
concurrent ED-XAS and SR-IR measurements at the same sample position on a millisecond time-resolved scale.
This combined technique is effective for investigating rapid structural changes in atoms, electrons, and molecules
in complicated disorder systems, such as those used in physics, chemistry, materials science, and extreme
conditions. Moreover, ED-XAS and SR-IR can be used independently in the two branches of the D-Line. The
ED-XAS branch is the first ED-XAS beamline in China, which uses a tapered undulator light source and can
achieve approximately 2.5 x 10 photons/s 300 eV BW@7.2 keV at the sample position. An exchangeable
polychromator operating in the Bragg-reflection or Laue-transmission configuration is used in different energy
ranges to satisfy the requirements for beam size and energy resolution. The focused beam size is approximately
3.5 um (H) x 21.5 um (V), and the X-ray energy range is 5-25 keV. Using one- and two-dimensional
position-sensitive detectors with frame rates of up to 400 kHz enables time resolutions of tens of microseconds to
be realized. Several distinctive techniques, such as the concurrent measurement of in situ ED-XAS and infrared
spectroscopy, time-resolved ED-XAS, high-pressure ED-XAS, XMCD, and pump-probe ED-XAS, can be applied
to achieve different scientific goals.

E11-35
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BUFZE L. et EmiL Y
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i o

E11-36
ET /NPT R BOR B EZE AL 30T AT AR 5T
st R YL RS MR A MMt Bt
1. PEBEAGE R T
2. TPEBRARE e R BT T AR SE 20 B v R h 1

PAAE R I 28T H AT D9 R AL T BAmi@ S B 7 AR . =R IREHEOR S A RE IR Bt R, s S AE Tk
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R HATIG, UESE T avoid-crossing 17 NIIAELE ;s HIR, (RRERDGS A TR RIS FE R AR T IR 1)
B, Ui B A IR A AR IS T G 5, S W HR I BB ' 7 AR O AR IR 75 T U s, A
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WENA B CIRMA TR M E AR 2k (BL13SSW) 8 B 4% i S AH 525286 5 . BL13SSW % Tt
H[E T 5~60 keV, ML T 2R X SR, 1T H & 2 P $FIG 22 A OGS0 00 . ALHE X0 7040 bR
¥ (PDF) 20#r. WU (XAS). Eai A SHE (HR-XES). &i4r#E X Sk KATH (HR-XRD) i
WM AATH (WXRD) 5. SEEui BN, TR 2 RBAELRLR, (RN B &I U R S8 1)
KA. A R R i% 2Rk 1 P I TG A

E11-39
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i FH By K 7 5 1% (General Purpose Powder Diffractometer, %< GPPD) & i [® # %4 i 7-J5 (China
Spallation Neutron Source, f&FX CSNS)EHLEE &1 — G2 —, F B TIRNIETCY I 1) S 45 3 RO
ghfy. it ki, GPPD BLC AN H& M AR AT 1 ASeik B A N AR A5 1F 2, AN SR AL
ATHAREAHER L30T B . GPPD LEA MR, % d HIRNNERE AR R ERN, HETEirE s
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SABRALH T 7 L R S IR At
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BEDTAREES TR ENA

B Y, BhXAR™2, Arsen Goukassov®, FEATIHE T, AR Y, ZeE 4, #4E°
1. Shanghai Jiao Tong University

2. National Key Laboratory of Neutron Science and Technology
3. Laboratoire Léon Brillouin, CEA-CNRS, CE-Saclay
4. AECC Beijing Institute of Aeronautical Materials
5. Beijing Key Laboratory of Aeronautical Materials Testing and Evaluation
6. HiSilicon Technologies Co. Ltd, Shanghai 201206, People's Republic of China
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B okg o gheE!
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A B ARX HR A ) R X e S R Un ] 5 AR REAH G OB 1 AR AN UE TR, XA A AT R R e
Pl SRS PR RIERARI R, KBRS SR 2T, MREERRET (25 A)
IPFEF ((5-20 A) REEFIE— BB FEH. B, AT S & SRR R 401X —Hi M R
LG FPEAEOR, I 7 BRIARR & e B RE P SR . #E Ni-Pd-P JEg & rh, T
FREF A S 2 BRI, Gl SR IR U R R S T A A A AR R KR S . BEAh,
FADLE LA TZ, SEI T Ni-Pd-P IES G SHE-TT PSR T -A PRz, I T Risai r =
FIVEE B VR R IRE, BRI I AK 2 AL Ni-Pd-P RS &4, ORRE 7S8R, 28
WAL IR IEREIR ) 20 DA Lo BRATERA 1 B I 5Ems, #8575 17 Ni-Mo-P-B Al & <+ th i 2246 5
KT FARR A A I TE P -H P A . ATy 210 ZIHRS 1T SRO e RBIEEIL 1 3 iR J14 5
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E11-54
Enhancing ductility of laser powder bed fusion Ti-6Al-4V alloys by molybdenum addition
Leyun Wang ™
1. Shanghai Jiao Tong University

The limited ductility of laser powder bed fusion (LPBF) Ti-6Al-4V (Ti64) alloys, caused by their brittle
a'-martensitic microstructure, significantly restricts their broader application. This study systematically
investigates the influence of Mo additions (0, 1, 3, and 5 wt.%) on the microstructure evolution, deformation
mechanisms, and mechanical properties of LPBF Ti64 alloys. Incorporation of Mo notably transforms the phase
composition from purely o'-martensitic (Ti64 and Ti64-1Mo) to a multi-phase structure containing metastable [3
and " phases alongside o' (Ti64-3Mo and Ti64-5Mo). Ti64-3Mo exhibits an optimal balance of mechanical
properties, achieving significant improvements in uniform elongation (9.5%) and maintaining high yield strength
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(955 MPa). From in situ synchrotron X-ray diffraction, enhanced ductility in Ti64-3Mo and Ti64-5Mo is
attributed to the synergistic activation of multiple deformation mechanisms, including stress-induced martensite
(SIM) transformation in metastable 3, and twinning coupled with multiple slip modes in the o' phase. However,
early activation of twinning prior to basal slip reduces yield strength. These insights underscore the crucial role of
Mo as a compositional modifier, providing a practical approach for engineering strength-ductility combinations in
additively manufactured titanium alloys.
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