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The Influence of Particle Size and its Distribution on
Microstructure Evolution and Densification Kinetics during
Sintering - a Phase-Field Simulation Study

Lianghua Jiang, Yanchen Luo', Rongpei Shi***

'Department of Materials Science and Engineering, Harbin Institute of Technology, Shenzhen, 518055, China
?Institute of Materials Genome & Big Data, Harbin Institute of Technology, Shenzhen, 518055, China
“Corresponding Author: Rongpei Shi. Email: shirongpei@hit.edu.cn

ABSTRACT : Most sintering models deal with ideal systems where particles of a constant size are

uniformly packed and thus pores of the same size are uniformly distributed. The particle packing
and distribution are an important parameter determining the sintering Kinetics and resulting
microstructure of real powder compacts. Although prior work confirms a connection among
packing density, particle size distribution and densification kinetics, details of the underlying
relationship remain poorly dened. Herein, we aim to de-convolute the underlying relationship by
combining theoretical model for particle packing and a three-dimensional phase-field model for
sintering that considers simultaneously mass transport along different paths and microstructure
evolution (including neck growth, pore rounding and shrinkage) as well as the cooperative rigid
body motions of particles as they fuse. Using green compacts consisting of bimodal mixture of
spheres as an example, the sintering process is studied by varying the particle size ratio and the
volume fractions of small particles. It is found that a higher packing density in green body with
bi-disperse mixture is achieved compared with monosized spheres. However, the densification
kinetics slows down when spheres of two different were mixed. In particular, the degree of
slow-down increases with the size differences. The underlying mechanism is sought through the
analysis of microstructure evolution, including grain growth and pore shrinkage/coarsening and
their interplay.

11



v it d F BN

X <&/ TAIZHOU INSTITUTE OF ZHEJIANG UNIVERSITY

B REmZERENITEMEIECIE

2:17 B Sm-Co KR HBIR G I FALI AR U 5%
RN, S

ES PN

2:17 4 sSm-Co 7k fiAA i T H BA 75 1 it LR R ML RE T 4% 52 50 0E . A BT AT AL,
2:17 A Sm-Co R BEARYE S (TG REAR L RE VR T FLAE IR RO R R A2 A 73 B AR A A IR
45k, GMRE R B 1:5H ARSI BEARTE RBE 1A, 1 2:17R AR D9 i P AR 20 BSOFE A o ],
I HAREIE, ENEARE 15H AR B BUN T 40%, fARATIE 18%. RE
RGNS 2:17 AL Sm-Co KL AAIBEREAR PEREARH 2L, (H72 H A T Sm-Co /K& iA v A24
RENE L MR G VSR 2 . A TARE R, BATEEE ARSI LAY 2:17 B Sm-Co 7K #
PRI RGOSR, RS 2] T ASCIR A AT I BR G o FATA DL 2:17R HLLALZ (AR A %L
& 2:17 AL Sm-Co /KA IR S5 ¥ 1) 2 EE PR 3R L O B, BRATE— BT IT T W16 L
PAJ 1:5H AHAT 2:17R A ) PS5 72 %) Sm-Co K A4 R 25 14 TE U 52 o X e 2 B4
7~ T Sm-Co /KRR BT LI, FouEE—2B Ak 2:17 B Sm-Co sk iR HAREARPE BESR (1t
Hr RS o

12



ARAARNEIREEEESTHEEREESESSE
il & K AR SR T R N

SRR, BAUR 2 B S, M YT, sRRIE ST

PPNRAE, MRS REUESERE, HR, 22, 730000
e RHE R, MRERlE S TR AR, duat, W, 100083
SRR, MARASERE SRR, Wi, Kb, 410083

"I pengp@Ilzu.edu.cn, lijun.zhang@csu.edu.cn

W ARG S UM ISR 5 PURAR . PrE S vERe 2 S T i
RRENHURREE R o (BRI el 15 2 e AR, ELA A SRR L 1Ak ] o] v AT R,
Tl w s RO B %, ARG R IE 52 BB LR (5o, R A R IR A4, S LA
e FRASE I R A 45 A 8 A 14 1 RO At IR A K

RICE ST AR, Wi CALPHAD KAV EAM A, KET —MH%
BRI MRS & 7575, HOTR T C++IR ORIl I CALPHAD #iE 54 [R A AL U7
R R AR & o A R RN L E R E A IR 5, SEBL T Ni-Al-Ta & <50 ke
AR RUH AN, e BT 7 A EE R TR S IR R T T
FRR. fE, SRR E TS A TR RERAET RTINS AR, BEM
TR AR SR G SO AR, SEIL T Ni-Al &4 Ni-Al-Cr-Re & 4 I R0d 2 4 44
AR E BB BE)S, FEHEEEA IR AR, B T Ni-Al-Cr &%k
PO REAEAMINEB R BT T B FAAAT O, IR 1 B Xt y MBS AR . A
SCRSC T S BRI et 15 < ) 26 AT AR ASCO AR Rl 2 P v A 1) S v AR S B, g O R v iR 15
il 2% T2 ATET BRI il & < A BT H R 1508

REgE: BRSPS mIR G e, ERBE, BV, N B Mgk IR

13


mailto:lijun.zhang@csu.edu.cn

525 f e MER SR

TAIZHOU INSTITUTE OF ZHEJIANG UNIVERSITY

B REmZERENITEMEIECIE

A phase-field lattice Boltzmann model for thin-wall counter
gravity casting supported by Graphics Processing Unite

Abstract: Counter gravity casting (CGC) methods are good at fabricating thin-wall castings, which
are broadly used in many industry aspects. However, few systematic studies have been done on the
solidification mechanisms of CGC methods, which are important to practical industry production.
By coupling the phase-field method (PFM) and multi-relaxation time lattice Boltzmann
method (MRT-LBM), the effects of cooling rate, temperature gradient, thin-wall thickness, and
forced convection on the dendritic morphologies and primary dendrite arm spacing (PDAS) were
studied with single Graphics Processing Unite (GPU) (NVIDIA Tesla V100-SXM2). When the
temperature gradient (G) was 4 K/mm, and the cooling rate (VL) increased from 1 K/s to 2 K/s, the
development degree of secondary dendrites increased, and the average PDAS would decrease from
530.364 #120.473 pm to 516.369+111.416 um. When the cooling rate was 1 K/s, and the
temperature gradient increased from 2 K/mm to 20 K/mm, the secondary dendritic morphologies had
few changes, the average PDAS decreased from 712.316+123.004 um to 473.016+14.815 pm.
When G=4 K/mm,VL=1.2 K/s, and the thin-wall thickness decreased from 3 mm to 0.5 mm, due
to the restrained growing space, the secondary dendrites vanished. With the increase of the pressure
gradient, the deflection angles of directional dendrites increased from 3.372+1.19°to
11.1640.495°. Later, the convection strengths would decrease, and the deflection degrees would
decrease too. This systematical study can be meaningful for understanding the solidification process
of CGC and can provide some guidance to practical thin-wall CGC experiments.

Keywords: Counter gravity casting (CGC), phase-field method (PFM), multi-relaxation time

lattice Boltzmann method (MRT-LBM), Graphics Processing Unite (GPU), primary dendrite arm
spacing (PDAS)
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Modulation of flux-closure polar state for enhanced storage
unit and thermal conductivity via dual-probe excitation

Aozhe Zhang®”, Yunya Liu®", Chihou Lei ®”

% Key Laboratory of Low Dimensional Materials and Application Technology of Ministry of
Education, School of Materials Science and Engineering, Xiangtan University, Xiangtan
411105,China
*E-mail addresses: 202321551558 @smail.xtu.edu.cn (A. Zhang), yyliu@xtu.edu.cn (Y. Liu),
chihou.lei@ scranton.edu (C. Lei)

Abstract: Ferroelectric topological structures hold significant promise for high-density
information storage by enabling long-term data retention through topological protection. However,
severe power consumption and thermal effects associated with high-density integration often lead
to device failure, making the synchronous achievement of high-density storage and thermal
management a critical challenge. Addressing the limited exploration of oxygen-vacancy-mediated
domain control in existing studies and the inability of single-probe excitation to drive
flux-closure-to-skyrmion transitions, this work integrates phase-field simulations with multi-probe
scanning probe microscopy (SPM). By modulating electric field uniformity, we simultaneously
enhance storage density and thermal conductivity in PbTiOs (PTO) thin films. Further, synergistic
regulation of uniform and localized electric fields, combined with oxygen vacancy engineering,
enables controlled domain transformation. Key findings include: (1) dual-probe excitation
promotes bidirectional in-plane flux-closure polarization states, increasing storage density and
closure domain density while reducing domain wall density, (2) both double-staircase and
paddle-like domain configurations exhibit large storage units and high thermal conductivity under
dual-probe excitation; (3) oxygen vacancy engineering induces cyclic domain reconfiguration
wherein flux-closure domains sequentially convert to double-staircase domains and subsequently
to skyrmions, ultimately recovering the flux-closure phase. This study provides critical guidance
for synergistically optimizing memory performance and thermal management in topological
ferroelectric devices through multi-probe excitation and defect engineering.

Keywords: Dual-probe excitation; Thermal conductivity; Flux-closure domains; Topological
domains.
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On the evolution of p1/B’ coupled-structures in Mg-Y—Nd alloys: A simulation study

Hong Liu

Shanghai Jiao Tong University
hong.liu@sjtu.edu.cn

Abstract: In magnesium alloys based on the Mg—Y—-Nd system, the key strengthening precipitate
phases, Bl and p', often form coupled-structures, with B’ precipitates invariably attached to both
ends of the Bl. A question here is how the attached B’ precipitates evolve as the Bl lengthens
within the solid magnesium matrix. To investigate this, this study uses a multi-scale model based
on a three-dimensional phase field approach to simulate the evolution of B1 and B’ precipitates in a
B1/p’ coupled-structure. The simulation results reveal that, during the evolution process, the Bl
precipitate lengthens, while the attached B’ precipitates grow only at the side located along the
direction of B1 extension and dissolve at the opposite side. This results in a visual effect where the
B’ precipitates appear to “move” within the solid matrix. This phenomenon is governed by the
interplay between chemical free energy and elastic strain energy. Chemical free energy promotes
uniform growth of the B’ precipitates. However, the elastic strain energy, generated by the [’
precipitates and the stress field concentrated at the end of the 1 plate to which they are attached,
favours growth of only one side of the B’ precipitates while causing dissolution at the other side.
When the evolution of a coupled-structure is influenced by neighbouring coupled-structures, the
evolution of B’ precipitates is strongly driven by the minimization of elastic strain energy. In
general, the ' precipitates tend to grow under tensile stress fields and dissolve under compressive
stress fields.
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