Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

HE 4B ok R B R S S HREG
E#E L =R =k BEB IERK

Structure and defects in melting process of quasi-two—dimensional wet particle system

Wang Peng KongPing LiRan HuaYun-Song Hou Mei-Ying  Sun Qi-Cheng

5 Fi{# B Citation: Acta Physica Sinica, 70, 116401 (2021) DOI: 10.7498/aps.70.20202037
TEZE [T View online: https:/doi.org/10.7498/aps.70.20202037
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

NS IBIR " YEZn OB Z AR 28— PR U585 0T U b

Properties of vacancies and N—doping in monolayer g—Zn0Q: First—principles calculation and molecular orbital theory analysis

PIFAEA. 2019, 68(24): 246301 https://doi.org/10.7498/aps.68.20191258

X FHAE R M A R B B 9 B e S5 TR
Theoretical and computational study on defects of solar cell materials

WIFR£4. 2020, 69(17): 177101 https://doi.org/10.7498/aps.69.20200656

B R -2 (LR AR BRI
Temperature dependence of nitrogen—vacancy optical center in diamond

PyFEEEAR. 2020, 69(12): 127802 https:/doi.org/10.7498/aps.69.20200395

FEECESCIFFEAN ] e IR B — AU A R 0 Bk
Photoluminescence spectrum study of defects of potassium dihydrogen phosphate crystals irradiated by different laser fluences

PB4 2020, 69(17): 174208  hitps://doi.org/10.7498/aps.69.20200482

Fi t AR MR e S B AR S A R A g

Magnetization reversal and coercivity in rare—earth permanent magnets and composite magnets

YIBR2A4R. 2019, 68(17): 177501  hitps://doi.org/10.7498/aps.68.20190364

S BB BRAT AT B O H R O AT
Research progress of wide bandgap perovskite materials and solar cells

WIFR2EAR. 2020, 69(20): 207401 https://doi.org/10.7498/aps.69.20200822


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20202037
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20191258
https://doi.org/10.7498/aps.69.20200656
https://doi.org/10.7498/aps.69.20200395
https://doi.org/10.7498/aps.69.20200482
https://doi.org/10.7498/aps.68.20190364
https://doi.org/10.7498/aps.69.20200822

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 11 (2021) 116401

HEZ YR BRI R T R PRSI S EREE

FHDD OALFIN EKV) EmY EEBY KD
1) (LW T RIS 80, LiE 200093)
2) (VR B AE B oy TR R A SRR, g 201318)
3) (M TRFOUHER SN T RSB, g 215300)
4) (" EPREEBE IS, L3 100190)
5) (HHERZ: T AKFIERE, dL5T 100084)

(2020 4F 12 1 2 HUE; 2021 4E 3 A 8 HUkEIENH)

T 5% R4 25 Fp A% 45 4 15 e o o 1 0 5 19 - 90 il 1 1) S BEL 1) LA S B2 A0 M 1. AR SCSR I 9% 1 2 BLIR
BT B R A [ -V Al A R b A 5 6 5 Gl . AR R S50 e BRI A BT R T VR AIURL A R 1 A R b
T RN EOR 1R R b AR e ORI S5 A AR k. SR LAIURL A AU ST, Voronod B URE A4 ZR 14 A i A it
IO, IF5I AT R B BOR B 52 il Ak ot A2 mp i [ 28 10 ) I ROIR S . S 3R W, J00RE 28 4 1 A 1Y)
GTTF UG % e BB, I S BB R A0 Bl I XoF 1 e 8 SE RO PR . 3 HL, 0B e A= Bl 64 - AR BBJe 5 SR ) Jeg 35
TR 00 25080/, B S /N1 AR S50 7 R0 7S A R OB 114 Jey 0 AR B0 5. Sk Jm B R R AR B0 4 BT R B, M B /N R
TR FL M 6 < 066520 K A= BB, 24 ¢ < 0.4872 5 Fik: 2 45 % Az DA I8 1A 2 A 1 2 75

REEIR: [H-Rb AL, BRRG, MOR, R AR 4L

PACS: 64.70.D-, 61.72.-y, 45.70.-n, 64.60.F—

1 5

IFFE R ORE 7 Rl A o R v 45 1) -5 ko ) 2
X T i T AR B 22 T 14 2 Al e 478 T A P 121,
R 1477 A S B R A A, R -
TCRLAL “FH” 22 B Py AL AR (. i o — 2 A 1A AR
KL RAS A AT R AL A IRZS L Dt nTAR
L1 2 [ HP R 19728 PR Al 3 <A A2 AL A it
. BIR H RTAEBAUDTTE H A IR i SRR S
REME XoF 1 — 2 R G AR B 25 K A8 A 4T E 1
T 671 AEARME M SR A8 b <AH 22 Al A v Y ik

i

DOI: 10.7498/aps.70.20202037

HATE T

M URLAR 2 ok 2Z A A AT AH B 5 | )
IR J7 181, BORE Y 2 (R G548 28 Ak 2y T o, PRI ]
FH R URLAAR 28 0 53 [ -0l A <A 2 A8 o A 1L
Bossler 10 W} 57 T {2 H50RL B 4045 J1 X 0K 7% 45 4
2, GIE BT R RO (4 25 4 22 B A4S 1 52 ).
Ramming %5 " WF5Y T 3 L3R 2 T 50 )2 1 00RL Rl
AR ERAARAT Sy, 38 L B 1) P SR R AR TR 1Y 25
B, 193] T RIS mA M RS, AFSE
10 WKL TE SR A 5 45 #0 5 Bh et T — o iy Eis
LAt . Kosterlitz A1 Thouless!!? #5717 [# - AH AR
IS, Nelson 55 B Xz A AR #IS AT T R, 48

* G RBEEA (S 11902190, 91634202, 12072200, 12002213), LiF HRBIE RS (S 20ZR1438800), [T
Y FRARF TS E HARITE (HEES: 18DZ2260400) A1 LT3 28 51 45 i Wy SR 2 AL TR (SUMHS BE2# AR 11 2%

R R, 2018—2020 4F) ¥ BRI
t BIE1EH . E-mail: kongp@sumhs.edu.cn
©2021 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

116401-1


http://doi.org/10.7498/aps.70.20202037
mailto:kongp@sumhs.edu.cn
mailto:kongp@sumhs.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 70, No. 11 (2021)

116401

oA KTHNY #i¢. KTHNY H8IA K -\ A7
VRS TE YRR R PSR — S, T2 R R 48
KA BB I IR T A A T 2 e R 10, AR R 2R
g, JOkL 2 (8] B ARRAT ) PR 2R ) (45 2L P 3R 2 A
iz SRS AR 2= 6], B Ol B 2 76
WA F T, AR U A Rl A i R
R AE 2 I A T AR AR S TE e A RS 17,
JUE A R [ - R £ P 5 2 3 e W A2 1) 3 A1 PRI AR
7 1] B R BB 43 AT AR R FH A7 8 A P B4
SERAE R D800 H T, X - m i 78 rh 4
FAy 57 A APE Y 2 e B ) S IR R B 8 45
IO RAE R GRS H 22 4k, (B SR AR — 2D
GE R AR I R S R BRI, A AR R —
A R A AR An 0 [ Rl A 3t R b i S R 1 4
14 5 B A A T AT

ARSO I ELPR BT B2 1 U 7 [ -V Al b o
TSR A 2548 S EBE AT T e PSS, Bk, A
T SIS AR G SR s G LR R RS Ak
FRB AR AN UL A 57 B A TRS HERE AL SR )AL
WoUks A 45 57 Voronoi IS T Uk 22 45 19 45 44)
Ak Jem, T AR IR R Ak, XA
FUREIAT T .

YR E AN 1(a) Frow, 3 HIRSGRATH
AR ARG, RARGE R EA (SA-SG030)

2.1

Particles

Vibrostand

A1

Accelerometer

FEAERIERZAR 59K 3, AR (SA-PA08O)
e AR 28 (SA-JZ050) FRBNBH. R A
BUXT EHGHEA TR A, SR ol FH RS AL BB AR X R AR
UL R AT R, ANl 1(b) FT/R. IE5%(R S 4R
SR fARNE r, TR T = 4n® f2r/g, H
g NN

SO il B B B R BR BUR S Bk 1 BT
R REIIEER S DR E 4K (LaboStar
TWF _7) i85 JF U 8] — A~ LA S 04 b4 R 5]
AT, RIS E H = (2.5+0.05) mm, 4
D =13.00 cm, Hrf HERPFETELL dFHRK—1,
DABAIRIIURL 2R G AR5 2. ORI N = 2355, &)
R p = Nd?/D? ~ 55.7% . JURLH 75 7K B 4
TE LW =V, VM Horp Vo ORI AT,V
T ORI SRR, ARSI o AR AR I 5 B K2
k3%, fHEAHSBRIURL 2 [B]JE B AR 0L, 7E 5250 )
O TR B AR R AN 7R R A —
PEIVAS I 21 ok A 2R K .

#1 RS
Table 1.  Particle parameters.
2R 18
ki H A% d/mm 2.0 +0.02

WG K W/ % 3%
kA 2355

WROHIAEEE Cq/ pm 5

PR/ GPa 63
SRR R o /% 55.7

I'=4n2f?r/g

Fig. 1. Schematic of experimental setup.
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Fig. 2. (a) The original image; (b) particle localization.
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Fig. 3. Schematic diagram of local structure identification of

particles.
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Fig. 4. Diagram of the structure of the contact model. The
blue color represents free particles, and there are no
particles in contact with the particle system. Hexagonal

phase particles with six contact particles in red.
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Fig. 5. The structure change diagram of single layer wet
particle system after agglomeration under different accelera-
tions. The particle structure is the result of BOO paramet-
er identification and color characterization. The curve
shows the change of the proportion of hexagonal phase and

free particles in the system.
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Fig. 6. (a), (b), (c), respectively in when I = 14, 14.4, 15 particles in the Voronoi cell structure of the form; the histograms of (d),

(e), (f) respectively show the local volume fraction of particles under the acceleration of Figs. 6 (a), (b) and (c). The red column

represents the local volume fraction of 7-fold particles, the blue column represents the local volume fraction of 5-fold particles, and

the black column represents the local volume fraction of hexagonal phase particles before the occurrence of defects.
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Fig. 7. The change curve of local volume fraction in particle system under different vibration intensity. The red curve represents the

minimum local volume fraction change in the system, while the blue curve represents the average local volume fraction change of all

particles in the system. Voronoi cell in the figure represents the phase diagram of the particle system under this acceleration, where

the right edge of Voronoi cell is located at the edge of the cluster in the particle system.
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Abstract

The study of structural defects in particle systems is of great value for studying solid-liquid melting. The
volume fraction is a key parameter that can be used to accurately quantify the phase-transition process. The
collective behavior and interaction form in a wet particle system are much more complex than that of a dry
particle material because of the existence of liquid bridge force between the wet particles. In this paper, the
structural defects and the critical value of solid-liquid transformation in the monolayer wet particles during
solid-liquid melting under vertical vibration are experimentally studied. The contact model of the wet particle
system is constructed according to experimental and theoretical analysis, and the structural changes of the
particles in the melting process of the quasi-two-dimensional wet particle system are quantified. The Voronoi
tessellation is established to study the phase transition of the particle system, and the local volume fraction is
adopted to determine the state of structural defect change during melting. The experimental results indicate
that the phase-transition process is caused by structural defects in the solid. The defects appear from the edge
of the particle system, and the chain defect pairs spread to the center. The reason for structural defects at the
edge of the cluster is that the particles at the edge of the cluster are subjected to less liquid bridge force, and
the kinetic energy brought by the collision between the particles and the bottom wall makes the particles
become active and begin to explore the available space. The chain defects are caused by the force chain
generated by the fluid bridge force, which makes the particles tend to move together in rows. In addition, the
local volume fraction of seven-phase defective particles decreases significantly and is much smaller than that of
five-phase defective particles and six-phase defective particles when defects occur. Therefore, the evolution and
the critical state of the structural defects can be quantified by measuring the change in the minimum local
volume fraction (the local volume fraction of particles with 7-fold defects) in the particle system. The local
volume fraction of the analysis shows that when the minimum local volume fraction ¢ < 0.6652 defects occur,
and when ¢ < 0.4872 particle system transforms from solid to liquid.

Keywords: solid-liquid melting, defect, wet particles, local volume fraction
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