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Abstract: The computational fluid dynamics model and interaction force model were applied to simulating the first
wetting and rearrangement stage and densification behavior of W-Cu liquid phase sintering system. Navier—Stokes
equation, volume of fluid (VOF) equation and interaction force (capillary force and viscosity force) equation were all
involved in the model. The Navier—Stokes equations of fluid phases (including liquid and gas phases) were solved by
pressure implicit with splitting of operators (PISO) and the VOF model was used to distinguish flowing behavior between
liquid and gas phases. The interaction force between solid and liquid was described by a published theoretical model. The
movement of solid particles was calculated by a user defined program based on the interaction forces. The wetting
behavior of liquid phase to solid particle during sintering process and densification behavior were studied. The effects of
wetting angle and particle distance on capillary forces were investigated. The influences of particle size on densification
rate and the initial liquid-solid ratio on the final porosity were both discussed. Finally, simulation results were compared
with the published theoretical results. The results show that they agree well with each other.
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Table 1 Parameters of geometric model

Solid  Liquid  Time

tati 1
Computationa particle  drop step

Model domain

. radius/ radius/  size/
size/pm
pm pm S
3-particle model 8040 10 5 1X10°8

32-particle model ~ 100<100 5-25 1-10 1x107°
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Table 2 Physical properties parameters of materials™®”’

Material Density/ Viscosity/ Surface tension/
phase (kgm ™) (Pass) (N'm )
Gas 1.225 0.000 0179 1.28
Liquid Cu 8978 0.003 9 -

Solid W 19 350 - -

3 ERERS5ITIR

3.1 ERNAREBMEIER

i = BRER, Z55 2% IR B AN MAE I 25
YERYe UL S2 A4 ] 32800
F=F, +F, (13)

X FoABRIAT): FoARMED

B[S A RORE 42 R=10 pm, BURLAIUATHFE D=10
pm, JEEA 6=10°, HAWSEWIE 2 Fral.

Kl 2 P i BN T 2 B 40 0 R ) KM
& IR A AR . P 2 T, TR AN R R
() E (YR / NI B K s R 0 s B O 3 ) 1
D HTER, ARSI, X T AN S AR RRLE

B AR . (PR TR, TR
L WURL I R B L, FRPET SRS I, HEE I B
73, BORANN I SET, H R & 3 B A
S 0=10°" N AN RURE 8] BN TR R AZ AL o

80
I—FC
A—F
60 .—FV
g
= 40 -
S
o
o 20
£
k31
< 0 L - *
-20
0 2 4 6 8 10

D/um
2 RREIA R [ AARORL TS B ) R KR A
BERSORE 7] EEL PR AZ 1
Fig. 2 Interparticle forces involving capillary force (F),
viscosity force (F,) and resultant force (F) of F, and F, as
function of distance (D) of two spherical particles at wetting

angle of =10° and initial distance of Dy=10 pm and R=10 um
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Fig. 3 Interparticle distance D as function of time at wetting
angle 6=10°
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Fig. 4 Moving velocity of particles with different sizes as 1%, RS H 5% F Wk W15 18] FE D=10 pm, T FA
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Fig. 5 Density field ((a), (b), (c), (d)) and velocity field ((a"), (b"), (c'), (d')) from solution of 3-particle model at different times:
(a), (@) 0.1 ps; (b), (b") 1 ps; (), (¢') 3 ps; (d), (d) 5 ps
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Fig. 6 Evolution of microstructure during liquid-phase sintering at =10°, S;/Ss=0.2, R=10 um and time of 0.05(a), 0.2(b), 0.5(c),

1(d), 1.5(e), 2(f), 3(g), 5(h) and 7 ps(i), respectively, and porosity of liquid-phase sintering system as function of time for particles

with different sizes at equal liquid amount(j)
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Fig. 7 Final microstructures of liquid-phase sintering at initial solid-liquid area ratios of 0.05(a), 0.15(b), 0.3(c), 0.45(d),

respectively, and steady-state porosity Sp/S as function of initial solid-liquid area ratio S;/Ss(e)
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