ERIES B
2021 4 1H

wmEEREMBSIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.50,
January

No.1
2021

KIZ LB WC-Co [E 1 PIM iR HIERY
FEFEU

HeeaR !, gmE', 2!, AR, 2 owl, & B2 R
(1. A TREERTREER AR, dE5E 101407)
Q. FHEBEFRFHERRNEE IV, U AR 610036)

OE: ST USRS ) O R R A R AR, SR CFX R ML R A KK AR LA WC/10Co0 3 AR5 U
(PIM) Zo B FRAEAT B AR o 25 W] BB R S b A B el — 30, R & ME R S 50k B R A &3,
MR B ATV A SRS RIS o A — 50, WORME B REIE (2330 KD @ PR &R s, A~
RAFFIME: BRIV R 50.0~379.4 Pass, M FIMIRIER 2.9~9.2 Pass, HifEZ &b im0 E 2R, A
TE AR BB BE Lb, By oK 50K 45 T AF 6 T30 RE 22 N 0.2%38 N E 1.8%, MBS 11 AL B8 3y, A% 22 A 0.1%H K3 1.6%,
A K B8 2 2 13 S O AT B e 1 2 SR

FERIF: I 4l WC/10Co; Feiid #2s (A

RESEDHES: TF125.3 XEAARIRAG: A XEHS: 1002-185X(2021)01-0160-07

B ARVES B (PIMD B 78 B R — A AR AR R

IR TR R R G PR TR, R o S

(NINE | N | el A i =1 e P i MR AR (EF Vi N
SHURE « TBURERS 45 AR J R (K 2 AR sh it .
4 WC/Co MEEMRAMEAR, iAmshRZA, Akt
Pl AT s ), RS FT oA v 1S Bl TS
BRI R RE, BUEBL AT LA A T 225, Bk
SRR LA 1 AR A= AR T, B A
FLR] DASE BB AR 78 B sl R AL, TR AL
AL IR A G AR S, i L2 A FRL
M. HrS L ES BRI R B R s B0,
K53 A S 1T 1) BRSO 2 5 WEORL A0 Sy AN AT s 44
(R AR Ad, T S A AR IR A AR AL
Twai 507U T — B L 18 A Kk 45 790 Bl 3 4 1
RIUREASE L, Kt S B T R Ky AR JBIURE 4% 46 ke 85 280K IORE
e AT ARG 45 70 108 ABURLAE A — AT, HEEH %
Ty AR TR B I RE 5L, A2 ) DL S RS i
S WA AT S 1 MRLIRAS S BT S B vk 55 oh B
32 FH M AN B o P I A5 5 ST FE AL Gy 1 3 FELAS 11
J7¥%, tH Boltzmann J7 #2 H R @7 T PIM K oK -Kl &5 711
PIAHGR BN B J) 2 7R, 7k g T A7 R X A
PR, o3l - AR . R0
TR RIE I TV, e TR A O R I R S )

rfs BHEA: 2020-01-07

Ny WG AAE S T4 8 0F HSRIB S R o T AT

AT L 5 S A 2R, SR IH A -t 45 771 1) XL A
BERLG KK AR L 41 WC-Co [ # PIM Fo i F kAT
BB, THER ARRURG S5 R % B L 7 . R
AN STy, o3 AT Y AR A TR [ R AT 4k e e o A v Al
& B 7SR

1 PIMI1ZE

ERLE YG10 88 40 5T 5 4 78 G k) 55 i R0k 45 57
Ak, Hr, WCHAREIKE N 0.6 pm, KEILH
FETHENV B A R A A Co R ICKIE N 1 um, K
H st B AT BR A A KSR 4L 63%41
5 (PW) -15%2 K (PP) -15% 15 % J% 3R 2. 4% (HDPE)
S5%AR A T HIR ElE (DOP) -2%Mf [l (SA).

1 WC K Fl Co ¥y BL IS WC/10Co 1GR3
HEE 30 h, TJE, KL 200 H (<74 um)F1 320 H
(<45 pm) I o B ARV R FURG 45 77 75 X B4 B s i
AL IR SR 2 h A HORL, B OREEHE N 49 vol%. M
R Ik 5, 7E CISOE 73 99 a1 L B BGAE B R,
B s R~ @2.8 mmx 10 mm/@2.2 mmx26 mm,
wE 1 R,

E&ME: EXE LU AIIRIED (2017YFB0306000); A HFRH AR A R HHFERES (66271907); A HERH AR FAA B A 7 BHA1H

FEeRMHFRIIHE (2019TS0102)

PEEEIAY: WL 55, 1986 4E/E, 1, W LRRNN, AW LRESORBIF A IR A m ek AR SRk, JEat 101407, HEE:

010-60662611, E-mail: xiexingcheng@grinm.com



551

WA KKAT LGB WC-Co [ PIM Ze 5 F& 1 B A + 161«

K1 B s
Fig.1 Photos of mold cavity: (a) stationary mould fixed half

and (b) movable mould moving half
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Table 1 Initial conditions of PIM filling process

Initial condition Value
Temperature/K 298
Pressure/ Pa 10°

Velocity/m's ™' Vair=v1=1,=0.0001

Volume fraction air=1, 91=02=0
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Table 2 Boundary conditions of PIM filling process
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Table 3 Physical properties of WC/10Co powder and binder

Boundary condition Value
Velocity/m-s ™ 8.153
Inlet Temperature/K 298
Volume fraction/% 0air=0, ¢1=51, ¢,=49
Outlet Pressure/Pa 10°
Cavity Temperature/K 298
wall Velocity No slip
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Fig.2 3D-structure of cavity: (a) geometric model and (b) mesh

model

Density/ Thermal conductivity/ Specific heat/
Material

g-cm'3 Wm!K! J-kg"-K’l
WC/10Co powder  14.507 103129 230
Binder 0.917 1.617 170127

2
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Fig.3 Diagrams of analysis parts of simulation results:

(a) section positions and (b) line positions
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Fig.4  Filling processes of ultra-fine WC/10Co feedstock:

(a) numerical simulation results (on section S;) and

(b) experimental samples
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Fig.5 Temperature distribution on section S;: (a) WC/10Co
powder and (b) binder
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Fig.6 Powder temperature distribution diagram of the front side of

powder. Temperature [K]

melting feedstock on section S, with different Z coordinates,
when the filling time is 0.01 s (a), 0.02 s (b), 0.03 s (c), and
0.036 s (d)
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Fig.7 Viscosity distribution on section S; of WC/10Co powder (a),

and binder (b) at 0.01 s during feedstock filling:
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Numerical Simulation of PIM Filling Process of Ultra-Fine WC-Co Round Bar with
Large Aspect Ratio

Xie Xingcheng ', Cao Ruijun ', Li Zengde', Zhou Zenglin', Li Qing', Li Yue?, Jia Bin®
(1. GRIMAT Engineering Institute Co., Ltd, Beijing 101407, China)
(2. The 29th Research Institute of CETC, Chengdu 610036, China)

Abstract: Based on the powder-binder two-fluid model, the filling process was simulated by CFX commercial software, especially for the
ultra-fine WC/10Co round bar with large aspect ratio by powder injection molding (PIM). The results indicate that the numerical
simulation results are almost consistent with the experimental filling process results, which proves that the hypothesis and parameter
settings are reasonable and the two-fluid model is feasible. Also there is no great difference in temperature distribution between powder
and binder. There is no solidification for melting feedstock, because the lowest temperature at 330 K of melting feedstock is higher than
the vitrification temperature of binder. In addition, the great difference in the viscosity between powder and binder, which is 50.0~379.4
and 2.9~9.2 Pa-s, respectively, is one reason for segregation. Finally, another main reason for segregation is the relative difference of
velocity between powder and binder, which increases remarkably, for example, the velocity from gate to the die wall changes from 0.2% to
1.8%, and velocity from gate to the for end changes from 0.1% to 1.6%.
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Corresponding author: Xie Xingcheng, Ph. D., Senior Engineer, Advanced Electronic Materials Division, GRIMAT Engineering Institute
Co., Ltd, Beijing 101407, P. R. China, Tel: 0086-10-60662611, E-mail: xiexingcheng@grinm.com



