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Table 1 Composition and density of binder

Composition Content/wt% Density/g*cm™
PW 30 0.90
SEBS 35 0.91
SA 10 0.95
HDPE 25 0.96

Note: PW: paraffin wax; SEBS: styrene-ethylene-butylene-styrene;
SA: stearic acid; HDPE: high density polyethylene
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Fig.3 Debinding and sintering curves
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Table 2 Flow behavior index (7) and flow activation energy (E) of

the filament at different temperatures
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°C " kJ-mol™ kJ-mol" kJ-mol"
220 0.23
230 0.26 146.7 139.2 136.5
240 0.30
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Fig.9 Fracture (a, c, e, g) and surface morphologies (b, d, f, h) of porous tungsten at different sintering temperatures: (a—b) 1500 °C;

(c—d) 1600 °C; (e—)1700 °C; (g—h) 1800 °C

7900.18 L —=—1500°C a

g —e— 1600 °C

= 0.15F —+—1700°C A

1)

5(112- \

= 0.09f A

-~

;t; 0.06 \

£ 0.03F

EQOOO e N gy

10 10° 10*
Pore Diameter/nm
1150

b= 277 Average pore diameter b 24

g 277 Fractal dimension :

8 g
9 I 222
% 1100 £
7~

o &
) 2073
A E
gD]O5() r 1.8 53)
s =
14

< 1.6

1000

1500 1600 1700
Temperature/°C

B 10 ARBESEEREE T 2 fLA3 1 FLBR R

Fig.10 Pore characteristics of porous tungsten at different sintering

temperatures: (a) differential intrusion vs. pore diameter; (b) average

pore diameter and fractal dimension vs. temperature

BE A2 T R UE T FL B A sl i SRR 45 A K R &0t
TANE TR 2 AU, T 2 0y A 2 ) M e [
FLBRZ AR R o

FTENABE S5 K42 (1600 °C ) St & 12a s, 7T BA
BHAN et 5, M B R AT B BAARF S, B AR
Fr T RGN, THEAR . mrRess R
H T I 8] F8 B3t 1 52 S0 M R T 1 FAEAIC DA % v 1) 3
o B 120 ARG A AN [F 7 ) B4R, 45 R BoR

—_
e}
o

S 162.8al
> 160+

=

§ 140}

] »

E 120} 1L

£ 100/

g 8;;9/‘"/

Z 8ot

1500 1600 1700

<1200
=¥ b
z
T 2001 759.8

5
&

% 600}
=

2

= 300+

g

o
Q

1500 1600 1700
Temperature/°C

K11 AFEBESSIR LT 2 LA )2k g
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temperatures: (a) average hardness and (b) compressive strength
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Research on the Microstructure and Pore Characteristics of Fused
Filament-Fabricated Porous Tungsten

Wang Jie', Li Zhiyao', Fan Fengsong', Xu Haifeng', Qin Yunpu', Wu Haoyang'?, Qin Mingli"**, Qu Xuanhui'
(1. Institute for Advanced Materials and Technology, University of Science and Technology Beijing, Beijing 100083, China)
(2. Beijing Advanced Innovation Center for Materials Genome Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(3. Institute of Materials Intelligent Technology, Liaoning Academy of Materials, Shenyang 110004, China)

Abstract: Porous tungsten structures were prepared by fused filament fabrication (FFF). The microstructural evolution at each stage of the FFF
process and the final pore characteristics of the sintered tungsten were investigated systematically. The results show that porous tungsten
components with tightly bonded layers and no defects are successfully prepared by FFF. The maximum loading of commercial tungsten powder
with a particle size of 3 um reaches 56%, and the compounded feedstock exhibits excellent rheological properties. Furthermore, the influence of
printing parameters on the green density was investigated, identifying the optimal combination: the nozzle diameter of 0.6 mm, a layer thickness
of 0.1 mm, and the printing speed of 30 mm/s. The porous tungsten prepared by FFF shows a uniform pore distribution. As the sintering
temperature increases, the average pore size decreases, the complexity of the pores increases, and the hardness and compressive strength increase.

Key words: porous tungsten; FFF; pore characteristic
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