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Fig.1 SEM images of 93W-4.9Ni-2.1Fe alloy powders: (a) 1#; (b) 2#
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Table 1 Physical properties of two kinds of 93W-4.9Ni-2.1Fe alloy

powders
Powder size/um Bulk density/  Tap density/
Powder B R
10 D, D, g-cm g'cm
1# 5.09 9.62 2097 5.94 8.84
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Table 2 Density and compressive yield strength of 93W-4.9Ni-2.1Fe

alloy billets manufactured with different powders

Billet Density/g-cm™
1# 7.01+0.08
2# 8.23+0.10

Compressive yield strength/MPa
3.3240.12
3.37+0.07
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Fig.2 Compressive stress-strain curves of 93W-4.9Ni-2.1Fe alloy

billets manufactured with different powders
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Fig.3 Compressive stress-strain curves of 93W-4.9Ni-2.1Fe alloy

billets manufactured with different binders
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Fig.4 Photographs of 93W-4.9Ni-2.1Fe alloy billets manufactured
with Ald-1# binder (a—c) and Alc-1# binder (d)
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Fig.5 Photographs of 93W-4.9Ni-2.1Fe alloy billets manufactured

with different binder saturation values
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Fig.6 Compressive stress-strain curves of 93W-4.9Ni-2.1Fe
alloy billets manufactured with different binder saturation

values
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Table 3 Density and compressive yield strength of 93W-4.9Ni-
2.1Fe alloy billets manufactured with different single-

layer printing thicknesses

Thickness/um  Density/g-cm™  Compressive yield strength/MPa

40 8.67+0.06 4.21+0.14
50 8.39+0.13 3.79+0.07
60 8.23+0.10 3.37+0.07
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Fig.7 Compressive stress-strain curves of 93W-4.9Ni-2.1Fe alloy
billets manufactured with different single-layer printing

thicknesses
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Effect of Material Characteristics and Process Parameters on Quality of
93W-4.9Ni-2.1Fe Alloy Billet Manufactured by Binder Jetting

Xiao Peng'?, Yang Kai', Li Tengfei’, Zhang Qingxia’, Liu Anjin’
(1. Hunan Vanguard Group Co., Ltd, Changsha 410073, China)
(2. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, College of Mechanical and

Vehicle Engineering, Hunan University, Changsha 410073, China)

(3. Scientific and Technological Innovation Center, Beijing 100000, China)

Abstract: Binder jetting is a potential low-cost near-net-shape forming method for large-scale complex-shaped W-Ni-Fe alloy components.

Nonetheless, it faces challenges such as billets cracking during curing and debinding. Developing the manufacturing process for high-strength

W-Ni-Fe alloy billets is an inevitable requirement. In this study, a series of 93W-4.9Ni-2.1Fe alloy billets were prepared by binder jetting with

variables including powder particle size, binder material, binder saturation, and single-layer printing thickness. The compressive strength of the

billets was tested, and the effects of material characteristics and process parameters on the quality of 93W-4.9Ni-2.1Fe billets was analyzed. The

results show that the compressive strength of binder-jetted 93W-4.9Ni-2.1Fe alloy billets exhibits a negative correlation with powder particle size

and single-layer printing thickness, which improves continuously with the increase in higher binder saturation. By employing a water-based

alcohol binder, the 93W-4.9Ni-2.1Fe powders with a D, particle size of 7.65 um, a binder saturation of 70%, and a single-layer printing thickness

of 60 um, the binder-jetted 93W-4.9Ni-2.1Fe alloy billets achieve a balance between good strength and dimensional accuracy.

Key words: binder jetting; W-Ni-Fe alloy; billet; compressive strength; effect law
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