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Table 1 Mechanical properties of C-103 alloy

Temperature Tensile Yield
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(Rw/MPa)  (Ry2/MPa)
. RT 724 665
C°ktzzf“ng 1093 235 163
1371 89 77
. RT 420 289
Recfg;ﬂhzed 1093 188 138
1482 66 59
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Fig. 1 Histogram of Nb521 alloy: (a) recrystallized state; (b) carbide
phase in plate; (c) carbide phase in material at 1450 °C; (d) carbide

phase in material at 1550 °C
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Fig. 2 High-temperature mechanical property curves of Nb521 alloy
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Fig.3 True stress-strain curves of WC-3009 alloy at different
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Table 2 Room temperature mechanical properties of typical

niobium alloys

Yield

Composition stren Tensile Elongatio
Grades (mass h gt strength(MP n
1 0, 0,
fraction)/% (MPa) a) (%)
Nb-1Zr Nb-Zr 150 275 40
PWC-11 Nb-1Zr-0.1C 175 320 26
Fs-gs MO RTEIOWL g 570 3
Cb-752 Nb-10W-2.5Zr 400 540 20
C-129Y Nb-lO“;—lef-O.l 515 620 25
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Fig.4 Strength and creep properties of common Nb alloys
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Fig.5 True stress-strain curves of new niobium-based alloys at (a)

600 °C, (b) 800 °C, (c) 1200 °C
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Table 3 Density, chemical composition and mechanical properties of new niobium alloys developed by Senkov et al.

— Yield
Alloy Dejls“‘fs Nb Mo Ti W Hf Haédness strength G2
(g cm ) ( Pa) (MPa)
WC-3009 103 77 59 224 2.69 663
Wi 8.6 735 181 84 3.07 849
M1 7.96 730 92 178 217 521
M2 7.99 700 119 181 2.76 719
M3 8.03 678 141 181 2381 780
M4 7.70 347 328 325 3.81 1100
MW 8.94 329 170 344 157 4.94 1440
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Fig.9 C-103 niobium alloy prepared by L-PBF: (a) EBSD plot along
the build direction; (b) TEM micrographs containing the HfO, phase;
(c) Tensile test results of C-103 niobium alloy in the printed, stress
relieved and thermally isotropic process states; (d) C-103 niobium
alloy space thruster components prepared by L-PBF
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Fig.12 Microscopic characteristics and mechanical properties of
C-103 alloy prepared by LPBF: (a) IPF diagram of a de-stressed
specimen parallel to the direction of construction; (b) IPF diagram of
a de-stressed specimen perpendicular to the direction of construction;
(c) stress-strain curves and work-hardening rate of horizontal and
vertical specimens compression tests at room temperature; (d-h) TEM
micrographs
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Fig.13 (a) Engineering tensile stress-strain curves of hot isostatically
pressed Nb521 samples; (b) Comparison of niobium alloys fracture
tensile properties
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Fig.14(a) SEM micrograph of Nb521 specimen in X-Y direction; (b)
SEM micrograph of Nb521 specimen in X-Z direction; (¢) TEM
photograph of Nb521 sample; (d) Nanoparticles present in the sample;
(e) Magnification of nanoparticles shown by arrows in (d)
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build direction; (c) C-103 thruster assembly
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New opportunities in refractory niobium alloys via additive manufacturing: A review

LAN Hang'?, LU Kaiju"", TONG Yonggang” *, WANG Jie"" *, QIAO Jinjin’, CHEN Yongxiong', Hu Zhenfeng',
LiANG Xiubing" °
(1 Defense Innovation Institute, Academy of Military Science, Beijing 100071)
(2 Changsha University of Science and Technology, Changsha 410114)
(3Beijing Institute of Electronic System Engineering, Beijing 100039)

Abstract: Due to their low density, good room-temperature plasticity, and excellent high-temperature toughness, refractory niobium alloys have
been used in hot-end components in the aerospace field. However, niobium alloys prepared by traditional casting methods are difficult to process
parts with complex geometries, and met problems like long processing period, expensive price and high buy-to-fly ratio. The rapid development of
additive manufacturing technology in recent years not only reduces the production period and cost, but also obtains superior mechanical properties,
which brings new opportunities for the further application of niobium alloys. To this end, this paper reviews the current state-of-art research on
additively manufactured niobium alloys, focusing on the laser and electron-beam additive manufacturing of two generations of typical niobium
alloys, namely C-103 and Nb521, in particular with regard to the modulation of their mechanical properties and microstructure. In addition,
common types of niobium alloys and additive manufacturing methods are briefly introduced. Finally, the future direction of additively
manufactured niobium alloys and the problems that still need to be solved are proposed. By reviewing the field of additively manufactured
niobium alloys, this paper provides a reference for the further application of niobium alloys in the aerospace field for hot-end components of
complex structures.

Key words: Niobium alloy, Additive manufacturing, Mechanical properties, Microstructure, Property modulation



