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Fig.1 Schematic diagram of the experimental process
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Fig.2 SEM morphologies (a, ¢) and particle size distributions (b, d) of NbMoTaWZr-HfC powder after ball milling (a, b) and spray

granulation (c, d)

3
Fig.3 Surface (a) and cross-sectional (b) morphologies of NbMoTaWZr-HfC granulated powder and its XRD pattern (c)
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Fig.4 Morphology (a) and particle size distribution (b) of NboMoTaWZr-HfC powder after spheroidization
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Fig.5 XRD pattern of prepared spherical powder
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Fig.6  Surface morphologies of the prepared NbMoTaWZr-HfC spherical powder with different particle sizes: (a, b) 65 um, (¢, d) 40 um,

(e, f) 24 um, and (g, h) 20 um

B 7 #1458 FE R4S NoMoTaWZr-HfC BRIEA A LT 50
Fig.7 Cross-sectional morphologies of the prepared NbMoTaWZr-HfC spherical powder with different particle sizes: (a, b) 85 um, (c, d) 45 pm,
and (e, f) 15 pm
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Fig.8 SEM morphology and EDS element mappings of individual NbMoTaWZr-HfC spherical powder

K19 NbMoTaWZr-HfC BRI A s ASg i AU & 18] [X 3] SEM-BSE JE35 )¢ EDS JTE I 73 Afi
Fig.9 SEM-BSE morphologies and EDS element mappings of the dendrite arm and the interdendritic regions in the spheroidized
NbMoTaWZr-HfC powder



%56 3

B WA WS TR G5 BT BRG] % NDMoTaWZr-HEC Ky R IKRR P 5 AU AL BT 7

- 2167 -

R OKIBRUFERD AR R PR E M mE X EDS 54 R

Table 1 Chemical composition of the spheroidized powder and EDS analysis results of the dendrite arm and the interdendritic regions in

the spheroidized powder (at%o)

Element Nb Mo Ta W Zr Hf
Nominal 19.60 19.60 19.60 19.60 19.60 2.00
Spheroidized powder 19.75 19.37 20.22 20.38 18.33 1.95
Dendrite arm 10.61 24.23 26.41 28.61 8.68 1.91
Interdendritic region 26.71 12.36 10.57 13.60 34,51 2.25
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Characteristics and Microstructure Evolution of Spherical NoMoTaWZr-HfC Powders
Fabricated by Spray Granulation Combined with Plasma Spheroidization

Gu Tao"?, Wang Limin', Hu Qiang’, Liang Xiubing®, Fu Dongxing? Chen Yongxiong®, Zhao Xinming®, Sheng Yanwei*
(1. GRIPM Advanced Materials Co., Ltd, Beijing 100088, China)
(2. General Research Institute for Nonferrous Metals, Beijing 100088, China)
(3. National Innovation Institute of Defense Technology, Academy of Military Science PLA China, Beijing 100071, China)
(4. GRINM Additive Manufacturing Technology Co., Ltd, Beijing 101407, China)

Abstract: NboMoTaWZr-HfC spherical powder was fabricated by spray granulation combined with radio frequency plasma spheroidization. The
macroscopic characteristics, phase composition and microstructure of the powder are studied. The results reveal that the composite powder is
spherical and the particle size ranges from 13.31 pum to 32.11 pm with Dsp=19.62 um. The sphericity, flow rate and bulk density of the
spheroidized powder are 0.98, 0.198 s/g, 7.20 g/cm®. Moreover, the main phases of NbMoTaWZr-HfC spherical powder are body-centered-cubic
(bce) solid solution+ZrO,+HfC phase and it has dendritic and cellular structure. The element distribution in the spherical NoMoTaWZr-HfC
powder is uniform. However elemental segregation occurs in the dendritic scale region; high melting point elements such as W, Mo, and Ta are
enriched in the dendrite arm, low melting point elements such as Nb and Zr are enriched at the interdendritic region, and the Hf are uniformly
distributed.

Key words: spray granulation; plasma spheroidization; spherical powder; NoMoTaWZr-HfC composite
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