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Table 1 Annual sales of steel powder and products in China

Year Iron and steel Iron-based ~ MIM products/
powders/10*t  products/10* t (10° RMB)

2010 32.1 15 10
2011 373 15.5 13.5
2012 40.6 15.5 18
2013 43.6 17.8 28.4
2014 40.1 18.9 48.5
2015 435 17.8 49
2016 48.4 19.5 54
2017 55.3 20 57
2018 59.5 19.9 59
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(2010-2018)

Cemented carbide industry data in China

Production Total Total

Year Number. of capacity/ output/ export/
enterprise 10* ¢ 10* ¢ 10% ¢
2010 512 5.38 2.20 0.48
2011 527 5.78 2.35 0.49
2012 549 6.07 2.35 0.50
2013 557 6.36 2.60 0.58
2014 574 6.83 2.70 0.68
2015 581 7.22 2.65 0.62
2016 591 7.40 2.80 0.69
2017 - 3.45 0.77
2018 - 3.85 0.94
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Fig. 1 Structure of Sm,Co;; magnetic materials!'®": (a) Schematic illustration; (b) TEM image
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Fig. 2 Global and Chinese production of permanent magnet
ferrite materials (2011-2017) (Source: China Electronic
Components Association, Magnetic Materials and Devices
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AR T RRAR RS SR rERe, P T HERE.

N,
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Table 3 Compositions of fourth generation powder metallurgy superalloys (mass fraction, %)!*”!

Sample Co Cr Mo w Al Ti Nb Ta C B Zr Hf Ni
Patent* 19.6 10.1 28 26 3.1 22 16 73  0.03 0.03 0.05 04  Bal
Alloy A 23.0 15.1 1.8 05 625 48 00 12 0.14 0.15 0.05 0.0  Bal
Alloy B! 23.0 15.1 1.8 05 625 48 10 12 0.4 0.15 0.05 0.0  Bal
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Fig. 3 Comprehensive properties of fourth generation powder

metallurgy superalloyst** "]
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Fig.4 Three major manufacturing routes of powder metallurgy superalloys™*”
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Fig. 5 3D printing topology optimized bracket by Airbus
(figure source airbus.com)(a), 3D printed titanium alloy turbo

cover door hinge by Airbus (figure source castingssa.com)(b)
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Development of modern powder metallurgy
materials and technology

HUANG Bai-yun, WEI Wei-feng, LI Song-lin, ZHANG Li, LI Li-ya, LIU Feng, LI Rui-di

(State Key Lab of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: This paper summarizes the development of powder metallurgy (P/M) materials since the founding of the

People’s Republic of China in 1949, including iron-based P/M materials, cemented carbides, P/M magnetic materials,

P/M superalloys, and advanced P/M forming technologies such as additive manufacturing and spark plasma sintering,

which might provide new insights for advancing the development of modern P/M materials and technologies.
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