55 48 % 511 41 Mok T Vol.48  No. 11
2020 4F 11 A 45 58—67 BT Journal of Materials Engineering Nov. 2020 pp.58—67

YerE B 5 im 45 W BB
AR R TR

Research progress in manufacturing
technology of Nb-Si based ultra-high

temperature structural materials

2 WYL K L EB A AT

o T A AL ST 2 BRI SE BE 5 2k 1 it 45 4
BB RS2 EG %, JE AT 100095)

LI Ming,KANG Yong-wang,GUO Feng-wei

(Science and Technology on Advanced High Temperature
Structural Materials Laboratory, AECC Beijing Institute of
Aeronautical Materials, Beijing 100095, China)

FEE Yo filf B R S5 AOR A e — R BB AT A% G0 R IR A A 0 A T IR B AR R A A R, (AR, i TR AR RS
S A B R R L R BRI B A R S BB T s T IRA YRR SRS AR, A EEER THRESES
S AT BOE R T PR Ak BE G A M R ORI BORE B 55 1 OB LA HOR 8 oK OB L2 R &5 T T s R BT 9T
HER L I HR Ak LA A 1 OB BOR TP AR AE Y IR HEAT T 48T o 8 e B Lx MR R S AT TR R A AR AR R
SERIM R BT HEAR AT SR A T 52 565 S W 5 W B T B AR SETE R R ST BE G 6 0 M 8 o RS 25 M OGS B B R B A b A T &
AN R IRABESE .

KW RS S HEBSREELE B RRE

doi: 10. 11868/j. issn. 1001-4381. 2020. 000284

hESES: TGl46.4 SERARIRED: A XEHE: 1001-4381(2020)11-0058-10

Abstract;: Nb-Si based ultra-high temperature structural material is the potential material to break the
service temperature limitation of conventional superalloys. However, due to the much higher melting
point and the lower plasticity and ductility of Nb-Si based alloys, it is much more difficult to prepare
and manufacture than the existing high temperature metal structural materials. The manufacture
processes for the complex part with Nb-Si based alloy were reviewed including the developments of the
melting technology,the investment casting and the powder metallurgy, and the problems existing in
the forming technology were analyzed. Based on the problem analysis, the developing trend was
prospected,it is considered that the manufacture technology for Nb-Si based ultra-high temperature
structural materials is still in the stage of laboratory research,and in-depth research needs to be carried
out continuously on the melting technology for master alloy with large size, the related auxiliary
technologies to ultra-high temperature investment casting and the preparation technology for Nb-Si
based alloy powder.
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Fig. 1 Nb-Si based alloy ingot prepared by

vacuum consumable arc melting2*]
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Fig. 2 Nb-Si based alloy ingot prepared by cold
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Fig.4 Ceramic mould with low-reactive face-coating (a) and
investment-cast Nb-Si based alloy prototype airfoils (b)
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Fig. 5 Y03+ ZrO; multilayer ceramic shell mold (a) and
Y, 03 ceramic core (b) prepared by Beijing

Institute of Aeronautical Materials
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Fig. 6 Directional solidified Nb-Si based alloy hollow

prototype airfoil prepared by Beijing Institute

of Aeronautical Materials
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Fig. 7 Nb-Si based alloy thrust chamber parts
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Fig. 10 Nb-Si based alloy prototype airfoils produced by
net-shape HIPing'®?)  (a)double aerofoil vane produced;

(b) hollow net-shape blade joined to a solid superalloy root
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