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K1 aa®p o a2 yhl
Fig.1 OM microstructure (a) and SEM image (b) of primary y

'

phase of superalloy billet
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Fig.2 SEM images and EDS spectra of carbide in superalloy billet:
(a) MC carbide at grain boundary and (b) MC carbide inside grain
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K3 #HRTE R &SR ROLAZM y
Fig.3 OM microstructure (a) and SEM image (b) of y' phase of

the superalloy after hot deformation
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Fig.4 SEM morphologies and EDS spectrum of M»3;C¢ carbide in the superalloy after hot deformation: (a) primary MC carbide at grain

boundary; (b) primary MC carbide inside grain; (c) secondary M>3Cs carbide at grain boundary; (d) secondary MC carbide and y

inside grain

Bl 5 ANET7T E AL S & &0 B E R
Fig.5 OM microstructures of the superalloy after heat treatment
by different schemes: (a) modified heat treatment

superalloy and (b) standard heat treatment superalloy
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Ko AFTT A & &b i i A3

Fig.6 Morphologies of precipitates in superalloy after heat treatment by different schemes: (a) y' phase after modified heat treatment;

(b) M»;Cgcarbide after modified heat treatment; (c) y' phase after standard heat treatment; (d) M>3Cs carbides after standard heat

treatment

B 7 ARG EE B K SEM SRR ) EDS J6 3% T 2 A
Fig.7 SEM morpholgy (a) and the corresponding EDS element mappings of C (b), Mo (c), Ti (d), and Cr (e) of carbides in the superalloy

after thermal deformation
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Fig.8 Schematic diagram of superalloy carbide evolution during hot working
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K9 BRMALILE & & dh W IRE MaosCo BRALMIR) SEM JE SR AN B F) EDS TG 3K 1 73 Af
Fig.9 SEM morphology (a) and the corresponding EDS element mappings of Ni (b), Cr (c), Co (d), and Ti (e) of intracrystalline

secondary M»3C¢ carbide in superalloy after modified heat treatment
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Fig.10 Growth diagram of M»;C¢ carbide in superalloy grain

during aging treatment
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Fig.11 SEM morphology (a) and the corresponding EDS element mappings of Ni (b), Cr (c), Ti (d), and Mo (e) of y' phase after hot

deformation alloy
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Fig.12 Schematic diagram of evolution of y’ phase in superalloy
during hot working: (a) y' phase in superalloy billet;
(b) y' phase in superalloy after hot deformation; (c) y’

phase in superalloy after modified heat treatment; (d) y

phase in superalloy after standard heat treatment
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Fig.13 Relationship between y' phase and dislocation in the

superalloy after hot deformation
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Fig.14  Changes in tensile strength and hardness of the

superalloy at different stages during hot working
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Evolution of Precipitatesin Ni-based Wrought Superalloys During Hot Working

Zhang Wei', Chen Zishuai', Dong Ruifengl, Li Jian', Zhou Xingl, Ma Tianjunz, Qu Jinglong3, Wang Qingzengz, Gu Yu®
(1. College of Materials Science and Engineering, Inner Mongolia University of Technology, Hohhot 010051, China)
(2. Baowu Special Metallurgy Co., Ltd, Shanghai 200940, China)
(3. Gaona Aero Material Co., Ltd, Beijing 100081, China)

Abstract: MC, M»Cg, and y’ precipitates of GH4738 superalloy at different stages during hot working were studied. Behavior of
precipitates in different stages of hot working was investigated: (1) the main precipitates in the superalloy billet are primary MC carbides
and primary y’ phase; (2) after hot deformation, the primary MC carbides are partially decomposed, and the nano-sized intragranular
secondary MC carbides as well as a small number of grain boundary secondary M,3Ce carbides and secondary ' phase are precipitated;
(3) after heat treatment, the primary MC carbides are further decomposed until complete dissolution, and then the nanocrystalline
secondary MC carbides are transformed into many bottle-shaped secondary M>3Cs carbides. Meanwhile, y’ phase basically achieves the
complete precipitation, but it grows slightly.

Key words: superalloy; hot working; carbides; y’ phase; transition
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