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Fig. 1 Particle distributions of powder: (a) A-powder; (b) P-

powder
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Table 1 Test results of powder particle size

D(v,0.1)/ D(»,0.5)/ D(»v,0.9)/ D[4,3) DI[4,3]/
Powder

pum pum pum pum um
A-powder 26.69 7538  175.66  90.55 50.33
P-powder  65.95 82.53 107.98  84.95 77.18

D(v,a)=b represents volume fraction (v) of powder under 4 pm
is equal to a; D[4,3] stands for mean-volume radius and D[3,2]

is mean-area radius.
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Fig. 2 Morphologies of powder: (a), (b) AA powder; (c), (d) PREP powder
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Fig. 3 SEM images of as-HIPed alloy: (a) A-powder; (b)
P-powder
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Fig. 4 SEM image and element map scanning distributions of PPB for as-HIPed alloy: (a) Backscatter electron morphology; (b) Al;
(¢) B; (d) C; (e) Co; () Cr; (g) Moj; (h) Nb; (i) Ni; (j) O; (k) Ti; (I) W; (m) Zr; (n) Hf
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Fig. 6 SEM images of alloy: (a), (b) A-HIP; (c), (d) P-HIP
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Fig. 7 Sketchs of calculating volume fraction of y’ phase: (a) A-HIP; (b) P-HIP
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Table 2 Calculation results of parameters among constitutive

equation
Material a n A O/(kJ-mol ™)
A-HIP  0.0034 5011 1.619%X10% 1012.9
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Fig. 13 Macrostructures of hot compression for alloy: (a) A-HIP; (b) P-HIP
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Fig. 14 Hot compression cracking morphologies of alloy deformed at 1000 ‘C and 1.0 s™": (a) Metallographs of low magnification;

(b) Metallographs of high magnification; (c) SEM image of low magnification; (d) SEM image of high magnification
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Fig. 15 SEM images showing direction of hot compression cracking propagation deformed at 1075 ‘C and 0.01 s™": (a) Low

magnification; (b) High magnification
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Effects of powder characteristics on microstructure and
deformation activation energy of nickel based superalloy

HE Guo-ai"?, DING Han-hui"? LIU Chen-ze"?, LIU Feng"?, LAN Huang"?, JIANG Liang"?

(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
2. Research Institute of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: A new Nickel based superalloy powder was fabricated by methods of argon atomization (AA) and plasma
rotating electrode process (PREP), followed by hot isostatic pressing (HIP) under the same conditions. Microstructure
analyzing of both as-powder and as-HIPed was carried out. The hot compression tests of two different materials were
conducted using a thermal simulator under the deformation conditions at temperature range from 1000 to 1100 ‘C and

strain rates range of 0.01-1.0 s

. The deformation activity energy and constitutive equations were established to predict
the true stress at different strains under deformation conditions. The results show that the surface cleanliness and
homogeneity of the powder prepared by PREP are much better than those prepared by AA. The oxygen content of argon
atomization powder is 0.0139% (mass fraction), while the oxygen content of PREP powder is 0.0079%. The prior particle
boundary in as-HIPed fabricated by AA is more severe than that by PREP, which consists of y’ phase with large size,
carbides and oxidizes. The average grain size of A-HIP is determined as 8.59 pm, while that of the P-HIP is 12.54 pm.
The volume fractions of ' phase of A-HIP and P-HIP are 43.92% and 43.65%, respectively. The deformation activation
energies are calculated as 1012.9 kJ/mol (for AA) and 852.9 kJ/mol (for PREP), respectively. In addition, the constitutive
equations for two alloys are also developed to predict the true stress at different deformation conditions with the absolute
error of 6.46% and 4.87%. The PPB is one of the main reasons that leads to the occurrence of cracking, which propagates
along the PPB.

Key words: nickel base powder metallurgy superalloy; argon atomization; plasma rotating electrode process; hot isostatic

pressing; hot simulation; activation energy; constitutive equation
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