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Fig.1 Microstructures of as cast K417G superalloy: (a) carbide and eutectic in the grain, (b) y”phase, and (c) grain boundary; (d) EDS

spectrum of grain boundary MC carbide
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Table 1  Creep lives of K417G superalloy under three
conditions

Condition 760 ‘C/645 MPa 900 ‘C/315 MPa 950 ‘C/235 MPa
Creep life/h 87.5 113.9 70.0

JAK. 760 °C/645 MPa FiEA% )5, W 2 I & (1L
mi REAE o XTI FEAT OR R BLE B, W0 R
10~30 um M) & 4, Wil 2a, 2d frzs. 900 ‘C/315
MPa TG G, Wi BT DOV S BRI, JF H
TEZRLGCHA AR AL I T FLI B 1 /N RS B 490 8 R R
SFRIFLIR ARG, il 2b, 2e Fios . iAE 950 °C/235 MPa

B2 K417G miR& & A& T rIEZ b 0
Fig.2 Creep fracture surfaces of K417G superalloy under different conditions: (a, d) 760 ‘C/645 MPa, (b, e) 900 C/315 MPa, and

(c, f) 950 ‘C/235 MPa

\

Intergranular

K3 KA17G il A & A 7 2% 1 T R IE 42 i 11 48T 4H 41
Fig.3 Longitudinal section of creep fracture surfaces of K417G superalloy under different conditions: (a~c) 760 ‘C/645 MPa,

(d~f) 900 ‘C/315 MPa, and (g~i) 950 ‘C/235 MPa
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Fig.4 Bright-field image (a) and SAED pattern (b) of the
precipitates around MC carbide of K417G superalloy
after crept at 900 ‘C/315 MPa and 950 °C/235 MPa

b c

B 5 K417G R & 41E 900 ‘C/315 MPa fi1 950 ‘C/235 MPa 414 T i 2% Ji5 it 4T HH A
Fig.5 Bright-field image of the grain boundary precipitates of K417G superalloy after crept at 900 “C/315 MPa and 950 “C/235 MPa (a)

and SAED patterns of area 3 (b) and area 1 and 2 (c) in Fig.5a
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Table 2 Creep fracture mode and microstructure variation of K417G superalloy
Conditions Fracture mode MC carbide Eutectic Grain boundary M,3Cs and M3B;
760 ‘C/645 MPa Transgranular Broken Not broken Not precipitate
900 ‘C/315 MPa Transgranular+intergranular Broken Broken Precipitate uniformly
950 ‘C/235 MPa Intergranular Not broken Broken Precipitate and grow up, partial broken
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Fig.6 Creep fracture mechanism diagram of K417G superalloy: (a) 760 °C/645 MPa, (b) 900 ‘C/315 MPa, and (c) 950 °‘C/235 MPa
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T A P A0 0 AR S 23 20 T B MaaCg BE R AL A
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Evolution and Structure Characterization of the Carbide and Boride during Creep in A
Ni-based Superalloy

Du Beining *?3, Sheng Liyuan®®, Lai Chen®?, Cui Chuanyong*, Yang Jinxia®, Sun Xiaofeng*
(1. Peking University, Beijing 100871, China)
(2. PKU-HKUST Shenzhen-Hong Kong Institution, Shenzhen 518057, China)
(3. Shenzhen Institute, Peking University, Shenzhen 518057, China)
(4. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The creep property of a Ni-based K417G superalloy was tested at 760 <C/645 MPa, 900 <C/315 MPa and 950 <C/235 MPa, and
then the microstructure after creep was characterized through scanning electron microscope (SEM) and transmission electron microscope
(TEM). The creep mechanism under different conditions was analyzed. Moreover, by comparing the morphology, distribution and crystal
structure of carbides and borides before and after creep tests, the influences of creep condition on the precipitation and evolution of
carbides and borides were investigated, and the effects of carbides and borides on the creep properties of Ni-based superalloy were
revealed. Results show that as the creep condition varies from 760 <T/645 MPa to 900 <C/315 MPa and 950 <C/235 MPa, the creep life of
K417G superalloy increases firstly and then decreases. At 760 <T/645 MPa, the creep crack initiates at the broken MC carbide; At
900 <C/315 MPa, the creep crack initiates at both the broken MC carbide and grain boundary; At 950 <C/235 MPa, the creep crack initiates
at grain boundary. In addition, at 760 <C/645 MPa, the MC carbide does not decompose, and there is no carbide or boride precipitate at the
grain boundary; At 900 <C/315 MPa, the MC carbide decomposes and M23Cs carbide forms. M23Cs carbide and M3B; boride precipitate
uniformly at the grain boundary; At 950 <C/235 MPa, the M,3Cs carbide and M3B; boride at the grain boundary grow up and distribute as
strip.

Key words: Ni-based superalloy; creep; carbide; boride
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