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Table 1 Chemical composition of K4750 alloy (/%)

Cr Fe W+Mo Al+Ti+Nb B Zr C Ni
19.91 4.28 4,57 5.78 0.0078 0.02 0.11 Bal.

F2 KATS0 RBFELZEH
Table 2 Casting process parameters of K4750

Pouring
Process
temperature/'C

Z1 139343
Z2 1383+3
Z3 137343
Z4 137743
Z5 137743

Z6 1377+£3

Cooling conditions of shells

12-sample-shell with single-layer cotton
12-sample-shell with single-layer cotton
12-sample-shell with single-layer cotton
12-sample-shell with single-layer cotton
12-sample-shell with double-layer cotton

16-sample-shell with double-layer cotton

1 12 Tkt B IR
Fig.1 Photograph of 12 test rods shell type
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Fig.2 Macroscopic grain morphologies of fracture alloys with different casting processes: (a) Z1, (b) Z2, (c) Z3, (d) Z4, (e) Z5, and (f) Z6

x3 TERBIZAESHFHBRRST

Table 3 Average grain size of alloy with the different casting processes (um)

Process Z1 Z2

Z4 Z5 Z6

Grain size 835.3+190.7 585.9493.0

153.9416.7

427.5350.4 519.5+113.3 552.8+145.8

50 pm

K3 AFEGEEHELZESMHREEE AN
Fig.3 OM microstructures of heat-treated alloys with different casting processes: (a) Z1, (b) Z2, (c) Z3, (d) Z4, (e) Z5, and (f) Z6
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Fig.4 SEM microstructures of heat-treated alloys with different casting processes: (a) Z1, (b) Z2, (c) Z3, (d) Z4, (e) Z5, and (f) Z6
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Table 4 Grain boundary carbide size of alloy with different

casting processes

Process Z1 Z2 Z3 Z4 Z5 Z6

Average particle
12.38 11.70 11.39 11.64 13.87 16.61
length/pum

Average particle area/
T 36.64 33.35 27.93 32.36 41.47 44.65
um® piece

Note: average particle length — the length of carbides along grain

boundaries
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Fig.6 Mechanical properties of K4750 alloy with different
casting processes: (a) yield strength (YS) and tensile
strength (UTS), (b) elongation (A) and reduction of
area (2)
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Fig.8 Euler diagram (a-c) and local orientation difference diagram (d-f) of Z4-Z6 alloy section: (a, d) Z4, (b, €) Z5, and (c, f) Z6
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Fig.9 BSE images of fracture of MC carbide at Z6 alloy section
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Fig.10 Schematic diagram of grain boundary fracture of K4750 alloy
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Fig.11 The SEM image of Z6 sample section
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FTt, AH R R ST I AR 0 R X B 4 = IR A B A
HH 252

2) i 1 G 0 Y 55 L JE HUR I AN TR A B
B AER ¥4 2R 2RI, & 4 o D] R A 389 KL ) gk ] [
e, FECTH IR EN T MC BRI BT
KA4750 & 4 (1) = il h A 28 1 7= 2R BB R B . K4750 &
SR L RRSKZR MC BRALYIFE = IR i ik
PP IR B B FE N VR TR MC AL 9 88
S8 W T B AE B I AR AL, s 28 R A /NP THDIR
MR, B S L AR RGO MRy s, 330
FH& BT 2R O T BEAR & 4 201 o KA750 & 4 1 = i hr
i B8 S0of AR 5 ¥ 00T 8 (1 A A B Dy UK . B e 7R R T
NS KATS0 & & MO B0 o 18 b 7 8 RO T
M LZESH.
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Effect of Pouring System on Microstructure and Properties of K4750 Alloy

Zhao Pengfei'?, Wang Min', Ou Meigiong®, Ma Yingche', Liu Kui'
(1. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China)
(2. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)

Abstract: K4750 alloy is a new cast nickel-based superalloy with excellent mechanical properties at 700-750 <€ and is expected to replace
K4169 alloy. However, the tensile plasticity of K4750 alloy at room temperature fluctuates, and the relationship among room temperature
tensile properties, solidification microstructure, and casting parameters is still unclear for this alloy. In this work, several K4750 alloy test
bars were prepared with various casting temperatures and shell cooling conditions, and tested at room temperature by uniaxial tension.
Sensitivity of the alloy’s room temperature tensile properties to changes in casting temperature and shell cooling rate was evaluated, and
the mechanism was elucidated by microstructure characterization. Results show that the grain size of alloy drops significantly with
decreasing casting temperature, and the yield strength of the alloy slightly increases while the plasticity remains stable. When the cooling
rate of the shell decreases, the fracture elongation of the alloy decreases significantly at room temperature. This is mainly because the
cooling condition of mold shell significantly affects the precipitation characteristics of MC carbides. When the cooling rate is low, MC
carbides tend to precipitate at grain boundaries in coarse and strip-like shapes. MC carbides are prone to internal cracks under stress,
accelerating the intergranular failure of material and reducing the plasticity of alloy. In order to optimize the tensile properties of K4750
alloy at room temperature, more attention should be paid to the cooling rate of mold shell after casting and the precipitation morphology of
intergranular carbides, prohibiting the formation of coarse intergranular carbides to improve the grain boundary plasticity of the alloy.
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