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Revolution features of microstructures and mechanical properties of

nickel-based superalloy thin-walled castings

SUI Dashanl*, ZHOU Depengl, DU Dafan’, DONG Anping2

(1. Institute of Forming Technology & Equipment, School of Materials Science and Engineering, Shanghai Jiao Tong University,
Shanghai 200030; 2. Shanghai Key Laboratory of Advanced High-temperature Materials and Precision Forming, School of Materials
Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China )

Abstract: To meet the lightweigh requirements, the structure of castings is evolving towards thin-walled designs. Therefore, it is
necessary to study the evolution characteristics of the microstructures and mechanical properties of thin-walled structures made of
nickel-based superalloys. Firstly, a thin-walled casting with wall thicknesses of 1, 1.25 mm and 1.5 mm is designed. Gravity casting
experiments are conducted under two different process conditions, and the microstructural analysis and mechanical property tests are
carried out for two types of castings, respectively. The values of microstructural characteristics are determined, including secondary
dendrite arm spacing( SDAS ), grain morphology and average grain size, as well as the size and volume percentage of the y’ phase at
different wall thicknesses of the castings under different cooling conditions. The corresponding hardness and tensile strength also are
measured by experiments. The results show that SDAS increases by more than 29.9% as the wall thickness of the casting increases
from 1 mm to 1.25 mm and 1.5 mm. The tensile strength of the casting fluctuates with the increase in wall thickness when the flask
temperature is 900 “C. However, the tensile strength of the casting increases as the wall thickness increases when the flask
temperature is 25 “C. The variation range of the castings cooling rates are determined through numerical simulation. The cooling rate

range of castings with a sand mold temperature of 900 °C ranges from 16.0 °C/s to 28.2 “C/s while those produced with a sand mold
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temperature of 25 °C exhibit a cooling rate range of 26.2 “C/s to 58.5 °C/s.

Key words: nickel-based superalloy; thin-walled structure; microstructure; mechanical property; numerical simulation
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Table 1 Pouring experiments
Pouring Preheated temperature

Casting  Thickness/mm  Cooling environment temperature/°C  of shell/°C
C, 1 Casting in 900 “C sand mold and air-cooled together 1580 900

1.25 Casting in 900 °C sand mold and air-cooled together 1580 900

1.5 Casting in 900 °C sand mold and air-cooled together 1580 900
C, 1 Casting in 25 “C sand mold and air-cooled together 1580 900

1.25 Casting in 25 °C sand mold and air-cooled together 1580 900

1.5 Casting in 25 °C sand mold and air-cooled together 1580 900
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Fig. 1 Real casting and numerical model (a)CAD model;
(b)real casting; (¢ )simulation model
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Fig. 4 Thin-wall dendrite morphology of C,
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Table 2 Secondary dendrite arm spacing at different locations
in the casting

SDAS/um
Location Thickness/mm
Surface Center
C, 1 12.47 16.03
1.25 20.44 20.83
1.5 27.00 34.46
C, 1 11.98 13.08
1.25 19.66 22.07
1.5 21.58 23.87

(a)1 mm; (b)1.25 mm; (c)1.5 mm; (1)surface; (2 )center
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Fig. 5 EBSD maps of thin-wall surface grains (a)1 mm; (b)1.25 mm; (¢)1.5 mm; (1)Cy; (2)C,
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Fig. 6 EBSD maps of thin-wall center grains (a)1 mm; (b)1.25 mm; (¢)1.5 mm; (1)Cy; (2)C,
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Table 3 Average grain sizes at different locations in the casting

Average grain size /pm

Casting Thickness/mm
Surface Center
C, 1 345.1 183.3
1.25 430.4 2459
1.5 554.0 247.6
C, 1 113.6 121.3
1.25 171.0 162.7
1.5 332.8 2127

2.1.3  yHHRSFS UMK

K439B B AL B iR A 4 2 UL y M 3, v AR
YRR R RS 4. FEHE A AU &
By FEURAR Ly SRALA . L HER MC B .
PHUR MC BRALH, & b SURDIR (1 MasCo BRALY
LA A S AL yy SR RSV L y IR N A A B
FLBRALA, FOR SRR RN EUR B & 4 MR
FEREZE, FEAR R EE T L&A v
W IR 2 I AL B R R A B 23 5 y AR 1Y
A Ak, (EJE [ N TFSE S R, A4 YR
AR BCERIT, Zase b B 1 A 4 o y R
RFRURFM Bk T, B SRA R /A
JRE A BR300 1 5 T B A
& 7 FE 8 43Il C, Fil C, &#R4F1Y y'4H SEM &,
C, M Cy #3455 v A RE BARFR 5355053 an & 9 A
2 4 iR

sk e Y R PR A R, v AR

(a)1 mm; (b)1.25 mm; (¢)1.5 mm; (1)ZE[Ai; (2).08
(a)1 mm; (b)1.25 mm; (c¢)1.5 mm; (1)surface; (2)center



55

= S el el A AR DI o d e i S 137

K8 C, wiEE yAHIEA
Fig. 8 Thin-wall y' phase morphology of C,

—=— Surface " (a) |
70 —a— Center 60
—=— Surface &
< ©
) . £
N 140
® 50} £
]
___________ 5
el S 1 1308
40
1 1 1 20
1.00 1.25 1.50

Thickness/mm

B9 y RIS SEBUM L

Fig. 9 ' phase sizes and volume percentages

M\ 600~ 1080 C F-ia T i1, KAy — viE AR, 1F
887 C B, MC 2z Fll y iR b 5 o7 % Ak B y' Fl M5Ce,
Bl MC+Hy—My3Ce + v’ 33K B MR 35 76 AR AR I B X (1]
BRI T8 A, A gl A S DT 1R I R, DTG
Ly RO R R B K . ZEAR R BE G 0L T,
900 °C AMAHARIRFEEE C, 22 1L 25 °C Wb A B 1

E I U E I NRESTE AT ¥ 4

Table 4 ¢y’ phase sizes and volume fraction of castings

Thickness/ Phase size/nm Volume fraction/%

Casting mm Surface Center Surface  Center

C, 1 55.00 50.99 3041 27.66
1.25 6197 5934 3272 30.00
1.5 7234 61.50  30.79 29.95

C, 1 56.42 44.66  30.15 29.32
1.25 52.57 5297  33.67 32.44
1.5 4222  60.52  27.47 30.50

(c-1)
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Table 5 Vickers hardness for different positions of castings

HV
Casting Thickness/mm
Surface Center
C, 1 467.77 437.56
1.25 454.33 439.06
1.5 442.31 443.52
C, 1 472.35 467.79
1.25 455.37 452.65
1.5 458.95 438.26
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Table 6 Tensile strength of castings with different thicknesses

Casting Thickness/mm Tensile strength/ MPa
C, 1 1100.5
1.25 993.0
1.5 1017.3
C, 1 981.2
1.25 1044.0
1.5 1171.0
1200
& 1000 |
=
g 800r
®
o 600 —C;, 1T mm
£ —Cy, 1.25mm
S 400+ —C,, 1.5 mm
£ ~ Cy 1 mm
2 200t C,, 1.25 mm
w C, 1.5 mm

0 1 1 1 1 1 1
0 05 10 15 20 25 3.0 35
Engineering strain/%
B 10 AFPARA A 2 IR P ih 2
Fig. 10 Room temperature tensile curves of different
state specimens
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Table 7 Cooling rates at different thin-wall locations

Cooling rate/(C +s )

Casting Thickness/mm Surface Center
C, 1 28.2 26.4
1.25 27.8 243
1.5 17.6 16.0
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1.5 31.0 26.2
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