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Table 1 Chemical composition of the GH4151 superalloy (wt%)

C Cr Co Mo A\

v Ti Al Nb B Ni

0.02-0.08 10.0-13.0 14.0-16.0 4.0-5.0 2.5-35

0.4-0.9

2533 3542 3.1-3.6 <0.01 Bal.

R2 R GH51 SRS H
Table 2 Thermophysical parameters of GH4151 superalloy for simulation

Parameter Value
Liquid temperature/K 1608
Solid temperature/K 1536
Liquid density/kg-m™ 7320
Solid density/kg-m™ 8090
Latent heat/J-kg ' 2.45%10°
Volume thermal expansion coefficient/K ™' 1.39x10°™*
Electrical conductivity/S-m™ 9.6x10°

Thermal conductivity/W-(m-K)™'

Specific heat/I-(g-K)™

Liquid viscosity/Pa-s

16.26 (400 °C), 21.26 (800 °C), 31.26 (1200 °C), 32.29 (1260 °C), 29.41 (1340 °C),

30.46 (1400 °C), 31.51 (1500 °C)

0.49 (400 °C), 0.73 (800 °C), 0.63 (1200 °C), 0.64 (1260 °C), 0.68 (1340 °C), 0.69 (1400 °C),

0.73 (1500 °C)

10.17 (1263 °C), 6.84 (1400 °C), 5.59 (1500 °C)
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Fig.5 Macrostructure of the top of VAR ingot at low magnification
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Fig.6 Dendrite morphologies of VAR ingot: (a,—a,, ¢,—¢,) transverse section; (b,~b,, d,~d,) longitudinal section
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Fig.8 VAR simulation results (a) and comparison of SDAS (b)

100

St e B = BB RS- BB B Th BB AL M TE 30
Loy A BA WS DO, a9 Bros . VIM #558 Hh iA )
TS PR, B RS EOK s PESR 8 4 Hh I LU
R E A DB FCIRBRALY) ; T VAR #5450 B R/2
MBI R 2 B R ASIR RS BOK s T A AL ) 52
HH/NRORDIR o SR P BRI X BR AL A TR o L AT 0 b
KL, VAR B 52 i AL M AR o5 L de/b o 7 ZEUEHTIY
72 A S UL B AR B A M S A A T A it ] X 38K, 3K
e AR e T < R I PN ¥ S T R T B T R AR Y
MCAERRAR DX A s SR 3 S o7 LT AR K RS AE - Chen
SE N ORI FECIR W - B R R RO R B R R R
IR PAE T AL BTSN S 73 5 FE 0 TR X3 B4
AR 2 B 0 3R W AR A T M [ RS T H) AT
HLA A 0 A AR 8 1 AT AR IR ) \ T AR _E A Jeé H 7y
BORZBHA K, BET T AR R ADIREE TS . AL A
VAR 5 9 1) % B A0 90 0 T SRF AR 32 A7 0 M o AR AR
VAR G FE AU TH LS5 2R (18] 8a) , MR HEIL 8 28 00 0 7%
K AR B FAAR, Jo) P8 Ul ] N 1) S 5 A s AL A AR XA

K, HIBAIHA T 2B KR (B2, SRR R
~HEBE R ] S S A AL AR KT REIE 2 B0 3R
PRHT R B0 B AR KRR ) B B S R R
S, HE SR A AR 5 T2 4 ROXT R Ok R IE 75 A 4t
RAFEF
3.2 EEFRE

IR R0 5 T GHA151 & &8 S H LA PR y a4k
oy s ALAR N, £ BAFAE ply 3 8 oy A1 Laves 41 , 1 MC B
A, 4B B S AT A AE 7E o [ R T L
R AFAE D TG o Tan M IE i 22 #4043 b 1 4 40 1 5K
55, HI W GHA151 & 4 B EE[E 0T A - AH—y—>MC—y
—yly' 3 i —Laves. 1M &g A SRR 5 Y S04 FE %
AT HE R PR T 5 R HE 0 5 [ b Laves A AR SE T /'3 &0
Hritio ChenZEPIAA N GH4151 A 4+ Laves A i A y/
/AR N H BT R 43 5 1190411701150 °C o
TR E IR KSR R I GHAL51 & & ply' 3t
i » Laves AHAIIE IR I BL, 9 1150~1160 C, {HIFF R4 H
A AT T o Jia S5V Ik AR 43 T R 4 ARV 25 T B

1.1
—=—VIM
LOF —e—vAR
0.9 PESR
]
l/

g
Q9

Area Fraction of Carbide/%
= =}
[@)) oo

o
i

<o
~

Center R/2

Position

‘VIM, R/2
=
. _ 100 pm
VAR, R2 i
- 100 um
PESR, R/2
1 L :
Edge ! e G
(A 100 pm

K9 Feber P iman o b e
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Fig.10 Morphologies (a—b) and element distributions (c—k) of precipitates in as-cast GH4151 superalloy
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Fig.11 Precipitates in as-cast GH4151 superalloy: (a) Laves and #; (b) Laves and y/y" eutectic; (c) fine y/y" eutectic at the front of coarse y/y’ eutectic
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Fig.12 Schematic diagram of the formation sequence of the main precipitates during the solidification
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Microstructure and Composition Uniformity of Triple-Melted #508 mm
Ingot of GH4151 Superalloy

Xu Wenliang'?, Zhou Haotian'"?, Fu Baoquan'?, Liu Jin'?, Cao Guoxin'"?, He Yongsheng'?,
Shi Puying', Wang Kaixuan', Xie Xingfei’, Lv Shaomin®, Qu Jinglong’
(1. Western Superconducting Technologies Co., Ltd, Xi’an 710018, China)
(2. Xi’an Superalloy Technologies Co., Ltd, Xi’an 710299, China)
(3. Beijing CISRI-GAONA Material and Technology Co., Ltd, Beijing 100081, China)

Abstract: GH4151 is a new type of wrought superalloy used for aero-engine turbine discs. This superalloy has high-content strengthening
elements, complex solidification behavior, and high cracking tendency, making it difficult to produce ingots with large size. In this study, the 2-ton
GH4151 superalloy ingot with a diameter of 508 mm was prepared by the triple melting process. The solidification microstructure of the ingot was
analyzed, and the composition uniformity of the ingot was evaluated. Industrial experiment show that a crack free ingot can be obtained, and the
secondary dendrite arm spacings from the ingot edge to the center are 80 and 150 um, respectively. The composition at the top and bottom of the
ingot shows a good uniformity in transverse sections. The range of elements Co, Cr, W, and Mo is within 0.05wt%, and the range of the element
Nb is lower than 0.07wt% . However, the variation for Al and Ti are relatively large, due to the melting loss in the axial direction. After
homogenization, the segregation coefficients of the alloying elements can be controlled between 0.8 and 1.2. Superalloy bars with a diameter of
300 mm were prepared through free forging. The microstructure, properties, and flaw detection of the bars can meet the technical requirements,
verifying that the prepared ingot has satisfactory metallurgical quality.

Key words: Ni-based superalloy; triple melting; solidification microstructure; segregation
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