#53% E1
2024 4F 1H

wmEERMISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.53, No.1
January 2024

DOI: 10.12442/j.issn.1002-185X.20220996

GHA4151 & & RYEE RT1T AR SR IR R

EZxEYL K omb ATHL

B 2,

AT wak >

(1. PEFRHEGE S BP T A %GR H R, 9 LR 110016)
(2. MY TL LB iR R FE T, JbR 100081)
(3. AN MBI R AR A, b5 100081)

8 F: GH4151 & —MuKiREE U miik 800 CHIM BRI BATE MR &%, & SAEBEEFE b T &= M d ™
#H, EERITTRUHE Nbo Mo fl Ti 550K, FN-&&PaEKER CIUuER, ERHELEE b TR WAHT R TR
W, BiSESHTHREGFM, A (p-p) L5, Laves A, oy AHFI MC 86 SEE0ET AT 78 C & 55T & i iT 76 %
FIRZI DL, 6N C & B A4 Nb JURAERR M AW, AN, B C &8 AN &M AL, B A XK. b

JE W FEAE 1160~1210 C AN [N L T 9320 53 0 24K B KT 45 A0 [T AT HhS A BTS2 700 B »

Cy-y") LGN Laves AH A 55

2979 1180 °C, n AHRIHE S04 1200 'C, MC RIS AT 1300 'C: [, &KL 1170 ‘C/16 h+1200 ‘C/8 h XU
SI AL BT LAYE B 45 E R IR, T LI S T RS AR I BRI R AR LR, AR B e R TS SRR AR T .

EIE: BHERA 4
hEES LS. TG146.1'5; TG156.2°1

 EEERAT AEAM B

XHERFRIRAD: A

X E4S: 1002-185X(2024)01-0159-10

BEE N DAL AR R, ANSBUITHREHATE
mVERE S ARRA KRR R AL, DRI L G
PRI (4 77 2 P B EOR A ARHR . b, R
BAE NI R BN E B AR, IRARE C A3
700 C LA L, SRR R A AR A L PR B SRAT TEAS T B
L, RS A A R A S TR, N T A R
AR AR IR BT, BHA S ST ik
ek, B, Rene65 &4 &AL 6.6% (JiES
B, FRED My MRt ER (Al+Ti+Nb) , HARAGRE
£93700 'CB, UT20LI A4 p I RITER (AT &
HHHLL Rene65 && 2 m 2] T4 1%, 454 Rt MaErS 2|
T k4RI GHA068 &4 y LT E (AT
R 8%, [N S A %K) Co Ml Taisk (Co+Ta=
25%~27%) , F&IKT &&RIE4EE, (kT il X 1
e R A ML, IR BE A LE UT20L & 4
30 CHBL, GH4151 A& AU KEN y AT &R
CAI+Ti+Nb=9.9%) , [E¥ 54k 70 3 & & A s
(W+Mo+Co+Cr=33.5%) , [Fi &4 ik & H i 0.1%
1) CIuE. ERLTTRMILFEER T, I seil 2 fhastt
UL RER, fRIE T & &ERm N IRRE N A R
15 (1 17 2k D41, fd4% & S AT AE 800 °C (KR5S N IRAX -

It HEA: 2023-01-26

SR, KEHERIESU TR B ESER ST
AR P R AT, AT R E A A, s A
SRR TR, Ik, B A S R A ot &
MTAT R UL B S A A B L2 s o B, — 5
T AT UK S S ARG TR IR T2tk 4 55— J5 1t ml LA
BRE SR SO AL N R, ATk
AbFE T2 ) E B AL IR R AR

i R B G S AT IR v R 2 B, il
IS SR KR R A, o Bl AU AR R 38 5
TRIB K. R EARIE N AT i A a3 SR K T2
17 T W5t e, Sohrabi 25 AN %5 T Inconel 718 & 4 7E
BIee A S R R VRS, A4S HT Nb &
B, B T K& Laves M, 2419506 A 1150 °C
i, & Nb 5 X R ETH 2%, Laves Mz a1 Zhou
2 NPUR e T ¥ Ak T ER— RS RGE Al Ti TR
Ni-Co H:mif & & mbT i bR, ZRERH: A48+
(BT A 3 EAFE -NisTi A (p-p) LR, I
2T HIEIMIERFE N 1180 CHYERR A TR et . $24)
TR KR — MR R & ST AW A IR LR
10 CAA, B EBERR T &S ENT AR
£, ESEMSMNEE T, Nb JTERE Ni H T B R

HEEWH: “Wias KAWL SRS 8HL” B Z R E KL (2019-VI-0006-0120); [ 5 H LA A 1% (2019YFA0705300, 2017YFA0700703);
FERE RSB RIOE RS (2021-PY09); T FEE - EFE S (2020-BS-007)
{EB BN 2KkH, 59, 1996 F4, 814, FEBER&BI T, T EFE 110016, Hi%: 024-83978292, E-mail: ychgail9s@imr.ac.cn



160 * WA SRR T2

53 3%

O/, T Hos B R 2, [R 38 5148 K i [
W FEEC T Nb g6 R A B S0 B 5 i 1) . ot
A, O R R — R G R AT 1 TR, A U720 A4
W Cr o3 & B, 1 MR NI RGOS FE 25 2
HA EA PR A S R M 6E, B BRAE Cr e RS &I
WHAL A Goe R Ry, A T A E SR A &
WAL UT20L0 441

XTI BE 1734 %) 800 “CHY GH4151 &4, &4t
1 Nb & G it i s & m, FIEESH—E&M C T
%, 1 Nb 5 Cg& 715k, S MC Ry, Xk
— PR AR v, A G TERR, RIRTTE JS SRR it
FER 2 G W E R RR L. IR, sSEie i@ % C
TR A BRI 7T C ou gt Hotoo R mafr s, LLRE
KA EBELREP MR RTINS, HiE—DRs
B FRE R e R BT N, e S HE AR A
AT,

1 £ I

T S B A B R 1 % 3 FPANIE] C S
GH4151 &< #5E, %5/ 90 mm>380 mm, b
C&&E (RESED 778 0.01%, 0.04%710.08%, H
fhtmEE—E, Wk 1 frn. SESHELZ%. 12
45 O EYIEL 5 mm>S mmx<10 mm /N R, XS
SIS ALGRATIEE . BULHAEREAT 3 50t R kb 2
SEaGy,  SERGALHE BB A XUE B A AL FE, BB A4k
TR v 1160~1210 °C, [AIB%A 10 °C, 43 HIARER 2 h,
A& 6 F TR Y BUT AT AR RN ] e XD
B HM BT

AT e R RIS B E )G, B
0.5 g CuCly+10 mL HCI+10 mL C,HsOH i) S A4 Ji k771
ZIphRTH, JE k] 10~15 s. B G R iM4A (optical
microscope, OM) Fl3##i T /%% (scanning electron

3MAE C 2 EM GHA151 A& HIRILER S
Chemical composition of GH4151 alloy ingot with

=1
Table 1

different C contents (w/%)

C Cr Co Al+Ti+Nb W+Mo
0.01
004 11 15 9.7 75
0.08

B+Zr \% Ni

0.015 0.6 Bal.

microscope, SEM) Xt i B éis AATT HAH T 35 2047 W
%2, FI H HLF#R8%F Celectron probe microanalyzer, EPMA)
A B RETE (SEM-EDS) X Ju 3 Im AT 175 BLIEAT 4347
Rt — Bt Ee R RITAT N, IR 20 ik
fF (OMat Pro) & <75 a2 o 1P A AT T R
PO BCREEAT VR B, OO B Oy Ni B i & .

2 SLIGLER

ROERHITE

HEid IMat Pro iHE T A4 r kR AR P e
2 (B 1O FI T3 15 & 7 B O I B (B 1b)
MNEEE 26 BT LR, AR 2 1337.7 C,
FAT RN 1168 C, g AHEOHT R EE BT 1200 C,

MC BALYILE 1302 ‘CIFFURTE L. Hodr, y M s &

M FZSRIAE, MC Btk b i m, MELLERR . K
U, AT SR BRI B AR ISR, IR
1160~1210 Cz[aldktT. thAah, R dh2k i Ak mr DR
FAGEE AL, W] ULTE B ] 5 0 A [ R O R . 7
K& 1b AT LU 2R J5 3 Nb A1 Mo 76 3 76 70 Hh ) R
T BRI N, 3 2 PR N TE B [ 3 R Hh s 2B 1m) R AR
WA E ST 7 R AR AR oK R 5,
JR A BRGNS P PR, Bk
], EREEIT IR N P BRI, BE B R0 i i
[, 2xr=A: e B AT, TERCKE A A e
BEHH EAHIIM, WS HGEAT IS T .

2.1

D
o

10} Liquid al s | K’/Ib
ke I 3 50F ...
= - N
g o8} €
OF | —_— B
S : = 30}
€ 04r = 5 ol
L : 1 s 20} Nb
g o2} = £
: , g
= = e 10t
L s} L Ti
o IR T S S T I R B e
1100 1150 1200 1250 1300 1350 00 02 04 06 08 10

Temperature/'C

Mass Fraction of Liquid

F1 0.04% C & &5 bt s h o o7 B i R A2 A AN S0 3R -0 B A

Fig.1 Variation of liquid mass fraction with temperature (a) and elements redistribution (b) during solidification of 0.04% C alloy
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Fig.2 Morphology of interdendritic precipitates in 0.04% C alloy
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Table 2 Composition of interdendritic precipitates and matrix of 0.04% C alloy in Fig.2 (w/%)

Element \% Cr Co Ni W Nb Mo Ti Al

Matrix 0.74 11.82 16.58 56.69 3.48 1.32 3.91 1.82 3.31
Area A 0.38 6.03 12.84 58.95 0.87 7.08 3.42 5.36 5.45
Area B 0.9 15.70 18.23 25.93 4.68 17.60 16.21 1.12 0.53
Area C 0.29 5.30 12.69 53.61 2.90 12.64 4.88 5.49 2.49
Area D 0.69 0.50 0.75 3.68 1.29 76.11 3.79 13.76 0.12
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Fig.3 Dendritic (a-c) and interdendritic precipitates (d-f) microstructures in different positions of 0.04% C alloy: (a, d) center, (b, €) 1/2 radius,

and (c, f) edge
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Fig.4 Elements distribution maps of the interdendritic precipitates of 0.04% C alloy
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Table 3 Chemical composition and element partition coefficient of dendrite arm and interdendrite in 0.04% C alloy

Element Cr Co w Mo Nb Al \% Zr Ni
Dendrites content, w/% 11.82 16.58 3.48 3.91 1.32 331 0.74 0.018 57.01
Interdendrites content, w/% 11.80 15.24 1.79 4.67 3.26 341 0.68 0.043 55.72
K 1.00 1.09 1.94 0.84 0.40 0.97 1.09 0.42 1.02
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Fig.5 Dendritic (a-c) and interdendritic precipitates (d-f) microstructures of alloy ingots with different C contents: (a, d) 0.01% C alloy,

(b, €) 0.04% C alloy, and (c, f) 0.08% C alloy
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Fig.6 Average composition of dendrite arm (a) and interdendrite (b); element partition coefficient of the three alloys (c)
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Fig.7 Dendritic morphology of 0.08% C alloy held at different temperatures for 2 h: (a) 1160 °C, (b) 1180 °‘C, and (c) 1210 'C
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(d) 1190 °C, () 1200 ‘C, and (f) 1210 C
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Fig.9 Morphology of interdendritic precipitates in 0.08% C alloy held at 1170 °C for different time: (a) 4 h, (b) 8 h, and (c) 16 h
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Fig.10 SEM images of 0.08% C alloy held at 1200 °C for different time: (a) 4 h, (b) 8 h, and (c) 16 h
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Fig.11 OM (a, b) and SEM (c, d) microstructures of 0.08% C alloy after one-step heat treatment (a, ¢) and two-step heat treatment (b, d)
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Solidification Segregation Behavior and Homogenization Heat Treatment
of GH4151 Alloy

Gai Yongchao', Zhang Rui', Zhou Zijian', Lv Shaomin®?, Cui Chuanyong®, Qu Jinglong?®
(1. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. High-temperature Materials Division, Central Iron and Steel Research Institute, Beijing 100081, China)
(3. Beijing CISRI-GAONA Material and Technology Co., Ltd, Beijing 100081, China)

Abstract: GH4151 alloy is a new type of casting and deformation superalloy of turbine disk with the temperature bearing capacity up to 800 °C.
The alloy has severe elemental segregation during solidification, and main segregation elements include Nb, Ti and Mo. Meanwhile, the alloy
contains a large amount of element C. In the late stages of solidification, due to the enrichment of elements in the residual liquid phase, a large
number of harmful phases, including (y-y") eutectic, Laves phase,  phase and MC carbides, precipitate between the dendrites. The influence of C
content in the GH4151 alloy on the segregation elements was investigated. Result show that increasing C content can reduce the segregation of Nb
elements between dendrites. In addition, with the increase in C content, the dendrites become more developed and the interdendrite area decreases.
The effects of homogenization heat treatment were studied at different temperatures from 1160 °C to 1210 °C. The melting points of (y-y") eutectic
and Laves phases are about 1180 °C, that of # phase is about 1200 °C and that of MC carbide is higher than 1300 °C. At the same time, it is found
that the 1170 °C/16 h+1200 °C/8 h double step homogenization heat treatment can not only eliminate the segregation in the ingot, but also avoid
the holes caused by the overburning of the low melting point phases, which makes the billet more conducive to the subsequent billet deformation.

Key words: wrought superalloy; solidification segregation; harmful phases; homogenization
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