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Fig.1 Initial microstructures of GH4151 alloy: (a) grain microstructure

and (b) precipitation phase
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Fig.2 Flow stress curves of hot compression of homogenized GH4151 alloy at different temperatures: (a) 1060 C, (b) 1090 C, (c) 1120 C,

and (d) 1150 C
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Fig.3 Hot processing maps at different engineering strain: (a) 15%, (b) 30%, (c) 45%, and (d) 60% (shaded regions are instability domains of

deformation)
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Fig.4 Typical microstructures at domain with good workability (1090 ‘C-60%-0.1 s™): (a, b) FESEM images; (c) coupled EBSD/EDS result of

recrystallized microstructure

Ja y RIS 5 AT ATAH EE N, a0 4a frs . X
& TG o AR A Ak 3O, T DAt 3 B R 4T
SEE A SR IR AL E AR EEY, SRR b
gL, ik 4b o, AT ORI R p AL B p i AR
NANTREG ROST/N 01475 RS 300 nm, X R BIE

PRI FR R A KB A R A, TE7KYS 5 b
o yHBT ) p oA RATRE AR, X p AHEA
ISR AEE— B MBI, Sy B & 4R y MR
BOTER, EREEREDHS R ER K. Ji5h, 78 9,
AR, o] R I4H /N ) P 45 gkl (DRX grain) ,



%1

A BT RN T E RIS GHA151 & SRR TAT AR +249 -

Kl 4b B TR FTR . At — P o T H URRE, EiT
RETE AN & EBSD 7 AN R ZH ST b, B T REIEE
BOrE i, R B IRAIAR, WA 4c Fs, B 4c
B p . TTLARILE 1090 C-60%-0.1 s 41+
T, BIRMREEARRA T R, I H A S
R RN 5], SFRSE 535 ym, 5 R
231 um) R 1 NMEH.

B HLA SRR, ELEXABRAERES, oy
R E W BEERAR T, BAR N KRSy, IR
TE ' ) AN P8 ik (& 4b) [tk ph
AR AR TEAFAE B R R o Dt — 30 4 My V38T 41 ]
y IR, B AR RS EBSD Uik, A E i, R
PO IR I AR . SR o P Em 227 8 (kernel
averaged misorientation, KAM) 4 #0745 i 43 A 4T 9.
1P 5 i 1090 'C-0.1 s ANFRIZAEFE & 1 B IR A4S 1A 11
KAM [, |85 H 8O X80 yiiH. Bl 5a s N K &
N 15% 1) S5 A T BOAL T B BEAr A RRAE, o A £5 X S Ar

R RAC, JFEA KRR RRR, RPRET
W A f e A R0 DO B 2 P s, JF LA
ar e [ AR D, RIIMAR TS b, PR
AT AT T MRS S G OLEEAT 2047, A&l Sb s, W]
FE ply' PR ST L2 2 B 2 A AL HERR, 2R H] A BEHAS AL
#iazl, Wk sb Tk . RN AT ply ' HE S A0
SR/ P RIEAZ, 0 Sb HHETkTR, RH oy,
FHFHIH T AR AR R RO F A AL B . BT
Ja i T T e B X SRR, AT S P 445 R
K 40 Sb (1 1 E B X IR, AT UL P4 i e R )
ARG XN, (H i ETFLE RIS T &5 ais
. AL T A R

BEEALTL RN, HaERERIRTT, Kl 5c O 30%
AR AL, AT LU BURHE ) X S22 SEHL T 45
BE—B L, [RIRERTAE pfy 'R ST SE 2 240/ 1 145 5
A%, Wl 5d MG kfs . P RELE, 1£ 45%
S 60% LRENAL T, ERIRAE ply'AH FF T A AT) A7 A5 s i HE

5

K5 RETARNA R FERAL KAM E (1090 'C-0.1s)
Fig.5 KAM maps of microstructures deformed at different engineering strain (1090 ‘C-0.1s™): (a, b) 15%, (c, d) 30%, (e) 45%, and (f) 60%
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Research on Hot Deformation Behavior of Homogenized GH4151 Alloy
Based on Hot Processing Map

Wang Fa, Jiang He, Dong Jianxin
(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Superalloy that can serve above 800 °C is urgently needed for the development of high-performance aero-engine turbine disk.
Increasing the content of y’ phase could significantly improve high temperature machinal properties, and GH4151 alloy is the typical representative
of superalloys with more y’ phase, and its y’ phase content is about 55% (mass fraction, the same below). Besides, GH4151 alloy could serve at
800 °C and presents a broad application prospect. However, the higher content of y’ phase also increases the difficulty of deformation. Cogging
process of the homogenized ingot is an important part in preparation of turbine discs. However, there is still a lack of systematic research on the
hot deformation behavior of homogenized GH4151 alloy. Therefore, the deformation behavior of homogenized GH4151 alloy was studied by
isothermal hot compression test and hot processing maps were established based on flow curves. In addition, FESEM and coupled EBSD/EDS
methods were utilized to analyze deformed microstructure. Based on the results of hot processing map, the domains with good workability are
1060~1090 °C, 0.1~0.2 s and 1060~1070 °C, 0.1~1 s™. A large amount of primary y’ phase (y%) in initial structure hinders the movement of
dislocations to promote recrystallization, and pins the grain boundaries to refine the grains. An increasing deformation strain contributes to a larger
instability domain. The main form of GH4151 alloy deformation instability is that the tensile stress at the bulging zone of deformed sample
induces cracking of grain boundary and y/y’i phase boundary. Increasing deformation temperature and deformation rate will promote cracking.

Key words: GH4151 alloy; hot processing map; y’ phase; hot deformation
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