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Table 1 Chemical composition of GH4720L.i ingot (/%)
Cr Co Mo W Al Ti C B Zr Ni
15.79 14.89 2.95 1.28 2.45 4.95 0.016 0.013 0.03 Bal.
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Fig.1 OM (a, b) and SEM (c, d) images of GH4720L.i alloy
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Fig.2 Quenched microstructure of GH4720L.i alloy at different temperature: (a) 1130 C, (b) 1140 °C, (c) 1150 C, and (d) 1160 C
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Fig.3 Microstructures after homogenous heat treatment: (a) OM image and (b) SEM image
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Fig.4 True stress-strain curves of GH4720Li alloy deformed at different temperatures and strain rates: (a) 1060 ‘C, (b) 1100°C,

(c) 1140 C, and (d) 1180 C

a=pIn, 2
BB E — &, a0 (D B, R)E4E
In(&) A Ing 8]3R4, 73345 2 p A1 ng (RIE K

_a(Iné)
= Eym |+ (3)

_o(ng)
Y a(lno) lur )

B REIERE Q 5RMIRE T X, X (1)
W3, BN AR — 2, il s v LSRG AR B
BoE e Q &KL

dlnég olIn[sinh(aoc

Q:R{aln[sinh(aa)]}*'{ E?(l/'l(') b, (5)

RyEE 5 th&k a4 R, 7l LA3k4e GHAT20LI &
&) p Mg, FFIFEH « K 0.0077.

R HE BB a {570] EL3EAS oIné - dIn[sinh(ao;)]
AirolInfsinh(ao,)]-0Q/T) [ R M2k, Wik 6 frx. R
# (5) AT LATHAE R GHAT20Li & & a4 IR JE
oy 1060~1180 C 1M ASH %Ay 0.001~1 878 R4S
W e Q=1171.81 kJ/mol.

Zener fil Hollomon™42 1 7 Z ¥ &, Hys
BRI AME R N AR R S W RH InZ ok
IR AR TR i P A N AR R G R R AR AT N B A AE
., H Arrhenius Fis N

Z =¢exp(Q/RT) (6>
siaWh 2, Z v RRN:

Z = A{sinh(Bo)}’ (7
X (7)) BT 45

InZ =In A+n-In[sinh(ao,)] (8)

W Q. T A & AN K (6) o, w
W Z . REREX (8) 3k InZ 5 In[sinh(as,)]
AR Z&, W 7 s [RIRFERTS T kL & GHA720Li
HEMAM TN (9) FiR.

&=7.91x10"exp(—1171000/ RT) - [sinh(0.00775)]*° (9)

ER A S AR R A RS S, Rk
WARTAT N S AT EOG R E VMG 5 IN718 M
Waspaloy 5883 i & & AH L, GH4720LI &4
BAHE SRR BOERE, R GH4T20LI & &2
e s R, A, S540 5 GHAT20LI &4 M, #



%1

WA HLAD GHAT20Li & G VR TRAT 9 5 5l TR 45 ks s

° 205

500

400 |

4 » o n

300 |

200 L

100 L

O 1 1 1 1
064 066 068 070 072 074
TYx10°%K?

K5 GHAT720Li & 4 U fE L 7 55 R0 AR 3 22 R BE 2 TA] B 5K 3R
Fig.5 Relationships of o, versus In¢ (a) and o, versus 1000/T (b)

[ ]
m 1s! b
3r 2L @ 015
) A 001s!
= v 0.001s"
g gl
£
2 of
£ 0r
©
1k -1+
-2

odlng

_2 L Il Il L
1 064 066 068 070 072 074
(T x10% K™

K 6 GH4720Li 44 0Iné -dIn[sinh(ao,)] 1 dlIn[sinh(ao,)] - 0L/ T) 3 £ i £k
Fig.6 Results of curve fitting: (a) 6ln & -0In[sinh(aay)] and (b) dln[sinh(acy)]-0(1/T)

110

n=3.896

Q=1171.87 ki/mol
105 -

100 -

InZ

95+

90 |

85 1 1 1
-2 -1 0 1
In[sinh(aap)]

7 GH4720Li &4 InZ 5 In[sinh(agp)] 2 [8] ()55 &
Fig.7 Relationship between InZ and In[sinh(asp)] of GH4720Li
alloy

mn R B A B R MR BGE RS, RUYIIRHSTEE
K HAE T O A R T AR R i, X 3 R R,
MEHPERNRE LR, GEZ &SRR,

] BN B8 8 R B 245 P 45l M TR AR L B8 2 R TR %A
DRI, 30 o ) AR TR 80T R SR WML GHA720L0 & 4>
BABEN#HIN T

AN TR AR T I RN B AR T 2 T AR T A 2 G 1] 8
Fin. ATULEHMEBRERRET, &AM REE,
[ BN E i br P 5 kA B DD AR, T R v I N T B
MEFERMEEX BRI RAEKK, BEERER
T v R S R ) BEAG,  BhAS I 4G o R T
fEmT 1140 CHIBGKASFZHLE M, £ 1140 C,
0.001 s & fF FRAEEETL MW, A& R
R~} A 50 um. 7 1180 C, HEMNA MR R, TEE
AR SEA 5 o T, T S 2R ) TR bR VR it 2H 21
NS (0.01 s KA T BRI 3h 45 15 45
i AR SRR AN 50 40 A, AR AE BN B S I AR
FEKKIR. 161180 C, 0.001 s 44, KB T
TEAREMRAL, HTRENZRRE, Hak R
L F) 150 pmo MNFERZNE A RAE R K, %6 &H
ZIIX A A FH 40 C.



+ 206 * Wl B ARHS T

49 %

T RENS ELUL A ML ZL R GHAT20LI & 448 AR AR
T AN AR R T IS B4 AT N, Sl T EhA
e mE, w9 . T LA H AV IR R Bk
E B HARXE, MELVIRLNT S, 5 H
SR DAL, IR TE m R T S A A R ST R
AR KRB =, 304 4l K ORI T 3l 2 4% .
K, GHA720Li & & JFWRIREE N =T 1140 C, FFH
g T, B ORI R AR

Y AEXT T GHAT20LI & & f ki 3% il B B 25

1s? 0.1s*

1060 C

100 ) pm

1100 C

lOO_um

1140 C

1180 C

&8 GH4720Li

W, AN AT EE R AR A ] 10 PR .
AR T MR MR FE LN 22T, /A 35 50 43 A A8 2R AR
W, BEAE R T KA SR, FERIA Y
AH RS 98078 DL B AR AR 43 BB AR, 24 I B = Ty A T A
WS (1180 °CH, y'AHRAEMNE MBI .y AHRE
0 H1) s S TR A e 3 T A ) R KK, RIS Al A
41, 41 1140 °C, 0.001 s &5 f 41 43 Ktk GH4T720Li
G &G KRBT —BAE y+y M X WA T, DLk
27N ok 2 21

0.01s* 0.001s*

100 fim 100 pm

dl

100 um

o < T AN ) AR T i FEE D B2 A% S % A AR T L 2

Fig.8 Deformation microstructures of GH4720Li alloy at different temperatures and strain rates
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Fig.9 Dynamic recrystallization map of GH4720Li alloy
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Fig.10 5 phase evolution of GH4720Li alloy deformed at different temperatures and strain rate of 0.1 s™: (a) 1060 ‘C, (b) 1100 °C,
(c) 1140 °C, and (d) 1180 C

500 pm

Bl 11 GH4720Li &4 7E 1140 CAFMATH N 1) EBSD K
Fig.11 EBSD maps of GH4720Li alloy deformed at 1140 ‘C with different strain rates: (a) 1 s, (b) 0.1 s, (c) 0.01 5%, and (d) 0.001 s™
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Deformation Behavior and Dynamic Recrystallization Characteristic of Coarse
GHA4720Li Alloy

Ma Tengfei *, Li Yuli !, Zhou Xuan , Zhang Yusheng *?, Zhang Pingxiang *
(1. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
(2. Xi’an Rare Metal Materials Institute Co., Ltd, Xi’an 710016, China)

Abstract: To study the fogging of GH4720Li nickel-based superalloy sufficiently, the hot deformation of the homogenization heat treated
GH4720Li was carried out on Gleeble-3800 hot simulation experiment machine, and the microstructure evolution during high temperature
deformation was also analyzed. Results show that the flow stress of GH4720Li at 1100 <C/0.1 s is about 250 MPa and it is sensitive to
the deformation temperature and strain rate. Dynamic recrystallization is the main softening mechanism. Coarse grain improves the critical
deformation temperature and strain rate for dynamic recrystallization, and complete dynamic recrystallization is obtained at 1140~1180 <C
under strain rate of 0.001 s™. The thermal deformation activation energy is calculated as Q=1171 kJ/mol, and the higher thermal
deformation activation indicates that the coarse grain is detrimental to hot workability and dynamic recrystallization for GH4720Li alloy.
It is revealed that forging temperature for coarse GH4720Li alloy is determined above 1140 <C, and low strain rate is necessary to ensure
the occurrence of dynamic recrystallization and dendrite broken.

Key words: nickel base alloy; hot deformation; processing map; dynamic recrystallization
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