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Table 1 Chemical composition of GH4720Li alloy (/%)

C B Co Cr Mo Al Ti W Ni
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Fig.1 Morphologies of GH4720L.i alloy with different characteristic microstructures: (a) A, (b) B, (c) C, and (d) D
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Fig.2 EBSD images of GH4720L.i alloy with different characteristic microstructures: (a) A, (b) B, (c) C, and (d) D
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Fig.3 Morphologies of primary y' of GH4720L.i alloy with different characteristic microstructures: (a) A, (b) B, (c) C, and (d) D
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Fig.4 Morphologies of ternary y' of GH4720L.i alloy with different characteristic microstructures: (a) A, (b) B, (c) C, and (d) D
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Table 2 Characteristic of grain and y’ phase of GH4720L.i alloy with different characteristic microstructures

Microstructure code  Characteristic

Volume fraction of primary y'/% Average diameter of primary y'/um Average diameter of ternary y’/nm

A Uniform fine grain 18.9
B Local mixed-grain 18.1
Cc Mixed-grain 18.6
D Coarse grain 0

1.43 37.2
1.32 39.6
1.34 41.3

725

Bl 4 AP =Ry TSR, HEZLA. BRIC
[ =K y A RANFI A3 A 2500, 2148 D [ =K y AH RS
HEKTHL A BFMC, NE2aTUAEH, H4LA.
B. CI—RyMFHR . SEUL=ZRyHFER
SPREARIE— AN 4141 D AR R Ty R
W, —k yMEeBE, SESEAS yHEAE
R AR, =k p AH B LE A OB e R TR BE T A%
RICAZ, W HAER ST R T, WA Al 5
Ti JRFHEES R AT 8, ART KR,
13 =W MR KT AT 3 Figlgl. DLk 4 Fhizl gl
ekl — I AP RS R H DL R =k y A
(1)1 35 ROST BRRAIE L3R 2.
2.2 4F{ELHLART GH4720LI &4 650 CHIREAEAY 2T

ANEEEZH 21 GHAT20LI & 478 650 C T 4
PERR W 5 From. ML R AT LUE H, HH A~
B—~C—D, 650 CHihs [ i/l RIER &S, B
R EEY, AP B MY EIgn AR A pihi flE
IR FEAH 2, (B SE AR 2 AT B FEAIC CREAIS T 5% 24D

H CHHL B AL, b AJE Miom B R (FRRey
50~100 MPa) , {H¥EMHAHY; 2041 D 54 A d,
Honpr i 2, 5440 A MR ERE(KZ 300
MPa, ZE {2 BEAK 10% 70 45 .

mEim A SN RE S R E VMG, WA RAIE
BWIPHAT, SRR, R, ARl BE R 0 Hh
T, Ge R . A0 SRR R
o B ) TR B, AR M RS DR . R R
A, FPAATRN R Z , AR [RIRE A8 TE & R] A
SIHEIE 2 bR, PR AR A A TR AR AN 23 3 Rk
JRy BN 70 BE SR, R RS AR AR R, TR
I BT R S

A A NBEIE, A B UGN NE, ZHlE
DAEH L B PAFTERU/D R &, WK 1b, (HIXF
A BAAE S, WE 2b, B TRENFE, &
BE PRI, (Hl T4 B kL A AR AE
i, TR A AR R 3, I A S AR 4 6
PR AR, T4 B MsRE 5440 A Y.



FEoH AL, RS LUE GHAT20LI &4 mniR 1 RE R R

* 3283 -

P 1c fpE 2c AT dn, A4 B 5441 C ALk, H
L &m A AEAE AR T, XOIFE T B NJmERiR
iy HAZCONTEARE, B SA & A BH &
it e, GEmERIK. H5H8 DML, mT4
L DANTAENME, BEAKAELETRR, S8EE
58 FEE R R IS
2.3 4H{ELHLANT 730 C/530 MPa # A& 14 AE BRI &2 10

K 6 NAS R AE L2 GH4T20LI & 4:1E 730 C
/1530 MPa N REATERE. ATLAE Y, B f b ST
B, FEA KA BREORKES, MR RS SR
B, FEAFWIMHEIEIC, FABEHE TRE. A5 A
AL B e A F e A AH Y, 11 ZHZR B 198 PERK 4F
THL A, FTRLA Y 2SR & AT E A B b, R
b N G & R AVERERE AN K B ZE R IR/
ALED, M AR ZH S AR IR 2 R B O, X R T
PR EE RN . TEEENESESMMA4 DK
FEA TG = TS AR B, MR E, X5
I T 5 AR K.

7 3 HINAEIH L GHAT20LI 44 730 C/530
MPa [ FRE AW HIES . MEMIES ERT LA 4 A
) 2H 2 ) T s S SR O AR, R 4 A
. FrAW OE RS SEM A ATLE S 4 R4l

1600

Strength, o, ¢, ,/MPa
= =
8] S
o o
= S

=

o

o

o
T

800

>
Wt
(@]
O

= e e
o N
T T T

Elongation, &%

~ o o©
T T

A B C D
Microstructure Code

KI5 ASFHRHEH L% GHAT20LI 454 650 “C i {1 Bt (1 52 i

Fig.5 Effects of characteristic microstructures on tensile

properties of GH4720Li alloy at 650 °C: (a) tensile
strength and (b) elongation
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Fig.6 Effect of characteristic microstructures on stress-rupture

property of GH4720Li alloy at 730 °‘C/530 MPa:

(a) stress-rupture life and (b) elongation
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Fig.7 SEM fracture morphologies of stress-rupture samples with different characteristic microstructures at 730 ‘C/530 MPa: (a, b) A,

(c,d) B, (e, f) C, and (g, h) D
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Fig.8 Effects of different characteristic microstructures on stress-rupture life (a) and elongation (b) of GH4720L.i alloy at 680 ‘C/830 MPa
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Fig.10 EBSD images of fine grain stress-rupture samples under different test conditions of 730 ‘C/530 MPa (a~c), 680 ‘C/830 MPa (d~f);
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Fig.11 Schematic diagrams of high temperature creep
deformation mechanism: (a) grain boundary sliding

and (b) intragranular deformation

Kb, e NRBFEBHEE, Dy, N AET¥ HE
, G NUIERE, b MARKE, K AWRESH
B, d NEKER, o NINNMNTT, H NE L

AIRLUE M, Fad AR R S gk R U L,
FLERAN /)N, R AR T A R, R UG 3 A 77 i B o ok R
PR nEE n. BARAL B RS 10% 75 A5 1 R
FLdw, HIELEAFMSHS ALARME, WHAZ B
FEZ M GBI A A D BT R AR
fiK, MWEEBHAL, RAMREE.

f£ 680 ‘C/830 MPa {1 NV T H b N AL T
F5, WE 11b, WAL b T Ok N R
W ERRDRSHEN, IR KRR, RERE T B I
BREBZ, RPN IJHEA N, SRR T
51, T H A d R AR TR R E A 5, AR S
FEAERLL, R T RN BN ER,
BN BTN Fa S IR R S N )y R amkL
RSTEE 2 a5 # ) R SRR ia P

Gb ,o—0,—kd™?

s AD 2R (T =G KA yus 2
¢ KT G ) @
N, ¢ NRREBIEDHER, D NV EUEE, G NUIAR

Big, bAMHRAE, KABUREEFEH, dNRE
&, o NAMIRL T, ARNERL oov kNS MKRA
REVH AL

MR Q@) AE B, BEE SRR B, A2
SIS E AR, KRR ATt . 15T
THHR A, B FAKGmHE, KRS HIIF R
ANEREIG M, TR R REAR, C IIFF A ar R
THAMmE, AL D R R R, SHERIK,
FEANEREI R IR 22« (AR VE R AR BE A MR R 1 AR

e, R AFE A AZAL AN T 730 "C/530 MPa & A
RIS, U BZ 2 AE T P R A M — B AT AL
i, mAEBRA R

3 & it

1) BEEHH &P S EC IS N, GHA720LI & 41
650 °C P 5 RN i IR 5 FE I BR AR S A R
i TR AR ZHZY, AN RS E E R AR R, PUbom B A S
ke 5 FBE PR M AR /N, T KL G T o B R, R
HAAUK TN E, A4 GHAT20LI 58 FE B PR

2) GH4720Li & 47 730 ‘C/530 MPa 414 T (148
TEHL 32 B FORS I I S AL, e A 25 i Bl R
JIT o5 BRI (386 T A v, RSO R PR A A R AT
RS aH AR, KT DU SN ERR AL S8
R RSHIERES, T4 &R 2 RIPEL, i & &
FeAFF i TR

3) GH4720Li 4 680 “C/830 MPa =il KN 77
FAE T AR TSR UG AL R N T, FEA T A
I 5 KL T o B Bl 3 I BRI, S v iR R R
XK. @B B R —EEH, 413 o &N F
(1R o 2H 2R A 5 o TR B TR S K o

&% ik

[1] Torster F, Baumeister G, Albrecht J et al. Materials Science
& Engineering A[J], 1997, 234-236: 189

[2] Kan zhi(f &), Du Linxiu(#:#£5%), Hu Jun(f %) et al.
Journal of Northeastern University, Natural Science(Z 1t X
AR, HARRHEM)[I], 2017, 38(1): 46

[3] Marchionni M, Osinkolu G A, Onofrio G. International
Journal of Fatigue[J], 2002, 24: 1261

[4] Sczerzenie F E, Maurer G E. Proceeding of the 5th

References

International Symposium on Superalloy[C]. Warrendale, PA :
TMS, 1984: 575

[5] Kan zhi(f &), Du Linxiu(#:#£5%), Hu Jun(f1 %). Rare
Metal Materials and Engineering (% & @ #1 8 5 T.12)[J],
2016, 45(2): 363

[6] Bi Zhongnan, Qu Jinglong, Du Jinhui et al. Procedia
Engineer[J], 2012, 27: 923

[71 Chen Jie(I% 7%), Yang Qingxiang(# K #£), Zhai Ruodai(#
#1%). Information Recording Materials({5 B ic %44 #1)[J],
2020, 21(10): 14

[8] Wang Tao(F ¥), Wan Zhipeng(J3E M), Li Zhao(ZE %)
et al. Acta Metallurgica Sinica(4:J& 2%#)[J], 2020, 56(2):
182

[91 Wang Qingzeng(E 1), Shi Lei(fi %), Tang Chao(J#



FoH JE

% RSN GHAT20L

B &R ST R R 3287 -

it#) . Bao-Steel Technology(E 4M 35 A)[J], 2020(3): 62

AbFE 223 [J], 2020, 41(8): 173

[10] Huang Ke(¥ W), Liu Jiang(Xl L), Tao Yongde(Fd 7k ) [19] Kan zZhi(#® &), Du Linxiu(#:#k55). Transactions of
et al. Transactions of Materials and Heat Treatment(#1} Materials and Heat Treatment(#4 R} #v kb £ %2 #:)[J], 2016,
b 22 4R)[I], 2019, 40(1): 141 37(8): 84
[11] Kan zhi(# &), Du Linxiu(}:4k55), Hu Jun(i# %) et al. [20] Sun Yaru(¥hHEZi), Sun Wenru(#h3Cf%) , Guo Shouren(Ek <
Hot Working Technology (#in I. 1. 2)[J], 2017, 46(2): 67 1) et al. Transactions of Materials and Heat Treatment (#4
[12] Zhou Ge(J& fif), Han Yinben(i# 5 %), Qu Jinglong( i & J2) R HL B 22 [J], 2013, 34(3): 50
et al. Journal of Northeastern University (4 4t K2 247 [3], [21] Qu Jinglong(Hfi# /&), Yi Chushan(% Hi1l), Chen Jingwei
2012, 33(5): 702 (Mr3%4%) et al. Journal of Materials Engineering (44 %} L.
[13] Wan Zhipeng(7J & M5), Wang Tao(E #), Sun Yu(¥h %) et al. #£)[J], 2020, 48(8): 73
Acta Metallurgica Sinica(4x & 2=#k)[J], 2019, 55(2): 213 [22] Yan Jian(E #), Tang Chao(F i), Bi Zhongnan(E:H i) et
[14] Pollock T M, Kissinger R D, Bowman R R. Superalloys al. Heat Treatment of Metals(4:J& # 4t £8)[J], 2016, 41(4): 150
2000[C]. Warrendale: TMS, 2000: 415 [23] Nai Qiliang(fH /& %), Dong Jianxin( # # #7), Zhang
[15] Torster F, Baumeister G, Albrecht J et al. Materials Science Maicang(7# ). Rare Metal Materials and Engineering
and Engineering A[J], 1997, 234-236: 189 (W & @A kLS TFE)[3], 2017, 46(10): 2915
[16] Keefe P W, Mancuso S O, Maurer G E. The Minerals, Metals [24] Ma Tengfei( 55 %), Li Yuli(Z=5= /1), Zhou Xuan( &) et
& Materials Society[J], 1992, 415: 487 al. Rare Metal Materials and Engineering (%5 & )& # Kl 5
[17] Yu Qiuying( T # i), zZhang Maicang( ik # ), Dong TLFE)[J], 2020, 49(1): 201
Jianxin(Z & #7) et al. Journal of University of Science and [25] Qu Jinglong(Hi#E), Du Jinhui(#t4:#%), Bi Zhongnan(t:
Technology Beijing(b 5T B} 4 K % 224k )[J], 2013, 35(6): F#4) et al. Journal of Iron and Steel Research(874&k 1 7t 2%
763 #)[J], 2012, 24(2): 49
[18] Wan Zhipeng(Ji & M), Wang Tao(E %), Li Zhao(Z %) [26] Lasalmonie A, Strudel J L. Journal of Materials Science[J],

et al. Transactions of Materials and Heat Treatment (#4 #} #

1986, 21: 1837

Effects of Mixed-Grain Microstructure on High Temperature Mechanical Properties of
GHA4720L.i Alloy

Tang Chao™?, Cheng Shijun®, Qu Jinglong*?, Zhang Long’, Du Jinghui*?, Zhang Ji*
(1. Central Iron and Steel Research Institute, Beijing 100081, China)
(2. Gaona Aero Material Co., Ltd, Beijing 100081, China)
(3. AECC South Industry Co., Ltd, Zhuzhou 412002, China)
(4. University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The effects of the mixed-grain microstructure on mechanical property of nickel-based superalloy GH4720Li were studied by optical
microscope (OM), field emission scanning electron microscope (FE-SEM) and series properties tests. The results show that the tensile strength
and yield strength of structure B (partial mixed crystal+primarny y’ phase) at 650 ‘C for specimens are reduced compared with those of
structure A (uniform fine grain+primary y’ phase). The tensile strength of structure C (completely mixed crystal+primary y' phase) drops rapidly
with the increase of volume fraction of coarse grain. Furthmore, the deformation mechanism of superalloys at high temperature is not the same
under different stress-rupture test conditions. Under the condition of 730 “C/530 MPa, the stress-rupture life increases with the increase of the
volume fraction of coarse grain for the reason that grain boundary sliding mechanism plays an important role. While the major deformation
mechanisms is found to be dislocation gliding under 680 “C/830 MPa. Therefore, the stress-rupture life decreases with the increase of the
volume fraction of coarse grain. Under this condition, the specimens with local coarse grain and fine grain have the best stress-rupture property.
Grain boundary sliding also have certain effect under the condition, which results in not obviously reduction of the stress-rupture life for
specimens mainly with coarse grain.
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