Es2 Hi10M
2023 4 10 A

HARERMBSIRE

RARE METAL MATERIALS AND ENGINEERING

Vol.52, No.10
October 2023

Mar-M 247 & & & im hr R BT R AL B9 SR AR 52

) &L R, AVEIE 2, A, R, L, kel

=453,

s R OF!

(1. WK% MHERI%E TR, WL fiil 310027)
(2. BUNRERSN IR AR AR Fedts) hut sk, Wil HisH 310022)
(3. WL K% TN, WL s 310027)

o OE: FMRA SRR SR BT AT T RIS R S & Mar-M247 fEE R . 400 5 760 C i A2 i 3h

AHY

SUHA AR RN AL R R, E=IRF) 760 CIEE A, Mar-M247 & 4 10 JE IR B 5 B b om B2 BE IR B 1Y

Theng A N, BEEERA RS BREARMERES, IHEELIERA: 400 1 760 CEALALME, RAERE S W
H B A7 AE D B Ry o B ELRE 1 5, 5 SR I L IR JE W AR Ak, R BUATINE @ . S MMR g
T EORIR T A IR P AL BB R, PN A A DR AL R R T TR AR PR AR L

KBEIA: Mar-M247 &4 JRACR; AIUHA; MR

FEEDES: TG146.175 XHERARIRED: A

XEHS: 1002-185X(2023)10-3442-10

Mar-M247 & — R8s sl a4, TR
SRR ERE . PUELE DL R RIFHISIEYE, 2
FAAE T RS EE ML & R IR e i Fy, AT 7E & iR & &
TR, Mar-M247 &40y F R o
5 62%!!", SRRLPYIG p SR ALK RLE d FEAT H AN 4
VRER MoysCo BRAYIIG I8 T Mar-M247 & 4 1) = i 3
EET, (H Mar-M247 & & B HEBEARR, ZEE
1000 “C ¥ [l N # R I I i R AN I 10%, 7E 760 ‘CHY
MR I 4.7%%, FARTFEEESR TR, 5
HiE R SRR A SML, Mar-M247 5&5HE
W ORI HE, T W A HE B0 MC BRI T T
. X Mar-M247 & &Moo, fatkr mc R
WAy SURREBUR, ARG AL JE A e i kil
SERIN TR AU =N =

HiT, BRI Mar-M247 & 40T 5t F B4
FEALZE RSy < 53 RN AL B T2 1A Ak DL R R s
S5, AR SR BT A SR AR AT NI R
M 60 W7 8 2L o) PR AR A R o 5 VORI F v UL
R AR #%2 7 Inconel 740H & 4 7E 750 °C JE A7 hii i A8
B R ML A S5 RLE, RIEERTS T
BEMGT, FEIRLE 5 NS A A R
FEASENEE R X} Inconel 718 & &t (TR Fif 5, K

i HEA: 2022-10-12

I, T L o) o e 5 ) T o 2 et T R S T
Wi, mFFe R e, AT BRI AT Sl
TV 68 S B AU B ZE o AR T 2 K R0 2
MRS H A ¥ RBIRARIGR BT R, BTN
ROy RIS MRMERET L. MR dr VP AL
T & X EE A, Bk, AN Mar-M247 &
S fi Al I R AR O AL A S R AR AR, SR B TR
MALE S R R, THILBEBEAEMATERE,
Xf Mar-M247 & &M (2 R B R EE .

ARTAER A EA iR G, daafias, it
Mar-M247 & & 47 =i 5w b e, 76 f
TR R AW SR G S AE IR B 5 R EAE R T R 4
SUEAR I R DA R G SR, A s Rk
B 5 IO 5 ¥ 22 TR PR 0K 2R o
1 KWAE

WE ) Mar-M247 & &8 HAZ 15 mm #9300,
HAmn R 1. 5E&MHRGHE T2 SR E
(HIP, 1185 C/3 h, JEJ1=150 MPa) +[& & b ¥
(1185 “C/2 h) +HF AL (870 ‘C/20 h), FHAH[E ¥
Aib P 5 I 2 AL R R V4 A0 7 IS R R IR, A R
5 R A Y .

HEWME: WiiLa “OE” FRBECHRITHE (2022C01118) 5 WLA A EHERESE (LR22E010003) 5 Wiil44 &3 ARHIT L 45 9% % Tl

%4 (2021XZZX011)

fEEE N X W, 5, 1997 4, Wi, WL RFMERES TS0, Wil A 310027, E-mail: mse_livhao@zju.edu.cn



10 )

X VS Mar-M247 & & ey b i W 2L i B AL iE S

- 3443 +

JE AL P AHREE R~ 1 s, R IEI BBk X 3
NP X, b5 RN I, TR E iR
fef et 2 o T DA A7 5 ) 08 2H R i AR DA R R Y
AR . L UIEIN T RE G, i A AR v 4 A0 2
AT W O, SEH SiC i 4R(4004~2000#)HF & i
B, 60 IRAE DU R — 5 AkE (0.3 um) A
J B SRS R HEAT . K IOEE RS 3 g
FeCl;+4 mL HCI+6 mL H,O RTINS
Tt o PR A ) B G AL S R RN ST

S5 Bt FH A A B A R R B8 v A% TR S
A VRGBS, R 25 E 22 35 7F TESCAN S8000 14
HLBE T, AT S B AR O R v e AU . R R
BEAGARE R R, Wi #vE T Or T BOg g
A, FEAER R H bR S PR 30 min FREEAT R A F7
At o e K B IR B 4y ) R R D E R . 400 AN
760 C, hifREZFELI AN 1 pm/s; MRS 2, ATL
I8 T 387 125 K SO R 1) H b XA AT LR

2 KWHER

2.1 FRERLIEEER

Kl 2 S Mar-M247 & 4 b i #4251 B Rl
gl N BB A aT LU H, 76 bR vk A b 31 2% 1
T, BEMALUMH KW &, &R R R
0.6 mm, A/NAERR SIS 2 mm. &5 B
AU BRI Moy Co BUBRAL Y RN 1) MC ZY B Ak
W, RIS deoRL A R B T ORI MC B ER ALY, N
Bl 2b fior. & Gt i) & &8 5.0%+0.2% (T
3 E0 .

Kl 2d H1 2e 9 2 PB4 EDS el . MC Bibx
W) W, Hf 1 Ta P& &R S, HBHE N (W, HE,
Ta)C(MLE] 2d); MyCo B H Cr & & m (L E

Fz1 NEHA Mar-M247 5 ERLERS
Tablel Chemical composition of Mar-M 247 alloy (w/%)

Cr Co w Al Ta Hf Ti Mo C Ni

8.40 10.00 10.00 5.50 3.15 1.40 1.00 0.65 0.14 Bal.
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Fig.1 Dimension of the in-situ tensile specimen
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Fig.2 SEM microstructures (a-c) and EDS spectra (d-e¢) of Mar-M247 alloy after standard heat treatment: (a) grain distribution, (b) grain

boundaries and carbides, (c) y' morphology; EDS spectra of carbide MC (d) and M>3Cs (e)
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Fig.3 Engineering stress-displacement curves of Mar-M247 alloy

during in-situ tensile test at different temperatures (a); ultimate

tensile strength and yield strength at different temperatures (b)
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Fig.4 Microstructure evolution during in-situ tensile test at room temperature: (a, b) after yield, (c, d) in plastic deformation, (e, f) before

fracture, and (g, h) after fracture
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Fig.5 Microstructure evolution during in-situ tensile test at 400 C: (a, b) after yield, (¢, d) in plastic deformation, (e, f) before fracture,

(g, h) after fracture
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Fig.6 Microstructure evolution during in-situ tensile test at 760 ‘C: (a, b) after yield, (c, d) in plastic deformation, (e, f) before fracture,

and (g, h) after fracture
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Fig.7 Fracture morphology of Mar-M247 alloy after in-situ tensile test at different temperatures: (a, b) room temperature, (c, d) 400 C,
and (e, f) 760 'C
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Fig.8 Slip bands morphologies near the tensile fracture surface of Mar-M247 alloy after in-situ tensile test at 400 “C (a) and 760 C (b)
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Fig.9 Microcrack propagation of Mar-M247 alloy during in-situ tensile test at 400 C (a) and 760 'C (b)
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Fig.10 Microcrack origination characteristics of Mar-M247 alloy during in-situ tensile test at different temperatures: (a) room

temperature, (b) 400 ‘C, and (¢) 760 C
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In-Situ Study of High Temperature Tensile Fracture M echanism of Mar-M 247 Alloy

Liu Hao'?, Sui Yongfengz, Yu Peijiongz, Liu Yanlingz, Zhao Xinbao', Wang Jin', Zhang Yuefei', Yue Quanzhao',
Gu Yuefeng', Zhang Ze'
(1. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China)

(2. Advanced Power Machinery Academy, Hangzhou Steam Turbine Co., Ltd, Hangzhou 310022, China)

(3. Polytechnic Institute, Zhejiang University, Hangzhou 310027, China)

Abstract: The dynamic microstructure evolution and fracture mechanism of Ni-based cast superalloy Mar-M247 during tensile test at

room temperature, 400 °C and 760 °C are investigated by an in-situ SEM high temperature tensile stage. The in-situ tensile test results

show that the yield strength and ultimate tensile strength decrease slightly, and the tensile plasticity increases slightly from room

temperature to 760 °C. There is no slip band during in-situ tensile test at room temperature; and there is only a small amount of slip bands

near the fracture surface at 400 and 760 °C tensile test. With the increase in tensile temperature, the fracture mechanism does not change,

and all of them are ductile transgranular fracture. Microcracks mainly originate from the rupture of carbides dispersed in the grains and on

the grain boundaries.

Key words: Mar-M247; in-situ tensile test; microstructure evolution; fracture mechanism
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