H51% 4510 mEERMISIRE Vol 51, No.10
2022 4 101 RARE METAL MATERIALS AND ENGINEERING October 2022

“YHE+ERESGNERE EEENEMERFNY

& 12
EX

Thw 2, %

, BB, HEEY krE Y, LUKV

(1 2B RS LR OLSRALEN TSHAHERE SR, Hilt =M 730050)
(2. ZINB TR MREES TRESBE, HR 22 730050)

B OE: AFE A S, K2R Ni-Cr-Co AT miRk G

HEHH, 00 128 S L

ER I

YL AN TR B 32 = (0 DR DL R B B 5 M A BB s . S5, A 4E 1090 CHRIE L h PERACES, #HASHLSHH
KER pFAEEAE A, T 4239 28 B B = iA 51.65%. VA A & S (2 (43.9%) A1 EL T4 A4S (26.8%) #2711 63.81%,
JE JIRBEE Y 693 MPa, H AR ol S5p=66.98 MPa, FH Utk BB A N S B A R E (Sp=77.4 MPa) F7 ¥ HEHEEESE

£ 700 ‘C/8 hIAC WbHL G I A A

AR 34.41%, FINARFINKEIERH y . My m+258”

HAEH

M, WIRNBESEEME (HV) |« i, EREE 5 S (3969.0 MPa, 1042 MPa, 864 MPa, 44.76%) FH#: T [E¥&
& (3179.1 MPa, 879 MPa, 693 MPa, 43.9%) 78It —L#taE, Hr Sp=107.94 MPa. K541k, KEMHRENEILS

H “p R+ BASMSIIL T — @ SR EIT T .
A B Ni-Cr-Co AR A4 “pH+2E&RE”
hEENSHES: TG146.15 CEAARIRAS: A

SEEH; WAL, RiEi; Jisetkae

XEHS: 1002-185X(2022)10-3732-11

BRI Y il A 4 HoA R 0 el R AL, TR ik
PAJ R IR B A S LR A e e, 2 i) 45 A 2 R I
R BRI AT RIS, (HEEE S R R 8, JE
S R R B ARIR B T B SRR T R R BR R A
SR IA K AR RE ), Eo A ER G Sl
S SNy IR TR & E D AR 7 8055 07
RFRAE SR H K, XS SEER R AR A
i, RPN, BOm L /NG AT TCP AR 1)
AL B4 4 “BRAK Sy, ASTRAET BOHE. Wi A M
BE GH4175 1 Al+Ti+Nb & E5H5d 10.5%, pHIAF /%1
BE 58%, AE RN T RS e al®, ik, 9t
— R A SR = B iR A I 1 RE TR IR 25 UK
PR e,

AR, Aokl — R i s v A 2 1
WEfl S e R s P S B E, BRE SR m
BHOZREMERER T 0, XK “saib s ZTeHE” 1)
S R AL TR R S B, BIES R fec
B eI RE A R R T, i A R Y,
[ 70 e A B R AR T e R 4 (1) ) S R R AR KRR
AT p AR, PR “y AR T EA S P
[F] 5 AL A B SR B — aR AL SR BR %, AT 3 4 A A

Yfs HHEA: 2021-10-03

EEWmE.: ERESHRITR (2017YFA0700703)
TEZ TN
E-mail: dingyt@Iut.edu.cn

AbFREFE AP BRI E M5B e R 7 I Xu S0 i g
B Co LRGRWTT TAFZ4EBEME M Ni-Co H iR &
&, AAITEAR. mE T TR A R R A S, R
IRZHEBE ) &4 7E 650 A1 725 CHLETRE T b it 72
W, TR AR iy A A SR S L
eSS e . i mE AR AR LB PR 2 4 B fec &
SEEA 1RO, Rk, ARSI T MR
7 JEEEN T —F Ni-Cr-Co AR min a4, W41
TREAGEE y'H, DEEWIERD RS IR TN LA
BAS, IMNE LA SRR REr TR, [ B
PR TCP A UL R AT ik & & ai & M RE I R . FI A
IMatPro # IR & SR IR 1 FR, 3y H Ak
MK 22.7%, FAAZEHAEN 93.1 miim®, FFH &4
BABRIHINTE D (299.69 °C)H P, Fit k& 41k
RZH BRI AEE T RG4S, HiEd <
F+ER 7 AN, Rk 218 28 4
iR A e, NTERESMNER, NREET
BE4E “smiesy . AT (IR0 1 B
NIAC G G RS, R M+ HE5
M, KEHESGEEARAMGHE)E, HRESHL K
PEREROIEAR A, FEHE IR TR, Zhong &M

TRIH, 53, 1962 4, 4, #R, 2 M L RFRMILE G OSReEN LS HAHHERE SR E, Hil 224 730050,



10 ¥

T “yRH+AR R A S IR G T R IR SR

= 3733 -

Fz1 HFEN-Cr-CoETHEREETELERS
Table 1 Chemical composition of new Ni-Cr-Co based wrought
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Fig.1 EBSD analysis of forged Ni-Cr-Co based superalloy: (a) grain orientation diagram, (b) recrystallization diagram, and (c) grain boundary

characteristic distribution
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Fig.3 Microstructures of Ni-Cr-Co based wrought superalloy after solution treatment at 970 °C (a), 1030 ‘C (b), 1090 C (c), 1150 ‘C (d), and

1210 C (e) for 1 h; (f) average grain size
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Fig.4 ' phase of Ni-Cr-Co based wrought superalloy after solution treatment at different temperatures: (a) 970 “C, (b) 1030 °C, and (c) 1090 C
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superalloy after solution treatment at different temperatures
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Fig.7 Fracture morphologies of Ni-Cr-Co based wrought superalloy after solution treatment at different temperatures: (a) forged state, (b) 970 C,

(c) 1030 °C, (d) 1090 °C, (e) 1150 °C, and (f) 1210 ‘C
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Fig.8 Grain orientation diagrams of Ni-Cr-Co based wrought superalloy after solution treatment at 1090 ‘C for different holding time: (a) 0.5 h,
(b) 1 h, (c) 2 h, (d) 4 h, and (e) 6 h; (f) average grain size
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Grain boundary characteristic distribution of Ni-Cr-Co based wrought superalloy after solution treatment at 1090 ‘C for different holding
time: (a) 0.5 h, (b) 1 h, (c) 2 h, (d) 4 h, and (e) 6 h; (f) distribution of twin content
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Fig.13 Microstructures of aged Ni-Cr-Co based deformed superalloy: (a) equiaxed grain and (b) y’ phase
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Effect of “y’ phase and Twin” Composite Structure on Strength and
Plasticity of Superalloy

Ding Yutian™?, Zhang Xia'?, Gao Yubi*?, Chen Jianjun*?, Zhang Baobing™?, Ma Yuanjun®?
(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technology,
Lanzhou 730050, China)
(2. School of Material Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: In this study, different treatments were used to adjust the “y’ phase+twin” structure of a new Ni-Cr-Co based wrought superalloy, with
low alloying and low stacking fault energy. The contribution of twin boundary to grain refinement, strength improvement and the effect of the “y’
phase+twin” structure on the mechanical properties of the alloy were analyzed. The results show that after solution treatment at 1090 °C for 1 h,
the y' precipitates in the microstructure of the forged alloy are basically dissolved, and the content of twins in the structure is as high as 51.65%.
The elongation (43.9%) of the solid solution alloy is 63.81% higher than that of the forged alloy (26.8%), and the yield strength is 693 MPa. Twin
strengthening Sy,=66.98 MPa, and its contribution is basically the same as that of fine grain strengthening (Sg=77.4 MPa). The content of twins of
the aged alloy treated by 700 °C/8 h/AC is 34.41%. At the same time, a large amount of y’ phase, which is precipitation strengthening phase, is
introduced into the structure to form the “y’ phase+twin composite structure. The hardness (HV), tensile strength, yield strength and elongation of
the aged alloy (3969.0 MPa, 1042 MPa, 864 MPa, 44.76%) are further improved compared with those in the solid solution state (3179.1 MPa,
879 MPa, 693 MPa, 43.9%), and S,=107.94 MPa. The “y’ phase+twin” composite structure in superalloys with low alloying and low stacking fault

energy achieves a certain strength-plastic matching.

Key words: new Ni-Cr-Co based wrought superalloy; “y’ phase+twin” structure; microstructure; twin strengthening; mechanical property
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