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Table 1 Detailed heat treatment processes for a novel Ni-based

wrought superalloy to obtain “twint+y™ composites

microstructures

No. Treatment processes

Parameters

i Solution treatment

Cold rolling+annealing at
1120 °C for 15 min+aging
Cold rolling+annealing at
1120 °C for 30 min+aging
Cold rolling+annealing at
1120 °C for 45 min+aging
Cold rolling+annealing at
1120 °C for 60 min+aging
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60 min/AC-aging
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Fig.1 EBSD image (a), grain boundary types distribution (b), y’ phase (c), misorientation angle distribution (d), grain size distribution (e), and

y' phase size distribution (f) of a novel solid solution treated Ni-based wrought superalloy
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Fig.2 Grain boundary type distribution diagrams of a novel rolled Ni-based superalloy after annealing at 1120 “C for different time and two-stage

aging: (a) 15 min, (b) 30 min, (c) 45 min, and (d) 60 min
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Grain size distribution diagrams of a novel rolled Ni-based wrought superalloy after annealing at 1120 °C for different time and two-stage
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Fig.4 Boundary misorientation angle distribution diagrams of a novel rolled Ni-based wrought superalloy after annealing at 1120 C for

different time and ageing: (a) 15 min, (b) 30 min, (c) 40 min, and (d) 60 min
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AT R P D B SR 0 X, % I 4 i A PR
Ja U4 LT B . (HRTEZ ik, BT A
s A AN IR, A — 5@ A ST FH I S (] ks 3 35 T 7
RINAVIN M ZER, Wk, EFLEARRR, GFFE
B0 SR AR S TFUR I RS, T R A AR R A T R v 2
i R A5, (B2 MR B S A s st & %2
BH, TR ZERARE, AL ZERR TR G R KR 7
S, XN JESEE SR TEAZ IR L T 3k3h ). dlid
K 6b~6e A LLAE H, 1120 CiB-k 15 min FFEATI 25 Ak
R AR AR (ki by [FIR, Bl R T TR
FEA, FHRLIRT S 280 G 4 i LA 2R i 5 5 W R PRI,
1X 2 LR R AR K B [ 52 R P 4 i R v R A A
g AN B0, ok B A D . B E T AL
R R A A S, IR AR SO R AN [F oL
PR AR O IR IS, B2 BT B I R
R RS AN A
B eI 3 B (ponp ) TTHIE T 30 (1) Sfe it 52118560,
2KAM,,
PGND = 1ib
X, KAM,, NFTIE XIS KAM (], g A2 s s
AEKFE (100 nm) , b A Burger KERIKE . &itH,
WA MRk 15, 30, 45 160 min J5 i RAb i w4
ponp WY 5.37<10%, 6.14x10™, 5.13<10™, 4.66>10™

D)

F14.79>10™ m2, 38 /K 15 min 34T I A B AR FE peno
KFHSREMIRFE, XEESHLEBLREPH#ENZ
AT A K.
2.3 yHERTHE

Bl 7 SR TARFRPRAS B BRI AR T sl & &y
MRS B R SF st . B 1c 2R, 7E 1080 C AR
4 h S5 T EVE LIS p M ECE D H R BRR SR TE o 5
b, oy MHEFERST Dave 9 238.71 nm. K] 72,~7d,
RNELHIE (e=68%) HIMERB IS &E
1120 "CiB+k 15, 30, 45 A1 60 min JE47 XU i 4 b 7
(650 “C/24 h/AC F11760 ‘C/16 h/AC)J& 1) y'FI I 43 AT 1
ATLARE W, & Tay, 7hy #1 7cg H pRHIE HiZ> B R
() p AHARK /NG p ARG, I HRBUARTE p F4k
b, B R K T RE K, ROy R R A AR T
BB o 23R K R ZE K ZE 60 min B, AR I RS
HEEPTCHK y M, RBEMNG yHIREC AT y FE
b, W 7d, Fros. @ik El 7ay, 7hy, 7c, Al 7d, FIA,
BB KN (R ZE K, p AR Rl o X 2 82
DKy, AR S o B BUAR AR T i i & PR [ VR BEAE
FHI A AR BE LT, AT [E VA AL BRI R e p A 4
BRIE I FEAR T, 7E 1120 “C I8 K Ab I [ 5 b FE i
B FRRR MR R AR BT, BB G AR KN 1) R S K R )
YHRRZ , RIEVE R o AH BRI RSN . 2418 K



57

TS, AR SR G e Ry E SR R g 2 T REAT A

* 2555

D,e=32.2124.15 nm a,

Az

60 80 100 120 140 160 180

D,,=30.9542.37 nm b,

20 40 60 80 100 120 140 160 180

[ Dpe=28.9845.71 nm C,

60 80 100 120

Diameter/nm

Bl 7 ARPRZSH BRI AR T SR & < P K p AR TESR B R AR
Fig.7 y'phase micromorphologies (ai-d:) and size distribution (a,-d,) diagrams of a novel rolled Ni-based wrought superalloy after annealing at

1120 °C for different time and aging: (a) 15 min, (b) 30 min, (c) 45 min, and (d) 60 min
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Fig.8 Tensile properties at 760 ‘C of a novel Ni-based wrought superalloy under different conditions (a) and its relationship with twin length

fraction and twin thickness (b)
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“Twin+y’ phase” Microstructure Regulation for a Novel Ni-based Wrought Superalloy
and High Temperature Mechanical Properties

Ding Yutian™?, Wang Tao"? Wang Xingmao>*3, Gao Yubi*?, Bi Zhongnan®, Du Jinhui®, Gan Bin®
(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)
(3. Beijing Key Laboratory of Advanced High Temperature Materials, Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: The “twin+y’ phase” composite structure was constructed in a novel Ni-based wrought superalloy by thermomechanical treatment, and
the evolution of twin and y’ phases was investigated by EBSD and SEM. Meanwhile, the high temperature mechanical properties of the alloy at
760 °C were studied. The results show that the “twin+y’ phase” composite structure can effectively improve the high temperature mechanical
properties of the alloy, and with the increase in the length fraction of the annealing twin, the thickness of the twin lamellar increases, and the high
temperature strength of the material decreases. When the rolled alloy (e=68%) is annealed at 1120 °C for 15 min and subjected to two-stage aging
treatment (650 °C/24 h/AC and 760 °C/16 h/AC), the length fraction of twins in the “twin+y’ phase” composite structure is 25.38% and the average
size of y’ phase is 32.21 nm, the yield strength of the alloy increases from 775 MPa (solid solution state) to 1184 MPa, and the elongation after
fracture increases from 3.18% to 18.96%. “Twin+y’ phase” composite structure can effectively improve the high-temperature mechanical
properties of the superalloy, which provides a novel strategy for improving the high-temperature mechanical properties of superalloys.

Key words: novel Ni-based wrought superalloy; “twin+y’ phase” composite structure; annealing twin; high temperature mechanical properties
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