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Table 1 Chemical composition of novel Ni-based superalloy
used in the experiment (w/%)
Co Cr w Al Ti Nb C Ni
19.5 16.5 50 25 2.5 2.5 0.02  Bal.

80% 1 %L 1l b 2 o ¢ L i) b 2 S (R FELE 1120 CIB K
TV RN o IRJE PR AT XU I 24k 2
(650 “C, 24 h, AC+760 C, 16 h, AC). X /N [E] &b FHIR
A TR 2 WIER 2 R, o 16 b 21 58 Bt
FE_EFH K A6 A U0 R IBORH B 1)z AR, TR AE = IR
~H WDW-100D L4z il B 75 gl ga ALk AT B AR
RN 1X107 57 SRR, SRR i R F
wE 1 FTR,

XPAS [F AL BRI FEEAT HULBREI S . 30, 4%
HE=ZET, HEREAIEIE 10vol% HClO,+90vol%
C,HsOH VR & h A7 B e, MR 10V,
JE B T Z0°h 25's, Ji F ZEISS Gemini 300 934 H T

30 min,

BB (SEM) AT RAES T & &y #H I R gy
GO [R5 B 15 #UR AT 55 (EBSD) JR45&
Channel 5 3470 A A [ AR BAR TS R & & 1 dobn RS
BKEEGEEURMEZES. SR KEESN, %
& Palumbo-Aust AR #E!? (AG,.=15°27°) HiE X 18,
N iR S TR 1 N A NS o =
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Fig.1 Schematic diagram of tensile specimen at room temperature
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Table 2 Name of novel Ni-based superalloy under different treatment states

Treatment condition

Name

Solution treatment +double-stage aging
Solution treatment + medium-temperature rolling (750 ‘C, 30%) + annealing treatment + double-stage aging
Solution treatment + medium-temperature rolling (750 ‘C, 50%) + annealing treatment + double-stage aging

Solution treatment + medium-temperature rolling (750 ‘C, 80%) + annealing treatment + double-stage aging

ST-DA
ST-MR30-AT-DA
ST-MR50-AT-DA
ST-MR&0-AT-DA

0
Twin also regarded as grains 2, V72 Twin also regarded as grains b 40
501 N\ Twin no regarded as grains 30 H XY Twin no regarded as grains '
324
X 40 _ 24
E Zﬂ:; 1'54 wm der=10.10 pm 241
2 30 />t em 18 d=17.82 um
< L
£ 20 12 16
10 6 8
0 T - 0 . v ‘ 0
100 200 300 400 60 90 120 150 o
Grain Size/pm Grain Size/pm
K’ 2
Fig.2

D77 Twin also regarded as grains O77) Twin also regarded as grains

Twin no regarded as grains & [ Twin no regarded as grains dl
de=8.75 pm d=3.93 pm
d=14.17 pm d=5.12 pm
N, X . . FREM " . .
20 40 60 80 100 16 24 32 40

Grain Size/um Grain Size/um

ANEAEELARZS B AL IR A 81 IPF IR RIS 70 A7

IPF maps (a-d) and grain size distribution (a;-d;) of novel Ni-based superalloy under different treatment states: (a, a;) ST-DA,

(b, by) ST-MR30-AT-DA, (c, c;) ST-MR50-AT-DA, and (d, d;) ST-MR80-AT-DA



22 WS PR A B R R IR A

SHL AT N RS * 565 ¢

b i ERE AR SR R . d PSR SE, i
F 2R AR, I 2 WA, 4 FhOR[E AL EDR
A N I IO 2H 2335 R /INAS [R] 0 55 b gt oRn A0 Ry 2
RITB K2R G . ST-DA RFEHI A BT 247 diphki
218 54.54 pm, 1P dkDR <258 73.74 pm (] 2a,
2a)), HEEEE PRI, SRR R
/1N o ST-MR30-AT-DA R AF {45 2507 24 ki R~ 20
10.10 pm, “F¥EKRTZ4H8 17.82 uym (E 2b,
2bp). BEAEPRIRIAB B ERM M, UEEER
50%FF, ST-MRS0-AT-DA B ()4 257 5 & ki R
2414 8.75 um, “FXI SRR ST Z08 1417 pm (] 2c,
2¢). MBS KA 80%HT, ST-MR80-AT-DA
WFE A BCF SR R SHZ108 3.93 um, PR
4N 512 um (F 2d,2d). REFBESES4L TR
ARG, HEE PRI A, ELF
AR A e E G K, FEG &L IRIR KL
2 o ) T 45 B TR A2 e KO 2R 3 38, 4 T 45 R
T A2 26 38 I 28 e T KT 28I, A 4 119 8 b RS
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~PREE AR T R I INIE B N . ShAh, X AN T
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b, AT R IR KR A E R % B 2 4E AL d R

B3 R 4 23 5 R AS [F) A IR 25 TR T B AR 5 iR
B &ML AR EE . R 3 R AROR
FaE AR, HORRW G, AORREEGR. 4
A 3R 4 AT, ST-DA WRFEEZIRES F et x4
WdEdn, P4 EEIL 94.33%, & AR TE &
B (KR AR 2> B0 AN 5.64%F0 0.03%. ¥ &44h
TS AL BE IS, ST-MR30-AT-DA b Rf o 1 45 S A
HCN 93.14%, & F1 AR T it kL (0 44 AR 43 B9y i
6.54%H1 0.32%, X5 ST-DA RFEMIAHY, i %
ISE A P . SR, PRSI =R 50%

FT80% I, & 4 1) FF 4h di 7 FR 70 BUBUI, 40 N
88.77%H11 84.83%, {H & I 0. AN AL T SR AR AR 70 4
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K F#% 7 ¥ B[] % (kernel average misorientation,
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Fig.3 Recrystallization distributions of novel Ni-based superalloy under different treatment states: (a) ST-DA, (b) ST-MR30-AT-DA,

(c) ST-MR50-AT-DA, and (d) ST-MR80-AT-DA
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Fig.4  Recrystallization volume fraction of novel Ni-based

superalloy under different treatment states
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Fig.5 KAM diagrams of novel Ni-based superalloy under different treatment states: (a) ST-DA, (b) ST-MR30-AT-DA, (c) ST-MR50-AT-DA,

and (d) ST-MR80-AT-DA
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Fig.6 GND density distribution (a) and average GNDs density (b) of novel Ni-based superalloy under different treatment states
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Fig.7 Evolutions of grain boundary characteristic distribution (a-d) and misorientation angle distribution (a;-d;) of novel Ni-based superalloy

under different treatment states: (a, a;) ST-DA, (b, b;) ST-MR30-AT-DA, (c, ¢;) ST-MR50-AT-DA, and (d, d;) ST-MR80-AT-DA
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Fig.8 Distributions of the y’ phase in the novel Ni-based superalloy under different treatment states: (a) ST-DA, (b) ST-MR30-AT-DA,

(¢) ST-MR50-AT-DA, and (d) ST-MR80-AT-DA
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Fig.9 Tensile properties of novel Ni-based superalloys under

different treatment states at room temperature
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Fig.10 Tensile fracture morphologies of novel Ni-based superalloy under different treatment states at room temperature: (a) ST-DA,

(b) ST-MR30-AT-DA, (c) ST-MR50-AT-DA, and (d) ST-MR80-AT-DA
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Fig.11 Relationship between strength-plasticity distribution and

microstructure of novel Ni-based superalloys under

different treatment states at room temperature
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Effect of Medium Temperature Deformation Heat Treatment on Microstructure and
Mechanical Behaviour of a Novel Ni-based Superalloy

Zhen Bing'?, Kong Weijun'?, Gao Yubi'?, Wang Xingmao'?, Ding Yutian '*
(1. State Key Laboratory of Advanced and Recycling of Nonferrous Metals, Lanzhou University of Technology, Lanzhou 730050, China)
(2. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The relationship between different medium-temperature deformation heat treatment processes and the microstructure and
room-temperature mechanical properties of a novel Ni-based superalloy was investigated using EBSD, SEM and quasi-static room-temperature
uniaxial tensile tests. Results show that the length fraction of annealed twins of the novel Ni-based superalloy can be significantly increased up
to 40.6% after the medium temperature deformation heat treatment. The formation of annealed twins is mainly based on the “growth accident”
mechanism of the grains. At the same time, compared with the mechanical properties of the specimens with solid solution + double-stage aging
(0,=1018 MPa, &=17.44 %), the alloy annealed at 1120 °C for 30 min after 30% roll deformation at 750 °C and double-aging, the oy increased
by 499 MPa to 1517 MPa, while its ¢ is decreased by only 4.69%. After rolling at 750 °C for 50% deformation followed by annealing at
1120 °C for 30 min with double-stage aging, the oy increases by 352 MPa to 1370 MPa, while the &rremains essentially unchanged. This
increase in strength is mainly attributed to the combined effect of grain refinement and annealing twinning, which provides a new strengthening

strategy for high performance Ni-based superalloys.
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