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Table1 Chemical composition of nickel-based powder (w/%0)
Cr Ti Al Fe C Ni
20 0.6 0.3 1.0 0.05 Bal.
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Fig.1 Grains (a) and oxide particles (b) of nickel-based ODS alloy
after HIP
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Fig.2 XRD patterns of cold-rolled alloy after cold deformation and

annealing at different temperatures
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Table 2 Grain size and dislocation density of cold deformed

alloy after annealing at different temperatures

Annealing temperature/'C

Grain size, D
. . - Cold deformed
Dislocation density, 600 700 800 900 1000
D/um 0.63 0.66 0.59 0.52 0.62 0.68
pIx10% m? 13.9 12.8 126 109 81 6.9

(2]
T

o NN
T T T

Dislocation Density/>10" m™
© O 0o o B P PP
N A OO

Cold deformed 600 700 800 900 1000

Temperature/'C
3 AR RAFRNRER K G E A ODS & 4 M f % BEAR L
KRy ESHR 18 22 7341
Fig.3 Dislocation density change and Kernel average misorientation
(KAM) distributions of cold deformed alloy after annealing at

different temperatures
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Fig.4 Inverse pole figure (IPF) maps of cold deformed alloy (a) and the cold-deformed alloy after annealing at the temperatures of 600 ‘C (b),
700 C (c),800 C (d),900 C (e),and 1000 C (f)
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K5 AAIEE R R K53, ODS 441 TEM B
Fig.5 TEM images of cold-rolled alloy: (a) cold deformed and after annealing at the temperatures of 600 ‘C (b), 700 ‘C (c), 800 C (d),
900 C (e),and 1000 C (f)
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Fig.6 Comparison of calculated yield strength and experimental
result at room temperature of nickel-based ODS alloy
annealed at 900 'C
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Table 3 Tensile properties at room temperature (RT) and 800 C
of nickel-based ODS alloy annealed at 900 'C

Temperature/C Yield Ultimate tensile Total
P strength/MPa strength/MPa elongation/%
RT 1010.5#.5 120245 27
800 2234 32444 24
3 % if

1) PEEFESERIE ODS & &k gk ALY B
RIAEA AT RE RV M T I ST AS S fa X 8, 33k
A RIORL U FE PR, & & B T R 0K & 1AL
sk,

2) BEEAZILAEHIE ODS A 4B KR Tt
m BeP AR AERIE, AL K. B IR IA
£ 900 “CHY, £25E ODS & 4+ 1 7 9K A AL MUk A
AfAk . 7E 1000 CIB KB, 3L ODS A 4 H i 43 dihir
KA o

3) M TIRHGRA . 4l sRA . A7 5 SR AL [E 5 51k
3L EERT, 900 “Cil K 18R %: ODS 4 4 & Ifi i ifom &
“4(1010.5+1.5) MPa, FEf1Z7y 27%, HATL R I #R 2 1
UURC. @I xH 858 ODS & & s Ll sTmk i k5, 1
BT VRS O AL A S PR AR I 5ER B R R Y
56.0%, &3 Z [R5 o

SEH
[1] Totemeier T C, Lillo T M, Simpson J A. Metallurgical and
Materials Transactions A[J], 2005, 36(9): 2552

References

[2] Totemeier T C, Lillo T M. Metallurgical and Materials
Transactions A[J], 2005, 36(13): 785

[3] Wu Weidong( 2 7), Liu Guangzu(#i%:H), Li Hualin(Z=4EHK)
et al. Journal of Materials Engineering(#1 ¥} T-#£)[J], 1996(8): 6

[4] Wu Weidong(= %), Liu Guangzu(#iIt:4H), Li Hualin(Z=4E4K).
Journal of Materials Engineering(#1#} T.F£)[J], 1995(4): 6

[6] Wang T, Ding Y T, Wang X M et al. Rare Metal Materials and
Engineering[J], 2023, 52(5): 1555

[6] Yang Jinlong(¥4:7%), Long Anping(#% %), Zhang Caoxiang
(k=i #) et al. Rare Metal Materials and Engineering(Fi 5 4 )&
FRLS T[], 2022, 51(3): 1031

[7] Sallez N, Hatzoglou C, Delabrouille F et al. Journal of Nuclear
Materials[J], 2016, 472: 118

[8] Ribis J, De Carlan Y. Acta Materialia[J], 2012, 60(1): 238

[9] Capdevila C, Bhadeshia H K D H. Advanced Engineering



- 4146 -

L E A e

52 3%

Materials[J], 2001, 3(9): 647

[10] Zhang Z, Pantleon W. Philosophical Magazine[J], 2017,
97(21): 1824

[11] Ribis J, Lescoat M L, Zhong S Y et al. Journal of Nuclear
Materials[J], 2013, 442(1-3): S101

[12] Mao X, Oh K H, Jang J. Materials Characterization[J], 2016,
117:91

[13] Zhao Y H, Sheng H W, Lui K. Acta Materialia[J], 2001, 49(2): 365

[14] Wederni A, Lachheb R, Sufol J J et al. Materials
Characterization[J], 2019, 148: 272

[15] Poetschke J, Richter V, Gestrich T et al. International Journal of
Refractory Metals and Hard Materials[J], 2014, 43: 309

[16] Hu Gengxiang(H)ZE4F), Cai Xun(% HJ), Rong Yonghua(F ¥k
#£). Fundamentals of Materials Science(#1#} %} 2 F At [M].
Shanghai: Shanghai Jiao Tong University Press, 2010: 204

[17] Pimentel G, Chao J, Capdevila C. JOM[J], 2014, 66(5): 780

[18] Dash M K, Tripathy H, Saroja S et al. International Journal of
Pressure Vessels and Piping[J], 2020, 185: 104 130

[19] Humphreys F J, Hatherly M. Recrystallization and Related
Annealing Phenomena[M]. Oxford: Elsevier, 2004: 1

[20] Kim J H, Byun T S, Hoelzer D T et al. Materials Science and
Engineering A[J], 2013, 559: 111

[21] DadéM, Malaplate J, Garnier J et al. Acta Materialia[J], 2017,
127: 165

[22] Deschamps A, Brechet Y. Acta Materialia[J], 1998, 47(1): 293

[23] De Vaucorbeil A, Poole W J, Sinclair C W. Materials Science
and Engineering A[J], 2013, 582: 147

[24] Ukai S, Ohtsuka S, Kaito T et al. Materials Science and
Engineering A[J], 2009, 510: 115

[25] Steckmeyer A, Praud M, Fournier B et al. Journal of Nuclear
Materials[J], 2010, 405(2): 95

[26] He W, Liu F, Tan L et al. Materials Today Communications[J],
2021, 26: 101 921

[27] Pasebani S, Dutt A K, Burns J et al. Materials Science and
Engineering A[J], 2015, 630: 155

[28] Serafini A, Angella G, Malara C et al. Metallurgical and
Materials Transactions A[J], 2018, 49(11): 5339

[29] Bailey J E, Hirsch P B. Philosophical Magazine[J], 1960, 5(53): 485

[30] Praud M, Mompiou F, Malaplate J et al. Journal of Nuclear
Materials[J], 2012, 428(1-3): 90

[31] Gypen L A, Deruyttere A. Journal of Materials Science[J], 1977,
12(5): 1028

[32] Mishima Y, Ochiai S, Hamao N et al. Transactions of the Japan
Institute of Metals[J], 1986, 27(9): 648

[33] Ahmadi M R, Povoden-Karadeniz E, Whitmore L et al.
Materials Science and Engineering A[J], 2014, 608: 114

[34] Bui Q H, Dirras G, Ramtani S et al. Materials Science and
Engineering A[J], 2010, 527(13-14): 3227

Influence of Annealing Temperature on Microstructure of Nickel-Based ODS Alloy

Wang Bin', Mao Zhe'?, Liu Shi?, Xiong Liangyin?
(1. College of Mechatronics Engineering, Binzhou University, Binzhou 256600, China)
(2. CAS Key Laboratory of Nuclear Materials and Safety Assessment, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The microstructure of the cold-rolled nickel-based oxide dispersion strengthened (ODS) alloy after annealing at different temperatures
were characterized by XRD, EBSD, and TEM. The influence of the annealing process on the microstructure of the cold-rolled nickel-based ODS
alloy was studied. The results show that the dislocation density of the alloy decreases and part of the oxide particle coarsens with the annealing
temperature rising. Besides, there are uniform microstructure and fine oxide particles in the nickel-based ODS alloy after annealing at 900 °C.
According to the calculation, the tensile strength of the alloy after annealing at 900 °C is mainly contributed by the dispersion strengthening and
dislocation strengthening which provide the theoretical basis and the effective method to improve the properties of the nickel-based ODS alloy.
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