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&1 Zr-1.0Ti-0.35Nb A& SRS
Table1 Chemical composition of Zr-1.0Ti-0.35Nb alloy (w/%)

Zr Hf Ti Nb Fe Cr (0]

Bal. 1.83 131 0.35 0.07 0.0039 0.11

Holding time:
5 min

" -
i

1 \After deformation

Before Deformation
deformation{ Cooling rate: 40 ‘C/s » 0f 50%

0 Heating rate: 5 ‘C/s t

Bl1 A KESHORA R R Bl f s &
Fig.1 Microstructure of the as-quenched specimen (a); schematic

diagram of the hot compression process (b)
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Fig.2 Flow stress-strain curves of the -quenched Zr-1.0Ti-0.35Nb alloy under various hot compression conditions: (a) 0.01 s™, (b) 0.1 s, and
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Table 2 Peak stress values of the g-quenched Zr-1.0Ti-0.35Nb

alloy under various deformation conditions (MPa)

&ls? 670°C 690°C 710°C 730°C 750 °C

0.01 186.1 170.2 148.3 122.7 110.3
0.1 254.6 217.8 2134 196.5 167.9

1 334.9 316.3 301.6 295.8 273.6

0.01 st EFFEI 1 sy, UMM M 170.2 MPa R TFE
316.3 MPa. W&{EN 1 RAZBHRARREAE T, BHRIEE

3 MAEEEE 0.5
Fig.3 Microstructures of Zr-1.0Ti-0.35Nb alloy at different temperatures with strain rate of 0.1 s*
(d) 730 ‘C,and (e) 750 C
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Fig.4 Volume fraction and grain size of dynamically recrystallized
grains at different deformation temperatures with strain

rate of 0.1 s
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Table 3 InZ values under different strain rates and deformation

temperatures

élst 670°C  690°C 710°C  730°C 750 C

0.01 24.19 23.59 23.02 22.47 21.94

0.1 26.49 25.90 25.32 2477 24.24
1 28.80 28.20 27.62 27.07 26.54
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Fig.8 Linear relationship of InZ- In[sinh(ao-)]
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Table 4 Peak stress of experimental and predicted values

under different strain rates and deformation

temperatures (MPa)

élst 670°C 690°C 710C 730°C 750 C

Exp. 258.8 2279 204.3 183.2 175.7
0.05
Pre. 232.6 2117 192.7 175.5 160

Exp. 306.2 287.0 282.8 274.0 251.0
0.5
Pre. 321.9 297.6 275.0 253.9 234.5

340
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240+
2201
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Predicted Value/MPa

140 1 1 1 1 1 1 1
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9 Arrhenius A< AR FII L 15 9296 {8 b A
Fig.9 Comparison between experimental values and predicted
values by the Arrhenius constitutive equation built in

this work
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Investigations on Hot Deformation Behavior of Zr-1.0Ti-0.35Nb Alloy

Gong Weijia"?, Chen Jichang™?, Zhang Jingyi**, Chen Zhaokui*?, Li Zhongkui'?, Li Jinshan*
(1. School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)
(2. Clean Energy Research Center, Yangtze River Delta Research Institute of NPU, Taicang 215400, China)
(3. First Design and Research Institute MI China Co., Ltd, Hefei 230601, China)
(4. Queen Mary University of London Engineering School, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The harsh environment with strong acid, high oxidability and irradiation raises urgent demand for advanced structural materials used for
reprocessing dissolver of spent nuclear fuels. In this paper, hot compression behavior of a Zr-1.0Ti-0.35Nb alloy was investigated at the strain rate
of 0.01, 0.1, 1 s™ and in the temperature range of 670-750 <C. Microstructural evolution during the hot compression was analyzed. The results
reveal that the strain rate and deformation temperature both significantly affect the hot deformation behavior of Zr-1.0Ti-0.35Nb alloy. Flow stress
increases with the accelerated strain rate and decreases with the elevated temperature. Beyond peak stress, the flow curve exhibits apparent
dynamic recrystallization characteristics. Elevated deformation temperature favors dynamic recrystallization and grain growth. An Arrhenius-type
constitutive model was established based on the obtained peak stress values, in which the activation energy is calculated as 225.8 kJ/mol,
suggesting a Ti-induced elevation of activation energy and the hardening index is 5.62. A correlation coefficient of 0.97427 and average relative
error of 6.15% are obtained between the experimental and predicted values, demonstrating sound applicability of the constitutive model that is
expected to guide processing optimization for the new Zr-1.0Ti-0.35Nb alloy.

Key words: spent nuclear fuel reprocessing; Zr-1.0Ti-0.35Nb alloy; hot deformation; dynamic recrystallization; constitutive model
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