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Fig. 1 Sketch maps of pre-recovery and recrystallization annealing processes for clock-rolled tantalum plate of 87% thickness

reduction: (a) Holding at 1300 “C, without pre-recovery; (b) Pre-recovery at 700 ‘C and holding at 1300 C; (c) Pre-recovery at
800 °C and then holding at 1300 C; (d) Pre-recovery at 900 ‘C and then holding at 1300 C
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Fig. 2 Orientation distribution maps of 87% clock-rolled tantalum plate after pre-recovery at different temperatures: (a) Rolled;

(b) 700 C; (c) 800 C; (d) 900 C
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Fig. 5 Band contrast distribution maps of {111} and {100} orientation grain after pre-recovery at different temperature: (a) Rolled;

(b) 700 °C; (c) 800 C; (d) 900 C
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Table 1 Orientation-related stored energy by band contrast after 87% clock-rolled tantalum plate at different pre-recovery
temperatures
Pre-recovery temperature/C Grain orientation(/kl) Oi(g) Omax Omin Egp/(Tmol ™) Eg11y/Es(i00)
100 106.5 135.5 20.5 2.522
Rolled 1.737
111 85.5 138.5 17.5 4.380
100 108.5 137.5 29.5 2.685
700 1.438
111 89.5 128.5 275 3.861
100 104.5 129.5 26.5 2.427
800 1.078
111 100.5 128.5 21.5 2.617
100 114.5 150.5 39.5 3.243
900 1.047
111 114.5 151.5 425 3.394

55.2 554 55.6 55.8
20/(°)
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Fig. 6 Fitted (200) and (222) diffraction peaks after

pre-recovery at different temperatures: (a) {200} plane; (b)

{222} plane
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Table 2  Orientation-related stored energy by XLPA after 87% clock-rolled tantalum plate at different pre-recovery temperatures

Pre-recovery temperature/C hkl Y,/GPa Viki B, B, Egp/(Tmol ™) Esy00/Es200

200 145.6 0.368 0.247 0.120 3.803

700 2467
222 284.4 0.218 0.440 0.116 9.384
200 145.6 0.368 0.232 0.120 3.216

800 2219
222 284.4 0.218 0.388 0.116 7.141
200 145.6 0.368 0.222 0.120 2.846

900 2.008
222 284.4 0.218 0.351 0.116 5.717
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temperature influences recrystallization texture and grain shape

Stored energy evolution of high-purity tantalum during annealing
and its effect on recrystallization behavior

ZHU Jia-lin', MAO Yu-cheng?, LIU Shi-feng', LIU Ya-hui', LIN Nan', DENG Chao":*

(1. College of Materials Science and Engineering, Chongqing University, Chongqing 400044, China;
2. School of Instrument Science and Opto-electronics, Beihang University, Beijing 100191, China;
3. Electron Microscopy Center of Chongqing University, Chongging University, Chongqing 400044, China)

Abstract: High-purity tantalum plates were clock rolled to 87% reduction in thickness. Then, the samples were heated up
to 700, 800 and 900 ‘C in the furnace, respectively, and were all annealed at 1300 ‘C for 30 min to get the
recrystallization microstructure. X-ray line profile analysis (XLPA) was adopted to quantify the bulk stored energy of a
quarter of the thickness of tantalum plates at different pre-recovery temperatures, combing with the electron
back-scattered diffraction (EBSD) and transmission electron microscopy (TEM) to characterize the pre-recovery and
recrystallization microstructure. The results show that the number of subgrains increases gradually with the increase of
pre-recovery temperature and the stored energy gap of {111} ([111]//ND, ND is normal direction) and {100} ([100]//ND)
orientation grain decreased obviously, which effectively reduces the subsequent driving force of recrystallization.
Therefore, the recrystallization grain size gradually decreases and the grain morphology is close to be equiaxed. However,
the high pre-recovery temperature (900 C) leads to a strong {111} texture bands in recrystallization microstructure,
while the recrystallization microstructure is relatively uniform through pre-recovering of 800 °C, which is beneficial to
the application of tantalum sputtering target.

Key words: high-purity tantalum; clock rolled; pre-recovery temperature; stored energy; microstructure
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