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Table 1 Rolling and annealing condition of different high-purity tantalum target billets

Rolling mode Reduction/% Rolling pass Annenaling temperature/annealing time
2 92 1000 °C/1.5 h
Cold rolling 10 18 1000 °C/1.5 h
20 8 1000 °C/1.5 h
Hot rolling 10 18 1000 °C/1.5 h
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Fig.1 Schematic diagram of the tantalum target preparation
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Fig.2 SEM images (a—b) and XRD pattern (c) of the high-purity tantalum powder
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Table 2 Tantalum and major impurity elements contents of the

high-purity tantalum powder (measured by ICP-MS

method)
Element Content/wt%

Ta 99.998 78+0.000 40
Na 0.000 17+0.000 12
K 0.000 15+0.000 01
Ca 0.000 06+0.000 03
Cr 0.000 23+0.000 07
Mn 0.000 02+0.000 01
Fe 0.000 36+0.000 14
Ni 0.000 23+0.000 11
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Fig.3 SEM images of the hot-rolling (a) and the cold-rolling (b) targets; average grain size of the targets under different rolling processes (c)
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Fig.4 XRD patterns of cold-rolling targets with different reductions
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Fig.5 XRD patterns of cold-rolling targets with different reductions
at P2 in Fig.1

6 1 P3ALE A FVFL T SR HELIARE F XRD &
Fig.6 XRD patterns of cold-rolling targets with different reductions
at P3 in Fig.1
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Fig.7 XRD patterns of cold-rolling targets with different reductions
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Fig.8 EBSD images of cold-rolling tantalum billets at P1 marked in Fig.1 with different reductions: (a) 20%, (b) 10%, and (c) 2%
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Fig.9 EBSD images of cold-rolling tantalum targets at P2 marked in Fig.1 with different reductions: (a) 20%, (b) 10%, and (c) 2%
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Fig.10 EBSD images of cold-rolling tantalum targets at P3 marked in Fig.1 with different reductions: (a) 20%, (b) 10%, and (c) 2%
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Fig.11 EBSD images of cold-rolling tantalum targets at P4 marked in Fig.1 with different reductions: (a) 20%, (b) 10%, and (c) 2%
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Fig.13 Average grain size of different cold-rolling targets at different positions marked in Fig.1: (a) P1, (b) P2, (c) P3, and (d) P4
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Table 3 Average grain size of targets tantalum billets with different cold-rolling reductions

Cold-rolling reduction/%

Position
20 10 2
P1/um 45.80 48.79 60.50
P2/um 47.31 47.69 57.00
P3/um 44.79 48.20 57.31
P4/um 46.13 45.58 60.88
Average value/pm 46.01 47.57 58.92
Standard deviation (SD) 1.04 1.39 2.05

R4 HESTER(SPSSAURE)
Table 4 Analysis results of variance (SPSSAU software)

Deformation amount (mean+SD)

Parameter F p
0.05 (n=4) 0.1 (n=4) 0.2 (n=4)
Average grain size/pum 58.9242.05 47.56+1.40 46.01£1.04 82.406 0.000%**
Hardness/HV 147.68+3.92 141.15+6.82 130.75+3.85 11.404 0.003**

Note: F-effective size (between-group variance/within-group variance); p-indicator of statistical significance; *: p<0.05; **: p<0.01

B, B S 2 4 TGRE B 1 28 147.68 HV, FH R 1A% AE (i 22
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Table 5 Hardness of tantalum target billets with different cold-

rolling reductions

Position Cold-rolling reduction/%

20 10 2
PI/HV 133.20 140.10 145.30
P2/HV 130.80 142.60 144.70
P3/HV 133.70 149.20 153.30
P4/HV 125.30 132.70 147.40
Average/HV 130.75 141.15 147.68

Standard deviation 3.85 6.82 3.92
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Microstructure and Mechanical Property of High-Purity Tantalum Target Billets with
Multi-pass Rolling Reduction

Wang Yin', Cao Xudan', Li Guipeng’, Yuan Yubo’, Wu Yanfang'
. School of Materials Science and Engineering, Zhejiang University, Hangzhou , China
1. School of Materials Sci d Engi ing, Zheji Uni ity, H: hou 310058, Chi
(2. Tong-Chuang (Lishui) Specialty Materials Co., Ltd, Lishui 323010, China)

Abstract: To fabricate high-purity tantalum target billets with uniform grain size, preferential orientation, and homogeneous hardness distribution,
a series of high-purity tantalum target billets were prepared by electron beam melting and multi-pass rolling technique. The effects of rolling
modes (cold rolling/hot rolling) and multi-pass rolling reduction on the microstructure, and mechanical properties of tantalum target billets were
investigated. The results indicate that compared with that prepared by hot rolling, the sample prepared by cold rolling exhibits smaller and more
uniform grain size. Under cold rolling condition, the multi-pass rolling reduction decreases from 20% to 2%, and the grain size and standard
deviation of the tantalum target billets change significantly, varying from 46.01 um to 58.92 um. Meanwhile, the proportion of (100) and (111)
crystal planes gradually increase, while the proportion of (110) crystal plane rapidly decreases. When the multi-pass rolling reduction is 2%, the
growth of the (110) crystal plane in the tantalum target blank sample is certainly inhibited, a high proportion of (100)-(111) mixed random texture
is obtained, and the Vickers hardness of the tantalum target increases to 147.68 HV. These research findings provide an important reference for the
development of high-quality tantalum target billets.

Key words: tantalum sputtering target; grain size; texture orientation; cold-rolling reduction
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