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Fig.4 Density distribution f(g) of each orientation line of different thickness layers in the unannealed state of unidirectional rolling and 135<

clock rolling: (a) «, (b) y, and (c) 7
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Fig.7 Change trend of the texture coefficient of the near surface layer and the center layer after unidirectional rolling (a) and 135 clock

rolling (b): (S1,C1) unannealed, (S;,C2) 20 min, (S3,Cs) 40 min, and (S4,C4) 80 min
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Table 2 Statistical data of the grain sizes of the surface layer and the center layer of the niobium sheet under the unidirectional rolling

and 135<clock rolling processes (um)

Position Equivalent circle diameter Maximum Minimum Standard deviation
UR-S 12.34 41.02 4.04 6.52
UR-C 8.76 35.53 1.66 5.85
CR-S 11.07 33.21 2.03 5.31
CR-C 10.57 34.38 2.40 5.45
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Fig.9 Grain size distribution of surface layer and center layer of niobium sheet under unidirectional rolling and 135<clock rolling process:

(a) UR-S and UR-C; (b) CR-S and CR-C
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Fig.10 Microhardness curves of the surface layer and the center layer of the unidirectional rolling (a) and 135<clock rolling (b) Nb plate after

annealing at 950 °C for different time
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Table 3 Evolution of related rolling texture with rotation angle in this experiment
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Table 4 Relevant parameters of the storage energy of {111} and

{100} oriented grains of the surface layer and center

layer of niobium sheet under unidirectional rolling and

135<clock rolling process

Position Grain orientation  Qmax Qmin  Qi(g) Hi/Jmol™*

{111} 1945 755 12187  6.10
UR-S {100} 1655 605 1159 472
{111} 1615 635 12865  3.35
UR-C {100} 1545 605 13003  2.60
{111} 1935 1005 15571  4.06
CR-S {100} 1905 785 14898  3.71
{111} 2145 875 16958 354
CRC {100} 1985 865 161.9 3.27
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Optimization of 135<Clock-Rolling for Microstructure Uniformity of
High-Purity Niobium

Cao Zhao', Tan Dungiang®, Tang Ye', Feng Meibing?, Zhu Fang? Liu Junrong?, Nie Tengfei?, Zhu Yingying®, Hou Xiao*
(1. College of Physics and Materials, Nanchang University, Nanchang 330031, China)
(2. Jivjiang Tanbre Co., Ltd, Jiujiang 332014, China)

Abstract: In traditional industries, niobium plates are usually obtained by unidirectional rolling. The niobium plates obtained by unidirectional
rolling often show strong unevenness in grain size and texture distribution, which restricts their use in modern industries. In this experiment, 135°
clock rolling and unidirectional rolling were used to obtain niobium plates, and the differences in the thickness direction of the niobium plates
obtained under the two process conditions were studied. The results show that 135< clock rolling can help reduce the texture gradient of the
high-purity niobium sheet in the thickness direction. In addition, niobium plates with a higher degree of {001}<uvw> preferred orientation can be
obtained under the conditions of 135<clock rolling process, and after recrystallization, they still have a strong {001}<uvw> preferred orientation.
The dominance of this texture helps to obtain a more uniform niobium plate, which is confirmed by the microhardness curve, microscopic
characterization of recrystallized structure, and semi-quantitative calculation results of storage energy in this experiment. It is also worth noting
that compared to unidirectional rolling, the niobium plate obtained under 135<clock rolling has a smaller difference in the storage energy of {111}
and {100} orientations in the thickness direction, and does not show a significant energy gradient. This also helps to optimize the uniformity of
high-purity niobium.

Key words: high purity niobium; 135<clock rolling; texture; storage energy
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