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Densification and Annealing Analysis of Multi-rare Earth Tungsten Wire Rolling
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Abstract; By using a hot two-roll mill, the multi-rare rare earth tungsten alloy wire was opened by a hot rolling
process, and the multi-tungsten alloy wire after the rolling was annealed. The effects of rolling densification, rolling
and annealing on the microstructure and properties of tungsten wire were analyzed by scanning electron microscope
(SEM), energy spectrum, optical microscope. and micro-hardness tester. The results indicate that the sintered
holes were deformed and closed during the rolling process, and [inally disappears under the action of shearing force.
The density of the multi-rare earth tungsten wire increases at the rolling temperature of 1 650 °C, the holding time
of 30 min, and the rolling speed of 170 m/s, the sintered porosity 8 is reduced from 6.50% to 4.61% . and the
tungsten wire density is increased [rom 17. 84 to 18. 12 g/em’. The grains in the rolled structure are elongated in the
rolling direction to form a mutual squeeze pressed and overlapped processed microstructures, the hot rolling process
mainly occurs in the dynamic recovery process to form a cellular substructure inside the grains; When it is annealed
at 1 100 to 1 300 °C, only recovery occurs and no-recrystallization occurs. The recrystallization occurs at 1 400 °C
for 60 min, and the recrystallized grains did not grow completely. The annealing process was completed after
annealing at 1600 C for 60 min.
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Table 1 Orthogonal experimental parameters

of rolling process

level A B C
Rolling Holding Rolling speed/
temperature/ C time,/ min (m=*s 1)
1 1 550 20 160
2 1 650 30 170
3 1 750 40 180
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Table 2 Rolling optimization process parameters

Rolling Holding Rolling speed/
temperature/ C time/min (me+s 1)
1 600 30 170
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Table 3 Annealing process design

Annealing temperature/C Annealing time/min

1100 60
1200 60
1300 60
1 400 60
1 500 60
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Fig. 1 Sintered holes: (a) Sintered state; (b) rolled state
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Fig. 2 SEM images: (a) sintered state; (b) rolled state; energy disperse spectroscopy (EDS) spectrum distribution
of each element (¢) O; (d) W; (e) Y; (f) La; (g) Ce
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Fig. 3 Metallographic diagrams of multi-rare-earth earth tungsten alloy wire: (a), (b) sintered state;

(c¢) ,(d) spin-forged state; (e),(f) rolled state;(a),(c),(e)Surface area;(b),(d), (f)Core area
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Fig. 5 Electron back-scattered diffraction (EBSD) crystal orientation maps: (a)rolled state; (b)1 100 'C ; (¢)1 200 C;
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