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Fig.1 SEM images of raw materials:(a)W 6000x; (b)B 20000x.
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Fig. 2 Powder properties during mechanical activation. (a) Variation
in powder size distribution; (b) Powder micro-morphological changes,
wherein bi-bsare boron powders and bs-bg are tungsten powders, and
the mechanical activation times are represented as (b1, bs) 5 h; (bz, bs)
10 h; (bs, b7) 20 h; and (bs, bg) 50 h, respectively. (c) Variation of

powder oxygen content.
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Fig.4 Schematic diagram of EDS surface scanning results and

mixing process of W/B mixed powder.
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Fig. 5 The XRD patterns and corresponding true densities of the products of W/B mixed powders reacted at different temperatures for 3 h.

(a)(b)Without mechanical activation; (c)(d)Mechanical activation 20 h
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Fig. 6 The Gibbs free energy of the raw materials and the main
phases in the W-B system during the synthesis reaction at different

temperatures from 1000 to 1500 K.
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Fig. 7 TEM images of tungsten powder at different mechanical

activation times. (a) 0 h; (b) 10 h; (c) 20 h
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Table 1 Calculation of dislocation density

Mechanical activation time/h dislocation density/m™

0 1.7E+13
10 3.9E+13
20 5.3E+13
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Fig. 8 Alloy Powder Reaction Synthesis.(a) XRD patterns of
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Table 2 Reactivity of W,B phase at different holding time

Holding time/h Reaction rate & /%
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*3 SEMABHESENHEEMIRENLL

Table 3 Comparison of the phase content of alloy powder between calculated and experimental values

Sample Phase Calculated content Experimental content Rwp Rp X?
(wt%) (Wt%)
W,B 96.10 95.23
Alloy Powder 6.05% 4.6% 1.466
wB 3.90 4.77
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Abstract: Using high-purity tungsten powder and amorphous boron powder as raw materials, high-purity W;B alloy powder was efficiently
synthesized at low temperatures by mechanical activation and combination reactions. The effects of mechanical activation time on the morphology,
particle size distribution, and specific surface area of the powders were investigated, and the relationship between phase composition, synthesis
temperature, and reaction mechanism was elucidated. The results indicated that mechanical activation could effectively refine the particles, and the
surface area and dislocation density of the powder increased as the mechanical activation time lengthened. The content of the W,B phase in the
reaction-synthesized powder increased as the mechanical activation time increased. After 20 hours of mechanical activation, the true density of the
reaction-synthesized powder reached 17.01 g/cm®, with the W,B phase content of 96 wt%. The powder synthesized by that contained 23 wt% more
W;B phase compared to the powder without the mechanical activation reaction. During the synthesis reaction, the B atoms diffused into the W
matrix, resulting in the formation of the low-density WB phase. Mechanical activation introduced a significant number of dislocation defects,

which created a channel for atoms diffusion and accelerated the transformation of the WB phase to the W-,B phase.

Key words:  W-B;mechanical activation;diffusion dynamics;phase content
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