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Abstract

NdFeB magnetic powders with different particle sizes were prepared by jet milling, and grain
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boundary diffusion magnets were formed through the same preparation process and grain bound-
ary diffusion process. Through experimental analysis, the evolution of microstructure, magnetic
properties, and mechanical properties of sintered NdFeB magnets with different grain sizes modi-
fied by Tb grain boundary diffusion was investigated, and the optimal grain size range that balances
high coercivity, high remanence, and heavy rare earth utilization efficiency was determined. The
results show that the original powder particle size plays a decisive role in the microstructure and
density of the sintered magnet. The smaller the powder particle size, the greater the sintering driv-
ing force, resulting in finer grain size and higher density of the magnet. After diffusion, fine-grained
magnets exhibit limited marginal benefit in boundary structure optimization but significant rema-
nence loss, while coarse-grained magnets possess poor intrinsic magnetic properties and remain
unsatisfactory even after optimization. Therefore, the ideal grain size range is 6.5~7.0 pm, within
which both magnetic properties and diffusion source utilization efficiency are high. Grain boundary
diffusion can effectively enhance the flexural strength of magnets, and fine-grained magnets show
greater improvement due to more significant grain boundary phase strengthening, whereas coarse-
grained magnets, dominated by transgranular fracture with poor diffusion effect, exhibit limited
strength enhancement.
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Table 1. Process parameters and powder properties of airflow milling

F 1. SRELZSHEMAIMESH

¥ %34 /rpm Tiff B S A4 J1/MPa SMD/pm D90/D10
1 1500 0.5 2.15 2.65
2 1700 0.5 2.18 2.69
3 1900 0.5 2.40 2.91
4 2100 0.5 2.78 2.97
5 2300 0.5 3.16 3.74
6 2500 0.5 3.21 4.18
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Table 2. Magnetron sputtering process parameters
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Table 3. Microstructure and property parameters of magnets prepared with different powder particle sizes
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SMD/pm D90/D10 T A % % /g-om ™ Bi/kGs Hey/kOe LN A NG Y
2.15 2.65 7.49 13.21 16.63 4.26
2.18 2.69 7.50 13.21 15.93 4.38
2.40 291 7.49 13.23 16.06 4.4
2.78 2.97 7.49 13.19 15.62 6.77
3.16 3.74 7.44 12.91 15.05 7.65
3.21 4.18 7.40 12.95 14.14 7.8
b
@ sl {80 ®1mo J 1326
7.48 | 472 16.5 |- -413.20
o 4 I 1601 41314
B 7460 142 o -
&0 A g 155¢ {13.08 %
B 744 {5.6 ;l' e g
el 5 15.0 - H13.02
7.42 1438 145 112.96
740 | l40 140 H12.90
20 22 24 26 28 30 32 40 45 50 55 60 65 70 75 80
B KRR/ pm ik Rt pm
(a) JRIERY AR 5 MEAAR SR RS B B R & (b) BhAR SR RS SRR TEERE I K &

Figure 1. Magnet physical properties corresponding to different powder particle sizes
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Figure 2. SEM images of magnets prepared with different powder particle sizes
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Figure 3. Relationship between magnet grain size and magnetic properties of the magnet after grain boundary diffusion
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Figure 4. Effect of magnet grain size and density on the magnetic properties of the magnet after grain boundary diffusion
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Figure 5. XRD patterns and characteristic peak evolution of
magnets with different grain sizes
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Figure 6. EPMA images of magnets with different grain sizes after diffusion at grain boundaries on the surface
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Figure 7. EPMA images of magnets with different grain sizes at a distance of 120 um from the diffusion surface
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Figure 8. Schematic diagram of Tb content within 1000 um of the diffusion surface after diffusion of magnets with
different grain sizes
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Figure 9. SEM backscattered images of magnet substrates with different grain sizes
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Figure 10. Schematic diagram of the flexural strength of magnets pre-

pared with different powder particle sizes before and after grain bound-

ary diffusion
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