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Fig. 1 (a)Demagnetization curves before and after diffusion and (b ) various magnetic properties of Th-free substrate ; (¢ ) Demagnetization

curves before and after diffusion and (d) various magnetic properties of Th-containing substrate
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Table1 Magnetic properties of Tb-free substrate before and after diffusion

FES Th 44 X442 1% BJkGs AB/kGs HT AH/T (BH),,/MGOe
TG Th HEA 0.0 14.15 1.556 48.54
T1 8L 0.3 13.96 -0.19 2.441 0.885 47.53
T2 4L 0.6 13.70 -0.45 2.568 1.012 45.87
T34 H 0.9 13.75 -0.40 2.578 1.022 46.29
T4 H 1.2 13.73 -0.42 2.586 1.030 45.99
T5 471 1.5 13.56 -0.59 2.592 1.036 44.99
2 ATbEMY#HAIEHEREETHE
Table 2 Magnetic properties of Th-containing substrate before and after diffusion
FES Th 44 U381 /% BJKGs AB/kGs HT AH/T (BH),/MGOe
5 ThHept 0.0 13.63 2.123 45.75
T1 8L 0.3 13.50 -0.13 2.817 0.694 44.86
T2 4L 0.6 13.47 -0.16 3.080 0.957 44.78
T34 HL 0.9 13.39 -0.24 3.082 0.959 4421
T4l 1.2 13.35 -0.28 3.081 0.958 44.12
T5 47 1.5 13.20 -0.43 3.079 0.956 43.08
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Fig. 2 (a) XRD patterns and (b) enlarged views of 35°~50"of Th-free substrate and T3-diffused sample; (¢) XRD patterns and

(d) enlarged views of 35°~50° of Th-containing substrate and T2-diffused sample
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K13 (a) FEThHAFAI(b) T Th Hebt -T3 5 Hum SEM K5 () % ThEEMAI(d) 75 Th Eebt -T2 5 HUm SEM K
Fig. 3 (a)SEM images of Th-free substrate and (b) Th-free substrate after T3 diffusion; (¢) SEM images of Th-containing substrate and
(d) Th-containing substrate after T2 diffusion
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Fig. 4 (al~a4)SEM images and elemental distributions of Th-free substrate after T3 diffusion; (b1~h4) SEM images and element

distributions of Th-containing substrate; (c1~c4) SEM images and element distributions of Th-containing substrate after T2 diffusion
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Effect of Composite Diffusion Sources on Magnetic Properties of Sintered NdFeB
Magnets

LIU Hongxiong, WANG Zhiheng, LIU Yanfeng, CAO Jun, LIU Qiaobo, HUANG Qiang, YANG Jinjin, CHEN Yixin
(Jiangxi Copper Technology Institute Co., Lid., Nanchang 330096, China)

Abstract: Grain boundary diffusion technology has emerged as a pivotal approach to overcome bottlenecks of high cost and significant
remanence loss in traditional single-alloy methods by precisely regulating the distribution of heavy rare earths (HREs), thereby markedly
enhancing the coercivity of NdFeB magnets. This study proposed composite diffusion sources formed by blending Th-Al-Cu HRE alloys
with pure Nd powder at varying ratios, systematically investigating their diffusion modification effects on both HRE-free and HRE-
containing substrates. Experimental results demonstrated that under optimal diffusion source ratios, the maximum coercivity enhancements
for the two substrates reached 1.036 T and 0.959 T, respectively, with remanence attenuation controlled within 0.59 kGs and 0.43 kGs.
When ThAlCu-to-pure-Nd ratio was 3:2 (for HRE-free substrates) or 2:3 (for HRE-containing substrates), the magnets exhibited optimal
comprehensive performance, achieving 48UH and 45EH grade levels, respectively. Microstructural analysis revealed that HRE-free
substrates developed increased grain boundary phases, refined grains, and core-shell structures after diffusion, while HRE-containing
substrates showed a significant increase in non-magnetic grain boundary phases. By designing composite diffusion sources, this study
achieved remarkable magnetic performance improvements with low HRE consumption, offering a novel strategy for the green preparation
and resource-efficient utilization of high-performance NdFeB magnets.

Key words: sintered NdFeB; grain boundary diffusion; composite diffusion source; low heavy rare earth; magnetic property
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