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Synopsis

Applying a grain boundary diffusion process for hot-deformed Nd-Fe-B magnets improves coercivity. However, it also
significantly reduces remanence and non-uniformity of the microstructure between the sample surface and its center. To solve
these problems, we developed two new grain boundary diffusion processes. The first is conducted under an expansion constraint,
which suppresses significant reduction of remanence by controlling the infiltration of the diffusion source into the sample. The
second is a two-step grain boundary diffusion process. In the first step, a low-melting-temperature Tb,,Dy,,Nd ,,Cu;, alloy is
infiltrated into magnets through grain boundaries. This is followed by a second step using Ndg,Cu,,. The first step leads to the
formation of a rare earth rich intergranular phase and heavy rare earth elements (HRE) rich shell that surrounds Nd,Fe B
grains. This results in enhanced coercivity, even though a large concentration gradient appears near the center of the magnet.
The second step of Ndg,Cu,, diffusion ensures the HRE shell is more uniform throughout the entire sample, leading to an
improved squareness factor and slightly improved coercivity.
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Fig. 1. Schematic model of microstructure for grain
boundary diffused sintered Nd-Fe-B magnet and
grain boundary diffused hot-deformed Nd-Fe-B
magnet.
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Fig. 2. Grain boundary diffusion method under expansion constraint for hot-deformed magnet.
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Fig. 3. Demagnetization curves of the original hot-
deformed sample and the samples that were
diffusion-processed with and without an expansion
constraint. The inset schematically shows how the
expansion was constrained. Adopted from ref.
21, with permission from Elsevier.
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Fig. 4. Backscattered electron images of the original
hot-deformed (a, b), diffusion-processed (c,
d) and diffusion-processed with an expansion
constraint (e, f) samples. The left and the
right rows are side views and plan views,
respectively. Adopted from ref. 21, with

permission from Elsevier.
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Fig. 5. (a) Schematics of the one-step and two-
step diffusion process, (b) demagnetization
curves and (c) temperature dependences of
coercivities of hot-deformed magnets and
diffusion-processed magnets. Adopted from
ref. 23, with permission from Elsevier.
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Fig. 6. (a) Electron probe micro analyzer (EPMA) maps
of Tb, Dy, Nd, and Cu; and (b) compositional
profiles taken from the surface to the center of
the one-step and two-step diffusion processed
samples. Adopted from ref. 23, with permission
from Elsevier.
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step and (b) the two-step diffusion processed
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from Elsevier.
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Fig. 8. Low magnification cross-sectional STEM-EDS
maps of Nd-Tb-Dy obtained at the 0.2, 1.2 and
2.7 mm depth from the diffusion surface of (a)
the one-step and (b) the two-step diffusion
processed samples. Adopted from ref. 23, with
permission from Elsevier.
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