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H2 pressure (kPa) 30 100
Br (T) 1.37 0.85
HcJ (kA/m) 1199 1254
(BH)max (kJ/m3) 344 124

HDDR (Hydrogenation Disproportionation Desorption Recombination)1)
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Summary

・We developed a novel d-HDDR process using 
raw powders with particle size of 75-106 μm.

・After GBD (4wt%), higher Hk (0.98 MA/m) and 
SQ (73%) were obtained.

・ Two factors for these results are as follows:

1. Less variations in DOA due to homogeneous 
lamellar/spherical and resultant high/low DOA
fractions achieved by size-limited raw powders.

2. Less variations in coercivity may be due to 
high homogeneity in GB structures achieved by 
lower Nd-rich component in raw powders.
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Limited particle size ・ Homogeneous lamellar/spherical and
high/low DOA volume fractions

・ Removal of low DOA fine powders

→ Less variation in DOA results in high Hk, SQ
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Anisotropy in HDDR powder

Nd2Fe14B + H2  →   Fe + NdH2 + Fe2B →   Nd2Fe14B + H2↑
DRHD

Experimental

Optimization of particle size

Magnetic field, H / MA/m 
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・75-106 μm raw powder showed 
the best properties.
・Good uniformity in particle size.
・Low Nd content.
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Optimization of Nd content (mixing ratio of diffusing Nd-Cu-Al powder in GBD)

Purpose

・ To develop novel preparation process of raw powders with limited
particle size for obtaining higher Hk and SQ by achieving homo-
geneous lamellar/spherical and resultant high/low DOA fractions.

・ To investigate the effect of such raw powders on magnetic
properties and microstructures.

－ 106-150 μm

－ 75-106

－ 53-75

・GBD with 4wt% of Nd-Cu-Al showed well-balanced magnetic properties.
・Higher DOA (78.3%), Hk (0.98 MA/m) and SQ (73%) due to limited particle size.

Hk and squareness (SQ, Hk/HcJ) were low,
which may be due to variations in DOA and 
coercivity among powder particles.

Anisotropy induction model 3,4)
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*Degree of anisotropy

Nd-rich component in raw powder 
diffuses into powder particles during 
d-HDDR, and result in the formation 
of inhomogeneous distribution of GB
triple junctions and prevents smooth 
GBD.

After d-HDDR

1 μm

Additional factor for low Hk

Variation in coercivity

DRHD
H2 decrepitation at 23°C

High DOA

Crack free,
single crystal

Continuous GB LamellarFracture at GB

Jr = 1.37 T
DOA = 75%

Crack,
polycrystalline

(multiple c-axes)

Spherical Low DOADiscontinuous
grain boundaries (GB)

Transgranular
fracture Jr = 1.29 T

DOA = 69%

We developed high temperature hydrogen decrepitation process
to obtain larger volume fraction of lamellar and high DOA regions.
However, low DOA regions at surface were still inevitably formed.

Annealing
at 700°C

Processing
at 500°C
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DOA 77.1%

DOA 78.3%

－ Conventional (GBD 4wt%)

－ Novel (GBD 4wt%)

Size distribution of raw powders

■ Conv.（< 212 μm）
Nd 28.5 wt%

■ Novel（75-106 μm）
Nd 27.3 wt%

Fe Nd250 μm Fe Nd250 μm

NovelConventional

1 μm 1 μm

GB distribution (after GBD 4wt%)

Conventional: Nd-rich component in raw 
powder induces inhomogeneous distribution 
of GB triple junctions, which may prevent 
smooth diffusion during GBD. 
Novel: Low amount of Nd-rich component 
results in the formation of obstacle-free 
GBs after d-HDDR, achieving more smooth 
diffusion and resultant homogeneous GB 
distribution during GBD.
(quantitative evaluation in progress)

Particle size dependence of 
demagnetization curves

Magnetic field, H / MA/m 
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－ < 212 μm

－ 150-212

－ 106-150

－ 75-106

－ 53-75

－ 25-53

Conventional

Fr
eq

.

Particle size

Broad

HD DR< 212 μm

Raw powder

Lamellar

Spherical dominant
(fine powders)

High DOA

Very low
(fine powders)

Volume fraction of spherical and low DOA on
powder surface varies with powder size.
This induces the variations in the total DOA
among powder particles.
low DOA in fine powders

Nd-rich

Broad particle size
distribution of raw powder

Spherical Low

Additional processes to limit the particle size.
Fine particles as well as Nd-rich component are removed through these processes.

Novel process

Conventional d-HDDR 
process

Annealing
700°C, 1h

H2 decrep.
500°C, 1h

Crushing, sieving
< 212 μm

Sieving
150-212 μm

H2 decrep.
180°C, 4h

Sieving to
limited size

Crushing

d-HDDR
HD: 30 kPa, 820°C, 3h
DR: 1 kPa, 820°C, 0.5h

vac., 820°C, 1.5h

GBD
Nd-Cu-Al 2–6 wt%
vac., 800°C, 1h

Fracture at GB
Mixing with 

Nd-Cu-Al
fine powder

Nd content / wt%

6wt%

4wt%
6wt%

Nd content / wt%

No GBD

2wt%

4wt%

2wt%

4wt%

4wt%

4wt%

1 μm

Novel

1 μm

Conventional

Crystal grain size (after GBD 4wt%)

・Sharp grain size distribution indicates the formation of more 
homogeneous microstructures.
・Homogeneous GB distribution → Less variations in coercivity

Magnetic field, H / MA/m 
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－ d-HDDR with HT
H2 decrepitation

－ Typical d-HDDR

To decrease spherical and low DOA volume fraction, 
reduction of surface and crack regions are effective.

○△ Conventional

○● Novel
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