0

BfiwC> Dy 7 1 — BN RS AT ORE XA & 83

B Technical Paper

Dy 7 ) —8Ei LA ORKIEE

HE T, REE 2™, AR

% s K
FARRNIIE I o

Magnetic Domain Observation of Hot-deformed Dy-free Nd-Fe-B
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Synopsis

Hot-deformed Nd-Fe-B magnets are an attractive material for obtaining relatively high coercivity and heat resistance without
using heavy-rare earth elements such as Dy and Tb, because of their fine microstructure (grain size: 100-500 nm). To further
improve their coercivity and heat resistance, it is important to observe their microstructures and magnetic domain structures
in various states to understand their influence on magnetic properties. As the first step, the magnetic domain structures in the
thermally demagnetized state and during the magnetization and demagnetization processes were observed from two directions
(c-plane and almost parallel to c-axis plane). From these results, a three dimensional model of magnetic domain structure and

the change of magnetic domain structures during the magnetization process could be presented.
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Table 1. Sample sizes and demagnetization coefficients

of sample A, B and C.

Sample Size (mm®) Derz:gfr;iitiiez:ttion
A 8.0 x 5.0 x 2.3 (easy-axis) 0.5
B 8.0 x 5.0 (10° easy-axis) x 2.3 0.24
C 7.0 x 7.0 x 5.6 (easy-axis)
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Fig. 1. Initial magnetization and demagnetization curves
for sample C. J, is a inflection point of the initial
magnetization curve. Magnetization curves indicated

B-E were measured with magnetic fields H,; = 3.5,

11.2,16.2, 75.1 kOe and then magnetized, respectively.

Point A shows the thermally demagnetized state.
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Fig. 2. Microstructures for sample A observed by (a)
optical microscope and (b) SEM, respectively. (b)
is the enlarged figure of the area surrounded by
dashed line in the (a). (c)(d) are SEM images for
after etched surfaces. The c-axis is out of plane
for (c) and in-plane for (d).
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Fig. 3. EBSD images (IPF maps and phase maps) at the area a, b and ¢ for sample A. Dashed lines in (a-1), (a-2), (c-1)

and (c-2) indicate the powder boundaries.
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Fig. 4. (a) SEM and (b)(c) MFM images of Sample A

(c-plane). (a) and (b) are the same area.
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Fig. 5. (a)(b)(c) MFM images at the area d, e, and f of
Sample A (c-plane), respectively. Contours of
grains obtained from SEM images are overlaid
to MFM images. (d) SEM image at the same area
as (b). Green dashed lines in (b)-(d) indicate the
powder boundaries.
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Fig. 6. (a) Optical microscope image and (b)(c) MFM
images of Sample B (perpendicular to the

c-plane). (a) and (b) are the same area.
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Fig. 7. (a)(b)(c) MFM images at the area g, i, and h of
Sample B (c-axis // plane), respectively. (d) SEM
image at the same area as (b). Dashed lines in

(b)-(d) indicate the powder boundaries.
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Fig. 8. (a)(b) MFM images at the area g and h of Sample
B (c-axis // plane), respectively. Contours of
grains obtained from SEM images are overlaid to
MFM images. Dashed line in (b) indicates the

powder boundary.
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Fig. 9. (a)(b) MFM images at the area X and Y of
Sample B (c-axis // plane), respectively. Dashed
lines indicate the powder boundaries.
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Fig. 10. Three dimensional model of magnetic domain
structure under thermally demagnetized state
for a hot-deformed magnet. Dashed lines indicate

the powder boundaries.
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Fig. 11. Magnetic domain structures (a) under the
thermally demagnetized state, (b) under effective
magnetic field, H,; = 6.0 kOe, and (c) H = 0 after
removed the applied magnetic field for sample B.

(a)-(c) are observed at the same areas.
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Fig. 12. (a)-(e) Magnetic domain structures under H = 0 after applied the effective magnetic fields H,;= 5.0,10.8, 16.2,
45.0 kOe for sample A (c-plane). (a)-(e) correspond to the State A-E in Fig. 1. (2")-(e’) are the enlarged figure of
the area surrounded by white square in the (a). (a)-(c) and (a’)-(e’) are observed at the same areas.
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Fig. 13. (a)-(e) Magnetic domain structures under H = 0 after applied the effective magnetic fields H,;=5.0,10.8, 16.2,
45.0 kOe for sample B (c-axis//plane). (a)-(e) correspond to the the State A-E in Fig. 1. (a’)-(e’) are the enlarged
figure of the area surrounded by white square in the (a). (a)-(c) and (a’)-(e’) are observed at the same areas.

State C

Table 2. Area ratios of dark area for Fig. 12 and Fig. 13
at each effective magnetic field.

Effective magnetic field, Sample A Sample B 4 "y
He (kOe) (%) (%) . ' . .
Fig. 14. (a)(b) Enlarged figures of Fig. 12(a’)(c’),
o a7 cas5 g- 14. (a)(b) ged fig g- 12( )(. )
respectively. Contours of grains obtained from
5 66.4 68.1 . . .
SEM images are overlaid to MFM images.
108 801 s White grains in (a) and pink grains in (b)
16.2 955 9.7 indicate multi-domain grains and single-domain
45 98.9 100 grains, respectively.
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Fig. 15. (a) Optical microscope image and (b) MFM
images of Sample A (c-plane). (b) is the

enlarged figure of the area surrounded by white

square in (a).

g T -
Fig. 16. MFM images at H = 0 (a) after fully magnetized,
(b) after applied the magnetic field with
H,;=-10.3 kOe, and (c) H.4=-17.0 kOe, respectively.
(d) MFM image at H = 0 after full magnetization
followed by application H,;=-17.0 kOe.
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