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The Study of the Coercivity Mechanism of Gas Atomised P/M MnAIC Permanent Magnet
Ichiro Takasu *

#El's*

Synopsis: The coercivity mechanism of the gas-atomised P/M MnAIC permanent magnet was studied. To investigate that

coercivity mechanism, magnetic property measurements, including initial magnetisation curves and BH curves by

VSM have been made. Observations of domain structures and microstructures by TEM, HRTEM with EDS and
SEM with EDS were carried out on these mateirals. “Nucleation” controlled coercivity, except for magnets pro-
duced with a small powder particle diameters (<38 um) , which show a “pinning” type initial curve, is suggested.

Lorentz microscopy observations of domain wall movement under magnetic field, suggest that domain walls asso-

ciated twin boundaries do not move, even under a field of 480 kA/m. Thus such boundaries can be nucleation site

whilst in the case of stacking faults, domain walls there often move at or a little more than about 200kA/m. Thus

stacking faults may be a pinning site. Domain walls interaction associated with anti-phase boundaries and non-

magnetic phases are also discussed.

Key words: MnAIC alloy; gas-atomised powder; 7 phase; r phase; 3 phase; permanent magnet; domain wall; anti-phase

boundary; nucleation; pinning; coercivity; Lorentz microscopy.
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Fig.1. The Bethe—Slater curve.
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Fig.2. Equilibrium phase diagram of Mn-Al alloy.

WM T HOBEIE, L1, ClAlBDEOMAESE (Fig.3)
ThY, ZORFEHIL, a=0.394nm, ¢=0.358nm,
c/a=0908THh s, t18lE, [001]5EICHIEEZ#M%ERD

BOHK[IREAMZEBL TS, COEREM i, S8
HTHD e N OBMANEBIKTHUIET DH, /i,
SR e HEHESATEILICKUBDIENTED,
t MDEEMEE, (000) ZBEDMNREFOHSKE—X2 b
DEINZHESEDT, ZORMBPREREIL, MACEET,
0.788T, NixmML=6£MDT, 0.772T 7, &fz, HEBEIE
HHEHIE, 1.03X100)/mTHD Y, BUIEICLOTEDS
n32fE6 t I, BINICHBEFNICEZIRMTHD,
KAEMMAICHE AT, BEFEMIICESTEOND, &
DOEEMIICE DT r HOBICBSMTHDc- MM P
BICHiS>MENHD, COEHE, BRFENICRSHEE
DERICEO>TERTE 9, ZOEMIS, r HORBER
ICEDTEBBTESD 9, Figdld, TONBERAZSL D8
DEBEERANICRLIZEDTH D, TDe-#ld, A
EEFTIC (BHRIICIE, HEHBFEE152 OBEZLL
TUL\D) &g D, chid, S5 LERDZESR © D
N, cHMICEENHDNIZDEFEDHEZENTI\DHE
BHDOANBHEAEICERTDIHTHY, BHER, 20
BEll—#MERMER OILZREERLLD,

adl %

@ Mn
Al
<001> ¢ O
)_ <010> ‘,' -
<100> /a

a

Fig.3. Crystal structure of ferromagnetic 7 phase.
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Fig.4. The conversion of c-axis (easy axis) ina crystal induced
by deformation.
Projectionis onthe (110) plane.
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Fig.5. Typical virgin curves and hysteresis loops for:
(a) anucleation controlled magnet:
(b) apinning controlled magnet.
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Fig.6. The flow diagram of the powder process of MnAIC magnets.
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Fig.7. Schematic diagram of beam displacement by domains in a
uniaxial materials (Lorentz Microscopy) .

4. REBHER

4-1 MnAICEZD#FRIFH
EHARICBWNEMIAICEEH AT MY A XMERDAE
SEMEE%Fig8IC/Rd . ARAFICHWMRIE, REMESH
2EBWNEART MA ZTRICELDEDT, ENLVEER
EREETD, &/, BALTWDEHIS, REAICT VR
4 MEENROND, FIINRII83umTH DT,
HAT "I AZTHRIE, 7RIAZXTEZETETFD r 85
KU BHEEHESEDDKRED T e HTHY, 973KFIED
BWIBICE DT t BICERET D, ¢ HhD t HANDERE,
Fiz, 1 HOBMELZEEERNRDIEHIZT MY A THERD
BHNIBZIS3KICTITLY, ZOHILDZELZRANIZ, ZD
BEREFQIITRT, MNAICEEHRAT YA XKL, B
SLIBRFREDIBIICHENZDRIENKREL Y, HDETHE
MyDdMEEAIERLUIZ, £z, MRNEAXRELLDEE, £
DEFT 2R N REBRAICBITIDMEANRoNc, &AE
BICHITDHIEORESIE, ¢ BLD t HANDERDET
WRERTIEE, D&Y, t HOLEAKRELDERI
NRELBDEZZONDN, KERIT, SEHD ¢ HD
hEEZE ESEMARNRICLDIEBRZBRT DZHICIE,
MARDREHNKELBDEEVHLBIFBAVNETCHDZ

76

EERKLTIND,

Fig.8. An SEM micrograph of the typical morphology of MnAIC
alloy atomised powder.
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Fig.9. The relationship between aging time and the magnetisation
of MnAIC alloy powders after aging.
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(a) 100nm (b) 200nm (c) 200nm
Powder (1#m) Place Mn (at%) Al (at%) Ni (at%)
50 A 49.5 49.2 1.3
(a) B 60.7 39.1 0.2
20 A 45.5 53.3 1.2
(b) B 54.0 45.6 0.4
5 A 52.3 45.5 1.5
(© B 52.7 47.0 0.4
Fig.10. The TEM cross sections of MnAIC magnet alloy powders with EDS analysis:
(a) 50 p m in diameter:
(b) 20 u min diameter:
(c) 5 pmindiameter.
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Fig.11. Demagnetising curves of gas atomised P/M MnAIC mag—
nets produced with different particle sizes (extrusion ratio

=4) .
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Fig.12. The first quadrant of hysteresis loops of gas atomised P/M
MnAIC magnets produced with different particle sizes
(extrusion ratio = 4) .
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Fig.13. Demagnetisation curves of gas atomised P/M MnAIC
magnets produced with different particle sizes (extrusion
ratio = 16) .
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Fig.14. Virgin curves of gas atomised powder MnAIC magnets
produced with different particle sizes.
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Fig.15. Typical Lorentz TEM microscopy of gas atomised P/M
MnAIC alloy magnet.
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Fig.17. Lorentz micrograph of an anisotropic gas atomised P/M MnAIC alloy magnet produced with <38 u m powders,  (extrusion ratio=4)
at a stacking fault under a certain magnetic fields.
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Fig.19. Angular dependence of the theoretical «,, parameter for
pinning and nucleation.
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