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The effect of Ga addition on the enhancement of coercivity in
HDDR-treated Nd-Fe-B powders, was investigated.
Microstructural observation revealed that Ga addition suppresses
grain growth of recombined Nd,Fe ;B during the DR process.
Analysis using the microstructural parameters in Kronmiiller's
equation shows that the a g value of Ga-added samples (0.48) is
larger than that of ternary samples (0.12), which suggests that
Ga leads to the development of reduced surface anisotropy in
the recombined Nd,Fe ,B grains.
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Fig. 1 Hydrogen pressure-temperature curve of the recombination
reaction of Nd,Fe B compound, and various processing

treatments for disproportionation and recombination reactions.
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Fig. 2 Schematic illustration of the different HDDR treatments
used in this study.
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Fig. 3 SEM microstructures of (a), (b) Nd,,,Feg, ¢B¢, and (¢)
Nd,, ,Feq, 3Ga, 5B after .-HD treatment at 850°C.
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Fig. 4 Demagnetization curves of HDDR-treated Nd,, ,Fey, 4B
and Nd,,Feg, 1Ga, 5B, bonded magnets, measured at various
temperatures.

HASHB R FREE  Vol. 24, No. 4-2, 2000

71 % Kronmiiller DRI HK TIIO THEE ST A — 5L B8
%47 272, Nd-Fe-B;AHDDRE T Tid b #L F4 1 Xid
BEXBERRIGEVIZO» DS, F0OEBOLN LD
1IN, Fe  BILEH OH AT, F 72, Wb
DFTHENY SRV T &S KRBT OB R
XOBERDPZENTHELEEZLNS., ZOBEOHA

DRENIEYORFHBROMIC, ERLEME, &
FE, HMORAREZFOEEHZLLOERFIZL > TH

BAEZFY | Kronmiller 3FNSDEF%/87 A — 5 (LT
BT LIl Lo THAERBRHy R H) 2 R0 X5
iELEY

“ (lHN

#ya a H —NJ (3-1)
CITHREAHEATHY, oI FREMTEOEH
MHROBDIET /87 2 =%, o (EHEMERKT O
EEMOENIZET 535 A—%, N I3IEREM R kT
HORKIZERT LB FSFT LT A9 Th b,
B, KETIEREMOFEFMEAE W0 T, H
DD DI HFE R ETHALE DRK & 4 A ENINRER H,;,
BRI 72, o (HUIERROFEHMHA IV TR
RAMEZ L BRETH Y, HM™=a 4H, ( ¢ummmﬁa
HMEDHRTHERRL, $HUTLDL f=x/dDE X o
JIRAMEER EBY ) TEREN, SHIIH,, HM™, JlE
REIZEAERZOT (3-1) R

uH (DT a H‘"‘“(’I‘)/j(T) N (3-2)
EREDL. BREIZBUDLH,,, H™, JOE*HRATS
TEIZE ) ERERERERD, FOEENS o %, OF
PHNgE BTz, 2T HIREIZBIT AN Fe ,BOH™
(T), J(MDEIISCHES A2,

1.2
10 _Nd 122 Fe 81.8-X GaxBe.o
' ®  x=0(-HD&s-DR&c-DR): =-0.537 %C"
- 08t O x=05(-HD&s-DR&-DR): £=-0.536 %C"
E . 2 x=0{c-HD&c-DR) : £=-0.524 %"’
< ~ o
g 06+
o e
T 04+ T
02+
o ¥
00 ] 1 I
50 100 150 200

Temperature (C)

Fig. 5§ Temperature dependencies of the coercivities of HDDR
treated Nd , ,;Fey 4Bg ) (@ ~HD&s-DR&c-DR, Ml c-HD&c-DR)
and Nd,, ,Fey, 1Ga,, sBg , (O LHD&s-DR&e-DR) alloys.
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Fig. 6 Comparison of microstructural parameters ( a g and Ny
) of Nd,,Feg sBgo (@ LHD&s-DR&c-DR, M c-HD&c-DR)
and Nd,, ,Feg, :Gag 5B (O L-HD&s-DR&c-DR) alloys.

406

4F5EH

AHFZETl, Nd-Fe-BAHDDREEA F R BV TGaifsh
WELBRBAOBROBERIIO VWTHEBELS LY
Kronmiiller D2 B 2 M/ $T7 A — 5 £ W THR~N, L
TOL) EREFL.

DEEESHGOEREDS, Gailihniz £ » THEAHKSR
FOMKIEPHF SN LD EEZ LN,

DETTHB &L UGa0.5at%iBmME &I BT R OR
B R IEFNREFN—-0537%TCT ', —0.536%C'&1iZ
FLEE %0, GaROREFH~OLEBIIILALR
bhholz.

3)Ga0.5aDiRNMEE D a (13048 L Z TR EED012&
DLBL I EN S, GailRilc & ) B AR T RELED
HEEHLUBESNTVLLDLHEEEINRS.

BEE R LERLMBAETEE £ LAKRESR
ARICERCEHBL .
KIFZE D —ERL CERE BRI e R (FFEfRIRA [ 705
v LA ] 10148102, ZARAFZE10450252, 10555240, #
FHFE1187145) DIEBIZ ST TiITh /.

ik

1) T. Takeshita and R. Nakayama : Proc. 12th Int. Workshop on Rare-Earth
Magnets and Their Applications, Canberra, p.670 (1992).

2) H. Nakamura, R. Suefuji, S. Sugimoto, M. Okada and M. Homma : J.
Appl. Phys., 76, 6828 (1994).

3) R. Nakayama, T. Takeshita, M. Itakura, M. Kuwano and K. Oki : J.
Appl. Phys., 76,415 (1994).

4) H. Nakamura, K. Kato, D. Book, S. Sugimoto, M. Okada and M.Homma
:J. Magn. Soc. Japan, 23, 300 (1999).

5) H. Nakamura, K. Kato, D. Book, S. Sugimoto, M. Okada and M.Homma
: The 1999 IEEE INTERnational MAGnetics Conference, Kyongju Korea,
DD-12 (1999).

6) T HLEW: HRICHBAFREE 1 17,32 (1993).

7) R. Nakayama, T. Takeshita : J. Appl. Phys., 70,3770 (1991).

8) H. Kronmiiller : Phys. Stat. Sol. (b), 144, 385 (1987).

9) H. Kronmiiller and K. D. Durst : J. Magn. Mater., 74, 291 (1988).

10) G. Martinek and H. Kronmiiller : J. Magn. Mater., 86, 177 (1990).

HAICHE XS 255 Vol. 24, No. 4-2, 2000

NI | -El ectronic Library Service



