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Magnetic Properties of Anisotropic (Nd, Dy)-Fe—Co-B Magnet Powders Produced
by the Hydrogenation—Decomposition—Desorption-Recombination Process
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We studied the magnetic properties of Nd-Dy-Fe—Co-B-
Zr-Ga magnet powders produced by the hydrogenation—-
decomposition—desorption-recombination (HDDR) process,
using a hydrogen pressure of 0.1 MPa. Magnet powders
with ;H. higher than 1200kA/m were obtained from
alloys of Nd11_3Dy1_3F83¢)AyCO,.BioZI'o‘]Gao,a, yé 11.6 at%. It
was found that annealing in an Ar atmosphere added
after the HD treatment in the HDDR process improved
the magnetic anisotropy of the magnet powders. Typical
magnetic properties of the magnet powders obtained by
this process are as follows: B,=127T, ;H.= 1280 kA /m,
(BH)max =283 kJ/m?, and = —0.44%/°C.

Key words. anisotropic magnet powder, Nd-Dy-Fe—Co-
B, high coercivity, magnetic properties, hydrogenation-
decomposition—desorption-recombination, bonded magnet
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Fig. 1 Magnetic properties of bonded magnets made
from Ndi;5-,Dy,Fes, 6C017.4B7 021, Gags magnet pow-
ders produced by the HDDR process.
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Fig. 2 Magnetic domain patterns of Ndi26- Dy, Fegae-
C0174B70Zro1Gag; alloy powders quenched after the
HD process.
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Fig.3 DTA of Nd,z6-.Dy.Feso-,C0,B;0Zrs,Gags and
Nd,z6Fes0sB;o alloys in a hydrogen atmosphere at
atmospheric pressure.
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Fig. 4 Magnetic properties of bonded magnets made
from Ndy13Dy,sFes,Co,Br0Zrs,Gags magnet powders
obtained by the HDDR process.

DHEFRER % Nd-Fe B3 LRALOEE L H# L T Fig 3
IRY. x=13,y=174 T2 600°CLL L TCOMNMES LUK
AR RARRBLURBOE— 7 h13 & A EHER X
NIV, x=13,y=0 DAL TRIN LD — 7 pEEx A
fo. CORRMS, DyBBLAEASFILEVTL CoRAE
B3N 01 MPa 0 KEBZHKH CHARKIEHET b,
HDDR LB & - THEASMBHS R S (o4 < 75 2 alfett
MEZOoNI 22T, CoBEZILSELBL 1> T
HDDR MLEic & 2 Kkt 02 L2~ Fig. 4T, Dy &
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Fig. 5 Modified HDDR treatment pattern.
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Fig. 6 Magnetic properties of bonded magnets made
from magnet powders obtained by the modified
HDDR process with various intermediate annealing
times in Ar. The bonded magnets were prepared
with and without the aligning magnetic field.
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Fig. 7 Typical demagnetization curves of bonded
magnets made from Nd-Dy-Fe-Co-B-Zr-Ga HDDR
powders with high ;H..
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Fig. 8 High-resolution SEM image of Nd-Dy-Fe-Co-
B-Zr-Ga magnet powder obtained by the modified
HDDR process.

Table 1 Magnetic properties and temperature
coefficients of Ndlzﬁ_xDY,Fesafyc(),B';ozI'OJGaga HDDR
bonded magnets, (a) x=0.3, y=8.7; (b) x=0, y=17.4

Br bHc iHc BHmax a Vil
(T) (kAm) (kA/m) (Wm’) (%°C) (%:C)

(a) 085 580 1270 129 -0.10 -0.44
(b) 096 620 1090 161 -0.08 -0.52
{20 °C- 100 C)
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8.7 DERRW WA (a) DHH~044%/CEHESNTED,
BRHBH OB E MQP-B) 0 g= —040%/Cizalt W EA R L
7z. Hirosawa 5% ®ith £ & [GIRY WG (a) £ 0 & CoBAE
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=283 k]J/m’, B=—044%/ COMT M % 157-.

] X [
- D BEB—80 0T MRUSABR © » £ 0 v 48K, T, 1997,
£ p.5-3-1 (HAHEEBS, Hi, 1997),
s c-— 2) T. Takeshita and R. Nakayama: Proc. the Symposia Rare-
é 8 I -*““»1\_‘ N earth Iron Base Permanent Magnet Materials of the 3rd
£ “““~“:\\ IUMRS International Conference on Advanced Materials
§ ol imeversible flux loss N '93, ed. by M. Homma et al., Trans. Mater. Res. Soc. Jon., 14
& 20~50¢C) |20~100(°C)}20~ 150(°C) B, 955 (1994).
' : "':':’:B"if_";;& :‘o‘z: :':: __“7‘: 3) M. Sagawa, S. Fujimura, H. Yamamoto, and K. Hiraga: IEEE
0 A 1 . ot - %) Trans. Magn., 20, 1584 (1985).
o 50 100 150 200 4) LR, FAB—I FARELHEY v — 27 - LB,
Temperature (C) F, 1996, p. 44 (HEFTHEY S, KK, 1996).
Fig.9 Results of a heat cycling test for Nd,zs 5 ZETH, AFEER ABHE B0OAAACHESESS
DyosFer3C087B70Zro,Gags and Ndi26Fes26C017.4B70Zr10,- AREBER, 1996, p. 85 (AKGABSYL, HA, 1992).
Gaos HDDR bonded magnets. 6) S. Hirosawa, M. Uehara, S. Mino, N. Ishigaki, and T.

Tomida: J. Appl. Phys., 81, 4821 (1997).
7 oMk ML KR 8 BB L OBEKGS, 44, 818 (1997),
SEBSh - EREABEBREH V£ Y VG (a) 0B 8) M. Tokunaga, M. Tobise, N. Meguro, and H. Harada: IEEE

R A A L H#D -, DyE&%ﬁbU“%B,ﬁ Trans. Magn., 22, 904 (1986). B
17O HDDR AR AEH L 28 A D) o>V T 87 - 7=, 19974 10 4 27 AR, 1998 % 2 A 2 B
Table 1 2 RHAOBTIEN & 2 0EERKETRT. BRAO

364 BAIGHBES Y25 Vol. 22, No. 4-2, 1998

NI | -El ectronic Library Service



