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A study on magnetic characteristics of the anisotropic
HDDR treated Nd-Fe-B-type alloy

Kim Jung-Hwan

School of Materials Science and Engineering,
Graduate School
Pukyong National University.

Abstract

The HDDR process, which transforms a coarse grained cast Nd-Fe-B-type material into
a powder with fine grain structure is well known to be an effective method of
producing highly coercivie Nd-Fe-B-type magnetic powder. More interestingly, it is
known that a controlled HDDR leads to an anisotropic powder, and in the controlled
HDDR the hydrogen pressure in the disproprotionation step is believed to play a key
role in achieving an anisotropic nature in the HDDR treated powder. In the present
study, the Nd-Fe-B alloy was HDDR-treated with various conditions. In particular, the
effect of hydrogen pressure on the anisotropic nature and magnetic properties was

investigated. The results obtained from the present study are summarised as follows.

1. The study on the hydrogen disproportionation of the NdisFerBs, NdizsFesiaBe,
Ndj»¢Fess 1BsCoroGaroZro;  showed  that  the Nd)FeisB-type phase in  the
Ndy» ¢Fees 1BsCo110GaioZro; alloy had higher stability under hydorgen gas compared to
that in the NdisFerBs, Ndi»¢FesisBs alloys. This enhnaced stability led to a higher
anisotropic nature in the Ndi:¢Fess7BsConoGaioZroy alloy with respect to the
NdisFe-Bs, Ndi2sFes 4Be alloys.

2. It was found that in order to prepare a high performance HDDR-treated Nd-Fe-B
alloy powder with high coercivity and anisotropy an alloy modification was required
and a precise control of the HDDR variables including the hydrogen pressure,

temperature and time for the disproportionation was also required.

3. In the opresent study, a HDDR-treatment was applied to the
Nd, ¢Fees 1BsCo110Gar oZro1  alloy with a controlled hydrogen pressure for the
disproportionation, and a high performance magnetic powder with high coercivity over

5.0 kOe and high degree of alignment over 60 % was prepared.
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F The schematic of Anisotropic HDDR Process
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Fig. 1. The schematic of the anisotropic HDDR process.
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Fig. 2. The schematic diagram of the mechanism of forming

magnetic anisotropy in HDDR-processed Nd>Fei.B powders.
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Table 3-1. Chemical compositions of the alloys (at %)

Nd Fe B Co Ga Zr

alloy A} 15 77 8 — — —

alloy B| 12.6 | 81.4 6 — — -

alloy C| 12.6 | 68.7 6 11.0 1.0 0.1

penning gauge
pressure gauge

v

v
cooling water out

thermocouple

0 < diaphragm vaive

racuum system

Fig. 3. The schematic of the HDDR apparatus.
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Fig. 4. The schematic of the DTA apparatus.
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(Thermopiezic Analysis, TPA)

S|
A

2 W B

ol

i

3-3

HDDR & #A

2] A9 #(quartz tube)¥ Wt

@ A (load cel)Z TAHIAT T

o
|=|

AZ =

f
g

X

—_
o

o
O

z
‘._A.u_.o
T

—

0

2 0] 3x10” mbar?]

Aoy <t

k3
T

b 2ok AR

S

K

%

i

AT

3

-50 cmHg7} H &%

N
HJ

o

0o

—t

O_.,c

BN

<Jo

B

AEE] 800 C74# 7 C/mine] 7}

)

(=)
"

o}
Br
ox
!
<

T

B

BR

——
fils]

oy
N
il
oy
il
T

o)

B
——
file}
N
i

ol

A

==
o

gty

o)
o

ToR

~

At

_19_



pressure sensor »

iy N jxr “ gas intake

vacuum syslem
<

A | —

diaphragm valve

quartz tube

turnace

thermocouple

updown hoist

Fig. 5. The schematic of the TPA apparatus.

3.5 X-A 3]Ad EX) (X-ray Diffraction)
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3-6 A71 A EA ¥ 7} (Vibrating Sample Magnetometer, VSM)
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Fig. 6. HRSEM photograph showing the recombined grain structure
of the HDDR-treated Nd;sFe7Bsg alloy.
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TPA
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0 200 400 , 600 800
Temperature ( C)

Fig. 7. TPA traces performed with different hydrogen pressure
for the alloy A, B, C.
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DTA
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Fig. 8. DTA traces performed with different hydrogen pressure
for the alloy A, B, C.
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Fig. 9. Variations of magnetic properties(iHc and DoA) with varying
the disproportionation time for the HDDR-treated alloy A.
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Fig. 10. Variations of demagnetisation curves with varying the
disproportionation  hydrogen  pressure  for  the HDDR-treated
alloy A.
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Fig. 11. Variations of magnetic properties(iHc and DoA) with
varying the disproportionation time for the  HDDR-treated
alloy B.
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Fig. 12. Variations of demagnetisation curves with varying the
disproportionation  hydrogen  pressure  for the HDDR-treated
alloy B.
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H : 350 °C, 60 min ( H=1.0 kef/em’ ) ~NdH
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Fig. 13 X-ray diffraction pattern of the HDDR-treated alloy C.
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Fig. 15. Variations of magnetic properties(iHc  and DoA) with
varying the disproportionation time for the HDDR-treated alloy C.
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Fig. 16. Variations of magnetic properties(iHc and DoA) with
varying  the  disproportionation  hydrogen  pressure  for  the
HDDR-treated alloy C.
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Fig. 18. Variations of coercivity(iHc) with varying the hydrogen
pressure for the disproportionation for the HDDR-treated alloy C.
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Fig. 19. Variations of degree of alignment(DoA) with varying the
hydrogen pressure for the disproportionation for the HDDR-treated
alloy C.
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Fig. 1. Variation of the intrinsic coercivity the hot-pressed
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Table.1. Chemical compositions of the alloys (at %)

Nd Fe B Co Ga Zr
alloy Al 15 77
alloy B| 12.6 81.4

alloy C| 12.6 68.7

D || oo
|
|
|

11.0 1.0 0.1
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Fig. 1. Dependence of the magnetic properties of

Ndi26Fees 1BsCoi1.0Gal oZro (alloy C) powder on the hydrogen pressure.

H:350°C,60nin(l’nz:l.0kgt7c )
D:820°C,60min(P“’:0.7kg17 )
lﬂ) _I)R:820°C45min
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100+ /
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Fig. 2. Demagnetisation curve of magnetically easy (straight-line) and hard
(dot-line) direction of Ndi;sFees 7BsCor1.0Ga oZro (alloy C) powder.
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