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Microstructure and magnetic properties of anisotropic Nd—Fe—B magnets
prepared by spark plasma sintering and hot deformation
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Abstract: Bulk anisotropic Nd—Fe—B magnets were prepared from hydrogen—disproportionation—desorption—recombination (HDDR)
powders via spark plasma sintering (SPS) and subsequent hot deformation. The influence of sintering temperature on the structure
and magnetic properties of the spark plasma sintered Nd—Fe—B magnets were studied. The remanence B,, intrinsic coercivity H;, and
the maximum energy product (BH) .y, of sintered Nd—Fe—B magnets first increase and then decrease with the increase of sintering
temperature, Tsps, from 650 °C to 900 °C. The optimal magnetic properties can be obtained when Tgps is 800 °C. The Nd—Fe—B
magnet sinter treated at 800 °C was subjected to further hot deformation. Compared with the starting HDDR powders or the SPS
treated magnets, the hot-deformed magnets present more obvious anisotropy and possess much better magnetic properties due to the
good c-axis texture formed in the deformation process. The anisotropic magnet deformed at 800 °C with 50% compression ratio has a
microstructure consisting of well aligned and platelet-shaped Nd,Fe 4B grains without abnormal grain growth and exhibits excellent
magnetic properties parallel to the pressing axis.
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1 Introduction

Nd—Fe—B-based  sintered  magnets  exhibit
outstanding magnetic performance among various
permanent magnets of today, and they have been used in
a wide variety of applications, such as traction motor for
hybrid and pure electric vehicles, speakers of mobile
phone and magnetic resonance imaging (MRI) [1,2].
There are three different routes for preparing Nd—Fe—B
magnets, including bonding, sintering and hot
deformation (HD). The major limitation needs to be
addressed for widespread use of bonded magnets
applications: the low magnetic properties. Compared
with sintering process, the HD process is commonly used
to achieve good c-axis texture and magnetic anisotropy.
Hot deformed Nd—Fe—B magnets have attracted much
attention due to their good magnetic performance
together with desirable thermal stability, corrosion
resistance and fracture toughness [3,4]. However, their
preparation technique is still a major concern, since their

magnetic properties deteriorate dramatically due to
excessive grain growth during the densification and
deformation process by conventional methods [5,6].
Hydrogen — disproportionation — desorption —
recombination (HDDR) process has been widely
established to produce Nd-Fe—B powders which are
composed of very fine Nd,Fe 4B phase grains of nearly
single domain size (~240 nm) [7]. Although anisotropic
HDDR powders are now used to produce anisotropic
bonded magnets only [8], they can be excellent raw
materials for anisotropic HD treated magnets as well
from their very fine grain size [9]. However, there are
two major problems needed to be resolved for the
widespread application of HDDR-processed Nd—Fe—B
magnets. One is that the relatively low coercivity H;
because of insufficient magnetic isolation among grains
should be improved [10]. The other problem is how to
enhance the relatively low B, due to the poor
crystallographic texture. A magnetic and crystallographic
texture can be induced by hot deformation, resulting in
an axial alignment of Nd,Fe 4B grains with their easily
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magnetized c-axis parallel to the compression direction
[11-13]. Due to the high sintering temperature, the main
disadvantages of the Nd—Fe—B magnets fabricated by
conventional sintering methods are the existence of
large-sized grains, non-magnetic phase and non-uniform
microstructure, which lead to low magnetization, poor
corrosion resistance and weak temperature stability
[14,15]. Spark plasma sintering (SPS) is an unique
technique that can restrain grain growth effectively and

allow the consolidation of ultrafine grained powders [16].

By SPS technique, fully dense isotropic and anisotropic
nanostructured Nd—Fe—B permanent magnets have been
prepared successfully [6,9,17]. In the present work,
isotropic and anisotropic Nd—Fe—B magnets were
prepared from HDDR powders by SPS and by SPS+HD,
respectively. The major aim is to explore the effects of
SPS temperature, Tsps, hot deformation temperature, Tjp
and compression ratio on the microstructure and
magnetic properties of the magnets.

2 Experimental

The starting materials were commercial HDDR
powders (AHP-II, Jilin Huisheng Strong Magnet Co.
Ltd., China). The composition of the HDDR powders
was measured by an inductive coupled plasma emission
spectrometer (ICP, ULTIMA2, France). Every time 25 g
powders were poured into a 20.4 mm-inner-diameter
graphite die for SPS on the SPS—825 sintering machine
(Dr. Sinter825, Sumitomo Coal Mining Co. Ltd., Japan).
The SPS conditions were sintering temperature 7gsps of
650-900 °C, holding time fsps of 20 min, sintering
pressure psps of 50 MPa and residual cell pressure less
than 8 Pa. The sample sintered at 800 °C was
subsequently hot deformed on the SPS—825 sintering
machine by SPS technique. The hot deformation was
carried out in an open WC die at various temperatures
ranging from 750 to 900 °C with true strain rate of 0.001
s to obtain a height reduction of 41%—69%. A
cylindrical specimen with sizes of d2 mmx2 mm was cut
from the center of the HDed sample for further analysis
of microstructure and property. Magnetic properties of
the HDDR powders, SPS treated magnets and HD treated
magnets at room temperature were measured by a
physical property measurement system equipped with a 8
T vibrating sample magnetometer (PPMS—9, Quantum
Design, USA). The crystal structure of the magnets was
investigated with an X-ray diffractometer using Cu K,
radiation(X-pert, Philip, Holland). The density (p) was
determined by Archimedes method. The fractured
surfaces of the magnets were observed by scanning
electron microscopy (Nano430, FEI Co., USA).

3 Result and discussion

3.1 Effect of Tgps on microstructure and phase
structure of SPS treated Nd—Fe—B magnets
Figure 1(a) shows the morphology of the starting

HDDR powders. The powders have non-uniform size

and irregular shape. The composition, density, size and

magnetic properties of the HDDR powders are shown in

Table 1 (composition and magnetic property of the

powders are obtained by ICP and PPMS-9, respectively;

particle size and density of the powders are provided by
supplier). The powders exhibit magnetic properties

(without considering the demagnetizing factor): B, of

0.74 T, H, of 974 kA/m, and (BH)uay of 79 kJ/m’. The

low coercivity originates from the Nd-lean composition.

A back scattered electron image for the typical structure

of SPS treated Nd—Fe—B magnets is shown in Fig. 1(b).

Table 2 shows the EDS analysis results of the phase in

Fig. 1(b). In the SPSed Nd—Fe—B magnet, discontinuous

Nd-rich phase decorates along the powder surfaces.
Figure 2 shows the XRD patterns obtained from the

surface perpendicular to the pressing axis of the

Nd-Fe—B magnets sintered at various temperatures

(psps=50 MPa and #5ps=20 min). All peaks in all patterns

)" mag mode | det .H'u’
#2500 x 7.2 mm| A+B | BSED | 20.0 kV.

Fig. 1 Optical image for starting HDDR powders (a) and back
scattered electron image for typical structure of SPS treated
Nd-Fe—B magnet (b)
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Table 1 Composition, density, size and magnetic properties of HDDR powders

Composition/% Density/(g-cm )

Powder size/um B/T

ch/(kA'mil) (BH)max/(kJ'm{;)

Ndys 64F€60.05A10.33B1 7.64

50—200 0.74

973.93 79.35

Table 2 EDS analysis of phase in Fig. 1(b)

Point  x(Nd)/%  x(Fe)/% x(Nd):x(Fe) Phase
A 19.34 52.17 2:5 Nd-rich
B 10.33 72.85 2:14 Nd,Fe 4B
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Fig. 2 XRD patterns obtained from surface perpendicular to
pressing direction of Nd—Fe—B magnets sintered at different
temperatures with psps=50 MPa and #5ps=20 min: (a) 650 °C;
(b) 700 °C; (c) 750 °C; (d) 800 °C; (e) 900 °C

are attributed to the tetragonal hard magnetic Nd,Fe 4B
phase (the serial number of the standard PDF of
Nd,Fe 4B is 39-0473), indicating no significant change
in phase structure. For the sample sintered at 800 °C, the
(007) peaks and the peaks for the planes with direction
close to (00/), such as (004), (008) and (105) peaks, have
enhanced intensity. This indicates a slight c-axis
crystallographic alignment of the magnet, although the
alignment is not as strong as in the HD treated Nd—Fe—B
magnets [15].

The microstructures of the magnets SPSed at
650—900 °C for 20 min with pgps=50 MPa are shown in
Fig. 3. With increasing the Tspg in the range of 650—900
°C, the number and size of the pores in the sintered
magnets gradually reduce and few pores can be observed
in the magnets sintered at 800 °C. This indicates that the
SPSed magnets are nearly fully dense when Tsps comes
up to 800 °C, whereas conventional liquid phase
sintering generally requires the temperature above
1100 °C for 1-2 h to obtain the density [18]. A liquid
Nd-rich grain-boundary phase is present at around
670 °C [19] and its volume fraction and fluidity increase
with the increase of Tsps [20]. When Tgpg reaches 800 °C
or above, the volume fraction of Nd-rich liquid
grain-boundary phase with good fluidity is large enough

to fill the pores. Otherwise, the remaining pores will lead
to a low density and bad magnetic properties. The insets
of Figs. 3(c), (d) and (e) show the Nd,Fe ;B grain size
and shape in Nd—Fe—B magnets SPS treated at 750, 800
and 900 °C, respectively. The equiaxed Nd,Fe 4B grains
in Nd—Fe—B magnets SPS treated at 750 °C are quite
different from aligned platelet grains sintered at 800 °C
as reported by LEONOWICZ et al [21]. Compared with
the magnet sintered at 800 °C, the abnormal grain growth
is obvious in the magnet sintered at 900 °C since the
higher temperature provides extra energy [17]. It is
believed that this microstructure characteristic has an
important effect on the magnetic properties.

3.2 Effect of Tsps on magnetic properties

The magnetic hysteresis curves (along the pressing
axis) of the Nd—Fe—B magnets SPS treated at various
temperatures are shown in Fig. 4. The hysteresis loops
with nice squareness were obtained for all the SPS
treated Nd—Fe—B magnets, indicating good hard
magnetic properties [17]. Table 3 shows the magnetic
properties (parallel (/) and perpendicular (L) to the
pressing axis) of the Nd—Fe—B magnets SPS treated at
temperatures. The sintering temperature plays
an important role in the density and magnetic properties
of the Nd—Fe—B magnets. With increasing the sintering
temperature in the range of 650—900 °C, the remanence
B,, coercivity H; and maximum energy product (BH)pax
all increase first and then decrease. The optimal magnetic
properties of B,'=0.78 T, H, =577 kA/m, (BH)ua' =
78 kJ/m’ are obtained in the samples SPS treated at
800 °C and the sintered density reaches 99% of the
theoretical value. The increase in Tgps causes a gradual
augment in sintered density, which is consistent with the
changing trend of pores in the magnets (see Fig. 3). The
B,” is 21% higher than the B, for the magnets sintered at
800 °C, indicating magnetic anisotropy. This agrees well
with the above analysis of XRD patterns (Fig. 2) and
SEM images of the fractured surfaces (Fig. 3(d)). The
magnet sintered at 900 °C is also anisotropic with its B,”
of 25% higher than B,". However, the magnet sintered at
750 °C is isotropic and its B,” and B, approximate. The
anisotropic microstructure leads to the magnetic
anisotropy and better magnetic properties, e.g., for the
samples SPS treated at 800 °C. Although the magnet SPS
treated at 900 °C is also anisotropic, it has poor magnetic
properties because the abnormal grain growth is harmful
to B, and H;. While Tsps reaches 800 °C or above,
the Nd,Fe 4B grains are surrounded by large volume

various
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H/(MA-m™)
Fig. 4 Magnetic hysteresis curves (along pressing axis) of

Nd-Fe—B magnets SPS treated at different temperatures
(psps=50 MPa, t5ps=20 min)

fractions of liquid Nd-rich grain boundary phase and the
Nd,Fe 4B grains will preferentially grow perpendicularly
to the pressing direction under the combination of the

Fig. 3 SEM images of fractured surfaces of
Nd—-Fe—B magnets SPS treated at 650 °C (a),
700 °C (b), 750 °C (c), 800 °C (d) and 900
°C (e) (The insets show the zones enclosed

by the corresponding black circle at higher
magnification. Arrows indicate the presence
of pores)

Table 3 Density and magnetic properties of SPS treated magnet
at different temperatures (Psps =50 MPa, f5ps=20 min)

Tsos/  pl/ B/ B/ (B'-B) Hy'l (BH)mw'l
°C (gem? T T B/  (kAm") (kI'm?)
650 7.09 058 - - 282 30
700 734 063 - - 297 36
750 7.56  0.64 0.58 9 340 41
800 758  0.78 0.62 21 576 78
900 7.59  0.53 0.40 25 238 23

sintering pressure, electric current and heat. However,
the preferential growth of Nd,Fe4B grains is not very
obvious due to the restriction from the graphite die. On
the other hand, the isotropic performance of the magnets
sintered below 800 °C is due to the lack of the
preferential growth of Nd,Fe 4B grains resulting from the
small volume fraction of liquid Nd-rich grain boundary
phase during sintering.
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3.3 Effect of hot deformation process on
microstructure and phase constitution

Figure 5 shows the XRD patterns obtained from the
surface perpendicular to the pressing direction of the
magnet SPS treated at 800 °C and the magnets further
HD treated under the various deformation conditions.
For the SPS treated and HD treated Nd—Fe—B magnets,
all the diffraction peaks are attributed to the tetragonal
hard magnetic Nd,Fe 4B phase. In contrast with the SPS
treated magnet, the (00/) peaks and the peaks with
direction close to (00/) of the HD treated magnets, such
as (004), (105), (006) and (008) peaks, have obviously
enhanced intensities, indicating a stronger c-axis
crystallographic alignment. As shown in Figs. 5(b) and
(c), the intensities of the (004), (105), (006) and (008)
peaks also increase with the deformation temperature
rising from 750 °C to 800 °C. Moreover, with increasing
the compression ratio from 41% to 60%, the relative
intensities of the (004), (105), (006) and (008) diffraction
peaks become stronger gradually (see Figs. 5(c), (d), and
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Fig. 5 XRD patterns (obtained from surface perpendicular to
pressing direction) for magnet SPS treated at 800 °C (a) and
magnets further HD treated at 750 °C, 60% (b), 800 °C, 60%
(c), 800 °C, 50% (d) and 800 °C, 41% (e)

(e)), which means the increase of c-axis crystallographic
alignment. The degree of texture [(B,"— B, )/B,"] can be
used to characterize the mean alignment of c-axis texture
of Nd,Fe 4B grains along the pressing axis. The degree
of texture increases with increasing the compression ratio
and deformation temperature as listed in Table 4. The
variation is consistent with the XRD results.

Figure 6 shows the microstructures of the HD
treated magnets. With the deformation temperature
increasing from 750 °C to 900 °C, the crystallographic
alignment of Nd,Fe,4B grains along the pressing axis is
enhanced gradually, indicating a gradually strong
magnetic anisotropy. This is also consistent with the
XRD results. The microstructure of the magnets HD
treated at 750 °C with a compression ratio of 60%
consists of two different types of Nd,Fe;B grains: a
large volume fraction of Nd,Fe 4B grains with (001)
crystal plane parallel to the pressing axis (see Fig. 6(a))
and ellipsoidal-shaped ones (see Fig. 6(b)).

The deformation mechanism of Nd—Fe—B magnets
is widely believed to be a stress-induced preferential
grain growth via dissolution and precipitation [22].
Additionally, the liquid Nd-rich grain boundary phase
acts as a lubricant between Nd,Fe 4B grains and a
diffusion path for mass transport, which is necessary for
the formation of good texture during the hot deformation
[22]. The origin of the Nd-rich phase at the grain
boundary has been explained due to the diffusion of Nd
from an excess of Nd in the hard magnetic regions after
hydrogen desorption [23]. The Nd-rich grain boundary
phase exists as a liquid when the hot deformation
temperature is 750 °C (just above 670 °C), and it may
have low fluidity. Meanwhile, the dissolution of the
unfavorable Nd,Fe 4B grains (their c-axes are out of the
pressing axis) into the liquid grain boundary phase may
not be affluent because of the relatively low temperatures.
Thus, little material can be dissolved from the
unfavorable Nd,Fe 4B grains and it is hardly transported

Table 4 Magnetic properties and degree of texture of SPS treated and HD treated magnets

Processing B/T ch/ (kA'mfl) (BH)max/(kJ .m,3) ( Br// _ Brl) / Br//
/ 1 /1 1 ! 1
800 °C, SPS 0.78  0.62 577 638 78 54 0.2051
750 °C, 60% .15 0.32 228 419 139 13 0.7217
800 °C, 60% 1.19  0.33 285 495 143 15 0.7227
850 °C, 60% 1.2 0.31 221 458 140 13 0.7417
900 °C, 60% .21 0.29 229 398 141 11 0.7603
800 °C, 41% 1.06  0.45 366 589 139 28 0.5755
800 °C, 47% 1.08  0.45 398 569 141 28 0.5833
800 °C, 50% 1.16  0.38 449 636 178 21 0.6724
800 °C, 69% 122 0.23 181 331 121 7 0.8115




Xiao-qiang LI, et al/Trans. Nonferrous Met. Soc. China 24(2014) 3142-3151 3147

direction)

towards the favorable Nd,Fe 4B grains (their c-axes are
parallel to the pressing axis) through the liquid grain
boundary phase, which leads to poor texture [11]. Higher
hot deformation temperature, 800 °C, with compression
ratio of 60%, produces much better alignment of
Nd,Fe 4B grains, which is evidenced from the
corresponding microstructure (Figs. 6(c), (d)) and XRD
results (Fig. 5). From Fig. 6(d), the platelet-shaped
Nd,Fe 4B grains have sizes of 470 nm (#)x1320 nm (w)
nm and their (001) planes are aligned parallel to the
pressing axis, where w and / respectively represent the

Fig. 6 SEM images of magnets HD treated under different conditions:
(a), (b) 750 °C, 60%; (c), (d) 800 °C, 60%; (e), (f) 900 °C, 60%; (g),
(h) 800 °C, 50%; (i), (j) 800 °C, 41% (The insets of (b), (d), (f), (h)
and (i) are the microstructure perpendicular to the pressing direction of

HD treated magnets. The insets of (c) and (e) show the abnormal
Nd,Fe 4B grain growth. The white double arrows indicate the pressing

mean grain size perpendicular or parallel to the pressing
direction. The inset of Fig. 6(c) shows the abnormal
Nd,Fe;;B grain growth which will deteriorate the
magnetic properties. The abnormal grain growth arises
from longer time at a high temperature to finish a greater
compression ratio such as 60%. The hot deformation at
900 °C with compression ratio of 60% results in more
serious abnormal grain growth (see Figs. 6(e) and (f))),
because of higher deformation temperature. The mean
size of Nd,Fe 4B grains also goes up to 570 nm (%), 1576
nm (w).
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At a certain deformation temperature such as
800 °C, the c-axis texture becomes stronger with the
increase of compression ratio from 41% to 69%, since a
larger compression ratio leads to more mass
transportation and enhanced deformation. The value of w
for 800 °C accordingly increases from 1100 nm to 1490
nm, indicating the increase of the preferential growth of
Nd,Fe 4B grains along the direction perpendicular to the
pressing axis. It can be seen from Fig. 6 that the
microstructure of magnets HD treated at 800 °C with
50% compression ratio consists of well aligned Nd,Fe 4B
grains without abnormal grain growth. The sound
microstructure has important influence on the magnetic
properties.

3.4 Effect of hot deformation process on magnetic
properties
Figure 7 shows the magnetic hysteresis loops of the
SPS treated and HD treated magnets parallel and
perpendicular to the pressing direction. It is observed that
the hysteresis loops for the HD treated magnets have

better shape and squareness than the SPS treated magnets.

This means that the former has better hard magnetic
properties. For the HD treated magnets, the hysteresis
loops parallel to the pressing axis are quite different from
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those perpendicular to the pressing axis, indicating
stronger anisotropy than the SPS treated magnets. This is
due to the Nd,Fe;4B grain texture caused by the hot
deformation, in which the easily magnetized axis of the
magnetic grains is aligned parallel to the pressing
direction [11]. The magnetic properties and degree of
texture of the SPS treated and HD treated magnets
parallel and perpendicular to the pressing axis are listed
in Table 4. The degree of texture for the magnet HD
treated at 800 °C with 69% compression ratio is 0.8115,
which is much higher than 0.2051 for the SPS treated
magnets. This further confirms that the HD treated
magnet is strongly anisotropic. From Table 4, the
deformation temperature besides deformation ratio is an
important factor in hot deformation process and affects
the magnetic properties of the HD treated Nd—Fe—B
magnets. As shown in Figs. 8(a) and (c), the H,;" and
(BH) oy of the HD treated magnets first increase, and
then decline with the increase in deformation
temperature. However, the B,” keeps increasing with the
deformation temperature increasing from 750 °C to 900
°C and the variation of B,” is not very obvious after the
deformation temperature reaches 800 °C. The maximum
values of the H," and (BH)n, are obtained when the
deformation temperature is 800 °C (Fig. 8(e)). The

S0
— 750 °C, 60%
L.Or 800 °C, 60%
--- 850 °C, 60%
0.5k 900 °C, 60%

JT

(d)

—800 °C, 41%
1.OF- - 800 °C, 47%
---800 °C, 50% i
0.5F 800 OC. 6(]9"’0 g
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HI(MA-m™)

Fig. 7 Magnetic hysteresis loops of SPS treated and HD treated magnets parallel (a, ¢) and perpendicular (b, d) to pressing axis
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remanence B,” of the magnet HD treated at 800 °C is
1.19 T and less than 1.21 T at 900 °C. So, we can think
that the suitable deformation temperature is 800 °C. If
the deformation temperature is much higher than 800 °C,
the Nd,Fe 4B grains will grow fast (see Fig. 6(¢)), which
deteriorates  the  coercivity. =~ High  remanence
corresponding to high hot deformation temperature is
strongly related to the high degree of alignment of
Nd,Fe 4B grains.

Figures 8 (b), (d) and (f) further show the effect of
compression ratio on the magnetic properties of magnets
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HD treated at 800 °C. With increasing the compression
ratio in the range of 41%—50%, the H;" and (BH)mu
increase. However, the H,;" and (BH)m, of the HD
treated magnets decline rapidly when the compression
ratio increases from 50% to 69%. The increase in
compression ratio results in a gradual augment in B,”
from 1.06 T to 1.22 T and it is consistent with the
variation of microstructure shown in Fig. 6. The bulk
Nd-Fe—-B magnets prepared by hot deformation of
HDDR powders at 800 °C with 50% compression ratio
show the optimal magnetic properties along the pressing
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Fig. 8 Magnetic properties of hot deformed magnets as function of hot deformation temperature with 60% compression ratio (a, c, ¢)

and as function of compression ratio at 800 °C (b, d, )
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axis: (BH)ma =178 kJ/m’, B,"=1.16 T, H,'=449 kA/m.
When the compression ratio is obviously higher than
50%, the magnet is soaked at high temperatures for more
time to finish the hot deformation process. As a result,
abnormal grain growth will be easily induced (see
Fig. 6(c)), which does harm to the coercivity.

4 Conclusions

1) For SPS treated Nd—Fe—B magnets, the B,,
and (BH)m.x first increase and then decrease with the
increase of sintering temperature from 650 °C to 900 °C.
When sintering temperature is 800 °C, the optimal
magnetic properties along the sintering pressure direction
were obtained: B,” of 0.78 T, H" of 577 kA/m and
(BH) e of 78 kJ/m’. The microstructure, XRD patterns
and magnetic properties indicate that the magnet sintered
at 800 °C is slightly anisotropic.

2) The Nd—Fe—B magnets SPS treated at 800 °C
were subjected to further hot deformation at various
deformation temperatures and with various compression
ratios. After hot deformation, the anisotropy of magnet
becomes more prominent. Compared with the starting
HDDR powders or the SPS treated magnets, the HD
treated magnets possess much better magnetic properties

due to the strong c-axis texture formed in the HD process.

The magnets deformed at 800 °C with 50% compression
ratio parallel to the pressing axis exhibit optimal
magnetic properties, such as B, of 1.16 T, H,"of 449
KA/m and (BH)max of 178 kJ/m”.
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R TR HERE BT B8 TR ARG L, T 510640

W OE: RABOBSE R R KR RE TR ARG % % 1 e Nd-Fe-B Bifk, WFFURE S5 IR 4% 3 1 e 4
Nd—Fe—B WO A SURIBETE RE AR o BAT BE 450 7 650~900 °C S A I THRS, B4k & Nd—Fe—B R A7
s BRI M KRR S BLSE TH G BRI . 7E 800 °C N84 FTak SRR G Pk e doe i . BJS . X 800 °C
Be sl i A B HERETE RE (R AR B0 45 B9 TR 45 R AR IEAT G LR TR b 3 . 54 aR I A A - - T S A
KRB AHEARAALG, HAR TERE AR T 538 10 25 1) SR A AP (R . MV TRIR Sl 800 °C ALIR4iLL A
50%Hf, FARTEREAAT ) NdyFe B ok S 7 R HANR AR S KoK BRI R 7 1 B e R TERE . B
H FI(BH )y 573124 1.16 T+ 449 kA/m I 178 kJ/m’.

KIR: Nd-Fe-B flifh: WA-B- A2 A BABSE Fhed: W, wrthe
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