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Abstract

This paper describes magnetic properties of thgBAdd,Fe 4B nanocomposite films prepared by aerosol deposition (AD) method. The
composition of host powder was NeFe;3Co,Cr,B15 5, Wwhich was produced by the combination of strip casting and jet milling. The powder
showed the remanencs,] of 82.7 emu/g and the coercivityif;) of 4.4 kOe. From the hysteresis loop and XRD pattern, the powder was
considered as a nanocomposite powder consisteds& &ed NdFe 4B phases. The particle size analysis revealed that the average powder
size was around 12.48m. This powder size was larger than that of Sm—Fe—N powder used for the preparation of AD films in our previous
papers, which influenced the deposition rate and film thickness. The as-deposited AD film exhibited high renredted ému/g) but
low coercivity (H.;=0.84 kOe), though the film consisted of thesBend NgFe;4B phases. In addition, the coercivity further decreased to
0.28-0.73 kOe by the annealing at 450-700or 1-6 min in Ar. These low coercivities were considered to be related to the relatively low
anisotropy field of NgFe 4B phase, the defects induced during the AD method and the preseadesgphase.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The aerosol deposition (AD) method is one of attrac-
tive methods with high deposition rat€0]. In our previous
Recently, rare-earth magnets with thickness less thanpapers[11-14] we applied this method for the fabrication
300nm are strongly demanded because of downsizing of Sm—Fe—N thick film magnets. High deposition rate and
electromagnetic devices. Nd—Fe—B sintered and Sm—Fe—Nhigh coercivities were obtained in the Sm—-Fe—N AD films.
bonded magnets with thickness of 20@ [1] and 40Q.m However, the remanence was still low for the use of electro-
[2], respectively, have been reported. However, the influencemagnetic devices.
of defects mechanically introduced to the surface becomes Recently, FgB/Nd;FesB nanocomposite powders,
serious with decreasing the thickness of these magnets, whiclwhich exhibited high remanence, were succeeded in
results in low magnetic properties. On the other hand, sputter-mass-production using strip castifigs] and the powder
ing [3—6] and pulsed laser deposition (PL)-9] methods has been expected to become a bonded magnet powder
are convenient to obtain film magnets. However, their depo- in the next generation. If the powder is applied to the
sition rate has not been sufficient for manufacturing film AD method, there is possibility of the fabrication of film
magnets. magnet with high remanence. Therefore, in this investi-
gation, AD films were prepared using fB!Nd>Fe4B
* Corresponding author. Tel.: +81 22 217 7332; fax: +81 22 217 7332.  hanocomposite powder and their magnetic properties were
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2. Experimental procedures

The composition of the powder studied wasNBe;3Cop
Cr2B1g.5 and the powder was provided from NEOMAX Co.
Ltd., which was produced by the combination of strip casting
and jet milling. The principle and details of AD method were
described in our previous papgrl]. Helium gas was used

as a carrier gas and the gas consumption (gas flow rate: gfr)

was varied in the range of 4-101/min. The deposition time

(r) was changed from 4 to 14 min. The brass or Cu substrate

with the size of 10 mnx 10 mmx 1 mm and the cellophane
mask with the opening size of 8 mm8 mm were used. They

() B W
were placed at a distance of 10 mm from the nozzle, and were — & LY

maintained at room temperature. Some of the AD films were
heat-treated at 450-70Q for 1-6 min in an Ar atmosphere.

The particle size distribution of host powder was measured

by a laser particle size analyzer. The thickness of AD films

was measured by a surface profilometer. The magnetic prop-

erties were measured in the direction parallel to the film plane
by a vibrating sample magnetometer (VSM) after applying a
pulsed field around 4 T. The compensation of demagnetizing
field was not carried out in this investigation. The microstruc-
ture was observed using X-ray diffraction (XRD) with Fe K
radiation and a field emission scanning electron microscopy
(FESEM).

3. Results and discussion

First, the characteristics of host powder were investigated.
Fig. 1 shows the particle size distribution of host powder.
In the distribution of frequency, the maximum value was in
the range of 12.2-146m, and the integrated distribution
reachedto 100% at the size less thap.8 This analysis also
suggested that the average powder size was about Lth45
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Fig. 2. The SEM photographs of Mee;4B/Fe;B host powder.

peaks were broad suggesting that the size of crystallite was
small. In the hysteresis loop of the host powder, no inflection
was observed and the powder exhibited good magnetic prop-
erties. gs=129.3 emu/gy, =82.7 emu/g anfl.;= 4.4 kOe).

Fig. 2shows SEM photographs of the host powdieg. 2(a)
revealed that the average powder size was about pri,0

which was six times as large as the size of Sm—Fe—N powderwhich was relatively smaller than the result showifrig. 1

reported in our previous papgsl—14]
The XRD pattern revealed that the host powder consisted
of the NaFe 4B and FgB phases. Their X-ray diffraction
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Fig. 1. The particle size distribution of MHe 4B/FesB nanocomposite
powder before AD method.

In Fig. 2(b), small particles with dark or bright contrast
were observed at the surface of powders. The size of par-
ticles were around 50-100 nm, which was comparable to
the size of NdFe 4B or FeB phase reported. From these
results of XRD and FESEM, the host powder was judged
as a NdFe4B/FesB nanocomposite powder. In next, thick
films were prepared by the aerosol deposition method using
this powder.

Fig. 3 shows the variation in weight of the AD films
deposited with gfr=2-12I/min for 4 min. The weight of
AD film increased with increasing gfr to the gfr lower
than 81/min. However, the weight decreased at the gfr over
101l/min. Finally, the maximum weight of 6.14mg was
obtained at the gf8I1/min and the thickness of AD film
were measured as 18.4n. Even though the films stuck to
the substrate firmly and did not peel off by rubbing, the
weight and thickness were smaller in comparison with the
Sm—Fe—N AD films reported in our previous papérs-14]

(The Sm—Fe—N AD film deposited with the same condition
exhibited the thickness of 778m [13].) From the results
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Fig. 5. The hysteresis loops of the Nek 4B/Fe;B host powder and the AD

Fig. 3. The variation in weight of the N&e 4B/FesB AD films deposited film deposited with gf=6 I/min for 4 min.

with the conditions of gfr =2-12 I/min and-=4 min. L . . .
grain size was larger in comparison with that of the Sm—Fe—N

- . ) AD films reported (0.3wm) [13].
shown inFigs. 1 and 2these small weight and thickness Fig. 5 shows the hysteresis loops of host powder and

were considered to be due to the large particle size of hostiho AD film deposited with gf=6I/min for 4min. High
powder, which made it hard to form an aerosol flow consisted g5y ration magnetization and remanence were obtained in
of ultra-fine powders. the as-deposited filno = 122.5 emu/g and, = 85.1 emul/g).

_Fig. 4shows the SEM photographs of AD film deposited 1, ever, the coercivity decreased by the deposition from 4.4
with gfr =81/min for 10 min on a brass substrate. From this ., 5 7o kOe Fig. 6 also summarized the variation in mag-
figure, the surface roughness was relatively large. As the grain i properties as a function of the gfr. The remanence and
size decreased to around L8, it can be said that grain e rcivity were 72.3-85.1 emulg and 0.68-0.84 kOe, respec-
refinement occurred during the AD method. However, the ey and the magnetic properties seemed to be independent
of the gfr. In addition, the coercivity further decreased to
) | 0.28-0.73 kOe by the annealing at 450-7Q0for 1—-6 min
Nd,Fe,,B/Fe;B AD Film Ny -~ in Ar. The decrease in coercivity in the hEke4B/FesB AD
8 Vmin, 10 min, Brass substrate - \ films was different from the results obtained in the Sm—Fe-N
AD films reported in our previous papdiksl—14]

Fig. 7 shows the XRD pattern of the AD film deposited
with gfr=61/min for 4 min. Though the AD film consisted
of NdoFe4B and FgB phases, the NdFe4B peak in the
AD film was smaller and broader comparing with that in
host powder, which suggested the inducement of strain and
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Fig. 4. The SEM photographs of Nile;4B/Fe;B AD films deposited with Fig. 6. The variation in magnetic properties of the;Ne; 4B/FesB AD films
gfr=81/min for 10 min on a brass substrate. as a function of the gfr.
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