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Surface of fine powder of Sm,Fe;;N, was modified with
self-assembled monolayer (SAM) film derived from hydridosi-
lane. The oxidation resistance of Sm,Fe;;N, bonded magnet
was effectively improved by good hydrophobic property of the
resulting SAM film.

Rare earth—iron intermetallic compound, Sm,Fe;;N,, has
been reported to be one of attractive materials for high-perform-
ance permanent magnets.2 However, such excellent hard mag-
netic characteristics are attained only with finely ground pow-
der with particle size below 3 um,3# which is easily oxidized
even in any atmosphere containing a trace of oxygen or mois-
ture. To avoid this serious problem, the authors have studied on
the improvement of the oxidation resistance of such fine pow-
der by the surface coating with zinc metal.>7 Meanwhile,
Fadeev et al.® have reported that hydridosilane compound
(R4SiH; 1<y<4) form the self-assembled monolayer (SAM)
film on the surface of metals. The attachment reaction with the
metal oxidized-surface progresses along with H, evolution. In
addition, this film formation mainly proceeds in dehydrated
nonpolar-organic solutions without any further oxidation of the
metal. The resulting hydrophobic SAM films are expected to
be suitable for protecting the fine powders of rare earth inter-
metallic compounds from moisture. Moreover, the attachment
of the hydridosilane with organic groups should add good affin-
ity for the resin binder of bonded magnet to the powder parti-
cles, and results in the enhancement for rotation of the magnetic
powders during the alignment process in magnetic field. In this
work, the surface modification of the Sm,Fe;;N, fine powder
was performed by the formation of the SAM films, and their
magnetic properties were characterized directing toward the
applicable uses as high-performance bonded magnet.

The Sm,Fe;;N, fine powder was prepared by the ball-
milling in n-hexane solution containing a surfactant according
to procedure described elsewhere.®® The resulting Sm,Fe N,
fine powder was treated in the n-hexane solutions containing
the hydridosilane (n-octylsilane or diphenylsilane) at 340 K for
48 h. Nitrogen and oxygen contents of the resulting fine pow-
ders were checked by a nitrogen and oxygen analyzer. The
Sm,Fe;;N, fine powders modified by the SAM films were
served to fabricate the corresponding compression-type resin-
bonded magnets by molding under conditions of pressure (1.4
GPa) and magnetic field (1.4 MA m™1). Magnetization hystere-
sisloops of the powder and molded samples were recorded by a
vibrating sample magnetometer (VSM) in a range of magnetic
field up to £1.6 MA m™ after magnetization at 4.8 MA m by
apulsed field generator.

For X-ray photoelectron spectroscopy (XPS) patterns of
the Sm,Fe;;N, fine powders treated by the hydridosilanes, the

Si 2p signa derived from n-octylsilane or diphenylsilane was
observed at the binding energy value of 102.1 or 102.7 eV,
respectively. These results indicate the formation of the SAM
films on the Sm,Fe;;N, particles through the reaction between
the hydridosilanes and OH groups on the oxidized surface of
metallic powder.

The oxidation-resistance properties of untreated- and
SAM-modified-Sm,Fe;;N, powders were evaluated by the ther-
mogravimetric (TG) analysis under a flow system of dry-air
(see Figure 1). For the SAM/Sm,Fe;;N, powder, the weight
loss was not observed at temperatures around the boiling points
of hydridosilanes (n-octylsilane, 333 K; diphenylsilane, 361 K).
This indicates that the hydridosilanes are attached to the powder
surface with Si-O-M (M = Sm and Fe) covalent bonds and
forms the SAM films. In the temperature range above 600 K,
the weight gain was observed by the oxidation of Sm,Fe;;N,
powder. The starting temperature of oxidation was determined
from an intersection point obtained by extrapolation of two
lines recorded before and after such weight gain. The oxidation
started at 644.8 and 650.7 K for n-octylsilane- and diphenylsi-
lane-treated Sm,Fe;;N, fine powders, respectively, in contrast
to 595 K for the untreated one. These results demonstrate that
the SAM film derived from hydridosilane, in particular
diphenylsilane, as precursor is effective to improve the oxida-
tion resistance of the Sm,Fe;;N, fine powder.
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Figure 1. TG traces for Sm,Fe ;N, powders treated by the solution that contained
(a) 5 wt% diphenylsilane and (b) Swt% n-octylsilane, and (c) untreated.

The magnetic properties and oxygen contents of the
SAM/Sm,Fe;N, fine powders treated in the hydridosilane
solutions with various concentrations are summarized in Table
1. Oxygen contents of the SAM/Sm,Fe;;N, fine powders
increased with the increase in the hydridosilane concentration
as compared with that of the untreated powder. However, any
damage for the magnetic properties by oxidation was not
observed on the SAM/Sm,Fe;;N, fine powders. Hence, the
increase of the oxygen contents was responsible for the oxida-
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tion of the SAM films, which possess the active S—H groups
against H,O and O,. This suggests that the residual Si-H
groups in the SAM film play an efficient role to depress from
the attack of H,O and O, to the magnetic powder.

Table 1. Oxygen content and magnetic properties of the Sm,Fe;;,N,
powders treated by hydridosilanes

. Oxygen __ Magnetic properties
Hydridosilane Oon;:irlltt(r?atlon content B, H; (BH)yu
° [gem® /T /Mam’ /KJm®
- - 0.44 137 079 311
""""""""""""""" 577777 044135 075309
n-Octylsilane 10 0.62 1.37 075 318
50 0.60 135 075 311
"""""""""""""""" 57049 134 078 298
Diphenylsilane 10 063 134 075 296
50 0.76 132 0.67 298

The SAM/Sm,Fe;;N, bonded magnets produced from the
powder samples treated by n-octylsilane and diphenylsilane
showed the (BH),,,, values of ~147 kJ m= and ~151 kJ m3,
respectively, which were superior to that of the bonded one of
the untreated powder (~134 kJ m=). In addition, the B, values
of the SAM/Sm,Fe;;N, bonded magnets (0.96 T for n-octylsi-
lane and 1.00 T for diphenylsilane) were higher than that of the
untreated Sm,Fe;;N, one (0.92 T). It should be due to addition
of the affinity for the resin binder by the SAM film with the
organofunctional groups. The additional chemical affinity
makes the magnetic particle to rotate easily along the direction
of applied magnetic field during the alignment process.
Moreover, the demagnetization curves observed on the
SAM/Sm,Fe;;N, bonded magnets showed the superior rectan-
gularity (H,/Hg = 46%) to the bonded magnet produced from
the as-ground powder (42%). This means that the chemical
affinity of the SAM films for the resin binder improves the dis-
persibility of the powder materials in the molding process.

Figure 2 shows the exposure time dependence of flux loss-
es of the resin-bonded magnets produced from the
SAM/Sm,Fe;;N, powders at 393 K in air after magnetization
by pulsed magnetic field of 4.8 MA m™. The SAM/Sm,Fe;;N,
bonded magnets showed the smaller flux losses than that of the
magnets produced from the Zn/Sm,Fe;;N, powder produced by
photodecomposition of Zn(C,Hs),.>¢ Among the hydridosilane
compounds, it is obvious that the SAM film derived from
diphenylsilane effectively depress the decrease of magnetic flux
as compared with the case of n-octylsilane.
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Figure 2. Standing time dependence of the flux loss of the bonded magnets
produced from SmyFe,;N, powders covered by (a) diphenylsilane, (b) n-
octylsilane, and (c) Zn-metal (in air, at 393 K).

In conclusion, the formation of the self-assembled mono-
layer (SAM) films derived from hydridosilanes is one of the
efficient methods for Sm,Fe;;N, fine powders to improve the
oxidation resistance and add the affinity for the resin binder due
to their hydrophobic organic groups.
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