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Magnetic silica-aerogel composites have been synthesized by dispersing hard magglegigB\Nd
particles in a sol during a fast sol-gel process and subsequently supercritically drying the resulting
gels. The composites are found to retain most of the outstanding properties of their constituents: the
large coercivity and moderate remanence of the magnetic powders and the transparency and low
density of silica aerogels. Moreover, aerogels synthesized in the presence of a magnetic field exhibit
the alignment of the particles, forming needle-like structures along the direction of the applied
magnetic field, which results in optical and magnetic anisotropies. Due to their unique combination
of properties, these types of materials may be appealing for magneto-optics and magnetic actuator
applications. ©2003 American Institute of Physic§DOI: 10.1063/1.1578533

Aerogels are highly porous solid materials with unusu-magnetic field during the gelation procéésNevertheless,
ally low densities and high specific surface areas. They areven in aligned aerogels, the room temperature magnetic
usually prepared by the supercritical drying of highly cross-properties remain poor. Taking into account that magnetic
linked organic or inorganic gefsGels derived from the con- aerogels combine the intrinsic properties of the embedded
densation and hydrolysis of metal alkoxide precursors allownagnetic particles with the superior propertigsg., low
the production of a large variety of aerogels, from whichdensity, transparency, and electrically insulatfraerogels,
silica aerogels have been extensively investigated. Silict would be interesting for certain applicationg.g.,
aerogels are transparent materials with low-refractive indexnagneto-optical modulation or magneto-optical displays, mi-
and low dielectric constant. Thus, they have been proposeerowave absorbers, isolators, or modulareo have com-
for a variety of applications such as optical, thermal, acoustigosites of high remanence and high coercivity. In this letter
and electronic materiafs® The potential applications of we demonstrate the feasibility to fabricate homogeneous and
silica aerogels have readily increased with the production ofligned magnetic aerogel composites containingHeg,B
composites, covering fields such as catalysis ofparticles, which result in ultralight transparent magnetic ma-
photoluminescencé‘.g Composite aerogels mainly consist in terials with large coercivities and moderate remanence.
homogeneous dispersions of particles hosted in an aerogel Silica composite aerogels were obtained by supercritical
matrix. Aerogels with particles in the nanometer range carfirying of gels prepared by adding different amounts of com-
be obtained during the gel synthesis from precursors wittinercial NdFe,B particles in a viscous sol. For the gel syn-
alkoxide functionalities, since the aerogel nanometric poreéhesis, 6.7 ml of a sol consisting of a water solution of am-
limit the particle growth> However, composite aerogels can Mmonia plus a mixture of methanol and tetramethoxysilane
also be prepared from nonbonding solid particles added t6TMOS) was poured into 1 cm diameter polystyrene test
the sol during the gelatiot.In particular, magnetic aerogels tubes. The molar ratios of the reactants were TMOS:
have been prepared using both approached Most of ~ Methanol:water:ammonial:12.254:6.5<10 2. This
these magnetic aerogel composites are formed from sofihemical route yields the gelation of the mixture in about
magnetic particles homogeneously dispersed in the aerogar-4 Min. After the addition of the water and the catalyst
matrix. Consequently, many of the studied systems exhibifNHa) the sol was softly stirred and NdFeB particles, with
low remanence and coercivity at room temperature, thus limSiZes® <5 um, were added to the viscous solution. During
iting their possible application€. Moreover, it has been re- the gelation process, to obtain a gel with a homogeneous
cently shown that anisotropic distributions of magnetic par-JiSPersion of particles, the test tubes were closed and repeat-
ticles in aerogel matrices can be prepared by using gdly reyersed every 4-5 s. Eolllowmg th|§ procedure three
composites A, B, and C containing respectively 50, 300, and
500 mg of NdFeB powders diluted in 6.7 ml of sol were
3 lectronic mail: mgich@icmab.es prepared in order to obtain composites of different magnetic
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FIG. 1. Photographs of sampleg® and B (b) using a 5 magpnification. B A Cs B, A Ce

: P : : G. 2. Photographs of monoliths of samples, B\, and a piece of sample
phase concentrations. Furthermore, alming to mvestlgate t . The in-field synthesized samples ((Bnd G) are placed so that the

effects of in-field synthesis, additional samples (8¢, and  gjrection of particle alignment is perpendicul@ and parallel to the pho-
C;) of the same compositions and prepared following thetograph planeb).
same procedure were placed in an 8 kOe homogeneous mag-

neug field \_Nhen the viscosity was S0 h|gh that na partlCk':_'birefringencez, which have been largely investigated in other
sedimentation was observed. The direction of the magnet'fhagnetically anisotropic systerts

field, was orthogonal to the test tube axis and the samples “;c o1 be seen in Table I, the in-field composites exhibit

were kept under field for 5 h. The gels were then removedsystematically a larger density than the homogenous ones.

from their tubes and aged in a methanol solution at roo his effect can be explained by the particles tendency during
temperature for 10 days. The central and more homogeneogﬁe gelation to accumulate close to the center of the gel
parts of gel monoliths were selected and supercritically

: . where the magnetic field is higher.
dried. In th's. process the gel solvefethand was ex- Surface area measurements by iSotherm adsorption
changed by liquid C@at 100 bar and 23 °C. After the sol- nd Brunnauer—Emmet—TellgBET) analysis were per-
vent egghange,_ pressure and temp(irature were set over med (Table I, and they show typical aerogel surface area
CO, critical point (72.9 bar and 31°C), where the liquid values, ranging from 490 to 810%hy. The samples with
CO; filling the pores completely transformed to gas. Finally, ’

th d d keeping th | struct higher powder contents have lower surface areas, as would
€ pressure was decreased keeping the get structure wi expected. The lower surface areas measured for in-field

CO, gas ins?de thg pores that afterlqpening. the high pressur§‘ynthesised composites as compared to the samples produced
plant were filled with air. A supercritical drying with metha- without field can be due to higher presence of pores bigger
nol was attempted at 239.45 °C but resulted in a deterioratioghan 100 nm, not detected by the BET technique. These are

pfdthe gomposite Imz;gnetic proEerties gue tq ':he therm"jlnybrobably induced during the synthesis by the displacement of
induced structural changes in the Jifé, B particles. he magnetic particles under the action of the field.

The obtained NdFeB composite aerogels are cylindrica} Room temperature hysteresis loops have been performed

monoliths. The appearance of the samples depends on tl?(?r all the samples, in fields up to 120 kOe, in a vibrating

content of magnetic particles and on whether they have beegbmple magnetometer. The in-field composites were mea-
synthesized in-field or without field. It is observed that in the

sured with the field applied parallel and perpendicular to the

aerogel; synthesmed n Fhe presence of a magnetic field tr%‘?/nthesis direction. All composites display the typical fea-
magnetic particles are aligned forming needle-like structure§Ures of a hard magnetic phase, i.e., large coercikty, and

along the direction of the magnetic field applied during themoderate squarenedds/Ms, (Fig. 3, thus indicating that

gelation process. This ”?d'c_ates that w_hen the gel; Wethe hard magnetic properties of the NdFeB powders have not
plac_ed under the magnetic field, the parncles were St'"_abl%een altered during the composite aerogel synthesis. All the
tp slightly move and consequently allgn.followmg the field studied aerogels exhibit coercivities in the range H§
lines. In contrast, the aerogels prepared in absence of a mag-q3 kOe, i.e., well within the range of coercivities charac-

netic field keep the relatively homogeneous suspension %ristic of melt spun NgFe;,B%° and squareness values just

magnetic particles from the gelation. This can be clearly Ob'above Mg/Mg=0.5 that are typical of isotropic magnets

;erved in Fig. 1 Moreover, the transparenqy of the COMPOSyity exchange interactiorf.The effect of particle alignment

ites decreases when the NdFeB content increases. In fa

only the monoliths of samples A and; Ahaving the lowest

powder content, are found to be transparent in all the direc-

tions across the cylinder axis. However. for the in-field aero_TABLE I. Bulk density and surface area of magnetic aerogel composites
. ) ' . . synthesized in-field and without field with different amounts of,Ng,B

gels the transparency increases along the particle allgnmeg\é

direction and decreases in the direction perpendicular to i

& evidenced in the difference of the valuesMk /Mg be-

wders.

(see Fig. 2 Samples Band G exhibit a transparency simi- NdFeB content Bulk density Surface area
lar to that of A when the light is applied parallel to the Sample (mg) (gfen) (m?/g)
orientation direction, although the density of particles is 6 A 50 0.14 810
and 10 times larger, respectively. However, when the lightis  A¢ 50 0.14 790
perpendicular to the alignment direction samplgsaBd G B 300 0.15 760
appear opaque. The anisotropic transparency presented by Bi 288 g';g ggg
the in-field composites could make them suitable for certain -~ 500 0'22 490

applications in magnetooptioge.g., based on dichroism or




Appl. Phys. Lett., Vol. 82, No. 24, 16 June 2003 Gich et al. 4309

15 p— T 47Mg~100 G). The fields at the surface of the composite
S ] aerogel monoliths, after magnetization in a pulsed field of
10} osf AT . about 30 kOe, were measured using a gaussmeter. Samples
1S 0 // ] C; and B gave values in excess of 40 and 15 Oe, respec-
sV N tively. Even though the magnetic fields created by the mag-

LS e o5 o9 o | netic aerogels composites can be considered somewhat
H (9 small, they are sufficient to attract small stainless steel pieces

PR ] (e.g., needles Moreover, in spite of their low remanence
5 g0} 1 and due to their low density, these aerogels are rather sensi-
g sl n ¥ 1. tive, e.g., they easily move or they give magnetomechanical
10 ;o w* i response, even to very small fields.
| YT 0%2 ] !n conclusion, we have dempnstrated that_lt is possible to
s composite density (g/em” ) fabricate homogeneous and aligned magnetic aerogel com-
12 10 8 6 4 -2 0 2 4 6 8 10 12 posites from NdFe;,B particles. The composites exhibit ex-
H (kOe) cellent magnetic and aerogel properties, e.g., large coercivity

(Hc~13 kOe), moderate squarenedd /Mg~ 0.55), low
FIG. 3. Hysteresis loop for sample @ith the applied field parallel to the density (p~0.14-0.22 g/crﬁ and transparency. Due to this
particle allgn_mgnt direction. The mset_ shows Fhe satLiratlon magnetlzatl_orbombination of properties this type of material should be
Mg, for (M) in-field samples with the field applied at 0° from the synthesis . . . N .
direction, (A) in-field samples with the field applied at 90° from the syn- cOnsidered as a potential candidate for applications in the

thesis direction and*) samples synthesized without field. Shown in the fields of magneto-optics and magnetic actuators.
inset is the normalized magnetization for samplealng (solid line) and
perpendicular to the aligning directiddashed ling
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