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Abstract : A new kind of magnetic aerogel waspre-
pared fromamixture of ferritenanoparticlesand silica
aerogel. The ferrite (Ni,.Zn,Fe,0,) nanoparticles
were prepared by acoprecipitation method and added
to tetramethylorthosilicate (TM OS)/ethanol solutionin
therange of 0to 20mol%. The mixed ferrite-silicawet
gel wasdried inthesupercriticd carbon dioxidefluid.
Theobtained ferrite-silicaaerogel nanocompositewas

INTRODUCTION

Aerogd isaporousmateria derivedfromagd, in
whichtheliquid component of thegel hasbeenreplaced
with agas. The main properties of aerogel are an ex-
tremely low density (<200mg/cmq), ahigh porosity
(>90%), ahigh specific surface area (150-1000m?g)
and alow thermal conductivity (<0.02W/m - K)*-2,
Thus, aerogel ispractically used ascarrier and acata-
lyst™™. In addition, it isknown unique propertiessuch as
trangparency and alow refractiveindex, from the char-
acteristic of the structure. By utilizing these properties,
some gpplicationssuch asatransparent low refractive-

aultra-superlight and high-porous materia, wherethe
magnetic property of ferritewasheldin the aerogel.
© Global Scientificlnc.

Keywords : Sol-gel; Ferrite; Silica aerogel;
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index material for Cerenkov detectors, atransparent
low density materia for collecting cosmic dust etc. has
been also put into practical usg™.

Usually, an aerogel isprepared by asupercritical
drying using carbon dioxidein wet gel obtained by a
hydrolysis of metal alkoxide and by acondensation
polymerization. Astypica aerogds, silicaaerogd, du-
minaaerogel and carbon aerogel arewell-known. In
addition, someaerogelswith functional particleshave
been studied. For example, an aerogel composed of
titaniaand silicd® or the composite of metallic nickel
and duminaaerogel® exhibited superior catal ytic per-
formance. However, any functiona aerogelsconsisting


mailto:cih13303@stn.nitech.ac.jp

222

ChemXpress4(2), 2014

ORIGINAL ARTICLE

of amagnetic and diel ectric materia s have not been
prepared due to uncontrollable gelation and lack of
variety of their metd dkoxidesand their expensivecost
etc. We have aready reported on the preparation of a
ferrite-sillicaaerogel nanocompositefrom amixture of
slicasol andferrite(Ni,,Zn, JFe,0,) nanoparticlesby
asupercritical drying process”. In this paper, more
magnetic aerogel wasprepared by usngNi  .Zn Fe,O,
nanoparticles, and eval uated on aoptical and magnetic
propertiesetc.

EXPERIMENTAL PROCEDURE

Preparation of ferrite-silica aerogel hanocom-
posite

The preparation processwas almost the same as
the previous report” where the report by Tgjiri and
Tsuchiyaet d. wasreferred?8. Used reagentswereas
follows: tetramethylorthosilicate (TM OS, Tokyo Chem.
Ind. Co., Ltd.); 1,1,1,3,3,3-hexamethyldisilazane (To-
kyo Chem. Ind. Co., Ltd.); NH, ag. (28mass% aque-
ous solution, Wako Pure Chem. Ind. Ltd.) and ethanol
(Wako PureChem. Ind. Ltd.).

Ferrite nanoparticles were prepared by a
coprecipitation method. Raw materials of FeCl.,-
6H.0O, NiCl, - 6H.,0 and ZnCl, (Wako Pure Chem.
Ind., Ltd.) wereweighedtobex=0.5inNi Zn,_Fe,O,
and dissolved by adding distilled water. The solution
was adj usted to pH13 by adding NaOH, and then re-
fluxed for 24h at 110°C. After cooling, excessNaOH
wasremoved from the preci pitati on by washing repest-
edly withdigtilled water and ethanol, resulting inferrite
nanoparticles. Synthesized ferrite nanoparticleswere
identified as (Ni,Zn)Fe,O, by the powder X-ray dif-
fraction measurement. And the average particlediam-
eter (d.)) of ferrite nanoparticles was 76nm, and d,,
was 156nm. The obtained ferrite nanoparticleswere
used asethanol suspension of about 0.09g/mL without
drying.

Theferrite nanoparticlessuspension wasadded to
TMOS/ethanol solution, which was set the ratio of
TMOSto ethanol to 1:11, intherange of 0to 20mol %,
mixed for 120minonamagnetic stirrer, and further ho-
mogeni zed for 5min by ultrasonic wave. Then, deion-
ized water and ammoniaasacatalyst wereadded in
sequence, and stirred for 5min, respectively. The ob-

tained sol was poured intoaresin mold of $5x 5mm
and $20 x 3mm, andit gelled after about 30min. This
processing was performed in an ultrasonic wave con-
tainer in order to avoid asedimentation of ferrite par-
ticles. Theobtained wet gel wasaged inan ethanol for
2h a 50°C. Theageing treatment wasrepeated 5times.
After that, thewet g wasrefluxed for 24h at 110°Cin
1.3moal/L hexamethyldislazane'tol uenesolutionfor ahy-
drophobictrestment. Thetolueneins dethewet gel was
again replaced by an ethanol after cooling. Then, the
wet gel wastreated by the supercritical drying using
carbon dioxide, resulting in ferrite-silica aerogel
nanocomposites.

Evaluation of ferrite-silicaaer ogel nanocomposite

Thebulk density and the porosity were cal culated
from the measurement of size and weight of aerogel.
The specific surface area was measured by BET
method. The pore size distribution was measured by
BJH method using avolumetric nitrogen gas adsorp-
tion (Bell Japan, Inc., BEL SORP-max) for amesopore
region, and by mercury intrusion porosimeter (Thermo
Fisher Scientific Inc., PASCAL140/240) for a
macroporeregion. Theopticd transmittancewas mea
sured by an ultraviolet visiblelight near-infrared spec-
trophotometer (UV-Vis-NIR, Hitachi High-Technolo-
giesCorp., U-4100). Themicrostructurewas observed
by afield emission scanning €l ectron microscope (FE-
SEM, JEOL Ltd., JSM-7000F). Thecompositionwas
analyzed by an energy dispersive X-ray spectrometry
(EDS, JEOL Ltd., JED-2300F). The magnetization
measurement was performed by avibrating samplemag-
netometer (VSM, Toel Ind. Co., Ltd.,VSM-5). The
permesability measurement wasperformed intherange
of 10MHz to 1GHz by aRFimpedance/materiad ana
lyzer (Agilent TechnologiesLtd., E4991A).

RESULTSAND DISCUSSION

Characterization of ferrite-silica aerogel nano-
composite

Figure 1 showsthebulk density and the porosity of
theferrite- Sllicaaerogel nanocomposites. Sincetheden-
sty of ferritewaslarger than that of slica, thebulk den-
Sty wasincreased with increasing in the content of fer-
rite, that is156mg/cm?for 20mol % ferrite-silicaaero-
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Figurel: Bulk density and por osity of ferrite-silica aerogel nanocomposites.
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Figure2: Specific surfacearea of ferrite-silica aer ogel nanocomposite.

gel nanocompoasite. Althoughtheporosity dsoincreased
dightly, it wasamost around 95%.

Figure 2 showsthe specific surface areaof thefer-
rite-slicaaerogd nanocomposites. Thespecific surface
areawas about 700m?/g for thesilicaaerogel. Onthe
other hand, it decreased with increasingin content of
ferriteand becameto about 400m?/g for 20mol % fer-
rite-slicaaerogel nanocomposite.

Inregard to the pore sizedistribution, themedian
size of macroporewerearound 2um for all of thefer-
rite-slicaaerogel nanocompositesasshowninFigure
3. Themedian size of mesopore was 14nmfor silica

aerogel and shifted to approximately 20nmwithincress-
inginthecontent of ferriteasshownin Figure4. There-
fore, it wasestimated that the porosity wasfixed mainly
on account of macropores, whilethe specific surface
areawasaffected mainly by mesopores. Anyway, it was
found that theferrite-glicaaerogd nanocompositesheld
characterigtics of aerogel.

Figure 5 shows SEM images of thesilicaaerogel
and 2mol % ferrite-silicaaerogel nanocomposte. Both
theslicaaeroge and the nanocomposite consisted of
particlesof approximately 50nm, which three-dimen-
siondly connected together to form askel etal network
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Figure3: Poresizedistribution of ferrite-silica aer ogel nanocompositesin the macroporeregion.
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Figure4: Poresizedistribution of ferrite-silica aer ogel nanocompositesin the mesoporeregion.

structure. It looked just asif chains of particles sur-
rounded the bubbles of air. Then, the size of bubble,
that isamacropore, was measured by using theinter-
cept method ¥, Asaresult, the poresizewas estimated
to befrom 1to 2um. Thissizealmost accorded with
around 2um of the poresize showninFigure 3. In ad-
dition, the ferrite particles could not detect by EDS
andysisasshowninFigures5(e) and 5(f). Therefore, it
wasthought that the ferrite particlesexisted homoge-
neoudy inthe nanocompositeinthescaeof SEM.

Theseresultswerea most identical to theresults
reported on the Ni_ ,Zn Fe,O,-silica aerogel
nanocomposites”.

Optical property of ferrite-silica aerogel
nanocomposite

Figure 6 shows the appearance of silica aerogel
andferrite-silicaaerogel nanocomposites. Thesilica
aerogel wastransparent, whiletheferrite-slicaaerogel
nanocomposites became opaquewith increasing inthe
content of ferrite.

Figure 7 showstheoptical transmittanceof ferrite-
slicaaerogel nanocomposites. Eveninthenear-infra-
red region, thesilicaaerogel showed thevery highop-
tical transmittance of 90% or more. However, as ap-
proaching the ultraviolet region, the optical transmit-
tance of silicaaerogel decreased for Rayle gh scatter-
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Figure5: SEM imagesof silica aerogel ((a) and (b)) and 2mol% ferrite-silicaaer ogel nanocomposite ((c) and (d)), and Fe
mapping of nanocomposite((€) and (f)).
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Figure6: Appearance of silicaaerogel (a) and ferrite-silica aer ogel nanocomposites(b):1mol%, (c):2mol%, (d):5mol%,
(e):10mol%.
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ing by minute particles™. Ontheother hand, thetrans-
mittance of theferrite-silicaaerogel nanocomposite
drascaly decreased with increasing in content of ferrite
to belessthan 10%intheentirewave ength for 20mol%
ferrite-silica aerogel nanocomposite. However, 1-
2mol% ferrite-silicaaerogel nanocomposites demon-
strated sometransmittancein the near-infrared region.

Magnetic property of ferrite-silica aerogel
nanocomposite

Figure 8 showsthemagnetization curvesof thefer-
rite powder and the ferrite-silica aerogel

nanocomposites measured by VSM. As a matter of
course, the magnetic susceptibility of theferrite-glica
aerogel nanocompositesincreased withincreasingin
content of ferrite. In addition, the magnetic susceptibil-
ity became much larger than that in the case of
Ni ,Zn, FeO,".

Figure 9 showsthe permesbility of theferrite-silica
aerogel nanocomposites. Althoughit waslow because
themgjority of aerogel wasair (c.a.95%), it increased
withincreasangin content of ferrite. Inaddition, it dightly
decreased withincreasingin frequency. Anyway, it was
considered that the magnetic property of ferritewas
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Figure9: Permeability of ferrite-silica aer ogel nanocomposites.

also entirely held in the ferrite-silica aerogel
nanocomposites.

CONCLUSION

An aerogel with amagnetic property was prepared
by asupercritica drying processfrom amixture of fer-
rite(Ni,.Zn,.Fe,0,) nanoparticlesand silicasol. The
obta nedferrite-slicaaerogd nanocompositeshad three-
dimensiond skeletd network structurewith macropores
of about 2um and mesopores of about 20nm. Thepo-
rosity was about 95%. The specific surface area
changed from 700 to 400m?/g with increasingin con-
tent of ferrite. The characteristicsasaso-called aero-
gel washddintheferrite-slicaaerogel nanocomposites,
and moreover amagnetic property of the ferrite re-
mained unchanged intheaerogd nanocomposites. Con-
sequently, it wasexpected that thisultra-superlight mag-
netic aerogel could be applied to many kinds of new
functiona materiassuch as el ectromagnetic wave ab-
sorber, hyperthermiaand drug delivery system etc.
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