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The properties of silicon dioxide xerogels doped with salts and nanoparticles of inor-
ganic compounds have been studied. Optimization of the synthesis and annealing condi-
tions of SiO, matrices made it possible to increase essentially the microhardness of the
doped samples. Using the aquametry technique, there was established the distribution
mechanism of the of titanium oxide nanoparticles in the xerogel matrix intended to
develop the new generation of luminescent materials. To obtain a moisture-resistant material,
with increased service life, it has been proposed to dope the xerogel matrices with titanium
oxide nanoparticles or to treat the undoped matrices with nitrocellulose lacquer.

I/ISY‘IEHI)I cBoOMicTBa Kceporeneﬁ Ha OCHOB€ OKCHJa KPeMHUdA, OOIIMPOBAHHOI'O COJIIMU N
HaHOYaCTUIIaMM1 HEeOPraHMYeCKHUuX COEEI/IHEHI/IIZ. OHTI/IMI/ISaILI/Iﬂ yCJIOBI/Ifl CHHTEe3a MU OTXHUra
SiOZ-ManI/IH II03BOJINJIa SBHAYUTEJIBHO YBEJINYUTHh MUKPOTBEPAOCTH JIETUPOBaHHBIX 06pa311013.
C IIpUBJIeUEeHNEeM AaKBaMeTpUU YCTaHOBJIEH MeXaHUW3M DpacIipelejieHUusd HaHOYaCTUIl OKCHUIa
THUTaHa B MaTpuUiie KceporeJsd, ﬂBJIi{IOIHefICﬂ OCHOBO1 AJIdA CO3JaHUA JJIOMUHECIIEHTHBIX MaTe-
pHuajJioB HOBOI'O IIOKOJIEHHUA. IHJIi{ IIOJITy4YeHUudA BJIATOCTOMKOTO MaTepuajgia € yBeJIUYE€HHBIM
CPOKOM OJKCILJIyaTallu! IIPeIJIOKEeHO JIETMPOBATh MATPUIIBI KCeporejisi HaHOYAaCTUIlaMU OKCHU-
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Aa TUTaHa UJU IIPOBOAUTH 06p360TKy HeJIETUPOBaAHHBIX MAaTpPUIL I[AIIOH-JIAKOM.

Oxide glass-ceramic SiO, matrices con-
taining micro- or nanoparticles of light-
emitting rare-earth compounds are a prom-
ising photonic media with high chemical
stability and mechanical strength [1]. Rare-
earth elements may be a good alternative
for thermally unstable dyes being applied
widely to dope SiO, matrices for laser facili-
ties. However, no detailed information on
the conditions of the synthesis of such ma-
terials and their physico-mechanical proper-
ties is available in literature [2, 3].

The aim of this work was to investigate
the properties of silicon dioxide xerogels
doped with salts or nanoparticles of inor-
ganic compounds and possessing high micro-
hardness and cracking resistance.

Si0, matrices were synthesized by the
sol-gel method [4] in modified conditions of
tetramethoxysilane hydrolysis and polycon-
densation of the formed compounds. In par-
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ticular, while running the sol-gel process,
the medium acidity was varied, and volatile
components were simultaneously removed.
The tetramethoxysilane (TMOS) chosen as a
precursor was hydrolized in agqueous metha-
nol solution using hydrochloric or nitric
acid as a catalyst. The inorganic dopants
were incorporated into the matrix at room
temperature using either aqueous solutions
of nitrates of rare-earth elements
Re(NOj);, where Re = Ce3*, Tb3*, Lad*,
Eud* (with 0.15 mass. % salt concentra-
tion), or colloid aqueous solutions of ter-

bium-doped cerium orthophosphate
CeP0O,4:Tb (20 mol. %), and europium-doped
lanthanum orthophosphate LaPO,:Eu

(20 mol. %), as well as titanium oxide
nanoparticle powder dispersed in water or
in methanol. The size of cerium orthophos-
phate and titanium oxide particles was ap-
proximately 2 nm and 15 nm, respectively.
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Fig. 1. SiO, matrix sample.

It has been found that homogeneous distri-
bution of the inorganic components in the
matrix was achieved in the cases when the
doping additions were introduced in the form
of true solutions of lanthanoid salts, colloid
solutions of the orthophosphates, or titanium
oxide nanoparticles in the course of TMOS hy-
drolysis. To avoid phase separation [5], the
concentrations of the additives were not higher
than 8.0 mass. %.

To obtain the xerogel, the reaction mix-
ture was mixed thoroughly together with a
filler and cast into plastic containers of dif-
ferent size and shape, then the containers
were hermetically sealed. The gel forma-
tion lasted 20-24 hrs. Ageing and drying
were realized at 40-50°C during 2-4 weeks,
depending on the sample initial volume. The
dried samples were annealed at 750—900°C
either in air or in vacuum, depending on
the dopant type.

The sample mass loss which amounted
~85 % was determined from the mass dif-
ference before and after drying and calcina-
tion of SiO, matrices. The use of such data
while calculating the initial concentration
of the introduced additives to ensure that
the threshold concentration in the ready
material (8 mass. %) will not to be ex-
ceeded, thus avoiding the matrix layering.

Fig. 1 presents a photo of transparent
SiO, matrix synthesized by the described
technology. As seen from the microphoto-
graphs obtained using an Olimpus IX71 mi-
croscope, this matrix is a highly porous ma-
terial (Fig. 2). The porosity and density of
the synthesized material were determined
by hydrostatic weighing [6]. Depending on
the heat treatment conditions, the porosity
ranged between 54 and 25 %, the density
was within limits of 0.98 to 1.40 g/cm?,
which agreed with the literature data [7, 8].

Microhardness measured usually by Vieck-
ers diamond pyramid is a significant me-
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Fig. 2. Microphotos of the SiO, matrix in two
planes in transmitted light (1 graduation line
is 0.01 mm).

chanical characteristic of xerogels. As has
been established in this work, doping with
inorganic salts and particles by the pro-
posed technology does not cause any dete-
rioration of the said parameter, since under
external load of 100 g the microhardness
value for the additive-free xerogels and that
for the doped samples differ insignificantly,
and on the average amounts 170 kg/mm?2.
The microhardness data available in the lit-
erature are lower and do mnot exceed
85 kg/mm?, therefore, it may be concluded
that optimization of the synthesis condi-
tions allows to obtain doped xerogels with
improved mechanical properties [2, 9].

The undoped =xerogel matrices stored
during 14 days in air became cloudy. In our
opinion, such a worsening of the optical
properties is connected with saturation of
the xerogel pores with water from air. Pre-
sented in the Table are the study results of
water absorption properties of SiO, matri-
ces, including the xerogel samples treated
with nitrocellulose lacquer which isolates
the matrix from ambient air. The water
content in the investigated xerogel samples
was determined by titration with visual in-
dication of the end point by the K.Fischer
method, using the setup providing protec-
tion of the reagent and the sample against
atmospheric moisture according to the pro-
cedure described in [10]. As an extraction
agent, methanol was applied into which
water was extracted during continuous stir-
ring the mixture by a magnetic mixer.
It was established that complete water ex-
traction from the non-annealed and an-
nealed xerogel samples lasted 15 minutes.
The Table data testify that non-annealed
xerogel dried at 45-50°C to a constant mass
contains a rather high (20.5+0.1 mass. %)
water amount. Moreover, the use of nitro-
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Table. Water content in the xerogel samples as titrated by the Fischer method

Sample Storage time, days Found water, mass. %
Non-annealed xerogel 1 20.5+0.1
Annealed xerogel 30 1.42+0.02
90 12.7+0.2
Annealed xerogel coated with nitrocellulose 30 1.2+0.1
lacquer
90 5.4+0.3
Annealed xerogel after storage in water 1 13.4+0.7
Annealed xerogel coated with nitrocellulose 1 10.8++0.5
lacquer after storage in water

cellulose lacquer efficiently protects the xero-
gel matrix against humidification both while
storing it in air and immersion in water.

The aquametry technique was also used
to clear up the distribution mechanism of
the of titanium oxide nanoparticles in the
xerogel matrix. Using the K.Fischer
method, it has been established that after
90-day storage, the xerogel samples doped
with titanium oxide (irrespective of the sol-
vent used for its dispersion) contain
5.240.2 mass. % of water. Such a fact is in
good agreement with the moisture content
in the xerogel samples treated with nitrocel-
lulose lacquer and stored in air during the
same time (see the Table). In this connec-
tion, it should be concluded that the
nanoparticles are located mainly at the
solid/air interface and, similar to nitrocel-
lulose lacquer, block the pores homogene-
ously over the whole xerogel volume. Thus,
the titanium oxide introduction into the
xerogel matrix allows not only to obtain
advanced luminescent materials, but also to

reduce essentially their water absorption
property.
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Cunre3 SiO,-MaTpuIb, JONOBAHUX NeAKMMU
HEOPraHiYHUMM CIOJYKaMH

T.A.Bnank, I.I.I'anina, 10.B.Manwxkin, JI.Il.Excnepiandoéa

Hocmig:KkeHo BIACTUBOCTI KCeporejliiB HA OCHOBI OKCHUJY KPEMHiI0, JOIOBAHOTO COJIIMU Ta
HAHOYACTMHKAMM Heopramiunmx cmonyk. Onrumisamis ymos cuuTesy Ta Bigmamy SiO,-mar-
pHUIb MO3BOJIHMJIA 3HAUYHO 30iJbIINTH MIKpPOTBEpPAicTh JieroBanmx 3paskis. Cmocobom akKBa-
MeTpil BCTAHOBJIIEHO MeXaHi3M POSIIOAINYy HAHOYACTOK OKCHUAY TUTAHY Y MAaTPHUIIl KCEpOreJio,
SIK& € OCHOBOIO [JIs CTBOPEHHS JIOMiHECIEHTHUX MaTepianiB HOBOro mokojainHs. as orpu-
MaHHSI BOJIOTOCTiHIKOro Marepiasy 3 IIOZOBKEHHM CTPOKOM eKcIyaTarmii 3alrpoIIOHOBaHO
JIeryBaTH MAaTPHUILL KCEpPOre 0 HAHOYACTHUHKAMMU MiOKCHIY TUTAHY a00 o0po0sATH HejleroBaHi

MAaTPUILL I[AIIOH-JIaKOM.
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