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Abstract — The aim of research is to develop an area of
nanoporous ceramics of ternary systems. Nanoporous ceramic
system SiO2-TiO2-ZrO2 has been synthesized via sol-gel technology
by hydrolysis of tetraethylorthosilicate (TEQS), zirconia and
titanium alcoxides solutions. The sols have been polymerized at
room temperature to obtain gels and dried at 100 °C, then milled
for 1 or 6 hours for particle homogenization, pressed into samples,
and then sintered at 800 °C or 1000 °C in air. The samples have
been characterized by XRD, particle size distribution, crystallite
size distribution, compressive strength. Porosity of ceramic
samples has been determined by nitrogen adsorption-desorption
isotherms.

Keywords — Nanoporous ceramics, SiO2-TiO2-ZrO2, sol-gel
technology.

|. INTRODUCTION

There are few studies of ternary nanoporous ceramic
systems, for example, SiO2-TiO2-ZrO,. Pure ZrO, and TiO;
have a very small specific surface area, high hardness and high
price, but ZrO has an excellent thermal and chemical stability.
The homogeneous incorporation of Ti and Zr into a SiO, matrix
is important to obtain materials that exhibit chemical, thermal
and mechanical stability [1]. There are comparatively many
studies on SiO; that can be regarded as a kind of base in similar
studies, and there are many publications on oxide systems
consisting of 2 components.

It is difficult to produce a ternary system such as SiO2-TiO--
ZrO; by the traditional melting technology because the melting
temperature of TiO, and ZrO; is very high; thus, higher energy
consumption is needed. Ceramic materials synthesized by sol-
gel technology are very pure at room temperature. In similar
studies, the synthesising of TiZrO4 ceramics was performed
using the sol-gel technology, sintering was carried at
temperature from 700 °C to 1400 °C for 8 hours [2]. Sol-gel
technology is based on the hydrolysis of metal alcoxide
precursors and allows mixing of elements into an atomic level
without the need for very high processing temperatures, with a
high degree of porosity. Although there is a lot of research on
the sol-gel process, there are comparatively few studies on the
details of the structure and how that evolves with temperature
[3]. The homogeneous incorporation of metal (titanium und
zirconium) into a silicon matrix is important to obtain materials
that are characterized by an excellent chemical, thermal and
mechanical stability. These properties are very essential in the
application of nanoporous ceramic materials.

Mixed titanium-silica-zirconium nanoporous ceramic is
potentially useful for a number of technological applications in

various fields of science, for example, from catalysis to biology
[4].

The control of nanoporous structures, volume and
distribution of ceramic are very important from the viewpoint
of their application in the field of separation and catalysis
techniques. The usual route for nanoporous ceramic preparation
is the sol-gel technique. The sol-gel process allows an excellent
control of the nanoporous ceramic from the earliest stages of
synthesis procedure. The structure of ceramic materials can be
mostly tailored by solution chemistry of the sol-gel technique.
Researchers have published numerous variations of the
synthesis conditions (e.g., the type of precursor, using
traditional  synthesis  technologies, solvent, sintering
temperature) which cause modification in the structure. This
review focuses on a summary of the reported chemical and
mechanical (different milling time of powder) influence on the
nanoporous structure of SiO»-TiO.-ZrO, ceramic. From the
literature it is known that the presence of zirconia in titanium
powder causes a remarkable increase of the surface area [5].
With more than 30 mol % ZrO; in the structure, the surface
roughness (increases materially), and the mechanical strength
increases [6]. The effects of catalyst (molarity of HCI acid),
ratio of molar percentage of silica, zirconia and titanium
alcoxides solutions, solvent, modifying agents are considered in
detail in this paper. In this research, attention is devoted to the
effect of nanosize pores and particle size distribution,
mechanical properties of nanoporous SiO,-TiO,-ZrO ceramics
synthesised using the sol-gel technology. Controlled pore size
distribution, density, compressive strength and other unique
characteristics are important properties of nanoporous ceramic
materials and determine new and improved properties and
application.

The aims of the research are to prepare nanoporous SiO-
Ti0,-ZrO, system ceramics via the sol-gel technology and to
determine structural, mechanical properties and porosity of
ceramics.

Il. EXPERIMENTAL PROCEDURE

In the synthesis procedure of nanoporous ternary SiO,-TiO»-
ZrO; ceramic, the sol was synthesized using
tetraethylorthosilicate (TEOS, Aldrich, 99.9 %) as the SiO;
source, zirconia propoxide (70 wt% solution in propan-1-ol,
Aldrich) and titanium isopropoxide (Aldrich) alcoxides
solution as ZrO; and TiO; source, propanol-2 (Sigma — Aldrich)
was used as a reciprocal solvent. Acetic acid (Sigma — Aldrich),
0.1 M or 1 M hydrochloric acid (P.P.H. “Stanlab”) and oxalic
acid (Penta) were used as a catalyst to advance the hydrolysis
and condensation reactions. Schmidt says that the Brunauer,
Emmett and Teller (BET) surface area from SiO; gel can be
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varied from 0 m?/g to 600 m?g simply by changing the
concentration of added hydrochloric acid [7] that exerts the
fundamental influence on mechanical and structural properties
of final bulk nanoporous material that also contains SiO,. Molar
percentage ratio of elements SiO2/TiO,/ZrO, was 25/25/50 and
15/35/50, but 0.1 or 1 — molarity of added hydrochloric acid, 1h
or 6h — milling time of powder heat-treated at 500°C and the
heating rate was fixed at 5 °C/min. In both ceramic systems,
preparation of sols was a considerate ratio of chemical solutions:
alcoxide/propanol-2 = 1/8, alcoxide/acetic acid = 1/3 and
hydrochloric acid (0.1M or 1M)/alcoxide = 1/5, oxalic acid 4.5
g /100 ml of sol, Fig. 1.

ftanium isopropoxide + : zirconia propoxide +
sceticacid TEOS + 1/3 propanok2 soeticacid
+1/3 propanol-2 + oxalic acid +1/3 propanok2
+0.1M or IM hydrochloric
acid

Fig. 1. Preparation of sol.

When the gel was formed, it was dried at 100 °C for 72 h.
The xerogel was calcined at 500 °C for 1 hour and the heating
rate was fixed at 5°C/min. Obtained powder was milled
(planetary ball mill, "Retsch PM 400") for 1 or 6 hours for
particle homogenization. Size distribution of powder particles
was determined by "MAS ZetaPALS Brookhaven Instr." using
ethyl lactate as surfactant and ethyl alcohol. Ceramic samples
were axially pressed by manual press (SPRUT 10/185, Latvia),
pressure 220 bars, time 20 seconds. For the compressive strength
("Compression Test Plant Toni Norm, Toni Technik by Zwick",
ultimate 300 kN, program "Setsoft 2000") tests, the nanoporous
ceramic samples were sintered at 800 °C or 1000 °C for 1 hour
and the heating rate was fixed at 5 °C/min. Ceramic samples —
cylinders, whose diameter was 1.2 cm and height was more
than 1.2 cm. All the samples were prepared by a scheme shown
in Fig. 2.

The quality of samples was characterized by X-rays (XRD)
diffraction data collected using a Rigaku Ultima+ (Japan)
diffractometer. (Cu) K. wavelength was used, the scan
conditions were 2°, but 2 6 mode — for the range over which the
diffraction patterns were recorded. The crystallite size was
evaluated using the Debaj—Schreder equation (1):

A

D= o))

" Bcos®

where D — is the crystallite size, nm;

A — the length of x-radiation wave, nm;

B — the full width at half maximum of the diffraction peak;
0 —the Wulf-Breg angle.

Apparent density of nanoporous ceramic samples was
evaluated using equation (2):
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__ Y90%XPH30 (2)

Pap = (91-92)

where p,,,— apparent density, g/cm?;

Jo— mass of dry ceramic sample, g;

g,1— mass of watered ceramic sample into air, g;
g-— mass of watered ceramic sample into water, g;
pu,o— Water density, g/cm?.

Y |* Preparation of sol
3 » Xerogel (T = 100°C)
Y| Heating of xerogel (T = 500°C)
*Milling, preparation of powder (1 or 6
4 hours) b,
« Axial pressing of powder (pressure 220
5 bars) )
5 «Sintering (T = 800°C or 1000°C)
e Structure and properties of ceramics

Fig. 2. Preparation of nanoporous ceramic samples.

The BET specific surface areas of all ceramic samples were
determined by BET nitrogen adsorption-desorption isotherms
and were recorded by using "Nova 1200 E-Series,
Quantachrome Instruments” (for pore size of 0.35nm -
200 nm). Field emission low vacuum scanning electron (SEM)
microscope FEI Nova NanoSEM 650 was used for the analysis
of morphology.

I1l. RESULTS AND DISCUSSION

High-energy ball milling or mechanical-chemical processing,
which was initially invented for ceramic strengthened alloys,
has been successfully used to synthesize a wide range of nano-
sized ceramic powders, including ZrO, [8]. Figure3
summarizes the powder size distribution of both ceramic series
after 1- or 6-hour milling process. After 6 hours, milling
samples exhibited wider particle size distribution (shown as
dispersion), but their average particle size (shown as a column)
decreased. Only sample S25T25250-0.1 after 6h exhibited a
higher average particle size distribution after longer milling
time. Taking into account the classical concepts of colloid
chemistry, a colloid is a suspension in which the dispersed
phase is so small (1 nm — 1000 nm) that the gravitational forces
are negligible and interactions are dominated by short-range
forces, such as van der Waals attraction and surface charges [9].
It enables for agglomeration of smaller particles into lager. The
increase in average particle size distribution was in the range of
15.5 %, but the decrease in an average particle size was in the
range of 7.1 % — 24.5 %. It was noticed that the grain size of the
as-milled (3 h) powders had already been reduced to tens of
nanometers [8].
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In the solid-state process, the mixture of ZrO; and TiO;
powders was usually sintered at temperature as high as 1100 °C
to ensure the phase formation. Sintering of such high
temperature-derived powders would be at wvery high
temperatures ranging from 1400 °C to 1600 °C [10].

Tables 1 and 2 show the results of X-ray diffraction (XRD)
patterns for both series of powder samples (S25/T25/250 and
S15/T35/750) of the ternary SiO,-TiO»-ZrO, system heat-
treated for 1 hour at 1000 °C. 1M hydrochloric acid was added
to both samples, but homogenization time of both samples was
the same — 1 hour or 6 hours into high-energy ball mill. Table 1
shows that XRD patterns exhibit the peaks of the monoclinic
zirconia phase, but their intensity is different. The sample that
exhibited smaller intensity contained greater volume of metal
(titanium) alcoxide of the primary sol. Silica and titanium were
also present in the sintered sample, but these phases were not
detected by XRD. The analytical results are based on

S15T35Z50

identification using Rigaku Ultima+ (Japan), and the database
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e o\pt S S e R e e results are summarized in Table 2.
PR W AF ot ¥ b b\
Fig. 3. Particle size distribution of powders after 1- or 6-hour milling time.
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TABLE 2
XRD PATTERNS OF THE SAMPLES AFTER SINTERING AT 1000°C
. Powder . .
Molarity of L Molar ratio of Chemical Compound .
added HCI ) milling Si0,-Ti0,ZrO, Reference code formula name Mineral name Crystal system
time, hours

25/25/50 04-005-4478 Z0, Z'LC)ZZ':”" Orthorombic

1 _OXIOK

Zirconium .

01 M 15/35/50 04-005-4478 Zr0, e Orthorombic
25/25/50 01-074-1504 ZrTio, th:f;r:tl:em Shrilankite Orthorombic

6 Htand
15/35/50 01-074-1504 ZrTio, Zirconium Shrilankite Orthorombic

titanate

25/25/50 04-005-4478 zr0, Z'LC)ZZ':”" Orthorombic

1 _OXIOK
15/35/50 04-005-4478 Zr0, Zirconium Orthorombic

M .OXId.e
25/25/50 01-074-1504 ZrTio, th:f;r:tl:em Shrilankite Orthorombic

6 Htand
15/35/50 01-074-1504 ZrTio, ng;]rgt‘ém Shrilankite Orthorombic

The formation of ZrO- is possible because volume of zirconia
propoxide is greater (50 mol% of primary sol). The reaction
time of alcoxides solutions is not similar. The hydrolysis and
condensation reactions of Zr or Ti precursors are fast. The
silicon atoms carry substantially less positive charge; thus, the
hydrolysis and condensation reactions of silicon alcoxides
occur at a much lower rate. The ionic character is increasing as
follows: SiO,<TiO,<ZrO,. The bonds of SiO, can be
characterized by about 50 % covalent feature. This order
corresponds to the reactivity sequence of tetravalent alcoxides
in hydrolysis reactions: Si(OiPr)s<<Ti(OiPr)s<Zr(OiPr)4 [11].
Zirconium titanate is an intermediate compound in the binary
system ZrO,—TiOs.

Several authors have studied this system to establish the
equilibrium phases. McHale and Roth heated samples of
ZrTiO4 at T =1273 K around 4 months and they concluded that
a more stable compound of the binary system ZrO.-TiO; at
room temperature was ZrTi,Os. The synthesis of ZrTiO4 has
been reported in literature, including several methods such as
sol-gel, co-precipitation, mechanochemical processing and
solid state reaction. These methods have been used to make
powders or small pieces of ZrTiOs. However, a structural
application requires bulk materials, so it is necessary to
combine synthesis and processing methods which allow the
preparation of zirconium titanate 3D-shaped materials [12]. It
is supposed that a phase transition in this case is caused by the
solid state reactions taking place during the milling process, but
it does not depend on the molarity of the added hydrochloric
acid.

For the samples milled for 6 hours, XRD patterns have shown
a phase transition from ZrO, to zirconium titanate oxide
(ZrTiO.). This may have resulted in an incomplete solid-state
reaction, vyielding nonstoich isometric zirconia titanate.
According to literature [13], at a high speed (3200 rpm), only
an amorphous phase was formed. We consider milling process
to be a very important parameter of nanoporous SiO>-TiO»-
ZrO, ceramic synthesis. The rotation speed determines the
kinetic energy and the momentum transfer to the sample
inducing the milling effects mentioned above. Milling is a
stochastic process, and the number of variables involved is very
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large [13], and that could be the main reason for phase
transitions.

Figure 4 summarizes the crystallite size distribution of
nanoporous ceramic samples. For all nanoporous ceramic
samples, only one crystalline phase was detected within the
whole range of composition. Average crystallite size was
determined from broadening of the XRD maxima by Scherrer
equation, using ZrO; and ZrTiO, samples crystallized at 800 °C
and 1000 °C for 1- and 6-hour milling time. The peak intensity
of X-ray diffraction (XRD) patterns for powder samples for
ZrO, and ZrTiO4 increases with the sintering temperatures
indicating the crystal growth of both phases. The diagram
shows that milling time and sintering temperature exert an
effect on crystallite size distribution. The increase in the
crystallite size testifies that monoclinic ZrO.transforms into the
tetragonal form at =~ 1000 °C [10]. In multicomponent systems,
basically the addition of one component to the others increases
the crystallization temperatures compared to pure oxides. The
crystallite size at 1000 °C is from 103.7 nm to 137.0 nm and
testifies the formation of a more arranged structure. This higher
physical agglomeration of crystallites originates from higher
surface energy of smaller crystallites. Increase in sintering
temperature promotes crystallite growth, which is apparent
from decreased width and increased intensity of XRD maxima.

According to literature [2], high-energy milling of ZrO; and
TiO, reduces crystallite size and gives almost amorphous
powders and decreases the transition temperature as low as
1100 °C.

Figure 5 summarizes the results of samples according to
compressing strength tests. The diagram shows that the higher
compressive strength is characteristic of samples of both series
sintered at 1000 °C. At higher temperatures, particles of
ceramic were sintered and air inclusions became smaller and.
thus, the compressive strength was affected. Increased
temperature of sintering also increases the mechanical strength
of tablets: while tablets sintered at 800 °C crumble easily, those
sintered at 1000 °C are much more resilient in spite of their
porosity. Compressive strength after sintering at 800 °C is from
33.7 MPa to 62.2 MPa, but after sintering at 1000 °C from
37.4 MPa to 69.2 MPa. Another effect shows powder milling
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time. In case of a longer period of milling time, ceramic samples
exhibit lower compressive strength in comparison with the ones
milled only for one hour, Fig. 3. Particle size distribution of
powders after 1 or 6 hours of milling time shows wider particle
size distribution of powders milled for a longer period of time.
Compressive strength increased by 0.2 % to 29.1 %. Wider
particle size distribution decreases the compressive strength of
nanoporous ceramic samples. It is supposed that the strength is
determined basically by the presence of principal component
ZrO,.
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Fig. 4. Crystallite size distribution of ternary SiO,-TiO,-ZrO, system sintered
at 800°C and 1000°C.
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Fig. 5. Compressive strength of ternary SiO,-TiO.-ZrO, system sintered at
800 °C and 1000 °C.

Figure 6 summarizes the results of apparent density of
nanoporous ceramics after sintering at 800 °C and 1000 °C. After

sintering at 800 °C, the apparent density of the nanoporous
material samples ranged from 2.31 g/m® — 2.72 g/m?, but after
sintering at 1000 °C it increased to 2.44 g/m®—2.78 g/m®. After
sintering at 1000 °C, the compressive strength of the samples
increased; moreover, changes in volume of nanosize pores and
pore size distribution were observed.
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Fig. 6. Apparent density of ceramic samples after sintering at 800 °C and
1000 °C.

The pore size distribution was determined using nitrogen
adsorption-desorption measurements. The detection of
micropores using the nitrogen adsorption-desorption method is
difficult. Unreacted alcoxides could remain without the heat
treatment in case of samples sintered at lower temperatures.
This could influence the formation of microstructure. Figure 7
(a, b) and Table 3 summarize the results of surface area
histogram of nanoporous ceramic sample S25T25Z50 after
sintering at 800 °C or 1000 °C, but different molarity of added
hydrochloric acid: a) 0.1M HCI, b) 1M HCI. BET results show
that a lager surface area is characteristic of a sample after
sintering at 800 °C, but it decreases after sintering at 1000 °C if
powder milling time is 1 hour. A lager surface area was
observed in cases, when half pore width was in the range from
0.82 nm to 0.92 nm. As the sintering temperature increases, the
pores are closed, and smaller grains grow together to form
larger ones, Fig. 7a. However, if 1 M hydrochloric acid was
added to the same sample, a lager surface area was observed,
and half pore width was in the range of 0.82 nm— 1.1 nm.
Longer milling time of powder contributed to the formation of
a lager surface area (=88 m?g) depending on sintering
temperature, Table 3. The observed pore size values depend on
the sintering temperature and the different molarity of added
hydrochloric acid of the samples. The mean pore diameter of
the ternary oxide nanoporous SiO2-TiO,-ZrO; ceramics
decreases with decreasing molarity of added hydrochloric acid.
Figure 7 indicates this correlation.
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Fig. 7. (a, b) BET surface area of nanoporous ceramic sample S25T25Z50 after sintering at 800 °C or 1000 °C, molarity of hydrochloric acid : a) 0.1M or b) 1M.
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TABLE 3

BJH SURFACE AREA OF NANOPOROUS CERAMIC SAMPLE S25T25Z50 AFTER
SINTERING AT 800 °C OR 1000 °C

Powder interi ;

. A Sintering BJH cumulative
Molarity of | milling temperature, adsorption surface
added HCI time, oC area, m?/

hours 79

1 800 24.98

01M 1000 17.44
6 800 8.95

1000 76.77

1 800 26.33

1000 19.05

1M

6 800 9.22

1000 80.33

Figure. 8 (a, b) summarizes the results of morphology of
nanoporous ceramics (S25T25250) after sintering at 800 °C
and 1000 °C.

Fig. 8. SEM images of nanoporous ceramics S25T25Z50 after sintering at
1000 °C and adding 0.1 M HCI into primary sol. Samples were pressed
from powder milled for different period of time: a) 1 hour, b) 6 hours.

As it can be seen from the photos, nanoporous ceramic
samples pressed powder milled for 1 h have comparatively
homogeneous particle size. In photos taken from ceramic
samples pressed from powder milled for 6 h, the distribution of
particle size is less homogenous, pores have become
comparatively smaller, and individual denser areas can be
observed that could be formed by sintering particles.

IV. CONCLUSIONS

Nanoporous ceramic materials in the system SiO2-TiO»-ZrO;
were prepared from silicon, titanium and zirconium alcoxides
by the sol-gel technology. Different molarities of hydrochloric
acid were assessed and influence of powder milling time on the
structural and mechanical properties was determined.

The nanoporous ceramic samples were prepared by sintering
high-energy ball milled powders. The average particle size
after 1 hour-long milling time was in the range of
80.3 nm — 101.3 nm, but after 6 hour-long milling time it was
from 63.9 nm — 112.8 nm. It is observed that with an increase in
powder milling time, particle size distribution becomes wider.

Regardless of molarity of the added hydrochloric acid, the
phase transition of samples was dependent on the milling time —
1 hour of milling time leads to the formation of ZrO,, while
6 hours — ZrTiO4. The reason for these changes could be
explained by the solid state reaction during the milling process.
Essential influence of milling time and acid molarity on the
apparent density was not observed.

The compressive strength decreased essentially if the sample
was pressed from powder milled for 6 hours because an increase
in particle size distribution was observed after the milling
process.

As it was anticipated, there was essential influence of
hydrochloric acid molarity on porosity — because it affected the
hydrolysis and condensation reactions, and the time of gel
formation. The porosity of ceramic samples was dependent on
the molarity of added hydrochloric acid, milling time of powder
and sintering temperature.

REFERENCES

[1] Valdez-Castro, L., M’'Endez-Vivar, J. Porous SiO,-TiO;ZrO,
Obtained from Polymeric Systems Prepared by the Sol-Gel Process.
Journal of Porous Materials, 2001, vol. 8, pp. 303-309.
http://dx.doi.org/10.1023/A:1013117131821

[2] Macan, J., Gajovi¢, A., Dekanié, D., Ivankovi¢, H. Zirconium Titanate
Ceramics for Humidity Sensors Synthesized by Sol Gel Process. In: The
10th ECerS Conf., GéllerVerlag, Baden-Baden, 2007. ISBN: 3-87264-022-4,
pp. 866-870

[3] Gunawidjaja, P. N., Holland, M. A., Mountjoy, G., Pickup, D. M.,
Newport, R. J., Smith, M. E. The effects of different heat treatment and
atmospheres on the NMR signal and structure of TiO,—ZrO,-SiO, sol-gel
materials. Solid State Nucl.Magn.Reson., 2003, vol. 23, p. 88-106.
http://dx.doi.org/10.1016/S0926-2040(02)00019-X

[4] Nandi, M., Sarkar, K., Bhaumik, A. Liquid phase partial oxidation of
olefins over mesoporous titanium silicate molecular sieve synthesized by
non-ionic templating route. Materials Chemistry and Physics, 2008, vol. 107,
pp.499-504. http://dx.doi.org/10.1016/j.matchemphys.2007.08.028

[5] Wan, Y., Ma, J., Zhou, W., Zhu, Y., Song, X., Hexing, L. Preparation
of titania—zirconia composite aerogel material by sol-gel combined with
supercritical fluid drying. Applied Catalysis A: General, 2004, vol. 277,
pp. 55-59. http://dx.doi.org/10.1016/j.apcata.2004.08.022

[6] Sekuli, J., Magraso, A, ten Elshof, J. E., Blank, D.H.A. Influence of
ZrO2 addition on microstructure and liquid permeability of mesoporous
TiO, membranes. Microporous and Mesoporous Materials, 2004, vol. 72,
pp. 49-57. http://dx.doi.org/10.1016/j.micromes0.2004.04.017

61


res:////ld1062.dll/type=1_word=hydrochloric%20acid
http://dx.doi.org/10.1023/A:1013117131821
http://dx.doi.org/10.1016/S0926-2040(02)00019-X
http://dx.doi.org/10.1016/j.matchemphys.2007.08.028
http://dx.doi.org/10.1016/j.apcata.2004.08.022
http://dx.doi.org/10.1016/j.micromeso.2004.04.017

Material Science and Applied Chemistry

2014/30

[7] Fardad, M. A. Catalysts and the structure of SiO; sol-gel films. Journal
of Materials Science, 2000, vol. 35, pp. 1835-1841
http://dx.doi.org/10.1023/A:1004749107134

[8] Kong, L. B., Ma, J., Zhu, W., Tan, O. K., Phase formation and thermal
stability of (Zrix Ti x)O solid solution via a high-energy ball milling
process. Journal of Alloys and Compounds, 2002, vol. 335, pp. 290-296.
http://dx.doi.org/10.1016/S0925-8388(01)01844-8

[9] Vinogradova, E., Estrada, M., Moreno, A. Colloidal aggregation
phenomena: Spatial structuring of TEOS-derived silica aerogels. Journal
of Colloid and Interface Science, 2006, vol. 298, pp. 209-212.
http://dx.doi.org/10.1016/j.jcis.2005.11.064

[10] Ray, J. C., Pati, R. K., Pramanik, P. Chemical synthesis and structural
characterization of nanocrystalline powders of pure zirconia and yttria
stabilized zirconia (YSZ). Journal of the European Ceramic Society,
2000, vol. 20, pp. 1289-1295.
http://dx.doi.org/10.1016/S0955-2219(99)00293-9

[11] Sinkeé, K. Influence of Chemical Conditions on the Nanoporous Structure
of Silicate Aerogels. Materials, 2010, vol. 3, pp. 704-740.
http://dx.doi.org/10.3390/ma3010704

[12] Lopez-Loépez E., Baudin, C., Moreno, R., Santacruz, L., Leon-Reina, L.,
Aranda, M. A. G. Structural characterization of bulk ZrTiO4 and its
potential for thermal shock applications. Journal of the European Ceramic
Society, 2012, vol. 32, pp. 299-306.

[13] Gajovi¢, A., Furi¢, K., Musi¢, S. Mechanism of ZrTiO, Synthesis by
Mechanochemical Processing of TiO, and ZrO,. J. Am. Ceram. Soc.,
20086, vol. 89, pp. 2196-2205

Margarita Karpe received her Mg. sc. ing. degree in 2006 from Riga
Technical University (RTU), the Faculty of Material Science and Applied
Chemistry (FMSAC). Since 2008, she has been a doctoral student. She is a
Scientific Assistant at RTU FMSAC, the Institute of Silicate Materials.
Research area — sol-gel technology for micro- and mesoporous materials.
Address: Azenes Str. 14/24, LV-1048, Riga, Latvia

E-mail: marga7@inbox.lv.

Gundars Mezinskis. Dr. habil. sc. ing. (1998), Professor at Riga Technical
University. Since 2000, he is the Head of the Institute of Silicate Materials, Riga
Technical University.

Address: Azenes Str. 14/24, LV-1048, Riga, Latvia

E-mail: gundarsm@ktf.rtu.lv.

Laimons Timma. Mg. sc. ing., Riga Technical University (RTU), the Faculty
of Material Science and Applied Chemistry (FMSAC). He is a Researcher at
RTU FMSAC, the Institute of Silicate Materials.

Address: Azenes Str. 14/24, LV-1048, Riga, Latvia

E-mail: laimons@Kktf.rtu.lv.

http://dx.doi.org/10.1016/j.jeurceramsoc.2011.08.004

Margarita Karpe, Gundars MezZinskis, Laimons Timma. Nanoporainas SiO2-TiO2-ZrOz keramikas sintéze ar sola — géla tehnologiju
Paplasinoties petijumu jomai, pedgja laika arvien vairak tiek p@titas nanoporainas keramikas triskomponentu sist€émas, lai ieglitu jaunus
materialus vidi piesarnojoSo savienojumu adsorbcijai, katalizei un membranam. Darba mérkis bija ieglit mikro- un mezoporas saturosu
triskomponentu keramiku sistéma SiO2-TiO2-ZrOz, sintezgjot ar sola-g€la tehnologiju. Uzsakot So pétijumu, izvéleéta ZrO2 saturs bija 50 mol%
un tam tika pievienotas dazadas TiO2 un SiO2 mol % attiecibas. Ka optimalais sastavs turpmakiem sisteémas pétijumiem tika izvéletas $adas
oksidu SiO2/TiO2/ZrO2 mol% attiecibas: 25/25/50 un 15/35/50. Veicot sintézi ar sola-g€la tehnologiju, salidzinajuma ar tradicionalajam sintézes
tehnologijam tai ir vairakas priekSrocibas: nav nepiecieSamas augstas sintézes temperatiiras, pastav iesp&ja nodro$inat sajaukSanos atomu Iiment,
ka ar1 sintez&t materialus ar unikalam mehaniskajam un strukttiras pa§ibam. Darba gaita abam paraugu s€rijam p&c sakepinasanas 800 °C vai
1000 °C temperatiira, atkariba no pievienotas salsskabes molaritates (0,1 M vai 1 M), pres€jama pulvera malSanas ilguma (1 vai 6 stundas), tika
noteikta un izveértéta ietekme uz nanoporainas keramikas produktu morfologiju, mikrostruktiiru un mehaniskajam ipasibam. No ieglitajiem RTg
fazu difrakcijas rezultatiem konstatéts, ka mal$anas procesa notiek fazu pareja abam paraugu sérijam — no ZrOz uz TiZrO4 (Srilankits), ka ari
spiedes stipribas izturiba ir labaka paraugiem, kas preséti no 1 stundu malta pulvera. Domajams, ka §iem nanoporainajiem keramikas paraugiem
lielako ietekmi uz poru struktiiru un virsmas laukumu rada solam pievienota salsskabe un dalinu izméra sadalfjuma izmainas malSanas procesa
gaita.

Mapraputa Kapne, I'yunapc Mexunckuc, JJaumonc Tumma. Cunre3 HaHonopuctoii SiO2-TiO2-ZrO2 kepaMHKH € TOMOLIBIO 30J1b-TelIb
TEXHOJIOTHH

B mocneHee BpeMs Bce GOIIbLIE HCCIIeyeTCsl HAHOMOPHUCTAs KepaMHUKa Ha OCHOBE TPEXKOMITIOHEHTHBIX CHCTEM, KOTOPYIO MOXKHO MTPUMEHSTH B
POJI MaTepHaJIOB, CHOCOOHBIX a/ICOPOMPOBATH BEIIECTBA, 3arPA3HSIONINE OKPYXKAIOUIYIO Cpey, a TakKe MPUMEHIEMbIX KaK KaTalu3aTopbl U
MeMOpansl. Llenpio paboTsl OBUTO MOMyYSHHE C TIOMOIIBIO 30JI-TeJb TEXHOIIOTHH TPEXKOMIIOHEHTHOH KepaMuku u3 cucteMsl SiO2-TiO2-ZrOz,
cofieprKamieil MUKpo- U Makporopsl. B Hauane mccnegoBanust konmnaectBo ZrO2 OpUT0 onpeneneHo kak 50-MONBHBIHA, B CBOIO OYepesb K HEMy
ObLIHM J0OABJIEHBI B pa3sHbIX MOJISIPHBIX OTHOMIEHUsAX T102 u SiO2. Jliist nanbHeNIero neeieaoBanus CUCTEMbI ObLI BHIOPaH ONTUMANILHBIN COCTAB
C XapaKTepHbIM MOJSPHBIM COOTHOIICHHEM BBIICYMOMSIHYTBIX OKCHIOB: SiO2/TiO2/ZrO2 - 25/25/50 u 15/35/50. Ilo cpaBHeHHIO C
TPaAMIMOHHBIMU TEXHOJIOTHSIMH CHHTE3a, Yy CHHTE3a C IIOMOIIBIO 30JIb—TeIb €CTh OIpe/IeNICHHble NMPHEMYIIEeCTBa: HET HEOOXOAUMOCTH
MIPUMEHEHHs] BBICOKHX TEMIIEpaTyp, BO3MOXKHOCTh CMELIMBAHUS BEIIECTB HA AaTOMHOM YPOBHE, a TaKKe CHHTE3 MaTepPHaJIOB C YHHKAJIbHBIMU
MEXaHMYECKUMH U CTPYKTYPHBIMH CBOHCTBaMH. B x0je 9KCriepuMEeHTOB 00¢ ceprr 00pas3ioB ObUTH 000 KeHBI IpH Temmneparypax 800 °C u
1000 °C, a Taxxe OblIa ompeesieHa U OIICHEHa 3aBUCHMOCTh MOJISIPHOCTH MIPUCOCAMHEHHON comstHoN KucnoTH (0.1M u 1M), a Takxke BIHsSHHUE
JUTATENTHHOCTH M3MENbYeHUs mpeccyeMoro mopomka (1 wiam 6 4acoB) Ha MOP(OJOTHIO, MHUKPOCTPYKTYPY M MEXaHHYECKHE CBOWCTBA
HaHOIOPHCTON KepaMHKH. 113 TIOTy4eHHBIX Pe3yJIbTaTOB PEHTIeHO(a30BOT0 aHAIN3a KOHCTATHPOBAHO, YTO B XO/I€ MpOoIiecca H3MeIbYCHNUS 15
oboux cepuii 00pa3oB mpoucxoaut ¢azosslii mepexon - u3 ZrOz B TiZrOs (WIpHIaHKUT), a TakkKe YCTOWYMBOCTH Ha CXKATUE JIydIle UL
00pa3IoB, KOTOPbIE CHPECCOBAHBI U3 MOPOIIKOB, U3MEJIbUSHHBIX B TEUSHHE OJHOTO 4aca. [Ipeamonaraercs, 4To Ha CTPYKTypy 0Opas3LoB M
IUTONIAAb TOBEPXHOCTH HAHOIIOPUCTBIX KEPaMHYECKHUX OOpa3loB BIMSIET NPHCOCAWHEHHAs K 30JII0 CONsHAs KHUCIOTa W W3MEHEHHe
pacnpeneneHus o pa3Mepy YacTHIl B X0JIe IpoLiecca N3MEeNIbUeHNSI.
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