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Nanopowders of ZrO, + 3 mol. % Y,0; + x Cr,O; composition with x taking values of 0, 0.29, 0.74, 1.47, and
2.91 mol. % were synthesized by coprecipitation technique and investigated by means of XRD, BET, NMR and FTIR
spectroscopy. Crystalline size, specific surface area and m-phase amount demonstrate non uniform dependence on
concentration of chromium. NMR spectra of chromium free sample consists of three components assigned to water
molecules, terminal and bridging OH groups. Two new lines emerge for all chromium containing samples and have
been assigned by their shape and position to chromium hydroxide and water molecules affected by the presence of

surface chromium cations.
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Introduction

For many years, zirconia has been extensively
studied by a large number of techniques, for its
application as functional and structural ceramics, SOFC
electrolytes,  catalyst, sorbents, medicine etc.
Stabilization of high temperature phases of zirconia is
carried out by adding oversized cations such as Y**, Ca*’,
Mg®*. The influence of other doping additives is not
studied well. Chromium oxide is used as third additive
for SOFC electrolytes conductivity improvement [1], as
catalyst [2] and as suitable tool for investigation of
microstructure of doped zirconia crystals by means of
ESR [3]. Several works available on the influence of
chromium on structure of zirconia nanopowders [4,5].
However, there is a lack of literature data on the
influence of chromium doping on hydrate shell state of
yttrium stabilized zirconia.

Our previous works [6,7] on chromium doping of
yttrium stabilized zirconia have shown that introduction
of chromium leads to inhibition of particles size growth
and increase of crystallization temperature. Results of
computer simulation [8,9] has shown that presence of
chromium atom in the cation’s position of zirconia plate
increase the energy of thermal deposition of hydrogen
and thus inhibits grain growth and crystallization
temperature.

It is well known fact that surface of oxide nanopowders
is covered with OH-groups and adsorbed water
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molecules. A great amount of literature data is available
on spectroscopic studies of zirconia powders hydrate
shell. Investigations are carried out in several directions,
for example: the investigation of hydrate shell state and
influence of hydroxyls on stability of zirconia [10-13],
interaction of zirconia surface with different molecules
[14,15] influence of hydrate shell on catalytic
performance in different reactions [16,17], etc.
According to Tsyganenko and Filimonov [11] OH groups
on the surface of oxides are present in several states
depending on coordination of lattice oxygen. On the
surface of ZrO, nanoparticles three types of hydroxyl
groups are usually observed, these groups are commonly
assigned to terminal, bi-bridged and tri-bridged. Most of
the above mentioned investigations are carried out using
mid-range FTIR spectroscopy but '"H NMR technique is
also used [18]. In present work we present results of 'H
NMR and FTIR spectroscopy investigation of chromium
doping influence on hydrate shell of yttrium stabilized
zirconia nanopowders.

I. Experimental details

Nanopowders of ZrO,-Y,0;-Cr,0; system were
synthesized by co-precipitation technique. Chemical
composition of samples were: ZrO, + 3 mol. % Y,0; + x
Cr,03 with x taking values of 0, 0.29, 0.74, 1.47 and 2.91
mol%. Samples labeled as ZYC, with x taking values of
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0, 0.1, 0.25, 0.5, 1 and indicating ratio of molar fractions
of Cr to Y oxides (see Table 1. for details). Sediments
were dried in air at 120 [ and calcined at 600 [ for 2 h
and naturally cooled with furnace. X-ray diffractometer
(XRD) with nickel-filtered Cu Ka radiation was used to
determine phase and crystalline size of calcined powder.
Crystalline size was estimated using Scherrer formula
[19]. Phase composition was calculated from the
intensities of the diffraction lines 111 and 111 of m-
ZrO, and 111 line of t-ZrO, [20]. NMR spectra were
acquired on Bruker Avance 400 instrument at room
temperature with the following parameters: f = 100.61
MHz, sweep - 602 ppm, MAS frequency - 12 kHz, pulse
duration - 2.9 ps, pulse period - 4.0 s. Deconvolution of
spectral lines was done using Gauss-Newton method.
Self supported thin KBr wafers were prepared and
investigated by means of transmission FTIR
spectroscopy in the mid-infrared region (4000-400 cm™)
on Bruker Tensor 27 instrument, 100 scans were taken.
BET specific surface of nanopowders was measured
using 4-point BET method and nitrogen adsorbate gas.

II. Discussion

Crystalline size, monoclinic phase and specific
surface area values are shown in Table 1. Maximum
crystalline size is reached for ZYC,; sample and is
higher than for Cr-free sample, ongoing chromium
fracture increase gradually decrease crystalline size
value. Concentration dependence of specific surface arca
shows contrary behavior with minimum value of 48.34
mz/g for ZYC,y; sample. Maximum amount of
monoclinic phase corresponds to ZYCy s sample and is
equal to 7%. IR spectra of prepared powders demonstrate
a significant amount of residual water on the surface of
the nanoparticles Fig. 1. Broad line at 3400 cm’
corresponds to the stretching vibrations of H,O
molecules and line at 1640 cm™ represents bending
vibrations. Spectral lines corresponding to OH groups are
shaded by significant amount of residual water and
though are not observed. Besides water absorption bands
all of the samples exhibit several spectral lines with small
intensities corresponding to carbonates formed on the
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Fig. 1. FTIR spectra of chromium doped yttrium
stabilized zirconia nanopowders.

surface of the nanoparticles due to interaction with air
contained CO, [9]. According to intensity of IR band at
3400 cm” the amount of water on the surface of the
nanoparticles reach it’s minimum for ZYC,; sample with
ongoing increase in intensity for Cr fracture rise.

NMR spectra of chromium free samples consist of
three components: broad line corresponding to residual
water, sharp line corresponding to terminal groups and
line corresponding to bridging hydroxyl groups.
However, two new lines emerge when adding chromium
oxide to zirconia and thus deconvolution of NMR
spectra was based on five spectral lines Fig 2. These lines
have been assigned to water molecules and hydroxyl
groups in the following way: broad line at 4.91 ppm
assigned to physically absorbed water, lines at 0.96 and
0.06 ppm assigned to terminal and bridging hydroxyl

Table 1
Label, chemical composition, crystalline size, monoclinic phase amount and specific
surface of investigated samples
Label Chemical composition Crystalline size, | Specific m-phase
nm area, mz/g amount, %
ZYC()‘() ZI'OZ + 3 mol. % Y203 14.8 61.51 1.4
ZYCy, Z1rO; +2.99 mol. % Y,0;5+ 0.29 Cr,0; 17.6 48.34 4.0
ZYC0A25 ZI'Oz +2.98 mol. % Y203 +0.74 Cr203 15.5 60.64 7.0
ZYCOAS ZI'Oz +2.95 mol. % Y203 +1.47 Cr203 14.5 68.98 4.5
ZYCp ZrO; +2.91 mol. % Y,05+ 2.91 Cr,0; 12.1 85.36 3.6
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Fig. 2. Deconvolution of ZYC;y NMR spectra, values
of chemical shift are 7.11 (a), 4.91 (b), 2.75 (c), 0.96
(d), 0.06 (e) ppm.
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Fig.3. NMR spectra of chromium doped yttrium
stabilized zirconia nanopowders.

groups respectively, sharp line at 2.75 ppm and broad
one at 7.11 ppm have been assigned to chromium
hydroxide and to the water molecules influenced by the
presence of surface chromium cations. The presence of
two new lines shows that chromium is more active than
zirconium and yttrium since no such states are seen in
Cr-free sample.

NMR spectra of all five samples are shown at Fig 3.
and intensities of components vs concentration at Fig 4.
Addition of chromium oxide leads to increase in line
intensity at 2.75 ppm for the smallest chromium
concentration and decrease of terminal groups amount
(0.96 ppm). Such behavior shows the change in surface
structure of zirconia nanopowders which becomes more
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Fig. 4. Concentration dependence of NMR spectra
components (line is drawn only to guide the eye).

favorable for bridging groups rather than terminal.
Though intensities of spectral components unevenly
distributed through concentration of chromium, general
trend is the hydroxyl groups fracture increase when
adding chromium oxide. The most significant change is
the water fracture for ZYC,; sample that correlates well
with the biggest value of crystalline size (Table 1.). FTIR
measurements support NMR spectroscopy results for
residual water very well. Obtained results support
computer simulations made in [9] showing that presence
of Cr at cations site of zirconia plate dramatically
increase the energy of thermal deposition of hydrogen,
while yttrium has the smallest impact from 26 d-elements
chosen for simulation. Since the crystallization of
zirconia is controlled by OH groups and water and
chromium influence these species, experimental results
demonstrate the inhibition of particles growth. Thus, the
sample with highest crystalline size value could indicate
yttrium segregation because if yttrium is on the surface
then particles will grow faster as opposed to chromium
oxide presence.

Conclusions

In summary of all above mentioned following
conclusions can be made: 1) addition of 0.29 mol. % of
chromium leads to particle size increase though
crystalline size growth is inhibited for all other
concentrations of chromium, 2) two new lines emerge in
NMR spectra of chromium doped samples which have
been assigned to chromium hydroxide and water
molecules affected by the presence of chromium surface
cations contrary to NMR spectra of chromium free
sample which exhibits only three components, 3)
obtained results shows that peculiarities of hydrate shell
state under chromium doping are devoted to the fact that
chromium is more active than zirconium or yttrium.
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Oco0s1MBOCTI CTaHY TiAPATHOI 000JIOHKHU HA MOBEPXHi HAHOYACTHHOK Zr0,-Y,0;
npu JerysanHi Cr

! oneywruii disuxo-mexniunuii incmumym in. O.0. Fanxina HAH Yxpainu, eyn. P. Jokcembype, 72, 83114, Jouneywk, Yxpaina
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Hanonopomku cknany ZrO, + 3 mon. % Y,0;3 + x CryOs, ne x mopiearoe 0, 0.29, 0.74, 1.47 ta 2.91 mon. %,
OyJI0O CHHTE30BaHO METOJOM CYMiCHOTO OCAJDKEHHS Ta BMBYEHO METOJAMM PeHTreHiBChKoi audpakuii, AMP ta [
criektpockonii. [IluTomMa mNOBepXHS HAHOYACTHMHOK BHM3HAuYajach YOTHUPHOX TO4YKOBMM MerogoMm BET. Po3wmip
HAHOYACTHHOK, MIUTOMA MOBEPXHS Ta BMICT MOHOKITIHHOI (ha3u HEMOHOTOHHO 3aJIe)KaTh Bijl KOHLEHTpALii Xpomy.
Cnektp SIMP 3pa3ka Ge3 XpoMmy MICTHTh TpH KOMIIOHEHTH, sIKi Oynu BimHeceHi oo aacopboBanoi Boaw,
TepMiHanbHAX Ta MicTKoBUX OH rpym. /IBi HOBI KOMIOHEHTH, SIKi 3’SIBISIIOTBCS Yy CIIEKTpPi AJIS BCIiX 3pas3KiB INO
MICTSTh XpoM, OyJIM BIAMOBIIHO 10 iX ()OPMHU Ta IMOJIOKEHHS BiJHECEHI 0 TiAPOKCUIY XPOMY Ta MOJIEKYJ] BOIH, SKi
3HAXOJATHCS I1i]] BIUIMBOM MOBEPXHEBUX KaTiOHIB XpOMY.
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