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ABSTRACT

Short review is presented of the authors investigations on the application of spray-pyrolysis and deep- and spin-

coating for the preparation of thin films from o-Fe,O;

YZOJ; CeOZ; La Ti O

,Ti,0,; Y3F65012; Yfe5OIZ:Ce; YFer; yttria-

stabilized zirconia (YSZ); YSZ:Pt; LaMnO,; LaMnO:Ca; TiO,; TiO,:La,0O, and Ru(Il) complex immobilized in Si-based
matrix for microelectronics, photocatalysis and oxygen sensors. The stiochiometry, phase composition, crystal structure,
morphology and some functional properties (magnetic, electrical, optical, photocatalitic, response to oxygen) are deter-
mined.
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INTRODUCTION

The interest to non-vacuum methods for thin
films deposition has increased in the last decade. The
solution based processes have several advantages: sim-
plicity of process, access to a wide range of metal oxide
stoichiometries, precise composition control, applica-
bility to substrates of any size. These peculiarities are
rather important for some of the practical application
of the layers, for example in the superconducting de-
vices. Despite its limitations the spray pyrolysis method
meets practically all of the requirements to the meth-
ods for films deposition on large substrate. Exact sto-
ichiometry, phase homogeneity and high crystallinity
are, in many cases, the crucial requirements to the films
deposited. The polymerized complex method (PCM), a
version of the sol-gel technology, proved itself as an

effective method for production of mono- and polymetal
oxides meeting these requirements. The method is based
on the formation in ethylene glycol (EG) medium of
complex(es) of the respective metal(s) with
hydroxopolycarboxilic acid. It was shown that in num-
ber of systems mixed-metal citric complexes are formed
thus ensuring mixing of the metals at atomic level and
enhancing the final product formation [1]. The usage of
non-aqueous medium is an additional advantage of the
method when easily hydrolysable compound are used
as metal source. In number of works which will be
shortly reviewed in this paper it was proved that the EG
or EG-water solutions of such complexes may be suc-
cessfully used as starting material for spray-pyrolysis
deposition of films.

The type of precursors cited above is only one
type of the possible starting materials to be used in spray-
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pyrolysis methods. We show that water- or organic sol-
vents-suspensions are rather convenient for production
of photocatalyticvlly efficient TiO, coatings on differ-
ent substrates.

On the other hand, the sol-gel technology can
be successfully combined with other methods for films
deposition such as deep- and spin coating. The methods
are especially suitable for production of films from ther-
mally unstable compounds and composites. The appli-
cation of such procedures for Pt-doped YSZ and for
Ru-complex immobilization in Si-based matrix, both
used as oxygen sensors, will be shortly reviewed.

EXPERIMENTAL

1. Starting materials preparation. EG solutions
of the citric complexes were prepared by addition of
metal salt(s) or propoxide(s) to an EG solution of CA
(or in some cases of tartaratic acid, TA). The molar
ratio metal(s):CA:EG=1:5:20 was set, strictly adjusting
the desired ratio between metals when polymetal prod-
uct was produced. Aqueous solution of YZr-citric com-
plexes [2], water or methanol suspensions containing
1% of commercially available or preliminary
mechanoactivated TiO, with addition (0.24 %) of poly-
ethylene glycol (PEG) 2000 (to improve film adhesion
and to increase its poriosity) were also used as starting
material for spray pyrolysis.

Zr-Y-Pt sol for deep-coating production of
YSZ:Pt was prepared by the method described in [3].
The luminophore doped sol solutions were prepared by
mixing Ru(Il) tris (4,7-diphenyl, 1,10-phenantrolyne)
dissolved in C,H,OH (2.5 g/dm®) with SiO, - sol.
CH, O,Si (TEOS), C.H O,Si (MTEOS), C, H,,0,Si
(Octyl-triEOS) were used as precursors.

2. Film deposition. The spray device shown in
[4] with a diameter of the pneumatic nebulizer nozzle
0.7-1.0 mm (depending on the material viscosity) was
used. The parameters of the process: the initial solution
or suspension concentration, the flow rate of the pres-
surized O, (1.0 - 1.5 dm*/min) used as carrier gas, the
angle of pulverization (30-60°, most often 45°), the tem-
perature of the substrate heating (100-500 °C), the time
of spraying (typically 30 s), the time intervals between
consequent sprayings (30-300 s) and heating tempera-
ture during the intervals depend on the nature of the
spraying material, the substrate and the final product
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and, rather strongly, on the film thickness desired. These
parameters were optimized for every one of the systems
studied. The films thickness is easily controlled by the
number of sprayings.

The device shown in [5] was used for deep-coat-
ing deposition of Pt-doped YSZ [6] and for Ru(II)-com-
plex immobilized in Si-based matrix films [7; S.
Anastasova, M. Milanova, E. Kashchieva, D. Todorovsky,
to be published]. Deep speeds between 0.2 and 0.4 mm/
s and 1-7 number of immersion were applied.

The deposition of SiO,/Ru(Il) composites have
been performed by means of Spin Coater KW-4A (Idex
Corp., USA). Spinning speed of 2000-6000 rpm and
cycle time of 20-60 s were used.

3. Post-deposition annealing. In some of the sys-
tems studied, films with a satisfactory crystal structure
(YsFesolz’
of the spray-pyrolysis deposition. In most of the cases

CeO,) can be obtained in situ, i.. in the course

additional heat treatment (at conditions defined account-
ing for the final product chemical nature) must be ap-
plied. The drying time for the SiO,/Ru(II) composites
depends on the nature of the Si-precursors used [7, 8].

The influence of combined laser-magnetic field
post-deposition treatment of YFeO, and Y ,Fe O , films
by Nd:YAG laser pulses (energy density 110 mJ/cm?,
700 ps) and synchronized magnetic-field pulses (0.5 T,
900 us) was also studied [8, 9].

4. Analysis and characterization. The thickness
of the films was measured by a Talystep profilomer.
The crystal structure, the stoichiometry, morphology and
optical transparency of the films and metals oxidation
state were determined. Some functional properties -
magnetic (saturation and permanent magnetization and
coercive force, photocatalitic properties (degradation of
methylene blue, malachite green and phenol) and the
response to O,-content in the atmosphere were estab-
lished for a-Fe,O, and Y, Fe O ,; TiO, and TiO,:La,0,;

YSZ and YSZ:Pt films, respectively.
RESULTSAND DISCUSSION

The films produced, the main characteristics of the
initial materials preparation procedures, the deposition meth-
ods, the post-deposition treatment and the methods applied
for films characterization are summarized in Table 1.

The stoichiometry of the polymetal samples cor-
relates well with the composition of the initial solu-
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Table 1. Deposition and characterization of thin films

Deposition Characterization
Initial solution Substrate post. g g Mor- 9
Heating 3 ol e > 2| @ pholo- o
Compound Method | Deposition i?:;'ﬁfn T]zlgsk g é E E E 4 % g ﬁ €| gical Other g
Composition . Type 2 conditions T (i 9 X a n|rF|<|X|g & BE| grains | parameters | g
time, £ T (time, um 32 g 5 g
T ! = h) g8 % size
min 2 &7 O (nm)
1 2 3 4 5 6 7 8 9 10 111213 (14 [ 15| 16 | 17 18 19 20 21
magne-
- spray - FeCl;, CA, EG, H,O o spraying, ~ . ~ ~ 90- tisation,
a-Fe,03 pyrolisis (30%) 60 30 silica 500 0s 0210 + | + | + + + o5 coercive 4
force
Y,0, spray- | Y(NOs;)36H:0,CA, | 150 | 3q [ Slica B-| 350 | SPrYiNG, | g55(5) |20+ | - |+ |-|-| -]+ 50-150 8
pyrolisis EG quartz 15s
Ce(NO3);.6H,0 or 65- silica, B- Spraying
spray - CeCl;.6H,0 CA, EG 80 ! 300- 30s, In situ 0.03- 10- 120-
CeO, i 30 quartz, . + -+ -+ ] - - 9
I 500 800(1; 2.00 60 400
PYTOISIS | co(NOy)s.6H,0, EG | 80 Esz, 'Tgé\':l @
; magne-
spraying 30 nag|
spray - | Y(NO3);.6H,0, FeCls, - : g g R R R tisation, 10,
YFeO; pyrolisis CA. EG 90 30 silica 370 s,llr;tgr:aj 750(2-4) 1 0.2-2.0 | + | + | + + 100 coercive 11
force
YsFesO spray - | Y(NO5)5.6H:0, FeCls, | g5 | 15 SYII/IACS %0 sprayin 850(-21)000 0120 + |+ |+ | -] «+] |- |80 40 “22‘%2?‘: 12,
STESE1Z 1 pyrolisis CA, EG —— SPraing e 180 500 coercive 13
(100) | 500 30s i
force
silica, B-
quan12), depending
Y(NO3);.6H,0, ZrCl,, ESZ”, on the 0.1- response
EG 1201 30 | Ribaiit [ 370 | desited | 0@ | 00 [F| ||| 00,
vsz spray - ® thickness 16- | very
pyrolisis 708,710 28 small
Y(NO3)s.6H,0, ZICl, . . 750(2), 14-
CA. H,0 [2] 80 30 silica 370 Sp;%ylgg, 850(2) 01-10| + | + | + | - - - - 17
spray- | Y(NO)s.6H,0, ZrCli, | 100 | 50 R“(ga"‘ 250 des: Tr?leng s0@ | 0L [a ||| ||| |25 | ey
pyrolisis H,[PtCls], CA, EG 708,710 desired 15.0 Pt40 | small
! thickness
vsz: pt response
t0 O,
deen- Zr'(_%g@\)(‘(’,\‘%';eo' Rubalit withdraw
P 3 34 ® 250 rate 4503) | 0507 | - |- |+|-1-1|-]- 6
coating K,PtCl,, PVA?, 708.710 0.4 mmis
NasPO, [3] ' -
) spray - La(NO3)3.6H,0, I : N O I -7 5 )
La,Ti,O; pyrolisis | Ti(OCsH)a. CA, EG 120 | 30 | silica, Si 0115 + | + | + 42 80-140 3)
silica, B-
LaMnO; i LaCls.6H,0, . . 920-960 i
LaMnO,: | SPreY- MnCl,.4H,0, 120 | 40 g‘r‘?{g' spraying 0 @inar |o1as|+ ||+ |-+ ] -] - 11?1% - 18
ca 124 CaCl,.2H,0, EG, CA 3 Ar-flow
(100)
silica, spraying .
UV-excited
spray - R R glass, 15, 0.5- R ; R R } 91- 200-
CdSe pyrolisis CdSe, EG, H,0O YSZ on 100 interval 280 (30) 15 + + 110 600 flu(_)re_sc. 19
™ emission
silica 60s
TiOy: spray - La(NO3)3.6H,0, glass, spraying 500 (2) in ~0.5 ~ ~ ~ ~ photocatali- | 21,
La,0; (1- | pyrolisis Gd(NOs)3.xH,0, 100 | 30 silica 300 10 s, O, - mglcm? LYt 23 tic and 22
deep- 70 | 18 I 0'2/- 0é47 70 (18 0207 | + | + |+ ]+ response to
Si0.: coating TEOS, MTEOS, 72h| 9@ss o | mmis, S (8 -2-0. | O ter.
2 octyl-tri-EOS and Immersions 20 7,
Ru(ll) n - solutions,
complex their combinations, microhard- 4)
spin- C,HsOH, H,0, HCI 2000-6000 ness
coating 70 | 18 h | glass - rpm, 1-3 70 (18) 7-19 + | - |+ - -
cycles

) Erbia stabilized zirconia? Polyvynil alcohol

3 D. Todorovsky, R. Todorovska, M. Milanova, D. Kovacheva, to be published.
4 S Anastasova, M. Milanova, E. Kashchieva, D. Todorovsky, to be published.

tions. Some deviations were found in the preparation of
YFeO, and LaMnO,:Ca films [12, 18]. The crystal struc-
ture is closed to that of the referent materials and is
reached at temperatures usually slightly bellow the ones
used at the preparation of the materials in bulk form by
the same method. As a rule not less than 500 IC must
be applied at post-deposition annealing to achieve com-

plete burning of the organic components. Texturing is
observed when single crystals substrates were used. The
morphological grains size depends on the concentra-
tion of the initial solutions and the nature of the me-
dium. Columnar structure is probably formed at
Y,Fe,O,, deposition [13]. Very good magnetic proper-
ties are measured for this film and they can be influ-
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enced by a post-deposition laser-magnetic field treat-
ment [8]. TiO, coatings show satisfactory photocatalityc
properties for degradation of dyes and phenol in waste-
waters [19-22]. Doping with La,O, increases the activ-
ity. The role of the preliminary mechanoactivation of
the TiO, on the photocatalytic efficiency is rather com-
plicated [26]. Spray pyrolysis deposition of films with
thickness above 1.5-2.0 um requires more special depo-
sition technology [15].

CONCLUSIONS

Uniform, stoichiometric, phase homogeneous films
with good adhesion and thickness between 0.1 and 20 um
with controlled porosity are obtained from a number of
uni- and polymetallic oxides, CdSe and SiO,-Ru (II) com-
plex composite by combining PCM and spray pyrolysis or
sol-gel technology and deep- or spin coating.
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