CVD of thin oxygen permeable membrane films
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Membranes with high mixed oxygen-ionic and eledtron
conductivity are of great interest for oxygen sefian

and catalytic membrane reactors for partial oxatatf
hydrocarbons. In diffusion regime, oxygen flow thgh a
membrane is proportional to its reciprocal thiclees
therefore, dense thin films of the functional mitieon
porous substrates are very promising for such
applications.

Present work describes a method to produce tight
thin layers on porous AD; substrates with an average
pore size of 4m. (La,Sr)(Ga,Fe)¢) (La,Sr)(Co,Fe)@
and LaNiO,4 ceramic layers were investigated. The
oxygen permeability of 1.5 mm-thick pellets of thes
oxides at 900°C is the range of 3 — 1¢ hiol cm?s*
bar® [1]. Thus, for a 1um-thick membrane, the oxygen
permeability as high as Tanol cm? s* bar* can be
reached. The aim of the work was therefore to aljas
tight layers of afore-mentioned materials.

The deposition experiments were carried out in a
stagnation flow arrangement with a cold-wall reactdhe
deposition temperature was in the range of 500-C0A°
powder flash evaporation and an ultrasonic nebtitiza
systems were used. The precursors used were thatehe
of corresponding metals. Diglyme was used as a&sblv
for the aerosol feeder. Argon and oxygen were ased
carrier and oxidation gases. Depositions were @dumit
at 6-10 mbar. The samples obtained were investidgate
SEM and EDX (CamScan 4M electron microscope,
EDAX9800 analysing system) and XRD (Siemens D5000
diffractometer). The permeability at room temperatu
was measured with a gas diffusion equipment, wtiere
pressure vs. time dependence was measured for the
container filled with nitrogen up to 2.5 bar anpaemted
from ambient by the sample.

The deposition rates have been calculated and
experimentally determined for (La,Sr)(Ga,Fe)&yers.
The deposition rate of 9.14 & mol-cn-s*
corresponding to 5g-cn?h™ (X is the molar fraction
of precursors in gas) has been calculated. Thisswahs
very close to experimentally determined,

dm/dt = 7 x.r-g-cméh ™,

Further, the systematic analysis of the film
composition and its dependence on corresponding gas
phase concentrations has been done. In this asatlysi
transfer coefficient of element A,, is determined as the
molar deposition rate of this element divided bg th
concentration of the corresponding precursor ingdee
phase. The following relations have been found:
(ls,—/(XLa = O.G;U,Ga/ OLg = 1.0;(1|:e/(1|_a =1.0;
oni / 0, = 1.5. The deviation of these ratios from 1 can be
explained by incomplete evaporation of particular
precursors, different gas diffusion coefficienides
reactions or decomposition processes in the gasepha

XRD analysis of prepared coatings revealed the
formation of polycrystalline material with a deglre
(perovskite or KNiF,-type for LaNiO,4) structure.
However, the as-prepared films were not tight,fline
rate of nitrogen through the sample was only bgcaokr
of approx. 2 lower than that through the uncoated
substrate.

In order to increase the coatings tightness, an
aftertreatment procedure has been proposed amdi test
Gorbenko et al. [2] have observed that the surface
diffusion can be enhanced by treatment of the kirer
Bi,Os; or PbO containing atmospheres. It is suggestdd tha
these oxides form a flux, in which the diffusioropesses
are faster and a material with better crystallimity
higher density can be formed [3]. In order to prau
these oxide layers, the as-prepared films werdritied
with a gel obtained by hydrolysis of Bi nitratetnyr
reaction of Pb nitrate with ammonium bicarbonate in
alcohol. These infiltrated samples were then amuel
air at temperatures above the melting point of BbO
Bi,O3 (800—-900°C) for 1-2 h. XRD analyses showed that
the crystal structure was not affected by the aimgem
the case of PbO, but the change of the latticenpetiers
was induced by BDs. Also, some amount of Bi (a few at.
%) in the layer and also a diffusion of Al into tlager (a
few at %) have been detected by EDX. It is stilbéo
verified if these processes can disturb the oxygen
diffusion. First experiments have shown that the
aluminium diffusion can be reduced by deposition of
CeG interlayers made by MOCVD from Ce(thd)

The gas permeability was measured for after-
treated samples. The permeability was reducedfagtar
of approximately 100 in comparison with the uncdate
material.
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