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Usage Production methods
oxyfuel combustion cryogenic distillation
process (metal, glass large scale plant
production ) high investment

high energy consumption
pressure swing adsorption (PSA)
low investment

low energy consumption
slow cycle speed (regeneration process)

gasification

medical application

membrane separation

low energy consumption

no loss in selectivity efficiency

issue in structural and chemical stability
(change in mechanical proprieties )
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O3

Goldshmidt's tolerance factor :

t = Ra+Ro
V2(Re+Ro)'

t > 1 hexagonal

0.9 <t <1 cubic

0.71 < t < 0.9 rhombohedral
t < 0.71 different structures

R = ionic radius

different valence in cations

very flexible material in properties
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cubic or hexagonal structure

oxygen vacancies A O3 5

Sr 03_5

structural instability

Bao,5Sr0,5 03_5 (BSCF)
Lag.6Sro.4 0O3_s (LSCF)
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The samples
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Experimental condition
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Crystal structure
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Specific fingerprint of elements
Photoelectrons Auger electrons

*aka ESCA T.\u:»:v

sray Photo-electron Spectroscopy*
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Source

Mg X-Ray
energy Kai12 (2p— 1s) 1253.6 eV
width AE; = 0.70 eV

Measurement chamber (P < 10~ mbar )
mean free path A oc 1 (n= density of molecules)
avoid damage
minimize surface contamination

Electron energy analyzer hemispherical

single channel

EAE = k where AE = resolution
pass
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Wide spectra BSCF

X-ray photoelectron
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High

resolution BSCF spectra

Ba3d/Co2p

290 288 286 284 282
Binding energy
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As received

two chemical compounds compatible with Ba in BSCF and
BaO
Co has a valence of 3+

Annealed sample

BaCO3 on surface
Co has a valence of 2+ on surface

Feed exposed face (air) and sweep face

peaks compatible with Ba in BSCF, BaO and BaO»
Co has a valence of 4+

The Co behavior confirms the XRD results
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Wide spectra LSCF
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High resolution LSCF spectra
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O1ls

peaks at about 529 eV are from oxygen in lattice
peaks in sweep face without sputtering at about 527.5 eV are
from electron-rich oxygen in lattice

La3d

main peak 3d%4f°

the other two peaks are multiplet splitting phenomena of state
3d%4f! and hole in ligand site !

in all sample these peaks are very stable

'E.Talik et al.,MAT SCI ENG B-SOLID, 2014, 182, 74-80
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Permeation results
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BSCF

can work also a room temperature
better permeation than LSCF
more structural change in work condition

LSCF
can work at temperature higher than 700 °C

less permeation than BSCF
more structural/electronic stability than BSCF
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Thank you for

your attention




Spin-orbit splitting

total angular momentum jy = /£1/2
degeneracy 2j + 1

. AL 2j_+1
peaks area ratio A, = 21

Shake-up: the outgoing electron interacts with a valence
electrons losing kinetic energy.
Chemical shift is due to a change in core binding energy

electrostatic shielding of nuclear charge from all other electron
removal (increase B.E.) or addition (decrease B.E.) of
electronic charge as a result of bonding

Surface charging: an excess of positive charge shift BE to
higher value
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_ / n= number of atom per cm?®
n = fUHy)\AT |= number of photoelectr«:ns per second
f= X-ray flux photons/cm

o= cross section
y= efficiency of photoelectron process
n, — IA A= inelastic mean free path
X — SX A= area of sample
T= detection frequency

S, is the atomic sensitive factor

with these elements we can evaluate

Ix
Sx

>3

concentration of elements C, =

deconvolve overlapping signals
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Crystal structure

Characteristic time

Aging temperature a;,ex(oo) =1 days

IS
3
ks
o
g
o
E
=
o
>
o
@
©
<
a
®
<
S,
1
x
]
I

Time [days]

0
8]
I
i
it

2a0

:
X-ray photoelectron Universita degli studi di Milano




peak shape Voigt that is a
Shirley background convolution of

N Gaussian line shape
source width
analyzer resolution

Lorentz line shape
hole life-time

Our fit are obtained :

background subtraction

normalized area for each
elements in each samples

aligned Cls main peak at
284.8 eV
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Sputtering

vV v.v Yy
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Measurement summar

Treatment

BSCF name

LSCF name

as received sample
before sputtering

asrec_nsp

asrec.nsp

as received sample
after sputtering

780 °C for 1300 hr
before sputtering

B9_nsp

780 °C for 1300 hr
after sputtering

B9_sp

permeated membrane
sweep face
before sputtering

sweep_nsp

sweep_nsp

permeated membrane
sweep face
after a first sputtering

sweep_sp

sweep_spl

permeated membrane
sweep face
after a second sputtering

sweep-_sp2

permeated membrane
feed face
before sputtering

air_nsp

air_nsp

permeated membrane
feed face
after sputtering

y photoelect

air_sp

air_sp




Properties

catalytic property
(oxidation-reduction process)
high electronic/ionic
conductivity (oxygen separation)

superconductivity 2

colossal magneto-resistance 2

ferroelectricity 2

2A. S. Bhalla, R. Y. Guo and R. Roy,
Mater. Res. Innovations, 2000, 4, 3-26
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