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APPENDIX A
The Calculation of Tolerance Number

Goldschmidt (1926) defined the tolerance limits of the size of ions through a

tolerance factor, t as Equation (A.1)

t = (ra + ro)/ [V2 (15 + 1o)] (A.1)

where ra, 1, and rg are the radii of r: S| cCtiy g For the substituted perowvskite at
A and B site, A; A’ BB’ \ ar w from the sum of each metal

TE— W eee——

at A site and B site, re The atomic weight, ionic

charge, coordination n med metals were shown in

Table A.1

Table A.1 Atomic weight, i ge, Coc
A
concerned metals e
ALl

s

Therefore, as Equation A.1 the tolerance number of perovskite compounds such as
LSGF6428 was calculated as below.
tolerance number of LSGF6428

1.36*0.6+1.44*0.4+1.40
V2 (0.55*0.8+0.62*0.2+1.40)
1.01




APPENDIX B

The Calculation of the Oxygen-Permeation Rate
The oxygen-permeation rates for perovskite membranes were measured by gas
chromatography with helium as a carrier gas. Gas standards were made by varying
the oxygen concentration in helium. The formulas for calculating oxygen permeation

rates are presented as follows:

J(cm?(STP)/min/cm?) = v, H( LD rx R(O,/He)/S (B.1)
Where v, u(Ts, Py) (cm’ (STP)/min) is the volmmﬁz.ﬂow rate of pure helium at the
standard state condition, R_L-gﬂﬂe) 15 the atio of the oxygen volumetric fraction to the

helium volumetric fractM

permeation rate J (cm’(S

is the oxygen permieation area, 0.283 cm”. The
€w?) multiplied by the factor of 7.4358*107 can be

Al

transferred to another unit
The Vs,Hc(Ts, P s
for helium, which is calibrat

4 — ol
s calcylated from the slope of mass-controller calibration line

a bubble .ﬂowmeter as in Figure B.1, and the slope

*.."*d

of oxygen calibration lin: in F;gure B.’ 2. The equation for calculation the
g7 N
Vs He(Ts, Ps) is shown in Equa n‘2‘ ;j?—;:tr‘
300 | E D : _L:;Ii':'_'
—&—Nitrogen || y=0.4309x-03309; R2 =0.9996

—8— Oxygen-| | y=27846x-2.0232; R2 =0.9998 —

0T | ity y=2.8055x-1.8011; R2 =1

y=0.6828x-1.8239 ; R2

0 10 20 30 40 50 60 70 80 % 100
Controller Reading

Figure B.1 Mass —controller calibration line for nitrogen, oxygen, air, and helium
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200000 -
150000 -
g y = 10282x - 1907.6
2 _
% 100000 - R? = 0.9996
R~

50000 A

0 :
20 25
Figure B.2  Oxygen
Vene(Ts, Py) gs . x T.,/P, (B2)
R(O,/He) rea O Oo/(1€ (B.3)

Where P, T, = ambient p:

temperature at the ;""‘T"Ti‘"_“ﬁ'“""' respectively. The final

equation for J is as folls. -

bectively, P, T = pressure and

J

S0 ) i
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APPENDIX C
Raw Data from the XRD Pattern of La, ¢SroGa,sFe; ;055
In the general basic, the crystal structure of a substance determines the
diffraction pattern of that substance or, more specifically, that the shape and size of
the unit cell determines the angular positions of the diffraction lines, and the
arrangement of the atoms within the unit cell determines the relative intensities of the
lines. Since the structure determines the diffraction patterns, the raw data of crystal

structure can be obtained from the

pattern. In Figure C.1, the XRD pattern

////d peak intensity of any particular set

A —

shows the raw data of the spaci

of lattice planes (hkl).

8000
~~
o ~ ~
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N g S &
1 —
@ cs o | ¥ Q v
3] o~ < | o Q o
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2 N g & ~ 3
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= = _y' p3 I
= £ & =
Q " w9
2000 { & e
: 55 %
4 - B =
1l = Il
s 92 9
r q 'g
0 - ‘ Pl
QY =30 40 50 80

AN Taidiainenay

These raw data can be used to calculate the lattice parameter as shown in

Appendix D.



APPENDIX D
The Calculation of the Theoretical Density
The theoretical density is calculated from the theoretical weight (W,), which is
from the molecular formula of Lag¢S104Gag,Fe30s 5, and the theoretical volume V),

which is calculated from the lattice parameter, as in Equation 1

Dt = Wt / Vt (D 1)

V. = a | ' ,/ (D.2)
The non-stoichiometry of o ( /&s calculated from the difference
of the total charge of oxy. divi _ arge of oxygen.

For example, W,

= 2 +55.85x0.8 +
x0.2)}72}

For the cubic system, latt d from Bragg’s Equation, as
in Equation (D.3), and the p Equation (D.4)

2, = Xl A (D.3)

1 = » T T X (D.4)

::elesl'; ):hl:l )the ﬂm mﬁzﬁ Wm ﬁﬁen adjacent planes in
T ENRLVRYen jiamik

= N@x@+K+D D.5)

As the XRD pattern of LSGF6428 in Appendix C, all the possible Bragg angles at
which diffraction can occur form the reflective planes of 100, 110, 111, 200, 210, 211,
and 220. The parameter a is directly proportional to the spacing d of any particular
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set of lattice planes. Thus the precise parameter method is required and involved the
following Equation:

a = ao + agKcos’® ao + agK(1-sin*®) (D.6)

Hence, for cubic substances, if the value of a computed for each line on the pattern is

plotted against cos’®, a straight line should result, and o, the true value of a, can be

found by extrapolating this line to
values of a may be plotted against

5@ = 0. Since sin’® = 1- cos’®, the various
N %extrapolated to sin’® = 1. In
D p Ppendix C are plotted against

sinz@,andaoisfoundb ~xtzapolation to be 3.012 4 -

Figure D.1, these values o

3.915 -+

=-0.0027x + 3.9143
2% =0.9651

3.91 +

i

S

W
1

Lattice parameter > A
w

3 w

W =)

3.89 4

s LAUHANHNTNENAS

L 0.%'4919 0.31045 023344 0.19 0.15586 01.1.713 IO.O7.823
ARIANN T INRNEA

Figure D.1  Extrapolation of measured lattice parameters against sin’@

When substituted W,, and a, in Equation D.1, therefore, the theoretical density of
LSGF6428 is =36.8 x 10 g/molecule

(3.912 x 10 cm)®
=6.15 g/ cm’
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