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__7 Theoretical approach
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system = electrolyte material

Theoretical approach
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Theoretical approach
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Theoretical approach and discussion
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Equation associated with each zone

@ Straight line with slope -1 (high frequency) f>>f,>>f,

6)=log - |-lo)  mmh L6)=logf)-tool)

Rp /fh

4 1Hz<f<10 MHz
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Equation associated with each zone

(Q) = 1(log (1))

(Ag) = f(ap)

@ 1Hz<f<10 MHz
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® L(6)=log(f,)-log(f) mmmy  Extrapolated value of Ag tO
slope ag = -1

Relaxation frequency relative
to bulk contribution = log (f,) = 6.30
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Extrapolated and theoretical values

log(f,,) = Iog( ]: 6.30 ) R,XC, =8x10°QF
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R,xC, = 8.0x10° [} 4 1 equation and 2 unknowns
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Equation associated with each zone

(3 Straight line with slope +1 (b = gb transition)
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Equation associated with each zone

(3 Straight line with slope +1 (b—gb transition)
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Extrapolated and theoretical values

Iog( Rbf ]:—3.00 —

Rgb % Tgh

Equation N° | slope / ag
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Equation associated with each zone

@ Maximun between bulk and grain boundaries with slope 0

R 1
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=1.6x10° Q2 2

r, = 1000 r =100
(exp/th) (exp/th)
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Equation associated with each zone

(® Straight line with slope -1 (intermediate frequency)
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Equation associated with each zone

(® Straight line with slope -1 (intermediate frequency)
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Equation associated with each zone

@ Minimun between bulk and grain boundaries with slope 0

: Ry +R -
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Extrapolated and theoretical values

R, +R
® log LML L \|=3.78
2xnx(Rb><Cb+Rgbegb)
Ry, +R
@ Exlog 5 L x|t b 29b y || =3.40
2 4 XTT XRbXCgb (becb'l'Rgbegb)

r,=1000 | =100

Equation N* | slope / ag (exp/th) (exp/th)

Perfect agreement between the theoretical values and the

ones obtained by extrapolation or intercepts points
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__7 re = fu/fy, dependency of impedance spectra
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__7 Case ry = fp/fy, =2
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Case r; = fp/fy, =2 : L(0) = f(log(f))

L(G):Iog(zlj Iog[ Ro/ftr 0152+ Re 0+ P)
Z" (/%) xRb/(1 + (/6,2 )|+ ((f/fgb)ngb/(l (/i P
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__7 Case ry = fp/fy, =2
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Extrapolated and theoretical values : caser =2

Equations @ @ @ @ and ® can be resolved and then R,,
R Cp Cyp Can be extracted even if relaxation frequencies of
bulk and grain boundaries processes are very close

r, = 1000 r =100

Equation N* | slope / ag (exp/th) (exp/th)

Perfect agreement between the theoretical values and the

ones obtained by extrapolation or intercepts points
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N a 3D graphical representation of
o Og = f(lOg(f)) and AB — f(q 9)
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Extrapolated and theoretical values :
caser;=10andr; =100

(@ bulk process (b)

(2 maximum between bulk and grain boundaries (max. b—gb)
@ transition between bulk and grain boundaries (b—gb)

@ minimum between bulk and grain boundaries (min. b—gb)
(® grain boundaries process (gb)

r,=1000 | =100

Equation N° | slope / ag (exp/th) (exp/th)

Perfect agreement between the theoretical values and the

ones obtained by extrapolation or intercepts points
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Experimental issues

mm) |mpedance spectra must be recorded on fully dense
samples (> 95% of the theoretical density)

- o = dlog(e) _( AL()

™ dlog(f) Alog(f)jmog(f%0

L accurate values of ag If increments of Alog(f) is as
small as possible
(12 points per decade of frequency are required)

mm) Application to :

- Nd G, Tl Og.y 1« COMpounds
B Nd2.955sr0.04501.9775D0.0225(Gao4)

P2
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__7 Electrical response of Nd ,Ga,Oq
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7 Impedance of elements : CPE
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Electrical properties of Nd ,Ga,Oq

To opte for the electrical circuit 800 600 400 t/°C
which modellzed accurately ol e log (o<T)-
experimental data at low < | ° log (o+T)
temperatures E -3+ |
| IS
~ |
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= spectra by Non-Linear Least L -6} °
S Squares fitting g .| °o
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10°IT 1K™
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CPE,, and CPE,, starting

parameters Opuik = 3><cItotal
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__7 Electrical response of Nd ,Ga; 5Ti;gO0g 456
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__7 Electrical properties of Nd 4Ga2(1_X)Ti2X09+XD1_X
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Electrical properties of Nd = ,Gay,; 4 T15Og.x L1

X i R, / kQ C./pF p; B /° w, /rads-!
0 b 325(3) 71(1) 0.99(1) | 0.90 4.33x104
gb 600(9) 108(8) | 0.91(1) 8.1 1.54x10%
020 b 268(9) 44(4) 0.98(1) 1.8 8.44x104
gb 557(9) 90(9) 0.90(1) 9. 1.99x104
0.40 b 169(1) 43(2) 0.98(1) 2.3 1.42x105
gb 455(9) 95(5) 0.89(1) | 10.4 2.32x10%
060 b 130(3) 41(1) 0.97(1) 2.9 1.87x105
gb 335(5) 104(3) | 0.88(1) | 10.9 2.86x10%
070 b 126(3) 36(1) 0.96(1) 3.2 2.20x10°
gb 283(4) 99(2) 0.91(1) 8.5 3.57x10*
0.90 b 73(1) 44(2) 0.98(1) 1.7 3.23x10°5
gb 190(3) 85(2) 0.86(1) | 12.2 6.19x10%
100 b 27(1) 79(1) 0.99(1) | 0.90 4.69x105
gb 100(9) 77(7) 0.86(1) | 12.6 1.30%x105
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Electrical properties of Nd ,GagT1; 4040153

: 800 600 t/°C 400
‘TE . ¢ log o,
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Y-8
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09 1.0 11 1.2 13 14 15 1.6

10°IT 1 K
‘ (Ea)bulk =0.95eVyvs (Ea)total =1.10eV

mm) At 700 T, o, =7.72x10°%Scm?vs o, = 3.69x10° S cm!
l.e. 2 times higher

Katarino, Bulgaria N\, | Workshop
13th-17th September 2009 ~ |DEALC€ I‘l‘ "Advances and Innovations in SOFCs"




Electrical response of Nd  , 4c:Sr 04501 977510 0205(Ga0,)
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Conclusion

Effectiveness of this new representation to separate processes
even if their relaxation frequencies are very close

Theoretical equations are proposed for each frequency zones of
the a;, = f(log(f)) and A, = f(ag) representations, giving
relationships between the electrical parameters studied

All the parameters R,, C, f, (i = b, gb) of these processes can be
extracted

- from this representation and using equations or

- in combination with the classical ones

oy
ARMINES

These parameters can be used as starting parameters for NLLS
fitting of impedance spectra

mm) Equations can be implemented in NLLS fitting software to limit
the possible range of variation of the parameters studied
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