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Particle Size Distribution Results
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Figure 1S. Particle size distribution of ATLS powders before their sintering at 1500oC for 1h.

XRD Results
The formation of apatite phase was monitored by XRD. Typical XRD results for the apatite phase 
formation is shown in Fig.2S. Coexisting phases have been identified. Silicate apatite is formed 
and detected after the first firing step at 1400 oC. Further homogenization and thermal 
treatment eliminates secondary phases in the final materials.

 

20 25 30 35 40 45 50 55 60 65 70 75

* **

+

+ +

+

* silicate apatite 
+ La2O3

o LaFeO3

x La2Si2O7

2 theta [deg]

LFSO

*

o

x

+

x

+

**
+

+

x*
o

* xx * x ++*

LASO

LAFSO-1

LAFSO-2

*

o

o o

Figure 2S. Typical XRD profiles of all apatite samples precursors prior final firing at 1400 oC
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Figure 3S. XRD profiles of LFSO sample a) precursor fired at 1400 oC, b) after processing and 
final firing at 1400 oC and c) after sintering at 1500 oC

SEM-EDX Results

Figure 4S. SEM & EDX of LFSO in contact with CROFER22 APU after 1100oC/250h
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Figure 5S. SEM & EDS of LAFSO-2 in contact with CROFER22 APU after 1100oC/250h

Figure 6S. SEM & EDS of LAFSO-1 in contact with CROFER22 APU after 1100oC/250h

Figure 7S. SEM & EDS of LASO in contact with CROFER22 APU after 1100oC/250h
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Table 1S. EDX results
Composition Element Peak wt %

O (K) 20.56LFSO
Cr (L) 0.89

LAFSO-2 O (K) 22.58
Cr (L) 0.76

LAFSO-1 O (K) 21.05
Cr (L) 0.56

LASO O (K) 21.01
Cr (L) 0.04

An indicative trend in Cr content could be elaborated using Cr (L) peak, showing Cr variation 
that follows the increasing Fe nominal composition in the apatite samples. Namely Cr (L) peak 
area was evaluated as negligible for LASO and largest for LFSO. This trend was similar in the 
ATLS samples for all thermal treatment protocols tested. Nevertheless, overlapping of Cr(L) and 
O (K) peaks was present in all cases. Cr(K) peak was not observed indicating in this case low 
confidence in the Cr content identification by EDX analysis.

Impedance Measurements
Pt porous electrodes were deposited on ATLS pellets by applying organometallic Pt-paste. 
Calcination was followed up to 850oC for 30 min with an intermediate step at 450oC for 30min. 
Pellets were clamped as reported in our earlier work [1] using Pt instead of Au. The impedance 
spectra were obtained in air from 800oC to 600oC applying a stimulus of 20mV within the 
frequency range of 1MHz to 10mHz. The materials treated at 1000oC/500h in contact with 
CROFER22 APU were used for impedance measurements.

The fitting profile used for the impedance spectra is represented in Figure 7S. Electrode 
resistance was negligible at higher temperatures.

Figure 8S. Fitting profile used for the calculation of the conductivities. 
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