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Fig. S1. Scanning electron microscope image of PrBa,_,Ca,Co,0s.scomposites, sintered at 973 K
for 4 hours. (a) x =0, (b) x=0.1, (¢c) x =0.2, (d) x = 0.3, (¢) x = 0.4 and (f) cross-sectional image

of x=0.3

Fig. S2. In situ XRD patterns of PrBa;_,Ca,C0,0s:5(a) x =0, (b) x=0.1, (¢) x=0.2, (d) x=0.3

and (e) x = 0.4 in air from 303 to 1073 K.

Fig. S3. X-ray diffraction patterns of PrBa; ,Ca,C0,05.5- Cey9Gdy 10195 (GDC) sintered at 1223

K for 4h.
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Fig. S1. Scanning electron microscope image of PrBa;_Ca,Co0,0s;scomposites, sintered at 973 K

for 4 hours. (a) x =0, (b) x=0.1, (¢) x=0.2, (d) x = 0.3, (¢) x = 0.4 and (f) cross-sectional image

of x=0.3
The microstructures of the PrBa; ,Ca,C0,0s.5(x =0, 0.1, 0.2, 0.3 and 0.4) - GDC composites

were investigated by a field emission scanning electron microscope (FE-SEM). The microstructure
of the electrode is related with the surface area, electrochemical active sites, gas diffusion and
electron transport.!-? These properties affect the fuel cell performance through the reaction kinetics,
charge transport and mass transport processes. The microstructures of the porous PrBa,

+Ca,C0,05.5(x=0,0.1,0.2, 0.3 and 0.4) — GDC cathode are similar, and thus the substitution of



Ca for Ba and phase transition may not affect the electrochemical active site, which are related to
the cell performance. Fig. S1 (f) shows a cross-sectional SEM image of PrBag;Cay3C0,05.s -
GDC/LDC/LSGM with an overview of the three layers, showing a thickness of about 25 um for
the cathode and 5 um for the buffer layer. The interface between the cathode, buffer and electrolyte

appears to be well-connected and the electrolyte and buffer layer are dense with no pores or cracks.
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Fig. S2. In situ XRD patterns of PrBa;_,Ca,C0,0s.5(a) x =0, (b) x=0.1, (¢c) x =0.2 and (d) x =

0.4 in air from 303 to 1073 K.

Fig. S2 displays in situ XRD of the PrBa;_,Ca,C0,0s.5(x =0, 0.1, 0.2 and 0.4) to confirm the
thermal stability under the operating conditions (under ambient air and in a temperature range from
373 K to 1073 K). In the overall temperature range, it is confirmed that all samples can be
considered thermally stable as determined from the absence of a significant phase change and

impurities.
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Fig. S3. X-ray diffraction patterns of PrBa; ,Ca,C0,0s.5 (x = 0, 0.1, 0.2, 0.3 and 0.4)-

Ceo,ngO.lOl,% (GDC) sintered at 1223 K for 4h.

Generally, a phase reaction between the electrode and the electrolyte can result in the formation
of an undesired insulating layer at the interface, which hinders the oxide-ionic and electronic
transport.? Therefore, the chemical compatibility between PrBa;..Ca,C0,0s.5(x =0, 0.1, 0.2, 0.3
and 0.4) and GDC should be investigated as a preliminary study. Due to this reason, a reactivity
test of the composite cathodes was conducted. Fig. 2 displays the XRD patterns of the PrBa,.
Ca,C0y05.5(x=0,0.1, 0.2, 0.3 and 0.4)- GDC composite obtained after heat treatment at 1223
K for 4 h. All the peaks can be attributed to both PrBa, ,Ca,Co0,0s.5 and GDC, indicating that
PrBa;_,Ca,C0,0s.5 is chemically compatible with GDC under the given circumstances, even at

temperature much higher than the IT-SOFC operating temperature (~ 973 K).



