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Fig. S1. Scanning electron microscopy: Surface morphology of the calcined powders at                

1000 °C/5 h; a) Nd2Zr2O7; b) Dy2Zr2O7.

Fig. S2. Scanning electron microscopy: Surface morphology of the calcined xerogels at               

1000 °C/5 h; a) Nd2Zr2O7; b) Dy2Zr2O7.
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Fig. S3. Scanning electron microscopy: Surface morphology of the calcined aerogels at                

1000 °C/5 h; a) Nd2Zr2O7; b) Dy2Zr2O7.
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Fig. S4. Scanning electron microscopy: Lower magnification surface morphology of the 

calcined powders at 1000 °C/5 h; a) La2Zr2O7; b) Nd2Zr2O7; c) Gd2Zr2O7; d) Dy2Zr2O7.



5

Fig. S5. DSC/TGA patterns (from 25 to 1400 °C) of the as-obtained LnZP; a) LZP; b) NZP 

c) GZP; d) DZP.
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Fig. S6. DSC/TGA patterns (from 25 to 1400 °C) of the as-obtained LnZX; a) LZX; b) NZX 

c) GZX; d) DZX.
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Fig. S7. Thermogravimetric analysis (TGA) and mass spectrometry (MS) of the as-prepared LnZP. 

Comparison of the simultaneous TG signal and MS signal at m/z: H2O: 18, CO: 28, O2: 32, CO2: 

44, and NOx: 14; 30; 46, Graph a) LZP; b) NZP; c) GZP; d) DZP.
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Fig. S8. Thermogravimetric analysis (TGA) and mass spectrometry (MS) of the as-prepared 

LnZX. Comparison of the simultaneous TG signal and MS signals at m/z: H2O: 18, CO: 28, O2: 

32, CO2: 44, and NOx: 14; 30; 46, Graph a) LZX; b) NZX; c) GZX; d) DZX.
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Fig. S9. Thermogravimetric analysis (TGA) and mass spectrometry (MS) of the as-prepared 

LnZA. Comparison of the simultaneous TG signal and MS signal at m/z: H2O: 18, CO: 28, O2: 32, 

CO2: 44, and NOx: 14; 30; 46, Graph a) LZA; b) NZA; c) GZA; d) DZA.
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Fig. S10. Pictures of the as-obtained materials; a) LZP; b) LZX and c) LZA
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Table S1. Different synthesis routes to produce rare-earth zirconate powders.

Synthesis route Heat treatment Crystalline phases Reference

Drying 60-300 °C

Annealing 600 °C/2h Mainly Bi2Ti2O7 pyrochlore with minor Bi4Ti3O12, 
Bi12TiO20, and TiO2

[4]

Sol-gel

Drying 400 °C/30 min

Annealing 600 °C/1h
Bi2Ti2O7 Pyrochlore

[5]
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Drying 80 °C

Annealing 700-900 
°C1/h

Y2Ti2O7 Pyrochlore [6]

200 °C/24h Gd2Zr2O7 Fluorite
[7]

80 °C/48h
Ca2Bi2O7 Pyrochlore

Sr2Bi2O7 Pyrochlore
[8]Hydrothermal

200 °C/20h Gd2Zr2O7:Tb3+ Fluorite [9]

Drying 80 °C/24h

Annealing 300-
1100/5h

Gd2Zr2O7 Fluorite, Pyrochlore [10]

Drying 120 °C/12h

Annealing 500 °C/10h

Ln2Zr2O7 (Ln = Gd3+, Nd3+, Sm3+), Fluorite, 
Pyrochlore [11]Co-precipitation

Drying 80°C/12h

Annealing 550 °C/16h

Bi2Ti2O7 Pyrochlore
[12]

Drying 90 °C/1h

Annealing 1000-1200 
°C/1-8h

Yb2Ti2O7 Pyrochlore
[13]

Annealing 650 °C/6h

La2Zr2O7 Fluorite

La2Hf2O7 Fluorite

Er2Zr2O7 Fluorite

[14]Molten salts

Annealing 650 °C/1-
12h La2Hf2O7Eu3+ Pyrochlore [15]

Annealing 800, 1400 
°C/12h

Gd2Zr2O7 (Gd substitution by different Ln3+), 
Fluorite, Pyrochlore

[16]

Annealing 1500 °C/6h Gd1.6Ln0.4Zr2O7 (Ln = La3+, Nd3+, Sm3+,Dy3+ and 
Er3+), Fluorite, Pyrochlore [17]Mecanochemical

Annealing 1500 
°C/72h Gd2CexZr2−xO7 ( 0 ≤ x ≤ 2), Pyrochlore, Fluorite

[18].

https://link.springer.com/content/pdf/10.1007%2Fs12034-011-0116-2.pdf
https://link.springer.com/article/10.1007/s11661-015-3234-4
https://ceramics.onlinelibrary.wiley.com/doi/epdf/10.1111/j.1151-2916.2002.tb00574.x
https://www.sciencedirect.com/science/article/pii/S0272884219318346
http://www.sciencedirect.com/science/article/pii/S0955221912002609
https://pubs.acs.org/doi/pdf/10.1021/jp807111h
https://pubs.acs.org/doi/10.1021/acsomega.8b00987
https://pubs.acs.org/doi/pdf/10.1021/acs.inorgchem.8b01665?rand=2is4ebnq
https://www.sciencedirect.com/science/article/pii/S0925838815305430
https://pubs.rsc.org/en/content/articlehtml/2015/ra/c5ra13241j
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Table S2. Summary of the thermal processes at the different temperature ranges.

Material Loss Temperature range Reference

H2O 90 – 400 [1]

CO2 200 – 500; 600 – 1000 [3]

CO 270 – 380; 600 – 950 [3]

O2 630 – 730 [3]

LnZP

NOx 210 – 350; 630 – 750 [1, 3]

H2O 90 – 400 [19]

CO2 245 – 800 [19]

CO 1100 – 1350 [19]

O2 320 – 600 [3]

LnZX

NOx 250 – 650 [1, 3]

H2O 100 – 400 [2]

CO2 200 – 230; 250 – 420 [2]

CO 200 – 600 [2]

O2 550 – 610; 500 – 550 [2]

LnZA

NOx 200 – 500 [2]
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