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Al(OH)3

Heating at 400°C under air flow for 4 h
(Heating rate of 1-2°C per min)

Gel boiling with frothing and foaming to form combustion powder

Heating over a hot plate at 80°C to evaporate excess water and form viscose gel

Calcination at 350°C for 5 h under air flow

Heating in an open muffle furnace maintained at 400ºC

Mixing for 45 min (Urea/Nitrates=3 molar)
Precursors weight ratio of:
Cu/Zn/Al/Zr: 40/30/10/20

Cu/Zn/Al/Zr/Ce: 30/30/10/20/10

Urea

Nanocatalyst shaping:
CuO/ZnO/Al2O3/ZrO2: CZAZ-UNC

CuO/ZnO/Al2O3/ZrO2/CeO2: CZAZC-UNC

Cu(NO3)2.3H2O

Aq. solution of Cu, Zn, Zr and Ce 
nitrates in deionized water

AlOOH

Precursors

(b) Urea-nitrate combustion synthesis

(a) Precursor preparation

(c) Post treatment

Zn(NO3)2.3H2O
Fuel

Ce(NO3)3.6H2OZr(NO3)4.5H2O

Figure 1s. Preparation steps of CuO/ZnO/Al2O3/ZrO2 and CuO/ZnO/Al2O3/ZrO2/CeO2 nanocatalysts via 

urea-nitrate combustion method.
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Washing with deionized water 

Calcination at 350°C for 5 h under air flow

Drying at 80°C for 24 h under air flow

Homogeneous precipitation: hydrolysis while mixing at 90°C for 24 h

Urea Cu(NO3)2.3H2O

Aq. solution of Cu, Zn, Al, Zr and Ce nitrates in deionized water
(Urea/Nitrates=20 molar), Precursors weight ratio of:

Cu/Zn/Al/Zr: 40/30/10/20, Cu/Zn/Al/Zr/Ce: 30/30/10/20/10

Precursors

(b) Homogeneous precipitation synthesis

(a) Precursor preparation

(c) Oxides post treatment

Zr(NO3)4.5H2O Ce(NO3)3.6H2OAl(NO3)3.9H2OZn(NO3)2.3H2O

Nanocatalyst shaping:
CuO/ZnO/Al2O3/ZrO2: CZAZ-HP

CuO/ZnO/Al2O3/ZrO2/CeO2: CZAZC-HP

Figure 2s. Preparation steps of CuO/ZnO/Al2O3/ZrO2 and CuO/ZnO/Al2O3/ZrO2/CeO2 nanocatalysts via 

homogeneous precipitation method.


