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catalyst; d), i), n) and q) MnOX/Ni-ZrOX/SiO2 catalyst; e), g), o) and r) ZrOX/Ni-

MnOX/SiO2 catalyst.



Table S1 Elemental analysis results for the fresh Zr and Mn co-promoted catalysts, as 
determined by XPS. 

Sample Ni % Zr 
%

Mn %

Ni-MnOX-ZrOX/SiO2 37.3 43.2 19.5
MnOX/Ni-ZrOX/SiO2 39.4 13.3 47.3
ZrOX/Ni-MnOX/SiO2 46.2 7.6 46.2

Table S2 BET surface area, metal particle size and ICP analysis of the Mn and Zr co-
promoted catalysts.

Ni 
Dispersionb 

(%)

Elemental 
ratioc (wt%)

Sample BET 
surface 
area (m2 
g-1)

Metal 
particle 
sizea (nm)

Mn Zr Ni
Ni-MnOX-
ZrOX/SiO2

136 12 0.047 1.1 4.2 8.4

MnOX/Ni-ZrOX/SiO2 100 18 0.065 1.1 4.0 7.8
ZrOX/Ni-MnOX/SiO2 108 12 0.079 1.2 3.9 8.1
a Determined from XRD. b Ni surface exposure measured from CO 
chemisorption. c Determined from ICP analysis.


