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Fig. 1 e (a) Schematic diagram of the synthesis of Ru/Co6Ce1@ZIF-67. (b) XRD patterns of ZIF-67 nanocubes and Ru/

Co6Ce1@ZIF-67. (c) EPR spectra of the synthesized Ru/Co6Ce1@ZIF-67, Ru/Co@ZIF-67, Ru/Ce@ZIF-67 and Co6Ce1@ZIF-67.

Fig. 2 e Scanning electron microscopy (SEM) of (a) ZIF-67 nanocubes, (b) Co6Ce1@ZIF-67 and (c) Ru/Co6Ce1@ZIF-67 (Insets are

high-magnification SEM images). (d) Transmission electron microscopy (TEM) and (e) high-resolution TEM images of Ru/

Co6Ce1@ZIF-67. (f) N2 adsorption/desorption isotherms with pore-size distribution curve (inset) of Ru/Co6Ce1@ZIF-67. (g)

HAADF-STEM image of Ru/Co6Ce1@ZIF-67 and corresponding elemental mappings of Co, Ce, Ru, C, N, and O.
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Fig. 5 e (a) Curves of hydrolysis of alkaline NaBH4 solution with different kinds of catalysts, and (b) the corresponding H2

evolution rate values. (c) The relationship between H2 evolution and different NaBH4 concentrations and (d) the

corresponding plot of ln (rate) ns ln (concentration of NaBH4).

Fig. 6 e (a) Curves of hydrolysis of alkaline NaBH4 solution with different reaction temperatures, and (b) the calculated

activation energies of Ru/Co6Ce1@ZIF-67, Ru/Co@ZIF-67 and Ru/Ce@ZIF-67 catalysts. (c) Recycling stability test of Ru/

Co6Ce1@ZIF-67 catalyst in alkaline NaBH4 solution at 25 �C and (d) the corresponding TOF values in the different recycling test.

i n t e r n a t i o n a l j o u r n a l o f h y d r o g en en e r g y x x x ( x x x x ) x x x 7
has also been explored at 25 �C with 10 mg Ru/Co6Ce1@ZIF-67.

Fig. 5c reveals that the hydrogen generation rate does not

change significantly. Meanwhile, the relation between ln (rate)

and ln (NaBH4) has been given in Fig. 5d, where the slope value
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is calculated to be 0.051, which is negligible and indicates a

zero-order reaction kinetics [59]. NaOH is often used as a

stabilizing agent to prevent the self-hydrolysis of NaBH4.

Fig. S7 shows the effect of NaOH concentration on hydrogen
s decorated Co/Ce oxides modifying ZIF-67 nanocubes as a high-
ogen Energy, https://doi.org/10.1016/j.ijhydene.2022.08.289

https://doi.org/10.1016/j.ijhydene.2022.08.289


https://doi.org/10.1016/j.ijhydene.2022.08.289


Appendix A. Supplementary data

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.ijhydene.2022.08.289.
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