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Low-temperature hydrogen production from water and

methanol using Pt/a-MoC catalysts

Lin Lili* Ge Yuzhen' Zhou Wu® Wen Xiaodong® ' Shi Chuan’, Ma Ding'
(1. College of Chemistry and Molecular Engineering s Peking University s Beijing 100871;
2. School of Physical Sciences, CAS Key Laboratory of Vacuum Physics s University of Chinese Academy of Sciences, Beijing 100049;
3. State Key Laboratory of Coal Conversion, Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan 030001
4. Synfuels China Co. Ltd, Beijing 100195; 5. Faculty of Chemical  Environment and Biological Science and Technology »
Dalian University of Technology s Dalian 116024)

Abstract Hydrogen, an energy-intensive and clean power source, has been treated as an ideal energy carri-
er to replace the coal and oil based global energy system for the more sustainable economic development.
However, the bottle-neck for the bursting of hydrogen economy lies in the efficient and safe hydrogen stor-
age and transportation. To overcome this, methanol can be used as a material for the storage of hydrogen,
as it is a liquid at room temperature. With the reforming of methanol and water, hydrogen with a high
gravimetric density of 18. 8 percent by weight can be in situ released. However, traditional reforming of
methanol steam operates at relatively high temperatures and low efficiency. Here we report that platinum
(Pt) dispersed on a-molybdenum carbide (a~-MoC) enables low-temperature hydrogen production through
aqueous-phase reforming of methanol, with an average turnover frequency reaching 18 046 moles of hydro-
gen per mole of platinum per hour at 190°C. Based on the X-ray absorption fine structure (XAFS) and sin-
gle atom resolution electron microscopy characterization results, Pt was determined to be atomic dispersed
over a-MoC support at the low metal loadings, which maximized the exposure of Pt atom. Based on reac-
tion mechanism investigation and DFT calculation, Pt/a-MoC was proved to be a bifunctional catalyst, with
a-MoC support dissociating the O-H bond of H, O and methanol at low temperature, atomic dispersion of Pt
scissoring C-H bond of CH;OH. The effectively reforming of intermediates with surface hydroxyls generate
CO, at the interface of Pt/a-MoC. The excellent performance of our catalytic system provide a new strategy

for the efficient low-temperature hydrogen production and storage.

Key words aqueous phase reforming of methanol; hydrogen production; hydrogen storage; single atom Pt

catalysis; molybdenum carbide



