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New hydrogenation catalysts based on oxyhydrides
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For NH3 synthesis, we have demonstrated that changing the catalyst support
to an oxyhydride results in the activity increasing by one or two orders of magnitude. Apart from
activity, we have also determined that oxyhydride catalysts differ greatly in terms of activation
energy and reaction orders. Furthermore, we have found that even without Fe or Ru (typical catalyst
metals), bare Ti-based oxyhydrides have catalytic activity, indicating the first case of Ti-based
heterogeneous catalysts for ammonia synthesis. We have also made progress in other reactions, such
as the hydrogenation of C02 to methane, where again we found oxyhydride supports to result in
increased activity. Based on kinetic studies for these two reactions, on top of NH3 decomposition,
we have started to acqurie a holistic understanding on these oxyhydrides as catalytic materials.
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Table 1 A FEMMEDTENEAL = 1 /L — & RUSTEL

Catalyst E. (kJ/mol) N, order, H, order, NH; order, y
Fe/BaTiO; 1317103 1.24 (£0.09) 0.93 (£0.05) 0.52 (+0.09)
Fe/BaTiO:Hos 72/54 0.5 (x0.1) 0.7 (0.1) 1.1 (20.2)
Fe/C 143 0.9 1.5 1.0
KM1 70 0.9 2.2 1.5
Co/C 149 0.8 0.4 0.3
Ru/BaTiO; 141 /50 1.2 (£0.2) 0.89 (+0.02) 0.19 (+0.05)
Ru/BaTiO; Hy s 15/69  0.70(x0.08) 0.2 (20.1) 0.64 (+0.04)
Cs-Ru/MgO 109 0.8 -0.9 0.0
L OSRUMeO o LI4E008)  S15(02) -0 (02)
Ru/C12A7:0* 105 1.00 0 0.25
Ru/CI12AT:e 49 0.46 0.96 1.00
RwWCI12A7:H 1.00 -0.63 0.60
Ru/Ca,N:e 60 0.53 0.79 1.03
Ru/CaH,; 51 055 0.87 0.72
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