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Deuterium Inverse Isotopic Effect in Ammonia Synthesis over
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Abstract: The deuterium inverse isotopic effect (DIIE) is important for the clarification of the ammonia synthesis mechanism over transition
metal catalysts. We investigated the DIIE over Ru-based and Fe-based catalysts including pure Fe, multi-promoted fused Fe, pure Ru,
Ru/y-Al,03, K-Ru/y-Al,03, Ru/MgO, K-Ru/MgO, and Ba-Ru/MgO under the reaction conditions of N/H, (or D,) volume ratio = 1/3, 0.2
MPa, 633-733 K, and GHSV = 24 000 and 12 000 h™*. A strong DIIE (rp/ry of about 2) was observed over the above catalysts. The trend of
the DIIE with catalysts and temperature indicated a strong competition between the dynamic and thermodynamic factors.
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Table 1 Deuterium inverse isotopic effect (rp/ry) in ammonia synthe-
sis over Fe-based and Ru-based catalysts at different reaction tempera-
tures
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Catalyst

633K 653K 673K 693K 713K 733K
Fe” 1.79 1.89 1.97 2.05 2.16 2.36
A110-3" 1.93 1.96 2.07 2.13 2.25 2.44
Ru 1.53 1.70 1.40 1.29 1.60 1.63
Ru/y-Al,03 112 1.44 1.40 1.65 2.03 142
K-Ru/y-Al,04 1.72 2.02 2.04 211 2.39 2.46
Ru/MgO 1.53 1.96 171 1.69 1.68 177

K-Ru/MgO 2.04 1.92 1.76 1.80 1.83 1.88
Ba-Ru/MgO 2.56 2.10 1.87 1.84 1.77 1.79
Reaction conditions: 0.2 MPa, GHSV = 12 000 h™("24 000 h™). rp and
ry (ml/(g-h)) are the amounts of ND3 and NHs produced, respectively.
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