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Ellingham diagram to determine required temperatures and necessary
reducing agents (solid graphite or gaseous H, if the metal ion
reduction intersects their oxidation or none if Ag,, = 0) of the solar
thermochemical metal oxide reduction step.
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Correlation of the free energy (at 25°C and 0.1 MPa) released
by oxidation of the cycle products (NH;,CO or H, with O, to N,,
H,O, or CO,) and the stoichimetric composition of the nitride/
oxide reactant.
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Heat liberated during the N3 oxidation vs. N, reduction, both relative to
the energy supplied during the carbothermal metal oxide reduction step
(all at 25°C and 0.1 MPa). Empty circles mark materials that do not fix
0.1 MPa N,, do not liberate NH; effectively, or are radioactive.
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Electronegativity of the metal constituent (Pauling scale)

00°C

>,

300°C

¢

200°C

~

1

v

.m

00°C

o®

00°C

v

00°C

<

Ammonia yield

Ammonia yield
(mol NH, mol" lattice nitrogen)
o
o
S

(mol NH, mol- lattice nitrogen)

0.03

Free energy (at 25°C and 0.1 MPa) of NH; formation via H,O cleavage with metal
nitrides versus the electronegativity of the metal constituent of the nitride.
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Nitrogen mass balance after hydrolysis:
[ Ammonia

W Lattice nitrogen retained in reactant
] Dinitrogen (assumed)

Steam hydrolysis of binary metal nitrides (metallic constituent indicated). Lines are shrinking core
models limited by diffusion in the solid state (Al, Cr, Mn, Zn, Mo) or in the gas phase (Mg, Ca). Error
bars indicated are via error propagation.
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SEM micrographs of Mo,N (A, B) or Zn;N, (C, D) before (A, C) or after
(B, D) hydrolysis for 60 min at 500°C
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