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Thermal catalysis Electrochemical catalysis Photocatalysis Plasma catalysis
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F. Haber firstly invemted ehe synibesis of NH, at high F, Haber developed o methssd C. Bosch developed an 4 F. Haber won the Nobel Prize is Chemanry,
temperatune (about 1000 "C ) and succooded m ol a laborasory scale For apparasus for prodacing. Prize msativagion: “fof the syethesn of ammonia
prodecing & small amoend (5% off MH,. producing NH, from N, and H, MH, from M, and from its clenseniy”. |
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Alaihiko o al. [33] repomsed e Schraurer of al [32] hestly demonstraned the .I;,' Bosch shared the Nobel Prize in Chemistory. Prize mativa- D
photochemical reduction of WO, photochemical reduction of N, and H;0 inio NH, tan: “im mecognition of their contribetions 10 the investion and
mmd M, 0r imno N, on PuTiO, using & i), phosocatalyst under ulmrvioles light development of chemical high pressure methods”.
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Kamseoka et al, [41] found plasma-excited Boese and Archer et al. [16] found electroreduction Eugense and Bjorm [15] repored a
N; and s camlynic spplicanon i peoduction of WO, 1o NH, with eighther KCT or NHCH as electrochemical symshesia of NHLrom N,
af MH, from M, assd H.O0 supponing clectralyie % fouE serEperabare and preisure
("G, Eut weom et Nobel Price in Chemiatry. Long ctal. [24] reparted & i and Cui 14l [10,11] developed a Li et al. [17] reported photochemical
Prize mestivagion: “for his studies of chemical direct electrochemical M1, ! meethod for producing WIH, from MO reduction of MO and 1,0 into MH, using
| processes om solid surfsces” 4 symithesis fromn Nk and H.O | and H, using Felw T}, catalya Tick, sepponed Au nasopaicles
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(@) Ome=step process: N, reduction

Thermal catalysis
Fros: mature technology
H; . clear reaction mechanism
H; | — @_H; Cons: high temperature and pressure
high energy consumption

Electrochemical catalysis / photocatalysis / plasma catalysis

Pros: utilizes renewable energy
fan clean production process
B Cons: low ammonia vield

low energy efficiency

H,

(c) Ome-step process: NO; reduction
Electrochemical catalysis / photocatalysis

Pros: wilizes renewahle encrgy
@ H.0 P clean production process
e

Cons: low ammonia yield
low energy utilization efficiency

(b Ome=step process: NO reduction

Thermal catalysis
Pros: mild reaction conditions
H, = low encrgy consumption
W) ———= NH}  Cons: narrow reaction window
Proneness o over-reduction to M.

Electrochemical catalysis / phoiocatalysis / plasma catalysis
Pros: utilizes renewable energy
— ¢lean production
81 Cons: low ammonia yield
low technology readiness level

H.

a Lt}

(d) Two-step process: M, oxidation & NOMNO; reduction

I Plasma catalysis
11 Electrochemical catalysis / photocatalysis

Pros: low temperature and pressure
1.0 utilizes rencwable cner

- — & environmentally friendly process
2l TT{-H" Cons: low energy efficicncy

low ammonia vield

low technology readiness level
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