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Three dimensional microstructure by FIB-SEM
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Fig. Influence of CH4 concentration on I-V characteristics
at 1000°C.

Cell: CH4-H20, Ni-YSZ / YSZ / Lao.6Sr0.4aMnOs3, air
Flow rate of fuel gas: 200 ml min™!, H>O concentration: 25%
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Component materials for SOFC
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Electrolyte

Anode | Y20s40; (YS2) Cathode
Sc,0,-Zr0, (ScSZ) La,_SrMnO,

Ni-YSZ (Ll_aégﬁro'e%of MIO 1 sm,_sr coo,

Ni-ScSZ La,,Sr,Co, Fe O,
Interlayer

Fuel Sm,0,-CeO, Air
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FUE=T, NH, 120 - -33.3

2NH; — N, + 3H, - 120
BHWNIRTAE, CHyy 110.0 - 101

C,H;4 — C;Hg + 3H, - 47
A8, CH, 106 -162

CH, + 2H,0 — CO, + 4H, 212
*%/—)L, CH,OH 99 64.7

CH,0H + H,0 — CO, + 3H, 148
T AF JLIT—T JL(DME), CH;0CH, 96 - -24.8

(CH,),0 + 3H,0 — 2CO, + 6H, - 192
&iAKER 71 -252

[E#EKF (70 MPa) 39 (kg / m3-gas)
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Ammonia as Hydrogen Carrier

Hydrogen
v Primary fuel source for
fuel cell
v" Low volume density

v' Difficulty in storage
and transportation

Ammonia
v" High H, density
v Carbon-free
v" High boiling point
v

Ease in liquefaction and
transportation

<\

Hydrogen production via
decomposition reaction

NH; —3H, + 1N,

AH° = +46 kJ mol™!

Hydrogen —~
carriers i@

Hydrogen carrier production On-site hydrogen generation
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Utilization of renewable energy Consumption of fuels

Table H, density and boiling point of liquid H,, NH;, and
C,H,, (Methylcyclohexane)

H, density Boiling point

(kg-Hp / m*-liq) (°C)
Liquid H, 70.8 2526
NH, 120.3 333
C7H14
(Methylcyclohexane) 47.1 101.1
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Hydrogen carrier & energy conversion technology

»Ammonia as a promising hydrogen carrier:

High H, density, Carbon-free, Low production cost, High boiling point,
Ease in liquefaction and transportation, etc.

_ H, density (kg-H,/ m3-liq) | Boiling point (°C) AH, (kJ/mol-H,)

Liquid H, 70.8 —252.6
30.6
NH, 120.3 -33.3 2NHs — Nj +3H,
C.H 80.0
(Methylcfcl%exane) 47.1 1011 CsH4s — C7Hg +3H;

PEFC  PAFC Fuel cells

AMEFC Molten Alkali FC MCFC
]
MeOH Hydrocarbons Reforming /
I decomposition
NH3
0 100 200 300 400 500 600 700

Temperature (°C)
Fig. Operating temperature ranges of fuel cells and catalytic reformers
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Enthalpy of Combustion, AH (900K)

28%

AG

179%3
AG
NH;  1/2N,+3/2H,
-316 kJ mol™!

CO +3 H,

-800 kJ mol!
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Ammonia-fueled Solid Oxide Fuel Cell System

@ System 1
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@ System 2

@ System 3
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Solid Oxide Regenerative Fuel Cell
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Solid Oxide Fuel Cell Solid Oxide Electrolysis Cell
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Electrolysis region
exothermic
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[-V Characteristics of electrochemical cell
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