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Initiation: O, — 20

(thermal cracking — providing O for combustion)

Chain reaction: O + N, - NO + N
N+0,—>NO+O

Termination: NO + O — NO,
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Diesel exhaust causes cancer (WHO
2012.6.12) Diesel engine exhaust fumes

(soot) are a definite cause of lung cancer
Those very small particulates, which can go

through the DPF, can penetrate deep into the lung.

[American Lung Association/ Calif.]
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Three-way catalytic (TWC) converter (honeycomb)

= Engine operation must be adjusted to accommodate the exhaust treatment.
= The usage of precious metals.

= Stoichiometric burn — low fuel efficiency.

= Treatment delay -- the catalyst is not effective at ambient temperature and thus a
heating period is required. [for all current deNOy via reduction or storage]

Exhaust Gas Recirculation (EGR)

= To result in low NO, concentration in exhaust at the expense of fuel efficiency.

Selective Catalytic Reduction (SCR)

= The consumption of reducing agents, e.g., ammonia in urea-based SCR
8 costly & inconvenient refilling

= The formation of N,0O, a strong greenhouse gas.

NO, Storage and Reduction (NSR) — lean-NO, trap

= The consumption of fuel for NO, treatment.
» Limited storage capacity.

Electrochemical NOy Reduction with applied voltage (electrical current)

= The consumption of electricity with low current efficiency.
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-INGR3 ECH (Electro-Catalytic Honeycomb)
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ECH (Electro-Catalytic Honeycomb)

w lfs on Promoted Decomposition (P D) & Promoted Decomposition (P D)
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\ EDP (Electro-Catalytic double-cell Plate)
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ECH & EDP E4 FdeNO, A945

® No consumption of reducing agent or else
* Care free
® Higher O, concentration results in higher deNOj rate
* due to increased promotion with emf
» Simultaneous oxidation of hydrocarbons, CO & Particulate Matter (PM)
feasible
® Higher NOy concentration can result in higher deNOy rate [obeying reaction
kinetics]
» Highly fuel-efficient engines
® Relatively constant deNOy rate at very low NOy concentration due to a specific
reaction
mechanism
* near-zero NO, emission can be achieved
® No temperature window & effective deNOy from ambient temperature
* no treatment delay & deNOy at cold weather
® Presence of H,O & CO, beneficial & SO, OK
® no N,O formation
® No use of precious metal

* Economical .
[The above-described characteristics are all based on the inventor’s published resu?ts]
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ECH vs. SCR deNO, activity

deNO, rate @ NO, 1000 ppm | Condition
(nmole NO,-min.cm?)

SCR 1.24 SCR-deNOy onboard of heavy-duty Diesel vehicles with
[O. Krocher, M. Elsener, Appl. Catal. commercial V,05/WO;3-TiO, catalyst on
B: Environ. 75 (2008) 215] standard metal substrates with a cell density (~honeycomb)
of 400 cpsi, 400 "C.

ECH 25 ECH-deNO, activities of treating Diesel-like gasoline engine
[0 FEFR] exhausts. Cathode catalyst: La, 5351, ,C005-Ce( ¢Gd 10 g5.

The engine exhausts contain various NO,, 15%1 % O, and 4%
CO, at 135£17 °C; space velocity of 3.7240.25 x10° h'..
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FCH
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= ECH FrRsHYRSTR tHE 15 VAR

= 2120 cm® @ 400 cpsi (30 cm? treating area/cm?)

Bl e

= 2000 cc SOHEEESIRNERT T
= NO, JEE%7 4000 ppm

L. Guzzella, C.H. Onder, Introduction to modeling and control of internal combustion engine systems, Springer-Verlag, Berlin
(2010)]

= 95% NO, Efg=*
» FHER deNOy 153 2.54 10° pmole NO, min-!
» ECH Y15 deNO, 32 4 nmole NO, min! cm2
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Mechanisms of emf-promoted
decomposition

NO,: NO & NO,
NO 5 N + O (previously needing removal by reductant nu,,co,ucs)

NN SCRP, TWCT
N, O, (continuously promoted oxygen desorption--PND)

‘h
NO, S NO+0O
0,520
$0.: 50, & S04
SO, =2 1/1854 + 20 - O, (promoted oxygen desorption)
SO; 550,+0

promoted NO, decomposition--PND vs. LNTwsk & SCR

promoted SO, decomposition--PSD
continuously promoted oxygen desorption by the presence of a voltage
(an electromotive force, emf)




yblications supporting lean deNOx by
plroimoted NO, decomposition (PND)

underlined is the inventor of the ECH.
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Wil <> open-circuit voltage (OCV)
of fuel cell

fl rt‘:athnda” .::

| Power
{|Generation

0,
no anode fuel needed Anode fuel: HCs etc.

with power generation

— solid oxide fuel cell (sorc)

-- continuous presence of an OCV
for power generation

with applied voltage
— oxygen pumping




Principle for
Plomoted decomposition of NO — N, + O,

0, + 26~ 5 20"

0,

Oxygen can be simply desorbed
20050,
thout discriminating the source of O

O- ‘_0— 52
1.
'-lu

e

L ,.thode (total cathode thickness)

Ic (total length simulated)

Schematic description of bi-pathway dominated
oxygen reduction on SOFC cathode

[M. Gong, R.5. Gemmen, X. Liu, J. Power Sources 200 {2012) 204]




Lean deNOx by
@iFpromoted decomposition of NO,

NO—-N+OQO AH,gs = -21.6 Kcal/mole (exothermic)
NO; = N+ O, AH5g5 = -8 Kcal/mole

at high enough
NO concentration 2NO +[][] — N—[O][O] N 2nd order

N-[O0] N — Ny +[O[0]  fe=KINOE

[O]'[OC] - O, +[]]] is highly preferred

{according to kinetic law)

2NO —*N2+02

N, N?_
-
I =a o i

o

The presence of a voltage weakens the chemisorptive bond strength of the O species.
[C.G. Vayenas, 5. Bebelis, Catal. Today 51 (1999) 581] - facile desnrption of oxygen
for emf-promoted decomposition of NO,




Principle and proof for
elafepromoted decomposition of NO — N, + O,

:

1

a0, st (mole MO+ min | < g
-
2
(=]

__/ S

by ) Inist MO, concantration (ppm)
The deNO, rate via emf-promoted
decomposition is two orders higher | Electrochemical cell can be solid oxide fuel cell

1 - {SOFC) —1% stage of this tech, electrochemical-
than that over conventional catalyst s oot G, el ayBc ube (ECT)

via W and EDC in electro-catalytic honeycomb (ECH).

OCV: open-circuit voltage
et cell at OCV | (solid oxide fuel cell operation
—Cmm catalyst without consuming anode fuel,
: : : : i.e., reductant)
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Over the catalyst in a conventional reactor, the formed
Electrochemical cell : LSC -GDC cathode N species from direct NO decomposition can be easily
Catalyst : LSC -GDC associated to form N; however, the formed O species
(Lag ¢Sy ,Co0, —Cey o Gdy O, 42) is strongly adsorbed and facile desorption of the O
14% O,, 10% H,0, 10% CO,; 600°C species as O, into the gas phase is very important,

[¥. Teracka et al., J. Chem. Soc. Faraday Trans. B4 {1808) 1887]
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