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Catalytic technologies contributing to humanity

Elimination of nitrogen oxides for environmental issues
Decomposition→N2 + O2 the most ideal but difficult

Reduction
＋HC→N2 + CO2 + H2O the current process

low selectivity by O2 coexisted

＋NH3→N2 + H2O the current process
necessary to add from external

＋CO→N2 + CO2

Ammonia synthesis for food and energy issues
N2 + H2 → NH3 the Haber-Bosch process

high temperature & pressure



3

NOx as a chemical resource!!

LNG thermal power generation facility

※detoxification

（exhaust）

NO

＜denitrification＞

N2

NH3

＜NOx reforming＞

（resource）

NO NH3

※resource recycling
“process innovation”

Hydrogen source
（CH4, etc）

Merit②
No need to invest
more energy

Merit③
Reduction of NH3
imported

Merit①
Eliminate needs for reductant

New Energy and Industrial Technology Development Organization: NEDO
FY2019 Feasibility Study Program on Energy and New Environmental Technology
「Development of ammonia production process from NOx emitted from combustion process」

Game
changer

Avoiding HB process

NO＋NH3→N2 NO＋(H)→NH3
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Why ammonia from NOx︖

⼈間活動により最も
地球システムに固定されている
窒素化合物

Bonding energies in N-containing molecules

high reactivity
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FY2019-2020 Feasibility Study Program on
Energy and New Environmental Technology

Examples of specific technological developments and study teams

【turbin】
large volume

【wastes】
low flow including inhibitant

ICE NOx

A. adsorption, recovery, and concentration

B. catalytic conversion
Technologies to be
・reaction at low T
・desorption
・influence of coexistedTechnologies to be

・selective NOx ad
in large quantities
・energy-saving

two step
processing

one step
approach

NH3

theoretical analysis and evaluation

materials preparation and
experimental evaluation
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The team of gas-phase NTA

NOx
concentra

tion

NH3
separation

NOx
in

combustion
exhaust

NH3
recycling

Conversion
to NH3

Conversion
to NH3
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Goal of the gas-phase NTA team

【Theme 1. Resource ammoniation of nitrogen compounds in
gas phase】
1. Improvement of 1 step NTA (NOx→NH3) catalyst
2. NOx adsorption and concentration for 2 step NTA catalytic system
3. NH3 concentration

Combustion
exhaust

fuel

N2NOx

NH3>NOx (more than 50%)
enables us to transform NOx
completely to NH3 for
resourcing

reductant
(HC, CO)

NOx
NTA50％
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Implementation image
for gas-phase NTA catalytic system

Pilot image in 2029

Exhaust
250 〜1000Nm3/h

1,000 〜5,000ppm-
NOx

NOx→NH3
conversion

50%

Reductant for
NOx

100%
circulation

Demonstration test
assumed location:

Ube Industries

NH3

CH4
Exhaust

gas

NH3
production

plant

NH3NOx

Chemical product
Raw material

For NOx
reduction

Implementation image in 2050
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Highly selective NO adsorption for successive NTA catalyst process
by use of metal species-derived electrostatic field in

hydrophilic/hydrophobic space



10

Position in the Project

Nitrogen compounds

Nitrogen in
wastewater

NOx in exhaust Conversion to
ammonia

Enrichment of
ammonia

Coexistent
material

Enriched
ammoniaDilute

nitrogen
compounds

Dilute
ammonia

Engineering
plasticdenitration

NOx NH3

N2

Target of Theme 1 for FY2029︓NOx to Ammonia (NTA) reaction at 50% yield, and complete
detoxification of exhaust gas
Position of the University of Tokyo: Development of adsorbents and adsorption technology for
selective adsorption and concentration of NOx
The target for FY2029: Establishment of NO adsorption and concentration materials and basic
process for pilot demonstration of NTA catalyst system

Fuel

Replacement of
Haber Bosch-NH3

Two-step NTA catalytic system
Univ. Tokyo: NO adsorbent

AIST, Fukushima: NTA in O2 free flow
Ube Industries: the pilot
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The team of 2 step NTA system

NOx
in

combustion
exhaust

Conversion to
NH3

NOx
concentration

NH3
separation

NH3
recycling

Conversion
to NH3
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Details & Items of R&D

Design of highly selective adsorbent for NOx contained in flue gas
(low temperature, physisorption type)

【items】
• Design of an adsorbent that can selectively recover and concentrate NO in exhaust gas
• Design of a catalytic system by combination of the adsorbent with the NTA catalyst

(AIST Fukushima)

MOF/ZIF
Hydrophobic/gate

Nitrogen
compounds

and
inhibitant

Selective
permeation

of water

Deletion of water
and inhibitants
Super hydrophobicity
Gate opening effect

Deletion of inhibitant
(molecular sieving) Nitrogen compounds

Gate opening/closure

Zeolite
Hydrophobic/hydrophilic



Achievement 1: NO adsorption on zeolite
under wet conditions

• Discovery of a material with sufficient NO adsorption capacity in the
presence of water vapor (zeolite-based)

Pd-ZSM-5 Pd-Beta

adsorption: NO 500ppm, O2 10%, (wet H2O 5%)/N2 200 mL/min at 100-200 C
TPD: O2 10%/N2 200 mL/min, heated to 500 C  (10K/min)

dr
y

w
et

100 C 120 C 150 C 200 C
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100 C 120 C 150 C 200 C

■ Reversible adsorption ■ Irreversible adsorption
■ TPD

Unique adsorption
characteristics in the presence

of water vapor

■ Reversible adsorption ■ Irreversible adsorption
■ TPD

Quite high adsorption capacity



• Discovery of materials with sufficient NO adsorption capacity in the
presence of water vapor (ZIF-based)

14

200 nm

Unique adsorption properties in the
presence of water vapor, more than 3
times higher than zeolite adsorbent
→Realization of selective adsorption

Ge et al. submitted
Ogura, patented

Succeeded in creating a
unique core-shell structure

Achievement 2: NO adsorption on carbon
under wet conditions
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Summary, Univ. Tokyo

Position in the project
Development of adsorbents and adsorption technologies for selective
adsorption and concentration of NO in exhaust
Target for FY2029
Establishment of materials and basic processes for pilot demonstration of
NTA catalyst system
R&D items
Development of ultra-selective NO adsorbent for NTA using metal species-
derived electrostatic field in hydrophilic/hydrophobic space

Achievements by the University of Tokyo
• Discovery of materials with sufficient NO adsorption capacity in the

presence of water vapor, temperature specific and capacity variable by
zeolite type selection (Zeolite type)

• Discovery of materials with sufficient NO adsorption capacity in the
presence of water vapor, showing more than three times the adsorption
capacity of the zeolite type (ZIF type)
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