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Practical application

NOx in exhaust gas is converted to NH;, which is used as denitration material and

industrial raw material. Nitrogen compounds in wastewater are recovered as ammonia
resources and used as fuel and raw materials.
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R&D Items

g
[1. NOx to ammonia]

®concentration of NOx-NH; in gas phase
@catalyst for NOx—NH; at low temperature
Qcatalyst even with O2 coexistence

Exhaust
g T

50% NTA

Fuel reductant
(HC, CO)
\§

50% conversion for
complete purification of
NOx , and use excess NH,
as a resource

e : :
[2-2. ammonia recovery in water]

(1) new membrane/adsorption separation

(2) Construction of ultra energy-saving

separation and concentration process
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(12-1. conversion to NH, in wastewater]
Efficient NH,* conversion bioprocess for various
conditions

® microaerobic conversion to NH,*

Sludge circulation (e.g., breakup)
Facilitating
conversion to NH,*

‘Low NH,* loss

Reaction
fank

>

Excess sludge

® anaerobic membrane bioreactor (AnMBR) for high-NH,*
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of ammonia

Anaerobic digestion of
concentrated wastewater
Concentration of
dilute wastewater

-work at high NH4-
concentration

Condensation
of ammonia

-®

Industrial
wastewater ST

and compact size

Forward osmosis AnMBR
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/{Theme 3. Process and evaluation]

1) Process design of actual equipment and
pilots 2) economic and environmental impact
assessment.
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Theme 1: NH; is produced fro P
for denitration, etc. KA — A-9-2~4

NOx to Ammonia(NTA) catalyst

LNG thermal power generation facility

Xresource recycling
“process innovation”

<NOx reforming>
changer

Hydrogen source

——

> detoxification (CH,, etc)
<denitrification
(resource)
N2 N NO N H3)
Merit@ Merit®
Merit® No need to invest Reduction of NH,
Eliminate needs for reductant| | More energy imported

Avoiding HB process

NO+NH;—N, NO + (H)—>NH,

De-NOx utilises NH5 as it is. Concentration technology for the

obtained NH; is also developed for other appl|catlonsﬁups:ﬂwww_n_cyde_jp P



Theme 1:2Step-NTA(Converted e RERTY o EREHT N.

NOx enrichment)

25tep-NTA system
« NO—NOad (adsorption &concentration)
« NOad +reducttant—>NH,

2step NTA catalytic system : | NO—NOad (adsorption and concentration)
NOad+reductant—NH; (NTA)
the role of the “Honeycomb rotor” :

(D NO selective adsorption in exhaust (Separation Zone)

(2 NO concentrated gas supply to NTA (Desorption and Regeneration Zone)

NTA catalytic reactor follows successively.
NTA reactor

0. B W0 100 te w0

exhaust
, without NOx

Regeneration Zone

test pieces of “Honeycomb” NO adsorbent

Desorption Zone (Pd-zeolite)

NO—NOad (ad&conc)

Separation Zone

valuable source
from exhaust!?
this is NTA =
NOx To Ammonia

NTA reactor@AIST

+reductant

NOad———NH; (NTA)

the “Honeycomb rotor”

2 step NTA catalytic system

) NOx content designed by Seibu Giken
in exhaust

coolant

exhaust
mvolving NOx
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Theme 1:1Step-NTA(Conversi

In one step.)

We Developed a one-step NTA catalyst in O, and H,0,
suggesting a new NH;-SCR and recycling of NO.

= 1000

S Pressure of H,

S 900 | oo

AN Ganl O el TN ——CNH3_1.50%H2
800 ~.~'O\\\\\ \Q\\ Q\

%) S tw e “a ——CNH3_1.25%H2
700 \\\\\‘ \\\ \O‘ N ——

= residual NO % . %, CNH3_1.00%H2
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O 200 | producedNH,

S (Cor) -<--CNO_0.75%H2

_8 100 NH3 .

= <---CNO_0.50%H2

o

0
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reaction temp.,/ °C

Realization of NH;-SCR, that does not
require NH; supply, at Cross-points
Crno=Cyus H,-NTA+ NH;-SCR can be
achieved with only P,,,=0.75%.

Connection to the NH; adsorption and
enrichment system shown in the right
figures, when Cyy3 2> Cyo.

Standard reaction conditions (an atmospheric fixed bed flow reactor) : catalyst W02(0.3mL), total gas flow rate 100 mL/min (space velocity
SV=30,000h1), 0.1% NO, 1.5% H,, 0% O,, 10% H,0, N, balance.
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Theme 1:Concentration of dil

that can be used for purposes

PBA exhibit higher NH; adsorption capacities than others

2 kinds of adsorption sites %

2. Interstitial sites: NH;, NH,* ((AJIST))
54 | 0.26
Qs NH, 2 Rine -
. 0. NH4 ol lon-exchange resin
= iy Y | W
% : 0.18 8.3~50 times
1 Activated carbon ;
= capacity

|| 0.03

Expected capacity
from 30ppm-NH; (mmol/g)

NH, is selectively NH, is desorbed with 50“0' NH HCO3 Is
adsorbed by simply Saturated NH,HCO, recov_ered by mtroduc[ng
ventilating NTA gas into solution* as washing liquid. CO, into washing liquid
PBA. % Can be done with water and acid after desorption.

H. Usuda et al.. Environ. Pollut. 288 (2021) 117763. https:.//www.n-cycle.jp/ 9



Theme 2: Aqueous phase nitrc

to ammonia resources.

® Current state ® Future image in 2050

Ammonia resource
@ (fuel, material)

Wastewater treatment plant

NH; resource recovery plant

NH,*
NH,* N ¢ . = | Conversion | = | Concentration
_ L N | = " 2 Organic N
Orgamc N [Nlt_ﬂﬂ}—[fl_)en_ltrl F Dissolved N Indug']strial ’ to NH,* II> recovery II> Discharge
industrial  g| cation Jp) | fication ) Discharge wastewater Organic N to river
wastewater NH .+ NO- 0 i g
A 2 o river = NH,* NH
= NO; =N, N s resource
NH, " =N

Separation and

i Conversion of
— . nitrogen compounds ——. concentration of

. to NH,* NH,*
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Theme 2-1: Two NH,* conve

® Microaerobic conversion process from nitrogen compounds to NH,*

Sludge circulation (e.g., breakup)

Facilitating o
7 conversion to NH,* * Inhibition of NH4+
Reaction a
Balancing tank tank Settling tank degra?atl?n
Industral e | RO O o
wastewater —, | C>§) it p— sludge as NH,*
1= L) source
LI . Condensation
Lo of ammonia

Excess sludae

® AnMBR capable of efficient treatment under high ammonium concentrations

@ Anaerobic digestion of

: concentrated wastewater
Concentration of
dilute wastewater

 Reinforced NH,*

Condensation tolerance
. of ammonia

Industrial
wastewater JEETEE

—

Forward osmosis AnMBR

 Improvement of
compactness and
treatment efficiency

https://www.n-cycle.jp/
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. g
conversion processes. w B

Theme 1: NH,* conversion g EEFETT TAT;%I*%N.

® Performances of a simplified NH,* conversion process

Contlnuous Supply Of 002 TOC influent B TOC effluent ——TOC removal 100
synthetic medium o W VYN TN —

Y | || Vg E 400~ -80 :\3
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g L 2
5300~ il r6o
£ 200 o lao &
0~300 11.2 5 (DO conc. w8 Em “
01 mg 02/L) ﬂ: ..... — —re—i—r— ———T——T——T— | [0
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Time (Day)

« Aeration control allowed long-term stable performances of NH,* conversion
& retention

» High efficiency of Org-C removal
« Mitigations of N,O emission (Short-term N,O emission factor < 0.2%)
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Theme 2-1: NH4-tolerant met

fermenting bacteria.

» Construction of highly NH,* tolerant microbial consortia
70
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Theme 2-2: Processes for

and recycling of dilute am

Forward osmosis (FO) Process

Waste Concentrated AEM  CEM AEM
water waste water
Sea Discharged
water water [+
Cathode . — Anode
. ) Desalination side
» Diluted seawater after the process can be discharged Concentrated side

» Energy required for concentration is only pump power

H,O ©: Processed positive ions (NH," etc.)
Lk D"t componen®®: Negative ions (CI- etc.)

membrane distillation Adsorptlon separation

Condensed NH3 vapor 1

NH,
recovery
@desorption
NH3 vapor . “{ (concentration)
'l Cooling
" medium
? ® granules o
NH,+others liquid or
Waste water ~ Porous | Condensate heating
membrane| (NH;aqg.)

https://www.n-cycle.jp/ 14



Theme 2-2:Concentratio

FS tank : "
Waste water

Hollow fiber

membrane module

= X
o - Target
@ Za000 10 >
53000 | .
3000 | A
g - Waste water N
O =
$2000 | ™~
s .
$1000 | 0t \
2 4 {(Naste water after
0 *1 L1l lmllclrlolalelrpblpl tlrlelatmelrl]t
0 10 20 30 40 50 60 70
n Time (h)

FS (waste water) :
Monitor the weight

Waste water

DS (sea water)

> Discard

Concentrate to target concentration using seawater
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Theme 2-2: Ammonia CONCe

membrane distillation.
To achieve a 5% to 35% concentration.

VMD

1.5 kPa @ ! ©—,_, PYDF-ATBC 2R :

= H ¥ 1.D.:0.585 mm, O.D. : 0.873 mm H

| o /_,,-'5 | Length : 30 cm :
i S ' Total membrane area (36 pcs) : 0.0198 m? :
s ] - n i

0.0198 m?

2 ml/min i ™
@18°C T HN,iREE 54 ae e
] 3 (.)'111
Y Surface Cross section
i p— Porous hydrophobic membrane for membrane distillation
ey % 100 ¢
2 s s NH, Recovery > 90%
soee XXX Nercuurm Purmp : NH:j 0 o :
NCrer e o E 5 Wt% > 20% @ 2 ml/min
Balance Balance 90 F
(o)
SGMD : (25°C)
3 M —~ B80F
R E
bl @ 5 ml/min
 nE
PVDF membrane Q :
v l Outer diameter 0.874 mm e :
Feed I T Effective length 170 mm Im 60 £
' Number of H.F. 9 :
2ml =z F :
s Membrane area 4.20x 10° m’ E @ Hml/min
| N, gas cylinder 50 F
: @ 15 mi/min
Permeate 405 T D I E e e e s
VENT 15 25 35 45
\ 20°C NH, wi%
Dry icein
ik N * A t = = = -
it NI, coe vt NH; concentration in permeate side and recovery ratio

5.17 wt% (4.26 wt%: T-N)
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Theme 3: Basic design of pro

Creation of calculation model for visualization of
flows of chemical substances and energy in Microsoft
Excel so that many researchers and engineers can

easily use them

\

Data Modeling of ideal nitrogen-cycl

# ~ process systems

R&D of elemental | _ = .
process technologies | ‘ s o 0 EeE

. 3 !
Basic design of process systems |

'

M Risk assessment of nitrogen compounds |
emitted from new processes

Economic  Environmental
viability impact ® Calculation of energy &mass balance for NOx

In gas and nitrogen compounds in wastewater
® Calculation of CO, emissions , etc.

https://www.n-cycle.jp/ 17



Theme 3: Estimated CO, e
process.

Recycling nitrogen
compounds in gas phase to

ammonia resource

Waste heat

recovery
boiler

15,000 Nm*/h
NO: 2,000 ppm

NO adsorption / desorption
system

i?I%k%

Tkyol e of Technology

WA l‘[.

Recycling nitrogen compounds

In wastewater to ammonia
resource

aqueous
ammonia

___________

. sludge

® Estimation of the CO, emissions:

the process system in the above
figure is less than 1/4 of the
application of the selective catalytic
reduction method (SCR)

® Estimation of the CO2 emissions:
the process system in the above
figure is less than 1/20 of the
application of the ammonia
stripping method

https://www.n-cycle.jp/ 18



{>Assessment of mtrogen circular technology

<{>Results of N balance in the process

I target :’ \-ﬁ

| /l Materials |
T X J £ S ——====-=-——-Input - —— - -}
I . 7 Factory ' T h p I - }I
L AR/ Technology -
h 7\ : |

Atmosphere 5

......
-

Research

Materialsi

‘ Scopeof N ||

Nitric acid, 98%,(1kg)

Mass balance

circulation

1
technology |

N flow Nr flow
Nr: reactive nitrogen (ex N20, NOx...) from factory

| _Air(0:1N) Nitri;‘;f]ig’ b% :
 Materials s 1
Ammenis Z NO Subproduc
NH: g Air(Na) ts
Cooling water i ] .
Cajalyst | g Water drain |
Ener, =
- Electrluty e\"-" BT
https: //wwa n- c!’ Won, Toluene )
town gas
Results of balance check
Input  Output Difference Check IDEA
Mass balance  5.443  5.443 0.000 v &L SIEEE
Carbon 0.001 0.001 0.000 v
Nitrogen 4.302 4.305 -0.002% v
Phosphorus - - - =
Water 10.13 10.13 0.000 v

can cause environmental problem. “Nitrogen circular
technology” can be transferred to N and recycle to
NH:. Therefore, we developed the nitrogen database
for each products to assess the new technology.

3 Excluding chemical substance based on PRTR from place of business in balance check

v"Covering nitrogen amount not only input, but also output
v"Some products are inputting NHs
— Recycled NHs can be able to reuse in process



