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Study in Plasma Characteristics at High Humidity Condition for Nitrous Oxide Removal
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Abstract
In recent years, ammonia fuel has gained attention as a marine fuel option aimed at decarbonization. However,
during the combustion process of ammonia fuel, nitrous oxide N>O, which has adverse environmental effects, is
generated. It is known that N>O can be decomposed using hydrogen atoms. A potential method to produce hydrogen
atoms is through the application of voltage to steam, creating a plasma state that generates hydrogen atoms. In this
study, we designed a fixed volume vessel equipped with electrodes to conduct experiments for elucidating the
discharge characteristics in a steam atmosphere. Additionally, N,O gas was introduced into the vessel to evaluate
its removal efficiency. The results of these investigations are as follows. When discharging in the atmosphere of
higher pressure, the voltage value is higher for the same current value. When the discharge occurred with humidity
atmosphere, the increase of N,O shows decreasing tendency with increase in the discharge current. When the current
value is 0.9 mA or less, high-temperature steam promotes the production of N>O, and when the current value is 0.9

mA or more, high-temperature steam suppresses the production of N>O.

1. &

mWEh R A b 0T ¢ — BRI, e Rl REEh IR BT B DR O IR 2 R T
RSN TE. L Laenb, RRUGHROEAMbZEEE 2 C, — Bl < b FEWEK  (Emission Control
Area : ECA) THIEMEEHEOREINEH IND L9275 T 5. ZLHOBREHIIB W TS, BE
PRBEIZ L » CTHEH T 2 IR=EZ S A (Green House Gas : GHG) DHNBIIMEDORIGETH 5.

GHG oW T, = v a VZEATHHBLEFR NO X, “{b/RE CO, D) 300 £i5 DIRZER)
B E b -oTRBY, PEOHYEH THHERERLIZE 2 D8I R E V. MIHIE, ME KRR
DRI ARIT IO FHEBT (6 XifF 4 A b v — 27 EEMEHNT + —E A8, 1100 kW@720 rpm) %
RGBT, IRADIEMIGIFIZ L D NoO OHEH B K OHEHRHEZ T2 [1]. ZORER, 1—R TR
ECHE LIt 0 NoO OHEH T 35.5 mghkWh TH D Z L 2B/ TN 5.
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FIEE, PURFCIZAT 2B A D—>2 L LT, AHAREHZIMEE MO DY L b T v E=T
BREFNH; 2 EH STV D, NH3 [ JKRERE L LR T X —BENE L, BRBEKD U 27 /&
WREDAY v ERBDH. L, 1A NHs OBRBERRRICIBN T NoO 235847 5 2 EnmiE st
Lo T2l 20T, AR S IR & NHs 288k LT aE s L— VRIEIE T ¢ — B LS CIRBE S B 72 f5 R,
NH; DIREFEIGHEMT 21T EHRT=I v a VHO N0 BENKE < 78D (BIEE 95% T N0 K 1.0
gkWh) Z EE2HE L TWDH[2]. KD B E NH; OIRBEERZ1TV, 7 =7 B&EE oMz
£E> T N0 OFEH BTN, NO+HNO, DHEHEIFK T4 2 & #ds LT\ 5[3].

UED X1, F 4 —B BRI v ¥ g IR URE O KR E 2 N0 2 —EBEAT5H
ZEPHESNTND. 2O N0 1L, KFBRFTHMREED LBEBEOERLKIZTELM4]. ZORISE
HAESHELTOICKERTBULETH L. KRR TEZEDLHEO—2E L OKKRICEEZNTH LT
T RAIREEIC2 Y, AKFBRFNEAETSH. L, KERKTOBEIRNNDEEARAATH D720, AiFsE
TIIRARFEHRGME TCO T T A< B EZ T 272 O DFEERZ1T o 72 b, ERE#NIT N,O T A
ZEAL, NoO OFREFLED G RGE LT
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Fig.1 Fixed volume vessel for experiment
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Fig.2 Electrode used in this study
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Fig.3 Schematic diagram of experimental setup

BRaOMME X %~ d . ERBEGHIIAET N F2ZEORE (9 190mL) 265, ETFHLFERO7 7
VTHRAIATL L DI LTSNS, BTG A BB T 2 X0 ICHASS. K2 I L7E
WA~ d . AL TIXER 2 mm O A AR VRICEHEGZ D B8R W22 UL Efe L, M2 10 mm
XPNEE 8 mm DA ¥ A RNTF 2 —TIZHEAR 2.5 mm O AT - MBRZm LTz,

B 3 I EBREEE O AN TR X AR . EFULE CIIRA TR TR UBERICHELFEIE LTS
v N &SR U VAR, EEANRBIT DN, v agfLTF a—T7 LG o — 7 2 RXBNICE L, B
DFFRIZDIRNTNS., ZHICEY, Ty b A v axnFa—T DM TT I A~ENEETH. =
O, EBREBIIEHNTS =LV a A b — NI ATy b, BRICESEB TS, JERSIRK,
BIEERER, SEEEATI S Haranbib.

AHFGE T, TEMRZERE AT K OWA A K EENFRENEITIEAL, H 21 THEVT 5 HIE TR
[REFR L AREREHREER L=, BARDENCBIT 5 REAERHRE L OUKAK IR L C O E R
T2 BT, 3ppm O NoO ZJENRZNICE AL, KA, EH#, BHE, B bEHEREARESR L
DEFR, BFE, HREERRTENETNEERZITV, N.O OZbE&EZHE L (FHEbERRE
HORIBA VA-5000), &FESA: T OSSR % bl L7z,
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22 B BENTEIT HREFEKEL L KKK EER TORERIEER
AEBRARIFITE 1 TRT. BRERNOFHRENTTS —VETRLTNDS.

Table 1 Experimental conditions

Ambient condition Air Vapor of deionized-water / Air
Direct current power-suppl
P i 30 kV 30 kV
voltage
0.3 mA 0.3 mA
Direct current power-supply 0.4 mA 0.4 mA
Settil’lg current | eeeeee L e
1.3 mA 1.3 mA
Atmospheric pressure (0.00 MPa)
. 0.04 MPa
Ambient pressure 0.04 MPa
( ) 0.08 MP 0.08 MPa
auge pressure . a
saueep 0.12 MPa
0.12 MPa

2.3 KEKAEOFHKKEICEL Y N.O BEZLOHIE

FEBRAZAT O AIIC NoO IREHOKRIEZIT o7, ETENRBRICREINH S X 512 NoO DA T-%EHR
HAZEANL, ZO—EBZENELENSIY H LU THRERTD N20 B2 E L. KBS &
728, BEIZI0KV ETHHRICETITX S X9 L7z, WERITHER & RBEICE RO T AZ
DL T N0 JREFH A L CRHIIAZIT o 72, NoO BRIEFHOBEN L | BICREL, FHRENLE L
THBHIE L, JHEHO NO BE L ERO N0 BEOEE N0 BEALEE Lz, Zhie 1 &0
A& 3 [E T 7.

FERTIX, MEROE 2T T 0.08 MPa D—E L L7z, KAEXH Y OIFEERTIL N.O FHEAIZ T
A A K% 2ml FERNIBIZEA L72. N0 JE N EER~ N0 O Fet & e % 5 [BILL B Y K42 & C,
JE DR ENER DIRAFZER & T3 L, ERTO NoO I A 29ppm (2T H 2 &N TE S, koT, 4
[6] D EER T ERTOE IR ZRN D No2O JE A 2.9 ppm  BERIRE N 1%L T /2ol EZ DS,
KFEL D O OFEBRTIX, HHFERTD N0 JREFHZICE RN EIT 72 5 FCTH A ZHUNTH B INE
AT O —05, KB LOFEBRTIE, ERTO NO REFHIZIZIE RN 0.08 MPa (2725 F TH
AT SIREZIT- 2. £7-, HERRS 20 9L —EE Lz,

B EFEE OB EMIILL TO LB TH 5.

BUEE © 0.3mA, 0.5mA, 0.7mA, 0.9mA, 1.1 mA
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3. EBFRROEE

31 BRBENCHI 5 RRBELS L OARKBHL CORBIFEIR
RIRDETNTRT 5 REI5IE ﬂf@ﬁﬁfﬁ%%fk%%.4fi”ﬁ‘ T 703 FE ) A C iEHh s FEI FER

Thd. ZOMIY, FFUEEMEIIENETRE S EOMHBEN G A BRI 2255 TR A R LR E BR T

NI RTLZELLL T T ASTNETHD Z EPHERTE D, HL@{}M IZBWT, [UEREWTE, EE

EHENZ ERTND. ZRRBRHROA v E—=F U ARES ER L L bIg@E <D, KERENE 2
DIZKKRDTIZDTELEERD.
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Fig.4 Experimental result for atmospheric conditions

B2 DIEINCIIT D AKFEKTZAK T ORMEIBRAER 2K 5 Cavd. A F20 88 C i 23 52 1]
B CTH D, KEKDHITIRA SRR T, %@ Fﬁ%%@@mmkmmm%ﬁ%é#
TSR IRR L T 5 & BEDRNEN K E <, HERRE LR D PR TE D, T
M4ﬁ/ﬁﬂﬂotrﬁ*“%mﬂbt%,&D@ﬁ% #%éb TR TR ORLI3 2 < F71E

, CEREBICEEE L TS0 L ERD. L LR S, FH%ES 0.08MPa, 0.12MPa D5
i)‘ﬁzaﬂk ENHIINCEET D ERbnb.
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Fig.5 Experimental result for high humidity conditions
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3.2 AKEXIBEOFHIKEIZLY N.OBEELOHIE

KAEL DB SN WEIAKICEBIT 5 EERMERZX 6 TrT. ZOKIY, #EELEFROBN
BT EEMMEE EOMENH Y, REBMMEAREWEEHBLEROHEMENRKRE S RDHZ LN
HInG.

KRELZPRBA SN FAKICBT D EEFERLEZX 7 TRT. ZOKEY, WEELEROBEIMNE
TR EEME S ADOFHERH Y, REBMMENLRKEIWVIFEEFRICEZOBMEN V72 b Z b
N5

8.0

-0 677
6.0

5.0 #4383
4.0 * 3.97

3.0 323

# 243
2.0

Change ammountof N,O [ppm]

1.0

0.0

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Setting current value [mA]

Fig.6 Change in N>O concentration without humidity conditions
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Fig.7 Change in N>O concentration with humidity conditions

7o, EIEE 0.7 mA~0.9 mA LLF & L7ZBRICKIRLGD NoO OARERIEL TWD Z ERbnd.
0.7mA~0.9mA LV K& EBRMEERET DHE, KELDD N2O OAERMEIHI L TNDZ ERGNnD.
Z ORI ONWT, m@IRAZKKO I NoO MBS 2 /et & 5708, KAEKDIHEIZ LV 53R
L, KZBFFPHBEL, —#NO0 ZELTLTZEBEZOLND. NoO ZKFBFRFICEVETT H000E, LA
TOX S BRIETEI[5]. 22T, Ny BELOO* 1TEICL D01 - B TOREIRELZRT. ZOK
JETIE, NoO DKRFERFIZL > CGREIL SN, EED T EKRDTHAEKRTD.
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N} +H,0 > OH+ H + N, (1)
N,0 + 2H - H,0 + N, )

MEREE T, BUSRORSH ISR 2 5. HOBIC L AR L F—RIERT T X~ D%

MG A T = A DRI IBE 5275, WA &> TAR SN S B L ¥ —E TR IE
BFIBRISE AT 5. ZAUCE D, RSB kY b KIS 25, HEIZEY, B0
7 VBB S, RISICHST 5. WBIC LSR8 EET DL, N0 & ARORIGIIZLT
Dk IEMOBESEZ BB

N,O +e - 0" + N, 3)
N,O + H* - OH* + N, (4)

JEELZ £ 0 BOSEHEA KRR B35, 24Uk, RIST3RLF —REREN B K D IEMHRE TR T
LD THD. RISHICBITD@mT RV X —EFOEENEWIEIE, TV DNERBER ERY, K
DR D,

L2rL, KREKFEFHRTIE, ERENNSSEET D L, NoO OHEMERTIZHE L TnDH 2 &I
W, BIMEAMEVNE EAKOEEREPEFE OBHBKAEL Y REWTZD, —HRA/— 7 EDEL
MEL D ENRRTIZ LB 2D, 5%, BOVERERCHEEKEKFHEKUICEIZE N RV — DK
BRI CHRETEIT S .

4. FEHR
AL TIE, ﬁf?(&—yFOWMh)fmmm% DOHENFEIC L D L ER N,O OFrE
TN G2 DB EPTRDL DI, ENRGRETHEe—X—%2 T, DXDOREEREIT-T-.
ﬂ)i@érﬁuﬁﬁékﬂA.W%iU*%Wﬁ. T O ERFEFEER
(2) KRAKAEDOFRFKHLEIZ LD N0 REZOHEE
FORER, UTO XS Rm a5,
(1) ZERHACE TIER CEREICBWT, [UEDREWIEEETE S &V,
(2) RERPIEEITZELAPILE L T D L EEOIREIN K E < HEREN BN AR L E L 72D,
(3) FEHRAZAS L LOSMETIE N0 OHEMEITER = RLVX— L EOMHBERS 5.
(4) FIEAERLD VD OSMETIEI N0 OHEMEBEITBELR =R AX—LADHBERH 5.
(5) EWMEZ 0.7mA~0.9mA LLF & L2 EIEKZAES D NoO DA A (et L, EFtE% 0.7 mA~0.9
mA Ll k& U7 BRICREIRKZR RN NoO DAL 2 Il 3%
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