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7] Tl F2 S A4 AFsE(NOx) 2 Latstd A(NO)ot o] ks 4
(NOp)= [13]. 5 AzIe) wj7] 7has vARA, dadkstes 8 5708 S de
dol wigz A4% g7l ed<s st JduH14] E4

AAAA SOl A ATk AN A E g e
F2 12 A=A =AM Aol oe Atash whEete] ] T AdFE A6t

dutx o7 AL Wkgo|A oz HAEE Thermal NOx, A5 ol 438}

T

= Aart Az BHAH ABHE Fuel NOx, 4949 dn Ba} 44 24

oFe] 3}sk ukS-o] AAE+= Prompt NOx® %t}

AajtstzolA F2 dAado] wE
NOxZA], Zeldovich WAY Fol <]t
[13].

O+ Ny - NO + N (2)
N+ O, - NO + O (3)
N+ OH — NO + H (4)

S ooyl o JhxoA] vEHE AEHe O 2 OH %2 23] Thermal

A A
NOx WlAYFS £E7F 71535 AY O AL Nool Hhg-o 2 N,OE P et
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CH+ Ny < HCN + N (5)
C+ N, CN + N (6)
CHy; + Ny <« HCN + NH (7)

AaqbstE e QI3 Fafstara A AL A(8)7(12)¢F 2L, RO.9| Atst=

NO¢} wHg-3l &9 Fx7F S7hsktt[15]
NOy; +huv — NO + O (8)
O+ O+ M— 03+ M (9)
NO + O3 — NO3; + O (10)

— NO, + OH
HO2; + NO Oq O 1D

RO, + NO — NO, + OH
02 0 ’ (12)
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2.2. 497 iAW (SCR)

221 Rl e v ge¥ (NH;-SCR)

NH3;-SCR2 Fufe}l ¢hEUotE ARE3te] NOxE AlASE Hgo, dvbyge

2w, BeE, e 59 F% Fuh gtk drelst Ev) mWe] §

EREUA

daistes AES 9% NH-SCR #40lAM Sl dbHg oz Si0,, TiO., ©

A B2 gxE 75 E

i

=4 23} & (alumina, silica, zirconia and titania)
o] &89t Fig. 12> Fex03-TiOx FujolA ¢l SCR W& WA Y Fo|tH16]
S =3 A AHI Ti gAbdl FHE NH'7F =
ol xe] Aakdy wEse] [NH, LNO, A& FAsth a2 AE E-R
MAYSE ol Fv) Zdel §F2H NHz= Fe'ol 93] 2435150 NH,2 W
3k¥ a1, NHo7F 7F2= 9] NO$F ®ES-8to] NHoNOE FAdste] HEA o= Nyt

2
rlo
2
>
aly
3
T
2
)
°
m|N

dukA o 2 NH3;-SCR9 WS-8 Langmuir-Hinshelwood WS w7 Y S o2 wh
A2 o2 Zo[16-18].

4NH'3 + 4NO + 02 i 4N2 + 6Hgo (13)
4NH'3 + 2NO + 2N02 i 4N2 + 6Hgo (14)
4NH; + 3NO; — 3.5N, + 6H50 (15)

4NH3 + 2N02 + 02 i 3N2 + 6H20 (16)
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ot AbstHA o A AAkstA &2 (NO), o4t ANOy) et e AnAtstE

A A e .

4NH3 + 70, — 4NO; + 6H0 (18)

g Mo ANS ezt =3 nedA P4H NO= AAH Mely
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{a) L-H mechanism at low temperatures (b) E-R mechanism at high temperatures

INH, Bransted acid Redox NO+HIR0;  NH, Lewis acid Redox
Ti*"-NH ~ O=Fe*
M0 HNH~ - O;N-0Fe / ' Al
| Tih-()‘“‘ll-h'll_‘"'()\ Ti".NI{:'"H-U-F!J‘ \ 12H,0
\ N-O-Fe* ’ NO
\ 01NNy / T /-
2TiY-0-H Fe**=0 i | N
\ SN ! \ TiJ»..‘_VHz_p;;(Q(}.‘F,:—— /},- 1140,
\'—' INyH3H,0 >‘FT""-N HN=0 H-O-Fe
: Ny+H;0

Fig. 1 Proposed SCR mechanisms over FeTiOx catalyst in different

temperature ranges[16].
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222 &t A9 S g (HC-SCR)

gatea AdEd S #WHC-SCR)S NHy-SCREA S @& melsho]
gl Al BEEAE Al BAAR AESE AT AR T Yok Ak

A8l E o] HIC-SCRoIM = Zulo] wel etslrs 7uke] thokst 819 2] (Cxly) &
AR&$3 HC-SCRO ARl whg-& v 24191

NO + O3 — NO; + Oy (19)
ZNO + Oy — 2NOg (20)
HCO + O, - HO, + CO (21)
HC + NO + O, = Ny + CO, + H,0 (22)

Mol A HC-SCRol Al &ehol =7 W A4 AshErs Gashs) Ak,
7 FE o Bl AsHE AR Yehdind, Ag/ALO; 7t B %
sl AEER Qs NOy #adl 7H8 ande vz s el A7
2 9% Fult Fo0) AAAE v ALOE ALESd o, Agrlit Eule gals
ol @ AxatsiEel Aed Eu) Bl oS & FE 6, Pl Hue

T e BYES HdEE 08 AWANA Wz BAAZ AR 1)
Sad gars @ ALTHVHFACHO)Y EAR AEE u A
SFEFA B C/NS M &S Fuish masE s Su B gads T
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223 74 A

hid

94 Zo #9% (H-SCR)

150°C olale] W& exmolA B B4

&7l A NO2|

2 Pt Pd 2 Rhat 2& AF4E A7te v

]
73

H2-SCR¥]

el N TE©

AR FFolsts w7

H,-SCR¥]

& Holi: 2%7} 80T120CE 2wt

] A= gE s NO,
U

2NO + 4H2 + 02 i N2 + 4HZO

2NO + 3H, + Oy — N,O + 3H,0O

2NO + Hg i NZO + Hgo
NO + 5/2H2 i NH'; + Hgo
NO + 1/20; — NOs

H2 + 1/20, — H,0O
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2.3. v]¥d Zg}=n} (Non-Thermal Plasma)

i
)
N
h=)

= B U WA dEeA, A3, Y 3 Aded A g S
zuks 2 A7 EolU d duAE Thay B Fddtel AAdrbs e,
Mg 7he, B Ao, A =g} Z2 TFd EokolA ZEHa gl o
ok Al 24 2 AAEe] s FEAela, A £ ol sts e
A7)l sl 7hEe dAbeh AR, EAke] FE AAONA ol &8t o] HA
7heE dEder s A2 FehzEvk AlA"oA dAas A7)l os) A
o 7h&E o] 10 T 10° K(oF 1710 eV)o] &2 Az &% wie] vg &2 &
et oliA s daw s veeds 7ad F drh2s]

Eepzol wsolue] FHEE wgskad dUAE e A% ez
W Y et ezl

Ny + e >N+ N+ e (29)
NO+ N—-N; + O (30)
N, + O - NO + N (31
O+ NO + Ny = NO; + Ny (32)
O+ NOz — NO + Og (33)
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(b) cylindrical DBD configurations

Fig. 2 Illustrations of various NTP reactor configurations[26].
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24. 744 A3 wd (Dielectric Barrier Discharge, DBD)
DBD =:z}=vl(Dielectric Barrier Discharge: 34 &8 W)= 2dY A=
I JA S Abolell wF Ay Hoj® b A AHES dew g
o2 dFy FHeE AsdAng. FAA4 Weeg Qs DBDv dAAA

d A5 el staiAle= A

ol
2,
N
i)
ok
2,

o
oZ

2,
i,
rlr
I
o,
0 U

M

(Non-equilibrium) Zgt=ujeld], QAo s 18 Axr AL &5 =

B A W 54 A AR "EVE dAgkel =Eekd pEAolal g2 A
FAZbE 7P AR, S vielaz wde] gAY, o WA
&7} DBD Zeh=vhe] fRlo] A F o] M7l FAash=d, gad A7l
upel o] 23tRth A} FAo] pAlsf AL, whola® W2
o SA4o] MAEH AA D=7t vA] ddsta o] =ds)
olaz el Aol wHEE 29, 301.

A2 T vkl s o]l Aol sk wbgas AT dubxow
AbEH = Bl 717 Ny, O, HO 2 COp7F s ar, dAme] b A= <
&l NOx, CO, Hy Bl d4HA &2 &3l

T T2 IO B/ 00 EA2 Qs 2stH o o] FojA v, =2 NO,, HNO;,
HNO, 2 ¥W3¥ i, NOxE No2 $helst= A o= ARRHU[3]] ©@3frirt &
Atz A& A Eet=rkE NOE NOE WAl 7= Whgo] mef NOE NoE
A7) fEl y-ALOs el Aetste] NOx7F No2 ks = Zlo] BarH gl
TH321.
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(a)

B clcctrode

dielectric layer

. dielectric pellet

Fig. 3 Illustration of packed-bed reactors (a) parallel-plate and (b) cylindrical
types[31].
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31. Ag/y-ALO3 S| Az

B odAFoA Alg® Zvl: y-phase aluminum oxide(Thermo Scientific
Chemicals, USA)HANFEHE AR A2 AL&3ta, v W AgE IHI}
A& ZA4F2(AgNOs, SAMCHUN PURE CHEMICAL CO., LTD.)& &3}
A2rsk= A A HC-SCR A @l &8&3t7] fla] Ax3rt. SCRel && 5=
Ag/ALOsF M= =& E ABAS 7HAAL, 7HEs &% WS el NOx #H4

Eincas KRN

o Aol A, cdetEs ZEste] Y ZvlE AlHstal 1000CE i @

ol Az EeEe AASAY. S5 30mLol 0.945g9] AgNO;E

A Aol F4& ZHIY Ag/y-ALO; (Ag: 2 wt%) @Y o5 A 28}t

U+ Fig. 4= a5A4steS AU A4d 04 (MIRA3, TESCAN, USA)<=

Y
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i
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o)

% -
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o K
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)
= EDS B3 olnAR Agdsw Hu £we] EAsE AL g
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(a) (b)
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-
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.
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R I et i
SEM HV. 15.0 kV WD: 9.82 mm | MIRA3 TESCAN SEM HV. 15.0 kv WD 8.97 mm | MIRAZ TESCAN|
SEM MAG: 20.0 kx Det SE 2 pm SEM MAG: #9.7 kx Det SE 500 nm

View field: 13.8 ym  Datemidiy): 01116/23 Jeju Mational University View fleid: 278 ym  Date{midiy): 01116723 Jeju Mational University

(c)

B Mo Sum Spectrum

Fig. 4 SEM images of the (a) bare y-AlOs pellet, (b) Ag/Al:O3 pellet and

(c) EDS elemental mapping images.
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Feed gas system Plasma catalysis Analysis

400Hz

Frequency
| anatonme H converter

Digital
oscilloscope

NOx
Analyzer

Gc
(FID)

FTIR

Fig. 5 Schematic diagram of the plasma-coupled HC-SCR reactor system.
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Fig. 6 Voltage-Charge Lissajous figures at different temperature(9kV).
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Effect of Intermittent Plasma Discharge on the

Hydrocarbon Selective Catalytic Reduction of Nitrogen

Oxides

Kyeong—-Hwan Yoon

Department of Energy and Chemical Engineering
The Graduate School

Jeju National University

Abstract

In this study, a plasma-SCR hybrid process combining Ag/y-AlOs; catalyst
and dielectric barrier discharge plasma was investigated to improve the
selective catalytic reduction (SCR) of nitrogen oxides (NOyx). The experiments
were conducted in the temperature range of 150°C to 300°C, using n-—heptane
as the reducing agent at a concentration of 342ppm, NOx concentration of
300ppm, and a space velocity of approximately 4800 hr! with a C1/N ratio of
8.

The results showed that the combined action of the electron radicals and

active oxidizing species generated by the plasma enhanced the oxidation of
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the reducing agent, leading to increased concentrations of oxygen—containing
hydrocarbons. This resulted in improved oxidation rates of NO, leading to

higher NOx conversion efficiency.

It was observed that under varying discharge conditions, temperature, and
energy density, efficient conversion of hydrocarbons and selective reduction of
nitrogen oxides were achieved. In the reaction of n-heptane through plasma
discharge, it was confirmed that it decomposed into oxXygen—containing
hydrocarbons (CxHyO,), and these compounds exhibited enhanced reactivity in
the SCR process compared to n-heptane alone. In experiments where
oxygen—containing hydrocarbons were used as sole reducing agents, the
conversion efficiencies of nitrogen oxides at 250°C were found to be 47.5%,
92%, and 96% for n—heptane, propionaldehyde and butyraldehyde, respectively,

indicating higher efficiency compared to n-heptane.

Intermittent plasma discharge showed higher nitrogen oxide conversion
efficiency at the same energy density per unit time compared to steady-state
discharge. The increased operating time with high energy density iIn
intermittent plasma discharge led to enhanced decomposition of the reducing
agent, resulting in increased nitrogen oxide conversion efficiency. This study
suggests the potential application of plasma coupled with catalysis for the
removal of atmospheric pollutants and air purification in industrial and

environmental fields.
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