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SUMMARY

This study investigated the shape and size effects of supported metal
oxide catalysts on the catalytic and plasma—catalytic reduction of nitrogen
oxides (NO,) which cause various adverse effects on both environment and
human health such as optical smog, acid rain, ground ozone formation, chest

pain, and pulmonary edema symptoms.

In the first part, conventional hydrocarbon—selective catalytic reduction
of NO, over y —alumina supported metal oxides (M/y —Al,O3, M: Ag, Cu
and Ru) was studied in a reaction temperature range of 250 to 400°C. For
Ag/y —Al,O5 catalyst, the NOy reduction efficiency increased as the size of
Ag decreased, following the order: 20 nm > 50 nm > 80 nm. In addition, the
shape effect of catalysts on the NO, reduction was examined with
spherical— and wire—shape nanoparticles. A higher catalytic activity for
NOy reduction was observed with Ag and Cu wires than with the spheres,
while spherical— and wire—shape Ru exhibited similar NOx reduction
efficiency to each other. Among the metal oxides examined, the best
catalytic activity for NOy reduction was obtained with Ag wire, showing
almost complete NO, removal at a temperature of 300°C. For Cu and Ru
catalysts, considerable amounts of NO was oxidized to NO,, rather than

reduced to Ny, leading to lower NO, reduction efficiency.



In the second part of this study, a hybrid plasma—catalyst system for NO,
reduction was investigated. Effects of various parameters including
concentrations of hydrocarbon and oxygen, humidity, reaction temperature
and plasma specific input energy (SIE) on the NO, conversion were
examined. At a reaction temperature of 250°C and a SIE of 42 J/L, 83% NO,
conversion was achieved with the wire catalyst, whilst that obtained with
the spherical Ag was considerably lower with 69% under the same
conditions. In presence of plasma, the reactor performance was greatly
enhanced compared to that of the conventional thermal catalysis which
contributed only 31% to NO, conversion (on wire Ag) at 250°C. It is
deduced that the oxidation of NO to NO, was first facilitated in plasma by
oxidizing species such as atomic oxygen and ozone followed by the
selective catalytic reduction of NO and NO, mixture to Ny by n—heptane and
plasma—induced hydrocarbon intermediates. By increasing the n—heptane
concentration, the NO4 conversion was observed to increase with increasing
the C;/NOy ratio up to a value of 5 and saturated thereafter. Meanwhile, the
reactor performance increased with increasing the oxygen content from 3
to 15%, especially at low values of SIE. In contrast, humidity negatively

affected the NO, conversion, which was lower at higher H,O vapor content.
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Table 1. Symptoms of the NOs concentration in human body [2]

NO» concentration Symptom

1-5 ppm cough, headache, Grinch

cough, stimulation,
15 - 20 ppm
difficulty with[in] breathing

25 — 100 ppm pneumonia, bronchiolitis

laryngismus, acute obliterating
150 ppm over o
bronchiolitis, pulmonary edema

bronchial asthma, chronic
500 ppm over bronchitis, pulmonary

emphysema
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Hydrocarbon (HC) + O, — C.H,0, (23)
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Nie [35]el 23t DBD ®h-87]E HC-SCR Wh& el wi7] 7tAE A
oz NO 7} e, Atz 2y Sof ofaf s 25X NO, = Abs)
Abgol ¥ ¥, ghslavh FEA Abste Qs CH,0, & s "tk

olglA AAHE NO, ¢ CH,0, & 3 e &% % HC—-SCR HES9]
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Electrode
—— Z— Discharse
Dielectric barrier

Surface

Discharge / discharge
Electrode r =

Dielectric barrier _I | |

Fig.3. Schematic diagrams of planar, coaxial and surface DBD configurations
[35].
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Table 2. Gas phase reactions involving electrons and heavy species [34]

Name

Excitation of
atoms or
molecules

Reactions

e+A2 — A2*+e
e+A — A*+e

Description

Leads to electronically excited state of
atoms and molecules by energetic
electron impact.

De-excitation

e+ A* > A+e+hv

Electronically  excited state emits
electromagnetic radiations on returning
to the ground state.

lonization

et+A, — A2++e

Energetic electrons ionize neutral species
through  electron  detachment and
positively charged particles are formed.

Dissociation

e+A, > 2A+e

Inelastic electron impact with a molecule
causes its dissociation without ions.

Dissociative
attachment

e+A, > A"+A+e

Negative ions are formed when free
electrons attach themselves to neutral
species.

Dissociative
ionization

e+A, > A+e

Negative ions can also be produced by
dissociative ionization reactions.

Volume
recombination

e+A+B - A+B

Loss of charged particles from the
plasma by recombination of opposite
charges.

Penning *
dissociation M*+ A, = 2A+ M Collision of energetic metastable species
with neutral leads to ionization or
_Penning M*+ A — A*+M+e dissociation.
ionization
Charge Transfer of charge from incident ion to
g A"+B — B"+A the target neutral between two identical
exchange

or dissimilar partners.

Recombinatio
n of
ions

A +B" — AB

Two colliding ions recombine to form a
molecule.

Electron—lon
recombination

e+A, +M — A+ M

Charge particles are lost from the plasma
by recombination of opposite charges.

lon-ion
recombination

A"+B+M — AB+M

lon-ion recombination can take place
through three body collisions.
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JEJUNU Gnm _e.. JEJUNU 100nm WD 5.6mm

7/

100KV X50000 1000m WD 56mm

Fig. 4. SEM images of (a) spherical Ag (20 nm), (b) spherical Cu, (c) spherical Ru,

(d) wire Ag, (e) wire Cu and (f) wire Ru.
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Table 3. List of prepared catalysts and notation

] loadi |
Catalyst Meatal loading Shape Notation
(Wt%)
; spherical Ag
spherical
(20, 50,80 nm) <§(7>,_5§1%o>
23
Ag/y —Al,03 9.0
ir wire Ag
spherical spherical Cu
Cu/y —Aly03 50
ir Wire CU
spherical spherical Ru
/7’ _A1203
Ru/ 7 —Aly,04 10
wire wire Ru
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°

NO 5% O, N, water
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Fig. 5. Schematic diagram of the experimental setup for NO, removal.
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Fig. 6. TEM images of (a) spherical Ag(20)/y —Al:03, (b) spherical
Ag(50)/ 7 —Aly,03 and (c) spherical Ag(80)/y —Al;Os.
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Fig. 7. Effect of catalyst particle size on NO, conversion over spherical Ag/
y —Al,O5 catalysts.
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2) n—heptanes ol & NO, @3 54
Fig. 82 3gA|9 s w&E NO, Ag a8 ZAS A2 n—heptane

o] EE 0~300 ppm (C;/NO, ratio: 0~7) % W3}slo] AHLS AP3c) =

©°m, Heouel 5[36]2 3¢ 2% wel HZA C/NO, HlE&o] th=11, &3}
T4 Fiel WA E NO 3k ado] debxivta Bausgith o]4d SCR
o /1 Ci/NO, H&2 gHgnkgo FQsh Qxtz ylotH ), SHARE &34 -5
=7 =748 A$ v HE23F n—heptane =+ n—heptane 9 FALEo] 7] =
o7 HiEEol 2341 e WA A F dnh & dATelA = C/NO, HIE

o] 6ol 4 w 300~400C 2Z=F7telA NO, A g&o & fol7t glor
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NO, conversion(%)

120

C,/NO, ratio
—— 0
100 A — —A— |
—v— 3
—— 5
80 A —— 6
—— 7
60 -
40 -
20 1/
O —

200 250 300 350 400 450 500 550
Temperature(C)

Fig. 8. Effect of n—heptane content on NO, conversion
over spherical Ag(20)/y —Als03.
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3) w5Fm o P wE NO, ©3 54

Fig. 9+ Ag, Cu, Ru=m<2 & (spherical, wire)°l W& NO, 23 a8
ERITE RS Tle] S E FHu) ok Ag Ful A 10g olleH, Cu Fwlst
Ru Fvle] A-¢ 20g ot gt Ag ©] 49 spherical Ag(80 nm)/y —Al0;
= AHESFSITE Fig. 9 9F o] NO7F d#= s 28 Fuo] gH (spherical,
wire) & & Aol o™, Ag Fuj= 300C, Cu Fwl+= 350C, 18]31 Ru
== 250CelA Hdl NO, A8 &8 2tk Ru Fule A5 Feo
NO, A% a8 & zo|7} gl oy, Ag 9F Cu W2 %ol spherical K

= wire FEHY u AwrE o7 NO, A3 a&o] Fr}

Meng 5[10]€ NH;~SCR 3314 Co %% ol §% 3¢ Co S| 3

_I
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nanorod Co Zm"}7} nanoparticle Co ZujHE.t} FujE Ao Cos30, 7} A3 Hol
AL, Cos04v BP0 2 AE5o] NH; 9 524802 ¢ wkgo] =

Asgltta waskeeh. ol Ag wire Ag, Cu Ful7b w3ER FHo] 2 olofy

%

O F spherical F1|HE T NO, A3t a&0o] £7}3t Aoz duks),

v FFE NO, A% a8

ftlo

]ﬂﬂ?_]: é‘ﬂ]‘ RU/Y_A1203 < CU/?’_AIQO;), <
Ag/y —ALO; =22 UEET. ol& 7|E9 =idte dX|sk= Aoty FA
w9 A5 dubAow 200CoNAM &3k AbstEo] AR FUE= n-

heptane ©] 200TCo] oA o]itstebael 07 AbstE o] NO, 7} 2= A|
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oH=tH37]. Ag = HC-SCR 344 F2 A5t oz Fito] £43 3

- NO, A3 &&o] °F 60~80%=2 53 o=z defA QUrH[5].

39



Fig. 10 & wire @89 Ag/y —Al,03, Cu/y —Al,0s, Ru/y —Al,03 ZW| S A}
43 HA9 250 wWE NO, NO, & H3IE F743 ot} wire Ag/y —
Al,O3 & % 350C A3 NO 9 NO, 7} AEHA ¢¥kon, o]= NO, #
g ago] oF 100%°l o]tk AS 2vdth wire Cu/y —AlLO3 9 3§ 350C

oA AFEREE-el &8 NO 5%=7F #4 (oF 30ppm) 7} H A%, NO, 7F N, & $F

Qo] Z dojupAl= 9o} NO, A3 &L o 60%° o]2t}. wire Ru/y —
AlO3 @] A9 Ag/y —Al,O3, Cu/y —AlLO; KT} W& 300CoA Atslk-gef o

3l NO &=7F 4 (oF 35ppm)7F Wi NO, & =7} S7FshA Rk gtofl A A&
gt mkel o] E-AQl n—heptane 2] Atsle] ol& NO, 7} Ny 2 g E X o}
350Co| A= NO, A% &2 6%°|3 +olth. Li 5[37] % Ru/Al,O3
e @8] NO 5 NOp 2 Absh A1 & NO, & Ny 2 A7 A= X3t

H ot

32

3F 1

=

Fig. 11 & Fig. 9 ¢} & xANA wire Ag/y —AlL,O; 8 wire Cu/y —Al,04
2 AL3519S uw, mEHE 7149 FT-IR AFEHo|t}, n—heptane <& I
2932 cm tolA Hu F3EE B9oH, CO, = 2360 cm™ Y, COE 2116 em ™Y,

NOy = 1603 cm™ ' oA Hol 355 vehdn

W

HEg2 % ¥ FT-IR AYERS #+43 A3 wire Ag/y —AlL,O3; Y wire Cu/

rr

y —AlLO; B %7} =712 n—heptane 9 F3FEE ZHAsHE wbdo)
CO, 8} H,0 (1900~1370 cm™Y) F#F % 374 5718k th n—heptane & NO,
o g Y EdAE #AE) D Fuje] Atst @Al 98 CO, & H,0 2 4hst
At wire Ag/y —Al,O3 & AHES A9 (Fig.11(a)) 2] 350C o] delA g} o]

n—heptane ©] €3 Ats}E o] CO, o Hp0 ©]9]e] v=A7F EAskA] Fgkon,
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NO, &3, Agaso] 100%° 717k NO 9+ NO, A7} #ZE A

A gk, wire Cu/y —Al,O3 & AF&-3t

A= (Fig.11(b)) oA HE=

s

He} 7o
S 2% 350Co|A v W3k n—heptane ¥ 3 % NO,, CO ¥37} &zt
CO = n—heptane 2] =¢+4

el olal AR EYOM, NOy = Fuldelq NO
o] Akstol oa) AAE Zlolth.

= HC-SCR #49 H

ZA)

SAHES Ny, COy, HO & w H

Holgtn & 4 9o
W, oleldt Baeld 2 w B NO, A8 G& AAAA VEFLY
32 o

©7]= Ag/y —Al,O3 7} HC—SCR o 7%
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NO, conversion(%)

100
—@— spherical Ag /y-AlO;
—O— wire Ag/y-AlLO,

80 - — —A—— spherical Cu/y-ALO,
——— wire Cu/y-ALO,
— B~ spherical Ru/y-Al,0,
60 1 — 0.~ wire Ru/y-AlLO,
40 -

Temperature(C)

Fig. 9. Effect of the shape of metal oxides on NO, conversion.
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(a)

300 -

—@— wire Ag/y-ALO,
—A— wire Cu/y-Al,O,
—— wire Ru/y-AlL,0,

[\®) N
S [
(e [e)
1

150 -

100 -

NO concentration (ppm)

()]
[e)
1

0 T T
200 250 300 350 400 450 500

Temperature (C)

(b)

300 - —@— wire Ag/y-AlLO,
—A— wire Cu/y-AlO,
—— wire Ru/y-AlLO,

250

200

150

100

NO, concentration (ppm)

50

0 1 T
200 250 300 350 400 450 500

Temperature (C)

Fig. 10. Temperature dependence of (a) NO and (b) NO, concentrations
over different wire—shape catalysts.
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Fig. 11. FT—IR spectra of the effluent gas for (a)wire Ag/y —Al,O3 and
(b) wire CU/?’ _AI2OS.
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Fig. 12+ w]®¥WZd #A7] (Surface Area &Pore Size Analyzer,

rO
=
ol

0.5 P/Peol’del st flellx B2 3t} o= TUPACe] o= A% 4
e UERH, V&S AR-E e 2o (pore)E 9W|FTH[39]. Ag/y —
Al,Os+= ©FE Zujjo]] B]3 volume absorbed”} 57183 0., o]&= o] A
B3 7F Skt AE oulsteh. Cu/y —ALOsE AAAR] ¥ —ALOsS ¥l53k3ith.
A9 Ru/y —AlLOs= 7 —AlLOs B3] volume absorbed’} @ow A= 7 A
F97h as 0% YERt Fig. 132 W9 BIH ¥of A]= #¥5 4
Ebd Zlolt}. ¥ —ALO;9 o WIAF #3EE 2~4 nmE 54 HJYOoH, Ag/ry

2o

—AlL,039 Cu/y —Al,039] 7% Eo] HEAFo] 2~55 nm=Z F7I8I ) o]+
ANy —ALO7E Dell &l WA Hol WA Fo]l FrteA @

2 #FET[31]. Ru/y —ALO3Y A$ ¥o] WA FL 2~5 nmo|¥ thE Fufjof
Hls AAFI7F 242 s g1 4 A%tk Table 4= Fu| TRl @& b
XA X WA F T B4 548 dERdth 53] vEHAS FujofA]
Z 9%k xtE Z A A v} Table 404 EW wv]EWZ (Surface Area)<
Ru/y —AlO3 < Cu/y —Al,O3 < Ag/y —AlLO; Fr =M 2 HEHZ o] K& A
= #@le & 3o, o= Fig. 99 NO, d8 a&3% dAsh= Zolt. 34~

T NO, A% a&olXe= wire FEY Full7F =3koy, v EWA LS wire FH

-

o Zv) 1wt} spherical FENS Fuj7k He AS FAT 5 Uk
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300

-@- 7-AlLO;
250 —A spherical Ag /y-AlO,

3 =& wire Ag/y-Al O,
S 200 { -m- spherical Cu/y-ALO,
"g -0 wire Cu/y-Al0O,
% 150 - -@- spherical Ru/y-Al,O,
g -~ wire Ru/y-AL O,
=
= 100
=
>

50

0 I I I { I
0.0 0.2 0.4 0.6 0.8 1.0
P/P,

Fig. 12. Nitrogen adsorption/desorption isotherms of the different catalysts.
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0.04

— 7y-ALO,
——— spherical Ag/y-Al,O,
——— wire Ag/y-AL,O,

——— spherical Cu/y-AL O,
— == wire Cu/y-Al,O,

——— spherical Ru/y-Al 0,
wire Ru/y-AL O,

0.00

Pore radius (nm)

Fig. 13. BJH pore size distribution of the different catalysts.
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Table 4. Physical structure data of the different catalysts

» —ALO spherical Ag wire Ag spherical Cu wire Cu spherical Ru wire Ru
223 /Yy —ALO; [y —AlxO3 [y —AlxO3 [y —AlO3 [y —Al,O3 [y —AlxO3
Slope 15.784 16.054 17.305 17.939 18.468 20.924 24.829
Intercept 0.2981 0.2727 0.2453 0.2362 0.2809 0.3066 0.466
Correlation 1.0000 0.999997 0.999974 0.999999 0.999978 0.999986 0.999972
coefficient, r
C constant 53.949 59.871 71.555 76.937 66.75 69.251 54.278
Sur(filczfg?rea 216.54 213.302 198.431 191.610 185.742 164.031 137.685
Pore volume 0.388 0.469 0.456 0.375 0.400 0.351 0.316
(cc/g)
Pore radius 2.8103 3.2878 3.2599 3.2687 3.2319 2.8216 3.2311

Dv(r) (nm)




b) XA 34dEA (X-ray Diffraction Spectroscopy, XRD)

Japen) & °]&ste] SHlE Ao, EAA A= Fig. 148F #Zo] YRR
XA FAEA7] BA 2ALS X—ray source® CuZ AME3}9 oM, voltage:=
40 kV, current= 40 mA, scanning speed+ 4°/min, scanning rang+ 20~90°

= AdAste] 483

Fig. 14 (a)+ spherical (80 nm), wire AgZ7} BAH y —ALO;Y XA 34

£

Hoz AXAdoldels Agel 5A¥= (38°(111), 44°(200), 64°(220),

77°(311), 81°(222))8F 7y —AlLOzel SA¥=A (37°(311), 39°(222),

46°(400), 67°(440))7} &zd WA AA o] spherical (80 nm), wire Ag/
v —ALOzol A Agel A = Ag,0, AgO¥ A7} #z =A ¢Skt He 5 [38]
of st Ag,0& BAIFo] 8wtwoldelA 5497 A, & GX&F

o= FEEA Levta Baska ok weEbA B Ao A AFES Ag/y —
Al,O39 A Ago YA o] 2 wthrE AXHY7] o] EAT A7} HERLA
crorom, o] Aght 24 oA Ag0% Atste Zlo® dHETh Fig
14 (b) = spherical, wire CuZ7} 9A¥ 7y —-ALOs9] 24 & XRD #4433z
CuO9 3 EAY A (32(110), 35° 38°(111), 49(202)) 7} #&= A}, Fig.
14(c) = spherical, wire Ru7} A" 7y —-ALOsS 24 ¥ =H3st Ho=

RuO.8] 5432 (28°(110), 35°(101), 39°(200), 54°(211))& #&T = 3l

Atk weEbA y —ALOzel BAE e 5E52 a5A8E JHE A5 A

o

2 Tk
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(a) (b)

=4 CuO
¢ 7-ALO, SrALO
After calcination| § T-A%0,
1 wire Ag /y-AlL,O,
7 wire Cu /y-AL O,
3 After calcination] ~
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7] g sperical Cu
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*
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(c)

v RuO,
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—
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Fig. 14. XRD patterns of (a)Ag/y —Al,05, (b)Cu/y —Al,O5 after calcination
and (d)Ru/y —Al,0O5 after calcination.
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c) XA FHA B3 (X—ray Photoelectron Spectroscopy, XPS)

Fig. 15 & XPS (Thermo Fisher Scientific, UK)E ©]£3}9 spherical

r°*'

(80 nm), wire Ag/y —AlLOs & #2413+ Aylo|r}. XPS #4271 Al Ka,
hv=1486.6 eV, 15 kV, 150 W = AH3ct. AWz o=z Agdd va+
Ag3ds, 1213 Ag3ds, o Whsh 3 =7t Yekhue, Aoy A= Ag3ds, (368
eV) 7} Ag3ds, (374 eV)HTE 6 eV B W2 Zlo] 5oty T3k Ag3dse &
367.7 eV (Ag'o]l& T Ag,0) 9 368.5 eV (metallic Ag)®E, Ag'o]lL Ti=

Ag,0 &= HC—SCR oA ZQ3t gAdd o=z #g3tt}[5,40].

Fig. 15 o4 (a)spherical (80 nm)Ag/y —Al,O5 2} (b)wire Ag/y —Al,04
= Hwdd S W wire Ag/y —AlLOs 2 367.7eV (Ag'o]l& T Ag,0) ¥ A7}
spherical (80 nm)Ag ¢ ¥artt Agror & AL 3 & 4 r} o=

wire Ag/y —Al,Os =1]7} spherical (80 nm)Ag/y —Al,O5 Bt} Zu 3%

Ag'ol2 T Agy0 7F B2 A& oujsit). &, B Ao F50] F54H8)
=% A% RO EE wire Ag/y —AlLOs 1] FHo] Ag,O 7} spherical

(80 nm)Ag/y —Al,O3 Bt} Wo] Ex|5k= Zo|t}, Fig. 9 ¢ A¥4d3} NO, A3k
a8 wire Ag/y —Al,O3 7} spherical (80 nm)Ag/y —Al,O; Bt} =3kt =,
HC—SCR oA Fost @930 s Agsts Agrol v Ag0 F59 7t

9% NO, A@ E&o| F5ate At & A
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(a)

The observed data
Ag peak (367.7 eV)

——— Ag’peak (368.4 eV)

Intensity (-)

360 365 370 375 380
Binding energy (eV)

(b)

The observed data
i Ag peak (367.7 eV)
——— Ag peak (368.4 ¢V)

Intensity (-)

360 365 370 375 380
Binding energy (eV)

Fig. 15. XPS spectra of (a) spherical Ag/y —Al,05 (b) wire Ag/y —Al,Os.
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ZehAul HES T AR v A8 Lissajous (A —HAshAEE o] &
sto] AlAFsE 4= 91t} Lissajous (A—Hdsh) A Ee] WAL 3t F7]59F HES-7]

oM £EE ANUAE fvlet, WA A v 4 (25)F ol&dte] 7 F

Cg+Cd

P=f¢$U(t)dQ :4deU0(Umax—C—dU0) (25)

A7IM f& F35 (60 Hz)olW, Cqst Co= A 71419 AsiAd A (F),

83 Up & ZAAddr dojvts A Upe © HAOASS Yu| st} =35 1
oYX (Specific Input Energy, SIE) = 2 (26) & #o] AAre 4= Qi)

SIE (J/L) = P/Q (26)

o714 Pt BAAY (9 W e, Qi 7149 §3 (990 Lis)ol
o Eehxel wsvle) Aol JFS FE U WE F SIEE 43 Fo@

olxt® ZHgely, RE W4 E SIESUE 3838 = it} o]9k o] SIEE =



ezl Aol el AbgE e sebulEoltH41].

Fig. 16 & Zetz=np—Fu] 53 W37 wire Ag/y —AlLO; FHE A8l
% 2 L/min (NOy 300 ppm, O, 10 v/v%, n—heptane 257 ppm, balance Ny),
RS2 250°C, A% 22 kV & A7He g eARAIIE o]t 4T
Lissajous (A—=A3}) A Eo]t}, Lissajous AE+ X Fo| ooy Y =
Fa Uekdt 2 (25)F ol&3ste] Fig. 16 o WA A=HE Axkst A3 3

AgL 297 W 2 yepgor, 2 (26)9] & W dgs HAA UMA G
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-30000 0
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Fig. 16. Voltage—Charge Lissajous.
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Fig. 17. Dependence of specific input energy on the applied voltage at
different reactor temperatures.
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Fig. 18 & Fv] 343 Zgh=n-Fv) 53 ¥42 NO, A% a&8 S
Aytolt}, HkS-7] 7~ %+ NO, 300 ppm, n—heptane 257 ppm, O, 10

/)% ©o)H, ¥ &%= 150~250CE AAstget. Zepxn—=w 23 ¥

Aol nloUuA T 42 J/L 2 AS AdSGTE Zep=uts o]y ululo)
FYE ol Z2 4 cm oA TAHT, Ful= ol9f A FIF (4 em, 7 g,

TAEE 12,474 hohel 7 shsith &4 AtghEe] Feel & NO, 1% &

|wst7] 918l Zvlli= spherical, wire Ag/y —AlLO3 ©] 833t

o
o
=

Fig. 18 9] 250TC oA NO, A3+ &85 HW wire Ag/y —Al,O3 AFE3 ¢

S FAINE NO, A8 E&o] oF 30%9 W, Telxel-Fu) Bi FAol

M= oF 84%°] NO, A% &8

o
=
o
=
2
)
Z
1)
o
w
o
o
i
=
okl
o,
2
=3
ol

PPC Wele] Zepzni-Fo) B¢ Aol NO, 9% ffel ¥l 2 g
Qstgom, 1 gelow Eekxe Mgyl g3 NO 9 ©aFLst NOy, i
AEHREHEA (CH,0)% Aghilgo] ojubel, HC-SCR o €13 NO, 9 4

AEEBFL Bl GaEATt U BN wEEel NO, b AL N2 9

w3, IPC Jeje] Bepavi-Zu) Bg YA Sekzniel s gyH o
F@ eeZe] NO o Wasao] AFWR ojek SCR 34 WgolE da

= & 7 Se B olyEH13], &k A sabE = Do 9d] SCR F

b sEAor Sujgdol @ A o ok W] AW Eeh=vl wkET]
= AUAE S} ThAAg o dE 5 th[41]. Fan S [13] IPC FH &
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gzrp-Su 53 FHE o8t NO, & AIAF A3 100TAA °F 70%,

H

200CoNA ¢k 92%2 NO, A F&S At

Sl FHelo] wE NO, A3 a&S vuwd Az, 250CoA Fwj 4,
Zgtzul-=u] E3F 34 BFE wire Ag/y —Al,O; 7} spherical Ag/y —Al,0;
Bt} =& NO, A3 88 Bt o= oA AF3 ve} o] wire

Ag/y —AlLO3 o A5 Fwje] &Ado] st S FAlx NO, d<k
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100

[/ sphriecal Ag/y-Al,O,
B sphriecal Ag/y-Al,O,+Plasma

e {0 - I wire Ag/y-AL O,

c\c B wire Ag/y-Al O, +Plasma
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g 60 -

‘7

o

L 2

= s

) 40 A :

&

NO,

[\
-}
]

150 200 250

Temperature (C)

Fig. 18. NO conversions over Ag/y —Al,Os; with different shapes in the
presence and in the absence of plasma.
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3ol m Fefzvi-Fu) 59 2 54
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Fig. 19 + 150, 200, 283 250ColA HloyAdze] uZ (a)NO, M3}k
a8, (hNO, NO, % WstsE yepddo. Ful= NO, d3 a&o] f3t
wire Ag/y —AlLO; S AFE3IYTH WES- 7] 7~ 271S Fig. 18 ¥ A&},

7 A3 Fig. 19@AE 257 5543 NO, A%

#01'
o\
N
N
ofr
ol
rlr
e
ftlo
Ao

-

A ¢ glom, 58] W2k 250TA 61 J/L o’de] vluAdR=S 713

Fig. 19(b) el X+ wiglzto] NO 9] s+ W29 HloUAdErt 55
5 gasiglon, Zet=nk A o NO & NO, & Asty & SA4S 7H
L Qlvh Fig. 20 & o]gst Zoh=vnl SAS g8yl 9@ Fig. 19 ¢ 4%
ZAa A wire Ag/y —Al,O; Al wire Ag 7} 94 HA & y —AlLO; = Hb

N

7ol T 5 Ads AP Ayolrt, AnkHow

Oy o &% W3k e

U] kAR NO 7F NOy & Abshit-go] dojup= AS gelst 4= QIQlth w3k
=57t =555 NO 7F NO, & t] %] Atsly = A& 32 5+ ]l Fig.

19(b) ¢} Fig. 20 & vlws Ay Fep=vt U

2

| €3} NO 7 NO, & 43}
¥, wire Ag el 98] NO,7k N, = &4 it} a4, Fig. 19(b) oA L7} 3
252 W% NO, o 57 F7heglon, ol Eujzh 200Tol skl o)

StolA| 7] wiitel @nkso]l dA3] HAashy] wieel Ao s sk

go|t}, =3 Fig. 22 & Fig. 21 ¥ 722 ZdoA vloyAUx W3lo] u}& uj

= 7t AR vk WUsE BAS Aot FT-IR A9 EY #4439 Fig.



21 oA geldr 4 9l%o] HlYA U7} Z71e4= n—heptane (2932cm™))
o &3 w7t 7AaskH, CO, (2360cm™) ¢ H,O (1900~1370cm ™) & &3 ==

Z7vskgleh. =3, CO (2116em™ D)8 N,O (2236em™ 1) ¢ Ia% #H gt
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300 4 —— —O— 250T
= —A— =A== 200T
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Fig. 19. Effects of temperature and specific input energy on the (a) NOy
conversion and (b)NO, NO, concentrations over wire Ag/y —Aly0s.
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300 oty

7~

£ sy A

s .

s 200 //]/ —e— NOat250T

= — -O0— NO0,at250C

E 150 - —A—— NO0at200C

z / — A —  NO,at200C

S 100 - —&— NOat150TC

S & NO, at 150C
50

0 20 40 60 80 100 120
SIE (J/L)

Fig. 20. Effects of temperature and specific input energy on the NO, NO,
concentrations over bare y —Al;0s3.
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Inlet
2.37/L
43 J/L
118 J/L

0.15

0.10

0.05

Absorbance (-)

0.00

Fig. 21. FT—IR spectra of the effluent gas over wire Ag/y —Al,O5 with
plasma at 2507C.
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1200

—@— n-heptane (C.H ()
—a— CO,

—v— CO
—¢— N,O

[E—

S

S

S
1

800

600

400

Concentrations (ppm)

200

SIE (J/L)

Fig. 22. n—heptane, CO,, CO and N,O concentrations as a function of
specific input energy over wire Ag/y —Al,05 at 250TC.
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As) A¥S WYSACE Fig. 23 & ZH=v-F) 53 FANd %7] n-
heptane & s=° W& (@NO, ©g F&&, (BINO, NO, o = WI=E
el et Sl wire Ag/y —ALO; S AFEER A, HFS2 = 250To|H,
HE2-7] 47k~ 5%+ NO, 300 ppm, AFA 10 (v/v)%  ©]%t}l. n—heptane

% 86~257 ppm (C1/NOj ratio: 2~6) & SWMFE FUoh

Ci/NO, H]&°] F7Igt% NO, A% a&% T7ieki o, C/NO, H[ &9
5o]del A= NOL A8 &) 719 dA|stlvh(Fig. 23(a)). %3 Fig. 23(b) &}
#o] NO ¢ NO, 5443 C/NO, Hl&o] F7idte]l wel NO 9 F&7}
Aasks AL g3 & 9otk ol ZEhz=ul WA od AE oFE, Aa
Ztt]Zs 5o NO vk oy} n—heptane ¥ wWH$3to] R (€Z7]) T+ RO,
RO, ¢ #2 FRAgeslea geE AsiEe, olgA g

FEabstghstae s NO 9 A& HXA7 NOp o $57F S7FskAl

NO+0O —NO, (27)
R+0; — RO, (28)
RO;+NO — RO+NO, (29)
RO+0, — R’ CHO+HO, (30)
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HO3;+NO — OH+NO, (31)

R’ CHO+OH — R’ CO+H;0 (32)
R’ CO+02 - R’ Og"‘CO (33)
HCO+0O, — CO+HO, (33)

]34 ¥ n—heptane ¢ F%7F =/ HW NO ¢ As&E = A, o=
18l HC-SCR #742 ®-&E<9 NO, o Fh+ F7iekA #d. A
C1/NO, 7} 5 o] Aol A= NO & Abst& w7 94 3skA S22tk Fig. 23 (b) oA
Ci/NOy Hl&©] 56 ¢ @l NO, %% #lus] 2 A7 22 vleuA Uz

stolgl 4= 9lom, wAUAULsF 87 J/L o]AFoA
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Fig. 23. Effects of n—heptane concentration and specific input energy on the
(a) NO, conversion and (b)NO, NO, concentrations over wire Ag/y —Al;0s.
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Fig. 25 & 7] & s W& (@NO, 438 &&, (b)NO, NO; & &%

k1
rir

HstE vebdiddeh. Fuls wire Ag/y —ALOs & ol&stalon, W
250CoNA skt ¥le7] JF7tA FEE NO, 300 ppm, AFA 10

(v/v) %, n—heptane 257 ppm °% AAFFAL. FELS 0~12 /W% =

i
ol
i

F9&etth. Fig. 25@) oA ARt org Fi Ewrl F713ko] wel NO, d3
ago]l Faskth.  Fig. 25l B wiel o] FF Fiol FshAl
NO 9 =& vldUyAUE7} F7shel] wpet st o] NO 9 Abshe
Eetzvt Aol ot Zow FRo] JEFE AL WA g Zlo®m mhobdt
AT, NO, 9] w28 248 A7, F12 s27t 71255 &5 NO, 9
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Fig. 24. Effect oxygen concentration and specific input energy on the
(a)NO, conversion and (b)NO, NOy concentrations over wire Ag/y —Al,Os;.

71



(a)

100
80 1
X
S 601
%
5]
>
§ 40 —e— 0%H,0
y —a— 3% H,0
g —a— 7%H,0
20 —— 12%H,0
O T T T T T T
0 20 40 60 80 100 120
SIE (J/L)
(b)
300
NO NO,

—-O— 0%H,0
—A— 3%H,0
—-g- 7%H0

——
—A
—u—
—— —<O— 12%H0

Concentrations (ppm)
%
el

100 -
el
50 e ]
e )\
O ——— =
0 — i ~
0 20 40 60 80 100 120

SIE (J/L)

Fig. 25. Effects water vapor concentration and specific input energy on the
(a) NO, conversion and (b)NO, NO, concentrations over wire Ag/y —Al,0Os.
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