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SUMMARY

The removal of nitrogen oxides (NOx) by ozonization-catalysis (SCR)
hybrid process was investigated. A dielectric barrier discharge reactor was
used to produce ozone, which was continuously fed to a chamber where the
ozone and NO-rich exhaust gas were mixed. The main role of the ozonization
chamber was to oxidize NO to NO: The degree of NO oxidation in the
ozonization chamber was approximately equal to the amount of ozone added
to the exhaust gas, implying that the decomposition of ozone into molecular
oxygen was quite slow, compared to its reaction with NO. The exhaust gas
treated in the ozonization chamber containing both NO and NO: was directed
to the catalytic reactor. A commercially available monolithic V.Q5-WO3/TiOz
catalyst was placed in the catalytic reactor where NO and NO; was reduced
to Na.

The changes in the initial NOx concentration from 200ppm to 500ppm and
in the content of water-vapor from 3 to 5%(V/V) did not significantly affect
the NOx removal efficiency. On the other hand the NOx removal efficiency
was largely dependent on the reaction temperature and the space velocity.

The ozonization-catalysis hybrid process proposed in this study was
found to be more en.ergy-cfficient than typical non-thermal plasma process.
Neither NO; nor N.O; was formed in the present system, and only small
amounts of ozone and N:O (less than 4 ppm) were detected in the treated
exhaust gas. In a temperature range of 90~230C, ammonium nitrate
formation was not observed at NO : NO: = 1 : 1. whereas it was observed at

NO:-rich condition below 170T.
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Fig. 1 Basic concept of the ozonination-catalysis hybrid process.
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Fig. 2 Schematic diagram of the experimental apparatus.



Aluminum foil  Glass bead (4 mm)

High voltage
transformer

Variable
transformer
(0-220 V)

Fig. 3 Schematic diagram of the ozone generator using dielectric

barrier discharge.

_10_



2 ATl AMEE BEAF w77k~ Fo RS IV e, L&A
ArTFdorr FUE AMEEAY. T FEe AEFHEHRE7] (MFC
Model 1179A, MKS Instruments, Inc.)ol]l ¢]&] ZHA %At} NO (

W 2~)ek NHy (5.0%(v/v), Aaldd~)e] fEde dafdx4d7]

0% (v/v) A4
| o8 =4
Ko, NO NHsv= = 2719 At g9 NOE Atk A3}
A AR o R NO,E Atstenl, 2E3kd 972 NOx (NO+NO») FEE 300
ppmo] 1 2™, 200~500 ppm W= ZFAEHATE fellA FRU o= AAks)

9, o

=
b kA Fuukg7] E9 NO, NO; F=7F AdddHd =gsds o dn
ol Fdstth et 2 WO R A xT WAL H|ZFAS] B FES A2
7122 5 L/mnAtt. %2 5~15 L/min Y2 7FAEAT. w7729
#ol 5 L/minQl B-%& EdHAolA e mAF w77t AlFAIgEo] oF 3%
S ESHAA NO AHsherg d33 NOo| FHwighd A3e 90~230°C H919
oA FHEAT. ojde Aol wmaw AL Zek=w-SCR H3HE Aol A
AadRFol AAHA 2 HA 2=7F 170°CH 18y 2EX T -SCR &

FHANAE ARGRE P4 ABol i "ebd AoE sl wgFe 3

)

1.

1101'

Hh

EHS AAdAr g ow A E T

H-g A% NO, NO; vt Ful-§ w7|7F=E47] (flue gas analyzer,
GreenLine MK2-9.007, Eurotron)& ©]&3te] FAlstd o, 34 FAikEe AA
2 AFEAS & FFEel wEAed®#Er] (FTIR Model 1600,
Perkin-Elmer)?} 2.4 m 714 A& (Pike Technologies Inc.)& Al&3t9t && &
To] &A= FHE 7|A £247] (Porta Sens II, Analytical Technology, Inc.)
7F AREE AT e =T S Vb= S S ol= 1000:1 a1 Sk



Z282 (PVM 4, North Star Research, Corporation)?} TAd® QAdzZA~m>X
(TDS 3032, Tektronix)”} AF-&% %t 1.0 F AHAE Ao A2 1011 Ay
Z 28 (P6139A, Tektronix)E ©]&3sto] FSASIATH T 7] A=
® 10 F A o] A dejdom eEZuA7d Fdd st
33t 9_37‘—‘2@7101]‘1 AnE A8 (BHAAH)S Lissajous figure® &zl A
sh-ddm=el ofsf AE g vk wAAE S0 g AFAQd AR =

o] A3 71& 5o 3t (Kogelschatz, 2003).

_12_



V., 49434 ¢4 n%

4.1, 2E314

Fig. 4= 170~230°Co] &=®9loll A wj7]7k2=o] H7bE Q& wkol u
2 NOS NO»9 vEW3E Uedt, 959 srs e&3A7])o] Ao <o)
wehd = dddTh F, =S dStelA o] AA oo wl QL&A
o] ZF7tgth & Ao A AREE RAF wf7]7F2=9] NOx + A2 NOe°|t}. w7l
7ba7b 2 &Y EFEWE NOE 9ol AAIe wkg (Dol o8] NOZ 4bs} Hr)
NO<9] ststd = wf7]7bz=o] H7be &9 Fell 93] ZAHER NO %=
QF9 Fxol wel FAATh NO A& wkgwox oE3it}, B =
g 2xo] YJo] AA = FUASAHE ELS 2= NO9 Abst Awrh

ket v 7] bz H7bE e =2 whg (Dol whel NOoF wg-&th. e E Al

Fig. 5 BAF vi717F29] f % 5 L/min, NOy %7]% % 300 ppm Z 7ol A
Hj 7] 7k 20l H7beE = 20 de WEA7IH 90~200°C el 2kolM 54
g NO At =9t NO, A4 ses Yttt 2dolA K npeh o] Azhd
NO sx9t AAE NO, vx7 A 2wl hzhd Fwo] gxaar 3l
M, ol AzE NOZF 2 NOE AHHE &S onsts Zlojt)

—

o

_13_



300

250 -

200 A

150 -

100 ~

50 -

Concentrations of NO & NO, (ppm)

0 50 100 150 200 250

» Ozone added (ppm)

Fig. 4 NO oxidation in the ozonization chamber.
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Fig. 5 Concentrations of NO removed and NO; formed.
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Fig. 6 Ozone slip as a function of reaction temperature

(initial NOx: 300 ppm; flow rate: 5 L/min).
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Fig. 7 FTIR spectra obtained at the outlet of the ozonization chamber

(initial NOx: 300 ppm; flow rate: 5 L/min; temperature: 170°C).
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Fig. 8 Comparison of the present ozonization method with typical
nonthermal plasma process in terms of NO oxidation performance

(initial NOx: 300 ppm; flow rate: 5 L/min; temperature: 200°C).
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Concentrations of NO and NO, (ppm)
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(NO-rich)

250 A
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Fig. 9 Concentration variations of NO and NO: in the
ozonization-catalysis hybrid process

(initial NO,: 300 ppm; flow rate: 5 L/min; temperature: 170°C).
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Fig. 10 Effect of the reaction temperature on the catalytic reduction of
NOy in the presence and in the absence of ozonization

(initial NOx: 300ppm; flow rate: 5 L/min; NHs: 300 ppm).
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Fresh Catalyst i : (NOiNC7)27=*17:73) & I
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0003’ 20kV 20 um

Fig. 11 Ammonium nitrate formation at NO : NOz; =1 : 3
(initial NOx: 300 ppm; flow rate: 5 L/min; NHs: 300 ppm).
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Fig. 12 Ammonium nitrate formation at NO : NOz =1 : 1
(initial NOx: 300 ppm; flow rate: 5 L/min; NHs: 300 ppm).
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Fig. 13 FTIR speétra before and after the catalytic reactor
(initial NOx: 300 ppm; flow rate: 5 L/min; temperature: 170°C; ozone
added: 150 ppm).
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Fig. 15 Emission of unreacted ozone as a function of reaction
temperature (initial NOx: 300 ppm; flow rate: 5 L/min; ozone added: 150

ppm).
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Fig. 16 NOx removal efficiency as a function of NO2 content at

different temperatures (NOx: 300 ppm; flow rate: 5 L/min; NHa: 300

ppm).
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Fig. 17 Effect of the feed gas flow rate on the NOx removal efficiency
(NOx: 300 ppm; temperature: 170°C; NHs: 300 ppm).
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Fig. 18 NOx removal efficiency as a function of intial NOx

concentration (flow rate: 5 L/min; temperature: 170TC; NH3s/NO,: 1.0).
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Fig. 19 NOx removal efficiency as a function of ammonia

concentration (NOx: 300 ppm; flow rate: 5 L/min; temperature: 170T).
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Fig. 20 NOx removal efficiency as a function of humidity (initial NOx:

300 ppm; flow rate: 5 L/min; temperature: 170C; NHa: 300 ppm).
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