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Effect of methane on deNOx by photochemical reaction using 172 nm wavelength
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DeNOx by photochemical reaction using 172 nm vacuum ultraviolet is available for NO/HO/O; gas mixture at room temperature. In
order to efficiently remove nitric oxide from combustion exhaust gas at low temperature, the effect of methane addition as a deNOx agent on
NO removal rate was investigated at room temperature. The model flue gas contains the NO concentration of 600 ppm, the O, concentration
of 8.0 %, and the water concentration of 7.0 %. The methane concentration and/or gas residence time were varied in the experiments. The
NO removal rate was 66.3 % without additive of methane. When methane of 2000 ppm was added to the model flue gas, the NO removal
rate was slightly improved to 70.3 % at short gas residence time of 2 s. At long gas residence time of 4 s, methane had no effect on deNOx.
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1. # -]

Kk - PIROBLUEACTOBER=—ADOEE Y ZHRIC, TAI—V xR b— g ¥ 2T AMNIAERRDR,
KBS g 9 B0 7=/ )Vg ECEAFIDEMLTND., HAREBETIIHAZ—E o 2D UpNMER SRS
DS, BRBECLE S CTHRAET HPEH ARICiY, EHRRIEH (NOx), WisEE(EY (SOx) RITVUA (BRBER) %o
KR IRBREEIHEYE DN EEN TN D, NOx ITERMERRR AL F R E v V' OFRWE & 725 728, NOxHEHIZR4
HRBILEERE SN TETnD ®.

NOx BB & U CTIIRBESEIC K 2 ik & BRAOABLRTTHIAEE (SCR) @R EARMLRE TR (SNCR)
LDOPHERREEAIROKE 2 21230 bID. ITFEORE LVWREHE @ 125575 72 OIS iRBER 721 TI3RR
H{23% Y, SCR X SNCR EOYRERAHEANT 29 2 M ERH 5 ©.

BAEFICHERAEN TV SCRIZ, BEEHER T APICT VBT $ - RELBIEAIE U CREGAR, Biffh
I b C NOx Z B RIICSUS S, 23R LAKICHRT DM HETHS. SCR fbiIE, —A%IZ 300 —400 °C F2AE
TIEWIIHE LS Z LR TE DD, TOREE TES & PRI RIBICETLTLE Y LW IBERH 5.
Tz, BVBEEREZE D OISR TR ZBENCKR &AL &, KRG (V—2) Toe=TMH SN 58S b
5@ Fie, FRAaA—YoRxb—a VAT AOMHIBANC & > TET U E =7 RREDOITERIS B854
bEZBNDT, BEAIZEER LRWBEEDRZE, HDIWITAEBORETHD A & % BifdHl &+ 5
THEDOBRFEA RO HILD. A H 1L SNCR IRV THIAHAI L L CHEET 2 (REMEE A2 T bz itk s
T5) ZEik<mbnTng 9,

FxITZNET, BR 172 nm OFEZZEEINREBEHEPET X (NO/O/H0) IZfRET 5 &, iR - ML - M
SEIT 97 % b DEBIERNELNDL Z L2 RWHLTWA ©, (Z OBiiEEL YBasE LR LI0T5.) &
PR CIE, HBRHEIC A & 2RI LIcR OB R AL NS HZ L 2B ET5.
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2. RBARE & URBREH

FERIEE OIS Z X 1 1R T. AREREET, €7V AHHEES (NO, O,, Ar, Air, CHy), H ZNNiEES, VUV

(& 172 nm) FRETER OUIbFLUSER), kel A oMrkE (NOxit, CHsit, CO/CO,3f) THEh T 5.
FEERZAHIZBE L T3 NER XOUKED GBS B RC DWW TE 1, B2 IR L. ST ADOFHEIIvA 72—
o br—= (MFC) CHIEIL, INBSMEOSAIIING L7121, LRSI A Uiz, BHEHED A f oo i

(%) 1%, HNYEEs 2 s L 72 B CARIFN KR RUEICE L TV D EIRGE LT, Tetens D30 0 faFnK &5 E 28 H
L, UTFoRd (1) kB L.

_ IMBFKIIZI50] B IR SUE [kPa)

Humidity(abs) [%] = 2 kPa] x 100 (1)

HACFESOSZEOBRER 2 K2, BIBICRT. HAFRIGER I Xe T A AFE RN TIHEN X ~T 07 (7
ABIERY) B AT L ARG A SO B E U, R Xx v~ T oL, WEI12mm, S
77326 mW/em?, 7 > 7AM%40 mm, /38— RNEEE L OE &2 ER60 mmds L ON10 mmTh D, BERTY
Vw7, WE172 0m, 7731 mWiem?, T 27 AME20 mm, B oN—ORERE L OE SI3ENRER4S
mmS L0840 mmTH 5. HALFSISERPNTEA SN T AVL, T2 7 RME W X—RBEDBDOWiK &2 W5 T
ORICVUVAIBSF S NS, RISHTE DN AMERIEE T A58 5t CRIE Lz,

F7e, PR (NO removal %) 1, =F <7 7 RUTRIED NO JRE % ZN-CNEI NO 2% (INOJ.), Wikt
NOBE (NOlw &L, LT 2) ZHAWTHE L.

[NOJin-[NO]out % 100 (2)

NO removal [%] = (NOTim

(:)_ Gas
sani?)?er > Vent.

MFC Gas blender
with MFC Spot
Heater NOy

I K3 Analyzer
” cH, |[co,co,
water-cooled Analyzer || Analyzer
) NO/ ; Thermo
CH,| | Air (/121‘/ N, N, machine couple l l
Vent. Vent.

Fig. 1 Experimental setup for photo denitrification by VUV photochemical reactor.

Table 1 Experimental conditions by small photochemical reactor. Table 2 Experimental conditions by large photochemical

reactor.
Residence time [s] 2.0—35.0 Residence time  [s] 6.0 — 9.0
Flow rate (Fr) [L/min] 2.1—35.2 Flow rate (Fy) [L/min] 6.4—9.6
NO conc. [ppm] 600 NO conc. [ppm] 600
Modelgas o sone. [%] 8.0 Medelgas . o cone.- P41 8.0
Humidity (Hg)  [%] 0/7.0 Humidity (Hg)  [%] 0/7.0
CHy conc. [ppm] 0/ 1000 /2000 CHy4 conc. [ppm] 0/ 1000 /2000
Gas temperature [°C] 100 Gas temperature [°C] 150
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Fig. 2 The outline of small VUV photochemical reactor. Fig. 3 The outline of large VUV photochemical reactor.

3. EBERBLUSR

3:1 A8 VRESFUKIBERISIEHIHEICRIZTER

BJ4 1, B2 1R L/ NEDGRHEEE 2 PV oD SEREERIC JIET A & R L AR EDOHETH D, Z D
B, TAWRERERNIEK 5 s FRETHD. X513 3 1R LTz NSRRIV - ORE T 0, 1 AR
RIRAR9 sTRETHS.

KR LOBEA Hd = 0%), X 4 (INVEERE) TIIA Z 28I L THBRSEOB TR e »T. UL,
5 (KRBUERE) ClIA X 20T 5 & BRESRIE S—12 %REm L7z, 72720, ZORFOBREERIZ 10—20 %L
L&D T

KEBHDHEHE Hd = 7%) TiE, K4 (NVREEB) TIIAZ o Z2UINT 5 & 3—5 %RREEDRYSRIEA L, W
16 s TIIMIAHSRIZ 92 %l Uiz, FHIH ATRIRFEMEOEE (2 s), CHy = 2000 ppm DFRINT 5 %DJiikgEmE
DHERTETZ. LML, K4 IZRBWCHAMERENEL 8D & (5 5), BHROBLIELE AL otz HA
TR R OGS (K5), bl A & ANNOPRIIR LN Rh T,

THED, SBRESS TN AR 4 s B E TIEA & AT DIINERR FICE 59578, H AW
DRV TIIBRA & L COBSREIZZAN L EHIE T X 5.

100 100
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Residence time [s]
Fig. 4 Effect of residence time on NO removal

by small photochemical reactor.

Residence time |[s]
Fig. 5 Effect of residence time on NO removal

by large photochemical reactor.
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3:2 ABVEMOXBBERIGAH =X L
NS IT B CHaEINZ L AW A I = A ATRD X HI2EZ b D. FTHEE (Hhv) TO 05 0723,
H,0 75 OH & H AR T 5.

O;+hv — 0+0 ®3)
H,O+hv — H+OH 4)

Wio, T bOIEME L CHy DS E 1213 CHy O ERISIZ XV, W2 CH B4R T 5.

CHy+H=CH;+H - (5)
CH;+ 0O = CH; + OH (6)
CH,4+ OH = CH; + H,0 (7
CH4+hv— CH; +H (8)

T, 2 (9) D CH;z & NO 23Uis LT HON 24 UT NO 28HIE T 5 5, 7 (10) @ CH; 2 B &R I
4 U7= HCCO & NO 23t L HCN, CO, %4 U C NO 2T 2 aB L0 (11) @ HCNO, CO #4 1T
NO RT 2N E TS EEX bIS.

CH; +NO = HCN + H,0 ©)
CH; — HCCO — HCCO +NO = HCN + CO;, (10)
CH; — HCCO — HCCO + NO = HCNO + CO (11)

PLEDZ EnD, CHa I X D NO {EIES R DORAEAERMIE HCN, CO, CO,ThY, ZHOHDHEEICLY
A B DI IEA~DFGEEZFTHLTE D EEZHND.

4. & 1

SRS BAE T A & IO R TR D 1212, CHy/O/HO/NO I8 A TT A % TR R 21T - 77
BiAEERIT, OYHONO JBE A A TIL 90 %IREETH Y, 2000 ppm D A X L EFMT 5 T & TRK 4 YBiasEEANH
LU, AZUIMOBIE, TAWERFMNENEERE N EBG0 o7, F£72, CHi, 0, H:0 DIE4iE
TAUL% CH;, O, H, OHIZ &L » CTHRERISAEEE 52 &, CHy DI ~DEGIIHAERD T 5 CO JLEEF
L O'HCN IREECRHMECX 5 Z L AVHIBA L=,

X [
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