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This paper have examined the optimum combination of SNCR and SCR by varying SNCR injection
temperature and NSR ratio along with SCR space velocity. NOy reduction experiments using a SNCR/SCR
combined process have been conducted in simple NO/NH3/O; gas mixtures. Total gas flow rate was kept
constant 4 liter/min throughout the SNCR and SCR reactors, where initial NOx concentration was S00 ppm in
the presence of 5% O, Commercial catalyst, sulfated V,05-WOy/TiQ;, was used for SCR NO, reduction. The
residence time and space velocity were around 1.67 sec, 2,400 h' and 6,000 K" in the SNCR and SCR
reactors, respectively.

SNCR NOx reduction effectively occurred in a temperature window of 900~950°C. About 88% NO,
reduction was achieved with an optimum temperature of 950°C and NSR=1.5. SCR NO, reduction using
commercial V,05-W03-SO4/TiO: catalyst occurred in a temperature window of 200~450°C. 80~98% NO,
reduction was possible with SV=2400 h"' and a molar ratio of 1.0~2.0.

A SNCR/SCR(SV=6000 h") combined process has shown same NOy reduction compared with a stand-alone
SCR(SV=2400 h™) unit process of 98% NO, reduction. The NH;-based chemical could routinely achieve
SNCR/SCR combined process total NO, reductions of 98% with less than 5 ppm NHs slip at NSR ranging
from about 1.5 to 2.0, SNCR temperature of 900°C ~950C, and SCR space velocity of 6000 h”. Particularly,
more than 98% NOx reduction was possible using the combined process under the conditions of Tsncr=950C,
Tscr=350C, 5% 0O, SV=6000 h' and NHyNO=1.5. A catalyst volume was about three times reduced by
SNCR/SCR combined process compared with SCR process under the same controlled conditions.

Key words : SNCR/SCR combined process, SNCR, SCR, NOx

1.4 & F4d AP o2 4gFS A ®Byt ol A

AEAE 2 dE Ay 5o nAYY RE 7 2usie e s1Fusld 3 sldsls o
Z, Adt 5ol o]FdoA wZHE AzisE T Rugn ok’ duEe NO, A4 WAJISE
(NOOE& t7] Fo EAse &84 $E457 2 Thermal NOy, Fuel NOx 223 Prompt NOLS}
drgate] Pstaras SUaAUL, o2 A4 Zol FEE 4 9h? Thermal NO&E 129 &

>

o4 2o, Adu 28 o2 ¥ (g 9 gyl aAAAA ZHHEY dAE E IR HAF5)
S— i ofEAdol Aste] 1600T o149 AFA AR
Corresponding Author : Sung-Woo Choi, Department of 29 E £ A ppme NOx wWjZo] o|Fojxn

Environmental Science and Engineering, Keimyung Uni- N -
versity, Daegu 704-701, Korea sk Ad=, %%i}%}%ﬁ{g% 22 xudME
Phone : +82-53-580-5245 A4S E7 40T o8tz 2AsE2 daFe N

E-mail : swchoi@kmu.ac.kr

47



33E0] NOZ A#HE Fuel NOJH AujA o)1,
A 02 Prompt NO 9] H]EL 10~20% A=
o} a} 3j},

NOx A7 &L d47|dd wg 44 gAUS
o] tt2mg Yy Aojrigel 27HAY. Az
e A F ALNAHTG wizkx A
F2 dar2rs Airy
ZAFOZHN NO, S Agsie Zolm,
A= AAHE NOE 348 7)&8 o)gstg A
Zahed 7128 T glen a%ze NOARE
Al e FAHE 7o del ol&Hx . NO«
9 FAE 7led A2WL7|A-E 1A SCR (Se-
lective Catalytic Reduction)&A 3 1-2yh&71Ho0|
& SNCR (Selective Non-Catalytic Reduction)
A2 FEE £ 2tk SCR AL &ujE o
&3t ALYHE NO, AAZE0] Eeu? zy)
A ZEo2 QA3 UL A5y E2u Fyds
o2 st F& A AdulolM &35 AAA
o] A7} €t} wkdd] SNCRFAL 3tshd7iA
2 900~1100TC9 22999 U 34 4
o NOE N:2 A7 Aoz Masizads
AhdRdy Fol A HEol e ¥ ofng,
Az 2 gHu|go] SCREAY Hl3 AHscte
AHE A1 Yot

AA AA Z A H89 HEE H8 ¥
HAAZHE SCR, SNCR 2+ ©918de AAL
A3 SNCR/SCR combined process& T3t
A= FAolth. Gullett” 5& natural gas® 94
= pilot-scale 729 dA7|o)M SNCR 5&¢
$2%, SCR TA9 FU4£E(SV) € NHs Y%
59 #glo] w2 SNCR3} SCRe E3EAe F
HzAcl ta)l A7sgon Urbaset Boylede
GPU GENCO Seward Stationl4] SNCR/SCR &
e Ao did BEEIHd. =3I 2001d9
Wendt” $& SNCR/SCR B&E#Ho] d%o|A 2
Yoz HAPrted 2AL A8 3o, B
F3A A& {835 2d g diste 4
Tt}

A fvete NOSH #Ed 84 7AXE
S 7dEe AAoiH, 53 NO& =W ¥ FAX7t
g Aol AL #A 250 ppmoll A 2005 150
ppmo 2, 2729 A9 200 ppmeiA 80 ppmo 2
Zvzy 73s 8 4SS FATEY AgAduld HEr)
e AHlg& TEEY NO, Aojrjsol HAF =
8.3, e, B dFdME 7|29 SCR A&
T3 Ao HE e F4YU SNCR/SCR
BT NO, AAEZE EAHL Frl3ud o2

Anj

fs) SNCR &2 % NSRe F717t 5984
o PR F%e 474 FHsA2H, SCR T§7I
e EufRugae wE NO, AAEES I3
of Wit} SNCR/SCR H#3IAY AH{zAE
=& on, Zujnatie o3t AAH EFH
W3 Brleksid

2. Mg 9 9y

B Ao Ab2E SNCR/SCR 2334 -& Fig.
13} o] FA &t

NO® AAZEE B71st7] A&l ZAMAE(N:Z
FE ZAZ 5% 0, 10% NO9 815% NHy)E A}
f3don RAZIAE mixing chamberdl A €34
EE ¥ BB on L off & wat SNCR
47, SCR ¥-$7], SNCR/SCR E&4t-&7]e] #¢
Hol Z+zbe) $4 EAS AHE £ J=E 3y
o, EAREAE BROOKS 5850E SERIES(made in
Japan)¢} MFC(Mass Flow Controller)& ¢]&3}o]
ZAsgod, MFCE GMCL000 Flow & Pressure
Controller9} 3} ++3o] F&AFH o2 kg7l FHYH
=5 .

Zh Bhg7le #e 2HUH A S AHREYe
o SNCRS m2uH3712 800~1100TC2 =4 ¥
A Ao, W] dojues URAAL
Nqgez AP ¥r&rl AvleE ol 21
cm, A7 26 cmZ, RAZEAS] MW AFAZ
S 7% 4 L/mind 9 o 167 secE #ANEE
Atk SCRE 150~500T e 2E¥HolAM 7155
AL WSUIE, wgTle AMEE Hule A3
2 sulfated V:0s-WOs/TiO2 A+ 2] honeycomb A}
Zrge) Zvl(cell density: 36 CPDE AMg38lgon,
Zu A7E 225 cm X 225 em X 20 cmolH,
Sl AEFFL 872% TiOs, 3.3% V05 6.2%
WOs ¥ 33% S0tk SNCR/SCR 233 A
A& SNCRY m&uhg F9] 7k2E cooling system

Ball Valve

________

[}
1
3
I
T
1
)

Temperature Controtier
| (High Temperature)

Fig. 1. A schematic diagram of SNCR/SCR combined
process.



SCR 49 &4 $4& 9% SNCR/SCR £¢389 ¢&

o2 YA & oo AH2WHg7) SCR HHS
72 FYHEE H} BsFo RS TS
Abe] CombuCheck Single-Gas Monitor 7244
712 NO, NOp, 029 FE& ¥43¢or, NH; &
TE 100 ml &5 F4% F Orion(model

| T o
720A) A NH; &3 AFE ol &3l FAsY

—

Kl

SNCR/SCR E33 4] wa NO AARES
#Hrtsl7] 98 SNCR % SCR 95339 NOk A
AEAS 747 "rlsild. Agxzd02 s BAL
28 7 wh3r12 1A 5 &9 B 7 §bg)
Rz} AZon, Zt 4 L E 9] NOye
27] ¥EE 500 * 30 ppm &2 4AHIA FA 3
Ak =3, FHAAR ALEE NH= 249 &, NSR
(Normalized Stoichiometric Ratio, NHaz/NOy)<
NOx &% 500 ppm& 7|E22 34 1, 1.5, 29 ¥
2 RIAHAG. 7 wgUd AEgPHoERE
SNCR 48719 7% 800~1100C HYlA 50T
Ao Wg& % NSRE NO 988 4
HB gtk SCR ¥HerlE Vo0s-WO0s-SO4/Ti0; &
W& FAA9 3, 9g7) £2F 150~450CT=2 3
A7 HA 50C 7HAe 2 25, NSREZ NO
9 #98< A8, =&, SCR ¥8719 Zvj
o] @& NOx AA&ZES H7skz] d8 3¢
£ (Space Velocity; SV: @9&ojRdd a7}
2%)E o 2400 h'F 6000 h'e2 Wgate] SCR
wgr)e] EAL A¥s9d. SNCR/SCR 2334
ol A& NSRE& 1.0 ©lA 202 ¥sA)7)HA SNCR
9] gxudle] WE Fokol SCRYHE7]9 NOx Al
AZEE Adsden, SCR werles FAZHaLe

o |

lo

NSR SNCR | scR NO, i
{NHy/NO, ) Xsncrr NOy e Xscar NO, et
NO, res= 17 Xsncn I NO, ™ NOy s Xscn
NO,; * Xsnca NO, ; “ NO, e " Xsca
NO, o
NO, o = N(;:: = NO, gt * NOyexit
NO, ’
Xsnoresch = ;jgducmn = NO,; * Xsncr ¥ NOy; * Xscn
X.i

where, NO, ; : Injection concentration of NOx
NO, .  Residual concentration of NOx after SNCR process
NO, ..« * Exit concentration of NOx after SCR process
Xsnen + Etficiency of SNCR process
Xscr* Efficiency of SCR piocess
Xsncarscn - Efficiency of SNCR/SCR combined process

Fig. 2. Efficiency of SNCR/SCR combined process.

e HHLEE A FREES] Wi o
€ SNCR/SCR B##Ae 9%& Hrtetso.
SNCR/SCR #+&7]¢] £&2 Fig. 29 #ol Axtst
At

3. Az
3.1. SNCR process® SCR processd &4
SNCR #4& Thermal DeNOx process’ 2%

=, NHy =5 Ureadt #2 39AE 24Y¢

e @22 Y9 d4vta &7 870~1100T

g FYsta AAFAHNN TAE NOE B4
FZFNE FLANTE wirta gRdv)Eoln),
SNCR/SCR #3349 NO« AASAEE H7tst

7] 984 SNCR % SCR @154 9 #7pt 4

golof 3t} Fig. 39] a)¥ SNCR ¥H¢ utg&

%

QN

ol

(SRR
=¥ NSRYE NOY AAEAE RoZCh wHEE
7} 800CoA 950CE F7hgte] mel NOx AA
Fgo] F718lti7h 1000T ol e Aasts
24 e ¥EEANS BT F M=

950~1000C BHQon, wgess HHE
Auc god NOx A#ZAELo] "ojxu, HHZ
=9t =ou NHy7b NOZ AHstEe] NOk Al
Azgol #A29dE Millerst Bowman® 2
Lyon”el d7A#e $A8 A%E B9 FU
HH2xd W& SNCR #-5 W7l EE HYLx
oldlol = ANO + 4NHs + Oy = 4Ny + 60,
NH; + NO = Ny + H:0, NHy + NOz = N;O +
H0¢ 37128 wan FFLx oifAe
4NHs + 50; = 4NO + 6H:0, NH + NO = N,O +
H ¥rg-7)dd o) 258 F§o] gelxe Ao
2 "astm bt me NSRel NO, AAL
ol A= S e A HHALEE A
NSRe] Z7}stol wat NO:o AAZELE 78%,
88%, 93% 2 Z7hsgul.

B SNCR 239 dides d3Y NOy AlAEZE
of B3 o}F e PAL Holed ok AYW H
o] AABIHRO HAAZTANM = LAY EF
Bol AWML LE Too] AR WelH nHH
AE Aol ofyd Fah} LAZol Wit w
g 97t 2A ess A G sdAe F
U3 T AT HAHLEE A4 F UE A
g4 29 SNCR #FAA= &&7 o7t dasie
Aoz Alg g}, wHd AFH FoA NSRS %
7IA 718 NOx A& S Z7kstd 8949 =
Aoz FAe] §AH7F 2710 vlukg NH;9
%h‘i.) F7FetAl Hol &FAX 24 F9 U] #
o},



a) SNCR

w0}

NOx Reduction (%)

—e— NSR=1.0 (5% O]
wl 0 NSR=1.5 (8% O;]
— - NSR=2.0{5% O]

850 900 950 1000 1050 1100 1150

Temperature (°C)

40

NOx Reduction (%)

20

L " . " " . :
100 150 200 250 300 350 400 450 500

Temperature (°C)
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and space velocity.
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Table 1. Optimal condition for SNCR/SCR combined

process

NSR Tsncr ) SR Xencr Xscr  Xsncr/scr
() ‘Svfgh "(%) (%) (%)

15 900 330 82 16 )
15 950 350 8 10 R
20 900 350 87 11 98
2.0 950 30 R 6 B

Tsncr  Temperature of SNCR process

Tsce  * Temperature of SCR process

Xsner : Efficiency of SNCR process

Xscr - Efficiency of SCR process

Xsncrrser ¢ Efficiency of SNCR/SCR combined process
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