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Abstract — Effects of organic and inorganic additives on the SNCR reaction of NOx were investigated in a pilot scale
flow reactor with a variation of operating parameters. NOx reduction efficiency increased with the increase of a resi-
dence time and an initial NOx concentration. NOx reduction reaction by urea solution started to appear about 850 and
then reached to maximum value around 970 °C. NOx reduction efficiency also increased with the increase of NSR (Nor-
malized Stoichiometric Ratio) up to 2.0. Addition of ethanol and phenol as an organic additives shifted the optimum
temperature window to lower region with decreasing the maximum NOx reduction efficiency. This might be due to the
side reaction of hydrocarbon in ethanol structure. NaOH addition widened the temperature window and enhanced the
NOx reduction efficiency about 10% due to the chain reaction of NaOH and the reduction of N,O.
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Fig. 1. Schematic diagram of the experimental apparatus.
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Table 1. Experimental variables and conditions

olz7] - ujog)

Experimental variables

Experimental conditions

Urea NSR (=2x[urea]/[NO]) 0~3 Initial NOx O, concentraion 150~400 ppm 14~20%
Temperature 750~1,100 °C Atomizing gas flowrate 40 //min (at 25 °C)
Urea concentration 1~10% Total flowrate 190 Nm*/hr
Additives concentration 0.1~3% Heat input 160 kW,
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Fig. 3. Axial temperature profile in a flow reactor.
3, Zd1n} 2l &k
2 = 100 , . ‘ \ ,
S T WES 71N A 9120) W] thet 2
oh SETE Fig 20] BASGITE TRe B 4 Qo) S5 g O |
21 R el el nlwA A ghe Rl w = ® . .
WEke] 5= 970 °CE 74 ¥ %1 2.1, anemometer(Cole- % 60 r o 1
=23 T E ,1:1 =
Iiarmer Co)E ©]&3t ?Xof‘& AEEE 970 °CR $ksh At S experimental condition
T 6.3 m/sE UERITH $helA] YA mE A Al oA x 401 I
Som ShRe] Fodel FAslgion, o) AP MeeEE 4y 5
SHEE b RASIARE AZAAT7AA) FAel 7} 28 mol Z 20t 1
HES-G ol o B AFAE 044327 HH, Abar A stell A °
NO #17 REGAIZES 950 “Coﬂﬁ °F 0.1 U]“LOJ A% Hag vp 0 ‘ . . . .
A= eH17, 18, 19]. 0 2 4 6 8 10 12

9l0] FH ATAIIO] §
A0 A7)e) B g7IE Qg BE e
e} 257 fhashs B Zheth R ellM 2t vt

Al A S} 341?119] Hho] Hlaa] A =g oA
=] HAo) 2e7kE Ash=t) %010}71 k. o]d A

Kl
ANE AR Et&@ O & 100~200 °C/m 552] 25747 A
o= Zlo 7 d#] 9loH, Lodder?} Lefers| 13]4 A3 7] o] A
= 130°C/me] L5787 F UERE AL, Lim 51719 A3tollM=
54~108 °C/mZ YERSLTE. 1 1tol] AR 98] BAF HES7] 9]
U LR E Fig 30 TSI oA &)} =7
Ueptom 800 °C G =it 7491 LA ki

A YA 72U 2571 970 °CQl B¢ 2xAtets B
56 °C/m 0% 0|49 AAtel vt wf vl A et
o, o= UishA] ARGl o3t A 7agl AXTkA A
%OE fiol S71elsl7] tiEo® Alwect.

AHEEE w20 HA BAERAE BES] flste] Rk

3l5kast 443 HI5S 20065 108

Concentration of urea [wt%]
Fig. 4. Effect of urea concentration on the reduction of NOx at 970 °C.

970 °CollA 248-Ne] F=Rigle] I NOx A7HE2] WIstE Fig. 4
of EAIGIATE 28N 5 1 wi%olA Mg & NOx A&
S5 Blom, 5wi% oPdelr AT ALES vehllth a4

) *E‘:J} ST YT Y] 8AE VIR B8] H
3lo] HIgjojo} 3= gollo] ofo] FlslA| Hrt Aol &

2 gelalo] e A3 048009 517} Bk o) S}
T AR S7kekaL A o] A7) % Fkslod, QJH Rl
7h AR k. Ee, melo s B # ol
Jh 0] ARSI R e A s
o)) A=y} dolx|= 7 07 JetElt), 3ks o] AE].L-

S W] 22891 FSJsle] At



19151 0] EENRTI #7] % 7] kv

100 T T T .
@ This study
O Zamansky et al. (1999)
— 80" A oOstberg et al. (1997) 1
IS & Jodal et al. (1992)
c
O 60t E
Rl
3]
S
©
& 40f -
X
S
20 r 1
0 1 A 1 1 1
700 800 900 1000 1100 1200

Temperature [°C]

Fig. 5. Effect of temperature on the reduction of NOx with Swt %
urea solution.

Qg AR ol galo] -2k wE NOx AL ES
o] W3l MBATAne) vlwsle] Fig. 5o YeERh 2 A8
of| ARGl sk Bl 1R Whg712] - I-elA] & 4 gl vkl 2
o] 850 °C o/dellA Whg-257} S7Hr5 NOx AlA&So] 71
310 970 °C FJolA HIXE KWl F, 7 o]de] L7 k2
55 71711 NOx AlAES©] 343 Asigint. ol2fg A
A= Jodal[6], Dstberg[21], Zamasky[22] 5] Axte} AAdZ ©
2 AAFS A 5= Itk AR AMEEE 24E W
2 320 °C o)/gellA vkl (el o)t} #3lle ™, vhe-=257F S7F
= Qe 9Jsle] A% NH,;, HNCO2] NOogke 2zt
whg-ol elato] daitehae] shelnh-gol] 218 E]A fck.

¢

CO(NH,), — NH; + HNCO 0

257t VS ke rt S7ksko] NO2| A7 7t

Table 2. Reaction mechanism of the NOx OUT process

No Reaction

R1 NH; + OH ©NH, + H,0
R2 NH, + NO< NNH + OH
R3 NH, + NO <N, + H,0

R4 NNH ©H+N,

R5 NH, + OH ©<NH + H,0

R6 NH + 0O, © HNO +O

R7 HNO + O © NO + OH

R8 NH + O, © NO + OH

R9 HNCO + OH < NCO + H,0
R10 NCO +NO < N,0+CO
RI11 NCO +NO < N, + CO,
RI12 NCO + OH ©NO + HCO
RI13 NCO + 0, ©NO + CO,
R14 NCO (+M) © N+ CO (+M)
RI15 N+0, = NO+0O

R16 NCO+0 ¢ NO+CO

R17 NCO + 120, ©NO + CO
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Table 3. The overall phenol oxidation mechanism'®

No. Reaction

RIS C¢H,0H — CH,0 +H

R19 C¢H;0 — C;H;+CO

R20 CsHy+ X — C,H;+CO

R21 C4H; +X — CH, GH,
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X=0H,H, O, 0,
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