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Abstract : In this study, NMO (Natural Manganese Ore), MnO», and Mn,Os catalysts were used in the selective catalytic
reduction process to remove nitrogen oxides (NOx) using NHj as a reducing agent at low temperatures in the presence of oxygen.
In the case of the NMO (Natural Manganese Ore), it was confirmed that the conversion of nitrogen oxides in the stability test did
not change even after 100 hours at 423 K. The Kinetics experiments were carried out within the range where heat and mass
transfer were not factors. From a steady-state Kinetics study, it was found that the low-temperature SCR reaction was zero order
with the respect to NHz and 0.41 ~ 0.57 order with the respect to NO and 0.13 ~ 0.26 order with the respect to O,. As temperature
increases, the reaction order decreases as a result of NH; and oxygen concentration. It was confirmed that the reaction between
the NH; dissociated and adsorbedon the catalyst surface and the gaseous nitrogen monoxide (E-R model) and the reaction with
the adsorbed nitrogen monoxide (L-H model) occur.

Keywords : Low-temperature, SCR, Manganese oxide, Reaction rate

* To whom correspondence should be addressed.
E-mail: schong@kyonggi.ac.kr; Tel: +82-31-249-9744; Fax: +82-31-254-4941

doi: 10.7464/ksct.2018.24.4.307 pISSN 1598-9712 elSSN 2288-0690
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

307



s
~

QPR UoLE o 43t AatetEol e SujpEe 7
4 e QUM AaieHEe Aot
2 A Ao, o] B, A
s Wa 2L BE ATEC| FaH

4NO + 4NH; + 0, = 4N, + 6H,0 )

A § 2 AR (WOy) Ei el H el AHHE(MoO) 7
7 VOSTiO= Aea] Zufghed A de) ALgE T

Lo 4YH O Agat ek vkt A Fut o 2
gt ol akakapell tha WAL 7 QA # 7hK) e
& M3 Qleh2s). shbEA Eule) 24 94 2w el
300 ~400 Col7] wj&of HA7], &3A4(150~250 )=
713 F A7k oo} Ttk o] A ol f2 A£(250 T of
el BB 4 Gl 1 BAL| SCR Zv) Aol pHol

FoHAaL dvh. @2 dyASe 7o, 4 g Aeefels
[6~10]19} H7F 7]8ke] Zuj[11~16]2 AFE-3lo] A2 SCR &

HH?H% APsigron 11 5 e AwQl diateES

T3 A2 Az S kAo A wiwe] de AT
HOW gkt lﬂi%& FHAEHE ZujE o] &3 Aol A
Tang et al. [12]L éxﬁ, 9 AFS

o EwAol B uIBY WHHREE AL SCROIA Haf
ol FA5a Qi) Kapteijn 5[16]2 MnO>7F ©¢] 4
A b e A2 BAE I MOt 4 e

) SolA= A

Az AP ek Hagh o4 B

SCROA o] FAFAE 915 Thofe F4ARHEE T4
NMOS| 2.8 7H5-4ell thall 77k 5| 9iek. NMO (natural
manganese ore)2] 75, Aol A B Aol gl SCR Al
ol A T AT wo] WA AAT, NMO| that uhes
S5 AAHOR B AFE oby njulgk A4olct. uket
A Aol AE AL SCROA MO, 9 Mn,Os, NMOS
gt Wy H7h @ NH-SCROJA 9] WHe-4 o] ofstod
A5 AWt

2.4

1L

HieH
od

21 =0 M= g
H oIl NMO, MnO,, Mn,O; 37} S AH&-519i Tk NMO
= = o, (Pyrolustie)] HE|E 714 m[1], 2 22 AL-g5to]
Jﬂﬁ} V- UIA—]E }\]_,Q_o].o:] g-slo].q /\]g_/] el
*é% 62,”}}/\]3:111]: MnOy= A| 2k (Sigma-Aldrich, 60-230 mesh,
=99% trace metals basis)S AFE-3}% L Mn,Os+= Manganese
(1) carbonate(Aldrich Co, =99% trace metals basis)E TH =
oAl 600 CollAl 10A]7F F2t 375 o|-&dte] HA 2]t
Aok 9 3714 P o] WiHAbsE o] A, FEekal 4
FaL A2 A A A] 40 ~ 50 meshs AF-g-to] A sto] A9 o)

T AAE Ak

OI'

2

Table 1. The experimental conditions

Item Condition
Charged mass (mg) 25,50, 100
Particle size (mm) 0.359 (40 ~ 50 mesh)
Temperature (C) 120, 150, 180
_ NO (Pa) 13.58 ~ 81.06
Inlet g:lzggzeﬁgam“ NH; (Pa) 20.27 ~ 81.06
O, (Pa) 0.51~20.27
Space velocity (h™) 30,000
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Figure 1. NOx conversion of NMO as function of time at 423 K : (a) NO conversion, (b) NO, concentration, (¢) NH;3 concentration (S.V. :
30,000 h', NO : 424 ppm, NO;: 7 ppm, NH3 : 480 ppm).

Table 2. Thermal stabilities absorbed NO complexes 90
Species Vs_/1 Va_/1 Constitutional Desorptlf)l?/ 80 L o)
cm cm formula decomposition L
70
Nitrosyl | 1835 Mt — N= Of 323K L
MO 60 |- o o
. — = -
Bridged | 670 | 1220 N0 | 423-573K o 50 |
nitrate . O/ o L
— Z 40 (O3 0) O @) (@]
. o L
Br‘1dged AN 30 L o
nitrate 1290 1555 M"*\ N— O | 573~698K L
“type II” o’ 20 0O O O
Bridged AN 10
nitrate 1580 | 1220 hAT N— O | 473~573K 3
« oy N S 0 TR I TN T S [N TN ST Y T N O T N
type | 0
T 075 0O 10 20 30 40 50 60 70 80 90
inear A N N
nite | 1466 | vy | M =O=N 323~473K PNo (Pa)
Mono- 1322 y o Figure 2. Grid of experimental conditions for NO and NH; at 3 kPa
enrate 1415 ( - ~473 K of O, carried out at s , an : , MnQO3,
d 4 M — N 323 ~ 473 fO ied 393, 423, and 455 K : NMO, MnO
nitrite vi) No Mn;0s. (Exp. Condition: Loaded Cat.: 25, 50, 100 mg
O Temp : 393, 423, 455 K, Variable : Pxo, Pxms, Po2)
i TN
Bridged 1230 N | 323~523K
nitrite M — O e
o} olejst Bo4 Aol EAISHA s AL FHsHE W
oz AYAQ Ttk 71250l AlAE YT 2 o
X+= Dekker F. et al. [17]0] AA|GF 7|&S AFESHo] &
02 ot ATlet A e sk aban dag OV Dekker Fetal (7)ol AR 158 A8 sio]
N o o - o 2 BY AT G stk 4 BB @k 9% 4 2
A olibshd Ay, fE Yo Aol WSk QUGlTh wEhA - -
Ao nAE dF= A O (02 Wi =LA
NMO©9] A< Zalel Fejof 72 o] Aol gAY 2he ‘ .
e ST BN S B Rt BT qago) gere 2 gou 2 Ao 489 g2 e
Fo Foz ke TuR gt AW A 2 BH 500

ol St AF Ans PAAEe golet I 4 9) o 0002 < 05 (3)
2 7= NMO, MnO;, MnyOs Al 7HA] Slje} AdHE

Pno, Pxms, Po2®] 5 i=H8te} o] 5 393, 423, 455 Ko] Rz B~ Ca=0.011 < 0.05 4)

AolA Eest 4TS ST, QAL &= 49

2 W g2 7] flske] ot Bk Rish 23 A n'®*=0.067 < 0.15 ®)

& RGO ol2fa AlE 2L Figwe 29 Lok 59

o Ad G2 =014 Wt fls GHolA ol Fof Aok 7t Biyn ®*=10""<0.05 (©6)



310 7wz 4%
0.3 0.5 0.7
~* (b) fc) .
(a) 0s | .
v 0.4 S
£ S p
Sozt P S g 05 A
2 el So3} ¢ ® .
= . g o P04l Lol
= S o P,.(Pa) 2 v g F P,.(Pa)
] v ¥ . 811 1. A T Puo(Pa) So3f —e— 814
S oA - i —=—57.8 o PR o811 b =578
Sh e A— 405 H "’;ﬁ" —=—57.8 o 02 —4— 405
v 27.0 04k {..-r‘ A—40.5 = —y—2TD
203 ot v-27.0 01 —e-203
——-203
0.0 -——! — 00 ' 0.0 :
] 5000 10000 15000 20000 0 5000 10000 15000 20000 0 5000 10000

WIFNO(g-min/mol)

W/FNO(g-min/mol)

WIFNO(g-min/maol)

Figure 3. Observed NO conversion as a function of the space time for various partial pressures at 423 K : (a) NMO, (b) MnO3, (¢) MnOs. (Pais:

40.5 Pa, Poo: 3 kPa).
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Figure 4. Observed NO conversion as a function of a partial NH; pressure for various space times at 423 K : (a) NMO, (b) MnOs, (¢) Mn,Os.

(Po2: 3 kPa, Pno: 40.5 Pa).
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Table 3. Reaction orders of Mn oxides
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393 0.47 0.033 0.259
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