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Abstract — In this experimental, selective catalytic reduction (SCR) of NO with NH; over manganese sulfates and
manganese sulfates was investigated with catalytic activity, kinetics, temperature programmed reduction (TPR) and
TGA. Manganese oxides showed high catalytic activity for SCR at temperature below 200 °C. In case of manganese sul-
fates, the temperature at which SCR of nitric oxide appears shifted to high temperature with sulfation degree, and the
maximum catalytic efficiency decreased. The temperature of the onset of reduction for manganese oxides and manga-
nese sulfates is about 160 °C and over 280 °C, respectively. We suggest that the onset of reduction in TPR correlates with
the onset of SCR activity. Because the pre-exponential factor of manganese sulfates is lower as 1/1000 times than that of
other catalysts, catalytic activity of manganese sulfates for NO showed low. The reduction temperature of natural man-
ganese ore which consists of various metal oxides showed lower than that of pure manganese oxides.
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Table 1. Physical and chemical properties of catalysts
(a) Chemical analysis(wt.%) of NMO - balance oxygen of Mn and Fe:36.33

Composition ~ Mn Si0,  ALO4 Fe CaO MgO
wt.% 51.85 3.13 2.51 3.86 0.11 0.25

(b) Physical properties

NMO MnO, MnO,/y-Al,O5
Pore volume(cm’/g) 0.0392 0.0649 0.401
Mean pore diameter(A) 134.36 119.27 52.47
Surface area(m?/g) 20 23 243
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Fig. 1. The comparison of SCR activity between NMO and sulfated
NMO as a function of temperature.
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Fig. 2. TPR profiles of manganese oxides (reducing gas : Ar 40vol.%
based H,, gas flow rate : S0 ml/min, 10 K/min).
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Fig. 3. Predominance area diagram for the Mn-S-O system at 427 to
827°C.
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Fig. 4. TPR profiles of sulfated MnO, with sulfation temperature.
(reducing gas : Ar 40 vol% based H,, gas flow rate : S0 ml/min,
sample wt. 50 mg, 10 K/min) (a): MnSO4(Merk) sulfation temp.:
(b) 350 °C, (c) 400 °C, (d) 450 °C, (e) 500 °C.
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Fig. 5. TPR profiles of sulfated NMO with sulfation temperature.
(reducing gas : Ar 40 vol% based H,, gas flow rate : S0 ml/min,
sample wt. 50 mg, 10 K/min) sulfation temp.: (a) 350 °C, (b)
400 °C, (c) 450 °C, (d) 500 °C.

Table 2. Maximum peak temperature in the TPR of samples

Samples max. peak temp. in TPR(°C)
Sulfation temp(°C)
350 552
400 589
MnO,
- 450 598
500 605
350 340~400
400 378
NMO
450 600
500 608
MnSO, 676

TIRelA] Bi= vkl o] gslEl F AR B Fig. 39] A9 Kok
35 YeEhfjs &7 0% 24010}0311} 3t TPR onset /i
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ok Ak Zh 2o whe e A7 A AWTHEAS TPR
F 11 peak 2527} 350, 400 °COlA] 33} HESAIZ] A|RS] A= =
3l peak”7} 340~400 °C AFO]o] 3L 1 peak ¥ B 7} 5 5hH, 450,
500 °ColA B3} WA AlE2] 79+ <F 600 °c<>ﬂ*1 #1 TPR
peakE W ]It o]¢} 2 a?i*c}fﬂl ﬂlﬂ e % SdoA & &
2T}, Bjornboms[14]2] $H2-£ (800 OC)7} Mnso491r ;c
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Fig. 6. TGA spectra of NMO and sulfated NMO (Air, 10 K/min).
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Table 3. The activation energy and kinetic parameters of catalysts in

SCR

Catalyst A (mol/g of cathatm™") E (kcal/mol)
V,04-TiO, 5.19x10° 129
Fe,05-TiO, 3.45x10* 10.1
Cr,04-TiO, 2.41x108 14.6
V,0:-Al,04 1.26x107 14.8
Fe,05-Al,0; 1.09x10° 13.2
Cr,05-Al,0;4 2.70x107 15.0
MnO,-WO,/ALLO, - 4.872
NMO 8.41x10° 6.26
MnO,/Al,O; 3.45x10° 8.17
NMO(sulfated 350 °C) 1.185x10° 5.04
NMO(sulfated 450) 1.37x10° 545

249] sulfation degree 5712 U3+ ACZ Al FC)H

gole Jol SCR WH-2] £ 7 g flote] RS E
s S8 oH B vl iy vhks Suliele] vlw ghe
Table 3 UFERASITE. A4 A Blell] SCRE-ENE-A v 2]
¥} o] vepRd 4= Qi

4NO+4NH, +0,— 4N, +6H,0 ©)

fl

o] w] MFEHE A& WA Fe] Eolu S0/t EAEHA]

o+ 739 power law expression® & LFERH TR} o] EHE
T AUk
r=kChoCliy,Co, (10)

7] k= A,eRTo|T}.

A7t ) o g FEAE Agols 2 007 e & glow
NHy/NO =H]7} 1.0017491 Z31elM = ety oprt Sufjside] vy
£ WE £ A S&ehl wEhA ikeE e dRYot s
o] Jakg x| gkomE o o8 7T ¢ ity PR

o Whg&EAe the A3t o] 1hes] B Thselt.

— O

r=kChp 11

F3F B A7RES] A TelA RESHEE NOEEe] A3
Aow 7Rtk BelA Qo NOsEel el HHe55E 1
Apetal P Uk At o] REgEEAS e 5= glom
ToME 2] (12)5 ©]8-519] pre-exponential factorgkd} 43}l
A k& Anksisict.

r=kCy, 12)

A slellu A= A AdzEdA ol dillA] 6.26 keal/mol, MnO,/
ALO;] 79 8.17 keal/mol2 HA™E7HFA] o] gdslefq =7} vt
Al VFERATE, B3k -89 2 ARG I Yl vkeEme] 7d--of] B
slo] sHE AR E Bt o= WiRIskEe] i ow

& 202 SCR 5/3E Kol 212 <Jw]gltt. 350 °C, 450 °C
oA ek AR AAEREA ] A9 DA steliAE 44
5.04, 5.45 keal/mol=A] -7 SHA] LFERs O} pre-exponential factor
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