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Abstract: A spherical activated carbon (SAC) loaded with MnO,-CeO, and melamine was prepared as the cata-
lyst for selective catalytic reduction (SCR) of NO at low temperature (120-180°C). Physical and chemical prop-
erties of the catalysts were characterized by scanning electron microscopy-energy dispersive spectrometer
(SEM-EDS), X-ray diffraction (XRD), and N, adsorption-desorption technologies, respectively. The results show
that about 99% NO, conversion for 8.8 h at 180°C is achieved over the catalyst with 10% melamine and 8% Mn
loading (the mole ratio of Mn:Ce was fixed at 1:1) under the condition of 0.1% NO, 8% O, and a space velocity
of 6000 h™'. When the calcination temperature is higher than 400°C, the melamine-SCR activity is decreased ob-
viously due to the crystallinity of the metal oxides increasing. When melamine loading is more than 15%, the
specific surface area and pore volume of the catalysts decrease significantly, leading to a decline in the station-
ary-state NO, conversion. However, the increase of metal oxides loading and reaction temperature is found to be

beneficial to melamine-SCR reactivity, and the stationary-state NO, conversion is always maintained at about
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99% over a wide concentration range of NO and O,.

Key words: spherical activated carbon; MnO,-CeQ,; melamine; NO; selective catalytic reduction
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Fig. 1 SEM images of (a, b) 400-8(Mn-Ce)/SAC, (c) Mn and
(d) Ce mapping on 400-8(Mn-Ce)/SAC
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Fig. 2 XRD patterns of 8(Mn-Ce)/SAC calcinated at different

temperatures
(a) 300°C; (b) 400°C; (c) 500°C; (d) 600°C
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Fig. 3 Nitrogen adsorption-desorption isotherms of SAC and
400-8(Mn-Ce)/SAC with different melamine loadings
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Table 1 Porosity parameters of SAC and 400-8(Mn-Ce)/SAC with different melamine loadings

Sample Sper/(m*g™) Smic/(m*g™) Vi/(cm*g™) Vinie/(em™g™)
SAC 1411 1295 0.62 0.52
400-8(Mn-Ce)/SAC 710 648 0.32 0.26
400-8(Mn-Ce)/SAC-5 661 603 0.29 0.25
400-8(Mn-Ce)/SAC-10 578 528 0.26 0.22
400-8(Mn-Ce)/SAC-15 476 428 0.22 0.17
400-8(Mn-Ce)/SAC-20 392 355 0.18 0.14
100 100 100 g
—m- 300-8(Mn-Ce)/SAC-10
X 80 780 L r —0— 400-8(Mn-Ce)/SAC-10
: s SE A 500-8(Mn-Ce)/SAC-10
&z 60 160 & S 60F —7— 600-8(Mn-Ce)/SAC-10
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3 s £
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z 2 y
: 0" 2
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0 ' l N 1 L N 0 0 i L L ¥
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4 400-8(Mn-Ce)/SAC-10 ] melamine-SCR J 1. {1 £k

Fig. 4 Reactivity of NO with melamine on 400-8(Mn-Ce)/
SAC-10

Reaction conditions: 0.1% NO, 8% O,, balance N,, reaction
temperature = 180°C, space velocity = 6000 h™!

Time /h

K5 MR )E X melamine-SCR 5 WV [ 52 i

Fig. 5 Effect of calcination temperature on NOy conversion
over melamine-supported catalysts

Reaction conditions: 0.1% NO, 8% O,, balance N,, reaction tempera-
ture = 180°C, space velocity= 6000 h™'
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Fig. 6 Effect of metal oxides loading on NO, conversion over
melamine-supported catalysts

Reaction conditions: 0.1% NO, 8% O,, balance N,, reaction
temperature = 180°C, space velocity = 6000 h™!
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Fig. 7 Effect of melamine loading on NOy conversion over
melamine-supported 400-8(Mn-Ce)/SAC

Reaction conditions: 0.1% NO, 8% O,, balance N,, reaction tempera-
ture = 180°C, space velocity = 6000 h™!
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2NO + 0, — 2NO, 4)
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2.6 NEEX melamine-SCR & [ B 221
K 8 Ay St ViR & T melamine-SCR [ N [RIRE R, 7
120~180°C [ S MR FETE I A, A (IAEAS NOW Feft
BIHERFE 97%LL L, o NO, Bz MR s e I B fe M i
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FIT = I U b 38 = R 5 R (P T AR OB, AT
TS I3 15 v P Al e oy e P O
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Table 2 Mole ratio of reacted NO to melamine supported on 400-8(Mn-Ce)/SAC

Material balance

400-8(Mn-Ce)/SAC-5 400-8(Mn-Ce)/SAC-10 400-8(Mn-Ce)/SAC-15 400-8(Mn-Ce)/SAC-20

Amount of melamine on
sample /X 10™* mol

Breakthrough time(BTT) /h 4.20

Total amount of supplied net

2.02

11.
NO until BTT /X 10 mol 30
Ratio o.f reacted NO to 99.50
supplied net NO /%
X
Amount of rimoved NO/ 11.20
10™ mol
Mole ratio of reacted NO to 550

melamine on the catalyst

23.70

99.60

23.60

4.04 6.06 8.08
8.80 13.80 18.50
37.10 49.80
99.40 96.80
36.90 48.20
5.80 6.10 6.00
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Fig. 8 Effect of reaction temperature on NO, conversion over
400-8(Mn-Ce)/SAC-10

Reaction conditions: 0.1% NO, 8% O,, balance N,, space velocity =
6000 h™!
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Kl 9 NO 5 0, X melamine-SCR 2 V[ 5% ]

Fig. 9 Effect of (a) NO concentration and (b) O, concentra-
tion on NO, conversion over 400-8(Mn-Ce)/SAC-10

Reaction conditions: 0.01%~0.1% NO, 0~8% O,, balance N,, reaction
temperature = 180°C, space velocity = 6000 h™!
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AT R iz AT g A 2K

100

—m-3000 h'
80 - 0— 6000 h'
- —A— 15000 h:
= 6oL\ —7— 30000 h°
g oo\
5 -
§ 40}
O‘ L
“ 20f
0 i i " i
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Fig. 10 Effect of space velocity on NOy conversion over
400-8(Mn-Ce)/SAC-10
Reaction conditions: 0.1% NO, 8% O,, balance N,, reaction
temperature = 180°C
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