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Catalytic Reduction of NO, over MnO, Coated TiO, Nanotube Arrays
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Abstract: Catalytic reduction of NOx with NH3 was studied over MnO coated TiO, nanotube arrays prepared by anodic oxidation. When the
MnOy was deposited inside the TiO, nanotubes, the good NO4 removal efficiency was achieved at relatively low reaction temperature, such
that the NO, removal efficiency of over 90% was always obtained at 150-250 °C, and it reached 99.9% at 200 °C. However, when the reac-
tion temperature was higher than 250 °C, a suppression of NO, removal was observed. This is probably because the diffusion of NO mole-
cules into TiO; nanotubes was controlled by Knudson diffusion.
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Fig. 1. SEM images of anodized TiO, nanotube arrays formed at
different times. (a) 0; (b) 6 h; (c) 12 h; (d) 24 h.



668 b

E S

Chin. J. Catal., 2011, 32: 666-671

S e BB AR R AR — 2 TiO, Sl Ak
i, R )G F b Ti g4, Tl — ML, B
AR BT ) P SE K, LIRS AR AR 1 N, d S5 T ek
7 o ) WL R AR B 4% 1Y THO, 4K I 4 O
i A, 48 500 °C #AbHE i, B AR E I BLUEKET i B
TiO, g K45 1],

Kl 2 5 MnO,/NT(24)-V K] SEM I 1 (W 4 &
0 Mn R T [ RE S 20 A1), o 1B b 8% w] DAL 42 5
TiO, K (M.t Mn R Ti 95 76 2 1 49 A ]
A4, 3 AR5, MOy R I HEN B TiO, 4K 4
WA, H H TiO, 4K 8 B 51 O/ F5 58 IF . T Hs 2 35t
I, BT TiO, 4K N I S ASRERE HEFR, MnO, G
VN B TiO, 9K 6.

2 MnONT(24)-V 89 SEM B R (R#EE XN Mn #1 Ti 89
BEE )

Fig. 2. SEM image of MnO,/NT(24)-V. The insets are the EDS map-
ping of Ti and Mn. The number in the sample name means the elec-
trolysis time (i.e. 24 h), and the letter V means that the sample was
prepared under vacuum.

2.2 ELFIRIRLES M e

Kl 3 AN [ AL 7 E N % Ak 8 Bt 3 5 i A%
. mE A, A MnOy [ TiO, 48 K 4 BE %)
NT(6) Fl NT(24) FEA KA MALIEE; MnOJTi-V &
L — % AL S5 T, 100 °C B NO, 3 1L % 36%,
42 250 °C ik fe i (29 92%), 4k 4L T i i, fiE 1k
AT N B XS SRR [T IE — 8L W R
5 MnOL/NT(12)-A 1 I fiFs 7 & £ %= Lt MnO,/
Ti-V i 2. XAl HE e T TiOo, 49 K& fL P <l
BH 1T MnOy E N N, A8 45 18 4k 771 2 1T A7 21
MnOy & HE 9 /D . BL AR 35072 45 1 MnOW/TiO, f
338 s A S I A 2%, 7E 100 °C ' NOy #%
1k W] 35 70%; £ 150~250 °C it il 2k % #5581

100
90 |
80 [
70
60
50 [
40 L
30 [
20

10}

0k > o > o > > &
100 150 200 250 300
arc
B3 FRMELF L NOGELRREEERIT L

Fig. 3. NO conversion as a function of temperature over different

catalysts. (1) MnO,/Ti-V; (2) MnO/NT(12)-A; (3) MnO/NT(6)-V; (4)

MnO,/NT(12)-V; (5) MnO/NT(24)-V; (6) NT(6); (7) NT(24); (8)

MnO,/NT(12)-V with 2.5% H,0 and 0.02% SO,. Reaction conditions:

feed 0.055%NO,-6%0,-0.055%NH;-N, balance; SV = 36000 h™. The

letter A in the sample name means that the sample was prepared under
atmospheric pressure.
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Fig. 4. SEM image of MnO,/NT(12)-V after SCR of NOy for 20 h.
SCR—selective catalytic reduction.
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Fig. 5. Reaction rate coefficients as a function of temperature (a) and
the calculated apparent activation energy (b) for different catalysts. (1)
MnO/Ti-V; (2) MnO,/NT(12)-A; (3) MnO/NT(6)-V; (4) MnOJ/
NT(12)-V; (5) MnO,/NT(24)-V.
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Fig. 6. (a) The volume diffusion coefficient (Dy) and the Knudsen
diffusion coefficient (Dx) of NO molecule as a function of temperature
(the inset is the mean free path of NO molecule as a function of tem-
perature); (b) The diffusion activation energy calculated by the Ar-
rhenius plot. (1) Dy; (2) Dx.
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