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Influence of Calcination Temperature on Performance of Monolith Catalyst
MnO,-CeO,/Zr »5Ti 25Aly501.75 for Selective Catalytic Reduction
of NO by NH; at Low Temperature
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Abstract: The MnO,-CeOy/Zry 25Tip25Alp 501 75 monolith catalyst was prepared by the incipient wetness method. The influence of calcination
temperature on the textural and structural properties as well as the catalytic activity for selective catalytic reduction (SCR) of NO by NHj3
was investigated by N, adsorption-desorption at low temperature, oxygen storage capacity (OSC), X-ray diffraction, X-ray photoelectron
spectroscopy, and NH; temperature-programmed desorption. The results showed that the specific surface area, pore volume, and OSC of the
catalyst decreased, while the average pore diameter increased with the increase of calcination temperature. The catalyst presented as amor-
phous or crystallite when calcined in the temperature range of 500-700 °C. The catalyst calcined at 500 °C showed the largest surface acid
amount and the strong interaction between the surface Mn and the support, which were beneficial to the SCR activity. The activity decreased
with the increase of the calcination temperature. The activity was still considerable when the catalyst was calcined at 600 and 700 °C, but the
activity obviously decreased at 800 °C.
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FF 400 °C HARFF 60 min, B 2 =96 5, W2 (20
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Table 1 Textural properties and oxygen storage capacity (OSC) of
ZTA support and different catalyst samples

Surface area  Pore volume [eN[® Pore diameter

Sample )

(m’/g) (ml/g) (nmol/g) (nm)
ZTA 266.5 0.36 0 2.73
ZTAS 182.7 0.29 219 2.76
ZTA6 156.5 0.28 178 2.78
ZTA7 144.2 0.27 150 3.10
ZTAS8 115.5 0.25 119 3.75

ZTA*Zro_stio_zsAlojol_75 support. ZTAS, ZTA6, ZTA7, and ZTAS8
denote MnO,-CeO,/ZTA catalysts calcined at 500, 600, 700, and 800

°C, respectively.
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Fig. 1. XRD patterns of different catalyst samples.
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ANTRME AL FURE o Mn Rl Ce (1) L7 45 A fig J S
HAfFrmw AT 2. S XPS W Wi 278 .
Al UL, £ 500, 600, 700 i1 800 °C K% e 1 4 4k 751 1)
Mn 2ps, L7 45 5 B2 i 2 642.58, 642.06, 642.09 Fl
642.34 eV. 1l MnO, 1 45 4 AE 4 642.0 eVE'>101 ] I
DU Ff iz A0 751 v 1 Min 3 22 B MO, [ B A A7 71, Horp
ZTAS F1 ZTA8 1 Mn [1 45 & RE 0] = 45 & 6 J7 1] 43 Jil)
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Table 2 Binding energy and atomic percentage of different samples

Mn 2p3)» Ce 3dsp
Sample  Binding Atomic Binding Atomic
energy (eV) percentage (%) energy (eV) percentage (%)
ZTAS 642.58 2.54 883.55 1.11
ZTA6 642.06 2.87 882.71 2.51
ZTA7 642.09 2.39 883.40 1.23
ZTAS 642.34 2.36 882.64 0.89
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Fig.2. Mn 2p (a) and Ce 3d (b) XPS profiles of different catalyst
samples.
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Fig. 3. NH;-TPD profiles of different catalyst samples.
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Fig. 4. Selective catalytic reduction (SCR) activity of different cata-

lyst samples. Reaction conditions: 0.1% NO, 0.1% NH;, 3% O,, bal-
ance Ar, GHSV = 12000 h '
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A R PR A R R R R R RN X 5 R
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BT, (A RIS T 25 A R ) T B, 2R B AL R
T AE 3 4 W B 3 S0 v PR PR AR X T BB T
HEAL TR T B 1 /b 5 R B 1R 4k, 1 ZE 41 4k 7 1) 3
Sy SLIE B B T AR (R o A T LT g
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100 =
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NO conversion (%)
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Fig. 5. Effect of H,O and SO, on the SCR activity of the catalysts.
Reaction conditions: 0.1% NO, 0.1% NHs, 3% O,, balance Ar, 10%
H,0, 0.01% SO,, 250 °C, GHSV = 12000 h™".
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8NH;+6NO, — 7N, + 12H,0 (3)
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