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Research on the middle-low temperature denitration and anti-poisoning
properties of plate V,0,-Mo0,/TiO, SCR catalysts
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( National Engineering Laboratory for Biomass Power Generation Equipment
North China Electric Power University, Beijing 102206, China)

Abstract . Considering the technical requirements for middle-low temperature denitration of flue gas, a series of
powder and plate type V,0,-MoO,/TiO, SCR catalysts were prepared using incipient wetness impregnation
method with V,0; as the active component and with MoO, as the promoter. Experiments were performed to
investigate the effects of active component and promoter contents of the catalysts on the activities and the
resistance to deactivation by SO, and H,O. The characterization of the fresh and used catalysts was conducted,
and the optimal catalyst was further studied to reveal the denitration performance under different flue gas
conditions. The results indicate that the activities of the catalysts are enhanced with the increase of V,Oq
loadings. Also, the addition of MoO, can promote the catalytic activity. The characterization results from XRF,
XPS, FT-IR and other analysis suggest that the MoO, content could affect the V**/V>* ratio in the catalyst. The
increase in relative MoO, content is favorable for the formation of non-stoichiometry vanadium species as well as
the rise of chemical adsorption oxygen. Therefore, the interactions between molybdenum and vanadium species
might be an essential reason for the resistance to the deactivation by SO, and H,0O. The denitrification efficiency
of 3V,0,-10M00,/TiO, plate catalyst keeps steady around 82% after 30 days test in the presence of SO, and
H,O at temperature of 200 C and space velocity of 3 500 h™'. The catalyst is identified to have an excellent
resistance to the deactivation by SO, and H,O under middle-low temperatures.
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Schematic diagram of the SCR experimental setup

Figure 1
e R B AN B A = 1 SCR B A
BV a FEIR RS A B 2D MRS AT A R A4
PR RGEAFTR A, SRR s T
SCR A B i v, 4 UM I it FR 5T £ O T HAS 1
Pl FEIR ARE IR A 5 A RS SO0 A% . SIS R
JH ABB 73 ] MB3000 #9 4 B 2T AME S 03 B AU
52 107 i 2 T AR S b ) AR BE . S PPN
HEAEF BT SO, A H,0 Hag vk, X b3 7 7
SO, Fl H,O A5 T AT 0] ] )2 N, 5 S M A
A8 B B L I ] ) AR A i 3
dh ST B, WO k200 °C, NO K
550 mg/m’ ,NH, & 311 mg/m’, SO, & 500 mg/m’,
O, BN 3% ,H,0 KRB 80 5% , N, “F-ff
R,AHA 3500 h SN 2.5 L/min, NO, 1)
BRI AT

QD Nox, in _¢ Nox, out

n=—rh T 100% (1)
@No, in
;T‘K:IZFI ’qDNOx,in \qDNOX'O“[ﬁ%IJﬂ‘jH;EE%}im%%A D N ILH
Y NO, #eJE

1.3 EAFIRRE

HEALF Y Lo 3 m BURFL 2 FLAR TR AR
YRR B2 ( ASAP2020 94 BRI A ) #EA T 22
T BPREAE 5 58T 90 CTHiEE A AL PE 1 h, FF200 €
B A LB 6 h; SRS 7R AR T AR Hf i A T D

ARk A 1R B0 - o PR S5 il 2K 5 L 2R R AR H] BET J5 2
T LA ALK BIH LT 2]

XRF 8% ] XRE-1800 % X S5O,
X STEAEHE . BERE (Rh) X BFRAE TR 60 kV (Max )/
150 mA (Max ) , & 0 ¥ BE . 10° —100% , 5 /N3 1 ik
X FA% 250 m, S ARFEHEHAE . 300(°)/min,

XPS 43+ #7% F Thermo escalab 250Xi I X &4k
JEHL TRERGAX, LA (S Al Ka(hv=1486.6 eV) N5
LRV, IR 150 W, 500 wm HBE, DL 5 YLk 1Y
C 1sH 72455 HE(284. 6 V) BTG

FT-IR 387 % FH Nicolet iS10 % {# B 21 41
AL, HOGIE N 4 500-400 cm™ |, F14532 R, R
4 cm™  FREUBEAL FIRE S 1 mg JE A, LA KBr i 5,
FEARIIE A % 2R G e ar Jo54E

2 HR5vHE
2.1 EHFIARTRERE RN
2.1.1 V,0,%1 MoO, £ k2 X #} 7K {14 77 B A 1
EA A

AN V,0, 7 # i 1Y F-xV,0,-10Mo0,/TiO, fif
PEFNHE A TR IR BE T I B R LI 2 (a) .
2(a) AT, BE A R 0 T w1 7 A 0 A 20k %2
FRTE, LA F-1V,0,-10Mo0O,/TiO, i 1k 51 Jy 1],
150 CHHBAHACE R 16. 8% ; 4R E T+ 2 250 €
I, AR IR B 2 97.4% , V,0, a8 XAk 57
JBEAE SR A B W RS2 Y I AR B Sy 250 TR,
BTN SRR = (BITE 97 % L B 5 [
EEE R 150 F11200 CHF, BEAE V,0, 7 28 2T,
JBRAE AR A S 5 T IS ST B R . v, O, 3R AR
T 3% I, RS RCR I V,0, 7 2K 5 1 i B i
TE 5 7E 3% —5% WA RCRIG K G218, T 7E 5% Wik
F KA, Z 5 B V,0, gk i 38 i, A RCR
WA R85 T e i i T R 145 v, 04
FEREAL N AR B AL Fe R AU/, 16 1
AR 2R

TRl MoO, 1 # & 1Y) F-3V,04-xMoO,/TiO,
FEFVFEAS IR EE N B A SR LI 2 (b) . HIEL 2
(b) AT, bifi o IR 00 T e, R0 0 IO A 2 3 ol
$&F+, 75 250 T MoO, &t K 4% —10% I B fif 80%
IRk 99.7% . MoO, 1k Jy B g fif — i i B 42 55
AR A B 5 1 < ZE AR SIS A 150 200 THT,
24 MoO, 1 #k fE A% T 6% I, i £k 751 1t i %5 2R b
MoO, 1 5% it I3 I M £ 55, 76 6% B 35 3 e K, it
TR 5h 33. 4% F180. 8% ; MoO, T4l 2 1E 6%



116 wooR 4k

L

545

—10% I AR AL AN K, i 109% i i £ 2800

100~ A/FA i i py v i py
< 80}
= 60- —=—150 C
2 ——200 C
g ——250 C
£ 40-
o
“ 20k
F(a)
0 n L n 1 L 1 n 1 L 1 L L
0 2 4 6 8 10 12

V,0, loading  w %

(U DN IEE Y ESIR R SR LR N o

100F /L_._;_‘_A_;_Hﬂ_\
S 80
" L
5 o0 —=—150 C
g —e—200 C
> .
§ 40+ ——250C
%‘ [ ./V-X.’._H_.—’\'\‘\‘\'\.

20+

(b)
0 . 1 . | . ! . 1 . 1
0 4 8 12 16 20

MoO, loading  w /%

Bl 2 V,04H1 MoO, T 45 5 X i b3 RS R 1 5
Figure 2 Effects of V,05(a) and MoO,(b) loadings on denitrification efficiency of the catalysts
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Table 1  Specific surface area and pore structure of the catalysts
Specific surface area Pore volume Average pore diameter
Sample Catalyst

A/(m*-g™") v/(em?-g™) d/nm
1 F-3V,0,-10Mo0,/TiO,( fresh) 71.43 0.32 17.8
2 F-5V,0,-10Mo00O,/TiO, ( fresh) 50. 64 0.25 19.6
3 B-3V,0,-10Mo0O,/TiO, ( fresh) 54.32 0.23 16.7
4 B-5V,0,-10Mo00O,/TiO, ( fresh) 49.04 0.22 18.0
5 F-3V,0,-10Mo00O,/TiO, ( after SCR) 62.09 0.28 18.0
6 F-5V,0,-10M00O,/TiO, ( after SCR) 35.78 0.17 19.9
7 B-3V,0,-10Mo00,/TiO, ( after SCR) " 26.64 0.16 24.4
8 B-5V,0,-10M00O,/TiO, ( after SCR) 38.14 0.18 19.3

* duration time of the SO, and H,O deactivation experiment; NO.5 and NO. 6 catalysts were 167 h, NO.7 catalyst was 120 d and

NO. 8 catalyst was 17 d

2.2.2 XRF #f
SR HEALTR) XRF ST 4R L3R 2,
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Table 2 Each component content of the catalysts

Content w/ %

Sample 5 T Mo0,  Si0, ALO, SO,  TiO,
1 2.86  8.66 - - ~ 88.27
2 498 8.62 - - - 86.22
3 270 8.04 6.59 5.37 -  75.82
4 4.80 7.96 6.38 5.18 -  74.39
5 2.80 8.46 - ~ 1.64 86.19
6 4.74 825 - - 5.43 80.70
7 2.51  7.33  6.21 4.49 8.47 69.06
8 434 7.54  6.25 4.93 4.52 71.45

* . annotation; duration time of the SO, and H,O deactivation
experiment: NO. 5 and NO. 6 catalysts were 167 h, NO. 7
catalyst was 120 d and NO. 8 catalyst was 17 d
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Figure 9 FT-IR spectra of the fresh and used catalysts
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