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Fig. 1 Schematic flow diagram of the catalyst evaluation unit

2 #R5i%
2.1 XRD £#f

Bl 2 AN A RS e S L ) £ A AL AU XRD 1.
ME 2 ATLLE ] 3 Ml 7)) XRD A —2,
TEALFITE 20=25.3°137.9°.48.1°. 54.1°.55.3°.62.9°,
69.0°41 75.3°40 XS BT B ERA R TiO, HI(101)
(004) (200) (105) (211) (204) (116)LAS(215) & T [
Fi5E(CPDS 21-1272), K&K MoO; F1 V,05 ¥
FhEOATE I . XTI PELL 9 V-Mo-P #JFIE TiO,
RSB, SRR, [ikx
R Rl

~
=3
[
Q
Q

\_L/\———A__M_i
l N,-450 C

-
A 1215)

Intensity

Air-450 C
Anatase TiO,syn JCPDS 21-1272 "

T T | | u

20 40 60 80
20/(°)

2 AN[EHRER SR B % O HEAL TR XRD 1%
Fig. 2 XRD patterns of catalysts calcinated under different
atmospheres
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Fig. 3 Pore volume distribution of catalysts calcinated under
different atmospheres
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Table 1 Specific surface area, pore volume and pore size of
catalysts calcinated under different atmospheres

Surface area Pore volume Average pore

Catalyst

A/(mz-gfl) V/(cm3-g71) size d/nm
Air-450 C 78.30 0.293 7.886
N,-450 'C 85.75 0.299 9.758
H,-450 'C 91.61 0.388 9.693
TiO, 94.55 0.336 9.690
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Bl 4 /2 3 P 5URs AL R ) XPS 3 . V(2p)
fREBIE WA 4a ML 2 s, 7E 516.4 eV Al
517.4 eV S& RN T HE T V7 (2psn) M
V& @2ps) ™, i T A F B B R I T

TR, RULTE RS ek #2 ke B — e 1k JEAE H
PRI T fRE A 57 P B AR AR — E VI, Hp S R
ARER PRI TF VvV E)
33N 0.440. 0.482 F10.538, it B8 A5 R~
X EA AN

XPS U i AR K B /MK IR A Hp-450 C
N,-450 C. Air-450 C, WEmBUEA, UHETE V
VIR AR, XS A E SR T AR — 2
HE— 20Uk B 2 S R AL TS MR 53 e A 53 Joe
g, RTHR TR E YRR .

Kl 4b S Mo(3d)f7 XPS #54Hit% . v LLE E, Mo
N S FEAN+6 1y, 1E 233 eV Al 236 eV iz B
(I U4 43 5 J8 T Mo®" 3dsy, F Mo®* 3ds, Ut
TERE RS T AEALF T Mo MM iR R . E
4 1) XPS WA G LLRE, HpaA BAMEASR
AR IEAL ] Mo/V I LEEBIA 4.419. 3.092
H12.985, AR EAMME AP BA B S Mo/V.
EER I TN | DN ot E L (ST N I DB
IR PE M RIS, MoO, BT LA S Ak 5 VO,
REMPITE R

J5 Joe SR 50 0oF i 4 SEC R A, 25 W PR 4R ) 43
SR, HREATIT O(1s)f XPS 3 B i
Kl 4c Fron. ATRAE W, SHEATIE 530.2 eV A
531.5 eV i IR R ISE T 2 R T 5 &R
(V. Mo B{ Ti)#E& 1)k Op ik 2% I Bt 4
0,7 Pl 3 3 MALFILM O A TIRE MK 4 0] LA
B, ZRREREAANSE, EEA BEAMEAS
R AL O/ (06 +Op) LAE 73 71 0.277
0.257 F110.258, H O/V HLAE %58 33.018. 22.389
H120.677. MIEFIEERT AR H, =R R
AL I O, i LLEE K. BHRFFE R, ERIR
LR, O, Sriflim, HAB I pm, HE
5§ NO-NO,, NO, i#f—#25 NO. NH; f P
SCR M AE R N, A1 Hy0o

2 s 2p 3d 3ds,
Vst 12 Vi ] Vi 3/2/V4+ 32 _~ O[;
e [ ATA0C A Air-450 C Air-450 'C O\
2 N,-450 ‘C g . ‘2
E - & E N-450 C é N.-450 °C /Z\
H,-450 'C A \
H.-450 C H,1450 L,/Z\
526 524 522 520 518 516 514 238 236 234 232 230 536 534 532 530 528 526
Binding energy/eV Binding energy/eV Binding energy/eV
(a) V(2p) (b) Mo (3d) (©) O (1s)

B4 ANFRIRE bedr Fl & i AU XPS 1%

Fig. 4 XPS spectra of catalysts calcinated under different atmospheres
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Table 2 XPS spectra of V and Mo on the surface of catalysts calcinated under different atmospheres
VT2pse) V*'2ps2) Molar ratio of Mo® (3dsn)
Catalysts P
B.E/cV Area BE./eV Area VIV BE/cV Arca
Air-450 C 516.4 1755.0 517.4 2231.5 0.440 233.0 10642.7
N,-450 'C 516.4 2122.6 517.4 2281.3 0.482 2329 8047.7
H,-450 'C 516.5 3030.6 517.5 2609.5 0.538 2329 10055.3
B.E is binding energy.

* 3 FRERFEG&FRMELT XPS RIEFRE O RF
RE
Table 3 Concentration of O atoms on the surface of catalysts
calcinated under different atmospheres

0, (o

Catalyst Ou/(0,+0p)

B.E./eV Area B.E./eV Area

Air-450 'C 531.5 36404.3 530.2 95221.4 0.277

N,-450 C 531.5 25316.1 530.2 73282.6 0.257

H,-450 'C 531.5 30104.0 530.2 86518.7 0.258

* 4 FREBRFEHZHENLT XPS RIEFRRE V. Mo
MOMNERREFIRE
Table 4 Surface V, Mo and O integration area from XPS
characterization and atomic concentration of catalysts
calcinated under different atmospheres

Area Molar ratio  Molar ratio
Catalyst
v Mo 1) of Mo/V of O/V
Air-450 C 3986.5 17614.6 131625.7 4.419 33.018
N,-450 C 44039 13618.5 98598.7 3.092 22.389
H,-450 C 5640.1 16834.5 116622.7 2.985 20.677
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Fig. 5 H,-TPR curves of catalysts calcinated under different
atmospheres

S5 AR E &I H-TPR & FIER 5 EA & H

Table 5 Integral area share of H,-TPR reduction peaks for catalysts prepared with different roasting atmospheres

Peak [ Peak 1[I Peak I Peak IV
Catalysts __ Area __ Area _ Area __Area
Temperature/'C Temperature/C Temperature/ C Temperature/'C
Percentage/% Percentage/% Percentage/% Percentage/%
Air-450 'C 451 15.8 490 20.1 579 64.1
N,-450 'C 444 18.1 490 23.0 562 38.9 631 20.0
H»-450 'C 456 42.1 553 452 635 12.8
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Fig. 6 O,-TPD curves of catalysts prepared with different
roasting atmospheres
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Fig. 7 NH;-TPD curves of catalysts prepared with different
calcination atmospheres

R 6 AEIEEFESEELTN O, RMIEIR S ER & bt

Table 6 Percentage of integrated area of O, desorption peaks for catalysts prepared in different roasting atmospheres

Peak Il &
Peak [l Peak IV Peak V Peak VI
Peak IV
Catalysts
Area Area
Temperature/'C Temperature/'C Temperature/ C Temperature/'C
Percentage/% Percentage/% Percentage/% Percentage/%  Percentage/%
Air-450 'C 355 29.8 466 399 716 25.8 789 453 69.7
N»-450 'C 421 453 597 6.40 703 422 782 737 51.7
H,-450 'C 368 39.6 492 32.6 736 24.9 767 344 722
RT TRIKERFE G EHELTIA NH; B IER S IR &t
Table 7 Percentage of integrated area of NH; desorption peaks for catalysts prepared with different roasting atmospheres
Peak I Peak Il Peak Il
Catalysts Total area
Temperature/C Percentage/% Temperature/C Percentage/% Temperature/C Percentage/%
Air-450 'C 173 29.8 258 459 396 243 754
N,-450 ‘C 171 29.8 261 49.0 374 18.1 684
H,-450 C 168 29.8 251 453 350 21.0 667
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Fig. 8 Py-FTIR curves plots of catalysts calcinated under
different atmospheres
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Table 8 Percentage of integrated area of Py-FTIR spectra of
catalysts prepared in different roasting atmospheres

Peak area
Peak area
Catalysts percentage/%
B acid L acid B+L B acid Lacid
Air-450 'C 1020 675 1695 60.2 39.8
N,-450 'C 584 670 1254 46.6 53.4
H,-450 C 61 420 481 13.8 86.2
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Fig. 9 NO-TPD curves of catalysts calcinated under different
atmospheres
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Table 9 Percentage of integrated area of NO desorption peaks for catalysts prepared with different roasting atmospheres
Peak | Peak Il Peak I
Catalysts Total area
Temperature/'C Percentage/% Temperature/'C Percentage/% Temperature/'C Percentage/%
Air-450 C 135 12.1 186 13.6 427 74.1 448
N,-450 'C 140 272 193 42.1 399 30.7 254
H,-450 'C 142 173 189 30.3 376 52.3 271
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Fig. 10 Denitrification performance at different temperatures
of catalysts calcinated under different atmospheres

HRIERTSCHI 98T, V-Mo—P/TiO, AL AL
0 57 B8 77 R R A S 6o ARG IR Bt i A o B L ) 52 e
HxNAFERERENE 11 fiR. EREEET,
NH; 7ERRYER f E MW Pt s, Bl e 5 AR R
BRI NOo/-NO3 KAV, IX— LRI
L-H YL . MR SRR, R NH,
5N NO BN, #ATHAEIERE, ZRNE
i1 F-4% E-R HLEEHEAT,

N,+H,0 NH,
NO \ Y 4 J /o
L oo
| | |~

‘02‘

--uwm-J NAHO

E-R reaction
mechanism

L-H reaction
mechanism

11 NH;-SCR i) L-H #L3AT E-R #13#
L-H mechanism and E-R mechanism of NH;-SCR
reaction

Fig. 11

TEB R AR P AT RS e e A AR A LR R
TS A PR A . BF AR, SR S R
EHUFR) V—O B B BRIRE AL (VY -OH) IIAFAE
fEARAEAL T e 0% B Ot R B S 1 NH; 08 510
Ji B NH, ST R T e 2RO T i R 25, BE RS
TG S5 N AR N, 1T H,0. KT Air-450 CAEAL 7T

5, HNALHENE L-H HLEE, AHEEZ T, Np-450 C
FI H,o-450 “CHEATNFE A T & 48 E-R A1
FEh, RGN R A B 2 B
ARAALTER) V', RERIINR TAL AT R Oy A
M ANTR NO AL ZE NO, (P2, Lk B AH e B ]
# SCR 1424 e 12 Fiow, Hobok
SCR 5 W3 % 78 378 5 T FRifE SCR J N 2 o [K] Hh 25
AL EREE, B DA S B AR O SR

A AR

ﬁ“z
o T
%l u

[NH;(B) H NOQ/-NOKJ

\ 7

12 BUSHBIAE AR S S22
Fig. 12 Schematic diagram of denitrification reaction mechanism
of vanadium, molybdenum and titanium catalysts

TV Air-450 CHEALFIRREE, TR
TRIFE 180 CHIZMH R, XHEALFIBEAT THKIAE 40 h
IR TE VAN, S5 Rk 13 Fion. WLVEH, 76
40 h AR S R TR 1 B T B A R R AR
5, HBUAHRCEEAENIIRRT BUsis 99%, BIfEZd K
I TR, e AT B R 95%, T B iR BEAAE
A% LA . XD EY, Zida=R AR R
AL 5k fAe e M, I HLB A sL i A1k

100
%
g, e oo R
) “?ﬁﬁb W,‘%@l& AR
AL
X
2
S
g 90r
7}
z
<
U 85,
—o—Air-450 'C
80 [ I S RS I R
0 5 10 15 20 25 30 35 40

Time/h

Reaction conditions: [NOJ=[NH;]=50 mL/min, [O,]=8%, balance N, and
GHSV about 42 000h ™"

K13 U S ) & AOMEALFRUAE 180 CIR B A% & PN
Fig. 13 Stability test of denitrification of catalysts prepared in
air-roasted atmosphere at 180 C



HO
sy
B
48

HS3EETH

3

Rt LA V-Mo—P/TiO, A 7 Bt A 1 BE (1 52 i

- 1959 -

3 £

KRR BUEH 4 T V-Mo—P/TiO, fi i At A fiE £t
A, AT TR AR AR AR e )
V-Mo-P/TiO, AT I BLas I, AL RSP K
NI R A B AR @ H-TPR
XPS FAEKI, 2R A Ribe A 7 LR T A
R VR, B&EF &R O,
1M Oy M3t —25 ik NO LK) NO,, 25 it
[ SCR” Mo 1 Hifid NHs-TPD. Py-FTIR
J NO-TPD FRAEKI, 23K 450 “CHREHR 11 AL T4
AEFEER B BRALL, 1 B BRAR AP E 5 5 W
A NH, P, A FadE — 25 A A 77 2 TR i ) i
FREOBUA il R 51038 s B AE 1% N, A HLO, AT 2 2
SCR Al J5 N AEAR R T 4% 48 L-H HLER R AE [N o

SE R

[1] DAMMA D, ETTIREDDY P, REDDY B, et al. A review of low
temperature NH3-SCR for removal of NO,[J]. Catalysts, 2019, 9(4):
349.

[2] GAO Y, WU X D, RAN R, et al. Effects of MoO on dispersion of
vanadia and low-temperature NH3-SCR activity of titania supported
catalysts: Liquid acidity and steric hindrance[J]. Appl Surf Sci, 2022,
585:152710.

[3] SIMANE. SRS ASHUREL A7 i 4% S L Huisge e o S ML IR D).
Bif: B#ERE, 2022
JIA Zhaozhao. Modulation of vanadium-based denitrification catalysts
in the polymeric state and their mechanism of resistance to alkali metal
poisoning[D]. Shanghai: Shanghai University, 2022.

[4] LIY Y, ZHANG T R, NIU X Y, et al. Vanadium-based catalysts for
selective catalytic reduction of NO, with ammonia: Synthesis,
poisoning mechanism, regeneration methods and research prospects[J].
Fuel, 2024, 365: 131184.

(51 MW, x1AJa, AR, & e A0 JEUBE A fE A0 77 BT 7 3k
JE[T]. RERRER~44R, 2009, 37(2): 317-324.

ZHOU Tao, LIU Shaoguang, TANG Mingzao, et al. J Chin Ceram Soc,
2009, 37(2): 317-324.

[6] TKBEH, B, M, 5. (K NHs-SCR WA BUK BT
Hemg Lot ik R[], IARK L, 2023, 43(4): 54-59.

ZHANG Mengyan, GUAN Zhenzhen, YUAN Yifan, et al. Mod Chem
Ind, 2023, 43(4): 54-59.

[7] BRR, BFE, RW, & =4 7 AL R A R K
HprE SR P LET]. R EE2ER, 2024, 52(5): 1608-1620.

TAN Chenchen, HAN Yuxuan, WU Peng, et al. J Chin Ceram Soc,
2024, 52(5): 1608-1620.

8] HEMH, ®AH, EFEF, . BEAANE V.0 & &
V105-MoOy/TiO, B EHEALFIPERERIFEMAT]. AL TR, 2024, 44(2):
257-264.

YUE Yanwei, HUANG Li, WANG Sugqin, et al. Environ Prot Chem Ind,
2024, 44(2): 257-264.
[9] QI K, XIE J L, FANG D, et al. Performance enhancement mechanism

of Mn-based catalysts prepared under N, for NO, removal: Evidence of
the poor crystallization and oxidation of MnO,[J]. Chin J Catal, 2017,
38(5): 845-851.

[10] RNz, MWEA, HEHZ, . V,05-MoOs/TiO, LTI NH;-SCR
PERE: BARRIREM[I]. MEHRR, 2023, 37(6): 71-76.

SONG Liyun, DENG Shilin, ZHOU Yiyun, et al. Mater Rep, 2023,
37(6): 71-76.

[11] WANG R N, ZHANG Y L, FAN X, et al. Cobalt-/ pH-modified
V,05-M00;/TiO, catalyst with enhanced activity for the
low-temperature selective catalytic reduction process[J]. Catalysts,
2023, 13(5): 844.

[12] FRIMPE. IdifE <) #52% Mn S AL 77 (K1) %% S A IR NH3-SCR it fiF 4
REWTIT[D]. £EAF: IR LK%, 2022.

ZHANG Shuaibo. Preparation of transition metal doped Mn-based
catalysts and performance study of low temperature NH;-SCR
denitrification [D]. Jiaozuo: Henan Polytechnic University, 2022.

[13] QIU Y, LIU B, DU 1J, et al. The monolithic cordierite supported
V,05-Mo005/TiO; catalyst for NH3-SCR[J]. Chem Eng J, 2016, 294:
264-272.

[14] EFR2k, 2B, Kk, & BB A HUBRIE w3 XM 00 77 (R B i 1
Rel]. L THERE, 2023, 42(11): 5747-5755.

WANG Luzhu, AN Jiakang, ZHANG Tao, et al. Chem Ind Eng Prog,
2023, 42(11): 5747-5755.

[15] 3577, WEM, GhFih, 5. PUBREE BN LR 0 #Ae € TR 5[]
Tolkfi#E1k, 2022, 30(10): 41-46.

HUANG Li, YUE Yanwei, ZONG Yuhao, et al. Ind Catal, 2022, 30(10):
41-46.

[16] BREZE. St AEAAR & R JE B AL S NO BIF L [D]. HJK:
B TR, 2019.

CHEN Guorong. Synthesis of modified vanadium-based catalysts and
study of their selective catalytic reduction of NO [D]. Chongqing:
Chongqing University of Technology, 2019.

[17] 8. Ti 2SI AR 1 % L R AE ST NH;-SCR SR I8 92 [D).
Jemt: P EFAH KAL), 2016.

CHENG Kai. Preparation, characterisation and study of Ti-based oxide
catalysts for NH3;-SCR reaction [D]. Beijing: China University of
Petroleum (Beijing), 2016.

[18] # K. CO-SCR A HEAL A & KTk B vk RERl 7 [D]. A1 7
AT TR, 2023
GAO Fei. Preparation and water and sulphur resistance of CO-SCR
denitrification catalysts [D]. Shihezi: Shihezi University, 2023.

[19] A 7l B2 ZRRGE 2 Ce0y/Zr0, X Cu-ZSM-5 LRI
JR NO, H S B 1t K g A PERERISE [T BABERL 2 5 HOR, 2023,
29(6): 676—684.

CUI Lifeng, LU Yu, LI Yungiang, et al. ] Combust Sci Technol, 2023,
29(6): 676—684.

[20] ALI S, CHEN L Q, YUAN F L, et al. Synergistic effect between copper
and cerium on the performance of Cu,-Ceg s -Zros (x =0.1-0.5) oxides
catalysts for selective catalytic reduction of NO with ammonia[J]. Appl
Catal B Environ, 2017, 210: 223-234.

[21] YR 5%, &Y, F605, 5. FimRETEE NO, ML )R F 437 i
EALAURIRT FEE FR (1], RERRER 4k, 2015, 43(2): 241-250.

XU Jungiang, ZHANG Dan, GUO Fang, et al. J Chin Ceram Soc, 2015,
43(2): 241-250.

[22] ¥ E A, XU, 5, & oA AR S BT AR R AR

NH;-SCR it [ B[ RE A [T]. 4 T.2%3), 2022, 73(10): 4410-4418.



+ 1960 - CRERR R 2540 J Chin Ceram Soc, 2025, 53(7): 1952—1961 2025 4

XIE Yuxian, LIU Tao, SU Sheng, et al. CIESC J, 2022, 73(10): denitrification catalysts [D]. Quanzhou: Huaqiao University, 2021.

4410-4418. [24] WANG X M, DU X S, YANG G P, et al. Chemisorption of NO, on
[23] M. (RIRANIE SCR AR fEALTIRORT7T[D]. SR 4 K2, 2021. V-based SCR catalysts: A fundamental study toward the mechanism of

CHEN Ziyi. Study of low-temperature vanadium-based SCR “fast SCR” reaction[J]. J Phys Chem C, 2019, 123(33): 20451-20458.

Effect of Calcination Atmosphere on Catalytic Reduction Denitrification Performance of
V-Mo-P/TiO,

WU Xuelian', CHENG Hui', YU Tong', ZHANG Zhaojun', WANG Qi', WEI Fengyu', WANG Mengyw’*
(1. School of Chemistry and Chemical Engineering, Anhui Province Key Laboratory of Value-Added Catalytic Conversion and
Reaction Engineering, Hefei 230009, China; 2. Hefei Zhongya Environmental Protection Technology Co. Ltd., Hefei 230051, China)

Extended Abstract

Introduction Selective catalytic reduction (SCR) technology is widely used due to the advantages of high denitrification efficiency
and low operating cost. The existing commercial SCR catalysts are mainly vanadium-based catalysts with V,Os as an active
component, metal oxides WO; and MoO; as additives, and anatase TiO, as a carrier. They have a good denitrification activity at
320-420 C, but have a poor activity at a low temperature. The denitrification activity of vanadium-based catalysts is mainly related
to their redox capacity, acidic sites, and chemisorbed oxygen. In order to improve their denitrification activity, in this work,
V-Mo-P/TiO, catalysts were prepared by an impregnation-roasting method. The effect of roasting atmospheres (i.e., air, hydrogen,
and nitrogen) on the active components and denitrification performance of vanadium-molybdenum-titanium catalysts (V-Mo—P/Ti0O,)
was investigated.

Methods A certain amount of oxalic acid was added into deionized water and dissolved under stirring., Ammonium metavanadate
was then added into the solution, heated at 100 “C and stirred until the solution became dark blue. Afterwards, ammonium molybdate
and diammonium hydrogen phosphate were added into the solution. TiO, was added and impregnated into the solution under stirring
for 2 h, and then dried in an oven at 108 °C for 12 h to obtain a precursor of V-Mo—P/TiO, catalysts. The precursor was ground,
pressed, and sieved to 40-60 mesh and placed in a fixed-bed reactor, and then roasted in different gases (i.e., air, nitrogen, and
hydrogen) at 450 ‘C for 4 h to obtain different catalyst samples, which were named Air-450 C, N,-450 ‘C, and H,-450 C,
respectively.

The structure of the catalysts was analyzed by a model PANalytical X-Pert PRO MPD X-ray diffractometer (XRD,
PANALYTEC Co., the Netherlands). The pore structure of the catalysts was determined by a model NOVA2200¢ specific surface
area analyzer (Kantar Instruments Co., USA). The surface elemental valence of the catalysts was characterized by a model
ESCALAB250Xi Instrument (Thermo Co., USA). The elemental valence states on the catalyst surface were determined by an X-ray
photoelectron spectroscope (XPS). The redox capacity and surface acidity of the catalysts were characterized with H,-TPR and
NH;-TPD, respectively, and the NO adsorption on the catalyst surface was determined with NO-TPDe. Pyridine adsorption test
(Py-FT IR) was performed using a model PE Spectrum II infrared spectrometer (PerkinElmer Co., USA) to characterize the types and
strengths of the acidic sites on the catalyst surface.

The catalyst activity was tested in a fixed-bed reactor at a gas flow rate of 1400 mL/min, a NO concentration of 500 mg-Nm?, an
O, concentration of 8%, and an NH;:NO volume ratio of 1:1 at 80-300 ‘C. The catalysts were used in a fixed-bed reactor with a gas
flow rate of 1400 mL/min, a NO concentration of 500 mg—Nm3, an O, concentration of 8%, and an NH;:NO volume ratio of 1:1. The
denitrification tail gas was examined by a model OPTIMA7 flue gas analyzer (MRU Co., Germany) to calculate the denitrification
efficiency of the catalyst.

Results and discussion At 100-250 ‘C, the NO conversion of Air, N,, and H, catalysts increases with the increase of temperature.
Clearly, the denitrification performance of the catalysts obtained by roasting in three atmospheres is different, and the denitrification
activity in different gases follows an order of Air > N, > H,, in which the catalysts roasted in air have the optimum low-temperature
catalytic activity.

The ratios of V*'/(V*+V>") in the catalysts roasted in air, nitrogen, and hydrogen are 0.440, 0.482, and 0.538, respectively,
indicating that more V*' is produced in a reducing atmosphere. Roasting in air can oxidize V** to V>* to a certain extent, thus
increasing the percentage of V*' on the catalyst surface and the amount of chemisorbed oxygen O,. From the results of H,-TPR
reduction, the corresponding integral area sizes are Air-450 ‘C> N,-450 C> H,-450 °C, indicating that polymerized vanadium is
more easily formed in air. From the results of the NH;-TPD desorption, the NH; desorption of the Air-450 “C catalyst is more than
that of other two catalysts, and the number of acidic sites is in the following order of Air-450 ‘C> N,-450 ‘C> H,-450 ‘C. The
results of Py-FT IR further show that the acidic sites on the surfaces of the three catalysts are mainly of B-acid and L-acid. Roasting in
air can increase the number of B- and L-acidic sites of the catalysts simultaneously, in which the B-acidic sites increased integrated
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areas of the catalysts roasted in air, nitrogen, and hydrogen are 1695, 1254 and 481, respectively, which are also basically consistent
with the results of the NH;-TPD characterization. The results of NO-TPD desorption indicate that the catalyst surface at Air-450 C
is more prone to forming highly active bridged or double-toothed nitrates. The V—O bond and B acidic sites in polymerized
vanadium make it easier for the catalyst to adsorb and activate NH; species, which then reacts rapidly with the bridged or
double-dentate nitrates to generate N, and H,O. The reaction process mainly follows the L-H mechanism. The abundant O, on its
surface accelerates the formation of NO oxidized to NO,, promoting a rapid SCR reaction. The V-Mo—P/TiO, catalysts roasted in air
are superior to those roasted in nitrogen and hydrogen in terms of NO removal in the low-temperature section.

Conclusions V-Mo-P/TiO, catalysts for low-temperature denitrification were prepared by an impregnation method, and the
denitrification activities of V-Mo—P/Ti0O, catalysts roasted in air, nitrogen, and hydrogen atmospheres were investigated. The order of
their catalytic activities was as follows: air > nitrogen > hydrogen. The results of H,-TPR and XPS revealed that the catalysts roasted
in air had a larger proportion of exposed V>* on their surfaces, and contained abundant chemisorbed oxygen O,, which further
accelerated the oxidation of NO to NO,, and participated in the “fast SCR” reaction of denitrification. Moreover, the catalysts roasted
in air at 450 C were characterized by NH;-TPD, Py-FT IR and NO-TPD, and the results indicated that the catalysts possessed
more abundant B acid sites, and the B acid and polymerized vanadium were more prone to adsorption of activated NH; species, which
further reacted with the bridged and double-toothed nitrate formed on the surface of the catalysts to generate N, and H,O, thus
promoting the SCR denitrification reaction by L-H mechanism.

Keywords calcination atmosphere; V-Mo—P/TiO, catalysts; selective catalytic reduction; denitrification



