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Table 2 Adsorption energy and bonding information of NH;-SCR reaction gas molecules on PAV/Ti0, catalyst surface

Parameters 0, NO NH, NO,
Adsorption end (OVV) (()Pﬁd) (Npﬁd) (va) (()Pgd) (NVV) (Nplgd) (NVV) (NPS(D (Opgd)
Bond length /nm 0.1867 0.1891 0.1794  0.1846 0.1919  0.2090 0.2109  0.2012 0.1929 0.2017
Adsorption energy /eV -5.848 -7.286  -8.447 -5375 -6.828 -6.070 -6.785 -6.262 -7.593 -7.068
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Fig.10 o-adsorption configurations and PDOS of NO with O, and NH; gas molecules on PdV/TiO, catalyst surface (a=h), respectively
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Table 3 Adsorption energy of NO with O, and NH; gas molecules on PdV/Ti0, catalyst surface

Parameters 0, NH,
Adsorption end 0(0-V) N(N-V)

Co-Adsorption energy /eV -7.838 -9.109
Bond length /nm 0.1979 0.2075
N-Pd Bond length /nm 0.1818 0.1785
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Table 4 In situ DRIFT spectra peaks and their corresponding species
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Fig.11 In situ DRIFT spectra of SCR on Pd,,,V,/TiO, at
temperature of 250 °C for 30 min (balanced by N,), respectively

il 5 T — RN ZAE A APV /TIO, ),
FEXFH NH;-SCR B PEREHEAT T L4047, 1Z &R
FE A7) 22 B OGS A NO, AR B S v e L T
J& Pd, ,V/TiO, AL 5], HAE 250 CHA] Ik 34250
100% F) NO, FALZAI N, T8 . 46— RIIR
fIEFN DFT IS0, 58T Pd,, ,V/TiO, AR
Il NO, HEALBEBRMLEL BT . AL IR RN NH;. O,
FINO, 25 2N S5 R 5 50 A BRI B
R PERE  ELI AR AR . AR b4 443 ( PO, F
VO, ) 7€ NO, FIAEA IR i 35 & #4545 AN ] sl ik i 1
I, HAGEA NO, #EIEPERE A ) TR R A7 e
B AR JEIERR (2VE (Ti™) + Pd™ — 2V (Ti*) +
Pd’), AL RIS AA7E E-R ALEES L-H HLEE .

SE W

[1] Li Ke-zhi(Z=#] i5), Luo He(®¥' 1)), Zhao Ran(G&X ),
et al. Regeneration treatment technology of deactivated
vanadium tungsten and titanium denitration catalysts(E:
58 FIRASE Sk A E1 o ot A 4 A 790376 A5 i AL
W59 [1].J Mol Catal (China) (53F4#1L). 2020, 34
(5): 415-424.

Zhou Jin-hui (J& 3 M%), Li Guo-bo (ZF [ J%), Wu Peng
(5 M), et al. The As poisoning mechanism over comm-
ercial V,05-WO,/Ti0, catalyst(Fll. V,05-WO5/TiO, B fi
HEAEHIR R EEHLID) [ ]. J Mol Catal(China) (53 -4
f£). 2018, 32(5): 55-64.

Xie Wang-wang (ff BE BE), Zhou Guang-he (J& = %),
Zhang Xiao-hong (5 % L), et al. Research progress of



10 b OF M 36
attapulgite application in flue gas SCR denitration 7868-7874.
catalytic reaction(["] YRR A FE MR, SCR A AL 2 v [14] LiuY,LiY, Wang Y T, et al. Sonochemical synthesis and
s RLFRRSEERR) [J ). J Mol Catal (China) (531 photocatalytic activity of meso- and macro-porous TiO,
1k), 2020, 34(6): 546-558. for oxidation of toluenel J 1. J Hazard Mater, 2019, 150

[4]  Kong Ling-peng (fL 4 I}}), Miao Jie (ifi 7%), Li Ming- (1): 153-175.
hang (Z=WAIT), et al. Performances of selective catalytic [15] Wang Y F, Zhang C B, Yu Y B, et al. Ordered mesop-
reduction of NO with CO over CuMnCeLa-0/y - Al,0,4 orous and bulk Co;0, supported Pd catalysts for catalytic
catalyst (CuMnCeLa-0/ y -Al,0, A4 £k 750 Bl IR 5 1 e oxidation of o-xylene[ 11. Catal Today, 2015, 242:
W52) [ 1. J Mol Catal (China) (53FHEfk), 2018, 32 294-299.

(4): 295-304. [16] Jin Qi-jie (42 & %), Sui Guo-rong ([ 7¢), Liu Qing

[5] 7i Zhao-hui (2 ] #%), Zhu Bao-zhong (f = &), Sun XN ), et al. Compatibility optimization of Mn-Mo-W-
Yun-lan ($)iz 22), et al. Low-Temperature selective cat- O, catalyst for selective catalytic reduction of NO by NH;
alytic reduction of NO, with ammonia over Mn0O,/Al,0;4 (Mn-Mo-W-O, JBEfiF f Ak 5000 M4 o i AT tR) [T ],
catalysts(MnO,/ALO; f AL IR SCR B A RE) [ ]. J Mol Catal (China) (53 F#4k), 2017, 31(2): 159-168.
J Mol Catal (China) (53 TH4L), 2018, 32(3): 249-260. [ 17] Tang Nan ()} ), Huang Yan (¥ ), Li Yuan-yuan (2%

[6]  Smirniotis P G, Pe a D A, Uphade B S. Low-temperature JUJL), et al. Low temperature selective catalytic reduc-
selective catalytic reduction (SCR) of NO with NH; by tion of NO with NH; over Fe-Mn catalysts prepared by
using Mn, Cr, and Cu oxides supported on hombikat TiO, hydrothermal method (7K #R 32k il £ 4 i e £ 550 It i
[ J]. Angew Chem Int Ed, 2001, 40: 2479-2482. e XYUKBLIRPEREMISY) [J ]. J Mol Catal(China) (53

[7] Boningari T, Pappas D K, Smirniotis P G. Metal TAEAE), 2018, 32(3): 240-248.
oxideconfined interweaved titania nanotubes M/TNT (M = [18] PeiGX, LiuXY, Yang X F, et al. Performance of Cu-
Mn, Cu, Ce, Fe, V, Cr, and Co) for the selective catalytic Alloyed Pd Single-Atom catalyst for semihydrogenation
reduction of NO, in the presence of excess oxygen[ 11.J of acetylene under simulated Front-End conditions[ J ].
Catal, 2018, 365: 320-333. ACS Catal, 2017, 7(2): 1491-1500.

[8] Zhao X, Mao L, Dong G. Mn-Ce-V-WO,/TiO, SCR cat- [19] Busto M, Ben i tez V M, Vera C R, et al. Pt-Pd/WO,-
alysts: Catalytic activity, stability and interaction among 7r0, catalysts for isomerization-cracking of long paraffins
catalytic oxides J ]. Catalysts, 2018, 8(2): 76-84. [J 1. Appl Catal A Gen, 2008, 347(2): 117-125.

[9] XinY, Li H, Zhang N, et al. Molecular-level insight into [20] Shen Y, Wang L F, Wu Y B, et al. Facile solvothermal
selective catalytic reduction of NO, with NH; to N, over synthesis of MnFe,0, hollow nanospheres and their
a highly efficient bifunctional V-MnO, catalyst at low photocatalytic degradation of benzene investigated by in
temperature[ J 1. ACS Catal, 2018, 8(4): 937-949. situ FTIRLJ |. Catal Commun, 2015, 68: 11-14.

[10] Lott P, Dolcet P, Casapu M, et al. The effect of pre- [21] Chen L, LiJ H, Ge M F. Promotional effect of Ce-doped
reduction on the performance of Pd/Al,0; and Pd/Ce0, V,0sWO05/Ti0, with low vanadium loadings for selective
catalysts during methane oxidation[ J ]. Ind Eng Chem catalytic reduction of NO, by NH; [ J . J Phys Chem C,
Res, 2019, 58(28): 12561-12570. 2009, 113(50): 21177-21184.

[11] Sheng L. P, Ma Z X, Chen S Y, et al. Mechanistic insight [22] Bandara J, Mielczarski J A, Kiwi J. Adsorption mecha-
into N,O formation during NO reduction by NH; over Pd/ nism of chlorophenols on iron oxides, titanium oxide and
CeO, catalyst in the absence of O, [ ] ]. Chin J Catal, aluminum oxide as detected by infrared spectroscopy [ J 1
2019, 40(7): 1070-1077. Appl Catal B Environ, 2001, 34(4): 307-320.

[12] LiuY, You X C, Sheng Z Y, et al. The promoting effect of [23] Qiao Ming (F% BH), Zhang Ji-yi (5K 4k 3L), Zong Lu-yao
noble metal (Rh, Ru, Pt, Pd) doping on the performances (5% % &), et al. Research progress in catalytic denitr-
of MnO,CeO,/graphene catalysts for the selective catalytic ification performance: The catalyst type, preparation
reduction of NO with NH; at low temperatures[ J 1. NewJ methods and activity({ﬁﬂﬁﬂ}‘ﬁ Tl AR 5T 0 R —A# AL
Chem, 2018, 42(14): 11673-11681. SRR | il g ik S AR TS 1) [T ). J Mol Catal

[13] Hosokawa S, Tada R, Shibano T, ef al. Promoter effect of (China) (53FHE4L), 2020, 34(2): 165-181.

Pd species on Mn oxide catalysts supported on rare earth

Catal Sci Technol, 2016, 6(21):

iron mixed oxide[ J .

[24]

Fang Qi-long (5 #L F¥), Zhu Bao-zhong (kK 52 i), Sun

Yun-lan (PMi£ %), et al. Study on the performance of low



T S Pd MG S AL NH,-SCR BEAE R S HLERAFFE 11

[25]

[26]

[27]

[28]

[29]

temperature De-NO, based on Mn-Fe/Al,O; catalysts
(Mn-Fe/ Al O fE £ 57 A9 1% 35 15t fi§ P4 BEAF 52) [T ]. 7
Mol Catal(China) (73 FHE4L), 2018, 32(4): 305-314.
Guo P, Guo X, Zheng C G. Roles of 7y -Fe,0O5 in fly ash for
mercury removal: Results of density functional theory
studyl J 1. Appl Surf Sci, 2010, 256(23): 6991-6996.
Abdulhamid H, Dawody J, Fridell E, ef al. A combined
transient in situ FTIR and flow reactor study of NO, stor-
age and reduction over M/BaC0,/AL,0, (Pd or Rh)
catalysts J |. J Catal, 2006, 244(2): 169-182.

Yun D, Wang Y, Herrera J E. Ethanol partial oxidation
over VO,/Ti0, catalysts: The role of titania surface oxygen
on the vanadia reoxidation in the Mars-van Krevelen
mechanism[ J ]. ACS Catal, 2018, 8(5): 4681-4693.
Zeng Y Q, Wang Y N, Zhang S L, et al. A study on the
NH;-SCR performance and reaction mechanism of a cost
effective and environment friendly black TiO, (:atalyst[ J1
Phys Chem Chem Phys, 2018, 20(35): 22744-22752.
Chen Z H, Yang Q, Hua L, ef al. CrMnO, mixed oxide
catalysts for selective catalytic reduction of NO, with NH;
at low temperature[ I1. J Catal, 2012, 276(1/3): 56—
65.

[30]

[31]

[32]

[33]

MaZ R, Wu X D, Si Z C, et al. Impacts of niobia loading
on active sites and surface acidity in NbO,/Ce0,-Zr0O,
NH;-SCR catalysts[ J ]. Appl Catal B Environ, 2015,
179: 380-394.

Amores J G, Escribano V' S, Ramis G, et al. An FTIR
study of ammonia adsorption and oxidation over anatase
supported metal oxides[ J ]. Appl Catal B Environ,
1997, 13(1): 45-58.

Sun P F, Zhai S Y, Chen ] K, et al. Development of a
multi-active center catalyst in mediating the catalytic
destruction of chloroaromatic pollutants: A combined
experimental and theoretical study[ J ]. Appl Catal B
Environ, 2020, 272: 119015-119024.

Liu J, Li X Y, Li R Y, et al. Facile synthesis of tube-
shaped Mn-Ni-Ti solid solution and preferable Langmuir-
Hinshelwood mechanism for selective catalytic reduction
of NO, b, NH; [ J ]. Appl Catal A Gen, 2018, 549: 289—
301.

Study on Denitration Reaction Mechanism of Pd Modified
Multiactive Site Catalyst NH;-SCR

DING Xin', LI Guo-bo’, HUANG Jun', ZHANG Chun-yang', ZHANG Ya-ping”, WANG Ling’
( 1. Guodian Jiangsu Jianbi Power Generation Co., Ltd., Zhenjiang 212006, China; 2. School of Energy and
Environment, Southeast University, Nanjing 210096, China )

Abstract: Low temperature SCR denitration technology has the advantages of high efficiency, low energy

consumption, no secondary pollution and so on, which is a promising denitration purification technology. In this work,

a multi-active center (Pd,V,/Ti0,) catalysts were prepared, and the catalytic removal of NO, was investigated. The

results show that the NO, conversion and N, selectivity of Pd,,V,/TiO, catalyst can reach nearly 100% at 250 °C.
Combined with XRD, TEM, XPS, H,-TPR, in situ DRIFT and DFT analysis, the catalytic removal on catalyst surface

mechanism of NO, was investigated. The obtained data revealed that the catalyst has strong adsorption capacity for

NH;, 0, and NO,, and all components (PdO, and VO,) play an indispensable role in the catalytic removal of NO,, all

components (PdO, and VO,) of the catalyst play an indispensable role in CB oxidation removal, and the redox cycle
QV*(Ti™) + PA* =2V (Ti*) + Pd’) was attributed to its superior NO, catalytic performance, and there were both E-R

and L-H mechanisms on the catalyst surface.

Key words: selective catalytic reduction; multi-active site; catalyst; adsorption; mechanism



