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Study on the mechanism of alkali metal poisoning and deactivation of SCR
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Abstract: [Objective] With the popularization of co-combustion of high-alkali coal in Xinjiang, systematic studies
on the difference and mechanism of alkali metal poisoning resistance between honeycomb and plate SCR catalysts
remain insufficient. Most existing researches are based on the simulation of single alkali metal salts in the laboratory,
whereas actual fly ash constitutes a complex mixture. The significant discrepancy between simulated conditions
and real flue gas from high-alkali coal combustion results in limited engineering guidance value of relevant research
findings. [Methods] In this work, actual fly ash from power plants was adopted, and typical flue gas conditions were
simulated in a laboratory fixed-bed reactor. The physical and chemical property changes of fresh and aged
honeycomb and plate SCR catalysts were compared. Combined with specific surface area measurement, NHz-TPD
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analysis of surface acidity, XPS characterization of vanadium valence states and other techniques, the deactivation
behaviors of the two catalysts upon alkali metal poisoning were systematically investigated. [Results] Although
plate catalysts are more susceptible to sintering deactivation under extreme high-alkali conditions, and bulk
diffusion deactivation is difficult to recover via physical or mild chemical regeneration, their denitrification
efficiency decays more slowly than that of honeycomb catalysts. At the same alkali loading, the denitrification
activity of honeycomb catalysts decreased by 29.5% within 4 800 hours, while that of plate catalysts only dropped
by 24.6%. The vanadium valence cycle of honeycomb catalysts is more easily interrupted by alkali metals, which
suppresses the “fast SCR pathway” relying on NO—NO; conversion. Moreover, their Brensted acid sites are more
prone to neutralization by alkali metals. [Conclusion] Therefore, plate catalysts are the preferred choice for long-
term denitrification in industrial scenarios involving co-combustion of high-alkali coal.
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Tab.1 Compositions of the fly ash from boiler combustion

i H WRRLIKFE TR 2RI
W(SiO2)/% 63.48 50.24
W(AI203)/% 6.75 30.22
W(Fez03)/% 2.79 423
w(MgO)/% 6.90 1.23
W(Ca0)/% 3.32 7.07
W(TiO2)/% 0.39 1.03
W(S03)/% 115 0.65
w(P;05)/% 1.76 0.09
w(Kz0)/% 9.22 2.95
w(Na;0)/% 0.99 1.65
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Fig.1 Schematic diagram of the catalyst activity evaluation
setup
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Tab.2 Parameters of the simulated flue gas

T H HE
CO, Jii & /341 0.2015
SO, [ & $ 0.000 4
N Ji 5 534X 0.650 6
H20 i &5 3 0.0880
O, JF #4541 0.048 4
PRtk LIRS % FE (kg m3) 1.30
RS RH 1.32
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Tab.3 Catalyst activity test results
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Tab.4 Compositions of the catalysts before and after service

gE| Pl TEALIE 5 E e TERAR
TiO, 84.79 83.92 86.36 80.36
WOs 4.86 4.24 — —
V205 0.89 0.80 1.61 1.16
MoOs — — 3.85 3.29
SO3 0.52 0.58 0.57 1.52
SiO; 1.49 1.87 291 3.69
Al,03 0.25 0.31 0.84 1.08
Fe20s 0.06 0.04 0.54 1.76
MgO 0.10 0.16 0.18 1.09
Ca0 0.85 0.81 0.88 0.87
P20s 0.15 0.18 — 0.08
Nb20s — 0.04 — —
K20 — 0.74 — 0.83
Na.O — 0.43 — 0.63
As203 — — — —

http://rlfd.cbpt.cnki.net

K 2 Dy g 2 S AR AL TR AR T A a4t e
Bl A 2 WTI, AHECT ] 2a) T Frmig s U
TR T ) ST HORORE, - HRASE 4 800 h Ji= 131 2b) it g
AT I T R R SR (LR Shs
). K, nE 2¢) 5 2d)F R, B 2d)HiR
AL AR A Ja R i e L 7 Akl . BIRIL
Feo MEAGTIRTIBURI RS, . B3R S ol Ee R
T AR AR B, B ROARBURLE B Al FL AT A L8 1 4
7&, BHAG 1M SR R ORI B«

e

d) M A%

E 2 #ER SR ETRRAIENIEHERE
Fig.2 SEMs of the honeycomb and plate catalysts
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Tab.5 Specific surface areas of the catalysts before and after
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Fig.3 XRD patterns of the catalysts before and after service
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Fig.6 NHs-TPD spectra of the catalysts before and after
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Tab.6 Composition of the catalyst after regeneration

TiH TR e Sk TR e R AR
TiO, 85.33 84.88 86.86
WOs3 481 4.78 —
V205 0.92 0.91 1.68
MoO3 — — 3.01
SOs3 0.42 0.40 0.29
SiO; 1.57 1.63 2.52
Al;03 0.26 0.28 0.73
Fe203 0.04 0.04 0.21
MgO 0.17 0.14 0.85
CaO 0.83 0.89 0.02
P20s 0.04 0.04 —
Nb2Os — — —
K20 — — 0.02
Na,O 0.42 0.40 —
As;03 — — 0.29
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