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Experimental study on magnesium poisoning and regeneration of
MnOQO, / Ce-ZrO, low-temperature SCR catalyst

AN Fengxia'* CHEN Hui' ** ZHANG Qiang'
(1. China Energy Science and Technology Research Insititute Co., Ltd., Nanjing, 210023, China; 2. College of Energy and
Environment, Southeast University, Nanjing, 210096, China)

Abstract The high activity and high selectivity of manganese-based oxides in removing NO at low
temperature have been studied. MnO,/Ce-ZrO, low temperature catalyst has good anti-H,O and SO,
performance, but the alkali soil metals (Mg, Ca) existing in flue gas will cause the poisoning of
catalyst.In order to further explore the influence of alkali soil metal (Mg) on the performance of
catalyst, and the regeneration mechanism of poisoning catalyst, and further explore the regeneration
mechanism, MnO,/Ce-ZrO, catalyst was prepared by precipitation method, and the influence of
alkali soil metal Mg on the degree of poisoning.The results showed that the addition of Mg can cause
catalyst poisoning, and the deeper the load is. BET, XRD, by other means, H,-TPR, NH;-TPD, XPS
and so on. The results showed that although the crystal form of the catalyst did not change after Mg

poisoning, its specific surface area and Lewis acid amount, reduced redox capacity, and reduced
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surface adsorbed oxygen concentration led to the inactivation of the catalyst. Regeneration
experiments with the catalyst with a Mg load of 0.2 showed a substantial recovery of denitrification
activity after acid wash, even exceeding the efficiency of the fresh catalyst after 180°C. BET and
NH;-TPD results show that the specific surface area and surface acidity of the poisoned catalyst are
basically restored to the level of fresh catalyst, which is the main reason for the recovery of catalyst
activity.

Keywords SCR catalyst, deactivation, poisoning, regeneration, alkaline-earth metals.
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1 MBI (Materials and methods)
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Ce-ZrO, FAR MY i 5. EIRSFM T, W B Ce(NO;) , Fll Zr(NOs3) ,(FE/R H Ce:Zr=9:1) ¥ fift T 2%
Bk, BEIBEFESE R, RS I A NH;-H,O IS (3 mol- L) & pH 4 11, k£ £ 2 h, ## & 1h,
B J K A5 2 DT 25 8 T K R S i e RNV i L2 pH {EHE T 7, FFAE 120°C F 44 12 h, S e 5 HiAe
500 °C 4548 5 h, 183 Ce-ZrO, ZhAA.

MnO,/Ce-ZrO, i 1 71 B 1 %« #5315 45 B9 Mn(NO,) , % W12 B 16 B il 45 19 Ce-ZrO, 8K I
(Mn/(Ce+Zr) FUEE/R EEA 0.4:1), R E 4 h J5, B HAE 120 °C F 1 12 h, HJ57E 500°C F A5 5 h, RIS
#| MnO,/Ce-ZrO, {4k (id A MCZ).
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Fig.1 Schematic representation of the experimental setup for selective catalytic reduction
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Table 1 Structural properties of the four catalysts

A BET LR HRY (m?-g™) SALBARRY (em®g™) L4/ nm
Samples BET surface area Total pore volume Average pore diameter
MCZzZ 51.572 0.082 3.817
Mg0.1-MCZ 46.092 0.081 3.814
Mg0.2-MCZ 44.093 0.079 3.816
Mg0.5-MCZ 38.564 0.072 3.814

2.12 XRD Zr#r

PEART ) P S5 A AR AN RR B ke T AR, (8] 2 Oy 4 RPN B XRD A5 4 AR5
H 4 HUE IR CeO, Al Mn,O5 B FP AT 565 e, (H ARGt ZeO, HYAT 506, AT RE Y S 2 ZrO, 3457 5 #HE
fEAbRI Y, HArmOs i, o5 — Al e ny I RO ZE AL RS b Ze 4 A T CeO, fhd& . 3 Bl fb 5l
Mn, O AT S IG 455 55, 6 BHAR AE 3 Fivfi k30 o A0 25 S8 B A AIG, 0 BUE B . WF9T R W, 3 0 Y 4 e
P A B, REfE SR AL IR MY, S, B 2 R TN 2 Mg K HAR SC ) BT i AT i, R Mg 19
IS INASTE i A 500 A 780, o 0k — 25 56 BH T IR IR SCR AR 77 A B 4 Ji v 73 AN S A AL 7] A4 s 7R A Ak
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Fig.2 The XRD diffraction patterns of the four catalysts

2.1.3 H,-TPR 43#fr

SR JH H,-TPR A 56 Mg 36 i (657 2 10 S0 AL 8 JFAT (R 5. P61 3 S 4 Fivfi A7) 9 HL,-TPR
K. T LLE tH MCZ LT 4 A8 06, 280 °C 2247 i 3A JE U4 A] I J& T MnO, F Mn,O; Y541k, 385 °C
H1 460 °C 22 45 B3R JEIE AT 43 513 J& T Mn,O5 5] Mn;0, Fil Mn;O4 ) MnO %54k, IL4N, 510 °C 2245 )
I 0 T DA Ay SR AR AE I T A1 3 S 30, — e A Ay, A A ) i U B AT, A AR ZE SCR R H i) i i
AEJTER SR . MIREE Mg 7 280 (145 =, 1k 70 i) 3 St DA 2 i o) v Ui 7 1) 7% 30, DB Mg U N BB 6% 42 /5
MnO, FEG e P I H A B e ks JF B >4 Mg gy 0.5 I, 28— Rl fa — i JR 4 AR T
I, FRWIAL T3 T A~ U BE 1 ATk 30 i S A ) A AR, 1 — 2D S IE 1 B 4 e T A R 2 T T R
I3 AR I S R Y5
2.1.4 NH;-TPD /34t

K F NH;-TPD 43 A 1 2 10 R o7 PR F 465 51 . G0 & 4 Fir s, 4 Fh Ak 500 X 72 76 9 4 B I i) e o g, 57
T 100—400 °C YW, Sz e 1 1k 57 3 10 55 2 1 0 A, 55 ) B RS A A4 1 R0 2 T B9 NHL, A5 R T
Bronsted ik 2545 T8 WA NH* 0 B B 45 0 AH 565 67 T 500—650 °C g, Jz e T4 £ 5771 26 o 8 iR 1Y 40 A5
55 1% B A A AR ) Lewis B8 2 £ b NH; (9 B BF 47 AH OGB4 Bl 25 Mg £ 285 be i) 0 38 im0 7R Bt 1
Bronsted [ 137 B % A8 W (728 Ak, 11 78 T B 10 Lewis 2 57 195 2 U)ok ARG, DTG P AEE 1 X NH;5 1)
W BFERE 7, 38 B AR M T R 53 A, 3 Bl e A AR ) 0 B IE T R AR B, R B Mg TS I B
U R 57 A5



1078 B78 5% 1t 2 44 3%

= Mg0.1-MCZ
//\/\’wz 3
—/ ! “‘

Mg0.5-MCZ

TCD signal/a.u.

1 1 1 1 1 1 1 1 1 1 1 1 1 ]
100 200 300 400 500 600 700 800
Temperature/C

3 DUFRHELLTIAY Ho-TPR £
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Fig.4 The NH;-TPD plots of the four catalysts

2.1.5 XPS 43t
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Fig.5 The XPS plots of the four catalysts
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Table 2 Ratios of the two different oxygen atoms

T LRy oI B
Samples O, Op o,
MCZ 0.48 0.47 0.05
Mg0.1-MCZ 0.61 0.32 0.07
Mg 0.2-MCZ 0.62 0.28 0.10
Mg 0.5-MCZ 0.71 0.23 0.07

2.2 PR A TE P ALY

El 6 R LR MCZ K 48R [ Mg & 5 AR A RS 0K EL . d &l 6 AT %0, MCZ ()i
Bt 55 3 B 90 P T o T T R, ELAE 160—220 °C Z [ 45 90% LA I M LA 850K, 78 200 °C B, ROR e iy
KRBT 97%. d 4 S Mg 17 in 45 158 i 2803 B R B AIG, 78 Mg 483 0.1 B, XMk 7 i) vh 22 4
BN, FE 200 °C BHEHEIA F] 95.4% A B BR AR 1 Bl Mg G728 ek (1) 4k 22 38 T, 25503 688 05 D1 e Sk sk P
i, 2 Mg ki 0.5 I, AL B0 i s R th A 47.6%, il Mg XA = A 1 = i vh #AE H.
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Fig.6 Effect of Mg on catalyst denitration efficiency at different temperatures

2.3 FRAMEALR B0 P A,
231 HEAESH Y Al

Mg T3 0.2 BYAEA TR IR BE A5 LU 1 BRADREAR o0 Al 1 22 S ANk 3 fvos. 26 3 A, Z2ad 1R
VeI AT H R TE AR LTI, SR B T 50.835 mA g, UG HEE OB AR A RIK O, X R R Uk Al v Ef
A TR0 ol AL % 2 T )l 5 Jes P HG B A/ B ORE ) BT O D ok, A AR IR A T AR TR A L i R, )
THEAL S B EAT. T3 80, SALIRBURIE B AL ARt A /NI BE BB I, BERTIR R In a3 il n) 2= ERY
URLAS A5 B /N EL WO 20, B8 = BORT AR 322 00 B0RE S/ HL 23 B5CSE 2492, JBORE A4 2 50t i 4 L
ARETE 22, TR 1 A A Bz ik i rb ™ A B A2 T BEL T, A R T REA T R K A2

R3S B R

Table 3 The textural properties of three catalysts

T BETLHAR MY (m*g-1) SALBARL/ (em®g ™) SFHIALAR/ nm
Samples BET surface area Total pore volume Average pore diameter
MCZ 51.572 0.082 3.817
ZSMg0.2-MCZ 50.835 0.083 3.825
Mg0.2-MCZ 44.093 0.079 3.816

2.3.2 NH;-TPD 434t

HEE AR AL 7 R U6 F2E JS 1% NHs-TPD X ek [ an 15 7 B, 0T DA H R Ve v 23 4 40 770 B0 A T8 ik
TR AL, NH, M B i AR 1 0, ELARZR IUAE IR IR BL Y Bronsted B2 1A & A= W] ik B84k, T 5
TR BE 1Y Lewis B2 B2 5 W1 B34 00, E— 2045 6 28 4 1180 A0 A Ak 300 26 170 TR 138 40 A, T2 A 300 ) e i
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Fig.7 NH;-TPD profiles of three catalysts
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Table 4 Surface acidity of the three catalysts

T R/ (mmol-g™')
Samples Surface acidity
MCZ 3.79
ZSMg0.2-MCZ 3.71
Mg0.2-MCZ 3.40

2.4 FRAEAEALT A TG PRI A SR

FP R AR AL R R VR 2R i B IS AR 35 P X e T2 an 51 8 Bz, W LR Y, sh AL 22 0.5 mol- L™ Y
H,SO, W IR 5 , MR E BRI 1 JBUAH I 1, 78 100—140 °C i FEl PN, Ji 6 203 LU e i A0 77 IR
10% Ze 47, 160 °C 2 Ji 155 A AL 750 F) B A 2003 22 S B T 0/, 7 180 °C I A 15 1k 92 WK A2, i

il K2 A AR T 7, AL TR A I AR R B I TR BEHE AL, 7 220 °C MR AERCRIAE] T 100%.

ey

FAE AT AT A, PR UE T LA B i RE A A7) % S AL A B0 et < i, I A sm) s e, i ELRE S 7
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B I AR, 7E 200 °C i, R B R A E] T 97%.

(2) Bk 1= 48 Mg BTSN 2s 330 MnO,/Ce-ZrO, fiEAL g, H 771 g Bk, LTS PEBRAIL, thag e
JE#. BET, XRD, H,-TPR, NH;-TPD, XPS % R AF 45 R E M, Bk Mg H 85 H’Jfﬁﬁﬁ?ﬂ] bR R A
Ak, (I LR TR RURN Lewis R AR I BEAIK . SR TR RE 708055 | 2% 17 W BFH 40k B sl /b, X SR 30 T
PEALT Y R

(3) X% Mg g 0.2 (A AR % P AR SE 90 R WY, 2 Uk Fo A R 2 B M PR &2 1 e Al T 2, 7E 180 °C
2R AR Y A R R E e T AL, 7 220 °C BHAEACRIAF] T 100%. BET, NH;-TPD #
45 R B R PRV 2 5 v B A AL 70 B b 3 T 9 T T A A R RS e S5 ARk & 28] 3 i A4 Ak 750 1)
IR, U8B R U6 AT LA 25 Bk v 241k 70 2 T S LI PN R B = 42, B AL R A R 1, 1 L BE RS 7 A AL
FETH Y J0BT 0 B R R 4147, 5 W %) KRR B A FH A B Lewis R 167 550, 38000 Ny 79 1 BFF 52, DA T 912 5
JI A0 3 2 A T3 P 5 ) R LA

(4) 7 3C3E 2 X6 A B A AR R A9 R 1k 1A 1HEA T4 25 A ATE 5 RN R AE LB 23 AT, ﬁfﬁfh*ﬂ H 2 LA Ak
PRERHL T — s A B A, XA AR A il i, B A 7 AR, i G PR T e 45 HLA B A IR S
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