51 & 5
2022 4F 10 A

HES GRS
China Nonferrous Metallurgy

Vol. 51 No.5
Oct. 2022

it i v SCPU AR A AL R A e NH, - SCR S WAIF 5T

x R W, e %, oA
(1. B TR AA A, Jox

£ R, kEE
100038 ; 2. dbEAb T2, dEa 100029)

[f 2] ATHASGLEMBRMN, HEZSM-5 5 F iS5 A o EMBELN, FREcEMT T
NH, —SCR 1B AR 64 % v, 435 3 R 0K AR A BOK AL T M AGAR T, AR K I Cu/ (ZSM-5@ Ce0, ) #
FARACH RAUE I th B 449 NH, —SCR M Ak, 38 LA BTG SO, wf %, 446 & F| AL 5 M R IAZ M
AL o 4 5 4R 649 B B A T AL P AR AL A 6 BLAN M AL B BT ZSM -5 4T i AR 4R A K F 6h B M AE K A A
T NH, 69 R M Fesb il CeO, s RALREBAL TR B T o9 F LMY CuO, B R e AR, TR = A £
%0 EE R AR B A B A TR AR BB E R, s, S0, it E XA IER T Ce0, SFE T
VAT B A ) FE B8Rk A BRBR A R M R AT R, R LA R FH Y SO, wEbk, B A g 5 AL ) oy A 2 A

He B BLARAEACH] 09 T 74 B AR & 5L,
[ XA ]
(RIS ] XT58; TG14 [ SRR |
DOI: 10. 19612/j. enki. enl1-5066/1f. 2022. 05. 017

F£ NH, —SCR 19 Tl Ak v AN 2% i
RN PERE RN RS | 38 I 1275 A Ak 700 9 1
F ., PRI, BESE Anfer 4 s kR Y SCR T4 H,0
F1 S0, i 5z P DL K il K AR e e B oy
Mg AR, FE 4 IR AR AR o
TR A o W K 0 — AR AR T 32 P (O A 5% 52 3
TIIEREY, R Jin SRR I Ce B A Mn/
TiO, Ak 0] vT 38 3= 30 1 2% 10 1R &k 19 B A 4 v
SCR [t f iy So, it &2k, tb4h,Q. Yan %M
6 AR AR B 2% 1B R AR R ( Cu, AL O, J2 R4
1) B TR PO Pimirkfe, YL EAFF
FHH Ce MU INAT LABGGEDUAR M RE , BLAh, Ba Ti Cr,
Eu ZE 05 nl DL & S0, w2 its %t F—
SEREIREE R 10 3 F O AL R, A B R B — 2 1

[ Wik H 4] 2022-08-15

[fEHEFEAN] ER(1992—) 5 i+, (P RIEA, FEMNFR LA
VIR AR R A AR B %

[EEVER ] BRI (1987—) , 55, W+ VL VG, B0 4 T /LU,
A [ A B e K5 e W B 3 T I SE TAE

(4T H ] 5 E SR 58 8 (2019YFC1904600)
(IR B2 IR, ke, 45 Gl 5k i R0hi o fi 10 570 4 44 2 K
NH,; -SCR R AIFSE[ J]. A i 42 ,2022,51(5) : 118 - 127.

MM NH, -SCR; BACERM; 4SO, T &M ZSM-5 4T i ; BAb4r; BLANEAL A

[ LGS ]  1672-6103(2022)05-0118-10

U PERE , W Cu-CHA 43 T Ak L S bt so,
PERER G T H/NFLAR (3.8 A) , iZfL#R /N T S0,
[2h J12% AR (4. 112 A) 10 SR, %43 i ik Ak
FHEFT IC R AG M LARE = LB B 1 BE A 58 20 A 4
iH R BT A

R FBE M T — R 50T 5 AP 4Lk
A% FEAEAL R, Horh ZSM =5 Fl CeO, 43 BIME K #%
o5, FRBI ST AL TR 0% B0 A M BE S B a b #E b RE
R K CeO, 72 )2 ALREIH H,0 F1 SO, 1+
B, 1M HiA 5 8 B 7 7= A B IR 1E A DA 0 A0 3R 3%
PE 3l AF K 5 A7 DRIFTS 43007, $8 s b 17 R %
()5 35 B R = W) A, Ay e A ) Y S B Ak 1z 42 it
K

1 A
1.1 RIeE#R

AR TR 1] A5 AL 0 T T 18 Ak 25 i) L R R
VU 2B (BTHL T, o3 al) IR as R el (BTHL T, 4
Bral) , AL e (BTHL T, drall) | Oy A R Ak
Be(BIHL T, o Aral) , XK A iR 4l Ce (NO, ), -
6H,O(BaTHz T, srAfrali) | 5 & M ik & e i ( Sigma —
Aldrich, 43814l ) |, 7~ W H 35 Y e ([ 25 4 A, o0 by
af) , FEFK,



|

2022 4F 10 A% 5 M

ToORAE: B AR AR AL RO R B NH, -SCR R WFE 119 -

1.2 EeFHEE

1)Ce0,@ZSM -5 G, HHHK 0.2 g KK
CeO, SMHAEMFRLL A 1: 149 20 mL Z/H,0 B4
Y IR S min, BB 10 min JEAR- R ARG
W, BEIFTE S0 CFANA ZSM -5 HIRTHR#E (100 Si0,:
2 ALO,:14.5 Na,0: 10 TPA* : 4000 H,0) Jf$i $
5 h DIBR 25 O RS AN 48 2 B — 2 = (7K
DI 2 R 7E 170 CHLAA P25 5 3 d, it IS
ZEAL PR R Ce0,@ ZSM -5 FE N,

2)ZSM-5@ CeO, G, ¥ 1 g ZSM-5 ZrHUAE
BRI H,0 BIR G HHE 30 min, 75 10 min 15
N RIFIR AW, HE AR A7 Jot T 45
P2 h, SRIGHA Ce(NO, ), -6H,0 7537 AL U iz ,
E1E & 8 W W =BT e 0 DL L B2 N a0 £ g |
ZSM-5@ CeO, £,

1.3 fELFIRAE

X SFHEATHHL T (XRD) ;R Bruker D8 A7 5t
10 HA Cu Ko FHRFIER T UERS (A =1.540 6 nm) , iIf
1T AR SR P FRAE 23, W 5 ] 260 SRS ~ 50°, 24
KRHO0.1°,H A1 s,

X SR HT (XRF) - R H AR B4 A 7= i
RIS 3271E MG, B P il & i £k 7] 45 4 v
SIRITRM T,

N, W2 B/ RO B e 1E . R FH BRE 3 2 w) 2B 7 1) B 5
S ASAP 2460 )53 BrALFE - 196 °C £ T 2470
E 5 LR 1 FR % A Brunauer — Emmett — Teller ( BET)
J5 X6 W ot/ it R S TR R A T A T T SRAR B FLAR 4y
A1 R FHAIE Jm 50 4% B 92 pRBRAE (NLDFT) J5 35 e Wit
BARE], MAET, B 5 EAE 300 °C 1 ELAE AR T
1710 h MRS AL 2R,

TEM HLBERAE R A5 R JEM-2100PLUS f
T PRGBS B R R AT SRR, LA BT A S A
EARER R B SR 4G R R T4

2 AR 1R

FEILBYBLY) NH, — SCR [ I WF 5% v, i R 44k
FIR R[] (EX T SR BILEE 2 3530 35 R A
i NH, -SCR [ WL hf T NH, F1 NO 7E4i 1k 57 2 1
MR, E R, RS NH, AT NO YW FPIR &S 42 i T
2 Bl BHLEE : Eley - Rideal HLE (A7 F E - R L)
g8 Langmuir-Hinshclwood P (L-H *ﬂfi) o

2.1 E-R#HE

E-R HLIERD NH, PR3 08 BT 4 7] 2 1 09 0
PR, BRSSO R NO S, T b el 7= ), B
J5 53 H, O F1 N, A0SR A AR AT T i AE AR
LA — ARG, B R T 4y iR
(DNH, " #t 2 Ak 7 % 110 ; @NH, 76 f AR 3 1
O B AEA S Y BT 23 ; ONO ¥ = A1
FIF M ; WL RS Y NH, 55 A9 NO KR, A
Hal = s @ L W) o A, A 4 N, il
H,0;©N, 1 H,0 &M 8, 2R %,
2.2 L-H#E

L-H HLEEIA K NH, F1 NO_J3 510 [ 75 4 1k 71
FEAARAS TG P A, B 1 0 2 356 AW B 285 9 NO 4
il SR G AHEAERTE O™ %) N, #1 H,0,

FLRR R AL IRIAR WL (1) ~ (8) , iz
s 7N PR R A

0, +2 * =20 - = (1)

NH, + #*=NH, - = (2)

NO+0O- *<=NO-0- =* (3)

NH, - % +0 - *—NH, - * +OH - * (4)
E - R HLH#

NH, - * + NO—N, + H,0 + = (5)

NO-0O- % +0 - #*—>NO, — * + * (6)
L-H #L3

NH, - % +NO-0- *—N, +H,0+0 - * + =
(7)
20H- #<=H,0 +0 — * + (8)

3 NH,-SCR MR 40 b 5 ik
KNI I E NH, —SCR 21 11 2 [ W #)
K Py e BE AR A, 3 A b o e B SRR /) A
HILRYEHT A BT RS W M SC R i
T3 AT S S N 3o R AR e ik B AR A, ARk
Bl T LA AT R R B R NO B2 4E % NH, $i 1k
RN, FER N0, PR K N0 =R HHE AR
X (9) ~(13),
(NO) iy = (NO) s

m(NO) = (NO) i1 x100% (%)
(NH3)inlet - (NH3)outhl
n(NH,) = Ny x100% (10)
2(N
Y( N2> _ ( Z)OmIet % 100% (11>

- ( NO) inlet + ( NH3 ) inlet



. 120 - T EHKRE & S 4 BIHETE

(NO,)

_ outlet

Y( NOZ) - ( NO) inlet + ( NHS ) inlet 8 100% ( 12)
2 ( NZ O) outlet

YR = (N0) .+ (im0 ()

A (NO) . WA NO WJE ; (NO) . W iH F NO
%_(’E, (1\12>outletj:"':|:ll D NZ %EE’ (NHS)inletﬁﬂ/\D
NH; ¥ JE

4 R 51ME
4.1 HEUFBEUERREERSITiE

Wi XRD FAEH R X} Cu/CeO, , Cu/ZSM -5 |
Cu/ (Ce0,@ ZSM-5) il Cu/ (ZSM-5@ CeO, ) #Z 7t
TR ARG R AT 0B (T 1) o AT AR A 5E 45
FORESL B0 ERTSTIE 5 MFT 58 W4, Fe WAk 3=
TRG5HE S ZSM =5 7311, [RIRHILEE R CeO, HYRHIE
FTSFIEEsE JEAR A, 75 ZSM-5@ CeO, #£4h EJLFA
AL UL 3R N SN2 B CeO, REAR AR H /NBIE B T
TR (AT S A7 B /N SR A it B AR ) R AT
SRPUGE T LU AR B T S B I IS R A Y R SRR 0 T
A WG] 1 22 S5, R WAL R 70 2 1 A 4 i 72

A

1 1 1 I 1
5 10 15 20 25 30 35 40 45 50
20/(°)
(a) #Hifk

®—Ce0,

J K M *  wyzsu-secd,)
i PR L

h N L ICu/(Ce0 @ZSM-5)
__Jk il " CulZSM-=5 |

PN A - S S
A . Cu/CeOzji\
1 1 1 1 1 1 1 1 ]
5 10 15 20 25 30 35 40 45 50
26/(°)
(b) Culth)5HE

Bl1 CeO, FI5riiikeAALA B XRD &
Fig.1 XRD results of catalysts

fiYEs

TPRERS IR IF AR |

HR-TEM H TR AE BT A FE 5 B 30 % 52 45
F(E2) , WEIHRATLLE F] CeO, FE 5L F B R 4k
FARGER I ELAR R B X 8, A7 55 ( SAED) Y6 BE
WA T AR MTE( (11 1) (220)%),X
FIHZA K F =l CeO, BY/IN SR HE AR BT
TE Cu/ZSM =5 FE i ] LS 3] — 28 70§ CuO
WKL (292 2 nm) , 5 iy A3 B0 e e PR 1P A
XRD R (E 1(b)), X FEeas bk, nT
PILEZ 5] CeO, @ ZSM -5 FF iy () 41 3% 1H1 i 2 b 4 3
R ZSM -5 ki« |27 56 . H S A 2 808 B0 7
B o3 S LA B SAED AN 6] {5 T8 14 A7 S Y BEE— 25 F
B T e I (B 2 H (), (h)) .

0.191 nm

(a) Cu/Ce0,(500 nm)

(b Cu/Ce0,(5 nm)

(d) Cu/ZSM-5(5 nm)

(¢) Cu/ZSM-5(500 nm)

e TR

(¢) Cu/(CeO @ZSM-5)(200 nm)

(#) Cu/(Ce0,@7ZSM-5)(5 nm)

~ 20mm|

[5n S
(h) Cu/(ZSM-5@Ce0,)(5 nm)

L= <RI
(g) Cu/(ZSM-5@Ce0,)(20 nm)

B2 s S R TEM EIE
Fig.2 TEM images of samples



2022 4F 10 A% 5 M

ToORAE: B AR AR AL RO R B NH, -SCR R WFE S 121 -

B3 rh iR i N, W R B, AT IS ]
b 2 1 FGEAE Cu/ (Ce0,@ ZSM-5) (374 m*-g™') >
Cuw/ZSM-5 (370 m* - g™ ) > Cu/(ZSM -5@ CeO, )
(319 m*+g™") >Cu/Ce0,(79 m* - g~ ") B, & A
CeO, fE 7] LITE— @ FREE LR LR M AL, i
ARFARE Sl B FEAS S5 465 B 3% 1 i, 45 LU RN
P RN KE R T 2R ERED
T4
4.2 BEREHEAXFIHNSELEREER Cu PFh
ST
& 4 BAEEFIR H, - TPR 455 7T DA S B AE i
R EALIBJEPERE . Cu/CeO, FESMERILH T 4 i8R
W 3 S VA T TR P i 9 38 J5E (150 ~ 250 °CL,485 °C)
FGAR E AR (> 750 C) BRI, X T RE4i A

14
—— Cu/(ZSM-5@Ce0)

400 |- —— Cu/(Ce0,@7SM-5)

—— Cu/(ZSM-5@Ce0,)
—— Cu/(Ce0,@ZSM-5)

—_
o

—— Cu/ZSM-5 . —— Cu/ZSM-5
—— Cu/CeO, TE 1.0 —— Cu/CeO,
= 300 E
& 1
o ;D 0.8
b 5
\g/ 200 & 0.6
nt 5
= 04
100 =
0.2
0 02 04 06 08 1.0 1 10
PIP, D/nm
() NI B/ i 2k (b) fLEE5 10
= e PN
B3 AEZscfii g rkbe

Fig.3 Performances of different core/shell catalysts
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Table 1 Element composition and structures information of different catalysts

fig b Si/Al E® Ce/wt% © Cu/wt% P BET/m?-g~'? Viiere/cm® +g !
Cu/Ce0, — 97.0 3.00 79 0. 023
Cu/ZSM-5 10.2 — 2.95 370 0. 125
Cu/(Ce0,@ZSM-5) 9.9 13.0 2.87 374 0. 136
Cu/(ZSM-5@ Ce0, ) 9.8 12.5 2.92 319 0.121
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Table 2 XPS elemental analysis of Cu ion-exchanged core-shell catalysts
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Table 3 Surface element analysis of reacted samples determined by XPS
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Construction of cerium-based high-efficiency sulfur-resistant
catalyst and NH, —-SCR reaction
WANG Hao', SU Bo', YAO Liang', LIU Jun', CHEN Song-xuan', ZHANG Run-duo’
(1. China ENFI Engincering Corporation, Beijing 100038, China;
2. Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; Based on the principle of compound structure, the core-shell structure of ZSM -5 zeolite and CeO,
catalyst was constructed, and the effect of core-shell structure on catalytic performance, especially H,0 and SO,
tolerance and hydrothermal stability was explored. It was found that Cu/(ZSM -5 @ CeO, ) core-shell catalyst
exhibited superior NH; —SCR performance and good SO, tolerance. Through a series of characterization analysis, it
show that the synergistic action of Ce and Cu in the core-shell catalyst can improve the denitration performance of
the catalyst, and ZSM-5 zeolite can provide a large number of acidic sites, enabling the adsorption and conversion
of Ce0, shell can not only stabilize the existence of copper ions and reduce the formation of CuO, aggregates, but
also produce more oxygen vacancy and adsorb oxygen species, which improved the catalytic activity at low
temperature. In addition, the SO, tolerance test also proves that CeO, shell can effectively inhibit the formation of
nitrate and ammonium sulfate, showing high SO, tolerance. Therefore, the construction of core-shell catalyst is of
great significance to promote the practical application of NO -removal catalyst.
Key words: core-shell structure; NH; — SCR; redox ability; SO, tolerance; ZSM —5 molecular sieve; cerium

oxide; NO_ -removal catalyst



