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Abstract

MnCeO.@MgO core-shell catalyst and MnCeMgO, composite catalyst were prepared by hydro-
thermal method and coprecipitation method, respectively. Structure-activity relationship in si-
multaneous removal of NOx and chlorobenzene (CB) on MnCeO,@Mg0O and MnCeMgO, catalysts
was investigated by catalytic activity test and characterization. The results show that the activity
of MnCe0x@MgO catalyst is higher than that of MnCeMgOx catalyst. For MnCeO0@MgO core-shell
catalyst, the conversion of NO, and CB was 77% and 84% at 250°C and 350°C, respectively. For
MnCeMgO, composite catalyst, the conversion of NO, and CB was 62.6% and 89% at 200°C and
350°C, respectively. The activity of MnCeO,@MgO catalyst is related to its physicochemical struc-
ture, surface active oxygen species ratio and the morphology of transition metal active compo-
nents. Both average pore size and Oiait/0ads ratio of MnCeO,@MgO catalysts are higher than those
of MnCeMgO; catalysts, which were positively correlated with the catalytic activity. The active
components in MnCe0,@MgO catalyst are Mn2+, Mn3+, Mn*+, Ce3+ respectively.
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1. 5|8

B et AR = AE I NO, 5 CVOCs (5K, 2 &I RIEEE) 2 PM, s 5 SUA M G RT IRk . ik
ANBARTE R SAFAE T INHE AT 58 2RSS T5 e, B 75K e MG S5 00 55, & — P 24011 VOCs
ZbRTTiE. HAT, SUEREIE ML R (NH;-SCR)H AR TE B U ] R 1001z, e —Fp 0 B0 5B
REAENI I TTiE . FE 215 e G FEF, NO, B R 5 CVOCs Ak 1% PR 5 0 2 75— 3L M Ak
RS BA [F2D Bk NO, Ml CVOCs HIRE/ 14y B [1], SCR BRI EEMEAFE LB o
TR I B AL . S4B (A AR SCR A VOC B BA RIFHIMEALIETE2]. SR, X
AR ) I FH S 1 52 1) 3 v AR N 22 3 T e AR S5 RIS IR BR 113 [4] [S]. Wb AL IR = B 1 R TR
PERE) V2 N T 5 BR NO,, [R5 8 B 728 e idh 4 AL 71 S8 S T [ 5B CVOCs 5 NO,, Hriil
W TR B Cw/ZSMS HEALTTITE [R2D 25k — SRR NO, R B H mid i, (H2 ik T F e 2 Sh 51
TERR[6] [ 7] Job I 4 fh Ak 77 DR AR BRI RRAS L =F 5 A Bk B2 J50RN 22 0 2 A O B4 2 MR R T A5 3872 1
N . —4 88 Cow Mn fl Ce EAMINEN SCR M HEMIE R L, XEHTFERE FIM
AT BT FE N R UFIEFZ[6]. Mn/Ce 40771 B T I w5 1) S8 A7 s/ R TBURE 0 A AT AR R AR A I8 SRR
C&B T IZ N T NO, 5 VOCs ik [A 2Bk #RAEIAWIFT, Mn/Ce HEAFITERD 2R NO, A1 VOCs
LA I A 35 P R B PO TG M P T 18] (9] AR, IX P R 47 ) 484K SR e /) 3 8 SCR I AR M N, i%
PRGN EEE B Mn/Ce ALY G AP HIHETT AR 10]

Rltk, N T $Em NO, MEZKMBLBRBCE, AT H — Az 5T L] MnCeO,@MgO, LU 4 #T
T MnCeO,@MgO fEALTFIFI MnCeMgO, 5 & 4@ S AP Ak 770 0 Ak PR e A Vo o 38 I A Vs O
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P FIHEAL R AL ST E A R o0 RFAT A
2. SEEGER4y
2.1. fEHFIHIE

2.1.1. MnCeO,@MgO ¥ 55 4E {L I &

¥ 15 ¢ ZIRER (R AL AR B BR A T, 99%). 6.53 g ZIR(FE S AL F R B PR A 71, 99%)
190 ml 2 BE(FE B AL AR 6 BR A 7, 99.9%) VR A I I35 100 ml S /K (7 A0 2l
MHEBAF, 25%) 90 ml ZFEGEM FE WAL THRA R, 95%)H 30 ml £E /KM EEFEK+, 7£120C
TS 2 h, BOVKIETE 60°C T 12 h, BEEAE AN . HER RS SR 111
g TG LTI EAL THRAT, >99%)I0A 50 ml 2 —EE, A ALEE 30 min f5, HUEFW, 4%
S PR ALEE 15 min, BEANNATRRROEEIES, IAE 130°CHRRF 24 h, BRI GEIET 1, KemE
TH3 N, 450°C iM% 4 h, #3%] MnCeO,@MgO.

2.1.2. MnCeMgO, S A & RE WL Z

# 15 mmol Ce(NO;);-6H,0 (_Fifg si kA4 B, 99.5%)is N E] 300 ml 23857 /KH, FHBN 500 ml
SR . RIZIBEEE 10 min J5, B 125 ml NaOH (R @HTEA R A RA T, 99.9%)/KE (0.4 M)
PO R, BEETE Ny (WONBTA S E R AR, 99.99%) FREIZIHH: 10 min. 25, BEH
MgCl, (3.75 mmol) il Mn(NOs); (FGHT AL AR AR, >99%)H) 125 ml {B-A V(15 mmol) PR A 2
TERIII SR . £ N YR, ¥ IR RHE = IE(25°C) FARFF 60 min. 8 B 0o B B 4, FHH]
KICTEBRE IR )5, FIRBRR AR RS HAE D T 40 CT R, FHED IR T 450°CHEGE 4 he

2.2, HEEMITEMN

PRI L RS NO, ARG M AR e PR DR 2 B R0 S0 1 o T [ PR S B2 B o AR S 36 v Ao P A K
it 325 1) S5 7 A 2R PR N G, S T T R N I B AT R VR R SR N S N R R R I R SR
SRS BBAS. B —AREAARA A RS R ERET R ES, FERARER. AAMER
BENTRA R INETR A 385 5 SR SR WO SN BTG T, 7EHE N R BLR JE BT 400 DY 3@ 1 5 20 <
RA, RGN LR, 5 AR 780 e ) S . 3E DR, NO KR 600 ppm, NH; A
600 ppm, E KN 100 ppm, O, KA 5 vol.% S Ny /N F i 54k, B8N 1.5 L/min, 2534 40,000 h ™'
B RIS R IR AT ORI . [ R8RS LA K A M R B, AR 1 ome I K2 AR L SR i
D5 SRS PR S S Bl P o AL VB EAE Ao oh, BRI AT 3448 2.2 ml (ML), 14 1 3 B IR VR
. KA GC9790 11 AR (A (T VLAR SZ A BT A I A R A B S Rkt AU R &R . O A
CO, MR FEHAT ARG . EH AR NOw NO. NO,. W E L AMHEA B A LA, 21 4M3
AT HTAXC & A £L A M IR SR 1 < 3E .

2.3. BRI

K 56 [ 22 50 A W] ASAP2460 HH I AR N W B A IR 3647 40 A AE U RUIR L (- 196°C) R AR
W B R 2 R LS IR s, R 28 HITZE 300°C RIS 7 he

S FHAEE ZEISS Sigma 300 28¢5 B4 4 FL 5 Sl S B X AR TR 30 00 A7 W0 N0 g fE A 75T B 1oy A
FEAE 10 min, ZFEES-BURIRE, fEFREHE T SRR RS

XRD AT BB 77 20, B S AR, B 100 mg BESEEAT R Fr s B R R 5 RS ot
JATE Panalytical X Pert’3 Powder ¥y K X ST ZEATHAN L REE Cu/Ka FESHR, 20 4 10°~80°, FHHE N 2°
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Figure 1. Schematic diagram of collaborative removal reaction unit

1. thEIRRR R R EREE

K H XPS 43 b R T 1 2 T =N A R I AR XS & 8 Le i, 41X 38 92 [E PHI /A & 1) Thermo Scientific,
KA R, R 12.0 kV, EET 5 x 107 Pa. BLC 1s=284.8 eV NRMEBITLESHERIE,
K H XPSPeak4.l B A4-3E4T 0 16L& .

3. BR51118
3.1. B EY

2 HEEL T MnCeO,@MgO A7 F1 MnCeMgO, B & 4 & F A AL I TE L . PRI ) NO,
AR AR T R R LR R, i CB # KA R IE ARG . MnCeO,@MgO AT TE
250°CH, fiE NO FAL AN T7%. £ 350°CHY, fia CB #AL# N 84%. MnCeMgO, H & 4 J& S i
TEFIAE 200°CHY, ek NO, AL F AN 63%. 1E 350°CH, ik CB B4bF AN 89%. MRAEMALIMIREEH, o]
PLR L MnCeO,@MgO fEALFITE 250°C~300°CHY, XJ[FP%LFR NO, 5 CB #i AR Mg, Mt
T, MnCeMgO, & & &8 S Mt R R 2 2B NO, 5 CB I HUE MR JE o HAE, Hutal i,
MnCeO,@MgO L7 B A % (e R E & 1, X+ NO, 5 CB BA HUF i [F 20 B bR R

3.2. ELRIE

1 HE T AR LR, ALERPEY LR, aTLLVEH, 5 MnCeMgO, 5 & 4 )& 1 k77 A
b, LA MgO W& @ fF A3, MnCeO, AtZHI MnCeO,@MgO % 5E AL L R AR A — EFLEE R PR
150.04 m*/g R[4 % 48.94 m%/g), [FINT LA BT FBR(0.24 cm®/g FFEZE 0.11 em’/g), 1M PR AL
IR KN A MnCeOx@MgO (9.35 nm) > MnCeMgO, E & 48 B AL E1L771(6.27 nm) . 45 &AL TE I
S, 19 BMEARIRIE TS AR L S (LR T AR . FLA AP FLAR) A — 8 ARG, 5 IR
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MALE AR, 5 PR RIER R EALTE TEBUF I MnCeO,@MgO AL I A B RHT- 14l
&, XAFITHIRE OSSR AL, SR aEE . 153 51 4 70508 MnCeO,@MgO FIE & 8%
WAL FLAR A S5 IR M 2o BE i FLAR K2 AE 2~50 nm Z (8], J9/r LAt Rl. SRR IR B i £k 2y

NIV, fijaIA0N He AL,
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Figure 2. Catalytic activity of MnCeO,@MgO and MnCeMgO
B 2. MnCeO,@MgO #1 MnCeMgO AIHEILIEM

Table 1. Specific surface area, pore volume and average pore diameter of catalysts

1. EWHIERER, ILASFHAR

CB#MLZE (%)

1AL Lb R AR (mY/g) LA (em’/g) P4 FL4% (nm)
MnCeO,@MgO 48.94 0.11 9.35
MnCeMgO, 150.04 0.24 6.27
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Figure 3. Pore size distribution diagram and isothermal adsorption curve
of MnCeO,@MgO catalyst
3. MnCeO,@MgO L FIFLEEN 8 5F RN Mt
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Figure 4. Pore size distribution diagram and isothermal adsorption curve
of MnCeMgO, catalyst

4. MnCeMgO, EWFIFLE D 5FRM L

& 5 i3t SEM MZE 7 MnCeO,@MgO Fl MnCeMgO, & & & B AR . 14 5(al), &l 5(a2)
4 MnCeO,@MgO A, BT LAE A A —ROR AL L FPIRY) 8 S0 R, AR/ RLZ [H]
TERIA—FLIELER, EEANFL, 5 BET MR —, AR T 5 2 WAL, et .
K s(bl), Kl 5(b2)~ MnCeMgO, B &4 B #ALF], M SEM EEFEH, TR 7 KEAHSN

EHT= 3004V Signal A= e EHT= 3004V Signai A= SE2 Apeiture Size = 30.00 pm
Wo= 82mm Mag= 50.0 ample 1D= — Wo= 82mm Mag= 10.00KX Sample ID =

EHT= 300 & Signal A= SE2 Aperture Size = 30,00 ym EHT= 300 & Signal A= SE2 Aperture Size = 3000 ym
WD = 84 mm Mag= 50.00 K X Sample 1D = W= 8dmm #ag= 10.00K X Sample 10 =

Figure 5. SEM spectrum of MnCeO,@MgO (al~a2) and MnCeMgO, (b1~b2) catalysts
5. MnCeO,@MgO (al~a2)F1 MnCeMgO, (b1~b2)f# L FIAY SEM i&[E
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6 9 MnCeO,@MgO 5 MnCeMgO, fi# 1L 7] XRD # & . MnCeO,@MgO 4k 71 H Mn 3 % P Mny O,
fn A7 /E(PDF#75-1560), FLFEZRIRTHIE 20 = 18.1° ST N(101), 20 =32.7 K& A(103), 20=36.2°
(IR (211), 20 =383 MR N(004), 20 =44.5° 1] 5hTH N(220), 260 = 64.8°HIEhTH N(400). fHEALFIH
Ce ETELL CeO, i BUA7 11 (PDF#81-0792), L E BATHFIE 20 = 29° ({1 S TH A(111), 20 = 48.1° Kb I }(220),
20 = 564" T N(311). M4E PDF & H (PDF#65-2975), MnCeMgO, 4L 71 Ce T EE LA CeO, f A7 1E,
HEEWATHIE 20 = 28.6° ST N(111), 20 = 33.4° [T N(200), 260 =47.6° (51 ~(220), 20 =56.5°
(BT N (311). HR4E PDF -+ Ji (PDF#75-1560), f#ALFIH ] Mn PL Mn;O, @i B A71E, JLATHIE R 20 =32.7°
N(103) g4 TH , A5 T MnCeO,@MgO #E 1k 7], MnCeMgO, & & 4@ LM i 4k 71 F 8 43 J& T CeO, Al Mn; O,
(AT SR DAV 2%

MnCeMgO,

B (au)

<(111
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(400)

20(°)

Figure 6. XRD spectrum of MnCeO,@MgO and MnCeMgO, cata-
lysts
& 6. MnCeO,@MgO 5 MnCeMgO, #{4k5# XRD i&[F

I XPS XM AL FIRE Oy Mn. Ce TG & NN SARXS & &t — 2 4. 14 7 8 MnCeO,@MgO
AL 7T MnCeMgO, H & 4 @ B AL WAL TN O 1 s W Ak 77 2 T 20 Pt F 455 6 280 (O ) P12 T WL
B4E(Ougs), G5BT BETEIE 23T 528.5~529.5 A1 532~533 €V [11] [12]0 Ol M1 Opas BEIA N & 5 1 E T,
2%+ NH;3-SCR Hl VOC EAL G AL BRI [13]. BRI Oy 45 & REMILAE 529.5 eV 44,
O S5 B REAHIEAE 531.6 eV Jid7. % 2 B T 2 FEFI O 1s #r g B, 5 MnCeMgO, fiELFIAH L,
MnCeO,@MgO M 0,4/ ELBITE 7, T 0,4 7E NH;3-SCR Fl VOC Ak Ao 2 58 5 E I /E [ 14],
At MnCeO,@MgO HEAFFIFE A2 225 NO, 5 CB H 3R I H 50 4 R fB A I 12k

M 8 ) Mn 2p FIEERT &N, PAMEALTIE R E Mn L Mn®t. Mo* I Mot R RIEAE[14], KT
MnCeO,@MgO 1 MnCeMgO, #E1L7, Mn 73 7 4b 75 LN A B4 58 Mo :Mn*":Mn*" =
45.0:28.9:26.1 5 Mn*":Mn*":Mn>" = 31.0:32.5:36.5 (W3¢ 2). 151 9 {4 Ce 2p &Pl m] WL, WRREILFIZRTH L
Ce LL Ce*'. C TBRIEAE[15] (W4 2). SiaHely 903.4 5 885.1 eV [T H AT Ce®*, HARRIANAIEN]
A LLHT Ce*'. Ce*/Ce*™ 7E MnCeO,@MgO 1 MnCeMgO, 1 1k 7)_I i Hu 51 43 51 5.6 A1 4.9. 5 Mn* Hil Ce*
B AR B A e RO T AR T IR R A R, RN R ST E IR A YA NO (11
WA EA R IR SR PERE15], 1 J5 3 Ok P AR (A 75 Hh 4802 6 1 4R 7 716, Rl MnCeO,@MgO
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Figure 7. O 1 s spectrum of catalysts
E 7. EEFI O 1 s 1EE

Mn 2p,,
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660 655 650 645 640 635
S5EHE (eV)
Figure 8. Mn 2p spectrum of catalysts
8. fE1L5AY Mn 2p 1EE
Table 2. XPS results of MnCeO,@MgO and MnCeMgO,
%% 2. MnCeO,@MgO F1 MnCeMgO, B XPS £55R
“iGhkeV) g REEeV)
AL Mn*":Mn**:Mn*"  Ce*/Ce*" 0,46/ Ottt
Mn** Mn** Mn?" Opds Ohatt
MnCeMgO, 643.7 6425 6415 31:32.5:36.5 4.9 531.8 529.1 0.82
MnCeO,@MgO 6433  642.1  641.0 45:28.9:26.1 5.6 531.5 529.5 0.88
299 A TS HOR
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Figure 9. Ce 2p spectrum of catalysts
B 9. LR Ce 2p iEE

4. g

5 MnCeMgO, fEALFIAILL, H1T MnCeO,@MgO AL 7 B A BT ##L438(9.35 nm) A P A EE

1E(04/Orare = 0.88) 5 1 & B Mn*" (Mn*" /M = 45%)F1 Ce®* (Ce™'/Ce*t = 5.6), fEA %M NO, 5%
(L AR AR, P B A AL PEBE . 76 250°C Y, MnCeO,@MgO AL 7k 55 NO, #4413 77%, 1£ 350°C

it

I CB #ALR N 84%, FIELT MnCeO,@MgO AL B A 8 B8 S MER & 1.
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