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3| MOFs fiTA 1) 2 fL 42 & A S B R AL 7] AR nd
bl , I A% G - B R VA i A% T B R B A R AL
A, VAL RAR SRR R IR A WA E IR BT
B, BETir4)E Pd EAN[F 7 A AR Bk b
(43 B LA RR A B2, PR T MR &R
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1.1 EEFIEHE

K R ) G ) R Ak R B T IR AR X 4 R
CeCo-MOFs!™, FxHr 0.87 g /K &l ER4l (2 mmol) F
0.25 g MY/K & 2R %E (1 mmol)(Ce Al Co EE/REL AN 2:1),
WEAE 40 mL N,N- — F 2 5t Jiz (DMIF) HR 3 88 75
10 min, fEH5EAVE/. FIHL 0.67 g XK — HERIE AR
40 mL () DMF TR U454 30 min. K5 LA L 2 FiiA R
BA, B 10 mL & F/KE A 10 mine KRA T4
(RS B B 100 mL (2R DU 20 3 A 1) s R 28
SRJGAE 80 'C RIS 24 h, 133|u& 1 48 (4] CeCo-MOFs
k. F DMF Fl 2.1 )k % MOFs PABR 234K I B
AR SR MOFs BT 80 C R4 12 h, 15
F By K IR 9 CeCo-MOFs . ¥ b ik #l % 1 X & )&
CeCo-MOFs ¥ it , 740 T BA 2 C/min g Z S 52
500 CHBike 4 h, 75 %] CeCoO, ALK, L H
CeCoOy(M). HL— & & [{# AR CeCo-MOFs % i, K H
SERIRBUEE M 1%Pd RESED , BTG
BTSSR EL 2 Clmin [EETFE 500 C ke
4 h, 13EIHELTCA Pd/CeCoOx(M).

SRR P T -k Fe e ) 4% ot RE R Al 42 A Akt 3
Ce il Co /RN 2:1 BREL/S /K& i BT AN 7S /K A A TR
&g, FiA—E ENTER, INEELE KIS
fiRJa I g K, WA pH N 7~9. KIEE T 80 C
TAKMINARZ 4 h J5, KRS 120 CHAETR
12 h, 13302 FLEAA R T-EER s KT R B A e fs
TR, JerE 400 'C R4 2 h, FiTHE A 600 C T
4 h, f33%E M CeCoO KK, ity CeCoOL(SG). *t
T4 )E Pd M ECE R R EE. REL— 2 2
CeCoO(SG)H M4 H T /K, BL 1%01) f & 4% LU il FR
B PA(NOg), NN B A IR, BiHiEE 6 h J5, 4
ZRIKIBWA R, BETHRETRE, E£5H5F
450 CHike 3h, DABRZIHMARES 7. B 245 2R
L7, i8N PdICeCoO(SG).
1.2 HEUFIRRE

f§i ] X'Pert3 Powder %! % ThE X FHEEATHAX (faf 2=

MghELA T, Cu#ll, 1=0.154 056 nm) 33| XRD K
Har AR A SR, FEEDN 26=5290°
K9 0.026 26 R RS ol 1 LU SR T AR S ALAR 43 i
1 (JW-BK112) , ¥ BET #AYAI BIH J7 453 2L
AP bl 2 AR FLAR R B o SR FH Bk ih Ho A0 520 A
4 H M A A (PCA-1200, Jbniii B e 1) Ll
Hote B Pd EMEATI RN 2 EBEN, RiERE
0.1 g FEME T Hy 5UF T 450 ‘CIBJE 2 h, i85 45 5 5
Np BHATIREA M 2 sl Ny A, 1R ik
Hp, BELEIFSAIEE (TCD) KAE] H, KN, RH
Jikir O, b5 AR 4 F B =R B (PCA-1200, b
FAR AR ) R R M E, #F 0.05 g B E
F H, 5UHE K 200 ‘CiBJR 2 h, i8R 455 5 H He #4744
AR H He E3, MFEM ik O, EE|TCD
RIESEE. RA2BIMLEWR I (PCA-1200, 1t
FUR BEAEE) JEHAT Hy FE P FHEIE R IR, DAL
FARRTAE S P, AR HT S A i BT N, 40 300 °C Tiikk
H 2 h, WA A EAMEIER, K5 RELTIEN
HolAr (Hy A1 Ar 463373 %53 7l 5% 95%) R -& itk
AT, LL5 Clmin BT+ #EZ T 42 800 °C, it TCD
R #R IR Hy WHAEE, 193 H-TPR Bl . XPS 73k
FILL Al Ko 128 (hv=1486.6 eV) N 5TIEK K-Alpha %Y
X B TRERE{ (£ Thermo Fisher A7) , BT
MR 45 A B8 C 15=284.80 eV HEAT LR RS HE .
1.3 ELFIRYEMENK

R AR [ 58 PR 35 B v A R IR P AL S S 8
0.3 g AFIE T8I A SR NE (HE8 mm) H, X
Gl B ERE TR E . N T, T
1E Hy S5 450 CTiAHE 3 he RPRASAEA
1000 pL/L CH4.4600 pL/L CO.1000 pL/L NO.3100 pL/L
O, FIAR I N, P <o R MIRA = 250 mL/min,
2 (GHSV) 50000 mL gt ht. EshFE R
H S BEIRE, LA 5 C/min FHR I M =R T 2 TR
HELE 600 'C, KFH FGALO0 BUMAS 4% CARIIT DURR 43
WA RAT, ED XA B AT 1 2%
.

2 RS

2.1 EHFIEY
Bl 1 AT SRR FI AL FIRE S XRD B3 . AT OK A4
CeCo-MOFs (1) XRD K11 1a o, 43 B TE 26=8.192
16.832 28.83 M 22 M B FUHFAEIE, IX 5 SCHRIRIE Y
—510, LHIRLINA AL T CeCo A4 /B MOFs. MIE 1b
A[ L, PAU4JE CeCo-MOFs AR BX AT A= il 4% 1 lieh
HEMY) (CeCoO(M)) KI A Pd/CeCoO(M)
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Fig.1 XRD patterns of precursor CeCo-MOFs (a) and catalyst samples (b)
AT 5 AL G - BRI 45 1Y) CeCoO(SG) MM E B — =1, AR T AL B 4% .

A Pd/CeCoOL(SG) f & 77 #H L, ¥ 7] £ 26 41K
28.82°(111) . 33.30°(200) . 47.49°(220) . 56.55°(311)
ML F] CeO, WIFFIAEAT S0 . X ULH, DLW EJE
CeCo-MOFs i Ik AiT A il % 1) CeCoOx(M) 5 & 4t
F - 2 725 4 (1) CeCoO(SG)-H A AHLLI AR 45 44 3 2
W CeO, W AMHFRFE. [FINF, SXFRIf CeO, brikEluE
(PDF#34-0394) #HEL, FrA R i AT S I 3543 s A1 B2
B ARFS 0.26S KB Co BTk A CeO, [ fnAk H ¥ B fili
A S 1 TR B AR R e g T ST
CeCoO,(SG) 1 Pd/CeCoO,(SG)FEMHTE 260 £1°4 36.9°F1
65.2°4b M %< B Tl 55 1 9% & A Cos0, MY fiT 4T g
(PDF#42-1467) , i CeCoOy(M)#il Pd/CeCoO(M)EE i
JUF-EA W B AL AT T i . X R, TEAHAI
Ce Ml Co FE/REL (2:1) ', PAXM<:JE CeCo-MOFs AyHi
IRAARATAE H11 45 1 CeCoO(M)H: CeCo H A4 5],
M HAEH E2Y). 3852 Debye-Scherrer A=, L. CeO,
(1] 26=29.08 FRFAEAHTET T B AT 1538 4k 71 CeO, I il A i
TRAZRUZE 1 7R . CeCoO(M) 1) CeO, it AL 111 F- 1)
FIARZI00 7.1 nm, G e -t e ) 46 i el 2 & Sk
Y1 CeO, sk 1 F¥kif% (15.6 nm) B/, HFT
PR AL B L R AR Pd ZH A A et . kAT e,
PL MOFs #4RL g B Sl ik A7 A= il 46 2 & e, 53K

*=1

BE%& Pd 44y 6idk, XM Pd/CeCoO,(SG) Al
Pd/CeCoO,(M)fEALFRISAI AT LANL S 2 B 55 1) CeO, FFAEAT
Ui, S5 EETE L, XK Pd 415> 5 CeCo E &EALY)
WK TR E/ER, JEHEE S AR Ce
HAERRY, [E, Pd/CeCoO(SG)FI Pd/CeCoOy(M)
AT E R EE R Pd 415 RIS AEATSTI%, 1% Pd
oM FTLE 2 P75 4% 1) CeCo B A A MM E A L
FE 431

CeCo 5 &S MM B A M A 7 MG TR 280U B - it
BRI 26 DL R FLAR A A i 2 fias. CeCoOy(M) K H it
# Y Pd/CeCoO(M) AL A1 FLAE I FFIE CeCoOL(SG)
Fe AT Pd/CeCoO(SG) LML, R IATIVEY
WSRO B SR 2, LA BRI A FLARRAE ,  FLAR 3 A BT
2~25 nm 2 [a], {HFLR A 2 A T Z 5+ . CeCoOx(M)
e H A7 8 28 Pd/CeCoOL (M) AL 71 1 8 7] JLFLAE 20 3 nm,
1M CeCoO,(SG) K H.A1#k 7 Pd/CeCoO,(SG)fHE {h7I1H i
Al JLFLEZ) 8 nm, [ElL, XU4:J& CeCo-MOFs i XA
17 A 1) 25 IR Bl Bl 52 6 A 3L PdICeCoO (M) 4k 711
A B /NAFLETE BRI 2 (1 5L5L, XA R TR
FIF LR AR o 3k — 25 3R L FToR A0 BET $ds vl 41,
3R 5t 48 Pd J5 1 Pd/CeCoO, (M) 1k 7] Lt 2% i AR 16 K
F 1404 m?g, FLEpAithEEsR, HET CeCoO(M),

BRI RERER DTSRRI

Table1 Crystallite size and pore structure data of the catalysts

Catalyst CeO, crystallite size/nm  Specific surface area/m? g™ Pore volume/m® g Average pore size/nm
CeCoO«(SG) 15.6 27.9 0.12 175
Pd/CeCo0O(SG) 15.6 33.6 0.12 144
CeCoOx(M) 7.1 98.2 0.19 77
Pd/CeCoOx(M) 7.1 1404 0.26 74
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Fig.2 Low-temperature N, adsorption-desorption isotherms (a) and pore size distribution curves (b) of the catalyst

Pd/CeCoO,(M)HEALF 2~3 nm HIFLEUE % . £ 7% Pd 1)
i FEd, Pd BT RIE S| MOFs [FLIE, AL FIAEmRIL
FALiEfEd, Pd 4 5 CeCoO, P AERGR M EAEH, I
X} CeCoOx A A AWM FLIE WS 4 5 e L 1) — & i 1
i, S sl 2, BET bR mBE N, fLAMRA
BTSN 5 R - 2] £ (AR AL FIAH L, MOFs
AT A 15 30 A B B TR e R T AR AN FLAR AR DL R
SN LR o IX YR T LAX4: J& CeCo-MOFs 9 i3
AT A= ) £ Bl G A AR R N, AT LA L
RIMAAMFLE L ERIRSS, AR T SEE MRS .
2.2 BIFEM

34 H T HEAFIT AL AR TR BN R IR E )
B R 2k . 25 (GHSV) ¥ 50 000 mL gt ht 4644 7F,
DA% & CeCo-MOFs i gk A7 A il % ] CeCoOy(M)
FL CHyv CO F NO B4k 28 1) =2 b AL 5 1 P -t e
541 4% 1) CeCoOL(SG)AHIET » 2 Fh 7 2 4 i il B & 4
) CO B4kt Ty CFEALER 10%KS IR BIEE) 218
150 ‘C, JF7E 300 CULA LIAF] 90%LA FifbE; [
i, NO FEAL{EHE 600 °C I i I A - Uf o 54 3k
H, Horp 200 °C TR 2 A E A =R T X NO IR
BRI R ETHR S P24 T BB GM B0 NO Hefb 2 i 2k

FEARE X Pl SRR, 2 Fhoy i & i el
BRI CH, L AGTERRIT 500 °C 1 L A FF 46
TN OR, HAP A4 JE CeCo-MOFs NRTIRAATAE
il % ¥] CeCoOL(M)F: CH, 1147 Ak, 2 b I FE T+ v 1 o B 2
— L. CH, %4k 21 22 71 1T B U5 T A0 7 1 45 0 22
5, MOFs fifA:18 2t 2 fLA & & S A1 7 5 A )
THEJRAL R /8, 7T LU U H K 4% CeO, HIfi % RE 11
R AAE RPN, O CH, S R RAR LT %
AR, B s CHy B2 FREE R, LIXL
4:J& CeCo-MOFs i IRAANTAE i 4% ) CeCoO(M) 5%
-k S 4% (1) CeCoO(SG) I HEAL PE R HIALL, KB
A R B, B2 1 CO RIS IR
e SRS FE B T CH, B8 R B — 8 I
LHER 1% 54 E Pd A )E, 2 oy & R
Pd/CeCo0,(SG)F1 Pd/CeCoO, (M) 1k 7] () = R fhE Ak 2
MAE A XT CO M, CeCoOM)HE A ALY
4% Pd 4153 )5, PdICeCoO(MYMEALFIM Ty Tson Too
CBALE 51 10%. 50%- 90%I} 1) S R IEFE ) 43531
AR FF(K T 100~150 C, EonH T HUF IR IR Lt 3L
B, XPEFHMAE LS EE Pd Ao @AER;
CeCoO(SG)HE A A MY 1k Pd 44y 5 , Pd/CeCoO,(SG)

100y = 81 1001 —a—parcecoo,m) bl 100} e ¢
° 801 © CeCo0,(M) ° 80 i
< 60r < 80r PdICeC00,(SG) < 0
S 40} ’\/"‘“.-“-H g sl CeCo0,(SG) S 6o}
g 20 g g
S ofn : § 0} g 40
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Fig.3 Conversion curves of NO (a), CH,4 (b) and CO (c) over catalysts in the simulated NGVs engine exhaust
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AT Toon Tson Too 20 A MIMERIR PR T 20~70 °C. #H
2R, PdICeCoO (M) EA T4 CO fiEfb ik
RIEIEPER O, H T (£150 'C) b Pd/CeCoO(SG) ML
FIHIMK T4 100 C. XFT CH4 KI%E1L, PdICeCoO(SG)
fEAL TR AR L 3R T 5 X CH, M AR IR A ATk
3, {HA[E ], Pd/CeCoO (M)A L E AR T = Hott
CH, FIFEACTEIRIR AR 2] T KIEFERI G, Teo 235 FRAKE]
400 ‘C . Pd/CeCoOy(M) f 1k 7 H: CH, #% 4k i & Lt
Pd/CeCoOL(SG) Ak 71 BEAIK,  AH [F) e A0 3 0F 87 s 7 et B
KL 100 °C, [&) W AH A 5 B FE an 620 °C I
Pd/CeCoO4(SG) 1 CH, % fk % i& %] 49.1% , 1M
Pd/CeCoO,(M) ALK AT LLIE £ 99.7%, Eon i AR
i1 CH, ML . T NO M1k, Pd/CeCoO(M)
fEALFITE 80~180 C il 2 IX [H] NO (1144 4k 2 B 5 5 (1)
Fremisgk, B 180 CHAY 180~320 CiifH
W, NO #AbLE R, 76 320 CLLG, BEEIREZMT
7, Pd/CeCoO(M)fiALT5 NO B4 4k Ziuid i K., 7F 380 C
Ik B f s AL FE 97%. HIK[EI, 1 Pd/CeCoO«(SG)
(1) NO HeAb i e R 2, TER—IRE T NO A4k R A
Pd/CeCo0,(M), Pd/CeCoO(SG)ft) NO 4k 1 Z i i fifi
J& T Pd/CeCoO(M). Pd/CeCoO,(M)H! Pd/CeCoO(SG)
TE R R AR BARIR X NO B4k 3 R S B I8 T AL 7
B TR NO (W B FH HAE FHIE S 7= A T B B 5 fi
. LREEREW, LIX4E)E CeCo-MOFs MHTIRARAT
Al 45 1Y) PAICeCoOL (M) 1k 7IAR Lb s J - i v il 4% 1)
Pd/CeCoO(SG) f# 1k 71| B A B Ak R I < K B HL 2
Fb =R, BA EARIR M L PR RE . X T
AT IR B I AR T DRI, 3 AR I = 5 fi Ak v
RELAJNT CHy Al NO B AL B NIYR T 5180 T /3-8 Pd
Har.

CH, 7£ 80~180 ‘CHyIREEIX M| N & H ¥, CO
NO %% Ak 2 b 45 i P 1) FH i mi 3K, JRTERE T &
180 CH} NO #ALZIL S| T — MR FRME, X RFTEXA
X ] FERLE T CO+0, [ M AT CO+NO [ o
£ 180~320 ‘CIGHIN, CHy ANB, CO IEF|FHieAL,
1M Pd/CeCoO (M) {4k 71 _E NO #44k 2R [t 26 1L () T vy it
TR, IXATRERFN CO+0, R MIHER | FH#43 NO if i
S IR RS AT B X 3R W N iR B T A R T R gk
CO+0, RFLMMAT CO+NO w5 R M AR, X5 Li Z&Hf
55 B8 PA/ALO, AL | CO+0, 1 56 F CO+NO J 3 1)
SN B 775 528 45 R AH—F . Pd/CeCo0,(SG) ) NO #1k,
R B S T Pd/CeCoOy(M), 14 8] MOFs AiT4:15 21 ()
Z AL G B T RE B A B 2 S A A, Ho5t
4@ Pd 1EPEAL A T ) Ce 420 Wk SR T B I AR 23 60
NO+CO M Miffit 7 idtEAL s, i 7 NO+CO HIx

. ULEH MOFs A4 21 2 L 57 3k 84 4 i 16 ) 6f
NO %A A B 2 R 3R

£ 320 CLLJE, BEERERTHE, NO kA iuE
K, Pd/CeCoO,(M)7E 380 CHIIAEIH = NO L%
97%. NO FFUAFEALII %, CH, JLT- RIS s, i BHIX
— #8493 NO HIHALR N CH,A+NO [N S8/ . 1 NO
LAk T B FE D B ) CH O AL 24t B B CH,NO
N 1:4) , AL CH, M — P 54k 32 B 2T CH,4+O,
{1 S5 K SEIL T o

PRS0 ) B SRR P P 5 >4 B R 52 1A #1) 620 °C,
Pd/CeCoO«(SG) ] CH, % ft 2 f =ik B 49.1%, 1M
Pd/CeCoOL(M) (1) i 4k, Z& m] LLik | 99.7% . — J7 1,
Pd/CeCoO\(M) B A B4 (55 48 Pd 43 Bl oxil L iX Fhi
WFEZR, HLH Pd 5 PdO FIFALIIFEST CH, b HfE
s S — 5, M CeO, A RIFMfikA M
e, HANE I3 NEHELLT] CeCoOy #AR I RE S
Fos, Pd/CeCoOL(M)# i 1 CHy S S Ak 3 1% 7T LA IA
T 5t 48 58k 1 M v AR TS, SR Pd-#4Ak
FHEAEH S 8@ s AT R, AT CH, %L
fiEfk.

SR1MT, CO HEAbZRAE CH, A5 Bl I 1 T = AN
Wi T B, IXTTRERHER CH, FALIAGEE A A3 n B4 <
B R FE CHy KA TR SN, AT #51
CO Atk TE LM B W %2 21 7 4% Pd fEALTRI) CO, %
WETERD, B2 0,2 5% CH, RAMN AL R
I S A il S OO i W B~ A 2T 5 R <8 Y
2.3 {5 E Pd RIF R ERME RAMK R

FUF Hy 22 M AR & 514 )8 Pd 7EREAL ISR
AU SL, FEARYE Pd (¥ B E A 5 Pd R (1T
BIRSE o Ho AR B SO TE B0 T AT H00R T 2 AR bt

DRz . W E AR (WK 2) KW, Pd/CeCoOy(M)
i b Pd Ao BAFEELN 75.3%, HE KT
Pd/CeCoO,(SG) AL 711 29.8%, % B ] MOFs fiT4:13
FI AT E AR 08 AT b e AR, IRER AR
FIFZ ., Chen 25PN 5¢ 1 Pd B0k R T FIHEAL 1 g 2 1]
KA, WIS REN, Pd Bk R F#/N, 7651t e
FH R S I VR B S T PAO AR, R BE T CH,
Bro 1% T (L FIATE)E Pd /8% Deg ARG 5
13234 Pd R RS dpg (B0 P BURLAERTE )
6x10°M,,

PraSeg Dpg
Horbr, ppg v Pd B (12 glem®) , Mpg J9 Pd BE/R T &

(1064 g/mol) , Sey v Pd &JBBE/RKTIR (47.78 mPmol) P,
HHEERINE 2 B, Pd/ICeCoO(M)EALFI L Pd #fh
ARG HAEZ 2.9 nm, /T Pd/CeCoO(SG) L7 I

de= 1
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Table 2 Physicochemical properties and XPS results of catalysts
Catalyst Pd dispersion, Dpg/% Pd particle size, dpg/nm Pd%(Pd’+Pd*")/% Surface O, uptake/umol- gz,
CeCo04(SG) 200
Pd/CeCo0Oy(SG) 29.8 7.4 54.05 298
CeCo0(M) 225
Pd/CeCoOy(M) 75.3 2.9 64.49 585

Pd ¥RkiRAESHAE 7.4 nm. HULTAT K, Pd/CeCoO,(M)
/NFIRE Pd fEALE B NGVs 4k ) B B A1
B, X G AT A E A R — 2

PL XPS 7 Hrff i AR 2 T _E Pd S PEAL A0 2R
Ao MARAT, EATIRESE Hy SR 450 CTAREE 3 h.
K 4 f13k 2 451 T Pd/CeCoO,(SG)#1 Pd/CeCoO,(M)
(1 Pd 3d XPS Kl A4t A, 2 A7 Pd )5k
L Pd® A1 PO KR AEAE . PA® A PO Him] LUAE M fifk
FIEESL S22, (8 Pd® (AEAE T BEAE AL R R
IRVREE RN CH, i B i v g 381 22 0% 3 A A
o (k5712 PdY/(PA®+PAO) I LI R Ik 2 From, %
Y, Pd® REER Pd FifYFh, H PdICeCoO(M)#
i ) Pd® & . Pd R 1K) 64.49%, L Pd/CeCoO,(SG)
() 54.05% 2 7, X5 Pd 7F 2 PR E A L2 B i
—5, L Pd SUARAE CeCoO(M)#k ik -t 5 75 58 £ (1)
RO AL i, IX AT g e HB R CH, FeAIE TR IR R 2 —

FH O Wik e 2R B 77 20 i I W e ) T
B E, 2SR WE 2. T TIBHER S, CeCoOL(SG)
HT CeCoO (M) Ei Ak 1) 2 [ W bt AU & 43 7 A 200 F
225 pmol- g1, o M ER MR TG A SR B R I ol T 2, AT
MOFs 7415 2] CeCoO(M)# A £ 1) 4 & 4 Hifs
UF, MR HEAE L WAL fETT &8 Pd 2
J5i» Pd/CeCoO,(SG)AiI Pd/CeCoO, (M) i W b 48 & 43 il
o 298 Al 585 pmol- gL « Pd/CeCoO,(M)# T &< I bt
e Pd/CeCoOL(SG) I 2 fif, 1X 5514 & Pd [ Hy ikl
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Fig.4 XPS spectra of Pd 3d for Pd/CeCoOx(SG) and Pd/CeCoOy(M)
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Fig.5 Hx-TPR curves of the catalyst: (a) CeCoOx(SG) and CeCoO«(M) supports; (b) Pd/CeCoO4(SG) and Pd/CeCoOx(M)
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Fig.6  XRD patterns of catalysts after activity test



%10 ¥

By e

Pd/CeCoO, fifh71) I Pd 2H 73 73 #ieh: Biuidk L H NGVs B3 h i g

160+ —e—Pd/CeCo0,(M)
CeCoO,(M)
Pd/CeCo0,(SG)

120+ CeCo0,(SG)

S
o
T

Volume Adsorbed/cm?® g
o
o

O n L L L
00 02 04 06 08
Relative Pressure, P/P,

* 3615
4.0 —e— Pd/CeCo0,(M) b
3.5} CeCo0,(M)
< 30l Pd/CeC00,(SG)
S CeC00,(SG)
& 25f
&
2 2.0r !
D &
r 157
oS
0.5} TS
— |
0.0 ' '

0 5 10 15 20 25
Pore Size/nm

BT D A TR O N W - I3 By 450 e A FL AR 20 A1 22
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Table 3 Pore structure data and the dispersion of precious metal Pd of the catalysts after the activity test

Catalyst Specific surface area/m* g Pore volume/cm® g™ Average pore size/nm Pd dispersion, Dpq/%
CeC00,(SG) 20.3 0.12 157
Pd/CeC00K(SG) 348 0.12 147 27.0
CeCoO,(M) 84.6 0.19 8.2
Pd/CeCoOL(M) 124.4 0.24 75 736

Pd/CeCoO,(M)Al Pd/CeCoO,(SG)# i L4 )@ Pd K14
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It XRD BET Ak Hy Hh 24 B4 A i P30
WG MEALFIEATRAE, 45RERY, S5EENERE T
BT AR G5 A ROV B RFIEAT) AR 5 2R 2 5 3 MR DI
AL AR — 2. X ULEH, LAW4JE CeCo-MOFs
NRTIRRSEZEIH P B FEBCAL AN SE AT AR 4% 10 47
AL Pd/ICeCoO, (M) 4k 771 1 45 Fa e s M i

3 & i

1) AH LU R - 5 vk ) & R A R, LS e
CeCo-MOFs i IRAAAT Al % 1) CeCoO(M) i fA KL 1
TN, AN, BAEERLRER. #—P
B Pd JGfiTA #1451 Pd/CeCoO(M) fiEALF) B A 5w
() Pd 45343 BRI, B Pd KT8/, IXfHSFRH
P S EEL.

2) LL CeCo-MOFs #4 %}y Hif 3 4 >k A7 4= ] %% 1)
Pd/CeCoO (M) A4, 751 [ R A8 SRR S5 Ak = Rt fb Mk g
T 4% G i J - Bt Js v 1) 4% 1¥] Pd/CeCoO4(SG) i 1k 71 -
Pd/CeCoO (M)A EAT & (1) CO Ak SE ARG 1t
T, H Te WiEH] 50 ‘CA AT, #HEL Pd/CeCoO,(SG)fi

LT FIE T #1100 °C; #H[A] CH, 4L % i, Pd/CeCoO,(M)
N FE AR EE Pd/CeCoOL(SG) KLk 100 °C; AHIR NO
AL R E B PdICeCoOL(SG) 1 #% 1k F W] & i 5 T
Pd/CeCoOy(M).

3) NO AL AAEMRIRIX BA CO I8 )5 NO R MR, T
EE X LA CHy IR i NO R VA2, RIRRRVLES
SR AATLE NO IR IR 5% 10 23 A PR AT CH, 194
T AT PR IR L, A AR A g — 20 iRk

S 3k
[1] Hu W, Li G X, Chen J J et al. Chemical Communications[J], 2017,
53(45): 6160

References

[2] Jones J, Xiong H F, Delariva A T et al. Science[J], 2016,
353(6295): 150

[3] Du Junchen(#:F F), Yang Haigiong(#%#3%), Zhang Aimin(5k
Z1H) et al. Rare Metal Materials and Engineering (¥ 4 /&1
BL5 TRH[I], 2020, 49(10): 3505

[4] Gangu K K, Maddila S, Mukkamala S B et al. Journal of Energy
Chemistry[J], 2019, 30: 132

[5] Li P, Cheng F F, Xiong W W et al. Inorganic Chemistry
Frontiers[J], 2018, 5(11): 2693

[6] Li X F, Zhu Q L. EnergyChem[J], 2020, 2(3): 100 033

[71Li D D, Xu H Q, Jiao L et al. EnergyChem[J],2019, 1(1): 100 005

[8] Song Y H, Li X, Sun L L et al. RSC Advances[J], 2015, 5(10): 7267

[9] Meng D L, Chen C H, Yi J D et al. Research[J], 2019, 2019:


http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20190856&journal_id=rmme

* 3616 -

L E A e

52 3%

1768 595

[10] Trovarelli A, Llorca J. ACS Catalysis[J], 2017, 7(7): 4716

[11] Wang Q Y, Yeung K L, Bafares M A. Catalysis Today[J], 2020,
356: 141

[12] Zhou Shuo(JE fiii), Wang Hui(+ #%), Wang Suning(F757)
et al. Rare Metal Materials and Engineering(## 4@+ ¥l 5
TFH[], 2022, 51(2): 669

[13] Wu H J, Wang L D, Shen Z Y et al. Journal of Molecular
Catalysis A: Chemical[J], 2011, 351: 188

[14] Haneda M, Kintaichi Y, Bion N et al. Applied Catalysis B:
Environmental[J], 2003, 46(3): 473

[15] Konsolakis M, Carabineiro S A C, Marnellos G E et al. Journal
of Colloid and Interface Science[J], 2017, 496: 141

[16] Li Y X, Han W, Wang R X et al. Applied Catalysis B:
Environmental[J], 2020, 275: 119 121

[17] Hammouda S B, Zhao F P, Safaei Z et al. Applied Catalysis B:
Environmental[J], 2017, 215: 60

[18] Li Y L, Zhang X Y, Long E Y et al. Journal of Natural Gas
Chemistry[J], 2009, 18(4): 415

[19] Satsuma A, Osaki K, Yanagihara M et al. Applied Catalysis B:
Environmental[J], 2013, 132-133: 511

[20] Chen J J, Wu Y, Hu W et al. Applied Catalysis B:
Environmental[J], 2020, 264: 118 475

[21] Baylet A, Royer S, Marecot P et al. Applied Catalysis B:
Environmental[J], 2008, 81(1-2): 88

[22] Chen J, Zhang G, Wu Y et al. Industrial & Engineering
Chemistry Research[J], 2020, 59(14): 6497

[23] Wang T, Zhou R X. Environmental Pollution[J], 2020, 258: 113 782

[24] Chen Chao([% #), Wang Chengxiong(= /), Yao Lipeng(%k
M) et al. Rare Metal Materials and Engineering (¥ 4 J& 44
KBS R[], 2019, 48(6): 2027

[25] Feng X Y, Guo J X, Wen X R et al. Applied Surface Science[J],
2018, 445: 145

[26] Wen M, Dong F, Tang Z C et al. Microporous and Mesoporous
Materials[J], 2021, 322: 111 156

[27] Lykaki M, Pachatouridou E, Carabineiro S A C et al. Applied
Catalysis B: Environmental[J], 2018, 230: 18

[28] Tong X F, Luo T, Meng X et al. Small[J], 2015, 11(41): 5581

[29] Jha A, Jeong D W, Lee Y L et al. RSC Advances[J], 2015,
5(125): 103 023

[30] Li X, Wang Y, Chen D et al. Industrial & Engineering Chemistry
Research[J], 2022, 61(22): 7537

[31] Italiano C, Llorca J, Pino L et al. Applied Catalysis B:
Environmental[J], 2020, 264: 118 494

[32] Guo Y, Mei S, Yuan K et al. ACS Catalysis[J], 2018, 8(7): 6203

Improvement of Pd Dispersion and Purification Performance of NGVs Exhaust of
Pd/CeCoOy Catalyst

Li Zhujuan, Yang Jiahao, Cheng Cheng, Ruan Le, Tang Fushun, Zhang Zhe

(College of Chemistry and Bioengineering, Guilin University of Technology, Guilin 541004, China)

Abstract: Recent research on three-way catalyst development for natural gas vehicles (NGVs) exhaust gas purification has been focusing on the high

dispersion of loaded noble metal on catalysts. In this paper, nanostructured CeCoOy composited oxide support was prepared by metal organic

frameworks (MOFs) template method and compared with cerium-cobalt oxides prepared by the conventional sol-gel (SG) method, which were used

to investigate the dispersion state of noble metal Pd on the two catalyst supports and its influence on the catalytic performance. The results showed

that the CO, NO and CH, three-way catalytic temperatures (at the same conversion) of Pd/CeCoOx(M) catalyst derived from CeCo-MOFs material

are about 100 °C lower than that of Pd/CeCoO«(SG) catalyst with the same chemical composition, and Pd/CeCoOx(M) has higher low-temperature

activity. The cerium-cobalt composite oxide derived from CeCo-MOFs has smaller crystal particles, uniform crystalline phase structure, and larger

specific surface area, which promotes the dispersion state of Pd components and also enriches the oxygen vacancies and structural defects of the

catalysts, so significantly improving the low-temperature three-way catalyst performance. The results indicate that the composite oxide obtained by

thermal decomposition of MOFs precursor can be used as a good material for the active noble metal dispersion of three-way catalyst.

Key words: NGVs exhaust purification; MOFs materials; noble metal dispersion; CeCoOx composite oxide
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