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Abstract

A series of yC00«-CeOy (y = 6, 5, 4, 3; denoted as 6C00x-Ce0y, 5C00x-Ce0y, 4C00x-Ce0y, and 3Co0«-
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CeOy) were directly prepared by temperature-programmed calcination, wherein the cerium ni-
trate, cobalt nitrate and citric acid were mixed by solid form and no need to add any solvent. To-
luene was used as a simulated volatile organic compound (VOC) to evaluate the catalytic perfor-
mance of catalysts. X-ray diffraction (XRD) test showed that the crystal structure of the composite
showed obvious relaxation distortion. Temperature-programmed hydrogen reduction (H2-TPR)
test showed that the mobility of lattice oxygen was greatly improved. Among all, 5C0o0x-CeOy
achieved the lowest apparent activation energy for total toluene oxidation of 93.06 kJ/mol and
carbon dioxide yield of 111.62 k]J/mol, which of T for total toluene oxidation and carbon dio-
xide yield can be as low as 206°C and 207°C. In addition, the effects of water vapor content and
space velocity on the stability were also investigated.
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1. 5|8

HRMEANEYI(VOC) I N B R TG G IR K . et % . RAEEEaR
KAVGREAZ O EEHETZ —, BN HE LR @R R HELm[1] [2] [3] [4]. #EALELTER
R E . FRERAFIL RN 1L VOCs i BT R HIEAR Z —[5] [6]. MBI LR ML -
FEARZ AT, i 2 & A C BN ATTEITTT VOCs LI G RH 7], ST B R A 2R T il
Py mEIRAITE R PR RE 7T, & AR AL T I S AL AT A R AR ALV RS, SR AR E
[8] [9]. (ARG & M5 VR H 5 22 DT AR BN RGNS X DA A2 T AU PR fEE A 75 FH e 7 5K
RIS S5 5 i 525 G T S0 M A 790 )t A 8 Mt AT o B A o S Sl g B0 19— 20 [ AR VR A 4% 1 AN TR
Ce/Co LU I FEARHEALTR, RIS T AN R B ARG 2 Xt (b A 751 (R 45 ) B R SR PR RE VD52, 558 1K
PRI SN [ KR R S5 TR R (R AR PR AL SR AT TR R 5

2. SLRERSY
2.1. SHER

INIKE TR (Ce(NOs)y6H,0, 73 M4l SEUE(_ i) I TRHEA R A |)), 75K & IR Hi(Co(NO5), 6H,0,
bl E 28 Fb S BRA B, KB ER(CeH 100, M40, [ 24582 ik 2R A BR A 1), F 2R (CoH,
AL, TR R AR A IR A F]).

2.2. EUFIHIESE

TO T A NG ), AT AR 4 1 SRRk R0 ] A B R HE & I #4iil #& TuAf Ce/Co [TV AL 71 o
Horft 5C00,-CeOy [EIVA R 1) FL ARSI % 77U R - 3 MR EE IR EE 5:1:9 43 AIFREL Co(NO;),'6H,0 Ce(NO3); 6H,0
L BERETESRSG. WREGWE T SIHP Ll 5C/min THEEFE 450°CH4EHEF 2 h, 53]
5C00,-CeOyo HABAE/R L Co-Ce Ff il S CoOxn CeO, % 7575 5 Fik 51K .
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2.3. fELFIRAE

KH X-ray Diffraction (57, XRD-7000)7 HT AL kg, RN : Cu #E Ko 585V =
0.15406 A), FIGESE 20 = 2°/min, FHRTEEAN 10~70°, HJE 40 kV. K AutoChem 1k 2EWK X (3
Micrometitics) il f# 44 71l ) R 7 FHRIC L BE J1(Ho-TPR): 0.05 g fEALFIIZR N U BA S NEF, 5k
£E 300°C FLA 50 mlmin ' FEHESAR Ar SRHHMTWATAAE 1 h, FRPREMEESEN, BRERCN 50
ml'min~' 5 vol%Hy/Ar KR &S, RGikaE)a, LL10°Cmin ' FHEHEETE 1000°C, H, HHEEET MG
K #2(TCD)FI
2.4. EALFIR L RETIK

AL 28 N e R A I RS R 3R s T e, W B HR R TUEE . HEEUSSN
ST, SRR BRI ] R SR AR RN 100 mlmin ', #E 25# 8 WHSV = 30000 mL-g “h ',
A HE L RIR 210 1000 ppme VOC HIELE(ar,,,, )+ CO U (Yo, )AL VOC HEALAT CO, AL

voc

RAHAEE E, (voc) F1 E, (CO, ) K FHIARMEAT 5 -

= [CXHy]in _[CXHyJout x100% (1_1)
[CXHY:Ln
Co,]  -[co,]
Inr,, = _E‘}a(;oc) +n-n[CH,] +Ind,, (1-3)
In 7o, :%m-ln[cg{y]m +1In Ao, (1-4)

e[ C,H, |~ [CH, | TISHIAHEH O VOC WeE, #A4ry molm™; [CO,], FI[CO,]  #Fox
BEH T COL WK, by molm s, AR VOC MBEAHE, 1, WAFALA CO, Hisr 1 VOC A

A (mol-m™s™): n Al m 45 VOC A CO, WK B L HI VOORIRM R B HH: R AUk
HEL T ARFRIEZE), A NIRATE T

3. FER5WiL
3.1. EHFIE S

ME T AR BAIE Y, CoO, T XRD 74114 5 Cos 0, AR #ET A PDF#43-1003 #X R, CeO, [T
AHTHHEN 5 CeO, HIFRTHE R F PDF#43-1002 FHXT S, 1X 32 B 2411 v il £ (] CoO Fl CeOy ¥ it 73 9 Co30,4
H1 CeO,. 17 24K CoO, Al CeO, B A JG I LAE Hi 5 5Co0,-CeO, [l ¥ A (i Ak 5 o T A A7 S Vg g s 35 AN 11 i,
HXIRE T CeOy F CosOy i AL I (1 212 16 55 5 25 1K, R WAHEAL 77 Al AR 45 M B PR st B AR, XA R AL 51
R E TP R LT RS AT P A2 5 2 (R TG R4, (R AL RN PR R A fiE A AL

K 2 2 CoO, CeO, Fil 5C00,-CeO, ] Hy-TPR 12k . XfF CoO, AL, 337°C AL SR i Xt B F Co®
F| Co™ WIIE IR, hiT 395 CIkJFEIEI)E T Co™ % Co’ (IR, Xl T CeO, fiEALF, HALT 508 Fl 727°C
REAEVE ) 43 506 BE T Ce* 3 Ce™ LA Ce¥ B Ce® iR [10]. 2K EE &R/ TR, HKGH
5C00,-CeO, FT A FHF I MRIR RS, RN BT Co*'—Co’ il Co™' —Co i 5, F /5l mMR IR
a1 55 M 51°C. XEHIE S HEAA TR AR PTG L, AR Y] 5Co0,-CeOy H CoO,
CeO, FF ity A0 FE 2R A B s A AL SE A PR
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Figure 1. XRD patterns of CoOy. CeOy F1 5Co0,-CeO,
B 1. CoOx+ CeO, F 5Co0,-CeO, B XRD
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Figure 2. H,-TPR of CoOy. CeO, F1 5C00,-CeOy
B 2. CoO,+ CeO, F1 5C00,-CeO, HY H,-TPR

3.2. A6 Ce/Co EExHEMFEMERIR MM

ML 3(a)hm] LU HA 2N AL 7R A 800 TP AR 0 25 R 2 P B IR BE ) T o g o, ELAE S BT BE IR
T 220°C HF, CeO, M AT R im T CoOy, (HIRERE— B4R TFIG, CoO, M4k S L% P H B 53
IR CeOyo BRI CoO MRl ML F AR TEA L, H 22 S ST B2 Rk I 7 i, HARITR =1 R
LA P SRS . 514, CeOy RS BA L CoOy ZE4f MR IEL M A AT 1, (EL L TE 1 38 34 B U 2 A
WEVECNZENS, SRR Tt — SR TR . 4B N B, A FI(6Co0-CeO,) LI fE 1L 4
PR RS PEAE A3 1 ORIE S ot (L BB 2% 08> 1 R AR P BSOS B (3C00,-Ce0y), AFITH
B AL o IS 2 1) S RV I Ao OB A R AN TR 0, AR TR A T M R B S S
k%, AN Al B A A FRITE 220°C A 52 I IR M A6 AU AL BUR B a5 0 R . 5C00,-CeO, >
4C00,-Ce0y > 6C00,-CeO, > CeO, > 3C00,-CeO, > CoOy, FHHIELF 5CoO-CeO, 3R MK FF A At
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Figure 3. (a) Total conversion of toluene oxidation and (b) carbon dioxide yield over different cerium content

catalysts

3. T EHE BEAFER THRESLBELR @b ZEULHRIEE

Kl 3(b) A [F) il 25 B A 70 A0 AL TR R 3RAG 1) CO, W it 2k, 6Co04-CeOyn 5C004-CeOy
4C004-CeOy 3C00,-CeO, Z % 5 AR AL AR M A — 3, H. 5Co0,-CeO, 11 S AL FF i
73 CO, MR M. {H CeOy 1 3C00,-CeOy H CO, it i £k 5 FL i i Ak S AL R R R AT ZE 0K . il
IR, 7E VOCs ML AT R, T R AO X CE AW Bl THRARS, Ht
AEA M AR TT, TR (O )Z AT Ab Tk 4R, BT VOCs B4R CO, ARJi EHLT- 1]
FIE B S B DRI, ARl AR B I ik RE A Re 70, (R EER LR EUE e, JREAEA
Y FAE I ARk R B A N AT BETON A T R K SR T R B4, X 3 B T AR S M B R R A B
ARG . M, CoOx TE R IR & T 220°CJa, H CO, Wi fi2 Fh, X R W] CoO, FTH 14 A% 4
A2 R PR AR = 22 TR O P RV 4K B 7328 78 T CeOy o fHL A 1] 3(b) Hb th R R ILAE I i FE AR T 220 C i
4l CoOy MRIRAT L R JIAR 72, 3 3 WY 3R TH (1) o A 75 1220 FEE VU B PO AR AR TR R A < it B — I PR 7
Z I A . BT LK CoO, 5 CeO, HA, AIH XK CeO, & Mk AN BT B A CoO, Pl #5 i i 4
IR B R AL R PEAR 25 5, BT I A (AL 7R ORI AT L e

N T B GO R A 2RI I, FRATT DA 2R S R IL B 50% T 90% N 1 2 Sl
FEERICESH, e | fin. IRIIE, AN CO, Wi B #R S m i T HonS H R ¥ s A AL
2, YWHNZRMEAAE LSRR e —E BRI =Y. FLb, LRZEERANDEMmIENL
VOCs A2, FAH NS S B2 R 0 R R TS PR SR A 2 USRI B 56 Ak, T 23 3 D
G EMAT WA A AE S B R G IR BA[11] [12]

3.3. EHR MBI HFERR

FEA USRI, VOCs AL R BLIRM — sl 12 BLI[13]. AR Esed g i 24 5(1~3)
(1~4) A TH5 H VOCs #4L%(E, (voc) )l CO, 72 E, (CO, ) YR MIEALREE, ailEl 4(a), 5] 4(b) TR,
HIZEEALI E, (voc) FI1 E, (CO, ) fEAK i HEIT A 5Co0,-CeOy (93.06 Al 111.62 kI'mol ') < 4C00,-CeO,
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(153.16 1 173.45 kJ'mol™") < 6C00,-CeO, (162.19 Fl 181.63 kJ'mol™") < 3C00,-CeO, (197.92 Fl 211.88
kJ-mol™") < CeO, (221.86 1 260.03 kJ-mol ") < CoO, (270.59 1 281.49 kJ-mol™"), A i, 5C00,-CeO, KA H
B P 2 T8I A S B B S B AR 0, A A Y SR AE A A R 3 T ) S e A S A BE R Sy ik AT o BB,
He&AMEAL I E, (voc) fHFT E, (CO, ) {8 AT R L FH IR A E B M 2548, BDE, (CO,) > E,(voc) . AXFT
JAAT, IEAREARER T AT R A A S B B HE SRR, TEAGRRRRAIS, ROBEREE G kAR . FRORI B AL
AN 75 RS B B (CH ) ) C-H R AR BRI ] R B H FROR B2 ek, T AR 4 B R )
TR ITE C-H B R AW RIFH AN CO,y, AR T IR AN b S B 75 ZEVH AR 2 (1)

[14],

Table 1. Comparison of catalytic activities over different catalysts

= 1. NEHEATIR A EMEEL R

=%

He B

Toluene conversion CO, yield
Samples
TSO%/QC Tgo%/ec TSO%/ °C Tgo%/ec
6Co0,-CeO, 214 227 217 237
5C004-CeOy 191 206 194 207
4Co00,-CeO, 204 220 210 224
3C004-CeOy 235 247 240 249
CoOy 224 229 237 248
CeOy 233 >250 >250 >250
2 -+ 6C00 -CoO N = 6C00,-Co0,
-3 ~ 5C00 -Co0, -3 4 -+ 5C00,-Co0,
s y
4 “ 4C00,-Co0, 1 4 4C00,-Co0,
] 3y, 1 /
N G, N 04, PR 6>
7 Sl £
8 =51 £ /6;6/ 17)0 )/ 8 -5 4 J/Ibo/
E/ . l)’O/ = 1
E -6+ -—q -6 4
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Figure 4. Kinetic fit curve of total catalytic oxidation of toluene (a) and CO, yield (b)
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RAMIFFE . ZAREES P REM ST IRRRAR A K. B S E RN E R L
b TSRS AR R AN A2 AR SR s I AR T B B
R — A AE I N 28 B AR [15] [16] [17]: R~ IRHEE K R~ KR~ —~ T8
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Figure 5. Effect of water vapor on the catalytic activity of 5CoO,-CeO,
B 5. REIZKFESIT 5C00,-CeO, fE U7 L IE MRS

3.5. BSEXMELR FEMEAIRE

Kl 6 AARFZE T 5C00,-CeOy HEALE M FZRE AR CO, IR B ML . WZEIFR A LG, 16
30000~60000 mL-h g A {H WHSV TR, 5C00,-CeO, {1k Mk F K [ 5 1h 3R A1 3L CO, SRR
HEEEH . FERMIRE N 220°C HAES RIS FARE T, BALET ) Py (Al R0 = A s v S s LT
UERFE T AR, 17 e A AN T SR I ) A PR T R, SO T A R R T S R AT
(AL A, S BOL R RS AR BRSO I T R SA . sk, M ) R 2 A T
30000 mL-h '-g ' I, 7E 220°C R BIIRE R, HIR AR B BRCRAE L T-#5 100%, 8 itk
I PR AR 2 T A v P R T R E 2

100 i e \-\.
R \
S
> 60 4
2 220°C
.2
Q .
= 40 A —a— Toluene conversion
= —e— CO, yield
20 1
0 T v ] v | v T
15000 30000 45000 60000

WHSV (mL-h'-g?)

Figure 6. Effect of WHSV on the catalytic activity of 5CoO,-CeO,
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4. g

ASCHERLR AR . AR B ST IR [ S R ELR &, FIAAT IR IO 2 0 B B e, BB AT

ANTR LA il [ A AR AR . AR SRR VOCs BEABLT5 488, BRI 1 8l Bl AS [ TC b 4 5] Ak Y
AIETERIREI . BEFLEE RR T, CeO, Fl CoO, MIE A3 AR A M T B, $&F T AT 14
WILIRAE 1. Ht Co 5 Ce BIBE/RELIAE] 5:1 I, 52 A A0 ) AT BUAS A A ARG A S A i 1 R BE ARG
FFALBEAE (E,(VOC) = 93.06 kI'mol ' Fl E,(CO,) = 111.62 kJ-mol™"). Ak, BEHE KIS LAWK,
FH R 1) e SR RIS R R A A B R SR 0 S DI R o A SR T 9045 44 5 I iR T4 THE AL (i Ak
AR B R AL Gt it TR .

E&WE

VL5348 v 2 248 E AR R0 70 i _E 39 H (22KIB610022), VL4574 & sk & 1135 H (BE2022767).
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