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FEXT TiO, YA R A7 etk , st & m U, R REM AT S5, Tio, 52k 4k Bi,0, A IR
AR OGRS R 0] UL X, S R A A AT PR P B2 Bi B T LML A I A
BUR T — S8 80 5T MU BLER T TiO, 2 BLH B R T WOt m s, H Bi MY JL48 22 8l 25 /R
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Ce"/Ce™ B T 1) Redox FEH, A R0 36 16 PE A o [8] /) B F- 15 33 5 A0 1) Ce U5 8 Ak A7 7
SR AR R s, ARG AW AT 58 B 2 00 @A 806G . B 36 7 2. TANG
A0S0 5 po ol g 9 L U0 TE 5 B A T — & 41 MnO,-CeO, AL H], AE 100 °C 2 B E R 528 T
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IREEN 16:19:1, NI JE R 100 °C B, AL E/R H X HCHO ) S R BRa%, {H MnO,-CeO, 7
TEARGEVE2E, — Bt [a] f5 AT A8 i T K o W B 25 0 b /K 28 OB HCHO 5 BRECR KRR, H BoR
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Bi*"-TiO,/MnCeO, #5100 T 1 AL S fb e S nTREMLEE, DLH AR B HCHO IR Rt S 2%
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1) MnCeO, T M # oK (1 il £ . B 55.0 mL il FR 56 5 W (53 2 53 50CH 50%) F1 250 mL Z& 18 7K T4 AR
o, RN 25.5 g R EH AN 16.0 g FF IR 2 iR Wh, BPEE R SRW, B8 L RBRE T
60 C /KB A H B I MO, AARMEIL 24 h, ¥ FriSHE 55 T 100 C HEAH T8 1 2 2 U R
R, L2550 °C, 7 h K115 MnCeO, 1B R 25 H .

2) Bi*'~TiOy/MnCeO, i fb. 71 (7 il £5 o WF5% R IR W00 . K3k F gy BUR & 45 3 Bl 206 Bi-
TiO,(Bi,0, 11 # & MnCeO, ¥ W5 G 1L 7, & 805 7.0%(5 & 53 80). B 5k 2 e I
7.0 mL SRR T g . 8.5 mL L AN =R AW (R B 1D IR AP BUA I A, 51 8.5 mL
CPERN ZBER A R WOT INAGE 2 R . 5 R 40 RN A IR S 108 1 1 VS B PRI T B 2B 12 T
WA TIERIRA B, I 1 H P8 2.0 g MnCeO, 1 1 k3 AR I i B Wik C, Fr2e 4tk 10 min
J&5 BT 80 °C AR T 1 2B BUMY AR 5 RS LA AR I 25 450 €, 8.5 h A5 Be il 15 10.0%(J5 & 47
#0)Bi*"-TiO,/MnCeO, # ft | . A [F] Bi*'-TiO, 1 #k f& (it it 434X 1.0%. 2.0%. 5.0%. 20.0%) i) Bi*'-
TiO,/MnCeO, AL FI IR AT % FH 3R 97 ¥E 145 . 76 10.0%Bi**-TiO,/MnCeO, J: 4l [, RZR T A FRE B IR
J& (350, 550, 1650 C) X EALFIPERERRZ M. RIS, ¥ QBERN = BAR AR R N 4 OB, IR
KA B3R 5 i 48 10.0%Bi*-TiO,/MnCeO (EtOH) L 7 (550 °C)o 7K #4356 S0 1 34 T 15 8 ol i
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CH T HARVE MM E E R 2 110 °C Bifk 48 h, FEZ&ZRES Ok ML), T4 A
550 °C KBTS o IRA BB B A5 19 B -TiO, JE AR AL 7 K F MnCeO, 7 14 43 A i HR 3 24 L 431)
i A R IR A M AL . H IR, KR il A9 10.0%Bi* -TiO,/MnCeO (550 °G) #4175 NaOH 2
PEAL PR, HAKJF R . BUE B Bit-TiO,/MnCeO, # K 5 0.1 mol-L™' NaOH /KiF R IR &4, & T
V28 110 C BRfk, FHZEMK RS B b, 76 HCLIR R IR 2 h, Z28Kued . TR 4119 Bid-
TiO,/MnCeO (NaOH) 1L 71 .
1.2 EAeFIMEEETEN

ARSI AR AT 5 F T OB AR & IR Ak HCHO PR RETEA 78 SF R 60 cmx60 cmx
60 cm M . O 5 AU BEIE SO A% hHEAT , DAROBE AR SR IE F 5 10 em 4b B H 9 36W LED AT Ry Al WL
VR, FE SV A N HCHO (1 J5 2 e 8 A8 fb R B s A Ak 750 35 1 o o S o f 20 K50k 389% 1) FY
VW N AR FR L, O S B RO AR WAL A R PRGN 1.0 g AR STk
HF =5 ecm IR, FHE TR AN LED ATIE T 7, i B e A Y I8 V5 Y0 100 355 3% LR
U bR BB S 55, % S N 2% N HCHO it & 1k %, R &4 7 Ho o B B vk ol (1.05+
0.05) mg-m >, HCHO Ji 7 ¥ B 1 432 1 B 29 B A (PPM=400st) 3 5 15 1Y, 43 & £ 5 3 YROITBCF
P WAL = (1) 1

G
o= (1 - E)x 100% (1)
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g T N AE AL S AL HCHO % b 3R C, 38R BN 12 h 5 J N 2 PR A0 FF IR I & Ak %
mg-m*; C, P/ N N If S VR %, mgrm
1.3 EHFIRERIE

Sh WE T 25 5% A Ak 70 B 00 45 F e R AR f sy e BRI VE T . AXSDS A7 S 4SO Ak A E AT T
XRD A, &1 Cu #5264, HIH R Jy 4°min', 20 fi7 5 A 5 F h 10°~80°; i Ak 5] (1) e 6 i
L FLAR RN R L3 A s 0 S L N, W2 8 Autosorb-iQ-AG-MP 22 i A1 43 B AU I . 26 1T JE 35 %
FH H A Hitachi 28 5477 19 SUTS10 1 AT 73 AT o BOBHOK RUBE B S548) . ks T DL S i ) BE
H H < JEOL 724 F]2E 77 ) 200 KV 37 & 5 3% 59 fiL - 1 13 8% (JEM-2100F) 62 I 73 B o A & Ao L I A e 21
&b (FTIR) Y 3% 43 M7 2 7 3% [ Thermo Scientific Nicolet 6700 FTIR J% #% X b #47, #ALH ¥y K 5
KBriR & EFH G B T DRIFT b, 28R 4 em™, HEETEE N 4 000~400 cm™, 461434 7 410
BRscfl o AR SO - LR SO 3 Hh B AR B AR 2 B AE 77 19 UV-3600 Plus 2540 -1] L -3 2140 43
B, o0 5- 32 W R UL 72 T
2 #HR5WR
2.1 EUFIRESH

1) S5RGBT o R 25 5O [m] 4 A Y B - R1 BHOMRLERERRILEIRE
TiO, STAEALF . AR R LA FLR T w5 Table 1 Physical properties of .these catalysts in the orthogonal
W, A RE R HEAT T BET 4007, W3 1 experiment
1 BT 7 . B -TiO,MnCeO, {1k 7] . 35 i 41 Bt A7 R
B TIO, B 45 ik 4 e e S L T L (e (e S

. P Bi"-TiO, 273 0.07 6.73
BRI RS, Ho 10.0%Bi**-TiO,/MnCeO,
- MnCeO, 87.0 0.21 38.9
MEAL TR 7R i fe (K b R T B (54.0 m*-g ™), &0 o
. — - N - - 0 1.0% Bi’*-TiO,/MnCeO, 63.4 0.334 15.3
SR AR AL AR . R DR
" — s \ . 0% Bi”"-TiO,/MnCeO, 54.0 0.235 133
bl 3 T AR5 AR R AR AR TE MR AR IEAROG . R
20.0%Bi**-Ti0,/MnCeO, 84.4 0.112 3.88

A 1.0 1 10.0%TiO, 1y 46 51 &k 7 i 11 AR,
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Fig. 1 Adsorption isotherms and pore size distribution of Bi**-Ti0,/MnCeO,

PRS2, ELRE XS 7 PP, 7E 0.8~1.0 B H3 U3 J5 3R, e He DB o b h et . 3k idd
FLARRAF R L 23 Ai A 85 58 HL LA R ALE 2220, 30 0 3 A 700 o) =028 T TR 8% A % s I 7 0 1 1
L T2 TiO, 7 3 IA F] 20.0%, AL WoR VAR I SEIR 2, INPEA S ER, DULAR
N FE CFEIALAE 3.88 nm). X K W] MnCeO, 1 1 4 AW L3 B Tio, K&t 5 4in , Bofli L& LA FRAR,
AF TSP BEESLIENY 8, HALIE Y B -TiO, B IJG ik 2 O T8 SO 4 16 7 0 2 78 4 & 4%
HotfEfetERE, B TiO, 4R AN 2k 2 i ht

X 28 AN [A) B B R Ak H RS Bi-TiO/ ! vMnO, aCeO, oMnO,
MnCeO, i £k 71 & %I 45 ¥4 ¥ 17 T XRD 43 #7 , *«W
W 2 B . B IR T B 0 T s R o A
S R 2 S T B R, O A SN U
WK . 200 289, 359 4431 59.9°14 J T TPDF#l;SO‘;;‘;
4 Mn,O, 4% 1iF 77 5§ I (PDF #18-0803), /i T » T PDR#3a039
28.8. 47.8 il 56.6°4k H5 fIE AT 4504y CeO, it A _ 1, POV
(PDF #34-0394) *4, Hfir J|& 7 (1) A0 5 A 44k 102030 4025/(0)50 6070 80
Gili R AT S UG RO RN, AT AT 0 AR EE
Mn,0, FI CeO, 7 5 1 435Il 1ol /N ff E (0.1°) K
FARE (0.3 F% . 75 &3] Mn*™ 11 2 142 (0.25
nm) /N T Ce* A2 (0.31 nm), FEE T2 9151 A BN E AL TG o Al A i 3 W AR A Al i T
Mn,O, fi PR R BI3E K, AR 5 E A CeO, ks P BB G, 2 M 25 19 Mn,0,(+2 F1+3) 42
TR ST, P B P R A R TSR s R ARG, o T R T ) R R R AR A T
Peo e DR R & B TIO, KR AR AT ST 0, RTRED b L A R AR RN L mE A ELT
MnCeO, & If 11 Ik T XRD £ 1 FR o Bifi & M be il B2 42 7+ 28 650 C BF, 2024 23.1, 329, 382, 45.1,
49.3. 55.1 Fl 65.7°V4 J& & Mn, 0 i 5 1iE 477 5 1§ (PDF #24-0508); & I 43 7 o (211). (222). (400).
(323). (413). (044) FI (622); FiT 5T V62 7 R T8 W 8 A8 R 2R 06, Mn,O, MR R A2 B Wi K. X R
T AT W i B R AR AR kR AR A

FIF SEM Fl TEM X446 51 i F 25 /TR SR 04T 1 40 A, A&l 3 r7R o« MinCeO, #3 7K Lk TG K4 U
TERAAAE, RIEMEEHER, &5 RKEILER, BALME, HHEHNMEA RERPERR B, R
MnCeO, B & AL ¥, H A& [ 0.27 1 0.31 nm 43 5 5 J& & Mn,0, (2 2 2) 1 CeO, (1 1 1), i Bi**-

’
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2 Bi*'-TiO,/MnCeO, &1t 3| XRD
Fig. 2 XRD patterns of Bi*"-TiO,/MnCeO, catalysts
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Fig. 3 SEM and TEM images of samples

TiO,/MnCeO, Jit B A %5 2 4544 1) MnCeO, ALY, ¥4 Bon K AR50, R E & Rk
TiO,o MnCeO, FIERAR TiO, 8 i K AR G5 My o B2 3B 45 6, AL 7 R i R bk Tio, ¢ &8
6, HoB% R MnCeO, E ALY, Si#&IEIEE 0.25. 0.27 F10.31 nm 43515 )& & Mn,0, (2 1 1), Mn,0,
(222) f1CeO, (1 11), H M FZBCPHAEAEREMBAR, BI A BFE . St RS, SC86R A4l 2 i
R BTN = R A WU £ T Bi'-TiO,/MnCeO (EtOH) 4L %), H SEM & 3(e) frn . fiEfbi
IR R HLA % SE 45 R B MnCeO, A ALY, I b 0 80A M HAR Y TiO,, HAHE #5424 11 T MnCeO, &
¥ b R, X Bi*'-TiO,/MnCeO, i ] NaOH 2t P 4bBR, 455 0 (K 3(f), HE ML EZ AN
R R B 4R ke, LR 1T 2 B0 HE R 4K Rtk &5 4

HF% % Mn, Ce. O. Tifl Bi JGHR LM 43 1E 5L, XF Bi-TiO,/MnCeO, 1k 7 # 47 T
TEM-EDS 4347, 11l 4 i7", Mn. Ce. O. Ti fl Bi5s fi e Z /M6 SHEAFIE AL 8, HiE
FRAKKN O, Mn, Ce. TiFflBi, X5 il A7 SEPras B — 3%, A Ibin 5 A ity o) B2
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(b) Mn (c)Ce

(e) Ti () Bi
4 TEM XK Mn, Ce, O, Ti 1 Bi 7T Z#J EDS AR5 [&]
Fig. 4 TEM and EDS map of Mn, Ce, O, Ti and Bi elements

&, BHGR . A EAY, P A 1 prIE

10.0%Bi*-TiO,/MnCeO,

FORMEALAE PSS LR, 98 B TiO, 75 rBE TR
Y151 045 5 MnCeO, I+, H BiJiF &8 B/t -~
Ti BT, WEEM A, R DG 200%BI-THO/NnCeO,

PEfE. BT fEkEAK, BiP-TiO, ¥ MnCeO,
T AME R, XAF T BiP-TiO,/MnCeO, i
T B ARG F ThAE AL 40fk HCHO Mg
2) Uv-visyDRS B3 . 1 50 450 T T T T TR T
# 1 Bi**-TiO,/MnCeO, f t, 7] () UV-vis DRS -
Kl FHET Py, Bi'-TiO, Al AL 55 ik 7 i ] B 5 Bi*-TiO,/MnCeO, # £ UV-vis DRS [Eit
SRS T A& o A AR P Bu R a S Fig. 5 UV-vis DRS spectrum of Bi*"-Ti0,/MnCeO, catalysts
HAFBRAE A 3.1 eV F1 2.8 eV, HIL, Bi**-
TiO, Yt fb 5 1k HCHO g Bl B AL F Pos, X 5 52 Frill 345 R AH — 2. 1M Bi**-TiO,/MnCeO, ff ft. 71
7R H7E 200~800 nm P 35 [ P 42 0 Be W e, FL WIS Bl % Bi*'-TiO, 17 28 12 19 3% in S 18 Jin Js j%
k. Hrf, 10.0%Bi’*-TiO,/MnCeO, fiE{bi Fff, LT Bi'"-TiO, & MnCeO, fEfLFI, T BN H Fe A1)
EALTEPE . X5 SEBREE EAH—E . 10.0% Bi**-TiO,/MnCeO, 5 4 i 4k 7 75 48 1 1l LG X 455 4 i B
AT e 5 AR MnCeO, A ALY 0 RO A5G, AT 7853 WS A RTA] DO o e HEAE AT D' DX sl Mg i
B AR, oA AR, R T EUE AR M A R AR AR, HE I A A F A SR TE R R T, L,
LA MnCeO, A#AR, Bi*'-TiO, M1 4 40 ] #F — 25 0t Ak fi 4b 590 i £k S0 fk R I 1
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3) IR VGG . & 6 28 3 Fh R A R il 4 P
12 i i 19 Bi**-TiO,/MnCeO, fi £k, ] 1% f L - 41
ShETE R . PR 3 402 em ! TE I AT 1 617
em™' AbFRAE UG X T JE Sk A AR R bR IR A s
B £ 7K ) i 59 8 R 1 45 9 3l v (—OH) I, X 3402
S 2 30 0 i AU S 5 XA HCHO WY B 29, \
£ 2 335 em '4b B4 R AiF 0% AT IS JE D C—O(y, N
(HCOy)) My hrfh s 2 fi #i= 2, 7€ 1 380 cm™! 4000 3500 3000 2500 20 g0 Twgo 500
A5 O 4 2 2 0 0 250 S M|
VS(COO )[29]’ 1490 cm! ALMH:‘ ?E lll% U H g jg 2(5 Fig. 6 Infrared spectrogram of samples
A Ak R A R RS A H 2R (DOM) Y
S(CH) R st S5 RW, 3 FhJr vk BT il A AL R K P BB AR O & /K k>R sk, 54
A SEA TG U FE o 3% 26 B it 2 /K 28 M HCHO 22 877 76 B S5 19 35 4 W FFF 56 2251, i o 12 F2 Jik il
it S S 5 %A HCHO W B A3 R 1 £ 70 S A 1 B S b 3 3 SR FH /K A IR 9 326 O il i Ak
FE IR IS LB . 45 DOM M H R AE 78, H 33 44 Sk HCHO Hhra ™= 1B, A i &0
FEAE . X 22 Wi 4k 48 4k HCHO Sz 7 i 298 i CO, FIl H,O, T 5% JH TR & 122 T Rl A AL 70 ok R 31 1 3k
TR
2.2 LTI AR

B 5E R 2 B -TiO,/MnCeO, 1k 71 6 4 AR 5 # IR A 1b S04k HCHO PERE, 7E 7] — I 45 14
T (36W LED AT, ¥ : 20+4 C) 47 T — X LCH, 25 R K 7 fim . 25 FXF ISR (B 7(a))
SN B RN e o M S R, S 48 h 5 1 1.052 mgrm & E 0.923 mgrm ™, X & T A
TR 25 B W B 3, EoR DL I S M R R R A, N R R I A B R AT, o8 A i S 56 i
B3R, MXFHATHT, X Py, BiT=TiO, Al MnCeO, — #H i iEAT T i ML . 25 R K. = HHER
R Y W B B R S AR R . N 48 h i FE I R AR R 4 5 R 78.9% . 88.0% Fil 85.5%, L,
Bi*'-TiO, fI. T P, #ll MnCeQ,, A% fE 4 7} 1l fE 5 Bi*'-TiO, /R H — & B9 Al WL s A 56 o )
iF, Xt 10.0% Bi*'-TiO,/MnCeO, M AL FI 178 EPERE X . &5 KR, 7E TG4 T AL PE g
2%, X ATAE S BI'-TiO, Y G AL M BB 32 ' MR S A FR A7 OG0 Ak TR 7E 48 h oA IR BT A A b o i 32

1.0} 1.0 —=— 1.0%Bi*-TiO,/MnCeO,
- gI?C_F% —e— 2.0%Bi*"-TiO,/MnCeO_
_ -o- Bi*-TiO, N _ —o— 5.0%Bi*"-TiO,/MnCeO
% 08 -o- 20.0%Bi'-TiO,MnCeO LS T 08T —o—10.0%Bi*-TiO./MnCeO,
) - S & —v—20.0%Bi*'-TiO,/MnCeO,
£/0.60 < E o6} '
E06 = 06
= by
o 0.4+ I 0.4
= B
303 B
B 02 B 0.2
0.0 L 1 1 | 0.0 1 L L !
0 12 24 36 48 0 12 24 36 48
il /h HF ]/
(a) X IRSH (b) Bi**/TiO, fidk i

7 BP*-TiO,/MnCeO, i 1L 74 L & £ HCHO
Fig. 7 Catalytic oxidation activity of HCHO over Bi*"-TiO,/MnCeO, catalysts
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BIJE R W R AR A 34, 32 H T R B A I v B R e Al S iy BR AP R, s R KRR
K PR () A A S e MR P Y Sl ik — 2D AR AR T A PR RE L KO AR R BI-TiO, ALELA I A
1k S AL M fE B9 MnCeO, #H 45 & (B 7(b)), & T A [H Bi**-TiO, f1 £ & AY Bi**-TiO,/MnCeO, fi L. 57 .
R WK, 450 °C Kb firfs BiY-TiO,/MnCeO, i1k 8 ft HCHO P fig 8¢ Bi*'-TiO, W& A3 #& 7, HAEfL 5
bt R BE % Bi'-TiO, Mgk i B e S T BRI . — MR T, TR M4 2 8 22 T 4 L 018 338 PV
Z, HFRmBUE I, A R RN ST, EE M R A RS, RS
B 3 MnCeO, {i A, Ff34 SRR MFLIADY, AR T8 H B S By =) fefLiE N i, 2P
S A0 SR G E AT S0 AL ) SR AR TG PE R . X 5 BET M ALAR A3 A a0 A4 WAl — 2. Hip, 10%
Bi*"-TiO,/MnCeO, M RE fe ff, FL/ N 48 h J5 H B BT it v B2 o 0.122 mgem ™, (HA & F (R A5
TR A N ERE 5 Qe HE ) (GB50325-2001) Fir AL f4 FH R BR (B (0.08 mg-m ), PEREA T AL

1B b R I BE S i 42 R AL R | R AR S LIE 5, g Al R AL T AR Ak —2F
AL AT PERE , 25 48 T B8 T B X i Ak ) S A Pk B A s mm - AL 8 T o Bl A A b i B 1 34
i, Ak SR AL HCHO B i 56 52 B SR8 5 BEIR A B 25 48 550 °C F1 650 °C JBEk% i il 4 £k 77 BH
T 350 °C F1 450 °C . Hidr, 2550 C B
Jt 41 10.0%Bi*"-TiO,/MnCeO, # 1£ 7] HCHO [
fift % (48 hyix f£, HCHO 7[5 % ik 93.4%, H:

W JE B 1.066 mgm” [ 0.070 mgm”, gﬂ ‘

PERE#R Bi'-TiO, fl MnCeO, 4 . 54271, ETF =

5 N HCHOVR 3 2 il FRAEL . B 5 4BL 08 0 3 1) 42 5N

Tt R Tt TG Y 3 T AR S Bk 3

R, AR H Mn,O, B #5578 8 Mn,O,, H. i = I

(N TR ES? R 5y N = LB K N A 228y N = "1 0.08mgm ="
R T S R I 2 A 7R S TR i 4 TH Y R 00, 5 o = "

B, MnCeO, %8 25 i sl Pk #1428 B iy fifal/h

BEK T TiO, F) T4 AL 7 H 548 16 K64 Ak 4 8 MRKRIBE XF Bi*'-TiO,/MnCeO, & £ 14 AE BY 21T
Ve M) &8, &) 2250 56 ¥ PL £ 550 °C K% Fig. 8 The effect of calcination temperature on oxidation
B R A B 4 performance of Bi**-TiO,/MnCeO,

WL T 6l &I ORI, IRA LR 1.2 .
B ) BL K o vk AL FE (NaOH Al EtOH) %} Bi*'- - “Eﬁ‘é
O o R
TiO,/MnCeO, fi fE I AL PERE A2 M, Z5 R 1 e~ Bi*"-TiO,/MnCeO (EtOH)

v~ Bi**-TiO,/MnCeO (NaOH)

&9 JT 7 o G T 12 i il A A 3R] (550 °C) R B
e, HEEROR BOR A 2 AUK A4 B 48
F 17 11% F138%, S8 T Bi'-TiO, 5 MnCeO

x

PP 5T R S /(g m )
=)
>

V£ o RLR AR A A A 30 4 i 42 T 1 04

J5 B T B Bi*'-TiO,/MnCeO, i 1L 7 & /R H R 02l

R K SRR . X — 45 R 5 404

g R G, SILFER, BT K 00, 12 2 36 28
H 1 TIO, AT 38 3oF 5% 0 L 454 1 ) I 1 % T Tl

UG A R G AR A R 72 2 2 5 i BT, B9 &7 R LIS BiT-TiO,MnCeO,

. T 2L 0 N AT — SRR
FMBFEM AU Rz mmE =R o _
Fig. 9 The effect of preparation method and modification on

A # W) Bi'-TiO,/MnCeO,(EtOH) 1 {2 7 i} oxidation performance of Bi*"-TiO,/MnCeO,



5521 JAES . SRS B IRAEIL A /L HCHORI B - TiO,/MnCeO AL 771 i 553

BAER A ALPERE (92.5%), J TiO, FWLEEHY th BOR % A2 ek, HAR B R84 530 45 T MnCeO, A Ak
Wb, HE5H R &AW A TR IR 505 i il 44 46 77 28 NaOH it P 4b #1519 Bi*'-TiO,/MnCeO,
(NaOH) # ity i) 48 h HCHO K B %Ky 84.1%, AL PERE W REAR . 33X 5 4 4k 7] 3 WL 55 #4452 A [F]
FEEEMRIA G, HRIEAA KB AKRIREH , ATHEN Na,0 Sk, FLZ5H 7] By SEM £ k45 R

HESE,

A £ 790 T 00 B 25 /e o R K 2R T R 8K 2T
AR T S AL TR B GE A R B ) R e R RE R 10
M. % %% BiY-TiO,/MnCeO, fi fk 7 1 £ i E s
M, X2 550 °C 4 be 4k BT I Y 10.0%Bi*- § N
TiO,/MnCeO, f# fL 1 17 4 WFA70 2 (& 10) ﬁ‘
KM, AR EERLG, KW R EEEL 5“
W TR, (R BN ERE IR, 48 h = 0
N HCHO Jii & ¥ & 1 0.07 mgm” J+ £ 0.12 VA

mg-m . ST 3R B A AT RE S R R Wl s
S KA 5, HCHO F1 K 25 1] 17 78 35 4
P W B S0 7 AR Ak M B R AR . aX 3R
Bi**-TiO,/MnCeO, fft fb 5 i 7~ th R 4 1 Bk 7%
SMERE
23 SFHE

FET FRBFR AR, e Bi*-TiO,/MnCeO,
2 Bk HCHO ) 4 1 4 £k AL 2 4 &1 7 7
Bi**-TiO,/MnCeO, 3 Ifii 7% H i o A it S 5 X3
A HCHO W Fff, & Bl W B 2 o 78 Bi*-TiO, 0k
A LT e RIS 7T hT) 1Y O AR 4T AT MnCeO,
(O T Oy 15 U A AL AR A 2 AR T
O, TE A 1057 38 10 figp 25, 37 BV GG M 4204 Fol

] /b
B 10 EEFREN
Fig. 10 Stability of catalysts

oy e £ S (0,7, O, -OH). W[ i) HCHO H @O0 @c
5595 Pk 4R Bk 22 T % K R v I B DOM 1 R B 11 BeFRCELHREEINER

. YETTE B i3+—Ti02 /MnCeO’ k& A IVE T Fig. 11 Reaction mechanism diagram of catalytic oxidation
ﬁ#ﬂ}/ﬁ/ﬂ:ﬂ‘j C02 *H H20[38]o
3 4w

1) B H T 1L A AL ME RE 19 MnCeO, 5 G AL MERE 1Y BiY'-TiO, MH&S &, RITBERBIER & T
— A5 Bi**-TiO,/MnCeO, fifb | . R H & Ft3% Fr il 19 10.0%Bi**-TiO,/MnCeO (550 °C) Pk BE feft:, H
48 h A HCHO FEIRE 0.07 mgm ™, RT3 HCHO # il prife , HLREPE RLAF .

2) B TR A IR A AL A AL PERE 19 MnCeO, ALY S 804, H 480 Ab 4 A 4 Ak i 18] 19 B 1] 1 ] &%
A A% R B AR T SR S AL AT AR R R S RO R, R R O LR IR A AR . R, DLEAg ] IOk
CEALRE 1 /Y B ™-TiO, NG R4y, HRMEEMA . MAL, ke, fLiE . B2, ol WOl
LAtk Py Bi'-TiO/MnCeO, #2 Jt H AR PR RE S Bt b B4 1F o M3 18] 49 2 F1 I [R) RS 5 A1 R %0
W58 AT A AEACRE & B TRLAE AL A AR B A S i 2%



554 wow TR ¥ ERVES

& £ X #

[1] SALTHAMMER T, MENTESE S, MARUTZKY R. Formaldehyde in manganese oxide K-OMS-2 materials and their catalytic activity for
the indoor environment[J]. Chemical Reviews, 2010, 110(4): 2536- formaldehyde oxidation[J]. Microporous and Mesoporous Materials,
2572. 2011, 138(1/2/3): 118-122.

(2] ZEHE, e, SRRk, AR, BN OB R RRERIER  [16] /0, B, KB4, % % T MnO /HZSM-SHHE AL S AL HE 1 1
WFFE]. 44K T, 2022, 49(8): 148-149. BEANHLER/MHT[I]. BHRL TR, 2021, 49(1): 144-152.

(3] A, HRF. A ALAMRER R TR AU . AghEfbRI LA EE LA [17] YANG P, YANG S S, SHI Z N; et al. Deep oxidation of chlorinated
ALPEREWFFE[D]. Ki%E: KIEH T2, 2021. VOCs over CeO,-based transition metal mixed oxide catalysts[J].

(4] %A, SRE. 40 SL A LRk S A0 Y R BR A BF 52 [D]. A R Applied Catalysis B:Environmental, 2015, 162: 227-235.
BIEHARRE, 2021, [18] TANG X F, LI Y G, HUANG X M, et al. MnO-CeO, mixed oxide

[5] ZHANG G X, SUN Z M, DUAN Y W, et al. Synthesis of nano- catalysts for complete oxidation of formaldehyde: Effect of preparation
TiO,/diatomite composite and its photocatalytic degradation of gaseous method and.  calcinations ~ temperature[J].  Applied Catalysis
formaldehyde[J]. Applied Surface Science, 2017, 412: 105-112. B:Environmental, 2006, 62(3/4): 265-273.

[6] LI X, QIAN X R, AN X H, et al. Preparation of a novel composite [19] TANG X FE,;CHEN ] L, HUANG X M, et al. Pt/MnO, CeO, catalysts for
comprising biochar skeleton and “chrysanthemum” g-C;N, for enhanced the complete oxidation of formaldehyde at ambient temperature[J].
visible light photocatalytic degradation of formaldehyde[J]. Applied Applied Catalysis B:Environmental, 2008, 81(1/2): 115-121.

Surface Science, 2019, 487: 1262-1270. [20] ZHANG'Y, CHEN M X, ZHANG Z X, et al. Simultaneously catalytic

[7]  ZHANG G K, XIONG Q, WEI X, et al. Synthesis of bicrystalline TiO, decomposition of formaldehyde and ozone over manganese cerium
supported sepiolite fibers and their photocatalytic activity for oxides at room temperature: Promotional effect of relative humidity on
degradation of gaseous formaldehyde[J]. Applied Clay Science, 2014, the MnCeO, solid solution[J]. Catalysis Today, 2019, 327: 323-333.
102:231-237. [21] "SEKINE Y, NISHIMURA A. Removal of formaldehyde from indoor air

[8] MALAYERI M, HAGHIGHAT F, LEE C S. Modeling of volatile by passive type air-cleaning materials[J]. Atmospheric Environment,
organic compounds degradation by photocatalytic oxidation reactor in 2001, 35(11): 2001-2007.
indoor air: A review[J]. Building and Environment, 2019, 154: 309-323. [22] Mg, i 8%, H1TRK, 25, MnCeO /I ™M B - AL R 10l 4 . FAE B

[9] YANG Y, LI X J, CHEN J T, et al. Effect of doping mode on the TR SEALPERET]. TURERTEL, 2020, 12(51): 12001-12008.
photocatalytic activities of Mo/TiO,[J]. Journal of Photochemistry and [23] WANG T, YAN X Q, ZHAO S S, et al. Preparation, characterization
Photobiology A:Chemistry, 2004, 163(3): 517-522. and photocatalytic activity of three-dimensionally ordered mesoporous

[10] PANXY, XU Y J. Defect-mediated growth of noble-metal (Ag, Pt, and /macroporous TiO, microspheres[J]. Journal of Molecular Catalysis,
Pd) nanoparticles on TiO, with oxygen vacancies for photocatalytic 2014, 28(4): 359-366.
redox reactions under visible light[J]. The Journal of Physical Chemistry [24] #B0, (B R, AT, 25 Mt 4B S AP0 30 3 TR A 1k A Ak PP s
C, 2013, 117(35): 17996-18005. [3]. PEFEIRIE, 2018, 38(1): 103-111.

[11] LIJ, ZHANG M, LI Q Y, et al. Enhanced visible light activity on direct [25] LIH]I, QI G S, TAN A, et al. Low-temperature oxidation of ethanol
contact Z-scheme g-C,N,-TiO, photocatalyst[J]. Applied Surface over a Mn, Ce, ,O, mixed oxide[J]. Applied Catalysis B:Environmental,
Science, 2017, 391: 184-193. 2011, 103(1/2): 54-61.

[12] HUANG Q, WANG P; FAN Y Z, et al. Synthesis and photocatalytic [26] HUANG Q, YE J, SI H, et al. Differences of characteristics and
activity of N-doped Bi,Ti, O, photocatalysts under energy saving lamp performance with Bi’* and Bi,O; doping over TiO, for photocatalytic
illumination[J]. Indoor and Built Environment, 2017, 26(6): 785-795. oxidation under visible light[J]. Catalysis Letters, 2020, 150: 1098-1110.

[13] HUANG Y'F, WEL Y L, WANG J, et al. Controllable fabrication of ~ [27] Ry, #rf, 2efiia. B4 57T OB SE i — S i
Bi,0,/TiO, heterojunction with excellent visible-light responsive Eﬁﬁ}ﬁiﬂﬁ[]]. t@/ﬂﬁ#’, 2004, 10(2): 168-174.
photocatalytic performance[J]. Applied Surface Science, 2017, 423: [28] CHEN B B, SHI C, CROKER M, et al. Catalytic removal of
119-130. formaldehyde at room temperature over supported gold catalysts[J].

[14] HAMDI A, FERRARIA A M, BOTELHO DO REGO A M, et al. Bi-Y Applied Catalysis B: Environmental, 2013, 132—-133: 245-255.
doped and co-doped TiO, nanoparticles: Characterization and  [29]  FE)tHe. MnO S A7) b YIS % IR Ak 4040 S % 5% [D]. b at:
photocatalytic activity under visible light irradiation[J]. Journal of bt T R2%, 2015.

Molecular Catalysis A:Chemical, 2013, 380: 34-42. [30] A, NS, 54445, 4. TiO,f 2 MnFeO Ak 700 i i £ K

[15] TIAN H, HE J H, ZHANG X D, et al. Facile synthesis of Porous AL R I PERERTIE[I]. TIRERARE, 2022, 53(4): 4011-4019.


http://dx.doi.org/10.1021/cr800399g
http://dx.doi.org/10.3969/j.issn.1007-1865.2022.08.047
http://dx.doi.org/10.1016/j.apsusc.2017.03.198
http://dx.doi.org/10.1016/j.apsusc.2019.05.195
http://dx.doi.org/10.1016/j.apsusc.2019.05.195
http://dx.doi.org/10.1016/j.clay.2014.10.001
http://dx.doi.org/10.1016/j.buildenv.2019.02.023
http://dx.doi.org/10.1016/j.jphotochem.2004.02.008
http://dx.doi.org/10.1016/j.jphotochem.2004.02.008
http://dx.doi.org/10.1021/jp4064802
http://dx.doi.org/10.1021/jp4064802
http://dx.doi.org/10.1016/j.apsusc.2016.06.145
http://dx.doi.org/10.1016/j.apsusc.2016.06.145
http://dx.doi.org/10.1177/1420326X16641177
http://dx.doi.org/10.1016/j.apsusc.2017.06.158
http://dx.doi.org/10.1016/j.molcata.2013.09.005
http://dx.doi.org/10.1016/j.molcata.2013.09.005
http://dx.doi.org/10.1016/j.apcatb.2014.06.048
http://dx.doi.org/10.1016/j.cattod.2018.04.027
http://dx.doi.org/10.1016/S1352-2310(00)00465-9
http://dx.doi.org/10.3969/j.issn.1000-6923.2018.01.013
http://dx.doi.org/10.1007/s10562-019-03017-w
http://dx.doi.org/10.13208/j.electrochem.2004.02.008
http://dx.doi.org/10.1021/cr800399g
http://dx.doi.org/10.3969/j.issn.1007-1865.2022.08.047
http://dx.doi.org/10.1016/j.apsusc.2017.03.198
http://dx.doi.org/10.1016/j.apsusc.2019.05.195
http://dx.doi.org/10.1016/j.apsusc.2019.05.195
http://dx.doi.org/10.1016/j.clay.2014.10.001
http://dx.doi.org/10.1016/j.buildenv.2019.02.023
http://dx.doi.org/10.1016/j.jphotochem.2004.02.008
http://dx.doi.org/10.1016/j.jphotochem.2004.02.008
http://dx.doi.org/10.1021/jp4064802
http://dx.doi.org/10.1021/jp4064802
http://dx.doi.org/10.1016/j.apsusc.2016.06.145
http://dx.doi.org/10.1016/j.apsusc.2016.06.145
http://dx.doi.org/10.1177/1420326X16641177
http://dx.doi.org/10.1016/j.apsusc.2017.06.158
http://dx.doi.org/10.1016/j.molcata.2013.09.005
http://dx.doi.org/10.1016/j.molcata.2013.09.005
http://dx.doi.org/10.1016/j.apcatb.2014.06.048
http://dx.doi.org/10.1016/j.cattod.2018.04.027
http://dx.doi.org/10.1016/S1352-2310(00)00465-9
http://dx.doi.org/10.3969/j.issn.1000-6923.2018.01.013
http://dx.doi.org/10.1007/s10562-019-03017-w
http://dx.doi.org/10.13208/j.electrochem.2004.02.008

552 1 JAES . SRS B IRAEIL A /L HCHORI B - TiO,/MnCeO AL 771 i 555

[31] LIU F, RONG S P, ZHANG P Y, et al. One-step synthesis of BT, 2017, 37(12): 24-27.
nanocarbon-decorated MnO, with superior activity for indoor [35] ke, iFmm, TA7. KA B T EARER G K AS (1 f 78 5 IR S5 i
formaldehyde removal at room temperature[J]. Applied Catalysis WFFEI]. 2MFRAL T, 2018, 47(5): 893-896.

B:Environmental, 2018, 235: 158-167. [36] YUAN Z Y, SU B L. Titanium oxide nanotubes, nanofibers and

[32] SUN D, WAGEH S, AI-GHAMDI A A, et al. Pt/C@MnO, Composite
nanowires[J]. Colloids and Surfaces’ A:Physicochemical  and
hierarchical hollow microspheres for catalytic formaldehyde
Engineering Aspects, 2004, 241(3): 173-183.

[37] BALLAE, AT SR TiO CHE ML IR M & BB K A B ST (0], 24 M 3

decomposition at room temperature[J]. Applied Surface Science, 2019,

466: 301-308.
(331 ZE0F, S, 4 50, BLEKH RUTIO, N Bt FF B R 2 AU 5 520 F TR, 2007, 33(1): 74-78.

X, BARAL T, 2019, 39(4): 207-210. [38]  ZRZs. MnFeO, % 1k 1 i Ak 551 3l i 1k Ak R 9k [ HCHOME BERF 58
[34]  Bragpe, THEM:, BRyESess. miskfb i ECvoCsitfb i ot I [1). [D]. FE 5t B AR BT AR KA, 2022.

(AL % 42 37 ))

Catalytic oxidation of HCHO over Bi’’-TiO,/MnCeO, catalyst based on
photocatalytic coupled catalytic oxidation at ambient temperature
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Abstract The common methods for removing indoor volatile organic compounds (VOCs) mainly included
adsorption, low-temperature plasma, photocatalytic oxidation, catalytic oxidation at ambient temperature, etc.
However, there are few research reports based on the combination of photocatalytic oxidation and catalytic
oxidation at ambient temperature. In this paper, MnCeO, were used as supports to catalytic oxidation of
formaldehyde at ambient temperature, and Bi**-TiO, as the active component were utilized to photocatalytic
performance under visible light. The effects of supporting, calcination temperature, preparation method and
structure on the performance of formaldehyde (HCHO) oxidation were investigated, and their physicochemical
properties were characterized by XRD, BET, SEM, TEM, UV-vis DRS and IR. The results exihibited that the
apparent structural morphology, crystal type, particle size, pore, doping, absorption under visible light and water
resistance provided the necessary conditions, and the potentially synergistic multiple effect of Bi**-TiO, and
MnCeO, was the critical factor for improving the performance of Bi’*-TiO,/MnCeO,. Among them, 10.0% Bi’*-
Ti0,/MnCeO, (550 °C) prepared by the impregnation method exhibited the highest activity and stability, and the
degradation rate was as high as 93.4% at 48 h. Finally, the concentration of HCHO was lower than the indoor
control standard (GB50325-2001). The synergistic effects are responsible for the enhanced indoor HCHO
remoying and it provides some reference for the research.

Keywords photo-catalytic oxidation; visible light; catalytic oxidation at ambient temperature; catalysts;

formaldehyde
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