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He %2 JF s 7 —Fh BAT 2 5 4 25 A7 1938 S THO,,
TEH B2 P, 38 S5 TiO, 3 0K H T AR AR S 72
FPd, JE A R ARG, NI AT T
HLF - 4 Jm - R A BAE T, AR U T SRR (]
B, 5 R TiO, AR HE, 38 B B TiO, 8 i $2 A1 T 224
SENL AT AL 5 AR, W T Pd A4 A
W . SR, B4 R AR AR B D . WEUR I
=, HFRZE RO A HoX e 5t & s,
P4 R AR Z5IE 2~4 nm 18 B N (LK T 1 nm)
Atie b E v, PR T vz R

WF5T & B, LA 16 1 S8 40 b ARG T 75 75
TP Y U B R 4 8 B (Fe,05. MO, NiO,
Co30,. CeO, Fll CuO 55) J2& 5t 4 JE AL 1 R A7 AR
ai, EA TR AR R ARG L IR SRR | AR
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(G4 FH AT J 7 o s 9 S AR PR RE . Lu 25 TSR i
J0E - Bk IS T A R v B B T — FR 81 185 88 MnO,-Co,0,-
CeO, IR A ALY . WFFE T Mn/Col/Ce JEE R FU B 2],
>4 Mn/Co/Ce [ JBE JK [t R 16/19/1 15, 44k 7 AT LA
R HCHO %4624 CO, FTH,0. 7E Co;0,-CeO, H15 ]
A MnO, 7] P38 CosO, 19 55 4 B0, SE I HG i b2
AR, W58 T MnO,-Co,0,-CeO, ) 8 R4 A1 F &
(TG PR 4R, XA B TS B2 4 THBR HCHO [l
SR I VVang/%[28 ] R P TE ) 28 T W2k
£1(PG) T A K Mn,_ Ce O, HEALF , 4l 45 2%
R T A AR TE 100~180 °C T 484k HCHO (135
PE. BREGIABEEE T MoCe ALY 23 B0ME: , fl
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I T P4, BB A R LA L PSR ER
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il CuMnCeO, 1R A 8 AL i AL TE W IR 25 T Ak
FALIRHR B HCHO, FRZR £ 71k . SR AL )
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WAL, FaE L R 3 U 4w AR AR AR
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—FIHT A SR

1 SEIGERS

1.1 ELFIRH &

S v T FHEGR 4 R 3 A 2l (AR, B0 T[]
LR LA FRA R, IrR sl R 258
IKBC . SEH6 R T A7 R BC A 1k K A i 4%
CuMnCeO, fEALH], LIVEXT T, BAR 200 F

(D) FrBERRBC A B, MR 30 mL A5
F7KH17.80 mL 5T & 53408 50% 1) Mn(NO,), %R T
PR, BEFREE.2 ¢ Cu(NO,),-3H,0., 5.0 g Ce(NO,),*
6H,0 F12.0 g #P PR U it TR % (n(Mn)
n(Cw)=5 : 2, Ce0,: 10%, n(EJEET) : n(FrEERR)=
6), FRRHA I AL F1 B 200 B I - BEROIR , B
J B THAET 80 °CL 6 h M3k 450 °C| 4
hiBERE 75, 188 CuMnCeO -CAEAL T . WAE HLER, H:
CuO-C., MnO,-C F1 CeO,-CAAFITRR 3R 7145 .

(2) Ik - HERfIFR L 3.2 g Cu(NO,),*3H,0 F15.0 g
Ce(NOy), - 6HO MR FE i 7E 70 mL J5 2§ 17K .
TN 7.80 mL 11 J57 5 7345 50% 1) Mn(NO,), %5 .
FeoTPEFE 30 min 5, CREHL R 2 HA RIUFR LIE N
B E RN 4, 22 180 G . 12 h ik, BUL S
R H L B KBEFBEDEA PR, FEE TR
80 °C. 6 h THEFIE 5 450 °C | 4 hWIBLEHIT, 12
A CuMnCeO -H /4L 5] .

[F] B S50 7R R L iR A i R e G vk il & 1
AL, LLALO,., ZSM-5 ., BZkq | mld + s
TR, BITE R EIIIE S RS T4
50 gZRMARASINE A, AW A B 2 NS
R, HSZERHARAN I, 175 CuMnCeO,- C/ALO,, CuMnCeO, -
C/ZSM-5, CuMnCeO -C/ 32541 , CuMnCeO -C/ 514 +-
H1 CuMnCeO,-C/ #75 A fEALT] , H A B8 20%.
12 EALFIMEREIEM

KBTI TEH IRAE R (20 £ 4 C) fi#
AL HCHO PERE , S8R K L ST 420 50 em
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(4B 355 S I A A 4D 38 PN 25 SO . LR AR
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e 4 0 AL (PPM-400st) 1+ 75
12 h PSR E 3 U, BOP3{E , FLHCHO #4 ik
RO
HCHO #4413 (9%) =2 50 &
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7 SR gy P iR HCHO R
1.3 ELFIRIRIE

i F Cu-K o %8 51 (A =0.154 06 nm) 7£ 40 kV Al
40 mA Z&1F R i i X S AT AU (XRD, D/ieX Ulira
250 detector, Shimadzu XRD-6100, H 7<) 73l &AL
a8 AR AR A ;. RTATIE B0 R FHPE I 85 w) 28w AR 7
Gemini SEM 471 $f H3 G2 k5 I 43 B7 . TAF HL 5.0 k V.
Lt 2% 1 FR(BET) Fl £L 42 43 4 43 3] 2 T Brunauer-
Emmett-Teller(BET) £l Barrett-J oyner-Halenda(B] H) 77
B (Micromeritics ASAP 2460) 4140 . S AR THE
B (H,-TPR) J& 75 U BT S S W 4 h kAT, T4
#8 (TCD) A& . i FH Thermo ESCALAB 250X1(3 [F]
FERRCHIRBHL 28 w)) ST X SO L T BETE (XPS)
I3HT . 3 R 2 W) AR 7 A R 2T A G TR AN
(Nicolet iS5) Frilll 73 Mt At 2L AP .
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2.1.1 XRD %Mt
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AT TXRD 4> M, W1 7R . XF F CuO-C, 7
260=32.5° | 35.5° | 38.7° | 48.7° ., 53.4° |
582° . 61.5° . 66.1° | 67.8° | 723° Fl 74.9°
b B 5 AF 1% 5 CuO(PDF#80-1916) F(110), (=111),
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SR ST . 21 MnO,-C AT 5 LG S /s Hh AR 850 1)
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Fig.1 XRD patterns of samples

A7 565 0, 3 32 B H PR T 45 00 @ -Min, 0, B
TE 20=23.1° . 32.9°  38.2°  45.1° | 49.3° |
55.1° F165.7° Ak AYFFIEIE S Mn,0; (PDF#73-1826)
BI(121). (222), (004), (323). (341). (404)  Fi1(226)
A T AR VE i . CeO,-C HLAT 7. 77 48 41 454 (PDF#
34-0394), 7£ 26 =28.5° | 33.1° . 47.5° | 563° |
59.1° | 69.4° | 76.7° F179.1° ALHFHIEIES CeO,
AI(111), (200), (220), (311), (222). (400), (331) F1(420)
FHTATFHUC L . 1 7E CuMnCeO -CAE AL FP Y FEML £ 3]
5 CeO, FHICHY 55 AT UG, A & A B Y CuO
Hl o -Mn, O fHAARAT ST, R ARAm I 1 k4
AR AR AR, SRR /N, HLE B A
FAHEAL I T A 4 XRD A AT ), A A 4a Ak nT
fiE LA TG B A Bl B4 AR OB XA, H CeO,
mm AT SR 0 A 1) KA B AR, W IR AE — 2 i
T R RS 9 AN R 2R R VA I 2 T X [ =)
SR, 1 SRS N TR B 5 M A A ) e L T
MY G RI ZR AT DU R TG PR sy fE ki 1k
SRS RN R T 480 %38, ELRRAIR b Rl &= P i
LERAN DR . Al 1 B4 B A e AR e
SER AT LIRS — B s AE , HA AR SR 1Y 3% L HCHO
S RYRE ST, AT 78 4 Ak S Ak HCHO oty . 8811,
SF 7K s Bl CuMinCeO,-H #EAL I 1R CeO, ik
TS, JRBEMLEE 2] 5 CuO A1 MnO, FH C 1 i 14
PG de, 752 0 =35.5° F138.7° At HYHERAEIE 5 CuO
B (=111 A1) S AHVERS, 762 0 =37.3° Kbty
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fEI% 5 MnO,(PDF#81-2261) (/) (101) I AHVEFL , %
K PR T il AR AR AR AR, LR T FHA /N
X 5 BET 73 25 R A —2L.
2.1.2 SEM 4T

SRR G R L A 2 A /K 35 BT i CuMnCeO,
AR TR 2 T 25 R T 30 B4 X1, R R M RS R X ik
FAACTERERY T, Lt HAE AT T SEM 4347,
K2 i~ . ] CuMnCeO,-C NHE B~ R EAE A
PRIEH, HAT B A K ARG, f5 25 E 4%, HaRm
AN HeR A ALY 254, TR SR, R
a2 M A, fEA 5 AL, XA T

B LR B R R R XA HCHO A8 B &
A4k SR, CuMnCeO,-H 344 R AR ERIR, HEET
2R 53 wm, HERHE & KEEIRE Y, HKE
255 0.4~0.7 wm, PIERFZSOAR, RN H— ik — it
YNERIRAFAE , FLERIR 254 R ming o, HAEERR
WEBIRAEAT — SRR AT, FE R A B AR
K AT B B BC 4925 T 4l CuMinCeO,-CAHEAL 7] . 25 21
FW, WA T AR SR S R SE A AN TR
AHELT 3, CuMnCeO,-C AL R i AR S ) 36
HZSHIEAS , ik 5 H AL AL TG HEAE A A — 3K

J T ARIE AR AT CuMnCeO -C AL 7] 1 26 TH 45

200 nm

&2 SEM A
(a), (b) CuMnCeO,-C, (c), (d) CuMnCeO,-H
Fig.2 SEM images
(a), (b) CuMnCeO,-C, (c), (d) CuMnCeO,-H

FTESRSEN , SEE LA S A1 | ALO, |« ZSM-5 ., 32k
AR R = 5 e LA ARk S A O X0 L 3R T 45 4 i
17 1 SEM Z3#4fr, anlE 3 7 . 5 # K7 CuMnCeO,-C
AL FIAH ., CuMnCeO -G/ 5 5 47 FE 22 T 45 M

SEHBARSARL, E AL A IR AT B KRR
HE, INFBA AMNBRZH , XA HES 27 4
AR RTDCI 3 S 5, HG TR Ry 2 1
FI A AR, B PR e R 1w o A, LA
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W] A FPERRTL AL # CuMnCeO, AL KR IR A AL AL TEREIT 7E 551

PR 25 oK 21k i 38 A8 Ak . i L B 38 R ek )
A8 R A AN R AR BE 728, oA CuMinCeO,-C/AL O,
A 7 7 3 T e 5 DX S R M L R HE R
R &S #, T e DX s R A B 25 4
CuMnCeO,-C/ZSM-5 #E AL F (K] 3(c) F1(d) ) K& He 3R
TR ZSM-5 28 s 32 5 3R BURL P 454, 56

400 nm

400 nm

Gy IX 3R o BRI AR Y, X TR 5
BRBERTEL, (AfEARTR N & s L, LR R R
H H5 = 1) b e TR S A LR . CuMnCeO -G/ B 26
R R HOIREE R , 0 X R k)
AR S], B ZREL . i CuMnCeO,-C/ 14 +
ALY B TV 2 A B INVRAR I HURE5 4, L3k

400 nm

L -
Lud®
~

200 nm

3 SEM
(a) CuMnCeO-C/ #3517 ; (b) CuMnCe0,-C/ALO5; (¢), (d) CuMnCeO,-C/ZSM-5; (e) CuMnCeO,-C/ 35 2547 ; (f) CuMnCeO -C/ 14 +
Fig.3 SEM images
(a) CuMnCeO,-C/Cordierite; (b) CuMnCe0,-C/AL0y; (¢), (d) CuMnCe0,-C/ZSM-5; (¢) CuMnCeO,-C/Palygorskite;
(f) CuMnCeO,-C/Kaolin
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T A KA ZSERIR B ki 4, AiE bR e . Rk
AT UL, A [7]— 2 B R il 28 3 e o A A7) 2 T
SER A EREEN , IR AT P AN [ A A fE
2.1.3 BET /3t

RS 28 T i S AR A AR T e R T AR A AL
ZEALAR = AR B, ST T A& RE S #EAT T BET

S3HT, TR VR 4 s . fRER 1A, SR ISR ZH AL
il 25 7 DA S s A e i A 0 A SR i AR L AL

SERFLAR S AR . A8 B A S Ak, MnO,-C 4
AR B e = A LR AR LAY, 15344 mP- g7,
I8 3 F CuO-C H1 CeO,-CAHEALF, HOF LR A
JIT AR . 1T VR 2 T il CuMinCeO,-C A8 4 771 Lt 2 1 A1

&1 EUFBLERER, FLERKETHALE

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

Catalysts BET surface area /(m’+g™") Pore volume /(cm’+g™") Average pore diameter /nm
CuO-C 6.8 0.051 22.6
MnO,-C 344 0.151 13.3
Ce0,-C 6.4 0.041 17.8
CuMnCe0, -C 495 0.142 14.1
CuMnCeO, -H 13.6 0.044 6.1
CuMnCeO,-C/Cordierite 323 0.136 13.3
CuMnCeO,-C/Al,0; 8.9 0.036 9.3
CuMnCeO,-C/ZSM-5 160.0 0.221 10.1
CuMnCeO,-C/Palygorskite 46.2 0.114 8.0
CuMnCeO,-C/Kaolin 30.3 0.165 14.1

BMnO-CH T —2TF, FHEMM B AR
FF A AR A A B o A, A R T AR AR AR
PERERYEE T . AR TATIERR I &3, R K i
il CuMnCeO,-H 4k 551 H: LU 2% 1 B IR B ARG, AN
13.6 m*+g ', X5 H R ML A L5/ — 2, B
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AL F I 5, CuMnCeO,-C/ZSM-5 &7 T i
BRI, Sk 160 m- g™, Hik i TRy AR AL
F, AR AR PR BRI R IS B fefd:, FRIAFE i LR 1T
FRUR 2 Je o b 700 30 P s I i fE — PR 2% 2

160

_?' = CaMnCe0 C/Cordierite | —4= CuMnCeO,-C/Cordierite ( b )
Fo.024 —7= CuMnCeO,-C/C/ALO;  |=={J= CuMnCeO,-C/C/AL, O,
o —o= CuM /ZSM-5 o
140 o ol S e e 0= CuMnCeO,-C/ZSM-5
= S 9 —= CuMnCe0,-C/Kaolin | =¥=CuMnCeO,-C/Palygorskite
% 150 L2 | —8— CuMnCeO,-C/Kaolin
o =
o012
E 100 : 1
~<0.008—
= =) i
«© So.ons- &7
< S Y /
g 80 Hoomf 5 "*Ni%ﬁa-,—*
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Fig.4 Adsorption isotherms and pore size distribution of samples
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Bz —, Hasip e e F A ttns, Hd
CuMnCeO,-C/ £ LRI EE/N, KT B RS
CuMnCeO,-CH iy, {H2 LA PEREARIE , ¥R i
FERT HCHO A4 30, MR AT ZR T 25 A AR T
TolE S AR T HE S, A R fL
TRFR, FLAR R T S5 AT A58 8 A AN R R P A

] 4 By A 7 (a) F1 A7 2075 (b) A Ak 77) 9 N, IRz o
IR AL A . R AT, TR S R B
TV 7RI - fife 0 S R 2K, 3R B AEAE i 9Kk 7 Bl AL
R FLESH . 5 HE ML RIAE L, MnO,-C
F1 CuMnCeO,-C A Ak 751 75 55 . DX 2 B 780 38 i,
KU AT B K, IR E, XA T
S5 A V1 W S R A A S Ao R e B N R I
MnO,-C AL T AE AR X 74 0.8~1.0 MPa i Bl P i
7 H B Y H2 R JS 2R, R BIGNK R ep A7 AR AR UK
JERIAFL, A AR B H3 AR, R RN
Yok Fr Z I8 Bpe 4 4R A FL . CuMnCeO,-C A i B
AR R A AFLRT, DL/ AL
2, X ATRER i T A A AR o an A i o
VR T, A Bl T 48 5 52 5 S04k 0T FE T 1% Wz B
Bfigt , IR I SO 1% 1 RO HCHO 4319 T 463
PE, MITARAS S 4 A A A PR RE . X 1 2R A A Ak 77
M5, CuMnCeO,-C/ALO, f AL — ELORRF A XFARAR
B FfF 2, T CuMinCeO,-C/ZSM-5 JEAL 7] — B A3 4%
AT g B W B L 3 55 3R 1 CuMinCeO,-C/ALO, F11
CuMnCeO,-C/ZSM-5 ELAT f5e /Nl R 1 Lo 3= 1T AR
AR E A0 —F0H . {H CuMnCeO,-C/ZSM-5 {1 Ak 5
AT R 22, X TR S B R LR BN o6,
Gy 1t AL FE , SR A AL TS PRI
2.1.4 H,-TPR4:H7

R o3 AT RE i B B AR TE PR R, 26 X ] A
(AL R P 4T T H,-TPR 20 #r, A S FFoR . kR i
CuO-CFE 150~200 °C X [i] 52 B P A4~ 7 B 1 H, 18 0
AT RE 2 10 36 PR A CuO B4 U, Cu,0. MnO,-C
FEAL T AE 279 F1382 °C Ab I 7~ P A58 1 H, 348 Ji g
H3 A JE A MnyO5 8 38 Ji7 Sk Ming O, 1 MO, # i8
JEH MnO, S4B 45 A —F 7, BIHOR Mn,0, 1Y
W JFR A A — AN AR P D SRR R AT, IR AR
] Ce0,-C H3 JFUIE | 3 5 P90 45 M —5C ™, %
] CeO, XELABE 14 J5E . 243 & A Ak CuO-C JEFR 4
AR A E AR 5, 38042 )8 2 A R AY CuMnCeO,-C
Al CuMnCeO,-H K & 1 H, 38 J5E 16 ] %2 F MnO,-C.
CeO,-C 357 [ fIK T & A= A TR R i A B8, 2 BH Cu,

B MR STETH A CuMnCeO, AL K i iR L AL HERERT 5 553
198 °C.. «—263°C
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Fig.8 (a) Performance of catalytic oxidation of HCHO and (b)stahilily over CuMnCeO,-C
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Preparation of CuMnCeOQO, Catalysts by Complex Method with Citric
Acid and Catalytic Oxidation at Ambient Temperature

HU Tao', HUANG Qiong'", SUN Yue-yin', GU Ming-yang', XU Li-rui', AN Guo-fang', LI Xin',
LI Da-wei', YANG Bo', TAO Tao’

( 1. Jiangsu Collaborative Innovation Center of Atmospheric Environment and Equipment Technologies,
Jiangsu Key Laboratory of Atmospheric Environmental Monitoring & Pollution Control, School of
Environmental Science & Engineering, Nanjing University of Information Science & Technology, Nanjing
210044, China; 2. School of Chemistry and Materials Science, Nanjing University of Information
Science & Technology, Nanjing 210044, China )

Abstract: Catalytic oxidation of formaldehyde (HCHO) at ambient temperature is one of the most feasible ways to
eliminate indoor HCHO pollution. Among them, transition metal oxides have attracted extensive attention owing
to their excellent performance and low cost. A series of CuMnCeO, catalysts were synthesized by complex method
with citric acid and hydrothermal method. The influences of preparation methods and supports on the performance
of these catalysts were investigated. These samples were also characterized by XRD, SEM, BET, H,-TPR, XPS and
IR techniques to explain the improved activity. The results demonstrated that the preparation methods and supports
had a significant impact on the surface structure, morphology, oxidation performance of these catalysts. Among them,
CuMnCeO,-C was synthesized by complexation exhibited the highest activity and stability, and the HCHO removal
rate reached 98.6%, fully meeting the requirements of GB50325-2001, which were beneficial to the formation of
large number of oxygen vacancies due to mesoporous structure, crystal particle size and the ceria-based Cu-Mn solid
solution. Moreover, the catalyst exhibited a good resistance to water vapor and stability. It also provides a promising
application prospect in catalytic oxidation of VOCs.

Key words: catalysts; catalytic oxidation at ambient temperature; formaldehyde; complex method with citric acid;

hydrothermal method



