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1.1 EeFFHE

KW = 35 15 il £ Cu-Ni-Ce/SiO, f# 16 7, LA
Si0, WEAK (L F M2 226 m*/g, KiJ¥ 0. 180 ~
0. 154 mm) , SEHIE #AR 4 AL TR0, 7 mlL -
g™, HR4E 4% Cu-Ni-Ce/SiO, BB (IEEE T
i 5T R A 3R R, Hoh Cu:Ni: Ce =
84 1) il £ 1Ak 75 By S et T ok 3% 4 T A A
TR . AHPRER . FHIREI AW WIS 1Y Sio,, &
TERNC B AR, FEFR IR b DU 2 7% o 45 AR 3
BB 10 h, 110 C T4 12 h; 78 700 °C F &5
8 h, RPIfE 62k Cu-Ni-Ce/SiO, fALFI.
1.2 EUFIRRE

BET [t 3% i #2 % F ZXF-06 %4 [ 2 0 [ {3 3]
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F, NOVEMRIER. SR H ASHL T JSM-5800 Oxford I-
SIS-200EDX 454l L 8%, 43 AT 4 Ak 790 50 119 1 0 K
JCRERM T EUE O AT 53 M 76 H A PR
2 D/max-3C B X LRy RATHH BTy, EHE
35 kV, EHI A 40 mA, X GFZCh Cu #E K, 4
£8(0.15 418 nm), FIHEE 0. 02°/s, F1HE57E F
10° ~90°; HE[E AXIS ULTRA I X B4 %10 T-AEfE
S0 52 AL R e 1 T B AL AR A4S, b
HEZSE N 1.333 x 107 Pa, Cls 284. 80 eV JH ik
A% HEL R 7 A P U6 A5 i 75

1.3 EkKR

KL e ke 251 R FEIOR K, &
SRS A PVIAEIE « R . N, N-ZH 3L H ki ( DMF)
FI i 2-50-5-F e e 55, fb2E 5 4 & CoD
4 38 855 ~45 660 mg/L, pH H 4.32 ~6.93, 51k
W, @AY 100 f%, EARZIEY) SS R 200 ~300
mg/L, AlAfbPER 2%, 1 H AL A & BOD,;/COD
470.087 ~0.190.

1.4 LB R AHHIE

ARSI FE 2 L GCF R KR e 4
FER MR, RN AR . R E L A
W1 BHRG A RS G 16 2L [Pl s
S8 500 mL 258 27 R A it s kAR 24 1% K
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IEBE R R, TR B FEIEZERE 200 v/min F 3,
[ Bt v T i 2 4 T A — 2 1 30% BUE K IR K
FBFZ, LAJe BE R — 2 B, At 18] 38 3o YA BURR 4 B
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F 721 5y 66T e

2 R 5iTie
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I 1 A Ce B Cu-Ni-Ce/SiO, ALY XRD [&]
Fig. 1 XRD patterns of Cu-Ni-Ce/SiO, catalysts
calcined with different Ce cotent
(Ce #¥NE a.0; b.0.16% 5 ¢.0.3% ; d.0.4% )

HIE 1R AT E ), 2 Ce BTSN 0. 16% I,
H1 T Ce YU CuO FI( Cuy,Nig 5) O HIFT 5 55
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(Cuy,Nig5) O iR, T2 Ce BHINE R T
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# LIRHNH AR Ce ¥ AL B HL 2 H
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R, HE P T Ce WIS R, 7 CuO,
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Tablel Effect of the different Ce content on on catalytic structure

Ce content Concentration Concentration of Concentration  Surface area Leaching of metal (mg + L)
(%) of CuO(% ) (Cuy,Nig)O0(% )  of CeO,(% ) (m?-g") Cu Ni
0 68 31 — 163.7 12.32 5.631
0.16 54 46 — 192.7 7.325 2.813
0.3 33 34 33 166. 8 8.158 2.161
0.4 30 32 38 141.2 6.739 1.921

2.2 ELFIEY SEM MR 45

&2 F1E 3 43504 Ce (0. 16% ) YT G Cu-
Ni/Si0, fil Cu-Ni-Ce/SiO, f#4LF 1 SEM FE H-,
ATLLE S, Ce BSIMAET CuO ., NiO S #7484k [

L N
R TR ¢ i B- -
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B z 2
BE Rty
s f o .
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K2 AR R Cu 257 SEM BE J
Fig.2 SEM photos of Cu dot mapping of different catalysts
(A. Cu-Ni/Si0, ; B. Cu-Ni-Ce/Si0, )

[ 3 R (LI Ni 85T SEM B
Fig. 3 SEM photos of Ni dot mapping of different catalysts
(A. Cu-Ni/SiO, ;B. Cu-Ni-Ce/SiO, )
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Fig. 4 XPS spectra of Cu2p on the surface of Cu-Ni-Ce/SiO,

catalysts calcined with different Ce content

(Ce PRNE a.0; b.0.16% 5 ¢.0.4% )
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Fig. 5 XPS spectra of Ni2p on the surface of Cu-Ni-Ce/SiO,

catalysts calcined with different Ce content

(Ce FRMM4E a..0; b.0.16% ; c.0.4%)

Jai, BT Ce XF CuO, NiO L7 5 85 18] #5 1A 14 73 1 A2
EI G G TR Av ) | S TTR PN (R L S TS QVAEN i
Zm, L, Ce B 0. 16% HEAL T 1 5 1k
INAZ3 =30

MRAE XPS (15 57 ik B, Al iR A Ce
AR Cu-Ni-Ce/SiO, AL R 1 Cu A1 Ni 1
TABE I, HEIE W2, hak2 /AN, &
HEALFR R Cu YR W] AR TR Cu &, B
PRI B Ni 7 KT Cu JFAYS, M
H Cu {715 Ni J5U7BE R HU 22 O AR R AR, (H2Y
AN Ce Ja, fEALFIZRM Cu JF7 34K, U] Ce
AAS I, (o Cu B 1a TR & 4, LR
A2 CuO, M2 Ce BN 0. 16% i, Cu-
Ni-Ce/SiO, AL R M A Cu JE TR EHRZ, I
Ce NN 0. 16% 1Y Cu-Ni-Ce/SiO, fHE AL 77 1)1 7k

-

®2 XPSHER
Table 2 Summary of the XPS results

Ce content Binding energy(eV)

(%) Cu2p,,

Ni2p,,,

Relative atomic concentration

Relative atomic concentration

of Cu(% ) of Ni/ (% )

0 934.6 854.6(856.6)

0.16 934.3 854.5(856.7)

0.4 934.3 854.3(856.3)

22.5 77.5
33.5 66.4
28.6 71.4

ANA] Ce Bt il #5 1) Cu-Ni-Ce/SiO, fi L 7] 3%
T Ols 1) XPS jE & 4n 6 . fHIEI R, fEfLH R
T O1s AL 55 HANXFR, Ui WA AR 3 i _EAF7EA
[FAL A RS S, BT o3 Tl s AL R i AR R
W 7 FIE S, 2 Ce HEhIhEDN 0. 16% B, O1s
W E A A RE T m A, MY Ce HINEN 0. 4%
BF, 256 R X mIRES G Re R 5l DAL R
TR P v 2 90 e R R T 4L 1) AR R 55 & A A8
k. B TWEFE Ce 3 i X Ak 731 2 1 AL 22 8 1
M, X =FOREPIR AR Ols 347 T Gaussian-
Lorentzian #5403, FLU0E 0L 45 40 B 5 (9 = Fh AN [
FUIRAS Y XPS %45 I3k 3. f3R 3 mI A1, Ce i
0. 16% B, AR 2 A W0 3] SR A, T
B4R i 22, 3 AT AR AR 7 A Ak ) S T A I
BF, AN s AL R O, , 3% F T4k R I
YRR BRI Ce BOMRALT b 4R 25

i

Intensity (a.u.)

1 1
525 530 535 540
Binding energy (eV)

Kl 6 A Ce i i) Cu-Ni-Ce/SiO, {51 K 1
Ols 1) XPS &
Fig. 6 XPS spectra of Ols on the surface of Cu-Ni-Ce/SiO,

catalysts calcined with different Ce content

(Ce F&hME a. 0.05 b. 0.16%; c. 0.4%)
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% 3 O1s XPS 5 R
Table3 Summary of the results of XPS for Ols

Ce content Binding energy(eV)
(%) Lattice oxygen Hydroxy oxygen Chemisorbed oxygen
0 530.1(2.0% ) 532.8 (85.7% ) 534.5(12.4%)
0.16 —_— 533.4(80.2% ) 535.1(19.8%)
0.4 530.5(3.9% ) 533.2(81.6%) 534.6(14.5% )

2.4 Ce #£ZE3} Cu-Ni-Ce/SiO, L FIF R IZE

A

K7 kR Ce ¥ & 4 4% Cu-Ni-Ce/SiO,
(700°C K58 ) BHALT (AL & 10g - L', B
TR 110°C | WK A FLE T & . 257K pH 4
9.0, IV 60 min 54T ) Xt nik Hhmkofe 25 B K 247
CWPO ZhFRZE 5, HIEFT I, & Ce WNEM
Cu-Ni-Ce/SiO, b 751 X 1k HU bk A 245 5 7K 1) A4 £k 1
PES KRB Ce 1Y Cu-Ni/SiO, LTI A HL A BH 5.1
Heat:, Horp im0, 16% 11 Cu-Ni-Ce/SiO, f# 4L 5
AL TS T i, COD Z3fRR iK% 89.0% , TfiAHIR]
AT ARB N Ce ML COD 2 BR %N
81.8%. Ce FshtE KT 0.16% )5, Wi Ce Vi
BN, AL TEPE R MRS, A, B Ce ¥R
IR KT 1% )5, AT RGP LA BN Ce BTE
PRI, X2 T CeO, 75 A 77 218 5 & 1Y 3 in
Rz, MBAREAZE, 5 CuO, NiO 7F
PR 1) 2 1A A ARG 2 R AT B . G B A A AN
Ce AT LA$E 5y Cu-Ni/SiO, AR 9 IG TE, 3] 1 3%
I BH AL O . S A SClk s o2 R —a0 . %
1383 TR E Ce BN AL, CWPO Jz
N 60min /K H 42 JE B T . T, Ce %SIN
4 @ B 7 ORI, L, Ce WY@ R
IR DA S A A s P R M, Dl T R 4 4y
%%m%aﬁﬁ:mﬁ%.
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Fig. 7 Effect of the different Ce content on catalytic activity
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AR Cu, ,Nip O HITE R, KR H4E R T AL FRTE
P RRe e M, TG AL 43 % /). Cu-Ni-Ce/
SiO k51 CWPO b Hemkcfe 245 1 /K, FEAE AL 7
FH10g « LT | RBIEEE 110°C | BUE/K F &N S
. K pH 9.0, [ 60min Z54F, COD
LB 89.0% , 1E ML ¥ AU, B Cu-
Ni-Ce/SiO, A 7 HA7 5 50 10 1 M R AS U 1
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Effect of Doped CeO, Loading on Catalytic Activity of
Cu-Ni-Ce/SiO, Catalyst

ZHAO Bin-xia"*, LIU Lin-xue ', ZHANG Yao-zhong', CAO Xin ',ZHANG Xiao-li', JIN Qi-ting’
(1. College of Chemical Engineering Northwest University, Xian 710069, China;

2 College of Environment and Municipal Engineering Xian University of
Architecture and Technology, Xian 710055, China)

Abstract; Cu-Ni-Ce/SiO, catalysts were prepared at different doped Ce0O, loading by the impregnation method, and
applied to the treatment of pesticide wastewater from imidacloprid production by catalytic wet hydrogen peroxide oxi-
dation( CWPO). The catalysts were characterized by means of BET,SEM, XRD, XPS. The relationships between
the surface structure and catalytic activity and stability, and the effect of doped CeO, loading on catalytic activity
and stability were researched. The results showed that for the Cu-Ni-Ce/Si0O, catalysts, the increase in the specific
surface area, the decrease in the particle size and the better dispersion of Cu and Ni were obtained with the suitable
doped CeO, loading. The highest content of Cu-Ni oxide solid solution”and the chemisorbed oxygen were present in
the surface of Cu-Ni-Ce/Si0, catalyst at 0. 16% doped CeO, loading. In CWPO of pesticide wastewater from imida-
cloprid production, the activity of catalyst was the highest when the catalyst was doped with 0. 16% of CeO,. By
using the Cu-Ni-Ce/Si0, doped with of 0. 16% CeO, catalyst, about 89.0% COD, removal was attained at catalyst
loading of 10 g/L, temperature of 110 “C , dosage of hydrogen peroxide of theoretic amount and pH of 9 influent for
60 min. The concentration of leached Cu and Ni of catalyst was lower.

Key words: catalytic wet peroxide oxidation; pesticide wastewater; catalyst; CeO,



