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Effect of Impregnation Strategy on Structure and Catalytic Performance
of CuCe/AC Catalyst

ZHENG Hua-Yan GUO Tian-Yu LI Zhong®™ MENG Fan-Hui QIN Yao
(Key Laboratory of Coal Science and Technology, Ministry of Education and Shanxi Province,
Taiyuan University of Technology, Tatyuan 030024, China)

Abstract: The effect of impregnation sequence on the surface structure and catalytic performance of CuCe/AC
(Activated carbon) (by adding rare earth Ce promoter to Cu/AC)catalyst was studied for gas-phase oxidative
carbonylation of methanol to dimethyl carbonate. The active component content, surface dispersion and valence
state of as-prepared catalysts were characterized by X-ray diffraction (XRD), X-ray photoelectron spectroscopy
(XPS), Hy-temperature programmed reduction (H,-TPR), High resolution transmission electron microscope (HR-
TEM). The results show that Ce promoter plays a key role for active component Cu to disperse on the surface of
activated carbon in CuCe/AC catalyst prepared by co-impregnation. The Cu components are difficult to be
reduced and difficult to contact with reactant molecules for CuCe/AC catalyst prepared by first impregnation with
Cu and then with Ce because part of Cu components are covered by Ce impregnation leading to the decrease of
catalytic activity. For CuCe/AC catalyst prepared by first impregnation with Ce and then with Cu, the Ce and Cu
components interact with each other, resulting in an optimal catalytic performance because of a more uniform
dispersion of Cu (0) and Cu(I) species on the surface of the catalyst. The space time yield and selectivity of
dimethyl carbonate are 142 mg-g™-h™ and 85%, respectively.
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(1) Cu/AC AL 5
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ZAE AL R IE B Cu-Ce/AC; FF AC B3R B T Cu
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FHIG BB Cls 15 (284.6 eV)TE N NARALIE , #4736
T 5317

KM VARIAN 23 6] 9 AA240FS Jit WIS 73l
FEEEAL (AAS) XA FIFE S HE AT Cu 70K & 2 1



%12 9

AR S B BUIUT X CuCe/AC AL T 45 14 A BE 1) 52 1R 2577

SE,H SN 0.2 ¢ ZE A B EEAEAL R LE 600 CHY s
MR IR AT BE 6 h, LABR 250 M 2k ik ik AR R 7
il SR s R 2 — o VAR B R A T I

HR-TEM £ Ak H A& HL 7 JEM-2100F & &
537 S i T AR N L R 200 KV, CREAE AR R RR
At o HOE SR T, I8 5 75 IR TS 40 min, B
2V VBT TR A A% R Bk SCHE IR LRI SRS AT
30T
1.3 EAEFIHFEIEN

TR A 300 79 3 T VT 0 A [ S R 5 A A S N A
(@16 mmx400 mm b5 B G K B BHCA R 7))
AT, WEEH O FEFE AL (Series 11 Pump, Scientific
Systems, Inc, LabAlliance) 5| A ,CH;OH,CO 1 O, 7£
FALEPOMPIR G J5 #E AR A% , T kR 2
HEATINE , 77 ) 48 SO 53 B A v B I 43 15 AR
Yy i 5 A Agilent HP 6890N < AH €5 1% i 17 B
Lawr,

JEBFS CO F O, i 4300 1101, H B
HE 0.05 mL-min™, #ELFI & 0.8 g, 80058 50 IR
£ 130 °C, RN 77 0.5 MPa, R[] 9 h, €43
Mré&fk k. SR A FID K245  HP-INNOWAX B 4074
FE, SRR 50 m, AR 80 °C, FF FE i AL I 45 T
FE43 5112 200 1 250 °C, #AH He,He H, 15X
[ 3 3 43 1 2 30,35 Fl1 400 mL- min™, 43 kb 50:
1, FE RS 0.2 ul,

2 #R5iTie

2.1 fELFIE XRD #1857
Bl 1 A ) Cu/AC Cu-Ce/AC ,Cu (F)-Ce/AC
Fl Cu-Ce(F)/AC ) XRD &, Hr 20=43.2° 50.3°F1

= Cu

* Cu,0
Q*__\;\_,L_L

bm

L

|

10 20 30 40 50 60 70 80
20/ ()

a. Cu/AC; b. Cu-Ce/AC; c. Cu(F)-Ce/AC; d. Cu-Ce(F)/AC
1 AN [R) 35 )y i) 46 A6 770 B9 XRD
Fig.1 XRD patterns of the catalysts prepared with

different impregnation sequences
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Fig.2 Cu2p XPS spectra and Cu2ps, Gaussian fitting
figures of the catalysts
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Fig.3 Ce3d XPS spectra of the catalysts prepared with

different impregnation sequences
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F1 ELFE Cu2p, BENEELEMAEL AR Ce3d iZETHMUENER
Table 1 Ce3d XPS curve-fitting analysis of the catalysts

Catalyst Cu(0) / % Cu(l) / % Cu(l) / % Ce* 1 % Ce* / %
Cu/AC 0.3 2.0 0 - -

Cu-Ce/AC 0.7 1.8 0 53.1 46.9
Cu(F)-Ce/AC 0.0 3.1 0.6 66.2 33.8
Cu-Ce(F)/AC 0.6 3.6 0 50.2 49.7

M2 1 ATLIA | Cu-Ce/AC HEALFIEL Cu/AC 1 Ce B, XA Cu WFNA T 518 Pk il

3 F A 2 1) Cu(0), VLA Ce 951 AT LI
fifi AL TR R TH 29 14% 19 Cu 4533 53 18 IR Cu(0),
[ i i) U A ) Ce NMUAFAE CeO,, T H.
FFBAT 1 Ce05 FEAE, 8 B IR fiff 22 B 7= A2 1) 340
PEAG NG CeO, FRITIE T Cey0s, SCHR HhUoHI fiE 52
T CeO, AT TE o i3 J5L PR PR BE 25 00 7T LR A= 38 it
SN Cet+e—Ce™, 73 B Cey05,

Cu(F)-Ce/AC AT T F EAFTE Cu( DA 7
Cu(ll), A Cu(0)AFATE X 7 i1 T B4 Cu 443 9%

ML CuO BB AETE , A, Cu(F)-Ce/AC AL
I Ce,05 B 7 1 3 Cu-Ce/AC L 7 13 £ T
24.8%, U5 Cu KAANEFHE S AERIEN Ce 4157
W25 55 3R IR N Ce,05 WFD

1M Cu-Ce (F)/AC AL T Cu 2H 53 %50 71 55
1 Ce W47 b, P &)@ 40 5 R A A ELARE T (%5 4
B Cu B4 5 938 I8 Cu(0), I Cu-Ce(F)/AC i
e R R 3 MEAR & A 21 Cu(0)4 5,
W B Cu A3 3519 Ce 450 W 38 L) 2 fis i
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2.3 EAFAN H-TPR ETEHH
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350 CZIAAAEIR I A i 55 i FE % | 455 XRD
H1XPS FAF AT 0 H I F 2 18 =5 B2 43 B Cu,0 1)
W HFE SR 25 0.3 A1 0.2 mmol - g™ Cu(F)-Ce/
AC HEAEFINAAAE 2 AN BRI J5E | 454 XRD Al
XPS FRAE AT AT, XF W T 20 BUA 1Y CuO FHEE fb A 1)
Cu,0 VAP iR ) HFEE 4 0.9 mmol - g, i Jiit
WA R AT A3 D ADL A | v U I 30 T 0 X 1N Oy A E S
CuO AYIE 5| 5y ki J W Xt R 285 i S Cu,0O I8
JFEPT - Cu-Ce(F)/AC fEALFITE 150~350 CZ (1] H 2R 1L
Bz Wik g | HAESH N 0.4 mmol g, 45
XRD K XPS FAFLE T o] HIZ 6 VA J& T 56 43 55 43 1l
B Cu0 S A4S MAR Cu,0 PFhHy 5,

200 300
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100 400

a. Cu/AC; b. Cu-Ce/AC; c. Cu(F)-Ce/AC; d. Cu-Ce(F)/AC

Bl 5 IR BN 45 4 AL 77 B9 HL-TPR 18]
Fig.5 HyTPR profiles of the catalyst prepared with

different impregnation sequences

T AT S WSO g AT LA AT AR R R Cu T
F IR E 5> & i, (i XPS 20 B vl DUAS 2 4 Ak R 3=
Il Cu MY BT H 43 &% i, AL H-TPR AL Y
FEA I W] DI H S A AR Cu(T)FT Cu(ID A 5 i
Hor &t SRR 2 i,

2 BEUFAFETESITERREESEE)
Table 2 Analysis results of copper mass content of the catalysts

AAS H,-TPR XPS
Catalyst
Cu / % Cu(l)/ % Cull) / % Surface Cu / %
Cu/AC 7.8 32 2.3
Cu-Ce/AC 7.9 2.8 2.5
Cu(F)-Ce/AC 8.5 7.0 1.8 3.8
Cu-Ce(F)/AC 74 5.4 0 4.3
i WO 3 53 B Al XPS FRAESE R nT LLE B AT R

h, SRAARRNR BT 51 A B Ce X5 T AL
Cu R T B A K ARFFTE 8 /i fq  (HXT T
R R Cu B HZMER K, B Ce 1951 A3
T Cu 240 TEAE AR R T 19 7345, H Cu-Ce
(FY/AC HEALFRI R M Cu & &, i85 4.3%, Jung
SESIFE B SE CO 8 8 1 A5 Ak S B 2o 2 s R 52 T
CeO, 12 IF 4 B 178 $A b P 3 72 o 31 8 21 4 1k 751 3%
T, A R T Cu & BE3G K H-TPR X AR i 4 AL 55 o
Cu(D)F Cu(fy &, 1 Cu/AC .Cu-Ce/AC F1 Cu-Ce
(FY/AC HEALFI A XRD F1 XPS 325 SR £, it fk
FH & A Cu(0), K Hy-TPR 43 HT 19 Cu I i H 4
i SR T R OIS S AT AR T Cu(F)-Ce/
AC HEALH T RS AT Cu(DAT Cu(l) A& A Cu(0), Ha-
TPR 3 #7 Cu B S BTHE A 70 &% 5N 8.8%,5 AAS 73
BT 485 SREFEA — B, 1 — 20 U WA Ak 300 T b 40 B 245

24 EHLFIH TEM RIE

AN T35 35 I i) 25 A4 A0 00 755 23 932 S5 P B8 3R AIE
SiRME 6 Fiw, FTLLEH  RIMABF Ce W Cu/
AC AL (B 6a) 2 1T Cu 1Y /3 WU 5 25, AR LA
JUHE Gl R T I A B Ce Wil £ Y Cu-Ce/AC
TEAL T (B 6b) 2 T 195 4 20 43 S A HOE BRI R S | 16
B Ce M IMAXT Cu A2 2] —E M HUE . Cu(F)-Ce/
AC HEALFN(E 6¢) T T4 4 2 U 3550 A
SrREEIMG | RIS B 6e YR 439035 S LB 1A T DA
F il , Cu(F)-Ce/AC AL R T AFTE Cey045(101) 1 A1
CuO(11 1) A% £ | H Ce,05 B & AE CuO I, —
H UL R R Ce B 7E Cu WA L &AM B AR
8 Ce WA EE 5 18 I B Ce O, T 4% 7 35 1 Cu
PR ERE IR I, Cu-Ce(F)/AC HEALTI (& 6d)2 1 53
B SIH) Cu KPR, 29 13.5 nm 2247, X5
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a. Cu/AC; b. Cu-Ce/AC; c. Cu(F)-Ce/AC; d. Cu-Ce(F)/AC; e. Cu(F)-Ce/AC HR-TEM; f. Cu-Ce(F)/AC HR-TEM
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Fig.6  TEM images of the catalyst prepared with different impregnation sequences

XRD FAETHEAF RN L5 R Cu AR RS 12.7 nm 2
A —F, [F) I i & 6f 1Y s 43 % 2 S Fi 5 IRTmT L) AG i
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WEWT T 5B BE Ce JG 35T Cu il 45 YA LT Cu P Fh
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A [6) 352 T MOy 1] 5 149 A 700 e A Y i 4 o e
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7 AN IR BT o i A 1 RE 1 52 1

Fig.7 Effect of impregnation sequence on catalytic activity
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T O 25 52 W R BN Ce,05, [R]85 78 56 19 Cu 4150 M
PIREA s | 2 LIS CuO AR Cu,0 W AHAFTE
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TEAL I REAG FTRRAS , SEIRTT Ce SR Cu 45 11
R, Ce Hr5 Cu o KAEMENER, 23T Cu
Y53 138 J5 5 431, (R I AFAE 3R 2 43 3 211 Cu
(O)FT Cul1)P i | LAk fb 1 il A A | Al R — R 1) B
AW K R BEE 3 A F T 142 mg g7t -h T A
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