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Abstract: The chloride-free catalyst Cu/AC (activated carbon) was prepared by impregnation method with copper
acetate supported on AC. The performance of the catalyst was evaulated using direct vapor-phase oxidative
carbonylation of methanol to dimethyl carbonate (DMC) as a model reaction. The effects of AC surface modification
on catalytic activity, microstructure and valence state of copper were investigated by low temperature adsorption-
desorption, FTIR, XRD, H,-TPR, XPS techniques. When AC is treated with ammonia, its specific surface area and
the unsaturated reducing functional groups(C=N, C=C) increase slightly. On the contrary, when AC is modified by
KMnO,, its specific surface area decreases 7% , while the C=0 and -COOH species on the surface increase
significantly. The valence state and ratio of surface copper species (Cu®Cu/Cu") were determined by the surface
microstructure and chemical property of AC. Cu/AC catalyst treated with ammonia exhibits an excellent activity with

the methanol conversion and the space time yield of DMC of 7.4% and 152.8 mg- g™ -h™, respectively.
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Table 1 Catalytic activity of Cu/AC catalysts from modified activated carbon
Catalyst AC modification STY pye / (mg-g™-h™) Soveneon / %o Cyeon | %
Cu/AC-0 / 131.9 67.9 6.4
Cu/AC-A Ammonia 152.8 68.0 7.4
Cu/AC-C Citric acid 140.5 66.7 6.7
Cu/AC-K KOH 116.9 64.2 6.1
Cu/AC-Mn KMnO, 75.5 54.9 4.6

Reaction conditions: Vy VoV, =4:10:1, m(cat)=0.45 g, temperature=140 °C, 1=9 h.

STY=Space time yield of dimethyl carbonate
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Table 2 Specific surface area and pore volume of activated carbon before and after modification

Activated carbon

Specific surface / (m*- ™)

Pore volume / (cm®-g™)

AC-A 1906 1.3
AC-O 1886 1.7
AC-Mn 1756 1.2
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Fig.1 Pore size distribution for activated carbon before and after modification
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Fig.2 FTIR spectra for activated carbon before and after
modification
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Fig.3 XRD patterns of Cu/AC catalysts from modified

activated carbon
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Fig.4 Cu2p XPS spectra of Cu/AC catalysts from modified

activated carbon
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Fig.5 Cu2ps, XPS curve-fitting for Cu/AC catalysts from

modified activated carbon
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PE 22 3 YA R R T & B2 20 HOA Cu(IDEY, Cu(0)/Cu
(I 49 R XGF 55 2 52 T 4 A 700 36 2

&l 6 7 M Al R A Bl g BTS2 3 R AR
AT Cu2py, BT 240G R g il 2 2805 1)
G50, L 6 & B A AL RS P A 2O | Cu
(DA Cu(0) 8k B+ 1) BE &= #5 A BT A8 fk . 20 51k
916.2~916.5 eV 1 918.2~919.2 eV , X J& iy T 1 P s
O B TR R A AR TR DT 1 AR AN [R] A L F Rk

T T T T T
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(a) Cu/AC-A; (b) Cu/AC-C; (c) Cu/AC-0; (d) Cu/AC-K; (e) Cu/AC-Mn
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Fig.6 AES curve-fitting for Cu/AC catalysts from

modified activated carbon

N, 2543 3 AT, il AUEAL R Cu/AC-A .Cu/AC-
C.Cu/AC-0 .Cu/AC-K 1 Cu(D1)/Cu(0)%c 34 K5 Wi/,
5 XRD &5 5RA0W) A, 1 Cu/AC-Mn 9 Cu(l) 7 = W]
i m T Cu(0), Cu(l)/Cu(0)=5.72, i% & H T2 KMnO,
DOV T 835 e i 3 T 2 /K PR 1 58 AR 25— 7843 Cu(ID)
HEATE VLI N, A SRS Cu(0), LAUAAE Cu(0)IE
KAFETE, 4546 XRD FlXPS 4387, TA 4 4k 70 2 1
JE 70 # Cu()FF B Cu(D)/Cu(0) Eb 1 35 v 14 4 £k 751 2
B AR TG P S5 G XPS BdiE o b, 7E B
AT, S A AR 2R T Cu(0):Cu(1):Cu(l)=1:2.55:
4.58 I AT 0 05 M AT

R3 HMEEMEREEN CW/AC ELF Cu2py, B XPS 1 AES H & ISR
Table 3 Cu2p;, XPS and AES curve-fitting analysis for Cu/AC catalysts from modified activated carbon

Cu2psy, XPS curve-fitting

AES curve-fitting

Catalyst

Cu(0)/Cu(T)/Cu(ll)

Cu() / % Cu(0/1) / % Cu(l) / % Cu(0) / % Cu(I) / Cu(0)
Cu/AC-A 56.31 43.69 71.86 28.14 2.55 1:2.55:4.58
Cu/AC-C 49.04 50.96 75.12 24.88 3.02 1:3.02:3.87
Cu/AC-0 31.90 68.10 80.37 19.63 4.09 1:4.09:2.39
Cu/AC-K 52.82 47.18 64.23 35.77 1.80 1:1.80:3.13
Cu/AC-Mn 0 100 85.12 14.88 5.72 1:5.72:0

2.5 fELF H-TPR 447

XRD XPS A 43 Hr # ik W 76 44k 75 2 1 & A3
Z RN SR HT R R RS AN TR E B AR )
FEAESE A 4 (7 S A, AR IR e 1 AR TR
I, X AL Cu/AC-A .Cu/AC-C .Cu/AC-0 ,Cu/AC-K
Fl Cu/AC-Mn #17 H-TPR 43 #7, Bl 7 2AE AT
H,-TPR &, NI 7 & | 24T 220 AR 4 5
320 °Cre i J5 g | A SCERP 2N R 5 BE A HUS )

Tl 22 fol 8 SR P SR TS 43 | LR R 5 B A I 45 S A
Foft D0 B A o 38 D

4545 XRD 1 XPS, AT R Ak 5510 v 5 B
1 CuO i S I, 220 °Cif SR I4 2 Cu(D)—Cu(0)/1
W 25 A Cu,0 I S BE 7,320 °CIf Jiig 2
Cu(I)—=Cu(0) WY& S IF BN E HE | Cu(lD)—
Cu(0) 14 I T3 34 J57 0 it 55 A A 700 52 7 35 e 1) A, 0
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H,-TPR XPS

Catalyst

Cu(lly/Cu(T) Cu(l)/Cu(T)

Cu/AC-A 1.88 1.80
Cu/AC-C 1.01 1.28
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Cu/AC-K 2.04 1.74
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