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Vapor Phase Carbonylation of Ethanol over Ni-M(M=Cu, Zn, Ce)/C Catalysts
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Abstract: A series of NiMgy(M=Cu, Zn, Ce)/C and Ni/C catalysts were prepared by isometric impregnation method

for vapor phase carbonylation of ethanol. The activity testing results revealed that the activity of four catalysts was in
the order of NiCe(/C >Ni/C>NiCugo/C>NiZng,/C,and the NiCe(,/C catalyst showed maximum catalytic activity for

carbonylation of ethanol with the ethanol conversion of 98.0% and the propionic acid selectivity of 95.1% in

comparison with other catalysts, but the NiZn,,/C catalyst showed minimum activity with the ethanol conversion of

83.6% and the propionic acid selectivity of 75.8%. The catalysts were characterized by means of metal dispersion

test, XRD, H-TPR and CO-TPD. It was found that a certain interaction between ceria and nickel species was

confirmed to level the reduction temperature of nickel oxide down, avoiding effectively from bigger nickel

crystallites, thereby increasing the metal dispersion of nickel species on the surface of active carbon.
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Table 1 Catalytic performance of NiM,/C catalysts*and nickel metal dispersion
Catalyot Ethanol Conversion / Selectivity / % Do)
% EtCOOH EtCOOEt Others"
Ni/C 90.7 92.6 53 2.1 37.1
NiCug,/C 87.1 86.3 11.5 22 36.7
NiZng/C 83.6 75.8 20.3 3.9 30.8
NiCeo/C 98.0 95.1 42 0.7 452
*The data are collected after 10 h reaction; "Others=Methane+Aether
NiM,/C ~ XRD ,4 ,
N, 450 C , 37.1°, Zn0, NiO ,
43.2° 62.8° 75.4° NiO , o NiCe/C ,
(PDF No.00-044-1159) ; Ni/C 28.2°.33.2° 47.6° 56.8° CeO, ,
44.3°  51.7° Ni , (PDF No. (PDF No.03-065-5923) , 39.5°
01-089-7128) , 4 43.3° .59.9°  68.3° CeC; ,
NiO, Ni/C (PDF No.00-020-0261) ,
NiO CeO,,
C NiO Ni, 3 C CeyCs0
, Ni , NiO
Ni/C N C 2,
Ni-O o NiCug,/C , 2 NiM,,/C /
32.5°.35.6° .38.8° .48.9° 58.3° 61.6° .66.3° .68.1° Table 2 Grain size of NiM,,/C catalysts after oxidation
75.2° CuO , (PDF No.00-045- or reduction
0937) , D,/ nm
Cu0;  NiZng/C .31, Gatalet Onidized Reduced
34.2° 36.3° 47.5° .62.8° 67.9° 69.1° Zn0 Ni/C 25.6 343
, (PDF No.01-080-0075) , NiCugo/C 27.1 412
,NiO 7n0 NiZn,/C 47.0 439
NiCegs/C 235 274
eCu0 70 , :NiZng,/C>
o © A 0-Ce,C, *-Ce0, . . i
>-Graphite NiCugo/C>Ni/C>NiCe,/C
A NiCeo/C  NiO , 23.5 nm;
- NiZng,/C  NiO , 47.0 nm,
; Ce0, ;
z o A CuO  7ZnO o
1o i T g ¢ T a 2 NiMo/C  XRD
o Sx , Ni/C NiCepo/C  NiZng,/C
|0 LA a0 x5a x H, . 444°517° 7630 Ni
10 20 30 40 50 60 70 80 ’ (PDF No.01-089-7128) ’
26/(9) H, , 3 NiO
(1) Ni/C; (2)NiCuo/C; (3) NiZngo/C; (4)NiCeoo/C o NiCu,,/C , 43.4°
1 NiM,,/C  XRD 50.5°  74.2° Cu , (PDF
Fig.1 XRD patterns of oxidized NiMy,/C catalysts No.00-004-0836) 5 44.3° 51.7° 76.0°
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, (PDF No.03-065-0380) Ni/C ,405 C 534 C
, H, ,CuO  NiO NiO NiO o
o 43.4° NiCuyg,/C , 3 ,225 C
0.1°,44.3° 0.1°, Cu?* Cu’
o CuO o 371 «C NiO ,
) NiO , 541 C NiO (534 C)
NiO , NiO o , , XRD
, NiO , . NiZn,,/C ,383 C
91, NiZn,,/C ,  31.8%, NiO ,459 <C
34.2° 36.3° 47.5° .62.8° 67.9° 69.1° Zn0 Nig7Zny30 o 7Zn0
, (PDF No.01-080-0075) ; , 550 C H, ,586 C
36.9° . 42.8° 62.2° Nip7Zny30 7Zn0 2
, (PDF No.01-075-0272) , NiCeg,/C ,320 C 446 C
, Zn0 NiO NiO , Ni/C
H, , Ni(r»=0.069 nm)  Zn . NiO
(r,»=0.074 nm) , Zn0O 85 88 C, Giordano ™' Ratnasamy "
Nig7Zny30 o NiCe,,/C CeO, 540 C ,840 °C
, 28.2°.33.2° 47.6° 56.8° CeO, , 563 C CeO,
, (PDF No.03-065-5923) , o , Ni/C
Ce0, 450 C Ce0,.Zn0  CuO, NiO
H, - H, , , Ce0,>Cu0>Zn0O
( NiZny,/C 2), , CeO, NiO .CuO
NiCe,./C , NiCu,,/C ,Zn0O o Kagpar ™ CeO,
NiZn,,/C , H, , Zn0 ,
2.4 H,-TPR o 4 , Ni/C CeO,
3 NiM,»/C  H,-TPR o TPR , Ce0,



25

1388
Ni , , ,
, uel - XRD  H,-TPR ,
23 CO-TPD s ,
4 NiM,,/C CO-TPD o s ,
, 550 C 3 (0{0) ,
e 60~150 C;B8 240~340 C,y o CO-TPD ,
410~470 °C, o NiCu/C< CO , Ce
NiZng,/C<NiCeg/C<Ni/C , (0] , c-0
,a CcO , , 0
(270 C) ; Y
0(0) :NiCego/C >Ni/C>NiCug/C>
NiZny,/C, vy CO ,
. B :NiCeyo/C>Ni/C>NiZng,/ [1] Patil R P, Kelkar A A, Chaudhari R V. J. Mol. Catal.,1992,
C>NiCuoy/C, , 72(2):153-165
) 3 , [2] DENG Xiang-Gui( ), LI Zhao-Ji( ), WU Ling
NiCup/C S ’ ( ). Chin. J. Catal.(Cuihua Xuebao), 1991,12(6):439~
N 442
[3] PENG Feng( ), HUANG Zhong-Tao( ). Chin. J.
’ o ’ Catal.(Cuihua Xuebao), 1996,17(3):197~201
© NiCens/C [4] FENG Jing-Xian( ) WANG Da-Wei( ), HUANG
B ’ 265 °C, Ce Zhong-Tao ( ). Chin. J. Mol. Catal. (Fenzi Cuihua),
Co ; C- 1998,12(1):15~18
0 , , [5] Souma Y, Tsumori N, Willner H, et al. J. Mol. Catal: Chem.,
NiCeg,/C o 2002,189(1):67~77
[6] Sarkar B R, Chaudhari R V. Catal. Surv. Asia, 2005,9 (3):
193~205
[7] Zhang Q, Wang H F, Sun G S, et al. J. Nat. Gas Chem.,
2008,17(4):355~358
é [8] Lee J H, Lee E G, Jung K D, et al. Appl. Catal. A:Gen.,
: 2004,269(1~2):1~6
§ [9] Bonet F, Grugeon S, Dupont L, et al. J. Solid State Chem.,
2003,172(1):111~115
[10]Zimmer P, Tschope A, Birringer R. J. Catal., 2002,205 (2):
339~345
[11]Avgouropoulos G, loannides T. Appl. Catal. A: Gen., 2003,
100 200 300 400 500 244(1):155~167
t/c [12]Velu S, Suzuki K, Okazaki M, et al. J. Catal., 2000,194(2):
(1) Ni/C; 2)NiCuo/C; (3) NiZng/C; (4)NiCeos/C 373-384
4 NiMy/C  CO-TPD [13]Giordano F, Trovarelli A, Giona M, et al. J. Catal., 2000,
Fig.4 CO-TPD profiles of NiM,/C catalysts 193(2):273~282
[14]Ratnasamy P, Srinivas D, Manikandan P, et al. J. Caal.,
3 2004,221(2):455~465
[15]Kagpar J, Fornasiero P, Grazian M. Catal. Today, 1999,50(2):
’ 285~298
4 ,NiCeo/C [16]Tomishige K, Kimura T, Nishikawa J, et al. Catal. Commun.,

98.0% 95.1%-,

’

2007,8(7):1074~1079



