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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 NiMy,(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 NiCey,/C >Ni/C>NiCuyo/C>NiZn,,/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.

Key words: ethanol; active carbon; vapor-phase carbonylation; additives; propionic acid

W —FEZ A TIER, W2 TA 30 MPa) 5k M T #EAT B SO 3% 2% B I8 2R B i
W AW B7E R A AR N R #h A DT T, SR SR B AL R R R AL S S BN TR B 2 R
H A PR 0 Tl 2B 77 D7 i £ 2k A 7[5 BASF A ) AR R RN A IR A PR TR A K
) Reppe 1.20, E LA LI IR RHE R LB L T 5 X RN B 2RISR R 5 O 5 R E M54 1)
— AR AN K SR AR BN TR, SR R R (20~ VZORTERT UTAESR | TR T A Ak R B R 4 e A

Wik H #7.2009-03-20, W g didis H #1.2009-06-22,

el 5% T AL RIIF 5 % B TH40 (973 1140, 2004CB217805) il B 45 A A 12391 1 (0042-K81009) ¥ Bl

IR N, E-mail : yyiquan@xmu.edu.cn
W—EF . 95, 5,29 2 WL OETE T ) 2 AR AL S AR R S RS R




5 8 1l #HOH A Ni-M(M=Cu,Zn, Ce)/C U4 & AL F i) £ WA AL 1385

PR EA T RS v Rk #R1 o Tk — 2 ekag
PEAL TR PR RE | 20 S OHGE T Ni-Zn/C fEALR - &
BEPR AL S INE T2 455 B A GE T Ni-Ph/C Ak 571
b RS R _E AT R, IR S
) A7 B [ 6 350 ek 4L 4385 PR TR A A1 2R {ELSC ik
Hh R B X6 2 BB AR SR RIS, B R AR AL
HHE R,

A TAER A5 AR R 5 3 1 45 Ni-M(M=Cu, Zn,
Ce)/C HEALT | T 25 25 58 T4 A R4 45 Bl 370 6 i £k
T SRR A T TS TR TR PR 2 e, R 4 JE 4 K
FE X 5B R AT 55 (XRD) (H, 8 )% T+ i 34 J5E (H-
TPR)F CO 27 FHIR BB CO-TPD) 55 F Bk b 58 1
AT Bl 30 X8 396 P 2 53 68 3 BBOIR L | 24 R i B AR
WS B AL I N R L AT R

1 SEIHES

1.1 & #A

P TR AR A TR A A R B RS | L BEANL £
B YAy it [ 2 4 Ak 2R A RS |) ARG
1.2 EEFEE

PEAR R R A R R B i 1 Ty ik il 2%, $R IR —0E
L ) BTG 5 P S R A | T e AR S R I 4 ) 5
P2 S T T — MR E VAR, TR T B 52 3 M
(595~841 um(20~30 H)Ebi T FiRER T 24 h, %%
1E 70 CHME A T4 6 h, 85 100 CT 1
12 h, HIAFAHRL Ni-M/C 34 J@ AR A FERE i
WIS, BTl 25 B Ni-M/C AR Th M/NG 9 5 1) 3 1)
Fed4 ok 0.2, Horb R & 5 ¥ 0 Swido , AN A AL R PRIl
M NiCuy,/C \NiZng,/C I NiCey/C.,
1.3 EEFEEEN

I VRV B 7 R FH 11 2 A 322 282 U 3 A Y B I 4
JETFH#EAT , RV AE 22 mm, K 50 em, fEFLFIEE
N 4.0 g, RMHTIE N, AU T 450 CH e ab B
2 h, F7E Hy AT IR 5 4 h J5 B2 RV EE OB
IR 2, 5 TR A5 ¥ P At i U 2 0 9 4 i A 3 <4k
B, 5 Co ARG E AR R RN, RV A%
F . n(COY:n(EtOH):n(Et)=20:10:1, & &£ h 270 °C, J&
7129 0.1 MPa, %5 # 8 2400 h™', W™ ¥R GC-
950 B AH (i A AR Y THIR 43 7 HP-Plot/Q & 4145
TG K 30 m, 42 0.53 mm, BEJE 40.00 wm,
SRR I 254G DU (R 0 3R B Sl 200 °C, AR ER
LA LR 1:10), HEACHNE P L 2 B AL R
iR e R R VP

1.4 MEAFIRE

& J& 73 B (D)X . 7E Micromeritics ASAP
2010 HY MBS 1) TR R 212 56 W, 78 W Bk
A, AL FRE i 7E 5%H/Ar IR A< 450 CIRJR 1 h,
IR E T EZS 1 h, BESRNE CO WAk
B 3 A 220 2 L n(COYn(Ni)=1 KI5 4 J& 4 7 i
.

XRD WX . FFH far 2= Phillips 22 7 477 1 X
Pert PRO X 5 Z& A7 S A A K5 458 F1Id Tt b 38 i) At
LA AR 2548 3R IR0 Cu Ka(A=0.154 056 nm),Ni
FUE U X celerator FRM , TAEH I 30 mA, T/EH
JE 40 kV, W75 F 20 7 10°~80°, 22K 0.016°, &
] 12 s, dbi K/ NF A Scherrer 28 3.

H-TPR Wik, IZ S50 2 7F H 2 TPD 3% % b i
17, PRI 100 mg FEME T U B AEE T 5%H,/
Ar iR ERMAHE N, "R H A 20 mL-min™, DA
10 °C-min™ B FFEF FHE 2 650 °C,TCD £l %
Kl H, A2 Ak

CO-TPD i, Z S50 21 A 2% TPD % & b i
7, FREL 100 mg FE 58 T U B A58 Sefe m gl
ARRHE T IHEZE 450 °C, A H, 5 60 min, &
JE bR =R TR R AR T CO 60 min, Z )5
M4l He KIMH 2R FMAF 5L TR, D
He M#EA, A W#E 30 mL-min™, A 10 °C-min™ ¥
HORFE P TR A 550 °C,TCD K I #5460 i B o

H A,
2 BRSIE

2.1 EUFEEETER

1 ML NiMyo/C XF 2 B A R AL i i Ak
TEPEVPAN 4 2R SO R 2 % . IRl LI M 4 Fh
P AR TR B 35 1 AN R NiCego/ C>Ni/C>NiCug/C>
NiZng,/C, LT NiCeoo/C 1) L BEH AL 98.0%
WIRIEPEVEH 95.1% ., % R AMEALT b 1Y B 70 H0%
WATFR RIS R 3 B 1l i s Ay Bl TR
TR VE R R 50 401, AR 09 & B ik Ak i
PSS G B R R A S I 4 o AR ) 4 R
I RRAR 0 1T AN ) R b R W 1 AL A () 2
feid M,
2.2 XRD ik &R

ST A A NiMo/C AR R 1 2R A
1k, BATZLET MACKIAE L N, & iR g b 1 H,
W JEUE WA SR R R ARk, B 1 O AR



1386 Jd Hl fk

&
&>
gl

A

£ 1 NiM,/C LTI EE TN

ERMBNSTHE

Table 1 Catalytic performance of NiM,/C catalysts*and nickel metal dispersion

Ethanol Conversion /

Selectivity / %

Catalyst Dy / %
% EtCOOH EtCOOEt Others"

Ni/C 90.7 92.6 53 2.1 37.1
NiCuyo/C 87.1 86.3 11.5 22 36.7
NiZn,/C 83.6 75.8 20.3 3.9 30.8
NiCey/C 98.0 95.1 4.2 0.7 452

*The data are collected after 10 h reaction; " Others=Methane+Aether
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Fig.1 XRD patterns of oxidized NiM,/C catalysts

WA ES, UL TN ER AR & i i IRE R S o i
M Zn0, $RJG 5 NiO Z [l 68 & A4 T A /EH A
M5 RS T AT 5 06 ) 7 28 X REAK 7R NiCeeoo/ C R TI, 7E
28.2° .33.2° 47.6°F1 56.8° B CeO, MIATHIUE | 5
£ K (PDF No.03-065-5923) tH £F &5, I £ 39.5° |
43.3° .59.9°F1 68.3°H B Ce,Cy FIATHIE | SbrifEFR
(PDF No.00-020-0261)FH4F &, Ut I 1 fiFf R 0.4 7 28
o RS S O A R B CeO,, IT 384315 BRI M ok
oS R AR A AR C RAEAERZAE LT CeyCy, #R
Pt X5 2 FE A VL TS BRE IS NIO kL 9 /N L
%2,
F 2 NiM,,/C AL F G Z/E R AR BR AN
Table 2 Grain size of NiM,,/C catalysts after oxidation

or reduction

D./ nm
Catalyst
Oxidized Reduced

Ni/C 25.6 343
NiCuy/C 27.1 41.2
NiZnoo/C 47.0 43.9
NiCeyo/C 23.5 27.4
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