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4.0 g, N, 2 h, H, 4 h 270
(99.9%) (99.9%) , @O
,4h :n(CO) n(EOH) n(Etl) =20 10 1, 270 0.1MPa,
1800 h' , HP-Plot/Q : 30m,
0.53 mm,
14
BET , BET
(D) ,Ni/C V(H,) V(Ar) =5 95
450 1h, 1 h, 60) , CO/Ni=1
H,-TPR: TPR , 100 mg U , N, 450
2 h, , V(H,) V(Ar) =595 \ 20 mL /min,
, 10 /min 550 (TCD) H,
CO-THD: TRD , 100 mg U , He
450 H, 60 min, , 60 min CO, He
, He , 30 mL /min,
10  /min, (TCD) Sy
X , Cukt A =0.154 056 rm) ,
30 mA, 40 kv, .o 10° 80°, 0.016°, 12 s
Scherrer D. =0.8% /(Bco8)
2
21
1 Ni/C
,Ni-A ,NiN ,Ni-Cl . Ni-P
Ni/C
1 Ni/C
Tablel Catalytic performancesof Ni/C catalysts prepared fran different nickel
precur sor s for vapor phase carbonylation of ethanol
Ni-P NiCl NiN NiA
Conversion of ethanol/% 68 9 89 3 92 0 9% 1
Selectivity to propionic acid/% 27. 1 60 1 82 2 95 7
22
2 Ni/C ,
, :Ni-A >NiN >Ni-Cl >
Ni-P, Ni-P 25.8% 25.6%,
10. 7%; NiCl NiN , 22.4% 20.2%,
22.1% 20.8%; Ni-A 12.0% 1.4%, Ni

37.1% ,
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2 Ni/C
Table 2 Structural propertiesand nickel digersion of Ni/C catalysts
prepared fran different nickel precur sors
Sample Nickel precuror  BET surface area/ (m?- g'!)  Porewlume/ (am®- g'!)  Average pore dianeter/rm Dy /%
Support 884 8 0 458 3 20720
Ni-P Ni(acac) , 655 7 03406 20778 107
Ni-Cl NiCl 686 2 0 356 9 20807 19 3
NiN Ni(NO3) , 705 2 03629 2 058 4 248
Ni-A Ni(CH;000) , 778 3 03935 20858 37.1
23
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Fig 1 TPR profilesof Ni/C catalyst precurors Fig 2 QOO-TFD profilesof Ni/C catalysts
prepared from different nickel precursors prepared from different nickel precursors
a spport, b Ni-P, ¢ Ni-Cl; d NiN; e Ni-A a spport b Ni-P, ¢ Ni-Cl; d NiN; e Ni-A
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XRD 3 , 4 N, 450 . B 37.14°
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Table 3 Particle sizes of Ni/C catalysts prepared fran different
nickel precur sorsafter oxidation or reduction
D./mMm
Catalyst Nickel precursor o
oxidized reduced
Ni-P Ni(acac) , 53 7 59 8
Ni-Cl NiCl, 92 2 46. 9
NiN Ni(NO3) , 330 43 8
Ni-A Ni(CH;000) , 25 6 34 3
4 NiO -
d v . * Ni * Ni
a * v graphite v graphite
2: M i
E £
1020 30 4050 60 70 80
20/(°)
3 Ni/C 4
XRD Ni/C XRD
Fig 3 XRD pattens of oxidized Ni/C catalysts Fig 4 XRD patternsof reduced Ni/C catalysts
prepared fran different nickel precursors prepared fram different nickel precursors
a Ni-P, b NiCl, ¢ NiN; d Ni-A a Ni-P, b Ni-Cl; ¢ NiN; d Ni-A
4 , 4 H, . B 44.37° 51.72° 76.34° (JCFDS card,
Na 01-089-7128) Ni , H, ,NIO ,
3 , NiO ,Ni-P NiN Ni-A Ni
,  NiCl Ni , H, Ni-Cl CI
Ni Ni-P>Ni-Cl >NiN >Ni-A

Ni/C
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Influences of D ifferent Nickel Salt Precur sor s on
Catalytic Performances of Ni/C Catalysts for
Vapor -phase Carbonylation of Ethanol

ZHANG Qind', WANG Hui-Fang’, SUN Guo-Sond,
HUANG KeL in’, FANGW ei-Ping', YANG Yi-Quan'
(“College of Chemistry and Chemical Engineering, Xiamen U niversity, X iamen 361005,
bGuangxi Research Institute of Chemical Industry, Nanning)

Abstract Different nickel salt precursors, namely, nickel acetylacetone, nickel chlorate, nickel nitrate and
nickel acetate, were used  prepare Ni/C catalysts for the vgpor phase carbonylation of ethanol The activity
testing results reveal that the Ni/C catalyst prepared fran nickel acetate shoved maximal catalytic activity for
the carbonylation of ethanol, with an ethanol conversion of 96. 1% and a propionic acid selectivity of 95. 7%
in comparion with that prepared from other nickel precursors, while the catalyst prepared from acetylacetone
nickel shaoved a minimum activity with an ethanol conversion of 68.9% and a propionic acid <electivity of
27.1%. The Ni/C catalystswere characterized by means of BET measurement, metal digersion test, H,
temperature-progranmed reduction (H,-TPR) and XRD. It was found that the catalytic perfomances of the
Ni/C catalysts depended, t a great degree, on the interaction betveen nickel gecies and active carbon
support  The nickel acetate molecule was confimed o be easily adorbed on the surface of active carbon,
leading © a stronger interaction betveen nickel gecies and active carbon support, thereby increasing the
absmption cgpacity of CO. M earwhile, a better digersion of the active component and snaller nickel crysta-
[liteswere found

Keywords ethanol, active carbon, nickel salt precursor, vagpor-phase carbonylation, propionic acid



