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Selective Oxidation of Ethanol over Supported Gold Catalysts
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Abstract Some oxides AlL,O; SiO, TiO, MgO and H-ZSM-5 zeolite were used as supports to prepare Au catalysts by deposition-
precipitation DP with urea as a precipitator. The catalysts were characterized using X-ray diffraction inductively coupled plasma e-
mission spectroscopy temperature-programmed desorption temperature-programmed reduction and transmission electron microscopy
and used to catalyze the oxidation of ethanol. The results indicated that Au Al,O; prepared using urea-DP could obtain high Au load-
ing and the Au particles were well distributed with the average size of 3—4 nm. The supports reaction temperature oxygen pres-
sure and the additive had some effects on the selective oxidation. The Au TiO, catalyst presented the highest catalytic activity.
However the highest selectivity for acetic ester was obtained over Au Al,O;. An appropriate quantity of basic additive in the reaction
system could evidently increase the ethanol conversion and the selectivity for acetic ester. The ethanol conversion was about 4.7 %
with about 93.5% selectivity for acetic ester under the optimal conditions.
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Fig 1 TEM images of Au ALOj; catalyst w Au =2.5%
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Table 1  Catalytic performance of different supports and supported Au catalysts for ethanol oxidation
S %
Sample X EtOH % - - - -
MeCHO Et,O MeCO,Et MeCO,H MeCH OEt ,
AlLO; 11.2 29.6 3.5 13.6 53.3
H-ZSM-5 6.1 0 45.2 0 0 54.8
SiO, 0 0 0 0 0
TiO, 0 0 0 0 0
MgO 0 0 0 0 0
Au AlOs 16.0 38.3 39.4 0 22.2
Au H-ZSM-5 9.4 20.8 45.7 2.7 5.2 25.7
Au SiO, 9.1 20.0 29.3 0 50.7
Au TiO, 19.8 32.0 20.9 2.4 44.8
Au MgO 7.2 28.1 13.9 20.0 38.0
Reaction conditions V EtOH =30 ml m sam =0.5g f=600r min 6=150C p O, =1.0 MPa ¢=35 h.

sam — sample 7.e.

support or supported Au catalyst.
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Fig 7 Effects of reaction conditions on ethanol oxidation
a Reaction temperature b Reaction pressure ¢ Reaction time
1 X EtOH 2 S MeCO,Et 3 S MeCHO
Other conditions V EtOH =30 ml m 2.5%Au ALO; =0.2 g f=600 r min.
2.4 3
2 Au AIZO3 Table 3 Effects of additives and their amounts on ethanol oxidation
. x add X EtOH S %
Additive - -
% % MeCHO MeCO,Et MeCH OEt ,
— — 1.99 27.3 33.2 39.5
Na, COs 0.10 4.81 30.8 69.2 0
Na,COs 0.20 4.36 25.8 74.2 0
Na,COs 0.40 5.53 17.4 82.6 0
NaHCO; 0.10 3.58 16.7 83.3 0
NaHCO; 0.25 3.83 14.8 85.2 0
NaHCO; 0.50 4.70 .5 93.5 0
2 Au ALO;, NaHCO;  0.75 4.97 .6 91.3 0
Table 2 Effect of Au loading on ethanol oxidation NaOH 0.10 2.05 221 77.9 0
catalyzed by Au Al,Os Hl 0.10 0 0 0 0
w Au % X EtOH % S MeCHO % S MeCOEt % HO,CCO,H 0.10 0 0 0 0
1.0 6.9 70.2 29.8 Reaction conditions V E(OH =30 ml m 2.5% Au ALO;
2.5 9.4 66.6 33.4 =0.2g f=600rmn p O, =1.2 MPa 6=100C (=
5.0 12.0 64.2 35.8 3 h. add — additive.

Reaction conditions V EtOH =30 ml m Au ALO; =0.2 g
F=600rmn p O, =1.2MPa 0=140C (=3 h. NaHCO;  NaOH
2.5

3 NaOH

Naz CO3 . NHQ CO3 NaH-
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