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Crotonaldehyde Hydrogenation over CuO SBA-15 Catalyst
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Abstract CuO catalysts supported on SBA-15 were prepared by chelating Cu®' with y-aminopropyl-
trimethoxysilane APTS on the SBA-15 support and were tested for selective hydrogenation of crotonaldehyde.
The CuO SBA-15 catalysts with different CuO loadings were characterized by X-ray diffraction N, sorption

and hydrogen temperature-programmed reduction H,-TPR . N, sorption results showed that the samples main-
tained a fine 2D-hexagonal structure after the CuO was loaded whereas the BET surface area and pore volume
decreased with increasing Cu content. H,-TPR results revealed that there were three Cu species finely dispersed
CuO bulk CuO and Cu*" ions incorporated into the framework of SBA-15. Catalytic activity of each species
was evaluated. The finely dispersed CuO had the highest activity and the bulk CuO had medium activity while
the Cu®" in the SBA-15 framework was inactive in the reaction. These indicated that the finely dispersed Cu
species were the active phase for the reaction. Furthermore the catalyst calcined under N, instead of air could
increase the content of the finely dispersed CuO which could consequently enhance the catalytic activity.

Key words copper oxide SBA-15 molecular sieve crotonaldehyde hydrogenation  y-aminopropyl-
trimethoxysilane
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Fig 1 XRD patterns of the CuO SBA-15 catalysts with different 2 CuO SBA-15 N,
CuO loadings Fig 2 N, adsorption-desorption isotherms a and pore size
1 SBA-15 2 0.9%CuO SBA-15 3 1.1%CuO SBA-15 distributions b of the CuO SBA-15 catalysts with
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1 CuO SBA-15 2 CuO SBA-15 Cu
Table 1 Textural properties of the CuO SBA-15 catalysts CuO
with different CuO loadings
Sample Surface area  Pore volume Pore diameter 3.7 nm 4.4 nm
m’ g ml g nm 1.4% CuO SBA-15-1
SBA-15 881 1.15 7.8 CuO
0.9% CuO SBA-15 600 0.67 6.5 1.4% CuO SBA-15-M
1.1%CuO SBA-15 541 0.62 6.5 : - b
1.4%CuO SBA-15 505 0.62 6.5 20.7 nm 1.4% CuO SBA-15-N
1.4%CuO SBA-15-N"° 627 0.80 6.5
2.4%CuO SBA-15 494 0.54 6.5
2.6 nm
6.6%CuO SBA-15 480 0.54 6.5
. CuO

N — Prepared by calcination in N;.
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3 CuO SBA-15 H,-TPR
Fig 3 H,-TPR profiles of the CuO SBA-15 catalysts with
different CuO loadings
1 0.9%CuO SBA-15 2 1.1%CuO SBA-15
3 1.4%CuO SBA-15 4 1.4%CuO SBA-15-1
5 1.4%CuO SBA-15-N 6 2.4%CuO SBA-15
7 6.6%CuO SBA-15

I — Prepared by the conventional impregnation method.

2 CuO SBA-15
CuO
Table 2 Dispersion and average particle size of Cu and content of
different CuO species in the CuO SBA-15 catalysts

. i Average Content of CuO
Catalyst Dlsp;rsmn particle species %
0 .
size nm o B v
0.9% CuO SBA-15 27.0 3.7 50.7 25.9 23.4
1.1% CuO SBA-15 26.8 3.7 51.9 20.1 28.0
1.4% CuO SBA-15 26.5 3.8 54.5 22.9 22.6
2.4% CuO SBA-15 24.9 4.0 54.1 31.0 14.9
6.6%CuO SBA-15 23.0 4.4 53.8 36.3 9.9
1.4%CuO SBA-15-N  38.4 2.6 64.8 31.5 3.7
1.4% CuO SBA-15-1 17.1 5.8

1.4% CuO SBA-15-M* 20.7"

* M — Prepared by mechanical mixing of CuO with SBA-15.
" Evaluated by the Scherrer equation from the XRD result.
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1.1% CuO SBA-15-M CO-TPR <10%
1.1% CuO SBA-15 3 1.1% CuO SBA-15-M
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3 CuO SBA-15
Table 3 Hydrogenation of crotonaldehyde over the CuO SBA-135 catalysts
Formation rate Formation rate
. Conversion Selectivity %
Catalyst % pmol g h mmol  g¢; h
0
Butanal Crotyl alcohol Butanol Polymeric product — Butanal Crotyl alcohol ~ Butanal Crotyl alcohol
0.9% CuO SBA-15 2.7 88.2 10.5 0 1.3 250 29.5 34.6 4.1
1.1%CuO SBA-15 4.1 87.3 9.3 0 3.4 370 39.7 42.6 4.5
1.4% CuO SBA-15 13.0 86.4 8.7 1. 3.8 117 117.9 104.7 10.5
2.49%CuO SBA-15 20.6 84.8 8.0 1. 5.3 183 172.3 95.3 9.0
6.6% CuO SBA-15 60.0 87.0 6.0 4. 1.4 546 376.4 103.5 7.1
1.1%CuO SBA-15-M 0.2 95.0 5.0 0 0 10 0.9 1.0 0.1
1.4% CuO SBA-15-1 1.2 10.3 4.1 0 85.6 13 51.4 11.5 0.5
1.4% CuO SBA-15-N 31.7 84.2 8.0 2 5.2 279 265.1 249.5 23.7
1.1%CuO SBA-15-H" 0 0 0 0 0 0 0 0 0

Reaction conditions

* H— Prepared by soaking 1.1% CuO SBA-15 with 5% HNOj; solution.

110 T p=0.1 MPa. Reaction data were collected under steady state after reaction for 1 h.
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Table 4 Reaction rate of crotonaldehyde hydrogenation over different catalysts
Cu content % Formation rate Specific formation rate mmol g¢; h
Catalyst
« B Y mmol  ge; h « 8 Y
1.1% CuO SBA-15 0.46 0.18 0.24 4.5 9.7 0.1 0
1.1% CuO SBA-15-H 0.24 0 0
1.1%CuO SBA-15-M 0.88 0.1 0.1

Reaction conditions flow rate=26 ml min z=1h 110 C. o highly dispersed CuO B bulk CuO ¥ Cu®" in the SBA-15 framework.
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