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Characterization and Catalytic Performance of Co- MCM-41
for Styrene Epoxidation
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(1 College of Chemistry and Environmental Science, Henan Normal University, Xinxiang 453007, Henan, China;
2 State Key L aboratory for Physical Chemistry of Solid Surfaces, Department of Chemistry,
Xiamen University, Xiamen 361005, Fujian, China)

Abstract : The cobdt-containing MCM-41 can be used as the catalyst for the liquid-phase epoxidation of styrene
with molecular oxygen. The correlations between its structures, epeciadly the satesof Coinit, anditscatalytic
performance were studied. It may be helpful to make clear the nature of active dtes for the epoxidation.
Co-MCM-41 samples syntheszed by a template-ion exchange (TIE) method, a direct hydrothermal (DHT)
method and a conventional impregnation method have been characterized in detail. The X-ray diff raction and
N2 -adorption resultsindicate that the hexagona array of mesoporesin these samplesis sustained as the cobalt
contents are lower than 2. 2 %. The resultsof diff use reflectance UV-Vis gectroscopy and H, temperature-pro-
grammed-reduction suggest that the cobalt introduced into Co-M CM-41 by the TIE method exists mainly as sn-
gleste Co( ) ions, whereas the cobalt in the sample syntheszed by the DHT method exists mainly as Co,S04
in a microcrystaline form and the samples prepared by the impregnation method contain a large proportion of
cobalt oxide. With a smilar cobalt content (ca 1. 0 %) , the sample prepared by the T1E method gave a conver-
gon of 45 % in the epoxidation of styrene with molecular oxygen, however , the sample prepared by the DHT
method or impregnation method gave a converson lower than 30 %. Snce cobalt oxide and Co, SO, show alow-
er activity for the epoxidation reaction and there may a0 exist a small part of Sngle-ste Co( ) ionsin the sam-
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ples prepared by the DHT method or impregnation method , we thus suggest that the single-ste Co( ) ionsin
MCM-41 are the rea active stesfor the epoxidation with molecular oxygen.

Key words: cobalt , MCM-41 molecular Seve, sngle-Ste cobalt ion, cobalt Slicate, cobat oxide, styrene, oxy-
gen, epoxidation
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Table 1 Physdco-chemicd propertiesof different samples
| n(9)/ n(C) in Co content Co content Surface area Pore volume Pore diameter
sample syntheds expected ( %) in sample (%) (m? g) (cm® g) (nm)
MCM-41 - - - 1278 0.94 3.1
0. 26 %Co-MCM-41(TIE) 100 0.97 0.26 1162 0.92 3.1
0. 78 %Co-MCM-41(TIE) 50 1.92 0.78 1143 0.85 3.0
2.1 %Co-MCM-41(TIE) 16 5.77 2.1 961 0.74 3.0
1.1 %Co-MCM-41(DHT) 100 0.97 1.1 1231 0.94 3.1
2.2 %Co-MCM-41(DHT) 50 1.92 2.2 1108 0.83 3.0
TIE— Template-ion exchange method, DHT — Direct hydrotherma method.
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Table 2 Catdytic performances of different catdyssfor the
epoxidation of styrene with molecular oxygen

Styrene Epoxide Turnover

Catalys converson (%) sdectivity (%) number
MCM-41 4 45 -
0. 26 %Co-MCM-41(TIE) 35 59 401
0. 78 %Co-MCM-41(TIE) 45 62 169
2.1 %Co-MCM-41(TIE) 43 57 60
1.1 %Co-MCM-41(DHT) 29 61 80
2.2 %Co-MCM-41(DHT) 36 60 49
1. 0%Co-MCM-41(IMP) 28 58 82
2.0%Co/ SO,(IMP) 12 58 17
Co304% 17 61 6

Reaction conditions: t =100 , 10 mmol styrene, 0.2 g catdys ,
20 ml DMF, flow rate of O, 3.0 ml/ min, reaction time 4 h.

@ The amount of Coz0,4is 0. 015 g.
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