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Co(l11)-Modified SBA-15: Preparation, Characterization and Catalytic
Performance for Epoxidation of Cyclohexene
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Abstract: A Co(IIl)-modified mesoporous material (SBA-15-Co(III)) was prepared by supporting an in situ formed Co(III) complex on
o-dicarboxylic acid modified SBA-15 (SBA-15-(COOH),) that was synthesized by first the Diels-Alder reaction between maleic anhydride
and cyclopentadienyl-modified SBA-15 (SBA-15-Cp) and then the hydrolysis of resulting anhydride. Fourier transform infrared spectros-
copy, elemental analysis (ICP-AES), and X-ray photoelectron spectroscopy confirmed the successful incorporation of carboxyl and Co(III) in
the mesopores. The results of X-ray powder diffraction, No-sorption, and high resolution transmission electron microscopy showed that
SBA-15-Co(IIT) well maintained the mesostructure of SBA-15. In the presence of isobutyraldehyde, SBA-15-Co(IlI) showed moderate activ-
ity and stability in the epoxidation of cyclohexene when the flow rate of O, was 5 ml/min, the solvent was acetonitrile, the reaction tempera-
ture was 40 °C, and time was 6 h. The yield and selectivity of cyclohexene oxide could reach 58% and 63.7%, respectively. The yield and
selectivity of cyclohexene oxide could still maintained 51.6% and 56.5% after six catalytic cycles.
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Scheme 1.  Synthesis route for SBA-15-Co(III).
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Fig. 1. XRD patterns of samples. (1) SBA-15-Cp; (2) SBA-15-
(COOH),; (3) SBA-15-Co(1II).
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Table 1  Physicochemical properties of SBA-15-Cp, SBA-15-
(COOH), and SBA-15-Co(11I)

Sample dooy/nm ag/nm Ager/(mP/g) D/nm V/Aem®/g) Wim
SBA-15-Cp 9.4 10.8 697 4.00 0.67 6.8
SBA-15-(COOH), 9.2 10.6 630 3.90 0.65 6.6
SBA-15-Co(III) 9.2 10.6 452 5.59 0.65 5.0
ay: cell parameters, 4, =2d(100)/ V3 ; W wall thickness, 7 = ag-D.
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Fig. 2. Ny-sorption isotherms and pore size distribution of samples.
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Fig. 4. IR spectra of samples. (1) SBA-15-Cp; (2) SBA-15-(COOH),
(3) SBA-15-Co(I1I); (4) Co complex(l).
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Fig. 3. TEM images of different samples. (A,a) SBA-15-Cp; (B,b) SBA-15-(COOH),; (C,c) SBA-15-Co(III).
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Table 2 Epoxidation of cyclohexene using SBA-15-Co(IlI) and
Cobalt complex (1) as catalysts

Catalyst Cyclohexene  Turnover Epoxide
Catalyst dosage  conversion number selectivity
(mg) (%) (mmol/mmol) (%)
Blank — 4.0 — 100
Co complex () 4.0 83.2 507.3 50
SBA-15-Co(IlI) 100 90.5 766.4 58.7

Reaction conditions: acetonitrile 20 ml, cyclohexene 1.0 g, isobutyral-
dehyde 2.6 g, O, 5 ml/min, 40 °C, 6 h.

(D) AL, B R A 2 S A BRI #5123
A 83.2%, 507.3 F 50%; 1M LL SBA-15-Co(I1I) &
AT, PR R It 2 AL EOCRE £ PERR Co
ZEW (D) BRI, 2090k 90.5%, 766.4 F1 58.7%.
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Scheme 2.
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£ SBA-15-Co(IID) 4L 0.1 g« PR 1.0 g+
ST 2.6 g. LJE 20 ml. 40 °C ]V 6 h [41EF,
5T O, 4] SBA-15-Co(I11) i AL IR O 95 B 4
SN e, g5 R WA 3. R IL, RE O, it
M 10 ml/min I, 25— AE R IR AR B IR

Scheme for cyclohexene epoxidation catalyzed by SBA-15-Co(I1I).

FFNEPEPEA KT O, WU A 5 ml/min B 1) 7 26 Al
WEREYE. SR, BEAE A FR IRECRBE N, O, Wi S 10
ml /min I FR4CER Ot 7 28 F1 38 8 P 0 B AIC. 1
O, Wit 2}y 5 ml/min I PR SUFR O 7 6 F0 18 48 1% A
FEARRFFRGE . XTI REA T4 Oy Vi i, &
MR Z O, (S8 0, T A T 5. [n) 1E 1) 1

£ 3 AFE O, iiERE SBA-15-Co(lll) AT HEIRE UL R
Table 3 Catalytic reaction results of the epoxidation of cyclohexene using SBA-15-Co(Il) as catalyst at different O, flow rates

Cyclohexene epoxide selectivity (%)

Cyclohexene epoxide yield (%)

O, flow rate/(ml/min)

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 1 Cycle 2 Cycle 3 Cycle 4
5 58.7 63.7 59.4 60.5 522 58.0 54.6 55.0
10 75.3 51.6 44.0 34.8 87.1 60.2 50.2 40.4

Reaction conditions: acetonitrile 20 ml, cyclohexene 1.0 g, isobutyraldehyde 2.6 g, 40 °C, 6 h.
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Fig. 6. Catalytic stability of SBA-15-Co(III). Reaction conditions:
acetonitrile 20 ml, cyclohexene 1.0 g, isobutyraldehyde 2.6 g, O, 5
ml/min, 40 °C, 6 h.
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