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Al-MCM-41 Immobilized Ionic Liquids Catalysts Containing
Double-Acid Active Sites for Biodiesel Production

NI Bang-Qing HUANG Jiang-lLei ZHANG Ping-Bo FAN Ming-Ming*
(School of Chemical and Material Engineering, Jiangnan University, the Key Laboratory of Food
Colloids and Biotechnology, Ministry of Education, Wuxi, Jiangsu 214122, China)

Abstract: The immobilized catalysts with double-acid active sites were synthesized by loading ionic liquids (ILs)
on MCM-41 with different Si/Al molar ratios. The catalysts were characterized by XRD, FTIR, N, adsorption-
desorption, thermogravimetric analysis and TEM, and the activities of catalysts were investigated by the
transesterification of soybean oil with methanol for biodiesel synthesis as the probe reaction. The results
demonstrated that the ionic liquids were successfully immobilized on the mesoporous molecular sieves. The
catalysts could maintain their mesoporous structure and showed good catalytic performance in transesterification.
The biodiesel yield was more than 90% under the condition of 30% ILs-loading, methanol to oil molar ratio of
36:1 and temperature at 140 °C for 5 h. The beneficial acid environment was created for the active component
ILs by introducing Al to MCM-41, which greatly improved the catalytic performance of ILs. The ILs immobilized
catalysts exhibited much higher activities in transesterification than the homogeneous ILs, and the ILs

immobilized catalyst still yielded about 88% after four cycles.
Key words: catalyst; mesoporous molecular sieves; ionic liquids; immobilize; biodiesel; transesterification
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Scheme 1 Synthesis route of ionic liquid
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Fig.1 XRD patterns of ILs immobilized catalysts
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Table 1 Pore parameters of catalysts

Sample BET surface area / (m*-g™) BJH Pore volume / (cm*-g™) BJH Average pore size / nm
MCM-41 1103 1.007 2.7
ALMCM-414 1007 0.986 26
ALMCM-41,4, 947 0.889 24
Al-MCM-41, 765 0.813 2.2
MCM-41-ILs 577 0.427 2.6
ALMCM-41,4-1Ls 552 0.381 2.5
Al-MCM-414-ILs 533 0.349 22
Al-MCM-41-ILs 214 0.276 3.5
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Fig.5 TGA curves of ILs immobilized catalysts
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Table 2 Acidity and catalytic performance of catalysts

No. Catalyst Amount of the catalysta / % Acid amount / (mmol - g™) Yield / %
1 [2-MPYR-BS][HSO,] 15 — 75
2 [2-MPYR-BS]|[HSO,] 3.0 — 87
3 MCM-41 1.5 0.12 5
4 AIMCM-41 g, 1.5 0.34 5
5 AIMCM-41 4, 1.5 0.59 6
6 AIMCM-41,y, 1.5 0.68 6
7 MCM-41-1Ls 1.5 1.31 91
8 AIMCM-41-1Ls 1.5 1.48 93
9 AIMCM-414-1Ls 1.5 1.55 93
10 AIMCM-414-1Ls 3.0 1.55 95
11 AIMCM-410-1Ls 1.5 1.73 93
12h [2-MPYR-BS][HSO,] 3.0 — 80
13b AIMCM-4149-1Ls 1.5 1.27 88
14b AIMCM-41o-1Ls 1.5 1.19 83

Reaction conditions: 5 g soybean oil, nu/ na=36, 140 °C, 5 h. * Amount of the catalyst/% (the mass of the catalyst/ the mass of soy-

bean oil x100%) is calculated from equivalent amount of [2-MPYR-BS][HSO,]. The catalyst should have the same number of catalytic

sites as those in [2-MPYR-BS][HSO,]. * Performance test after 4 cycles. © Acid amount measured by UV spectroscopy
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