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Sulfonation Reaction and F-Modified Multi-wall Carbon Nanotubes Catalyst:
Preparation, Characterization and Performance in the Esterification
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Abstract: A Lewis acid-type catalyst F-SO*/MWCNTs was prepared from the modification treatment by the F~
and sulfonation reaction with concentrated sulfuric acid through high temperature impregnation method. In order
to know the internal mechanisms that related with the change of the structure and catalytic performance of the

MWCNTSs before and after the modification treatment with the F~ and sulfonation reaction, F-SO,>/MWCNTs was
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characterized by transmission electron microscopy, Raman spectroscopy, X-ray photoelectron spectroscopy,
pyridine adsorption IR spectra, X-ray fluorescence spectroscopy, X-ray diffraction and NH; temperature
programmed desorption. The catalytic activity of the F-SO2/MWCNTSs catalyst was studied from the using of it in
the catalytic synthesis of methyl oleate from the esterification reaction of oleic acid and methanol. The results
showed that the highest conversion rate of oleic acid was 90% when the reaction temperature was 65 °C, the
molar ratio of methanol to oleic acid was 12:1, the catalyst accounts for 0.9% of total mass of reactants after 6
hours. High catalytic activity can be attributed to the modification effect of F~ due to it improved the efficiency of
the inserted layer function of SO, which increased the numbers of acid active sites and strength. In addition,
the S=0 can produce electronic induction effect, a strong interaction was occurred between S=0 and F due to F
has strong electro-negativity, resulting the formation of F-S bond, which increased the S=0 electron-withdrawing
effect further and improved the system charge imbalance of SO/MWCNTSs catalyst. As a result, the trend of
exhibition of an excess of positive charge was increased. Hence, the acid activity sites of the F~-SO,>/MWCNTs
catalyst is comprised by Lewis acid type mainly. It will be favorable for the avoiding of the acid activity sites of a
catalyst was mainly comprised by Bronsted when it was prepared from the sulfonation treatment alone, so the

occurrence of hydration to decrease, even more to lost catalytic activity can be avoid when it was existed in a

reaction medium with large amounts of water.

Keywords: catalyst; carbon nanotube; biodiesel; sulfonation reaction; solid acid
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