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Preparation and Catalytic Performance of Hydrophobic SO/ -TiO,-Clay
Solid Acid Catalyst
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(Jiangsu Province Key Laboratory of Fine-Petrochemical Technology, Jiangsu Polytechnic University, Changzhou, Jiangsu 213016)

Abstract: A new solid acid of SO,-Ti0,-Clay was supported on activated clay, and was applied to the esterification
reaction of fatty acid with methanol. The influence of preparation conditions of the supported SO,*-Ti0O,-Clay on the
catalytic performance was studied using the above esterification reaction in a tank reactor. The supported SO,*-TiO,
exhibited high catalytic activity and stability. The optimized conditions were as follows: reaction temperature 70 °C,
Methanol My 2a=0.43:1, catalyst amount of 5% on weight basis of fatty acid, and reaction time of 8 h. The catalytic
activity was almost unchanged after twenty reaction recycles. The catalysts were also characterized by XRD, SEM,
TGA/DSC, low temperature nitrogen adsorption-desorption and in situ FTIR. The results indicate that SO~-TiO, is
finely dispersed on the activated clay and the acidic center is typical of L-acid. These show that the activated clay as

support of SO-Ti0, is an efficient hydrophobic solid acid material.
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(Reaction conditions: SO -Ti0,-Clay 0.25 g, fatty acid 0.167 mol,
methanol 0.719 mol, 70 °C, 8h. Preparation conditions of SO,/
TiO-Clay: dried at 150 °C)
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Fig.1 Effects of H,SO, loading on the catalytic activity of
S0,7-Ti0,-Clay in esterification of fatty acid with
methanol
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(Reaction conditions are the same as ones in Fig.1. Preparation
conditions of SO,-TiO,-Clay: H,SO, loading 8wt%)
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Fig.2 Effects of calcination temperature on the catalytic
activity of SO,-Ti0,-Clay in esterification of
cooking oils with methanol
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Table 1 Comparison of the hydrophobicity of SO/ -TiO,-Clay with SO/ -Clay
Conversion of fatty acid / %
Sample
1 2 3 4 5 6 7 8 9 10 11
SO -Clay 98.2 98.2 97.7 97.6 96.4 96.0 95.9 95.7 95.2 95.7 95.2
SO0,/-Ti0»-Clay 98.3 98.3 97.8 97.9 97.7 97.8 97.9 97.5 97.5 98.0 97.1
Conversion of fatty acid / %
Sample
12 13 14 15 16 17 18 19 20 21
SO/ ~Clay 95.7 93.5 92.6
SO -Ti0»-Clay 97.2 97.1 96.6 96.9 95.1 95.1 95.1 94.2 94.1 91.8

Reaction conditions are the same as ones in Fig.1,
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Table 2 Assignment of IR wave numbers(cm™) to

Lewis and Bronsted acids

Sample Lewis acid  Bronsted acid c.f.
Zr (SO,)/AC 1521 1695 [7]
CZ/CNT 1519 1696 [1]
ZnCl/Montmorollonite ~ 1440,1582  1637,1537 [8]
ZnCly/Montmorollonite ~ 1452,1612  1637,1537 [8]
SO -Clay 1483,1585 1708 observed
SO0,-Ti0»-Clay 1483,1582 1708 observed
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Table 3 Structure and characteristics of solid acid catalysts

Surface area / (m*-g™)

Pore volume / (cm*-g™) Pore diameter / nm

Sample
Single point ~ BET  Micropore  BJH Single point  Micropore BJH BET BJH
Clay 130.3 134.3 15.3 109.5 0.16650 0.005871 0.15631 49.5 57.1
SO -Clay 38.7 40.1 3.2 48.6 0.07657 0.001083 0.08714 76.5 71.6
SO.-Ti0,-Clay 28.0 29.0 25 379 0.06767 0.000861 0.07702 933 81.2
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Fig.4 XRD patterns of different catalysts
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Fig.5 Schematic diagram of the acidic sites on the
catalysts modified by TiO,
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magnification of 35 000x and (2) magnification of 50 000x
(1) SO ~Clay, (2) SO -Ti0,-Clay
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Fig. 6 SEM pictures of SO/~Clay and SO2TiO,-Clay
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Fig.7 TG results curves of SO-TiO,-Clay and SO-Clay
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