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Synthesis, Characterization and Catalytic Oxidation Performance of
High Ti-containing Ti-MCM-41 Molecular Sieves
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Abstract: Ti-containing Ti-MCM-41 molecular sieves were prepared by using Na,SiO; as silicon source and TiCl; as
titanium source. The ng/ny in synthesis gel varied from 2 to 60. The molecular sieves were characterized by XRD,
FTIR, UV-Raman, and low temperature N, adsorption-desorption isotherms. And the catalytic oxidation of
cyclohexene was taken as the probe reaction for the catalyst activity evaluation. The results show that the Ti-MCM-41
synthesized with ng/ny; of 4 still keeps the mesoporous structure as MCM-41, but the mesoporous structure disappears
when ng/ny; reaches 2. It is found that Na,SiO3and TiCl;are hydrolyzed and mixed completely in the solution and high
Ti-containing Ti-MCM-41 molecular sieves are synthesized due to the pH value adjusted timely in the synthesis
process, which avoids from the increase of pH value in the hydrothermal reaction of the mixed gel. As the content of
Ti is increased in the molecular sieves, the cyclohexene conversion using H,0, as oxidant increases and can reach
the maximum conversion of 83%. The yield of cyclohexene oxide increases first and then decreases with the increase
in Ti content, maximum yield being about 37%, while the yield of 1,2-cyclohexanediol increases, maximum yield

being about 57%.
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Table 1 Physical properties of Ti-MCM-41 with different ng/n,; ratios

Sample nal o TiOw/ wi% 20/ () duo/uom  af/ om Wall thicknessb / Suer 1 () Pore volume®/ Pore size‘ /
number nm (mL-g") nm
1 2 45.4 — — — — — — —
2 4 32.6 2.39 3.695 4267 1.867 398 0.346 2.4
3 5 29.5 239 3.695  4.267 1.876 444 0.325 2.4
4 8 19.7 2.38 3.711 4.285 1.885 683 0.429 2.4
5 10 172 234 3774 4358 1.958 713 0.420 24
6 20 12.3 2.34 3.774 4.358 1.858 786 0.557 2.5
7 40 6.39 230 3.840 4434 1.734 899 0.594 2.7
8 60 3.87 2.26 3.908 4.513 1.813 970 0.672 2.7
9 © 0 2.22 3.978 4.594 1.694 971 0.855 2.9
* Caleulated from a=2d,/\/3 ;" Calculated as ay- pore size; ¢ Determined by using the BJH method.
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Fig.1 XRD patterns of samples with different ng/ny; ratios
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Fig.5 Transmission electron micrographs of samples
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Fig.6. UV-Raman spectra of samples
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Fig.7 Wide angle XRD pattern of the sample 2(ns/n=4)
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a: the conversion of cyclohexene; b: the yield of cyclohexene oxide;
c: the yield of 1,2-cyclohexanediol. Reaction conditions: Ti-MCM-
41 with different TiO, content as catalyst; catalyst =9.5% of the
substrate; cyclohexene/H,0,(mol/mol)=1:3; temperature: 70 °C; re-
action time: 6 h
B8 Ti-MCM-41 A Bk b 35 O o S AL 19 S i
Fig.8 Influence of Ti content in Ti-MCM-41 on the

cyclohexene oxidation.
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a: the conversion of cyclohexene; b: the yield of cyclohexene oxide;
c: the yield of 1,2-cyclohexanediol. Reaction conditions: Ti-MCM-
41 with Si/Ti=20 as catalyst; catalyst=9.5wt% of the substrate; cy-
clohexene/H,0,(mol/mol)=1:3; temperature: 70 °C
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Fig.9 Influence of reaction time on the cyclohexene

oxidation.
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