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Synthesis of polyoxymethylene dimethyl ethers from
dimethoxymethane and trioxane catalyzed by ionic
liquids encapsulated in caged mesoporous KIT-5 material

ZHANG Chao-feng'>* , ZHANG Jing'*, ZHANG Hao-yu'*, HUANG Shuang-ping', LI Rui-feng’
(1. College of Biomedical Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. College of Chemistry and Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Four kinds of supported ionic liquid catalysts were prepared by encapsulation of ionic liquids within
the nanocage of KIT-5 and were used in the synthesis of polyoxymethylene dimethyl ether ( PODE,) from
dimethoxymethane and trioxane; the effects of conditional parameters on the conversion of trioxane and the
selectivity to targeted PODE, ; were systematically investigated. The results show that the optimum reaction
parameters for the synthesis of polyoxymethylene dimethyl ether were: reaction time of 2 h, 100 C,
dimethoxymethane to trioxane molar ratio of 1.5, and catalyst content of 3% . Under the optimum conditions,
the encapsulated catalysts are efficient in the synthesis of polyoxymethylene dimethyl ether, with a similar
catalytic activity to the homogeneous counterparts. Moreover, the encapsulated catalysts can be reused several
times without remarkable loss of activity and product selectivity, which makes it a promising catalyst for practical
applications.
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Figure 1 UV-vis spectra of KIT-5 or KIT-5-X
a: IL2 in methanol solution; b: after adsorption with
KIT-5-C12; c. after adsorption with KIT-5-C8; d. after
adsorption with KIT-5-C3; e after adsorption with KIT-5
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Figure 2 XRD patterns of various samples
a; KIT-5; b: KIT-5-C12; c. IL1@KIT-5-C12;
d: [[2@KIT-5-C12; e: IL3@ KIT-5-C12; f; IL4@ KIT-5-C12
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Figure 3 N, adsorption-desorption isotherms of KIT-5(a) ,
KIT-5-C12 (b) and IL3@ KIT-5-C12 (c)
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Figure 4 Pore diameter distributions of KIT-5 (a),
KIT-5-C12 (b) and IL3@ KIT-5-C12 (¢)
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Table 1 Textural properties of different samples

BET surface Pore BJH pore
Sample area A/ volume v/ diameter
(m’-g")  (em’-g™) d/nm
KIT-5 852 0.50 2.7
KIT-5-C12 235 0.29 2.4
IL3@ KIT-5-C12 130 0.17 2.0
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Figure 5 FT-IR spectra of various samples
a; KIT-5; b: IL1@ KIT-5-C12; c: IL2@ KIT-5-C12;
d; IL3@ KIT-5-C12; e; [L4@ KIT-5-C12
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Figure 6 TGA curves of different samples
a; KIT-5; b; KIT-5-C12; c; IL1@KIT-5-C12;
d: [L2@KIT-5-C12; e: 4@ KIT-5-C12; f; IL3@ KIT-5-C12
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Table 2 Elemental analysis of different samples

Sample w(S)/% w(ILs)/%
KIT-5-C12 0.00 0.00
IL1@ KIT-5-C12 2.04 10. 17
IL2@ KIT-5-C12 1.77 10.39
IL3@ KIT-5-C12 2.16 10. 18
[L4@ KIT-5-C12 1.96 10. 83
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Figure 7 Catalytic tests for the synthesis of PODE, ; under different conditions
(a): varying reaction time (100 °C, dimethoxymethane/trioxane molar ratio of 1.5, and 3% catalyst) ;
(b) . varying reaction temperature ( dimethoxymethane/trioxane molar ratio of 1.5, and 3% catalyst, reaction for 2 h) ;
(c): varying catalyst dosage (100 C, dimethoxymethane/trioxane molar ratio of 1.5, reaction for 2 h) ;
(d) : varying molar ratio of dimethoxymethane and trioxane (100 C, 3% catalyst, and reaction for 2 h)
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Figure 8 Recycling tests of IL3@ KIT-5-C12 under 100 C,
dimethoxymethane/trioxane molar ratio of 1.5,
catalyst dosage of 3% , and reaction for 2 h
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Figure 9 Comparison of different catalysts in their activity
a; ILA@KIT-5-C12; b, IL3@ KIT-5-C12;

c: IL2@KIT-5-C12; d. IL1@ KIT-5-C12
reaction conditions; 2 h, 100 C, catalyst dosage 3% ,
dimethoxymethane and trioxane molar ratio of 1.5
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Table 3 Performance comparison between free
ILA catalyst and supported IL4@ KIT-5-C12 catalyst

Catalyst x(TOX)/%  w(PODE, ;)/%
KIT-5 0.00 0.00
L4 83.69 44.43
ILA@ KIT-5-C12 82.97 43.36
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