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Development of a new zeolite catalyst with multi-dimensional pore system toward envi
ronmentally benign oxidation catalyst

Kubota, Yoshihiro
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YNU-2P, a highly crystalline composite of organic structure-directing agent (OSDA)
and pure-silica MSE precursor, was synthesized by steam-assisted crystallization (SAC), a form of dry-gel
conversion (DGC). The presence of a significant quantity of site defects in the YNU-2P caused the collaps

e of the MSE framework during calcination, and the defects were partially filled with Si by steaming, thus
stabilizing the MSE framework as the microporous pure-silica material YNU-2. The remaining site defects a
Ilow atom insertion into the framework. After optimizing the conditions for steaming and vapor phase TiCl4
treatments, the efficient introduction of Ti into the framework was accomplished to give the new micropor
ous titanosilicate Ti-YNU-2. This material proved to be a high-performance catalyst, exhibiting remarkably
enhanced performance compared to Ti-MCM-68, a material already known to show superior performance to TS-1
, during phenol oxidation using H202 as an oxidant.
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Scheme 1
Ti-YNU-2 Assumed reaction pathways of phenol oxidation
Scheme 1 with H,O, over a titanosilicate catalyst
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Table 1 Oxidation of phenol with H>O; over various titanosilicate catalyst®
steaming
entry catalyst conditions Ti-content ® TON © yield (%)d para-sel’ H,0,
tC p APa  /mmol (g-cat)” total HQ CL p-BQ (%0)  conv. (%) eff. (%)
1 TiFYNU-2(250,10) 250 10 0.18 923 743 584 61 9.8 92 894 832
2 TiFYNU-2(250,30) 250 30 0.16 786 592 452 74 67 88 829 713
3 TiFYNU-2(250,50) 250 50 1.16 704 53.0 384 65 81 88 903 587
4 TiFYNU-2(300,10) 300 10 0.2 444 22 275 46 101 89 678 622
5 TiFYNU-2(300,30) 300 30 0.1 127 57 26 14 17 76 201 282
6  TiYNU-2(300.50) 300 50 0.07 118 41 15 L0 17 76 142 291
7 TiMCM-68-cal  — 0.25 272 323 222 83 18 74 633 511
8 Ti-MCM-68 - 0.25 150 171 111 55 05 68 340 501
9 TS-1 - - 0.36 50 84 47 37 00 56 252 334

a. Reaction conditions: phenol (PhOH). 21.25 mmol; catalyst. 40 mg; HyO,, 4.25 mmol; temperature, 100°C; time, 10 min. b. Determined by ICP
analysis. ¢ Tumover number (moles of [hydroquinone (HQ) + catechol (CL) + p-benzoquinone (p-BQ)] per mole of Ti site). d. Product yields based
on added H;O» after exhaustive acetylation of the products with excess (CH:CO)»O-K>COs3, the derivatized products were analyzed by GC (0.25 mm
* 30 m * 1.00 pm DB-1 column, intemal standard: anisole, detectorFID). e. Selectivity to para-isomers of dihydroxybenzenes and quinones (moles
of [HQ + p-BQ] per moles of [HQ + CL + p-BQ]. f. Efficiency of H;O; utilization (moles of [HQ + CL + p-BQ] per mole of H;O; converted).
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Figure 1

DR UV-vis spectra of various titanosilicate
catalysts (A) before and (B) after evacuation taken
by using a pseudo-in situ cell. Samples are (a)
TS-1, (b) Ti-MCM-68, and (c) Ti-YNU-2.
Evacuation was carried out at 400°C for 2 h.
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Figure 2.

DR UV-vis spectra of various titanosilicate
catalysts taken by using a pseudo-in situ cell after
addition of (A) H,O or (B) 30% aqueous solution
of H,0, to the evacuated samples as in Figure
2B. Samples are (a) TS-1, (b) Ti-MCM-68, and
(c) Ti-YNU-2.
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