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Construction of hierarchical micro—mesoporous Silicalite—1 zeolite and its
catalytic performance in vapor—phase Beckmann rearrangement

HUANG Wenbin, ZHANG Yunmei, BAI Tianyu, XU Zhen, ZHOU Yasong, WEI Qiang
(State Key Laboratory of Heavy Oil Processing, China University of Petroleum, Beijing 102249, China)

Abstract: Vapor—phase Beckmann rearrangement is a green process for the production of &—caprolactam (CPL).
MFI-type Silicalite=1 zeolite is the most widely used catalyst for this reaction; however, its sole microporous
structure severely restricts the diffusion of both the reactant cyclohexanone oxime (CHO) and the product CPL,
leading to increased side reactions. In this study, using Silicalite—1 synthesized in a n—butylamine system (NE-S-1)
as the object, three strategies for constructing hierarchical micro—mesoporous structures were systematically
compared: in—situ incorporation of cetyltrimethylammonium bromide (CTAB), addition of triethanolamine (TEA),
and post—synthesis alkali treatment with sodium hydroxide (NaOH). The results show that although CTAB
significantly increases the mesopore volume, it severely damages the microporous structure, resulting in decreased
catalytic activity. TEA mainly acts as a morphology regulator and fails to effectively generate mesopores. In contrast,
post—synthesis alkali treatment (S—1-NaOH-2) introduces abundant mesopores with an average pore size of 3.8 nm

while preserving the microporous framework, and simultaneously reconstructs the terminal silanols into hydrogen—
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bond-rich silanol nests, generating highly efficient active centers. This sample achieves a synergy of high activity

and high selectivity, maintaining a high conversion (>95%) while increasing the CPL selectivity to over 95%.

Keywords: zeolite; micro-mesoporous structure; alkali treatment; molecular synthesis; diffusion
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Fig.1 XRD patterns of different Silicalite—1 samples
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Fig. 2 SEM images of different Silicalite—1 samples
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Table 1 Textural properties of different Silicalite—1 samples

- Sur Sy S, v, Viion Vi
(m*-g™) (m’-g™) (m’-g™) (em’-g™) (em’-g™) (em®-g™)
NE-$-1 409 358 51 0.27 0.16 0.1
$-1-C3 249 142 107 0.69 0.06 0.63
$-1-12 420 403 17 0.26 0.18 0.08
$-1-NaOH-2 410 328 82 0.43 0.14 029
UR S-1-NaOH-2 417 396 21 0.26 0.18 0.08
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Fig. 3 N, adsorption—desorption isotherms (a) and pore size distribution curves (b) of different Silicalite—1 samples
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