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Abstract: Sec—butylbenzene is an important intermediate for the production of phenol and methyl ethyl ketone, and
its efficient synthesis is essential for the phenol - ketone co—production process. To overcome the inherent
drawbacks of conventional industrial catalysts (solid phosphoric acid and ionic liquids), such as equipment
corrosion, difficult separation, and environmental pollution, this work employed zeolites as environmentally benign
solid acid catalysts for the benzene/butene alkylation reaction. Three zeolites with distinct pore architectures—10
MR MFI (HZSM-5), 12 MR BEA (HB), and 12 MR supercages MWW (HMCM-22) —were systematically
compared. The study aims to elucidate the regulatory roles of pore topology and acid site accessibility on the
alkylation performance. The results demonstrate that HZSM~-5 exhibits negligible catalytic activity, attributable to
the synergistic constraints of its 10 MR channels and the scarcity of accessible external surface acid sites, leading to

diffusion limitations. HB, possessing a three-dimensional 12 MR channel system, achieves a butene conversion of
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59.7%; however, the extended diffusion pathways facilitate undesirable side reactions, resulting in a decreased

sec-butylbenzene selectivity of 79.5% and pronounced coke deposition. In contrast, HMCM-22 takes advantage of

its unique 12 MR supercage architecture together with a substantial proportion of external surface Brgnsted acid

sites (approximately 45% of the total), attaining over 80% butene conversion and nearly 100% sec-butylbenzene

selectivity under optimized reaction conditions. Based on these findings, a catalyst design strategy rooted in the

differentiated engineering of pore architecture and acid site distribution is proposed, offering a theoretical

framework for the rational design of alkylation catalysts.

Keywords: sec—butylbenzene; pore architecture; 2,6—di—tert—butylpyridine; shape selectivity; alkylation reaction
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Figure 2 XRD patterns of different zeolite samples
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Table 2 Physical Properties of Different Zeolite Samples

= SBET(mZ Smi(‘(mz Sm(mz le(cm3 Vi A
#”” -1 1 . -1 3 -1 3 -1
g) g) g) g) (em’g”) (em’g7)
HZSM-5 301 209 92 0.17 0.10 0.07
HB 465 334 131 0.43 0.16 0.27

HMCM-22 449 281 167 0.95 0.15 0.80

meso
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R ) B AR IR AL 1) et S LWL B8 A, (H el T
NH, 73 F RN, BE AT 5 Brgnsted fR 3 & A= i+
AEAERT, AT 5 Lewis FRAJE BT A7 B8 , PRI M L) IX.
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Figure 5 Temperature—programmed desorption curves of NH, for different zeolite samples
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Figure 6 Fourier transform infrared spectra of various zeolite samples at 200 °C (a) Py (b) 2,6-dTBPy
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Table 4 Types and quantities of acidic sites on different
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Table 5 Comparison of alkylation effects of different zeolites
Fedh THELH (%) PR )
SBB TBB NBB DSBB TSBB
HZSM-5 2.7 93.4 0 4.7 1.9 0
HB 59.7 79.5 1.4 0.4 18.6 0.1
HMCM-22 78.5 91.9 0.3 0 7.7 0.1

¥ :B/Bu=5 T=180 ‘C P =3.0 MPa WHSV, =11.0 h™'
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Figure 7 Relationship between mesopore volume, B acid quantity and catalytic performance
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Figure 8 Comparison of catalytic stability over (a) H-Beta and (b) H-MCM-22
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Table 6 The physical structure and performance of the catalyst after the reaction
FE Sum,(m2 g S, (m>g™") Sm(m2 ') le(cm3 g V. (em® ¢! Voo (em’g™)
HB-S 38 6 32 0.18 0 0.18
HMCM-22-S 275 132 143 0.66 0.06 0.60
——HB-S
95 F
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Figure 9 Thermogravimetric test of the catalyst after reaction
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Table 7 The sizes of reactants, product, base probes and

zeolitic channels
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Figure 10  The influence of reaction conditions on the alkylation performance of HMCM=-22 zeolite in the reaction of benzene with

butene
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