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Abstract: In this study, phosphorus and transition metal-modified ZSM-5 molecular sieves were prepared via the incipient wetness

impregnation method and characterized by XRD, N, adsorption-desorption, and pyridine-IR spectroscopy. The effects of modified zeolites
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on the catalytic pyrolysis of n-heptane, 3-methylhexane, and methylcyclohexane were systematically investigated, revealing the structure-

activity relationship between acid properties and catalytic performance. The results indicate that phosphorus and transition metal

modification can regulate the L/B acid ratio of ZSM-5, which significantly influences product distribution. An excessively high L/B acid

ratio promotes hydrogen and coke formation, leading to pore blockage and reduced conversion, whereas an appropriate L/B acid ratio

facilitates mild dehydrogenation, enhancing ethylene and propylene yields. The reactant conversion followed the order: n-heptane > 3-

methylhexane > methylcyclohexane. Efficient conversion of 3-methylhexane and methylcyclohexane requires catalysts with high L acid

mount, strong Brensted acid amount, optimized L/B acid ratio, as well as high specific surface area and micropore specific surface area. This

study provides critical insights for designing high-efficiency alkane pyrolysis catalysts.

Key words: 3-methylhexane; methylcyclohexane; pyrolysis; molecular sieves; reaction; transition metal; modification; dehydrogenation
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Fig. 1 XRD patterns of modified ZSM-5 molecular sieves by
hydrothermal treatment
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Table I Relative crystallinity, BET specific area and pore volume of modified ZSM-5 molecular sieves by hydrothermal treatment
Relative crystallinity =~ BET specific area ~ Micropore specific area  Total pore volume  Micropore volume
Sample % f(m*g ) [(m' g ) fem™g ) fem™g ')

Z 100 283.0 220.2 0.186 0.114
P-Z-S 94.7 296.2 151.1 0.177 0.065
P-Fe-Z-S 82.9 286.2 120.3 0.170 0.054
P-La-Z-S 80.3 295.2 117.0 0.200 0.053
P-Cu-Z-S 77.6 261.5 117.7 0.167 0.052
P-Y-Z-S 88.2 283.2 95.9 0.179 0.048
P-W-Z-S 90.8 274.8 121.9 0.187 0.055
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Fig.2 Pyridine adsorption FT-IR spectra of modified ZSM-5 molecular sieves by hydrothermal treatment
(Pyridine adsorption FT-IR spectra at (a) 200 and (b) 350 °C)
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Table 2 Acidic properties of modified ZSM-5 molecular sieves by hydrothermal treatment

200 C 350 C
Sample acid amount /(umol- g7l ) acid amount/(pmol- g71 )
total B acid total L acid L1 /B strong B acid strong L acid Ls /Bs

P-Z-S 39.1 11.0 0.28 23.5 1.8 0.08
P-Fe-Z-S 54.8 29.3 0.54 33.9 1.8 0.05
P-La-Z-S 39.1 7.3 0.19 26.1 1.8 0.07
P-Cu-Z-S 31.3 230.9 7.37 28.7 98.9 3.44
P-Y-Z-S 54.8 16.5 0.30 31.3 5.5 0.18
P-W-Z-S 49.6 18.3 0.37 31.3 7.3 0.23

Note: L;/B; represents the ratio of total acid amount of L acid to total acid amount of B acid, Ly/Bg represents the ratio of acid amount
of strong L acid to acid amount of strong B acid.
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Fig. 3 Conversion and major products yield of C, hydrocarbons with different structures catalytic pyrolysis over modified ZSM-5
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