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Development of Solid Acid-Metal Nanoparticle Bifunctional Catalysts for

Dehydrogenative Direct Coupling with Alkanes
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Ken Motokura

The direct alkylation of benzenes with simple alkanes is one of the ideal processes for the production
of alkylbenzenes. We demonstrated that Pd nanoparticles on the outer surface of H-ZSM-5 are efficient
catalysts for direct alkylation. The reaction proceeds through the activation of an alkane on the

acid sites present inside the zeolite pores. This process is followed by the nucleophilic addition

of an arene to the activated alkane. The spillover of the abstracted hydrogen atoms from the acid

sites to the Pd nanoparticles on the outer surface accelerates recombination to H,. A maximum toluene
conversion of 58.5% and selectivity of 95.6% for the alkylated products are achieved when toluene
is reacted with nmheptane. Para—-selective alkylation is achieved, due to the effect of the pore size

of H-ZSM-5.
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Catalyst Pd Toluene | Select. of | TONa
(mmol conv. | Alkylation kyl®
ghb (%) | Product (%)
Pd/H-ZSM-5 0.33 10.1 85.6 32
(C:Cs:others =
45:41:14)
Pd/H-ZSM-5 0.19 10.0 95.1 (48:43:9) 6.2
Pd/H-ZSM-5 0.15 11.0 95.8 (43:46:11) 82
Pd/H-ZSM-5 0.09 85 98.5 (49:44:7) 112
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2 Reaction conditions: toluene (1.2 mmol), n#-heptane (6.8 mmol),
catalyst (0.10 g), 150 °C, 16 h. Pd/H-ZSM-5 was prepared at pH
= 4. ® Measured by ICP. ¢ TON of alkylation product was
calculated by the following equation: (yield of toluene alkylation
product)/((amount of Pd). 4 0.76 g of Pd/H-ZSM-5 was used. "
Pd/HT (0.10 g) and H-ZSM-5 (0.10 g) were used.
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41:14)
Pd/H-beta 0.31 43 85.7 (75:8:17)
Pd/H-mordenite | 0.32 2.0 753 (75:3:22)
Pd/H-USY 043 7.7 74.5 (13:3:84)

2 Reaction conditions: toluene (1.2 mmol), #-heptane (6.8 mmol),
Pd/zeolite (0.10 g), 150 °C, 16 h. Pd/zeolite was prepared at pH =
4. > Measured by ICP. © TON of alkylation product was calculated
by the following equation: (yield of toluene alkylation
product)/(amount of Pd).
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