Abstract

Project Code: TRG5780160

Project Title: Nanomaterials for Renewable Fuel. Part |l — Lepidocrocite Titanates with
Aliovalent Substitutions as Precursors for Nanostructured Materials in the Catalytic
Conversion of Fatty Acids into Diesel Fuel

Investigator: Tosapol Maluangnont, College of Nanotechnology, King Mongkut’s Institute
of Technology Ladkrabang (KMITL)

E-mail Address: tosapol.ma@kmitl.ac.th

Project Period: June 2014, 2" — June 2016, 1™

Several compositions of lepidocrocite titanate with aliovalent substitution of M (n not equal
to 4) for Tilv have been prepared, including Ky gZng4Tij 04 (M = Zn, Cu, Ni, Co, Mg, Cu/Ni
and Cu/Zn), Ky gFeggTi 204, Kgsligo7Tiq 7304 and some of the reassembled nanosheets. The
base-characters of these materials have been investigated by CO, temperature-
programmed desorption (CO,-TPD), FTIR, and the adsorption of liquid palmitic acid. As an
example, KqgZng4Ti1 604 has low basicity (0.04 mmol CO,/g) and is a weakly basic material
(CO, desorption temperature in the range 50-300 0C). However, the interlayer basic sites
are active toward palmitic acid (C-16 acid), leading to the intercalation of potassium
palmitate. The conversion of palmitic acid into diesel fuel over these materials was
performed either in a continuous fixed-bed flow reactor or in a semi-batch mode. In the
continuous mode, yields of 18-35% of C-10 to C-14 hydrocarbons can be achieved at the
reaction temperature of 375 °C and the contact time 1,500 gh/mol. In the semibatch mode,
the larger yields of liquid hydrocarbons (47-74%) were obtained. The increase of the liquid
hydrocarbon yields with the increase in basicity of lepidocrocite titanate is observed in both
cases. The overall reaction pathway includes the ketonization of palmitic acid into palmitone
followed by its cracking into smaller hydrocarbons, in addition to the direct decarboxylation,
decarbonylation, and deacetylation of palmitic acid. The catalytic activity and the product
distributions can be further fine-tuned by the aliovalent co-substitution of the metal M" for
Ti' as demonstrated for KCuNi and KCuZn. So, lepidocrocite titanate could potentially

serve as a new type of catalyst for the production of diesel fuel from fatty acids.
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