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Abstract of Thesis

We are currently in the 6 technological wave, commonly called the nanotechnology wave. Nanotechnology has the possibility
of creating fine-tuned and enhanced materials. Two main synthetic approaches for the synthesis of nanomaterials exist, hard-
templating and soft-templating, in this research I focus on the ladder. The versatility of these lyotropic mixtures is inherent to
their surfactant self-assembly and amphiphilicity properties. This allows for the synthesis of a wide range of nanomaterials
with different morphologies.

In this research I focused on two soft-templating methods, two-dimensional reactor in amphiphilic phases (TRAP) and
Emulsion. In the TRAP method, sparsely suspended amphiphilic bilayers work as reactors in hyperswollen lamellar (HL)
phases allowing for the synthesis of 2-dimensional nanomaterials with several nanometer thickness. The emulsion method uses
self-assemble micelles to synthesize small nanospheres of the desired material. Compared to TRAP method, the emulsion
method can withstand high temperatures, hence, is used to synthesize zeolites by hydrothermal synthesis. In Chapter 1, I
present a general introduction to soft templating and lyotropic mixtures, and the potential of aluminosilicate materials.

In Chapter 2, I focus on the synthesis of both amorphous and crystalline aluminosilicates using TRAP and emulsion method,
respectively. For amorphous aluminosilicates synthesis in TRAP’s, [ made a factorial analysis to evaluate the effect of
agitation, temperature and catalyst concentration on the surface area of the material and particle size. By controlling the
kinetics of the hydrolysis of Si and Al species, I was able to control the particle size and external surface area of the obtained
amorphous aluminosilicate nanoplates (a-ASnp) and their aggregated amorphous aluminosilicate nanosheets (a-ASns) with a
thickness of several nanometers limited by the supramolecular aggregates of amphiphilic phases with large shape anisotropy.
Finally using the emulsion method, I was able to reduce the particle size to 100 nm diameter for MFI-type zeolites synthesized
in a lyotropic mixture of Water/Surfactant/Organic Solvent by hydrothermal synthesis. I was able to successfully control the
synthesis of this aluminosilicate material and reduce the particle size to the nanometer size.

In Chapter 3, I evaluated the potential of amorphous aluminosilicates as support for active metal species in the Catalytic
Decomposition of Methane (CDM), evaluating the effect of the support morphology on the impregnation and crystallization of
the active metal species, nickel, on the support, and further evaluating its performance on CDM. I also evaluated the effect of
additional metal promoters La** and Cr** on the overall catalyst and their combined effect. Finally, I evaluated the effect of the
morphology of the metal active species itself, by synthesizing a-Ni(OH)2 nanosheets, by TRAP method, and evaluated their
effect as both active particle and support.

To conclude, in Chapter 4 I studied the effect of the reduction of MFI-type zeolite diameter to nanosized scale in one of the
intermediary reactions for the chemical breakdown of lignin “transalkylation”, by using a similar phenolic compound found in
lignin, 4-propylphenol (ppp), and reacted it with supercritical benzene over the synthesized nanometer MFI-type zeolite using
a fix bed reactor, and further evaluated the Thiele modulus of the new aluminosilicate nanomaterial to determined their
effectiveness factor.

In summary, I have successfully adapted lyotropic mixtures to different nanomaterials and morphologies by modifying the
composition of the mixture, and further control the nanomaterial particle size by controlling the reagents amount during the
nanomaterial synthesis. These materials showed great promise in different catalytic applications due to their great surface area,

tailored active sites and shape selectivity.
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