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‘ Transesterfication reaction ]
Vegetable Oil Methanol Biodiesel Glycerin
H,C—OCOR; R;COOCH; H,C—OH
Basic catalyst
HC—OCOR; + 3CH3;0H =—————= RjCOOCH; + HC—OH
H,C—OCOR3 RiCOOCH;  H,c—oH
Mono-alkyl esters
100 parts 11 parts
DR SUES TR &P ¥ 4
AFRNPTRLAASF 2 RAY
H>,C—OH HZ(‘Z—OH H,C—OH H,C—OCOR
HC—OH H(‘:—OH HC—OCOR> HC—OCOR>
H,C—OH H,C—OCOR3 H»C—OCOR3 H,C—OCOR3;
Glycerin monoglycerin diglycerin triglycerin
R{COOH
R{COOH
! CH30H Na, K, Ca, Mg, P
R{COOH
free fatty acids methanol catalyst metal
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1. Extraction of pentachlorophenol (PCP) from soils using
environmentally benign lactic acid solutions

The presence of organic contaminants like PCP in soil is a major
environmental concern. Various remediation methods have been used of which
soil washing is a common procedure. Many different solvents like surfactants,
ionic liquids and cyclodextrins have been studied. The present study describes use
of lactic acid solutions as an environmentally friendly and biodegradable
extractant. Two model soils namely, montmorillonite (MT) and clean sediment
from Caesar's Creek (CC) consists of 3.4 % organic matter was spiked with PCP
with an initial loading of 100 mg/kg. Results from a study on the extraction
efficiencies at different concentrations of lactic acid (1-100%) solutions in water
will be presented. The role of solvent pH and soil-solvent (w/v) ratios will also be
discussed. Initial results show that the extraction efficiency of PCP from MT is

more than that of from CC soil.

2. Safe nanotechnology: Implications and applications in the

environment

Traditionally, nanotechnology has been motivated by the growing importance
of very small (d < 50 nm) computational and optical elements in diverse
technologies. However, this length scale is also an important and powerful one for
living systems. At Rice, we believe that the interface between the "dry" side of
inorganic nanostructures and the "wet" side of biology offers enormous
opportunities for medicine, environmental technologies, as well as entirely new
types of nanomaterials. As part of our work on the potential biological
applications, we also consider the unintended environmental implications of water

soluble nanomaterials. Given the breadth of nanomaterial systems, we use a
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carefully selected group of model nanoparticles in our studies and focus on natural
processes that occur in aqueous systems. We characterize the size and
surface-dependent transport, fate and facilitated contaminant transport of these
engineered nanomaterials. Models from larger colloidal particles can be extended
into the nanometer size regime in some cases, while in others entirely new
phenomena present themselves. We also consider biological interactions of
nanoparticles and specifically address the interactions of a classic nanomaterial,
Cq, with cellular systems. While the water-suspendable nano-C,, nanocrystal is
apparently cytotoxic to various cell lines, the closely related fully hydroxylated,
Csw(OH),,, is non-toxic, thus producing no cellular response. Similarly, we have
also found that functionalized single-walled carbon nanotubes are non-toxic to
cells in culture. More specifically, as the functionalization density of the SWNT

increases, the nanotube becomes more inert to cultures.

3. Nanoscaled Mg(OH), used as flame retardant additive

Headwaters Technology Innovation Group (HTIG) has applied aqueous
colloidal chemistry with great success in the development of “bottom-up”
nanomaterials and nanotechnologies. One such material is a nano-scaled
magnesium hydroxide, Mg(OH),, which is primarily used as a flame retardant
additive, but also imparts excellent mechanical properties in light-weight
construction materials. Commonly, halogenated (Br) flame retardants are used,
but undesired properties such as excessive smoke and HCI formation, and
increased performance in new environmentally friendly alternatives, has reduced
their market share.

The working principle is very simple and follows: Mg(OH), — MgO + H,O
1316 J/g (1)

4. Photodeposited metal clusters for photocatalytic conversion of
CO; to methanol

Public concern has been heightened by the climatic consequences of the
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greenhouse effect caused by combustion of fossil fuel. Photocatalysis is a suitable
approach for the abatement of contaminants. Two aspects have dominated the
research of photocatalysts, namely improvement of visible light absorption and
minimization of charge recombination. The later can be improved by a decrease in
the particle size and by the addition of small metal clusters that work as electrons
sinks. The electron transfer phenomenon is vital to the catalytic cycle and a key
aspect in processes such artificial photosynthesis. EPR experiments under UV
irradiation were carried out on nano-sized metal supported on TiO, revealed that
the presence of a metal leads to the loss of signal related to the stabilized electrons
on the pure TiO, (Ti’") when a hole scavenger is present. We are testing the
catalysts in methanol production in a photoelectric-reactor, which removes the

photogenerated holes electronically.

5. Nanocatalysts for synthetic fuels to support the hydrogen

economy

We are developing highly active, moderate temperature, nano-structured
catalysts for the hydrogenation of CO,-rich feedstocks to produce liquid synthetic
fuels. The bi-functional catalysts contain a methanol synthesis catalyst and a
methanol to gasoline functionality in close proximity. The nanoscale composite
catalysts have been prepared and characterized by X-ray diffraction (XRD),
transmission electron microscopy (TEM), scanning electron microscopy (SEM),
and BET surface area. Catalyst activities and selectivities for the production of
methanol, dimethylether, and hydrocarbons were measured and compared to

commercially available catalysts.
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