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Abstract

In conversion of natural gas to liquids, the promising prospect
is a simple one~ or two-step process carried out under mild
temperature and pressure conditions and yields high conversions
and selectivity of the gasoline and/or distillate fuels. Both
catalytic and non-catalytic methods are being explored along with
other unigque methods, such as biological techniques. Some high
potential catalytic methods are in the conceptual stage and need
further exploration.

Non-catalytic methods are being explored as potential means to
initiate desired reactions. Biological methods are in their
infancy but could develop into a promising approach, while
possibly shedding light on catalytic improvements. 1In all
processes, yield and selectivity trade-offs must be considered.
There is a need for new and improved separation techniques to
remove desired products from unconverted feed and undesirable
products. Techniques such as membrane, liquid membrane, or
improved fractionation and absorption techniques should be
studied toward reducing costs. Recycling of unconverted
feedstock and undesired product is also costly. Methods to
reduce these costs are being investigated.

Natural Gas to Liquids Program

The natural gas to liquids conversion researxrch is a
multidisciplinary effort focused on the development of an
economic one, step process which will convert natural gas to
gasoline or distillates. This research effort is anticipated to
provide process technology to convert natural gas to higher value
uses and to provide a means of transporting natural gas from
remote locations to the marketplace. One of the most promising
options is to convert the gas to liquid fuels such as methanol or
gasoline. Conventional technology using steam reforming is
economically unfeasible. Other techniques, such as direct
catalytic oxidative coupling, have potential for significant cost
reduction. Therefore, this research effort has been initiated to
develop new or improved techniques specifically related to rate
and efficiency of conversion. In order to accomplish this
research, two broad goals have been defined: (1) develop a
method for conversion of natural gas to liquid fuels with
acceptable conversion rates and selectivity to desired products
and (2) assess several catalytic and noncatalytic techniques
through laboratory experiments, theoretical analyses, and systems
analyses.

In pursuit of these goals/objectives, the approach to natural ga;
to liquids conversion research is ag follows:
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Development of a major cost reduction through the
exploration of new concepts to simplify the process, improve
yields and selectivity, and improve separation and recovery
of the product. The long-term research approach is to seek
the ultimate one step conversion process with high vield,
high selectivity, and a high separation/recovery efficiency.
The achievement of these goals will result in a competitive
process on both large and small scales.

Achievement of the major cost reduction through the
development of catalytic, noncatalytic, and bioclogic
processes, as well as trade-off evaluations of separation
and recycle facilities for conversion and selectivity.

The natural gas to liquids conversion (NGTL) research project
contains each of the elements indicated above plus a project
management function. The latter is a DOE function of planning,
execution control, and technical integration of the subprogram.
Specific research activities are described below:

Efforts underway in new catalysts research include efforts
to assess several catalytic techniques through laboratory
experiments, theoretical analysis, and systems analyses, in
order to select the most promising methods for further
development. The major part of the effort will be devoted
to laboratory investigation of simplified catalytic
conversion methods for production of ethylene and/or other
intermediates that might be further converted to gasoline or
other "end use" fuels.

Efforts underway in noncatalytic processes research include
efforts to develop an understanding of the fundamental
chemistry necessary to develop a process to effect the
partial oxidation of methane to methanol by some form of
exothermic reaction such as a plasma source, electromagnetic
radiation or other thermal initiation technique.

Activities have been initiated to conduct and evaluate the
use of biomimetic methods which use the desirable aspects of
bio-conversion but aveid negative aspects such as slow
reactions, large reactors, and product separation problems.

Preliminary efforts are planned to evaluate the development
and enhancement of facilities for the separation, recycling
and collection of gas in disadvantaged areas of natural gas
production. These facilities will be an integrated part of
mobile conversion units.

Future plans will include preliminary activities to
investigate the potential of converting natural gas into
some form of high density fuel. The focus of the work is to
enhance the development of cost-effective, high density, and
advanced fossil fuels for military and commercial
applications. The categories of research will include the
development of high density diesal fuel, advanced
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industrial/aviation turbine fuels, and advanced high-energy
endothermic aviation fuel.

Accomplishments in FY 90

() Tests were conducted that provided preliminary information
that could allow investigators to determine the influence of
the reactor to conversion chemistry and aid in the
evaluation of simulation and/or analytical models currently
being developed.

L] Studies have been preformed which stabilize sodium
pyrophosphate and allow the substitution of perovskite type
oxides for the normal cation. This substitution provides
what appears to be a superior catalysts. Work will continue
to atudy this catalyst to determine it value for natural gas
conversion processes.
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