





slurry in the reactor and are removed by the water as it forms during
the reaction. In order to show that this product removal process is
viable on a commercial scale, SWAPSOL has constructed larger 2 in.
reactors to demonstrate that the reaction is feasible over longer and
larger reactor beds. Scale up of commercial reactors from 1 in. or

2 in. reactor tubes is not a problem; many commercial processes
have heen designed with large reactor shells containing many
thousand reactor tubes within the shell.

Using these longer catalyst beds, SWAPSOL is currently
designing and building a pilot plant with an outside organisation.
Following successful operations during a pilot programme, the
company believes the best initial commercial application to be a
landfill gas cleanup operation. Typically standalone operations, sour
gas landfills require little integration with existing systems and allow
for relative quick implementation. Additional demonstration studies
are planned for natural gas plants.

The best way to illustrate how the SWAP reaction proceeds is to
show a series of three photographs. The feed to the reactor consisted
of a mixture of 25% (by volume) H,S and 13% CO, with the balance
methane. Figure 2 shows a typical progression for the SWAP
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Figure 3. SWAP results from sour gas mixture. C0, and H,S concentrations
versus time. Initial gas blend: 10% C0,, 20% H,S, 70% CH,.
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reaction: in the left pane the reaction has just started, water and
sulfur are forming; the middle pane shows additional sulfur and
some carsuls; and the right pane shows the dried product of sulfur
and carsuls. Results of these bench scale experiments indicate the
total destruction of H,S within minutes of initiating the reaction,
followed by a stoichiometric decrease in the CO, concentration
shortly thereafter.

Figure 3 shows typical analytical results for a similar reaction
with 20% H,S, 10% CO,, and 70% methane. The graph shows that the
H,S concentration decreases immediately to approximately
0.05 ppm, the limit of the current instrumentation. It also shows the
presence of a ‘conditioning’ step of approximately 2 hrs, after which
the CO, concentration drops to and remains at zero.

SWAPSOL's process technology has broad potential applications
in many sectors of the petroleum refining, petrochemical and natural
gas industries including:

D Landfill gas processing: sour gas cleaning.

D Natural gas production: sour gas cleaning.

D Refining: Claus tail gas cleaning.

D Flue gas cleaning: refinery, power generation, industrial
processes.

D Waste HC destruction, H,S generation.

D  Carsul utilisation.

D Hydrogen generation.

Landfill gas cleanup

US Department of Energy (DOE) studies describe landfill

gas production and cleanup requirements in the range of

15 - 20million ft3/d. While landfill gas cleanup may not be the
largest and most important application of SWAPSOL technology, it
may be the easiest to implement quickly. Each landfill is normally
a standalone application close to an urban location, requiring
limited integration activities with existing processes. Currently
gases from landfills may be used for onsite power generation, they
may be cleaned, compressed and sent to common carrier
pipelines, or they may be flared. Equation 7 illustrates landfill gas
processing.

Natural gas production

Approximately 40% of the world’s natural gas wells are classified as
sour and contain substantial amounts of H,S as well as CO,.
Applications for the SWAP may be in two areas: new sulfur plants or
tail gas cleanup of existing plants. Outside laboratory data verifies
reduction of H,S to below detectable limits (Figure 3, Equation 7).

Refining sulfur plant tail gas cleaning

All petroleum refineries have sulfur plants. Most crude oils contain
sulfur, usually in the form of mercaptans or polynuclear aromatics
(PNAs), aromatic ring structure compounds with some carbon
members in the ring replaced by sulfur. During coking, hydrotreating
and hydrocracking, the sulfur containing compounds are cracked and
the sulfur hydrogenated to H,S. Sulfur recovery via Claus technology
is limited thermodynamically to approximately 95%, necessitating
additional tail gas cleanup in order to meet environmental mandates.
Opportunities for SWAP application are in tail gas cleanup. Equation 6
demonstrates the use for Claus tail gas cleanup.

Flue gas cleanup

Generally, flue gases from combustion processes include CO,, CO,
S0,, and NO,. Industrial waste gases may also contain organic sulfur
compounds such as COS, CS, and low molecular weight mercaptans
(dimethyl sulfide, dimethyl disulfide and thiophene, etc.). Under
proper operating conditions, the SWAP is capable of reducing most



existing gaseous oxides in flue gases as well as sulfur containing
pollutants. Refinery flue gas cleanup may be the simplest application
since refineries already have sulfur plants and gas streams
containing H,S. Other flue gas cleanup operations will require that
H,S be generated onsite using the SWAP waste destruction process
that reacts any waste hydrocarbon with sulfur to form H,S and
carsuls. An example for refinery flue gas cleanup is shown in

Figure 4.

Waste hydrocarbon destruction and carsul
utilisation

Any waste hydrocarbon will react with hot molten sulfur resulting in
two reaction products, H,S and carsuls, as well as byproducts, which
will depend on the feedstock used (Figure 1). The SWAP’s ability to
generate H,S opens up another set of applications, particularly in the
use of carsuls. Upon heating carsuls bound sulfur is liberated,
enabling the destruction of additional waste hydrocarbons. Utilisation
of carsuls formed by the destruction of waste hydrocarbon and the
primary SWAP reaction may create entirely new industries; they may
become building blocks for many new products. However, this field
has not been investigated in any detail and will require extensive
experimental work. Laboratory data shows that carsuls are not
soluble in common solvents, however the company has not yet
performed toxicology studies on carsuls.

Hydrogen generation

The SWAPSOL sulfur cycle includes one additional reaction that
produces hydrogen from H,S. This reaction may allow a refiner to
recover hydrogen from hydrogen sulfide. The process is the least
developed of the SWAPSOL processes and will require extensive
experimental work.

Results and conclusions
The SWAP is not a CO, capture process. Itis a C0, conversion and
elimination process based on a previously undiscovered exothermic
interaction between CO, and H,S. In a near instantaneous reaction, it
breaks down CO, and H,S, rearranges their components and produces
water, sulfur and carsuls, a carbon/sulfur polymer. The SWAP stands
to eliminate CO, emissions from sour gas and high sulfur oil refining
operations while lowering operating costs. The SWAP has been
verified to reduce H,S below detectable levels. By installing SWAP
hydrocarbon waste destruction units the requisite amount of H,S can
be generated for a self sustaining reaction to convert C0, and other
reactive species at coal fired power generation plants or concrete
manufacturing sites where H,S may not be readily available.
Laboratory scale development of the various SWAPSOL
processes is nearing completion and the company is scheduled to
begin pilot plant studies in late 2010. The first commercial
application of the SWAP is expected to be implemented at a landfill
site where little integration with existing onsite processes will be
needed. 14
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