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(57) Abstract

A system for converting light hydrocarbons to heavier hydrocarbons having a synthesis gas production unit and a hydrocarbon
synthesis unit. For one application the synthesis gas production unit includes a turbine unit with a compression section, an autothermal
reformer fluidly coupled to the compression section for producing synthesis gas and combusting at least a portion the gas therein, and an
expansion section of the turbine unit fluidly coupled to the autothermal reformer for developing energy from the output of the autothermal
reformer. A water separation unit is preferably fluidly coupled to the synthesis gas production unit for removing water from the synthesis
gas. The water is directed to an oxygen/hydrogen separator to produce oxygen and hydrogen. Another water separation unit may also be
coupled to the output from the hydrocarbon synthesis unit for removing water from the heavier hydrocarbons and directing the water to the

oxygen/hydrogen separator.
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SYSTEM AND METHOD FOR CONVERTING LIGHT HYDROCARBONS TO
HEAVIER HYDROCARBONS WITH SEPARATION OF WATER
INTO OXYGEN AND HYDROGEN

TECHNICAL FIELD OF THE INVENTION

The present invention relates to synthesis gas
production and more particularly to a system and method for
converting light hydrocarbons to heavier hydrocarbons with

separation of water to produce oxygen and hydrogen.

BACKGROUND OF THE INVENTION

The term synthesis gas and syngas are frequently used
to describe a mixture of gases prepared as feedstock for a
chemical reaction. One example is a gas mixture of carbon
monoxide and hydrogen which may be used as a feedstock or
synthesis gas supplied to various reactions for making
hydrocarbon compounds. Another example is a gas mixture of
hydrogen and nitrogen which may be used as a feedstock or
synthesis gas to make ammonia. A mixture of carbon
monoxide and hydrogen is often used as a feedstock or
synthesis gas for production of hydrocarbon compounds by
a Fischer-Tropsch reaction which will be described later in
more detail. U. S. Patent 4,973,453, to Kenneth Agee,
entitled Apparatus for the Production of Heavier
Hydrocarbons from Gaseous Light Hydrocarbons, and U.S.
Patent 4,833,170, to Kenneth Agee, entitled Process and
Apparatus for the Production of Heavier Hydrocarbons From
Gaseous Light Hydrocarbons, provide information concerning
synthesis gas and typical Fischer-Tropsch reactions. Both
of these patents are incorporated by reference for all

purposes.
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A Fischer-Tropsch reaction 1s generally veryr
exothermic and temperature sensitive. Therefore,
temperature control is normally required to maintain a
desired hydrocarbon product output. A Fischer-Tropsch
reaction can be characterized by the following general
formula:

2H, + CO CH, + H,0

— -
Catalyst

At relatively low to medium pressures (near atmospheric to
600 psig) and temperatures in a range from about 300° F to
600° F, both saturated and unsaturated hydrocarbons can be
produced. Numerous catalysts have been used in carrying
out Fischer-Tropsch reactions.

Three basic methods have been employed for producing
synthesis gas for use as a feedstock in a Fischer-Tropsch
reaction. The methods are steam reforming wherein one or
more light hydrocarbons such as methane gas are reacted
with steam over a catalyst to form carbon monoxide and
hydrogen, partial oxidation wherein one or more 1light
hydrocarbons such as methane gas are combusted
sub-stoichiometrically to form carbon monoxide and hydrogen
and autothermal reforming which is a combination of steam
reforming and partial oxidation. Steam reforming 1is
normally an endothermic reaction. Partial oxidation and
autothermal reforming normally are both exothermic
reactions.

The steam reforming reaction of methane to produce
synthesis gas may be represented by the following general
formula:

CH, + H,O CO + 3H,

._)
Catalyst

A catalyst containing nickel is often utilized. The
hydrogen to carbon monoxide ratio of the synthesis gas
produced by steam reforming of methane is approximately
3:1.

Partial oxidation of methane to produce synthesis gas

may be represented by the following general formula:
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CH, + % 0, > CO + 2H,

Such partial oxidation is typically carried out using
relatively high purity oxygen which may be expensive in
comparison with other methods to form synthesis gas. A
catalyst may or may not be used. The hydrogen to carbon
monoxide ratio of the synthesis gas produced by partial
oxidation of methane is approximately 2:1.

For some applications a combination of partial
oxidation and steam reforming, known as autothermal
reforming, may be used to produce synthesis gas. Air is
generally used to provide oxygen for the associated partial
oxidation reaction. U.s. Patent 2,552,308 to F.J.
Buchmann, et al., entitled Low-Pressure Hydrocarbon
Synthesis Process, and U.S. Patent 2,686,195 to D.R.
McAdams, et al., entitled Hydrocarbon Synthesis, disclose
low pressure hydrocarbon synthesis processes wherein
autothermal reforming with air produces synthesis gas for
a Fischer-Tropsch reaction. Both patents are incorporated
by reference for all purposes. During an autothermal
reforming reaction, the exothermic heat from the associated
partial oxidation reaction may be used to provide heat
required for the associated endothermic steam reforming
reaction. An autothermal reforming process can be carried
out in a relatively inexpensive refractory lined carbon
steel vessel with generally lower costs as compared to
partial oxidation in pure oxygen.

An autothermal reforming reaction typically produces
synthesis gas with a lower hydrogen to carbon monoxide
ratio than steam reforming. As previously noted, steam
reforming of methane results in a ratio of about 3:1 while
partial oxidation of methane results in a ratio of about
2:1. The optimum ratio for synthesis gas supplied to a
Fischer-Tropsch reaction carried out at low to medium
pressures over a cobalt based catalyst is approximately
2:1. When the feed input to an autothermal reforming

process 1is a mixture of light hydrocarbons such as a
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natural gas with a relatively high methane content,r
additional controls are generally required to maintain the
ratio of hydrogen to carbon monoxide in the synthesis gas
produced by the autothermal reforming process at the
optimum ratio of approximately 2:1.

Most of the currently available processes for
producing synthesis gas from light hydrocarbons such as a
natural gas also produce a residual gas stream. For some
applications the residual gas stream may be used to provide
energy to carry out the process of generating synthesis
gas. For other applications the residual gas stream may be
used to provide energy for further reactions to produce
selected heavier hydrocarbons from the sgynthesis gas.
Typically, several additional components and/or process
steps are required for effective use of such residual gas.

It is desirable to generate synthesis gas for a
Fischer-Tropsch reaction or any other reaction with as much
thermal efficiency and at as low a cost as possible. The
ability to develop an overall process with low capital
expenses and low operating costs may be an imperative for
development of effective commercial systems to produce
relatively heavy hydrocarbons from 1lightweight gaseous

hydrocarbons.

SUMMARY OF THE INVENTION

In accordance with teachings of the present invention,
a system and method are provided for converting light,
gaseous hydrocarbons into Theavier Thydrocarbons with
separation of water into oxygen and hydrogen. The present
invention provides the ability to enrich the oxygen content
of air supplied to an autothermal reforming process for
generating synthesis gas in an efficient, cost-effective
manner. The present invention also provides a source of
hydrogen which may be used during the process of generating
synthesis gas and/or may be used in other process steps

associated with producing the desired heavier hydrocarbons.
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Alternatively, the present invention provides a source of
relatively pure oxygen for use in a partial oxidation
reaction to produce synthesis gas.

According to one aspect of the present invention, a
system for converting 1light hydrocarbons to heavier
hydrocarbons includes a synthesis gas production unit and
a hydrocarbon synthesis unit with  one or more
cooler/separators to remove water from either the synthesis
gas and/or the heavier hydrocarbons. An oxygen/hydrogen
separator is also provided for use in decomposing the water
into oxygen and hydrogen which may be used in the synthesis
gas production unit and/or the hydrocarbon synthesis unit
as desired.

According to another aspect of the present invention,
a system for converting 1light hydrocarbons to heavier
hydrocarbons includes a synthesis gas production wunit
having a turbine and a synthesis gas generator fluidly
coupled with each other to produce synthesis gas. Residual
gas and/or a portion of the synthesis gas may be used to
power the turbine. An oxygen/hydrogen separator may also
receive energy from the turbine for use in decomposing any
water produced by the system into oxygen and hydrogen which
may be supplied to the synthesis gas production unit and/or
the hydrocarbon synthesis unit as desired.

Technical advantages of the present invention include
separating water into hydrogen and oxygen which eliminates
the requirement to dispose of any water produced by
converting light hydrocarbons into heavier hydrocarbons.
Also, supplying oxygen obtained from any water produced by
the process of converting light hydrocarbons into heavier
hydrocarbons may be used to improve the efficiency and/or
reduce the cost of generating synthesis gas by either
partial oxidation reactions or autothermal forming

reactions.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and its advantages, reference is now made to the
following description taken in conjunction with the
accompanying drawings in which:

FIGURE 1 is a schematic block diagram of a system
incorporating teachings of the present invention for
converting light, gaseous hydrocarbons to heavier
hydrocarbons along with separation of any water produced
during the hydrocarbon conversion process into oxygen and
hydrogen; .

FIGURE 2 1is a schematic block diagram of a system
which includes a synthesis gas generator and hydrocarbon
synthesis unit for converting light, gaseous hydrocarbons
into heavier hydrocarbons in accordance with one aspect of
the present invention;

FIGURE 3 1is a schematic block diagram of another
system which includes an autothermal reactor for generating
synthegis gas from 1light, gaseous hydrocarbons and a
Fischer-Tropsch reactor for converting the synthesis gas to
heavier hydrocarbons according to another aspect of the
present invention; and

FIGURE 4 is a schematic block diagram of still another
system for converting 1light, gaseous hydrocarbons to
heavier hydrocarbons along with separation of any water
produced during the hydrocarbon conversion process into
oxygen and hydrogen according to a further aspect of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

The preferred embodiments of the present invention and
its advantages are best understood by referring to FIGURES
1-4 of the drawings, like numerals being used for like and
corresponding parts of the various drawings.

Referring now to FIGURE 1, system 20 for converting

light hydrocarbons to heavier hydrocarbons i1s shown.
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System 20 includes synthesis gas production unit 30 andr
hydrocarbon synthesis unit 70. Depending upon various

operating parameters such as the supply of 1light

hydrocarbons available as an input to system 20 and the

desired heavier hydrocarbon output from system 20,

reactions such as steam reforming, partial oxidation and
autothermal reforming may be used by synthesis gas

production unit 30 to generate a desired synthesis gas from
lightweight, gaseous hydrocarbons. Hydrocarbon synthesis

unit 70 may have one or more hydrocarbon reactors which use

various reactions such as Fischer-Tropsch, methanol

production or dimethyl ether (DME) production to convert

the synthesis gas to the desired heavier hydrocarbons.

Fractionation units and other types of hydrocarbon reactors

(not expressly shown) may be included within hydrocarbon

synthesis unit 70 or may be separate processing steps

downstream from hydrocarbon synthesis unit 70.

For some applications, the input to synthesis gas
production unit 30 may be a natural gas stream which is
generally a mixture of light molecular weight hydrocarbons
such as methane, ethane, propane and butane. A typical
natural gas stream may have a composition of approximately
eighty-five percent (85%) methane, ten percent (10%)
ethane, and the remaining five percent (5%) propane, butane
and nitrogen. However, the specific composition of each
natural gas stream will vary considerably depending upon
the characteristics of the associated underground
hydrocarbon reservoir which produced the respective natural
gas stream and any pretreatment of the natural gas stream
prior to entering synthesis gas production unit 30.

Various inputs such as gaseous lightweight
hydrocarbons, air, oxygen, and nitrogen may be supplied to
synthesis gas production unit 30 depending upon the type of
reaction used to generate the desired synthesis gas. For
the example shown in FIGURE 1, gaseous lightweight

hydrocarbons such as a stream of natural gas are preferably
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supplied to synthesis gas production wunit 30 throughr
conduit 22. Alr or oxygen may be supplied to synthesis gas
production unit 30 through conduit 24 as required. Also,
oxygen produced by separating water into its constituent
components, which will be described later in more detail,
may be supplied to synthesis gas production unit 30 through
conduit 26. For some applications, synthesis gas
production unit 30 will preferably generate a mixture of
carbon monoxide (CO) and hydrogen (H,).

The output from synthesis gas production unit 30 will
generally be a relatively hot stream of synthesis gas which
may flow through conduit 32 to first cooler/separator 34.
Residual gas (not expressly shown) composed of unreacted
light hydrocarbons, nitrogen, oxygen, and carbon dioxide
may also often be included in the synthesis gas stream
exiting from synthesis gas production unit 30 and will flow
through conduit 32 to first cooler/separator 34. Within
first cooler/separator 34, liquids such as water may be
condensed and separated from the synthesis gas. First
cooler/separator 34 will typically have at 1least two
outputs, a mixture of synthesis gas and any residual gas
and liquids such as water.

Condensed liquids such as water preferably flow from
first cooler/separator 34 through conduit 36 to
oxygen/hydrogen separator 40. Various processes such as
electrolysis may be used to decompose water into its
constituent elements oxygen and hydrogen within separator
40. Any liquids other than water flowing through conduit
36 are preferably removed prior to reaching oxygen/hydrogen
separator 40.

For some applications, oxygen may be directed through
conduit 26 to synthesig gas production unit 30. Supplying
oxygen from separator 40 to synthesis gas production unit
30 will generally decrease the overall cost of operating
system 20, and may improve the energy efficiency of system

20. Supplying oxygen to synthesis gas production unit 30 is
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particularly beneficial when partial oxidation reactions or
autothermal reforming reactions occur within synthesis gas
production unit 30 to generate the desired synthesis gas.

Air is preferably supplied to synthesis gas production
unit 30 through input conduit 24 if autothermal reforming
reactiong are used to generate the desired synthesis gas.
Relatively pure oxygen may be supplied to synthesis gas
production unit 30 through input conduit 24 if only partial
oxidation reactions are used to generate the desired
synthesis gas. Supplying oxygen to synthesis gas
production unit 30 from oxygen/hydrogen separator 40 will
reduce the amount of pure oxygen which must be supplied
when partial oxidation reactions are occurring therein.
Alternatively, providing oxygen to synthesis gas production
unit 30 will improve the efficiency of air supplied to
synthesis gas production unit 30 when autothermal reforming
reactions are being used to generate the desired synthesis
gas.

Hydrogen produced by oxygen/hydrogen separator 40 may
also be supplied through conduit 42 to other processes
associated with converting light hydrocarbons to heavier
hydrocarbons such as hydrocracking of heavier hydrocarbon
molecules. For other applications, hydrogen may be
supplied through conduit 42 to synthesis gas production
unit 30.

Hydrocarbon synthesis unit 70 may be designed to carry
out various types of reactions. For some applications,
hydrocarbon synthesis unit 70 may include one or more
Fischer-Tropsch reactors to convert synthesis gas supplied
thereto into relatively heavy, long chain hydrocarbons.
For other applications, hydrocarbon synthesis unit 70 may
include a methanol reactor or a dimethyl ether reactor.

For the embodiment shown in FIGURE 1, synthesis gas
preferably flows from first cooler/separator 34 through
conduit 44 to hydrocarbon synthesis unit 70. The design

and operation of first cooler/separator 34 will be
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dependent upon the type of reaction used within hydrocarbon
synthesis unit 70 and the desired inputs for efficient
operation of hydrocarbon synthesis unit 70. The output
from hydrocarbon synthesis unit 70 will typically be a
mixture of heavier hydrocarbons produced from the synthesis
gas, unreacted synthesis gas, residual gas and other fluids
such as water. The output from hydrocarbon synthesis unit
70 is directed through conduit 72 to second
cooler/separator 74. Second cooler/separator 74 will
preferably have at least two outputs, water and a heavier
weight hydrocarbon stream. Water may be directed through
conduit 76 to oxygen/hydrogen separator 40. The heavier
weight hydrocarbon stream may be directed through conduit
78 to other processes associated with converting light
weight hydrocarbons into desired heavier weight
hydrocarbons.

For some applications, it may not be desirable to not
separate water from the synthesis gas supplied to
hydrocarbon synthesis unit 70. For such applications,
first cooler/separator 34 may be removed from system 20 and
water will remain mixed with the synthesis gas. Water will
only be supplied to oxygen/hydrogen separator 40 from
cooler/separator 74. System 20 may also include various
pumps, compressors, turbines, valves and other flow control
devices typically associated with a synthesis gas
production unit and a hydrocarbon synthesis unit.

System 120 incorporating an alternative embodiment of
the present invention is shown in FIGURE 2. System 120
includes synthesis gas production unit 130 having at least
two components, turbine 140 and synthesis gas generator
150. For some applications, the inputs to synthesis gas
production unit 130 preferably include a natural gas stream
supplied through conduit 122, air supplied through conduit
124, and essentially pure oxygen supplied through conduit
126. A compressor (not expressly shown) may be used to

supply compressed air through conduit 124 to turbine 140.



10

15

20

25

30

35

WO 99/19277 PCT/US98/21214

11

Conduit 132 is provided to direct the flow of synthesis gasr
from synthesis gas generator 150 to hydrocarbon synthesis
unit 170. Hydrocarbon synthesis unit 170 preferably
converts the synthesis gas to heavier weight hydrocarbons
such as syncrude, lubricating oil, methanol, and dimethyl
ether (DME), which may be directed through conduit 178 to
other processes and/or a storage facility (not expressly
shown) .

Water 1is preferably removed from the synthesis gas
and/or heavier weight hydrocarbons within hydrocarbon
synthesis unit 170. One or more conduits 176 direct water
from hydrocarbon synthesis unit 170 to oxygen/hydrogen
separator 40. Separator 40 is used to decompose or
separate water into its constituent components oxygen (O,)
and hydrogen ( H,). The hydrogen may be delivered through
conduit 42 to other processes associated with treating the
heavier hydrocarbons, returned to hydrocarbon synthesis
unit 170 and/or supplied as an input to synthesis gas
production unit 130. Oxygen is preferably directed from
oxygen/hydrogen separator 40 through conduit 126 to
synthesis gas production unit 130.

For the embodiment shown in FIGURE 2, conduit 126
supplies oxygen to turbine 140 which preferably has
multiple inputs including lightweight hydrocarbons such as
natural gas supplied through conduit 122, air supplied
through conduit 124 and oxygen supplied through conduit
126. For some applications, air, natural gas and oxygen
may be mixed with each other and supplied to turbine 124
through a single conduit (not expressly  shown).
Alternatively, air, natural gas and oxygen may be mixed
with each other within turbine 140. The mixture of natural
gas, alr and oxygen preferably flows through turbine 140
which is fluidly coupled with synthesis gas generator 150
by conduit 148 or other suitable £fluid connection.

Electrical power and/or mechanical energy may be supplied
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to oxygen/hydrogen separator 40 from turbine 140 by linkager
144.

For some applications hydrocarbon synthesis unit 170
may include a Fischer-Tropsch reactor with coolers,
separators and heat exchangers such as shown in U.S.
Patents 4,833,170 and 4,973,453. Oxygen/hydrogen separator
40 may include a number of devices and technologies for
converting or decomposing water to its constituent
components, oxygen (0O,) and hydrogen (H,). Electrolysis is
one example of various processes which may Dbe
satisfactorily used for breaking water down into its
component parts. Electrical power may be supplied from
turbine 140 via linkage 144 to oxygen/hydrogen separator 40
to produce the desired oxygen and hydrogen.

For one embodiment, electricity is passed through a
dilute electrolyte solution, such as a dilute H,S0, within
oxygen/hydrogen separator 40. H' ions are attracted to a
negative electrode (cathode), where they gain electrons to

form H atoms, which join to form H, molecules that escape

from solution. Although 80, ions are attracted to a
positive electrode (anode), they are not involved in the
transfer of charge at the anode. Instead, a reaction

occurs in which H,0 molecules decompose, replacing the H'
ions lost at the cathode and releasing 0,. The net reaction
within oxygen/hydrogen separator 40 is the production of H,
and O, gas from water molecules as represented by the
general formula:
2 H,0 = 2H, + O,

Other techniques may be used as well. 1In this regard, U.S.
Patent 5,318,684 to Charles Cameron, entitled Systems for
the Decomposition of Water, is incorporated by reference
for all purposes.

For those applications in which synthesis gas
generator 150 uses an autothermal reforming process to
produce the desired synthesis gas, supplying oxygen from

separator 40 through conduit 126 to turbine 140 will
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improve the overall operating efficiency of the air
supplied to synthesis gas production unit 130. Controlling
the ratio of natural gas, air and essentially pure oxygen
supplied to synthesis gas production unit 130 may be used
to control the ratio of carbon monoxide to hydrogen in the
synthesis gas supplied to hydrocarbon synthesis unit 170.
For example, if the ratio of hydrogen to carbon monoxide in
the synthesis gas provided to hydrocarbon synthesis unit
170 is less than two to one, the supply of oxygen from
separator 40 may be increased to increase the amount of
hydrogen produced by synthesis gas generator 150. In a
similar manner, if an excessive amount of hydrogen is
contained in the synthesis gas provided to hydrocarbon
synthesis unit 170, the volume of air supplied to turbine
140 may be increased and the supply of oxygen decreased to
reduce the amount of hydrogen gas produced by synthesis gas
generator 150.

Referring now to FIGURE 3, system 220 combines
gsynthesis gas production unit 230 with hydrocarbon
synthesis unit 270, gas turbine unit 240 and
oxygen/hydrogen separator 40. Gas turbine unit 240 includes
compressor section 241 and expansion section 243. The
power generated by expansion section 243 drives compressor
section 241 by means of linkage 245, which may be a shaft.
Any excess power beyond the requirements of operating
compressor section 241 may be used to generate electricity
or drive other equipment such as oxygen/hydrogen separator
40 through linkage 244. Compressor section 241 preferably
includes inlet or conduit 224 to supply air thereto.
Compressor section 241 also has outlet conduit 248 for
compressed air flowing from turbine unit 240. Expansion
section 243 has inlet conduit 246 and outlet conduit 247.
Compressor section 241 preferably provides compressed air
to synthesis gas production unit 230 through outlet conduit
248.
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Synthesis gas production unit 230 may have a number of
configurations, but in the specific embodiment shown,
includes synthesis gas generator 250, which may be an
autothermal reforming reactor. A stream of gaseous
lightweight hydrocarbons, such as natural gas, is
preferably delivered to synthesis gas generator 250 by
inlet conduit 222. In some instances, it may be desirable
to use natural gas containing elevated levels of selected
components, e.g., N,, CO, He, etc. to reduce the BTU value
of the natural gas supplied through conduit 222. Synthesis
gas production unit 230 may also include one or more heat
exchangers 234, which in the embodiment shown functions as
a cooler for reducing the temperature of the synthesis gas
flowing through outlet conduit 252 of synthesis gas
generator 250. Heat exchanger 234 delivers its output
through conduit 254 to separator 256. Liquids such as
water are preferably removed from separator 256 through
outlet conduit or drain 236. It may be desirable in some
instances to communicate the water in conduit 236 to
turbine expansion section 243 as steam or to
oxygen/hydrogen separator 40. Cooled synthesis gas exits
separator 256 through outlet conduit 238 and is delivered
to hydrocarbon synthesis unit 270. In addition to
synthesis gas from synthesis gas production unit 230,
hydrogen may be delivered to hydrocarbon synthesis unit 270
through conduit 42 from oxygen/hydrogen separator 40.

Hydrocarbon synthesis wunit 270 may wuse various
reactions to convert synthesis gas to selected heavier
hydrocarbon compounds as previously mentioned, but for this
embodiment, preferably includes Fischer-Tropsch reactor
260, which contains an appropriate catalyst. The output of
Fischer-Tropsch reactor 260 is delivered to outlet 262 and
flows through heat exchanger 272 and separator 274.

The products entering separator 274 flow through inlet
conduit 276. Separator 274 directs heavier hydrocarbons to

storage tank or container 280 through outlet conduit 278.
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Additional components such as a conventional fractionation
unit (not expressly shown) may be included within system
220 between separator 274 and storage tank 280. Any water
withdrawn from separator 274 is preferably delivered to
outlet conduit 76 which is coupled with oxygen/hydrogen
separator 40. Any residual gas within separator 274 exits
through outlet conduit 284.

System 220 preferably includes combustor 286 which
receives compressed air from compression section 241. For
the embodiment shown in FIGURE 3, compressed air flows
through conduit 248 to conduit 258, which is connected with
conduit 248 between compressor section 241 and synthesis
gas generator 250. Compressor section 241 also receives
oxygen from separator 40 through conduit 226. The portion
of conduit 248 beyond the juncture with conduit 258
preferably delivers compressed air enriched with oxygen to
synthesis gas generator 250. Also, any residual gas
flowing from separator 274 through conduit 284 is
preferably connected to conduit 258 prior to combustor 286.

Various valves and other flow control devices (not
expressly shown) may be used to regulate fluid pressure and
fluid flow rates in conduits 248, 258 and 284. Conduit 248
and the connection of conduit 284 with conduit 258 may
include various types of flow control devices (not
explicitly shown) to lower the pressure of compressed air
delivered from compressor section 241 to combustor 286 in
order to substantially match the pressure of residual gas
flowing through conduit 284 as necessary. The output of
combustor 286 is delivered to turbine expansion section
243. For some embodiments, combustor 286 may be
incorporated as part of gas turbine unit 240.
Alternatively, fluid pressure in conduits 248 and/or 284
may be increased by compressors (not expressly shown) to
match or exceed the input pressure requirements of
combustor 286.
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Referring to FIGURE 4, system 320 for converting light
hydrocarbons such as natural gas to heavier hydrocarbons
such as synthetic crude oil (sometimes referred to as
"syncrude") is shown. System 320 includes synthesis gas
production unit 330 with autothermal reformer and turbine
unit 340 forming a portion thereof. System 320 for
converting light hydrocarboﬂs to heavier hydrocarbons
further includes hydrocarbon synthesis unit 370.

Autothermal reformer and turbine unit 340 preferably
includes autothermal reforming reactor (ATR) 350 and gas
turbine unit 342. Gas turbine unit 342 includes compressor
section 341 and expansion turbine section 343. Power
generated by expansion section 341 drives compressor
section 343 by means of linkage 316, which may be a shaft,
and powers oxygen/hydrogen separator 40 through linkage
344 . Depending upon the process or processes used within
oxygen/hydrogen separator 40, linkage 344 may provide
electrical and/or mechanical energy to oxygen/hydrogen
separator 40.

Compressor section 341 has inlet conduit 324 through
which air is supplied to compressor section 341. Oxygen is
preferably delivered through conduit 326 from
oxygen/hydrogen separator 40 to compressor section 341.
Outlet conduit 348 receives compressed ailr enriched with
oxygen from compressor section 341. Expansion section 343
has inlet conduit 352 and outlet conduit 346. As explained
later in more detail, expansion section 343 discharges
synthesis gas into outlet conduit 346.

Autothermal reformer 350 produces synthesis gas and
also serves as a combustor for gas turbine unit 342.
Compressor section 341 provides compressed air enriched
with oxygen through outlet conduit 348 to first separator
332 which will be described later in more detail. After
flowing through first separator 332, compressed air
enriched with oxygen is delivered by way of conduit 334 to

ATR 350. In addition, gaseous light hydrocarbons, such as
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associated with a typical natural gas stream, are deliveredr
from conduit 322 to ATR 350. Residual gas from hydrocarbon
synthesis unit 370 may also be delivered through conduit
384 into conduit 322 and then to ATR 350.

One factor affecting the performance of many gas
turbines is the balancing of axial loads on a shaft
coupling the associated compressor section and expansion
section. The present invention may realize efficient
results by the inclusion of thrust bearings in gas turbine
unit 342 that allow for a substantial imbalance in forces
between compressor section 341 and expansion section 343.
In order to use a preexisting turbine with more
conventional thrust bearings, one aspect of the present
invention includes balancing of axial loads within gas
turbine unit 342 to meet the turbine manufacturer's
specifications. This may be accomplished by using first
separator 332 or by bleeding compressed air as will be
described later in more detail. Turbine balancing may be
thought of as balancing the total mass that is received in
the compressor section with the total mass received by the
expansion section.

For the embodiment shown 1in FIGURE 4, expansion
section 343 receives additional mass from light
hydrocarbons flowing through conduit 322 and residual gas
flowing through conduit 384 to autothermal reforming
reactor 250 which would generally cause an imbalance, as
compared to mass flow through compressor section 341. To
address this potential imbalance in mass flow, first
separator 332 may remove mass by separating out nitrogen or
bleeding off a portion of the compressed air through
conduit 336 as suggested by FIGURE 4. First separator 332
may include separation technology such as a membrane or
carbon absorption or any other technique suitable for the
removal of nitrogen or other substances which are not
needed for the reactions within ATR 350 or hydrocarbon

synthesis unit 370. For gas turbine units with
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sufficiently strong thrust bearings in compressor section
341 and expansion section 343, first separator 332 or a
device for bleeding compressed air may not be required.

ATR 350 receives compressed air enriched with oxygen
from conduit 334 along with gaseous light hydrocarbons and
residual gas from conduits 322 and 384, respectively. ATR
350 will then reform and at least partially combust the
light hydrocarbons to generate synthesis gas flowing
through conduit 352. The volume of input gas delivered to
ATR 350 and synthesis gas generated by ATR 350 may be
significantly higher than what would normally be expected
from a conventional turbine combustor. ATR 350 may not
fully combust all input light hydrocarbons but because of
the increased total volume of gas delivered to ATR 350, the
same amount of energy may be produced by expansion section
343. The gas mixture exiting from ATR 350 through conduit
252 will generally have an exit temperature within an
acceptable range for input into expansion section 343.
Input gas delivered to ATR 350 may be controlled to
generate synthesis gas with very little or no oxygen and
the optimum carbon monoxide to hydrogen ratio. One or more
control valves, which are represented by control valve 331,
may be used to control the ratic of gaseous light
hydrocarbons to compressed air enriched with oxygen
entering ATR 350.

Outlet conduit 346 from expansion section 341 directs
a mixture of synthesis gas, residual gas and steam to heat
exchanger or cooler 337. Fluid flow continues from cooler
337 through conduit 338 to second separator 339. Cooler
337 cools the gas mixture exiting from expansion section
343 which will condense at least some water contained in
the gas mixture. For those applications in which
hydrocarbon synthesis unit 370 includes a Fischer-Tropsch
reactor, it may be preferable to remove as much water as
possible from the mixture of synthesis gas, residual gas

and steam exiting from expansion section 343. The removal
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of such water is particularly desirable if hydrocarbon
synthesis unit 370 includes booster compressor 388. Outlet
conduit or drain 36 is provided to remove water from second
separator 339. For some applications outlet conduit or
drain 36 may direct the water to oxygen/hydrogen separator
40.

The mixture of synthesis gas and residual gas exiting
from second separator 339 is directed through conduit 364
to compressor 388 within hydrocarbon synthesis unit 370.
For the embodiment of the present invention as shown in
FIGURE 4, hydrogen from oxygen/hydrogen separator 40 is
preferably supplied from conduit 42 to conduit 364 and then
flows into compressor 388. For some applications the
pressure of the gas mixture exiting from expansion section
343 of gas turbine unit 342 may be lower than the desired
pressure for a Fischer-Tropsch reaction. Therefore,
compressor 388 is provided to increase the pressure of
synthesis gas supplied to Fischer-Tropsch Reactor 360 to
the desired optimum pressure for efficient synthesis of the
desired heavier hydrocarbons.

Compressor 388 may receive mechanical energy and/or
electrical energy from gas turbine unit 342.
Alternatively, compressor 388 may have its own combustor
and expansion section (not expressly shown). One of the
benefits of the present invention includes the ability to
use a portion of the natural gas supplied to ATR 350 or to
use any excess energy created by gas turbine engine unit
342 to operate compressor 388 and/or oxygen/hydrogen
separator 40 as required.

In addition to increasing the pressure of the gas
mixture flowing therethrough, compressor 388 may also
increase the temperature of the gas mixture to the
appropriate range for a Fischer-Tropsch reaction. For one
application, the desired input temperature for Fischer-
Tropsch reactor 360 may be in the range of 350°F to 500°F.

For those applications in which the temperature of the gas
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mixture exiting from compressor 388 is less than desiredr
one or more heat exchangers (not expressly shown) may be
added between compressor 388 and reactor 360.

Conduit 368 directs the flow of compressed mixture of
synthesis gas and any residual gas from compressor 388 to
reactor 360. One or more Fischer-Tropsch catalysts may be
contained within reactor 360. The output from reactor 360
flows through conduit 362 to heat exchanger 372. From heat
exchanger 372 the mixture of heavier hydrocarbons formed by
reactor 360 and any residual gas and water flows to third
separator 374 through conduit 376.

Within third separator 374, the desired hydrocarbons
are separated from any residual gas and liquids such as
water. The heavier hydrocarbons are preferably directed
through conduit 378 to storage facility 380. Residual gas
is directed from third separator 374 through conduit 384 to
fourth separator 394 which may include a membrane or carbon
absorption centrifugal device or other separation device.
For some Fischer-Tropsch reactions, nitrogen is preferably
removed from the residual gas flowing through conduit 384.
The residual gas flowing through conduit 384 is preferably
delivered to ATR 350 as previously described.

Although the present invention and its advantages have
been described in detail, it should be understood that
various changes, substitutions, and alterations can be made
therein without departing from the spirit and scope of the

invention as defined by the following claims.
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WHAT IS CLATMED IS:
1. A system for converting lighter hydrocarbons to

heavier hydrocarbons, comprising:

a synthesis gas production unit for receiving the
lighter hydrocarbons and generating a desired synthesis gas
therefrom;

a hydrocarbon synthesis unit fluidly coupled with the
synthesis gas production unit to receive the synthesis gas
and to produce the heavier hydrocarbons from the synthesis
gas;

a first separator fluidly coupled with the hydrocarbon
synthesis unit to remove at least a portion of water from
the heavier hydrocarbons produced by the hydrocarbon
synthesis unit; and

an oxygen/hydrogen separator coupled with the first
separator to receive the water and to decompose the water

into its constituent components of oxygen and hydrogen.

2. The system of Claim 1 further comprising a
conduit for communicating oxygen from the oxygen/hydrogen

separator to the synthesis gas production unit.

3. The system of Claim 1 further comprising a
conduit for communicating hydrogen from the oxygen/hydrogen

separator to the hydrocarbon synthesis unit.

4. The system of Claim 1 further comprising:

a second separator disposed between the synthesis gas
production unit and the hydrocarbon synthesis unit to
remove at least a portion of any water mixed with the
synthesis gas prior to the synthesis gas entering the
hydrocarbon synthesis unit; and

a conduit for communicating water from the second

separator to the oxygen/hydrogen separator.
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5. The system of Claim 1 wherein the synthesis gas
production unit further comprises a turbine having an inlet

for receiving oxygen from the oxygen/hydrogen separator.

6. The system of Claim 5 further comprising a
synthesis gas generator coupled with an outlet from the
turbine unit to receive compressed air enriched with oxygen

from the turbine unit.

7. The system of Claim 1 wherein the lighter
hydrocarbons supplied to the synthesis gas production unit
comprise a natural gas stream and the heavier hydrocarbons
produced by the hydrocarbon synthesis unit comprise

synthetic crude oil.

8. The system of Claim 1 wherein the synthesis gas
production unit further comprises:

a turbine unit having a compression section and an
expansion section with a linkage extending between the
compression section and the extension section whereby the
expansion section provides power for operating the
compression section;

the compression section having any inlet for receiving
air and oxygen from the oxygen/hydrogen separator; and

an outlet extending from the compression section to a
synthesis gas generator whereby a mixture of compressed air
enriched with oxygen flows from the compression section to

the synthesis gas generator.

9. The system of Claim 1 wherein the synthesis gas
production unit further comprises a turbine unit with a
linkage extending between the turbine unit and the
oxygen/hydrogen separator whereby energy from the turbine

unit operates the oxygen/hydrogen separator.
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10. The system of Claim 1 wherein the synthesis gas
production unit further comprises an autothermal reforming
reactor and the hydrocarbon synthesis unit further

comprises a Fischer Tropsch reactor.
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11. A system for converting a natural gas stream tor
heavier hydrocarbonsg, comprising:

a synthesis gas production unit for receiving the
natural gas and generating a synthesis gas of carbon
monoxide and hydrogen;

a hydrocarbon synthesis unit to receive the synthesis
gas from the synthesis gas production unit;

a first separator fluidly coupled with the hydrocarbon
synthesis unit to remove any water from the heavier
hydrocarbons produced by the hydrocarbon synthesis unit;
and

an oxygen/hydrogen separator to receive water from the
first separator and to decompose the water into its

constituent components of oxygen and hydrogen.

12. The system of Claim 11 further comprising at
least one conduit for communicating oxygen from the
oxygen/hydrogen separator to the synthesis gas production

unit.

13. The system of Claim 11 further comprising at
least one conduit for communicating hydrogen from the
oxygen/hydrogen separator to the hydrocarbon synthesis

unit.
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14. The system of Claim 11 wherein the synthesis gasr
production unit further comprises;

a turbine unit having a compression section and an
expansion section with a linkage coupling the expansion
section with the compression section whereby the expansion
section provides energy for operating the compression
section;

the expansion section having an inlet for receiving
air and oxygen from the oxygen/hydrogen separator;

the compression section having an outlet £luidly
coupled with an autothermal forming reactor whereby the
compression section provides a mixture of compressed air
enriched with oxygen to the autothermal reforming reactor;

at least one conduit for communicating the natural gas
stream with the autothermal reforming reactor; and

an outlet conduit extending from the autothermal
reforming reactor to the expansion section of the turbine
unit whereby the autothermal forming reactor supplies
energy in the form of a hot mixture of gases including
synthesis gas, unreacted natural gas, and air to the

expansion section of the turbine unit.

15. The system of Claim 11 wherein the hydrocarbon

synthesis unit further comprises a Fischer Tropsch reactor.
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16. A method for converting lighter hydrocarbons to'
heavier hydrocarbons comprising the steps of:

supplying the lighter hydrocarbons to a synthesis gas
production unit having a synthesis gas generator which
produces a desired synthesis gas from the lighter
hydrocarbons;

communicating the synthesis gas from the synthesis gas
production unit to a hydrocarbon synthesis unit having a
Fischer Tropsch reactor for converting the synthesis gas
into the heavier hydrocarbons;

separating any water mixed with the heavier
hydrocarbons flowing from the hydrocarbon synthesis unit
and communicating the water with an oxygen/hydrogen
separator; and

decomposing the water into its constituent components

of oxygen and hydrogen.

17. The method of Claim 16 further comprising the
step of communicating oxygen from the oxygen/hydrogen
separator to the synthesis gas production unit and
communicating hydrogen from the oxygen/hydrogen separator

to the hydrocarbon synthesis unit.

18. The method of Claim 16 further comprising the
steps of:

supplying air to the synthesis gas production unit;

mixing the air with oxygen supplied from the
oxygen/hydrogen separator; and

compressing the mixture of air and oxygen.

19. The method of Claim 18 further comprising the
step of supplying the mixture of compressed air and oxygen
to an autothermal reforming reactor for use in producing

the desired synthesis gas.
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20. The method of Claim 16 further comprising the
step of separating any water mixed with the synthesis gas
flowing from the synthesis gas production wunit and

communicating the water with the oxygen/hydrogen separator.
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21. A system for converting lighter hydrocarbons to
heavier hydrocarbons, comprising:

a synthesis gas production unit for receiving the
lighter hydrocarbons and generating a desired synthesis gas
therefrom;

a hydrocarbon synthesis unit fluidly coupled with the
synthesis gas production unit to release the synthesis gas
and to produce the heavier hydrocarbons from the synthesis
gas;

a first separator fluidly coupled with the synthesis

gas production unit for removing water from the synthesis

- gas; and

an oxygen/hydrogen separator coupled with the first
separator to receive the water and to decompose the water

into its constituent components of oxygen and hydrogen.
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