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METHOD OF FUEL PRODUCTION FROM
FISCHER-TROPSCH PROCESS

Field of the Invention
The present invention is directed to a method for preparing liquid fuel in
a hydrocarbon synthesis process, and more specifically for preparing a
stabilized. mixed fuel from a carbon source at a remote site, and tailoring one
or more finished fuel products from the mixed fuel in order to meet local fuel
requirements at a market site.

Background of the Invention

Many of the huge natural gas reserves which are targeted for
hydrocarbon fuel synthesis processes, suéh as a Fi‘s.cher-Tropsch process,
methanol synthesis and the like are generally remote from major fuel markets.
Consequently, most or all of the prbducts from the synthesis process are
exported from the remote site, generally to multiple markets each with
potentlally different fuel needs and requirements.

In the conventional synthesis process, a natural gas, coal or heavy oil
is generally converted to liquid hydrocarbons at a site adjacent to the natural
resource. In the Fischer-Tropsch process, a carbon-based resource is
converted to syngas (predominantly CO and H,) and the syngas converted to
a primarily paraffinic hydrocarbon product. In preparing a fuel, the paraffinic
hydrocarbons in the conventional process are hydroprocessed to remove at
least some of the oxygenates and olefins in the product, to reduce the
molecular weight of the product, and to lower the cloud point and/or the pour
point of the product. A final distillation step in the conventional process
provides the finished fuel and lube product for export to the various markets.

However, the conventional method has several disadvantages. For
one, the conventional processes are complex and expensive, with multiple
processing steps conducted at the remote site. Developing the site and
transporting equipment to the site is generally more costly that using existing
processes at a more developed market site. Furthermore, much of the
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product from a remote site process is exported, generally to more than one
market site. Each of these market sites have potentially different fuel
requirements and needs. Finished fuel product prepared at the remote site
must be tailored to meet the specific requirement of each market.

Methods for transporting Fischer-Tropsch derived syncrude from a
remote site to a commercial refinery are known in the art (See, for example,

U.S. Patent Nos. 5,968,991; 5,945,459; 5,856,261; 5,856,260 and 5,863,856). -

One approach has been to isolate a C20-36 syncrude and ship this
composition as a solid. A limitation of this approach is that it is difficult and
expensive to transport solids, because it requires expensive forming, loading
and unloading facilities.

Other approaches have focused on transporting syncrude, or a
syncrude which has been partiélly refined to convert some of the linear
hydrocarbons into isoparaffins and thus generate a syncrude which is liquid at
near ambient temperattjre. One approach to transporting syncrude in the

' liquid state involves partially dewaxing the syncrude to form a pumpable liquid

(See, for example, U.S. Patent No. 5,292,989). However, this dewaxing may
require the construction of facilities which are expensive and difficult to
operate in remote locations. ‘ '

Another approach involves transporting the syncrude as a molten wax.
This transportation method does not require the forming, loading and
unloading facilities needed to transport solids, or the dewaxing facilities
needed to convert the syncrude into a product that is liquid at room
temperature. However, Fischer-Tropsch products include a sufficient quantity
of volatile hydrocarbons to cause the products to exceed the vapor pressure
specifications if the syncrude were shipped at a temperature at which the
syncrude is molten.

What is needed is a process for preparing a finished fuel from a remote
hydrocarbon synthesis process, while reducing the processing complexity of
the process at the remote site. What is also needed is a more effective
method for tailoring the final product from the synthesis process for each

individual market.
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Brief Description of the Invention

The present invention relates to a Fischer-Tropsch synthesis process,
and to an integrated process for preparing a stabilized product mixture, in a
Fischer-Tropsch synthesis process, for export to a market location. In the
process, a carbonaceous source which is recovered from a remote site is
converted through a series of steps into a stabilized product mixture at or near
the remote site. At least a portion of stabilized product mixture is then
exported to a market location, for a final separation step to produce at least
one finished fuel product. More specifically, in the present process, a
carbonaceous source, such as natural gas, coal or heavy oil, which is
recovered as a resource at a remote site, is converted to a syngas comprising
predominantly Hz and CO. The syngas is further converted to synthetic
hydrocarbohs in a hydrocarbon synthesis process, and the synthetic
hydrocarbon product so produced are converted to a stabilized product
mixture for export to a market location. A Fischer-Tropsch synthesis process
is the preférred process for preparing the synthetic hydrocarbons.

In the preparation of the stabilized prbduct mixture, the synthetic

| hydrocarbon product is upgraded via hydroprocessing, at conditions selected

to yield a stabilized product mixture which comprises fuel and/or lubricating oil
base stock range products. At least one of the products present in the
stabilized product mixture has the properties.of a finished fuel product, and
can be recovered as such by an additional distillation step.
In one embodiment, the invention provides a method for preparing finished
products from a Fischer-Tropsch synthesis process, the method comprising:
(a) reacting a synthesis gas comprising Hz and CO to form at least one
Fischer-Tropsch effluent product;
(b) reacting at least a portion of the Fischer-Tropsch effluent product at
hydroprocessing conditions to form a hydroprocessed effluent,
(c) separating at least a portion of the hydroprocessed effluent into at
least a Cy4- fraction and a stabilized product mixture;
(d) transporting at least a portion of the stabilized product mixture to a
market site; and
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(e)
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separating at least a portion of the stabilized product mixture at the
market site into at least one finished fuel product.

In a separate embodiment, the invention provides a method for preparing

finished products from a Fischer-Tropsch synthesis process, the method

comprising:

a)

b)

receiving a stabilized product mixture recovered from a
Fischer-Tropsch synthesis process, which stabilized product
mixture is prepared by the process comprising:

i)  reacting a synthesis gas comprising Hz and CO to form at
least one Fischer-Tropsch effluent product;

ii) reacting at least a portion of the Fischer-Tropsch effluent
product at hydroprocessing conditions to form a
hydroprocessed éfﬂuent;

i) separating at least a portion of the hydroprocessed effluent
into at least a Cy4- fraction and a stabilized product mixture;
and

iv) transporting at least a portion of the stabilized product mixture
to a market site;

separating at least a portion of the stabilized product mixture

without additional hydroprocessing into at least one finished fuel

fraction at the market site;

wherein the stabilized product mixture is prepared at a remote site relative to

the market site.

A preferred stabilized product mixture comprises:

(@)
(b)
(©
(d)
(€)

greater than 80 wt% paraffins,
less than 200 ppm oxygen as oxygenates,
less than 50 ppm sulfur,

less than 50 ppm nitrogen, and

less than 5% (v/v) olefins.

For mixtures of this type, most or all of the stabilized product mixture is

recovered from a step of hydroprocessing.
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Among other factors, the present invention includes Fischer-Tropsch
synthesis, upgrading the synthesis product (preferably by one or more of
hydrotreating, isomerization and hydrocracking), and stabilizing the resultant full
boiling range liquid product. The process further includes separating the full
boiling range liquid product to final finished products meeting specification
requirements. In the process of the invention, all the major processing steps
are conducted at a remote site except for final fractionation, which is conducted
at a market site. This invention significantly reduces remote site operating
complexity by moving the final distillation step from the remote site to the
market site, with equipment suitable for distillation and processing in order to
make the finished fuel product. Since final product separation is carried out at
the market site, final product separation can be tailored to the particular market
to which the stabilized product mixture is exported, rather than being
anticipated at the remote site.

Detailed Description of the Invention

This invention is directed to a process for converting remote natural
gas to liquid fuels and/or lubricating oil base stocks while minimizing the
complexity of the remote site processing, and while minimizing the difficulty
and expense of transporting the products from the remote site to a market
site. As used herein, the market site represents a site near to the ultimate
market for the finished fuel products which are prepared in the process. The
market site may be a marketing terminal, or a fractionétion terminal or refinery
for separating the stabilized product mixture into the finished fuel products.
The market site preferably has the 6apabi|ity for producing and/or marketing
finished fuels and lubricating oil base stocks.

The Fischer-Tropsch synthesis process is conducted at a remote site,
sufficiently separated from the market site so that the stabilized product
mixture is transported from the Fischer-Tropsch synthesis process to the
market site, using transportation media such as by ship, by truck, by train, by
barge, and the like.
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The stabilized product mixture is prepared at a remote site, near the
source of the carbonaceous material from which the stabilized product mixture
is made, and at a distance from the distillation site at which the material is
separated into fuel products for sale. The market site may be a refinery or
other existing processing facility with the capability of producing a finished
product from the stabilized product mixture. Preferably, the market site
comprises a means of distilling the stabilized product mixture into one or more
finished fuel products. The remote site is at a location separate from a .
refinery, distillation site and/or market site and which generally has a higher
cost of construction than the cost of construction at the refinery or market. In
quantitative terms, the distance between the remote site and the refinery or

- market (the distance of transportation) is more than 100 miles, preferably

more than 500 miles, and most preferably more than 1000 miles.
Transportation of the stabilized product mixture is by ship, train, truck
transport, pipeline, and the like. Preferably, at least a portion of the
trarisportation of the stabilized product mixture will occur via Ship.

| The stabilized product mixture is a broad boiling range product,
substantially free of C4- material, and comprising at least one fuel fraction, -
preferably at least one diesel fraction. Ih the ‘pr6‘cess, a stabilized product
mixture is prepared in a Fischer-Tropsch synthesis process, which includes a
Fischer-Tropsch reaction zone and optionally one or more hydroprocessing
reaction zones for upgrading the effluent from the Fischer-Tropsch reaction
zone and optionally one or more fractionation zones fbr removing a
substantial portion of the C4- components from the upgraded effluent. This
stabilized product mixture is in condition for transportation by, e.g. ship, train,
truck transport, pipeline, and the like. In particular, the stabilized product
mixture has a true vapor pressures of less than about 15 psia, preferably less
than about 11 psia, when measured at its transportation temperature.

The stabilized product mixture, which is recovered from a

Fischer-Tropsch synthesis process at a remote site, is then separated into at
least one fuel fraction, preferably at least one finished diesel fraction, at a

market site which is separate from the remote synthesis process site. The
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stabilized product mixture is preferably prepared at the remote site in such a
way that additional hydroprocessing is not necessary at the market site.
However, it may be desirable under some conditions to mildly hydrotreat the
stabilized product mixture at the market site to remove contaminants
accumulated in the product during transportation.

The stabilized product mixture recovered from the Fischer-Tropsch
synthesis process is a highly paraffinic mixture, substantially free of C4-. In
the embodiment in which the entire stabilized product mixture is derived from
a hydroprocessing step, it will contain few, if any, olefins and heteroatoms.
Under these conditions, the preferred product mixture comprises:

i) greater than 80 wi%, preferably greater than 90 wt% and more preferably
greater than 95 wi% paraffins; '

ii) less than 200 ppm oxygen as oxygenates;

iii) less than 50 ppm sulfur;

iv) less than 50 ppm nitrogen; and

v) less than 5% olefins.

Depending on the boiling range of the stabilized product mixture, the
stabilized product mixture may be separated into at least one fuel fraétion and
further into at least one [ubricating oil base stoci( fraction.. The fuel fraction,
preferably a fuel fraction boiling in the diesel boiling range, is suitable for use
in a diesel engine. The lubricating oil base stock is suitable for
hydroisomerization to produce a low pour point, high quality lubricating base
oil. '

In the Fischer-Tropsch synthesis process, a synthesis gas comprising
Hs and CO are reacted in a Fischer-Tropsch reaction zone over a
Fischer-Tropsch catalyst to produce at least one Fischer-Tropsch effluent
product. The stabilized product mixture is derived from the effluent of a
Fischer-Tropsch reaction zone. In one embodiment of the invention, the
stabilized product mixture is recovered directly from a Fischer-Tropsch
reaction zone. Either the entire Cs+ effluent, or a fraction thereof, such as one
having an endpoint in the range of 650-750°F, are suitable for use in the

present invention. When the reaction zone effluent stream contains excess
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C4- material, thus rendering the effluent unsafe for transportation, some
separation of the C4- material may be required, such as by fractionation, by
flash distillation, or by stripping with an inert or hydrocarbonaceous gas.

In a separate embodiment of the invention, a stabilized product mixture
is prepared by hydroprocessing at least a portion of at least one
Fischer-Tropsch effluent product at hydroprocessing conditions. The effluent
stream to be hydroprocessed may be the entire Fischer-Tropsch reaction
zone effluent or some fraction thereof (i.e. the total Cs+ effluent from the
reaction zone; a light stream boiling in the range of Cs+ to an endpoint in the -
range of 650-750°F; a wax fraction having an initial boiling point in the range
of 650-750°F; or a wax fraction having an initial boiling point in the range of
650-750°F and an end point in the range of 950-1150°F). The
hydroprocessing process may include one or more of hydrocracking,
hydrotreating and/or hydroisomerization. Fischer-Tropsch reaction zone
effluents having an endpoint in the range of 650-750°F may preferably be
hydroprocessed using one or both of hydrotreéﬁng and hydroisomerization.
For such a stream, the oxygenates and olefins which may be present in the
effluent stream are saturated by hydrotreating, and the normal paraffins in the
effluent stream are at least partially isomerized to low pour products, thus
upgrading the stream without overly cracking if to less desirable light
products. The 650°-750°F endpoint stream may also be blended without
hydroprocessing with a heavier Fischer-Tropsch effluent stream which has
been hydroprocessed prior to blending.

A Fischer-Tropsch effluent stream containing components boiling in the
range above 650°-750°F may suitably be hydrotreated to remove oxygenates
and olefins, and/or hydrocracked to reduce the boiling range of the effluent
stream, and/or hydroisomerized to reduce the pour point of the effiuent stream
and make handling and shipping of the stabilized product mixture derived
therefrom easier. A hydroprocessed stabilized product mixture produced in
this manner will have the following properties:

i) greater than 80 wt% paraffins (> 90 wit%, > 95 wt%),

ii) less than 200 ppm oxygen as oxygenates,
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iii) less than 50 ppm sulfur,
iv) less than 50 ppm nitrogen, and
V) less than 5% (v/v) olefins.
Following transportation of the stabilized product mixture from the
5 remote site to a more developed site, the stabilized product mixture is
fractionated into finished fuel products. Preferably, the stabilized product
mixture requires no processing other than fractionation of the stabilized
product mixture to make the finished fuel components which are ready.for
addition of optional additives for sale as finished fuels. The additives which
10 might be added are well known in the art. The additives are proprietary
products which vary from vendor to vendor; the choice of any additive is within
the scope of the present invention. In some situations it may be desirable to
-~ mildly hydroprocess the stabilized product mixture by mild hydrotre.ating or
hydrofinishing, in 6rder to remove oxidation products or contaminants which
15 were introduced to the Cs+ material during transportation.. A finished diesel
fuet suitable for use in diesel engines conforms to the current version at least
one of the following specifications:
e ASTM D 975 - “Standard Specification for Diesel Fuel Qils”,
e European Grade CEN90,
20 » Japanese Fuel Standards JIS K 2204,
e The United States National Conference on Weights and
 Measures (NCWM) 1997 guidelines for premium diesel fuel, or
 The United States Engine Manufacturers Association
recommended guideline for premium diesel fuel (FQP-1A).
25 A finished jet fuel suitable for use in turbine engines for aircraft or other
uses meets the current version of at least one of the following specifications:
e ASTM D1655-99,
o DEF STAN 91-91/3 (DERD 2494), TURBINE FUEL, AVIATION,
KEROSENE TYPE, JET A-1, NATO CODE: F-35,
30 ¢ International Air Transportation Association (IATA) “Guidance
Material for Aviation Turbine Fuels Specifications”, 4th edition,
March 2000, or
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e " United States Military Jet fuel specifications MIL-DTL-5624 (for
JP-4 and JP-5) and MIL-DTL-83133 (for JP-8).

Middle distillate fractions as described herein boil in the range of about
250°-700°F (121°-371°C) as determine by the appropriate ASTM test
procedure. The term "middle distillate" is intended to include the diesel, jet fuel
and kerosene boiling range fractions. The kerosene or jet fuel boiling point
range is intended to refer to a temperature range of about 280°-525°F ..
(138°-274°C) and the term "diesel boiling range" is intended to refer to.
hydrocarbon boiling points of about 250°-700°F (121°-371°C). Gasoline or
naphtha is normally the Cs to 400°F (204°C) endpoint fraction of available
hydrocarbons. The boiling pdint ranges of the various product fractions
recovered in any particular refinery or synthesis process will vary with such
factors as the characteristics of the source, local inafkets, product prices, etc.
Reference is made to ASTM standards D-975, D-3699-83 and D-3735 for
further details on kerosene, diesel and naphtha fuel propeﬁiés.

A finished lubricating base oil is useful for blending with a specified
additive package for preparation of a finished lubricant. A finished lubricating
oil base stock is specified by viscosity index, saturate and sulfur
specifications. API Publication 1509; Engine Oﬁ Licensing and Certification
System, “Appendix E-API Base Oil Interchangeability Guidelines for
Passenger Car Motor Oil and Diesel Engine Oils” describes base stock
categories. A Group Il base stock contains greater than or equal to 90
percent saturates and less than or equal to 0.03 percent sulfur and has a
viscosity index greater than or equal to 80 and less than 120. A Group lil
base stock contains greater than or equal to 90 percent saturates and less
than or equal to 0.03 percent sulfur and has a viscosity index greater than or
equal to 120.

The method of the invention will be illustrated by the following
exemplary process.

In this example process, a carbonaceous material is converted to a
syngas comprising CO and H,. Typical reforming methods for preparing CO

and H; from this material include steam reforming, partial oxidation, dry

10
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reforming, series reforming, convective reforming, and autothermal reforming.

Such processes are well known in the art. The syngas is reacted in a

Fischer-Tropsch reaction zone to produce a light stream, boiling in the range

of Cs+ to an endpoint in the range of 650-750°F, and a wax stream having an

initial boiling point in the range of 650-750°F. The wax stream and/or the light
stream may be prbcessed in a number of alternative ways to produce the
stabilized liquid mixture. Alternatives which may be contemplated include:

1. The wax stream and the light stream may be combined to make a blend
feed stream, and the blend feed stream contacted in a hydrocracking
reaction zone. The blend feed stream may optionally be hydrotreated prior
to hydrocracking. At Jeast a portion of the hydrocracker reaction zone
effluent is passed to a fractionator, wherefrom a C- fraction and a C5+
fraction are recovered. The Cs+ fraction is a stabilized product mixture
which is suitable for transporting from the remote site to a market site for
fractionation to prepare finished fuel products.

2. At least a portion of the hydrocracking reaction zone effluent is passed to a
fractionator, and a C4- fraction, a Cs+ fraction boiling in the range of Cs+
to an endpoint in the range of 650-750°F, and a heavy effluent having an
initial boiling point in the range of 650-750°F\is recovered therefrom. In this
embodiment, the heavy effluent may be recycled to the hydrocracking

' reaction zone for additional conversion, or trahs'ported separately to the
market site for production of lubricating oil base stocks.

3. Atleast a portion of the wax stream is contacted with a hydrocracking
catalyst in a hydrocracking reaction zone, and at least a portion the light
stream is contacted with a hydrotreating catalyst in a hydrotreating
reaction zone. At least a portion of the hydrocracking reaction zone
effluent is blended with a portion of the hydrotreating reaction zone
effluent, and the blend is passed to a fractionation zone and a Cs4- fraction
and a Cs+ fraction are recovered therefrom. The Cs+ fraction is a
stabilized product mixture which is suitable for transporting from the
remote site to a market site for further upgrading and/or fractionation to

11
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prepare finished fuel products and, optionally, one or more lubricating oil
base stocks.

. Atleast a portion of the wax stream is contacted with a hydrocracking

catalyst in a hydrocracking reaction zone. At least a portion of the
hydrocracking reaction zone effluent is blended with a portion of the light
stream, and the blend is passed to a fractionation zone and a C;- fraction
and a Cs+ fraction are recovered therefrom. The Cs+ fraction is a
stabilized product mixture which is suitable for transporting from the
remote site to a market site for further upgrading and/or fractionation to
prepare finished fuel products and, optionally, one or more lubricating oil
base stocks.

. At least a portion of the wax stream is contacted in a hydrocracking

reaction zone, and at least a portion of the light stream is combined with
the effluent from the hydrocracking reaction zone and the blend stream
contacted in a hydrotreating reaction zone. At least a portion of the
hydrotreating reaction zone effluent is passed to a fractionator and a Cys-
fraction and a Cs+ fraction are recovered therefrom. The Cs+ fraction is a
stabilized product mixture which is suitable for transporting from the
remote site to a market site for further upgréding and/or fractionation to
prepare finished fuel products and, optionally, one or more lubricating oil
base stocks.

Additional alternatives for hydroprocessing the various streams produced

in a Fischer-Tropsch process, including combinations of the alternatives
recited above, are considered to be within the scope of the present invention.

The various process steps which may be useful in the present

invention are now described in greater detail.

A Fischer-Tropsch process is the preferred method for converting the

carbon-based resource to the stabilized product mixture. Catalysts and
conditions for performing Fischer-Tropsch synthesis are well known to those
of skill in the art, and are described, for example, in EP 0 921 184 A1, the
contents of which are hereby incorporated by reference in their entirety. In

the Fischer-Tropsch synthesis process, liquid and gaseous hydrocarbons are

12
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formed by contacting a synthesis gas (syngas) comprising a mixture of H, and
CO with a Fischer-Tropsch catalyst under suitable reaction temperature and
reaction pressure conditions. The Fischer-Tropsch reaction is typically
conducted at temperatures of from about 300° to 700°F (149° to 371°C)
preferably from about 400° to 550°F (204° to 228°C); pressures of from about
10 10 600 psia, (0.7 to 41 bars) preferably 30 to 300 psia, (2 to 21 bars) and
catalyst space velocities of from about 100.to 10,000 cc/g/hr., preferably 300
to 3,000 cc/g/hr.

The products may range from C4 to Cz0+ with @ majority in the Cs to
Cio0+ range. The reaction can be conducted in a variety of reactor types, for
éxample, fixed bed reactors containing one or more catalyst beds; slurry
reactors; fluidized bed reactors; and a combination of different type reactors.

Such reaction processes and reactors are well known and documented in the

literature. A slurry Fischer-Tropsch process, which is a preferred process in
the practice of the invention, utilizes superior heat (and mass) transfer
characteristics for the strongly exothermic synthesis reaction and is able to
produce relatively high molecular weight, paraffinic hydrocarbons when using
a cobalt catélyst.

In a slurry process, a syngas comprising‘a mixture of H, and CO is
bubbled up as a third phase through a slurry in a Fischer-Tropsch reactor.
The reactor contains particulate Fischer-Tropsch type hydrocarbon synthesis
catalyst dispersed and suspended in a slurry liquid comprising hydrocarbon
products of the synthesis reaction which are liquid at the reaction conditions.
The mole ratio of the hydrogen to the carbon monoxide may broadly range
from about 0.5 to 4, but is more typically within the range of from about 0.7 to
2.75 and preferably from about 0.7 to 2.5. A particularly preferred Fischer-
Tropsch process is taught in EP 0609079, herein incorporated by reference in
its entirety.

Suitable Fischer-Tropsch catalysts comprise one or more Group VI
catalytic metals such as Fe, Ni, Co, Ru and Re. Additionally, a suitable
catalyst may contain a promoter. Thus, a preferred Fischer-Tropsch catalyst

comprises effective amounts of cobalt and one or more of Re, Ru, Pt, Fe, Nj,

13
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Th, Zr, Hf, U, Mg and La on a suitable inorganic support material, preferably
one which comprises one or more refractory metal oxides. In general, the
amount of cobalt present in the catalyst is between about 1 and about 50
weight percent of the total catalyst composition. The catalysts can also
contain basic oxide promoters such as ThO,, La303, MgO, and TiO,,
promoters such as ZrO,, noble metals (Pt, Pd, Ru, Rh, Os, Ir), coinage metals
(Cu, Ag, Au), and other transition metals such as Fe, Mn, Ni, and Re. Support
materials including alumina, silica, magnesia and titania or mixtures thereof
may be used. Preferred supports for cobalt containing catalysts comprise
titania. Useful catalysts and their preparation are known

.At least one of the products recovered as a Fischer-Tropsch reaction
zone effluent is useful in preparing the stabilized product mixture.

In a specific embodiment of the invention, the products from Fischer-
Tropsch reactions performed in slurry bed reactors include a light product and
a waxy product. The light product (i.e. the condensate fraction) includes
hydrocarbons boiling below about 700°F (e.g., tail gases through middle
distillates), largely in the Cs-C2 range, with decreasing amounts up to about
Cao0. The waxy product (i.e. the wax fréction) includes hydrocarbons boiling
above about 650°F (e.g., vacuum gas oil through heavy paraffins), largely in
the Czo+ range, with decreasing amounts down to Co. Both the light product
and the waxy product are substantially paraffinic. The waxy product generally4 :
comprises greater than 70% normal paraffins, and often greater than 80%
normal paraffins, sometimes éppfoaching 100% normal paraffins. The light
product comprises parafﬁnip products with a significant proportion of alcohols

~and olefins. In some cases, the light product may comprise as much as 50%,

and even higher, alcohols and olefins.

There are a number of hydroprocessing processes which may be used
in preparing the Fischer-Tropsch reaction zone effluent as the stabilized
product mixture.

During hydrocracking, a hydrocracking reaction zone is maintained at
conditions sufficient to effect a boiling range conversion of the VGO feed to

the hydrocracking reaction zone, so that the liquid hydrocrackate recovered
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from the hydrocracking reaction zone has a normal boiling point range below
the boiling point range of the feed. Typical hydrocracking conditions include:
reaction temperature, 400°F-950°F (204°C-510°C), preferably 650°F-850°F
(343°C-454°C); reaction pressure 500 to 5000 psig (3.5-34.5 MPa), preferably
1500-3500 psig (10.4-24.2 MPa); LHSV, 0.1 to 15 hr! (viv), preferably 0.25-
2.5 hr'"; and hydrogen consumption 500 to 2500 scf per barrel of liquid
hydrocarbon feed (89.1-445 m* H, /m® feed). The hydrocracking catalyst
generally comprises a cracking component, a hydrogenation component and
a binder. Such catalysts are well known in the art. The cracking component
may include an amorphous silica/alumina phase and/or a zeolite, such as a Y-
type or USY zeolite. The binder is generally silica, alumina, or a combination
thereof. The hydrogenatiqn component will be a Group VI, Grbup VI, or
Group Vil metal or oxides or sulfides théreof, preferably one or more of
molybdenum, tungsten, cobalt, or nickel, or the sulfides or oxides thereof. If
present in the catalyst, these hydrogenation components generally make up
from about 5% to about 40% by weight of the catalyst. Alternatively, platinum
group metals, especially platinum and/or palladium, may be presént as the
hydrogenation component, either alone or in combination with the base metal
hydrogenation components molybdenum, tungéten, cobalt, or nickel. If
present, the platinum group metals will generally make up from about 0.1% to
about 2% by weight of the catalyst.

In general, hydrotreating reaction conditions are milder than those of
hydrocracking, and are intended primarily for olefin and aromatic (if present in
the reactant stock) saturation and for heteroatom (oxygen and, if present,
sulfur and nitrogen) removal. Catalysts suitable for hydrotreating are
designed with a relatively stronger hydrogenation function and a relatively
weaker cracking function. Mild hydrotreating, for example to remove color
bodies and sources of instability from lubricating base oils, is conducted at the
lower hydrotreating temperatures. Hydrotreating conditions include a reaction
temperature between 400°F-900°F (204°C-482°C), preferably 650°F-850°F
(343‘;C-454°C); a pressure between 500 to 5000 psig (pounds per square
inch gauge) (3.5-34.6 MPa), preferably 1000 to 3000 psig (7.0-20.8 MPa); a
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feed rate (LHSV) of 0.5 hr”' to 20 hr' (v/v); and overall hydrogen consumption
300 to 2000 scf per barrel of liquid hydrocarbon feed (53.4-356 m® H, /m®
feed). The hydrotreating catalyst for the beds will typically be a composite of a
Group VI metal or compound thereof, and a Group Vil metal or compound
5. thereof supported on a porous refractory base such as alumina. Examples of
hydrotreating catalysts are alumina-supported cobalt-molybdenum, nickel
sulfide, nickel-tungsten, cobalt-tungsten and nickel-molybdenum. Typically
such hydrotreating catalysts are presulfided.
When treating a substantially paraffinic feedstock, hydroisomerization
10  reactions isomerize the paraffin molecules to improve low temperature
properties, e.g. pour and cloud point, of the product. While substantial
hydrocracking may occur during hydroisomerization, the two processes are
differentiated in the present process by the reduced molecular weight
conversion which occurs during hydroisomerization. Typical
15 hYdroisomerization conditions are well known in the literature and can vary
widely. Isomerization processes are typically carried out at a temperature
between 200°F and 700°F, preferably 300°F to 650°F, with a LHSV between
0.1 and 10 hr™', preferably between 0.25 and 5 hr™. Hydrogen is employed
such that the mole ratio of hydrogen to hydrocafbon is between 1:1-and 15:1.
20 Catalysts useful for isomerization processes are generally bifunctional
| catalysts that include a dehydrogenation/ hydrogenation component and an
acidic component. The acidic component may include one or more of
amorphous oxides such as alumina, silica or silica-alumina; a zeolitic material
such as zeolite Y, ultrastable Y, SSZ-32, Beta zeolite, mordenite, ZSM-5 and
25  the like, or a non-zeolitic molecular sieve such as SAPO-11, SAPO-31 and
SAPO-41. The acidic component may further include a halogen component,
such as fluorine. The hydrogenation component may be selected from the
Group VIII noble metals such as platinum and/or palladium, from the Group
VIl non-noble metals such as nickel and tungsten, and from the Group VI
30 metals such as cobalt and molybdenum. If present, the platinum group metals
will generally make up from about 0.1% to about 2% by weight of the catalyst.
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If present in the catalyst, the non-noble metal hydrogenation components
generally make up from about 5% to about 40% by weight of the catalyst.

A lubricating base oil is prepared from a heavy fraction having an initial
boiling point in the range of 650-750°F. The heavy fraction may be
transported as a component of the stabilized product mixture or it may be
transported separately from the remote site. If in combination, the heavy-
fraction is recovered from the stabilized product mixture as a distillate or
bottoms fraction during fractionation of the stabilized product mixture at the
market site. In general, the heavy fraction will be hydroprocessed at the
market site in the preparation of lubricating base oil. An example process
includes fractionating the heavy fraction into one or more lubricating oil base
stocks, hydroisomerizing each base stock individually, optionally dewaxing to
remove residual amounts of wax, and mild hydrotreating to remove unstable
compounds and color bodies in the preparation of the high quality, low pour
point lubricating base oils. The lubricating oil base stock, which is the
feedstock to the hydroisomerization step, may be the whole heavy fraction
and a fraction thereof. Suitable fractions include a broad boiling fraction
having an initial boiling point in the range of 650-750°F and an end point in the
range of 950-1050°F. Narrow boiling fractions are élso suitable feedstocks to
the hydroisomerization step. These narrow fractions are generally
represented by viscosity (e.g. 4 cSt, 6 cSt, 12 ¢St and the like) and have a
boiling range extent of between 75°F and 200°F. An example narrow fraction
has an initial boiling point in the range of 650-750°F and an end point in the
range of 750-850°F.

Those skilled in the art will recognize or be able to ascertain using no
more than routine experimentation many equivalents to the specific
embodiments of the invention described herein. Such equivalents are
intended to be encompassed by the following claims.
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WHAT IS CLAIMED IS:

1.

A method for preparing finished products from a Fischer-Tropsch

synthesis process, the method comprising:

a) reacting a synthesis gas comprising Hz and CO to form at least
one Fischer-Tropsch effluent product;

b) reacting at least a portion of the Fischer-Tropsch effluent
product at hydroprocessing conditions to form a hydroprocessed
effluent; '

c) separating at least a portion of the hydroprocessed efiluent into
at least a Cs- fraction and a stabilized product mixture;

d) transporting at least a portion of the stabilized product mixture to
a market site; and | |

e) separating at least a portion of the stabilized product mixture at
the market site into at least one ﬁnished fuel product.

The method according to Claim 1 wherein the Fischer-Tropsch effluent

product is a Cs+ product.

The method according to Claim 1 wherein the hydroprocessing

conditions includes hydrocracking conditions.

_The method according to Claim 1 wherein the at least one finished fuel

product is a diesel fuel.

The method according to Claim 1 wherein the stabilized product
mixture is separated at the market site into at least one finished fuel
product and a heavy fraction. |

The method according to Claim 5 wherein the heavy fraction has an
initial boiling point in the range of 650-750°F.

The method according to Claim 5 wherein the heavy fraction is
separated into at least one lubricating oil base stock; and wherein the
lubricating oil base stock is converted at hydroisomerization conditions
to form a lubricating base oil.

The method according to Claim 6 wherein the heavy fraction has a
boiling endpoint in the range of 950°F-1100°F.
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10.

11.

12.

13.

14.

18.
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The method according to Claim 1 wherein the stabilized product
mixture boils in the range of Cs to an endpoint in the range of 650-
750°F,

The method according to Claim 1 wherein the hydroprocessed effluent

is separated into at least a Cy4- fraction, a stabilized product mixture and

a heavy effluent.

The method according to Claim 10 wherein at least a portion of the

heavy effluent is combined with at least a portion of the

Fischer-Tropsch effluent product for reaction at hydroprocessing

conditions.

The method according to Claim 10 wherein the hydroprocessing

conditions includes hydrocracking conditions.

The method according to Claim 10 wherein the stabilized product

mixture boils in the range of Cs to an endpoint in the range of 650-

750°F,

The method according to Claim 13 wherein the at least one finished

fuel product is a diesel fuel. ,

A method for preparing finished products from a Fischer-Tropsch

synthesis process, comprising:

a) receiving a stabilized product mixture recovered from a
Fischer-Tropsch synthésis.process,‘which stabilized product
mixture is prepared by the process comprising:

i) reacting a synthesis gas comprising Hz and CO to form at
least one Fischer-Tropsch effluent product;

ii) reacting at least a portion of the Fischer-Tropsch effluent
product at hydroprocessing conditions to form a
hydroprocessed effluent;

iii) separating at least a portion of the hydroprocessed
effluent into at least a C4- fraction and a stabilized product
mixture; and

iv) = transporting at least a portion of the stabilized product

mixture to a market site;

19



WO 02/094426 PCT/US02/15748

b) separating at least a portion of the stabilized product mixture
without additional hydroprocessing into at least one finished fuel
fraction at the market site;

wherein the stabilized product mixture is prepared at a remote site

5 relative to the market site.

16.  The method according to Claim 15 wherein the stabilized product
mixture comprises:

a) greater than 80 wt% paraffins,

b) less than 200 ppm oxygen as oxygenates,

10 c) less than 50 ppm sulfur, ‘

d) less than 50 ppm nitrogen, and

e) - less than 5% (v/v) olefins;

17.  The method according to Claim 15 wherein the finished fuel product is
a diesel fuel.

15 18. The method according to Claim 15 wherein the stabilized product
mixture is a Cs+ product.

19.  The method according to Claim 15 wherein the stabilized product
mixture is further separated into a heavy fraction having an initial
boiling point in the range of 650-750°F. |

20 20. The method according to Claim 19 wheréin the heavy fraction is
| separated into at least one lubricating oil base stock; and wherein the
lubricating oil base stock is converted at hydroisomerization conditions
to form a lubricating base oil.
21.  The method according to Claim 15 wherein the stabilized product
25 mixture comprises greater than 90 wt% paraffins.
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