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PROCESS FOR CONVERTING SYNTHESIS GAS INTO
HYDROCARBONACEOUS PRODUCTS

FIELD OF THE INVENTION

[0001]  The present invention relates to a process for prodlicing
hydrocarbonaceous products from synthesis gas.
BACKGROUND OF THE INVENTION

{0002] Various processes for converting synthesis gas into hydrocarbonaceous
products are well known. For example, Fischer-Tropsch synthesis is a well known
method for the conversion of remote natural gas into salable products such as
liquefied petroleum gas (LPG), condensate, naphtha, jet fuel, diesel fuel, other
distillate fuels, lube base stock, and lube base stock feedstock. The Fischer-Tropsch
synthesis process produces products that are predominantly linear hydrocarbons.
These linear hydrocarbons are desirable for use in distillate fuels and as a lube base
stock feedstock because they do not contain cyclic hydrocarbons. The linear
structure of the hydrocarbons give them excellent burning properties when used as
fuels and a high viscosity index when used as a lube base stock. The non-paraffinic
linear hydrocarbons produced from the Fischer-Tropsch synthesis (e.g., olefins and
alcohols) can be converted into linear paraffins by hydrogenation (e.g.,
hydrotreating, hydrofinishing, and/or hydrocracking).

[0003] The products from the Fischer-Tropsch process are not ideal, however,
for use as a gasoline blend stock or in petrochemical operations. These uses require
the presence of either aromatics or highly branched iso-paraffins, the production of
which requires the use of naphtha reforming and/or alkylation processes. The low
molecular weight products of the Fischer-Tropsch process that are rich in linear
olefins could be converted to high octane alkylate if a source of iso-butane were

available. Although iso-butane could be made from a conventional Fischer-Tropsch
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process by saturation of a butane stream followed by isomerization, the process
would be expensive.

[0004]  Another process for converting synthesis gas into hyd ‘bonaceou
products is the dual functional syngas conversion process. This process was
developed from Isosynthesis, a prcess developed in Germany in the 1930°s with the
objective of making low molecular weight iso-paraffins using Thoria catalysts at
high pressures. More recently, Isosynthesis has evolved to use at least two different
types of catalysts that both make methanol and consume it. Iso-paraffins are again a
major component of the product, and this dual functional syngas conversion process
can also be referred to as modern Isosynthesis. The products from the modern dual
functional syngas conversion reactor are a mixture of low molecular weight iso-
paraffins and an aromatic-rich product. )

[0005]  However, the dual functional syngas conversion process does not make
products that can readily be converted into jet fuel, diesel fuel, other distillate fuels,
lube base stock, or lube base stock feedstock. Light gases produced by the dual
functional syngas conversion process are rich in iso-butane, but it is not easy to

convert this product into fuels because to do so would require the process steps of
dehydrogenation, oligomerization, and alkylation.
[0006]  Accordingly, there is a need in the art for an economic and efficient
process for converting synthesis gas into a full range of hydrocarbonaceous
products.

SUMMARY OF THE INVENTION

{0007]  The present invention relates to processes for converting synthesis gas
into hydrocarbonaceous products. In one aspect of the present invention, a process
for converting synthesis gas into hydrocart ducts is provided

P

comptising the steps of (a) subjecting a first portion of synthesis gas to a dual
functional syngas conversion process to form a first effluent comprising a first
hydrocarbonaceous product including aromatics and iso-paraffins; (b) subjecting a
second portion of synthesis gas to a Fischer-Tropsch synthesis process to form a

oy

second effluent c ising a second hyd product including linear

2-
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paraffins and linear olefins; and (c) alkylating the linear olefins with the iso-
paraffins to produce high octane gasoline range alkylate.

[0008]  In another aspect of the invention, a process for converting synthesis gas
into hydrocarbonaceous products is provided comprising the steps of (a) providing a
synthesis gas; (b) subjecting at least a portion of the synthesis gas to a dual
functional syngas conversion process to form a first effluent comprising unreacted

Tods

aromatics and iso-

synthesis gas and a first hydrocarbc product i
paraffins; (c) subjecting the unreacted synthesis gas to a Fischer-Tropsch synthesis
process to form a second effluent comprising a second hydrocarbonaceous product
including linear paraffins and linear olefins; and (d) alkylating the linear olefins with
at least a portion of the iso-paraffins to produce high octane gasoline range alkylate.
[0009]  In a further aspect of the present invention, a process for converting
synthesis gas into hydrocarbonaceous products is provided that comprises the steps
of (a) providing a synthesis gas; (b) subjecting at least a portion of the synthesis gas
to a dual functional syngas conversion process to form a first effluent comprising a
first portion of unreacted synthesis gas, carbon dioxide, a first portion of water, and

Tuds

a first hydrocart product i
the first hydrocarbonaceous product into a light gas fraction, an iso-butane-
containing stream, and a high octane aromatic gasoline blend component; (d)
subjecting the unreacted synthesis gas to a Fischer-Tropsch synthesis process to

aromatics and iso-butane; (c) separating

form a second effluent comprising a second portion of water, a second portion of
unreacted synthesis gas, and a second hydrocarbonaceous product including linear
paraffins and linear olefins; (¢) separating the second hydrocarbonaceous product
into a light gas stream, a Cy-Cy4 olefin-containing stream, a C3-Cy alcohol-containing
stream, and a Cs* stream,; (f) combining the C3-C4 olefin-containing stream and the
C3-C4 alcohol-containing stream to form a combined stream; (g) reducing the
oxygen content of the combined stream to below 4000 ppm by dehydration; and (h)
alkylating the combined stream with the iso-but: ining stream to prod

high octane iso-paraffinic gasoline range alkylate.

[0010]  Unless otherwise stated, the following terms used in the specification and

claims have the means given below:

<3-
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{0011]  “Aromatic” means a molecular species that contains at least one aromatic
function,

[0012]  “Jet fuel” means a material suitable for use in turbine engines for aircraft
or other uses meeting the current version of at least one of the following
specifications:

¢ ASTMDI1655-99

» DEF STAN 51-91/3 (DERD 2494), TURBINE FUEL, AVIATION, KEROSINE
TYPE, JET A-1, NATO CODE: F-35

o International Air Transportation Association (TATA) “Guidance Material for
Aviation Turbine Fuels Specifications”, 4th edition, March 2000

®  United States Military Jet fuel specifications MIL-DTL-5624 (for JP-4 and JP-5)
and MIL-DTL-83133 (for JP-8)

[0013]  “Diesel fuel” means a material suitable for use in diesel engines and
conforming to the current version at least one of the following specifications:
e ASTMD 975 — “Standard Specification for Diesel Fuel Oils”

e European Grade CEN 90
o Japanese Fuel Standards JIS K 2204

* The United States National Conference on Weights and Measures NCWM)
1997 guidelines for premium diesel fuel ’

o The United States Engine Manufacturers Association recommended guideline
for premium diesel fuel (FQP-1A)

{0014]  "Gasoline" means a material suitable for use in spark-ignition internal-
combustion engines for automobiles and light trucks (motor gasoline) and in piston
engine aircraft (aviation gasoline) meeting the current version of at least one of the
following specifications: ’

¢ ASTM D4814 for motor gasoline
4
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¢ European Standard EN 228 for motor gasoline
* Japanese Standard JIS K2202 for motor gasoline

¢ ASTM D910 for aviation gasoline

b

* ASTM D6227 “Standard Specification for Grade 82 Unleaded Aviation
Gasoline”.

¢ UK Ministry of Defense Standard 91-90/Issue 1 (DERD 2485), GASOLINE,
AVIATION: GRADES 80/87, 100/130 and 100/130 LOW LEAD

[0015]  “Distillate fuel” means a material containing hydrocarbons with boiling
points between approximately 60°F to 1100°F. The term “distillate” means that
typical fuels of this type can be generated from vapor overhead streams from
distilling petroleum crude. In contrast, residual fuels cannot be generated from
vapor overhead streams by distilling petroleum crude, and are then non-vaporizable
remaining portion. Within the broad category of distillate fuels are specific fuels
that include: naphtha, jet fuel, diesel fuel, kerosene, aviation gas, fuel oil, and blends
thereof,

[0016]  “Lube base stock™ means a material having a viscosity greater than or
equal to 3 ¢St at 40°C, a pour point below 20°C preferably at or below 0°C, and a VI
greater than 70, preferably greater than 90. It is optionally used with additives,
and/or other base stocks, to make a finished lubricant. The finished lubricants ¢an
be used in passenger car motor oils, industrial oils, and other applications. When
used for passenger car motor oils, base stocks meet the definitions of the current
version of API Base Oil Interchange Guidelines 1509.

[0017]  “Naphtha” means a light hydrocarbon fraction composed of Cs-Co
hydrocarbonaceous cc
feedstock for ethylene .

[0018]  “Iso-paraffin” means a non-cyclic and non-linear paraffin with the
formula C;Hanea.

pounds used in the production of gasoline, solvents, and as a
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[0019]  “Synthesis gas” or “syngas” means a gaseous mixture of hydrogen and
carbon monoxide, and may also contain one or more of water, carbon dioxide,
unconverted light hydrocarbon feedstock, and various impurities such as sulfur or
sulfur compounds and nitrogen. The synthesis gas or gases used in the present
invention may be derived from a variety of sources such as, for example, methane,
light hydrocarbons, coal, petroleum products, or combinations thereof. Such sources
can be used to generate synthesis gas through processes such as, for example, steam
reforming, partial oxidation, gasification purification of synthesis gas, and
combinations of these processes. More specific examples of processes for
generating synthesis gas include the reforming of methane or the gasification of coal
or petroleum products such as resid.
[0020]  *Hydrocarbonaceous™ means containing hydrogen and carbon atoms and
potentially also containing heteroatoms such as oxygen, sulfur, or nitrogen.
[0021]  “Full range of hydrocarbonaceous products” means a range of
hydrocarbonaceous products including, but not limited to, high octane blend
streams, jet fuel, diesel fuel, other distillate fuels, lube base stock, and lube base
stock feedstock.
[0022]  “High octane gasoline range alkylate” is a product of an alkylation
process having high octane.
[0023]  “High octane ic gasoline™ means a Gasoline with a high octane
containing greater than 25 wt% aromatics preferably greater than 50 wt% aromatics.
“High octane gasoline blend” or “high octane gasoline blend component” means is 2
material that has greater than 85 octane by the research octane method, preferably
greater than or equal to 90, most preferably greater than or equal to 95. Research
Octane Numbers are measured by ASTM D2699 “Standard Test Method for
Research Octane Number of Spark-Ignition Engine Fuels”

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]  Figure 1 illustrates a process for converting synthesis gas into
hydrocarbonaceous products according to one embodiment of the present invention.

JP 2005-501139 A 2005.1.13
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0025]  According to the present invention, a process is provided for converting
synthesis gas into hydrocarbonaceous products by utilizing a dual functional syngas
conversion process and a Fischer-Tropsch synthesis process. The present invention

can produce a full range of hydrocarbonaceous products that are typically not

produced when using either Fischer-Tropsch synthesis or dual functional syngas
conversion by themselves.

[0026]  The process of the present invention involves providing a synthesis gas
or gases, subjecting a first portion of synthesis gas to a dual functional syngas
conversion process, and subjecting a second portion of synthesis gas to a Fischer-
Tropsch synthesis process. Linear olefins produced in the dual functional syngas
conversion process are alkylated with iso-paraffins produced in the Fischer-Tropsch
synthesis process to form high octane gasoline range alkylate. Other products that
may be produced by the present invention include high octane aromatic gasoline,
high octane gasoline blend streams, jet fuel, diesel fuel, other distillate fuels, lube
base stock, and lube base stock feedstock. The dual functional syngas conversion
process and the Fischer-Tropsch synthesis process may be operated in parallel (..,
side by side) or in series to produce the desired products and are discussed in more
detail below.

[0027]  The dual functional syngas conversion process and the Fischer-Tropsch
synthesis process may be operated using the same source of synthesis gas or separate

sources of synthesis gas. The composition of the synthesis gas for the dual
functional syngas conversion process and Fischer-Tropsch synthesis process can be,
but does not need to be, the same. If a common source of synthesis gas is used as a
feed stream, and different CO to H; ratios are desired, the ratio of one or both of the
streams can be adjusted by adding or removing CO or H; or by conducting water gas
shift or reverse water gas shift reactions. The tailoring of the synthesis gas
composition can also be done between the stages when the two processes are
operated in series. If desired, water can be either added or removed from the
synthesis gas prior to processing in the Fischer-Tropsch and/or the dual functional

syngas conversion reactors.
-
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[0028]  Dual functional syngas conversion (or “modern Isosynthesis™) is a
process for the conversion of syngas to higher molecular weight products via a

hanol i diate. The p uses at least two different types of catalysts and
involves making a methanol intermediate over one catalyst followed by the rapid

consumption of that intermediate over a second catalyst while the reaction mixture

remains in the same reactor. The products of the dual functional syngas conversion

process can include olefins (such as ethylene), aromatics, iso-paraffins, with smaller
of cycloparaffins (from hyd ion of aromatics) and C5- normal n-

paraffing (mostly propane) and combinations thereof. The presence of methanol is
difficult to detect in the products since it is a reactive intermediate and is typically
consumed as rapidly as it is made.

[0029] Common methanol synthesis catalysts include the metals or oxides of
zinc, iron, cobalt, nickel, ruthenium, thorium, rhodium and/or osmium and can also
include chromia, copper, alumina, and modifications thercof. Preferred catalysts for
converting syngas to methanol may include one or more transition metals and
typically include at least copper, chromium, alumina, or zinc.

{0030] Catalysts useful for converting methanol to aromatics and iso-paraffins
typically include one or more zeolites and/or non-zeolitic molecular sicves and the

- catalyst may be a strong solid acid. Those zeolites which are relatively acidic tend

to produce more aromatics, and those which are relatively non-acidic tend to form
more iso-paraffins.

[0031]  When the dual functional syngas conversion catalyst includes a zeolite in
addition to the methanol thesi: t, the properties of the zeolite

'

determine the nature of the product of the reaction. When the zeolite becomes
acidic, hydrogen transfer occurs. Hydrogen transfer converts some of the higher
molecular weight growing hydrocarbon fragments into aromatics. The hydrogen
from this reaction is not released into the gas phase as molecular Ha, but rather
shuttles to lower molecular weight olefins, These lower molecular weight olefins
are converted into less valuable LPG. In addition, the hydrogen from the aromatics
can reduce CO to mett Therefore, the products from a dual functional syngas

conversion process using an acidic catalyst include an aromatic-rich gasoline and

8-
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light gases. The production of the less valuable light gases negates the production of
the more valuable gasoline (or petrochemical grade aromatics).

[0032]  Ifthe acidity of the zeolite is reduced, however, hydrogen transfer is
reduced and the hydrocarbons continue to grow into the jet and diesel range rather
than being converted to aromatics. Also, since hydrogen transfer is reduces, the
production of light gases is reduced. Previous studies have demonstrated that if the
acidity of the zeolite is reduced, gas production is reduced, product tics are
reduced, and a very high proportion of iso-paraffins are produced.

[0033]  Process conditions for the dual functional syngas conversion process are
summarized in the following table.

Variable Broad Preferred
Pressure, Atmospheres 25-100 L. 35-75
Temperature, °C 300-500 375-425
CO conversion, % 20780 30-50
H2/CO ratio 1.25-3.0 1.5-1.75

{0034]  Any reaction vessel that is capable of being used to conduct a plurality of
simultaneous reactions using gas phase reactants and solid catalysts under conditions
of elevated temperature and pressure can be used. Such reaction vessels are well
known to those skilled in the art. The preferred reaction vessel is a fixed bed
catalyst system equipped with facilities to remove heat, such as introduction of
cooled synthesis gas at different points in the reactor or with steam-generation coils.
[0035] According to the present invention, the dual functional syngas conversion
process and the Fischer-Tropsch synthesis process described below may occur in
parallel or in series. Preferably, the dual functional syngas conversion process and
the Fischer-Tropsch synthesis process operate in series, most preferably with the
dual functional syngas conversion process occurring first.
[0036] There are several advantages to performing the dual functional syngas
conversion process first. The dual functional syngas conversion process is typically
operated at a higher pressure and temperature than the Fischer-Tropsch synthesis
process, and performing the dual functional syngas conversion process first

-9-
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eliminates the need for compression and heating before the Fischer-Tropsch process.
In addition, the catalysts used in the dual functional syngas conversion process are
not poisoned by sulfur, but can act to adsorb it. In comparison, the catalyst in the
Fischer-Tropsch synthesis process is very susceptible to sulfur poisoning and
performing the dual functional syngas conversion process first provides some
measure of protection to the Fischer-Tropsch catalyst.

{0037)  In the present invention, a first portion of synthesis gas is subjected to 2
dual functional syngas conversion process in a dual functional syngas conversion
reactor or reaction zone to form an effluent comprising a first hydrocarbonaceous
product. The dual functional syngas conversion process is preferably conducted
with an appropriate catalyst and under appropriate process conditions to produce 2
‘hydrocart product includi ics and iso-paraffins with few linear
hydrocarbons. The linear C4+ hydrocarbon content of the product from the
Isosynthesis reactor will be less than 20% most commonly less than 10%. The

hydrocarbonaceous product preferably includes high octane aromatic gasoline and
low molecular weight iso-paraffins that include iso-butane. The hydrocarbonaceous
product preferably contains between 5 and 35% w/w of aromatics, more preferably
between 15 and 30% w/w aromatics. The aromatics contained in the
hydrocarbonaceous product are principally C;-Cs aromatics, with lesser amounts of
Cs and Cyo aromatics.

[0038]  Methane yields are typically low, below 10 wt%, preferably below 5%,
and most preferably below 2 wt%. In comparison, methane yields from the FT step
are most often relatively higher. Methane is generally an undesired or less valuable
product in comparison to others, and use of Isosynthesis provides a way to minimize
its production. ’
[0039] As discussed more fully below, the iso-butane that is produced from the
dual functional syngas conversion reactor is used to alkylate linear olefins produced
in the Fischer-Tropsch synthesis process to form valuable high octane gasoline range
alkylate. This alkylate may be combined with the high octane aromatic gasoline
made from the dual functional syngas conversion reactor to form a high octane
gasoline blend component.
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[0040]  When the dual functional syngas conversion process is performed first,
the effluent preferably includes an unreacted portion of synthesis gas which may be
used in the subsequent Fischer-Tropsch synthesis process. The hydrocarbonaceous
products from the dual functional syngas conversion reactor may be separated from
the unreacted synthesis gas prior to passing the synthesis gas-to tke Fischer-Tropsch
reactor or the entire effluent can be fed to the Fischer-Tropsch reactor.

[0041]  In the Fischer-Tropsch synthesis process, liquid and gaseous
hydrocarbons are formed by contacting a synthesis gas (syngas) comprising a
mixture of H, and CO with a Fischer-Tropsch catalyst under suitable temperature
and pressure reactive conditions. The Fischer-Tropsch reaction is typically
conducted at temperatures of about from 300 to 700°F (149° to 371°C) preferably
about from 400° to $50°F (204° to 228°C); pressures of about from 10 to 600 psia
(0.7 to 41 bars), preferably 30 to 300 psia (2 to 21 bars); and catalyst space
velocities of about from 100 to 10,000 cc/g/hr., preferably 300 to 3,000 cc/g/hr.
[0042]  The produ(‘:t.s may range from Cy to Cyoo+ With 2 majority in the Cs-Cioo+
range. The reaction can be conducted in a variety of reactor types for example, fixed
bed reactors containing one or more catalyst beds, slurry reactors, fluidized bed
reactors, or a combination of different type reactors. Such reaction processes and
reactors are well known and documented in the literature. Slurry Fischer-Tropsch
processes utilize superior heat (and mass) transfer characteristics for the strongly
exothermic synthesis reaction and are able to produce relatively high molecular
weight, paraffinic hydrocarbons when using a cobalt catalyst.

{0043]  In aslurry process, a syngas comprising a mixture of H and CO is
bubbled up as a third phase through a slurry in a reactor which comprises a
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 EP0609079, completely
incorporated herein by reference for all purposes.
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[0044]  Suitable Fischer-Tropsch catalysts comprise one or more Group VIII
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, Ni, Th, Zr, Hf, U, Mg, and La
on a suitable inorganic support material, preferably one which cofuprises 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;,
La;03, 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, and illustrative but
nonlimiting examples may be found, for example, in U.S. Pat. No. 4,568,663.
[0045] The Fischer-Tropsch synthesis is a well known method for the
production of products such as LPG (C; and Cq), condensate (Cs and Cg), naphtha
(Cs to Co), jet fuel, diesel fuel, other distillate fuels, lube base stock, and lube base
stock feedstock. The products of the Fischer-Tropsch synthesis process are
predominantly linear hydrocarbons and include linear paraffins with smaller
amounts of linear olefins and linear alcohols, and even smaller amounts of linear
acids and other compounds. v

[0046]  In the present invention, a second portion of synthesis gas is subjected to
a Fischer-Tropsch synthesis process in a Fischer-Tropsch reactor or reaction zone to
form a second effluent comprising a second hydrocarbonaceous product. The
Fischer-Tropsch synthesis process is preferably conducted with an appropriate
catalyst and under appropriate process conditions to produce a second
hydrocarbonaceous product including linear paraffins and linear olefins. The linear
olefins are preferably olefins in the range of C3-C; (propylene, 1-butene, and 1-
pentene). The second hydrocarbonaceous product preferably includes 2 Cio« range
material comprising greater than 70% paraffins, and the second hydrocarbonaceous
product may include linear alcohols, linear acids, and naphtha.

-12-
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[0047) ~ When naphtha is made in the Fischer-Tropsch reactor, it is predominantly

posed of linear hydrocarbons and only a relatively small amount is produced.
The naphtha can be used as an ethylene cracker feed or converted to an improved
gasoline blend component by use of isomerization and/or naphtha reforming.
Preferably, the naphtha stream is hydt d-to remove oxygenates and olefins

prior to processing in an ethylene cracker, isomerizer, or naphtha reformer.

[0048]  The C;-Cs olefins that are produced from the Fischer-Tropsch reactor can
be alkylated with the iso-paraffins such ns iso-butane that are produced from the
dual functional syngas conversion reactor to form valuable high octane gasoline
range alkylate. This alkylate can be combined with the high octane aromatic
gasoline made from the dual functional syngas conversion reactor to produce a high
octane gasoline blend component. The high octane gasoline blend component
preferably comprises a Cs-Cig range material including greater than 10% aromatics
and greater than 10% dimethy! iso-paraffins,

{0049]  Alkylation is a conventional process which is well-known in the art.
During alkylation, an iso-paraffin or mixture of iso-paraffins are contacted with one
or more olefins in the presence of an acidic catalyst. Iso-butane is useful as the
iso-paraffin for alkylation processes, but iso-pentane can also be used either by itself
or as a mixture with iso-butane. Propylene, butenes, but also possibly pentene are
useful sources of olefin. The most frequently used acid catalysts are sulfuric and .
hydrofluoric acids in the liquid form.

[0850]  The pressure of the alkylation reaction using these liquid acids is
sufficient to keep the olefins and iso-paraffin in the liquid phase at reaction
temperature. The reaction is exothermic, and inlet temperature are near to ambient
conditions. Internal cooling is commonly used to remove the heat of reaction.
Sulfuric acid alkylation plants typically operate at between 45° and S5°F and use a
refrigeration system to control the heat of reaction. Hydroflueric acid plants
typically operate at between 90° and 100°F using cooling water to control the heat of
reaction. The molar ratio of iso-paraffin to olefin is always greater than 1.0 in order
to avoid polymerization. In general the typical molar ratios are above 4 and most
typically between 4 and 12, With sulfuric acid as the alkylation catalyst, the most

13-
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typical ratios are between § an 10, and with hydrofluoric acid, the most typical ratios
are between § and 12. Contact times in the mixer are in excess of 1 minute but
typically less than 1 hour, e.g. 10-40 minutes.

[0051]  After the reaction, the hydrocarbon phase comprising the alkylation
product, unreacted iso-butane and lesser amounts of unreacted olefin is separated
from the acid phase by density difference. The acid is recycled to the reactor, and
can be cooled during this recycle operation. The hydrocarbon products are separated
by distillation to recover the high boiling high octane highly branched iso-paraffinic
product and unreacted iso-butane. The unreacted iso-butane is recycled to the
reactor. Both catalysts will react with water in the feedstock to become diluted.
With sulfuric acid, no special precautions need to be taken except for a coalescer to
separate entrained water from the feed. With hydrofluoric acid, the feedstock is
dried by passage over an adsorbent (typically a zeolite) to reduce the water content
to low values (typically below 50 ppm, preferably below 10 ppm).

f0052]  U.S. Pat. No. 6,137,021, issued Oct. 24, 2000 and U.S. Pat. No
6,194,625, issued Feb. 27, 2001 describe such processes and are incorporated herein
by reference. Alkylation processes are also described in, for example: “Saga ofa
Discovery: Alkylation”, Herman Pines, Chemtech, March 1982 pages 150-154;
“The Mechanism of Alkylation of Paraffins”, Louis Schmerling, Industrial and
Enéineering Chemistry, Feb 1946, pages 275-281; “The Alkylation of Iso-Paraffins
by Olefins in the Presence of Hydrogen Fluoride”, Carl B. Linn and Aristid V.
Grosse, American Chemical Society, Cleveland Meeting, April 2-7, 1944; and
“H2804, HF processes compared, and new technologies revealed”, Lyle Albright,
Oil and Gas Journal, Nov 26, 1990.

[0053] It is desirable that the oxygen content of the feed to the alkylation process
be limited to 4000 ppm oxygen, preferably less than 2500 ppm oxygen, and most
preferably less than 1000 ppm oxygen. Oxygenates can come from the C3-C4 olefin
product from FT reactor, but not from the iso-butane product from Isosynthesis
reactor. The oxygen content of the feed to the alkylation reactor may be controlled
by, for example, distillation of the FT olefin product to avoid inclusion of
oxygenates, and/or water washing the olefin stream from the Fischer-Tropsch.
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[0054]  Inapreferred embodiment, the process of the present invention includes
processing, by conventional methods, the second hydrocarbonaceous product into at
least one, and more preferably more than one, of the following products: jet fuel,
diesel fuel, other distillate fuels, lube base stock, and lube base feed stock.

[0055]  Figure 1 illustrates one preferrec embodiment of the process of the
present invention. Synthesis gas 10 with a hydrogen to carbon molar ratio of 1.50 is
provided by reforming of natural gas by use of oxygen and steam. The synthesis gas
10is d to 50 heres, heated to 400°C, and passed over a dual

functional synthesis gas conversion catalyst in a reastion zone or reactor 12 to
produce a first effluent 14. The dual functional synthesis gas conversion catalyst
contains zinc, chromium, and ZSM-5 zeolite, the ZSM-5 zeolite being in the acidic
form. The gas rate is selected so that 40% of the carbon monoxide in the synthesis
gas is converted in the dual functional syngas conversion reactor 12.

[0056]  The first effluent 14 comprises a first hydrocarbonaceous product
(including an aromatic rich product, iso-butane, and other light gases), unreacted
syngas, carbon dioxide, and water. The first effluent is moved to a first separator 16
where the effluent is cooled and the liquids are condensed. Water 18 is separated
from the other products in separator 16 by density difference. The unreacted
synthesis gas 20 is removed from the separator 16 to be used in a Fischer-Tropsch
process discussed below. The hydrocarbonaceous product 17 from the first
separator 16 is sent to a second separator 22 (a distillation complex) where the
hydrocarbonaceous product is fractionated to form a light gas fraction 24, an iso-
butane-containing stream 26, and high octane aromatic gasoline blend component
28. The iso-butane-containing stream is used to alkylate olefins derived from the
Fischer-Tropsch process discussed below.

[0057]  The unreacted synthesis gas 20 from the dual functional syngas

inp to 20 spheres, heated to 245°C, and
fed to a shurry phase Fischer-Tropsch synthesis reactor or reaction zone 50 which

Anced

conversion reactor is

contains a cobalt catalyst. Sixty percent of the remaining synthesis gas is converted
in this reactor. The Fischer-Tropsch synthesis process produces a second effluent 52
comprising water, a second hydrocarbonaceous product, and unreacted synthesis gas
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58. The second effluent is passed to a first separator 54 where the water 56 is
separated by density difference and at least a portion of the unreacted synthesis gas
58 is separated and recycled to the Fischer-Tropsch reactor. The second
hydrocarbonaceous product from the first separator is sent to a second separator 62
(a distillation complex) where it is fractionated to form a light gas stream 64, a Cs-
C, olefin-containing stream 66 containing less than 4000 ppm oxygen, preferably
less than 2500 ppm oxygen, and most preferably less than 1000 ppm oxygen, and a
higher boiling (i.e., Cs") stream 68. Stream 68 may contain some Cs, alcohols that
will boil in the Cs* hydrocarbon range. The higher boiling stream is subsequently
upgraded to form salable naphtha, distillate fuels, and/or Iube blend stocks.

[0058)  The C3-C; olefin-containing stream is then mixed with the iso-butane-
containing stream 26 from the dual functional syngas conversion reactor to produce
a composite stream 72, which is subjected to alkylation over sulfuric acid at about

~ 20°C in a liquid-liquid contacting alkytation reactor 74 with a residence time of 30

minutes followed by phase separation. Although not shown in Figure 1, excess iso-
butane is recycled to maintain a molar ratio of iso-butane to olefin in the alkylation
reactor of 5:1. A high octane highly branched iso-paraffinic alkylate 76 is obtained
from the alkylation and then mixed with the high octane aromatic gasoline blend
component 28 from the dual functional syngas conversion reactor to form a high
octane gasoline blend component 78 containing aromatics and highly branched iso-
paraffins,

[0059]  While the invention has been described in detail and with reference to
specific embodiments thereof, it will be apparent to one skilled in the art that various
changes and modifications can be made without departing from the spirit and scope
of the invention.
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THAT WHICH IS CLAIMED IS:

1.

A process for converting synthesis gas into hyd

products, the process comprising the steps of:

a) subjecting a fizst portion of synthesis gas to a dual functional
syngas conversion process to form a first effluent comprising a

P

first hyd: b product incl
paraffins;

g aromatics and iso-

b) subjecting a second portion of synthesis gas to a Fischer-Tropsch
synthesis process to form a second effluent comprising a second
hydrocarb product including linear paraffins and linear
olefins; and ’

c) alkylating the linear olefins with the iso-paraffins to produce high
octane gasoline range alkylate.

The process of claim 1 wherein the iso-paraffins of the first
hydrocarbonaceous product include iso-butane.

The process of claim 1 wherein the first hydrocarbonaceous product
includes high octane aromatic gasoline.

The process of claim 1 wherein the linear olefins of the second -
hydrocarbonaceous product are olefins in the range of C3-Cs.

The process of claim 1 wherein the second hydrocarbonaceous product
includes linear alcohol, linear acid, and naphtha.

The process of claim 1 wherein the second hydrocarbonaceous product

Tiyd

a Cyo+ range ial comprising greater than 70% paraffins.
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10.

1L

12.

15.

The process of claim 1 wherein the first portion of synthesis gas and
the second portion of synthesis gas are derived from a common source

of synthesis gas.

The process of claim 1 wherein the first portion of synthesis gas and
the second portion of synthesis gas are derived from different sources
of synthesis gas.

The process of claim 7 wherein the first effluent includes an unreacted
portion of synthesis gas and the second portion of synthesis gas
comprises the unreacted portion of synthesis gas.

The process of claim 9 further comprising separating the second
portion of the synthesis gas from the first effluent before step (b).

The process of claim 1 further comprising processing the second
hydrocarbonaceous product into at least one of jet fuel, diesel fuel,
other distillate fuel, lube base stock, or lube base feed stock.

The process of claim 3 wherein the high octane aromatic gasoline and
the high octane gasoline range alkylate are mixed to produce a high
octane gasoline blend component.

The process of claim 12 wherein the high octane gasoline blend
component comprises a Cs-Cyo range material including greater than
10% aromatics and greater than 10% dimethyl iso-paraffins.

The process of claim 12 further comprising processing the second
hydrocarbonaceous product into at least one of jet fuel, diesel fuel,
other distillate fuel, lube base stock, or lube base feed stock.

A process for converting synthesis gas into hydrocarb

products, the process comprising the steps of:

a) providing a synthesis gas;
18-
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18.

20.

21.

22,

b) subjecting at least a portion of the synthesis gas to a dual
functional syngas conversion process to form a first effluent
comprising unreacted synthesis gas and a first hydrocarbonaceous

product includi ics and iso-paraffins;

¢) subjecting the unreacted synthesis gas to a Fischer-Tropsch
synthesis process to form a second effluent comprising a second
hydrocart product including linear paraffins and linear
olefins; and

d) alkylating the linear olefins with at least a portion of the iso-
paraffins to produce high octane gasoline range alkylate.

The process of claim 15 wherein the iso-paraffins of the first
hydrocarbonaceous product include iso-butane.

The process of claim 15 wherein the first hydrocarbonaceous product
includes high octane aromatic gasoline.

The process of claim 15 wherein the linear olefins of the second
hydrocarbonaceous product are olefins in the range of C3-Cs.

The process of claim 15 wherein the second hydrocarbonaceous
product includes linear alcohol, linear acid, and naphtha.

The process of claim 15 wherein the second hydrocarbonaceous
product includes a Cio+ range material comprié'mg greater than 70%
paraffins.

The process of claim 15 wherein the step of providing a synthesis gas
comprises producing a synthesis gas from methane, light
hydrocarbons, coal, petroleum products, or combinations thereof.

The process of claim 15 further comprising separating the unreacted
portion of the synthesis gas from the first effluent before step (c).

-19-
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23.

24.

25.

26.

27.

28.

29,

The process of claim 15 further comprising processing the second
hydrocarbonaceous product into at least one of jet fuel, diesel fuel,
other distillate fuel, lube base stock, or lube base feed stock.

The process of claim 17 wherein the high octane aromatic gasoline and
the high octane gasoline range alkylate are mixed to produce a high
octane gasoline blend component.

The process of claim 24 wherein the high octane gasoline blend
component comprises a Cs-Cyo range material including greater than
10% aromatics and greater than 10% dimethy! iso-paraffins.

The process of claim 24 further comprising processing the second
hydrocarbonaceous product into at least one of jet fuel, diesel fuel,
other distillate fuels, lube base stock, or lube base feed stock.

The process of claim 15 wherein the dual functional syngas conversion
process occurs at a higher pressure than the Fischer-Tropsch synthesis

process.

The process of claim 15 wherein the dual functional syngas conversion
process occurs at a higher temperature than the Fischer-Tropsch

synthesis process.

The process of claim 26 further comprising separating the unreacted
portion of the synthesis gas from the first effluent before step (c), and

wherein:

a) the iso-paraffins of the first hydrocarbonaceous product include
iso-butane;

b) the linear olefins of the second hydrocarbonaceous product are
olefins in the range of C3-Cs;
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the second hydrocarbonaceous product includes linear alcohol,
linear acid, and naphtha;

the second hydrocarbonaceous product includes a Cyo+ range
material comprising greater than 70% paraffins; and

the high octane gasoline blend component comprises a Cs-Cio
range material including greater than 10% aromatics and greater
than 10% dimethyl iso-paraffins.

A process for converting synthesis gas into hydrocarbonaceous

products, the process comprising the steps of:

2)

b)

©)

e)

providing a synthesis gas;

subjecting at least a portion of the synthesis gas to a dual
functional syngas conversion process to form a first effluent
comprising a first portion of unreacted synthesis gas, carbon
dioxide, a first portion of water, and 2 first hydrocarbonaceous

product including aromatics and iso-butane;

separating the first hydrocarbonaceous product into a light gas
fraction, an iso-butane-containing stream, and a high octane

aromatic gasoline blend component;

subjecting the unreacted synthesis gas to a Fischer-Tropsch
synthesis process to form a second effluent comprising a second
portion of water, a second portion of unreacted synthesis gas, and
a second hydrocarb product including linear paraffins
and linear olefins;

separating the second hydrocarbonaceous product into a light gas
stream, a C3-C; olefin-containing stream, and a Cs* stream;
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32,

33.

34,

35.

36.

(38)

f) alkylating the olefin-containing stream with the iso-butane-
containing stream, wherein the oxygen content of the feed to the
alkylation reactor is below 4000 ppm, to produce high octane iso-
paraffinic gasoline range alkylate.

The process of claim 30 wherein the dual functional syngas conversion
Pprocess is conducted with the first portion of the synthesis gas having a

pressure of 50 atmosph and a temp e of 400° C and using a
dual functional synthesis gas conversation catalyst comprising zinc,
chromium, and ZSM-5 zeolite in an acidic form.

The process of claim 30 wherein the Fischer-Tropsch synthesis process
is conducted with the second portion of the synthesis gas having a
pressure of 20 atmospheres and a temperature of 245° C and using 2
Fiscﬁer—Tropsch synthesis catalyst comprising a cobalt catalyst.

The process of claim 31 wherein the Fischer-Trop sch synthesis process
is conducted with the second portion of the synthesis gas having a
pressure of 20 atmospheres and a temperature of 245° C and using 2
Fischer-Tropsch synthesis catalyst comprising a cobalt catalyst.

The process of claim 30 wherein the Cs" stream is upgraded to form at
least one of the group consisting of naphtha, distillate fuel, and lube
blend stock.

The process of claim 30 wherein the high octane aromatic gasoline
blend component is mixed with the high octane iso-paraffinic gasoline
range alkylate to produce 2 high octane gasoline blend com Cs*ponent
containing aromatics and highly branched iso-paraffins.

The process of claim 34 wherein the high octane aromatic gasoline
blend component is mixed with the high octane iso-paraffinic gasoline
range alkylate to produce a high octane gasoline blend component

containing aromatics and highly branched iso-paraffins.
22-
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37.

38.

39.

The process of claim 33 wherein the alkylation of step (h) is conducted
at 20° C over sulfuric acid.

The process of claim 30 further comprising separating the carbon
dioxide and the first portion of unreacted syngas from the first effluent
—~before separating the first hydrocart product and separating

the second portion of water and the second portion of unreacted syngas
from the second effluent before separating the second
hydrocarbonaceous product.

The process of claim 38 wherein:

the dual functional syngas conversion process is conducted with the
first portion of the synthesis gas having a pressure of 50 atmospheres
and a temperature of 400° C and using a dual functional synthesis gas
conversation catalyst comprising zinc, chromium, and ZSM-5 zeolite
in an acidic form; ’

the Fischer-Tropsch synthesis process is conducted with the second
portion of the synthesis gas having a pressure of 20 atmospheres and a
temperature of 245° C and using a Fischer-Tropsch synthesis catalyst

comprising a cobalt catalyst;
the alkylation of step (f) is conducted at 20° C over sulfuric acid;

the Cs. stream is upgraded to form at least one of the group consisting
of naphtha, distillate fuel, and lube blend stock; and

the high octane aromatic gasoline blend component is mixed with the
high octane iso-paraffinic gasoline range alkylate to produce a high
octane gasoline blend component containing aromatics and highly
branched iso-paraffins.
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