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PRODUCTION OF LOW SULFUR SYNGAS FROM NATURAL
GAS WITH C4+/Cs5+ HYDROCARBON RECOVERY

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a process for producing low sulfur synthesis gas

(syngas) from natural gas with C4+/Cs+ hydrocarbon recovery. More particularly the

invention relates to producing very low sulfur syngas from sour natural gas with C44+/Csy
hydrocarbon recovery and to the use of the syngas for hydrocarbon synthesis. The
sulfur content of the syngas is less than 10 vppb and preferably less than 3 vppb. The
process includes treating the natural gas by amine scrubbing, low temperature

hydrocarbon and sulfur separation, followed by contact with zinc oxide and then nickel.

Background of the Invention

Hydrocarbon synthesis (HCS) processes are well known and include fixed bed,
fluid bed and slurry type processes in which a synthesis gas (syngas) comprising a
mixture of H and CO is reacted in the presence of a suitable Fischer-Tropsch type of

hydrocarbon synthesis catalyst at conditions effective to form hydrocarbons, and
preferably paraffinic hydrocarbons which are solid at standard room temperature
conditions of temperature and pressure. The syngas is produced by reacting a low
molecular weight hydrocarbon gas with oxygen and steam via well known processes
which include partial oxidation, catalytic steam reforming and combination thereof,
using a fixed or fluid catalyst bed. In a fluid bed syngas generation (FBSG) process,
partial oxidation and steam reforming both occur in the presence of the steam reforming
catalyst. This process has the advantage of superior heat and mass transfer. In

autothermal reforming the hydrocarbon is first partially oxidized and then separately
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catalytically steam reformed. These and other syngas processes and their relative merits
are discussed, for example, in U.S. Patents 4,877,550; 4,888,131 and 5,160,456. A

preferred source of the low molecular weight hydrocarbon is natural gas in which the

hydrocarbon comprises primarily methane with minor amounts (e. 8., ~ 1-10 %) of Cp+

hydrocarbons, including C4+ hydrocarbons. Other natural gas components include
nitrogen, carbon dioxide, water vapor and sulfur in the form of sulfur bearing
compounds including H,S, mercaptans (RSH), other organic sulfides generally, carbonyl
sulfide (COS) and sometimes minor amounts of carbon disulfide. Sulfur in the feed toa
syngas generator will poison the steam reforming catalyst and result in a loss of syngas
productivity. Certain HCS catalysts are easily poisoned and permanently deactivated by
these sulfur bearing compounds. Those comprising a cobalt catalytic component are
particularly sensitive and as little as 0.1 vppm (volume parts per million) of sulfur
compounds present in the syngas feed to the HCS reactor will permanently deactivate
the catalyst in less than 10 days. Even levels as low as, for example, 10 vppb (volume
parts per billion) are unacceptably high for a commercial HCS plant. As the catalyst
deactivates, hydrocarbon production decreases and the reactor has to be taken off line
for catalyst replacement. Consequently, the ability to achieve highly productive
hydrocarbon synthesis with such catalysts, on a sustainable basis, has not yet been
achieved. It would be an improvement to the art to be able to produce syngas having

less than 10 vppb of sulfur compounds from sour natural gas by a method which also

recovers the valuable C4+ and/or Cs4 hydrocarbons.

SUMMARY OF THE INVENTION

A process for producing low sulfur synthesis gas (syngas) from natural gas
which contains C44/Cs4 hydrocarbons, with recovery of these hydrocarbons from the
8as, comprises scrubbing or contacting the gas with a liquid sulfur absorbent to remove

most of the sulfur, followed by low temperature cooling to remove more sulfur
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compounds and the C4+/Cs+ hydrocarbons, and then contacting the sulfur and
hydrocarbon reduced gas first with zinc oxide and then nickel to reduce the sulfur
content to less than 0.1 vppm (volume parts per million) and preferably less than 80
vppb (parts per billion), before it is passed into the syngas generator. The syngas exiting
the syngas generator is then contacted with zinc oxide to remove remaining sulfur from
the gas. This process produces a syngas feed having less than 10 ppm of sulfur in the
form of sulfur bearing compounds and recovers the valuable C4+/Cs4+ hydrocarbons from
the feed, so that they are not wasted by being passed into the syngas generator. The
C44/Cs+ hydrocarbons recovered from the natural gas are upgraded by hydrorefining and
fractionation. The zinc oxide and nickel react with the sulfur compounds remaining in
the gas after the scrubbing and cooling, to form zinc sulfide and nickel sulfide. The
nickel is preferably nickel metal and in a particularly preferred embodiment the nickel is
supported on a support material. Reducing the sulfur content of natural gas fed into an
FBSG unit down to less than 0.1 vppm and preferably less than 80 vppb substantially
reduces catalyst deactivation in a fluid bed syngas generator and increases the syngas
productivity. When the sulfur content in natural gas fed into a FBSG containing a nickel
reforming catalyst was reduced to less than 80 vppb, it resulted in less than a 1 % per
day activity loss. The low sulfur feed comprising primarily methane, is then fed into a
syngas generating unit, along with steam and oxygen or air, and preferably oxygen, to
produce a syngas comprising a mixture of H; and CO. The syngas is then contacted
with zinc oxide to reduce the sulfur level in the syngas to the less than 10 vppb and
preferably less than 3 vppb levels desired for feeding the syngas to a hydrocarbon
synthesis (HCS) reactor. It also serves as a guard bed in the event of a sulfur
breakthrough upstream of the syngas generator and from sulfur contaminants present in

the syngas generating unit and from the other feed components. The very low sulfur
syngas is then fed into an (HCS) reactor in which the H, and CO react in the presence of

a suitable Fischer-Tropsch type of hydrocarbon synthesis catalyst at conditions effective

to form hydrocarbons. In a slurry HCS process, at least a portion of the synthesized



WO 99/37741 PCT/US99/00977

-4-

hydrocarbons comprise the slurry liquid and are solid at standard room temperature

conditions of temperature and pressure (e.g., 75°F and atmospheric pressure).

In a broad sense, the invention comprises removing sulfur compounds and
C4+/Cs+ hydrocarbons from natural gas to form a low sulfur gas comprising mostly

methane, which contains less than 0.1 vppm and preferably less than 80 vppb of sulfur,
by liquid absorption, low temperature separation and contact with zinc oxide followed
by nickel. The low sulfur methane gas is then passed into a syngas generating unit to
produce a syngas comprising a mixture of H, and CO having a low sulfur content or
used for any other purpose. In a further embodiment, the syngas is contacted with zinc
oxide to insure that the level of sulfur in the gas remains at less than 10 vppb and

preferably less than 3 vppb of sulfur. By sulfur is meant sulfur compounds which
include predominantly H,S and one or more of mercaptans (RSH), other organic
compounds generally, carbonyl sulfide (COS) and CS,. Except for the H,S, all of the

other sulfur bearing compounds may be considered as organic sulfur compounds.

The liquid absorption or scrubbing may selectively remove only the sulfur

compounds or it may remove both the sulfur compounds and COy, if desired. The
choice depends on the amount of CO, present in the natural gas and the extent to which
various CO; and sulfur compound removal methods, such as amine scrubbing, are

feasible. As a practical matter, if the amount of CO; exceeds about 2 mole % of the gas,
removal is necessary to prevent plugging of the low temperature hydrocarbon separation
unit downstream of the scrubbing. The use of amine scrubbing for either sulfur or both
sulfur and CO; removal from gas streams, including natural gas, is well known and is
disclosed, for example, in U.S. Patents 4,405,585 and 5,112,05 relating to aqueous
solutions of hindered amines. These processes are commercially available from Exxon

as their FLEXSORB SE® and FLEXSORB PS® processes. By low temperature

separation in the context of the invention is meant cooling the gas down to a
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temperature of at least 30°F, preferably at least 0°F and more preferably at least about

minus 20°F. This condenses more sulfur compounds out of the gas as well as the
Ca+/Cs+ hydrocarbons. In a preferred embodiment of the invention the gas is cooled
down to a temperature of from about -20 to -40°F to maximize C4+/Cs4 hydrocarbon
recovery. The exact cut point for the C4+ or Cs+ hydrocarbons depends on a number of

variables, hence C4+/Cs+ is used to indicate that at least the Cs+ and preferably also Cy4
hydrocarbons are removed from the gas. It is preferred in the practice of the invention
to take advantage of the high pressure (e. g., 2 1,000 psig) of the natural gas recovered
from the gas well, to cool the gas using Joule-Thomson and, if desired, flash expansion.
The cooled mixture of gas and liquid C4+/Cs+ hydrocarbons is then passed to a gas-
liquid separator or knockout drum, to separate the gas from the condensed
hydrocarbons. The cooled, sulfur and C44/Cs4+ hydrocarbon reduced gas is then passed
through one or more guard beds in which it is contacted with one or more sulfur
absorbents and/or adsorbents which, in a preferred embodiment of the invention,
sequentially comprises first zinc oxide and then nickel, to remove substantially all of the
sulfur compounds remaining and produce a gas feed for the syngas generator containing
less than 0.1 vppm, and preferably less than 80 vppb of sulfur compounds. It is
preferred to heat the cool gas up to a temperature of at least about 150°F and more
preferably at least 200°F before it contacts the sulfur absorbents, particularly when
contacting the nickel. This increases the capacity and efficiency of the two sulfur
absorbents. After passing through the absorbent beds, the gas may be fed into a syngas
reactor to produce a syngas feed comprising a mixture of H, and CO for hydrocarbon

syntheses or used for any other purpose.

BRIEF DESCRIPTION OF THE DRAWING

The figure is a schematic flow diagram of a process of the invention.
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DETAILED DESCRIPTION

While the composition of natural gas may vary widely depending on the location,

it generally comprises mostly methane, along with nitrogen, C,+ hydrocarbons, CO, and

minor amounts of sulfur compounds, particularly H,S as set forth above. A typical
natural gas useful as a feed for syngas generation comprises, for example, mostly
methane (> 50 %), nitrogen in an amount from about 0-15 %, about 2-15 % C,+
hydrocarbons (about 2-10 % C,-C4 and 0-2 % Cs+), COz in an amount of up to about 2
% and the remainder methane. These percents are all mole percent. The C44/Cs+
fraction of the Cy+ hydrocarbons typically ranges from between about 0.5 to 5 volume

or mole %. Sulfur compounds, including primarily H,S for a sour natural gas, along
with RSH, COS and other organic sulfur compounds are invariably present and must be
removed to prevent deactivation of the catalyst in the syngas generator and in the HCS
reactor(s) downstream. As set forth above, unless the sulfur compounds present in the
feed to the syngas generator are less than 0.1 vppm and preferably less than 80 vppb,
deactivation of the steam reforming catalyst occurs. Certain HCS catalysts, particularly
those comprising a supported cobalt catalytic component are especially prone to sulfur
deactivation which is not reversible. In the case of a slurry HCS reactor, this means that
the reactor must be taken off line, drained, the dead catalyst separated from the
hydrocarbon products which comprise a solid at standard conditions of room
temperature and pressure, fresh catalyst and hydrocarbon liquid charged to the reactor
and the reactor placed back on stream. To the extent that 0.1 vppm (100 vppb) of sulfur
compounds can permanently deactivate the HCS catalyst within 10 days, this is
extremely costly and substantially reduces hydrocarbon productivity. Therefore, the
sulfur in the gas must be reduced below 0.1 vppm and preferably below 80 vppb prior to
syngas production. The production of syngas by partial oxidation followed by a water
gas shift reaction, by steam reforming, or by a combination of partial oxidation and
steam reforming, is well known as is disclosed, for example, in U.S. Patents 4,888,131

and 5,160,456 referred to above, the disclosures of which are incorporated herein by
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reference. Also known is catalytic partial oxidation in which the hydrocarbon and
oxygen are premixed and passed over a noble metal catalyst at elevated temperature and
pressure. While any suitable syngas generating process may be used in the practice of
the invention, a fluid bed syngas generator FBSG is used in the drawing. As mentioned
above, both FBSG and autothermal reforming employ partial oxidation and steam
reforming to form a mixture of H, and CO, with the autothermal reforming process first
partially oxidizing the methane and then passing it through a fixed bed of catalyst in
which it is adiabatically steam reformed. In an FBSG, the fluid bed of catalyst provides
more efficient heat transfer and both the partial oxidation and steam reforming occur in
the presence of the reforming catalyst. The catalyst may be any conventional steam-
reforming catalyst, or autothermal reforming catalyst. Such catalysts can be described
as including one or more catalytic metal components of metal selected from Group VII
and Group VIII (Sargent-Welch Periodic Table of the Elements, © 1968) supported on
an attrition resistant refractory support, such as a pure alpha alumina. Group VIII
metals are preferred and the invention is useful with both noble and non-noble metals of
the Group VIII metals. Nickel is preferred due to its low cost, resistance to sulfur
poisoning and catalytic effectiveness for the syngas generation. Such catalysts are well
known and references to their preparation and composition may be found in the ‘131
and ‘456 patents referred to above, in the literature, and also in U.S. 5,395,406. In the '
fluid bed of the FBSG process, the supported steam reforming catalyst is typically mixed
with an inert, attrition resistant, particulate refractory to improve heat transfer and to
conserve the catalytic metal component. This is known and disclosed in the 131 and
‘456 patents and in U.S. Patent 5,395,813. While the nickel loading on a catalyst
particle will range from between about 1 to 20 wt. %, when the fluidized bed also
contains the inert heat transfer particles, the nickel loading in the bed will typically
range from about 0.02 to 3 wt. % of the total weight of the particles constituting the
bed. The methane feed to steam molar ratio for the FBSG is at least about 1:1,
preferably from about 1:1 to 1:3 and more preferably 1.5:1 to 2.5:1. The oxygen to
methane feed molar ratio is about 0.2:1 to 1:1 and preferably 0.4:1 to 0.6:1. If oxygen

is used instead of air, the methane feed and oxygen may be separately diluted with steam
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and/or CO; before being passed into the reaction zone. The ratio of steam to COyis
chosen so as to achieve the desired Ho/CO product ratio. The FBSG is typically run so

as to produce a syngas having the H, and CO in a 2:1 mole ratio, with the so-produced
syngas then fed into an HCS reactor to form more valuable hydrocarbons from the gas.
The conditions in a FBSG include pressures in the range of about 10-50 atmospheres,
preferably 10-40 atmospheres and more preferably 20-40 atmospheres, while the
temperature will range to within about 50°F of the softening point of the, essentially
non-catalytic, heat carrying particles, preferably from about 1650°F to about 2000°F
and more preferably from about 1700°F to about 1800°F. The practical upper limits of
temperature and pressure are determined by the ability of the catalyst, reactor and heat

transfer particles to withstand the higher temperatures and pressures.

Referring to the Figure, a sour natural gas containing C4+/Cs+ hydrocarbons,

COz and sulfur compounds which include H,S, RSH, COS and other organic sulfur
compounds is produced from a natural gas well and passed, via line 10, into a hindered
amine scrubbing zone in vessel 12, in which it contacts an acid gas absorbent comprising
an aqueous solution of hindered amine, such as an aqueous solution of 2-piperidine,
ethanol and sulfolane, as disclosed in U.S. Patent 4,112,051. The hindered amine
solution enters the tower via line 14 and simultaneously removes the CO, and most of
the sulfur compounds from the gas. The sulfur compounds which were present in the
gas at a level of about 5,000 vppm H,S and 100 vppm organic sulfur compounds, are
removed down to a level of about 1 vppm H,S and 1 vppm of the organic sulfur
compounds. Vessel 12 is a simple counter current or cocurrent contacting tower
containing packing such as ceramic rings, saddles and the like. The CO; and sulfur
containing, aqueous amine absorbent solution is removed from bottom of the vessel via
line 16 and processed by means not shown, to regenerate the absorbent by desorbing
and separating the sulfur and CO, to recover the amine solution, which is then recycled
back into the contacting zone. The CO, and sulfur reduced gas is removed from the

scrubbing zone via line 18 and passed through a dryer 20 and then a mercury removal
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vessel 24 via line 22. The drier and mercury removal vessels each contain commercially
available molecular sieves designed for removing moisture and mercury. From there, the
gas which is at a pressure of about 900 psig and a temperature of about 120°F is passed
into a cooler or cooling zone indicated by box 28, via line 26. In the practice of the
invention, it is preferred that the gas be self chilled to condense out the Cs+/Cs4
hydrocarbons by Joule-Thomson expansion. This avoids the need for external
refrigeration units and attendant compressors. However, if desired, refrigeration units
may be used for all or part of the gas chilling to condense out the additional sulfur
compounds and the C4+/Cs+ hydrocarbons. Further, while zone 28 is illustrated by the
simple box for the sake of convenience, in reality it will comprise a plurality of indirect
heat exchangers. The saw-tooth lines in box 28 indicate heat exchange surface
associated with a particular stream. In zone 28 the gas is chilled by indirect heat
exchange, which is explained below, which chills it to about -20°F. The chilled gas then
passes into vessel 30 in which it is permitted to flash (rapidly expand), which results
condensation of the C3+ hydrocarbons which are removed from the bottom via line 32,
with the gas removed from the top via line 42. The temperature and pressure in vessel
30 are about -30°F and 600 psig. The liquid condensate removed via line 32 is passed
into gas-liquid separator 36, which may be a simple knock-out drum, after passing
through a Joule-Thomson expansion valve 34 in line 32. This further reduction in
pressure results in vaporization of some of the Cs. hydrocarbons and produces a
reduction in temperature of the mixture to about -100°F. The mixture is then separated
in vessel 36. The cold C3+ hydrocarbon condensate is removed from the bottom of the
separator via line 38 and, in this embodiment, is passed through cooling zone 28 to
provide part of the cooling for the gas stream passing through to vessel 30. At the same
time, the cold gas is removed from the top of 36 via line 40 and also passed through
zone 28 to provide additional cooling of the incoming gas stream. Passing through the
cooling zone heats both the hydrocarbon liquid condensate and the gas uptoa
temperature of about 100°F. After passing through the cooling zone, the gas and liquid

condensate streams 38 and 40 are combined and sent to a fractionator (not shown) from
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which the C4+/Cs+ hydrocarbons are recovered and passed to one or more upgrading
operations (not shown) such as hydrorefining. to remove the sulfur and then fractionated
to naphtha, chemical and diesel fractions. Turning again to vessel 30, the main gas
stream, which is now at a temperature and pressure of about -30°F and 600 psig., is
removed from the vessel via line 42 and passed through the cooling zone 28 to provide
some of the cooling requirements for cooling the gas stream passing through via line 26
and associated heat exchange surface. As the gas passes from vessel 30 to cooling zone
26, it passes through a Joule-Thomson valve 44 which further reduces the temperature
and pressure to -40°F and 500 psig. before it enters the cooling zone. Indirect heat
exchange with the hot incoming gas stream heats the gas in line 42 from about -40°F up
to about 100°F. This gas now has about 0.7 vppm of H,S and 0.7 vppm of RSH and
other organic sulfur compounds. After passing through the cooling zone, the gas passes
through a heat exchanger 46 in which it is heated to a temperature of about 300°F and
passed, via line 48 through at least one absorption and/or adsorption zone for removing
the remaining sulfur from the gas to produce a methane gas having less than 0. l_vppm
and preferably less than 80 vppb of total sulfur. Suitable absorbents include molecular
sieves, activated carbon and the like. However, it is preferred that the sequential use of
zinc oxide and nickel absorbents be used to remove the sulfur, irrespective of whether or
not one or more adsorbents are used. In the embodiment shown in the F igure, which is
a preferred embodiment, at least two sulfur absorbing zones are shown, with each zone
comprising a fixed bed of a solid, particulate sulfur absorbent. The first zone or vessel
50 contains a sulfur absorbent comprising solid, particulate zinc oxide and the second
zone or vessel 54 contains a sulfur adsorbent comprising solid, particulate nickel
supported on an inert support, such as alumina. Supported nickel is preferred to the
solid bulk metal in order to achieve a greater surface area to mass ratio, as the

absorption occurs on the surface of the nickel. It has been found that, while zinc oxide
has a greater capacity for sulfur absorption than nickel, particularly for H,S, the zinc
oxide has an unacceptably high sulfur “leak rate” which is believed to be due to COS,

C2+ mercaptans and perhaps other organic sulfur compounds. On the other hand, it has
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also been found that while nickel has a lower overall capacity for adsorbing sulfur than
the zinc oxide, it has greater selectivity and capacity for COS, Cp+ mercaptans and
perhaps other organic sulfur compounds than the zinc oxide. Mixing zinc oxide with
nickel or placing the nickel upstream of the zinc oxide does not produce the low sulfur
level of less than 0.1 vppm and preferably less than 80 vppb that is achieved by placing
the zinc oxide upstream of the nickel. The zinc absorbent may be mixed with nickel if
desired, as long as there is a sulfur adsorbent zone comprising nickel downstream of the
zinc oxide. However, this is a waste of the nickel. The zinc oxide and nickel absorbent
beds may be in series in the same vessel, but it is more convenient that they be in
separate vessels. Further, more than one zone or vessel containing a bed of each
absorbent may be used. The chilled gas, which now has less than 1 vppm total sulfur is
then passed through a heat exchanger 46 via line 42, in which it is heated to a
temperature of from about 300 to 450°F. Heating the gas enables more absorption of
the sulfur compounds in the two downstream adsorbent beds. The hot gas exits the heat
exchanger via line 48 and passes into absorption zone 50 in which it contacts zinc oxide
first and then into absorption zone 52 via line 54, in which it contacts nickel. The zinc
oxide removes the H,S and some, but not all (e. 8., C2+ mercaptans), of the mercaptan
sulfur from the gas. The nickel removes the remaining sulfur compounds, including
COS and C;+ mercaptans to produce a gas having a total sulfur content of less than 0.1
vppm and preferably less than 80 vppb. In practice, two or more parallel trains of two
or more sequential sets of the zinc oxide and nickel beds in separate vessels will be used,
to prevent sulfur breakthrough from the first set from reaching the syngas generator and
to enable some of the beds to be on a regeneration cycle, while others are in an
absorption mode. After passing through the sulfur absorption zones, the gas is fed via
line 56 into an FBSG 58, along with oxygen and water vapor which enter via lines 60
and 62, respectively. FBSG 58 contains a fluid bed of a steam reforming catalyst within
(not shown) and the very low sulfur gas comprising primarily methane is partially
oxidized and steam reformed to produce a syngas comprising a mixture of Hy and CO at

amole ratio of 2.1:1. The particulate catalyst comprises a catalytic nickel metal
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component on a high purity alumina support. In the FBSG or other syngas generator,
the remaining sulfur compounds are converted to HS. The syngas is produced in an
amount of about three times the volume of the hydrocarbon feed gas. This means that
the sulfur content of the syngas is about one third that of the hydrocarbon feed gas.
This syngas leaves the FBSG via line 64 and passes through a third sulfur adsorbent
zone 66 which comprises a fixed bed of particulate zinc oxide, to ensure that the total
sulfur level in the syngas passed to a slurry HCS reaction zone 70 via line 68 is less than
10 vppb and preferably less than 3 vppb. This zinc oxide adsorbent bed also serves as a
guard bed to adsorb any sulfur that might have been introduced into the FBSG by the
oxygen or water vapor, from the catalyst and from the ceramic insulation in the FBSG.
It also protects against sulfur breakthrough upstream of the syngas generator. While a
FBSG is shown in the Figure, the invention is not limited to FBSG for the syngas
generation. This syngas passes up into the slurry HCS reactor in which the slurry
comprises gas bubbles and an HCS catalyst comprising a supported catalytic cobalt
component in a hydrocarbon liquid which comprises products of the hydrocarbon
reaction that are liquid at the reaction conditions. In the HCS reactor, the syngas reacts
in the presence of the catalyst at conditions effective to produce hydrocarbons, at least a
portion of which are liquid at the reaction conditions, with a catalyst half life of at least
30, preferably 80 and more preferably at least 150 days, depending on the amount of
sulfur in the syngas, with at least 30 days being the half life at 10 vppb of sulfur and 150
days at less than 3 vppb. The synthesized hydrocarbon liquids are withdrawn from the
reactor by filter means indicated by box 72 and passed via line 74 to upgrading by
fractionation and/or one or more hydroconversion operations, while the gas products of

the HCS reaction are removed overhead via line 76 and passed to further processing.

In an HCS process, liquid and gaseous hydrocarbon products are formed by
contacting a syngas comprising a mixture of H and CO with a Fischer-Tropsch type of
HCS catalyst, under shifting or non-shifting conditions and preferably under non-shifting
conditions in which little or no water gas shift reaction occurs, particularly when the

catalytic metal comprises Co, Ru or mixture thereof. In an HCS reactor the catalyst will
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component on a high purity alumina support. In the FBSG or other syngas generator,
the remaining sulfur compounds are converted to HS. The syngas is produced in an
amount of about three times the volume of the hydrocarbon feed gas. This means that
the sulfur content of the syngas is about one third that of the hydrocarbon feed gas.
This syngas leaves the FBSG via line 64 and passes through a third sulfur adsorbent
zone 66 which comprises a fixed bed of particulate zinc oxide, to ensure that the total
sulfur level in the syngas passed to a slurry HCS reaction zone 70 via line 68 is less than
10 vppb and preferably less than 3 vppb. This zinc oxide adsorbent bed also serves as a
guard bed to adsorb any sulfur that might have been introduced into the FBSG by the
oxygen or water vapor, from the catalyst and from the ceramic insulation in the FBSG.
It also protects against sulfur breakthrough upstream of the syngas generator. While a
FBSG is shown in the Figure, the invention is not limited to FBSG for the syngas
generation. This syngas passes up into the slurry HCS reactor in which the slurry
comprises gas bubbles and an HCS catalyst comprising a supported catalytic cobalt
component in a hydrocarbon liquid which comprises products of the hydrocarbon
reaction that are liquid at the reaction conditions. In the HCS reactor, the syngas reacts
in the presence of the catalyst at conditions effective to produce hydrocarbons, at least a
portion of which are liquid at the reaction conditions, with a catalyst half life of at least
30, preferably 80 and more preferably at least 150 days, depending on the amount of
sulfur in the syngas, with at least 30 days being the half life at 10 vppb of sulfur and 150
days at less than 3 vppb. The synthesized hydrocarbon liquids are withdrawn from the
reactor by filter means indicated by box 72 and passed via line 74 to upgrading by
fractionation and/or one or more hydroconversion operations, while the gas products of

the HCS reaction are removed overhead via line 76 and passed to further processing.

In an HCS process, liquid and gaseous hydrocarbon products are formed by
contacting a syngas comprising a mixture of H and CO with a Fischer-Tropsch type of
HCS catalyst, under shifting or non-shifting conditions and preferably under non-shifting
conditions in which little or no water gas shift reaction occurs, particularly when the

catalytic metal comprises Co, Ru or mixture thereof. In an HCS reactor the catalyst will
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rejuvenation conditions of temperature and pressure are similar to those for hydrocarbon

synthesis and are disclosed in the prior art.

The hydrocarbons produced by a slurry HCS process according to an
embodiment of the invention are typically upgraded to more valuable products, by
subjecting all or a portion of the Cs4 hydrocarbons to fractionation and/or conversion.
By conversion is meant one or more operations in which the molecular structure of at
least a portion of the hydrocarbon is changed and includes both noncatalytic processing
(e.g., steam cracking), and catalytic processing (e.g., catalytic cracking) in which a
fraction is contacted with a suitable catalyst. If hydrogen is present as a reactant, such
process stéps are typically referred to as hydroconversion and include, for example,
hydroisomerization, hydrocracking, hydrodewaxing, hydrorefining and the more severe
hydrorefining referred to as hydrotreating, all conducted at conditions well known in the
literature for hydroconversion of hydrocarbon feeds, including hydrocarbon feeds rich in
paraffins. Illustrative, but nonlimiting examples of more valuable products formed by
conversion include one or more of a synthetic crude oil, liquid fuel, olefins, solvents,
lubricating, industrial or medicinal oil, waxy hydrocarbons, nitrogen and oxygen
containing compounds, and the like. Liquid fuel includes one or more of motor
gasoline, diesel fuel, jet fuel, and kerosene, while lubricating oil includes, for example,
automotive, jet, turbine and metal working oils. Industrial oil includes well drilling

fluids, agricultural oils, heat transfer fluids and the like.
The invention will be further understood with reference to the example below.

EXAMPLE

With specific reference to the Figure, natural gas at a pressure of about 1000
psig and a temperature of about 100°F is passed into a hindered amine treating unit 12
in which it contacts an aqueous solution of the amine. On a basis of 100 moles of gas

per hour, the natural gas has a composition comprising 84.1 moles of methane, 5.6
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moles of C; hydrocarbons, 3.8 moles of nitrogen, 3.3 moles of C3+ hydrocarbons, 1.5
moles of C4+ hydrocarbons, 2.14 moles of COg, 0.5 moles of HyO, with the remainder
H>8 and organic sulfur compounds of which over 95 % is H,S. The gas exiting the

amine treating unit has less than 1000 vppm of CO,, about 1 vppm of H,S and 1 vppm
organic sulfur compounds. The gas is then passed into the adiabatic expansion
cryogenic unit in which the expansion of the gas through one or more orifices cools the
gas down to -30°F. This causes the C4+ hydrocarbons and more of the sulfur to
condense out of the gas, with the gas and liquid mixture then passed into a separator in
which the condensed hydrocarbon liquid is separated and removed from the gas to
produce a gas containing less than 1 vppm total sulfur. The cold gas is then heated to
about 350°F and sequentially passed through adsorbent beds first of zinc oxide and then
nickel in which more sulfur is adsorbed to produce a syngas feed containing less than 0.1
vppm of total sulfur. This sulfur reduced gas is then passed into an FBSG syngas
generator. The syngas produced in the FBSG is passed through a zinc oxide bed to
insure that its total sulfur level is below 10 vppb and preferably below 3 vppb, and then
passed into a slurry HCS reactor in which the slurry comprises gas bubbles and an HCS
catalyst comprising a supported catalytic cobalt component in a hydrocarbon liquid,
wherein the liquid comprises products of the hydrocarbon reaction which are liquid at
the reaction conditions. In the HCS reactor, the syngas is reacted in the presence of the
catalyst at conditions effective to produce hydrocarbons, at least a portion of which are
liquid at the reaction conditions, with a catalyst half life of at least 30, preferably at least

80 and more preferably at least 150 days.

It is understood that various other embodiments and modifications in the practice
of the invention will be apparent to, and can be readily made by, those skilled in the art
without departing from the scope and spirit of the invention described above.
Accordingly, it is not intended that the scope of the claims appended hereto be limited to
the exact description set forth above, but rather that the claims be construed as

encompassing all of the features of patentable novelty which reside in the present
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invention, including all the features and embodiments which would be treated as

equivalents thereof by those skilled in the art to which the invention pertains.
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CLAIMS:

1. A process for removing sulfur from sour natural gas containing C4+/Cs+

hydrocarbons, with recovery of said hydrocarbons, comprises:

(i) contacting said sour gas with a liquid sulfur absorbent to remove most of the

sulfur and form a sulfur reduced gas;

(ii) cooling said sulfur reduced gas to condense more sulfur compounds and said

C4+/Cs+ hydrocarbons as liquid;

(iii) separating said liquid from said gas and recovering said C44/Cs+

hydrocarbons to produce a sulfur and hydrocarbon reduced gas, and

(iv) contacting the said sulfur and hydrocarbon reduced gas with one or more

sulfur removing adsorbents or absorbents to produce a gas having less than 0.1 vppm
of sulfur.

2. A process according to claim 1 wherein said sulfur includes H,S and organic

sulfur compounds.

3. A process according to claim 2 wherein CO; is also removed from said gas

with said liquid absorbent.

4. A process according to claim 3 wherein said liquid absorbent comprises a

hindered amine.

5. A process according to claim 4 wherein said organic sulfur compounds

include mercaptans and COS.
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6. A process according to claim 5 wherein said sulfur and hydrocarbon reduced
gas is contacted first with zinc oxide and then nickel absorbents to produce said gas

having less than 0.1 vppm of sulfur.

7. A process according to claim 6 wherein said gas has less than 80 vppb of
sulfur.

8. A process according to claim 7 wherein said cooling is accomplished by Joule-

Thomson expansion of said gas.

9. A process according to claim 7 wherein said gas is passed as hydrocarbon
feed into a synthesis gas generator to form a synthesis gas comprising a mixture of Hy

and CO.

10. A process for producing a synthesis gas comprising a mixture of Hp and CO
from a sour natural gas comprising mostly methane which also contains C44+/Cs+

hydrocarbons, CO,, H,S, C»+ mercaptans and COS, with recovery of said C4+/Cs+

hydrocarbons from said gas, which comprises:

(a) contacting said gas with an aqueous amine solution to remove most of said
H3S and organic sulfur compounds to produce a sulfur reduced gas containing less than

2 vppm of total sulfur compounds;

(b) cooling said gas to a temperature sufficient to condense said C44/Cs+

hydrocarbons and some of the remaining sulfur compounds to liquids;

(c) separating said condensed liquids from said cool gas;

(d) recovering said C44/Cs+ hydrocarbons;
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() heating said cool gas to a temperature of at least about 100°F;

(f) contacting said heated gas with ZnO and then with nickel to remove more
sulfur compounds from said gas and produce a very low sulfur content gas comprising

methane which contains less than 0.1 vppm of sulfur compounds;

(g) passing said gas produced in (f) into a synthesis gas generating zone in which

it reacts with oxygen to form said synthesis gas.

11. A process according to claim 10 wherein said gas reacts with oxygen and

steam in said synthesis gas generating zone to produce said syngas.

12. A process according to claim 11 wherein said synthesis gas is contacted with

zinc oxide to reduce the sulfur content to less than 10 vppm.

13. A process according to claim 12 wherein said synthesis gas is reacted in the
presence of a sulfur sensitive hydrocarbon synthesis catalyst at reaction conditions
effective to form hydrocarbons, at least a portion of which are solid at standard
conditions of room temperature and pressure and wherein said catalyst has a half life of

at least 30 days.

14. A process according to claim 13 wherein at least a portion of said

synthesized hydrocarbons are upgraded by one or more hydroconversion operations.

15. A process according to claim 14 wherein said sulfur content of said syngas is
less than 3 vppb and wherein said hydrocarbon synthesis catalyst half life is at least 150

days.

16. A hydrocarbon synthesis process which comprises reacting a synthesis gas

comprising a mixture of Hy and CO in the presence of a sulfur sensitive hydrocarbon
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synthesis catalyst at conditions effective to form hydrocarbons, at least a portion of
which are solid at standard conditions of room temperature and pressure, in which said
gas has a sulfur content of less than 10 vppb and wherein said catalyst has a half life of

greater than 30 days.

17. A process according to claim 16 wherein at least a portion of said said
hydrocarbons are upgraded to more valuable product by one or more hydroconversion

operations.

18. A process according to claim 17 wherein said catalyst half life is at least 80

days.

19. A process according to claim 18 wherein said catalyst half life is at least 150

days.

20. A process according to claim 19 wherein said synthesis gas has a sulfur

content of less than 3 vppb.
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