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CATALYTIC STEAM GASIFICATION
OF PETROLEUM COKE TO METHANE

FIELD OF THE INVENTION

[0001] The present invention relates to a process for converting petroleum coke to
an energy source suitable for immediate use or for transport. More particularly, the
present invention relates to a process for converting petroleum coke to combustible gases,

such as methane.

[0002] Even more particularly, the present invention relates to a process for
converting petroleum coke to pipeline quality methane, wherein process flow streams to
and from the reactor are advantageously used to maximize the yield from the petroleum

coke feed without undue production of waste streams and loss of catalyst.
BACKGROUND

[0003] It has long been a concern that known petroleum reserves are being rapidly
consumed and exploration for new reserves 1s becoming more and more difficult,
resulting in the prospect of a serious decline in the availability of crude oil. Unfortunately
this decline 1s expected to coincide with mushrooming demand for energy worldwide.
Thus, there 1s a need to develop additional energy sources, particularly in forms
compatible with current technologies that rely on petroleum based fuels. One suggestion
has been to convert coal to forms that can be more readily transported in pipelines,
perhaps even in existing pipelines. Thus, it has been suggested to slurry coal with water
or oil so that it can be transported by pipeline. However, numerous difficulties are
encountered in attempting to transport coal in this manner. For example, it has proven
difficult to keep the coal in suspension as a uniform mixture without undue settling.
Moreover, even if such difficulties are overcome, it would be highly desirable to develop
additional sources of energy that can be readily transported by tanker truck or pipeline. It
would also be highly desirable to improve the etficiency of current crude oil processes so

that more energy value can be secured from a given barrel of crude.

[0004] In a petroleum refinery, crude oil 1s converted to a product slate including
gasoline, heating oil, and petrochemical feedstocks. The initial step is to distill the crude
at atmospheric pressure to separate and remove light fractions. The non-vaporized

fraction is subjected to vacuum distillation. These distillation processes attempt to obtain
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a maximum vield of liquid and gaseous hydrocarbon products from the original crude.
Further liquid and vapor can be extracted from the heavy fraction that remains after
vacuum distillation by subjecting such material to thermal decomposition usually in
reactors called cokers, wherein the heaviest fraction of the original crude oil is converted

to a solid product, conventionally called petroleum coke.

[0005] Petroleum coke is not a highly valued refinery product. It has found only a
few uses, e.g., the manufacture of electrodes. Moreover, since it is a solid it is difficult to
transport out of the refinery. In addition, unlike other carbon based solid materials,
petroleum coke contains very little volatile material, making it difficult to burn. As such,
petroleum coke is not a good fuel for combustion in ongoing refinery operations that

require heat.

[0006] Accordingly, a process for converting low valued petroleum coke 1nto a
more usable energy source would be highly desirable. It would be even more desirable to
convert petroleum coke into an energy source which is freely transportable in existing
infrastructure such as pipelines. Moreover, as the industry turns to refining heavier and
heavier crude oils, this need to convert petroleum coke to a more useful and convenient

energy source will become even more apparent.

[0007] One suggestion for treating solid carbonaceous materials such as coal or
petroleum coke is to convert the solids into a gaseous stream such as methane. In the
1970s, a process for converting coal into methane was suggested in U.S. Patent 4,094,650
to Koh et al. The patentees therein suggested that the process could be applied to other
carbonaceous sources such as petroleum coke. However, no details with respect to the
application of the process to petroleum coke were provided. One skilled in the art would
understand that there are significant difficulties in converting a process utilizing coal as
the feed source into one utilizing petroleum coke. For example, the first step in utilizing
either coal or coke is to crush the feed into appropriately sized particles. This process
invariably generates large quantities of fines which are solid particles smaller than 325
mesh on the U.S. Standard Sieve Scale. As indicated above, coal fines can be used as a
fuel source in conventional burners, so coal fines do not represent an undue burden in
refinery operations. However, petroleum coke fines contain so little volatile matter that

they are not suitable for combustion in typical burners.
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[0008] One skilled would also understand that flow schemes for utilizing coal as a
feed source must be vastly different than where petroleum coke is the feed rather than
coal because of the different compositions of these materials. For example, coal contains
a high quantity of mineral matter which must be treated differently than relatively pure

carbonaceous materials.

[0009] Toward this end, it will be seen that the Koh process adds 10-20% alkali
metal compound to the feed coal, and utilizes a complicated catalyst recovery system to
separate the mineral matter and recycle catalyst withdrawn as part of the solid purge.
Nearly one third of the withdrawn catalyst therein is irretrievably bound to the mineral
matter and is lost. Large quantities of sour water, generated in the course of the process,
are directed to a sour water treatment facility without further utilization in the process

flow scheme.

[0010] U.S. Patent No. 4,284,416 to Nahas discloses a process for converting coal
to methane wherein a slurry of coal particles and aqueous alkali metal catalyst is dried in
a fluidized bed using superheated steam to convert most of the slurry water to steam and
wherein the net steam from the slurry drier is used in gasification. This process employs
the sour water condensed from unreacted steam in the feed slurry water. However, a
catalyst recovery process is required to leach catalyst from the solids purge and recycle to
the feed mixing tank. The sour water is not used to transport catalyst back to the feed. It
would be required that the feed slurry water contain sufficient dissolved alkali metal
compound to deposit 10-20% of the alkali metal compound on the coal as taught by Koh
et al. There is also no mention therein with respect to a consideration of the fines

generated during the initial crushing of the solid feed.

[0011] U.S. Patent No. 6,955,695 to Nahas discloses an improved catalytic
gasification reactor system for the gasification of petroleum residua to methane.
Petroleum residue is defined as any feedstock containing more than 50% residue which
does not vaporize below an atmospheric pressure equivalent temperature of 1050 °F. The
reactor system employs an upper/lower two-stage process, wherein solids from a lower
fluidized bed of solid particulate catalyst are combined with fresh feed and transported to
the upper stage. Particles within the upper stage containing carbon and alkali metal
catalyst circulate to the lower stage, while superheated steam and recycléd hydrogen and
carbon monoxide are fed below the lower stage. Both stages are maintained in the

fluidized state. This disclosure describes converting petroleum residua to petroleum coke
-3 -
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within the gasification reactor, and there is no disclosure of a process that can utilize solid
petroleum coke as the feed for producing a high quality methane stream. The
specification discloses a preferred range of solids composition for the steady state gasitier
solids, but does not disclose controlling the catalyst concentration in an aqueous slurry of
petroleum coke feed as a means of maintaining the composition of gasifier solids within
the preferred range. One skilled in the art would understand the considerable differences
and difficulties encountered when employing a solid feed, as opposed to a liquid
petroleum residue. This disclosure also lacks any mention of utilizing sour water to
slurry a solid carbonaceous feed, and understandably so, since this application 1s not

concerned with a solid feed and the problems incident thereto.

[0012] Thus, it is an object of the present invention to provide a process for

converting petroleum coke to a high grade energy stream.

[0013] It is also an object of the present invention to provide a process for
converting petroleum coke into a form suitable for transport within a currently existing

network.

[0014] Another object of the present invention is to provide a process for
converting petroleum coke to a high grade methane stream suitable for shipment in a

pipeline network, or in tanker trucks, to be readily distributed at terminals and the like.

[0015] A further object of the present invention is to provide an efficient
catalyzed gasification process for converting petroleum coke to methane, without the
need for a complicated system for catalyst recovery. The process/system disclosed herein
provides integrated product purification and catalyst recycle and employs the use of spent
solids to displace ammonia from sour water, minimizing the waste treatment required.
The efficient process allows for nearly 100% carbon conversion to produce pipeline

quality methane.

[0016] These and other objects of the invention will become apparent from the

following summary and description of the invention.

SUMMARY OF THE INVENTION

[0017] The present invention provides a process for converting petroleum coke to
methane wherein petroleum coke and catalyst having steam gasification activity are

introduced into a slurry drying and steam generation zone to form a feed slurry. The feed
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slurry is introduced into a slurry drier wherein it is admixed with a stream of
superheated steam to produce additional steam from the slurry water and a
substantially dry solid mixture of petroleum coke impregnated with catalyst. The
dried solid mixture and the net produced steam are introduced into a gasification
zone where the dried solid mixture is admixed with streams of steam, H;, and CO
at elevated temperature and pressure to produce a raw product stream
comprised of CH,4, H2S, CO,, CO, Hsz, and H,0. In another embodiment, the
petroleum coke and catalyst are introduced directly into the gasification zone.

[0018] A purge of solids is withdrawn from the gasification zone in an
amount sufficient to maintain a steady state load of solid inorganic compounds
within the gasification zone. The unreacted steam and entrained solids are
removed from the raw product stream to produce sour water and a cooled raw
product stream. The solid purge comprised of catalyst and other solids is
combined with the sour water to dissolve the catalyst and form a dilute aqueous
catalyst solution, and to liberate ammonia from the sour water. Solids are
separated from the dilute aqueous catalyst solution. The dilute aqueous catalyst
solution is stripped with cooled raw product gas, and recycled to the feed slurry.

[0019] Methane is recovered from the raw product gas.

According to one aspect of the present invention, there is provided a
process for converting petroleum coke to methane, comprising: reacting
petroleum coke with steam in a gasification reactor in the presence of a catalyst
having steam gasification activity to form a product gas comprised of unreacted
steam, methane, carbon dioxide, hydrogen, and carbon monoxide; and controlling
the ratio of said catalyst to said petroleum coke based on the amount of ash in
said petroleum coke.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figure 1 is a schematic diagram of the zones that can be utilized in
the processes of the invention in which Zone 100 represents the slurry system
depicted in Figure 2, Zone 200 represents the gasification system depicted in

_5.
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Figure 3, and Zone 300 represents the spent solids treatment depicted in
Figure 4, and Zone 400 represents conventional gas processing not otherwise

shown.

[0021] Fig. 2 is a flow diagram of a slurry drying and steam generation
Zone.

[0022] Fig. 3 is a flow diagram of a gasification zone.

[0023] Fig. 4 is a flow diagram of a spent solids treatment zone.

DETAILED DESCRIPTION OF THE VARIOUS EMBODIMENTS

[0024] In the process flow scheme that follows, the present invention
provides an integrated process for converting petroleum coke into methane. The
process efficiently utilizes fines produced during a pulverization process without
undue waste. Further, sour
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water generated during the process is utilized to capture and recycle catalyst for
additional efficiencies. Thus referring to Fig 1, the process can include zones for feed
slurry drying and steam generation, gasification, spent solids treatment, and product

separation.

[0025] Petroleum coke typically has a composition of about 88.6% carbon, 2.8%
hydrogen, 7.3% sulfur, 1.1% nitrogen, and 0.2% ash (percentages by mass, dry basis).
Petroleum coke is typically removed from a coking reactor by a high-pressure water
stream. The coke feed can contain up to 10% moisture by weight. Petroleum coke is
crushed to a particle size of less than 30 mesh, and more preferably to a particle size of 30
to 100 mesh on the U.S. Standard Sieve Scale. Referring to the slurry drying and steam
generation zone 100 shown in Figure 2, the coke particles are conveyed from a storage or
preparation area to a feed hopper and then through line 10 to a slurry mixing tank 12.

The solid feed material can be conveyed by any of several methods. A preferred method
is to pneumatically transfer the solids to the feed hopper and to the slurry-mixing tank by

Inert carrier gas.

[0026] Solid fines produced during the pulverization or crushing and conveying
processes are recovered from the pneumatic transfer medium by scrubbing with slurry
water by conventional equipment. By scrubbing the fines with feed slurry water and
directing the mixture to the feed slurry-drying zone, the fines can be agglomerated into
particles large enough to be gasified in the gasification zone. This enables a higher

overall yield of solid carbon to gasification products than other gasification processes.

[0027] The coke particles conveyed via line 10 and any recovered fines are fed
into slurry mix tank 12 where tﬁey are impregnated with a catalyst having steam
gasification activity. A suitable catalyst can comprise alkali metals, alkali metal
compounds, or mixtures thereof. Suitable alkali metal compounds include alkali metal:
carbonates, bicarbonates, formates, oxalates, amides, hydroxides, acetates, sulfides, or
similar compounds. The catalyst preferably comprises one or more of NapyCO3, K2COs,
Rb,CO;3, LirCO3, Cs,CO3, NaOH, KOH, RbOH or CsOH, and more preferably comprises
potassium carbonate or potassium hydroxide. Tank 12 operates at temperatures in the
range of 100 °F to 180 °F and atmospheric pressure. Catalyst can be introduced to tank
12 from several sources. Advantageously, according to one aspect of the present
invention, the product condensate from separator 101 in the spent solids treatment zone

300 which is comprised of a dilute aqueous catalyst solution is introduced to slurry
-6 -
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mixing tank 12 via line 95 at a temperature of about 150 °F. In this manner, the product
condensate, containing appreciable quantities of acids (often referred to as sour water) 1s
utilized in the process, thereby avoiding or minimizing the need for expensive waste

treatment operations.

[0028] Catalyst can also be introduced to tank 12 through line 24, which conveys
aqueous slurry comprising substantially all of the solids entrained in the steam leaving
slurry drier 20. Finally, make up catalyst can be added through line 11, as necessary, to
raise the catalyst concentration to the desired level within slurry mixing tank 12. In
steady state operation, the desired catalyst concentration is between 0.5 and 1.5% by
mass. In determining the amount of catalyst used herein, the amounts and ratios are

based on the amount of alkali in the catalyst and the amount of ash in the petroleum coke.

[0029] The solids content in the feed slurry tank 12 1s between 25 and 35 wt%,
preferably about 33 wt%. The concentration of potassium carbonate in slurry-mixing
tank 12 is preferably such that after being dried in slurry drier 20, the potassium deposited
on and within the solid particles is between 3 and 10 times more than the ash content of
the coke, preferably about 5 times more than the ash content of the coke on a mass basis.
It is desired to achieve approximately a 5:1 mass ratio of potassium to ash in the coke
feed. With the referenced coke composition, the potassium carbonate concentration in the

slurry water is about 0.9% K,COs, allowing for moisture in the as-received coke.

[0030] The process of the invention is normally run in steady state fashion.
However, it will be understood that different requirements exist for the initial startup of
the process. For example, in the initial startup a higher potassium loading on the coke
particles is desired, and for a coke ash content of about 0.2%, the potassium content 1n the
slurry water can be increased to about 20% by weight, which is achieved by adjusting the

potassium carbonate concentration in the slurry water to about 10% K,COs.

[0031] Make up water, as necessary to dilute the solids concentration, can be
added to the slurry mixing tank 12 directly, or can be added in combination with any

stream entering tank 12.

[0032] The aqueous feed slurry of carbonaceous solids formed in slurry tank 12 1s
withdrawn through line 13 and passed to slurry pump 14 or similar device which raises
the pressure sufficiently to enable the solids to pass through the slurry drying and steam

generation zone 100 and through the gasification zone 200. This pressure is normally
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about 520 psig. The high-pressure slurry is then passed through heat exchanger 16 or
similar device wherein the slurry temperature is raised to near the boiling point of the
aqueous portion of the slurry, normally about 480 °F. The preheated and pressurized feed
slurry withdrawn from heat exchanger 16 is passed through line 17 into fluid bed slurry

dryer 20 or similar device.

[0033] Slurry dryer 20 contains a fluidized bed of carbonaceous solids extending
upward within the vessel above an internal grid or similar distribution device. The bed 1s
maintained in a fluidized state by means of superheated steam introduced into the bottom
of the dryer through bottom inlet line 34. The pressure in the fluid bed slurry dryer 20 1s
normally maintained in a range between the pressure maintained in the gasification
reactor 55, and about 200 psi above the gasification reactor pressure. The temperature ot
the steam exiting dryer 20 will normally range between the saturation temperature of
steam at the operating pressure in the dryer and about 200 °F above the saturation
temperature at the dryer operating pressure. For a unit having a feed rate ot 2500 tons
per day of coke and a solids residence time in the fluidized bed dryer of about 20 minutes,
the bed holdup can be about 30 tons, 1.e., about 2000 ft’ at a density of 35 [b/fe. Tt is
normally desired to achieve a superficial velocity of about 2 ft/sec. At such conditions,

the slurry dryer bed diameter can be about 14.2 ft and the bed depth can be about 12.6 ft.

[0034] Within the fluidized bed of the slurry dryer 20, the aqueous feed slurry 1s
contacted with superheated steam injected into the dryer through line 34. The superheated
steam is injected into the dryer at about 1100 °F. The sensible heat in the superheated
steam can vaporize substantially all of the water in the aqueous feed slurry thereby
converting it into steam. At these conditions, about one pound of water in the slurry feed
can be vaporized to steam using about two pounds of the superheated steam injected to
slurry drier 20 from line 34. Dryer 20 is normally operated so that the dry carbonaceous

solids contain between about 0.1 and about 4.0 weight percent water.

[0035] The gas leaving the fluidized bed in slurry dryer 20 is comprised primarily
of steam. The slurry drier can include one or more cyclone separators or the like above

the fluidized bed for removing relatively large particles from the steam.

[0036] The steam withdrawn overhead from slurry dryer 20 through line 21 can
be directed through a wet scrubber 22 or similar device where it is contacted with

scrubber water introduced through line 27. A portion of the scrubber water is cooled and
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recirculated to the top of the scrubber, where it cools the steam from about 480 °k to
about 450 °F. Enough steam is condensed to carry the scrubbed fines in a slurry to the

feed slurry mixing tank 12 through line 24.

[0037] The scrubbed steam is withdrawn from the wet scrubber 22 through line 28
and passed to compressor 30 where its pressure is increased to about 560 psig.
Pressurized steam is withdrawn from compressor 30 through line 31. The net steam, at a
mass flow equal to the mass flow of vaporized slurry water, is directed to gasification
zone 200 through line 35. The remaining steam, which can be considered to act as a heat
transfer medium, is passed through line 32 to superheater 33 or similar furnace where the
steam is superheated to a temperature of about 1100 °F. The superheated steam exiting
superheater 33 is passed through line 34 into slurry dryer 20 where its sensible heat serves
to convert the water in the feed slurry (including the water in the coke pores) into steam
while simultaneously heating the feed particles, catalyst and unconverted water to an

elevated temperature.

[0038] As shown in Figure 1, the net steam passes from zone 100 into
casification zone 200 where it is combined with H, and CO. Preferably, the H; and CO
are obtained by recycling the hydrogen and carbon monoxide recovered from the raw
product gas emanating from the gasification zone discussed hereafter. Generally these
components are separated from the product gases by cryogenic distillation techniques
which are well known in the art. Referring now to Figure 3, the net steam, H; and CO
mixture in line 42 is passed to heat exchanger 43 where it is heated to about 1150 °F by
indirect heat exchange with the hot raw product gas from gasification reactor 55, which 1s
introduced into the exchanger at about 1300 °F through line 70. The heated steam mixture
is passed through line 44 to preheat furnace 45 or similar device where 1t 1s further
superheated to superheater outlet temperature of about 1450 °F prior to 1ts injection 1nto
gasification reactor 55. The preheated steam is withdrawn from furnace 45 and passed
through line 46 into gasification reactor 55. The actual temperature of the superheater
outlet is controlled to maintain the gasification reactor at the desired temperature, in this

example at 1300 °F.

[0039] Dryer 20 can be operated such that substantially all of the steam required
in gasification reactor 55 is provided through line 35 and no makeup steam from any

other source will be required. The dried carbonaceous solids produced in fluid bed slurry
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dryer 20 are withdrawn from the dryer through line 38, passing from zone 100 into the

gasification zone 200.

[0040] In gasification zone 200, any of several gasification reactors can be
utilized in the process of the invention. One such preferred reactor 1s a two stage
fluidized bed reactor of the type disclosed in U.S. Patent No. 6,955,695 to Nahas.
However, gasification reactor 55 need not be operated with two stages, and indeed, need
not utilize a fluidized bed. The pressure in gasification reactor 55 will normally be about
500 psig. The gasification reactor temperature will normally be maintained between about
1000 °F and about 1500 °F, preferably between about 1200 °F and about 1400 °F. The
lift gas utilized in gasification reactor 55 is normally a portion of the superheated mixture
introduced in line 46. The solids in line 38 are injected into upper fluidized bed 62 within
gasification reactor 55. Slurry dryer 20 is operated at a pressure that is normally above
the operating pressure of gasification reactor 55. Hence, the solids can be directly passed
into the gasification reactor 55 without further pressurization. Thus, complicated systems
for pressurizing dry solids, such as lock-hoppers, are not required. However, according to
the present invention, it is contemplated that dry solids may also be utilized in the process
of the invention without the need for the slurry drying operation of zone 100. If that is
desired, the dry petroleum coke feed stream can be introduced directly into the
gasification reactor using appropriate lock hoppers or similar mechanisms as required.
According to this embodiment, the catalyst can be introduced as dry solid mixed with the

coke or impregnated on the coke or fed separately as a dry solid.

[0041] Referring again to the gasification zone 200 shown in Fig. 3, under the
conditions in gasification reactor 55, the steam mixture reacts with and converts about
97% of the coke into a gaseous product composed primarily of methane and carbon
dioxide. Hydrogen and carbon monoxide are present in the product gas at equilibrium,
but are separated and recycled such that there is no net production of these gas
components. Sulfur in the feed reacts with hydrogen and carbon monoxide to form
hydrogen sulfide and trace concentrations of carbonyl sulfide. Nitrogen in the feed reacts
quantitatively with hydrogen to form ammonia. Internal cyclone separators 66 remove

the larger solids entrained in the hot raw product and return them to gasification reactor

).

[0042] A minimum possible solid purge 60 is desirable, but should be sufficient to

remove the ash or mineral matter in the fresh feed. In a unit processing 2500 tons per day
- 10 -



CA 02624626 2008-04-02
WO 2007/047210 PCT/US2006/039431

fresh petroleum coke containing about 0.2% ash, the solid purge 60 together with the
overhead fines can total about 60 tons per day. Methods of withdrawing solids from the

reactor for sampling or purging are well known to those skilled in the art. One such

method taught by EP0102828 (1984), for example, can be employed.

[0043] The hot raw product gas includes about 32% unreacted steam and
entrained fines which escape the internal cyclones 66. The gasification reactor raw
product 1s withdrawn from gasification reactor 55 through line 70 at about 1300 °F and
cooled in exchanger 43 to about 815 °F. The raw product leaving heat exchanger 43 in
line 71 is further cooled in waste heat boiler 72 or similar device to about 400 °F. The
temperature of the gas leaving heat exchanger 72 in line 73 is controlled to be above the

dew point to keep the entrained fines dry until they reach fines scrubber 74.

[0044] Referring now to Figure 4, the raw product gas in line 73 flows through
fines scrubber 74 wherein the entrained fines are removed and the raw product is further
cooled to 350 °F by the scrubber water. The scrubber water is pumped from the lower
portion of scrubber 74 through line 75 to scrubber cooler 76 and then circulated to the top
of the scrubber 74 through line 77. At these conditions, about 10% of the unreacted
steam condenses and, together with the removed fines, forms a fines and sour water slurry

which 1s directed to spent solids slurry drum 90 through line 79.

[0045] The raw product passes through line 78 and is further cooled in boiler feed
water preheaters 81 or similar devices to about 100 °F which condenses almost all of the
remaining unreacted steam. The raw product passes through sour water separator 80
wherein the condensate forms a second sour water stream and is directed to the spent
solids slurry drum 90 through line 85. The cooled raw product now containing only about

0.2% unreacted steam is directed through line 84 into raw product stripper 101.

[0046] The sour water drained from sour water separator 80 through line 85 is
combined with the fines and sour water slurry drained from the fines scrubber through
line 79 and mixed with solid purge 60 in spent solids slurry drum 90. The solids mixture
has a steady state composition of about 58% coke, 35% potassium and 7% other
inorganics, mainly nickel and vanadium. Most of the potassium is solubilized as
potassium hydroxide with some potassium sulfide. The alkalinity of the resulting slurry
at a temperature of about 100 °F drives out ammonia from the sour water condensate, and

the ammonia 1s recovered overhead from the spent solids slurry drum 90 through line 96.

-11 -
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[0047] The spent solids slurry from spent solids slurry drum 90 containing about
2.4% solids 1n aqueous solution of KOH, K,S, and K,COj3 drains through line 91 to
separator 92. For a unit processing about 2500 tons per day fresh petroleum coke
containing about 0.2% ash, about 40 tons per day solids purge in the sludge can be
withdrawn through line 93. The aqueous solution withdrawn from separator 92 through
line 94 is contacted with cooled raw product gas in raw product stripper 101 wherein the
aqueous K,S and KOH are converted to aqueous K;COj3 and gaseous H,S. The
conversion of the aqueous catalyst to the carbonate form can be achieved by contacting
with other gas streams containing CO,. The dilute aqueous catalyst solution of K,COj; is
recycled to the feed slurry mixer 12 through line 95. The cooled raw product gas together
with HS formed in stripper 101 is directed downstream through line 110 to product
separation zone 400 for acid gas removal and separation of H, and CO from the product
CH4 by conventional means. Methane can be recovered by cryogenic distillation with a
purity of more than 99.9% and be suitable for direct shipment in natural gas pipelines or

for recovery as liquid methane for delivery to liquefied natural gas terminals.

[0048] As will be seen from the above, the invention disclosed herein provides a
process for converting low valued petroleum coke into methane which is freely

transportable in existing infrastructure such as pipelines.

[0049] By utilizing the coke fines generated in the process and converting them
into methane, the present process Provides a higher conversion of carbon to methane for a
given carbon content of the solid starting material. The coke catalytic gasification
process of the invention also provides an efficient catalyzed gasification process for
conversion of petroleum coke to methane, without the need for a complicated system for
catalyst recovery and accompanying process problems. The process/system provides
integrated product purification and catalyst recycle minimizing the waste treatment

required.

[0050] The present invention also recaptures the sour water condensed from the
raw product stream. Such utilization maintains the sour water within the process and
eliminates or substantially reduces the need for sour water waste treatment. The sour
water is advantageously utilized to dissolve the catalyst in the solid purge and recycle the
catalyst to the feed. The recycled catalyst solution is dilute, which allows for less

expensive materials of construction.

-12 -
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]10051] The present invention can be operated such that essentially all the sulfur of
the feed is contained in the raw product gases and therefore can be removed primarily in a
single gaseous treatment unit. Essentially all of the ammonia produced from any nitrogen

in the feed can be recovered overhead from the spent solids slurry tank.

[0052] While the invention has been described in conjunction with a particular
flow diagram and operating conditions, various modifications and substitutions can be
, |

made thereto without departing from the spirit and scope of the present invention. No

limitation should be imposed other than those indicated by the following claims.
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CLAIMS:

1. A process for converting petroleum coke to methane, comprising:

reacting petroleum coke with steam in a gasification reactor in the
presence of a catalyst having steam gasification activity to form a product gas
comprised of unreacted steam, methane, carbon dioxide, hydrogen, and carbon

monoxide:; and

controlling the ratio of said catalyst to said petroleum coke based on the

amount of ash In said petroleum coke.

2. The process of claim 1, wherein:

petroleum coke and a catalyst having steam gasification activity are

combined in an aqueous medium to form a feed slurry;

said feed slurry and superheated steam are introduced into a slurry
drier to produce net steam and substantially dry solid particles of petroleum coke

impregnated with catalyst;

said dry solid particles are reacted with said net steam in said

gasification reactor to form said raw product gas;

methane is recovered from said raw product gas.

3. The process of claim 2, wherein said catalyst having steam gasification
activity comprises one or more from the group consisting of alkali metals and alkal:

metal compounds.

4. The process of claim 3, wherein said alkali metal compounds are
selected from the group consisting of alkali metal carbonates, alkali metal
bicarbonates, alkali metal formates, alkali metal oxalates, alkali metal amides, alkall

metal hydroxides, alkali metal acetates, and alkali metal suifides.
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D. The process of claim 2, wherein said catalyst comprises one or
more alkali metal compounds selected from the group consisting of Na,COs,
KoCO3, Rb2CO3, LioCO3, CS,C03, NaOH, KOH, RbOH and CsOH.

6. The process of claim 3, wherein said catalyst comprises potassium
carbonate or potassium hydroxide.

7. The process of claim 6, wherein said potassium carbonate
concentration in said aqueous medium is in the range of about 0.9 to 10 wt%.

8. The process of claim 1, wherein:

petroleum coke Is crushed to produce petroleum coke particles
having a mesh size larger than about 325 mesh on the U.S. Standard Sieve
Scale and a stream of petroleum coke fines;

said petroleum coke particles and at least part of said petroleum
coke fines are combined with a catalyst having steam gasification activity in an
aqueous medium to form a feed slurry;

said feed slurry and superheated steam are introduced into a slurry
drier to produce net steam and substantially dry solid particles of petroleum coke
impregnated with catalyst; and

said dry solid particles and said net steam are reacted in said
gasification reactor. '

9. ~ The process of claim 8, wherein said petroleum coke particles range
in size from 33 to 100 mesh.

10. The process of claim 8, wherein said reactor comprises a fluidized
bed.
11. The process of claim 10, wherein said reactor has an upper fluidized

bed and a lower fluidized bed.
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12. The process of claim 1, wherein:

petroleum coke containing an ash mass fraction (dry basis), catalyst
containing a mass fraction of alkali, and superheated steam, are introduced to
sald gasification reactor, whereby the ratio of alkali to ash introduced to said
reactor is between 3 and 10;

said coke, catalyst, and steam are reacted to form said raw product
gas; and

methane is recovered from said raw product gas.
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