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@ A method for producing a methane-lean synthesis gas from petroleum coke.

@ A methane-lean synthesis gas is produced from the
steam gasification of petroleum coke in a fluidized bed at
temperatures of between 650 and 790°C and pressures of
between 1.75 and 14 kg/cm? using a potassium or sodium salt
to catalyze the steam-gasification reaction. The synthesis gas
produced contains less than about 3 volume % methane and
less than 40% volume of steam. Because of its low methane
content the gas may be used to produce methanol or a high
purity product gas containing substantially only hydrogen
and carbon dioxide which, in turn, may be scrubbed to pro-
duce a gas containing at least 95 volume % hydrogen. If the
methane lean gas produced from the gasification reactor con-
tains nitrogen, e.g. when air is used to combust the coke to
maintain the temperature of the fiuidized bed, then the
methane lean gas may be used to produce high purity
ammonia.
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A METHOD' FOR PRODUCING A METHANE —~LEAN SYNTHESIS GAS
FROM PETROLEUM COKE

In the processing of crude oil by refineries
a relatively large amount of petroleum coke is
produced, particularly during the cracking process
which is.necessary in order to increase the gas
fraction derived from crude oil. - Although it is
possible to wuse such petroleum coke in certain
technologies, for example, producing electrodes, if the
coke has either a relatively high ash content or sulfur
content, uses for the coke are diminished zand disposal
thereof presents problems’ because of possible
pollution.

In addition, most refineries also require
relatively large amounts of hydrogen during the
refining process, for example, when the higher boiling
fractions of crude oil are cracked in the presence of
hydrogen, i.e. hydrocracking. It would therefore be
desirable if petroleum coke, either delayed or fluid,
such as that produced in\a.petroleuﬁ refinery could be
the starting material for the production of a synthesis
gas useful in producing a hydrbgen—containing gas of
high purity, i.e. comprising 95 volume & or more
hydrogen, high purity methanol, or ammonia.

Certain prior art workers have reacted
petroleum coke with steam to gasify the coke.
However, most of these prior art workers have produced
gases containing relatively large amounts of methane.
Methane containing gases are not, in general, useful in
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producing a hydrogen containing' gas of hi'gh p'u,_-ity.
since, inter alia, methane can only be removed by
relatively complicated methods thereby making it
uneconomical to produce a relatively,hyd;rogenrpure gas
from a methane rich gas. " '

Exemplary of prior art which produces high
methane content gases from petro'lémt; “coke is United
States Patent 3,689,240 (Aldridge et al.); This patent
discloses a method for producing a methane rich gas by
steam gasify’ing' petroleum coke in t+he presence of
cesium carbonate at pressures in excess of 14 kg/ém2
In Table II of this patent it is disclosed thartr under
certain conditions, which are not specifically stated,
but which ¢do include a pre-ssure of 0 psig there is
produced a gas containing 1.7 volume % of methane.
However, when the pressure is raised to 10. 5 kg/cz?the
gas thus produced from the Vsteamrgasz,flcatlon of
petroleum coke contains 15.6 volume % methane. ‘In this
regard it is noted that it is, from a practical
standpoint, vi_rtuaily impossible to operate a fluidized
bed at zero pressure due to the piess@re drop which
inevitably occurs because of the processing equipment
used” to produéé a _comercia_l gas. Such processing
equipment ir;'cludes' cyclonés, waste heat boilers,
scrubbers, etc. which are necessary to"pro’druce' a gas
vhich is suff:.ciently particle free to be usefnl.
If a pressure less than about1.75 kg/cxgls used there is
not sufficient pressure to move the gas through the
fluidized reactor. 1In this regard, it is noted that if
the data contained in Table II is extrapolated then,
even when operating at pressures as low as 7 kg;/cm2
there would be produced a g_aé'containing about 8 volume
$ methane and even at pressures as low as 1.75kg/cu? there -
would- be produced a gas containing about 6 volume %
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methane which is undesirable in a gas intended to be
used to produce relatively pure hydrogen or high purity
methanol. It thus can be seen that this patent teaches
it is virtually impossible using a cesium catalyst to
produce a methane lean gas (i.e. one containing less
than about 3 volume %) from the steam gasification of

petroleum coke using a fluidized bed in a fluidized
reactor.,

Another patent which  teaches producing a
methane rich gas from the steam gasification of e
carbonaceous material in the presence of a catalyst is
United States Patent 2,682,45%9. 1In all of the examples
of this patent, regardless of the catalyst used, the
ninimum amount of methane formed in the gas was 12.4
volume %. A gas containing Eﬁis much methane is not

useful to produce a gas containiné.at least 95 volume %
hydrogen. )

A further patent which discloses the steam

gasification of a carbonaceous material is U.S. Patent

3.,615,298. The patentees apparently attempted to
develop a method to produce a hydrogen rich gas from
the steam gasification of coke derived from coal.
However, the Patentees did not succeed in. obtaining a
gas containing less than about 3 volume § methane and,
in order to produce a hydrogen rich gas, the patentees
‘found it necessary to use a large excess of steam so
that the resulting gas contained more than 60 volume &
steam. A gas containing more than zbout 3 volume %
methane and more than 60 volume % steam is highly
undesirable if a gas containing at least 95 volume §
hydrogen is desired as the end product.

From the foregoing it is readily apparent that
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problems exist in'achieving pfoduction of a methane-

lean synthesis gas frdm;petroieum cdke, derived from

either delayed or fluid coking processes.

The présent invention permits the production of

a methane-lean synthesis gas (one containing, -say,

less than about 3 volume % @ethane) by the steam-
gasification of petroleum coke in a fluidized bed in
the presenée of a potassium or sodium salt, utilizing

low temperatures and pressures, and minimum amounts

of steam with high steam conversibn rates.

This is by conducting the steam gasification
reaction of petroelum coke under delicate and critical

conditions in order to produce a -
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methane-lean synthesis gas in an economic manner.

The process involves using a fluidized reactor
(a fluidized gasification zone) within which is formed
a fluidized mixture or bed  of petroleum coke and a
gasification catalyst which may be a potassiﬁm salt, a
sodium salt, or mixtures thereof. The use of such
catalysts allows the production of a methane lean
synthesis gas when certain operating pressures and
temperatures are used and when certain amounts of steam
are used. The process also includes heating the
reaction mixture of steam and carbon to the correct
temperature by oxidizing a poftion of the carbon in the
petroleum coke using an oxygen containing gas such as
air br‘spreferablyyoxygeng
- Both temperature and preésure are critical in
the present invention if the desired results are to be
obtained, such results including the following: (1.)
high steam conversion, generally greater than 30 and
preferably 40 volume ¢ of the steam reacts with the
carbén contained in the petroleum coke, (2.) the
gasification rate of the carbon contained in the
petroleum coke is from 5 to 25 weight % per hour, (3.)
the gas produced from the steam gasification reaction
contains less than about 40 volume § steam, and
preferably.less than about 30 volume § steam, prior to
the time when the steam is separated from the synthesis
gas, {4.) the ertall process converts over 90 weight §
of the carbon in the petroleum coke to a synthesis gas
and (5.) the synthesis gas contains less than about 3
volume % of methane and preferably less than about 2
volume percent methane on a nitrogen and steam free
basis. In order to obtain the foregoing results the
parameters under which the reaction takes place must be
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which the gasification

reaction takes place in the present invention is
sufficient to overcome the pressure drop in the

fluidized gasification zone (a minimum of about 1.75 kg/c

gauge, herelnafterkg/mg and preferably

a minimum of about 3.5 kg/c

but less than about 14 kg/Cm2

Therefore, in general, it may be said that the

desired results discussed

cperating ae pressures of between about1 750: 3.5 kg/cm

above are obtalned when
2

and 14 kg/cm but, preferably, the pressures used will
be between about 3.5 kg/tn?and 10.5 kg/cm . We have found
that excellent results occur when the pteferted

pressures are utilized.

The temperature, at which 'the' gasification

reaction takes place, is also crltlcal in general we

have found that temperatures
about 790°C will produce

between about 650 C and
good results but it is

preferable if the temperature is at least 700°C ana,

more preferably, at least

730°C.  The preferred

temperature range is -between " about "7OO°C7and ‘more
preferebly 730°C and"760°c." ' '

In additlon to the

temperature and pressure

the amount of steam used is also crxtlcal., In general,

the amount of steam 1ntroduced into the ga51fler will
be between about 0.2 and about 1 part per weight of

steam per hour per one part by weight of carbon in the

fluid bed of the gasifier

retort. Preferably, the

amount of steam introduced into the gasifief is between

- about 0.3 and about 0.8 parts by welght of steam per

hour per one part by welght of carbon.

In the method of the present invention the




10

15

20

25

30

35

0024792

-] -

temperature of the gasification reaction is maintaineg
Ey introducing an oxygen containing gas into the
gasification zone or retort to oxidize a portion of the
carbon contained in the petroleum coke thereby raising
the temperature. Since it is desirable to utilize as
little carbon as possible in the oxidation reacticn,
only that amount of oxygen 1is introduced to maintain
the reaction temperature in the gasifier zone to
between 650°C and 790°C . 1If it is desired to produce
a substaniially pure hydrogen gas or methanol then the
oxygen containing gas should be substantially pure
oxygen instead of, e.g. air, since the presence of
nitrogen in this situation is undesirable. On the
other hand, if it is desired to produce ammonia high
purity air, for example, may be used as the oxygen
containing gas since, in this situation, the presence

of nitrogen is not undesirable.

The method of the present invention also
includes the use of a specific type of a gasification
catalvst, which may be either a potassium or sodium
salt ?rtﬁﬁ;hbrior art, enumerated above, indicates that
othér'gasification catalysts, such as cesium salts, are
not operable in the present invention because the use
of such cesium salts in a fluidized reactor for the
steam—gasification reaction produces a gas containing
too much methane. It therefore may properly be said
that]%fi gasification catalysts will work in the
method of the present invention. Hence, using either
a salt of potassium or a salt of sodium as a
gasification catalyst is critical. Exemplary of such
salts are the carbonate, the sulfide, the sulfate, the
hydroxide and the oxide salts of potassium or sodium or
any mixture of the foregoing salts.

The particular amount of catalyst used is not
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very criiicalJand’may rarige between'about l,weight'%
and about 50 weight % based upon the .total weighﬁ of
the petroleum coke and the catalyst in the gasifier. A
more preferred range is between about 5 welght $ and
about 50 weight §&. ' '

7 The catalyst 'may be eddeé"to ~the petroleum
coke in any convenient manner. For example, prior to
the introduction of _the coke into the Qasifieation
retort or zone the catalyst may be added as a solid and
a mixture of petroleum coke and,cétalyst formed.
However, it is not necesseIY'eo,mixrfhe catalyst and
the petroleum coke prior to the,int:oduetion of the two
into the gasification zone or retort because fluidizing
the two will form a mizture'in the gasificatibn retort
itself. 1In addition to a24ding the catalyst as a solid
to the coke prior to the introduction thereof 1nto “the
fluidized ga51f1catlon,zone, the ;atalyst may also be

‘added to the'petrqieumrcoke as an agueous slurry or

solution, depending 'upoh the rSolubilitytrbf the
particular catalyst in water. Id this_laﬁte: event,
fluidizing the catalyst and coke in the fluidized
reactor alsc forms a;fluidized mixture of the two.

The synthe51s gas (i.e. the ges produced by

. the reactlon between steam and carbon after removal of

the excess steam) produced by the process of the
present invention will in general contain. about £rom
about 40 to about 50 volume g hydtogen, from about 10
to. about 25 volume % carbon nonox1de, from“about 30 to
about 50 volume % carbon d;ox1de,and from abbut 6,5 to
about 1.7 volume % methane, it being understood that
the foregoing percentages are on aréteam;jand‘if used,
nltrogen ‘free basis. Such a synthesis,gasiiS'iaeel for
producing ‘methanol or a ﬁiéh:-purity product gas
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containing substantially only hydrogen and carbon
dioxide.

Surprisingly, the instant method produces more
carbon dioxide than would be expected based on the
amount of oxygen used in the process. As is 'known in
the art, the oxygen reacts with the carbon to produce
carbon dioxide. It would be expected that the carbon
dioxide thus produded would be reduced by the carbon to
produce carbon monoxide’. In other words, it would .be
expected that there would be less carbon dioxide in the
synthesis gas than the amount of oxXxygen used.
Apparently what is occurring: is that whatever carbon
dioxide is reduced by the carbon is more than
compensated for by the carbon monoxide being converted
back to carbon dioxide becatse of the catalysis of the

.shift reaction. This relativel§ high production of

carbon dioxide is highly desirable since the reaction
is exothermic and maximizes heat release thereby
minimizing the amount of oxygen necessary to raise the

temperature to 650°C to 790°C.

As noted before, the synthesis gas produced by
the present invention is excellent for conversion into
a product gas (i.e. a gas containing primarily
hydroéen and "carbon dioxide) by the well known water

- gas reaction wherein steam reacts with carbon monoxide,

normzally in the presence of an iron and/or chromium
catalyst, to produce hydrogen and carbon dioxide. In
the present invention the synthesis gas when subjected
to the water shift reaction produces a product gas of
approximately 70% hydrogen and 30% carbon dioxide with
minor amounts of methane and carbon monoxide depending
upon the' respective amounts of hydrogen, carbon
monoxide and carbon dioxide in the initial synthesis
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gas.

The carbon dioxide is easily removed from the
product gas by scrubbing the gas with either a chemical
or a physical solvent by means well known in the art.
The thus produced gas contains over 95 volume %
hydrogen with trace amounts of carbon monoxide, carbon
dioxide and a small amount of methane. Inasmuch as
methane cannot be removed from the product gas in an
economical manner, it is very undesirable to have

methane in the initial synthesis gas.

The gas produced by the present invention is
also excellent for conversion into methanol by the
reaction of hydrogen with carbon monoxide and/or carbon
dioxide in the- presence of certain catalysts such as
zinc oxide. ) '

The particular reactor wused for the
gasification reaction is not critical and can be any of
a well known number of reactors having differing sizes,
shapes and configurations. However, in the preferred -
exemplary embodiment the particular type of reactor
used was 10 metres long and had an internal diameter of
25 cm. ' In. most of the prefeired exemplary
embodiment fluid coke was used although as shown in

" Examples 13-15 delayed coke may also be used with

egually good effect. The particular type of petroleum
coke used contained approximately 0.5 weight % ash and
about 2.5 weight & sulfur, although petroleum coke
containing more or less ash and/or sulfur may be used
to good effect. " If the petroleum coke, either delayed
or fluid, used herein contains relatively small amounts
of sulfur then it is not necessary t& remove the
hydrogen sulfide from the gas produced by the
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gasification reaction. As is known in the art, during

the gasification most of the sulfur in the coke is
converted to hydrogen sulfide which is contained in the
effluent gas from the reactor. After the solids which
are entrained in the effluent gas are removed and after
removal of steam the hydrogen sulfide, if desired, nay
easily be removed by conventional methods. For
example, dry purification methods may be used utilizing
bog iron ore which comprises ferric hydroxide or oxide.
The gas is passed through the iron ore which is spread
as a2 thin layer in large flat boxes having perforations
therein. The-gas passes through the.iron ore and the
hydrogen sulfide reacts with the ferric hydroxide to
form ferrous sulfigde, In addition, the gas may be
desulfurized with activated carbon, the hydrogen
sulfide absorbed on the carbon being oxidized by
catalytic oxidation with air to form sulfur,

Another method which is preferred in the
present invention is the so-called "Stretford" method
wherein the hydrogen sulfide is absorbed in a sodium
vanadate-sodium carbonate solution and the resulting
sulfur removed by filtration. 1Inasmuch as removal of
hydrogen sulfide from a gas is well known in the art no
detailed exemplification thereof will be given herein.

The process used in the Examples is as
follows:

Petroleum coke and catalyst are mixed and
introduced near the bottom of the reactor described
above by a screw conveyor. Steam and oxygen are
injected into the reactor below the point where the

petroleum coke and catalyst are introduced into the .

reactor.
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The steam and oxygen may be introduced
Separately into the reactor or as-a miitufe, In the
preferred exemplaryrembodimént thé steam and oxygen are
introduced together at the bottom of the reactor
through a gas disﬁributor; .Theitémperature at which
the steam is ihjected into the reattor’ is not
particularly critical but, in'the,preferred exemplary
embodiment superheated steam at a’témperatdre of 480 to
540°C " was used. '

The initial'amount of fluid coke and catalyst
fed to the bed was about 180 kg and the bed of
petroleum coke and catalyst"was';fldidized ~to a bed
depth of abouti5 metres and at a fluidizing Velocity of
about 0.3 to O.6m per seconﬁ. Under such conditions,
the amount of oxygen rnecessary to maintain a
.temperature of betvween about 650°C © and 790°C  was
between about 1h'kg " - per hour and 23 kg - per
héur. In a2ll of the examples, coke and caﬁalyst were
continuously fed to the fluidized reactor so that the
weight concentration of the catalyst, based on the
weight of the solids in the reactor was substantially
constant. o .

Bot gases containing entrained solid fines
(moséiy unreacted petroleum coke but also some catalyst
and ash) exit the top of the reactor and pass through
an external firét stage cyclone for removal of a
portion of the entrained solids. The solids collected
in this cyclone were reinjected near the bottom of the
bed via an external diplag. The hot gases leaving the
first cycloﬁe were then fed to a second cyclone
providing a higher inlet gas velocity to effect more
efficient fines removal. The fines from the second
cyclone were withdrawn and fed back into the reactor to
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be further gasified., 1In this manner over 90 weight %
©cf the unreacted petroleum coke is recycled into the
reactor thus allowing atileast 90 weight % conversion
of the carbon contained in the petroleum coke.

The hot gases leaving the cyclone, which is
essentially synthesis gas and steam, the amount of
steam in said gas being between about 20 and 25 volume
$, were conveyed to a venturi-type scrubber which
contacts the hot gas with a recirculating water stream.
A gravity separator de-entrained the water from the gas
and heat was removed by a heat exchanger in the
circulating water system." Scrubbed solids and
condensed steam were purged from the scrubber system at
a rate equal to the rate of production. The resulting
synthesis gas, .which contained from 40 volume $ to 50

.volume % hydrogen on a nitrogen free basis, with the
steam and fines removed, waé then used to produce a
product gas by the water gas shift reaction and the
carbon dioxide removed therefrom to produce a gas

containing at least about 97 volume % hydrogen.

During the process oxygen flow is controlled
based upon the temperature desired and the petroleum
coke feed rate-is controlled to maintain a constant bed
level of approximately 5 metres. In the preferred
exemplary embodiments the amount of petreoleum coke fed
to the reactor, per hour, was between about 14 kg
and 27 kg depending on the amount of steam used and
the gasification rate of the carbon.

Examples 1 to 5

In these examples fluid petroleum coke was
used in the method described above. The catalyst used
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.was potassium carbonate and the concentration of

catalyst in the reactor was about 8 .weight "$..  The
carbon gzsification rate in each of Examples 1 through
5 was about 15 to 20 weight % per hour, the steam
conversion rate was about 40% and the steanm rate was
about 0.45 parts by'weight'pex hour per one part by
weight of carbon in the reactor.  The amount of
hydrogen in the gas produced, on a steam and>nitrogeﬁ
free basis was between about 40 volume % and 50 volume
$. The tempe:atures used,.
the pressure used,

- and the amount of methane formed, in volume %,
is given below in Table 1 for each example-

Example ~ .  Temp.(°C.) Press,,kg/cmzr' Methane
1 . 730 3.5 . . 1.0l
2 752 b2 C1.22
3 738 b2 o 1.39
4 753 5.25 . . 1.41
5

750 | 3.5_' . 1.04

From the above examples, it is readlly evident
that a methane lean gas is produced at relatlvely low
pressures of 3 5 to 5.25 kgb%wh:.ch is unexpected in view |
of the prlor art, specifically U.S. Ppatent 3, 689,240
(Aldridge et al,) where one SKilled in the art would
expect to produce a gaS eontaining_at least 6 to B8
volume % methane. | ' 7 ' '

Example 6_

In this example,,the same eonditions were used
as in the preceding examplee except Ehe’steam rate was
0.32 parts by weight per hour per one part by weight of
carbon" in the reactor, the steam conversion Qaseabout
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38%, the carbon gasification rate was about 7 weight g

per hour, and the concentration of catalyst in the

reactor was about 20 weight %. Under these conditions,
the volume % of methane in the thus produced gas was
about 1.10 at a temperature of 680°% and a pressure of
2.2 kg/cm”,

Example 7

In this example, the method described above
was utilized. The catalyst used is potassium carbonate
and its concentration in the reactor was between about
40 and 45 weight $. The steam space velocity is about
0.24 parts by weight of steam per one part by weight of
carbon contained in the fluid coke. The temperatures
was 700°C and the pressure was 2.95 kg/cm Steam
conversion was approximately 55%. The gasification
ratelof the cari:on is approximately 15 weight % per
hour. The synthesis gas thus produced, when unreacted
steam is excluded from the gas, contains about 1.4
volume % methane which means that the hydrogen
containing gas produced from such a synthesis gas will
contain in excess of about 98 volume % hydrogen.

Examgle 8

This example used conditions approximating
those of example 6 except the reactor temperature was
held at 730°C and the catalyst used was sodium
carbonate. Under conditions approximating example 6,
it was found the gasification rates and steam
conversion rates are approximately the same as in
example 6 but the synthesis gas contains between about
1.3 volume & to 1.7 volume % methane.

In all of the preceding examples, a sufficient
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amount of unreacted coke is recYcledrto the‘reactor.spr

that 95% of the carbon is converted to a synthesis gas,
including the oxygen-carbon reaction. -

Examples BrthtOUgh 12

In these examples, “the method described in
examples 1 through 5 was utlllzed except the reactor
was operated at lower tenperature and pressure, but at
higher catalyst concentratlons to determlne the "effect
of these variables on the methane content of thergas.
The results are presented below in Table 2. '

Table 2
, " Examples
9 10 11 S 12
Temp . (°C) . 657 - = 676 700 700
Press. (kg/émz) - 2.5 ' 2.2 2.7 2.95
Steam Rate T T E :
kg/hr/kg Coke 0.2 0.29 ~  0.33 0.4l
WEs K,CO, 2 18 22 45
Steam Conv. % - 36 - 38 , 47 - 52
Gas'n. Rate - R R N
wtg/hr - 8.1 7.0 9.3 10.8
Gas Analysis, . ) o ' '
~mole 3, dry,
air free : o , : ,
: 464 48.0 48,9 49.5
co . 8.4 10.9  13.6  12.6
co, . 43.8 39.7 - 36.1  36.3
cH, - 14 1112 1.4

As can be seen from the data presented in
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Table 2 above, a methane-lean gas is produced ' at
temperatures of from '657°C to 700°C and pressures of

-from 2.2 to 2.95 kg/ém2 regardless of the catalyst

concentration, which varied from 19 wt% to 45 wt% in
the fluidized bed. In addition, the data also show
that the gasification temperature can be lowered while
maintaining high steam conversions and good

gasification rates by increasing the catalyst
concentration.

Examples 13 through 15

In these examples, the méthod described in
exanples 1 through 5 was utilized except delayed coke
containing 9.1% volatile matter. was used in lieu of
fluid coke containing approximately 10% volatile
matter. The catalyst used was potassium carbonate and
the concentration of catalyst in the reactor, was
between 4.7 and 9.9 weight percent. The carbon
gasification rates were between about 7.4 and 10.6
weight percent per hour. The steam conversion was
between about 21 and 30 percent at steam rates of
between 0.45 and 0.53 kg of steam per hou??rbgg-
carbon. The amount of hydrogen in the gas produced, on
a steam and nitrogen-free basis, was about 48 volume
percent. The amount of methane formed, as shown below
in Table 3, for each example while operating the
reactor%;3;5kgyaﬁand 730°C to “%60°%, is comparable to
the quantity of methane formed from fluid coke at

essentially the same operating conditions (see examples
1l and 5). ’
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"Example. Temp. Presé._KZCQB Gasificétion Stéam,-Methane
(°C) (kg/cmz)(%) Rate (wt % Conv. (vol %)

C/hr) (%) =
1 730 3.5 8 - 15-20 0 1.01
5 75 3.5 8 . 15-20 40 1.04
13 1730 3.5 4.7 7.4 21.0  1.28
14 730 3.5 6.7 11.7 29.9,  1.61

15 760 3.5 9.3 10.6 ~  26.6  1.38

In the foregoing preferred exemplary
embodiments certain pressdres, catalyst concentrations,
catalysts, steam rates, etc. were utilized, it being
understood that such was solely for the purpose of-

~.exemplification and not to be considered as limiting

the invention.
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CLAIMS

1. A method for producing a synthesis gas by
steam-gasification of petroleum coke characterized in
producing a methane-lean synthesis gas by introducing
steam and oxygen or an an oxygen containing gas into a
reactor at a rate sufficient to fluidize and form a
fluidized mixture of petroleum coke and a gasification
catalyst which is a potassium salt, a sodium salt or a
mixture thereof, whereby to oxidize a sufficient amount
of the carbon in said coke to maintain the temperature in
the reactor at between about 6500C to about 790°C s0 that
the steam reacts with, and gasifies the coke, maintaining
the pressure in the reactor at between about .75 kg/cm2
and about 14 kg/cm2; the steam being fed into the fluid-
ized mixture in an amount of between about 0.2 and about
1 part by weight of steam per hour per one part by weight
of carbon in said fluidized mixture whereby the steam-
carbon gasification rate is between about 5 weight % and
about 25 weight % per hour based on the weight of the
carbon contained within the fluidized mixture.

2. A method according to claim 1 whgrein the

etween
temperature in the reactor is maintained at/about 7000C
to about 760°C.

3. A method according to claim 1 or claim 2

wherein the pressure in the reactor is between about 3.5
and 14 kg/cm2,

4. A method accoerding to any one of the preceding
claims wherein the amount of catalyst in the fluidized

mixture of coke and catalyst is between about 1 weight §%
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and about 50 weight % based upon the total weight of the
petroleum coke and catalyst.

5. A method according to claim 4 wherein the
amount of catalyst is at least about 5 weight %.

6. A method according to any one of the préceding
claims wherein said catalyst is a pbtassiumrsalt;dr a
mixture thereof. — . R

7. A method according to any one of claims lto5
wherein the catalyst 1is potassium carbonate, sodium

carbonate, or a mixture thereof.

8. A method according to any one of the preceding
claims wherein the said oxygen'con;aining gas is used and
is air. o ' o

9. A method according to any one of the preceding
claims wherein the amount of steam fed to the fluidized
mixture is between about 0.3 and about 0.8 parts by
weight per hour per one part by weight of carbon in the
mixture. - ' - o - .

10. A method according to any one of thé-ptecéding,g,
claims wherein the pressure maintained inrthe reactor is .
between about 3.5 and about 10.5 kg/cm2, '

11. A method according to any one oi;the preceding
claims wherein the amount of steém in the synthesis gas
is less than about 40%. ' o - 7 o

12, A method according to ény one of the preceding
claims including the'rfurthef steps of conveying the
synthesis gas, unreactedrsteam'and_enttainéd'pa:ticles of 
unreacted coke to a solids separation zbné,and separating
at least a portion of said unreacted_coke péttiéles from
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the synthesis gas and steam and continually recycling a
sufficient amount of said separated coke particles to

said fluidized mixture to gasify at least about 90
weight percent of the carbon contained in said petroleum

coke based on the amount of said coke introduced into
said fluidized mixture.

13. A method according to claim 12 including the
further step of separating the steam from the produced
synthesis gas to yield a synthesis gas consisting
essentially of hydrogen, carbon monoxide, carbon dioxide
and less than about 3 volume % methane.

14, A method according to any one of the preceding
claims wherein the methane-lean synthesis gas contains

less than about 2 volume % methane.

15, A method according tc any one of the preceding
claims wherein the petroleum coke is fluid coke.

16. A method according to any one of claims 1 to 14
wherein the petroleum coke is delayed coke.



