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This invention relates to a process for the
production of hydrogen and carbon monoxide.
In one embodiment it relates to the production
of a mixture of hydrogen and carbon monoxide
utilizing oil shale as cne of the reactants. In
another embodiment this invention relates to a
precess for the production of hydrogen and car-
bon monoxide for use as synthesis gas in the
Fischer-Tropsch and related syntheses.

Mixtures of carbon monoxide and hydrogen
are useful in synthesizing many organic com-
pounds and a suitable mixture of these compo-
nents is known to the art as “synthesis gas.”
Synthesis gas may be produced by the following
well known reactions:

1 3CH4+C02+4-2H20~4CO+-8Hz -
2) CH+4CO02~>2C0O-2H3
(3) CH:+H>0-CO-3Ha

I have discovered a method of producing syn-
thesis gas by partial combustion of oil shale and
in utilizing the resulting hot spent shale as a
heat exchange medium to bring the temperature
of a mixture of hydrocarbon gas, carbon dioxide
and/or steam up to a point where synthesis gas
is produced.

For convenience I will refer to the hydrocarbon
gas as methane, but it is to be understood that
any suitable normally gaseous hydrocarbon ma-
terial, such as methane, ethane, propane, ethylene
or propylene, or various mixtures thereof, may
be used.

One object of my anEI’lthn is to provide a
process of producing synthesis gas from oil shale.

Another object is to provide a process for con-
verting oil shale and gaseous hydrocarbons into
a mixture containing carbon monoxide and hy-
drogen. }

Another object is to utilize the heat absorbed
by the spent shale during partial combustion of
carbonaceous material contained in the fresh
shale to convert methane, carbon d1ox1de and/or
steam to synthesis gas.

Another object of this invention is to manufac-
ture synthesis gas from oil shale and gaseous
hydrocarbon in one reaction chamber, utilizing
iittle, if any, extraneous heat.
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Still another object is to provide an improved

and efficient process for recovering carbonace-
ous material from oil shale.

Other objects of my invention will be obvious
to one skilled in the art from the accompanying
disclosure and discussion.

I have discovered a process whereby synthesis
gas can be produced using as reactants methane,
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carbon dioxide, steam and oil shale. According
to the process of my invention, oil shale and oxy-
gen or a gas containing free oxygen, such as air,
are charged to the top of a reaction chamber
operated at elevated temperature. At the bot-
tom of the reactor, stripped shale is removed,
and a gas mixture consisting of methane, carbon
dioxide, and/or steam is introduced. From an-
intermediate point in the reactor, gas contain-
ing hydrogen and carbon monoxide in proportion
suitable for use in the Fischer-Tropsch type syn-
thesis is withdrawn. In the upper section of
the chamber, the exothermic reaction between
organic matter liberated from the shale and oxy-
gen heats the shale and produces carbon mon-
cxide and hydrogen; and in the lower section
heat for the endothermic reaction of methane
with steam and/or carbon dioxide to form hydro-
gen and carbon monoxide is furnished by the
heat carried by the shale from the upper exo-
thermic reaction zone into the lower endothermic
reaction zone.

One e¢embodiment of this invention is shown
diagrammatically by the accompanying drawing.

Referring .to the drawing, oil shale, from a
source not shown, is introduced continuously
through line {{ at the top of a reaction cham-
ber {2, Stripped shale is removed continuously
from the bottom of the reaction chamber through
line 5. Along with the oil shale, oxygen or
oxygen-containing gas, such as air, is also intro-
duced at the top of the reaction chamber through
line §3.. An exothermic reaction proceeds in the
upper portion of chamber §2 at high temper-
ature, possibly as high as 2500° F., giving a mix-,
ture comprising hydrogen and carbon monoxide,
in whnich the molar quantity of carbon monoxide
exceeds that cf hydrogen. The rate of oxygen -
and oil shale delivery to the reactor is adjusted
so that at some intermediate point in the reactor

-the ‘carbonacecus matter is substantially com-

pletely burned off the shale and the oxygen con-
centration reduced to a negligible percentage.
The amount of oXygen necessary in any particular
case will depend on the amount of carbonaceous
material in the shale-and the chemical character
of the carbonaceous material. These matters -
will have to be determined by experiment for
each particular shale.. The ‘stripped shale now
at high temperature moves continuously down
through chamber 12 beyond this point and sup-
plies the heat required for the endothermic re-
action between methane and steam, introduced

. through' line 16, which produces a mixture of

hydrogen and carbon monoxide rich in hydrogen.
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Methane and steam are introduced at the bottom
of the reactor, as previously described, and
proceed upwardly at such a rate that a substan-
tial proportion of the methane is reacted by the
time it reaches the above-mentioned intermediate
point in the reactor. The efluent gas, consist-
ing chiefly of hydrogen and carbon monoxide,

plus any inert gas charged, and any impurities -

produced, such as sulfur and nitrogen compounds,
is withdrawn from reaction chamber {2 at this
intermediate point through line 4 and passes

to purification zone {1 where it is scrubbed with

a suitable liquid, such as, triethanolamine or the
like to remove sulfur bodies and carbon dioxide
and the like that may be present. Any inert
material, such as nitrogen that may be in the
system, may be removed through- line i8. The
scrubbed material,
monoxide and hydrogen, from purification zone
1T passes through line {8 to synthesis gas con-
version zone 2f. Synthesis gas from an outside
source may be introduced into line {9 through
line 20, if desired, and the total mixture passes
to conversion zone 2i. In conversion zone 21
the carbon monoxide and hydrogen are converted
to hydrocarbons, alcohols, aldehydes, ketones,
water and the like by the well known Fischer-
Tropsch type reactions. The effluent from re-
action zone 21 passes through line 22 and cooler
238 to separation zone 24. In separation zone 24
the cocled products are allowed to separate by
gravity into an aqueous phase, a liquid hydro-
carbon phase, and a gaseous phase, which com-
prises usually methane and lighter; however, in
some cases butanes, propane and lighter may
be present in this gaseous phase. The aqueous
phase is removed.from zone 24 through line 25
for further treatment as desired. The liquid
hydrocarbon phase is withdrawn from zone 24
through line 26 for further treatment as desired.
The gaseous phase which comprises methane and
lighter is removed from zone 24 through line
27 and recycled to reaction chamber 12 through
line 16. If desired, however, all or a portion of
this gaseous phase may be removed from the
system through line 28.

In the above mentioned drawing reference to
certain equipment such as pumps, gauges, and
the like which obviously would be necessary to
actually operate the process has been intention-
ally omitted. Only sufficient equipment has been
shown to illustrate the process and it is intended
that no undue limitation be read into this in-
vention by reference to the drawing and discus-
sion thereof.

The reaction chamber may be operated at
atmospheric pressure; however, a pressure as
high as 500 p. s. i. or higher may be employed.

The temperature in the zone of combustion of
oil shale by oxygen may reach as high as 2500° F
The upper temperature limit for this zone is
about the sintering temperature of the particu-
lar shale being used, as temperatures above this
may lead to operational difficulties. I prefer to
employ a temperature in this zone of my process
in the range of about 1500 and 2000° F. In the
zone of endothermic reaction below the point of
withdrawal of effluent gases, the reaction tem-
perature may vary from a minimum of 1500° F,
at the bottom of the endothermic reaction zone
to about 2500° F. at the point of withdrawal of
efluent gases, however, a temperature in the
range of about 1600 to 2000° F. is usually desir-
able, If desired, this chamber may be elongated
in the lower section to provide a preheat section
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for the entering methane and HzO to raise the
entering gas to reaction temperature and cool the
shale before discharge, thus providmg more
efficient heat utilization.

The particle size of the oil shale may vary con-
siderably, depending upon economic conditions
surrounding the grinding or pulverizing process.
It is desirable in most cases that the particle size
be less than about 2 mesh and the preferred size
is in the order of 8-16 mesh.

The gases introduced at the bottom of the re-
actor may comprise (1) methane, steam and car-
bon dioxide in & ratio of about 3 mols methane,
2 mols steam and 1 mol carbon dioxide, (2)
methane and carbon dioxide in a mol ratio of
about 1:1, (3) methane and steam in a mol ratio
of about 1:1, depending upon the gases available
and the ratio of hydrogen to carbon monoxide
desired in the effluent gas. Oxygen may also be
introduced along with these gases at the bottom
of the reaction chamber. Carbon dioxide and/or
steam may be introduced along with oxygen and
oil shale to prevent excessive temperatures in the
upper part of the chamber. In general, however,
the overall reaction in the upper part of the
chamber, that is, above the point of withdrawal
of exit gases will be exothermic and that in the
lower part, endothermic. Effiuent gas from the
Fischer-Tropsch synthesis step, consisting essen-
tially of carbon dioxide, methanol, ethane and
hydrogen may also be employed as feed to the
bottom of the reactor. These materials may be
obtained for the process from any desirable
source.

The relative position of the effluent gas line
from the reactor depends on several factors such
as the relative rates of the reactions involved,
the composition of the reactants and the amount
of sensible heat available in the stripped shale
for the endothermic reaction taking place in the
lower part of the reactor. In general, the effluent
line will be situated below the mid-point of the
reactor. The diameter of the reactor below the
effluent line may be reduced in order to maintain
a higher linear velocity of flow of the heat-carry-
ing stripped shale in the region of endothermic
reaction. The relative diameters of the two zones
of reaction may also be adjusted so that the same
pressure drop is maintained from the top of the
reactor to the effluent line as from the bottom ot
the reactor to the effluent line, thus bringing
about conditions for least diffusion at the bound-
ary of the two reaction zones.

Operation by means of this invention has two
chief advantages:

(1) With suitable heat exchange between dis-
charged shale, effluent gases and reactants, the
reaction is practically self-sufficient, and very
little extraneous heat need be supplied. How-
ever, in some cases, such as when the oil shale
contains small amounts of carbonaceous material,
additional heat may be added by burners, ete., or
coal or coke and the like may be admixed with
the oil shale to furnish additional heat and at the
same time produce gases leading to synthesis gas.

(2) In comparison with methods of obtaining
usable products from oil shale by retorting, the

- present method allows of such greater recovery

of carbonaceous material for conversion into mo-
tor fuel. In retorting the fixed carbon and carbon
produced in retorting remain unavailab]e for
processing into motor fuel.

It is to be understood that this mventlon should
not be unnecessarily limited to the above discus-
sion and descriptlon and that modifications and
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variations may be made without departing from
the invention of from the scope of the claims,
I claim:
1. A process for the production of synthesis gas
which comprises introducing simultaneously par-
“ticles of oil shale of a size not exceeding about
2 mesh and an oxygen-containing gas into the
upper portion of a reaction zone; maintaining &

temperature in said upper portion of said reaction -

zone in the range of about 1500 to 3000° ¥.; main-

taining a pressure in said reaction zone in the -

range of about atmospheric and about 500 pounds
per square inch; maintaining the ratio of oil shale
to oxygen in said oxygen-containing gas such
that the carbonaceous material in- the oil shale
will be substantially completely converted to car-
bon monoxide and hydrogen, passing the resulting
hot spent shale to the lower portion of said reac-
tion zone: maintaining the temperature in said
lower portion of said reaction zone in the range
.between about 1600 and 2000° F.; introducing a
mixture comprising methane and water into the
lower portion of sald reaction zone, causing said
mixture to pass upwardly through sald lower
portion of said reaction zone and countercur-
rently to said hot spent shale whereby said meth-
ane-water mixture is converted to synthesis gas,
withdrawing from an intermediate portion of said
reaction zone synthesis gas resulting from the
reactions in both the upper and lower portions
of sald reaction zone, and removing the spent
shale from the reaction zone.

2.. A process for the production of synthesis gas
which comprises introducing simultaneously par-
ticles of oil shale of & size not exceeding about 2
mesh and an oxygen-containing gas into the
upper portion of a reaction zone; maintaining a
temperature in said upper portion of said reaction
zone in the range of about 1500 to 2500° F.; main-
taining a pressure in said reaction zone in the
range of about atmospheric to about 500 pounds
per square inch; maintaining the ratio of oil shale
to oxygen in said oxygen-containing gas such
that the carbonaceous material in the oil shale
will be substantially completely converted to car-
bon monoxide and hydrogen, passing the resuli-
ing hot spent shale to the lower portion of said
reaction zone; maintaining the temperature in
said lower portion of said reaction zone in the
range between about 1500 and 2500° F.; introduc-
ing a mixture comprising methane and water into
the lower portion of said reaction zone, causing
said mixture to pass upwardly through said lower
portion of said reaction zone and countercur-
rently to said hot spent shale, whereby said
methane-water mixture is converted to synthesis
gas, withdrawing from an intermediate portion
of said reaction zone synthesis gas resulting from
the reactions in both the upper and lower portions
of said reaction zone, and removing the spent
shale from the reaction zone.

3. A process for the production of synthesis gas
which comprises introducing simultaneously oil
shale and an oxygen-containing gas into the
upper portion of a reaction zone; maintaining
a temperature in said upper portion of said reac-
tion zone in the range of about 1500 to 2500° F.
maintaining the ratio of oil shale to oxygen in
said oxygen-containing gas such that the car-
bonaceous material in the oil shale will be sub-
stantially completely converted to carbon mon-
oxide and hydrogen, passing the resulting hot
spent shale to the lower portion of said reaction
zone; maintaining the temperature in said lower
portion of said reaction zone in the range between
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about 1500 and 2500° F.; introducing a mixture
of methane and water into the lower porticn of
said reaction zone, causing said mixture to pass
upwardly through said lower portion of said reac-
tion zone and countercurrently to said hot spent
shale, whereby said methane-water mixture is
converted to synthesis gas, withdrawing from an
intermediate section of said reaction zone syn-
thesis gas resulting from the reaction in both the
upper and lower portions of sald reaction zone,
and removing the spent shale from the reaction
zone.

4. A process for the production-of a mixture
of carbon monoxide and hydrogen which com-
prises introducing simultaneously oil shale and
an oxygen-containing gas into the upper portion
of a reaction zone; maintaining a sufficient tem-
perature in said upper portion of said reaction
zone to substantially convert the carbonaceous
material in said oil shale to a mixture of carbon
monoxide and hydrogen; passing the resulting
hot spent shale to the lower portion of said reac-
tion zone; introducing into said lower portion of
said reaction zone a mixture selected from the
group consisting of methane and water; methane
and carbon dioxide; and methane, carbon dioxide
and water, causing said mixture to pass upwardly
and. countercurrently to said hot spent shale,
whereby said mixture is converted into a mixfure
of carbon monoxide and hydrogen, and with-
drawing from an intermediate portion of said
reaction zone a mixture comprising carbon mon-
oxide and hydrogen resulting from the reactions
in both the upper and lower portions of said reac-
tion zone.

5. A process for the production of a mixture of
carbon monoxide and hydrogen which comprises
introducing simultaneously oil shale and an oxy-
gen-containing gas into the upper portion of &
reaction zone; maintaining a sufficient tempera-
ture in said upper portion of said reaction zone
to substantially convert the carbonaceous mate-
rial in said oil shale to a mixture of carbon mon-
oxide and hydrogen;. passing the resulting hot
spent shale to the lower portion of said reaction
zone; introducing a mixture of methane and
water into said lower portion of said reaction
zone; causing said mixture to pass upwardly and
countercurrently to said hot spent shale, whereby
said methane-water mixture is converted into a
mixture of carbon monoxide and hydrogen, and

withdrawing from an intermediate portion of said

reaction zone a mixture comprising carbon mon-
oxide and hydrogen resulting from the reactions
in both the upper and lower portions of said
reaction zone. ]

6. A process for the production of synthesis gas.
which comprises introducing simultaneously par-
ticles of oil shale of a size not exceeding about
2 mesh and an oxygen-containing gas into the
upper portion of a reaction zone; maintaining a
temperature in said upper portion of said reaction

" zone in the range of about 1500 to 2500° F.; main-

taining a pressure in said reaction zone in the
range of about atmospheric to about 500 pounds

. per square inch; maintaining the ratio of oil

70

shale to oxygen in said oxygen-containing gas
such that the carbonaceous material in the oil
shale will be substantially completely converted
to carbon monoxide and hydrogen, passing
the resulting hot spent shale to the lower portion
of said reaction zone; maintaining the tempera-
ture in said lower portion of said reaction zone
in the range between sbout 1500 and 2500° F.; in-

75 troducing a mixture comprising methane and
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water into the lower portion of said reaction zone,
causing said mixture to pass upwardly through
said lower portion of said reaction zone and
countercurrently to said hot spent shale, where-
by said methane-water mixture is converted to
synthesis gas, withdrawing from an intermediate
portion of said reaction zone synthiesis gas re-
sulting from the reactions in both the upper and
lower portions of said reaction zZone and removing
the spent shale from the reaction zone; passing
said synthesis gas to a conversion. zone main-
tained at conversion {emperature and pressure
whereby the synthesis gas is converted into higher
boiling materials; cooling the effluent from said
conversion zone and passing the cool products to
a separation zone; allowing the products to sepa-
rate into an aqueous phase, a liquid hydrocarbon
phase and a gaseous phase; recycling at least a
portion of said gaseous phase to the lower portion
of said reaction zone and removing the remaining
_products from the system.

7. A process for the production of a mixture of
carbon monoxide and hydrogen which comprises
introducing simultaneously oil shale and an oxy-
gen-containing gas into the upper portion of a
reaction zone; maintaining a sufficient tempera-
ture in said upper portion of said reaction zone to
substantially convert the carbonaceous material
in said oil shale to & mixture of carbon monoxide
and hydrogen; passing the resulting hot spent
shale to the lower portion of said reaction zone;
introducing into said lower portion of said reac-
tion zone a mixture selected from the group con-
sisting of methane and water; methane and car-
bon dioxide; and methane, carbon dioxide and
water, causing said mixture to pass upwardly and
countercurrently to said hot spent shale, where-
by said mixture is converted into g mixture of
carbon monoxide and hydrogen and withdrawing
from an intermediate portion of said reaction zone
a mixture comprising carbon monoxide and hy-
drogen resulting from the reactions in both the
upper and lower portions of said reaction zone;.
passing said synthesis gas to a conversion zone
maintained-at conversion conditionhs whereby the
synthesis gas is converted into higher boiling ma-
terials; cooling the effluent from said conversion
zone and passing the cool products to a separa-
tion zone, allowing the products to separate into

a liquid phase, and a gaseous phase, recycling at :

least a portion of said gaseous phase to the lower
portion of the reaction zone and removing the
liquid phase from the system.

8. A process for the production of synthesis gas
which ccomprises introducing simultaneously oil
shale and an oxygen-containing gas into the up-
per portion of a reaction zone; maintaining a
temperature in said upper portion of said reac-
tion zone in the range of about 1500 to 2500° F.;
maintainine the ratio of oil shale to oxygen in
said oxygen-containing gas such that the carbo-
naceous material in the cil shale will be substan-

tially completely converted to carbon monoxida.

and hydrcgen, passing the resulting hot spent
shale to the lower portion of said reaction zone;
maintaining the temperature in said lower por-
tion of said reaction zone in the range between
about 1500 and 2500° P.; introducing a mixture of
a normally gaseous hydrocarbon having not more
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than three carbon atoms per molecule and water
into the lower portion of sald reaction zone, caus=
ing said mixture to pass upwardly through said
lower portion of said reaction zone and counter- -
currently to said hot spent shale, whereby said
normally gaseous hydrocarbon-water mixture is
converted to synthesis gas, withdrawing from an
intermediate section of said reaction zone syn-
thesis gas resulting from the reaction in both the
upper and lower portions of said reaction zone,
and removing the spent shale from the reaction
zone.

9. A process for the production of g mixture of
carbon monoxide and hydrogen which comprises
introducing simultaneously oil shale and an oxy-
gen-containing gas into the upper portion of a
reaction zone; maintaining a sufficient tempera-
ture in said upper portion of said reaction zone
to substantially convert the carbonaceous mate-
rial in sald oil shale to a mixture of carbon
monoxide and hydrogen; passing the resulting
hot spent shale to the lower portion of said re-
action zone; introducing into said lower portion
of said reaction zone a mixture comprising a nor-
mally gasecus hydrocarbon containing not more
than three carbon atoms per molecule and water;
causing said mixture to pass upwardly and coun-
tercurrently to said hot spent shale, whereby said
mixture is converted-into a mixture of carbon
monoxide and hydrogen, and withdrawing from
an intermediate portion of said reaction zone a
mixture comprising carbon monoxide and hydro-
gen resulting from the reactions in both the up-
per and lower portions of said reaction Zone.

10. A process for the production of a mixture of
carbon monoXxide and hydrogen which comprises
introducing simultaneously oil shale and an oxy-
gen-containing gas into the upper portion of a
reaction zone; maintaining g sufficient tempera-
ture in said upper portion of said reaction zone to
substantially convert the carbonaceous material
in said oil shale to a mixture of carbon monoxide
and hydrogen; passing the resulting hot speng
shale to the lower portion of said reaction zone;
introducing into said lower portion of said reac-
tion zone a mixture comprising a normally gase-
ous hydrocarbon containing not more than three
carbon atoms per molecule and water; causing
sald mixture to pass upwardly and countercur-
rently to said hot spent shale, whereby said niix-
ture is converted into a mixture of carbon mon-
oxide and hydrogen and withdrawing from an
intermediate portion of said reaction zone g mix-
ture comprising carbon monoxide and hydrogen
resulting from the reactions in both the upper and
lower portions of said reaction zone; passing said
synthesis gas to a conversion zone maintained at
conversion conditions whereby the synthesis gas
is converted into higher boiling materials; cooling
the effluent from said conversion zone and passing
the cool products to a separation zone, allowing
the products to sevarate into a liquid phase, and
a gaseous phase, recycling at least a portion of
said gaseous phase to the lower portion of the re-
action zone and removing the liquid phase from
the system.

ALFRED CLARK.
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