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3 Claims.
1

This invention relates to a process for the
preparation of synthesis gas for the synthesis of
ﬁidrocarbons, oxygenated compounds and -the

e

Prior methods of preparing synthesis gas, con-
sisting essentially of carbon monoxide and hy-
drogen, for the synthesis of hydrocarbons, oxy-
genated compounds and the like have involved
the reaction of a hydrocarbon such as methane
with sustantially pure oxygen or carbon dioxide.
In the quantities necessary, the latter gases are
expensive by reason of the initial outlay required
for the plant equipment and the cost of its con-
tinued operation. The use of carbon dioxide is
further obectionable because of the heat losses
Involved and the necessity of making up such
losses from an extraneous source.

In eliminating such costs and the necessity for
equipment for producing such gases as oxygen

‘and carbon dioxide in a substantially pure state,

it is an object of this invention to provide a novel
process of preparing synthesis gas wherein only
readily available and relatively inexpensive start-
ing materials are required such as steam, air and
& hydrocarbon or other carbon-containing ma-
terial such as natural gas.

A further object of this invention is the pro-
vision of a novel process wherein substantially all
the carbon content of the hydrocarbon is utihzed
in the preparation of the synthesis gas.

Still a further object of the invention is to pro=
vide a novel process wherein substantially all the
tail gas from the synthesis reactor can be utilized
in a highly efficient manner in the generation of
the synthesis gas.

In brief, the present invention involves the use

" ofa refractory zone containing material capable

of both exchanging heat with a fluid passing
therethrough and retaining particles of solid
carbon, the latter being accomplished by the use

of 8 highly porous material capable of with-

standing high temperatures coupled with a low

space velocity as regards the fluid passing there-:

through.
In its heated state, the refractory functions to
effect eracking of hydrocarbon, the gaseous prod-

ucts thereof being collected, and to cause the re--

action of the hydrocarbon with steam and tail
gases from the synthesis step to produce the de-

sired synthesis gas, such operations being dis~ ¢

continued on cooling of the refractory zone below
8 temperature at which they can be efficiently
carried on, the gaseous products from the crack-
ing step being returned to the refractory and
utilized in combination with an oxygen-contain-

(CL 252—373)
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ing gas such as air to reheat the refractory zone.

Turning to the drawing wherein a preferred
embodiment of the invention is shown diagram-
matically, {1 indicates a generator formed of a
steel shell 12 having a refractory lining 13 and a
central partition 14 extending from one end of
the generator to a point spaced from the opposite
end of the generator. Partition {4 is likewise
formed of refractory material capable of with-~
standing high temperatures. The interior of
generator i1 is packed with a highly porous re-
fractory material, such as porous lumps of pure
magnesium oxide, zirconium oxide or the like,
capable of withstanding high temperatures. This
packing is evenly distributed throughout the
upper section 15 of the generator and the lower
section 16. A high porosity is desired in order
that the packing will tend to collect and retain
solid carbon formed by the reactions taking
place in the generator.

Valve controlled lines I, I8 and 1§ are pro-
vided for the feed of an oxygen-containing gas
such as air, a carbon-containing material such as
natural gas, and tail gas from the synthesizing
step, respectively. These lines connect with a
header 21, line 22 and line 23, the latter being:
controlled at its opposite ends by three-way
valves 24 and 25. - Valve 24 is connected to section
15 of the generator by line 26 passing through a
preheater in the form of a waste heat boiler 27
and valve 25 is connected to section 16 of the
generator by a line 28, also passing through pre-
heater 27. Valves 24 and 25 are also connected
by a manifold 29 to a three-way valve 31 having
a connection 32 to an exhaust stack and a con-
nection 33 to a three-way. valve 34. Valve 34 is
connected by line 35 to a gas storage chamber 36

‘which in turn is connected to the right end of the

generator by a valve controlled line 31. Valve
34 is also connected to a line 38 leading to a syn~
thesis gas reservoir 39 which in turn is connected
by a line 41 to a synthesis reactor 42. The prod-
ucts from the svnthesis reactor are conveved by
line 43 to a separator 44, the liquid products he-
ing removed through a line 45 and the gaseous
products returned to & valve-controlled line 46
for recycle into the synthesis reactor through a

" valve-controlled line 47 or storage in a tail gas

b5

reservoir 48.

In practicing the process, natural gas being
selected by way of example as the hydrocarbon
being processed, an oxygen-containing gas, air
being preferred because of its inexpensive char-
acter, is fed through lines 17, 21, 22, 23, valve

24 and line 26 to section 15 of the generator.
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Simultaneously, hydrogen snd methane in about
the molecular ratio of 10 hydrogen to 1 methane
is fed into the generator through line 37 from
reservolr 36, this supply of gases having been
previously obtained in a manner to be described.
The air, the hydrogen and the methane are thor-
oughly mixed and burned in chamber L6 of the
generator; thus hringing the refractory material
therein to a very high temperature. By alter-
nately introducing the air through valves 24 and.
25 so that the air enters first through section
1B of the generator and then through sectiom (&
of the generator, both sections of the generator
can be brought to a very high temperature, well
in excess of 3600° F. and approximating: 4000~
. It will be noted that the products of com
bustion are returned through preheater 27 which
may be of the water type whereby- steanr is gen-
erated therein, the products being eventually e~
turned to valve 31 and: line 32 where they are
discharged through.a stack. .
Assuming that sections 15 and 16 of the gen-

15.

4

The synthesis gas from reservoir 39 is processed
in any desired type of synthesis reactor 42 in well
known manner to produce hydrocarbons, oxygen~
ated compounds and the like, the liquid products
including water being separated in separator 44.
The tail gas from separator 44 may be stored in
reservolr 48 or partly recycled through the syn-
thesis reactor through line 47, if desired. Such
tall gases contain the unused carbon monoxide

. aid hydrogen and some carbon dioxide and

methane.
‘When: fhe: femperature of the packing in the

.generator has lowered to an extent such that

the. ahave: noted. reactions do not occur at an
efMeient rate, about 1600-1800° F. the flow of tail
a8 steam. and methane is shut off and the pre-
viously explained heating stage resumed with the
admission: of air- through line {7 and hydrogen

- and.methane through Iine 37.

7
(=3

P

erator have been brought to the desired tem-

perature, the flow of air, hydrogen, and methanc
to. the generator i shut off. The hydrocarbon
is then admitted at. g  pressure of about 250
pounds per square inch gauge through lines (8,
21, 22, 28, valve 24, preheater 27 where it Is
preheated to about 400° F. and line 26 to section
¥ of the generator wherein by reason of the high
tempergture therein the gas is cracked.as follows:

1) CHu~C+4-2H:

As already stated’ the refractory packing is
designed to hold up and retain the solid carbon
formed in the reaction, the hydrogen with some
uncracked methane being discharged by line 28
through: waste heat hoiler 2T thraugh line 29,
valve 31, line 83, valve 34 and line 35 to gas
reservoir 36 where it is stored for use in the next
heating stage. When the proper amount of car-
Hon has been deposited in the generator, and
the temperature of the packing therein has
dropped to a range approximating 3000-3400"
F. whereat the cracking hegins to slow down,
steam from waste heat boiler 27 at a pressure of
250: pounds per square inch gauge and 3 temper-
ature of' about 400° P. is introduced into line
21 with the natural gas, and tail gas, consisting
prinetpally of carbon monoxide, hydrogen, car-
bon dloxide and methane, is introdced through
line I¥ into Hne 21 in a desired amount from gas

reservoir 48: The gases mix in lineg 22 and 26

passing through waste heat boiler 27 where they
are: preheated to a temperature. in. the range of
400~ P and enter section I5 of the. generator,
valve 3% being set so that the products pass
through line 38 to synthesis gas reservoir 39.
The first reaction that takes place in the gen~
erator is at a relatively high temperature and
proceeds-as:follows:
(2 CHs-+HaO~CO+-3Ha

The: subsequent reactions which take place at
lower temperatures as the packing gradually
lgives: up: its. heat to the entering gases are as fol-
aws ’

(&3] C+Hi0O-CQ+Hs

(€3 COz+-C-2C0

“In this stage the proportions of the gases
charged can be adjusted as desired to provide
the- desired molecular ratio of approximately 1
carbon monoxide ta 2 hydrogen desived for the
synthesis gas.

a0

40

45
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Each stage of the cycle usually approximates
3 to 10 minutes in length and the valves. con-
trolling them can. be operated automatically in
well known. manner. :

The following equations represent an example
of the relative amounts of the different.gases.used
in one complete cycle consisting of the. three
stages already described.

In the first stage, or the. heating stage, the
following equations apply: .

(B CHs+4-20324-8N2->CQs+- 320+ 8N3

4:52 10H324502+20N2~>10H20--20N3,
All the:-resulting products: of the gbove reasctions

_ are:discharged. to. the stack. The heat available

frem: the. aheve- reactions is: apnroximately as
follows.:. : :

Heat available: :
. ) ) Calories
ABb= . =210,000
AHgowe . ___ _— ~--. —578,000.
ARE total oo —788,000

In the: second stage - wherein: some of the
methane is. cracked and the temperature of the
packing reduced from over 3600° F. to about:
3200° F., and some of the methane is passed
through uncracked, the heat can be figured as
follows:

© (D 5CH:—>5C+-10H2

(8y. 1CHy (passed through, not cracked)->1CH:

Heaf required: . Standard  AH7=-{-90,000. cab
ories. In. this stage;, the carbon. remains i the

5. generator-and the methane and hydrogen pass

ta reservair 3. : .

In the third stage wherein the synthesis gas
is. formed,. the temperature of the packing drop-
ping from about. 3200° F. to.1800° F., the. follow-

. ing equations apply:

(9 10H20-}-5CH1-4-5C>10CO+-20H2
(10 zCQ in tail gas>a2CO

(11): YCOz in tail gast-yC-»2yCoOr .
(12)  2CH: in tall gas4-2H20-2C0+32Ha

Healk required: AMs==--400,000 calories. The heat
required for 10, .11 and. 12 are dependent. on: the-
values of z, ¥ and 2. : :

The tofal heat required for the second and
third stages equals approximately 420,000.calories
plus. the heat required for reactions 10; 11 and
12. As almost 800,000 calories are available, it.
is apparent that there is a. liberal excess over
and above that utilized in waste heat boiler 21

5 for steam generation.
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While natural gas consisting chiefly of methane
has been described in the foregoing example as
the hydrocarbon used, it is to be understood that

other carbon-containing materials, for instance.

solids such as pulverized coal, liguids such as fuel
oil and kerosene, and other hydrocarbon gases
may be used in place of natural gas or other
gaseous hydrocarbons. In such cases, it will be
understood that the various proportions of steam
and tail gas may have to be varied in accordance
with well known practice to obtain the desired
synthesis gas. o ,

A salient feature of the process is the ability
to heat refractory packing in the generator to a
very high temperature in the order of 3600° P
and above, this being accomplished hy alternat-
ing the direction of flow of the air, hydrogen and
methane whereby the refractory packings in sec-
tions (5 and (6 are alternately and progressively
heated as distinguished from a typical regen-
erative set-up wherein one section of packing is
usually used for storing heat and the reaction
with steam immediately conducted in the same
section of packing. )

The maximum temperature of the packing is
limited only by its melting point and the melting
point of the refractory lining for the generator
shell.

Another feature of the invention is the crack-
ing of part of the hydrocarbon direetly to carbon
and hydrogen and the characteristic of the pack-
ing such that it retains the carbon while permit-
ting the hydrogen and uncracked hydrocarbon to
pass therethrough. The uncracked hydrocarbon
is not lost but is made available for heating in
the next heating stage. By employing a packing
of very porous character with a low space veloc~
ity, and so retaining the carbon, the carbon mon-
oxide to hydrogen ratio can be effectively con-
trolled.. The reaction of a hydrocarbon such as
methane and steam which normally goes to car-
bon monoxide and three mols of hydrogen pro-
duces too much hydrogzen for the usual synthesis
and is exceedingly difficult to carry to comple-
tion. By removing the hydrogen formed in the
cracking stage, the carbon monoxide to hydrogen
ratio is correspondingly lowered, the hydrogen

‘not being wasted but utilized in the heating stage

as fuel.

Another feature of the invention resides in the

use of the steam carbon reaction, i. e.,
H304-C~»CO-}+Ha

" after the packing has cooled to a temperature
too low to continue to crack the hydrocarbon but :

is still sufficiently hot to complete this reaction.

An additional feature is the substantially com-
plete utilization of the carbon derived from the
hydrocarbon. With a waste heat boiler-having
good thermal insulation and of high efficiency,
the uncracked methane is not wasted but col-
lected in the storage reservoir 36 and eventually
consumed in the generator. Theoretically, the
burning of the hydrogen alone in the heating
step, that is the first stage of operation, provides
sufficient heat to heat the packing to the tem-
perature required to conduct the subsequent stage
of operation. k

The major advantages of the process of this
invention may be summed up as follows: (1)
a relatively high conversion of hydrocarbon
into earbon monoxide and hydrogen with a very
low loss of hydrocarbon; (2) the use of excess
hydrogen as fuel and the inherent purging of
nitrogen so that nitrogen does not appear in
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the synthesis gas; (3) the ease of insulation and
heat recovery; (4) the low cost of equipment and
low cost of subsequent operation compared with
generating methods which employ substantially
pure oxygen or carbon dioxide as the soutrce of
oxygen; and (5) a complete recycle and utiliza-
tion of all the tail gas from the synthesis re-
actor.

Obviously, many modifications and variations
of the invention as above set forth may be made
without departing from the spirit and scope
thereof and only such limitations should be
imposed as are indicated in the appended claims.

T claim: :

1, In the process for preparing a synthesis gas
composed essentially of hydrogen and carbon
monoxide in the molar ratio approximating 2:1
for the synthesis of hydrocarbons, oxygenated
hydrocarbons and mixtures thereof, wherein a
hydrocarbon gas and steam are passed in direct
contact with a heated refractory material in a
reaction zone, at a reaction temperature in the
range at which the reactants interact endother-
mically to form hydrogen and carbon monoxide,
and wherein the refractory material in the re-
action zone is periodically heated to reaction
temverature, the improvement which comvrises
effecting the conversion of the feed hydrocarbon
gas into high yields of synthesis gas having a
molar ratio of H: and CO of approximately 2:1
under substantially thermally self-contained
conditions by the steps including passing a hy-
drocarbon gas in contact with the heated re-
fractory material at a temperature in the range
effective to substantially crack the hydrocarbon
gas to form gaseous products of cracking and de-
posit resultant solid carbon upon the refractory
material, recovering the said gaseous products
of cracking, thereafter passing a mixture of ad-
ditional hydrocarbon gas and steam in contact
with the refractory material and carbon at a
relatively lower temperature in the range at
which steam reacts with both the deposited car-

‘bon and the hydrocarbon gas, and regulating

the proportion of hydrocarbon gas and steam
such that the oxidation product is a synthesis
gas comprising hydrogen and carbon monoxide
in the molar ratio of approximately 2:1.

2. In g process for the production of a mixture
of hydrogen and carbon monoxide in the molar
ratio of approximately 2:1 from a gaseous hy-
drocarhbon wherein a bed of refractory material is
heated to a temperature above that required for
cracking of said hydrocarbon to carbon and gases,
said hydrocarbon only is thereafter passed into
contact with said heated refractory with the re-
sultant production of gaseous products of crack-
ing and deposition of free solid carbon on the
refractory material and said gaseous products of
cracking are withdrawn from contact with said
refractory material, the improvement which com-
prises passing a mixture of steam and said hydro-

- carbon gas and containing at least two mols of

65

70

75

steam per mol of gas into contact with the re-
sulting carbon at a temperature level above about
1,600° F. at which the steam reacts with the said
carbon and said hydrocarbon with the produection
of hydrogen and carbon monoxide in the ratio
of approximately 2:1.

3. A process for the production of a mixture of
hydrogen and carbon monoxide in the molar ra-
tio of approximately 2:1 from a gaseous hydro-
carbon, comprising heating a bed of refractory
material to a temperature ahove about 3,600° F.
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thereafter passing only sald hydrocarbon: gas
into contact with said heated refractory with the
resultant production of gaseous. products of
cracking and the deposition of free solid earbon
on the refractory material, continuing said erack-
ing:until said refractory is reduced to a tempera-
ture: in the range of 3,000° F. to 3,400° F, with=~
drawing the gaseous products of cracking from
contact with said refractory material, and there-
after passing a mixture of steam and said hydro-
carban. gas into contact. with the resulting car-

5

10

bon on said refractory material at a temperature

within the range of from about.1,800° F. to said:

reduced temperature thereby effecting reaction
of steam with said carbon and said hydrocarbon
with the production of hydrogen and ecarbon
monoxide having a molar ratio of approximately
2:1, . .
ALLEN D. GARRISON.
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