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poration of New Jers
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This invention relates to a process for the pro-
“duction of synthesis gas, 1. e., a gas mikture con-
- sisting essentially of carbon monoxide ahd hy-

drogen, suitable for charging to a synthesis reac-
- tion zone for the production of h: I
- ‘OXygenated compounds and the like. More par-
ticularly, the invention relates to a Process for
producing synthesis gas by reacting a hydrocars
bon and oxygen of high purity at an elevated
: pressure. . :
The catalytic synthesis of hydrodartiohs and
oxygenated compounds like alcohols and ketones
hasin the last decade been the subject of exten-

. sive research from which- notéworthy ‘improve-
ments have stemmed. This research has culmi-
nated in the development of a commercial process
Involving the production of high-quality gasoline

- hydrocarbons by reacting carbon monoxide add
hydrogen at elevated pressure and temperatire in
-the presence of an iron catalyst. It-i5 well to
- stress that this commercial opération dépéndson
condueting the synthesis- reaction 'at elevated
bressure, say 200 to 300 lbsi per sq. in. gaiige.
- While considerable atténtion has béen>deévotéd to
_the related problem of “preparing syfithesis: g4s,
the bulk of the art shows that’ the Hethods de-
veloped or even proposed are based ‘on"operation
at atmospheric or low preéssure. _,"I-‘i‘iei'é‘jfsfiio
good teaching of a commereially feasible niethod
by which synthesis gas can be generatéd at éle-
vated pressure without promoting undesirable
effects. The undesirable effects of high ‘préssure

- will be more readily appreciated from 4 considers~
tlon of several reactions which may take place
-during the generation of syntheésis
using methane for the sake of simplest exemplifi-
cation, may be expressed by the following"eqiia-
tions:

(A) 2CH44-02=2CO--4Ha
(B) CO+-3Hz=CH«+Hz0
(C) 2CO+-2H2=CH+{-COz
(D) 2C04-02=2CO:2

(B) 2C0=C02+4-C

(F) 2Ha+02:=2H20

‘Equation A covers the desired reaét
and oxygen to produce synthesis.gas
from an examination of this equ )
pressure will favor the reverse: réact
'versely, will suppress the desired’

tions B to F represent five undés
‘tions which are promoted by eleva,
‘Extensive experimentation, . with
‘acquainted, corroborated predict
such theoretical considerations; carbon 0Iia-
‘tion was particularly serious. “Synthésls §as fen-
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erators filled with refractory and/or catalytic
"‘packing material would choke up with deposited
cérbon within a few hours when operated at high
. ‘préssure, necessitating a shut-down and cleaning
¢ ‘of thé generator. .
"It is an™object of this invention to provide. a
" commerecially fedsible process for:the production
‘of synthesis’ gas by reacting a hydrocarbon and
‘high=purity oxygen at elevated ‘pressure while
‘10" eliminating or avoiding. substantially completely
the formation -of carbon. . e e
---A related object is to produce synthesis gas at
“'high pressure with very efficient utilization of the
reactant hydrocarbon and oxygen. . ... e
§ - “These gnd’ other objects.of my invention. will
" bé:apparent in the.description which follows. .
- ‘In -aceordance with the invention, one or. more
hydrocarbons, preferably normally gaseous. hy-
drocarbons, are reacted in vapor phase with oxy-
gen of not less than about 95% (by volume) pur-
ity, preferably not.less than 98% purity, in such
“proportions that the resulting synthesis gas con-
‘tains less than-about 5.09% by volume of carbon
~dioxide, preferably.less than about 2.09%, and less
28 ‘thanabout 5.0% by volume of unreacted or resid-
“ual hydrocarbon, preferably.less than about 2.0%.
“'The reaction zone is generally. maintained. at.a
temperature: above 2000° F., temperatures.in the
~Yange of 2100° to 2500° F. being particularly ad-
“30 vantageous. -The reaction is conducted under:a
_pressure of 100-to 500 1bs. per sq. in. gauge, pref-
“erably aboit 200 to 300 Ibs. per sq. in. gauge. To
" éffectiiate the purposes of the invention, control
0t the foregoing conditions is coupled with a pro-
38 Tongation or extension of the contact time. The
" Hifnimum effective contact time is at least abot
“Houblé' the eontact time requived for conductitig
“th e reaction (i. e., same reactants, propor-
“tions, téitiperatiire, ete.) at atmospheric pressure;
Ssures above 200 Ibs. per sq. in. gauge, the
ntact time preferably is made apout three to
“four timés that employed at atmospheric pres-
“sure, . In géneral, suitable contact times for my
wix. ProCess ‘will fall in the range of about 1 to 20
“48"Sebbinds, preféerably about 3 to 10 seconds.
_ 'Operatinig in accordance with the foregoifig
. conditiofis, I have found that the oxygen is sib-
“stantially completely reacted (the oxygen ¢on-
“tent of the prodict synthesis gas is rarely as
much as 0.01% by volume), the hydrocarbon ‘is
‘efficiently utilized in forming carbon monoxide
“and hydrogén, dnd substantially no free car 00
Is formed..

'20°

“contaet

ed.. Thesé results are all the more Sur-
ng in the light of the theoretical considefa-
Ons hereinbefore mentioned. Prolonged ¢on-



tact time and elevated pressure should normally
favor poor conversion of hydrocarbon and oxygen
to carbon monoxide and hydrogen as indicated by
Equations A, B and C and, in turn, unconverted
available oxygen under the same conditions
should promote the formation of carbon dioxide
and water as shown by Equations D and P, re-
spectively, with consequent impairment of the
utilization of the reactants in the production of
carbon monoxide and hydrogen. These severe .
reaction conditions should also increase the for-
mation of carbon not only because of the tendency
represented by Equation E but also because un-
reacted available hydrocarbon (per Equation A)
and, more particularly, reformed methane (per
Equations B and C) are susceptible to degrada-
tion to carbon and hydrogen on prolonged ex-
posure to elevated temperatures above 2000° F.
That the oxygen used in my process is substan-
tially completely consumed is of prime signifi-
cance not only in terms of economic utilization
of a fairly expensive feed material but also as
regards the product synthesis gas which is sub-
sequently passed to a catalytic synthesis zone to
form hydrocarbons and/or oxygenated com-
pounds. A synthesis gas having more than a
- trace of free oxygen is commereially unattractive
since the oxygen will oxidize the synthesis cata-
. lyst, particularly an iron catalyst, effecting un-
desired changes in the quality and quantity of the
products synthesized and necessitating frequent
reduction or regeneration of the synthesis cata-
lyst. Synthesis gas produced by the process of
-my invention is particularly well suited for di-
rect charging to a catalytic synthesis reactor
. without intermediate treatment except cooling
to a temperature level near that maintained in
the synthesis reactor.

As is known, the reaction (Equation A) by
which synthesis gas is produced is not strongly
exothermic so that to support a reaction tem-
perature above 2000° F. without burning in situ
-8 considerable proportion of the feed hydrocar-
bon to carbon dioxide, the reactant hydrocarbon
and oxygen are preheated to an elevated tem-
Derature of at least about 600° F., preferably at
~least about 1000° F. When preheating to tem-
" peratures up to about 700° F., the reactants may

15

30

35

40

45

be preheated as a mixed stream or as separate .

streams but when higher preheat temperatures
.are desired, preheating is advantageously applied
. to the separate reactant streams. Preheating of
the hydrocarbon stream is advisably limited to g

50

. temperature level at which no substantial crack-.

-ing or degradation to free carbon is encountered.
“With the indicated preheating of the reactants
and operating in a reaction system which does
not have excessive heat losses, I find it is possible

55

' to maintain a reaction temperature above 2000° F. .

“and obtain a synthesis gas containing less than
about 5.0% by volume of carbon dioxide and less
than about 5.0% by volume of unreacted hydro-
‘carbon. The limited presence of carbon dioxide
shows that no substantial proportion of the re-

~actants has been consumed in the formation of
this undesired by-product and the limited
presence of unreacted hydrocarbon points to a

_high conversion in spite of the limited amount of

“heat liberated in situ by

“bon dioxide. :

* 'The term, contact time, as used in this specifi-

“cation and the appended eclaims is intended to
mean the time during which the reactant hydro-
carbon and oxygen are exposed to the specified .
reaction conditions and is not bound to any
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notion of contact with a catalytic or other ré-
active surface even though, if desired, the reace
tion may be conducted in g zone filled with cata-
lytic or refractory packing” material. From ex-
perience, I prefer to use a reactor free of pack-
ing material for two reasons. First, packing
usually offers some resistance to the flow of the
Baseous reactants with the result that some of
the reactants diffuse through the' refractory lin-
ing within the reactor, reacting exothermically
between the lining and metal shell and thus
creating dangerous hot spots on the walls of the
high-pressure reactor. Second, packing, under
the conditions followed in my process, appears to
magnify any tendency to carbon formation aris-
ing from accidental or unavoidable fluctuations
in the operation; there is evidence that a little
carbon deposited on packing material begets
more carbon with cumulative propensity. Ac-
cordingly, I strongly favor using an empty or
unpacked reactor.

To describe and clarify my invention more fully
reference is made to the accompanying drawings
of which: :

Figure 1 is a schematic representation of a
simple form of apparatus suitable for carrying
out the process of my invention; and

Figure 2 is a schematic representation of
another form of apparatus suitable for my pur-
Dboses and featuring the recovery of heat from
the product synthesis gas in preheating the re-
actants. :

Referring to Figure 1, the numeral 10 desig-
nates an upright cylindrical generator comprising
a metal shell {1 suitable for withstanding ele-
vated pressures and a refractory lining 12 form-
ing an internal reaction zone 13 in which syn-
thesis gas is generated. The reactants are fed
into the lower portion of reaction zone {3 through
the nozzle 14 which comprises a tube (5 and a
concentric, smaller tube 16. One reactant stream
is fed through the inner tube (6 while the other
reactant is fed through the annular space be-
tween the concentric tubes (5 and 6. The re-
actants are thoroughly mixed on discharging
from the open end of the nozzle {4 and immedi-
ately proceed to react while flowing upwardly

“through the reaction zone (3. The product syn-

thesis gas discharges from the generator 10 by
way of opening 7 into piping and other equip-
ment (not shown) for the cooling and utilization
of the synthesis gas, as desired. The hydrocar-
bon reactant stream, e. g., natural gas supplied
by line 18, flows through a preheater (9 and
passes by way of line 20 into the annular space
between concentric tubes 15 and 16 of nozzle
(4. At the same time the oxygen stream supplied
by line 21 flows through' preheater 22 and passes
by way of line 23 into the inner tube 16 of nozzle
{4, The hydrocarbon stream discharging from
the annular portion of nozzle {4 and the oxygen
stream discharging from the central portion of
nozzle {4 become intimately mixed in the lower
portion of reaction zone 13 and immediately pro-
‘ceed to react while flowing toward the outlet 17
of generator 10,

Referring to Figure 2, the numeral 30 desig-
nates a generator comprising a metal shell 3¢
with convex ends 32 and 32’ provided respec-
tively with outlet openings 33 and 33’. Genera-
tor 30 is lined with a refractory material 34 to
‘protect the metal shell 31 against the high tem-
peratures developed within the generator. The
interior of generator 30 is divided into a central
reaction zone 35 and two adjoining heat-regen-
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‘erativeizones-36 and 36’ containing: heat-absorp~
tive . checker- work: or similar- heat-absorptive
bodies. The. outlets-33:and 33’ are. connected re~
spectively to manifolds:37 and 37’ which in turn
are: connected: with manifolds 38 and 38. The
manifolds 38 and 39 are each provided with a
pair of valves. 38A and 38B and 39A and 3B,
respectively.. Another manifold 40 having valves
40A and.40B is.connected to inlet openings 41 and
41’ which discharge into.the reaction zone 35 of
generator 30. As shown, natural gas or other
desired- hydrocarbon feed flows through line 42
into heat exchanger 43 and passes by way. of line
44 into manifold. 40: while. the product synthesis
gas discharges from manifold 39 by way of line
45. into . heat exchanger 43: and thence passes
through, line 46 to any desired equipment (not
shown) for cooling and-utilizing the product gas.
At the same. time oxygen flowing through line. 47
enters the manifold 38. The operation of this
regenecrative system is. readily described in ferms
of two:cycles; which, for convenience, will be re-
ferred. to as cycle A.and cycle B. During cycle
A, valves.38A, 39A and 40A.are open while valves
38B, 39B and 40B are closed. With this valve set-
tmg oxygen- from 41 flows through manifold
38 and.valve 38A, manifold. 37 and inlet. open-
ing. 33 into heat-regenerative zone 86. , Nat-
ural. gas preheated. by indirect heat exchange
with the product synthesis gas in exchanger
43.flows. through line 44, manifold 40 and.valve
40A. and inlet opening 41 into the reaction
zone. 35.. This hydrocarbon stream intermin-
gles. with.the oxygen.stream preheated.in heat-
regenerative zone 36 and as a reacting mix-
ture flows across the reaction zone 33-entering
the.heat-regenerative zone 36’ when the reaction
has been substantially- completed. The hot re-
action.gases,. that is, the product synthesis gas,
gives-up-some of its heat to the heat-absorptive
packing in. heat-regenerative zone 36" and dis-
charges in a partially cooled. condition through
outlet opening 33/, manifold 31’, manifold 38 and.
valve. 38A.and line 45 into heat exchanger 43
where the synthesis gas gives up additional heat
to the.incoming hydrocarbon feed stream. From
heat exchanger. 43. the :synthesis gas proceeds to
any desired. point of utilization. The duration of
the.operation. of cycle A.is, of. course, dependent
upon the heat-absorbing: capacity of the regen-
erative zones 36-and. 36’. Thus, when the in-
coming, oxygen. stream can- no longer be effec-
tively. preheated by heat stored within regen-
erative zone 36 and the. hot. product gas can no
longer-be effectively cooled by regenerative zone

36!, cycle-A-is terminated and at the same time:

cycle B-is initiated. During cycle B valves 38B,

398.and.40B.are open while valves 384, 38A and:

40A are closed. With this valve setting oxygen
flowsithrough manifold 38 and valve 38B, mani-
fold 3T’ and opening 33’ into heat regenerative
zone 36°. The oxygen flows through zone 36" and
is.preheated by the heat stored up in this.zone
by the hot product gas during the previous-cycle
A. At the same time the hydrocarbon stream,
preheated in exchanger 43, flows through line 44,
manifold: 40 and valve 40B, and inlet 41’ info:
reaction zone 35 adjacent the-region where pre-
hested oxygen discharges from zone 36’ into zone

35. The mixed reactants flow across reaction 7

zone 35 and in substantially completely reacted
condition enter heat-regenerative zone 36. The
reaction gases on flowing through heat-absorp-
tive packing within zone 36 are partially cooled
and thence pass through opening 33, manifold
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39 and-valve-39B and-line 45:into” heat-exchanger
43 where they are further cooled by indirect
heat exchange with the incoming hydrocarbon
stream. As before, the préduct gas is withdrawn
from heat exchanger 43 by way of line 46 for
utilization, as desired. The duration of operation
of cycle B is equal to that of cycle A and at the
end of cycle B, cycle A is repeated. It is clear
that the operation is made substafitially contin-
uous by repeating cycles A and B in succession.
Ordinarily, regenerative systems are designed for
operation in cycles of three to ten minutes, pref-
erably about three to five-minutes.

As a specific example of the operation described
in connection with the apparatus of Figure 1, the
following data are given. The generator 10 has
an internal free space-or reaction zone i3 of 1000
cubic feet. Natural gas and oxygen are sepa-
rately preheated to a temperature of 1000° F.
by heaters 18 and 22, respectively. The approxi-
mate composition of the natural gas is:

Per cent by volume

C: hydrocarbon 84.1
C2 hydrocarbons _ .- 103
C3 hydrocarbons 45
C4 hydrocarbons -~ 01
CO2 1.0

The preheated reactants are charged to the gen-
erator at the rates of 836,000 cubic feet of natural
gas per hour and 565,000 cubic feet of oxygen per
hour, both rates being measured at standard con~
ditions. The reactants under good mixing con-
ditions' enter reaction zone 13- maintained at a
pressure of 250 1bs: per sq. in. gauge and imme-
diately start to react while flowing to outlet 7.
The reaction temperature is about 2500° F. as
measured in the gaseous product stream passing
through outlet {1. The contact time under these
circumstances is calculated to be 6 seconds; this
contact time is approximately three times that
necessary for generating synthesis gas at atmos-
pheric pressure under otherwise similar condi-
tions: The product gas discharging from outlet
{1 is free of carbon particles and has the follow-
ing composition calculated on the dry basis:

Per cent by volume

cO 357
He oo 60.3
COz ____. 13
CHs 2.7

It will be observed that the synthesis gas as pro-
duced contains only small volumes of carbon
dioxide and methane. The foregoing results in-
dicate that the utilization efficiency of the carbon
in the feed is 90% while that of oxygen is 81%.

I may elect to operate the generator. at a lower:
or higher feed rate than that of the foregoing
example. At a lower feed rate, the utilization
efficiency of both carbon and oxygen is increased’
at the expense of higher investment costs for the
larger equipment required for the lower through-
put. Thus; by doubling the contact time and
leaving all the other factors in' the foregoing
example unchanged, a synthesis gas is produced
which is still free of carbon particles and which"
on the-dry basis has the following composition:

Per cent by volume
co 35.7
Ha 61.1
COz 1.2
CH4 2,0
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In this case, the utilization efficlency on the
carbon basis is nearly 92% and on the oxygen
basis is about 82.5%.

Mention has been made of charging methane
or a gas consisting essentially of methane to the
generator. It is contemplated, however, that the
hydrocarbon charge to the generator may com-
prise higher molecular weight hydrocarbons
either normally gaseous or normally liquid. The
hydrocarbon charge may consist essentially of
normally liquid hydrocarbons or it may comprise
a combination of gaseous and normally liquid
Jhydrocarbons. For the purposes of this inven-
tion, liquid hydrocarbons may embrace not only
relatively high boiling hydrocarbon mixtures
boiling in the range of fuel oil but also asphalt
and other solid hydrocarbons which melt and
flow when heated.

Higher molecular weight hydrocarbons when
charged to the generator undergo some decom-
position into lower molecular weight products in-
cluding methane. Furthermore, the gases in the
generator tend to produce some methane in ac-
cordance with Equations B and C hereinbefore
presented.
hydrocarbon homologs, the regulation of the pro-
portions of oxygen and hydrocarbon in the feed to
yield a synthesis gas containing less than about
5% by volume of unreacted or residual hydro-
carbon (whether it is the charged hydrocarbon
or reformed methane, is immaterial), preferably
less than about 2%, is still a valid guide. In all
cases, I have found that to decrease the propor-
tion of oxygen fed to the generator to a point
such that the product synthesis gas contains
more than 5% by volume of hydrocarbon leads to
a noticeable formation of free carbon. While I
prefer to supply enough oxygen to reduce the
hydrocarbon content of the product synthesis gas
to less than about 2% by volume, it is not advis-
able to bring the hydrocarbon content below
about 0.5% by volume since the utilization effi-
ciency for oxygen is decreased substantially and
very high reaction temperatures exceeding about
3000° F. are developed with adverse effect on
the equipment.

Under the conditions specified for my process,
it is feasible to attain a utilization efficiency of
at least about 75% and frequently over 80% for

the oxygen. On the basis of the carbon content, *

a utilization efficiency of at least about 80% and
frequently about 90% or over is realized for the
hydrocarbon feed.

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

‘What I claim is:

1. The improved process for generating syn-
thesis gas substantially free of earbon, which
cqmprises preheating a hydrocarbon and high-
purity oxygen to a temperature of at least about
600° F., charging the preheated reactants into a
reaction zone maintained at a temperature above
about 2000° F. but not exceeding about 3000° F.
and a pressure in the range of about 100 to 500 Ibs.
per sq. in. gauge, regulating the proportions of

Therefore, when charging higher :
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the charged reactants and the contact time of
said reactants in said reaction zone within the
range of about 1 to 20 seconds so that the product
synthesis gas contams not more than about 5%
by volume of carbon dioxide and not below about
0.5% but not more than about 5% by volume of
hydrocarbon and is substantially free of carbon,
said contact time being at least doubje the con-
tact time required to generate synthesis gas sub-
stantially free of carbon when said react:on zone
is at atmospheric pressure, and withdrawing the
product synthesis gas from said reaction zone.

2. The process of claim 1, wherein the hydro-
carbon is predominantly methane, )

3. The improved process for generating syn-
thesis gas substantially free of carbon, which
comprises preheating a hydrocarbon and-digh-
purity oxygen to a temperature of at least about
600° F., charging the preheated reactants into a
reaction zone maintained at a temperature above
about 2000° F. but not exceeding about 3000° F.
and a pressure in the range of about 200 to 300 Ibs,
per sq. in. gauge, regulating the proportions of
the charged reactants and the contact time of
said reactants in said reaction zone within the
range of about 3 to 10 seconds so that the product
synthesis gas contains not more than about 5%
by volume of carbon dioxide and not below about
0.5% but not more than about 2% by volume of
hydrocarbon and is substantially free of carbon,
said contact time being about three to four times
the contact time required to generate synthesis
gas substantially free of carbon when said reac-
tion zone is at atmospheric pressure, and with-
drawing the product synthesis gas from said re-
action zone. -

4. The process of claim<3 wherein the hydrocar-
bon is predominantly methane.

5. The improved process for generating syn-
thesis gas substantially free of carbon, which
comprises preheating methane spd” high-purity
oxygen to a temperature of at least about 600° F,,
charging the preheated reactants into a reaction
zone maintained at a temperature above about
2000° F. but not exceeding about 3000° F. and a
pressure in the range of about 200 to 500 Ibs. per
sq. in. gauge, regulating the proportions of' the
charged reactants and the contact time of said re-
actants in said reaction zone within the range of
1 to 20 seconds so that the product synthesis gas
contains not more than about 2% by volume of
carbon dioxide and about 0.5 to 2% by volume of
methane and is substantially free of carbon, said
contact time being at least double the contact
time required to generate synthesis gas substan-
tially free of carbon when said reaction zone
is at atmospheric pressure and withdrawing the
product synthesis gas from said reaction zone,

EARL W. RIBLETT.
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