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11 Claims.

- The present invention relates to an improved

_ process for producing gas mixtures containing CO
and Hs from hydrocarbon gases by a reforming
reaction with CO2 or steam and. CO2 ‘in the
presence of a suitable reformation catalyst. More
specifically, the invention relates to a method for
preventing coke formation on the catalyst of this
process, particularly when used for the produc-
tion of gas mixtures suitable as feed gases for
the catalytic synthesis of normally liquid hydro-
carbons and other valuable products from CO
and Hoa.

The present invention wiil be fully understood
from the following description read with reference
to the accompanying drawing which is a flow plan
indicating the manner in which conventional ap-
paratus may be adapted to the purposes of the
invention.

In recent years it has become desirable to
manufacture gas mixtures containing various
proportions of CO and Hp, in large volumes to
supply the needs of the rapidly develeping syn-
thetic oil production from CO and Ho.

The .hydrocarbon synthesis requires .feed gas
mixtures having an Ha:CO ratio of about 0.5-3.

It has long been known that gas mixtures contain--

ing Ha2 and CO in these proportions may be pro-
duced from hydrocarbon gases such as methane,
ethane, propane, or gaseous olefins in the form
of natural gas, refinery gas, or other readily avail-
able hydrccarbon gas mixtures, by a conversion
with steam and CO: in varying proportions at
temperatures of about 900°-1700° F. on a.rela-
tively long and narrow externally heated column
of suitable reformation catalysts, such as an iron
group metal, particularly nickel associated with
difficulty reducible oxides, such as magnesia,
silica, and/or alumina, according to the follow-
ing reactions:

CH4--HoSssCOH-3H2 -
CH:+CO2552C0O+2H, 2)
CO+-HoOSSCO02-Ha 3N

The above equations show that the H2:CO ratio
of the product gas may be increased by increasing
the steam content in the feed so as to shift
equilibrium reaction (1) and/or reaction 3 to the
right. An increase of the CO2 content of the feed
will increase the CO content of the product gas
in -accordance with reactions (2) and (3).
Theoretically, therefore, gas mixtures containing
CO and H: in any desirable synthesis feed gas
ratio - may be produced merely by determining
the H20:CO:2 feed gas ratio most favorable to the
production of CO and Hz in the desired ratio and
contacting a feed gas having this favorable ratio
with methane or the like at suitable temper aturen
.on the catalysts mentioned above.

In practice, however, a serious difficulty can
arise from the formation of carbon which de-
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activates the catalyst, increases pressure drop-and
impedes the heat supply to the strongly
endothermic reaction, resulting in frequent inter-
ruptions of the process. This carbon formation
is due chiefly to a combination of the following
reactions:

(4)

2C0==COz+C )
(5)

CH4=2H:24-C

Carbon formation may be suppressed by an in-
crease of the H20 concenfration in the feed
whereby reactions (1) and (3) are favored to
proceed from left to right with the effect that CO
and CH: will form Hz and carbon oxide rather
than carbon in accordance with reactiohs (4)
and (5). The use of excess steam actually is an
effective means of suppressing carbon formation,
which has been long practiced in the conven-
tional catalytic reformation of methane with
steam alone. However, the application of this
means to the production of synthesis feed gas of
a desired Ha2:CO ratio has the obvious drawback
that any increase in the steam concentration will
result in a corresponding increase in the Hz2:CO
ratio of the product gas in accordance with equa-
tions (1) and (3). It follows that whenever the
steam concentration is increased to prevent car-
bon formation, a corresponding amount of CO2
must be added to promote reaction (3) in the di-
rection from the right to the left..

Tt should be understood that this presentation
of the reaction mechanism is a simplification of
the actual conversion mechanism, particularly in
view of the fact that the rate and extent of the
individual reacfions mentioned are highly tem-
perature sensitive. Therefore, in order to prevent
carbon formation, the H20:COs ratio in the feed
gas must be correlated with the temperature

These conditions result in the requirement of a
large excess of steam and CO:z in the reaction
zone. On the other hand, the use of such a large
excess of reactants substantially increases the
cost of utilities and CO2 removal from the product
gas and the amount of sensible heat required for
the process. In practice it is difficult, therefore,
to produce gas mixtures containing H2 and CO in
a ratio as low as or lower than 1. These dif-
ficulties are particularly proncunced whenever
the feed stock contains substantial proportions
of constituents such as paraffinic gases contain-
ing more than one carbon atom per molecule or
gaseous-olefins which have a streng tendency- to
crack and deposit carbon at methane conversion
conditions.

For these reasons it has been suggested here-
tofore to convert the feed stock in stages by con-
tacting it first with a catalyst having a relatively

. high conversion but low cracking activity for ole~

- fins and higher molecular weight paraffinic gases

60

and a low conversion activity for methane so
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as first to convert the constituents which are
the strongest carbon formers at relatively mild
conditions into Ha and CO, and thereafter con-
tacting the effiuent of this treatment with a cata-
lyst of highest conversion activity for methane
at suitable methane conversion conditions but
now in the substantial absence of constituents
which form excessive amounts of carbon at these
conditions. The catalysts used for this purpose
are usually the composites described above. The
conversion activity of these catalysts is controlled
by varying the nickel content of the composite
within the approximate limits of 8-30% (calcu-
Jated as NiO). Catalysts of relatively low nickel
‘concentration being used in the early stages of
the process and those of high nickel concentra-
.tions -in the later stages. However, even this
type of operation has encountered difficulties
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-resulting from carbon formation, particularly .

when it was attempted to use predominantly CO2
as the oxidizing agent in the production -of gas
‘mixtures containing Hz and CO in relatively low
‘ratios.

The present invention overcomes these diffi-

"culties and affords various additional advantages’

‘as will appear from the fcllowing detailed de-
scription of the invention.

It is, therefore, the principal object of the pres~
ent invention to provide improved means for pro-
‘ducing gas mixtures rich in Hz and CO by the

“e¢atalytic conversion of hydrocarbon gases with
‘s mild oxidizing agent such as COz or mixtures
of COz and steam. '

A more specific object of the invention is to

_provide means for reducing or eliminating cata-

lyst coking in a process of the type specified.

Other objects and advantages will appear here-
inafter.

The present invention is based on the surpris-
ing discovery that hydrocarbon gases may be
- converted with CO: into gas mixtures contain-
ing Hs and CO in the presence of a catalyst con-
sisting exclusively of magnesia and that no
carbon is formed in this conversion. Accord-
ingly the invention in its broadest aspect resides
in passing a mixture of hydrocarbon gases with
an oxidizing gas containing substantial propor-
tions of CO2 over a catalyst consisting of mag-
nesiag at conversion conditions of temperature,
pressure and contact time suitable for the pro-
duction of substantial amounts of s and CO.
The invention finds its most useful application
in connection with feed stocks containing sub-

stantial proportions of constituents having strong .

cracking tendencies, such as ethane, propane,
ethylene and propylene. )

The absence from the catalyst of the conven-
tional iron group metals results in a reduction
of catalyst activity, i. e. in the percent conversion
of hydrocarbons per pass. However, it has been
found that hydrocarbon conversions exceeding
60% and even approaching 70% may be readily
obtained in single pass operation, even with
methane as the feed, without any carbon forma-
tion when using magnesia 2lone as the catalyst.
Substantially higher conversions of, say, about
70-90% may be obtained when using more re-
active feed materials, such as olefins or saturated
hydrocarbon gases containing more than one

’ c;arbon atom. - This was not to be expected from
‘prior experience which indicated that if the iron
group metal content of the catalyst is reduced
to a value at which carbon formation will not

occur conversion will drop far below economic

levels, 1. e. to about 30% or lower. It will be
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appreciated that 100% hydrocarbon conversion
may be readily approached or attained by means
of a suitable product gas recycle or multi stage
operation in a manner well understood by those
skilled in the art. The invention provides, there-
fore, a technically practical means for convert-
ing hydrocarbon gases with COz completely into
H: and CO without the usual difficulties result-
ing from excessive carbon formation.

In accordance with a preferred embodiment of
the invention, hydrocarbon gases, such as meth-
ane, natural gas, refinery gases, etc. and particu-
larly such gases as contain substantial propor-
tions of ethane, propane, ethylene and/or pro-
pylene, are mixed with an oxidizing ges rich in
CO: and are first contacted at suitable conver-
sion conditions with magnesia alone for a time
sufficient to convert the constituents having the
strongest cracking tendency into H: and CO
without carbon formation. Thereafter the gas
mixture so obtained is contacted with a conven-
tional reformation catalyst of the type described
above containing an iron group metal, such as
nickel, in proportions within the range of about
8-309% and adequate to afford high conversion
activity. The catalyst in this second stage may
also be arranged in layers of increasing nickel
concentration in the direction of flow of the
reactants so as to accomplish a gradual increase
in catalyst activity as the cracking tendency of
the feed stock decreases as the result of the
progressive conversion of feed constituents hav-
ing a strong cracking tendency.

. The conversion conditions suitable for the pur-
poses of the present invention are generally sim-

-ilar to those conventional for the catalytic ref-

ormation of hydrocarbon gases with COz or mix-
tures of CO:2 with steam. It has been found,
however, that best results are obtained when
slightly higher than conventional temperatures
are maintained on the magnesia catalyst of the
invention. Thus, for methane conversion, tem-
peratures of about 1600°-1800° F., particularly
about 1700° F., are preferred, while temperatures
of about 1400°-1600° F. are sufficient for the con-
version of mcre reactive feed stocks, such as
olefins or saturated hydrocarbon gases contain-
ing more than one carbon atom per molecule.
When subsequent layers of conventional high
activity catalyst are used they may be kept at
the usual temperatures varying from about
1200°-1600° F.

Having set forth its objects and general nature.
the invention will be best understood from the
following more detailed description and specific
examples read with reference to the accompany-
ing drawing. .

Referring now in detail to the drawing, refer-
ence numeral | indicates the gas line supplying
natural or refinery gas from any suitable sources
not shown.

A furnace adapted to be fired with oil or gas is
shown at 5. Feed gas and a COz2-containing ox-
idizing gas enter through lines 1 and 2, respec-
tively, if desired after preheating. The oxidizing
gas may contain, for example, 1.5-2 mols of
CO:z and 0.5-0.7 mols of steam per mol of CHs
supplied to produce a gas mixture having an
H2:CO ratio of about 1. The gases are passed
through line 3 to a manifold 4 from which the
mixture is distributed among reaction fubes 3
of which only three are shown connected in par-
allel and mounted in furnace 5. These tubes are
filled with catalyst layers N, O and P which will
be described more fully below. The tubes are
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-connected:to the manifold 4 through-separate
“linesfitted with.valves. 0a, 100 and 10c and the
=gas discharged from. the tubes :is: collected ‘in
-a_manifold 16. Hydrocarbon 'gas throughputs
~:of ‘about 100=600 v/v/hr. may be used.

~Gases from: manifold 16: may: be conducted by'

pipe .18 :to .a:further reaction zone which com-
prises a catalyst drum 18. Steam may be added
to manifold- 16 by means of pipe 20 and gases
;disecharged-: from this.secondary reaction. pass
by line 21 -into cooler 22. . Cooled ‘gas passes
therefrom into a separator 23; from which water
is withdrawn: through line 24 and gas through
line 25. -

“'The op.efation of .the .process:as described to

“this point is.conventional. 'Natural gads or.re-
finery gases .comprising hydrocarbons of a par-
aflin and olefin series may be converted by means
of 'CO: and steam to produce carbon monoxide

--or-carbon dioxide and hydrogen. It is desirable:
to remove at least the major quantity of sulphur -

from the feed, in the form of hydrogen sulfide
or' mercaptan by means of " a caustic wash or
otherwise. The reformation reaction ‘occurs in
tubes 8 at a temperature above about 1000° F.,
normally in the presence of catalyst comprising
nickel with or without other elements or com-
pounds, such as alumina, magnesia, siliceous ma-
terials such as kaoline and the like. This reac~

tion results in the formation of hydrogen, carbon -

monoxide and, some carbon -dioxide. If it is

desired to recover a gas of this composition, ves-

sel 19 may have the form and function of:a
waste-heat boiler or may be completely omitted.
The reaction mixture may also be passed from

the first stage into the second stage 19 operat-

ing as a catalyst converter at a much lower tem-
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perature, for example about 800° F. and steam .

may be added through line 20 and, if desired,
through manifold 28 f{o the gasses and/or to
various catalyst zones within reactor (9. -In

this step, carbon monoxide produced in the first -

stage is converted into carbon dioxide and ad-
ditional hydrogen. The second reaction may.
be catalyzed by a number of suitable materials,
of which iron oxide is perhaps the most ad-
vantdgeous. The gas mixture is then suitably

cooled and- carbon dioxide ecan be removed in’

any conventional manner to produce a gas con-
sisting essentially of hydrogen with small
amounts of unconverted methane which is us-
ually not over 1 or 2%.

As stated above, the catalyst mass in tubes

8 consists of several layers N, O and P, the ac-
tivity of which increases from the top to the
bottom of tubes 8 as the result of an increased
active metal content. In accordance with the
present invention layer N consists exclusively
of magnesia.” Typical catalyst analyses of lay-
ers O and P are as follows:

Layers O: Per cent by weight_;
NIO e e 10
Al2O3 e 7
MEO e 3
Aluminum Cement _._.... . ... ._ 80

Layers P:

NiO i 25.0
MEO 14.0
Aluminum Cement .._.._______.__.____ 28.0
Kaoline .. 33.0

Catalyst layer N is preferably maintained at a
temperature of about 1400°-1600° F., and cata-
lyst layers O and P at about 1100°-1400° F'. This
may be readily accomplished by a proper con-
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= trol.of the. flow 'of':heé.tingf gases within' furnave

8 with the aid of suitable’bafles:as will be:un=
.derstood by those skilled in:the:axrt.
‘When:operating “in:this -manner, by far:the

:major proportion:of .constituents, ‘such as par-

affins:and olefins having 2 or 3 carbon atoms per
molecule, and appreciable :amounts:of. methane
will be substantially :completely ‘converted :into

~CO+and H2 without:any significant carbon’ for-
‘mation by.thetime the reaction mixtures reach
~catalyst layers O:and: P where the remainder.:of

the ‘hydrocarbon' feed.:is:.converfed .in:the:sub-

~.stantial-absence’ of: readily: coking: constituents.

.The:favorable: results which may be obtained
:when . operating. in:accordance with:the pres-

~entinvention:are substantiatéd by the experi-
~mental data given.in the: following example.

Example
Three . different -catalysts were - used :in:the

~reformation of methane with COz at-a tempera-

ture of -about.1700° F.:and a methane through-
put of about 100 v/v/hr. The catalysts-and:feed
gas compositions used and the results obtained
in these experiments are tabulated below.

75
Reformer Catalyst MgO | MgO+4-25 | Fe
. NiO

45 52 45
55 48| 56

63 99
65 80| &¢
100 83| 81
0 17} 18

The above data demonstrate that the methane
converted in the presence of the magnesia cat-
alyst of the present invention is converted 100%
to H2 and CO without the formation of carbon,
while when using a conventional iron catalyst
under the same conditions and a conventional
MgO-NiO:2 reformer catalyst with a feed stock
containing a slightly lower ratio of carbon di-
oxide to methane but otherwise under the same
conditions almost 20% of the feed is lost in the
form of carbox.

The foregoing description and exemplary op-
erations have served to illustrate specific appli-
cations and results of the invention but are not
intended to be limiting in scope. Other modi-
fications may appear to those skilled in the art
without departing from the spirit of the in-
vention.

What is claimed is:

1. In the process of producing gas mixtures
containing Hz and CO in a ratio below 3:1 by
converting a hydrocarbon gas with an oxidizing
gas containing a major proportion of COz2, the
improvement which comprises contacting a mix-
ture of said hydrecarbon gas and said oxidizing
gas at a conversion temperature of about 1400°~
1800° F. with a catalyst consisting of magnesia.

2. The process of claim 1 in which said hydro-
carbon gas contains hydrocarbons having more
than one carbon atom per molecule.

3. The process of claim 1 in which said oxi~
dizing gas contains a minor proportion of steam.

4. The process of claim 1 in which said hy-
drocarbon gas consists essentially of methane
and said temperature is about 1600°-1800° F,

5. The process of claim 1 in which said hy-
drocarbon gas contains substantial proportions
of hydrocarbons having more than one carbon

%9
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atom per molecule and said temperature is
about 1400°-1600° F.

6. The process of claim 1 in which said hy-
drocarbon gas comprises at least one gas se-
-~lected from the group consisting of methane,
ethane, propane, ethylene, and propylene.

7. The process of claim 6 in which said hy-
drocarbon gas comprises methane.

8. The process of producing gas mixtures
containing H2 and CO in a ratio below 3:1 from
a hydrocarbon gas which comprises passing a
mixture of said hydrocarbon gas with an oxidiz-
ing gas containing a major proportion of COa
first over a catalyst consisting of magnesia at
. a conversion temperature of about 1400°~18G0° F.
- conducive to the conversion of - a substantial
portion of said hydrocarbon gas into H2 and CO
and thereafter over a second catalyst compris-
ing an iron group metal at a temperature of
about 1200°-1500° F. conducive to the conversion
of unconverted hydrocarbon gas into Ha and CO.

9. The process of claim 8 in which said oxi-
dizing gas contains a minor proportion of steam.
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10. The process of claim 8 in which said hy-
drocarbon gas comprises at least one member
of the group consisting of ethane, propane,
ethylene and propylene.

11. The process of claim 8 in which said hy-
drocarbon gas consists essentially of methane.

CHARLES S. LYNCH.
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