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1
The present invention relates to an improved
. process for producing gas mixtures containing CO

and Hz from hydrocarbon gases by reaction with
steam and COz in the presence of a suitable cata-
lyst. More specifically the invention relates to a
method for preventing coke formation on the
catalyst of this process particularly when used
for the production of gas mixtures suitable as
feed gases for the catalytic synthesis of normally
liquid hydrocarbons and other valuable products
from CO and Hz.

The present invention will be fully understood
trom the following description read with refer-
ence to the accompanying drawing which is a flow
plan indicating the manner in which conven-
tional apparatus may be adapted to the purposes
of the invention.

In recent years it has become desirable to
manufacture gas mixtures containing CO and Hz,
in large volumes to supply the needs of the rapidly
developing synthetic oil production from CO

and Hoa.
. The hydrocarbon synthesis requires feed gas

mixtures having a Hz2:CO ratio of about 0.5-3.
It has long been known that gas
taining Ha and CO in these proportions may be
produced from hydrocarbon gases such as meth-
ane in the form of natural gas or other readily
available hydrocarbon gas mixtures, by a conver-
sion with steam and COz in varying proportions
at temperatures of about 900°-1700° F. on a rela-
tively long and narrow, externally heated column
of suitable catalysts such as nickel associated with
difficultly reducible oxides such as magnesia,
silica, and/or alumina, according to the follow-.
ing reactions:

CH;-+H:022C0O+3Hz2
CH4+CO222C04-2Hz 2)
CO-+H022CO2-+Ha (&)

The above edquations show that the H2:CO
ratio of the product gas may be increased by in-
creasing the steam content in the feed so as to

shift equilibrium Reaction 1 to the right and/or

Reaction 3 to the left. An increase of the COz2:
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 Hz in any desirable synthesis
- feed gas ratio may be produced merely by deter-
mining the Hz20:CO: feed gas ratio most favor-
able to the production of CO and H: in the de-
sired ratio and contacting a feed gas having this
favorable ratio with methane or the like at suit-
able temperatures on the catalysts mentioned

.above.
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In practice. however, a serious difficulty can
arise from the formation.of carbon which deac-
tivates the catalyst, increases pressure drop and
impedes the heat supply to the strongly endo-
thermic reaction, resulting in frequent interrup-
tions of the process. This carbon formation is
due chiefly to a combination of the following
reactions:

2C0=C02+C 4)
CH«=2H2+-C 5)

Carbon formation may be suppressed by an
increase of the H20 concentration in the feed
whereby Reactions 1 and 3 are favored to proceed
from left to right with the effect that CO and CHa
will form H2 and carbon oxide rather than car-
bon in accordance with Reactions 4 and 5. The
use of excess steam actually is an effective means
of suppressing carbon formation, which has been
long practiced in the conventional catalytic refor-
mation of methane with steam alone. However,
the application of this means to the production of
synthesis feed gas of a desired Hz2:CO ratio has
the obvious drawback that any increase in the
steam concentration will result in a corresponding
increase in the H2:CO ratio of the product gas
in accordance with Equations 1 and 3. It fol-
lows that whenever the steam concentration is in-
creased to prevent carbon formation ‘s, corre-
sponding amount of COz must be added to pro-
mote Reaction 3 in the direction from the right to
the left.

It 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 reactions mentioned are highly tem-
perature sensitive. Therefore. in order to prevent
carbon formation, the Ha2:COz 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 COz removal from the product
~as and the amount of sensible heat required for
thea process. This excess should therefore be kept
at, the porsible minimum which will'be just suffi-
rient for an effective suppression of carbon for-
mation. )

Prior to the present invention, it had been
found that at relativelv high temperatures of
about 1300°-1600° F. COz suppresses carbon
formation probably in accordance with Equation

- 4. At temperatures of about 1500°-1600° F. CO2

55

becomes even equivalent to Hz0 with respect to
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carbon suppression. Consequently, a substan-
tial portion of the excess steam required for
carbon suppression may be replaced by COa.
Thus, less total excess oxygen in the form of
H20 and COs is required for carbon suppression
and adjustment of the H::CO ratio at operat-
ing temperature within the range specified above.
Actually, about 609 total excess oxygen for ex-
ample 0.6 mol total COz+1.15 mol total H30/1
mol CH4+ at 1500° F. for the production of a gas
having an H2:CO ratio of 2, and for example
1.6 mol total CO3+40.6 mol total H20/1 mol CH4
at 1500° F. for an H2:CO ratio of 1, have been
used successfully for the prevention of carhon
formation. This excess oxygen figure is based
on the assumption of one effective oxygen atom
in the CO:2 molecule in the prevention of carbon
formation. -

It has beeh possible by the procedure described
above considerably to reduce carbon formation
In the reactor and substantially to extend the
intervals between interruptions caused by the
necessity of carbon removal. However, substan-
tial amounts of carbon are still formed particu-
larly on the catalyst layers close to the feed
gas entry, necessitating interruptions of higher
frequencies than are desirable for economic op-
eration. A further suppression or complete
elimination of carbon formation is therefore
still a major problem in the catalytic produc-
tion of synthesis gas by the reformation of hy-
drocarbon gases with steam and COz The
bresent invention affords a simple means for
solving this problem. )

More recently it has been shown! that at

4

In this manner, the CO2 concentration may be
held at a minimum in those reactor portions in
which temperatures prevail which are conducive
to the promotion of carbon formation by COa,
while at the same time sufficient COz is made
available in those reactor portions in which CO3
is required to suppress carbon formation from
CO produced on preceding catalyst layers and to

- reduce the Ha content of the gas produced omn
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Dreceding catalyst layers, in accordance with
Reactions 3, 4 and 5. These advantages may be
secured without any increase in the total excess
oxygen required.

The catalysts normally used in the conven-
tional reformation of hydrocarbon gases such
as methane may be employed in the process of
the invention. Specific examples of catalysts of
this type are composed of about 209 nickel in
combination with kaolin, alumina and/or mag-
nesia. Other reaction conditions are likewise

"those of conventional operation.

In accordance with the preferred embodi-
ment of the invention the entire COz require-
ment of the process is supplied to catalyst zones
having temperatures substantially above 1175° P,
The COz supply may be split over these zones in
such a manner that additional COz is made avail-
able at the rate at which it is required to main-
tain optimum conditions in all high tempera-
ture catalyst zones. If desired, a minor pro-~
portion say about 5-10%, or less, of the total
COz-requirement may be.added to hydrocarbon
gas and/or steam prior to their entering into the
top of the reactor.

Suitable compositions of the feed to the vari-

4 35
lower temperatures, particularly at tempera- ous catalyst zones are as follows:

Desired H::CO Ratio._..._..______________ 0.5 1 2

Catalyst Temp. Zones, degrees_______.__ -—---| 900-1300 | 1300-1500 | 900-1300 1300-1500 | 900-1300 | 1300-1500
CH,, mols. _ ) N P 1 1

H,0, mol/mo] CH; 0.5 | 0.6 |- 115

CO3, mol/mol CH,_________ S I 0.6

X .

tures below 1175° F., CO2 not only fails to sup-
press carbon formation but actually causes the
deposition of carbon. It has now been found
that this fact is the cause of the carbon forma-
tion still observed on the catalyst layers closest
to the feed gas entry. The process is normally
S0 operated that the feed gas passes downwardly
through a relatively high column of catalyst

heated externally. In order to avoid excessive 73

temperatures the optimum temperature of about
1300°-1700° F., depending on the chosen com-
position of feed and product gases, must be
reached in the catalyst layers close to the re-
actor outlet. Consequently the feed gases must
pass through the upper catalyst layers at con-
siderably lower temperatures of about 900°-1100°
F. which are conducive to carbon formation
caused by the presence of COs.

In accordance with the present invention this
difficult may be practically completely elimi-
nated by feeding at least a substantial portion
of the CO:2 required to establish g desired H2:CO
ratio and to secure non-coking operation with
low excess oxygen, to a catalyst zone having a

temperature substantially in excess of 1175° F. 70

and preferably in excess of about 1200°~1300° F.

! Reitmeier et al.: “Production of Synthesis Gas by Re-
acting Light Hydrocarbons with Steam and Carbon Di-

xxide.” Joint Symposium on Production of Synthesis Gas, 75

C. 8., N. Y,,'N, Y., Sept. 15-19, 1947, pp. 85 et seq.

The invention will be best understood from the
following description of the drawing. )
Referring now in detail to the drawing, the

50 system illustrated therein comprises as its essen-

tial element a conventional tube reformer 28
formed by a plurality of elongated relatively nar-
row vertical catalyst tubes 22 which are arranged
in a heating jacket 24. Heat may be supplied to
heating jacket 24 by electrical means, direct fir-
ing, hot flue gases, or in any other suitable man-
ner (not shown). Tubes 22 may be filled with a
pelleted catalyst containing 209 nicke] supported
on a mixture of alumina and kaolin. The oper-
ation of this reformer in accordance with the in-
vention will now be explained using as an example
the production of a synthesis gas having an
H3:CO of about 1, from natural gas containing
about 90-95% methane, It should be understood,

68 however, that product gases of different composi-

tion may be produced in g substantially analogous
manner from.the same or different, hydrocarbon
gases.

In operation steam from any desired source may
be supplied from line { to g metering device 3,
and then through line 5 to a preheater 1.

Natural gas preferably desulfurized and con-
taining about 929 methane may be supplied
from line {0 passed through a suitable meter-
ing device 12 and then supplied through line 14
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to a preheater T wherein it is mixed with the
steam supplied from line 5. For the purposes of
the present example the feed rates of natural
gas and steam should be so controiled that the
mixture in preheater 1 contains about 0.5-0.7
mols of steam per mol of CHs in the natural gas.

The natural gas-steam mixture may be heated
in preheater T up to about 1000° F. by electrical
or gas firing means. It is noted, however, that in
accordance with the present invention, a low de-
gree of preheat is sufficient and preheating may
even be omitted completely, since the danger of
carbon formation in the upper catalyst zone is
eliminated. .

The preheated mixture of natural gas and
steam enters the top of reactor tubes 22 through
line 16 and manifold header I18. The feed rate
may be controlled at about 100 v./v./hour of
CH. in the upper catalyst zone A of .tubes 22.

At a maximum tube wall temperature of tubes
22 of about 1600°-1800° F. which is required for
establishing optimum catalyst tempcratures of
about 1400°-1500° F. in the intermcdiate and
lower catalyst zone B at the flow conditions speci-
fied, the catalyst in zone A reaches a maximum
temperature of about 1100°-1300° F. at which for-
mation of Hz and CO begins without any carbon
formation. |

Upon entering the lower catalyst zone B which
is at a temperature above 1300° F. and beyond
the range of COz- promoted carbon formation
the reactants are admixed with CO2 in a total
amount of about 1.5-1.7 mols of CO2 per mol of
CH;: originally supplied. This COz may be sup-
plied to the system from line 30, metered in flow
meter 35 and passed on through line 37 to pre-
heater 39 ifv which it may be preheated to a tem-
perature of about 1300°-1500° F. by electrical or
gas firing means. The preheated CO2 flows
through line 41 to manifold 43 through which it
may be put into catalyst zone B at one or more
points as indicated on the drawing. If desired, a
minor portion, say about 5 to 10% of the total
CO: supplied through line 37 may be passed
through line 45 to line 5 to enter preheater 7 to-
gether with the steam.

Produiét gas having an Hz:CO ratio of about 1
is withdrawn from the bottom of tubes 22 through
2 manifold header 26 and may be passed through
line 28 to a condenser 50 wherein condensable
constituents, mainly excess steam are condensed.
Gas and coadensate pass through line 52 to a
gas-liquid separator B54. Liquid is withdrawn
downwardly from separator 54 through line 59
to be drained. Product gas is withdrawn over-
head from separator 54 through line 58. It may
have a composition, about as follows:

Per cent
CO2 e —— 15
CO e —————— e 41
He . _ 41
CH: . : 2

Na : 1

10

This gas may be subjected to any suitable CO2
removal by causfic scrubbing or the like in con-
ventional equipment (not shown). The make gas
is then ready for use in synthesis operation or

‘for any other desired purpose.

The system illustrated by the drawing permits
of many modifications which may be obvious to
those skilled in the art without a deviation from
the spirit and scope of the invention. For in-
stance steam supply and heating means other
than those shown may be used. -

The foregoing description and exemplary oper-
ations have served to illustrate specific embodi-
ments and applications of the invention, but are
not intended to be limiting in any way. Only such
limitations should be imposed on the invention
as are indicated in the appended claims.

What is claimed is:

1. In the process of producing gas mixtures
containing Hz and CO in proportions suitable for
the catalytic synthesis of hydrocarbons, by pass-
ing hydrocarbon gases with steam and CO: in
amounts corresponding to a substantial excess of
oxygen at temperatures of about 900° to 1700° F,
through an extended catalyst column the tem-
perature of which increases in the direction of

_the gas flow, the improvement which comprises
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introcucing at least a substantial portion of the
total CO:2 requirement of the process into a por-
tion of said column, substantially removed in
said direction from the feed point of said hydro-
carbons and having a temperature substantially
above 1175° P. i

2. The process of claim 1 in which said column
portion has a temperature above about 1200°-
1300° F.

3. The process of claim 1 for the production of
a gas mixture containing Hz and CO in the ap-
proximate ratio of 1 from a gas consisting essen-
tially of methane in which said total COz require-
ment is about 1.5-1.7 mols per mol of methane
and said total COz requirement is substantially
completely supplied to said column portion.

4. The process of claim 1 for the production of
a gas mixture containing Hz2 and CO in the ap-
proximate ratio of 2 from a gas consisting essen-
tially of methane, in which said CO:z requirement
is about 0.5-0.7 mol of CO:z per mol of methane
and said total CO: requirement is substantially
completely supplied to said column portion.

5. The process of claim 1 in which said sub-
stantial portion of the total COz is supplied to at
least two points spaced in said direction of gas
flow.

" 6. The process of claim 1 in which a minor
proportion of the total COz2 requirement is sup-
plied to a portion of the catalyst having a tem-

- perature not substantially exceeding 1175°.

ALEXTS VOORHIES, Jr.

No references cited.




