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(571 ABSTRACT

A carbon-monoxide-rich synthesis gas is produced by
feeding a mixture of carbon dioxide and an organic
material to a reaction zone maintained at a tempera-
ture in the range 1,000° to 3,000°F. Suitable organic
materials are compounds composed of carbon, hydro-
gen and oxygen in which the oxygen content is at least
10 weight percent. Alkali metal carbonates catalyze

 the reaction.

12 Claims, No Drawings
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PRODUCTION OF SYNTHESIS GAS RICH IN
CARBON MONOXIDE

CROSS REFERENCES

This application is a continuation-in-part of my appli-
cations Ser. No. 34,834, filed May 5, 1970 now U.S.
Pat. No. 3,759,677, issued 9/18/73, Ser. No. 39,116,
filed May 20, 1970 now abandoned, and Ser. No.
134,067, filed April 14, 1971 now abandoned. Applica-
tion Ser. No. 134,067 is abandoned herewith in favor
of this application.

BACKGROUND OF THE INVENTION

The present invention relates to the production of
synthesis gas. More particularly, it relates to the pro-
duction of synthesis gas rich in carbon monoxide by the
reaction of carbonaceous material with carbon dioxide.

The term “‘synthesis gas” is used herein to mean a gas
comprising carbon monoxide and hydrogen. The syn-
thesis gas produced in the process of the present inven-
tion is mainly carbon monoxide, that is, the gas pro-
duced usually contains more than 50 volume percent
carbon monoxide on a dry-gas basis. Often, the carbon
monoxide content is 70 volume percent or more on a
dry-gas basis. A

There are a wide variety of uses for synthesis gas
(see, for example, Encyclopedia of Chemical Technol-
ogy, Second Edition, Kirk-Othmer, Volume 10, Pages
353-442). Synthesis gas, rich in carbon monoxide, is
especially useful for the synthesis of methanol. It is also
useful as a feed for a Fischer-Tropsch synthesis for the
production of hydrocarbons. Another use is the pro-
duction of methane which can be directly burned as a
fuel gas or the methane can be combined with light hy-
drocarbons for the production of enriched fuel gas.
Carbon dioxide, if present in the foregoing, may or may
not be removed as deemed desirable for the usual rea-
sons known in the art.

Various methods have been suggested for the pro-
duction of synthesis gas or hydrogen-rich gas mixtures.
Among these methods are steam-hydrocarbon reform-
ing, partial oxidation of hydrocarbons, Lurgi heavy hy-
drocarbons gasification, the traditional steam, red-hot
coke reaction, and modified methods of reacting car-
bonaceous matter with steam and oxygen, such as de-
scribed in U.S. Pat. No. 1,505,065.

Production of hydrogen and carbon monoxide gases
from waste substances produced in the manufacture of
paper from wood chips and the like has been discussed
in the literature, as for example, in U.S. Pat. No.
3,317,292. In the manufacture of paper, wood chips
are digested, for example with an aqueous calcium sul-
fide liquid, thereby leaving wood pulp behind. As dis-
closed in U.S. Pat. No. 3,317,292, the waste substances
containing lignin-derived organic compounds can be
converted to a gas mixture comprising hydrogen by
contacting the waste material with steam in a reaction
zone at an elevated temperature at least the order of
several hundred degrees centigrade. The sulfite waste
liquor produced in the manufacture of paper from
wood chips and the like is a relatively well-defined
waste material consisting mostly of lignin-type organic
compounds and certain inorganic components, includ-
ing at least five weight percent sulfur, calculated as the
element sulfur but present usually in the form of sulfur
compounds.
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The use of catalysts such as potassium carbonate has -
been disclosed for the reaction of carbon with steam to
form hydrogen, carbon dioxide and also carbon mon-
oxide. The reaction is discussed, for example, in the
Journal of the American Chemical Society, Vol. 43, p.
2,055 (1921). However, the use of catalysts such as po- -
tassium carbonate to catalyze the reaction of organic
material containing substantial amounts of oxygen, par-
ticularly waste or garbage-type material, with steam or
with carbon dioxide to form carbon monoxide does not
appear to be disclosed or suggested in the prior art.

U.S. Pat. No. 3,471,275 discloses a method for con-
verting refuse or garbage-type material to gases such as
gases rich in hydrogen and also containing CO. Ac-
cording to the process disclosed. in U.S. Pat. No.
3,471,275, the refuse is fed to a retort and heated
therein to a temperature between about 1,650°F. and
2,200°F. The retort is externally heated. According to
the U.S. Pat. No. 3,471,275 process, steam is not gen-
erally added to the retort. Any steam which is added to
the retort according to the process disclosed in the U.S.
Pat. No. 3,471,275 is added to the bottom of the retort
so that steam would flow countercurrent to the waste
material which is introduced to the retort at the top of
the retort. No catalyst is used in the U.S. Pat. No.
3,471,275 process and CQ, is not added to the reaction
zone to form CO.

SUMMARY OF THE INVENTION

According to the present invention, a process is pro-
vided for producing carbon-monoxide-rich synthesis
gas which comprises contacting an organic feed mate-
rial in which the organic feed comprises chemically
combined carbon, hydrogen and oxygen and the oxy-
gen is at least 10 weight percent thereof, and preferably
containing less than five weight percent sulfur, with
added carbon dioxide at an elevated temperature in a
reaction zone.

The present invention is based on my finding that
carbon dioxide reacts with hydrocarbonaceous mate-
rial containing at least 10 weight percent of combined
oxygen as noted at a surprisingly fast reaction rate to
form carbon monoxide. Carbon dioxide is frequently
considered to be merely a diluent or end product in a
reaction system. However, in the present invention car-
bon dioxide is used as a reactant to convert oxygen-
containing material to valuable synthesis gas, particu-
larly carbon-monoxide-rich synthesis gas.

As described further hereinbelow, a preferred em-
bodiment of the present invention is based on my addi-
tional finding that solid municipal wastes containing
the requisite amount of oxygen are particularly suitable
feedstocks for reaction in the process of the present in-
vention. '

A principal reaction of the present invention can be
schematically illustrated as follows:

Reaction A: CH,O+CO, — 2CO+H,0

(where CH;O is, e.g., a carbohydrate).

Reaction A proceeds at a much faster reaction rate
than, for example, the reaction of CO, with carbon to
yield carbon monoxide. The reaction, as schematically
indicated by equation A above, is not believed to pro-
ceed as rapidly as the reaction of water with the oxy-
gen-containing carbonaceous material. A concurrent
reaction of evolved water with the feed is therefore also
experienced in my process. The reaction of the organic
feed as herein with CO, proceeds at a sufficiently rapid
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rate to be attractive for the conversion of certain oxy-
gen-containing carbonaceous material, particularly
when large quantities of CO, are easily available for use
as a reactant.

The amount of CO, used in the reaction is preferably
at least 30 standard cubic feet of CO, per pound of or-
ganic feed material. Usually the amount of CO, added
is between 10 and 300 standard cubic feet per pound
of organic feed material.

It is particularly preferred to carry out the reaction
of CO, with the oxygen-containing organic feed mate-
rial in the presence of an alkali metal catalyst, prefera-
bly a carbonate, such as potassium carbonate or so-
dium carbonate. I have found that a catalyst such as po-
tassium carbonate greatly accelerates the reaction rate
of the carbon dioxide with the oxygen-containing or-
ganic feed material.

The reason for the fast reaction rate for the forma-
tion of synthesis gas in the process of the present inven-
tion is not completely understood, but it is believed that
an important factor is the oxygen content of the or-
ganic feed material. The organic feed material, which
in this specification is to be understood to contain hy-
drogen as well as carbon, must contain at least 10
weight percent oxygen and is, in general, in the range
10 to 60 weight percent. This requirement is in contrast
to the essential absence of combined oxygen in hydro-
carbon feedstocks normally used in synthesize gas-
producing processes such as steam-light hydrocarbon
reforming or hydrocarbon partial oxidation. The pres-
ence of oxygen in the organic feed material in the pro-
cess of the present invention may contribute to the rel-
atively fast reaction rate by making the feed material
more susceptible to reaction with CO; to produce CO
than in the case of hydrocarbon material containing lit-
tle or no oxygen. I have found that it is particularly
preferable in the process of the present invention to
produce synthesis gas from organic feed material con-
taining at least 20 weight percent oxygen and still more
preferably between about 35 and 60 weight percent ox-
ygen.

I have also found that organic feed material contain-
ing the oxygen substantially in the form of polyhydrox-
ylated compounds is particularly advantageous from
the standpoint of high reaction rates with carbon diox-
ide and steam to form synthesis gas. By organic feeds
containing oxygen in' the form of polyhydroxylated
compounds, as used herein, is meant to include carbo-
hydrates, such as cellulose and sugars.

The oxygen and the hydrogen content in the organic
feed material are to be understood as chemically com-
bined oxygen and hydrogen, i.e., oxygen and hydrogen
which are connected through one or more chemical
bonds to the carbon present in the organic feed mate-
rial. Preferably the oxygen is bonded at least to carbon.

It is preferred in the process of the present invention
to use an organic oxygen-containing feed material
which contains less than 5 weight percent sulfur. The
sulfur is calculated as elemental sulfur, although for the
undesired high-sulfur-content feedstocks the sulfur is
usually present as a compound, as for example an or-
ganic sulfur compound or an inorganic sulfur com-
pound present in the feed material. Thus, it is to be un-
derstood that the organic feed material contacted with
carbon dioxide or carbon dioxide and steam according
to the process of the present invention is preferably
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substantially free of inorganic or organic sulfur com-
pounds, i.e., that the feed contains less than 5 weight
percent sulfur either as sulfur chemically combined
with the organic feed material or as inorganic sulfur
compounds physically mixed with the organic feed ma-
terial. Feeds such as Kraft black liquor produced as a
waste material in the manufacture of paper pulp are’
usually not suitable in the process of the present inven-
tion because of the relatively high content of sulfur
compounds in the Kraft black liquor. It is undesirable
to have substantial amounts of sulfur in the feed to the
reaction zone in the process of the present invention
because of the increased reactor cost and, more partic-
ularly, because of the increased problems in removing
sulfur compounds from the synthesis gas produced in
the reactor. It is preferred that the sulfur content of the
organic feed material be below about 3 weight percent
sulfur. .

Among the alkali metal catalysts, potassium carbon-
ate is preferred. Other catalysts comprising Group VIII
metals such as nickel can be used in the process of the
present invention, but nickel catalysts have been found
to be relatively susceptible to sulfur poisoning even at
relatively low sulfur contents for the organic feedstock
of the process-of the present invention. Nickel catalysts
are not soluble in water, and thus cannot be readily re-
covered from the ash product from the reaction zone
for reuse as a catalyst such as can be done with an alkali
metal catalyst. The alkali metal catalysts include lith-
ium, sodium, potassium, rubidium and cesium. Prefera-
bly, the alkali metal is added to the reaction zone by
contacting the feed to the reaction zone with a solution
of a salt of the alkali metal catalyst. The salts of the al-
kali metal catalyst include salts such as sulfates and
chlorides. Although it is preferred to add the alkali
metal catalyst to the reaction zone in the form of a car-
bonate, it is suitable to add the catalyst in other forms
such as hydroxides or as acetates, formates, sulfates,
chlorides or other alkali metal salts. It is believed these
compounds will tend to be. converted to carbonates in
the reaction zone.

I have found that particularly suitable and represen-
tative organic feed materials for the process of the pres-
ent invention includes lignite, wood, and solid waste
material, including material commonly referred to as
garbage. | have found that high reaction rates are ob-
tained in the process of the present invention for the
conversion of solid waste material to synthesis gas. The
term ‘‘solid waste material” or “solid waste” is used
herein to include solid municipal waste or common gar-
bage, sewage, industrial waste such as sawdust, and ag-
ricultural waste such as corn husks or other discarded
cellulosic material.

According to a particularly preferred embodiment of
the present invention, the feed material is solid munici-
pal waste including what is commonly referred to as
garbage, but excluding sewage. This solid municipal
waste, consisting primarily of common garbage, is par-
ticularly preferred. I have found that using simulated
solid municipal waste, good conversion rates to synthe-
sis gas can be obtained in the process of the present in-
vention. Sanitary valuable products are also produced
making possible the alleviation of an important disposal
and pollution problem, the increasing amounts of solid.
municipal waste which must be disposed of daily. In ad-
dition, I have determined that the amount of solid mu-
nicipal waste for a number or urban areas is satisfactory
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from a feed requirement standpoint for the production
of synthesis gas to be used in the various processes
mentioned previously.

A catalyst, as noted above, may be employed in my
process, but is not a necessary requirement. When a
catalyst is employed, a satisfactory amount, based upon
the weight of the organic material charged to the reac-
tion zone, is in the range from 1 to 20 percent (calcu-
lated as potassium carbonate, K,CO,, or the stoichio-
metric equivalent, i.e., for each 100 parts by weight of
organic feed an amount of 1 or more of the alkali metal
carbonates in the range 0.007 to 0.15 mols). Prefera-
bly, the amount of catalyst is in the range 0.015 to 0.1
mols per 100 parts (weight) of the organic feed.

A wide range of temperature is satisfactory for use in
the process herein. Thus, the temperature in the reac-
tion zone may be in the range between 1,000° and
3,000°F. and the process is operable and a useful result
is achieved. Preferably, the temperature employed is in
the range 1,000° to 2,000°F., most preferably the tem-
perature is in the range 1,200° to 1,800°F.

The reaction system pressure is not a prime variable
in the practice of the process herein. Therefore, the
pressure may vary over a wide range and the results ob-
tained will be satisfactory. Ordinarily, the system pres-
sure employed will be in the range from atmospheric to
200 atmospheres. Preferably, because carbon dioxide
is included in the process feed, a superatmospheric
pressure will be employed. Superatmospheric pressures
employed herein are desirably in the range 4 to 150 at-
mospheres, more preferably from 8 to 50 atmospheres.

In the process of the present invention, a molecular
oxygen-containing gas, such as air or molecular oxy-
gen, may also be introduced to the reaction zone to
burn a portion of the organic feed material to furnish
heat. Heat for the reaction can also be supplied by pre-
heating the CO, fed to the reaction zone to a suffi-
ciently high temperature to supply the required amount
of heat for the endothermic reaction of CO, plus or-
ganic material to form synthesis gas. The endothermic
heat requirement for the reaction of carbon dioxide
with oxygen-containing organic material to produce
carbon monoxide plus H,O is about twice that for reac-
tion of steam with oxygen-containing organic material.
Thus, the basic synthesis gas generation reaction of the
present invention is particularly advantageously carried
out if a source of large quantities of hot CO, is avail-
able, for example, hot flue gas. Hot CO, can supply a
portion or all of the heat requirements for the reaction.

EXAMPLES 1-2

In these examples, lignite was maintained at 1,200°F.,
both in the presence of added carbon dioxide and with-
out added carbon dioxide. The 1,200°F. temperature
was maintained until the reaction subsided, that is to

say, until the reaction, for all practical purposes, was’

completed. Other pertinent information regarding the
examples and the results are as follows:

TABLE
Reactants Example 1 Example 2
Lignite, gr. 100 100
CO, added No Yes!
Reaction Duration, Hrs. ~1 ~24

[

5

20

6
TABLE-Continued

Product Example 1 Example 2
H,0, gr. - 7.8 7.8
Oil, gr. 74 7.4
CH,, gr. 2.3 23
C,H,, gr. 0.5 0.5
CO, gr. " 8.8 240.0
CO,, gr. 12.5 —
H,, gr. 0.7 1.0
Char ) 60.0 10

1 The amount of added carbon dioxide was in the ratio of 100 standard cubic feet
of carbon dioxide per pound of organic feed.

From a comparison of the above examples, it is evi-
dent that the addition of carbon dioxide gas-to the reac-
tion system resulted in-a 28-fold increase in CO pro-
duction, and about an 83 percent reduction in the char.
Clearly, the addition of carbon dioxide to an organic
feed, as herein, is advantageous. _

When an alkali metal carbonate catalyst is.included
in the charge to the reaction zone, improvements in the
conversion rate of the organic material are experi-
enced. Higher conversion rates, of course, mean. that
for a given reactor volume, more feed can be converted
per unit of time.

Although various embodiments of the invention have
been described, it is to be understood that they are
meant to be illustrative only and not limiting. Certain
features may be changed without departing from the

_spirit or scope of the present invention. It is apparent
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that the present invention has broad application to the

. production of carbon monoxide-containing gases. from

organic feed material containing a substantial amount
of chemically combined oxygen by reacting the organic
feed material with carbon dioxide: Accordingly, the in-
vention is not to be construed as limited to the specific
embodiments or examples discussed. but only as de-
fined in the appended claims or substantial equivalents
of the claims.

What is claimed is:

1. In a process for the production of a synthesis gas
rich in carbon monoxide which comprises reacting in
a reaction zone maintained at an elevated temperature
a solid organic feed material with carbon dioxide, the
improvement comprising introducing into a reaction
zone maintained at a temperature from about 1,000° to -
2,000°F. a solid organic feed comprising chemically
combined carbon, hydrogen and oxygen with said com-
bined oxygen comprising at least 20 weight percent of
the solid organic feed and wherein for each pound of
the organic feed introduced into the reaction zone an
amount of carbon dioxide in the range from 10 to-about
300 standard cubic feet is introduced therein.

2. A process as in claim 1, wherein at least 30 stan-
dard cubic feet of carbon dioxide are fed to-the:reac-
tion zone per pound of organic feed. '

3. A process as in claim 2, wherein the organic feed
is solid waste selected from the group consisting of mu-
nicipal waste, industrial waste, and agricultural waste.

4. A process as in claim 2, wherein the feed is munici-
pal waste.

5. A process as in claim 1 wherein the reaction is cat-
alysed by an alkali metal carbonate, and wherein there
is present for each 100 parts by weight of the organic
feed an amount of the catalyst in the range from 0.007
to 0.15 mols.
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6. A process as in claim 1 wherein:

a. the amount of carbon dioxide is at least 30 stan-
dard cubic feet per pound of the organic feed;

b. the organic feed contains less than 5 weight per-
cent of sulfur;

¢. the combined oxygen content of the organic feed
is in the range from 20 to 60 weight percent; and

d. the pressure in the reaction zone is in the range
from 1 to 200 atmospheres.

7. A process as in claim 6 wherein:

a. the combined oxygen content of the feed is at least
20 weight percent;

b. the temperature is in the range from about 1,200°
to 1,800°F;; and

c. the pressure is in the range from 4 to 150 atmo-
spheres.

8. A process as in claim 5§, wherein the amount of cat-

alyst is in the range from 0.015 to 0.1 mols.
9. A process as in claim 6, wherein the pressure is in
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8‘,
the range 8 to 50 atmospheres.

10. A process as in claim 6, wherein the combined
oxygen content of the feed is in the range from about
35 to 60 weight percent.

11. A process as in claim 1, wherein the feed is a car-
bohydrate.

12, A process for producing synthesis gas rich in car-
bon monoxide, which comprises reacting a solid or-
ganic waste-material feed with carbon dioxide in a re-
action zone; wherein said feed and carbon dioxide are
introduced into the zone and reacted at a temperature
in the range from about 1,000° to 2,000°F, said feed
comprising chemically combined carbon, hydrogen
and oxygen, and said combined oxygen being at least
20 weight percent of said feed, and wherein for each
pound of said feed introduced into the reaction zone an
amount of carbon dioxide in the range from 10 to about

300 standard cubic feet is introduced therein.
*x k ok ok %k



