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The présent invention relates to the production 
of a gas suitable, upon enrichment, for distribu tion in city gas mains, from gaseous hydrocarbon 
material. More particularly, it relates to a cyclic 
process comprising a reaction between a gaseous 
hydrocarbon and steam, kno 
the manufacture of a gas, whi m ... . . . . . . 
hydrogen and oxides of carbon, mainly carbon 
monoxide, and which, by the 
ment with a hydro 
changeable with a 
manufactured gases d 
Natural gas, one of 

hydrocarbons, i - } 

fe the gas is used in its overed, the various burning 
gned and adjusted for its use reföre no necessity for treating 

g th? g?s. In localities, however, where natural gas has not previously been avail 
able, various burning appliances such as the 
burners ön ga? rangés, refrigerators and heating 
services, have been designed and adjusted for 
the burning of some type of manufactured gas, 
for instance, water gas, or coke oven gas. If an 
attempt were to be made to introduce natural gas by itself to a system equipped with appliances 
and burners designed and adjusted for manufac 
tured gas, its slower 
the fiane did not go out entirely, would result 
in a lazy, Smoky flame which would be hazardous 
because of incomplete combustion and the libera 
tion of poisonous carbon monoxide. To change 
all of the appliances to adapt then for the burn 
ing of matural gas in its original state is an expen 
sive process and would be impractical where win 
ter peaks require augmentation of the supply by 
manufactured gas having faster burning charac 
eiristics because the construction of natural gas 
pipeline capacity for peak load service is prohibi 
tively expensive. Therefore, the increasing avail 

natural gas, fields. W 
original stat? a 
appliances a 
and there is 
or refori 

ability of natural gas as a source of supply for the 
distribution systems of the public utility com 
panies for domestic and industrial use, has pre 
sented the problem of reforming or converting 
natural gas into a product with suitable characa 
teristics to enable its use as a component of mixed 
gas for distribution with manufactured gas in city 
gas mains. The desirability of reforming to 
develop suitable burning characteristics also 
applies to other gaseous hydrocarbons such as 
ethane, ethylene, propane, butane and the like, 
and hydrocarbon-rich gases such as refinery gas. 

urning characteristics, if : 
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carbon has been accomplished for the most part 
by passing it through a coke fire, preferably with 
process steam admixed. In this way, thermal 
cracking occurs with the formation of hydrogen 
and carbon. Little or none of the carbon content 
of the gaseous hydrocarbon, however, is cons 
verted directly to carbon monoxide in the vapor 
phase, although some of the deposited carbon 
inay be converted to carbon monoxide and hydro 
gen by reaction of the steam with the hot coke 
fire bed. Generally, however, the carbon. which 
is depoisted in the fuel, bed, is consumed when 
blasting the fire. On the other hand, the car 
bon, which passes out with the gas clogs the gas 
mains and condensing apparatus and must be 
Scrubbed from the gas by water sprays, or pre 
cipitated electrically, at considerable added ex 
pense. Furthermore, such carbon is obviously 
lost to the gas-making process. ...........^ 2 ; 

It is known that gaseous hydrocarbons can be 
reacted with steam to liberate hydrogen and at 
the same time form carbon monoxide by union 
of the carbon of the hydrocarbon gas with the 
Oxygen of the steam, and liberation of additional 
hydrogen from the steam, but the processes avail. 
able, have possessed certain disadvantages. For 
example, catalysts have been employed to permit 
the reaction to take place at a temperature below, 
that at which thermal cracking occurs, in order 
to avoid production of carbon as an end product. 
The equipment hitherto used for catalytic con 
Version of the hydrocarbons. With steam is very. 
costly. It has mainly consisted of high alloy 
metal tubes or retorts filled with catalytic mate 
rial heated externally in a furnace. The hydro 
carbon, gases and steam are passed through the 
catalytic material continuously with production. 
of hydrogen, carbon monoxide, and small amounts 
of carbon dioxide. As stated, the process con 
ducted in Such equipment has certain disadvan. 
tageS., Thus the temperature of the catalyst is 
maintained by conduction of the heat from the 
furnace, through the tubes, to supply the heat of 
formation of the product gas and its sensible 
heat. The conductivity of the catalytic material 
in discrete particle form is not high so that the 
metallic tubes or retorts, if the catalyst is held 
at a high-temperature of, for example, from 
1600 F-1800. F., must operate at a temperature 
not very far below thie maximum safe tempera 
ture of the most resistant metal alloy tubes and necessarily higher than the reaction temperati 
of the catalyst. Furthermore, since the conduct 
tion from particle to particle of the catalyst is Heretofore, the reforming of a gaseous hydro- 55 poor, the temperature of the catalyst next to 
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the tube or retort wali is higher than at the 
center, making a non-uniform temperature acroSS 
the tube or retort. In addition, not only are the 
high alloy metal tubes expensive and subject to 
considerable maintenance costs but the multi 
plicity of tubes requires a multiplicity of valve 
connections and flow.meters which in turn add 
to the expense of installation. 
Because of these difficulties, inherent in a con 

tinuous, externally heated reforming System, 
various cyclic processes have been suggested from 
time to time. One such process involved the use 
of a catalyst bed which was alternately blasted 
with burning gases to store heat in the catalyst 
followed by passing the gaseous hydrocarbon and 
steam through the bed to effect conversion. 
However, by this method, in order to avoid de 
struction of the catalyst bed by excessive Com 
bustion temperatures, the quantity of heat stored 
in the catalyst bed was limited with the result 
that the incoming cooler steam and hydrocarbon 
gas, coupled with the high heat requirements 
of the reforming reaction itself rapidly cooled 
the catalyst to below reaction temperatures and 
caused wide and rapid fluctuations in tempera 
ture. Also since the heat required for raising 
the reactants to reaction temperature and for 
the resulting endothermic reaction, was Supplied 
by the heat stored in the catalyst bed, excessively 
large amounts of catalyst, a very expensive item, 
were required. In addition, in many of these 
prior cyclic processes, relatively large amounts 
of carbon and other combustible materials were 
deposited on the catalyst which decreased its 
activity and clogged the gas passages through 
the catalyst bed. 
One object of the present invention is to pro 

vide a process for the treatment of gaseous hy 
drocarbon material, particularly natural gas, and 
steam to produce a component of a combustible 
gas which can serve as a source of gas for dis 
tribution in city mains and where manufactured 
gas has previously been supplied, which proceSS 
does not possess the disadvantages of either the 
thermal cracking process or the catalytic conver 
sion processes presently known. 
A further object of the invention is to provide 

a process by which natural gas can be econom 
ically and efficiently converted into a clean gas, 
rich in free hydrogen and in which the carbon 
content of the hydrocarbon reacted is present 
in gaseous form, mainly as carbon monoxide, and 
in which no significant amount of free carbon 
or other solid combustible matter is formed dur 
ing the process. 

Still another object of the invention is to fur 
nish a method for the production of a combus 
tible gas which is free from carbon particles and 
is available for admixture with other gas to 
provide a gaseous product which will be inter 
changeable with manufactured water gas or coke 
oven gas in the distribution systems of the public 
utility companies. 
A further object of the invention is to provide 

a relatively inexpensive apparatus of high ca 
pacity for the process described and of a design 
to which existing gas-making equipment can be 
easily and economically converted. 
Other objects will be apparent from a COn 

sideration of this specification and the claims. 
In accordance with the process of the inven 

tion, hydrocarbon material which is normally 
gaseous, that is, exists in the gaseous state at 
atmospheric temperature and pressure condi 
tions, is catalytically reacted with steam. In 
addition, air is preferably involved in the reac 
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4 
tion also. As the result of the reformation or 
Conversion reaction, a gas rich in free hydrogen 
and containing carbon in the form of gaseous 
oxides, mainly carbon monoxide, will be obtained. 
The proceSS involves the use of a cycle having 

a heat Storage portion or stage in which hot 
combustion gases, formed by the combustion of 
a fluid fuel, are Swept through a path of heat 
storage material and then through a bed of re 
forming catalyst, that is a catalyst for the endo 
thermic reaction between gaseous hydrocarbons 
and Steam, heating the heat storage material 
and Catalyst by direct contact with combustion 
gases; and a reforming portion or stage in which 
the gaseous reactants, that is hydrocarbon gas 
and Steam, or hydrocarbon gas, steam and air, 
are heated in the path of heat storage material 
and then reacted in the presence of the catalyst. 
Such a procedure may be designated as a cyclic 
process. Thus, in one part of the cycle fluid 
fuel is burned in a combustion chamber and the 
hot products Of combustion are passed through 
a, ZOne filled With heat Storage material and 
then through a Zone of catalyst to store heat 
therein and to Supply the heat required for the 
process. In the other part of the cycle, the re 
acting hydrocarbon gas mixed with steam, and, 
in the preferred embodiment With air, is con 
ducted first through the Zone containing heat 
storage material, which serves as a preheating 
Zone, to raise the temperature of the mixture to 
the reacting temperature, and then through the 
ZOne containing the catalyst in which the re 
action takes place, producing a clean gas in which 
the hydrogen of the reacting hydrocarbon has 
been liberated and the carbon thereof has been 
combined with the oxygen in the steam (and of 
the air if air is used) to form carbon monoxide 
and carbon dioxide. It will be seen that before 
the reactants are brought in contact with the 
catalyst they are blended and uniformly pre 
heated in a preheating Zone containing the heat 
storage material which in turn is heated by the 
combustion gases in the heat storage portion 

As will be more fully discussed 
hereinafter, before distribution as city gas the 
gas produced during the reforming portion of the 
cycle will have mixed therewith a predetermined 
portion of normally gaseous hydrocarbon in order 
to provide the desired calorific value. 
The process also comprises certain advanta 

geous features whereby the hot products of com 
bustion utilized for storing heat during the heat 
storage portion of the cycle are so controlled as 
to maintain the catalyst in a high state of activ 
ity, and wherein products of combustion, advan 
tageously products of incomplete combustion, 
formed during the heat storage period, are mixed 
in controlled amount with the reformed gas pro 
duced during the reforming portion of the cycle, 
to provide a gas mixture possessing characteris 
tics suitable for distribution in districts supplied 
With manufactured gas upon enrichment With 
hydrocarbon gas. 

Since, in the process of the present invention, 
the heating step is internal as regards the heat 
storage and catalyst beds, no expensive externally 
heated tubes or retorts are needed to contain the 
catalyst, and one or two large vessels lined with 
refractory to contain the combustion chamber, 
the heat storage space, and the catalyst bed will 
suffice to provide a high capacity installation. 
Also, since the combustion gases and reacting 
gases follow the same paths in the same direction 
during their respective portions of the cycle, no 
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making art, serve to clear the system of undesir 
able gases which may contaminate the generated 
gas or serve to force residual desirable gases to 
storage. 

Catalysts for the endothermic reaction of gase 
OuS hydrocarbons with Steam to produce gas mix 
tures comprising free hydrogen and carbon mon 
oxide, together with variable proportions of car 
bon dioxide, are Well-known. The catalysts most 
frequently proposed for this purpose are metals 
of the iron group, with nickel and cobalt catalysts 
usually preferred, although other high melting 
metals such as vanadium, chromium, platinum 
and the like have been used. As between nickel 
and cobalt, the nickel catalysts have usually been 
used because the reaction is easier to control and 
the nickel catalysts are leSS expensive. 
A suitable refractory carrier is frequently en 

ployed, on the surface of which the catalytic na 
terial is disposed or throughout Which it is dis 
tributed. Difficultly reducible oxides Such as 
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alumina, silica, magnesia, calcium oxide, titanium 
oxide, chromium oxide, oxides of rare earth 
metals such as, for example, thoria, ceria and/or 
others may be present, Compounds. Such as chro 
mates may be employed. 
One method of catalyst preparation involves 

the precipitation of the catalyst in the form of a 
salt upon finely divided carrier material, calcina 
tion to produce the oxide of the catalyst metal, 
pelleting or the making of extruded shapes from 
a paste of the calcined material, and reduction of 
the oxide at elevated temperature to the metallic 
catalyst, either as a step in the preparation of the 
catalyst or after it has been placed in the gas 
treating equipment. In the preparation of an 
other type of catalyst, preformed refractory 
bodies, such as alundum balls, and the like are 
impregnated with a salt of the catalytic metal 
and thereafter the impregnated shapes are cal- 4 
cined to form the oxide of the metal which is 
subsequently reduced. The catalyst employed 
may be produced by any desired procedure which 
forms no part of this invention. 
The gaseous hydrocarbon material reformed 

in the gas-generating portion of the cycle may 
comprise normally gaseous hydrocarbon material 
such, for example, as methane, ethane, propane 
and/or butane. Corresponding unsaturated hy 
drocarbons may be present in any desired concen 
tration, such, for example, as ethylene, propylene, 
butylene, etc. Other conditions being the Sane, 
saturated hydrocarbon material is prefered, 
with paraffinic material most preferred. Natural 
gas, which is primarily methane and refinery oil 
gas, which is primarily methane and ethylene are 
among the hydrocarbon materials which may be 
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employed. Natural gas, because of its availability 
is particularly preferred as the hydrocarbon re 
actant. 
With respect to the fuel employed during the 

heat-storage period of the cycle, it may be any 
fluid- that is gaseous or liquid-combustible. 
Gaseous hydrocarbons, such as those mentioned 
above, and especially natural gas, are particularly 
satisfactory, although gaseous fuel not rich in 
hydrocarbons, such as water gas, producer gas, 
and the like may also be used. Liquid hydrocar 
bons, such as fuel oil, gas oil, gasoline, kerosene, 
tar, and the like may be employed if desired. In 
the event a liquid fuel is employed, conventional 
spraying or other vaporizing means may be uti 
lized to facilitate combustion. 
The proportions of gaseous hydrocarbon re 

actant to steam employed during the reforming 
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8 
portion of the cycle generally run between about 
.8 mol and about 5 mols, and preferably between 
about 1.5 and about 2.5 mols, of steam for each 
mol of carbon in the hydrocarbon reactant. 
When air is employed during the reforming por 
tion of the cycle, the proportion of steam to hy 
drocarbon required may be decreased in which 
case as low as about 8 mol of steam per mol of 
Carbon in the gaseous hydrocarbon reactant may 
be employed. 
AS Stated, in accordance with the preferred 

embodiment of the process, some air is employed 
during the reforming portion of the cycle. The 
amount of air SO employed will be less than about 
2 mols thereof per mol of carbon in the gaseous 
hydrocarbon reactant and in most cases will be 
leSS than about 1 moll thereof per mol of carbon 
in the reactant. Preferably, the amount of air 
employed during the reforming portion of the 
cycle is between about .1 and about 6 mol there 
of per mol of carbon in the hydrocarbon react 
ant. 

Referring to the temperature conditions emi 
ployed during the cycle, the reactants, as stated, 

5 must be heated Substantially to reacting tem 
peratures by their passage through the heat 
Storage zone and before they pass through the 
catalyst Zone. The main considerations, there 
fore, are that the gaseous hydrocarbon reactant, 
While being heated sufficiently to effect substan 
tially complete reaction thereof in the catalyst 
Zone, is not heated to a point where significant 
thernal cracking thereof takes place with for 
nation of any Significant quantity of carbon in 
the preheating zone. The exact temperature 
conditions governing these considerations Will 
depend in part upon the particular gaseous hy 
drocarbon reactant employed. It has been 
found, for example, that, when reforming nat 
ural gas, the average temperature of the heat 
storage material in the preheating zone should 
not exceed about 2000 F., nor should it fall be 
low about 1400 F. In other words, the heat 
Storage material will have an average tempera 
ture at the beginning of the reforming portion 
of the cycle of not over about 2000° F., and, at 
the end of the reforming portion of the cycle, of 
not less than about 1400 F. To insure a re 
forming run of reasonable length, when reform 
ing natural gas, the average temperature of the 
heat Storage material, at the beginning of the 
reforming portion of the cycle will not be less 
than about 1500 F. Because of the direction 
of flow of the hot combustion gases during the 
heat storage portion of the cycle, first through 
heat storage material then through the catalyst 
Zone, the temperature of the catalyst, at any 
One time, will normally be somewhat less than 
the average temperature of the preheat bed, and 
generally the temperatures in the catalyst bed, 
at the beginning of the reforming run, when 
reforming natural gas and referring to the above 
temperature ranges, will not exceed about 1800° 
F. and may be as low as about 1300° F. When 
reforming gaseous hydrocarbons heavier than 
methane it may be desirable to employ some 
What lower temperatures in the preheating zone 
in order to avoid thermal cracking and since 
the reformation of hydrocarbons heavier than 
methane, may not require temperatures as high 
as when methane is reformed. Thus, when re 
forming hydrocarbons heavier than methane, 
temperatures as low as about 1000° F. may be 
employed in the preheating zone. 

Referring more particularly to the heat stor 
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age portion of the cycle of the present process, 
it is conducted, as stated, by burning a fluid fuel, 
and passing the hot products of combustion 
serially through the heat storage Zone and cata 
lyst zone. The heat storage portion of the Cycle 
may be conducted by burning the fuel with ex 
cess air, with insufficient air to support complete 
combustion, or with just the amount theoretical 
ly required for complete combustion, So long as 
the heat storage material and catalyst are raised 
to the required temperatures. In accordance 
with a preferred embodiment of the process, 
however, at least the latter part of the heating 
portion of the cycle is conducted by burning the 
fuel with insufficient air to support complete 
combustion, thereby producing combustion prod 
ucts substantially devoid of free oxygen and 
having a substantial content of hydrogen and 
carbon monoxide in addition to their content of 
carbon dioxide, Water vapor, and nitrogen. This 
insures the maintenance of the catalyst in a 
highly active state. The amount of air employed 
during this type of heat storage operation will 
usually be less than 95% of that theoretically 
required for complete combustion of the partic 
ular fuel and may be as low as about 70% of 
that required for complete combustion. The 
resulting combustion products supply heat to 
the heat storage material and to the catalyst by 
direct contact thereWith without danger of OXi 
dizing the metal catalyst. Preferably, the con 
bustion during this type of heat storage opera 
tion is sufficiently incomplete so as to produce 
combustion products which are reducing with 
respect to the oxide of the metal catalyst, in 
order to favor the presence, at the start of the 
reforming portion of the cycle, of contact Suur 
faces of highly active elemental metal catalyst 
rather than the oxide, while at the Same time 
tobtaining a practical efficiency in the use of the 
fuel. Thus the amount of air employed during 
this type of heat storage operation is preferably 
between about 85% and about 93% of that theo 
retically required for complete combustion of the 
particular fuel employed. 
As indicated above, in accordance with a pre 

ferred forin of operation of the present process 
at least the latter part of the heat storage por 
tion of the cycle is conducted by burning the 
fuel with insufficient air for complete combustion. 
While the entire heat storage period may be con 
dueted in Such a mannel, it is particularly pre 
ferred to conduct the first part of the heat storage 
period by burning the fuel with excess air so 
that the combustion gases contain free oxygen, 
and the latter part by burning the fuel with in 
Sufficient air for complete combustion as de 
scribed. In this case, the amount of air em 
ployed during the first part of the heat storage 
period will usually be at least 2% in excess of 
that required for complete combustion of the fuel, 
and may in Some cases be as high as about 50% 
in excess of that required for complete combus 
tion. In most cases, excess air in an amount be 
tween about 5% and about 15% of that theoreti 
cally required for complete combustion of the 
fuel is satisfactory. The easons for a heat 
storage stage in which excess air is employed are 
to obtain maximum efficiency of combustion, to 
shorten the fame and thus to obtain greater 
heat release in the combustion zone, and also to 
insure that any trace of combustible matter that 
may have been accidentally deposited on the re 
fractory material and catalyst is removed. How 
aver, by the present process, as stated, very little, 
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if any, combustible matter is so depositeöl. Gen 
erally, the heat-storage stage, in this two-stage 
heat storage period, in which excess air is 'em 
ployed nay nake up between about i5% and 
about 50% of the total heat storage portion of 
the cycle. The remainder of the heat storage 
portion of the cycle, Will, in this type of cperation, 
be the stage during which in Suficient air for 
complete combustion is employed as described. 

Referring to the gas produced duriiig the re 
forming portion of the cycle it will chiefly com 
prise hydrogen and carbon monoxide with small 
but varying arounts of gaseous hydrocarbons 
and carbon dioxide and with varying amounts of 
initrogen depending upon the amount of air en 
ployed during the reforming portion of the cycle. 
While this gas is carnbustible it does not possess 
the characteristics which would make it usable 
per se as city gas. For instance, it calorific value 
Will be lower than that equired for utilization in 
city gas distribution systems. Thus before the gas 
produced during the reforning portion of the 
cycle is distributed as City gas it must be en 
riched with gas having a calorific value higher 
than that desired in the nixed gas. Such en 
riching gas may be any of the gaseous hydro 
carbons mentioned above and particularly natural 
gaS. 

In many cases, however, the nere enrichment 
of the gas produced during the reforming por 
tion of the present process with a gas of higher 
calorific value does not provide a mixed gas 
possessing all the characteristics required in a 
particular area. For instance, while a mixed gas 
possessing the desired calorific value may be 
obtained by mixing, for example, natural gas 
with the gas produced during the reforning por 
tion of the present process, the specific gravity 
of the mixed gas may still be below, and/or the 
ratio of hydrogen to inerts above, the speci 
fications in a particular area. Or, because of its 
availability in a particular area, it may be desir 
able to utilize coke oven gas as part of the dis 
tributed, gas. Since coke oven gas is relatively 
rich in hydrogen, its admixture with the gas 
produced during the reforming portion of the 
present process, which is also rich in hydrogen, 
would result in a ratio of hydrogen to inerts well 
above that required. 
For these reasons, it is often desirable to also 

mix with the gas produced during the reforming 
portion of the process a controlled quantity of 
a gas possessing a high Specific gravity and a 
low ratio of hydrogen to inert.S. Such a gas 
may be produced by the combustion of a hydro 
carbon, preferably in the presence of insufficient 
air to Support complete combustion. An espe 
cially advantageous gas in this regard is the 
product of incomplete combustion produced dur 
ing the above-described heat storage stage in 
presence of insufficient air to Support complete 
which a fluid hydrocarbon fuel is burned in the 
combustion. Thus, in accordance with another 
embodiment of the present invention, at least 
a portion of the heating gases resulting from 
the combustion of the fluid hydrocarbon fuel in 
the presence of insufficient air to support complete 
combustion during the heat storage portion of the 
cycle is mixed with the gas produced during the 
reforming portion of the cycle to provide a 
mixed gas, which, when enriched as described, 
and blended with coke oven gas if desired, will 
meet the specifications required in the area, 
Where manufactured city gas is used, and which 
is, therefore, interchangeable with the manufac 
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tured city gas. In accordance with this embodi 
ment, while the products of incomplete con 
bustion formed during the heat storage portion of 
the cycle may be led off to a storage vessei Sep 
arate from that to which the gas produced dui? 
ing the reforming portion of the cycle is led, it is 
preferred to lead the desired quantity of pro 
ducts of incomplete combustion directly to a 
common storage vessel in the Sane manner aS 
is the gas produced during the reforning portion 
of the cycle, that is, through conduit 3 by Way 
of conduit i? and wash box 2. 
The exact proportions of enriching gas, and 

products of combustion if used, and coke oven 
gas if used, mixed with the gas produced during 
the reforming portion of the cycle to provide a 
finished gas suitable for distribution as city gas 
are subject to variation, depending not only upon 
the specifications to be met, but also upon the 
exact characteristics of the enriching gas, and 
of the gas produced during the reforming por 
tion of the cycle, and also of the products of con 
bustion and coke oven gas if used. Generally 
manufactured city gases have a calorific value of 
between about 520 and about 570 B. t. u., a 
specific gravity of between about .45 and about 
.75 and a ratio of hydrogen to inerts of from 1. 
to 1 up to about 6 to 1. On the other hand, the 
gas produced during the reforming portion of 
the cycle will have a calorific value lower than 
that recited above, for example, around 300 
B. t. u, a specific gravity within or Somewhat be 
low (for example .35) the range recited above, 
and a ratio of hydrogen to inerts within or Some 
What above (for example, 10 to 1) the range Set 
forth above. The enriching gas will have a calo 
rific value well above that required, natural gas 
having a heating value around 1050 B. t. u., a 
specific gravity around .61-63, and a hydrogen 
to inerts ratio of Zero, since it is usually free of 
hydrogen. The product of incomplete combus 
tion will have a calorific value well below the 
above-recited range and may even be less than 
100 B. t. u.; its specific gravity will be above the 
recited range often being around 1, and its hydro 
gen to inerts ratio will be well below the recited 
range. 
It will be seen that although the proportions 

of the various gases that are to be mixed may 
Vary widely, the determination of the exact pro 
portions needed in any particular case will offer 
no difficulty to those familiar with the gas-mak 
ing art, and can be arrived at by simple calcular 
tion. By varying the proportions of reactants, 
namely gaseous hydrocarbon and steam, or 
gaSeous hydrocarbon, steam and air, used during 
the reforming portion of the cycle, the various 
characteristics of the resulting gas can be con 
trolled as desired. In addition to these variables, 
by varying the amount of products of combus 
tion, such as the products of incomplete combus 
tion formed during the heat-storage portion of 
the cycle, which may be mixed with the gas pro 
dulced during the reforming period, further con 
trol of the characteristics of resulting mixed gas 
is afforded. In any event, it will be seen that 
the present invention offers a process of wide 
flexibility to produce gas interchangeable with 
any manufactured city gas, or suitable for ad 
mixture with other gases, to meet changing situ 
ations encountered in the city gas industry. 
The broader aspects of the invention as well as 

the above-described preferred embodiments will 
be better understood from a consideration of the 
following Specific examples which are given for 
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12 
purposes of illustration and are not intended to 
limit the scope of the invention in any way. 

ECample I 
The reactor employed is the superheater shell 

of a conventional carburetted water gas Set, the 
generator and carburetter being blanked off and 
the fuel, air, steam and hydrocarbon reactant be 
ing admitted to the base of the Superheater as 
shown in the drawing. The reactor contains 144. 
cubic feet of randomly arranged silicon carbide: 
pieces at a depth of 2 feet, 3 inches Supported on 
a firebrick arch as shown in the drawing, and 
305 cubic feet of nickel-impregnated refractory 
bodies Supported on a firebrick arch as shown in 
the drawing. 
A 1.5 minute cycle was employed, 44% of which 

Was a heat Storage period, 51% of which was a 
reforning period and 5% of Which was a steam 
purge. 
During the heat storage period air and natural 

gas Were admitted to the combustion chamber at 
the rates of 8394 cubic feet per minute and 1000 
cubic feet per minute respectively. At this rate 
the air was insufficient for complete combustion. 
The hot combustion products flowed serially 
through the heat storage Zone and catalyst Zone 
and out the stack to the atmosphere. 

During the reforning period natural gas, steam 
and air were mixed and admitted to the space 
below the preheating ZOne at the following rates: 
natural gas, 2170 cubic feet per minute; steam, 
143 pounds per minute; and air, 4197 cubic feet 
per minute. These gases passed through the heat 
Storage ZOne becoming heated to reaction tem 
peratures and thence through the catalytic zone 
where reformation took place. The reformed 
gases were led, by Way of a Wash box, to storage. 

During the purge, steam was admitted to the 
combustion chamber at the rate of 266 pounds 
per minute forcing residual reformed gases to 
Storage. 
The cycles continued over a 24 hour period, the 

average temperatures during this period through 
Out Warious parts of the reactor being as follows: 

o R. 
Bottom of heat-storage Zone.------------ ?482 
Top of heat-storage Zone.---------------- 1750 
Bottom of catalytic Zone.---------------- 1780 
Top of catalytic Zone.-------------------- ?545 
The gas produced during the reforming period 

had the following analysis and characteristics: 
Illuminants ------------------ per cent-- O 
CO ------------------------------ do---- 14 
He ------------------------------- do---- 41.6 
CO2 ----------------------------- do---- 4.4 
CH4 ----------------------------- do---- 5 
CH6 ----------------------------- do---- 2.7 
O2 ------------------------------ do---- 0.5 
N2 ------------------------------ do---- 31.8 
B. t. u. per cubic foot -------------------- 279 
Specific gravity ------------------------- 602 
H2/inerts ratio -------------------------- 1.16 
With this gas was mixed sufficient natural gas 

having a heating value of 1039 B. t. u. per cubic 
foot to provide a mixed gas having a heating 
value of 530 B. t. u, per cubic foot. The mixture 
consisted of 67% of the above gas and 33% of 
natural gas and possessed, besides a heating value 
of 530 B. t. u. per cubic foot, a specific gravity of 
607 and a hydrogen to inerts ratio of 1.11. 

Eacample II 
In this example, the same apparatus as that 

R 
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passing the hot products of combustion through 
a bed of heat storage materiai i to store heat 
therein, then through a bed... of catalyst for the 
endothermic reaction between gaseous hydrocar 
bons and steam to store heat therein, at east the 
latter portion of said burning being conducted in 
the presence of insufficient air to Support cont 
plete combustion; and, during another part of 
the cycle, passing a normally gaseous hydrocar 
bon and steam through said bed of heat storage 
material to heat said gases; passing the hot gases 
through said catalyst bed at a temperature to 
effect conversion thereof to hydrogen and oxides 
of carbon, mainly carbon monoxide, and effect 
ing in said catalyst bed conversion of said hot 
gases into a gas rich in hydrogen and Carbon 
oxides, mainly carbon monoxide, and containing 
only a relatively small amount of hydrocarboinS, 
and collecting the resulting gas. 

2. The process of claim 1, wherein, during Said 
conversion period, air is passed through said bed 
of heat storage material and catalyst bed With 
said gaseous hydrocarbon and steam, and Where 
in said catalyst comprises nickel. 

3. The cyclic process for the manufacture of a 
component of a combustible gas suitable for dis 
tribution in city gas systems which comprises, in 
one part of the cycle, burning a fluid fuel in the 
presence of insufficient air to Support complete 
combustion; passing the hot products of incon 
plete combustion through a bed of heat storage 
material to store heat therein, then through a 
bed of catalyst for the endothermic reaction ber 
tween gaseous hydrocarbons and steam to store 
heat therein; and, in another part of the cycle, 
passing a normally gaseous hydrocarbon and 
steam through said bed of heat storage material 
to heat said gases; passing the hot gases through 
said catalyst bed at a temperature to effect Con 
version thereof into hydrogen and oxides of car 
bon, mainly carbon monoxide, and effecting i. 
said catalyst bed conversion of said hot gases into 
a gas rich in hydrogen and carbon oxides, mainly 
carbon monoxide, and containing only a relatively 
small amount of hydrocarbons, and collecting the 
resulting gaS. 

4. The process of claim 3 wherein, during the 
said conversion period, air is passed through said 
bed of heat storage material and catalyst bed With 
said gaseous hydrocarbon and steam, and where 
in the catalyst comprises nickel. 

5. The cyclic process for the manufacture of a 
component of a combustible gas suitable for dis 
tribution in city gas systems which comprises, in 
one part of the cycle, first burning a fluid fuel in 
the presence of excess air and passing the hot 
products of combustion through a bed of heat 
storage material to store heat therein, and then 
through a bed of catalyst for the endothernic 
reaction between gaseous hydrocarbons and steam 
to store heat therein; then burning a fuid fuel in 
the presence of insufficient air for complete com: 
bustion, and passing the resulting hot products of 
incomplete combustion serially through Said bed 
of heat storage material and said catalyst bed to 
store further heat therein; and, during another 
part of the cycle, passing a normally gaseous hy 
drocarbon and steam through said bed of heat 
storage material to heat said gases; passing Said 
hot gases through said catalyst bed at a tempera 
ture to effect conversion thereof into hydrogen 
and oxides of carbon, mainly carbon monoxide, 
and effecting in said catalyst bed conversion of 
said hot gases into a gas rich in hydrogen and 
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6 
carbon oxides, mainly carbon monoxide, and con 
taining only a relatively small amount of hydro 
carbons, and collecting the resulting gaS. 

6. The process of claim 5, wherein, during said 
conversion period, air is also passed through Said 
bed of heat storage material and catalyst bed 
with said gaseous hydrocarbon and steam, and 
wherein said catalyst comprises nickel, 

7. The process of claim 5 wherein that portion 
of the heat storage part of the cycle during which 
excess air is employed for the combustion of the 
fuel makes up between about 5% and about 50% 
of the total heat storage part of the cycle. 

8. The process of claim 5 Wherein the exceSS 
air employed to burn the fiuid fuel is between 
about 2% and about 50% in excess of that re 
quired for complete combustion of the fuel. 

9. The process of claira 5 wherein that portion 
of the heat storage part of the cycle during which 
excess air is employed for the coinbustion of the 
fuel makes up between about 15% and about 50% 
of the total heat storage part of the cycle; and 
Wherein the excess air employed to burn the fuel 
is between about 2% and about 50% in excess 
of #at required for complete combustion of the 
fuel. 

10. The cyclic process for the manufacture of 
a component of a combustible gas Suitable for 
distribution in city gas Systems which comprises, 
in one part of the cycle, burning a fiuid hydro 
carbon fue and paSSing the hot products of Con 
oustion through a bed of heat storage material 
to store heat therein then through a bed of cata 
lyst for the endothermic reaction between gas 
eous hydrocarbons and steam to store heat there 
in, at least the latter portion of said bining be 
ing conducted in the presence of in Sufficient aii 
to Support complete conibustion and leading at 
least a portion of the products of incomplete coin 
bustion leaving the catalyst bed to storage; and, 
during another part Of the Cycle, passing a nor 
mally gaseous hydrocarbon and Steana through 
said bed of heat storage material to heat said 
gases; passing the hot gases through said catalyst 
bed at a temperature to effect conversion thereof 
to hydrogen and oxides of carbon, mainly carbon 
monoxide, and effecting in said catalyst bed con 
version of said hot gases into a gas rich in hydro 
gen and carbon oxides, mainly carbon monoxide, 
and containing only a relatively small amount of 
hydrocarbons leading the resulting gas to stor 
age; and admixing the latter with said products 
of incomplete combustion. 

11. The process of claim 10 wherein, during 
said conversion period, air is passed through said 
bed of heat storage material and catalyst bed 
with gaseous hydrocarbon and Stean, and Where 
ing the catalyst comprises nickel. 

12. The cyclic process for the manufacture of 
a component of a combustible gas suitable for dis 
tribution in City gas Systems which (30?imprises, in 
one part of the cycle, burning a fluid hydrocarbon 
fuel in the presence of insufficient air to support 
complete combustion; passing the hot products of 
incomplete combustion through a bed of heat 
storage material to store heat therein, then 
through a bed of Catalyst for the endotherinic 
reaction between gaseous hydrocarbons and 
Stearn to store heat therein, and then leading at 
least a portion of Said products of incompete 
combustion to Storage; and, in another part of 
the cycle, passing a normally gaseous hydrocar 
bon and steam through said bed of heat, storage 
material to heat said gases; passing the hot, gases 
through said Catalyst bed at a temperature to ef 
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fect conversion thereof into hydrogen and oxides 
of carbon, mainly carbon monoxide, and effecting 
in said catalyst bed conversion of Said hot gaSeS 
into a gas rich in hydrogen and carbon oxides, 
mainly carbon monoxide, and containing only a 
relatively small amount of hydrocarbons leading 
the resulting gas to storage; and admixing the 
latter with said products of incomplete combus 
tion. 

13. The process of claim 12 wherein, during 
said conversion period, air is passed through Said 
bed of heat storage material and catalyst bed 
with said gaseous hydrocarbon and Stean, and 
wherein the catalyst comprises nickel. 

14. The cyclic process for the manufacture of 
a component of a combustible gas suitable for 
distribution in city gas systems which comprises, 
in one part of the cycle, first burning a fluid hy 
drocarbon fuel in the presence of excess air and 
passing the hot products of combustion through 
a bed of heat storage material to Store heat there 
in, then through a bed of catalyst for the endo 
thermic reaction between gaseous hydrocarbons 
and steam to store heat therein, and then to the 
atmosphere; then burning a fluid hydrocarbon 
fuel in the presence of insufficient air for Com 
plete combustion, passing the resulting hot prod 
ucts of incomplete combustion serially through 
said bed of heat storage material and Said cata 
lyst bed to store further heat therein, and then 
passing at least a portion of Said products of in 
complete combustion to storage; and, in another 
part of the cycle, passing a normally gaseous hy 
drocarbon and steam through said bed of heat 
storage material to heat said gases; passing Said 
hot gases through said catalyst bed at a tempera 
ture to effect conversion thereof to hydrogen and 
oxides of carbon, mainly carbon monoxide, and 
effecting in said catalyst bed conversion of Said 
hot gases into a gas rich in hydrogen and carbon 
oxides, mainly carbon monoxide, and containing 
only a relatively small amount of hydrocarbons; 
directing the resulting gas to storage and admix 
ing the latter with said products of incomplete 
combustion. 

15. The process of claim 14 wherein, during 
said conversion period, air is also passed through 
said bed of heat storage material and catalyst 
bed with said gaseous hydrocarbon and steam, 
and wherein said catalyst comprises nickel. 

16. The process for the manufacture of a Com 
bustible gas suitable for distribution in a city gas 
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distribution system serving appliances adjusted 
for the burning of manufactured gas of predeter 
mined burning characteristics which comprises 
preparing gases in a cyclic process in which, in 
One part of the cycle, a fluid hydrocarbon fuel is 
burned and the hot products of combustion are 
passed through a bed of heat storage material to 
store heat therein and then through a bed of 
catalyst for the endothermic reaction between 
gaseous hydrocarbons and steam to store heat 
therein, at least the latter portion of Said burn 
ing being conducted in the presence of insufficient 
air to support complete combustion and leading 
at least a portion of the products of incomplete 
combustion leaving the catalyst bed to storage, 
and, in another part of which cycle, a normally 
gaseous hydrocarbon and steam are paSSed 
through said bed of heat storage material to heat 
Said gases and then through said catalyst, bed at 
a temperature to effect conversion thereof into 
hydrogen and oxides of carbon, mainly carbon 
monoxide, and effecting in said catalyst bed con 
Version of said hot gases into a gas rich in hydro 
gen and carbon oxides, mainly carbon monoxide 
and containing only a relatively small amount of 
hydrocarbons; mixing the resulting gas with Said 
products of incomplete combustion and With a 
gas having a calorific value higher than that de 
sired in the resulting mixture in proportions to 
provide a mixed gas possessing burning charac 
teristics comparable to the predetermined burn 
ing characteristics of said manufactured gas, 
whereby the resulting gas may be distributed in 
said city gas distribution system. 

JOHN HAWLEY TAUSSIG, JR. 
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