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UNITED STATES PATENT office 
1992,909 

PROCESS FOR REFORMING GASES 

George Alan Davis, Irvington, N. J., assignor to 
Victor N. Roadstrum, West Orange, N. J. 

Application December 28, 1931, serial No. 583,502 
10 Claims. 

This invention particularly relates to the re 
forming of certain hydrocarbon gases, such as 
Ordinary natural gases, commercial propane, 
COmmercial butane, and oil cracking still gases 
either separately in a substantially pure state, 
Or in various mixtures thereof.-into reformed 
fixed combustible gases suitable for use in stand 
ard or existing domestic burners without re 
quiring any changes in the burners or adjust 
ment thereof, which reformed gases are inter 
changeable as to use in said burners with the 
present day standard city gases manufactured 
for domestic use. 

Typical manufactured city gases are: retort 
coal gas and carburetted water gas. Such manu 
factured gases and also various essentially hy 
drocarbon gases have all found widespread use 
in domestic and industrial application. How 
ever, when the essential hydrocarbon gases are 
applied-in their natural or original state-in 
domestic burning appliances it is well known that 
they are not interchangeable with said manu 
factured city gas because of the different char 
acteristics or properties thereof. While all of 
these gases have had a fairly widespread use, 
nevertheless, the cost of transportation hereto 
fore confined the use of certain essential hydro 
carbon gases to localized areas. 

Refinements recently adopted in the petroleum 
industry have made the various hydrocarbon 
gases available in large quantities; and also re 
cent improvements in transportation facilities 
have permitted the widespread distribution of 
such gases. 

However, the widespread utilization of these 
hydrocarbon gases in the gas industry has here 
tofore been limited by their dissimilar proper 
ties as compared with standard manufactured 
city gases. Dissimilar gases are not mutually 
interchangeable on standard gas appliances with 
out corresponding changes in design and adjust 
ment of Such appliances. Any gas appliance is 
designed and adjusted for the specific gas to be 
used. The chief properties of gas which influ-. 
ence the appliance design are: 

(d) Heating value. 
(b) Specific gravity. 
(c) Rate of flame propagation. 
The tolerance range for any of the above men 

tioned properties is limited. As a general propo 
sition for efficient operation of an appliance, the 
heating value of a gas should not deviate more 
than 5 to 10% from that which the appliance is 
designed for; the specific gravity should deviate 

(C. 48-196) 

not more than 10-20% and rate of flame propa 
gation should be as nearly constant as possible. 
A comparison of the properties of the several 

hydrocarbon gases and standard manufactured 
gas is as follows:- V 

Heating Specific Rate of flame 
ve. gravity propagation 

Typical std.mfg. city gas- 530-550 .50-.65 High 
Typical natural gas------- 1000-200 .60- 20 pw. 
Oil cracking still gas------ 1200-2000 .80-1. 10 Medium to low 
Propane------------------ 2500 1.52 Low 

3200 2.00 Low Butane------------------- 

It is evident from the above comparison of the 
properties of various gases, that the hydrocarbon 
gases are not interchangeable, With standard 
manufactured city gas for use in a given appli 
ance without radical changes in design and ad 
justment, even though such interchangeability 
might be economically desirable. 
More specifically certain objects of the inven 

tion herein described are as follows:- 
(1) To convert or reform hydrocarbon gases 

to meet predetermined specifications relative to 
(a) heating value, (b) specific gravity, and (c) 
rate of flame propagation, so that the reformed 
gas is suitable for distribution in manufactured 
city gas Systems without altering the design or 
adjustment of appliances. 

(2) To utilize economically, the hydrocarbon 
gases, from natural gas fields and oil cracking 
plants, which are so frequently wasted. 

(3) To provide a flexible process and means 
of producing a reformed gas to meet standard city 
gas specifications, from gaseous hydrocarbons by 
completely converting same at high thermal effi 
ciency and without formation of liquid products 
Or carbon residue. 

(4) To provide a process for converting gas 
eous hydrocarbons to meet standard city gaS 
requirements without the use of solid fuel such as 
Coke or coal. 

(5) To provide a simple means whereby the 
reforming of hydrocarbon gases according to my 
new process is enabled to be carried out in exist 
ing manufactured city gas equipment. 

For the purpose of this invention the expres 
sion “hydrocarbon gases', or the expression "es 
sentially “hydrocarbon gases' is to be construed 
as covering a single natural gas, such as meth 
ane, ethane, propane, butane, or oil cracking 
still gas, or any gaseous substance or composi 
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2 
tion which includes in the main any one, two, or 
more of these gases. 
According to one manner of realizing the in 

vention the invention is carried out in a cycle 
the operation of which compreheids the com 
bination of three distinct steps consecutively 
carried out namely as follows-assuming the gas 
reforming apparatus is in normal operation:- 

(1) The decomposition step wherein hydrocar 
bon gases are decomposed or reacted upon into 
gases of lighter specific gravity accompanied by 
a deposition of free carbon-during this step there 
is a consequent cooling of the reforming chamber 
to the minimum temperature for the cycle. 

(2) The air blowing step wherein some but not 
all of the deposited carbon is converted-due to 
partial combustion, into producer gas-during 
this stage there is a consequent heating of the 
reforming chamber to the maximum temperature 
for the cycle. 

(3) The steam injection step wherein the re 
maining carbon and introduced steam react to 
produce Water gas-during this step there is a 
consequent cooling of the reforming chamber to 
an intermediate temperature for the cycle. 

DECOMPOSITION STEP 

Step 1.-In this step the hydrocarbon gases are 
passed into the gas reforming chamber (pre 
viously heated to the required temperature) 
wherein they are partially decomposed or re 
acted upon in the presence of catalyst preferably 
containing nickel. The extent of the decomposi 
tion depends upon the temperature, the rate of 
thruput and the character of the catalyst. The 
products of decomposition are (1) a gas, com 
posed largely of hydrogen, methane, and unde 
composed hydrocarbon, which passes out of the 
reformer and is Subsequently recovered; and (2) 
free carbon, substantially all of which is retained 
on the surface of the catalyst. This reaction is 
endothermic, causing the reformer temperature 
to drop 50-300' F. below the initial temperature 
of this step. 

AIR BLOWING STEP 

Step 2.-In this step the reformer is purged 
with air to serve two purposes: first, part of the 
carbon deposited on the catalyst during Step 1. 
is converted to producer gas; and second, as a 
consequence of the exothermic nature of the re 
action the temperature of the reformer is raised 
50-600 F. above the initial temperature of this 
step. The producer gas formed passes out of the 
reformer and as desired part or all is subsequently 
recovered. 

STEAM NJECTION STEP 

Step 3.-In this step steam is passed into the re 
former, where it breaks up and combines or re 
acts with the balance of the carbon present to 
produce water gas. This reaction is endothermic, 
causing the reformer temperature to drop 
50-300 F. below the initial temperature of this 
step. The water gas produced passes out of the 
reformer, and is subsequently recovered. 
The three steps above described constitute a 

complete cycle; and the cycles are repeated. 
All of the gases produced and recovered dur 

ing the decomposition stage are mixed with all 
or part of the gases produced and recovered dur 
ing the air blowing step and also with all or part 
of the gases produced and recovered during the 
steam injection step; the resulting mixture con 
stituting the "reformed' gases. 
The initial temperature of the cycle, and the 

1992,909 
rate of thruput and duration of the respective 
stages are determined by the specifications of the 
reformed gas desired. As an example of the 
application of my process for the manufacture 
of a reformed gas having a heating value of 550 
B. t. u. per cu. ft. and a specific gravity of .62 
from a commercial butane I cite the following 
cycle schedule:- 

Per., cu. ft. of 550 B.t. u. reformed gas:- 
Step 1 

Cu. ft. of gas made . 548 Average--------------------------- { Analysis:--CnH2 3.0% 
B 68.0 

Max, temp. 1300 F--------------- Clin 29.0 

Min, temp. 1175 F-------------- (E. per cut: 9 

Step 2 

C. ft. of gas made 92.0 Average--------------------------- {RESS 14.0% 
Max. tomp. 1450 F---------------- { S? : 
Min. temp. 1175 F---------------- percutti: s s 

Step 3 

Cu. ft. of gas made 242 Average--------------------------- Analysis:-CO 12.0% 
H 56.0 

Max. temp. 1450 F--------------- 8. t; 
4 38 

Min, temp. 1300 F---------------- percutti is 

Of the .920 cu. ft. Of gas recovered during Step 
2, 210 cu. ft. is used in the mixed gas, and the 
balance purged to the atmosphere, or utilized in 
Waste heat boilers. 

HEAT BALANCE 

Input.--(Heat of combustion of butane) -- 100% 
Output 

Heat of combustion of mixed reformed 
28S -------------------------------- 89.5% 

Heat of combustion of gas purged.------ 42 
Sensible heat loss--------------------- 5.3 
Radiation ---------------------------- 1.0 

Total output.------------------------ 100.0% 
The invention, however, according to certain 

aspects thereof, is not limited to the above cycle 
described, wherein the three steps are carried out 
separately. It is also possible to produce reformed 
gases of various compositions by employing other 
Schedules of operation as follows:- 

(1) Any two of the steps may be jointly car 
ried out, e. g. air and hydrocarbon gas may be 
passed into the reformer simultaneously, thus 
combining steps (1) and (2). 

(2) With the nickel catalyst all three steps 
may be simultaneously carried out and certain 
advantageous results realized. 

(3) Any one of the three steps may be jointly 
carried out, with part of any other step, e.g. part 
of the volume of air used may be passed into 
the reformer with the hydrocarbon gas, the bal 
ance of the volume of air required being passed 
in Separately. 

(4) Any two of the steps may be jointly car 
ried out with part of the third step, e. g. the 
steam, hydrocarbon gas, and part of the volume 
of air used may be passed into the generator at 
the same time, the balance of the air being passed 
in Separately. 
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1992,909 3 
As illustrative of certain manners in which the 

invention may be realized and employed refer 
ence is made to the drawings forming part of this 
Specification and in which drawings; 

Figure 1 is an elevation partly in vertical sec 
tion showing the general arrangement of the gas 
reformer. The gas reformer as shown in said 
Figure i is an apparatus having suitable piping 
connections and a gas reforming or reacting 
chamber filled with a catalytic substance, pref 
erably pure nickel wire in the form of helical 
Springs. 

Figure 2 is a diagram of a system employing 
the reformer of Figure 1 but according to the ar 
rangement of Figure 2 the gases produced, as 
from each step Of the reformer, are passed into 
a storage holder and therein blended. 

Figure 3 is a diagram of a system employing 
the reformer of Figure 1 but according to the 
arrangement of Figure 3 the gases produced in 
the reformer, as during Operating Steps 1 and 
3 of the reformer, are passed into a storage hold 
er; and the gases produced as during operating 
Step 2 of the reformer, are passed to a lean gas 
relief holder, and therefrom by means of a 
B. t. u. controller to the storage holder in the 
proper quantity to maintain constant the heat 
ing value of the mixed gases in the storage 
holder. 

Figure 4 is a diagram of a system employing 
the reformer of Figure 1 but according to the ar 
rangement of Figure 4 a System, such as shown 
in Figure 3, has been adapted to an existing man 
ufactured gas plant whereby the reformed gases 
produced as from Steps 1 and 3 of the reformer 
are caused to pass into the general storage holder 
with the existing manufactured gas, and where 
by the gases produced as from Step 2 of the re 
former are caused to pass into the lean gas holder 
and therefrom by means of a B. t. u. controller 
into the storage holder wherein the gases from 
the lean gas holder are admixed in predeter 
mined proportions with the gases in the storage 
holder to maintain a constant B. t. u, of such 
mixed gases. 

It will be here noted that Figures 2, 3 and 
4 illustrate diagrammatically how the gas re 
former of Figure 1 and the reformed gases there 
from can be commercially employed. Therefore, 
the construction of the gas reformer of Figures 
1-4 inclusive, mode of operation, the process car 
ried out therein and the type of product pro 
duced thereby and therein will be described fully 
in detail before further reference is made to the 
arrangement and functioning of the system or 
plant of Figures 2, 3 and 4. Reference Will now 
be made to the drawings in detail. 

60. 

5 

GAS REFORMER-FIGURE 1. 

The gas reformer or gas reforming apparatus, 
as a gas reforming System as a whole may be 
referred to, is herein designated by R. It in 
cludes the gas reforming or reacting chamber 
1 which is provided with a refractory lining 2 
Surrounded with heat insulating material as 3. 
The gas reforming chamber is provided with a 
gas-tight metallic casing or shell 4 having a 
charging door 5 for charging the catalytic mass 
6 which is supported by grate bars 7 discharg 
ing door 8 for removing the catalytic mass when 
neceSSary. 
The catalyst while preferably of pure nickel 

wire in the form of helical springs may also be 
of nickel in other forms Such as Scrap, strips, 

bars, etc., or nickel clad steel, or refractory ma 
terial impregnated with reduced nickel (accord 
ing to any of the several methods well known 
to the art). The catalyst may also be of other 
metals such as steel, cobalt, etc., although ex 
p3rimental tests indicate a decided advantage in 
favor of nickel over the several other materials 
tested. In other words, according to one defini 
tion the catalyst may comprise, contain, or con 
sist of a metal or metals of the ferrous group. 

Suitable pyrometer connections are provided 
at 9, 10, and 11. The hydrocarbon gas, air, and 
steam supply lines are shown at 12, 13, and 14 
respectively, with respective control valves 15, 
16 and 17. The hydrocarbon gas, air, and steam 
as required by the particular operating schedule 
pass thru the annular space 18 of the heat ex 
changer 19, thru connecting line 20 and thence 

O 

5 

to the base of the reformer, thence thru the . 
catalytic mass 6 where the reforming takes place 
in the presence of the catalytic mass. The re 
Sulting hot reformed gases pass from the reform 
er through off-take 22 to inner space 23 of the 
heat exchanger to connecting pipe 24 provided 
with stack valve 24a to dip pipe 25 and thru 
water seal 26 to outlet 27 and thence to mixing 
System thru valve 28 or 29 depending upon cycle 
of operation as hereinafter described in Figures 
2, 3, and 4. 
To start up the gas reformer or the gas re 

forming apparatus, as the gas reforming system 
as a whole may be referred to, hydrocarbon gases 
are fed through conduit 12 thru heat exchanger 
18 to conduit 20 into bottom of the reforming 
chamber 1. Air is simultaneously admitted thru 
conduit 20th thru valve 20c to bottom of the re 
former, in such proportion as to produce nearly 
Complete combustion when the mixture of air and 
hydrocarbon gas is ignited, as by torch flame in 
Serted thru port 8a. The resulting combustion 
quickly brings the reforming chamber to the 
required temperature. The combustion products 
are conducted from the reformer thru the heat 
exchanger 23 and allowed to escape thru the 
relief or stack valve 24d to the atmosphere. When 
the desired temperature of thereforming chamber 
is attained, as for example 1300 F., and which 
temperature for certain gases and conditions is 
a normal temperature-then the air supply from 
20b is discontinued, by closing valves 20c and 24a; 
and the first step of the reforming cycle is start 
ed. Hydrocarbon gases at the proper rate con 
tinue to flow thru the reformer wherein, in the 
presence of the catalyst, decomposition or reac 
tion takes place. The products of this decompo 
sition or reaction are free carbon and lighter 
fixed gases. Substantially all of the free carbon 
produced is retained on the surface of the catalyst. 
The gases resulting from said decomposition pass 
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from the reformer thru heat exchanger 23 (thus 60 
preheating the incoming hydrocarbon gases) to 
conduit 24 and thru the Water seal 26 and are 
Subsequently recovered in the mixing system 
hereinafter described. When the temperature of 
the reformer lowers to the predetermined point, 
the operation of this Step (1) is terminated by 
closing valve 15. The reformer is now ready for 
Operation of Step (2) as heretofore described. 
Walve 16 is opened and air is passed under suitable 
pressure thru the heat exchanger space 8 to 
conduit 20 into the bottom of the reformer cham 
ber and in contact with the hot carbon deposited 
on the catalyst during Step 1. The oxygen from 
the air thus injected converts part of the de 
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posited carbon to producer gas and at the same 
time raises the temperature of the reforming 
chamber due to the exothermic nature of the 
producer gas reaction, The resulting gas pron 
duced during this step is conducted thru the heat 
exchanger space 23 to Seal 26 in the same manner 
as above described in Step (1) and Subsequently 
recovered in the mixing means hereinafter de 
scribed. When the proper predetermined temper 
ature of the reforming chamber is reached the 
operation of Step 2 is terminated by closing valve 
16 and the reformer is ready for Step (3) as 
heretofore described wherein valve 17 is opened 
and steam is passed into the reforming chamber 
in like manner as Steps (1) and (2) thru heat 
exchanger space 18 where it is Superheated be 
fore delivering to the reforming chamber by 
means of conduit 20. The Superheated steam is 
passed thru the reformer in contact with the 
remainder of the hot carbon on the surface of the 
catalyst whereby the steam is decomposed by 
reaction with the hot carbon, to water gas. The 
temperature of the reformer is lowered because 
of the endothermic nature of the reaction. The 
resulting water gas passes from the reformer thru 
heat exchanger space 23, thus Superheating the 
incoming steam, to seal 26 in the same manner as 
above described in Steps (1) and (2) and sub 
Sequently recovered in the mixing means herein 
after described-when the proper predetermined 
minimum temperature of the reforming chamber 
is attained, the operation of Step (3) is termi 
nated by closing valve 17 thus completing the 
cycle, 
By way of example when the gas reformer is in 

normal operation the temperature within the re 
forming chamber is above 1000 F., varying thru 
out the cycle in accordance with the various en 
dothermic and exothermic reactions which occur 
within the reforming chamber during the cycle. 
The variations in temperature are limited by the 
thermal capacity of the reforming chamber con 
tents (catalytic mass, and any inert material such 
as refractory checker brick which may have been 
inserted for the purpose of increasing the thermal 
capacity). 
The hydrocarbon gases, steam and air flowing 

to the reformer, are preheated by the gases leav 
ing the reformer by means of heat exchangers as 
Sociated with the off-take piping and water seal. 

SYSTEMS OR PLANTs of FIGUREs 2, 3, AND 4 
Each of the Systems of Figures 2, 3 and 4 em 

ploys a gas reforming process such as fully de 
Scribed in connection with Figure 1, and the gas 
reformer R of each of the Figures 2, 3 and 4 is 
the same in essentials of construction, function, 
and mode of operation as the gas reformer shown 
and fully described in connection with Figure 1. 

System of Figure 2 
This Figure 2 illustrates diagrammatically a 

System whereby hydrocarbon gases, air, and 
steam, are supplied thru lines 12, 13 and 14 re 
Spectively to the reformer R, and treated or re 
formed in a manner previously described in re 
Spect to Figure 1, and the resulting reformed 
gases produced from the complete reforming 
cycle are conducted thru line 27-having bleed 
valve 29 normally closed-thru valve 28 and line 
30 to a storage holder 31 wherein the gases are 
thoroughly mixed by diffusion. The three steps 
are so proportioned in regard to temperatures, 
and thruput and duration of each stage that the 

asse 
1A 

1992,909. 
combined gases constituting the resulting mixed 
gases approximate the predetermined specifica 
tions. However, to exactly meet the predeter 
mined specifications part of the gas made during 
Step 2 and/or Step 3 is purged to the atmosphere 
by means of valve 29, 

System of Figure 3 
This Figure 3 illustrates diagrammatically a 

reforming system whereby hydrocarbon gases, 
air, and steam are Supplied thru lines 12, 13 
and 14 respectively to reformer R, and treated 
Or reformed in a manner previously described 
in respect to Figure 1, and the resulting gases 
from Step (1) and Step (3) are conducted thru 
line 27 and valve 28 (valve on line 29 is closed) 
and thru line 30 to the storage holder 31. The 
gas produced during the reforming Step (2) is 
conducted thru line 27 thru valve on line 29, 
(valve 28 is closed) to the lean gas holder 32. 
The lean gas from holder 32 is conducted thru 
line 33 to a point MX at which point the lean 
gas is admitted to line 30 and conducted to the 
storage holder. The flow of the lean gas thru 
line 33 is automatically controlled by valve 34 
to maintain a uniform B. t. u. per cu. ft. Of 
the gas in the storage holder 31. Walve 34 is 
actuated by any well known B. t. ul. (heating 
value) controller and which B. t. ul. controller 
would receive a continuous sample of gas from 
the reformed gas holder and automatically va 
ries the Setting of valve 34 to maintain a con 
stant heating value of the reformed gas in the 
storage holder for the specific (finished) gases 
desired from any complete cycle of operation. 
In the event that there is a surplus of lean gas 
from any cycle of operation, Such gas may be 
conducted thru line 35 to any desired point, as 
for example, for use as fuel. 

Systemi2 of Figure 4 

This Figure 4 illustrates diagrammatically a 
reforming system whereby hydrocarbon gas, air, 
and steam, are supplied thru lines 12, 13 and 14 
respectively to reformer R and treated or re 
formed in a manner previously described in re 
spect to Figure 1, and the resulting gases from 
Step (1) and Step (3) are conducted thru line 
27 and valve 28 (valve on line 29 is closed) and 
thru line 30 to point MX on line 30, at which 
point the reformed gases mix with the manu 
factured gases produced from an existing gas 
plant, while flowing to and into the storage 
holder 31. The gas produced during the reform 
ing Step (2) is conducted thru line 27 thru valve 
29 (valve 28 is closed) to the lean gas holder 
32. The lean gas from holder 32 is thereafter 
conducted thru line 33 to a point MX in line 30, 
at which point the lean gas is mixed in the 
proper proportions with the gases flowing to and 
into the storage holder 31. The flow of the lean 
gas thru line 33 to point MX1 is automatically 
controlled by valve 34 to maintain a uniform 
B. t. u. per cu. ft. of the gases in the storage 
holder 31. Valve 34 is actuated by any well 
known B. t, u. Controller, and which B. t. u. 
controller receives a continuous sample of the 
gas from the storage holder and by nature of 
its operation automatically varies the setting of 
valve 34 (electrically operated) to allow proper 
volume of lean gas to flow to point MX and thus 
maintain the desired quality of mixed gas in the 
storage holder. Any surplus of lean gas pro 
duced from any cycle of operation may be con 
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1992,909 5 
ducted thru line 35 to any desired point for use having a temperature between the ranges of 
as fuel. 
The three step process as above particularly 

described, and the modification thereof as also 
above outlined, can be carried out in the gas 
reformer of Figure 1 and can also be employed 
in the various systems such as that shown in 
Figures 2, 3 and 4 which rely for their per 
formance upon, and which include, gas reformer 
of Figure 1. 
As previously indicated, the three step proc 

ess can be materially modified and the modifica 
tion will still be in the broad aspects of the in 
vention. By way of further example, the foll 
lowing processes, namely the two step per cycle 
process, and the continuous process wherein all 
three steps are combined, are sufficiently de 
scribed hereinafter. Moreover each of these proc 
esses can be readily performed in the reformer 
of Figure 1 and can also be employed in sys 
tem of Figures 2, 3 and 4. 

DESCRIPTION OF THE TWOSTEP PROCESS 
The two step reformed gas process consists 

of a decomposition step and an air blowing (pro 
ducer gas) step per cycle. In the decomposition 
Step (1) of the cycle, hydrocarbon gases are fed 
into the reforning chamber (previously heated 
to the required temperature) wherein they are 
decomposed or reacted upon preferably in the 
presence of a catalyst containing nickel. The 
products of the decomposition or reaction are 
(1) a gas, composed largely of hydrogen, meth 
ane, and undecomposed hydrocarbon gases, the 
resulting gases pass out of the reformer and are 
subsequently recovered; and (2) free carbon, 
Substantially all of which is retained On the Sur 
face of the catalyst, and which catalyst thus 
serves to mechanically filter the free carbon 
as produced and prevent its passing out of the 

The re 
action is endothermic, causing the reformer tem 
perature to drop 50°-300 F. below the initial 
temperature of this step. 
Upon completion of Step 1, the air blowing 

(producer gas) Step 2 is commenced wherein air 
is passed into the reformer to serve two pur 
poses:-first, all of the carbon deposited in the 
catalyst during Step (1) is converted to pro 
ducer gas; and second as a consequence of the 
exothermic nature of the reaction the tempera 
ture of the reformer is raised 50-300' F. above 
the initial temperature of this step. The pro 
ducer gas formed passes out of the reformer and 
as desired part or all is subsequently recovered. 
The two steps above described constitute a 

complete cycle; and the cycles are repeated. All 
of the gases produced and recovered during the 
decomposition step are mixed with all or part of 
the gases produced during the air blowing (pro 
ducer gas) step; the resulting mixture constitut 
ing the reformed gases, and which resulting re 
formed gases have a specific gravity between the 
range of .65 to .70 as compared with air, and a 
heating value between the range of 500-1000 
B. t. ul. per cu. ft. 

DESCRIPTION OF THE CONTINUOUS (SINGLE 
STEP) PROCESS 

In the continuous reforming process, all three 
steps of the three step process above described 
are simultaneously carried out as follows:- 
A mixture of hydrocarbon gases, air and steam, 

in predetermined proportions, preferably pre 
heated, are continuously fed into a hot reformer 

1000-1600 F., in contact with the hot catalytic 
naSS. The proportion of air in the mixture is 
sufficient only to cause partial combustion of the 
hydrocarbon gases and to maintain constant the 
desired temperature of the reformer. The heat 
generated by the partial combustion, and the 
presence of the catalyst causes decomposition and 
reforming of the hydrocarbon gases and steam 
and the reaction is performed without the pro 
duction of carbon residue. The resulting re 
formed gases as withdrawn from the reformer 
have a specific gravity between the range of 
70-80 and a heating value between the range of 
400-700 B. t. u. per cu. ft. depending upon the 
proportion of air, steam, and hydrocarbon gases 
in the inflowing mixture. 

In order to differentiate between the various 
processes as above described, namely the three 
step, two step, and the continuous (single Step) 
process, the following data on the results obtained 
With each process is given as compared with 
standard manufactured city gas:- 

Std. 
Process/cycle 3 step 2 step CE- Infg. 

city gas 

eating value-------------- 500-1000 .500-1000 400-700 530-550 
Specific gravity------------- . 50-65 . 65-. 70 .70-8050-65 

It is hereby pointed out that in any of the sys 
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tems above described, it is possible to produce 
resulting finished gases, or a mixture of gases 
which may be termed finished gases that Satisfy 
the requirements of standard manufactured city 
8ases, and Which can be used as a substitute for, 
or interchangeably with, varying grades of stand 
ard manufactured city gases and which finished 
gases are what may be referred to as combustible 
fixed gases. 
The improvements herein set forth are not 

limited to the precise construction and arrange 
ment shown and described for it will be appre 
ciated that they may be realized in various forms, 
Ways and modifications without departing from 
the Spirit and scope of the invention. 
What is claimed is:- 
l. The manufacture from hydrocarbon gases 

of a combustible fixed gas by the method which 
includes three distinct steps per cycle, wherein 
according to Step (1) hydrocarbon gases are 
introduced into a reforming chamber, in contact 
with a hot catalytic mass containing nickel, 
and/or iron, and any carbon remaining which 
has been deposited as a result of the thermal de 
composition of the hydrocarbon gases in the pres 
ence of Said nickel and/or iron, having a tem 
perature between the range of 1000-1600 F, 
decomposing the hydrocarbon gases in the pres 
ence of the catalytic mass, into reformed gases 
and free carbon, retaining said free carbon in the 
reforming chamber, wherein according to Step 
(2) air is introduced into the reformer in contact 
With the hot carbon, and in the presence of the 
catalyst, thus converting a portion of said car 
bon into producer gas; and wherein according to 
Step (3) steam is introduced into the reforming 
chamber in contact with the remainder of the 
hot carbon, thus converting the carbon by re 
action with the steam into water gas; said method 
also includes withdrawing in consecutive order, 
the resulting hot gases as produced from each 
step in a manner whereby heat is imparted there 
from to the inflowing hydrocarbon gas, air and 
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steam treated during each step, to preheat the 
latter; mixing the resulting gases produced from 
each step to produce a rhixture of gases having 
properties substantially the same as standard 
manufactured city gas. 

2. The manufacture from hydrocarbon gases 
of a combustible fixed gas by the method which 
includes three distinct steps per cycle, wherein 
according to Step (1) hydrocarbon gases are in 
troduced into a reforming chamber, in contact 
with a hot catalytic mass having a temperature 
within the range of 1000 to 1600 degrees F., and 
which said catalytic mass comprises a metal or 
metals of the ferrous group and any carbon which 
has been deposited as a result of the thermal 
decomposition of the hydrocarbon gases in the 
presence of the catalytic mass, decomposing the 
hydrocarbon gases in the presence of the catalytic 
mass into reformed gases and free carbon, re 
taining said free carbon on the surface of the 
catalyst; wherein according to Step (2) air is 
introduced into the reformer in contact with the 
hot carbon retained on the catalyst, thus con 
verting a portion of said carbon into producer gas; 
and wherein according to Step (3) Steam is in 
troduced into the reforming chamber in contact 
with the remainder of the hot carbon on the cata 
lyst, thus converting said remaining hot car 
bon by reaction with the steam into water gas; 
said method also including withdrawing in Con 
secutive order, the resulting hot gases as pro 
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duced from each step in a manner whereby heat 
is imparted therefrom to the inflowing hydro 
carbon gases, air, and steam treated during each 
step to preheat the latter. 

3. The manufacture from hydrocarbon gases 
of a combustible fixed gas by the method which 
consists of three distinct steps per cycle, wherein 
during Step (1) hydrocarbon gases are intro 
duced into a reforming chamber in contact with 
a hot catalytic mass having a temperature with 
in the range of 1,000 to 1,600 degrees F., and which 
said catalytic mass contains a metal or metals 
of the ferrous group and any remaining carbon 
which has been deposited as a result of the ther 
mal decomposition of the hydrocarbon gases in 
the presence of the catalytic mass, decomposing 
the hydrocarbon gases in the presence of the 
catalytic mass into reformed gases and free car 
bon, retaining said free carbon on the surface 
of the catalyst; wherein during Step (2) air is 
introduced into the reformer in contact with the 
hot carbon retained on the catalyst, thus con 
verting a portion of said carbon into producer 
gas; and wherein during Step (3) steam is intro 
duced into the reforming chamber, in contact 
with the remaining hot carbon, thus converting 
the carbon by reaction with the steam into Water 
gas, and which cycle includes withdrawing in 
consecutive order, the resulting hot gases as pro 
duced from each step in a manner whereby heat 
is imparted therefrom to the inflowing material 
treated during each step, to preheat the latter. 

4. The manufacture from hydrocarbon gases 
of a combustible fixed gas by the method which 
consists of three distinct steps per cycle, wherein 
during Step (1) hydrocarbon gases are intro 
duced into a reforming chamber in contact with 
a hot catalytic mass having a temperature within 
the range of 1,000 to 1,600 degrees F., and which 
said catalytic mass contains a metal or metals 
of the ferrous group and any remaining Carbon 
which has been deposited as a result of the ther 
mal decomposition of the hydrocarbon gases in 

1,992,909 
the presence of the catalytic mass, decomposing 
the hydrocarbon gases in the presence of the 
catalytic mass into reformed gases and free 
carbon, retaining free carbon on the surface of 
the catalyst; wherein during Step (2) air is intro 
duced into the reformer in contact with the hot 
carbon, thus converting a portion of Said carbon 
into producer gas; and wherein during Step (3) 
steam is introduced into the reforming chamber 
in contact with the hot carbon, thus converting 
said remaining hot carbon by reaction with the 
steam, into water gas, and which cycle includes 
the withdrawing in consecutive Order, the result 
ing hot gases as produced from each step. 

5. The manufacture from hydrocarbon gases 
of a combustible fixed gas by the method which 
comprises three distinct steps per cycle of suc 
cessive cycles wherein according to the first step 
of each cycle hydrocarbon gases and air are 
introduced simultaneously in predetermined pro 
portions, into a reforning chamber, in contact 
with a hot catalytic maSS at a temperature 
within the range of 1,000 to 1,600 degrees F., 
and which Said catalytic mass comprises a metal 
or metals of the ferrous group and any remain 
ing carbon which has been deposited as a result 
of the thermal decomposition of the hydrocarbon 
gases in the presence of the catalytic mass, de 
composing or reacting the hydrocarbon gases in 
the presence of the catalyst into reformed gases 
and free carbon, retaining said free carbon. On 
the surface of the catalyst; wherein according to 
the second step, air is introduced into the re 
former in contact with the hot carbon retained 
On the Surface of the catalyst, thus converting a 
portion of Said carbon into producer gas; and 
wherein according to the third step, steam is 
introduced into the reforming chamber in con 
tact with the remaining hot carbon on the cata 
lyst, thus converting the said remaining hot car 
bon by reaction with the steam, into water gas, 
which method also comprises withdrawing in 
consecutive Order during each cycle, the result 
ing hot gases as produced in the particular step 
whereby heat is imparted from the hot outflowing 
gases to the inflowing material treated during 
this particular step, to preheat the latter. 

6. The manufacture from hydrocarbon gases of 
a combustible fixed gas by the method which 
comprises successive cycles in which there are 
three distinct steps per cycle and wherein during 
step one of the cycle, hydrocarbon gases and 
steam are introduced simultaneously in pre 
determined proportions, into a reforming cham 
ber in contact with a hot catalytic mass at a 
temperature within the range of 1000 to 1600 
degrees F., and which said catalytic mass com 
prises a metal or metals of the ferrous group 
and any remaining carbon which has been de 
posited as a result of the thermal decomposition 
of the hydrocarbon gases in the presence of the 
catalytic mass, decomposing or reacting the 
hydrocarbon gases and steam in the presence of 
the hot catalyst into reformed gases and free 
carbon and retaining free carbon in the presence 
of the catalyst; wherein during step two air is 
introduced into the reformer in contact with the 
hot carbon, thus converting a portion of said 
carbon into producer gas; and wherein during 
step three, steam is introduced into the reform 
ing chamber in contact with the remainder of 
the hot carbon; thus converting the remaining 
hot carbon by reaction with the steam into 
water gas; withdrawing in consecutive order the 
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resulting hot gases produced from each step in 
a manner whereby heat is imparted therefrom 
to the inflowing material treated during each 
step of each successive cycle, to preheat the latter. 

7. The manufacture from hydrocarbon gases of 
a combustible fixed gas by the method which com 
prises successive cycles in which there are three 
distinct steps per cycle and wherein during Step 
one of the cycle, hydrocarbon gases and steam 
are introduced simultaneously in predetermined 
proportions, into a reforming chamber in contact 
with a hot catalytic mass at a temperature within 
the range of 1000 to 1600 degrees F., and which 
said catalytic mass comprises a metal or metals 
of the ferrous group and any remaining carbon 
which has been deposited as a result of the 
thermal decomposition of the hydrocarbon gases 
in the presence of the catalytic mass, decompos 
ing or reacting the hydrocarbon gases and steam 
in the presence of the hot catalyst into reformed 
gases and free carbon and retaining free carbon 
in the presence of the catalyst; wherein during 
Step two, air is introduced into the reformer in 
contact with the hot carbon, thus converting a 
portion of said carbon into producer gas; and 
wherein during Step three, steam is introduced 
into the reforning chamber in contact with the 
hot carbon; thus converting hot carbon by re 
action with the steam into water gas; withdraw 
ing in consecutive Order, the resulting hot gases 
as produced from each step. 

8. The manufacture from hydrocarbon gases 
of a reformed combustible fixed gas by the method 
which includes two distinct steps per cycle, where 
in according to Step (1) hydrocarbon gases are 
introduced into a reforning chamber, in contact 
with a hot catalytic mass having a temperature 
within the range of 1000 to 1600 degrees F., and 
which said catalytic mass comprises a metal or 
metals of the ferrous group and any remaining 
carbon which has been deposited as a result of 
the thermal decomposition of the hydrocarbon 
gases in the presence of the catalytic mass, de 
composing or reacting the hydrocarbon gases in 
the presence of the catalytic mass into reformed 
gases and free carbon, retaining free carbon in 
the presence of the catalyst; and wherein accord 
ing to Step (2) air is introduced into the re 
former in contact with the hot carbon, thus con 
verting said carbon into producer gas; Said 
method also includes withdrawing in consecutive 
order, the resulting hot gases as produced from 
each step in a mainner whereby heat is imparted 
therefrom to the inflowing hydrocarbon gases, 
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and air, treated during each step, to preheat the 
latter. 

9. The manufacture from hydrocarbon gases 
of a reformed combustible fixed gas by the method 
which includes two distinct steps per cycle, where 
in according to Step (1) hydrocarbon gases are 
introduced into a reforming chamber, in contact 
with a hot catalytic mass having a temperature 
within the range of 1000 to 1600 degrees F., and 
which said catalytic maSS comprises a metal Or 
metals of the ferrous group and any remaining 
carbon which has been deposited as a result of 
the decomposition of the hydrocarbon gases in 
the presence of the catalytic mass, decomposing 
or reacting the hydrocarbon gases in the presence 
of the catalytic mass into reformed gases and 
free carbon, retaining said free carbon on the 
surface of the catalyst; and wherein according to 
Step (2) air is introduced into the reformer in 
contact with the hot carbon retained On the 
catalyst, thus converting all of the said carbon 
into producer gas; said method also includes 
withdrawing in consecutive order, the resulting 
hot gases as produced from each step. 

10. The manufacture from hydrocarbon gases 
of a reformed combustible gas by the method 
which consists of continuously introducing a mix 
ture of hydrocarbon gases, air, and steam in pre 
determined proportions, preferably preheated, 
into a reforming chamber, in contact with a hot 
catalytic mass that comprises a metal or metals 
of the ferrous group and any remaining carbon 
which has been deposited as a result of the 
thermal decomposition of the hydrocarbon gases 
in the presence of the catalytic mass, at a tem 
perature between the ranges of 1000-1600 F., 
the proportion of air sufficient only to cause par 
tial combustion of the hydrocarbon gases and 
maintain a constant temperature of the reform 
ing chamber; decomposing and reforming the 
hydrocarbon gases and steam in the presence of 
the catalyst, by the heat generated by said partial 
combustion; thus continuously producing with 
out the formation of carbon residue, a reformed 
combustible fixed gas of lower calorific value per 
unit of Volume and a larger volume than the 
hydrocarbon gases from which it was produced; 
and continuously withdrawing the resulting gases 
from the reformer, said resulting gases having a 
specific gravity between the range of 70-80, and 
a heating value between the range of 400-700 
B. t. u. per cubic foot. 

GEORGE ALAN DAVIS. 
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