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This invention relates to a process for burning gaseous 
fuels used for heating or lighting purposes, and more 
particularly to providing a combustion catalyst which 
facilitates the burning of gaseous fuels without the use 
of excess oxygen normally required. 
When a combustible gas is burned in air, it is known 

that the reaction does not go to completion and give as 
the ?nal products of the reaction water and carbon di 
oxide, and this isso even when the amount of oxygen 
theoretically required to produce complete combustion is 
used. Ordinarily, carbon monoxide and free carbon 
are liberated in the burning of gaseous fuels, and con: 
sequently the full heat of combustion is not obtained. 
It has long been recognized that soot and smoke formed 
through incomplete combustion of gaseous hydrocarbon 
fuels, such as in gas burners, stoves, furnaces, lamps and 
other combustion apparatus, can result in decreased 
e?iciency, impairment of heat transfer, atmospheric pol 
lution and a general lack in cleanliness in the combus 
tion apparatus‘ and its environment. 

While in many cases the introduction of a large excess 
of oxygen (from air) causes more complete combustion 
and in most cases prevents the formation, of excess car 
bon, the addition “of large excesses of air has the disad 
vantage that the air used in effecting, combustion must 
be brought to the combustion temperature, and there 
fore excessive amounts of energy are consumed which 
could otherwise be put to usefulwork. _ > ' 

It is an object ‘of the present invention to provide. ‘a 
combustion catalyst for gaseous fuels which, when used 
in very small amounts in the gaseous fuel, causes marked 
e?‘iciency in the combustion of the fuel itself and pre 
vents the formation of free carbon. Itis a further ‘object 
of the invention to provide a simple and economical 
process fore?iciently burning gaseous fuelswithout the 
addition of excessive amounts of air. 

I have found that the combustion of, gaseous'fuels 
may be assisted, and the production of carbon ordinarily 
produced in the burning of these gaseous fuels reduced 
or eliminated entirely, by having present in'the gaseous 
fuel or in the air or oxygen employed in its burning a 
small amount of dicyclopentadienyliron which may be 
added either as a vapor or in very ?nely divided solid 
form. The dicyclopentadienylirons employed are pref 
erably the dicyclopentadienyliron (CmHmFe) and its 
lower molecular weight homologs such as those contain 
ing one or two additional carbon atoms in the molecule, 
which have su?icient volatility to be readily used with 
gaseous fuels. 
The gaseous fuels may be any of the carbon contain 

ing fuels which are gaseous at normal temperatures and 
pressures (20° C. and 760 mm.) and include natural 
gas, gases resulting from cracking operations in the pe 
troleum industry, water gas, etc., or the straight hydro 
carbon gases themselves such as methane, ethane, ethyl 
ene, acetylene, propane, propylene, methyl acetylene, 
butane, butylene, butyne, and their isomers, butadiene, 
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diacetylene and C5 hydrocarbons boiling below 20° C. 
such as neopentane. ' 

The dicyclopentadienyliron used in this invention is a 
stable, yellow, crystalline, rather volatile solid melting 
when pure at from 173° to 174° C. The preparation 
and properties of the dicyclopentadienyliron are de 
scribed in U. S. Patent 2,680,756 of June 8,. 1954, to 
Pauso-n. The bis(methylcyclopentadienyl)iron which 
also comes within the scope of the invention is a some 
what volatile red-brown solid. Its preparation and prop 
erties are more particularly described in a. co-pending 
>U. S. patent application Serial No. 352,294 of Graham 
and Whitman, ?led April 30, 1953, and owned by the 
assignee of the present application. Other iron com 
pounds also coming within the scope of this invention 
are the cyclopentadienyl(methylcyclopentadienyl)iron, 
the cyclopentadienyl(ethylcyclopentadienyl)iron, and 
similar lower alkyl substitution derivatives of the di 
cyclopentadienyliron itself. 
The amount of the iron compound employed may vary 

widely and will depend upon the nature of the gas being 
burned, the completeness of combustion desired, the 
amount of air employed, the type of burning and other 
conditions of combustion. In some cases it may be de 
sirable to use a lesser amount of the iron compound 
than required to ensure complete absence of carbon, 
although the amount usually required to effect complete 
combustion is small. Usually one part by weight of 
the dicyclopentadienyliron will be used to from 20 to 
2,000 parts by weight of the gaseous fuel, using at least 
the quantity of oxygen theoretically required for com 
plete combustion of the fuel. In other Words, from 
0.05% to 5.0% ‘of the dicyclopentadienyliron compound 
based on the weight of the gaseous fuel will 'be used. 
Usually 0.2% will be sufficient to effect complete com 
bustion." on the other hand, amounts in excess of 5% 
of the weight of the fuel maybe used, although such 
higher concentrations unnecessarily add to the expense, 
and when too large an amount of the dicyclopentadienyl 
iron is used objectionable amounts of iron oxide may I 
result, depending upon the particular type of apparatus 
used. ’ a ‘ ' 

In carrying out this invention the dicyclopentadienyl 
iron is preferably added as a vapor to the gaseous hydro 
carbon fuel, although it may also be added to the air or 
oxygen employed in supporting combustion. This is 
usually accomplished by heating the air or the fuel and 
passing it through the dicyclopentadienyliron in granular ' 
or crystalline form. In this way the iron compound is“ 
vaporized and maintained in the vapor phase. The iron 
compounds may also be present in the gas as a ?nely 
dispersed solid or liquid. Thus, an alternative method 
for introducing the required amount of the dicyclopen~ 
tadienyliron is to feed the ?nely powdered solid con 
tinuously at the required rate into a stream of air or 
gaseous fuel ?owing at a rate su?icient to maintain the 
solid in suspension or in similar manner adding the 
liquid compound in atomized form so that it is carried 
in the stream of air or gaseous fuel to the point of 
combustion. 
When the iron compound is vaporized into the gas 

phase, the critical factors in determining its concentra 
tion in the vapor phase are its temperature, the surface 
exposed and the rate of gas How. It is usually preferable 
to work with a gas which is not saturated with respect 
to the iron compound, since the latter will not then sep 
arate if the gas is slightly cooled before burning. ' 
The following examples are given to illustrate the 

effectiveness of the dicyclopentadienyliron compounds as 
combustion catalysts in the burning of gaseous fuels. 
In these examples the gaseous hydrocarbon was passed 
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through a temperature-controlled tube and burned from 
the open end of the tube in quiescent room air so as to 
produce an upright‘ ?ame of about one inch‘ in height 
havinga diameter of about one-fourth inch at the out~~ 
let end of the tube. Using the natural gas described 
below, an appreciable amount of black smoke, which 
insofar as could be determined visually was not in?uenced 
by changing the temperature of the combustible gases 
over the range from 20° to 86° C., was produced by 
the ?ame. When the one-fourth inch tube carrying 
the combustible gases was packed loosely with the dicyclo 
p‘entadienyliron compound in crystalline form for a length 
of six inches and the tube temperature maintained at less 
than approximately 20° C., the visual smokiness of the 
?ame was essentially equal to the smokiness when the 
iron compound was not present in the‘ tube; however, when 
the temperature of the tube was increased, a progressive 
decrease in‘ the smokiness of the ?ame occurred due to 
the increasing amounts of iron compounds which va 
porized and were carried into the ?ame by’ the combustible ‘ 
hydrocarbon gases. At a particular temperature enough 
was carried into the burning zone to promote the com 
bustion to such an extent that either very little smoke or 
no smoke whatsoever was visible. 
of the quantities of hydrocarbon gases burned and the 
amounts of iron compound vaporized, the concentrations 
of the latter necessary to reduce markedly, or to elimi 
nate ?ame smokiness, were determined. 
The following examples illustrate the use of a com 

mercially available gas: 

Example 1.—Dicycl0pentadienyliron 
Composition of natural gas by volume: 

Percent 
Propene __ 36 

Propane ___________________________________ .._ 26 

Air ____ 38 

Hydrocarbon burning rate: 0.0806 gram per minute. 
Lowest temperature at which suf?cient dicyclopenta 

dienyliron was vaporized into gas stream to eliminate 
?ame smokiness: 60° C. 

Rate of dicyclopentadienyliron vaporization at 60° C.: 
0.000060 gram per minute. 
Grams of hydrocarbon constituents per gram of _di 

cyclopentadienyliron at smoke elimination: 
0.075%. 

Example 2.—Bis(methylcyclopentadienyl) iron 
The same natural gas was used as in Example 1 and 

was burned at the same rate. The bis (methylcyclopenta 
dienyl)iron‘ used was in liquid form. When heated to 
100° C. in the gas stream, smokiness was entirely elimi 
nated from the ?ame. One part of this iron compound 
was vaporized for about 500 parts of the hydrocarbon. 
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Similar increased e?iciency in the burning of other 
gaseous fuels results by the use of the dicyclopentadienyl 
iron compounds as above described. 

I claim: 
1. A process for reducing the smoking tendencies of a 

?ame produced in the combustion of gaseous hydrocar 
bon fuels with oxygen, which comprises incorporating 
into the gaseous fuel-oxygen mixture 1 part by weight of 
a volatilizable dicyclopentadienyliron compound per 20 
to 2000 parts by weight. of the gaseous fuel, the amount 
of oxygen employed being at least‘ that theoretically re 
quired to effect complete combustion of the fuel. 

2. A process for reducing the smoking tendencies of 
a ?ame produced in the combustion of gaseous hydro 
carbon fuels with oxygen, which comprises incorporating 
in the gaseous hydrocarbon fuel 1 part by weight of a 
volatilizable dicyclopentadienyliron compound per 20 to 
2000 parts by weight of the gaseous fuel, the amount of 
oxygen employed being- at least that theoretically required 
to effect complete combustion of the fuel. 

3. A process for reducing the smoking tendencies of 
a ?ame produced in the combustion of gaseous hydro 
carbon fuels with oxygen, which comprises incorporat 
ing in the gaseous hydrocarbon fuel 1 part by weight 
of dicyclopentadienyliron per 20 to 2000 parts by weight 
of the gaseous fuel, the amount of oxygen employed be-_ 
ing at least that theoretically required to effect complete 
combustion of the fuel. 

4. A process for reducing the smoking tendencies of 
a ?ame produced in the combustion of gaseous hydrocar 
bon fuels with oxygen, which comprises incorporating in 
the gaseous hydrocarbon fuel 1 part by weight of his 
(methylcyclopentadienyl)iron. per 20 to 2000 parts by 
weight of the gaseous fuel, the amount of oxygen em 
ployed being at least that theoretically required, to effect 
complete. combustion of the fuel. 
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