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The present invention relates to combustible gas sens 
ing agents in general and particularly to such agents 
sensitive to mixtures of combustible gases with air or 
Oxygen. More specifically the invention relates to a 
combustible gas sensing agent, and to a method for its 
preparation and application, of the type adapted to sense 
the presence of combustible gas mixtures within certain 
ranges and to support combustion without flame upon its 
Surface and within its body in the presence of such gas 
mixtures. 
The present application is a continuation-in-part of 

earlier filed application Serial No. 325,707, filed Decem 
ber 12, 1952, now abandoned. 
Many highly volatile liquids give off combustible gases 

which are explosive in the presence of air or oxygen 
within certain mixture ranges. Mixtures which are too 
lean or too rich, that is, below or above the range of 
explosibility for that particular gas, are non-explosive. 
It is frequently desirable in commercial applications of 
combustible gas detecting instruments to determine the 
presence or absence of combustible gas mixtures within 
certain predetermined ranges. A specific example is the 
determination of the percentage mixture composition of 
a dangerous mixture of combustible gas and air or oxy 
gen within the range supporting explosion. It is, in 
fact, also extremely desirable to be able to determine 
the percentage mixture composition of any combustible 
mixture, either below or above the explosive range. 
There are certain sensing agents, comprising metals of 

the so-called "platinum group' or "heavy metal group,' 
which effect combustion without flame upon their own 
Surfaces and within their pores in the presence of a mix 
ture of many combustible gases and air or oxygen, both 
within above and below the combustible range. Such 
gases may be divided broadly into gases readily cata 
lyzed into combustion, and more resistant gases. As to 
the ordinary gases, such as ether, alcohol, acetone, and 
petroleum vapors, a "heavy metal' sensing agent will 
function to effect combustion within the explosive range 
of Such mixtures, and even below the "lower explosive 
limit” of the mixture down to a point where only a trace 
of the combustible gas is present. The word "trace' is 
used here and elsewhere in its dictionary meaning, i. e. 
a barely detectable quantity, not quantitatively deter 
mined because of minuteness. This availability of ordi 
nary sensing agents is desirable, and as to such ordinary 
gases these elements can function satisfactorily, although 
their sensitivity in certain instances is not great. In the 
usual application such elements in order satisfactorily 
to support combustion upon their own surfaces must be 
heated, which heating can be accomplished by electrical 
means, or in different ways. 
As to the resistant gases, an example being methane, 

or gas mixtures with air or oxygen in which methane 
predominates or is importantly present, the ordinary 
sensing agent is not sufficiently sensitive as to support 
surface or internal combustion when the mixture strength 
is below the "lower explosive limit," unless heated to a 
very high temperature. 
The present invention is directed to the provision of 

a combustible gas sensing agent sufficiently sensitive as 
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to sense the presence of a resistant gas and air or oxy 
gen mixtures below the "lower explosive limit,” and also 
comprises a method by which an ordinary sensing agent 
may have its sensitivity and activity increased as to enable 
it so to function. 

In use the sensing agent exposed to the mixture of 
combustible gas and air or oxygen includes a body or 
a mass in or on which the heavy metal is deposited. 
According to the present invention the method is as 
follows. 

Step I-A body or mass of asbestos fibre or porous 
ceramic, including fire clays and unglazed porcelain 
materials, such as "sillimanite,' or a metallic surface 
such as an electrical heater filament of Nichrome resist 
ance wire, is formed by any conventional method into 
the desired shape of the sensing element. Such methods 
of formation include molding in liquid or dampened state 
and subsequent drying; stamping; pressing; shaping; or 
cutting to size from a larger body; it also includes all 
other conventional methods of forming asbestos fibre, 
porous ceramic, and resistance wire, or metals, into a 
desired shape or form. The term "resistance metal' is 
defined as a metal or alloy which becomes incandescent 
when a sufficient amount of electric current is passed 
through it, usually a nickel-chromium alloy. 

Step 2.- The product of Step 1 is impregnated and/or 
coated with thorium oxide (Tho) as by precipitating 
the oxide into or upon the surface of the body or mass 
produced by Step 1. The precipitation is accomplished 
by moistening the product of Step 1 with a solution of 
thorium oxide and sulfuric acid, or with an aqueous 
solution of thorium nitrate, and effecting precipitation of 
the thorium oxide by heat. 

Step 2(a).-Alternative to Step 2, the thorium oxide 
can be mixed with the ceramic material or asbestos fibre 
prior to Step 1. In this event the thorium oxide in 
powdered form is physically molded into the mass of 
material with which it is to be mixed. 

Step 3.- The product of Steps 1 and 2, or 1 and 2(a), 
is heated to a temperature of incandescence to effect the 
firm integration of the thorium oxide therein and thereon. 

Step 4-A sensing agent from the platinum metals 
group comprising platinum or palladium with or without 
traces of iridium, osmium, ruthenium, and rhodium, per 
missibly present as impurities, is then deposited in finely 
divided form on, and within, the product of Step 3. 
Most all commercially available platinum and palladium 
solutions contain traces of one or more of the other 
metals of the platinum group. To effect this deposition 
the metal is precipitated from a solution of one of its 
Salts, with which solution the product is moistened. As 
an example of this step, the double salt of platinum 
identified as platinic ammonium chloride, in aqueous 
Solution, is precipitated on, and within, the product of 
Step 3 by the application of heat. Or, a solution of 
the salt of platinum identified as platinic chloride may 
be used in the same manner. In the case of palladium 
the metal is precipitated from a solution of the salt iden 
tified as palladium chloride by the application of heat. 

Following the precipitation, the impregnated and coated 
product is ready for use. 

Specific examples are as follows: 
Example 1-A mass of asbestos fibres weighing 5 

milligrams shaped into a body about the size of a pin 
head or larger is moistened with a solution of thorium 
oxide and Sulfuric acid made by adding thorium oxide 
to concentrated sulfuric acid to form a saturated solu 
tion. The moistened mass is then heated until dry at 
approximately 700 degrees Fahrenheit and then heated 
to incandescence following which it is permitted to cool 
in the atmosphere. Platinum is then deposited on and 
within the mass by moistening the latter with an aqueous 
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saturated solution of platinic ammonium chloride and 
heating to incandescence. The aqueous solution held by 
the asbestos-thorium oxide mass thus heated to a tem 
perature of incandescence until dry effects deposition of 
the metallic platinum. The product comprising asbestos 
fibres impregnated and coated with thorium oxide and 
platinum is then ready to be used. The exact amount 
of thorium oxide or platinum present is not important 
and the unit will operate so long as a "trace' or more 
is present although a longer operating life is obtained if 
more than a trace is provided. 

Example 2.-A mass of porous ceramic material such 
as porcelain mixture weighing about 2 milligrams is 
molded into a body having a surface area of about pin 
head size or larger and permitted to dry and harden. 
This body is substituted for the asbestos mass of Example 
1 and is impregnated with thorium oxide and platinum 
and then heated as there described. The product com 
prises a ceramic body impregnated with thorium oxide 
and platinum. 

Example 3.-A wire of Nichrome which may be of 
.002 inch diameter and 1 inch in length is wound or 
shaped as desired. This wire is substituted for the asbes 
tos of Example 1 and is impregnated, or coated, with 
thorium oxide and platinum and then heated as there 
described. The product comprises a wire coated with 
thorium oxide and platinum. 

Example 4.-In Example 1 an aqueous solution of 
palladium chloride, the concentration of which is not 
important but which may be a 5% solution, is used 
instead of platinic chloride. 

Example 5.-In Example 2 a solution of palladium 
chloride, the concentration of which is not critical, 5% 
being suitable, is used instead of platinic chloride. 

Example 6.-Tn Example 3 the solution of the salt 
identified as palladium chloride is used instead of platinic 
chloride. 

Example 7.-A mass of asbestos fibres weighing about 
5 milligrams is thoroughly mixed by moistening with 
distilled water with 1 milligram of powdered thorium 
oxide so that the asbestos fibers are completely mixed 
with thorium oxide. The mass is then compressed into 
a compact body about the size of a pinhead or larger 
and is heated to incandescence and permitted to cool in 
the atmosphere. Platinum is then deposited on and 
within the mass by moistening the latter with a satu 
rated aqueous solution of platinic ammonium chloride 
comprising ammonium platinic chloride and distilled 
water. The asbestos and thorium oxide mass, moistened 
with ammonium platinic chloride solution is then heated 
to incandescence for one-half minute to effect deposition 
of the platinum and then removed and dried. The 
product is as in Example 1. Salts of palladium, as speci 
fied in the preceding examples, can be substituted for 
the platinic chloride. - 

Example 8-A mass of porous ceramic material such 
as sillimanite, a porcelain mixture, weighing about 2 
milligrams, is thoroughly mixed mechanically with 1 mil 
ligram of powdered thorium oxide. The admixture is 
then molded with water into any desired shape and per 
mitted to dry. Thereafter the body is heated to incan 
descence and permitted to cool in the atmosphere. Plat 
inum is then deposited on and within the mass by mois 
tening the latter with a saturated aqueous solution of 
ammonium platinic chloride and heating to incandescence 
for one-half minute to effect deposition of the platinum 
and then removed. The product is the equivalent of 
that produced by Example 2. Salts of palladium with 
or without traces of iridium, osmium, ruthenium, and/or 
rhodium, can be substituted for the platinic chloride. 
While this sensitizing process, which produces a hyper 

sensitive sensing agent as here disclosed, makes the re 
Sultant element effective to sense resistant gas mixtures 
below the "lower explosive limit,” it is not to be under 
stood that the requirement of initial heat application to 
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4. 
the sensing element in the conventional manner is elimi 
nated when testing resistant gases. Such initial heat 
is usually necessary and can be applied by an electri 
cally heated resistance element, in good heat transfer 
relationship with the sensing element. When function 
ing at ordinary room temperature it is frequently neces 
sary to heat at least a portion of the element to a tem 
perature of several hundred degrees Fahrenheit in order 
to effect the start of combustion within a small surface 
area of the element. The combustion over the remaining 
Surface area will spread spontaneously thereafter. 

It is to be understood that the exact density, concen 
tration or amount of the thorium oxide, and of the sensing 
agent from the platinum group of metals, present in or 
on the sensing element made in accordance with the 
present invention, are not critical. The sensing element 
constructed as described and heated to within the range 
of 350 degrees Fahrenheit to 1800 degrees Fahrenheit 
will perform its sensing function so long as a trace of 
the thorium oxide and the sensing agent is present. The 
moistening may be accomplished in any conventional 
ac. - 

While the particular product and method herein dis 
closed in detail are fully capable of attaining the objects 
and providing the advantages hereinbefore stated, it is to 
be understood that they are merely illustrative of the 
presently preferred embodiments of the invention and that 
no limitations are intended to the details of construction, 
design, or process herein disclosed other than as defined 
in the appended claims. 

claim: 
1. A combustible gas sensing element adapted to de 

termine the presence of mixtures of combustible gas and 
air or combustible gas and oxygen, below the lower ex 
plosive limit, comprising a carrier of a material selected 
from the group consisting of asbestos, ceramic material, 
and nickel-chromium alloys, said carrier being impreg 
nated With thorium oxide and a sensing agent selected 
from the group consisting of platinum and palladium. 

2. The element of claim 1 in which the carrier is a 
nickel-chromium wire, and both the thorium oxide and 
the Sensing agent are coated on the surface of the wire. 

3. The element of claim 1 in which said thorium oxide 
and said Sensing agent are precipitated on the carrier by 
moistening the carrier with a solution of their salts and 
then heating the carrier to incandescence. 

4. The element of claim 1 in which the carrier is of 
asbestos. 

5. The element of claim 1 in which the carrier is of 
ceramic material. 

6. A combustible gas sensing element adapted to de 
termine the presence of mixtures of combustible gas and 
air or oxygen below the lower explosive limit comprising 
a carrier of Nichrome wire impregnated with thorium 
oxide and having as a coating on the impregnated wire 
finely divided metal taken from the group consisting of 
platinum and palladium. 

7. A combustible gas sensing element of the type de 
Scribed comprising a resistance wire coated with thorium 
oxide and platinum. 
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