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UNITED STATES PATENT OFFICE.

ELIJAH B. CORNELL, OF PHILADELPHIA, PENNSYLVANIA, ASSIGNOR TO THE
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SPECIFICATION‘ forming part of Letters Patent No. 418,451, dated December 31, 1889.
Application filed November 29, 1889, Serial No, 331,897, (No model)

To all whom it may concern: pated in heating the hydrogen evolved. The
Be it known that I, ELIJaoH B. CORNELL, a | heat therefore that results is not the sum total
citizen of the United States, residing at Phila- | of the heatobtainable from the combustion of
delphia, in the county of Philadelphia and | the constituent gases of steam between them- g3
.5 State of Pennsylvania, have invented certain | selves, but is a differential sum of the heats
new and useful Improvements in Apparatus | of combustion of thehydrogen in atmospheric
for Heating in Furnaces; and I.do hereby de- | air, and the heat evolved from the combus-
clare the following to be a full, clear, and ex- | tion of the extra fuel, less the heat lost from
act deseription of the invention, such as will | thelatter combustion by the heating of the vol- 6o
1o enable others skilled in the art to which it | ume of hydrogen evolved. Thus, while in a
appertains to make and use the same. furnace soheated it isundoubtedly possible to
My invention relates particularly to im- | obtain greater heat than by a plain fire, it is
provements in that branch of the artin which | only possible to obtain this greater heat by .
heat is generated through the agency of steam | the consumption of a greater amount of fuel. 65
13 injected info or through the fuel; and it con- | While it is true that an economy may ap-
sists in apparatus for carrying out the meth- | pear to be effected by the possible use of
ods invented by me, which methods I will | a cheaper fuel, the larger amount of the
hereinafter fully describe for a betterunder- | cheaper- fuel consumed results in no actual
standing of the objects and uses of said ap- | economy, and this is probably the chief rea- 70
20 paratus, although such methods form the sub- | son why, after lengthy trials, these methods
ject-matter of an application filed by me Oc- | are generally discontinued, and this method
tober 9, 1889, Serial No. 326,476. of dissociating steam consists in causing
Heretofore it has been customary to in- | that vapor to pass over iron or similar ma-
crease the heatobtainable in a furnace by in- | terial that will absorb the oxygen, setting 75
25 creasing the consumption of fuel with rela- | free the hydrogen that can be used as fuel.
tion to- a given size of furnace.. This in- | lam awarethat such processes are known and
crease of consumption has been effected by | have been extended in the arts as “regen-
increasing the draft or supply of oxygen | erative” processes, by which the oxygen ab-
in various manners. That manner more | sorbed has been caused to be given up from 8o
30 nearly connected with my improved method | the material through the applicationof greater
has consisted in injecting steam and air upon | or less heat. A layer of silver has been used
the fuel, dry steam being preferably em- | in this way, which, when molten, absorbed
ployed. This is a method of dissociating | the oxygen of steam passed over it, but -
steam in which the action of the steam upon | which, when cooled, gave up the oxygen. I 83
35 the fuel is to part with its oxygen to the car- | mention such process particularly to show
bon of the coal or other fuel or to the carbonic | that I disclaim it as having-only a prima
oxide formed from such fuel, setting free the | facie similarity with what I shall subse-
hydrogen, which is burned at the expense of | quently describe as my new method. All of
indrawn atmospheric air. Such a method is | these processes in which dissociation oceurs 9o
40 wasteful of the heat-units obtainable from ! as the result of the affinity of a fuel or fuel
the steam, for several reasons, among which | material or other substance for one of the
I cite the following: constituents of steam I consider to be waste-
It is well known to chemists that on aec- | ful, for the reasons I have given, and for the
count of its great specific heat hydrogen has | further reason that steam, when separated g5
45 a comparatively enormous cooling effect. | into its constituent gases—oxygen and hydro-
The inhcreased combustion of fuel therefore | gen—then eonsists of those gases in such pro-
caused by the separation of the oxygen and | portion, each relatively to the other, as will
its combination with the carbon of the coal | by their recombination develop the greatest
-or other fuel, although giving greater amount | amount of heat obtained from water as a pri- 100
so -of heatdoesnot resultin fulladvantage of that | mary source.
greater heat, as that heat is practically dissi- I will now explain that by the terms “dis-
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sociation of steam by heat” I mean that steam
is resolved into its constituents by the loss of
one of them through satisfaction by that con-
stituent of a chemical affinity, and that gen-
erally to this loss is due a lesser heat than is
obtainable by the combustion of hydrogen in
oxygen; but I term that decomposition or
resolution of steam into its constituent
gases by heat without loss of either constitu-
ent gas, (in satisfaction of chemical affinity,)
producing an oxyhydrogen gaseous mixture,
“thermolysis,” and the effecting of thermolysis
I term “‘thermolysing.” By thermolytic ac-
tion upon steam passed through platinum
and porcelain tubes Grove (also Deville) has
shown that this vapor may be resolved into its
constituent gases. I make use of this prin-
ciple in my invention, and I have discovered
that steam passed through a cast-iron tube,
maintained at or above the temperature of
molten silver, is decomposed into its constit-
unent gases without oxidation of the tube. I
have further discovered that thisaction can-
not be obtained with plain wrought-iron
tubes, for the reason that the wrought-iron
tube is. oxidized at the expense of the oxy-
gen of the steam in so short a period of time
as to render plain wrought-iron tubes prac-
tically useless. I advance the theory that
the cast-iron tubes are rendered inattack-
able by the oxygen, for the reason that it
becomes coated with a stratam of carbide of
iron, or; more probably, of a carbo-silicide of
iron. Y also advance, as a theory explaining
this fact, that hot wrought-iron is more easily
oxidized than is hot cast-iron, because of its
position in the electro-motive seale being more
positive than that of cast iron.

According to my invention, having caused
the decomposition of the steam into its con-
stituent gases by the action of thermolysisin
a heated cast-iron tubular retort, placed pref-
erably in the hottest. part of the furnace,
(which furnace is employed to generate the
steam to be passed through the tubualar retort
and therein submitted to thermolysis, or
which steam may be obtained from a foreign
sotree,) I cause the gases to pass into the
closed ash-pan situated beneath the grate-
bars, or their equivalent,in the furnace.  If
these grate-barssupporta fuel—such as coal—
requiring oxygen for its consumption, I sup-
ply that oxygen by causing the gases as they
flow with their great initial pressure from the
exit-tube of the retort to inject orinduceinto
the ash-pan the quantity of air necessary to
the consumption of the fuel without any re-
gard to the heat to be obtained from the con-
sumption of the oxyhydrogen gaseous mix-
ture. I wish it to be fully understood that I
consider that the heat obtained from the con-
sumption of the oxyhydrogen gaseous mix-
ture resulting from the thermolyzing of the
steam in the cast-iron tube or retort is wholly
additive to the heat obtained from the com-
bustion of the fuel by the injected or indrawn
-air, which air I consider in no way a diluent
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of the oxyhydrogen gaseous mixture; bus I
further have discovered that the action of the
fuel lying on the grate-bars, so far as relates
to the ecombustion of the oxyhydrogen gase-
ous mixture, is a catalytic or contact action—
that is, the gases will not at the pressure and
velocity at which they issue from the injec-
tor ignite, and even when reduced in velocity
and pressure so as to become ignitible, they
then ignite only as an explosive mixture,the
explosion causing discontinuance of the in-
flammation. It is,1 believe, well known in
«chemical science that an explosive-gas mix-
ture cannot be burned continuously with a
continuous flame. NowIhavediscovered that
if such gases resulting from the thermolyz-
ing of steam be passed through the ashes of
coal these ashes have such an action at a
proper temperature as to cause the continued
inflammation of the oxyhydrogen gaseous
mixture, and as the ashes are not consumed,
nor does it appear necessary that they should
be, at a temperature likely to maintain in-
flammation by presenting a sufficiently-
heated substance to cause continuously in-

finitesimal explosions, which as a whole might-

appear to be continuous inflammation, IThave
concluded that such action is a contact or
catalyticaction. Moreespecially have Ibeen
forced to this conclusion by the reason that
asbestus affords a material which will, by
passing the oxyhydrogen gaseous mixture
through it at a temperature below that re-
quired to initially inflame such mixture,
maintain constant inflammation. I base my
opinion that this operation is catalytic on
other experimental facts, and I wish it under-
stood that, whatever may be the nature of this
action, I find such catalytic material necessary
in practice to the continual inflammation of
the gases. , .

I will'now further deseribe my inventionby
considering the process as completed by the
jointcombustion of the coal underthe action of
atmosphericair, together with the combustion
of the oxyhydrogen gaseous mixture, which
combustions I consider separate but simul-
taneous operations until the carbon of the
coal becomes exhausted, when I may and do,
if I so prefer, cause the continued combus-

, tion of the oxyhydrogen gaseous mixture to

maintain the heat of the furnace. Thus, by
my invention practically great economy is
effected, and I am enabled to support combus-
tion at the expense of the cheaper fuel—
water—with a minimum amount of the more
expensive fuel—coal—which amount I con-
sider may be reduced to that necessary to
provide a layer of fresh ash, including that
requisite to afford a means of reigniting the
gaseous mixture when its current has been in-
terrupted for the reduction of the tempera-
ture for any required purpose, such as the re-
ductionof steam-pressure, should the furnace
be employed in the heating of a boiler. Al-
though I have described the injection of the
gases into the ash-pan as taking place below
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or beneath the grate-barssupporting the fuel
material, I wish it understood that I consider
this material and the grate-bars merely as a
septum and its support, the septum having
the catalytic action necessary to the operation
of continuous inflammation of the oxyhy-
drogen gaseous mixture. By my invention
very nearly absolutely perfect combustion is
attained, evidenced by the transparency of
the flame burning above the layer of fuel
material upon the grate-bars, this transpar-
ency being such as will render visible the
fire- blldue in a furnace several feet in depth.
With sueh nearly -complete combustion a
smoke-stack may be d1spemed with, and the
omission of so expensive constluetlve work
is a secondary advantage of my method.

In order that those skilled in the art may
practice my improved process, I will now de-
scribe the preferred apparatus which I use.

Referring to the accompanying drawings,
Irigure 1-is a sectional elevation of a form of
furnace equipped with a form of devices for
practicing my invention, said devices com-
prising a catalytic septum, in itself either a
fuel or not a fuel, a steam-supply pipe from a
distant source of supply, a superheater or
drier, a retort, and outlet-pipe from the re-
tort, leading beneath the catalytie septum or
mass. Fig. 2is a like view, partially perspec-
tive, showmfr a fuel oamlyhc mass or sep-
tum, and, ful'oher an air-injector connected
with the 1et01t outlet-plpe for causing the
gases from the retort to inject or induee air
into the ash-pan or below the catalytic mass
or septum. Fig. 3 is an elevation of a pref-
erable form of 1et01t drawn to an enlarged
scale.
of injectm for use with my improvements;
and Fig. 5 is a sectional elevation, partly in
perspective, of a furnace and adjacent sta-
tionary boiler equipped with devices for prac-
ticing my invention.

A representsa form of furnace for any pre-
ferred purpose, composed of fire-box B, hav-
ing grate-bars b, ash pit or chamber C below
said grate-bars, in which is 1OCd:ted a pipe or
1n3ect01 ¢, havmo connection ¢ with a re-
tort D, located within the fire-box, preferably
in such- position that it is subject to the
heat thereof, which, while it is hot enough
to cause it to convelt steam intoits constItu-
ent cases by thermolysis, as befere described,
is not sufficient to fuse or otherwise deterio.

rate the retort. ~In the form of furnaces shown
in the drawings said retort isindicated as lo-
cated beyond the bridge-wall. Said retort,
therefore,in some furnaces, like those for sta-
tionary, loecomotive, and other boilers, will
be located in the hottest part of the furnace,
as the heat therein is not usually sufficient to

fuse the retort, whereas in smelting or other.

like furnaces the retort will be located with-
out the field of the most intense part of the
heat of the furnace, or, if located within said

field, the retort will be suitably shielded or

Fig. 4isa %1de view of preferable f01 nm i

protected against the most intense heat, so as
not to fuse.

The retort D may be of any suitable form.
In practice, I use a cast-iron retort of the U
shape, as shown, which is of a larger area in
cross-seetion,within certain portions, thanthat
of theinlet and outlet pipes d and ¢’, con-
necting it, respectively, to the boiler d’ and
theinjector,so as to afford sufficient heating-
surface and room for expansion for the oxy-
hydrogen gaseous mixture needed for the full
decomposmon of the steam. If the retort,

-however, be too large in cross-sectional area,

there is a probability of allowing the forma-
tion of an inner core undecomposed vapor,
which will be carried forward with the gases
and act detrimentally. The interior of the
retortis preferably lined,or caused to be lined,
in any suitable manner with carbide of iron
or carbo-silicide of iron, to render it inoxidiz-
able and avoid dissociation by affinity, as
hereinbefore set forth.

Any suitable form of injector C’ may be
used, a preferable form which I use in prac-
tice bemcr that shown, deseribed, and claimed
in Umted States Lettels Patent dated Octo-
ber 30, 1883, No. 287,754. The grate-bars b
may be constructed, as desired, of any suit-
able material. On these grate-bars is placed
any suitable catalytic material 0? forming
what I have termed a “septum,” for acting on
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the constituent gases of the decomposed steam

as they pass through the same. In practice, for
steam-boiler furnaces I use the fuel or coal as

a catalytic material or septum, asit subserves

the purpose of initially generating the steam
and initially inflaming the gases and main-
taining constant inflammation.

If the steam-boiler d’ islocated adjacent to
the furnace and the steam therefrom is dry,
only one retort D may be used, as indicated
in Fig. 5; butif at a distant location, or when,
from low pressure, foaming, or pmmm@ of the
boiler, the steam is wet, then two.or more re-
torts D are used in the ur nace, as indicated
in Figs. 1 and 2,and the first of which is used
as a superheater for the steam before it passes
into that retort in which it is thermolyzed.

‘When fuel or coal is dispensed with as a
catalytic material, the injector C’ need not
then be used, in which case the outlet-pipe
¢’ from the 1et01t is led directly into the ash-
box or equivalent chamber and may termi-
nate ina downwardly-turned end, as desired,
and as indicated by dotted and full lines,
Fig. 4.

The practice of my improved method with
the above-described apparatus is as follows:
The catalytic material in the fire-box is first
ignited or heated to initially generate steam
and heat the retort D or retort and super-
heater or drier D’ in the fire-box, if the
boiler d’ is adjacent thereto, and to heat the
retort D or such retort and superheater or
drier D’ only if the steam-supply is brought
from a distant location. The dry steam en-
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tering the retort D is by thermolysis decom-
posed into its constitutent gases, which pass
through the injector when used, or through
the continuation of pipe ¢’ when the injector

-is not employed, and enter the ash box or

chamber below the grate-bars b. The gases,
asthey pass through the catalytic material,are
acted upon and burned as hereinbefore stated.
I wish it to be understood, also, that, while I
have described the retort D or such retort
and superheater or drier D’ as made, pref-.
erably, of cast-iron, I do not limit myself to ;

this material, but design that the claims di--

rected to this feature shall be of such gen-.
eric nature as to include any non-oxidizable |
material—that is to say, any material not’
readily attacked by theliberated oxygen dur-
ing the thermolytic action above described.

I do not herein claim the method of heat-:
ing in furnaces by first thermolyzing steam:
into the constituent gases and then subject-:
ing these gases to a catalytic action and com-
bustion, nor to first drying the steam and
then thermolyzing it into its constituent ;
gases and subjecting them to a catalytic ac-
tion and combustion, as the same form the
subject-matter of a separate pending appli-
cation filed by me October 9, 1889, Serial No.
326,476.

I claim—

1. In an apparatus for heating in furnaces,
the combination of a steam generator.or sup-

ply, a furnace having a fire-box and an ash-'
pit; a septum of a catalytic material in said:
fire-box, a retort having an inoxidizable in-’
ner surface in said fire-pox, and pipe-connec- |
tions between said steam supply or generator
and one side of said retort and between the:
ash-pit and the other side of said retort. |

2. In an apparatus for heating in furnaces,
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the combination of a retort having an inox-
idizable inner surface, said retort being con-
nected with a supply of steam, aseptum of a
catalytic material, a chamber below said sep-
tum, and a pipe-connection between the re-
tort and said chamberbelow the septum, sub-
stantially as set forth.

3. In an apparatus for heating in furnaces,
the combination of a retort having an inox-
idizable inner surface,a superheater or drier
connected to said retort, a steam -supply-
pipe for said superheater or drier, a septum
of a catalytic material, a chamber below such
septum, and a pipe-connection between the
retort and said chamber below the septum,
substantially as set forth.

4. In an apparatus for heating in furnaces,

| the combination of a retort having aninoxid-

izable innersurface connected with a supply
of steam, a septum of a catalytic material, a
chamber below said septum, and a pipe-con-
nection between the retort and said chamber
below the septum, said retort having alarger
cross-sectional area than its inlet steam-pipe
and outlet-pipe connections, substantially as
set forth. ‘ '

5. In-an apparatus for heating in furnaces,
the combination of a cast-iron retort con-
nected with a supply of steam, a septum of
a catalytic material, a chamber below said
septum, and a pipe-connection below the re-
tort and said chamber below the septum, sub-
stantially as deseribed.

In testimony whereof 1affix my signature in
presence of two witnesses. ’

ELIJAII B. CORNELIL.

Witnesses: : '
Epwin F. GLENN,
JOHN A. SEVIER.
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