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To all whom it may concern:

Be it known that I, HERBERT SAMUEL K-

WORTHY, a subject of the Queen of (Great
Britain, residing at London, in the county of
Middlesex, Kngland, have invented certain
new and useful Improvements in Processes of
Making Pure Carbonic Acid; and I do de-

clare the following to bea full,clear,and exact

description of the invention, such as will en-
able othersskilled in theart to which it apper-
taing to make and use the same.

This invention has reference more particu-
larly to the manufacture by combustion of
carbonicacidfree from permanent gases, such
as nitrogen, for the preparation of liquefied
or solid carbonic acid for the charging of bev-
erages with or without previous liquefaction
and for other purposes to which such pure

carbonic acid may be adapted; but each of

the 1mprovements constituting the invention
1s intended to be secured for all the uses to
which 1t may be applicable.

The combustion of carbon 1n carbonaceous
bodies cof all kinds yields carbonic acid, as is

well known, when the combustion is effected

with a sufficient quantity of oxygen; but

-when such combustion 1s eiffected by means

of air the resultant gases consist, mainly, of
nitrogen. Such a gaseous mixtureils wholly
nnsnited 50 many uses to which carbonie acid
is applied, and even a small proportion—say
five per cent., for example—of anon-conden-
sable gus will interfere with its uses for many

purposes. Thusif it be desired to liguefy the

carbounicacid by compressionitisfound thatit
1s necessary to employ much higher pressare
(at a given temperature) if even five per cent.
of a non-condensable gas is present. Again,
if the liquefied carbonic acid is to be used in

refrigerating-machines the presence of the

non-condensable gas (which may be dissolved
in the liquefied carbonie acid) is apt to inter-
fere with the working-of the machine by ne-
cassitating higher pressure in cowmpression,
and therebylmpedingtheaciionof thepumps.
Fuarther, if water is charged with impure car-
boniec acid the non-condensable gas dissolves
2150 1o a sufiicient extent to linpair the comes-
tible value of the carbonated water, as the so
charged waters lose their sparkle and sharp
taste quickly after opening. DMoreover, for
certain chemical reactions carbouice acid will

is superheated by contact with sach highly-

tact with the carbonaceous substance.

| not answer if it contain a certain proportion

of inert gas. In each of the cases mentioned
the same objection would be euncountered 55
whetherthe impurity consists of air,nitrogen;-
hydrogen, or other neutral gas non-condensa-

ble as compared with carbonic-acid gas.

In accordance with the present invention
carbon (in the form of coke, charcoal, petro- 6o

leum, or other carbonaceous substance or

substances, hersin termed the *‘fuel ” for con-
venience of reference)is burned without air
by converting the said carbon, first, by steam
or carbonic acid or a mixture thereof into 65
carbonie oxid (CO) free from non-combusti-
ble non-condensabie gas, and, second, oxidiz-
ing completely this carbonic oxid and any ac-
companying combustible non - condensable
gas by means of a metallic oxid, which 1s 70
formed again after reduction,so that the same

charge can be repeatedly utilized.

In order to convert carbon into carbonie

oxid by means of steam or carbonic¢ acid or

mixture thereof, it is necessary to supply 75
heat from an outside source, and to do so In
the most advantageous manner recourse 1s
had in the present invention to contact with
the surfaces of fire-brick or other suitable in-
ert bodies previously raised to a sufficiently- 8o
high temperature. According to one mode]
the steam or carbonic acid or mixture thereof

heated surfaces before it is brought into con-,
Ac- 85
cording to another mode the steam or car-

bonie acid or mixtare thereof and the fuel

are passed together over the highly-heated
inert surfaces. These two modescanbecom-
bined by admitting part of the fuel to pass go
with the steam or carbonic acid or mixture
thereof over the highly-heated inert surfaces

in such manner that the escaping products

are so highly superheated that on coutact
with a further portion of fuel a turther gg
amount of carbonicoxid is formed. In either

gl

or any mode the inert sarfaces must supply

heat enough to compensate for that which 1s
rendered latent by the decomposition of the
steam or carbonic acid, or both, and the con- ro0
version of carbon into carbonic oxid. In

other words, the formation of the carbonie
oxid develops a certain quantity of heat; but
| the decomposition of the steam or carbonic
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acid, or both, (the ‘‘ oxidizing-gas,” asit may | E F, charged with a body E’' F/ of an oxidiz-

be shortly expressed,) renders latent a larger
amount of heat than is thus developed. The
excess issupplied by contact of the oxidizing-

aas or of the oxidizing-gas and fuel with the

highly-heated surfaces. The fuel when su-
perheated steam or carbonie acid is brought
in.contact therewith mayand, indeed, should
itself be at a high temperature.

In many places and perhaps under most
conditions it may he advisable to use coke
or charcoal or other solid fuel massed in a
stack or cupola, as customary in the making
of water-gas. At the beginning such coke
or other solid fuel may be brought to incan-
descence by an air-blast; but by suitably
superheating the steam or carbonic acid or
mixture thereof the formation of carbonic
oxid can afterward be made continuous with-
out, requiring the charge to be blown with
air at short intervals. "Such periodic blow-
ing with air would be very objectionable, be-
cause after each application of an air-blast
the carbonic oxid obtained would be mixed
with the non-condensable non-combustible
nitrogen for a considerable time until,in fact,
the nitrogen which would remain in the fuel

when the air-blast is stopped should have .

been all removed. These losses are avoided
by supplying the heat bv means of inert

bodies. If the temperature of the latter fall,

they can readily be raised again to a proper
temperature, and if in the heating the nitro-
gen is left between them it can readily be
swept out by
ble non-combustible gas, as of steam or car-
bonic acid, for example.

In order to effect the complete combustion

of the carbonic oxid into carbonic acid by a

metallic oxid or oxids, the latter may be ar-
ranged in V&I’iOllS ways What 1S 001181d61 ed

ment is to combine the omd W[bh fra?ments
of an inaetive or less active substance to con-
stitute a carrier for the oxid.

The invention also comprises certain other
features and certain improvements in appa-
ratus, as hereinafter set forth.

The accompanying drawing, which forms
part of the specification, is a diagram of ap-
paratas which can be used to carry out the
process improvements of the present inven-

“tion and which embodies the improvements

55
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1n apparatus the subject-matter of 'a patent
of even date on my divisional application,
filed March 31, 1900, Serial No. 10,915.

The furnace D, which constitutes a gener-

ator of carbonic oxid and whiech is shown in
the form of a cupola, although other forms
may be used, is supplied with coke or other
solid fuel, or, according to another mode of
working, it may be filled with brick or other
inert refractory material, or it may be cut
out or disused entirely. It is shown as con-
nected on the one side by the flue J with the
hot-blast stoves B and C and on the other by

the filue PP J with the two oxidizing-furnaces | enter the bottom of chamber A by the passage

-

a blast free from non-condensa-

ing or Omdlzable metal, which most advan-
mgeously is distributed over the fr agments

of an inactive or less active refractory sub-.

stance as a carrier. This carrier is particu-
larly useful in connection with an active sub-
stance like copper oxid, which is fuasible.
Between each of the hob-blasb stoves and the
flue J is a valve K L, respectively, so that
either stove can be connected with the flue J
while the other is cut off, the object being to

| use the stoves alternately. Thisis necessary

with the regenerating type of stove, since
such a stove has to be shut off while it is be-
ing reheated. HKach stove consists of a cham-
ber filled with the open brickwork usual in
regenerating-furnaces and provided with the
valved inlet X' or X* for the admission and
valved outlet K or L for the escape of the
steam or carbonie acid, or mixture thereof,

and also with a valved inlet 'W" or W¢ for

the admission of the reheating-gas, the valved

70

75

80

air-pipe U or V for the admission of air for go

burning the reheating-gas, and a valved pas-
sage G* or G° for the escape of the products
of combustion. The valved air-pipes lead
from a hot-blast stove A, which, as shown,
is also of the regenerating type and consists
of a chamber filled with the usunal brickwork
and provided, in addition to the valved air-
pipes U and V for delivering the hot-air blast
to the chamber B and C, with the valved inlet
W? for the gas to reheat echamber A, a valved

95

100

passage G’ or G*forthe escapeof the prodnets

of combustion, and means for admitting air
at top or bottom of the chamber, as may be
desired. 'T'hese means most advantageously

are constituted by four-way reversing-valves

H" H*, provided each with an air-inlet 2 and

an outlet H for the products of combustion

and interposed one between the tops of the

chambers A and B, th
tops of chamber A and C. Between each of

| these valves and the tops of the correspond-

ing chambers are additional valves, each in
the form of an inverted cup ¢, whose edges
are sealed by dipping into a gutter ¢', which
is filled with melted lead or other suitable
metal. If the inverted cupsgin the passages
G* and G’ are raised and the valve H’ is in
the position shown in full lines, air ean enter
the top of the chamber A, and by turning the
valve H' to the position shown in dotted lines
air from the inlet 2 can enter the top of cham-
ber B and will enter the bottom of the cham-
ber A by the passage U after passing through
the brickwork of chamber B. Slmllmly 1f
the inverted cups in the passage G*® G° are

raised, those in the passages G’ G" being shut

down, air can enter the top of chamber A
from the inlet h and passage G* when valve
H® is in the position shown. By turning the
sald valve to the position shown in dotted

lines the air from the inlet A will first enter

the top of chamber C, and after it has passed
through the brickwork in this chamber it will

105

the other between the .
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V. With this arrangement the dotted open-
ings Z* Z° Z° 7Z? would be unnecessary; but,

1T desired, the four-way valves could be omit- |

ted, and valved passages opening at Z° and
Z*, respectively, might serve to admit air to

- the top and bottom, respectively, or the air
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could be admitted to the top of the chamber
A by au opening at Z* and to the bottom of
said chamber by the passage U or V, the air
in this case first entering the chamber B or C
at Z* or Z°and descending through the brick-
work therein before it goes through the pas-
sage U or V into the bottom of chamber A.

T'he connection of the carbonic-oxid genera-
tor D with the oxidizing-furnaces E F may

-be direct or through gas-puritfying apparatus,

or both forms of connection may be provided.
The flue P J* is shown as opening directly
into the bottom of the oxidizing-furnaces E F
through the valved branch pipes S’ Q; but
such direct connection is advisable only in
case the fuel in the furnace D is a very pure
carbon. Ordinarily the carbonic oxid from
the flue J* would be passed through one or

more coolers and scrubbers or other purify-

ing apparatus to the pipe R, from which it

would pass into whichever of the furnaces E |

F has its charge E' or F' in an oxidized con-
dition. At R* is indicated such purifying
apparatus, which serves to remove any am-
monia or other impurity-yielding non-con-
densable gas by oxidation. After or before
passing through the purifying apparatus the
carbonle oxid may be stored in gasometers.
Blowers can be employed to force the earbonic
oxid into the furnaces. |

Hach of the oxidizing-furnaces has a valved
inlet N or N’ for admitting air or steam there-
into for oxidizing its metallic charge E' or F’,
and each of said furnaces also has an outlet
e or f for the residual gas and for the car-
bonic-acid gas. As shown, one opening is
represented. This may serve for both gases;
but of course the passage leading therefrom
would be used one for the residual gas, the
other for the carboniec-acid gas.

The charge E or F’' may consist of frag-
ments of brick or other refractory material
coated or combined with copper oxid. This
1s considered the best material; but other
oxids and other ways of supporting the oxid
can be used so long as aeriform fluids have
aecess to the metallic matter, (oxidized or de-
oxidized, as the case may be.)

What 1s considered the best way of coating
or combining the copper oxid with the refrac-
tory material is to fuse the copper oxid, which
can be done in any ordinary glass-furnace—
such as a tank-furnace, for instance—and to
immerse fragments of fire brick therein. To
prevent the oxid of copper being reduced by
small amounts of organic matter present in
the fire-brick or by the gases of combustion,
ammoniumorsodiumnitrateinsmallamounts
may be added to the bath of fused copper

trate adhere to the fragments of fire-brick 1t
can be introduced with the latter.

Having charged the furnace D with coke
and the furnaces K F with a material which
is capable of being oxidized or deoxidized
(preferably fragments of fire-brick coated with
copper oxid) the said furnaces and also the
chambers A B C are raised to a high tempera-
ture, Toignite the charge of solid fuel in the
furnace D, a fire 1s started in the bottom of
sald furnace, the top 1 is raised, and air from
one of the stoves A B C is blown in until the
mass of fuel is at a white heat. At this time
the valves S and S° are closed, also the valve
L (if the air is taken from the chamber B)
and the valve U. The air can be admitted
to the chamber B through the valve H' and
passage G° by turning the valve H' to the
dotted position and raising the inverted cup
¢ in the passage G, or it can be admitted to
B by the opening Z*, if this be used. To heat
the furnaces E and F, air may be introduced
at N and N’ and fuel in the form of carbonic
oxid or of other combustible gas through the
branches of pipe R. To raise the tempera-
tare of chambers A B C, gas—producer gas,
for example—from the inlet W* is burned

among the brickwork of the chamber A by

air introduced from the chamber B (let us
say) or from the passage Z* if this be used.
By raising the inverted cups ¢gin the passages
G’' G* and turning the valve H' to the dot-
ted position the air may deseend through
the chamber B and enter the chamber A by
the passage U, and the products of combus-
tion can escape to the chimney I through the
passage G’ and the flue H.
time (half an hour or more or less) by turning
the valve H' to the position represented the
air will go by the passage G’ to the top of the
chamber A, while products of combustion
from the chamber B can escape to the chim-
ney I by the passage G® and the flue H. At
this time the gas at W?* 1s cut off and is ad-
mitted at WP into the chamber B. Combus-
tion now takes place among the brickwork
of the chamber B. After a proper time the
valve H' is reversed and gas from the open-
ing W*is burned among the brickwork of the
chamber A by a hot blast of air from the
chamber b.
sition of the valve H' as often as necessary
both chambers are brought to an intense heat.
In like manner the chamber C is heated, the
chamber A serving to heat the air, which is
introduced by the passage V to the bottom
of the chamber C and which serves to burn

the gas which is introduced at the opening-

We,  During this operation the passages G’
G° would be closed and the passages G? G°
would be opened, and the valve H* would be
shifted from time to time.
chamber B is heated to, say, about or above
1500° centidrade and that the passages GP,
Wb and U are closed, the valve K is opened

After a proper

Assuming that
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In time after changing the po-
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oxid from time to time. DBy making the ni- | and also the valves S? 83, Steam or earbonie
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acid or mixture thereof is then introduced | as hot-blast stoves for superheating the steam

“through the pipe X' to drive out the non-con-
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top T being shut down.

- posing-point.
temperature of stove B (when of the regen-

'deueable and non-combustible nitrogen from

the chamber B. It passes off to a waste-flue
or to any desired receiver. When all of the
nitrogen has been expelled, the valve S?is
closed, and the valves M and S opened, the
The steam or car-
bonic acid or mixture thereof now passes into
the incandescent fuel in the furnace D and is
decomposed, the products of decomposition
passing out by the flue P J* and valve S° to
any suitable receiver.
left by the air-blast in the interstices of the
fuel in the furnace D has been carried off,
the products of decomposition will consist of

carbonic oxid free from non-condensable and

non-combustible gas, the only other gases be-

ing hydrogen (from the steam, if this is used)

and ammoniacal sulfur and hydrocarbon
compounds, (from thesolid fuelin the furnace
D, if this is not sufficiently pure). These
bodies are either combustible or condensable,
and therefore removable at once or after
combustion in the oxidizing-furnace. Hence
they are not open to the objection which
arises from the presence of a non-combustible
non-condensable gas like nitrogen.

In order that the decomposition in the car-
bonic-oxid generator D may take place as
near as may be without loss of temperature,
the steam or carbonice acid or mixture thereof
is heated by contact with the inert surfaces
of the fire-brick in the stove B so much above
the temperature necessary for the decompo-
sition in the carbonic-oxid generator that it
carries with it from said stove B enough heat
energy to compensate for that which is ren-
dered latent by said deecomposition withouat
lowering the temperature below the decom-
After a time, however, the

erating type, as shown) becomes insufficient
properly to superheat the steam or carbonic
acid or mixture thereof. When this occurs,

the valve K is closed, and the brickwork of
the stove C being at the highest temperature
used the valve L and pipe X2 are opened, 80
that this.stove now supplies the superheated
blast of steam or carbonic acid or mixture
thereof to the carbonic-oxid generator. De-
fore, however, this steam or carbonie acid or
mixture thereof is admitted to the furnace D
it is allowed (the valve M being temporarily
closed) to blow off through the flue J J* and
valves S* S° until the nitrogen is displaced
from chamber C and flue J J*. The valve M
is nowopened, the valve S° is closed, and the
superheated steam orcarbonicacid ormixture
thereof from the chamber or regenerating-
stove C is admitted to the furnace D. While
using the stove C the brickwork of stove B is
reheated by the combustion of gas from open-
ingWPbymeansofahotblastfromthestove A.
In this reheating the valve H' is shifted once

or oftener in the manner before explained.

When the nitrogen:

!
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or carbonic acid or mixture thereof, which is
supplied to the furnace D, while the cham-

ber A serves as a hot-blasb stove for supply-

ing hot air alternately to the stoves B and C
for reheating the same.

70

The carbonic oxid

from the generator D, free from non- conden-

sable non-combustible zas, is passed through
whichever of furnaces E F that is ready to
receive it, the said carbonic oxid being; when
desired, first passed throughone or more c¢ool-
ers end secrubbers or other purifying appa-
ratus, or when this is not desired and the
carbonic oxid is sufficiently pure being ad-

mitted directly to the oxidizing-furnace.

75

30

Assuming that the furnace K is ready, the

valve S and the passage S’ may be opened for

a direct admission, or the passage S’ being
1 closed the carbonic 01{1(], passing away by the |
flue J* and valve S3, may be passed through
appropriate punfymn' apparatus R* and af-

terward be introduced through the pipe R
and its left-hand branch. _The carbonic oxid

Q0

or carboniec oxid and other combustible gas

in the products of decomposition from the

furnace D in passing through the furnace

come in contact with the metallic oxid therein
and combine with oxygen of said oxid to form
carbonic- acid or carbonic acid and water.

The contact with the said oxid should be

| sufficient completely to burn all the combusti-
ble gas, the resulting product being simply

carbonie acid or carbonic acid and vapor of
water free from non-condensable gas.

E’ in furnace E being reoxidized by passage

| of air or steam from the inlet N through the
If air is used, the operation is
completed by a current of steam so that no

said charge.

nitrogen is left in said furnace. When the

charge in the furnace F has been sufficiently

deoxidized, the delivery of carboniec oxid
thereto 1s stopped and the charge is reoxi-

dized either by air or steam or mixture thereof,

and the furnace E is utilized while this is be-

ing done.
The carbonic-acid gas from the 0x1d1zmg-

furnace 18 passed thleugh coolers for lower-
ing its temperature and removing therefrom

the vapor of water which 1t may eontam and,
being free from any non- condensable gas, it
is then ready for liquefying by compression,

for charging beverages, or for use in the

gaseous state.

If it be desired to fill the cupola D with in-
ort refractory material instead of with solid
fuel, the fuel for decomposing the steam or

,carbome acid or mixture thereof may be in-

troduced into the superheated steam or car-

‘bonic acid or mixture thereof on its way to

the furnace D, the superheating in the cham-

ber B or C being sufficient to supply the heat

for effecting decomposition without lowering
the temperature of the furnace D. Instead of
bringing the fuel into contact with the steam
or carbomc acid or mixture thereof after su-

Thus the chambers B and C serve alternately | perheating the latter they may be passed to-

After
a time the furnace F is utilized, the charge
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oether over the highly-heated inert surfaces,
which supply the heat rendered latent by the
decomposition. In the drawings the pipes
Y’ Y*? are for introducing liquid vaporized
or gaseous hydrocarbon of any suitable de-
seription—petroleum, forexample. Solid fuel
in powder could also be introduced alone or
in connection with other forms. 1t might be
injected by the blast of steam or carbonic
acid or mixture thereof. The furnace D need
not be nsed, and it could either be dispensed
with entirely or be simply shut off by closing
the valves M and S.

The furnace D, filled with solid fuel, may
be used in conjunction with the delivery of
fuel into the hot-blast stove, the decomposi-
tion of the steam or carbonic acid or mixture
thereof being effected partly in the stove and
partly in the furnace D. After the decom-
position has been carried on in the stove B
the brickwork therein loses its temperature
until it falls below the decomposition tem-
perature. Just before this point is reached
the supply of fuel and of steam or carbonic
acid or mixture thereof is transferred to the
stove C, the chamber B being now reheated
by producer or other suitable gas from the
opening W and a blast of hot air from the
stove A in the manner hereinbefore explained.
The carbonic oxid free from non-condensa-
ble non-combustible gas which 1s generated
in the chambers B and C 1s passed through
the oxidizing-furnaces K F insuch a manner
that all the combustible gases are completely
consumed, leaving only carbonic acid free
from non-condensable gas. The carbonie
oxid unless sufficiently pure should, and 1t in
any case may be, passed through purifying ap-
paratus before it is passed through the oxi-
dizing-furnace.- The principal impurity (as
is also the case when the steam or carbonic
aclid or mixture thereof is decomposed by the
solid fuel in the furnace D) would be am-
monia, which would be decomposed in the oxi-
dizing-furnace with the elimination of nitro-
gen. Washing the carbonie oxid with water
or dilute acid would remove the ammonia.

Although the pipe J is for convenience
shown exposed and unlined, this 18 prefer-
ably made of large diameter and internally
lined with refractory material and may also
be coated outside with some non-conducting
composition. The valves exposed to a high
temperature are of the hot-blast type, in which
a water-current is caused to circulate through
the valve and also through the seat to pre-
vent fusion.

1t is believed to be of the highest industrial
importance to generate the carbonic oxid free
from non-condensable non-combustible gas
and to effect a complete combustion by the
metallic oxid in the oxidizing-furnaces, so
that the carbonic acid thus obtained shall be
free from non-condensable gas. In the work-
ing of the apparatusdescribed with solid fuel
in the furnace D some carbonic oxid.1s8 pro-

densable. .
carbonic acid may be used as fuel; butit may -

this is not recommended.

| which is mingled with nitrogén, and it may

sometimwes happen that by carelessness of the
attendant a complete combustion is not ef-
fected and more or less carbonic acid is ob-
tained which is mingled with hydrogen or
carbonic oxid, both of which are non-con-
Such impure carbonic oxid and

in some cases be preferred to prepare pure
carbonic acid therefrom. For this purpose
carbonic oxid can be passed through an 0Xl1-

dizing-furnace, and the carbonic acid thus

generated can then be separated from the
non-condensable gas by any known or suit-
able means, such as solution in water under
pressure and evaporation therefrom. In the
case of the impure carbonic acid a like sepa-

ration can be effected, or the impure carbonic

acid, when the non-condensable impurity or
impurities are combustible, may be passed
again over metallic oxid to effect a complete
combustion. .

Heretofore it has been proposed to sepa-

‘rate carbonie acid from non-condensable gas

in admixture therewith; but so far as 1 am
aware this step was never used in combina-
tion with the two operations of, first, decom-
posing steam or carbonic acid or mixture
thereof and, second, effecting a combustion
of the carbonic oxid by metallic oxid. The
resulting gaseous mixture consists mainly of
carbonicacid,and thusdiffersessentially from
ordinary products of combustion which are
mainly composed of nitrogen. When car-
bonie acid predominates, it is much easier to
offect a separation of the same than where1t
is mixed with an excess of nitrogen. W hen
the step of separating the carbonic acid from
non-condensable gas in admixture therewith
is used in the combination just mentioned,
some air might be admitted during the de-

composing operation into the stove A or B

or into the furnace D, whether this contain

solid fuel or be filled with inert refractory

material, and some air might be admitted

into the furnace E or F during the oxidation

of the carbonic oxid to earbonic acid; but
For some uses
where carbonic acid above a certain degree
(which is always more than half carbonic
acid) is required the carbonic acid may be
obtained in admixture with the (for such
purposes immaterial or comparatively uanime-
portant) amount of non - condensable gas.
The generation of carbonic oxid and the oxi-
dation with metallic oxid may be employed
without any separation of the carbonic acid
from the smaller volume of non-condensable
cas mingled therewith.

It will be understood that in referring to
carbon in the claims following it is intended
to include coke, charcoal, anthracite coal,
bituminous coal, crude petroleum, petroleum-
tar, other petroleum products, coal-tar, wood-
tar, asphaltum, bitumens, natural or artifi-
cial gas containing carbon compounds, and

duced (at the beginning of an operation) i any other suitable form of carbon, combined
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or uncombined, in a form which ‘yields CAT-

bonic oxid on omdamon
I1f 1t should be desired, the em-bome acld

free from non-condensable gas can of course
be subjected to a treatment calculated to
effect a separation of the carbonie acid from

non-condensable gas mixed therewith. Suc¢h
a treatment would be a solution in water

and evaporation from such solution, and it
ight perhaps be useful in some cases for a
more assured state of absolute purity to use
such treatment, notwithstanding that the car-
bonic¢ acid may be free from non-condensa-
ble gas, or practically so, for purposes of
liquefaction. |
Certain lndmoalbﬂn gases—such, for in-
stance, as natural gas—may be sent t;hmuf‘rh

“the regenerative stoves I3 or C and thence
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into the ozidizing-furnaces E or F without

admixture with steam or carbonic acid; but

it 18 preferable to mix a certain proportion of
one or other of the two latter gases with the
hydrocarbon. The hydrocmbon gas might
also be sent direct into the OXIdlZI[lﬂ" fur-
naces without first pa%qm*r through the re-
generative stoves; but in this case again it
would be pleferfl,ble to mix it with a certmn
proportion of carbonic¢ acid or steam, more
especially the latter. Where the hydrocar-
bon is sent direct into the oxidizing-farnaces,
it is a difficult matter to get entirely rid of
the odor, and this may unfit the gas for com-
mercial use for the manufacture of aerated
beverages or ice. |

Where the production of carbonic acid free
from non-condensable gas is desired as the
direct result of the oxidation, a complete

combustion must be effected by the metallic.

oxid and the gas or vapor which is passed
into the 0x1d1zmﬂ'—fumace must be free from
non- eondemable non-combustible gas. If,
however, the product after leavmw the oxi-
dizin D'-fumaee is to be subjected to a treat-
ment caloulated to separate.the carbonic acid
from condensable gas or if the carbonic acid
would be suited to the use intended, notwith-
standing the presence of a non-condensable

gas which would unfit it for liquefaction, the-

freedom from non-condensable non-combus-

tible gas of the gas or vapor which is sup-

plied to the oxidizing-furnace and a complete
combustion of said gas or vapor by metallic
oxld are not essential, the content of car-

bonic acid in any case exeeedina the content

of non-condensable gas of the gaseous prod-

uet which results flOIH the 0X1dat10n Wlt.h

metalli¢c oxid.

I claim as my invention or discovery—

1. The process of making carbonic acid by
so highlysuperheating the speclﬁed oxidizing-
gas above the temperature of decompomtwn
that it can compensate for the heat rendered

latent in such decom position, such'superheat-
1ing being effected by the intermittent passage
of the said oxidizing-gas over inert surfaces

rendered highly incandescent in the intervals

products of a combustion by the aid of in-

tensely - heated air, bringing the so-highly-

superheated oxidizing-gas and carbon in con-

tact with each other to effect the decomposi-

tion of said oxidizing-gas- and the oxidation
of the carbon to carbonie oxid, and passing
the products of such decomposition over me-

tallic oxid to effect a complete combustmn

substanma.l]v as describhed.
The process of making carbonic acid by

SO hlghly superheating the specified oxidizing-

gas above the temperatu re of decompositiml
that it can compensate for the heat rendered
latent in such decomposition, such superheat-
ing being etfected by the intermittent passage

of ‘uhe smd oxidizing-gas over inert surfaces
rendered highly mcandescent in the intervals
of such passage by direct contact with the
products of a combustion by the aid of in-
tensely-heated air, bringing the so-highly-

saperheated oxidizing-gas and carbon in con-

tact with each other to effect the decomposi-

tion of said oxidizing-gas and the oxidation
of the carbon to carbonic oxid, treating the

'products of such decomposwmn to remove
ammonia or other condensable gas, and then

passing the decomposition products so de-
prived of condensable gas over metallic oxid

toeffect a complete combusmon qubsmntmlly

as described.

3. The process of making carbonie acid by--

so highlysuperheating the specified oxidizing-

gas above the temperature of decomposition

that it can compensate for the heat rendered
latent in such decomposition, suchsuperheat-

ing being effected by the intermittent passage
of the said oxidizing-gas over inert surfaces
rendered highly incandescentin the intervals

of such passage by direct contact with the

products of a combuastion by the aid of 1n-
tensely -heated air, bringing the so- highly-

superheated Omdlzmﬂ oas .a,nd carbon in con-

tact with each other_to effect the decomposi-
tion of said oxidizing-gas and the oxidation

of the carbon to carbonic oxid, passing the

produects of such decomposition over metallic

oxid to effect a complete combustion, and

separating carbonic acid from the products

of such combustion by absorption of said car-

bonic acid in water from which it is afterward.

recovered, substantially as described.

4. The process of making carbonic acid by
so highly superheating the specified oxidizing-
gas above the temperature of decomposition

that it can compensate for the heat rendered

latent in such decomposition, such super-

‘heating being effected by the intermittent
passage of the said oxidizing-gas over inert

surfaces rendered highly incandescent in the
intervals of such passage by direct contact

with the products of a combustion by the aid

of intensely-heated air,bringing the so-highly-
superheated oxidizing-gas and carbon in con-

tact with each other to effect the decomyposi-
tion of said oxidizing-gas and the oxidation

of the carbon to carbonic oxid, treating the

of such passage by direct contact with the | produects of such decomposition to remove
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ammonia or other condensable gas, passing
the decomvposition products so deprived of
condensable gus over metallic oxid to effect
a complete combustion, and separating car-

bonie acid from the produets of such combus-

tion by absorption of said carbonic acid in
water from which it is afterward recovered,
Sub%tdntially as described.

5. Theprocessof makingliquefied carbonic
acid by decomposing the specified oxidizing-
cas and carbon with the aid of heat derwed
from inert surfaces which have been heated
by direct contact therewith of the products
of acombustion with intensely-heated air and
with avoldance of any contact of air with the

carbon for decomposing the said oxidizing-

cas, effecting a complete combustion of the
products of such decomposition by passage
over metallic oxid, and liquefying the result-
ing carbonic acid which is practically free
from- non-condensable gas, substantially as
deseribed.

6. The method of coating refractory mate-
rial with metallic oxid, by flushing the same
and immersing the refractory matter therein,
substantially as described.

. The process of making carbounie acid, by
so highly superheating the specified oxidizing-
oas in the form in which carbonie acid is an
essential constituent thereof so highly above
the remperature of decomposition as to com-
pensate for the heat rendered latent in such
decomposition, such superheating being ef-
fected by the intermittent passage of the said
oxidizing-gas over inert surfaces rendered
highly incandescent in the intervals of such
passage by direct contact with the products
of acombustion by theaid of intensely-heated
air, bringing the so-highly-superheated oxi-
dizing-gas and carbon in contact with each
other to effeet the decomposition of said oxi-
dizing-gas and the oxidation of the carbon
to carbonie oxid, and passing the produets of
such decomposition over metallic oxid to ef-

fect a complete combustion, substantially as

described.

3. The process of making carbonice acid, by
so highly superheating the speelﬁed oxidizing-
aas above the temperature of deeompomtmn
fhat it can com pensate for the heat rendered
latent in such decomposition, such super-
heating being effected by the intermittent
passage of the said O‘(]dlzﬂln -gas-over 1nert
surfaces rendered highly meande%cent in the
intervals of such passage by direct contact
with the products of a combustion by the
aid of intensely-heated air, bringing the so-
highly-superheated oxidizing-gasandafinely-
divided diffused form of carbon 1n contact
with each other to effect the decomposition
of such oxidizing-gas and the oxidation of the

'speuﬁed oxidizing-gas su

carbon to carbonic oxid, and passing the prod-
ucts of sueh decompomtwn over metallic oxid
to effect a complete combustion, substantially
as described.

9. The process of making carbonic oxid by
so highly saperheating the specified oxidiz-
ing-gas above the temperature of decomposi-
tion that it can compensate for the heat ren-
dered latent in such decomposition, such
superheating being effected by the intermit-
tent passage of the said oxidizing-gas over
inert surfaces rendered highly meandeseent
in the intervals of such passage by direct
contact with the products of a combustion
by the aid of intensely-heated air, and bring-
ing the so- hwhly—supelheated omdlzm
and carbon in contact with each other to of-
fect the decomposition of said oxidizing-gas
and the oxidation of the carbon to ca,rbome
oxid, substantially as described.

10. The process of making carbonic oxid,
which process consists in hea,tmﬂ' two masses
of inert material by combustion of oasin con-
tact with each of sald masses alterna,tely by
the aid of air heated by passage over the
other until said masses have been brought
to so high a temperature as to superheat the
iciently for it to
supply the heat rendered latent in the de-

composition thereof with carbon, so super-

heating the specified oxldlzma‘-gas by pas-
sage over one of said so-heated masses of 1n-
ort material, and bringing the sald so-super-
heated oxuhzm -2as mto contact with car-
bon to generate carbonic oxid, substantially

| as descnbed

11. The process of making carbonic acid,
which process consists in heatmg two masses
of inert material by combustion of gas 1u con-
tact with each of said masses altern&tely by
the aid of air heated by passage over the
other until said masses have been brought
to so high a temperature as to superheat the
spemﬂed oxidizing-gas sufﬁmently for 1t to
supply the heat l'endm ed latent in the de-
composition thereof with carbon, so super-
heating the specified oxidizing-gas by pas-
sage over one of said so- heated masses of 1n-
ert material, bringing the said so-superheat-
ed oxidizin muas into contact with carbon to
generate carbomc oxid, and passing the so-
ﬂenerated carbonice omd over metallic oxid
130 convertthesaid carbonic oxid into earbonie
acid, substantially as described.

In testimony whereoi I hereunto affix my
signature in presence of two witnesses.

HERBERT SAMUEL ELWORTHY.

Withesses:
BeENJ. G. COWL,
A. B. S1UT.
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