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To all whom it mal concer:

Be it known that I, HERBERT SAMUEL KEL-
WORTHY, a subject of the Queen of Great
Britain, residing at London, England, have
invented certain new and useful Improve-
ments in Apparatus for Making Pure Car-
bonic Acid; and I do declare the following to
be a full, clear, and exact description of the
invention, such as will enable others skilled
in the art to which it appertains to make and
use the same.

This invention hasreference more particu-
larly to the manufacture by combustion of
carbonic acid free from permanent gases,
stich as nitrogen, forthe preparation of lique-
fied or solid carbonie acid, for the charging

of beverages with or without previous lique-
faction, and to other uses to which such pure

carbonic acid may be adapted; but each of
the improvements constituting the invention
is intended to be secured for all the uses to
which it may be applicable.

The ecombustion of carbon incarbonaceous
bodies of all kinds yields carbonic acid, as is
well known, when the combustion is effected
with a sufﬁelent quantlty of oxygen; but
when such combustion is effected by med,m
of air the resultant gases consist mainly of
nitrogen. Such a gaseous mixture is wholly
unsuited to many uses to which carbonic
acid 1s applied, and even a smali proportion—
say five per cent., for example—otf a4 non-con-
densable gas will interfere with its uses for
many purposes. Thuas if it be desired to
liquefy the carbonic acid by compression it

is found that it is necessary to employ much

higher pressure (at a given temperature) if
even five per cent. of a non-condensable gas
is present. Again, if the liquefied ea,rbomc
acid is to be used in refrigerating-machines
the presence of the non-condensable gas
(which may be dissolved in the liquefied car-
bonic-acid) 18 aptto interfere with the work-
ing of the machine by necessitating higher
pressutre in compression, and thereby imped-
ing the action of the pumps. HFurther, it
water is charged with impure carbonic acid
the non- umdenbrtble gas dissolves also to a
sufficient extent to impair ithe comestible
value of the carbonated water, as the so

taste quickly after opening. Moreover, for
certain chemical reactions carbonic acid will
not answer if it contain a certain proportion
of inert gas. In each of the cases mentioned
the same objection would be encountered,
whether the impurity consists of air, nitro-
oen, hydrogen, or other neutral gas non-con-
densable as compared with carbonic-acid
cas. In accordance with the present inven-
fion carbon (in the form of coke, c¢harcoal,

petroleum, or other carbonaceous substance
or substances herein termed the * fuel,” for
convenience of reference) is burned without
air by converting the said carbon, first, by
steam or carbonic acid or a mixture thereof
into carbonic oxid (CO) free from non-com-
bustible non-condensable gas, and, second,
oxidizing completely thiscarbonie¢ oxid and
any accompanying combustible non-conden-
sable gas by means of a metallic oxid, which
1s tormed again after reduction, 8o thab the

same charge can be repeatedly atilized.

In order to convert carbon into earboniec

oxid by means of steam or-carbonic acid or
mixture thereof, it i8 necessary to supply

heat from an outside source, and to do so in
the most advantageous manner recourse 18

had (in the present invention) to contact

with the surfaces of fire-brick or other suit-
able inert bodies previously raised to a suffi-
ciently-high temperature. According toone

mode the steam or carbonic acld or mixture

thereof is snperheated by contact with such

highly-heated surfaces before it is brought

into contact with the carbonaceous substance.
According to another mode the steam or car-
bonic¢ acid or mixture thereof and the fuel
are passed together over the highly-heated
inert surfaces. These two modes can becom-
bined by admitting part of the fuel to pass
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 contact
withafurther portionof fuelafurther amount
of carbonic oxid is formed. In either or
any mode the inert surfaces must supply heat
enough to compensate for that which is ren-
dered latent by the decomposition of the
steam or carbonie acid, or both, and the eon-

charged waters lose their sparkle and sharp | version of carbon into carbonic oxid. In
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other words, the formation of the carbonic

oxid develops a certain quantity of heat;
but the decomposition of the steam or car-

bonie acid, or both, (the ‘“oxidizing-gas ” as it

may be showly ezple&sed ) rendels latent a,
larger amount of heat than is thus developed.
The excess is supplied by contact of the oxi-

‘dizing-gas or of the oxidizing-gas and fuel

with the highly-heated sur fa,ees The fuel,
when superheated steam or carbonic acid is
brought in contact therewith, may, and in-
deed should, itself be at a high temperature.
In many places, and perhaps under most
conditions, it may be advisable to use coke
or charcoal or other solid fuel massed in a

- stack or cupola as customary in the making
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of water-gas. At the beginning such coke
or other solid fuel may be brought to incan-
descence by an air-blast; but by snitably su-
perheating the steam or carbonie acid or mix-

ture thereot the formation of carbonie oxid-

can afterward be made continuous without
requiring the charge to be blown with air at
short intervals. Such periodic blowing with
alr would be very objectionable, because af-
ter each application of an air-blast the car-
boniec oxid obtained would be mixed with
the non-condensable non-combustible nitro-
gen 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 by means of inert
bodies. If the temperature of the latter fall,
they can readily be raised again to a proper
temperature,and ifin the heating the nitrogen
18 left between them it can readily be swept

out by a blast free from non-condensable

non-combustible gas—as of stecun orcarbonice

acid, for ezmnple :
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 various ways. Whatis considered
the best way, itself forming a special im-
provement, is to combine the oxid with frag-
ments ot an inactive or less active subsbmuee
to constitute a carrier for the oxid.

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

The accompanying drawing, which forms
part of the specification, is a diagram of ap-
paratus 1n dbGOlddllGlB with the present in-
vention.

The furnace D, which coustitutes a genera-
tor of carbonic oxid and which is shown in
the form of a cupola, . although other forms
may be used, is supplied with coke or other
solid fuel, or, according tov . 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 oneside by the flue J with the
hot-blast stoves B and C and on the other by
the flue P J* with the two oxidizing-furnaces

'E T, charged with a body E' F’ of an oxidiz-

‘_
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| ing or oxidizable metal, which most advanta-

geouslyisdistributed overthe fragmentsof an
inactiveorless active refractory substance as
a carrier. 'This carrieris particularly useful
in connection with an active substance like
copper oxid, which is fusible. DBetween each
of the hot-blast 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. This 18 necessary with
the regenerating type of stove, since such a
stove has to be shut off while it is being re-
heated. Each stove consists of a chamber
filled with the open brickwork usunal in regen-
erating-furnacesand provided withthe valved
inlet X'or X*for the admission,and valved out-
let K or L for the escape, of the steam or car-
bonic acid or mixture thereof, and also with a
valved inlet WP or W¢ for the admission of
the reheating-gas, the valved air-pipe U or
V for the admission of air for burning the
reheating-gas, and a valved passage G° or G°
for the escape of the products of combustion.
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The valved air-pipes lead from a hot-blast :

stove A, which, as shown, is also of the re-
generating type and consists of a chamber
filled with the usual brickwork and pro-
vided, in addition to the valved air-pipes U

and V for delivering the hot-air blast to the

chambers B and C, with the valved inlet W?
for the gas to reheat chamber A, a valved
passage G’ or G* for the escape of the prod-
ucts of combustion, and means for admitting
air at top or bottom of the chamber, as may
be desired. These means most advanta-

| geously are constituted by four-way revers-
ing-valves H' H? provided each with an air-

inlet  and an outlet H for the products of
combustion and interposed one between the
tops of the chambers A and I3 aud the other
between the tops of chambers Aand C. Be-
tween each of these valves and the tops of
the corresponding chambers are additional
valves,each in the form of aninverted cup g,

whose edges are sealed by dippinginto a gut-

ter ¢g', which is filled by melted lead or other
suitable metal. If the inverted cups g in the

passages G° and G’ are raised and the valve
‘H' is in the position shown in full lines, air

can enter the top of the chamber A, and by
turning the valve H' to the position shown in
dotted lmes airfrom theinlet i can enter the
top of chamber B and will enter the bottom
of the chamber A by the passage U after
passing through the brickwork of chamber
B. Similarly if the inverted cupsin the pas-

sages G* ¢ areraised, those in the passages G

Gb being shut down, air can enter the top of
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chamber A from the inlet A~ and passage G*

when valve H* is in the position shown. DBy

turning the said valve to the position shown
in dotted lines the air from the inlet 2 will
first enter the top of chamber C, and after
1t has pdssed through the buckwork in this
chamber it will enter the bottom of cham-
‘ber A by the passage V. With thisarrange-
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ment the dotted openings Z* Z" Z¢ Z* would )

be unnecessary; but if desired the four-way
valves could be omitted and valved passages
opening at Z® and Z2, respectively, might
serve to admit air to the top and bottom, re-
spectively, or the air could be admitted to
the top of the chamber A by an opening at
Z" and to the bottom of said chamber by the
passage U or V, the air in this case first en-
tering the chamber B or C at Z* or Z° and
deseendlng through the brickwork therein be-
fore it goes through the passage U or V into
the bottom of chamber A.

The connection of the carbonie-oxid gen-
erator D with the oxidizing-furnaces It ¥ may
be direct or through gas-purifying 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 K I,
through the valved branch pipesS'Q; butsuch
direct connection is advisable only in case
the fuel in the furnace D 1s a very pure car-
Ordinarily the carbonic oxid from the
flue J* would be passed through one or more
coolers and scrubbers or other purifying ap-
paratus to the pipe R, from which it would
pass into whichever of the furnaces K I has
its charge E’ or F' in an oxidized condition.

- At R*isindicated such purifying apparatus,

30

which serves to removeany ammonia or other
impurity yielding non-condensable gas by oxi1-
dation. Afteror before passing through the

- purifying apparatus the carbonic oxid may
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be stored in gasometers. Blowers can be em-
ployved to forece the carbonic oxid into the fur-
Nnaces.

Kach of the oxidizing-furnaces hasa valved
inlet N or N’ for admitting air or steam there-
into for oxidizing its metallic charge E' or B,
and each of sald furnaces also has an outlet
eor ffor the residual gas and for the carbonie-
acid gas. As shown, one opening 1s repre-
sented. This may serve for both gases; but
of course the passage leading therefrom would
be used, one for the residual gas and the other
for the carbonic-acid gas. The charge E' or
F' may consist of fragments of brick or other
refractory material coated or combined with
copper oxid. Thisis considered the best ma-
terial; butother oxidsand other ways of sup-
porting the oxid can be used so long as aeri-
form fluids have access to the metallic matter,
(oxidized or deoxidized, as the case may be.)
What is 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 0of combus-
tion, ammonium or sodiuwn nitrate in small
amounts may be added to the bath of fused
copper oxid from time to time. DBy making

the nitrate adhere to the fragments of fire-
brick it can be introduced with the latter.

658,627
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Having charged the furncce D with coke
and the furnaces E 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 temper-
ature., To ignite the charge of solid fuel in
the furnace D, a fire is started in the bottom
of said furnace, the top T is raised, and air
from one of thestoves A B Cisblown 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 airis taken from the chamber
B) and the valve U. The air can be admit-
ted 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 7"- if this be nsed. To
heat the furnaces E and F, air may be intro-
duced at N and N’ and fuel in the form of car-
bonicoxid orof other combustible gas through
the branches of pipe R. To raise the tem-
perature of chambers A B C, gas (producer-
aas, 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 g in the pas-
sages & G and turning the valve H' to the
dotted position the air may descend through
the chamber B and enter the chamber A by
the passage U, and the produects of combus-
tion can escape to the chimney I through the
passage G’ and the flue H. After a proper
time (half an hour or more or less) by turn-
ing the valve H' to the position represented
the air will oo 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?* is cut off and 18 ad-
mitted at W? into the chamber B. Combus-
tion now takes place among the brickwork of
the chamber B. After a proper tiwe the
valve ' is reversed and gas from the open-
ing W*is burned among the brickwork of the
chambm A by a hot blast of air from the
chamber B. In time after changing the po-
sition of the valve H' as often as necessary
both chambers are broughtto an intense heat.
Inlike 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
vas which is introduced at the opening WF¢.
Dmmﬂ 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. Assuming that chamber
B is heated to, say, above 1,500 e¢entigrade
and that the passages G*, WP, and U are closed,
the valve K is opened and also the valves S2
S8, Steam or carbonie acid or mixture there-
of is then introduced through the pipe X' to
drive out the non-condensable and non-com-
bustible nitrogen from the chamber B. It
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passes off to a waste-flue or to any desired re-
ceiver. When all of the nitrogen has been
expelled, the valve S*is closed and the valves
M and S opened, the top T being shut down.
The steam or carbonie acid or mixture thereof
now passes into the incandescent fuel in the
furnace D and is decomposed, the products of
decomposition passingout by the lue PJ*and
valve §° to any suitable receiver. When the
nitrogen left by the air-blastin the interstices
of the fuel 1n the furnace D has been carried
off, the products of decomposition will consist
of earbonic oxid free from non-condensable

~and non-combustible gas, the only other gases
being hydrogen (from the steam, if this is

used) and ammonical sulfur and hydrocar-
bon compounds, (from the solid fuel in the
furnace D, if this is not sufficiently pure.)
These bodies are either combustible or con-
densable 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-com-
bustible 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 carboniec acid or mixture there-

of i1s heated by contact with the inert sur-
faces of the fire-brick in the stove B so much
above the temperature necessary for the de-

composition 1n the carbonic-oxid generator

that it carries with it from said stove B

enough heat energy to compensate for that

which is rendered latent by said decomposi-

~tion without lowering the temperature below
After a time, how-

the decomposing-point.
ever, the temperature of stove IB (when of
the regenerating 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 atthe highest
temperature used the valve L and pipe X?
are opened, so that this stove now supplies
the superheated blast of steam or carbonie
acld or mixture thereof to the carbonie-oxid
generator. DBefore, however, this steam or
carbonic 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 nitro-
gen is displaced from chamber C and flue
J J*¥. The valve M is now opened, the valve
S° is closed, and the superheated steam or

carbonic a,md or mixture 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 opening W? by
means of a hot bla,st from the stove A. In
this reheating the valve H’ is shifted once
or oftener in the manner before explained.
Thus the chambers B and C serve alternately
as hot-blast stovesforsuperheating the steam

or carbonic acid or mixture thereof, which is

658,627
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A serves as a hot-blast stove for supplying

hot air alternately to the stoves B and C for
reheating -the same. The carbonic oxid
from the generator D free from non-conden-
sable non-combustible gas is passed through

whichever of furnaces K I 18 ready to re-

celve it, the said carbonic oxid being when
desired first passed through one or more

coolers and scrubbers or other purifying
apparatus, or when this is not desired and-

the carbonic oxid is sufficiently pure being
admitted directly to the oxidizing-furnace.
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
closed, the carbonic omd passing away by the
flue J and the valve S%, may be passed through
appropriate purifying apparatus R* and af-
terward be introduced through the pipe R
and 1its left-hand branch. The carboniec oxid
or carbonie¢ 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 there-
in and combine with oxygen of said oxid to
form carbonic acid or carbonicacid and water.
T'he contact with the said oxid should be suf-
ficient completely to burn all the combustible
gas, the resulting product being simply car-
bonic acid or carbouie acid and vapor of wa-
ter free from non-condensable gas. After a
time the furnace K is utilized, the charge E’
in furnace K being reoxidized by passage of
alr or steam from the inlet N through the
sald charge. If air is used, the operation is
completed by a current of steam, so that no
nitrogen is left in said furnace. When the
charge in the furnace F has been sufficiently
deoxidized, the delivery of carbonic oxid
thereto is stopped and the charge is reoxi-
dized either by air or steam or mixture there-
of, and the furnace K is utilized while this is
being done. The carbonic-acid gas from the

oxidizing-furnace is passed through coolers:
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for lewelmﬂ‘ 1ts temperature and Iemovmg._

therefrom the vapor of water which it may

contain, and, being free from any non-con-
densable gas, 1t 1is “then ready for liquefying
by compression for charging beverages or for
use in the gaseous smte

If it be desired to fill the cupola D with in-
ert refractory material instead of with solid
fuel, the fuel for decomposing the steam or
carbonie 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 orC bemfr sufficient to Supply the heat
for eﬁeetmﬂ'decomposmlon without lowering
the temperature of the furnace D.

Instead of bringing the fuel into contact
with the steam or carbonic acid or mixture
thereof after superheating the latter they
may be passed togetherover the highly-heated
inert surfaces which supply the heat ren-
dered latent by the decomposition.

sapplied to the furnace D, while the chamber | drawing the pipes Y' Y? are for introducing

In the.
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any suitable description—petroleum, for ex-
ample. Solid fuel in powder could also be
introduced alone or in connection with other
forms, It might be injected by the blast of
steam or carbonic¢c acid or mixture thereof.
The furnace D need not be used, and 1t could
elther be dispensed with entirely or be simply
shul off by closing the valves M and »S.

The Turnace 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 earbonic acid, or mixture
thereof, being effected parilyin the stove and
partly in the furnace D. After the decompo-
sition has been carried on in the stove B the
brickwork therein loses its temperature until

it falls below the decomposition temperature.

J ust before this point is reached the supply
of fuel and of steam or carbonie acid, or mix-
ture thereof, is transferred to the stove C, the
chamber B being now reheated by producer
or other suitable gas from the opening WP
and a blast of hot air from the stove A 1n the
manner hereinbefore explained. The car-
bonie oxid, free from non-condensable non-
combustible gas which is generated in the
chambers B and C, is passed through the oxi-
dizing-furnaces E F in such manner that all
the combustible gases are completely con-
sumed, leaving only carbonic acid free from
non-condensable gas. Thecarbonicoxid,un-
less sufficiently pure, should, and 1t in any
case may, be passed through purifying appa-
ratus before it is passed through the oxidiz-
ing-furnace. The principal impurity (as is
also the case when the steam or carbonic acid
or mixture thereof is decomposed by the solid
fuel in the furnace D) would be ammonia,
which would be decomposed in the oxidizing-
furnace with the elimination of nitrogen.
Washing the carbonie oxid with water or di-
lute acid would remove the ammonia.

Although the pipe J 1s for convenience
shown exposed and unlined, thisis preferably
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
temperatuare are of the hot-blast type in
which a water-current is caused to circulate
through the valve and also through the seat,
to prevent fusion.

It 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
metallicoxidin the oxidizing-furnaces, sothat
the carbonic acid thus obtained shall be free
from non-condensable gas. In the working
of the apparatus described with solid fuel in
the furnace D some carbonice oxid is produced
(at the beginning of an operation) which is
mingled with nitrogen, and it may sometimes
happen that by carelessness of the attend-
ant a complete combustion is not effected and

more or less carbonie acid is obtained which |

liquid or vaporized or gaseous hydrocarbon of | is mingled with hydrogen or carbonic oxid,

both of which are non-condensable. Such

impure carbonie oxid and carbonic acid may

be used as fuel, but it may in some cases he
preferred to prepare pure carbonic acid there-
from. FHor this purpose carbonie oxid can be
passed through an oxidizing-furnace, and the
carbonicacid thusgenerated can then be sepa-
rated from the non-condensable gas by any
known or suitable means, such as solution in
water under pressure and evaporation there-
from. In the case of the impure carbonic
acid a like separation ¢an be effected, or the
itnpure carbonic acid when the non-condens-
able impurity or impurities are combustible
may be passed again over inetallic oxid to
offect a complete combustion. Heretofore
it has been proposed to separate carbonic
acid from non-condensable gas in admixture
therewith; but, so far as I am aware, this
step was never used in combination with the
two operations of, first, decomposing steam
or carbonic acid, or mixture thereof, and,
second, effecting a combustion of the car-
bonic oxid by metallic oxid. The resulting
gaseous mixture consists mainly of carbonie
dcid, and thus differs essentially from or-
dinaryv products of combustion, which are
mainly composed of nitrogen. When car-
bonic acid predominates, it is much easier to
effect a separation of the same than where 1t
is mixed with an excess of nitrogen. When
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 Aor Bor
into the furnace D, whether this eontain solid
fuel or be filled with inert refractory mate-
rial, and some air might be admitted into the
furnace E or F during the oxidation of the
carbonie oxid to carbonic acid; but this 1s
not recommended. Forsome uses where car-
bonic acid above a certain degree (which 1is
always more than half carbonic acid) is re-
guired the carbonic acid may be obtained in
admixture with the (for such purposes imma-
terial or comparatively unimportant) amount
of non-condensable gas. The generation of
carbonic oxid and the oxidation with metallic
oxid may be employed without any separa-
tion of the carbonic acid from the smaller
volume of non-condensable gas mingled there-
with. |

It will be understood that in referring to
carbon in the claims following it is intended
to include coke, charcoal, anthracite coal,
crude petroleum, petroleunm-tar, other petro-
leum products, coal-tar, wood-tar,asphaltum,
bitumens, natural or artificial gas containing
carbon compounds, and any other suitable
form of carbon, combined or uncombined.
- If it should be desired, the carbonic acid
free from non-condensable gas can of course
be subjected to a treatment calculated to ef-
fect a separation of the carbonic acid from
non-condensable gas mixed therewith. Such
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a treatment would be asolution in water and
evaporation from such solution, and it might.
perhaps be useful in some’'cases for a more
assured state of absolute purity to use such
treatment notwithstanding that the carbonic
acid may be free from non-condensable gas,

or practically so, for purposes of lignefaction.

Jertain hydrocarbon gases —-such, for in-
stance, as natural gas—may be sent through
the regenerative stoves B or C and thence
into the oxidizing-furnaces E or F without

admixture with steam or carbonic acid; but

it is preferable to mix a certain proportion of
one or other of the two latter gases with the
hydrocarbon. The hydrocarbon gas might
also be sent direct into the oxidizing-furnaces
without first passing through the regenera-
tive stoves; but in this case again it would
be preferable to mix i1t with a certain propor-
tion of carbonic acid or steam, more espec-
ially thelatter. Wherethe hydrocarbonissent
direct into the oxidizing-furnaces, it isa dif-
ficult matter to get entirely rid of the odor,
and this may unfitthe gas for commercial use
for the manufacture of aerated beverages or
ice. Where the production of carbonic acid
free from mnon-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 oxidizing-furnace must be free from
non -condensable non -#ombustible gas. 1f,
however, the product after leaving the oxi-
dizing-furnace is to be subjected to a treat-
ment calculated toseparate the carbonie acid
from c¢ondensable gas or 1f the carbonie 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-combusti-

ble gas of the gas or vapor which is supplied

to the oxidizing-furnace and a complete com-
bustion of said gas or vapor by metallic oxid
are not essential, the content of carbonic acid
in any case exceeding the content of non-
condensable gas of the gaseous product which

‘results from the oxidation with metallie oxid.

The process improvements hereinbefore
claimed constitute the subject-matter of a
patent of even date 1n my application of De-
cember 22, 1897, Serial No. 663,049, of which
the application for the present patent (for
apparatus)isa division and continuation, tuy
said application of December 22, 1897, being

originally for the improvements described

both of process and apparatus.
I claimn as my invention or discovery—
1. The combination with an oxidizing-fur-

nace charged with metallie oxid, of a car-

bonic-oxid generator which excludes air con-
stantly from the decomposing-chamber and
which is provided with a regenerative hot-
blast stove for su pplying to sald chamber the
specified oxidizing-gas so highly superheated
as to compensate for the heat rendered latent
in its decomposition with carbon, said stove

658,627

and air to sald stove and for discharging
therefrom the products of combustion, a,nd
being also provided with means for intensely
heating the air preparatory to its admission,
substantially as described.

2. A carbonic- oxid generator which ex-

cludes air constantly from the decomposing--

chamber and which is provided with a regen-
erative hot-blast stove for supplying to said
chamber the specified oxidizing-gas so highly
superheated as to compensate for the heat
rendered latent in its decomposition with
carbhon, said stove having inert heating-sur-
faces and alsohaving passages separate from

the oxidizing - gas’s mlet and outlet for ad-

mitting reheating-gas and air to said stove
and for discharging therefrom the produects
of the combustion and being- also provided
with means for intensely heating the air pre-
paratory to its &dmlbblon substantmlly as
described.

3. The combination with an oxidizing-fur-
nace of a carbonic-oxid generator wh]ch is
provided with a hot-blast stove having inert

“heating-surfaces and also having passages

for Mhmttmtr the specified 0x1dlzlmr—tr as and
carbon and .for discharging the plOdllC‘-tS of
the decomposition, and other passages for
admitting reheating-gas and air to said stove

and for discharging therefrom the products

of the combustion, and being also provided
with means for intensely heating the air pre-
paratory to its admission, SUbSTdI]lelly as

described. |
4. A carbonic-oxid generator which 18 pro-

vided with a hot-blaststove havinginert heat-
ing-surfaces and also having passages for ad-

| ing passages separate from the oxidizing- ﬂ'&s ’S
- inlet and outlet for admitting 1‘ehpaﬁng gas
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mitting the specified ()}lelZlIlU*gdS and car-
bon and for discharging the products of the

decomposition, and other ‘passages for admnit-

ting reheating-gas and air to said stove and
for dlscharmnﬂ' therefrom the productsof the

combub‘mon and being also provided with
means for intenbely hea,tinw the air prepara-
tory to its admission, Substd.ntmlly as de-
scéribed.

5. An apparatus for ma,kmfr carbonic a,cld
composed of a carbonic-oxid generator, two
regenerating hot-blast stoves eaeh consistin o
of &« chamber filled with inert refractory ma-
terial and provided with an inlet for the ad-

mission and an outlet for the escape of the

specified oxidizing-gas, and also with inlets
for the admlssmn of the reheating-gas and
alr and an outlet for the escape of the prod-
uets of combustion, valved flue connections

between the omdlzmw - gas outlet of each of-
said stoves and the said generator for con-
necting sald stoves alternately with said gen-

erator, two furnaces each charged with ma-
terial that can be oxidized and deoxidized and
provided with inlets for an oxidizing medium
and for carbonic oxid respectively and also
with outlets for the residual gas and carbonic

having inert heating-surfaces and also hav- | acidrespectively, and valved flue connections
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between the said carbonic-oxid generator and ! dium and for carbonic oxid respectively and

the carbonic-oxid inlets of each of the said
furnaces, for connecting said generator with
said furnaces alternately, substantially as de-
seribed.

6. An apparatus for making carbonic acid,
composed of two regenerafting hot-blaststoves
exch consisting of a chamber filled with inert
refractory material and provided with inlets
for the admission of carbon and of the specl-
fied oxidizing-gas, with an outlet.for the es-
cape of carbonic oxid, and also with inlets
for the admission of the reheating-gas and air
and an outlet for the escape of the products
of combustion, two furnaces each charged
with material that can be oxidized and deoxi-
dized and provided with inlets.-for an oxidiz-
ing medium and for carbonic¢ oxid respec-
tively and also with outlets for the residual

cas and carbonicacid respectively,and valved |

flue connections between the carbonic-oxid
outlet of each of said stoves and the carbonic-
oxid inlet of each of said furnaces, substan-
tially as described.

7. An apparatus for making earbonie acid,
composed of a carbonic-oxid generator, two
regenerating hot-blast stoves each consisting
of a chamber filled with inert refractory ma-
terial and provided with inletfs for the admis-
sion of carbon and of the specified oxi1dizing-
ovas, with an outlet for the escape of carbonic
oxid and undecomposed portions of the speci-
fied oxidizing-gas, and also with inlets for the
admission of the reheating-gas and air and
an outlet for the escape of the products of
combustion, valved flue connections between
the oxidizing-gas outlet of each of said stoves
and the said generator for connecting sald
stoves alternately with said generator, two
furnaces each charged with material that can
be nxidized and deoxidized and provided with
inlets for an oxidizing medinm and for car-
bonie oxid respectively and also with outlets
for the residual gas and carbonic acid re-
spectively, and valved flue connections be-
tween the said carbonie-oxid generator and

the carbonic-oxid inlets and each of the said

furnaces, for connecting said generator with
said furnacesalternately, substantially as de-

. seribed.

8. The combination with a carbonic-oxid
generator, of two regenerating hot - blast
stoves each consisting of a chamber filled with
inert refractory material and provided with
aninletfor the admission and an ontletfor the
escape of the specified oxidizing-gas, and also
with inlets for the admission of the reheating-
oas and air and an outlet for the escape of
the products of ecombustion, and valved flue
connections between the oxidizing-gas outlet
of each of said stoves and the said generator
for connecting said stoves alternately-with
sald frenemtor substantially as described.

9. Thb combmdtlon with a carbonic-oxid
cenerator, of two furnaces each charged with
mate1 ial that can be oxidized and deomdlzed

also with outlets for the residual gas and car-
bonic acid respectively, and valved flue con-
nections between the said carbonic-oxid gen-
erator and the carbonic-oxid inlets of each
of the said furnaces, for connecting said gen-
erator with said furnaces alternately, sub-
stantially as described. |

10. A hot-blast apparatuscomposed of three
regenerating-stoves each provided with inlets
f01 the Pehefumw gas and an air-blast to be
heated and outlets for the escape of the
products of combustion and the hot biast,
and valved flue connections between oue ot
said stoves and each of the other two, said
connections opening into all three stoves at
the ends which receive the reheating-gas so
as to effect hot-blast combustion of the re-
heating-gas in all three stoves, substantially
as described.

11. In combination with a carbonie-oxid
generator, a hot-blast apparatus composed of
three regenerating-stoves each provided with
inlets for the lehea,mnﬂ -oas and an air-blast
to be heated and ou‘flets for the escape of the
products of combustion and the hot blast,
and valved flue connections between one ot
said stoves and each of the other two, sald
connections opening into all three stoves at
the ends which receive the reheating-gas so
as to effect hot-blast combustion of the re-

heating-gas in all three stoves, substantially

as described.

12. In combination with a furnace or fur-
naces charged with material to be oxidized
and deoxidized, a hot-blast apparatus com-
posed of three regeunerating-stoves each pro-
vided with inlets fm the reheating- gas and
an air-blast to be heated and outlets for the
escape of the products of combustion and the
hot blast, and valved flue connections be-
tween one of said stoves and each of the other
two, said connections opening into all three

stoves at the ends whieh receive the reheat-

ing-gas so as to effect hot-blast combustion of
the reheating -gas in all three stoves, sub-
stantially as de&,enbed. -

13. In combination with a carbonic-oxid

generator, and a furnace or furnaces connect-

ed therewuh and charged with an oxidizable
and deoxidizable Hmtelml, a hot-blast appa-
ratus composed of three regenerating-stoves
each provided with inlets for the 1'eheat1nﬂ*-

ons and an air-blast to be heated and out]et%
fm- the escape of the products of combustion
and the hot blast, and valved flue connec-
tions between one of said stoves and eachot
the other two, said connections opening into
all three stoves at-the ends which receive the
reheating-gas so as to effect hot-blast com-
bustion of the reheating-gas in all three
stoves, substantially as descmbed

14. Two regenerating-stoves having thelr
fuel-inlet ends connected through a Valve for

establishing interoommunication and pro-

vided at the other end with passages leading

and provided with inlets for an oxidizing me- | to opposite sides of a four-way valve whleh
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puts said passages in communication with an
air-inlet and an outlet respectively, each

stove being thereby alternately connected

with an air-inlet and an outlet according to
the position of said four-way valve, subst;an—
tially as described.

15. Two regenerating - stoves connected
with each other at top and bottom, the con-
nection at one end being through a four-way
valve, and at the other, through a valve which
opens the passage between the stoves, and an
additional valve being placed in one of the
passages between smd four-way valve and a
stove, substantially as described.

16. In combination with a carbonic-oxid-
generating apparalus in which i1s used a set
of regenerating hot - blast stoves provided
with valves and passages for continuously
supplying a hot blast, two furnaces charged
with refractory material combined with me-
tallic oxid and provided with means whereby

~a stream of carbonie oxid from said generat-

ing apparatus can be sent through said fur-
naces alternately and whereby an oxidizing-
current can be sent through each furnace
when the flow of carbonic 0x1d is cut off there-
from, substantially as described.

17. A hot - blast apparatus composed of

three regenerating hot-blast stoves connected
at their fuel-inlet ends through valved pas-
sages for establishing intercommunication
and provided at the other ends with passages
leading to opposite sides of four- way valves
ecach of which puts its own passages in com-
munication with an air-inlet and an outlet
respectively, each stove being thereby alter-
nately connected with an air-inlet and an out-
iet according to the position of the said four-
way valves, substantially as described.

3. A hot - blast apparatus composed of
three regenerating-chambers connected at
one end by valved passages which can estab-
lish an open way between two chambers, and
at the other end through four-way valves and
provided with an additional valve or valves
between one or both of said four-way valves
and one or both the chambers connected with
each valve, substantially as described.

19. A carbonic-acid plant composed of

three regenerating-chambers each provided

with inlets for reheating-gas and air-blast to

be heated and with outlets for the products
of combustion and hot-air blast, and two of
them further provided with inlets for carbon
and the specified oxidizing-gas, a furnace or
furnaces charged with oxidizable and deoxi-

dizable material valved flue connections be-

tween the said two chambers and the third

regenerating-chamber, and valved flue con-
between said two regenerating-

nections

. o al? . L NHM
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| chambers and the said furnace or furnacea
substantially as described.

20. A carbonic-acid plant composed of
three regenerating-chambers each provided
with inlets for reheating-gas and aiv-blast to
be heated and with outlets for the products

6 5-

of combustion and hot-air blast, and two of

them further provided with inlets for the
specified oxidizing-gas, valved flue connec-
tions between the said two chambers and the
third regenerating-chamber, and valved flue
connections between said two regenerating-
chambers and the said carbonic-oxid genera-
tor, substantially as described.

21. Two regenerating - stoves connected
with each other at top and bottom, the con-
nection at one end being through a four-way
valve, and at the other by a valved passage
which when open establishes communication
between the two stoves, and an additional

valve being placed in each of the passages

between the said four-way valve and a stove,
substantially as described.

22. A setof three regenerating-stoves con-
nected at the fuel-inlet ends through valved
passages for establishing and shutting off in-
tercommunication and attheir opposite ends
with valved passages for establishing com-

munication for each stove with an air-inlet

and an outlet separately and forshutting the
communication with both simultaneously, 1n-

lets and outlets additional to the foregoing

being also provided, substantially as de-

seribed. .
- 23. The combination with an oxidizing-fur-
nace charged with metalli¢c oxid, a carbonic-
oxid generator, and an intermediate conduit
between the outlet of said generator and the
inlet of said furnace, of a regenerator-stove
having an inlet for the specified oxidizing-
oas and separate outlets for respectively the

producnq of combustion and the specified oxi-
‘dizing-gas, a conduit between the oxidizing-
gas outlet and the inlet of said generator, a

seeond regenerator-stove, and means for sup-
plyving both stoves with gaseous fuel and with
highly-heated air, the sald means including a
conduit between Lhe hot-air outlet of the sec-
ond-mentioned stove and a hot-air inlet of
the first-mentioned stove, said carbonie-oxid
generator being constantly closed against in-
oress of air, substantially as deseribed.

- In testimony whereof I have hereunto set
my hand in presence of two subscribing wit-
nesses.

HERBERT SAM.UEL ELWORTHY.
- Witnesses:

JOHN HAMPTON BARNES,
EvaN B. LEWIS.
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