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-3 Clalms

- My -invention relates to- regenerative fu’rnaces,
that s, to- furnaces - containing- a regenerative
mass which is first heated by passing hot.com-
bustion products -therethrough,; and ~which is
then. used to: heat.-gases that are passed there-
through; the heat stored in the-mass being given
up,; to.the gases-so heated. The furnace is par-
ticularly . designed to-process:gases -which must
be very quickly heated to a high temperature and
very.-quickly cooled after-reaching -thedesired
maximum - temperature;. for example, ‘it -is de-
signed-for.use in-processes in which acetylene is
made from methane. ~A furnace for this purpose
must be not only a furnace in which the methane
is:-heated: as-near the bhighest temperature to
which the-furnace-lining, such, for-example, as
Carborundum,-may -be heated, -for evample, to
3000° F.; but the furnace must provide that the
methane be heated in-as short a time as:is prac-
ticable, for example, 1% second or preferably less,
and -be-as.quickly cooled -as is practicable; to a
temper ature at which the acetylene is stable; for
example, to 900% P :

-+ is- an- object of my 1nvent1on to provide a
furnace- capable of producing -acetylene -in the
manner above described. -Such a furnace has
other uses,. the manufacture of acetylene from
methane being.given to 1llustrate only one use of
my:: 1nvent1on -

In any furnaceof tms type, in which a mass of
Carborundum or other heat-refractory substance
is-held at- temperatures in excess:of 2800° F
sometunes for. a-period;- of several, months the
problem of ‘supporting the incandescent: mass.of
Carborundum. is -a, troublesome one,:and it is .a
further obJect of the invention to provide means
for.raising. the. temperature of -certain portions

(CL 2‘?

It S a further object of my mvention to pro=
v1de «in:such a-furnace means for recovermg and
putting to practzcal use-:ay cons1derable portion
of theheat used to-heat the gas to.a high enough.

. temperature to produce the desired change .in

" the gas-being used as raw material, for example
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of the 1egenerat1ve mass to a- temperature higher -

than the maximum temperature to which. it is
desn‘ed to-heat the gases to be processed, for ex-
ample, to a maximuym-temperature of 3000° .,

and. to- prov1de a. constructlon which- will permit
the cooler portlon of the regenerative mass to
be’ supported on steel supports in such a manner
that these supports will not be Weakened by h1gh
temperatures -

It As .a, further obJect of the 1nvent1on to pro-
vlde means by which.-the regeneratwe .mass-is so
heated that,. although the gases areheated to this
high’ _temperature. of 2800°-F., no.portion of the
regeneratlve mass will be: subJected to an exces-
sive tempe1 ature, for. example, in-excess of 3000°
F whuch temperature is .close to the: ‘maximum
temperature at- wluch Carborundum can. be
econommally -used.. T -
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in-converting methane to acetylene

It is a- further obJect of my mventmn to pro~
vide ,a furnace whlch may be operated on 2 re-
current cycle in wh1ch the. regeneratwe mass,
after: havmg been brought’ up to the maximum
temperature that can be. mamtamed without’ too
rapid. deterioration of ‘the regeneratwe mass, is
subJected to.a: recurrent cycle consisting of a
treatmg perlod m whlch the gas to be treated
for example, methane or a rmxture of gases con-
ta1n1ng methane, passes in one direction through
passages-in -said mass, thus reducing the. tem-
perature of the mass; &. heatmg period during
which hxgh temperature gases, Usually products
of combustlon, are passed through said passages
for a. suﬂiclent period to restore the mass to the
maximum. temperature, and a purging period
during Wthh ‘the interior of the furnace is ¢leared
of .products. of combustmn before. the cycle. is
repeated.

~Itis a further obJect of my invention to provide
a. furnace which may be operated on a cycle as
above described in such a manner that no. por-
tion of the regenerative mass is subjected to ex-
cessive . chianges in. pressure. during said cycle.
Such changes in pressure are destructive to re-
generatlve material and should not be in excess
of. 5 pounds . per square inch. If, for example,
any. portmn of. the regenerative mass is never at
an absolute pressure below 16 pounds per square
ineh, that portion of the mass should nevér. be
subjected.to an absolute pressure in execess of 21
pounds per square. inch.

It is a further object of my invention to pro-
v1de 3 furnace structure which will allow rapid
purging of the interior of the furnace at the
conclusion of the heating period so that hot com-
bustion. gases left in the passages in the mass
at the end of the heating period are not carried
over with and do not contaminate the gas heated
during the treating period.

It.is.a further object of my mventmn to pro-
duce a furnace which will.-operate over long pe-
riods, w1thout need of repairs, and in which the
productlve capacityis high as compared Wlth the
bulk-and cost-of the furnace. :

+-Further objects and advantages w111 be made
evident hereinafter. -

~Referring to the drawing, in-which T. 1llustrate
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a preferred form of furnace embodying my in-
vention:

Fig. 1 is a vertical cross section through the
furnace, shown somewhat schematically, various
valves, pumps, etc., ordinarily used with the fur-
nace but readily supplied by one skilled in the art,
being omitied; ;

Fig. 2 is a section through the boiler shown in
Fig. 1, this section being viewed in the direction
of the arrows adjoining the line 2—2 of Fig. 1, this
line identifying the horizontal plane of the sec-
tion shown in Fig. 2; and

Fig. 3 is a section of the furnace shown in Fig. 1,
this section being viewed in the direction of the
arrows adjoining the line 3—3 of Fig. 1, this line
identifying the horizontal plane of said section
shown in Fig. 3.

The preferred form of furnace shown in the
drawing includes a regenerative mass Il above
which a heat exchanger 12 is supported, if neces-
sary, by a structure external to the furnace, and
not shown. The regenerative mass {1 may be
formed of loose Carborundum bricks so placed
as to provide vertical, substantially straight, and
open primary passages 13 which extend through
the mass {i and connect a primary space 14
below the mass with a secondary space 15 above
the mass. The heat exchanger 12 is somewhat
similar to a fire tube boiler, consisting of a steel
shell 16 having a lower head {1, an intermediate
head I8a, and an upper head 18. Secured at their
lower ends in the lower head 1T and at their
upper ends in the intermediate head (8a are a
series of tubes 19, these tubes providing secondary
passages 20 through the heat exchanger 12, these
secondary passages providing open passages be-
tween the secondary space 19 and a tertiary space
21 inside the shell i§ and between the heads (8
and (8a. The space inside the shell 16 around
the tubes (9 is kept filled with water. Steam
with some entrained water flows through a pipe
22 to a steam drum 23 in which the steam sepa-
rates from the water. The usual boiler feed de-
vices are provided, but not shown, to keep the
inside of the heat exchanger full of water at all
times as the water is boiled away in the form of
steam. Steam is taken from the drum 23 through
a pipe 24, and, due to thermo-siphon and gravity
action, water flows from the drum 23 through a
pipe 25 back into the shell 16 near its lower end.

For convenience in illustration, the passages
{3 and tubes 19 are somewhat simplified in the
drawing, being much more numerous and of
greater area in proportion to the diameters of
the mass i and the heat exchanger (2 in the
actual furnace than they are shown in the
drawing.

The regenerative mass is so constructed that
it can be supported wholly on a steel structure
25¢ in the primary space (4. This space 14, as
will be understood from the description appearing
later herein, never contains gas at a temperature
which will substantially impair the strength of
steel, and the lower end of the regenerative mass
i1 never reaches such a destructive temperature.

Surrounding the upper end of the regenerative
mass Il is an annular combustion chamber 30,
which is in communication with the secondary
space 15 through an uninterrupted annular throat
31. Combustion in this space is provided by five
equally spaced burners 32, each fed with gas from
a fuel gas manifold 33. The combustion prod-
ucts in the space 15 may have a temperature of
3200-3400° F. The burners 32 discharge through
openings 34 in the lower wall of the combustion
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space 390, these openings connecting the combus-
tion space 30 with pipes 35 forming part of each
burner. A steel shell 3§ surrounds the mass (1
and the combustion chamber 30. Surrounding
the mass {1 inside the shell 36 is an annular layer
of heat-insulating material 37. Surrounding the
upper end of the regenerative mass Il is a ring
of Carborundum 29. The heat exchanger 12 and
various pipes may also be heat-insulated ex-
ternally by heat-insulating material, not shown.
Air is supplied to the pipes 35 from an air mani-
fold 49, and steam is admitted into the burners
32 from g steam manifold 41.

I prefer to line the inside of the combustion
chamber 30 with Carborundum brick, but ‘it
should be understood that Carborundum is merely
a preferred refractory material and wherever I
have specified its use any refractory material
having satisfactory characteristics may be used.
In fact, in actual furnace construction I do not
use Carborundum as the material for the annular
layer 317, in which a low thermal conductivity is
desirable.

The primary space 14 is provided with an inlet
pipe 42 through which the gas to be processed
may be supplied to the space 14, and steam or
other inert diluent gas may be supplied to the
primary space 14 through a pipe 43. The pipes
42 and 43 are provided with valves, as are the
bipes that supply fuel gas to the pipes 35, and as
is the pipe supplying steam to the burners 32,
these valves also not being shown. The primary
space 14 also has an outlet pipe 45 through which
combustion gases are conducted to a stack 46
through a valve 41. Processed gases are taken
from the tertiary space 21 through a valve 48 to
a pipe 49, these gases being the product desired.

It is important that the lower head I7 of the
heat exchanger (2 be evenly spaced from and
close enough to the top of the mass | to readily
absorb radiant heat passing from the mass
through the secondary space 15 to the head 11,
the purpose being to prevent the upper portion
of the refractory mass il and the ring 39 from
closely approaching combustion temperature and
thus becoming overheated.

The operation of the furnace may be manually
controlled by operating the various valves, but in
practice these valves are automatically controlled
by mechanism forming no part of the furnace
and hence not described or shown.

The operation in producing acetylene from
methane will be described, as such an operation
is typical of many uses for which the furnace
may be utilized. The furnace is operated in a
periodically recurring cycle consisting of a heat-
ing, a purging, and a treating period. At the
beginning of the heating period, the valve 48 is
closed, and the valve 47 is open, and during this
heating period no gas or diluent is supplied to
the primary space 14 through the pipe 42,

Fuel gas is supplied to the burners 32 from the
manifold 33, and air for combustion is supplied
to the pipes 35 from the manifold 40. It is im-
portant to so regulate the flow of air and gas
that each of the burners will produce combustion
products of about the same volume and at about
the same temperature. In the drawings, I show
five burners 32, but in large furnaces more than
five burners are desirable. The burners may be
inserted through the side walls of the combustion
chamber 80, their exact location being some-
what a matter of convenience. If the burners are
properly operated, the combustion chamber 30
is filled with an annular ring of combustion gases
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8% a ‘fairly uniform temperature of 3200° F.- to
3400° P, ' I'have found thatin a properly designed
furnace a heat liberation of 750,000 to 1,000,000
E. t. u.’s per hour for each cubic foot of combus-
tion space is possible. This ring of combustion
products surrounds the upper end of the ring 39
and tends to heat it. The combustion products
flow evenly through the throat 31, which is con-
stricted to.-an area perpendicular to the gas. flow
of at least ¥s of the area on a horizontal plane of
the combustion space §0.: This constriction tends
to promote an even flow of combustion products
through the throat 31. Combustion products flow
through the throat-at a rather uniform velocity
and temperature all around. the throat, and this
velocity is lowered in the space 15 before the
gases change direction and . flow downwardly
through the primary.passages 3. The changes
in velocity and direction of the combustion gases
in passing from the combustion chamber 30 to the
space--15 tend to.mix the.gases.and produce a
very:uniform:temperature of the gases entering
each of the passages I3, which is highly desirable,
as it.is. my purpose to uniformly heat the re-
generative. mass to the maximum temperature at
which it can be used in practice.

~The lower head :11, the lower end of the heat
exchanger- 12, is .placed close to the ‘upper end
of the refractory mass:i{ and absorbs the heat
therefrom: and prevents overheating of the top
of the mass. Carborundum stands up well at
temperatures materially: beiow 3000° F. but de-
teriorates rapidly at temperatures materially
above 3000° F. I prefer to operate the furnace
so that no portion of “the regenerative mass is
at a temperature above 3000° F.; in order to pre-
vent rapid deterioration of the Carborundum, and
to-operate as close .as is practicable to this tem-
* perature in order to improve the degree of con-
version of the methane to acetylene. A uniform
heating of the mass 1{ can only be accomplished
by uniformity of temperature of the combustion
products. in: the combustion -chamber 30 and a
uniform flow of gases. through the throat 3I.
Radiant heat from the upper end of the mass
is absorbed by the lower head of the heat ex-
changer and is thus:saved-for use in-the steam
produced by the heat exchanger 12,

The primary passages: $3: should be of such
size, ‘and the volume of . the combustion products
should be such, that the combustion- products
passing downwardly through the primary pas-
sages attain a high velocity, preferably in-excess
0f:10,000.feet a minute. These products 10se heat
rapidly by convection; in fact, I have found that
in:a.properly designed and operated furnace the
combustion products lose  about 80% of their
sensible Heat to the regenerative mass il and the
heat exchanger 12 in. their passage-from the
throat 21 to the primary space {4, The products
of combustion are drawn from the primary space
{4 through the pipe 45 and valve 41 into the stack
46, which provides a draft, thereby aiding in with-
drawing the products of combustion from the
system. The regenerative mass 4 should. be of
sufficient length to insure a temperature at the
bottom of ‘the mass of about 900° F. when the
top of the mass is at 3000° F'., and when the mass
reaches these temperatures the firing period ter-
minates.and the flow of gas. to the burners 32
from the mamfold 33 and the flow of air to the
pipes 35 are both shut off. This firing period,
when the furnace is operating on the cycle, may
be from:.1 to 2 minutes. ‘

The purging period,.which may require; 3 sec-
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onds, theén occurs, The valve 48 s  opened and

the valve 47 is closed at the end of the heating
period.  Steam or other purging agent is admitted
to the: primary space 14 from the pipe 42 and

flows upwardly through the primary passages 13,

the space 15, and the secondary passages 20 to

the tertiary space 21, and through the valve 48

to the pipe 48. This flow purges the primary

passages I3 of combustion products.. Steam is at

the.same time admitted to the burners 32 from

the manifold 41 to purge the combustion cham-

ber 30 of combustion products, and a flow of

steam. from the manifold 41 is maintained until

the end of the treating period, this steam pre-

venting the gas being treated during the treat-

ing- period from entering the combustion cham-

ber 80 and.profecting the burners 32 from in-
jury by the combustion gases.

During the treating period, the gas to be treat-
ed, for example, a mixture containing methane,
is delivered to the primary space 14 from the pipe
42 and flows upwardly through the primary pas-
sages 13, being heated by contact with the hot

regenerative mass. . In making acetylene I pre-

fer not to heat the methane mixture before it

enters the primary space (4, In its passage up-

wardly through the primary passages, the. mix-

ture is heated to a temperature of about 2800° F
At or perhaps below . this temperature the me-

thane is converted into acetylene, hydrogen be-

ing released. This reaction absorbs large quan-

tities of heat which is obtained from the regen-

erative mass 11, At this high temperature the re-

action is very rapid, taking not more than &

second, and. it is important that the flow of gas

should be such that the gas passes through the
upper 10% of the regenerative mass in consid-
erably less than 3% second,
- Acetylene is quite unstable, and it is important
that the converted products of the primary pas-
sages. be cooled quickly; this cooling is accom-
plished in the tubes 19 of the heat exchanger 12.
The heat exchange tubes I8 should be so. pro-
portioned that the gases are cooled to about 909°
F. in their passage through these tubes, and that
the time required should be % second, or less.
This quick cooling can be secured if the heat ex~
change surface, that is, the area of the internal
surface of the tubes 19, is from 0.2 to 0.4 times
the area of the walls of the primary passages 18,
and the mass velocity of the cracked gas and
steam mixture passing through the tubes is from
3 to.6 pounds per square foot of the tube cross
section per second. It is not advisable to cool the
gas much below 900° F. in the cooler {2, as at

Jower temperatures any tars carried in the gases

tend to condense and collect carbon, thus block-
ing the tubes. This tar and carbon can.be re-
moved in a scrubber after the gas leaves the pipe
49, The treating period continues until the re-
generative mass |1 cools to such g degree that it
is not highly efficient in its conversion of meth-
ane to acetylene, when the treating period ends
by shutting off the flow of the methane mixture
into the primary space {4, by shutting off the
flow of steam into the burners 32, and by open-~
ing the valve 471 and closing the vale 48. The
cycle is then complete, and the firing period of
the next cycle starts, The treating period may
have been about 1 minute.

While I have described the use of my furnace
in relation to producing acetylene from methane,
it may be also used to produce butadiene and the
olefins, such as ethylene, propylene, and butylene,
or the aromatics, such as benzene toluene and




2,432,885

7

xylene, or hydrocyanic acid from the reaction of
hydrocarbons and ammonia. -All of these prod-
ucts are endothermic in nature, and the speed of
formation is very rapid at high temperature, .All
of these products are also unstable at high tem-
peratures and must be quickly cooled if they are
to be preserved -against disintegration. To suc-
cessfully produce and preserve each of these
other :products, they must be held at formation
temperatures no longer than a fraction of a sec-
ond,

While I have described my furnace .as using
methane as a gas to be processed, in practice it
will :be more often used to process natural :gas,
which is Jargely methane, waste hydrocarbon
gases from -oil refineries or other sources which
may or may not contain methane but contain
other hydrocarbons .such .as ‘ethane, butane,
propane, or the like, or natural gasoline or other
petroleum derivatives which are liquid -at normal
temperatures and which must be gasified by
heating prior to being -delivered to the primary
space 4.

In any consideration of the furnace it should
be understood that the heat exchanger not only
acts as a very efficient means for-quickly -extract-
ing heat from the gas after this gas leaves the
regenerative mass, but ‘that it also acts as a
steam ‘boiler, producing steam. This function is
of considerable value, as steam finds a ready -use
in connection with the plant in which any such
furnace is operated.

The general -dimensions of the regeneratlve
mass in regard to the-dimensions of the primary
passages therethrough and the thickness of ‘the
walls therebetween may be those set forth inthe
Hasche et al. Patents No. 2,318,688, issued May
11, 1943, and No. 2,319,679, issued May 18, 1943.

Other modifications of the apparatus of the pres-.

ent invention are shown and :described in appli-
cant’s copending applications ‘Serial Numbers
633,844 'and 633;845, filed December '8, 1945,

Quantitative statements as given above, in 50
far as they depend upon any definite ‘size of -fur-
nace, relate to a furnace having ‘a regenerative
mass with a diameter of ‘6% feet, a length of 15
feet, a ‘total surface of primary regenerative pas-
sageway of approximately 8000 'square feet, a
volume of total primary passageway of regenera-
tive mass of approximately 115 cubic ‘feet, ‘and
having a steam boiler, the outside diameter of
which is 5 .feet, with a length of 15 feet, and total
surface of the boiler tubes approximately 2400
square feet. .In such a furnace thelineal velocity
of gas through the tubes should be 20,000 to 30,-
000 feet per minute.

To obtain the best results, the area of the
walls of the primary passages should be approxi-
mately equal to the area of the walls of the sec-
ondary passages, and the total cubical volume
of the.space included in the secondary space and
the secondary passages should not be over twice
the volume of the space included in the primary
passages.

I claim as my invention:

1. A regenerative.furnace comprising an outer
shell .enclosing an elongated upright regenerative
mass having passageways extending lengthwise
therethrough, a chamber surrounding one end of
said regenerative mass forming a substantially
annular combustion.space about the end portion
of said regenerative mass, an annular throat con-
stituting a communication between said annu-
lar combustion space and a space adjacent said
end of said miass into which said “passageways
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open, a plurality of burners opening into said an-

nular ‘combustion space, a second chamber pro-
v1dmg 3 primary space in direct communication
with said passageways at the opposite end of said
regenerative mass, an inlet communicating with
said 'second chamber for admitting gas to be
treated during a treating cycle, and an outlet
communicating with said second chamber for
the -escape of products of combustion during a
heating cycle.

2. A regenerative furnace comprising an outer
shell enclosing :an elongated upright regenerative
mass having passageways extending lengthwise
therethrough, :a chamber surrounding one -end
of gaid regenerative mass forming a substantially
annular .combustion space about the end portion
of said regenerative mass, an annular throat
constituting .a communication between said an-
nular combustion space-and a space adjacent said
end of said mass into which said passageways
open, g plurality of burners opening into said
annular combustion space, a :second chamber
providing a primary space in direct communica-
tion with said passageways at the opposite end of
said regenerative mass, an inlet communicating
with said second chamber for admitting gas to
be treated during a treating cycle, an ouflet com-
municating with said second chamber for the
escape of products of combustion during a heating
cycle and heat exchange means in substantially
axial communication with said passageways in
said regenerative mass at the end thereof sur-
rounded by said .annular combustion chamber.

‘3. .A regenerative furnace comprising an outer
shell enclosing an elongated upright regenerative
mass having passageways extending lengthwise
therethrough, a:chamber surrounding one end of
said regenerative mass forming a substantially
annular combustion space about the end portion
of 'sgid regenerative mass, an annular throat con-
stituting a communication ‘between said annular
conmibustion space.and g :space adjacent said end
of said mass into which said passageways open.
a plurglity of ‘burners opening into said annular
conibustion -space, a .second chamber providing
3 ‘primary space in direct .communication with
said passageways at the opposite end of said re-
generative mass, an inlet communicating with
said second chamber for admitting gas to be
treated during a treating cycle, an outlet com-
municating with sdid second ‘chamber for the
escape .of .products of combustion during a heat-
ing ‘cycle and heat exchange means in substan-
tially:axial communication with said passageways
in -said regenerative mass at the end thereof sur-
rounded by said :annular combustion chamber,
said heat exchange means embracing tubular pas-
sageways disposed ‘in - a casing, said casing being
adapted to-receive fluid for heat exchange with
gases flowing through said tubular passageways.

RUDOLPH LEONARD HASCHE.
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