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The invention relates to the production of an off-gas
or cracked gas containing a desired hydrocarbon such as,
for example, acetylene, or ethylene, and other olefins,
from an in-gas containing a suitable hydrocarbon, such
as, for example, propane, by the pyrolysis of the in-gas
in a suitable regenerative furnace.

The nature and substance of the invention may be
briefly summarized as comprising a new and useful
method of, and apparatus for, operating a novel and use-
ful furnace which may be used to pyrolyze hydrocarbons.

A primary object of the invention is to provide such a
furnace having heating means adapted to permit the size
of the furnace, and consequently its capacity, to be varied
through a wide range without substantial variation in
yield of the desired hydrocarbon

A further object is to provide such a furnace havmg

2

Fig. 13 is a diagram illustrating the cooling system
of the invention. .

Fig. 14 is a view similar to Fig. 11 of an alternative
form of fuel nozzle.

A furnace 11 adapted for use in my invention is dia-
grammatically illustrated in Fig. 1. It consists of a

" steel shell 12 having a heat insulating lining 13. Carried
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quenching means adapted to efficiently and rapidly -

quench the cracked gases formed by pyrolysis in the
furnace to temperatures at which the desired hydrocar-
bon is stable. - Another related object is to maintain the
temperature of the quenching means above the dew point
of tarlike materials in the cracked gas, to prevent the
deposit of such tarlike materials.

Still another object of the invention is to provide such
a furnace with fuel injection means adapted to efficiently
supply fuel thereto to promote uniform combustion
therein.
so that the fuel injection means is maintained at a tem-
perature below the temperature at which the fuel would
be cracked to form undesirable tarlike materials.

Other objects, features, and advantages will appear
from the following specification and the drawings, which
are for the purpose of illustration only, and in which:

Fig. 1 is a diagram, partly in vertical section, showing
the furnace of my invention and the piping and auxiliary
apparatus adapted to produce a desired hydrocarbon
from a suitable hydrocarbon.

Figs. 2, 3, 4, and 5, are diagrams 111ustrat1ng the four
steps of a cyclic process used to practice my invention.

Fig. 6 is a transverse vertical section through the
furnace on a plane indicated by the line 6—6 in Fig. 8.

Fig. 7 is a transverse vertical section through the
furnace on a plane indicated by the line 7—7 in Fig. 8.

Fig. 8 is a longitudinal vertical section of a portron
of the furnace on a plane mdlcated by a line 8-—8 in
Fig. 6.

Fig. 9 is a longitudinal section through a portion of
a quencher and quencher tube of the invention on a
plane indicated by a line 9—9 in Fig. 12.

Fig. 10 is a cross section on a plane indicated by a
line 10—10 in Fig. 9.

Fig. 11 is a longitudinal section through a portron of
a quencher and fuel nozzle on a plane indicated by a
line 11---11 in Fig. 12.

Fig. 12 is a cross section through a portion of a
quencher and fuel nozzle on a plane indicated by a
line 12—12111F1g 11,
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inside the lining 13 are three spaced regenerative masses
15, 16, and 17 providing four spaces, a -left-hand end
space 21, a left central space 22, a right central space
23, and a right-hand end space 24, as viewed in Fig. 1.
Each of the regenerative masses has a plurality of longi-
tudinal channels 25 which extend longitudinally through
the mass, the channels 25 connecting the spaces 21 to 24
in a chain of openings through which gas may pass from
the left end space 21 to the right end space 24, or vice
versa, A pipe 26 delivers gas to, or takes it from, the
left-hand end space 21 and a pipe 27 delivers gas to, or
takes it from, the right-hand end space 24.

Air under pressure may be delivered to the pipe 26
through a valve 31 and to the pipe 27 through a valve
32. Waste products of combustion may be delivered to
a stack from the pipe 26 through a valve 33 and from
the pipe 27 through a valve 34. Off-gas or cracked gas
may be taken from the pipe 26 through a valve 35 and
from the pipe 27 through a valve 36. In-gas may be
delivered to the pipe 26 through a valve 37 and to the
pipe 27 through a valve 38. In-gas may be a mixture
formed in a mixer 40 of a diluent such as steam, de-
livered through a valve 41, and a suitable hydrocarbon
delivered through a valve 42. Fuel gas may be de-
livered to the space 22 through a valve 43 and to the
space 23 through a.valve 44. Also, steam may be de-
livered to the space 22 through a valve 43z and to the
space 23 through a valve 44a.

Various processes may be carried on by the mech—

“anism shown in Fig. 1 and above described. For ex-

ample, an off-gas containing acetylene or ethylene, or
both, may be produced from an in-gas containing pro-
pane, in a four-step process which will now be descrbed.
Before this process can be started, the masses 15, 16, and
17 must be preheated. Such preheating can .be con-
veniently performed in two steps. Each of the spaces
22 and 23 has a torch opening 46 which is normally
closed by a plug 47. All of the valves 31 to 38, 41 to
44, 43a and 44a being closed, the valve 34 is opened,
thus connecting the space 24 with the stack. The left-
hand plug 47 is then removed from its opening com-
municating with the space 22 and hot gas or flame from
a torch is fed into the space 22 through the opening 46
and the hot gas therefrom passes through the channels
25 in masses 16 and 17 and this hot gas tends to heat
masses 16 and 17 before passing through the pipe 27
and valve 34 to the stack. = The torch is then withdrawn
from the hole 46 in the space 22 and the plug 47 is re-
placed and the valve 34 is closed. The valve 33 is then
opened, the right-hand plug 47 is removed from its
opening 46 into the space 23 and hot gas or flame is
passed from a torch into the space 23 and the hot gas
therefrom passes through the channels 25 in the masses
16 and 15 and through the pipe 26 and the valve 33 to
the stack. This accomplishes the preheating step.

As as alternative method of performing the initial pre-
heating step is, with all of the valves 31 to 38, 41 to
44, 43a and 444 being closed, the valve 33 is opened to
the stack, the fuel valve 44 is partially opened to permit
fuel to flow into the right central space 23, the air valve
32 is opened to permit air to pass to the right end space
24 and through the channels 25 in the right-hand mass
17 into the space 23 where it mixes with fuel, the mixture
being ignited through the right-hand port 46 which is
then closed. The hot products of such combustion then
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pass from the space 23 through the mass 16, the space
22, and the mass 15 to the stack through the pipe 26
and the valve 33, which heats the masses 16 and 15.
When the masses 16 and 15 have attained .a desired tem-
perature, the valves 32, 33, and 44 are closed and valves
31, 34 and 43 are opened to a required extent to permit
air to pass through the valve 31, the left end space 21;
and the mass 15 into the left central space 22 where it
mixes with fuel admitted thereto through the valve 43.
Such mixture in the space 22 is then ignited and:the hot
products of such combustion then pass through the mass
16, the right central space 23, the mass 17, and the valve
34 to the stack. This is continued until the mass 17 -at-
tains. a desired starting temperature, which completes
this alternative form of preheating. step.

It will be noted that in the preheating step the mass 16
has been heated by both a.left-to-right and a right-to-left
flow of hot gas. The central mass 16 is, therefore, much
hotter than either of the masses 15 or 17. Also, both of
the masses 15 and 17 will be much hotter at their inner
ends adjacent to the spaces 22 and 23 than at their outer
ends adjacent to the end spaces 21 and 24.

Such pteheating step should be performed prior to start-
ing cyclic production of the desired hydrocarbon, such
as acetylene, but the cycle now.to be described main-
tains the masses in proper heat condition as long as the
cycle persists, subject, however, to brief interruptions of
the cyclic process at long intervals of time when it is
desired to correct any undesired distribution of heat in
the masses.

The four steps of the cychc process which is chosen to
illustrate one tse of the invention claimed herein are
illustrated by Figs, 2, 3; 4, and 5, and will now be de-
scribed,

Preparatory to the cyclic process next to be described
the furnace has been preheated as prewously descrlbed
For thé manufacture of - acetylene the central mass 16
during the cyclic step may be at a temperature somewhat
hlgher than 2200° F. and the masses 15 and 17 are at a
temperature somewhat lower than 2200° F. adjacent to
the central spaces 22 and 23 and at a much lower tem-
perature at their outer ends adjacent to their respective
end spaces 21 and 24. For the production of ethylene
primarily, or a mixture of ethylene and acetylene such
temperatures may be somewhat lower to obtain optimum
yields: Also, as will be understood, if in the preheatmg
step the hot products of combustion are last passed from
right-to-left, as seen in Fig. 1, the center mass 16 and the
left-hand mass 15 will be at a higher temperature than
the tight-hand mass 17 and in the initial make step the
1n-gas should be passed from left-to-right. However, if
in the preheating step the hot products of combustion are
last pessed from left-to-right the center mass 16 and the
right-hand mass 17 will be at a higher temperature than
the left-hand mass 15 and in this case in the initial make
step the in-gas should be passed from right-to-left. It
is immaterial which way the cyclic operation is started.

Durmg the LH make step as shown in Fig. 2 an in-
ges is formed by mixing a suitable hydrocarbon, such as
propane, delivered to the mixer 40 through the valve 42,
with a diluent, such as steam, admitted to the mixer 40
through the valve 41, the in-gas so produced being . de-
livered through the valve 37 and the pipe 26 to.the left-
hand end space 21 of the furnace 11. The m-gas flows
from left-to-right through the furnace 11 and is pyrolyzed
in the furnace 11 to form an ofi-gas contammg a desired
hydrocarbon, the off-gas. being delivered to other appa-
ratus, not shown or described, through the valve 36 from
the pipe 27. Such pyrolysis in the LH make step occurs

principally in the center mass 16 but some also occurs
in the left-hand mass 15. During the make step heat .is
withdrawn from the hot regenerative masses in the fur-
nace to (a) provide heat to bring the in-gas up to a
certain reactive temperature and (b) to provide the heat
necessary to perform ‘the pyrolysis.
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The RH heat step shown in Fig. 3 may follow the LH
tnake step. In the RH heat step, air is delivered through
the valve 31 and the pipe 26 to the left-hand end of the
furnace and passes from left-to-right through the furnace,
being itself heated by and in turn cooling the mass 15.
Fuel gas is delivered through the valve 43 to the space
22 where it is mixed with the hot air delivered to the
space 22 from the channels.25.in the .mass 15 and-burned.
The products. of such combustion pass. rightwardly
through the furnace, passing to the stack through the
mass 1§, the central space 23, the nght-hand mass 17, the
rlght end space 24, the pipe 27, and ‘the valve 34. This
is continued until the center mass 16 and at least the
inner end of the right-hand mass. 17: are raised above a
desired pyrolysis temperature. This. is.followed by the
RH make step. '

The RH make step is shown in Fig. 4. The in-gas pro-
duced in the mixer 40 is delivered through the valve 38
and pipe.27 to the.right-hand end of the furnace.and
passes- from right-to-left through the furnace 11, py-
rolysis taking place principally in the center mass 16, and
to a lesser degree in the right-hand mass 17. The oﬁ-gas
leaves the furnace through the . valve 35.

The LH heat step is shown.in Fig. 5 and may follow
the RH make process shown-in Fig. 4. In the LH heat
step air-is delivered to the furnace 11 through the valve
32 and the pipe.27, and-is mixed with fuel gas in the
space 23 delivered to the space 23 through the valve 44
and burned. The products of ‘combustion are- delivered
to the stack through pipe 26 and the valve-33,

Disposed in the central spaces .22 and 23 are transverse
members 50 and -51, respéctively, which are. identical,
except opposﬂely disposed, so- only. the member 51 will
be described in detail. The member-51, as-best -shown
in Figs. 6,8, and 9 to 13, mcluswe, includes a~genera11y
rectangular container member 52 Wwhich is- preferably
inset -through the top of the furnace 11 into-the right
central-space 23. The confainer member 52 has front
and rear walls 52a and 52b, respectively, and a bottom
wall 52¢, as shown in Fig. 8, and side walls 524 and 52e,
as shown in Fig. 6, and" an integral head member 53
which is suitably secured in gas-tight relationsihp to the
top of the shell- 12. The container member 52 thus
forms a closed box which completely covers transverse-
ly the cross-sectional area of thé right central space 23,
Dependmg from the head -member 53 are four fuel plpes
54, the Tower ends of which ‘are closed and ‘the uppet
ends of Wthh are in open comrnumcatlon w1th a mani-
fold space 36 prov1ded by a cover bell 57 with, which the
fuel supply is connected through the valve 44- and ‘its
piping.

Also suspended from the head member 53 are two
outer baffle plates 60 and 61, the lower ends of which
stop short of the bottom wall 52¢, and supported by and
extending upwardly from the bottom wall is a central
baffle plate 62, the upper end of which stops short of
the head member 53. Connected to opposite . sides of
the head member 53 are coolant pipes 63a and 63b
which, as shown diagrammatically in Fig, 13, are con-
nected to a heat exchanger 64, there being a suitable
pump 65 in the line of the pipe 63a. The pump 65 is
adapted to circulate a suitable liquid from the heat ex-
changer through the pipe 63a into the container member
52 and therethrough around the baffle plates 60, 62, and

.61, as indicated by. the arrows in, Fxg 13, and through the

pipe 63b back through the heat.exchanger. Air is pref-
erably blown through the tubes (not shown) of the heat
exchanger 64 by a blower 66 to the valves 31 and 32,
or either, to be used in the heating steps of the method
described hérein.

Each of the depending fuel pipes 54 is provided. with
a plurality of fuel nozzle assemblies 71 (best shown in
Figs. 11 and 12). Each of the fuel nozzle assemblies
71 has a body 72 of generally tubular .form which is
welded at 73 and 73q into suitable horizontally aligned
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holes-in the front and rear walls 52a and 52b, respec-
tively. For convenience of manufacture, the depending
fuel pipes 54 are made in short lengths and the appro-
priate ends are welded into suitable vertically aligned
holes in the bodies 72, as indicated at 74. The body 72
is provided with a horizontally disposed conical opening
74a into which is driven a nozzle plug 75 which has a
horizontal bore 76 partially therethrough and a plurality
of circumferentially spaced radial bores 77 communicat-
ing with the interior of the fuel pipe 54 in which its fuel
nozzle assembly is located. The bores 76 of the nozzle
plugs 75 in the transverse member 51 open into the right
central space 23 and are directed towards the central
mass 16, and the similar bores in the transverse member
50 open into the left central space 22 and are directed
towards the central mass 16, as indicated in Fig. 1.

As best shown in Fig. 6, the nozzle assemblies 71 are
preferably spaced uniformly throughout the central space
in which they are located, to provide a uniform fuel
distribution in such space to insure a substantially uni-
form heating of the central mass 16 during both the LH
and RH heating steps described hereinbefore, which is
an important feature of the invention. With variations
of the cross-sectional area of the central mass 16 the
number of depending fuel pipes 54 and the number of
nozzle assemblies 71 in each may be varied to readily
provide a uniform fuel distribution for any desired cross-
sectional area. Thus, if such area is increased, the num-
ber of fuel pipes 54 or nozzle assemblies 71, or both,
may be increased, or, conversely, for smaller areas such
‘number may be reduced. This method of fuel distribu-
tion is particularly desirable in regenerative furnaces hav-
ing a large cross-sectional area, in which it is virtually
impossible to provide a uniform fuel distribution across
the entire area if the fuel is injected into the furnace by
jets or nozzles in the sides of the furnace by conven-
tional means. ’

Also connecting the front and rear walls 524 and 52b
of the container 51 are a plurality of short flue tubes 81
which are arranged in a substantially uniform pattern be-
tween the fuel tubes 54 and the nozzle assemblies 71.
As best shown in Fig. 9, each of the flue tubes 81 is
welded at its ends to the front and rear walls 52a and
52b, as at 82. The total cross-sectional open area of the
flue tubes 81 is preferably approximately equal to the
total cross-sectional area of the channels 25 in the masses
15, 16, and 17 so that the velocity of passage of gas
therethrough is substantially uniform, and this is a fur-
ther object of the invention.

As will be noted, the coolant which is circulated
through the container 51 passes around the flue tubes
81 and serves to cool gas passing therethrough as desired.
~Thus, during the RH make step the center mass 16 is at
the relatively high temperature required for pyrolysis
and the in-gas passes from the right end space 24 through
the channels 25 in the right-hand mass 17 and then
through the flue tubes 81 in the transverse member 51
and thence through the central mass 16 where the major
part of the pyrolysis occurs, and into the left central
space 22 from which the cracked gas flows through the
flue tubes 81 of the transverse member 50 and thence
through the left-hand mass 15 and out of the furnace.
If at this time coolant is circulated through the trans-
verse member 530 the cracked gas passing through the
flue tubes 81 thereof is quickly cooled by such coolant
to a temperature at which the desired hydrocarbon there-
in, such as acetylene, is stable, which provides a much
more rapid quench of the cracked gas than would be pos-
sible in the left-hand mass 15 alone without the presence
of the transverse member 50 as normally practiced by
conventional furnaces. Such prompt and effective cool-
ing of the cracked gas substantially increases the yield
of the desired hydrocarbon, such as acetylene, therein.
As will be understood, during the LH make step coolant
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circulated through the transversé mémber 51 serves to
cool the cracked gas passing therethrough,

The coolant circulated through the transverse members
50 and 51 is necessarily a liquid having a relatively high
boiling temperature, such as “Dow Therm,” which can
be operated at temperatures of 600° F. to 700° F. with-
out boiling, or by a liquid metal such as mercury, so-
dium, or lead. Due to the high temperatures existing
in the furnace 11 to obtain pyrolysis such a high tem-
perature liquid will normally be circulated at tempera-
tures in excess of 500° F. Thus, although such liquid

is generally referred to herein as a “coolant” for the

hot gas at much higher pyrolysis temperatures, still in
the operation of my invention such coolant is actually
quite hot. This provides a further advantage in the
practice of this process as during each heating step this
coolant is employed to preheat the air passing into the
furnace.. Thus, in the LH heat step, air passing from
the pipe 27 through the right-hand mass 17 passes through

.the transverse member. 51 through which such relatively

hot coolant is being circulated. :

Having described the function and operation of the
apparatus qualitatively, the quantitive information will
now be given so that anyone skilled in the art will be
able to practice the invention and obtain the improved
results to be derived therefrom.

In the furnace of the type described in which the ce-
ramic masses 15, 16, and 17 each has a cross-sectional
area of 2.5 square feet the heat duty thereof during each
heating step will be 50,000 B.t.u. per minute in produc-
ing acetylene, or about 20,000 B.t.u. per minute per
square foot of cross-section. Since this invention is
applicable to furnaces having a wide variation in sizes,
the proportions given hereinafter will be on the basis
of such a furnace having ceramic masses of one square

‘foot in cross-section.

The fuel supplied to the fuel nozzles 71 will normally
be off-gas formed by the furnace during the make steps
and after the acetylene or other desired product has been
removed therefrom. Such off-gas normally has a heat
value of about 500 B.t.u. per cubic foot. In producing
acetylene from propane the composition of the off-gas will
be approximately as follows:

7.31
4.09
58.51
21.84
L 6.27
C,Hg : - Jd
1
21
1.57
The heat value of such an off-gas will be about 475
B.t.u. per cubic foot. Therefore, it will be necessary to
burn 42 s.c.f.m. (standard cubic feet per minute) per
square foot of cross-sectional area of the ceramic masses.
To accomplish this, I prefer to arrange the fuel nozzles
71 on approximately 432" centers, to provide 6.4 fuel
nozzles per square foot of cross-section, and each fuel
nozzle will be required to burn 6.6 s.c.f.m. of the off-gas.
If natural gas is used for fuel, it will have a heat value
of about 1000 B.t.u. per cubic foot, and therefore only
20 s.c.f.m. will be required, or about 3.1 s.c.f.m. per
nozzle. As shown in Fig. 12, four orifices 77 are pro-
vided for each fuel nozzle 71, and sufficient pressure
should be maintained in the fuel pipes 54 to provide an
in-gas flow through the orifices at the critical velocity of
the in-gas, which is about 2500 feet per second. There-
fore, for the use of such an off-gas as fuel each orifice
77 should have a diameter of about 0.06 inch. If nat-
ural gas is used as fuel, the diameter of each orifice should
be about 0.05 inch.
The diameter of the bores 76 is not critical, but I have
-found that good results are obtained if the fuel velocity in
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.such ‘bores is about the same-as the air:velocity through
the flue tubes 81. Since there are four flue tubes: 81
for each fuel nozzle 71 and the ratio of .air. to .off-gas
for complete combustionis about 4.5:1, the cross-sec-
tional area of ‘the bore.76 should be approximately 0.9
times the internal cross-sectional. area of ‘the flue tube 81.
This ratiois reduced, however, by the fact that:the tem-
perature -of the ‘air-passing through the flue-tubes-81:is
approximately 1000° -C., while the . fuel .gas. passing
through the bores 76.is. approximately-at the temperature
of the quencher:50, which is approximately 350°.C. - Al-
lowing for this temperature ‘difference,-the area ratio of
the bore 76 to .the flue itube 81.will be approximately
0.43:1.

A further function:of the flue:tubes-81 is to impress
a pressure drop on. the .gases flowing thercthrough to
equalize -the flow through the :central -spaces 22 and 23
and to -act as distributors for the gases .to insure: this
result. “Under the normal operating conditions required
for optimum yields of acetylene, I have found that the
internal diameter of the flue tubes 81 should be not less
than one inch, which would give a pressure drop of about
0.175" of mercury static. pressure, and:could: be as:much
as 1% inches, which would reduce the pressure drop to
0.109’* of mercury.

In designing the quenchers 59 and 51, the matter of
heat transfer from the hot cracked gas to the quencher
should be considered. . For optimum.quenching, the tem-
perature of the :gas:should be.reduced at the rate of
about 20,000° C. per:second or: higher, and.it is -de-
sirable to reduce the temperature -of :the gas .at least
200° C. during passage through the.quencher.- The quan-
tity of cracked gas to be cooled.is 120-s.c:if.m. per square
foot of :cross-section of ithe.interior-of the-furnace, and,
in addition, 155 s.c.f.m. of steam-must-be quenched; which
will require a total of 2550 B.t.u. per-minute. -The flue
tubes 81 are spaced-on 2% inch:centers, providing: 28.5
flue tubes. per square foot-of quencher-area. -Using flue
tubes -of one -inch :diameter. and- two- inches -long, the
quenching area provided thereby is .1.24-square feet of
face . area on the quencher.  However, most of the heat
transfer is by radiation, -and ‘hence - the : faces -of the
quenchers 5¢ and 51 will transfer heat as well as.the sur-
faces of the flue tubes 81.. The total available quenching
area, therefore, is 3.24 square feet per “square foot .of
;gross area of ‘the quencher. “Since ‘the heat transfer is
proportional ‘to Ty*—Ts3%, the transfer at 2500° ‘R..and
1140° R., ‘which -are -absolute temperatures of the gas
-and quencher respectively, will be 3500 B:t.u. per minuite
with an emissivity factor of 1.0. For dull stainless steel
this factor is about 0:65, which will transfer about 2300
B.t.u. per minute. ~In addition, there is a convection
transfer, which is ‘about 200 B.t.u. per minute. The total
is about 2500 B.t.u. per minute, and approximatély the
‘heat transfer requirement -for obtaining the = desired
quench.

It -is sometimes desirable to quench the cracked gas
further than indicated above. This may be -done by mak-
ing the quenchers 56 and 51 thicker and the flue.tubes 81
longer, or by using a larger number of :smaller flue tubes,
to provide more quenching surface.

It is also desirable in.some. cases:to:supply:steam to
the. spaces 22 and.23-during the make steps to provide an
.additional quench. -To.accomplish  this, ‘during :a LH
-make step. as shown.in ‘Fig. 2, the fuel valves:43 and 44
are closed and the. steam:valve 44q is: opened to supply
steam:at the correct:pressure-to the manifold 56, the pipes
54, .and the nozzles 71:to inject steam .into:the.space .23
-countercurrent to the:flow. of cracked :gas therethrough.
Thus, the nozzles 71 .may serve the-double.purpose of
supplying fuel-during the heat steps.and steam for quench-
‘ing during. the make steps. Since the ‘construction -and
arrangement of the nozzles 71 are -designed for condi-
tions required for proper fuel supply, the steam pressure
:must ‘be -adjusted :to.:provide -a proper supply:of -steam
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‘theréthrough for quenching. "If it is desired to ‘obtaina
.steam- quench ‘of the cracked gas at 200° C., saturated
steam at -an initial temperature of about 150° C. is sup-
plied through the quencher 51, and the cracked gas mix-
‘ture will be reduced from 1075° C. to 875° C. If:the
‘total volume of the cracked gas mixture is 275 s.c.fm. it
-will- require about 2550 B.t.u. for such quenching. The
temperature - of the - quenching steam will be increased
from 150°-C..to-about.875° C., which requires a flow
of -quenching -steam of. about 75 .s.c.f:m., or about 11.5
s.c.f.m. per nozzle 71, and to.accomplish this will require
‘a pressure- of ‘about 18 p.s.i.g. on the supply-of quenching
:steam. :Since the.quenching steam is discharged into the
spaces 22 and: 23 during the make:steps. and countercur-
rent to the flow of cracked gas therein it causes. a high
degree of turbulence in ‘the spaces, which- quenches the
cracked gas quickly as-it leaves the center:mass.25. - This
‘is.another advantage and:object of the invention. The
partially . quenched cracked gas then flows through the
quencher 50 or 51 where the temperature is further re-
‘duced. as explained ‘above. - By these two quenches. the
temperature of .the cracked gas can readily be reduced at
Jleast 400° C. if desired.

‘There are two.important limitations on the operating
‘temperatures-of the quenchers 58 and 51 to insure proper
operation of the furnace. First, if the fuel gas passing
-through :the. fuel pipes:54 and the orifices 77.is. heated
-much - beyond -600°:C., some cracking of the fuel gas
occurs :to. produce undesirable ‘tars which tend to plug
the orifices. - ~Therefore, the temperatures within the
-quenchers 'should ‘not.exceed 600° C. Secondly, if the
-temperature in the-quenchers falls below the dew: point
-of .tars in' the cracked gas, such tars will deposit on the
-quenchers - to ~reduce the ‘heat : transfer characteristics
thereof -and ‘to tend-to plug the flue tubes 81. With
-cracked -gases ‘normally formed. in my furnace, the dew
point of such tars is normally somewhat below-300° C.
:and’to-prevent -the- deposit of such tars this is the ‘mini-
mum :permissible temperature of the quenchers. - Nor-
mally ‘the furnace should be operated on heating steps
‘only until the temperature of the quenchers 5¢ and 51
is raised -above 300° C. before cracking is started, and
‘thereafter the -temperature of the quenchers should be
.maintained below 600° C.

-An aiternative form of -nozzle element 71a :is-shown
:in-Fig. 14 in-which the only difference fromthe nozzle
-element 71q .is in the plug 75q4. In this form, the:outer
end of the plug 75a is-closed by a wall 755 having a plu-
rality of orifices 75¢ therein which are directed radially
-and -outwardly, ‘and the orifices 77a which -admit gas or
steam -to:the interior-of the plug are enlarged. With this
_construction, fuel ejected from the orifices 75¢ crosses
.the path of air flowing through the flue tubes 81 and pro-
vides an improved mixing of the fuel and air during-a
heat step to give more uniform combustion.

From the foregoing description it will be understood
that the cross-sectional area of such a furnace may be
scaled.up or down as desired to provide any desired fur-
-nace capacity within a wide range, providing furnace ca-
pacities - greatly in excess of those attainable with .con-
ventional .regenerative furnaces. This is an important
object of the invention.

The transverse members 5§ and 51 also serve a further
_purpose in acting as baffles tending to confine the pyrolysis
of the in-gas during each make step to the relatively short
zone therebetween, which materially increases the yield
of the desired hydrocarbon.

The air passing through the member 51 is at-a higher
‘temperature than the member 51 due to having absorbed
‘heat from the mass 17.  Some drop in temperature, there-
fore, occurs at this point. However, the heat exchanger

~64 takes heat from both transverse members 5¢ and 5%

and the blower 66 supplies air to:the pipe 27 through the
-valve. 32, .which adds heat to the air entering.the mass'17
‘in tamount: approximately ‘double .that removed: from:the

I,
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dir by the member 51.  Also, since these furnaces are
normally operated in pairs, all of the heat removed by
the members 50 and 51 of the furnace which is on the
cracking cycle is added to the air supplied to the furnace
on the heat cycle. Therefore, the net result is that the
heat added to the air before it enters the mass 17 is four
times the heat removed by the member 51 less, of course,
the normal loss in heat transfer. Conversely, during the
right-hand heat step, air passing through the transverse
member 50 is cooled but, before entering the mass 15,
it is heated to the extent of four times this heat removal
by means of the heat exchanger 64, which transfers heat
to the air supplied to the valve 31 and the pipe 26.

Whilé I have described a preferred embodiment of this
invention, it will be apparent to those skilled in the art
that its novel features may be applied in other equivalent
forms, and I do not desire to be limited to such specific
embodiment disclosed but desire to be afforded the full
scope of the following claims.

I claim as my invention:

1. In a regemerative furnace for the pyrolysis of hy-
drocarbons, the combination of: a first regenerative mass;
a second regenerative mass axially aligned with and lon-
gitudinally spaced from said first mass to provide a first
combustion space therebetween; a third regenerative mass
axially aligned with said first and second masses and
longitudinally spaced from said second mass to provide a
second combustion space therebetween; a first fuel injec-
tion means extending into said first combustion space and
having a plurality of nozzles in said space all directed
axially of the furnace and only towards said second mass;
and a second fuel injection means extending into said sec-
ond combustion space and having a plurality of nozzles
in said space and all directed axially of the furnace and
only towards said second mass.

2. In a regenerative furnace for the pyrolysis of hydro-
carbons, the combination of: first and second regenera-
tive masses axially aligned and spaced apart to provide
a combustion space, each of said masses having a plu-
rality of longitudinal gas channels therethrough com-
municating with said combustion space; means for inject-
ing fuel into said combustion space, including a plurality
of nozzles; and transverse baffle means in said combustion
space and completely extending thereacross, said baffle

means having a plurality of openings therethrough to pro--

vide communication between the channels in said first
mass with the channels in said second mass, the total
cross-sectional area of said openings being at least as
great as the smallest total cross-sectional area of the
channels in either of said masses, said openings being
independent of and spaced from said nozzles.

3. In a regenerative furnace for the pyrolysis of hydro-
carbons, the combination of: a first regenerative mass; a
second regenerative mass spaced from said first mass to
provide a first combustion space therebetween; a third
regenerative mass spaced from said second mass to provide
a second combustion space therebetween, each of said
masses having a plurality of longitudinal gas channels

- therethrough communicating with the adjacent space or
spaces; means for injecting fuel into each of said com-
bustion spaces, including a plurality of nozzles; and trans-
verse baffle means in each of said combustion spaces and
extending completely thereacross, each of said baffle
means having a plurality of openings therethrough to pro-
vide communication between the channels of the masses
on each side of such baffle means, the total cross-sectional
area of said openings in each of said baffle means being
at least as great as the smallest total cross-sectional area
of the channels in any of said masses, said openings
being independent of and spaced from said. nozzles.

4. In a regenerative furnace for the pyrolysis of hydro-
carbons, the combination of: first and second regenerative
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-through édmniunicating with said space; conveying means

for conveying a cooling fluid through a predetermined
confined path from the exterior of the furnace into and
through' said space and out -of the furnace, said path
being separated from gases in said space; and a heat ex-
changer external to the furnace and associated with said
conveying means for recovering at least a part of any
heat gained by said cooling fluid during its passage
through said space and for cooling .said cooling fluid.

5. In a regenerative furnace for the pyrolysis of hy-
drocarbons, the combination of: first and second regen-
erative masses spaced apart to provide a combustion
space therebetween, each of said masses having longitudi-
nal channels therethrough communicating with said space;
fuel means for supplying fuel to said space; air means
for supplying air to the end of one of said masses re-
mote from said space; conveying means for conveying a
cooling fluid through a predetermined confined and tortu-
ous path from the exterior of the furmace into and
through said space and out of the furnace, said path
being separated from said space; and heat exchanger
means external to the furnace and associated with said
conveying means and said air means for imparting some
of the heat of said cooling fluid in said conveying means
to air to be supplied to the furnace by said air means.

6. In a regenerative furnace for the pyrolysis of hy-
drocarbons, the combination of: first and second regen-
erative masses spaced apart to provide a space therebe-
tween, each of said masses having a plurality of longi-
tudinal gas channels therethrough communicating with
said space and adapted to convey gases to or from said
space; a closed container extending into said space from
the ‘exterior of the furnace so as to completely fill the
cross-sectional area of said space but having a thickness
substantially less than the length of said space between
said masses; a plurality of fuel pipes within said con-
tainer; a plurality of nozzles associated with each of said
fuel pipes and extending from said container towards one
of said masses; means for supplying fuel to said fuel
pipes so as to be ejected through said nozzles into said
space; a plurality of flues associated with said container
and passing therethrough to provide communication be-
tween said space on one side of said container and said
space on the other side of ‘said container; baffle means
in said container.for directing a flow of fluid therethrough

“around said nozzles and said flues; and means for supply-

ing fluid to and removing it from the interior of said
container. )

7. A method of operating a regenerative furnace hav-
ing two spaced regenerative masses and a space therebe-
tween, including the steps of: heating one of said masses
to a temperature adapted to crack a suitable hydrocarbon
in an in-gas; conveying such an in-gas through said one
of said masses, through said space, and through the other
of said masses so as to crack a substantial portion of said
in-gas in said one of said masses; conveying a cooling
fluid in a predetermined confined and tortuous path
through said space during the passage of the cracked
gas through said space; and -maintaining the temperature
of said cooling fluid substantially below the maximum
temperature of the cracked gas during the passage of
said cracked gas through said space so as to cool said
cracked gas substantially. ’

" 8. A method of operating a regenerative furnace hav-
ing two spaced regenerative masses and a space there-
between, including the steps of: heating ome of said
masses. to a. temperature adapted to crack a suitable hy-
drocarbon in an in-gas and in excess of 800° C.; convey-

ing such. an in-gas through said -one of said masses,
‘through said space, and through the other of said masses

~so as'to crack a substantial portion of said in-gas in

masses spaced apart to provide a space therebetween, each

" of said masses having longitudinal gas channels  there~

said one of said masses, the cracked gas passing from

-said one of said masses into said spacé at a temperature

in excess of 800° C.; conveying a cooling fluid in a pre-
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«determined-confined and tortuous;path through-said space
sduring the.passage.of the cracked gas through said space;
;and maintaining the temperature of said cooling fluid. sub-
zstantially below:the maximum temperature of the cracked

+gas :during the passage of said cracked gas through said -

:space: so as to cool said cracked gas:at least 100° C.

9. “A-cyclic method of:operating a regenerative furnace
“having first,-second,:and third regenerative masses spaced
:apart.to form-a first space ‘between the first and second

~masses: and-a second space between the second: and third :

- masses, “first quenching: and fuel ‘injection means-in the
“first space and second quenching and fuel injection means
in:the second space, including the steps of: a firstheating
‘step - consisting .of ‘conveying.air through .the. first -mass
sand-into the first space, injecting a fuel gas through the
~“first injection means into the first space, combusting the
“fuel ‘gas. in the first 'space and. passing the products of
<combustion through the second mass, the second space and
ithe third mass.to heat the:second and third masses, the

“fuel gas:being adapted to be at least partially cracked by

:exposure to.a predetermined elevated temperature, and
‘maintaining the temperature of -the -first . fuel -injection
qmeans at a temperature ~below -said predetermined
selevated temperature; a first cracking step consisting of
conveying an.in-gas through the third mass and into the
second space, through the second space and through the
-second mass, first ‘space. and first-mass to crack -the in-
~gas. in.the third and second masses to produce a cracked
gas containing a desired hydrocarbon and tarlike mate-
rials-and to quench the cracked gas in:the first space by
the -first quenching means and maintaining -the -first
squenching means: at'a’ temperature above -the dew: point
:0f said tarlike materials; a:second heating step consisting
-of .conveying "air through the third mass. and. into-the
“second space; injecting such. a fuel.gas through the second
injection means into.the second space, combusting the
“fnel-gas in.the second space and passing-the products
-of combusticn through the second mass, the first space
and the first mass to heat the second and first masses,
-and ‘maintaining the temperature of the second fuel in-
jection means at a temperature below said predetermined
-elevated temperature; a second cracking step consisting of
“conveying such an in-gas through the first mass and into
~the. first ‘space, through.the first space -and through the

~second mass, second. space, and -third mass to crack the-

~insgas in the first-and second.masses to produce such:-a
.cracked- gas and to quench the same in-the second space
by the second quenching means, and maintaining the sec-
ond :quenching: means at a temperature .above the dew
spoint of said -tarlike  materials in the cracked gas; and
> repeating said steps.

710. In a regencrative. furnace for the pyrolysis of hy-
-drocarbons,. the combination: of:

“first :and :second regenerative masses spaced. apart-to
provide:a space therebetween, each of said masses having
a 'plurality of longitudinal gas channels : therethrough
‘communicating with said -space:and adapted to convey
.gases-to-or from said space;

g _-transverse  member -in . said - space -and -completely
-filling  the cross-sectional area of said space but having
-a thickness substantially less than the length of said space
. so that the member is spaced from each of said regenera-
tive masses;

a plurality. of uninterrupted flues through . said trans-
verse member, each of said flues providing communica-
tion. through said transverse member from one side to
the other side thereof, said flues being evenly distributed
‘throughout the  cross-sectional "area .of the "transverse
member; “and

passage ~means for ‘conveying a cooling - medium
through the interior of said transverse member and -ad-
jacent ‘to-said flues to cool said transverse member and
“said ‘flues. :

-11. In-a regenerative furnace for the-pyrolysis-of hy-
drogarbons,‘the combination: of;
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~first -and : second sregenerative masses: spacedapart to

-provide a space therebetween, each of said masses hav-
-ing:a plurality -of -longitudinal .gas channels-therethrough
-communicating with said space andadapted to:convey
:gases-to :or:from said space;

-a ‘transverse :member. in -said ‘space :and 'completgly
filling the -cross-sectional area of said space but having

‘a thickness substantially less than the length of said space
-so that the member:is spaced from each of said regenera-
-tive masses;

a plurality 'of uninterrupted -flues. through-said ‘trans-
verse -member, each of said.flues providing communica-
tion through said: transverse member from one. side to
the other-side thereof, 'said flues.being evenly distributed

‘throughout ‘the cross sectional -area of the transverse

member;

-a plurality ‘of nozzles 'associated with said transverse
member, -said nozzles being evenly distributed through-
out the cross-sectional area:of:said. member :and . inde-
pendent .of said flues, said nozzles being adapted to direct

“a’fluid flow from the interior of said transverse member

into said-space on one side of said:member;

‘means for supplying -a fluid flow .through .said trans-
verse member-to-said nozzles; and

passage means for conveying a cooling medium through
the interior of said transverse. member and adjacent to
said flues-and nozzles to cool said transverse: member and

~said flues and nozzles.

-12. In a regenerative furnace for the pyrolysis-of hy-
drocarbons, the combination of:
“first-and- second regenerative . masses  spaced -apart tc

~provide "a-space therebetween, each of said :masses hav-
‘ing a plurality of longitudinal :gas- channels therethrough

communicating ‘with said space :and adapted to: convey
gases to or from said space;
a transverse .member. in said space .and -completely

- filling the -cross-sectional area of said space but haviqg
‘a thickness substantially less-than ‘the length :of -said
~space so that the member is spaced from.each: of said

regenerative masses;

a plurality of uninterrupted flues through said trans-
verse member,: each-of 'said flues providing communica-
tion through said transverse member from one side to the

- other - side *thereof, - said :flues ‘being evenly -distributed
‘throughout the cross-sectional area of the transverse mem-
“ber;

passage “means -for - conveying -a -cooling ‘medium
through”the interior of said transverse member -and ‘ad-

“jacent to said flues to cool said transverse member -and

said flues;
.supply means for supplying gaseous material to the'end

.of said first regenerative mass remote from said space;
.and

-heat .exchanger means .external - to .the. furnace, said

passage . means .and -said- supply -means . passing . through

said heat exchanger means in-heat-exchange .relation-
ship 'so -that -heat ‘from “the .cooling medium .in said
passage means. is transferred to-said supply means; to heat

-.gaseous material therein and:to.cool said cooling medium.

~13.. A method of operating a-regenerative furnace hav-

-ing:two.-spaced :regenerative masses and -a space -there-

between, including the: steps of:

~heating one of said masses:to a temperature:adapted to
crack a suitable hydrocarbon in-an.in-gas:and.in. excess
of:800°-C.;

-conveyingsuch :an in-gas-through :said:one .of :said

.masses, through -said . space, r-and ‘through the other of
‘said masses ‘so as:to crack ‘a substantial-portion-of said

in-gas. in-said- one- of: said-masses, the cracked-gas passing

from said .one-of said masses:into.said -space -at ‘a tem-
-perature .in ~excess of 800°C.,;

-conveying-a-cooling liquid-in -a predetermined confined

-and: tortuous:path: through:said space.during the passage
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of the cracked gas through said space, said cooling liquid
having a boiling point substantially above 260° C.; and

maintaining the temperature of said coscling liquid
substantially below the maximum temperature of the
cracked gas during the passage of the cracked gas through
said space so as to cool said cracked gas at least 100° C.,
the temperature of the liquid being maintained above
260° C. and below the boiling point of the liquid.
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