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‘John W. Begley, Bartlesville, Okla., assignor to Phillips
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-Appllcatlon October 18, 1954; Serial No. 462,836
6 Claims. ;| (Cl. 260-—679)

"This invention relates to the. conversion. of hydrocar-
‘bons. In one ofits more-specific aspects, it. relates.to
novel regenerative furnaces for use in the thermal crack-
ing of hydrocarbons. . In another of its more specific.as-
“pects, it relates to a process for the thermal conversion.of
-hydrocarbons. In still ancther of its. more: specificas-
pects, it relates. to-a process for the production of unsat-
urated hydrocarbons.

During the early years of the petroleum. industry, the
_possibility 6f producing unsaturated hydrocarbons by the
cracking of low boiling hydrocarbons received compara-
tively little .attention. = Because of apparatus. limitations
imposed by the high reaction temperatures involved: and
the.lack of understanding of the best manner of operation,
early ‘developments excluded the cracking of low boeiling
hydrocarbons. ~ Still ancther deterrent in the development
of . successful processes.was.the availability of vast. sup-
plies of heavy naphthas which.could be cracked by.more
.easily manageable processes to form easily purifiable prod-
.ucts in high yield. -Recent ddvancements made in or-
_ganic.chemistry have resulted in such an increased. de-
mand for petro-chemical starting materials, such-as.acety-
“lene and ethylene, that it is no longer possible to rely -on
the old sources of supply for these. materials.  The de-
mand for ethylene has reached such proportions that -t
cannot be supplied from refinery streams without .up-
setting the balance in the production of motor and. avia-
“tion fuels. Furthermore, commercial production of acet-
ylene by reacting calcium carbide with water is too ex-
pensive. and is limited to amounts. far too low to satisfy
the demand for acetylene as a chemical synthesis starting
material. Accordingly, the development of successful
processes for producing unsaturated hydrocarbons by
the cracking of low boiling hydrocarbons has in: recent
years taken on added importance.

"Various .methods for the pyrolysis of gaseous hydro-
carbons have been proposed which involve the use of a
‘variety of heat sources, including externally heated tubes,
electrical ‘heated resistance elements, and spark or.elec-
trical discharges. . The lack of cheap electric power has
.also drawn attention’ to other possible methods of heat-
ing, such as by the.combustion. of preheated natural gas
with preheated compressed air. ~In such latter processes
when utilizing regenerative furnaces, a stream of-air-and
fuel gas is burned in, or hot combustion products passed
through, a refractory. checkerwork so.as to heat it to.a
high temperature. After the hot gases have. heated the
checkerwork to the desired temperature, the flow of com-
bustion gases is terminated, and thereafter the reactant
materials to. be treated are passed through the heated
checkerwork in order. to bring the materials to reacticn
temperature.

In _a particularly .useful regenerative. furnace of this
type, "utilized’ for the thermal cracking of hydrocarbons,
such as. methane, ethane, propane or butane, to produce
‘unsaturated hydrocarbons, such as ethylene or acetylene,
an' elongated checkerwork of refractory material is.pro-
vided- at either end of a central combustion chatmber,

2
+Alr is passéd in one direction through one of the checker-
work structures while a fuel gas is introduced.into the cen-
_tral combustion charmber, "The fuel gas.and .air burn in
~the combustion chamber, and thereafter the resulting.com-

5 bustion gases flow through one of the refractory checker-

~works. ~ 'When “this checkerwork has reached the .desired
temperature, the flow of air and fuel is terminated, and
the materials to-be crackéd or otherwise .converted are
~passéd’ in ‘the opposite direction through- the.heated.re-
10 fractory where the desired. cracking or- other.reaction
_.occurs.

“After a timed reaction period, the flow of reactant:ma-
terials is stopped, and. air is passed: through -the furnace
in"a direction opposite to.that of its first. introduction.

15 At the same time, fuel gas is introduced .into the central
combustion chamber to mix with the air and form.a com-
bustible mixture which is’ burned- therein.to form. hot
combustion gases to heat ‘the refractory checkerwork
downstream of the combustion chamber. - When .the

20 checkerwork attains the ‘desired temperature, the .ma-
‘terials to. be converted.are passed through the heated .re-
fractory

" Lhave-now dtscovered that.when utilizing a regenerative

“furnace .of ‘the type described above, having similar re-
25 fractory cracking.sections, a very close temperature - ap-
~ proach exists.in the center of the cracking sections. .The
-portion of the cratking sections in which the temperature
-of ‘the gases, i..e., the combustion gases or the reaction
-products, and .the réfractory material,. are substantially

30: equal may be termed the “pinch section” and denotes that
portion of the cracking section where substantially no net
“heat -transfer occurs. between the gases. and .the refrac-

-tories. “In a regenerative furnace, it is desirable that the
length.of the pinch section be as short.asv possible in order

35-to reduce the overdll length of the furnace. . Figure. 1
of ' the . drawing illustrates graphically the temperature
-conditions existing in a cracking section of a'regenerative
furnace of the type described. " Curves 1 and 2 represent,
respectively; the temperature of the combustion gases and

40 the temperature of the hydrocarbon reactant material as
these materials pass.through the refractory checkerwork.
The combustion gases enter the checkerwork at.a higher
temperature and leave at a lower temperature while the
hydrocarbons are .introduced at a-lower temperature and

45 pass’ therefrom. at a’ higher temperature. -That. porticn
of the curves in which the gases undergo substantially no
change, in .temperature is' labeled “pinch- section” which
designates that part of the furnace in which there is sub-
stantially no net transfer of heat between the, gases.and

0 “the refractory It is notéd that a major portion-of the
furnace is occupied by the.pinch section. . In order to
decrease the length of ‘the furnace, it is desxrable to. main-
tain the pinch section as’'short as possible, and in. ac-
cordance with this invention, means are.provided for. at-

5 taining this result.

“The followmg are objects of the lnventlon .

“Itis an object of the invention to pr0v1de lmproved
regenerattve furnaces for use in the conversion of hydro-
-carbons.

60 Another object of the invention is to provide improved
.methods for .the thermal .conversion of hydrocarbons.

Still ancther object of the invention is. to decrease the
length of a regenerative furnace by decreasing the “pinch
section” of the refractory masses.

65  Yet another object of the invention is to provide a re-
generative furnace which includes means for distributing
the gases evenly throughout the furnace so as to prevent
channelipg -of. the, gases. through: any one portion of the
furnace.

70 . Still further objects and advantages of the invention:will
become apparent to one skiiled in the art upon considera-
‘tion of the following disclosure, ‘
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Broadly speaking, the present invention resides in novel
regenerative furnaces and their use in processes for the
conversion of hydrocarbons. In one modification of the
invention, a furnace is provided which includes refractory
masses having different sized openings or passageways
therethrough for the flow of combustion gases and re-
action products. By utilizing a larger number of smaller
openings in a portion of the refractory, an increased sur-

face area is presented to the gases, giving a corresponding -

increase in the heat transfer rate and thereby permitting
a decrease in the overall furnace length.

A more complete understanding of the invention may
be obtained by reference to the following description
and the drawing, in which:

Figure 1 is a graph illustrating the “pinch section”
existing in a conventional regenerative furnace;

Figure 2 is an elevation, partially in section, of a re-
generative furnace constructed in accordance with one
modification of the invention;

Figure 3 is an end view of refractory tiles suitable for
use in the regenerative furnace of this invention;

Figures 4 and 5 are cross sectional views taken along
lines 5—5 and 6—6 of Figure 3.

Referring now to the drawing, and in particular to
Figures 2, 4 and 5, a regenerative furnace 10 is shown
which comprises a shell 11 lined with insulating material,
such as two layers 12 and 13 of fire brick. The inner
layer 13 of insulating material is formed of a more
refractory material than outer layer 12. Disposed within
insulated shell 11 are two sets 14 and 16 of refractory
masses separated by a combustion space or chamber 17
having a fuel introduction means 18 communicating
therewith. Fuel introduction means 18 is provided with
a flow control means 19 which is operatively connected
to timer 21. A timer suitable for use in controlling the
cycles of operation is manufactured by Taylor Instrument
Companies, Rochester, New York. While only one
means for introducing fuel has been shown, it is to be
understood that a plurality of such means may be pro-
vided for injecting fuel into combustion space 17. One
set 14 of the refractory masses comprises refractory
masses 22, 23 and 24, which are spaced apart so as to
provide gas redistribution zones 26 and 27 therebetween.
The second set 16 of refractory masses is similar to set
14 and includes refractory masses 28, 29 and 31 separated
by gas redistribution zones 32 and 33. o

The refractory masses are formed of refractory tiles
similar to tiles 34 and 36, as shown in Figure 3, which
are arranged within the furnace with their longitudinal
axis extending transversely thereof. The upper and
lower faces of the tiles have spaced semi-circular por-
tions formed therein which cocperate, when the tiles are
placed on top of one another, to form a series of open-
ings 37.

As shown in Figure 2, the openings 37 extend longi-
tudinally through the refractory masses so as to provide
passageways therethrough. The passageways in the
center refractory masses 23 and 29 of each set of refrac-
tory masses are greater in number and have a smaller
diameter than those in adjacent refractory masses, but
the total open area of each of the refractory masses is
substantially equal. The difference in the size and in
the number of the openings through the center refractory
masses and the masses adjacent thereto is further illus-
trated in Figures 4 and 5. The ratio of the number of
openings of two different sizes but with the same total

open area presented for gas flow can be represented by
the formula:

Noi_ 1

No, (f)? v
where (f) is the ratio of the diameter of the larger open-
ings to the diameter of the smaller openings and Noy

and No, refer, respectively, to the number of larger and
smaller openings. Since the heat transfer coefficient

4

varies inversely with the diameter to the 0.2 power, the
heat transfer rate is increased by factors of 2.30, 3.75
and 5.28, where the ratios (f) of diameters are 2, 3 and
4, respectively.

Plenum chambers 38 and 39, connected to either end

_of the regenerative furnace of Figure 2, provide means
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for introducing reactant materials into the furnace. Each
of the plenum chambers may be provided with a per-
forated distributor plate 41 to ensure even distribution
of the reactant materials across and through the cross-
sectional area of the refractory masses.

Conduit 42, through which hydrocarbon feed material
is introduced, is connected by a three-way valve 43 to
a conduit 44. Conduit 44 in turn is connected through
a three-way valve 46 to a conduit 47 which communicates
with plenum chamber 38 or, alternatively, to a conduit
48 which communicates with plenum chamber 39. Valve
43 is also adapted to attach oxidant conduit 49 to conduit
44 and, thence, to conduits 47 and 48, as determined by
the setting of valve 46. Conduits 47 and 48 are also
selectively connected by a three-way valve 50 to an
effluent conduit 51 which leads to a product recovery
system 52, or other disposal, as desired. Timer 21,
which is operatively connected, as previously mentioned,
to flow control means 19 contained in fuel introduction
means 18, is also operatively connected to- three-way
valves 43, 46 and 50, thereby providing means for sequen-
tially changing the cycles of operation of the regenerative
furnace. )

The regenerative furnaces of this invention are espe-
cially adapted for carrying out processes for the produc-
tion of unsaturated hydrocarbons, such as acetylene,
ethylene, and mixtures of acetylene and ethylene. The
reaction temperatures for such processes will vary in the
approximate range of 1250° F. to 2700° F. More
specifically, in the acetylene process, the reaction tem-
perature is preferably maintained between about 2200°
F. and 2700° F., in the process for the production of
acetylene and ethylene, between about 1700° F. and
2200° F., and in the ethylene process, between about
1250° F. and 1700° F. The reaction times for the sev-
eral processes are in the following approximate ranges:
for acetylene, between 0.0001 and 0.2 second; for a mix-
ture of acetylene and ethylene, between 0.01 and 0.2
second; and for ethylene, between 0.01 and 2 seconds.
From this consideration of reaction temperatures and
reaction times, it is apparent that the reaction times
vary inversely with the reaction temperatures, i. e., the
higher the reaction temperature, the shorter the reaction
time. :

A wide variety of hydrocarbon feed stocks can be
used in the practice of the processes of this invention.
Those which can be suitably used include methane,
ethane, propane, butane and mixtures of these hydro-
carbons and/or their corresponding olefins, It is to be
understood, however, that any vaporizable or gaseous
hydrocarbons can be advantageously employed as the
feed. 1Itis also within the contemplation of the invention
to use a diluent such as steam with hydrocarbon feed
in order to reduce the deposition of carbonaceous mate-
rials within the furnace.

Oxidants which can be used in the process of this
invention include oxygen, air, and oxygen-enriched air.
Any suitable fuel, preferably a clean burning fuel, can
be utilized in the practice of this invention. Gaseous
or liquid hydrocarbons are preferably used as fuels, and
process off-gases from the process of this invention or
other processes can be advantageously employed. When
using a liquid hydrocarbon, the fuel is introduced into
the furnace in vaporized form.

In the operation of the regenerative furnace of Figure
3, during the regeneration cycle valves 43 and 46 are
in such a position that an oxidant, such as air, is forced
by a blower (not shown) through conduits 49, 44 and
47 into plenum chamber 38, from which it passes into
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“passageways 37 of refractbry mass:22. - ‘Plentim ¢chamiber
38 and-distributor -plate 41’ disposed therein providé for
even “distribution- of air ‘acicss- the ‘faceof refractory
fass 22 and assure ‘even flow of the air therethrough.
it is assumed that'the fiirnace has been previously brought
to-operating temperature-during a start-up- cycle’in which
" “fuel and: air introduced into-the furnace are ignited-by a
- suitable ignition ‘means, e. g., 2 birning torch introduced
into the combustion chamber. -The Tesulting combistion
prodiicts- are 'then - passed through ‘the furnace cuntil it is

“preheated to the desired temperature. -
“The “air* in’ passing -successively ‘through - refréctory
“'masses-32; 23 and 24 is-heated to:d températuie at-least
‘as high-as the-ignition temperature of the fuel:gas intro-
“duced ‘into ‘combustion - chaitibet *17 thiough” fuel’ inlet
~.gheans 18. The fuel -gas ‘may be preheated prior to- in-
-jection into -the- combustion: chamber. - The combustible
*:miixture formed: by -the mixing " of “the -air -and fuel gas
L within' ‘the - combustion - ‘¢hamber: butns theréini forming
“ gombustion ' preducts - at- a’ témperature“inthe: approxi-
‘rhate range of 2500° F.to'4000° F., depending upon-the
amount of air and‘the amount of fuel'introduced through
fuel ‘inlet: means 18.- It is:to:be notéd that'the combus-
‘tion of the fuel and air-will not'be confined to combistion

‘¢hamber~17, but will also-take place within ‘the refrac-

“tory masses downstream’ of that chamber-and -especially
within refractory mass 31." ‘The combustion ‘products
‘ffow  through ‘refractory ‘masses 31;°28-and 28, heating
‘:the refractories’ to-the desired cracking temperature. : The
. combustion” products ‘thereafter~pass:into. plentm ‘cham-
ber-'39-and, thence;-through ‘condiits~48 - and" 51~ into
product recovery ‘system® 527 where:: they: may' be used
-~ for heatihg or other purposes. o
“At-the- conclusion’ of a predetermined Terigth: of “time,

as determined by ‘the"setting-of “timer- 21; valve <43 is-

wgetiated by timer 21 to transfer conduit’44 from its con-
* nection with' coniduit 49 to-a connection with' conduiti 42,
"The 'timer. also ‘operates-to: close flow. control-means 1%
‘and“to reverse the settings of valves 46 :and-'50:so that
.~ conduitv44. is’ condected to conduit48-and ‘conduit 47 is
connected to-conduif-51. :An-interval of one:minute-is a
-isuitable reaction :period. ‘and regeneration: pericd for the
~eracking of ‘propane 10 form:acetylene. -The time inter-

-wval will; in” general, depend:upon’the’ particular:process’

“being carried out and the specific hydrocarborn feed stock
being converted. 'As a result of the movement of valves
- 43" and’ 46, ‘the process cycle ' commences :'and hydro-
carbon feed and steam, - if desired; now  passes “through
conduits’ 42, 44 and 48 into plenum chamber 39. 'As
~previously noted, :the combination of the plenum chamber
-and distributor plate 41 provides: for even:flowof gases
through “the refractory. masses. .‘On-contacting hot:re-
fractory masses 28, 29 and 31, the hydrocarbon. feed is
raised to the desired cracking temperature and undergoes
reaction. The cracked ‘hydrocarbon feed thereafier
passes immediately into combustion chamber 17 and

throngh refractory masses 24, 23 and 22, which have

- previously been cooled by passage of- air therethrough,
. for rapid quenching to a temperature in the range of.about
400° F. to.'1000° F. The reaction products-then flow
_.into . plenum chamber 38 and ‘are subsequently passed
~.through -conduits 47 and 51 to product recovery system
52 for separation of the product” gas from the reaction
. prodicts. ) i
© UlAt'the end of the predétermined time interval; timer
"'21 operates to change the setting of valve 43 so that air
is now introduced -into. the regenerative furnace through
conduit 48 to start the regeneration cycle. The timer
functions also to open fuel flow-control means'19, thereby
"allowing fuel to flow into combustion chamber 17. After
the regeneration cycle is completed, the process cycle
is begun by timer 21 operating to close flow control
means 19 and change the settings of valves 43, 46 and
50, thereby permitting hydrocarbon feed to enter the
furnace through conduit 48 and the effluent to pass to

prodict recovery system:52

‘through: conduits47-and=51.
The regeneration and process cycles: are thereafter” re-

péated “at the' predeterrined “time:intervals: toproduce

10

“the desired product.

:As previously -mentioned: in: c_onjun'ctionx'with‘Ythe‘.:'de- _

“scription of: the regenerative furnace of Figure :3,7center
“fefractory -masses 23.5nd 29 are:provided:with ropenings

or passageways smaller:in: diameter. than ‘those “ifi ‘the

.other adjacent refractory masses. ‘By forming: the refrac-
‘tory: masses ‘in this manner;the ‘heat .transfer Tate in:the

center-refractory masses is increased, thereby:substantially
decreasing the pitich séction in the cracking sections.and
making possible a regenerative furnace of mdecreased

length.

15

20..

Tt ig to be noted also that:gas:distribution. zones:26,

27,33 and-32 are provided between:the refractory: masses.
‘The utilization ‘of such Zones facilitates an-even:distribu-
‘tion of gases:through: the refractory masses,.thereby. pre-

venting channeling of:gases: through as.portion only ~of
the refractory: masses. @ By ‘operating: in this manner, it is

“possible: to: maintain: a -uniform’ temperature’ across' the

‘25

30

- cross-section ' of:-the furnace,” thereby preventing .damage
‘to .the refractories and-assuring an.efficient.and. uniform
.cracking reaction. ‘

A more comprehensive understanding of .the: invention

‘may be obtainied by referring to the following illustrative
:examples which.are not intended, ‘however, to beiunduly

limitative of the invention. .
' "Example. 1
. A'regenerative furiiace of a'conventional type.described

~herein:as:having similar refractory cracking-sections sep-

.arated by a:central combustion ‘chamber is utilized :to
.convert ethane. -The hydrocarbon:féed rate is 72,450
5 pounds of ethane. per day, the combustion ‘temperature
*is about 2200° F., and’the combustion gas outlet tempera-

“ture is ‘about 1040°: F, “In:order to convert:ninety. per-

40

45

50

55

60

of shorter cracking: sections.

cent of.the ethane, refractory cracking sections each hav-
ing a length of 44 feet are required. A very close temper-
ature approach occurs:in:the center-of the cracking sec-

‘tions, 20 feet being required in:the “pinch sections”.

. Example 11

- A régenerative’ furnace similai to' the one shown:in
Figure 3 is utilized to convert ethane.. The hydrocarbon
feed is charged to the furnace at the same rate as in Ex-

“ample I, and the combustion temperature and comibustion
- gas' outlet temperature are also-approximately’ 2200° F.

and 1040° F., respectively. By utilizing refractory crack-
ing sections having different sized openings-therethrough,
the rate of heat transfer in the center of the sections. is
increased, thereby ‘decreasing thelength of the “pinch
section” of conveniional furnaces, and permitting. use
‘A ‘ninety - percent" ethane
conversion is obtained when using cracking sections.each
having a length of 20 feet.

Example 111

- A ‘regenerative furnace similar to'the ‘one- employed
in Example I is utilized to convert ethane. " The hydro-

“‘carbon feed rate is 72,450 pounds of -ethane per-day, the

85 -

‘combustion temperature is about 2800° F., and the com-

bustion gas outlet ‘temperature is about 1000° F.. The
average temperature of the hydrocarbon during the ccrack-

ing reaction is-about 1700° F. The desired total conver-

" sion of ‘eighty-three ‘percent is obtained at a point- about

1.5 feet-downstream: from ‘the middle of the firnace with

the result that the reaction period is greatly prolonged.

70

o

7

At higher conversions, 'the’ point at whichtotal-conver-

sion is obtained is moved even farther downstream from
the middle of the furnace, e. g., at a total conversion of
ninety-six percent about 3.5 feet. The yield of ethylene
when 83 percent of the total feed is cracked is 70 pounds
per 100 pounds of ethane cracked. Because of the long
reaction time required to obtain the desired total con-



2,868,855

7

version, a considerable amount of product is consumed
. by secondary reactions.

It will be apparent that many advantages accrue from
the utilization of the regenerative furnaces of this in-
vention. Accordingly, by utilizing a furnace which pro-
vides for a more rapid heat transfer rate in the central
portion of the cracking sections, it is possible to decrease
the over-all length of the furnace. :

As will be evident to those skilled in the art, various
modifications of this invention can be made or followed
without departing from the spirit or the scope of the
disclosure.

I claim:

1. A regenerative furnace which comprises, in com-
bination, an elongated shell; at least three regenerative

masses disposed in said shell, said masses having passage-

ways extending therethrough substantially parallel to the
longitudinal axis of said shell and said masses being
spaced-apart and thereby forming chambers in said shell
between said masses, which chambers: are open to fluid
flow only through said masses, so as to provide ‘means
for redistributing gases flowing therethrough; a combus-
tion chamber formed of refractory insulating material
communicating with the passageways of at least one of

said regenerative masses; means for supplying fuel to .

said combustion chamber; and means for passing air and
material to be converied through the passageways of said
regenerative masses.

2. A regenerative furnace which comprises, in com-
bination, a refractory checkerwork comprising first, sec-
ond and third elongated refractory masses having a com-
mon longitudinal axis and spaced apart from one another
so as to provide gas redistribution zones therebetween,
each of said refractory masses having passageways ex-
tending therethrough substantially parallel to their com-
mon longitudinal axis, the cross-sectional area of each
passageway through said second refractory mass being
smaller than the cross-sectional area of each passageway
through said first and third refractory masses and the
total cross-sectional area of the passageways through each
said first, second and third refractory masses being sub-
stantially equal; a combustion chamber formed of refrac-
tory insulating material communicating with one end
of said refractory checkerwork; means for introducing

fuel into said combustion chamber; means for passing air “

through said combustion chamber into said refractory
checkerwork; and means for passing material toc be con-
verted through said checkerwork imto said combustion
chamber.

3. A regenerative furnace which comprises, in combin-
ation, a first refractory checkerwork comprising first, sec-
.ond and third elongated, refractory masses spaced apart
from one another so as to provide gas redistribution
zones therebetween; a second refractory checkerwork
comprising fourth, fifth and sixth elongated refractory
masses spaced apart so as to provide gas redistribution
zones therebetween, said refractory masses having a
common longitudinal axis and passageways extending
therethrough substantially parallel to their common lon-
gitudinal axis, the cross-sectional area of each passage-
way through said second and fifth refractory masses being
smaller than the cross-sectional area of each passageway
through. said first,, third, fourth and sixth refractory
masses and the total cross-sectional areas of the passage-
ways through éach said refractory masses being substan-
tially equal; a combustion chamber formed of refractory
insulating material positioned between said third and
fourth refractory checkerworks and communicating with
said third and fourth refractory masses; means for intro-
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ducing fuel into said combustion chamber, and means
for introducing air and material to be converted into the
ends of said first and second refractory checkerworks
remote from said combustion chamber.

4.. A regenerative furnace which comprises, in com-
bination, an elongated, closed shell; first, second and third
refractory masses disposed in one end of said shell at
spaced intervals so as to form gas redistribution zones
therebetween; fourth, fifth and sixth refractory masses
disposed in the other end of said shell at spaced intervals -

50 as to form gas redistribution zones therebetween, each

of said refractory masses having passageways extending
therethrough substantially parallel to the longitudinal axis
of said shell, the cross-sectional area of each said passage-
way through said second and fifth refractory masses being
smaller than the cross-sectional area of each said passage-
way through said first, third, fourth and sixth refractory
masses and the total cross-sectional areas of the passage-
ways through each said refractory masses being sub-
stantially equal; a combustion chamber formed of re-
fractory insulating material disposed in said shell between
said third and fourth refractory mass and communicating
with said third and fourth refractory masses; means for
introducing fuel into said combustion chamber; and
means for introducing air and material to be converted
into the ends of said first and sixth refractory masses
remote from said combustion chamber.

5. The regenerative furnace of claim 4 in which said
means for introducing air and material to be converted
comprises first and second plenum chambers each hav-
ing a conduit attached thereto and each attached to and
enclosing one of the ends of said shell.

6. A process for converting hydrocarbons which com-

. prises passing air through a first refractory checkerwork
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into a combustion zone; introducing fuel gas into said
combustion zone, thereby forming a combustible mixture;
burning said combustible mixture; passing the resulting
combustion products into a second refractory checker-
work; transferring heat from said combustion preducts
to said second refractory checkerwork; increasing the rate
of heat transfer in a central portion of said second re-
fractory checkerwork; terminating the supply of air and
fuel gas; passing hydrocarbon feed into said second re-
fractory checkerwork; transferring heat from said second
refractory checkerwork to said hydrocarbon feed; in-
creasing the rate of heat transfer in a central portion of
said second refractory checkerwork; passing the result-
ing reaction products from said second refractory check-
erwork into and through said first refractory checker-
work, thereby quenching said products to a temperature
at which they are comparatively stable; and removing
said reaction products from said first refractory checker-
work.
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