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My invention relates to regenerative furnaces, 
thatis,to furnaCeS containing 8 regenerative 
mass Which is first heated by paSSing hot C0m 
bUStion products therethrough, and Which is 
then USed to heatrgaSes that are paSSed there 
through the heat stOred in themaSS being given 
upto the.gases So heated. The furnaCe is par 
tiCularly designed t0 prOCeSS:gaSes Which must 
beveryquicklyheated to a high temperatureand 
very quickly cooled after,reaching the desired 
maximum temperature; for,eXample,it is de 
signedforuse in processes in Which acetylene is 
madefrommethane, AfurnaCe forthis purp0Se 
must benot onlya furnace in whichthe methane 
is heated as near the highest temperature t0 
Which the furnaCelining,SUCh,f0r eXample,8S 
Carborundum,may be heated, for eyample,t0 
3000° F.,but the furnace must proyide that the 
rnethane be heatedinasshorta timeasis praC 
ticable,for example,?second.or preferably leSS, 
and.be aS quigkly C001ed aS is practicable,tO 8 
temperatureat which the acetylene isstable,for 
example,to 900°F.,…, - 

It is an object of my invention 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 beinggiventoilustrate only one use of 
myinvention. ? - : , ? - 

In any furnaceofthistype,inwhicha mass of 
Carborundum orother heat-refractory substance 
issheld at temperatures in excessof 2800° F., 
sometimes for a-period of.seyeral months,the 
problem ofsupporting the incandescent massof 
Carborundum_is a troublesome one,and it is a 
further objectoftheinvention toprovidemeans 
for:ralsing.thetemperature of certain portions 
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of the regenerativemass to atemperature higher 
than themaximum?temperature to Which it is 
desiredto heat thegasesto be processed,for ex 
ample,to a maximumtemperature of3000°F, 
and to provide a.constructionwhichwill permit 
the-cooler portionsofthe regenerabye mass to 
besupported on steelsupports in such a manner 
that thesesupportswinotbeweakened by high 
temperatures? 
è It isa further object of the inyention to pro 
vide means bywhichthe regenerativemassisso 
heatedthat,althoughthegasesareheatedtothis 
high temperature of2800° F. no-portion of the 
regenerative mass will besubjected to an exces 
sivetemperature,forexample,inexcess of3000° 
F,which temperature is close to the maximum 
temperature at·which?Carborundum can be 
economicalyused.???ra? ? " ",.. 
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?Itaisa further object of myinvention to pro 
videin-such a furnace means for recovering and 
putting to practical useaConsiderable portion 
oftheheatused to heatthe gasto a high enOugh, 
temperature to produce the desired change in 
thegasbeingusedasraymaterial,forexample, 
inggnverting methaneto acetylene ? - 

Itis afurtherobject of my invention to pro 
videa-furnacewhigh maybeoperated on a re 
current cycle in which the regenerative mass, 
after havingbeen brought up to the maximum 
temperaturethat can bemaintained without too 
rapiddeterioration of the regenerative.mass, is 
subjegted to a recurrent cycle Conslsting of 8 
treatingperiod,in which the gas to betreated, 
forexample,methane or a mixture ofgases Con 
tainingmethane,passesinone diregtion through 
passages in said mass,thüs reducing the tem 
perature of the mass; a heating period during 
whieh high temperaturegases,usualy products 
ofcombustion,are passed through said passaggs 
for a suficient period to restore the massto the 
maximum temperature; and a purging period 
duringwhichtheinteriorofthefurnaceiscleared 
of products of combustion before the Cycle is 
repeated. 
Itisafurtherobject of myinventiontoprovide 

a furnace which may be operated on a Cycle as 
above described in such a manner that no por 
tion of theregenerative mass is subjected to ex 
cessive changes in pressure during Said Cycle. 
Such changes in pressure are destructive to re 
generative material and should not be in excess 
of 5 pounds persquare inch,Tf,for example, 
anyportion of the regenerative massis never at 
an absolute pressure below 16 pounds per Square 
inch,that portion of the mass should never be 
subjected to an absolute pressure in excess of21 
pounds per square inch. - :, 3 

It is a further object of my invention to pro 
vide a furnace structure which wil allow rapid 
purging of the interior of the furnace at the 
conclusion of the heating periodso that hot com 
bustion gases left in the passages in the mass 
attheend of the heating period are not carried 
over with and do not contaminate the gas heated 
during the treating period, - 1 

It is a further object of my inVention t0 pro 
duce a furnace which willoperate over Iong pe 
riods.without need of repairs,and in which the 
productivecapacityis highas compared with the 
bulk and costrof the furnaCe. :: 
* Further objects andadvantages Will be made 
evident hereinafter. * - ?arawing,inwhichriustate 
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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,Vari0US 
valves,pumps,etc.,ordinarily used With the fur 
nace but readilysupplied by one Skilled in the art, 
being Omitted; - 
Fig.2 is a section through the boiler shown in 

Fig,1,thissection being viewed in the direction 
ofthearrows adjoiningthe line 2?20f Fig,1,thiS 
1ine identifying the horizontal plane 0f the SeC 
tion Shown in Fig.2; and 
Fig.3isasection ofthe furnace Shown in Fig,1, 

thissection being viewed in the direCtion of the 
arrows adjoining the 1ine 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 11 above 
which a heat exchanger 12is Supported,if neCeS? 
sary,by a Structure external to the furnaCe,and 
not shown. The regenerative mass 11 may be 
formed of 1oose Carborundum bricks So placed 
as to provide vertical,Substantially Straight,and 
open primary passages 13 Which extend through 
the mass t f and connect a primary Space 14 
below the mass with a Secondary space 15 above 
the maSS,The heat exchanger 12 is Somewhat 
Similarto a fire tube boiler,COnSisting Of a Steel 
shell 16 having a lower head fT,an intermediate 
head 18a,andan upper head 18. Secured at their 
1ower ends in the lower head 1T and at their 
upper ends in the intermediate head 18a are a 
series oftubes 19,thesetubes providing SeCOndary 
paSSages 20 through the heat eXChanger 12,these 
Secondary paSSages providing open paSSages be 
tweenthe SeCondary SpaCe 15 and a tertiary SpaCe 
2 inside the Shell f6 and betWeen the heads 18 
and 18a. The Space inside the Shell 16 around 
the tubes i9 is Kept filied with Water. Steam 
with SOme entrained Water fioWS 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 iStaken from the drum 23through 
a pipe 24,and,due to therm0-siphon and graVity 
actiOn,Water fiOWS from the drum 23 through a 
pipe 25 backinto the Shell 16nearits loWer end, 
For convenience in illustration,the passages 

13 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 12 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 
25a in the primary Space 14. This space 14,as 
Will be underSt00d from the descriptionappearing 
1ater herein,never containsgas at a temperature 
Which Will Substantially impair the strength of 
Steel,and the lower end of the regenerative mass 
11 never reaches such a destructive temperature, 
Surrounding the upper end of the regenerative 

maSS 11 is an annular combustion chamber 30, 
Which is in Communication with the secondary 
SpaCe f5thrOugh an uninterruptedannularthroat 
31. Combustion in this space is provided by five 
equally Spaced burners32,each fed withgasfrom 
a fuel gas manifold 33. The combustion prod 
uCtS in the Space 15 may have a temperature of 
3200-3400° F. The burners32 discharge through 
OpeningS 34 in the lower wall of the combustion 
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4 
space 36,these openings connecting the combus? 
tion Space30 with pipes35 forming part of each 
burner. A steel Shel136 Surrounds the maSS 11 
and the Combustion Chamber 30. Surrounding 
the maSS inside the Shell36 is an annular layer 
of heat-inSUlating material 3T. Surrounding the 
upper end Of the regeneratiVe maSS 11 is a ring 
0f Carborundum39,The heat exchanger 12 and 
Various pipes may als0 be heat-insulated eX 
ternally by heat-insulating material,not Shown, 
Air iS Supplied t0the pipes 35 from an air mani 
fold 49,and steam is admitted into the burners 
32 from a Steam manifold 4#. 

I prefer tO 1ine the inSide Of the Combustion 
Chamber 30 with Carborundum brick,but it 
Should be underst00dthat Carborundumis merely 
a preferred refraCt0ry 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 asthe material for the annular 
layer 37,in which a low thermal conductivity is 
deSirabie, 
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 
pipes that Supply fuel gas to the pipes35,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 45through which 
Combustion gases are conducted to a stack 46 
through a valve 4T. Processed gases are taken 
fr0m the tertiary Space 21 through a valve 48 to 
a pipe49,thesegasesbeingtheproduct desired. 

It is important that the lower head 17 of the 
heat exchanger 12 be evenly spaced from and 
ClOSe enoughto the top of the mass 11to readily 
abSOrb radiant heat passing from the mass 11 
through the Secondary Space 15 to the head 17, 
the purpose being to prevent the Upper portion 
of the refractory mass 11 and the ring39 from 
Closely approaching combustiontemperatureand 
thus becoming overheated. 
The Operation of the furnace may be manualy 

COntroled by operating the various valves,butin 
Pr2CtiCe these Walves are automaticaly controled 
by mechanism forming no part of the furnace 
and hence not described orshown. 
T?e Operation in producing acetylene from 

methane Will be described,assuch 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 14through the pipe 42, 
Fuel gasis Supplied to the burners32from the 

manifold 33,and air for combustion is supplied 
to the pipes 35 from the manifold 40. It isim 
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,Ishow 
five burners 32,but in large furnaces more than 
five burners are desirable. The burners may be 
inserted throughtheside walls of the combustion 
Chamber 30,their exact 1ocation being some 
What a matter of Convenience. If the burnersare 
prOperly Operated,the combustion chamber 30 
is filed with an annularring of combustiongases 
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at a fairly uniform temperature of 3200° F. to 
3400°F. I have found thatina properly designed 
furnace a heat liberation of 750000 to 1,000000 
B,t. u.'s per hour for each Cubic foot of combus 
tion SpaCe is p0SSible. This ring of combustion 
pr0ductS Surrounds the upper end of the ring 39 
and tends t0 heat it. The Combustion products 
fiow eveniy through the throat 31,which is con 
Stricted to.an area perpendicular to the gas flow 
of at least % Cf the area on a horizontal plane of 
the COmbustion SpaCe 3ü. This Constriction tends 
to prOmote an even flow of combustion products 
through the thrOat 31. Combustionproductsflow 
thrOugh the throat at a rather uniform Velocity 
and temperature all around the throat,and this 
VelOCity iS 10Wered in the Space 15 before the 
gaSeS Change direCtiOn and,flow downWardly 
through the primary.passages 13. The changes 
in velOcity and direction of the combustion gases 
in paSSing from the Combustion Chamber 30 to the 
space.f5 tend to?mix.the gases.and produce a 
Very uniform.temperature of the gaSes entering 
each ofthe paSSages 13,Whichis highly desirable, 
as it.is my purpoSe to uniformly heat the re 
generative ma8S to the maXimum temperature at 
Which it Can be used in practice, 
-The lower head 17,the lowerend of the heat 
exchanger 12,is placed Closet0 the upper end 
ofthe refractory mass 1 and absorbs the heat 
therefrom and preVents OVerheating of the top 
of the maSS. Carb0rundum Stands up Well at 
temperatures materially beiow 3000° F. but de 
teriorates rapidly at temperatures materially 
above 3000° F. [ prefer to operate the furnace 
so that no portion of the regenerative maSS is 
at a temperature aboVe3000° F.,in Order t0 pre 
vent rapid deterioration of the Carb0rundum,and 
to operate as close as is practicable to thistem 
perature in order to improve the degree of COn 
version of the methane to aCetylene,A uniform 
heating of the maSS l f_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 thr0at 31. 
Radiant heat from the upper end of the maSS 
is absorbed by the lower head of the heat ex 
changer and is thussaved for use in the Steam 
produced bythe heat exchanger 12. 
The primary passages 13.should be of Such 

size,and the volume ofthe COmbustion productS 
should be such,that the combustion products 
passing downwardly through the primary pas 
sages attain a high velocity,preferably in eXCeSS 
of 10,000feet a minute. These products 10Se heat 
rapidlyby convection;in fact,I have found that 
ina.properly designed and operated furnace the 
combustion products.1ose,about 80% 0f their 
sensible heatto the regenerative mass 11 and the 
heat exchanger 12 in their passage from the 
throat 31to the primary space 14. The productS 
of combustion are draWnfrom the primary Space 
14throughthepipe 45andvalve 4T into the stack 
46,whichprovidesa draft,thereby aidinginwith 
drawing the products of combustion fr0m the 
system. The regenerative mass 11 should be of 
suficient 1ength to insure a temperature at the 
bottom of the mass of about 900° E. When the 
top of the massis at 3000°F.,and whenthe mass 
reachesthesetemperatures the firing period ter 
minates and the fow of gas to the burners 32 
from themanifold33 and the flow of air to the 
pipes 35 are both shut of This firing period, 
when the furnaceis operating on the Cycle,may 
be from 1 t0 2 minutes. - 
?hepurging period,which mayrequire.3 sec 
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6 
onds,thenoccurs,The valve 48 is opened and 
the Valve 4T is closedat the end of the heating 
period,Steam or otherpurging agentisadmitted 
to the primary space 14 from the pipe 42 and 
fiows upwardly through the primary passages 13, 
the Space f5,and the secondary passages 20 to 
the tertiary space 21,and through the valve 48 
to the pipe 49, This flow purges the primary 
paSSages 130f COmbustion productS. Steam is at 
the Same time admitted to the burners 32from 
the manifold 4 to purge the combustion cham 
ber 30 of combustion products,and a flow of 
steam from the manifold 4t 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 30 and.protecting the burners 32from in-, 
jury bythe Combustion gases. 
Duringthe treating period,the gasto be treat 

ed,for exampie, a mixture containing methane, 
is delivered totheprimaryspace 14from thepipe 
42 and flows upwardlythrough 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 14,In its passage Up 
wardly through the primary passages,the mix 
tureis heated to atemperature of about2800°F, 
At or perhaps below thistemperature,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. Atthis hightemperature 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 iess than ? Second, - 
Acetylene is quite unstable,and it is important 

that the converted products of the primary pas 
Sages be C00led quickly;thiS C00ling is aCCOm? 
plished in the tubes 19 of the heat?exchanger 12. 
The heat exchange tubes 19 Should be So pro 
portioned that the gases are cooled to about 900° 
F.in their passage throughthese tubes,and that 
the time required should be ? Second,0r 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 13, 
and the mass velocity of the cracked gas and 
steam mixture paSSing through the tubes is from 
3to 6 pounds per square foot of the tube cross 
Section persecond,It is notadvisableto coolthe 
gas much below 900° F. in the c00ler 12,as at 
1ower temperatures any tars carried in thegaSeS 
tend to condense and collect carbon,thus block 
ing the tubeS. This tar and Carbon Can be re 
movedin a scrubberafterthe gas 1eaves the pipe 
49,The treating period continues until the re 
generative mass 11coolsto such a degree that it 
is not highly eficient in its conversion of meth 
ane to acetylene,when the treating period ends 
by shutting of the flow of the methane mixture 
into the primary space 14,by shutting of the 
flow of steam into the burners 32,and by Open 
ing the valve 4T and closing the vale ?8,The 
cycle is then complete,and the firing period of 
the next Cycle Starts,The treating peri0d may 
have been about 1 minute. 
While I have described the Use of my fürnace 

in relation to producing acetylene from methane, 
it maybealso used to produce butadiene and the 
olefins,suchasethylene,propylene,andbutylene 
orthearomatics,such.as benzene, toluene, and 
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xylene,or hydrocyanic acid from the reaction of 
hydrocarbons and ammonia. All of these Drod 
uCts are endothermic in nature,and the speed of 
formationis very rapid at high temperature,All 
of these products are also unstable at high tem 
peratures and must be quickly cooledif they are 
to be preServed against disintegration,To suc 
CeSSfully pr0duce and preserve each of these 
otherproducts,they must be held at formation 
temperatures no 1ongerthan 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 largely methane,waste hydrocarbon 
?aSeS fr0m oil refineries or other Sources which 
may Or may not Contain methane but contain 
0ther hydrocarbons Such as ethane,butane, 
prOpane,Or the like,.or natural gasoline or other 
petroieum derivatives which are liquidat normal 
temperatures and Which must be gasified by 
heating prior to being delivered to the primary 
space 14. 
In any consideration of the furnace it should 

be understood that the heat exchanger not only 
actS aS a Very eficient means forquickly.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 regenerative 

massin regard tothedimensions 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. 
Othermodifications ofthe apparatus ofthe pres 
ent inVention are ShOWn and:described in appli 
cant's Copending applications Serial Numbers 
633,844 and 633845,filed December 8,1945. 

Quantitative statements aS giWen aboye,in S0 
far asthey depend upon any definite Size offur 
naCe, relate to a furnace haWing a regenerative 
maSS With a diameterof6% feet,a length of 15 
feet,a t0tal 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 
hawing a Steam boiler,the outside diameter of 
which iS 5.feet,witha length of 15 feet,andtotal 
Surface of the bOiler tubes approximately 2400 
Square feet. In such a furnace the lineal velocity 
of gas through the tubesshould be20,000t030,- 
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 thespace included in the Secondary Space and 
the Secondary paSSages Should ndt be over twice 
the volume of the space included in the primary 
DaSSageS? 

-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 C0mbuStion Space about the end portion 
of Said regenerative maSS,an annular throat Con 
Stituting a communiCation betWeen Said annu 
1ar Combustion Space and a Space adjacent said 
end of Said maSS into Which Said passageways 
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0pen,a plurality 0f burners openinginto said an 
nuiar Combustion space,a Second chamber pro 
Viding a primary spaCe in direct communication 
With?id 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 enClosingan 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 Tegenerative mass,an annular throat 
Constituting a communication betWeen Said an 
nular COmbustion Spaceand a Space adjacent Said 
end of Said maSs into which said passageways 
Open,a plurality of burners opening into said 
annular C0mbustion SpaCe,a Second Chamber 
providing a primary Space in direct communica 
tion WithSaid paSSagewaysat the opposite end of 
Said regenerative mass,an inlet communicating 
With Said seCond chamber for admitting gas to 
betreatedduring a treating cycle,an outlet com 
municating with Said Second chamber for the 
eSCape Of prOduCtSof 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 
TOUnded by Said annular Combustion chamber, 

3. Aregenerative furnace comprising an outer 
Shellenclosing an elongated upright regenerative 
maSS having paSSageways extending 1engthwise 
therethrough,achamber surrounding one end of 
Said regenerative maSS forming a substantially 
annular combustion Space about the end portion 
Of Said Fegenerative maSS,an annularthroat con 
Stituting a communication between Saidannular 
Combustion Spaceand a space adjacent said end 
Of Said maSS into which Said passageways open. 
a plurality of burners opening into said annular 
Combustion Space,a second chamber providing 
a 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 Said Second chamber for the 
eSCape of productS of combustion during a heat 
ing Cycle and heat exchange means in substan 
tiallyaxial Communication withsaid passageways 
in Said regenerative mass at the end thereof sur 
rounded by Said annular combustion chamber, 
Said heatexchangemeansembracingtubularpas 
SageWays dispoSedina casing,said casing being 
adaptedt0reCeive fluid for heat exchange with 
gaSeS fiOWing through Said tubular passageways. 
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