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COMPLETE SPECIFICATION

Improvements in or relating to Regenerative processes and
apparatus for Endothermically and Exothermically altering
Gaseous materials

I. Rusourr Leo¥akp Hascme, a
Citimen uf the United States of Ameriea,
of 1107, Sounthwest Avenue, Johnaon
City, State of Tennessee, {Inited States

9 of America, herchy deelares the inven-
tion, for which I pray that a patent may
be granted to me, and the method hy
which it is to L performed, {0 bo partica-
larly deseribed in and by the following
statement s —

This invention relaies {o regenersiive,
pyrolytic processes and for apparatus for
endothermically  and ° exclhermicall
gltering gaseous or vaporous materials
catalytienlly or non-catalytically.

More particulerly. the 1nvention
relater tn regenerafive, catnlytic ind non-
catolytie, cendothermic and exothermic
reaction processes andfor appuratus in
which the highest temperaturs is obfained
in a vreaction zone cominunicating
between the extremities of regenerative
mAssea '

8till more partienlarlv, the invention
relates to such processes andfor appar-
atus as abave wherein the heat required
for the endothermic reaction iz supplied
by the exothermie reactiom.

Still more particularly. the invention
refuteés to such proccsses andfor appar-
atus as above wherein the exothermic
reaction is cnrried out either alternately
or simmitaneously with the endothermic
reaction in the reaction zone; wherein the
reactants and reaction preduciz of the
exothermic and endethermic alferations
are preheaisd In separate prehenting
operations and quenched tespeetively b
flowing the same 1in contact with
repenerative masses; and wherein the
flow of endothermic atd  exolhermie
reaclaels  and  reaction  producls are
changed from one direction to an apposite
direetion at intervals to allow heat stored
4% in ths masses during the quenching of
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reaction praducts to bo utilized regenera~
tively for preheating reactants.

Btill more particularly, the present
invention relates to a partial combusiion
process and for apparetus for the catalytic
and non-eatalytic reforming of combust-
ible gases, vpartienlarly hydrocarbon
guges wherein substentially all of the hegt
develuped in the process is recovered and
wherein the meactants are preheated 58
separately by contact wilh separate
repenerative masses,

It has been found thai it is extremely
important in such regenerative, pyro-
Iytic, endothermic and exothermic pro- §0
cessest thai the reuctants be continuously
preheated by and during contact with
regenerative masses ab a rapid, substan-
tially uniform rate, that the reaction, pra-
ducts he continupmsly guenched by and 85
dering contact with regonerniive masses
at a rapid, substantially uniform rate,
that the prebeated material Te cone
tinnomsly, selectively and completely
rencted 1o ohfaln the desired product as
tast us possible immediafely upon reach-
ing reaction temperalures; thut the veas-
tion. products be continvously quemehed
s #0011 a8 possible afler the desired reac.
fion oevurs te prevent the reactiom pro-7s
duels from remaining at reaction fem-
peraturen for more than the amount of
time required for completion of the
dusired reaction; that onee the proper sizer
angd loeation. and correck temperaiure of 80
the reaction zone is determined to assure
the correct residence time therein of
reartanis at proper temperabures for any
particular reactiom, that such reackion
wone size, Incation and femperature bo g
maintained substantially fved during
continuous operation: and thai the size,
lueation and temperatnre gradient of the
preheating and guenching zones remain
substantia]ly fixed during continuous 90
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cperation o assure proper snd uniform
preheating and guenching.
Failure to obsseve these important
conditions in the prior art resulted in low
9 thermal efficiencies, low rates of produc-
tion end meany undesirable side resctions
with consequent low yields, impure pro-
duots and inoreased costs.
10 In order that {lie rates of preheating,
with the masses and rdpclion gone, he
rapid and {he periods between somnlstion,
of preheating and heginming of reantion
as well as between. sompletion of reaction
and beginning of quenching be short, ths
velneities of reactants and reaction pro-
ducts through the masses and reaction
zone should he “very ‘prest and the
regenerative masses should be capable of
continucusly sluring or giving np heat ot
a snfficient rate to adequately preheat and
quench the reactonts and reaction pro-
diwets during their short total contoot
times therewith without destroying the
heat gradient acrosy the length of each
mass and henes the initial localities and
gize of the preheating, reaction and
guenching gones and withoul cansing the
cool ends of the masses to be raised to or
above ilose temperatures @t which
undesirable side reackions and decom-
position of the desired product vecur.

In order that the preheating and
quenching during contact with the masses
be substandially wniform, a uniferm
tempearature gradient ranging from near
atmospheric temperatures (75° (.—250°
) 1o resetion {emperatures shonld ba
constantly maintained aeross the length
of cach regemerntive mass. If the heat
gradient is non-uniform and the reactants
are flowed cold directly into the renction:
zone ot reaction temperature, the heat-
ing and reaction is sporadic, uneven and
{hermally inefficient wi resulting
lowared yields and wnndesirabls @ide
roactions, )

In order that the reaction produets
remoin at reaction tcmperatures for as
50 short 2 time us possible, the reaction zons

shonld he constantly maintiined at a

minimum size for completion of the

desited reaction. TIf ths reaction pone

enlarges during continmons thermal
5 alterution and gpreads imle the preheat-
ing and guenching zones, Teaction pra-
dnels remain at reaction temperatures too
long and are inadeguately guenched and
reactants are ingdequately preheated. Tf
tho ryaction zons maves too far into the
rmuenching zone decreasing the size
therent, there iz inadeyunaie guenching
and too much preheating.

These important conditionz are wok
‘88 conlinucusly maintained in any of the
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guenching and.rsaction, during conteet

- destruction of the uriginal and egsential

“high
T

prior art processes and apparatus of ke
type deseribed above ufilizing pebbls
beds, standard checker-brick tubes, and
other regenerative masy designs, sinpe af
tha high gas velocifies reguired, the 70
masses I the majority of oases are net
capable of absorbing and giving up suff-
cient heat to effectively preheating and
quench "the resctants and rveaotien pro-
ducts regpectively, ' 75

“Even in those vases where the prior art
regenerative furnaces are sufficicntlv long
for the tronsfer of enongh heat for pre-
hepting qond quenching during first ruos,
the rate of heat transter and heat storage 80
vapacity i3 inguficient to prevent the -
sﬁreaclmg- ont of the hottest portions of
the masses to the cooler portions thereof
after somtinuous operation, with resulting

, 85

heat gradient and hence, the original
localities and sige of the preheating, reac-
tion aud guenching zones. The masses
finally approach a constani lemperainra
thronghout, the orginal well-defined pre-
hepting and quenching zones disappear,
the cool ends of the masses become het,
and the entire furnace becomes n Teao.
fon wone with resulting long perinds
during which the gases remain at rese- 95
tion temperatures. L'he furnace then
becomes ineficiemt aud the {low of
myferiale must be stopped in eeder to re.
establish the original heat gradient, reac-
tion. zone and cool ends of the regenera- 100
tive masses. ~Furthermore the mnon
uniformity of heat trausfer and storage
in the mussey of the prior arh result in
exoessive spalling of refractory materig)
with consequent interfersnea in eflicient 105
furnace operation,
The Iﬁ);eaemia invention provides &

Iy <

80

Y cfficient, economical and versatile
rechory, regenerative combined cndo-
thermia gnd exothermic aiteration process
and { or apparatas of the fyps desoribed
abive ubilizing four generative _mpases
fqr the vopor phase non-catalytic or
citalytic production of varions endo-
thermic and exuthermic reaction - pro- 115
ducts, wherein heat is conlinnmmsly ab-
sotbed and given up by the masses al a
rate permitiing the ahovementioned rapid
and uniform rates of preheating, reaction
and quenching of the reactants and vemo~ 120
tion. products when flowed in contack
thérewith at the reguired evceedingly
fast velocities mentioned ahove, withuut
destruction of the original and essentinl
heat gradient established in the masses 195
and hence the Josation and size of the DTe~
heating, reaction and gqnenchine zomes.
without heating up the cool ends of the
masses {0 temperatures at which undesir.
able side reactions occur and +without 130

Lig



725327 3

spalling of the refractory material of the
HLBESEH.

The present invention further provides
such a process and for apparatus as above
for vapor phase cafalylic snd non-
catolytic production of various gaseous
endothermic and exothermic alteration
praducts from gascous starting materials
including the production of hesting gus

1% fror natural gas, low molecular weight
hydrocarbons op petroleum hydroearbons,
unsaturates sueh as olefing and acetglenes
from low molecular weight hydrocarbons,
hydragine from ammonia, elfur from

I8 sulfur dioxide, air and natural gas,
hydrogen from hydrocarbems, syntlesis
gases for FischerTropseh syntheses and
aleohol syntheses from hydvoearbons,
steam and 00, synthesis gases for the

20 production of smmonia from hydro-
cerbon, steam and air, aromatic hydro.
curbuna such as henzene from pargffinic
hydrearbons (including evelo-paraffins,
dehydrogeuniion products from dehydro.

25 geoatable compounds, isomerization pro-

wets from hydrecarbons, nibric oxide
from air, hydrogen eyanide from hydro-
carbons and amwonia, dehydration pro-
ducts frem_aleohols, cracked Tow mole-

80 vular weight hydroearbons from high
melecular weight hydrocarbons capable
of being ocracked curbon black from
hydrvocarbons and meany other products
abtained by the vapor piase endothermic

85 alleretlion of vurious substances in g purver
und more desirable state, with greater
thermel cfficiencics, in greater vields, at
a grenter rate and af Iess cost than any
similar lknown refractory, regenerntive

40 thermal altevation process and apparatus
known heretofore. | .

All of the above provisions are ful-
filled aceording to the present inveniion
by the use of o novel, pyrolytis, regencra-

45 tive process and apparaius for th_ermally
altering a gaseous starting material com-
prising: prebealing the gaseons material

" to endothermic alteration temperatures
by flowing the same through a prehesting

50 zone comprising siraight uninterrapted
channels of a first regenerative mass pro-
gressively hoter in the direction of gas
flow, endolhermically altering said pre-
heated, maseons material by fowing the

05 same through an cxothermic reaction and
endothermic alteration zome, thercafter
guenching the cadothermically altered
gaseous material hy fowing the same
through o guenching zome ecomprising

60 siraight uninterrupied chantels gf a
second regenerntive mass progressively
oolder in the direction of mas flow,
supplying the heat for preheating and
endothermically altering the pguseous

88 mailerizl by varrying out exotharmie reac-

ko in the exothermie reaction and ende-
thermic alteration zone, at least a portion
of such exothermic reaction being varried
vut simnltaneonsly with the eaduthermic
alteration, cach of the reactants for such 7
exothermuie  reuction being  preheated
bofore the evothermic peaviivn thereof,
in separafe preheating operations al
least one of the same being so pre-
hented by passage through ihe channels 7%
of the regenerstive masses from the
cooler to the hotter ends thereof, reac-
tion  products resulting from  $he
exothermic reaction being guenched by
Howing the sawme through the channels of 80
said regeneralive magses from. the hobber
to the cooler ends thereof, maintaining
the temperaturo gradient across the ends
of the repenerative masses sufficiently
stable to maintain the locality tempetra. 85
ture and size of the preleating, reaction
and quenching zones substantinlly fixed
and the coel ends of the masses balow
decomposition tempersture of the endg-
thermically altcred material by periodic. 90
ally changing the flow of gases throngn
the channels of the regenerative inasses
and the cowmbustion and endothermic
alteration zone during said endothermic
alteration and said exothermic veaction DB
from one direction to the oppusite diree-
tion and quantitatively coutrulling the
flow of weactants, Preferably, the
channels in each of said regenerative
masses are ayranged in staggered rows, 100
the volumetric ralio of chanunlar void to
solid regenerative materie] in waph of
said regenerative masser being ot
greater than about 1 to 8 and the period
of residence of the pases in {he channels 106
ol eacl regenerattve mass and said
exuthermic reaction and endothermic
alteration gome not exceeding about 0.4
secoml and abont 0.2z second respec-
tively, @ representing the pressure inm 110
atmospheres absoluts 2t which the process
is carried out. '

More specifically and preferentiglly,
all of the above provisions are fulfilled
according to the present invention by the 115
use of a novel, pyrolylic regenerative pro.
corg for therma.]lly aliering . first onseons
starting material eomprising; preheating
to exofhermic reaction temperstures z
mixture of said first gaseous Material and
s second gaseous materiul capabls of
reacting  exothermically therewith by
flowing  said first maseons muberial
through straight uninterrupted chamnels
of a first regenerniive mass and gimui- 125
tancously flowing said second paseoms
material through, straight uninterrupted
rhannels of a sevond regenerative mass.
said first and second regenerative masses
being progresizvely hotior in the diree. 130
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ot

tion. of gas flow; simulfaneously sxether:
mically reacting a portion, hut not all of, .
and  endothermically = altering the -
: remainder vf said prehested nmixiure by

"~ & flowing the seme through un exothermic

reastion and endothermio alteration zone.
said exothermie reaction heing controlled
to supply all of the fequired heat foir said
endothermie alteration by guantitatively
19 controlling the flow of said materials,
yuenching the gesecud products emerg-
ing from said. exgthermie. reaction and
endothermie alteTation zone by flowing
port of the same through uninterrupted
1B channels nf a third regeneretive mass and
the remainder thmu;g%n glraighd- uninter-
rupted channels of & fourth regenerative
mags, said third and fourth remensrative
... masses being progressively copler in the

" 20 direction of gas fow, continuously main-
tniwing  the size, location and tempers.
ture of said  exothermic- reaction and
endothermic alteradion yonc substiniially
fized and the cool -sads of said. masses
helow the decomposifion temperature of
the. thermelly alfered material by con-
nuously reversing, 2t predetermined’
intervals. the linear iow of gasesthrongh
the channcls of said regeperative MmeuSacs
und said exothermic renction -and endo-
thermi; alteration rome ind by quantiia-
tively controlling the flow of said second
gaseves matérial. The original tempera-
ture gradient amd hence the locality,
A5 temperature, and sizs 9f the prehenting,

- reuckion and guenching " zomes rem@ins
substantially fizxed even after coniinunous’
operation. Tho eool cods of the furnace
remain below femperaiurés at which the
endothermically - altéred gases  are
decomposed. o

o

80

4D
Alithough the furnaces and processes of
the present invention ean be used to datry
out emdothermio alterationy Ty the
utilizafion of aliernating  endothermic
alteration and heating cycles, they mm
particularly adapted to carrying out nop:
eatalytic end catelytie reforming of
hydrocarbons in s moxt efficient memner
by simnlianeous partial combustion of the
same with an oxygen-coniaining #as and.
without the mse af a separats leating
step. - By precheating separntely a hydro-
enrbon, with or without 4 diluent and =n,
oxygenteontaining sas by contact with,.
two separate masses, mixving the two
“gtremms while in a-highly prebeated con-
dition . and ~inffeducing the . mixture
Immediafely into the. ectulyst or non-
catolvst ecntaining reactivm -zome, eom-
bustion-and endothermde alteration oceur
simulteneously, Thoveafled, the veaction,
praducts pass in perallel througl two.-
.. regenerative masses similar fo those firek
" 6% described and give up theirheat theredo.

45

- B0

n
aar

it

-

-thermic alteration. of the remairdar of the

- starting wislerial

~18% to about 40%. thereof will be con-

_employed to ‘éffect- t

i

'Tﬁe-ﬂdw-is'then reversed afier an appro-

priate interval (¥ fo 3 minmtes) and the
protess 15 repeated, therehy giving u eon-
tinpous. supply of weformed produet gas
and maintainiag the femperatnre mspes. |
sary for the provess withowt supplying
addifionzl external heat, .
Prefeventiaily, sufficient air ov. other
free. oxygen-containing gas is. miilized to
render - the process = substantially jao-
thermal-and theroby:continucus by affect.
ing combugtion of an_adequate portion of
the starting material {o supply all the =
heat required for the simultanecuy ende-

D

-

80
afarting material and for the impartation
to the regenerative masses in which the
products arve quenched, heat requisite fo
radée additional guautities of the gaseous
art and _free oxygen-con-
talming gas mixinre {o-ignition tempera~
fufes by passnge therethrough during
the reverse cyele. However, sufficient air
cen he ufilized to effect cimiulianeous
combustion of vnly a suffeient amongs of
the storting material -to supply only a
portion of the lepi required for endg.
thermic alterativn of the remainder of
such Starling material, the remainder of
such heat being supplied by an alfernat-
ing heating oycle. )
ks wpparert that only a velutively.
small portion of the combustible stariing
material, normally not more than ahont

g8
90
95

abiiut 40 _ 100
sumed by the Hmited combustion reaction
whick oceurs whan the progess is cariied ..
out-substantialy isothermally and there
fore continuously. The halance of fhe :
starting material will be. effieiently endo- 145 -
thermically altered by the heat released -
by such limited combustion. The sexsible . -
heat of the entive gas mixturs undergoing-

- treatmetit in the process will socordingly

be radsed to the fiame femperature of the 110
comhustion reaction,- whieh temperature
1z nboye thut necessary fo initiats endo.

- thezmic reaction of the slarting material,
‘The. sensible Leat .of the prodyet gag is

mnparted 1o the regenerative ‘wasses in 115
the. quenching. step, and s uitlized tw
rajze additionmsl  quantities of starting
maoterial  to  endothermic - reanstion
femperatures. . i :

It will Yo appreciated that the zhows 120

- deneribed isothermal partia} combustion
Drycess differs radie

liy from regenera-
tive processes of the prior art. The prioy

art teaches that the regeneritive masges

; ) - degired ande- 12§
thermie reactions must be preheated 4o o
temtperafure in exoess of that required for
such reactions, That 1s, in the processes

of the prior arf, regensrative messes are
emplayed which are at least as Lot as the 130
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product gaser produced, The regenerative
masses must supply the heat requisite
not only te initiste, but alse to0 maintain
the endothermic thermal alteration reac-
5 tiome, Such processes ure necessanly
attended by excessive heat Ioss, and
therefore, are highly inefiicient.
In contrasi with such prior ari pro-
cesses, In earrying out lhe present inven-
10 tion the product gases, when produced.
are substantially Thotter thun the
regenerative masses and the wully of the
reaption zone, That is, the regenerative
Masses are always at a temperature sub-
15 stentially lower than the mugimum gas
temperature. Furthermore, during the
actual  thernzul alteration phase of the
process, the endothermic and exothermic
reactions are smbstentiatly in balince.
20 Hence, there is no significant heat loss in
the systam. Operation at high tempera-
ture without serious adverse effecl upon
the refractory material of the regeuers-
tive masses is thus made possibie,
In my copending Application Na.
6367 /01 (Serial No, 00,598) a provess is
deseribed In which she same gemeral
method of aperafion is shown wherein no
catalyst is  used, the hydrucarbon
20 moterisl and the oxygen-vontaining gas
are premixed and two regeneralive
masves are utilized rather than the four
regenerative masses ol the present tnven-
tion, In this case some of the puréinl
35 combustien wmud reforming reactions
oseur in the checkers and completion of
$he reaciion. eccurs in a central combus-
tion chamber. While this is satisfactory
and a very efficlent way of relorming
40 bydrocarbons with low ratios of alr to
hydrocarbon, it has been found thai the
pregent invention is more switable Sor
hoth catalytic and son-catoiyte reform-
ing to prodwece gases with high hydrogen
45 content, niitizing higher air-hydrocarbon
rofios. ‘This is due to the fmet that
acourding to the present invention, as dis-
tingnished frow that of Apptication No.
6357 /561 (Serial No. 705,893) subsian-
50 tHally all of the partial combustion and
reformiug reaclions osour in tihe catalysi-
containing or non-calalyst-containing
reaction zunes ahd the regenerailve sev-
tions serve merely for preheating of the
55 feed und cooling of the produci gases.
Becauss of this more localized vombrus-
tipn, when higher air-H.C. ratios are
used . there is cven less of a tendency in
the present case far tho hoftest partions
80 of the regenerative sections to spread out
than ip the process snd apparatus ol
Application No. 6357[61 (Serial No.
705,393). Thus, according to the present
_ dovention, when kigher air-H.C, ratios
85 are used, the size, localion and tempera-

ture of the reaction zonme may be even
better conirolled than in the processes
and apparatus disclosed in Application
No, 6557/51 (Jerial Na. T05,589). .

The various embodiments of fhe pro- 76
cepses and apparatus of the present inven.
tion can be utilized with a eatalyst. Lhat
is, by plaving In ibe rcaction zone, a
vapor phase endethermic aliersfion
catzlyst appeopriate for the particwar §g
endothermie alterstion being carried out,
and flowing the preleated gaseous mix
ture from ihe chonmels of two of the
regenerative masses through tho reaction
zone in contact with such catalysf, 8g
satalytic endothermic altevation occurs,
The cataiytic material may be deposited
in the reaclion zone in any manner. or
instance, the reaction zone wey he filled
wilh luusely packed grumules or pebbles 35
of eatalytic malerial or the walls of the
reyction zone may be impregnated with
cabalylic matertal, Loosely packed
granuies of calulyst commpletely filling the
rcoetion zone are prelerrved. 90

Any catalytic matersal appropriate for
the particular endothermve alteration
desired oan be utilized in the preseut
invention such as dehydregenaton
eatalysts for dehydrogenalion reactlons, g5
cyclization catalysts for cyelization of
hydrocarbozs (o benzene, reforming
catalysts for the preparation ol heating
frases from hydrocerbons suwoh as matural
gas, refinery gases, propame, fuel o, 104
gasoline or other liquid petrolews hydro-
carbons which mmay be vaporiged,
Lydrogen preducing catalysts fur produc-
tivn of hydrogen, from hyurocarbons or
the veaction of hydrocarhons and ateam |(5
and known catalysts for ihe procuction
of hydrozine irom ammonla, syntuesls

afes for the production ol aleohts or

ydrocarbong irom €U, bydrocarbuns
and slesm, synthesis gages for the prodec- 110
tHon of ammonia irom hyurocarbons,
steam und air, acetylenses or ojedns from
hydrocarbons, hydrogem cyanide Irom
low molecular weight bydrovarbons and
smmenia, saifer from solmr vluxide, wir 115
and natural gos. :

I will be appreciated that the reas-
{ion temperafures, or femperatures of the
gases to be attalned in the reaciion zone -
for any particular catalytic endothermic
alteration, will depend on the particular
catalyfic material wuSed. ‘lemperatures
known in the prior art to be appropriate
for the pariicular catalytic material used
in any particular andothermic alieration 125
are also appropriate in that partienlar
endothermic alteration carried out
according to the present inveniion.

Even when the processes of ghe present
invention are varried ont non-eatalytie- 180
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ally, tho weactiyn zone n_lay_‘bé packed,

- with inert packing material such ag coLes,

Berl saddles or solid spheyes, in order to
inerease eontact greain the reaction zone.

It wil] by understood that the phrose
“eatalytic material”’ employed herein 1is
embracive of and generi¢ to materisls
which effect catalyHe action due to their
particular chemieal constitution” and alse

.to muterialy which are catalytically active

as g conseqience of surface’phenumena
for which they are responsible. fn. other
words, the mass of catalytic material may
be inlert insofar as catalysis due to chiemi.
cal composition is coneerned, but effective
solely as a comsequemce of the large
umount of surfacé mres exposed, © The
celzglytic mass preferahly takes the forn:
of a particulate or pelleted material,
metallio ringe ﬂr'c'fii'trigges, or it may be
compused of layerg of metallic sereen of
types eommercially available. -

The catalytic wiass ‘may he of severil
types o3 regards chemical and physical
constitution, depending wpon the type of
reaction it iy desived |o carry ont.  For
example, o nickel lyps tatalyst aloné or
I combinelion with an aluwing or mag-
nesia currier is preferred o carry out gas
{*cfbrming reactions of fhe following
Fpo: = ' -

CH,+H,0—— Q0+3H, -
'~ OH, + C0,~———200 + 2H,

Operations empleying this ty‘fe of reac-
tion ere effective” for the production of
heating or synthesis gas, : Other oata-
lysts that may be employed for this pua-
pose inelude ehrominm, cobalt, irom,
copper end silver and the varions oxides
and salfs - thereof and mixtures of the
sae, either alone or in combination with
promoters or carriers sueh as aluminum
oxide, or magnesiym oxide, - - - -

Chromium oxide ocatalysts may -be
employed for carrying out dehydrogena-
tiun reactions of the following type:— -

- A--8
Butane - - Butylena ;
Beactions such-as those availed of .in

50 the reforming of nafural gas, methane or

5B

80

higher hydrocarbons ta- produce healing
ges or endothermic gag reaction products
vuprising unsaturated compounds. and
aromatics are preferably catalysed wilh

masses of surface -active wmaterials swoh”

ag aluina, silcon carbide and ragnesia.

Again it is stressed that ether catalysts
known in the arl -may equivelently be
employed to effect. reactions for which
they are partienlarly appropriute in the
processes of ‘this isvention,

It is to be anderetood that certain
endothermic reactions may be parried out
wore efficiently hecording to the present
in\ren.ti‘on by the use of: catalysts wherens

others are more efficigntly earried oyt nom-
eatalyticelly. The veforming of low
molecular weight paraffing such as pro-
Pane to produce a heating gas having
praperties allowing it to be. substituted 7
1o, utilities for natural pas may be carrizg
out efficiently without a catalyst, whereas
. the reforming of natural gas to a lower
B.Th.u, heating gas for use by itself or.
in admixture with higher B.Th.u, gases
in yiilities js carried ont more efficiently
_with a catalyst, o .
However, most of tha reactions way e
carried out to some extent either cata-
Iytically or non-catalytivally, the temper.
atare of regelion varying aecordingly.
The” use of g catelyst in the bresent
1avention has the advantage of perm itting
the use of lowar temperatures in the reni-
tion some henbve reducing the temperatore
differential botween the reaction zome amid
the cooler ends of the masses angd décrens.
ing the tendency ¢f the cooler ends of
such wmassés t6 Tise to temperatures at or
above ‘those femperatures at which the
desited altered products gre decomposed.
Tt is apparent that catalysts can Le wsed
10 best advanfage in endothermic benc.
tiong requiring high ‘endothermiie alters-
" tioH bemperatures, | T oo
C It Wﬂ} be anderstood that the tefrag-
tory regcnerative masses must be bre-
“heated priow o the iniliation of the vari-
ous processes of the Invention to estab-

al

hs ;the proper © temperature pradiend 101
therein, = This ‘Prebeating ‘may e
effected In' any desired manner.. Nor-

“aully, the refractory regenetative fur
‘racey employed ave provided with Lediing
-meany for the purpose. A desirabla mode 1
-of operatinn entai ‘heating the four mass -
Tegenerative: furnace in'a manner snch
“that when a separpie stream’ of Busedits
fuel heated by passage through one of the
Masses and a separate shovam of air ur
other free ‘oxygen-eontoining pas Leated -
by passage through: another of Hie masses
are -nbmately mized, they will' Tre
igeited and thereaftep burned in the reac-
tion zone and the combustion gases passed 11#
through, the other twa masses, 1n parallel . -
the direchion of gay fiow through the fur-

1u

‘Mate being -contifiiously reversed.
J2-Another mode of preheating the fur-
nace g to burn, a wixbure of fuel gas and 19
"B1E or 0Xygen-containing pagin the middia -
of the furnace by means of burners loeated
therein, part of the hot combustion guses
preduced passing: through twe MusRes in
parallel to the stack and parb throagh the 195
other two masses in parallel ta the slarck.

By either of these modes of preheat, the
reaction zome and catalyst contained
fhereia, when the process is carried out
‘ag-ta]y’tlmll_,j_r, is heeted fo » temperature 130
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of from about 1600° C. tu 600° €, depend-
1zg on fthe endothermie meaction fo be
carried out, whether it is to be carriad
out catalytically, and if so, the particular
b catalyst ty be utilized, The design of
the furnages of the present inventton is
such that during such preheating the
caoler ¢nds of the masses remain at a tem-
perature below that at whieh undesirable
side reactions and decomposition of the
desired altered products take place, These
eooler ends, plter prebenting, are usually
at temperatures of from about 75° C. to
about 2560° C, preferahly 100° C. and the
hatter endy are at temperatures somewhat
below the temperature of the reaction
gole,

These hotter ends of the regenerative
masy should at least be ai the ignition
temperaturs of the mixture of Liydracar-
bons and vxygen-containing gas,

When the preferred Ligh efficiency fur-
naces of this invention are employed, the
cooler emds of the regenerative masses,
even after continued operation, are nor-
mally at a temperature preferafvly within
the range of 75° C, to 250° C., such tem-
peratures, of course, similarly resulting
from, the preheating operation of the typs
30 previously deseribed. Herein is gme of
the imporiant coniributions of the pre-
gent invention, since in all similax Eiess
thermelly efficienl {uriaces of the prior
art, these vooler ends of the regenerative
masses after continuons operation fend to
rise in temperature yntil they approach
the temperature of the hotter ends of the
masses, under which conditions the pro-
cesa can ag longer be carried out, there-
40 fore, necessitating the halting of tho

endothermic alteration process to rc-estab-

lish the proper heat gradient,
1t is additionally Important to the suc-
vess of the imventien that low pressurs
45 drop, & Ligh rate of heat transfer and
short contact time with the regencrative
masses and reaction zone he adhered fo.
The mazimum period of residence time
of the gases underpoing treatment in euch
80 of the firs and second regencrative masves
depends on ihe parficular endothermie
- wlteralion reaction and the temperature
af whieh it is earried out.  However, the
time in each mass preferably should noc
55 exceod about 0.5z seconds where 2 repre-
sents the pressure in absolute atmos-
phercs af which the process is varried oui.
A preferred range for this residence
peried is from about (L4 to about G.03x
60 second. In producing some heuting
gases rich in unsaturates, hydrazine and
unsaturates, the residence period should
not exceed about 9.9¢ sccond frcfembly
Veing from aboul 0.0z second lo about
65 0.1z second.

10

ib

25

The residence peried in the reaction
zone of gases undergeing pom-catalylic
treatment should, preferably, not exeeed -
wbeut (22 second with a preferred range
of from about 115z secan&i to about 0.01x
second.  In producing some heating
guses rich in unsaturates, hydrazine and
unsaturates, this residence period should
not exeeed about 0.65« second, preferably
belng from about 0.0l seoond to about 75
0.032 second,

The prosess of the present invention
may be carried out under sub-atmospheric
or superatmospberic pressmres, ~ Snuh-
atinospherie pressure processes arc prefer-
ably effected at from just below aimos-
pherie pressure fo about 0.2 atmospheres
absolute and are particularly useful in
the production of some hentiny gases rich
in wnsaturates, low mwlecular weight nla-
fing from hydrocarbon, hydragzine from
ammonia and acetylene from hydrocar-
bous. However, olefing and heating
gasss may be cfliciently produced at
etmespheric pressure, Although bhydra-
zine and acetylene can be produced at
atmospherie pressures, the use of sub-
atmospheric preswures 1s much more satis-
factopy since they perrait shorter preheat,
reaction and gquenching times thereby cute
ting down the amount of side reactions
and decompositivn of the desired produst,

A preferred pressure range for supei-
atmospheric conditions such as those util-
1zed for the production of higher olefins,
aromatica and other liguid reaction pro-
ducts, is from about just above atmos-
pherie pressure to about & atmospheres,
However, pressures not eseeeding about
3 atmospheres nre very effective.

The higher pressures wfilized in the
production of promaties and higher ole-
fins, result in longer residenve times in
the masses end reackion zune, which is
permissibie and desirable in sueh reac-
tiona,

When vxygeu is utilized in lieu of air,
the residence times of the gases under-
going treatment in the {wrmace may be
reduced to aboub § of {hat required with 175
similer operations conducted with air.
Thus, the residence time ab stmespheric
pressure when en iy utilized may he
reduced fo a few tEousa:udths- of g second,
Tt will be appreciated that analogous 120
modifications in residence titme may be
effected whew other gases richer or poorer
in free osygen than alr, are employed. To
obviate the possibility of overluading the
furnace when gases extremely rich in 195
oxXygen are emﬁoyed, reduotion iu resi-
dence time is desirably effected hy
decreasing the pressures rather than by
increasing the rate of feed, i

Tt is obvious that the reduction of resi- 130

80
85
30
96
100.
105

110

T e ST



(e

dence ' and quenching: peridds by the
reduction in pressire in the system’ éan
be 'acvemplished without. appreciable
cliatige. in prossare drop through the
regenerdtive mass, hadause only the lineal
gas velority is increased, uot the mass
volovity.  This feptureof restricted Pres-

_of the hotlest portiofis "of the muss s
. during-operatien arc nf least equal to the
-ignition - tempepatires of the . prehedted

mixture of starting material aud bxygen-
confoining gas, - Thé walls-of the -renc-

“Hion zone-and the satalyst wmglerial when

sure drop constitutes one of the salient

- features of this invention, . The pressure

© 19 drop in the apparatis should nob sxceed
.+ uahout 5 pounds per syuare inch, - A pre-

ferable range s from about [ peund peT

used are usuelly somewhat haiter than the
hottest portion of the masses. - (ag tem-

JPeratures within the reaction zowe are

-considerably . higher-than reaclion zone T5

squpre inch 1o about 2,0 ponnds per square -

ingh. . _— S :
Diluents may m:may not be wwed during
eadothermic alterations. .
Hon wf acelylencs, wlefing, heating gas
and '=a:011_1atics)"am1r-_-'i11 deliydrogenution,
cracking ang isomerigation of hydroear-

. 20 bous, stear is uieful as a dilvent. -Iu-

the production of hydrogen, hydrasins
and carbon black, hydvogen is useful as
2 dilwenat,

endothermic alteration. = =~ |
- -Only. so much oxygen or free oxypen-
conbarning gas should be-employed i the

the heat rsguisity for tite prodiclion of

ance of the process,’

Alr, oxygen eor okygen in adwizture
with other guses sieh as nitrogon wlich
ara Inert under thewonditiong uf Teaction
may be employed. | Adr ispreferrad. -

36 . od,
: - Speaking geverally, air may. bs mixed

with low moleeular weight bydeocarbons:

ivr use in the ‘parfial combustior  pro-

cdsses’ of the inventiom in the.range in -
parts by volume of from ahout 0.5 paxls-

41}
- of air per part of hydrovarbon fo abouk
6.5 parts of afr per’ paré of hydroecarhon
for hydrocarbons from methane to gfe.u-
tane, - Similar ratios for exygen sre from
45 about 0.1 pawts of oxygen per patt of
bydracarbon {o about 1.5 parts of oxygen

. per
ing

%ygh'usa.rhons. higher thon penfans,

~ proportionately larger amounts of oxygen -

are required.  Inm genersl, the maxmum
required is approximately. the same num-
ber of oxygen atomy & there ars sathon
atonts in flhe moleeule, . Those skilled in
the art will readily be ahle to delermine
the- proper proportions of Ires OXygen-
containing gas to employ with. - starfing
material vther than hydrocarhons,

In these cases, whereln only a portion
of the endothermic heat of alteration is

1l

il

"+ 60 supplisd by simultansons combustion, {Le

remuinder being snpplied by an alternat.

ing heating step, the ralic of air or oty-

gen to combusbible material, a.g hydro-
earbon, will be lower. .. . . -
dras been. dizensnad, the tediperatures

In the produc-.
eat.  Known-prior art diluvents may
be utilizeqd for cach paricular type of -

PTESeNt Process as is reguired to obtain-

the desired product and to-the mdinten..

wall témperatures. -Theso temperatures
of -oourse, will vary according to the past-
ticular endothermio altexation beiag. par-
ried “out, whetlier the alteration is eata-
Iytie; and if so, the particnlar catalyst gy
used. In certain reactions.carried out
catalytically, the catalyst and walls of -

" the reaction zone are ut o, lower tempera-

tiwe than the liottast porfions of thé

masses, - : . 86
- The required temperatures for parden- -

“lar endothesmic alterations without the
so of catulysts, and with the ase of par. .

Hieulur prioy arf patalysts, dre well known -
in the att, When producing henting gp
gases from low molecular weight hydro- . -

_carbong, femperatures in ths reaction zune

range from. about 7¢0° 'C. {0 1000° €.
- Liguid hydrovarbous. sach as fuel ofl

and natnra] gascline may. be preheated or
atomized and Introduced. with air,

The. provisien, of o wovel ragenerative
furnaoce stracture in which the processes

Gb

- of -the present inveation -may be.carried.

-invention,

out, is one-of the primary fcatures of this 100

Driefly stated, the-furnace

‘strueturs of this invention includes four .
‘heat insulated regemerative masdes, each”

; - masses- Qppusite the fres spaces,
arf; of hydrocarhom.” - When crack- -

having linear, -continncus fAues passing -
theretheough; each of such regemerafive 106
wasses being piovided with u-Tree space = - -
In somwivpication: witl-éne ebxremity of -

the faes and- o heat insuldted Teaction

zolie commnniéating between the extremi-

Tes of the flued of each of the regenerative 179
Means

are agsociated . with each. of the free

apaces fop. Ghe admission- and  discharge

of gdses thereto and therefrom.. - Mesns

for reversing the diveslion of the fow of 115

gases through the fmrnaees -are also

meluded, - -f!.g,»reactiqn Z0lle WAy, Or May

A0t - huve a eatalytic-or mon-catelytic
maberial present

therein preferably in'the

form: of particulate pellets: .- 18
In ona embodiment of such a inrnave,

theg four m.:llﬂses,ir_:umprise_ﬂ'tw& pairs of’

masses with a miving chamber communi-

“eading between the extremitios of the fues

_gases passing from th

of eaeh palr of wmasses opposite the free 125

spages” and the resction zone  wherehy
¢ free spaces of snch
pair of masses to the .fres spaces of the

- other pair of massed pass throngk. lhe-

fues of ong'pair of masies thenoe through 130
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its mixing chamber, thence throngh the
reaction zone, thenee {hrough the mixing
chamber of the other pair of masses, and
thence through the flues of the olher pair

5 of masses. Burner means are included
fop admifting fuel gases to each of the
mixing chamhbers,

. Each pair ol masses may be on oppro-
site sides uf the reaction zonc, the flges

10 in each wass of one pair of mosses being
axinlly aligned with the flues of one of
the masses of the other pair of masses,
or both pairs of masses may be side by
side on the same side of the reaction zone,
the flues of each mass being paraile] with
the flues of the other masses, or the four
masses may extend from the reaction zone
al any desired angle to sach other,

The invention will be bettor undersivod
2 by refercuce to the accompanying drasw.

ings--.

Figure 1 shows purtly in section, parily
dagrammatically, a complete appuratus
1n accordance with the present invention.

295 Figure 2 is a cross section on p Piue
represented by line T1—I] of Figure 1.
Figure 8 is a cross seefion on a plane
represented by line L1I—ITT of Figure 1,
Figure 4 is 5 cross section og g plans
30 represented by line IV—IV of Figure L
Figure & is a_eross section en g plane
represented by Hme V—V of Tigure 1.
Figure § shows partly in section, and
partly disgrommaticaily a second pre-
ab fg}rred cmbodiment of {lie present inven-
iom.
Figure 7 is o cross section on a plaze
Eepresenteﬁ by line YII—VIT of Figure

[
e

40 -Figure 8 is u cross aeetion vn a plana
zéepreseni'ed Uy ling VAII—VIIT of Figure

Vipure ¥ is 2 cross section on u plana
Tepresenled by a line IX—IX of Fligure
49 6. _
Figure 10 iz a cross seetion on a plane
represented by line X—X of Figure 0.
While Figure 1 shows the general
arrangesient of four vertical regenerative
60 masses separated in two pairs qb,',' a cen-
tral bridge wall, each pair being roi-
pected to a centrul reaction chamber von-
taining y eatalyst, u venturi mixer, a dis.
tribution rclamber and a  disfribution
B8 grid, it is obvious {hat this arrangement
may be either vertical, ot any angle, or
horvizontal although {he lust iz pre-
ferred because of wase in sonstruetion,
stocking of cheekers, mainfenance, and
60 charging und  discherging  catalgst,
Furthermore, a veaction ehamhber cun b
employed withoul o calulyst.
Hurthermore, while Figure 6 shows o
Liorizontal furnace, ¥t is ohvious that it
00 wmay be vertical or at any angle.

Referring to Figures 1-—5, the fuzngce
consists of a gas-tight shel] ! coutaining
a refraclory lining 2 and four vegenera-
live masses 3, 4, 5, and 6. Masses 8, 4,

5, and 8 termivete within the furnace in 79
passagewuys ¥ ond 8§ which in fwrn con-
nect with venturi throats 9 and 10 lead-
ing to chambers 11 and 12 which in turn
eonnect wilh cliecker sections 15 and 14,
The lalier, in furn connect with chamber 75
16, which may or may not contain a cata-
Iytie mass, Illg the figuze 2 catalytic masa

1s disclosed.  Bridge wall 16 separates
regeusrative masses § aund 4 while bridge
wall 17 separates regemerative masses 5 50
aund 6. A central bradge wall 18 in tum
scparales regenerative masses 4 and H and
chambers 7 and 8. An exlension thereof
separates venturi throats ¢ and 10, cham-
bers 11 und 12, and checker secfions 18 85
and 14, and o farther extension produeces

a U-shaped reaction chamber 15,

Burners 19 und 20 connected with pas-
sageways 7 and B are used in the initial
slep of preheating {he furnuce to a tem- 90
perature suitahle for uperation of the pro-
cess,  Pipe connections 21, 22, 23, ‘and
24 connecting respeetively witl regenera-
tive masses § 4, B, and 6 serve fop intro-
duclion and withdrawa] of gas streams 95
inty and from the furnace, .

Pipe 21 is counecled through line 50,
valve 25 wond line 5] to o stack (not
shown), Pipe %1 1s alse econnected
through Iine 54 to valve 33 which in furn 100
is eonnceted through line 66 and line 34,
io a source of air. Dipe 21 is also con-
neeted through iine 54, valve 33, line 32,
lina 31, valve 30 and lina 28, o a source
of hydrocarben. Pipe 21 is also com- 105
nected through line 54, valve 38, line 82,
line 37, valve 37, line 48, line 81, valve
39 and line #4, {o a product mas storage
meuns (not shown),

Pipe. 22, i5 connected through line 89, 110
valve 26, and ling 80, to a stack {not
shown),  Pipe %2 is also connected
through line 48, valve 87, und lines 36,

39, and 84, to a svurce of air, Pipe 22

is alse connected throungh line 48, valve 15
37, lines 57 and 31, valve 30 and line 29,
to a source of hydroearhon gas,  Line 22
Iy al:o copnerted through line 61, valve
29 and line 44, to product gus storame, -

Pipe 23 iz coinected through line 62,
valve 27 and linc 63 fo a stack. Pipe
23 is nlsp connceled through line 43,
valve 42 and Hues 64, 65. 35 and 34, to
a saurce of air.  Fipe [ine 23 is ulso con-
nected through line 43, valve 42, line 86, 135
line 46, line 45, valve 30, and line 29, to
a gource of hydrocarhons, Pipe 23 is
also connected through line 88 vulve 39
and line 44 to product gas storage,

Pipe 24 iy connected throngh line 52, 130

120
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- distributing said product-gas between tlie-
two quenchihg masses whien such masses- > whe re. s
; ; © 7 during reformation or where there is soma

‘6357751 (Serial No:705,898). _
Figure 3-is u ervss section on a plaxe
alovy the Ling FHI—TIT of Tigure ).

tory walls' 18 and ' 2,

valye 28 and line 53] to a stack. . Pipe
24 i also contested through line -§7,
valve 40 and lines 47, 49, 5, 35, and 34,
to- & souree of wir, - Tipe 24 is alsw cone

nected throngl Jine 67, valve 46, limes -

41, 46 and 45, valve 80, and Jine 29, to
& semree of hydrocarbon: pas,
alwo conneeted threngh line 6%, valve 40;

“lines 41 and 66, valve 42, lines 48 and 38,

valve 39 and' Ling 44,  ta product gos
storage, ) B

Figuro 2 is & crosd secticm on & plime
along the line TT—II of Figune 1, &c}vﬁm

ing the four isolated and substantially

‘gas-tight regevierative masses 3, 4, 5; and
G'iui Tm;énded by refrdctory walls 18, 17,
) 5

cozuprising uninfervupted

27701{50 (Seria] -" No. =69?,1Q_8)' : and

! ing

g two passageways 101 and 102,
hounded hyaug

stantivlly gas-tight vefrac-

y each pu

havinﬁ venturi throgls 9 and
o

; 10 11 ven-
tor] ‘blocks 108, ~whith serye

the two separate preheating. regeteiative.
masses when-such massps are

uct gay from the redction ehamber, and

. are mtilized for.gés guenching:

;40

" regenerative ummss checkers of 4 e type-
employed in -the " regenerative -imasses -

i
&

80
" BB
60

‘6_5

Figure 4 is.p_orosy section on a plans

along the line TV-—IV of Figure 1, show.
T distribution means 18 and 14, which
may tike the form of grids composed of

shown in Figure ¥ However, such. dis-

tribution meany may he composed of heat

resistont metal grids or layers of - hent
resigtant meta] soréems, These distri
bution. means or grids serve to 1salate the
chambers 11 and J2 from the. reuction

ehamber 15 containing cafalylic material,

Figure 5 is a cross section on & plane
along the line ¥—V. of Figurg 1, s W
ing the two sectiods of catalyst-contain-
ing or non-cabalysi-containing resstion

-chamher |5 separgted by bridge wall
The apparalis of Fignres $—10, yeb

anolher embodiment- of the invention is
similay to Pigures 1—b and like numsrals
aty whilized to Hentify 1ike slements, The

orily differenceis that in the latter draw- -

ingy, vheckerworks 3 and 4 and checker-

works 5 and § ark . on opposite gided of-
chamber 15 with the fues of .mass §-in-

Yipe 24'1s-

-may by eirealur or auny other shape

The madses ‘confain fluss 100, -
1 passagewayy
~preferably of the. type disclosed 1a my

“copending Tatent - Applications” Nos. - much aythe gases do not changrs direstion

] BWQY .. ! [
passagoway ‘closed I the fgures is arrauged for the
: log e atternateli -
dor mxing gas streamy No, .1.and .ges B e S byt
. stream; N:Jlng which are ﬂiﬁclla'x'g;efl -fr%D:'_ Tied gubt simultanesusly with Tefnrma-
re wtilizsd -fom
gas preheating aud for raceiving the pri--

'.“ﬁf‘*'l '?Eé’mnﬁﬂt :'?-"'iﬂl'the-ﬂﬁes- uf mnss 5
and the flnes of mass 4 in axial alignment

with “the flues of mass 5. In - sueh

apparatus, niturally, wall 18 pf Figure.
1 Iy mot required, = . . e 1

Although the vross sections of the fur-
naces and of the vefraciory masses are
preferably  rectangular, as shown, they
desired. -,

red. . : o - Th
- It"will be spprecialed that in the pre:

" ferred embodiment of the present mven-

‘tion, disclosed. in Figures- §—10, the
Jwottest endgof the regeneralive masses
are in substantially abutiing Telation-
ship, : Heab loss hy radiation is conse-
quentily . greatly reduced. Furthermore,
pressure rop of ithe gases mnandergoing
treatment in the furnace is reduced inas-

80

RS
10 passing fromi ens of the regenenalive -
masses to. the other,  fi uddifion-there

“aro many meehanieal sdvautages inherent

in this stenoture including sinrple pro- .
vision, for expdmnsion and ecomlmctinn of ¥)
e apparatus, - ;- . - U7
 Although the piping sreangement dis-
preferred procass of the present inven- -
T wherein sufficient combustioy, i car- U5

ton to supply .all the hent of  reforma-
tion, therefore dispensing witl the need
of.a heat cyele, a different. arrangement
would-ohvinusly be required if un slfer 1y
nating heating eyele teto bo used as is the -
case wherti ‘there iy no partial combustion

partial -eombustion carried cub simulla-
neously with reformation, hut not enough 105
to supply-all the heat of reformation,”
- MHigh™ Liéat transfer, “short residence -
time and low pressure drop in . the ve-
generative fumace are tmportant to the
sucvessful practice of this invention. Yo 110
this. end, -'F:Ee particular furnace and re-
generative mass structure embiaced by
thiy invention shotld preferably conform - -
o ceriain glructural Umitations, The

Jength of euch regenerative mass should 115

Dreferably not exeeed abont 15ft. Like.
Wise, regenérative masses less than about
4 ft. in length gro impractical, slthough
Hie lowey: limit Is zivk necessarily eritical, -

- A preferred length for each of the re. pgp
- gelerative nasses iy from about § to

1) £, - L .

Likewise, in’al] cases, excend some  of
thesg endothermic remetions which are |
carvied oul catalytieally, the void volume 195

‘of {lie reaction chamber of tha furante .

should prefprably not excead about 609%: .
of the combined volume of the flues oone

Aaiued in the repénerative musses of the
furnace, It iy preferred in gieh pases, thal 13y



725,827 - 11

the volume of the reaction chamber ha
equal fo from about 209% to about 40% of
the combined velume of the flues. How-
ever, in sone of the reactions ecarried out
5 valalytically the reaction zone wolume
may be as mneh as abawt 10 to 20 times
%.water than the combined volume of the
ues. i
The size of the reaction chamber varies
10 according tv the particular reaction being
carried ouf. Generally, larger reaction
chambers are utilized in those reactions
reguiring longer residence limes in the
reaction chamber or Tonger eafulyst con-
19 tuct times.

Checkerworks 13 and 14 of the figuves
oy comprise any form, of grating rather
than s checkerwork of the same design as
checkerworks 8, 4, §, and G, although the

20 Iatier is preferred.

The gas passagewuys or flues 100 i lhe
wmasses 3, 4, 5 and 6, should preferably
nof, exceed about 0.75 inches in maximum
cross gectional distance or diameter. The

26 lower limit of operable width or diameter
of such flues is not necessarily eritical,
but must not bo so small thai excess pres-
sure drop in the furnace ocours ag a con-
gequence thereof, lenerally, flues of

80 maximum width or diameter from about
.75 inches to aboub 0.2 inches may he
feasihly employed. Flues having a maxi.
mom width or diameter of ahont (L3753
inches to about 0.5 iuches cre preferved.

35 The flues should preferably be substen-
tially peripherally eurved in rrows sce-
tion, ll‘jmy ma. 'Ke eireular, cliiptical or
any shape in which a substantial pertion
of the peripheries are curved. Cireular

40 flues are preferred.

It is alse desirable that the ratio of the
volums of flues in the regenerative mass
ta the total velume of tﬁe regencrative
masy in. which the flues are located mnot

45 exceed about 1:3. A preferablo range
for this rafio is from ahout 1:4 1o aboub
1:10; and a suitable lower limit is about
1:20, The brick for use in the construc-
tion of tho regenerative masses of the fur-

80 nece of ihe imvention may he Prepared
from  any conveutional  refrectory
material such ay Tarious caleinm, mag-
nesum,  aluminum, silicon, imon,
chrowium oxides and mixtures therecf,

b6 Furthermore, as u consequence of the
tkermodynamic advanlages of {he provess
of thia invention, in the cooler porfions
of the regenerative masses, a olieckerwork
metal such as iron or copper or a thecker-
€0 work graphite may be cmploved, Prefer-
ably, the bricks are prepared from ear-
borundum or ¢ material having a liglh
slumine content guch as fused alumina or
alundom to oblein maximum heat capa-
g5 eity, high refraeciorimess, high thermal

stability and inertness foward the gases
undergoing treatment. :

There is o definite relationship hietween
the spacings of the flues and the vondue-
tivity of the material. For exemple, with Y0
the iron, aluminum, copper or brass, the
flues may he from ahout " to about 2*
in diameter and be peripherally spaced
from about 1* lo aboot 27 apart, TIn the
case of carborundum, the fives may be 75
from, about 1" to about #* in dinmeler and
be peripherslly spaced apart from about
17 to aboyt 137, Whare the material am-
ployed i alumina or alupdum, with a
heat vonduclivity of about ane.guarter 8.
that of carborundum, the dnes may have
a diameter of {rom aboufb 1 {o about L
and he peripherally apaced apart from
about §” to ahout 7.

There is a relationship bhelween the 86
conductivity of maferial comprising the
units and the periphera] spacing of the
fues.  The ratio of conduetivity, in
B.Th.u. per square foot per ineh per hour
per degree ¥ahrcuheit, {o the distance &y
belween flues, expressed in inches, should
preferably be greater thap about 40,

It will be nbserved from the drawings
that the flues are so disposed that they
form  substantially cqually sSlaggered ug
rows, the distance from the center of each
{lus to the center of tle next most elogcly
adjoining flues in adjacent rows and in -
the same row belng substantially yni.
form, In the furnace of this invention 1g)
this center to center distance should pre-
ferably not exceed about one and one-half
inches. A preferable range for this dis-
tanee is from aboul 0.62” to about 0.88”7.
The thickness of the refructory walls 106
sepurating the flues is substontially uni-
form. and should not be greater thun about
0.75". A preferabls range for this maxi-
mum distance iz about 0.377 {o  aboub
0.6257, When these limits are vbserved, 1]
the previvualy defined lmits with respect
to the ratio of the volume of the flues in
the masses lo he tutal volume of the
masses in which the flues are located will
be complied with, The flues in the draw- 115
ing are about 37 in diameder and the dis-
tance from the center of sach flue o the
ceitter of the next closest adjoining flues
is sbout §”. Obvions variaiions in rela-
tive size and shape of the flues and inter- 3139
wall thicknesses nre operabie within the
previous limils with respect to maximum
slol size and volume, Conventional
choekerwurks of other types then those
specifically described horein may be em- 125
ployed if the alorementioned limits are
ohserved.

A partivelar  appropriste iype of
cheekerbrick for use 1in. 13&].1& cuna’?ﬁmﬁon

of the regenerntive checkerwork of +the 130 |
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furnece of this invention is that duscribed
and elaimed in copsnding Application
No. 21701750, entitled “Improvements in
or relating to Ieal Regenerator Packing
Materinl™, (Serial No. 647,108).

However, bricks olher than those dis-
closed in the above patent application are
satisfactory. Tor instance, hricks can ba
whilized baving grooved wopposite faces
il and passagewnys passing  pompletely

thersthrough in the same direction ax
such grooves, which Dassagowaya are
located botween such grooved faces. Tm
such case, gligned grosves in the
10 ussembled mass of bricks form pari of the
flnes in the mass and lvagitadinally
aligned pussageways passing throngh tha
bricks form the rematnder of such flnes.

Also, each of the masses may bs in one
20 piece with the passageways passing there

through., However, in these lutter CAses,

there is u greuter tendenoy for gpalling to
oceur, possibly due tu.stresses get up in
the refractory during the formation of the
o bussafeways {hrowph the “bricks or
masses,  Therefore, it is preferred io
utilize masses having channels there-
throngh  formed only from aligned
grooves of udjacent asscmbled bricks, as
30 disclosed in tho above referred to patent
application, The galy important fastor ta
be kept in mind is that when the brioks
are assemhled to form the regenevative
masaes, the size of, the shape of, the dis-
35 tanes belween and the prrangement of the
passageways should conform with the
aforesaid and the following descriptions.
o of the Important features of the
present invention iz the lack of lamp
bleel aceumulation on the flue walls with
resulfing  clogging and  decresse in
efficiency. Turthermore, the zesction
products, when producing, even a
extremely high {emperatmres, leati
gases, hydrogen cyamnide, ¢lefins an
acctylene, contain ﬂsa carbon particles
2§ impurities fhan jn any other Lnoown
similar proecases.

Another advantage of the present pro.-
b0 vess is that by merely varying the
amounts of starting maferial ‘and air
flowed into the furnage during the endo-
thermie alteration and combustinn phase,
the temperatures attained in the reastion,
zong and the hottest portions of the fur-
nace pan be varied to produce dilferent
endothermie products.

The present invention is nseful o carry
ocut any regenerelive pyrolyiic endofher-
60 mic or combined exothermiz pnd endo-

thermie altaration process wherein, the ve-
actants must be heated, reacted and
yuenched. Operation of the furnace and
processes of the inventon will bu des-
.62 cribed by reference to Figuves 1 fo 5.

11

40

6B

Preliminary to putting the furnace into
cyclic operation it must he preheated. For
this purpose hurners 19 and 20 are pro.
videaf whieh are operated altemateigr.
Tor example, in the beginning, vulves 25 70
and 28 are closed and valves 27 and 28 are
vpened. Burner 19 is put into operakion
and combustion takes place in chamber 7.
The combustion gases pass throungh ven-
turi-9, thenee through chamber 11 and 78
distribution awweans 13, which may som-
prise flues formed from regenerative
shapes and shown in cross sechion in
Fignre 4 which is o sechion on 2 plane
reprevented by lHne IV—IV of Figure 1. 80
The gas then passes thromgh weaction
chamber 15 which is U-shaped, and passss
back through distribulion means 14,
chamnber 12, venturi 18, chamber 8 and in
parallel through regenerative masses 5 85
and 6 and thence out through pipes 23
aud 62, valve 27 and lins 63 and line 94
and 52, valve 28 and line 53 iv the stacks.
During tle operation jush described, host
is supplied to raise the temperature of the 9§
reaetion chamber 15 and the catalyst con-
tained therein, when celalytic DTnoesses
ure being carried vut, and the top of re-
generative maases 5 and 6, Affer passape
in this direction for a shorl time the pro- g5
cess iy reversed. Burmer 19 is shgi and
Turner 20 is dput into operation, closing
valves 27 and 28 and opening valves 35
and 28. The hot combustion gases trom
chamber 8 then travel in the reversa direc- 100
tiou through venturi 1}, ehamber 12, dis.
tribubion means 14, through chamber 15,
throngh distribution means 18, chamber
11, venturl 9, and chamber 7, and pass
out in parallel fhrough regencrative 105
masses 3 and 4, They finally issne irom
the furnace Jbhrough pipes 21 and &0,
valve 25 and 81 and pipes 22 and 9,
valve 26 and line 60. In this opearation
further heat iz added to the veaction 110
chamber and the eatalyst pontain therein,
and the top of clieekers 3 and 4 are raised
m temperature. The prucess is veversed
aliernately until the reaction chamber
and catalyst contained therein is heajed 1i5
t0 g temperature in cxcess of about 700°
C. preferably from about B00° . to shout
12360° €. and the end of the regenerative
masses 3, 4, 5 and § adjucent to chambers
7 and 8§ are at approximately the same or 190
2 somewhal lower temperature,

The heal trapafer cificiency resultauk
from the constructivn und ditiensions of
the regenerstive checkerworks 3, 4, 5 and
f, previgusly described, is such ihat the 126
comebustion gases continually  leave the
furnace at a temperature of about 75° O,
to about 300" . The temperaturs
gradient in the regencrative masses of the
fwrnace will level -off from. in . excess of 180

o
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about 700° C. at their bot ends to sub-
stantially = almospheric  femperatures
{about 76" C. to about 300" C.) at the ter-
minal ends of the [urnace.

& 1t will be understood that the preheat
ing step is only used when sturting up
the furnace, After the furnace is ade
quately preheated, it is rendy for opera-
tion to produce heating gases,

10 The complote operating eycle iy ?-refer-
ably earried out in four periods of sub-
stantially equal length, However, the floy
of the feed gases and product geses is
eontinuous as will be understood by the

16 following description. The direction of
flow gades through the furnace is reversed
at intervals of from one to three minutes.
Thera are two separate strenms of feed
gas, the first gas being hydrecarbon with

30 or without steam dilution and the second

as being air or oxygen-conlaining gas.
g‘hese two gases pass ap through the first
pair of regeneralive mofses in seﬁarate
chaunels and after passing through tha

25 reaction chamber and catalyst contained
therein pass dowe in parallel through the
other set ¢f two regenerative masses, It ia
advantageous o Intreduce the first and
second gases through a different regenera-

30 tive masa every other time the flow is in o
cerfain direction. This offers the advan-
tage of burming any carhon which may be
deposited frem the first gas in the re-
menerative mase during the preheating

35 thercof sinee the next time the fow is in
{hat dircetion the gas stream are reversed
and air or other oxygep-containing gas
will burn out such carbon.  Also the tem~
perature in ull of the four checkers i

48} equalized and kepl quite uniform in dis-
tribution.

The first step in the operating gyele will

be described by reference to Figures 1——
10, A first gas consisting of a hydrocar-

4b bon such as matural gas or petroleum
hydrocarbons eontaining ethane, pro-
pane, butane, or olefing or miztures there-

of in the gascous or vapor stale is pussed
with or without a diluent such as steam

80 through line 29 and three-way valve 35,
thenco through pipes 31 and 82, ihyee-
way valve 83 and lines 54 and 21 into the
furnaes and through the flves of regenera-
tive mass 3, Simultancously a second pus

5B consisting of air or oxygen-containing
gas is passed through pipes 34, 35, and
46, three-way valve 87 und lines 48 und
22 into the furnace and thencs through
tha flues of regenerative mass 4. The first

00 and second gases passing up through
reparate regenerstive masseg 3 and 4 are
prebeated to substuntially the same tem-
perante or considerably ahove the ignition
temperature of the bydrocnrbems and

65 ozygen-containing gas in the feed and

join in ghamber 7. They are thorcugh?
mized by passing through ventum
DParlial cum‘gustion. of the hydrocarbon
starts and ocontinues to  completion
in passing through distribution meana 70
13 a0l resction chambher 15, Since
there is a deficiency of oxygen, only
a portion (15% to 40%) of the hydrocar-
bons will be burned, The halance of tha
hydrocarbon is effciently cracked and ro- 75
formed in tho rcaciion chamber by the
heat released by the aforementioned com-~
bustion resction. The sensible heat of
the entire gws mixture is raised to the
flame temperatars of combustion Teaction. 8
The volume of the reaction chamber is
such thai substantiully complete partial
combustion and reforming reactions octur
thercin and the reaction products pass out
through distribution means 14, chamber 8%
12; wenimri 10, chamber 8 and thence in
parallel through regeneralive mastes &
and 8, The portion of the product gas,
which has passed fthrough regenerebive |
mass b gives up Substantially all of s 00
heat thereto and passes ouli through pipe
28 at approximately 160° C. It then
pusses through pipe 38, three-way valve
39 and lire 44 to the purification or distri.
butlon or storuge system. The other por- @b
lion of the product gas which has passed:
throngh rc%enem‘r-ivo mass § and gives up
substantially all of ite heat thereto leaves
the farnace through pipe 24, at approzi-
mately 150” C. It then passes throughlina 100
B7, threc-way vulve 40 pipes 41 and 686,
thence through three-way valve 42, and
pipo 43, mixes with the vther portion of
product gus in pipe 38 and passes through
thres-way valve 39 and pipe 44 fo the 105
purificalion or distribution or storage
system,

The second step in the operation, in
which lhe gases fow in reverse direction

through the furnace, is initiated by j19°

throwing  simultaneously  three-way
valves 38, 37, 39 and 40. The first gos
consisting of hydrocarbon with or withont
diluent enters through pipe 29, threc-wa:
valve 30, thence through pipes 45, 46 and 115
86, three-way valve 42 und lines 43 and

28 into the furnace and thence imto re-
generative mass 5,  Bimulaneously air
entoers through pipes 84, 85, 65, 49 and 47,
three-way valve 40 and lines 67 and 24 120
into the furnace and thence throush re
gencrative mass 6, As in the first opera-
iion the two streaws pass separately Trom

the colder fo the hotter end of the re-
wenerative masses and are preheatod sab- 195
stantially above the igniticn temperature

of the hydrovarbow. ‘Iﬁle two streams join

in chamber 8 and mix by passing through
venturi throat 10. The wixed gozes thenvs
pass through chamber 12 pud distribution, 130
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meaus 14 and then pass through regetion
chamber 15 where reforming and partial
combustion reactions are completad, The
product gus then leaves reaction chamber
§ 16 through veuturi throat § and chamber

7 where the streamns split and pass in -

parallel through masses § and 4. The por-
Hon of product gas which pagses from the
hiot to the cold end of the regeneraiive

18 mass 3 thersby giving up its hest thereto,
leave the furnace throngh pipes 21 and
04, three-way valve 33, pipes 32 and 57,
three-way valve 37, pipes 48 and 61,
three-way valve 39 and pipe 44 to the

15 purification or digtribution ox gtorage
gystem. Likewise the gther Eortion of thy
product gas passing from the hot to the
cold snd of the regenerative mags 4 Dusbes
from the furnace through pipe 22 joining

20 the other portion of a product gag in
fing 61 and finally passing ont through
three-way valve 33 and pipe 44 to the
purification or distribution or storage
system. o )

25  Tha third step in the operating cyele
iy actuated by a siimultaneous throwine of
three-way valves 30, 33, 30 and 40. The
flow of the gas streams throush the fur-
nace is in the seme direction as in the first

30 step, thatl is from left to right. The only
difference being that {he air now Hows
through regenciutive mass 3 through
which gas and steam flowed in the first
step. The air will hurn out any earbon.

33 that may have deposited in the checkers -

in step 1 due to the direct pyrolysis of the

hydrocarbon, Hydrcearhon and steam

Pass through regenerative mass 4 through

which air was passed in the frst atep.

Heat withdrawal by the two streams is

somewha! different. Hemoe, if they. arc

alternated, it halances any inequality in

the regemerative muss temparatnres.

Hherwise, {he operation is the same g8

43 {he first step, In that the two streams are

separately preheated in musses 8 and 4,

ang mixed in venturi 9, are burned mnd

reformed in reaction chember 15 and the

product gas passes in perallel through the

0 mosses 6 and 6, therehy giving up sub-

stantially all of its sensible heet to such

masses and finally cut through. three-way

valves 40, 42 aund 39 to the gas purifica-
tion or storage equipment.

B0 The fourth and fina) step of operating

the apparatus and proeess is accomplished

by simultaneonsTy throwing valves 30, 33,

80 and 42. The flow of the gas is similar

to step 2 except that the air flows through

60 mass 5 whils in step 2 the Lydrocarhon

ond steam passed thyough  this mnas.

Conversely gas and steam pass through

mess 6 throngh whick air passed in skep

2. Otherwise the flow is the same. The

96 two streams join in chpwber 8, mix in

venturi throat 10, pass through chamhber
12, and themce through distribulion
means 14, snd pass thromgh reuction
chamber 15 where reforming and partial
sombustivn resctions pre eoinpleted, The 76
Product gases then pass through disizibu-
tion meang 13, chamber 11, veninzi §,
chamber 7 and pess in paralle] streams
through regenerative masses 3 ang 4.
Both streams leave the furnace through
pipes 21 and 22, join in Dipe 61, pass
through three-way  valve 39 cand cut
through pips 44 to the purification or dis.
tribution or storage system.

While operation with 5 four-step eycle,
ag  desesibed ‘above, ig preferable, 1t
should bo pointed omt that the furnaces
of the present invenlivn can slso be aper-
ated in different ways. For example, a
two-step cycle can be earried out as
follows:. step 1 18 followed by step 2, to
be Jollowed agaim by stepp 1 and sq om,
This is quite satisfactory when reforming
with low air or oxyged 4o hydrocarbon
Tabio, sincs under these eonditions, tem-
peratures are comparatively moderate and
no carbon is formed in the regensrative
masses, :

. The gay product ohfained when o nickel
codalyst 18 used and natwral gas and air 93
. & volumetrie ratio of ane of Tay to two
of aip is fed to the furnace as heretofore

7a

85
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deseribed -has  the following ~ com-
position:— - : T
Carbon Diexide - . . .- 94 100
Hlominants - - . . . .2
Carbon -Monoxide - - . 15.4
. Bydrogen = = - - - 8280
Oxy, - - - - . (.2
Methane . . . 8.0 108
Fitrogen - . . _ . 89,
By changing the ratic of air to gas,
the depth of reforming and consequently

“the composition of the product gss can

be varied. As has heoq stated, in pro-
ducing  heating gases the renge for
natural gas is sbout 1.5 1 8 volumeg pf
air to one of natural gas,

. Afler continuous operation, tha . eani
euds of the masses do nof vige uppreciably 115
in te:_.naﬁ)eraiure but rather remain at snh-
stantially the same temperatuye ag during
initial opevation, The lncation and size
and temperatura of the preheat, guench
and_reaction wones remain substantially
fixed even affer many hours of vperation.
By “prc':hqa.t, reaction and quenehing
zomes™ it is meant those zomes fn the
fornage 2% & temperature st whigh pre.
heat, resction and guenching secur, By 195
““substantially fixed’ it is pot meant ihat
the location aud size of the various zones
are constant but thai thay remain snf.
viently fixed so that the greater part of.
the reactivn zone is at alf times coimci. i

i1n
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dental with the reaction chamher 15, and

the preheat and quench zoBes are at all

times sufficlently [ia.rge ta effectively pre-

heat and guench the gases passing thore-
& throngh,

The operation of the furnuce in the
manner above deseribed is particularly
advantagents in  thet no reheating,
relocation or condensalion of heating

13 sonhes in the regenerative mass is requirved
other than that resulting from the
reversal of gas flow berein discussed.
Furthermore, the absence of rapid end
extreme temperatnrs changes greatly

15 prolongs the life ol lhe regenerative
checkerwork and thereby sffects substan.
tial economy, The above mode of
ogeraﬁon at atmospheric pressures while
admirably suited to the production of heat.

20 ing yas is not as well adapted to the pro-
duction of acetyletio in high vyields as
when  subatmospheric  pressures are
utilized for the reason thai the wuse of
subatmospheric pressures permits u more

25 rapid quenching which is necessary to
prevent decomposition of the product,

Opcration at subatmoespheric pressure
may be effected by any well known meaus.
For instance, a pump may be inserted in

30 line 44, The apparatns is otherwise
operaled in the same manner as that pre-
viously deseribed for opersiion at atmos-
pheric pressure. Such reduced pressure
operativng are particularly suitable fur the

3 produclion of aecetylene, hydragine and
other products requiring rapid quenching
to preveal decomposition, for ‘Sle reuson
thal the residence time of the gases under-
going ireatment in {he refractory

40 regensrative urnace can be reduced in
}l;mportiau to the reduction in pressure

elow atmospheric,

Different and smaller ratios of hydro-
carbon to air are employed when it is

46 desired ta produee geetylene thau when
heating gas is the desired product.

When reacting natural gas and air e
described ahove to produnee scetylene, the
acebyleng is not appreciably contaminated

50 with earbon particies. Hebce the diffieni-
ties of separation of carbon from the pro-
duct setylene is largely obviated,

Operation at swperatmospherie
Pressures muy be effected hy inserting

b5 puraps in line 20 and 34 for raising the
reactants to whatever pressure is desired.

If no catalyst 3s emploved In a similar
process, a product gas is obtsined con-
taining a higher propertion of unsatur-

&) ales and a smaller proportion of hydrogen
inasmueh as a portion of the hydrogen
produecd is eonsumed by the combusiion
regetions. When nickel is employed, the
steam forming in the combustion reaction

&5 and in the burning of hydrogen ty form

water cafalytically reecls with the
methane to form carhon monoxide and
additional hydrogen. .

High yields of Desilng pas are obtained
by the use of nickel or nickel oxide with 70
afuminnm oxide or magmesium oxide
earriers and %)romoters.

The use of steam with the air and
hydrocarbon results in a high hydrogen
containing product gas. b

It iz within the scope of the present
inveniion but not o preferred embodiment
thereof to carry out the provesses of such
invention by the use of only two magses
on opposite sides of the renction chamler, 80
wherein only one of the gases (gaseous
starting material or oxygen containing
gas) 1s Pre-heated by passage through ene
of the magses, the other gns being pre-
Leated by other means und then admixed 85
with the preheated first oas before its
passage infe the reastion chamber. The
reacion products are {hen guenched by
passage through the second mass,

Thereafter, the flow of gases is reversed, 90
ous of the gases being prehested by other
means, heing admixed with the fizst pre-
Leated gas hcfore its passage inte the
reaction chamber. This reversal of gas
flow is continuously repeated as described 96
above in discussing the preferred four
moss  embodiment of  the present
invention,

Although the preferred cinbodiment of
the present inventiom, wherein sufficient 100
oxygen iz utilized tu suppiy all the heat
of refermation, bhas been particularly
described above, the furnaces of the pre-
sent 1nvention can be operated with the
use of only sufficient oxygen during 1056
simultensous endothermic alferation an
combustivn to supply omnly » portion of
the required heal of reformation, the
remajnder of such heat being supplied
by o heat step. The endothermic altera- 110
tion combustion step would be the game
as deseribed in discussing those processes
whereln sll the heat of  reformation is
supplied by simultanecons combustion
exeept for tha use of lessey smounts of 116
gir or oxygen, That is, the paseous sbart-
ing material is preheated by passage
through ehecker 5, air or oxzygen being
preheated  simultaneously by passage
through cheeker 4. The preheuted gases 120
are then mixed in ehainbers 7 and 17 and
venturi §, reacted in chamber 15 and the
reaction products are them gquenched by
pagsage 1n pareilel through checkers 3
and 4.

Since there iz sufficient burnive to
supply ouly a portion of the reqnired
heat of reformation, the remainder of
such heat is absurbed from the hottest
portions of {he checkers, the walls of tlie 180
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reaction chamber” and #heé catalyst cons
tainol in the reaction ehamber; resulting
in a couling thersof.. This heat adsorbed
irom  the checkers “and. fhe - reaction

b chamber wneb be-replived by a heating”

slep folowing, and alternate with the

éndothermic alteration step, Such’ heaf. .
ing sbep is carried .out ' by prebesting o

gaseous fuel, which may be sfther the

"L 10 same s the “masmous starting. material -
o utilized during. the endothermic altera-
Hom siep or differext, by passage of the

same through - checker & whils “simul-
tameonsly prelidating suffieient; free oxy-

ough checker § to completely burd

‘weeh' preheated gaseous fmel in reapficn:.
chainler 15 -affer being admixed ilere~

: with in chamher 8, ventori 10 and dis-
-1
: issning . from reaclion elsmber 15 ore
QUELC, by passage through, checkers
and 4 and are Snaily tpa.sée&'.‘bu the athcks.
.- 'This heating step is:fo
- 28
in gheeker 4 angd the frec oxygen, contain-

© ing gag is prehented - in checker 8, the-

-+ peuction, producis beinp quenched in
-89

heated in cheoker 6 and-alr ig 1?1'4311,15':;3@::1
in checker 6. = Thercafbor the above steps
are epntivuvusly repeaied inthe- order

35
- déseribed.

This latter pro_ce_sé oan. b esirrded out

_ withoub alternating the checkers through
. 40 and --gaseous Imel- pass during ~each

- buglion step and each succeeding Ligating
- step.. The result would ba a two-phase

cyels rather thom s fdur-phese oyele;: -

.85 Furthermore, this processeon be cartied

" out iz such a wianner thet the direvtion
- of pus fow (hiough, the furmace ischanged
* duritig each, succeeding hesting step aud

step cycle having an eudothérmic altera-

Hoh-combusiion - step 1w wne divdetion,.

Loltowrpd, g heating step in a Teversd
directibn.,_bgoﬂowerl- I}];E;r an endethermic
alteration-combustion step in much reverse
direetion, followed by a heat slepin such
ong direction. Th _
.eyely iz continuously repeated. -

bb

- The requin
ond valves fo parryiout the above procsss
ara nok described sinee such arrangements

ars believed fo.be: u]iviq‘kig-t& ’ﬁh_us?_ alkilled .

in tho art,

Whenever a -sapaféii;é.;hﬂ&ﬁﬁg' step 18

1’65 utiliged in the present’ invention, -the -

~kave beem deScribed

g'-];o? Gt},rifaim:éi gus suck ag air by passage .

Aribirtion means 14 The contbustion gases |

Howed by a second
endolbermic "alieration combitstion slep;
wherein the gazeons material is preheatad - - A : ;
- to expluin the plausible theoretinal basis:

checkerg § and 6 The lafter endothermis
eltcration step iz followed by smother heal. -
evele wherein the gasedus fusl is pree - 1.

" casa for endot

- whick tha air gseouy starbing mai-'érialf'.__ nger : ! :
_during’ - each” - tive masy progressively hotterinthe diveo. 105 -
suececding endothermic dlteration-cosn- - 1 :

_cach. succeeding endothermic alterstion- -
combustion step.. 'Chig.results.in o foir-

“tlon
Thereafter, the foursstep ; ‘
. separate iprebeating opfiefations, ot Jeast .
ed, arrangements of nives :

Hpmnieble mixture bt gascous fuel and

air may be probested during such heating
step by passing only ome comporcnl of

- the satie, preferably the fuel gas, lhrough,

a Tegenerative mass, such as checker 5 o 70
8, the other compouent, preheated by
other medns or ot prebeated ot all, bejng © -
admixed fherewith before il passes infp -~
‘the zenction chandber-15, . . o
. While the processes of this invention 75
s partieuinzly . with

“fefercnce to the novel refraclory regenera. .
- tive. furnaces as deseribed -hevein whiok -

ure particularly. adapted thereto, . these :
new proccsses way. be practiced in other 80 °
types of suitable appardtus.. - - ... -

. The processés of Lhis. invention mekes. -
1% possible for the fivst time fo produce
various known, endotherrivic gus reactions
catelytically or mon-catalytically tin 3 85 -
highly effitent vegenerative manner and =~ -
to produce betler yields of mare desirabie

- produely in a more simple snanner than
.48 possible hy.any method known fo the -

priop art, - .

8-
- Although an L

attempt bus-heen ‘made
for-the, unexpeoted results obtained by - .
dhe. présent invention; the inventicn- -
should nof ba limited tosich theory.. 05
What we olaim jsiem™ - 07 T
1.- & pyrolytic, heat repererative pro-
s for ithermienily alteriny an endo:
thermically alternble ~gajsehns -materisl
culnprising ;. -preheating  said . gasevus 100

. material %o éndethermic alterafion fem:

perature by fowing the shme dhrough a. - -
preheating some cowprising siFaight un- -
interrapled channels. of 4 {rst regenera- °
tiom of ﬁa-"ﬂow',- endothermically altering
said- prelicated. paseous material by fowing

~the same throogh' a combustion snd endee -~ - -

thervic  alleration ~zone, thereaffer. = -
quenthing ‘the  endothermically  alteved 110
guseons Teaterinl by flowing the samo - -.
through o quedching zome comprfsing. -

strodght dninterruptad channelsif asecand

regenerative mass progressively colder i ..
the direction of gas ftow, sup Iying the 115 -
heat, for prehéating ang 'eﬁﬂctﬁefm‘ical?y R
altering said gaseous maferial by carrying = -
vut.exothermio revction in, sdid com%us— '
lion  and endothermie alteration zone, at -
least a portion of said exofhermis alters. 194- °
, eacli- of -the ' reactants for suid- .
exothermic reaciion béing preheated, in
vne-of tha same being so preheated by -
passage through the.channely of said 125
Tegenerative misdes, frofn the cooler to -

$he hotter ends thereof; resction prodncts
_repuliing from said exothérmip reaction -

being quemeheg hy Aowing the same :
through the ¢h-mw13;- of sﬂid?r?g&nar;ﬁ'&hg 138
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mageed fromthe hotter to the cooler ends
tharsof, continnously mainlaining the
locality, temperature and size of eaid
eombustivn and endothermic alteration
b zons substantially fizxed and the cool ends
of maid masees below decomposition tem-
pecabures of the endothermically altered
material by perindically changing the
flow of gases throngh said channels of
10 sald regenerafive masses and snid com-
bustion and endothermic alteration zone
during said endothermic alteration and
Juring said excthensic repction [rom one
direction, to the opposite direction and
15 quantitativcly confrolling the flow of
Teaotants.

2. The procese set forth in cleim 1
wherein only a portion but not all of sai
exothermic reaction Is carried oub simul-
tansously with said endeothermic altera-
tion by admixing with seid prehegted
gaseous material before the same enters
said exothermie reaction and endotharmic
alteration sone o sufficient quaniity of a
second gaseous material to exothermicaily
react with a suflicient portion, bui not
all, of said prekeated gaseous material to
supply » portion but not all of gaid
required heat for endothermically alter-
ing the remainder of eaid preheated
gassous material, the remainder of
goid egothermic hent being absorbeil
from the exothermic reaclivn and
endothermic galteration esone and the
hotiest poriions of szid masses where it
is stored during a prior alternate heating
step, sald heatinistep oomprising pre-
heating a flammable mixture of & gaseous
fuel aud u free oxygen-containing gas to
48 ignition temperalures by Howing ol lenst

ome of the compoments of the same
through the straight ohannels of one of
said regenerative musses, subgtaniially
sompleting the rombustion of the ignited
45 fammablc wixture by dewing the sams
throngh said exothermin reseciion and en-
dothermic slteration zonme and Anally
guenching the hot combustion products
thereby produced by flowing the same
80 through the channels of the ather of said
tnasser, the exothermic reaction produety
resulting from gaid simultancous exofher-
mic reaction heing guenched by fowing
the same in sdmixiure with sald endo-
8% thermicaily altered gaseous materinl
thiough said second regenerative mass,
8. The process sed forth in claim 2,
wherein said second gaseous material is
prebeated befors sdmizturs with said pre-
8 hested masecus meterial by fHlowing the
same through straipht uninterrupted
channels of & third re%fne'rative mass pro-
gressively hotter in the direciion of gas

10

for. .
85 ~ 4, The protess set forth in claim 8§,

wherein the exothermie reaction products

of snid eimultaneous exothermic reac-
tion in admizture with said snduthermic-
ally altered gasscus material are
guenched by flowing the same in parallel 70
throngh the channels of said second masa
and the straight uninterrupted channels

of & fourth regenerative iuass progres-
pively coolep in the direction of gas flow
wherein said fammahle mixture during 76
said heating step is prehested by flowing
oie enmpoaent of the same through the
channels of one of said four masges and
the other cymponent thoreof through
anotler of sald feur 1wasses, both of sead 86
magses being progressivaly hotter in the
dircetion of gas fiow and wherein the com-
bustive products during suid heating siep
are t}uench.ed by fowing the same in
parellel through the other two of uagid 86
four masses, sald other two masses being
progressively colder in the direction of
gas dow, .

b, The procesa set forth in elaim 1 com-
prising prehaating to exothermic reaction, 8§
taperaiure o mixture of seid drest
gaseous material and a vecond gasevns
material eapable of reacting exothermie-
ally therewith by flowing suid first
gagsenns material thromgh straight un-
interrupted channels of a first regenera-
tiva mays ond simulianceusly flowing
gaid gecond gasevus m-ateriaf through
straight wninierrupted chamnnels of &
second regenerative mass, sald frst and 100
second regenerative masses being progres-
sively hotier in the direction of gns flow;
simultancously exothezmically reacting a
portion, but not all of, and endothermic-
ally allering the remainder of zaid pre- 10§
heated mixture hy fowing the same
through an exethermis reaction and sndo-
thermie alterstion zone, said exothermic
reaction being coniralled to supply all of
the requived beat for said endothermic 3119
alteration by controlling the flow of said
materials, guenching the gaseous pro-
ducls emorging irom eaid egofhermie re-
action. and endothermiv alieration zooe
by flowing part of the same through wn-~ 135
interrupied channels of a2 third regenero-
tive mase and the remainder through an-
interrupted channele of a fourth regener-
ative mass, said third and fourth Te-
generative masses being progressively 120
eooler in the direciion of gas fow, con~
tinnously maintaining the size, location
and temperaturc of said exothermie renc-
tion and endothermic alteration zono sub-
atamtially fixed and the couvl ends of =aid 126
masses below decomposttion temperaturas
of the thermally altered material by con-
tinmously peversing, at predetermined
intervals, the flow of gases through the
channels of said regenerstive masies and 180

9b
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exothermic resction -and. endothermic
-alteration zone and by quentitatively con-
~trolling the flow of sald gaseous materials.
-8, T%Le prodese-set forth in elainm &,
whersin said ‘second gaseous maberial is
an_oxygmen-containing gus. -

.. 7. Fhe process set forth in claim 5 or
6,- wherein the.volnmetric retio of the
channular void to solid regenerative
10 materinl in -each of said regemeraiive

masses ig nob greatsr thap about 1 1o 8. .
8. The process set forth in auy of claims
" 5to T, having four conilanously recurring
cyclic phases, the fiest phase comprising
16 prehenting sald gaseous material by dow-
mg the same - through. said first
regenerafive. mass, preheating  said
Oxygen-containing. gas by flowing
the same througﬁ, suld second. regener.
20 ative mass and guenching 4he endothor-
mically altered gases by fowing the same
through said tlurd.and fourth magses, the
second phase comprising preloating snid
gaseous Material - by fowing . the same
95 through said third . regensraiive . maess,
preheating said cﬁ{%an-conta;ning gas by
flowing lhe same fhroagh said fourth re-
generative mass and quenchinﬁ the endo-
thermically altered ggses by flowing the
80 seme through. . said firgt. and . gerond
masses, the third phase comprising pre-
heating said gaseous material by flowing
the same through said second mmess, pre-
beating said .oxygen-condeining gas by
85 flowing' the same throungh saad firs wass
and guenching the endothermic alferation
gases by flowing the same thronoh said
third and fourth masses, and ssid fonrsh
phass comprising prehesting said fii_'senua
40 waterial by flowing the same . through
said fourth regencrative mass, prehesting
said fres oxygen-containing. gas by How-
ing. the _sawme_ through .said ihird
regengrative mass wnd guenching the
endothermically -altered gmees hy flow-
ing:the same through said frst and second
masses. . . . ...

- 8. The process set foxfh in claim. 7.0 8,
wherein said. gaseous maberial ix a low
molscular weight hydrocarbon, said free
oXygen-coniaining . pas g air. and. the
e:u.guthermically altered gas produced is
a hoating gas.. L

10. The provess set forth in any of
claima 6 o 10 yherein said channeis in
each of  said regeneraiive masses are
arrafged in substenbially equally, stag-
gored Tows, LD

11, The process sot forth in claim 14,
whersin each of said channels in each
TOWw  are snbst&nti@]iy~ equidigiantly
spaced, from the two adjoining chanmels
in each adjacent row and from adjoining
channels in the same Tow, - | ;
65 12, The provess set forft in claim- 11,

o

30

b6

wherein, the maxinum fross-sectional dis-
tance of guid channels is not grestey than
about 0,75 inches, - S -

13. The process set forth in elaim 12,
‘wheypein, the pressnre dvop of the gases T
‘passing through Said regensrative masees
dues not axceed about 5 Ths. .

14, The process.cet forth jn claim 13,
wherein. the period of residence of the
guses i the chanwels of each of said re- 75,
generailve musses and seid vomlbusiion |
and enduthermic alieration rone does not
eXteed about (.6« seeond and about 0.2
second raspe.ctiv-e_li, 2 representing the
Dressure in atmospheres absplute at which 8¢
the process is varried out, 2 being bhetween
about 0.2 {o about 5 atmospheres. .

15. The process sch forth in elaim 14, |
wheraiy, said chenuels are parallel apd |
bave substantially peripherally curved 85
cruss-sectioms, i

16, The process set forth in claim 13,
wherein said chanmels have substantially
circular oross-sections, -

17. The process set forth in claim 16, g
wherein the length of each of said Te-
generative maeses does nob exceed about
15 feet.

- 18. The process set forth in elaim 17,
wherein said guseous material comprises g5
low molecular. weight hydrocarhons. said
fres oxygen-conlaining gas is air, seid
endothermically altered gas produced is
henting gas and .z is equal fo 1 admos- !
Lhere, : . 18¢,

19. The prucess sef forth in aly of the
preveding claims, wherein said TEOONeTY-
tive masses arg made of alyndum,

2. The prugess set forth in any of the
preeeding slaimg whereln said endothers 168
mie alteration iy carried out catalyticall ‘

flowing -s2id  gaseous ma.ﬁe't'ia%’ -
through said swothermic reaction and en-
dothermic alleration zone in, contact with
a catalytio melerial oomtained {hersin. -
- 21, A refractory, rewenerstive [urpace
for ﬂamirﬁy out the process of any of
elaimeg | ; GOMpTiRing two pairs of
heak insulated regencrative Tiesses, ench
mass baving straight, sninterrupted fues 115
passing thercthrough a heat ‘insulated
mixing chamber for each pair of messes.
gald mixing shember communicably con- -
necting the extremities of the flues of it |
respsetive puir of madses, a heat insulated 120|
rewction chamber communicably counect-
Ing said mixing chambers, wherehy gases
Dassitg through the fues of said furnace
myst first pass through the fues of one
pair of masses, themee throagh its mix.
g ehamber, therite {hrough said resc-
tion chamber, thence through the mixing
chamber of fhe other pair of masses
ang Anally through the flue of said other
pair of massés, the ratio of flue volume by 150

114

12
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the volume of solid mass in which said
flues are localed belng not greater than
about 1 to 3.
22, The apparetus set forth in claim
b 21, whercin said fiwes are arranged in
stappered rows, each of gaid flues in each
row heing substantially equeidistantly
spaced from the two closost adjoining
fues in each adjacent row and from
16 adjoining fines in the same row,

28, Tha apparatus set forth in elaim 21
or 22, whersin said flues are peripherally
curved in ¢ross-gection and the maximum
free cross-sectional digiance of seid flues

16 are not greater than, about 0.75 inches.

24, 'I‘Ee; apparatus set forth in any of

claims 91 to 23, wherein sach mess is not

greater than 15 feet ond comprises
alundum. .

25, The apparufus sct forth in any of 3
clalms 21 to 24, wherein a catalylis
material is contained in sald veactiom
chamber,

26. A pyrolytic heat regenerative pro-
cess substantially as deseribed with refer- 25
ence o e accompanying drawings.

27, A refravtory regenerative ifnmmace
substantially as hereinbefore described.

HASELTINE, TLAKE & CO.,
28, Svuihempton Buildings,
London, England, and
197256, Weat 4%&‘% Street, Now York,

Agents for. t]'m j&pplicant.
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