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United States Patent Office . uym'im

1

: 2,845,335
REGENERATIVE PROCESSES AND APPARATUS

Rudolph Leonnird Hasche, Johnson City, Tedn,, assignor,
-by mesne assigumaents,-to Koppers Company, lnc., Pifs-
ek, Pa., a corporation of Dolaware ~

Application March 20, 1952, Serial No, 277,685
9 Claims, (Cl. 23—288)

"This 18Vertidn relates to. regenerative, pyrolytic proc-
esses and/or apparatus for endothermically and exo-
thermically alfering gasedus or vaperous materials cata-
Iytically or mon-catalylically.. E :

- More particularly, the invention relates to regenerative,

. catelytic and pon-cathlvtic, endothermic and exotbermic
repction processes and/or apparatus In which the highest
‘temperature is obiained in a reaction zome communi-
cating hetween fhe' extremities of regenerative masses.

5till more particularly, the invenilon relates fo such
processes and/or apparzius as ubove wherein the heat
required fof the endothermic reaction is supplied by the

exothermic reachon.
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Stll more ‘particularly, the invention relates -to such :

processes and/or apparams as above wherein the exo-
thermic reaction is carried out either alfemately or.si-
mftaneously with the endothcrmic - reaction in the re-
action zone; wherein the reactapis and reaction. producis
of the exothermic and sndothermic slterations are pre-
heated in separatc prehealing operations and guemched
respectively by fHowing the same in contact. with ‘re-
generalive masses; and wheréin the How of endothermic
and exothermic reactants apd resclion products are
ehanged from one direction to’ an opposite directian at
jntervals to aflow heat stored jn the masses during the
quenching of reaction products to be utilized regedera-
tively for preheating reactants. . .

stilt more particulayly, the presént invention relates
1o a partial combustion process and/or apparatus for fhe
catalytic ‘and non-catdlytic reforming of combustible
gases, particularly hydrocurbon gases wherain. substan-
tiatly all of the heat developed in the process isTecoversd
and wherein the reactants are preheated separately by
contacl with separate repenerative masses.. . '

Tt has been fonnd that it is cxtremely imporiant in
such regenerative, pyrolytic; endothermic and sxothershic
pracesses that the reactanis be continwously preheated
by and dJuring comtact with resenerative masses al a
rapid, substantiafly unifori rate, that the reaction prod-
wely be continnously quenched by and during conlact
with regenerative masses at a rapid, substantially uniform
rate, that the preheated material be continueusly, selec-
Hvely and complately reacted to obtain the desired prod-
uct as fast as possihle Jmmediately upon reacting re-

action termperatures; that the reaction products be

comtinuoushy quenched as soon as possible after the de-
sired reaction ocours -to prevent the reaction products
from remaining at reaciion temaperaturés for more than
the zmount of iime required for completion of the desired
. redction; that once the proper size and Incation and
correct temperature of the reaction zoneé is determinad to

assure the correct residence iime thersin of reactants at -

proper temperatures for any particular reaction, that such
reaction zone size, location und temperature - be main-
tained substantially fixed during coatinions. epération;
and that the sire, Jocation and tcmperature. gradient'of
the proheating and quenching zoncs-remain substantiaily

30

fiscd ducing continuous operation to assure proper and
uniform preheating and quenching, A

Failure -to observe these important conditipns in the
prine_art, resulting in low thermal efficlencies, low-sates

-of prodnction und many undesirable side reactions. with

consequent low

costs, . L e,
in order that the rates of prcheating, quenching and .

renction, dusing contact with the musses and reaction

yields, impure products and increased

Zome,. be rapid and the pcrivds betwesn completion. of

prehesting and. begianing of reaction as well as between

‘completion of reaction and bepinning of quenching be

short, the velocitics of reactants: and Teaction products
throngh the ‘masses and reaction zonc should be.very
great and the regenerative masses should be capeble of
continuously storing or iving up heat gt a sufficient rate
to adequafely preheat and quemch the reactants and re-
getion produets during their -short total :contact. times
therewith without destroving. the heat gradient’ across. the
length of each mass.and hence the initial Tocalities aixd
size of the preheating, reaction.and ‘quenching. zones and
without causing the cool énds of the masses to be raised
15 or above Lhoge temperatures at which undesirable side

reactions and decomposition of the desired product. occur.

In ‘order hat the prcheating and .quenching. during
contact with the masses be substaniiaily wniform, a.umi-
form. température gredieni ranging from near  gtmos-
pheric. tefmperatures (75° C—250° C.) to reaction fem-
peratires should be constantly -maintained soross itha
length of cach regenerative mass. I ihe beat- gradient
is mon-uniform and the reactanss arc flowed cold directly
into the reaction zons at redction temperatire, the heat-’
ing. and reaction is $poradic, wneven and thermally in-

“effictant with resulting lowered yields. and undesirable

side reactions. . - ) __— . S

" In order that the reaction products remajn at reaction
tcmperatures for as short 4 time as possible, the Teaction
zone should be gonstanily maintained at a mfnimum size

~ior complefion of the desived reaction, If the reaction
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-7ove enlarges during vontinuots thermal -zlteration - und
“spreads -into the prebenting and ouenching zones, re-

action products remain at Teaction femperatures too, 1ong

-and ‘are inedequately ‘guenched and reactents are nade-

quelely preheated. I the teueliun zone maves too:-far

ipto the quenching zome decreasing the size thereof, ‘there

is madequate quenchizg and too much prebeating.. |
- These imporiant conditions are not continnously main-

‘yaincd in dny of the prior art proegsses und sppardtis of

the type described above utilizing pebble beds, stindard
checkerbrick, tubcs, and other. regenerative mass designs,
since at the high gas velucities required, the masses in
the majority of cagey are not eapzble of absorbirig snd
giving up sullicient lieat to-effsctively preheat snd quench
the reactants and reaction products respectively. .. .. ..

Even in those cases where dbe priof art rggenerat
furnaces are sufficiently long for the’ transfer of enough -

- heat for preheating and guenching during first rums, the -

rate of heat transfer and heaf storage capacity js nsoffi-
cient to prevent the spreading out of the hottest portions

‘of the masses 0. the cooler partions thereof dfter continu-

ous operation, wilth resolting destractiom of the original -
and cssential heat gradient and hencc the priginal lovulf-
tiew and size of the preheating, reaciion and guenching
vomes. ‘The masses finally approach a constant winpera-
tire throughont, the eriginel well-defined preheating and
quenching zomes disappear, the cool ends of the ‘massés
becodne hot, and the entire farnace becomes o renction |

" zone 'with resniting long periods Juiing which the gases .

=T

a

‘remain at roaction iempezaitres. The furnace then be-

cornes ineflicient-and the flowr of materials nfust be stupped
in order to re-establish the criginal heat gradient, reaction
zone and cool ends of the regenerative masses. ™ Forther- -
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more, the nomaniformity of heat transfer and storage 1n
the masses of the prior art result in excessive spalling of
refractory material with comseguenti inlerfersnce in offi-
cient furpace operation.

The present invention provides a highly efficient, eco-
nomical and versatile refractory, rescncrstive combined
endothermic and: exothermic alteration process and/or
apparatus of the type described. above utilizing four Te-
generative masses for the vapor phasc non-catulylic or
catalytic producton of various endothermic and exo-
thermic raaction praducts, wherein heat i3 continuously
ahsorbed and given up by the masses at a rate permiiiong
the above-mentioned repid aud uniform rates of preheat-
ing, reaction and grenching of the reactants and reaction
products when flowed in contact therawith at the required
exceadingly fast veloclties mentioned sbove, without de-
struction of the original and essential heat gradient estal-
lished in the masses and beoce the logation and size of the
preheating, reaction and gnenching zones, without beating
up the cool ends of the masses to temperatures at which
undesirable side reactions ocour and without spalling of
the refractory material of the masses.

‘Ihe preseni invention further provides such a prooess
and/or apparatns as above for vapor phasc catalytic and

nan-catalytic prodaction of various gascous endofhermic

and exothermic alicration producis [rom gaseous starting
materials including the production of heating gas from
pafural gas, low molecular weight hydracarbons or petro-
levm hydrocarbons, unsaturates such as ¢lefins and acet-
ylenes from low molecular weight hydrocarbons, fiydra-
Zing from ammonia, sulfur from sulfur diexide, air and
natural pas, hydrogen from bydracarhons, synthesiz pases
for Fisclier-Tropsch syntheses and aleoho! synthesss from

hydrocarbons, stearn, and CQ,, synthesis gascs for fhe.

praduction of ammonia from hydrovarbyn, steam and air,

dromatic hydrovarbons such as benzene from paraffinic

hvdrocarbons  (inelading eycla-paraffing), debydrogena-
tion praducts from dehydropenatable compounds, isomer-
jzation products from hydrocarbons, pitric oaide from air,
hydrogen cyapide from hydrocarbons and sunmonia, de-
hydration products [rom aleohols, cracked low molecular
weight hvdrocarbons from hish molecular weight ‘hydro-
carbong capahle of heing cracked, carbon black from hy-
drocarbans and many other products cbtaimed by the
vapor phase endothermic alteration of various substunces,
in a purer and more desirable stale, wilh greater thermal
gfficicncics, in greater vields, at a greater rate and af less
cost than any similar known refractary, regenerative ther-
mal alteration process and apparatns koown heretofore.

The present invention further provides such u provess
and/or apparatus us above in which ihe major portion
of the contribuied seasible heat ta the m-gas i derived
from the sensible heat taken from the off-gas and stored
in heat regenerative masses.

The ptesent invention further provides a very versalile
process andsor spparaius which, by slight and simple
variattons in operating procedures, may be utilized to pro-
duce a great number of different chemical prodocts.

All of the above provisions are fnlfilled according to
the present invention by the usc of a movel, pyrolyiic,
regenerative process and apparuins for thermally altering
a gaseous. starting matevial comprising: preheating the
pcaseous material to endothermnic alteration temperatures
by linearly flowing the same .through a preheating zome
comptising uninterrupted chunnels of a st regeneraiive
mass progressively hotier fuo the direction of pas flow,
endathermically altering said preheafed gascous material
by flowing the samc through an exothermic reaction and
endathermic alteration zome, thereafter gquenching the
endothermically altered gaseous material by lincarly flow-
ing the same through a quenching zonc comprising unin-
terrupted channcls of 3 sccond resencrative muss progres-
sively colder in the direction of gas flow, supplying the
heat for prehgating and cudothermically altering the gas-
gons material by carrying out cxothtrmic reaction in the
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exothermic reaction and endothermic alteration zons, at
least 2 portion of such exothermic reaclivn being carried -
out simultaneously with the codothermic alteration, each

_of the reactants for such exothermic reaction being pre-

heated before the exothermic reaction thareof, in separate
preheating operations at least one of the same being so
preheated by passage through the channels of the ro-
penerative masses from the cooler to the hotter ends
thereof, reaction products resulting from the exotbermic
reaction being gquenched by flowing the same through the
chnatels of sald regenerative masses from the hotter to
the cocler ends thereof, maintaining the icmperaiure
pradient across the ends of the regencrative masses suffi-
ciently stable to maintain the locality, temperatine and
size of the preheating, resciion aed guenching zones sub-
stanlielly fixed and the cool eénds of the masses below
decomposition temperature of the endothermically altered
material by periodically changing the flow of gases
through the chunpels of the regenerative masses amd the
combusiion and endothermic alteration zone during sald
endothermic aiteration and said exothermic reaction from
one direction to the opposité dircetion and quuntiiatively
contrelling the How of reactants, said channels in sach of
sajd regeneralive masses being arranged in stagpered rows,
the volumetric Tatio of channular void to solid regenera-
tive material in each of said repemerative masses being
not greater than-about 1 to 3 and the period of residence
of the gases in the chanpels of each regenerative mass and
said exothermiv reaction and endothermic akteration zone
pet exceeding ahout 0.5X secand and about 0.2X second
respaetively, X representing the presswre in atmospherss
ahsalite at which the process is carricd oui.

Mere specifically and preferentially, wil of the abuve
provisions are [ulfilled according o the present mven-
tion by (he use of a novel, pyrolytic regenerative pracess
for thermally altering a first gaseous starting material
comprising: preheating to exothermic rcaction tcmper-
attres said first gascous materizl 2nd 2 sevond puseois
material capeble of reacting exothermically therawith by
jineurly flowing said {ivst gaseous materiai thronzh un-

‘ipterrupted channels of a first regenerative mass and

shinultaneously linearly flowing said second gasenus ma-
terial thromgh uninterrupted chennsls of a second re-
generative mass, said first and second regenerative masscs
being progressively hotier in the direction of gas flow;
simultancousty exolhermirally reacting & portion, but nol
all of, and endothermicully alivring lhe remaimier of snid
preheated first. paseous material hy flowing the same
through an exathermic reaction and endothermic alter-
ation zone, said exothermic reaction being controlled to
supply all of the required heat for said codothermic eltor-
ation by quantitatively controiling the flow of said ma-
teriais, gquenching the gaseows products emerging from
sald exothermic reaction and endothermic alteration zone
by Unearly flowing part of the same throvugh uninter-
rupied channels of a third regenerative. mass and the
remainder through uninterrupted channels of a fousth
regenerative . mmass, said lhird and fourth regeneraiive
masses being progressively cooler in the direciion of gas
flow, continnously maintaining the size, iocation and
temperature of said exothermic reacton and endothermic
alicration zonc substantially tixed and the coel ends of
sald masses bclow the decomposition tcmperature of the
thermally allered maicrial by continuousiy reversing, at

i predetermined intervals, the linear fow of poyes tiroush

the chanpels of said regenerative masses and said exo-
thermic reaction and endothermic alteration zove
by quantitatively comirolling the low of s3aid sccond rese-
ous material. The original temperature grauvisat aad
hence the locality, tempcraturc, and size of the prehoai-
ing, reaction and quenthing zopes remains subslamiaiiy
fixed cven after coutinuons operation. The cool ends

of the furpaee remain below fcmperatpres at which te
endothermically aliered zases are decomposed.
Althongh the furpaces zmd processes of the

present
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m.ventmn can be used to carry out endothermic altera-
tions by {he ytilization of a,lte.matmg end.otharmlc alier-
alion-and’ -heating cycles, they aré particularly -adapted
to-gdrrying out non-catalyiic and catalytic reforming of
hydrocarbons in a most eificipnt manner by simultanc-
ous, ‘partial - combustion- of the seme with- an oxyzen-
containing zas and without the -use of a separate heating
step: Ry -preheating separately: 2 hydrocarbon with: or

without a~dildent and an oxygén-coatnining gas by con-

tact with: two -separate magses, mising- the two sireamy
while 1o -a-highly preheated- condition end introducing
the mixtire traniediately into the chtalyst or aon-catalyst
containing reaction zone, combustion and endothermic
alteration occur simultaneously. - Thereafter, the reaction
prodncis pass in'parallel-through two regenerative -masses
simildir - to -those first described and give up their heat
therete: ~The flow is then reversed after an appropriate
interval (M2 to 3 minutes) and fhe procéss is repeated,
thercby piving & continuous supplyiof réforméd product
gas bod mginlaining the lemperalure pecessary for the
process without supplying addifional external heat.

~Preferentiafly, sufficient air ov other free’ oxygen-con-
taining 'gae-is itilized to render the process substantially
jsothermal and thereby continuons by effecting combus-
tion -of an' adequate poriion of the starting material to
supply all the heat required for the simultaneons endo:
thermic alteration of the remainder of the starting ma-
teria] undfor fhe impartation to the Tegenerative lm.sse:sl
iy wliich - ‘the preducts are queuvhed heat’ requisite {o
rafse”additional ‘quantities of "the’ gaseous starting ma-

terial and free oxygen—cuntammg gas mixtire to igpition

temparatur&s by passdge the.reth_rough during the reverse
cyclel  However, sufficient air cam be utilized to effect
ditntilfaneons combustion of only a sufficient ‘amonnt of
the starting material to supply onty a portion of the “heat

Fequifed for cndothermic alteration of the rcmainder of
such’ starfmg ‘maferial, the remainder of such heat bcmg

:,upplu.d by =n alu:rnaung ‘heating cycle,

It ig sppurent that only a Telatively ‘small portion of
the ‘combustiblc starting material, normaily -not-more
thiati ebaut 15% to about 40% thereof will be consamed
by the limited comrbustion reaction which ceetrs whien
the process is carried omt substantially iscthermally and

therefore continiously, -The balance of the starting ma-

terial will "be efficiently endofharmically ‘altered by the
heat réleased by such limited -combustion,” The sensibe
heat of the entire” gas’ mixture undergoing’ traatment in

the process' will accordmgly be raised to the flame tem-’
perature. of the combu.mau rca.cnon, which tc:mperature_

is above that nccessary to initizte endothermic reaction

of the starting material, The seusible heat of the progduct.
way iy Jmpurtad to the regenemu\re mussed in the quench—_

ing step, and-is utilized to raise additional quantities of
st'irtl.ug material to endothermic reaciion temperatures,

It will be anppreciated that the shove described isother-
mal, partjal combustion process differs radically from
regeneramre processes of the prior art. The prior art
teaches that the regenerative masses employed 1o effect the
desired endothermic reaclions must be prebeated to =
temperature in excess of that required [or such reactions.
That is, in the processes of the prior art, regeverative

magses are emploved which are ut least as hot as the.
praduct gases produced.  The regenerative masses must’

supply the ‘heat requisite not only to initiate But also 10
maintain the endothermic thermal alteration. reactions.
Such. processes are necessarily attended by excessive heat
loss, and therefore, are h:lghly inefficient.

In contrast with such prior art provesses, in carrymg
vut the present invention the product gasas; when pro-
. duced are substantizlly ‘hotter than the regeneranve
masses and the walls of the reaction zome. That is, the
regeperative mugses #re always ul o lemperature subsion-
tially lower than the maximam gas temperature.  Further-

wore, during the actual thermal alteration phase of the’

process, the endothermic and exothermic reactions are
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substantially in balance. Hence, there is ne significant
heat loss i the system. Operation at high temperaturs
without serfous adversa effect vpon the refractory ma-
terial of the regenerative masses is fhus made possibia.

in copending application Serial Wo. 154,185, a process
is desenbed in which the same general method -of opera-
tion is shown wherein no catalyst is used, the Lydrocarbon
material and the oxygen-containing gas are premixed and
two regeneralive. masses are utilized rather than the four
Tegenersfive masses of the present invention. iIn this case
seme of the parlial commbustion und reforming reactions
ocenr in the checkers and completion of the reaction
occurs in a central combustion chamber, While this is
satisfactory and a very efficient way of reforming hydro-
carboms with low ratios of air to hydrocarbon, it hag heen
tound that the present invention is more suitahle for
both -crialytic and noncatalvtic reforming to produce
gases with high bydrogen conient, utilizing higher air-
bydrocarbon. ratios, This iz duc fo the fact that - ac-
cording to the present invention; as -distinguished from
that of application Serial MNo. 154,785, substantially
all of the partial combustion and reforming reactions
ocour In the catalyst-containing or non-gatalyst con-
taining- reaction zomes and the regenerative sections
serve merely for prehicziing of the feed and cooling of the
product gasey.  Because of this more localized combusiion,
when higher air-H. C, ratiog are nsed, there is even less of
2 tendency in the present case for the hottest portions of,
the regenerative sections to spread ont than in the process
and apparatus of application Serial Wo, 154,185, ‘Thus,
according to the present Invention, when higher aic-H. C. * -
ratios are used, the size, location and temperature of the
TeRction zone may be even better contrelled than in the
processes apd appara.tus disclosed in application Sem_l
Mo, 154,185,

The various embodiments of the processes and ap- -
paratus of the preseni invention can be ntilized with 4 cata-
lyst. That is, by placing, in the reaction zone, a vapor
phase endothermic alteration catalyst appropriate for the
particnlar endothermic alteration heing ecatried ont, and
flowing the preheated gaseous mixture from the channels
of two of the regenerative masses through the reaction
zone in contact with such catalyst, catalytic endothermic
ellerafion occurs. The catalytic material may be de-
posited in the reaction zone in any manner. For instance,
the reaction zone may be filled with loosely packed gran-
ules or pebbles of catalytic material or fhe walls of the
reaction zone may be impregnated with catalytic material.
Loasely packed granules of catalyst completeiy filling the
reaction zone are prafarved,

Any catalytic material appropriste for the particular
endothermic ‘alferation desired can be wilized in the pres-
ent invention such.ss dehydrogenation catalysts for de-

Jeydrogenation veactivns, eyclizetion catilysts for cycliza-

tion of hydrocarbons to benzene, reforming ¢atalysts for
the preparation of heating gases from hydrocarbons such’
as matural gas, rcfimery gases, propane, fuel oil, gasoline
or other liquid petrolenm hydrocarbons which may be
vaporized, hydrogen producing catalysts for production-
of hydrogen from hydrocarbony or the reaction of. bydro-
carbons and steam, asd known catalysts for the produc-
tion of hydrazing from ammonia, synthesis gases for the,
production of aleshols or hydrozarbons from CQj, hydro--
carbons and steam, synthesis pases for tha produoction of
ammonia from hydrocarbons, steam and air,. acetylenes
or olefins from hydracarbons, hydrogen cvanide from low
molecular wexght kydrocarbons and ammonia, sulfur fmm
suliur dioxide, air and natural gas, etc. :
Tt will be dppreudted that-the reaciion {emperatures,
ar temperatures of the gazes to be attained in the reaction:
zong for any particular catalytic endothermic alteration,.
will depend on the particular catzlytic material used..
Tempsratares known in the prior art 1o be appropriate
for the particular catalytic material nsed in any particolar-
endothermic alteration are also appropriate in that parg--
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ticulur endothermic alteration carried out according ta the
present invention. ' :

Fven when the processes of the present invention ars
carried out non-cetalytivaily, the reaction zone may be
packed with incrt packing material such ag cores. Berl
saddlos, sold spheres. ot flatad tiles, in order to incrsase
contact area in the reacticn zonc.

Tt will be undersioed that the phrase “catalyiic mulerial”
smploved herein is embrasive of and generic 1o materials
which effect catalytic action due lo their particular chemi-
cal constitution and alsp to materials which are calaiy-
cally active -a8 a consequence of sorface phenomeny for
which they arc responsible. In other words, the mass of
catalytic materiul 1nay be inert insofar as catalysis dus 1o
chempical composition is concernzd, but effective solsly
as 1 vonsequence of the large amount of surface area ¢x-
posed. The catalytic mass preferably takes the form oia
particulate or pelleled material, metallic Tings or o&T-
tridges, or it may be compnased of Jayers of melallic screen
of types commercially available.

The catalyiie mass may b of several types as regards
chemdcal and physical constitution, depending upon the
iype of reaction it is desired to carry out.  For cxample, a
nickel type <catalyst alose or ir combinaticn with an
alumina or magnesia carrier is preferred to vany ot gas
reforming reactions of the following type:

CH, L H,0-»C0--3H,
CH,;4-CO» 2004 2H,

Operations employing this type of reaction are effective
for the production of heating or synthesis gas. Other
catalysis that may. be employed for thiz porpese includs
chromminm, eohalt, ron, copper and silver and the VALIOUs
vaide; and salts thereof and mixtures of the same, sither
alone or in combination with promoters or carviers sich
a¢ aluminum oxide, magnesium ozide, ete. o

n
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Chromium oxide catalysts may be employed for carry- -

ing out dehwdrogenatiott reactions of the following typs:
CyHag>Cibig
Tulune Dutylene
Reactions sach as those availed of in lhe reforming of
uataral gas, metbane or higher hydrocarbons to preduce
heating zas or sndothermic gis riactian producis com-

prising unsaiurated compounds and aromatics are pref-

crably catalyzed with musses of surfece aclive materiale
such as aluming, silicon carbide and magnesia. -

Agein it is stressed that other valalysts knowsn in the art
may cquivilently be employed to effect reactions for which
they are particularly appropriate In the provesses of this
invention.

40
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It is to be understood that certain sndothermic rees- .

tions may be carried out more efficiently according fo
the prescmt jnvention by the use of catalysis whereas

others gre more efficicntly carrjed out non-culalvtically. 5

The reforming of low molecular weight paraflins sn_ich as
propane to product 2 heating gas having properties al-

Jowiny it to be substitnted in utilities [or pamral gas may.

be carsied out efficiently without a calalyst whereas the
reforming of meioral gas to & low E. t. n. heating gas
for use by itself or in admixture with higher B. t. u. gases
tn uiilities is carried out more efficiently with o catalyst.

However, most of the reactions may be carrisd out
o some gxtent either catalytically or non-catalytically,
the temperature of reaction varying accordingly. The
use of a calalyst in the present invention has the advanluge
of permitting the use of lower temperaturcs in the re-
action zone hence reducing the temperature - differential

it

between the reaction zone znd the cooler ends of the -

masscs and decreasing the iendency of the cooler ends
of such masses to rise to temperatures at or above those
temperaturcs ut which the desired altered products are
decomposed. W is apparent that catalysts can he used
to best advapiage in endothermic reuctions requiring
hich endothermic alteration temperaturcs.

2,845,385
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¥t will be understood that the refractory regenerative
masses must be prehicated prior to the initiution of the
varions processes of the invention to csteblish the proper
temperature gradient therein. This preheating may be
effected in any desired manner. Normally, the refrac-
tory ropenerative formaccs cmployed are provided with
Leating means for the purpose. A desirzble mode of
operation entails heating the four mass regenerative fur-
aace in a manner such ihat when 2 scparate stream of
gasequs fuel heated by passage through one of the masses
and 2 separate siream of air or other free oxygen-con-
taining gas heated hy passage through another of the
masses are intimately mixed, they will be ignited and
thereafter hurned in the reaction zone and the combus-
fion gasss passcd through the other two messes, in
paratlel, the. direction of gas flow through ihe furnace
being comtiouousty reversed.

Anpther mode of preheating the furnace is to burn a
mixture of fuel sas and eir or oxygen-containing gas in
[he middle of the furmace by means of burncrs located
therein, part of the hot combustion gases produced pass-
ing through fwo masses in paraflel to the stack and part
through the vther two masses in purallel to the stack.
By cither of these modes of preheat, the reaction zone
and caialyst contained therein, when the pracess is car-
ried out catalytically, is beated to a temperature of from
about 1600° C, to 500° C. depending on the endothermic
reaction 1o be carried ont, whether it is to be currisd out
catalytically, and if so, the particular catalyst to be uti-

lized. The design of the furnaces of the pressnt invem- -

tion is such that during such preheating the. cooler ends
of the masses remain at a temperature below that al
which undesirable ‘side reactions and decomposition of
the desircd altered products take place. These cooler

5 ends, alter preheating, are usuafly at temperatures of

from abhout 75% €. to about 250° . preferably 100° C.
and the hotter ends are ul temperatures somewhat below
the temperaturc of the reaction zene.

These bolter ends of the regensrative mass shouid al
lenst be at the ignition temperature of the mixture of
hydrocerbops and oxygen-vontaining gas.

When the preferred high efficiency. furmaces of this
jmvention are employed, the cooler ends of the regenera-
tive masses, even after continned operation, are normally
at a temperature preferably withion (he range of 75° C,
to 250° C., such temperstures, of course, stmilarly re-
sulling [rom the preheating operation of. the type pre-
viously described. Herein is onc. of the imporient con-
tributions of thc present invention, since in all similar
Icss thermally elicient furnsces of the prior art these
covler ends. of the Tegensrative masses after continuous

aperation tend to rise in temperature until they approach.

the temperature of the hotter cnds of ihe mausses, noder
which conditions the process can no longer be carried
out, therciore necessitaling the haliing of the spdothermic
altcration process o re-establish the praper heat pradient.

Il is additionally Imporiant to the success of the in-
veption that low pressure drop, a high ratc of heat
transfer and short coptact time with the repenerative
masscs and reaction zone be adhered 1o,

The maximun period of residence time of the gases.

undergoing treatment in each of the first and sccond
regeneratlve masses depends on the particuler epdo-
thermic altcration reaction and the femperalure at which
it is carried out. However, the time in each mass pref-
crably should not excead ahout 0.5x second where x rep-
resents Lhe pressure in absolute atmospheres at which
{he process is carried out. - A preferred range for this
residence period is Irom sbout 0.4x to sbout .05x second.
In producing some heating gases rich in unsaturates, hy-
drazine and unsatorates, the residence period should not
exceed about 0.3x second preferably being from about
0.05x sccond te about 0.1x second.

The residencs period in the reaction zone of gases
undergoing - mon-vatalytic treatment sbomld, preferably,

B
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nat exceed about 0.2x sceond with a preferred rdnge of
fram abeut. :15x second to about (:0ix second. I
producing some heating ‘gases rich in unsaturates, hy-
drazine and unsaturates,. this résidence period should not
exceed about 0.05x sccond, preferably bemg from about
0.01x zceond to wbout 0.03x sscond. . .

The process of the present invention may be carried
ont under sub-atmosphetic or superatmospheric pressures.
Sub-atmospheric pressure -procésses . are. 'preferably e~
fected: at from. just below atmiospheric pressure to about
0.2 atmosphere absolute and’are particularly usciul in
the production of some heating gases rich in unsafurales,
low molecular weight olcfing. trom :hydrocarbon, hydra-
zine from ammeniz and aceivlene from hydrocarbons,
However, clefins and - healing gases; may- be. efficiently
produced at atmaspheric pressure. Althongh hydrazine
‘and acetylene can be produced at atmospheri:: Pressures,
the ie of subatmospheric pressures is much more satis-
factory since they permit shortsr preheat, reaction and
quenching times thereby cutting down the amount of side
rcactions and decomposition of the desired product.

.4 preferred pressure range for superatmospheric con-
ditions such as those utilized for the production of higher
olefins, aromatics and other Hquid reaction products, is
from abont just above atmospheric pressure to about §
atmogpheres.
3 atmospheres are very effective,

The higher pressures. vtiized in the producnun of
aromatics and higher olefins Tesilt in longer residence
times in the ‘masses and reactmn zone, which is permis-
sible and desiruble in such Teactions,

When ' oxygen is nfilized in len' of air, - :he residence,

times of the gasés undeérgoing. treafment o the furnser

may-be reduced to about ¥ of thist required with similar -

operations conducted ‘with air, Thus, the residence time

at atmospheric pressire when oxyien is utitized may e

reduced to a. few thousandths of a second. - Tt. will he

apprecmtaci that analogous mod.lﬁcanons in'résidence time -
caay be eflevted ‘when other gases richer. or poorer in-
free oxygen than . air are emploved. - To .pbvinte the

possibility of overloading the furnuce when gases ed-
tremely rich in oxysen are emploved, reduction in resi-
dence time is desirably effected by decreasing the pres-
sures vather than by increasing the rate of feed.

It is obvieus that fthe reduction of mmdence and
guenching .perinds by the redvction in pressare in the

system can be accomplished without appreciable change .

in pressurc .drop throtigh the regcneranve mass because
only the lincal gas veloeity s inereased; mot the muass
velocity, This featare of resiricied pressure drop consti-
lules one of The salient [eatures of this invention. The
prersore drop in the apparatus shanld not excesd about 5

pophds per sguare inch.” A preferable range is from:

abotit 1 pound per- square inck-to about 2 0 pounds per
square inch,

Dilucpts may or may’ not be ‘nsed durmg endothermic
ultcrations. In the production of acetylenes, olefins,
beuting gus'and aromatics vnd in dehydrogenation, crack-
g and Isomerization ‘of hydrocarbons, sieamn is wseful
as a dileent. In the production of hydrogen, hydrazine

and carbon black, hydrogen ic usefnl as a diluent. Known -

prior-art dilucnts may be u’clhzed for each particular type
of codothcrmic alteration. .

Only so -much axygen or free oxyguu wulumug gug
should be employed in-the present process as is required
to obtain the heat requisite for the prodnction of the
desired prodnct and to the maintenance of the process.

Air, oxygen ar oiygen in admixtore with other gases

such as hitrogen which are inert nnder the conditions Df '

reaction may be employcd Alr is preferred.

Speaking peneraily, air may be. mixed with low ma-
tecular weipht hydrocarbons for use in the partial com-
bustion processes of the invention in the rapnge in parts

by volume of from abont (L5 par_t of air per part of hy-

gdrocurbon 1o about 5.5 parls of air per part of hydro-

However, pressures not ¢xceeding a.bcrtIt

2,845,835
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carbun for hydrocarhons from methane Lhrough penfane,
Similar ralics for ogygen are from about 0.1-part. of
oxygen per part of hydrecsvhon to zbout 1.5 paris of
oxygen per purt of hydrocarbon. ‘When cracking hydro-
earbons highei than pentane, proportionaicly largt:r3
amounts of axygen are required. In gemcral, the uiaxi-
mum required s approximately the sume number of oxy-
gen atems as there arc carbon atnms in the molecile.
Those skilled in the art will readily he able to determine
the proper propertions of free oxygen-conthining gas to
cmpioy with slarting material other than hydrecarbons;
In those cases wherein only a portien of the cado-
thermic heat -of. alterafion is supplicd by simulfanecus
combustion, the remainder being supplied by ‘an'alternat:’
ing heating step, the ratic of air or vxygsn to cnmbumzbic'

- material, e, g hydrocarbon, will be lower.

20
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Ag has been discussed, the temperatures of the. hottcst
porticits of the masses during oparauon are at leust cqual'
to the. {ghition temperatores of thé prehcatcd mixinre of
staiting: material and oxygen-contaiming gas.” The walfs:

- of the reaction zone and the caiulyst malerial whsn used.

aré dsually somewhat hotter (han the hottest pomon of
the masses. (as temperatures wilkin the reacticn zons'
arc comgiderably higher than reaction znne wall tempera-
tures, These temperatures of course will vary according

" to ;the - perticular: endothermic alteration being carricd
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-petmieum naphtha,

out, whether the alteraton iz caialytic and if so, the’
partmula.r catalyst used, In certain reuctions cartied omt
catalytically, the catalyst und walls of the reacticn. zons
are at alower tcmpermme than the hottest pnmcms of the
TIINE5EY, .
“The 1eqmred tsmparamres for parucular endothexrmc:_
alterations withou: the use of catalysts and with the use
of “patticular prior art catalysts are well. known i the:
art. -'When producing heafing gases from Jow molecular
weighf hidrogarbohs, tegiperatutes in the Te.actmn zone:
renge from about 7007 C. o 10008 C. )

‘In the specification amd clalms, the termis “gascous =

material® and “gases” refer to both pormally gaseous
materfal and materials such as liguids and. selids not-por--
mally gaseous but capable of existiog as a vapor-or.of
being syspended in 2 gascous media such as powdered
coal or atomized ‘oll. " Low melecular wexght compaunds

“such ag metha.ne, ‘ethape and thé various omeric and

ncrmial propanes, butenes, hexanss and “mixtures thersof’
may be cmployed, as well as the octanes and decanes and.
Such “paseous materials® include:
amionis, - ixturgs of  hydrocarbon and ammionia, air,.
carbon’ dioxide, steam, sulfur -dioxide, powdered coal
suspendcd in oxygen, air or steam or in a m:xture of two
or miore of the same, cte.

Liguid hydrocarbons such as fuel ol and natoral gaso-
Loe way be preheated ar atomized and intraduced with
air. :

Tbe provision of a nnvc[ regenerative furnace struc-
tizre In which the processes-of the present invention muy-
be carried out is one of the primary features of this inven-
tion. DBiiefly stated, the furnuce structure of this aven-
tion includes four heat insnlated 1eganerat1ve masses each
having linear, vontimious flves passing thersthrongh, each .
of such rageneratwe masses being prowded with a free
space in communication with onc cxiremity of the dlees -
and & heat insulated reaction zome communicating be-:
tween. the. cxtremilies of the fines of each of the regenera-
Uve masses opposite the free spaces. Means are asso-
ciated with each of the free spaces for the admission and
dJsc.harge of pases- thereto and. therefrom. Means for
reversing the direction of the flow of gascs thromgh the
furpaces ave also included. ‘The reaction zome may or
may.not have a catalytic or non-catalytic material present

therein preferably in the form of particulate pcllets,

Io onc cmbodiment of such # furnace, the four masses
comprise fwo pairs of masSes with a mixing chamber
comminicating hetween the extremities of the flues of
each palr of masses opposife the frec spaces and the re- .

action zome whereby BESSS passing from the free spaces
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of sach pair of masses 1o the frew spaces of the other pair
nf masses pass through Uie fues of one palr of masses
thence through iis mixing chamber, thence through the
reaction zome, thence through the mixing chember of the
oilier pair of masses and thence through the flues of the
other pair of masses. Burner means are included for
admitting fuel guses (o each of the mixing chambers.

Each puir of masses may be on opposite sides of the
reaction zone, the fuss in cach mass of one pair of masses
heing axially alisncd with the flues of one of the masses of
the other pair of masses, or both palrs of masses may
be side by side on the same side oi the reaction zone, the
flues of each mass heing parallel with the fluss of the
nther masses, or the four masses may exiend from the
reaction zone at any desived angle to cach other. -

The imvention will be better undenitood by reference
to the accompanying drawings:

Figure 1 shows partly in scction partly diagrzammati-
cally, a complete apparatus in accordance with the
present invention.

Fipure 2 is a cross scetion om & plane represented by
line 1i—1ITI of Figure 1.

Fipure 3 is a crogs scction oa a plane represented by
line III—III of Figurc 1.

Figure 4 is a crass section on a plare represeated by
line [V-—1V vf Figore 1.

Figure 5 is o cross section on a plane represcaled by
linc V—V of Figura {.

Figure & shows partly in section and parily diugram-
matically a second preferred cmbodiment of the present
invention.

Figure 7 is & cross section on 2 plane
Hne VII—VI1 of Figurs 6,

Figure § {5 z cross seclion on a plane
Hne VILE—VLI of Figure 6.
~ Pigure 9 13 u cross section on a plans

a linc IX—1¥ of Figore 6. )

Figure 10 is a cross section on a plane represented by
line ¥—X of Fizure 6. . .

While Figure 1 shows the general arrangement of four
vertical regenerative masses separated in two pairs by
a central bridge wall, each pair being connected to o
central reaction chamber containing. o catalyst, a ven-
tarl mixer, a distribution chamber und a distribution erid,
it is obvious that this arrungement may be either vertical,
at any angle, or horizontal althoogh the last is preferred
beeause of euse i copstruction, stacking of checkers,
maintcaance, and charging and  discharging catalyst.
Furthermore a reaction chamber can be employad with-
out a cajalyst. '

represented by
represanted by

rcpfeaented by

Forthermors, while Figure 6 shows a horizontal fur-’
nace, it is chvious that it may be vertical or at any angle. -

Referring to Figures 1-3, the [urnace comsists of a

gastight shell ¥ containing a refractory lining 2 and for |

regenarative masses 3; 4, 5, and 6. Musses 3, 4, §, and
6 terminate within the furmace in pussageways 7 and 8

which in turn coamcet with ventur throats 9 and 30 -

leading te chambers 11 and 12 which in tun copsedi
with checker sections 13 aund 14, The latter in turn
cennect with chamber- 15 whick may or may not contain
8 catulytic mass. In the figure a catalytic mass is dis-
closed.  Bridge wall 16 separates regenerative masses
3 and 4 while bridge wall 17 separates regenerative
masses 5 and 6. A central bridge wall 18 in turn sep-
arates Tegenerative masses 4 and 5 and chambers 7 and
B. An extension thereof separatcs vepturi throats 9 and
10, chambers 11 and 12, and checker scetions 13 and 14
and a furtber cxtension produces a W-shaped reaclion
chirober 15,

Burners i? and 20 connected with passageways 7 and
§ are used in the initial stop of preheaiing the furpace io
a temperature suitable fur operation of the provess, Pipe

connections. 28, 22, A3, and 24 connecting respeciively

with regénerative mass2s 3, 4, 5 and § serve for imiro-
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duction and withdrawal -of gas strcums into -and from
the furmacse.. . -

Fipe. 21 is comnected - through line 5@, valve 23 and

line 51 1o a stack (not shown). - Pipe 21 is alsa com-
nected through line 54 to.valve 33 which in turn is con-
nected . through line 56 and line 34 to a source of air.
Fipe.21 is also connecled through line 54, valve 33, linc 32,
line 31, valve 30 and line 2% to a source of hydrocarbon.
Pipe 21 is. also.connected through linc 34, valve 33,
line 32, lipe 57, valve 37, line 48, line 61, valve 39 and
tine. 44 ta a product gas storage means {nol siown).
. Pipe 22 is. conneceted through line 59, valve 26 and
line 60 o a stack (not shown). Pipe 22 ix also connected
through line 48, valve 37 and lines 36, 35 and 34 to &
source of nir, Pipe 22 is also connccted through line 48,
valve 37, liges 57 and 31, valve 30 and line 29 o «
source of hydrocarbon gazs, Line 22 is also copnecled
thromgh lite 61, valve 39 and line 44 to product gas
storage. -

Pipe 23 is connected through lue 62, valve 27 and line
63 to a stack. Pipe 23 is dlyo connected through line 43,
valve 42 and Hres 64, 65, 35 and 34 to a source of air.
Pipe line 23 is-also cogiected- throngh line 43, valve 42,
linc 66, lize 26, line 45, valve 30 and line 2% t6 a source,
of hydrocarboms. Pipe 23 is also connected through
line 38, valve 39 and line 44 to prodoct gas storage.

Pipe 24 'is connected through line 52, valve 28 and
line 53 to’a stack. Pipe 24 is also connected through
live &7, valve 40 and lines 47, 49, 65, 35 and 34 to a
source of air, Dipe 24 is nlso connected throvgh lise
67, valve 40, lincs 41, 46 and 45, valve 30 and line 2%
to & source of hydrocarbon gas. Pipe 24 is also con-
nected through line 67, valve 40, lines 41 and 66, valve
42, lines 43 and 38, valve 39 and line 44 to product gas
storage. )

Figure 2 is 2 cross section on a plane along the line
IE—TI of Figure 1 showing the four isolated and substan-
tally sastight regenerative masses 3, 4, 5 and 6 boundad
by refractory walls 16, 17 and 18. The masses confain
fines 100, comprising uninterrupted passageways pref-
erably of the type disclosed in my copending patent
applications Serial Nos. 129,969, now abandencd, and
154,185.

Figure 3 is & cross sertion on @ pianc along the lins
HU—IY of Figure I showing fwo passageways 10T and

102 bounded by substaniially gas-tight refraciary walls

18 and 2, each passageway having veniuri throats & and
i¢ in verturi blacks {03 which serve alternately for mix-
ing gas stream No. 1 and gas stream No. 2 which arc
discharged from the two separate prebeating regenerative
masses when such masses arc atilized for gas preheating
and for recciving the product ges from the reaction
rhamber and disiributing suid product gas between ihe
two guenching masses when such masses are ulilized
lor gas quenching, i

Fizure 4 is a cross section on a plane along the line
V. IV of Figwre { showing distribution means. 13 and
14 which may take the form of grids composed of re-
generative mass checkers of the type employed in the
regenerative masses shown in Figurc 2, However, such
distribution mcans may be composed of heat resistant
metal grids or layers of heat resisfani melal scresns.
These distribution measns or griy]s serve tp isolafe he

5 chambers 11 and 12 from the reaction chamber 13 con-

taining catalytic material. )

Figure 5 is a cross section on a plane along the line
V—V of Figurc ! showing the two sections of catalyst
containing or non cofulyst-conteining reaction chamber
15 separated by lnidge wali 18. . ' .

The apparatus of Figurss 6-10, yet another emhbodi-
ment of the invention is similar to Figures 1-3 and like
numerals are utilized to identify like elements. The
only difference is that in the latter drawinps checker-
works 3 and 4 and checkerworks 5 and 6 are on opposite
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sides of chamber 15 with the flues of mass 3 in axial
alignment with the flues of mass'§ and tlie fines of maes 4 -

in axfal alignment with the iiues of muss 5, In such an
apparatus, naturally, wall 28 of Figure 1 Is not required.

Although the cross sections of the furnaces and of the
refractory masses are preferably rectangulur, as shown,
they may be circntar or any other shape desircd.

I will be appreeiated that in the preferred embodiment
of the present invention disclosed in Figures 6-10, the
hottest ends of the regenerutive massey are in substan-
tially abutting relationship. Heat loss by madiation is
conscguently greafly reduved. Furthermore, pressurs
drop uf ihe gases undergoing treatment in the furtace 15
reduced inasmuch as the gases do not change direction
in passing from one of the régenerative masses to - the
other. Tn addition there are many mechanical advun-

tages inberent in this structore including simpic previ--

sion for expansion and contraction of the upparatus.
Although the piping arrangement disclosed in the fig-
ures is arranyed for (he preferred process of the present
invention wherein sufficient combustion s catried out
sinmltapeosly with. reformation to supply all the heat
of reformation, therefore dispensing with the necd of 2
heat cycle, a different arrangement would. obvicusly bs
required If an alternating heating cycle is io be used ag is
the case when there is no partial.combusiion durirg. re-
formation er where therc is sume partial corlustion
carricd out simultyneously with reformation tut not
enough to supply gl the hent of reformation.
High heat transfer, short residence time and low pres-
sure drop in the repenerative furnace are important to
the sunccessful practice of this invention. To this cnd;

the particular furnace and regemerative mass structure:

embraced by this invention should preferably conform
to cerfain structural limitations. The length of -each
regenerative myss should preferably not emcesd about
15 ft. Likewise, regeneraiive masees Jess than about 4
ft. in length are impractical, although the lower limit is
nuf pecessarily critical. - A preferred length for cach
of the regenerative masses is from about & to about 10 £t

Likewise, in all cases, except some of those endo-
thermic reactinns which are carricd out catalytically, the
void. volume of the rcaction chambér of the firmace
should preferably not cxceed nbout 60%- of the combined
volume-of the fues contained in the resensrative masses
of the furmuce. It is preferred in snch. dases that the
volume of the reactivn chamber be egual to from about
205 to about 40% of the combined volume of the fues.
Huwever, in some of the reactions carried out catalylival-
1y, the teaction zone volume may be as much as about
10 to 20 Hmes greater thap the combined volume of the
flues, )

“The size of Ihe reaction chamber variss according to
the parlicolar reaction heing carried cut. Generally,
larger reaction chambers -ate utilized in thosc reuctiony
requiring longer residence times in the reuction chamber
or longer catalyst contact {imes. D

Checkerworks 13 and 14 of the fignres may comprise
any farm - of graling rather than a checkerwork of the

same design as checkerworks 3, 4, 5 and 6, althouph the

latter is preferred.

The .gas passageways or flues 100 in the nrasses 3, 4,

5 and 6 should preferably not exceed about 0.75 inch in
muximum cross sectional distance. or. diameter. The
lower Limit of operable width or diameter of such flues
i not necessarily eritical, but must not beé so smalt that
excess pressure drop m fhe furpace occurs as a conse-
quence thersof. Generally, fiucy of maximum width or
diameter from about 0.75 inch to about 0.25 nch may
be feasibly cmployed. ¥lues having o maximum width
or diamcter of sbout 0.375 inch to about 0.3 inch are
preferred. The flocs should preferably be substantially
petipherally curved in cross section. They may be. cir-
¢ular, elliptical or any skape in which a substantial por-
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lica of the paripheries are curved. Circular flnes are

It is alsa desirable that (be Tatio of the volume of
fues in the repenerative mass to the total volume of the
regenerative mass in which the fiues are located not ex-
ceed ahout 1:3. A preferuble romge for this ratia is from

about 1:4 ta about 1:10; sod a suitable fower limit is -

about 1:20, The brick for vse fu the construction of the
regenerative musses of the ‘furnace of the invention may
be preparcd from any conventional refractory material
stch as varong caleinm, magnesivm, aluminom, silicon,
ivom, chromium, etc. oxides and mixturcs therecf. Fur-
thermore, as a consequence of the thermodynamic ad-
vantages of the process of this invention, in the cooler
portions of the regenerative masses, a checkerwork metal
such as fron or copper or a checkerwork graphite may be
employed. Preferably, the bricks are prepared from
Carborundum or & meterinl having a high alumina con-
tent such as fused aluniina or Alundum to obimin maxd-
mum heat capacity, high refractoriness, high thormal sta-
,bility und ineftness toward the gases undergoing treat-
ment. L . . .
There iz a definite relationship between the spacings
of the floes and the conpdnclivity of the material. For

5 example, with the irom, alnmimutn, copper or brass, the
PLE, ;

flues may te from -about 35" to about 3’ in. diameter
and be peripherally spacad from about 17 {o. about 27
apart. In ihe case of Carhorundum, the flues mey ne
fram abool Y% to abour % in diameter spd be periph:
erally spaced apart from about 1" 1o sbout 132", Where
the matetlal employed is alwmina or Alundum, with 2.
heat, conduetivity of zbout poe-quarter, that of Carborun-
dum, the flues may have a diameter of from about 34"

. to about %2 and be peripherally spaced apatt from about’
3" ta abount 56, . o .

There is a relationship betwegn the conductivity of ma-
teriul comprising the units and the peripheral spacing of
the fiues. ‘The ratio of conductivity, in B. 1. n. per square
foot per inch per hour per degres Fahrenheit, o the
distance between fiues, expressed in inches, shovid pret-
erably be greater then- about: 40 _ C

Tt will be observed from the drawings that fhe flues
are so disposed that they form substantally equally stag-

- gered rows, the distance from the cenler of each fiue to
the center of the next most closely adiofning flues in ad-
jagent rows and in the same row being substantially umi-
form. Jn the furmace of this invention this center {o-
center distance should preferably not exceed about one
and one half inches, A preferable range for this dis-’
tance is from gbout 0.627 to about 0.88”. The thick- -
ness of the refractory walls separating tho flues & sub-
stantially uniform and should mot be greater than about
0.75". A preferable range for Liis maximum distance is
about 0.37" to aboni 0.625", When these limits are
obssrved, the previcusly defined limiits with respect to
the ratio of the volome of the fiues in the masses -to the
total volume of the massas in which the fiucs arc located
will ke complied with. The flucs im the drawing &ve
aboul 3%’ in diameter and the distance from the center

“of each fine to the center of the next closest adjoining
flues is about %4"". Obyicus veriations in relative sizs
and shape of the fiucs and interwall thicknesses ars op-
erablz. withim the previous limits with respect to maxi-
mum slot size -and volume. Conventional checkerworks

5 of ofher types than thoss specifically described herein

may be employed ¥ the aforementioned. limits are ob-
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A particular appropriats fype of ch'eckérbrick for use

* in the construction of the regeneralive checkerwark of the'

furpuce of Lhis invention iz that described amd.claimed
in copending application Scrial No. 129,569, entitled He-
" generative Packing Construction, filed November 29,
1949, ’
Howaever, bricks other than those disclosed in the above .
patenl application are satisfactory., For instance, bricks
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can be utilized having srooved opposile faces and pas-
sagewavy passing complesely therethroogh in the same di-
rection as stich grooves, which passageways ars located
" between such grooved faces. In such case, aligmed
proaves in the assembled mass of bricks form part of
the flues in the wmass and longitudinally aligned passage-
ways passing through the bricks form the remainder of
stch fuss. Also, each of the imasses may be in one

piece with the passageways passing therethrough. How--

ever, in these balter cases, there is a greater iendency for
spailing to ocewr, possibly duc to siresses set up in the
refractory during the formation cf the passageéways
threugh the bricks or musses. Therefore, 1t Is preferred
tn utilize masses having channals therethrough [ormed
only from aligned prooves of adjreent assembled bricks,
as disclosed in the above referred o patent application.

The oaly imporiant factor to be Kept in mind is that

when the bricks arc assembled to form the regenerative
masszs, the size of, the shape of, the distance beiween

and ihe arrapgement of the passagewsys shoold copform -

wilh the aforesaid and following deseriplions,

COpe of the important foatures of the present invention
is the lack of lamp bluck avcmmulation on the fiue walls
with resuliing clogging and decrease in cfficicncy. For-
thermore, the reaction products, when producing, even
at exiremely hish temperamires, heating gases, hydrogen

cyanide, olefins aud acelyleme, contain Jess carbon parii-

cles as impurities than in any other known similar
DTOCESsEs. -

Ansther advaniage of the present process ks that by
merely varying the amounts of siarting maierial and air
flowsd into the furnace during the endothermic alteration
and combustion phese, the temperatures attained in the
reaction zonc and ihw hottest portions of the furnuce can
he varied io produce different endothermic products.

The present invention iz useful to carry out any re-
grasrative pyrolytic endothermic or combinad exothermic
and eadothermic alieration process wherein the reactants
must be heated, tcacted mard quenched, Operation of the
furnace and processes of the invention will ¢ described
ny roferenee to Flzures 1 and 5,

Praliminary to vutting the iarnace into cyelic epefa-

tion it must ba preheaied. For this purpose burners 17

and 2% arc provided, which are cperated altcrnately, For .

czample, in ihe heginning, valves 23 and 26 are closed
and vaives 27 and 2§ arc opened. Burser i9 is puot into
G
combusiion gases pass through venturd 9, thence through
chamber 17 and disitibntion means 13, which may com-
prise fiues formed from regeneritive shapes and shown
in cross section in Figure 4 whick is-a section on & plane
ranresented by lins [V--{V of Fignre 1. The gas then
passes through reactiun chember 15, which is U-shaped,
and passes back {hrovgh distribution means 14, chamber
13, venturi i@, chamber § and in perallel through ve-
peneraiive masses 5 and & and thence out through pipes
%3 and 62, valve 27 and lipe 63 and lines 24 and 32,
valve 2B and line 53 to the stacks. During the operation

just deseribed, heat iy supplied fo raise the femperature

of the reaciien chamber 15 and the catalys! containad
therein, when catalytic precesses are being carried out,
ausd the tos of regencrative masses 3 and 6. Afier pas-
sage in ihis dircction for a short time, the process is
veversed, Burner 19 Is shut and burner 20 is pil info
opcration, closing valves 27 and 28 and opening valves
25 uad 26. The hot combustion gases from chamber
4 then travel in the reverse direction throngh venturi 19,

=sambar 33, distribution weans |14, through chamber 15,

ihrough distribution means 13, chamber 11, veniul 9,
and chamber 7, and pass out in paraflel through regens
siulive massas 3 and 4, They Oualy issue from the fue-
waces thiough pipss 21 and 56, valve 25 2od line 51 and
vines 22 and 59, valve 26 and Jine 60. Tn this operation
further heat is added to the reaction chamber and the
calalyst contained therein, und the top of checkers 3 amd

siion and combustion inkes place in chamber 7. The
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4 uge raised in femperature. The process is reversed
alternately until the rzaction chamber and catalyst con-
tained’ therein is heated to & temperature in excess of
about 700° C. preferably [rum ahomt 300° C. to about
1300° C, and the end of the regensrative masscs 3, 4,
E and 6 adjacesl to chambers 7 and 8 arc ut epproxi-
mately the same or a somewhat lower lemperaiore.

Tha heat transfer efficicnoy resultant from fhe con-
struction and dimcensions of the regenerative checkerworks
3, 4, 5 and 6, previrusly described, is such that the com-
dustion pases continually leave tho furnace at a tempera-
ware of about 75° C. to about 300° C. The temperature
sradient In the regemerulive masses of the furnace will
level off from in excess of about 700° C. af their hot ends
to substantiatly atmospheric temperatures {abont 73° C.

‘tu ahout 300° €.y at the terminal ends of the furnace.

Tt will be vnderstood thal the preheating step is only
nsed when sturting up the farnace. After the furnmace is
adequately preheated, it is ready for operation to pro-
duce henling gases.

‘the complate operating cycle iz preferably carried out
in four periods of substantially equal length. However,
the flow of the feed puses and product gases is continuous
as will bc wodersiood hy ths following description. The
direction of fow pases through the furmacs is reversed
at intervals of from one to three minntes.” There are two
separate streams of feed gas, the first gas being hydrocar-
hon with of withoul steam dilution and the sccond pas
being air or oavgen-containing gas. These. two gases pass
up through <he fivst pair of regencrative masses in sepa-
rate chanmels and after passing through fhe reaction
chamber and catalyst contained therein pass down in
paralle! through the other set of two regencrative masses.
Tt is advaniageots fo introduce the first and sceond gases
throueh a different regenerative mass cvery other fime the
flow is in a certain direction. This offers the advantage
of burning any ¢arbon which may e deposited from 1he
first gas'in the regenperative mass during the preheating
thereof since the usxl time the flow Is in that direclion
the gas streams are reversed and air or oth=r oxygen-con-
tnining gas will burn out such carbon.  Also the tem-
perature in all of the four checkers is equalized and kept
guite yniferm in disiribution..

The firgt step in the operating cycle wiil be described
by reference tn Figures 1-10. A first gas ennsisting of
a hydrocarbon such as patural ges or petrolenm hydro- |
carkons containing ethene, propane, butane, or olefins or
mixtures thereof in the gaseous ot vapor state s paessed
with or withent a diluent such as steam throvgh line 29
and -three-way valve 30, thenee thiough pipes 31 and
32, three-way valve 33 and lines 54 and 21 imto the
fornace and through the flues of regemerative mass 3.
Simultancously a second sas consisting of air or oxygen-
containing ges is passed through pipes 34, 35 and 36,
inree-woy valve 37 and linzs 46 and 22 into the furnace
and thence through the fines of regemeralive mass 4. The
first and second gascs pessing up throvgh separate regen-
erative masses 3 snd 4 we preheated to substaniially the
same temperature or considerably above the ignition tem-
perature of the hiydracarbons and oxygen containing gas
in the feed and join in chamber 7. They are thoroughly
mixed by passing through ventmt 9. Partial combustion
of & portion of the nydrovarbon starts and continues to
vompletion in passing -through distriboton mesns 13
and resciion chamber 15. Sinee there is a deficieney of
oxygen, cnly a portion (159 to 40%) of the hydro-
carbons will be burned. The balance of the hydrocarbon
is cfiiciently cracked and reformed in the reaction chamber
by the heat relensed by the aforémentioned combustion
reaction. The sensible heat of the entire gas rpixture is
raized to the flame temperature of combustion feaction.
The volume of the reaction chamber is such that substan-
tially complete partial combustion und reforming reac-
tions occnr thersin and the reaction produdts pass out
through distribugon mcans 14, chamber 12, venturi 1,
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chamber § und thence in parallel through regenerative
messes 5 and 6.
has passed through regensrative mass 5 gives up subitan-
tially all of its heat thersto and passes out throngh pipe
23 at approximately 150° C. ¥ then passes through
pipe 38, threc-way vaive 3% und line 44 to the purification
or disiribution or sterage system. The other portion of
the product EAs which has passed through regencrafive
mass & and gives up ‘;nbstantlally all of its heat thersto
lpaves the fornzce  throngh pive 24, ai approximately
150° . Tt then passes through line 67 three-way valve
40, pmes 41 and 64, thance through th.ti:c wuy valve 42,
and pipe 43, mixes wn:h the other portion of product gas
in pipe 38 and passes throngh (rree-way valve 39 and
pipe 44 to the purification or distribution or rtorage
SVSicm. |

The second step in the operation, In which the gases
flow in reverse direction through the furnace, is fnitsated
by throwing simultaneously three-wuy valves 30, 37, 39
and 40" The first gas consisting of hydrocarbon with or
withont diluent emters through pipe 29, three-way valve
34, thence through pipes 45, 46 and 66, three-way valve 42
and lincs 43 and 23 inlo the furnace and thence into
rcgcnaratwe mass 5. Simsltansounsly air enters thmugh
pipes 34, 35, 68, 4% and 47, three-way valve 40 and lines
67 und 24 into the furnace. and thence thraugh regen-
erative mags 6. As i the firet operation the two streams
pass qcparately from the colder to the hotter ead of ths
rcgcneratwa massss and are prehcatcd substantiaily above
the 1gmtmn 'Lcrnpcrature of the hydmcurbon The two
sircams join In chember 8 und mix by passing through
vemur throst 10, The mixed gases theace pass through
chamber ¥2 and disteibution means 14 and then pass
thidngh reaction chamber 1§ where reforming and partal
combnstion reactions are completed. The product gas
then l1éaves reaction chamber 15 through venturi throai %
and chamiber 7 where the srreams split and pass in parallei
throogh masses 3 and 4 The portion of product gas
which! passes from the hot fo lhe coid eod of the regen-
erzlive mass 3 thereby giving up its heat (herefo, leaves
the furnsce through -pipes 2X and 54, three-way valve
33, pipes 32 and §7, three-way valve 37, pipes 48 and
61, thres-way valve 39 and pipe 44 to the purification or
distribufion or storage system., Likewise the other por-
tion of the product gas passing fiom the kot to the cold

The postion of the product gas, which
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end of the regencrative mass 4 passes from the furnacs .

© throuyh pipe 2% jeining the other portion of product gas
in line 61 and finally passing cuf through three-way valve
392 sud pipe 44 to the purification or distribution or stor-
agZe SYStetn.

The third step in the opcratmg cycle ds actuwated by a
simultdnecis throwing of threc-way valves 39, 33, 39,

and 4, The flow of the fos shrearny (hrough the fumsaee

is in the same direction as in the first step, that is from
left to right. " The only differance hamg that the air now
fows throngh regemerative mass 3 through which gas
and steam flowed in the first step. The air will b
out any carbon that may have deposited in the checkers
i stép 1 due to the direct pyrolysis of the hydrocarbon.
Hydrocerbon and sleam pass through regenerative mass 4
through which alr was passed in the first step. Heat
withdrawal by the two streamis is somewhat Jdiflferent,
Hence, if they are alterfated ir balances any inegualily
in the rogenerative mass temperatnres. Otherwise, the
opcration IS the same as the first step in that the two
sfreamts are scparately pre-heated in masses 3 and 4, are
mixed in venturi 9, are burned and reformed in reaction
chamber 15 and the product gzs passes o parallel
through the masses 3 and 6 thereby giving up substan-
tinlly all of its sensible heat to such meusscs and finally
ont through three-way valves 40, 42, und 3% to the gas
purification, ¢z storage eguipment, ]

The fourth and final step of operating the zpparams
and process is accomplished by simultaneously throwing
valves 30, 33, 3% and 42, The flow of the gas is similar
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to step 2 exccpt that the air flows through mass 5§ while
in'siep 2 the hydrovarbon and steam passed through this
mags. Convcrsely gay and steam pass through mass 6
through whlch ajr passed in step 2. Otherwise the fow
is the same: ~ The two streams jOlIl In chamber &, wmix
in venturi throat 10, pass through chamber 12, and (heice
throngh distribution means 4, uod pass broush reaction
¢hamber 15 where reforming and partial combustion Teac-
tions are compleled. The prodict gases then pass through
distribution means 13, chanber 11, venturl ¥, chamher 7
and pass in parallel sireains throtigh regenerative masses
3 and 4. Both stromns leave the furnace through pipes
21 amd 22, join in pipe &1, pass through three-way valve
3¢, and omt through pipe 44 to the purification or dis- .
tribution or storage system.

While operation with a four-stcp cvele, as described
above, is preferable, it shouwld be pointed ont that the
{urnaces of the present invention can also be operated
in different ways. For exampls, 2 two-step c¢ycle can be
carried out ns follows: step 1 18 folinwed by step 2, io
be followed again by step 1, sic. This is. quite satis-
factory when reforming with Tow air or oxygen to hydro-
cathon ratio, since under these comditions, temperaturss -
are comparatively moderate and no carbon is formed in
the regenerative masses.

The gas product obiaincd when & mickel catalyst is used
und patural gas and air'in 2 volumetric ratio of ome of
gas 1o Awo of air is fed to the furnace as heretofors
described has fthe following c.ompns:tmn

Carbon diosxide N4
Diuminants 0.2
Cerbon monoxide 15.4
Hydrogen. 36.0
Oxygen - - 0.2
Methane 6.0
Mitrogen- 39.8

Dy chanping the ratia of afr to gas, the depth of re-
forming and consequently the campasition of the product
gas can be varied. As has been stated, in producing
heating gases the rantge for natural gas Is abont ©.5 to 3
volumes of air to one of natnral gas.

Adter confinzous opcrahon. the cool ends ‘of the masses
do not rise appreciubly in ternperaturc but rather remain
at suhstantially the sane {emperalure #¢ during initiul
operation, The location and size und- lemperatiize of the
preheat, quench and reaction zomes remain subslantially
fixed even after many hours of operatmn By “preheat,
reaction and quenching zones" it is meant those =onss

“In the furnuce at 8 tcmpcraturc at which prehéat, reaction

and quenching ocour, By “substantially fized” it is not
meznt that the Iocation and size of the varipus zomes arc
constant but that they remain sufficiently fixed so that the
greafer part of the reaction zone is a2t all times coin-
cidental with the reaction chamber 15, and the pre-
heui and quench zones are at 2ll times suf’n‘mently larpa
o effectively prchw.t and quench the gases passing there-
thromnigh. -

The operatmn of the furpace in the maner above de-
scribed is par ticniarly advantageous in that no reheating,
relocation or condensation of healing zones in the regen-

-crafive mass is reguived other than that resulting from. -

the reversal of gas flow herein discussed. Furthezmore,
the absence of rapid and extreme temperabire changes
greatly prolongs the life of the regenerative checkerwork:
and thereby effects substantial econemy. The above mode
of operation at atmospheric pressures while admirably
snited to the production of heoting sas is not as well
adapied. to the pradnction of acetylene in high yiclds as
when subatmosphéric pressures are utilized for the reason
that the nse of subatmmpherlc pressures permits a more
Tepid quenching which is necassary o prevent rIuwmpusx-
tion of the product.

Operation at subatmospheric pressure may be effected
by any well knowi means,  For instance 2 pump may be

& inserted in line 44, The apparains is otherwise operated
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in the sune mauner as that proviously described for opera-

tion at atmospheric pressure, Such redocéd pressure

vperations are particularly suitable for, the, production of
zcetylens, hydrazine and other products requiring rapid
quenching to prevent decompasition, for the reason fhat
the residence time of the gases underzoing treatment in
{he refractory regenerative furmace can be feduced fn
proportion fe the reduction in pressure below aimos
pheric. :

Differept and smalier ratics of hydrocarben to dir are
employed when it is desired to produce acetylene than
when heating gas is the desired product. .

When reacting natural gas and air as described abuve

to produce acctylene, the acetylene it not appreciably |

contaminared with carbon particles. TIence the diffivnl-
ties of -scpuralion of carbon from the producl acetylens
iz Jurgely obviated.

Operation at superatmospheric pressures may be ef-

fected by inserting pumps in line 29 and 34 for rajsing .

the Teactants to whalever pressure is desired.

1f no catalyst is employed in a similar process, a
product gas is nhtained containing a higher proportion of
nsaturates and a smaller proportion of Liydrogen, inas-
panch as a portion of the hydrogen produced is consumed
by the combustion reactions. When nickel is employed,
the stcam forming in the combustion reaction and in the
burnine of hydengen to form water caialytically reacts
with the methate ta form carbon monoxide and additional
hydrogen. ) )

High vields of heating gas are obtained by the usc of
nickel or pickel oxide with aluminum -oxids or magnesium
oxide carriers and promoters. .

The use of steamn with the afr and bydrecarbon results
in a high hydrogen containing prodit gas.

Tt is within the scope of (he present invention bui not !

a preferred embodiment thereof to carry out the processes

of such invention by the use of only two musses cn op- .

posite sides of the rcaction chomhber, wherein only one
of the gases (paweons starting material or oxygen con-
taining gus) is preheated by passage through ome of the
masses, the other gas being prehicated by other medns or
not preheated at all 2nd then admixed with the preheated

- first gas beforc its passage into -the reaction chamber.
The reuctivn products are then guenched by passage
throngh the second mass.

Thereafter, the How of gases iz reversed, one of the
gases being preheated by passuge throngh the second
tnass, and the other gas, preheated by other means or not
preheated, being admixed with the first preheated gas
before its passage invo the reaction chamber. This rever-
sal of gas flow Is continuously repeated us destribed
above in discussing the preferred four mass embodiment
of the present inventivm,
 Although Lhe preferred embodiment of the. present in-
vention, wherein snfficient oxygen is utilized to supply all
the heat of reformation, has been partivularly described
above, the furmaces of ihe present invention can ks
operatcd with the use of ouly sufficient oxygen during
simullapeous endothermic alteration and combustion to
supply only 2 portion of the required heat of reforma-
tion, the remainder of such heat being supplied by a
heat step. The cndotbermic alteration-combustion step
would be the seme as described in discussing those
processes wherein all the heat of reformafion i sup-
plied by simuoltaneous combustion except for the use of
lesser amounts of afr or axygzn. . That .is, the gascous
starting material-is preheated by passage through checker
3, air or oxygen being preheaied simmltaneounsly by
pessage through checker <L The picheated gasss are then
mixed in chambers 7 and 11 znd veaturi 9, readied im
chamber 1% and the renction products are then quenched
by passape in parallel throagh checkers 5 and &.

Since there is sufficicnt burning to supply only a por-
tiem of the roquired heut of reformation, the remainder of
such heat is absorbed [tom (he hottest portions of the-
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cheekers,. (he walls of the reaction chamber -and the
catulyst contained in the reaction chamber, resulting in
u conking therenf. This heat absorbed from the checkers
and the reaction chamber must be replaced by e hedting
step following, and alternate with, the epdothermic altera-
Hon step.  Such heating step i3 carred out by preheating
@ paseous fuel, which may be either fhe same as the
gasedus starting materint ulilized during the codothermic
alteration step or different, by passage of fhe same
through checker 5 while simultaneously preheating suffi-
cient free oxygen eantaining gas such as air by passage

.through checker G to .completely burn such preheated

saseous fuel in reaction chamber 15 after being admixed
therewith- in chamber &, venturi 10 and distribution

5 means 14. The combustion gases issuing from rexction

chamber 13 arc quenched by passage through checkers 3
and 4 &nd are finally passed to the stacks, This heating
step is followed by a second endothermic alteration com-
bustion-slep, whersin the gaseous material is preheated in
checker 4 and the frec oxyren containing gas is prekcated
in checker 3, the rcaclion produets being guenched in
checkers 5 and 6, ‘The latter endothermic ulteration step

is foligwed by another heat cycle wherein the gascous.

fuct is preheated in chocker 6 and &ir s praheated in
checlker 5. Thercafter the above steps are contnuously
repeated in the order described.

This latter process can. be carried oul withont alter-
nafing {he checkers through which the air, gaseous starts
ing malerial, and gaseous fuel pass durieg each succeed-
ing endothermic alteration-combustion step and each sue-
eeeding heating step. The result would be a two-phase
eycie rather than & four-phase cycle.

Turthermaore, this process can be carried out in such
a manner that the direction of gas flow through the fur-
pace is changed during each succeeding heating step and
ench succeeding endothermic afferalion-combustion step.
This results in a four-step cycle having an eadothermic
alteration-combustion step in one direction, folowed by
a hcutins step in & reverse direction, {ollowsd by an
endothermic aiteration-combustion siep in such reverse
direction, followed by a heat cycle in such one direction.
Therzafier, the four slep cycle is continuously repeated.

The requited arcangenients of pipes and valves to carry
out the sbuve process are not described sioce such av-
rangements are believed to be obvious lo those skilled
in the agt,

The least preferred manoper of utilizing the furnaces
of the present ipvention iovolves @ make and heat four-
step ¢ycle whercin there is no burning during endothermic
alteration. :

A hLeating step as described above is carried out uiiliz-
ing checker 3 for preheating fucl and checker 6 fnr pre-
fieating air and checkers 3 amnd 4 for quenching the com-
busticn producis. 'Lhis heating step is followed by an
endothermic slieration step comprising preneating the

- gascous siarling material by passing the same alene, or
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admixed with a diluent such as steam, in paratiel through
checkers 3 and 4 and quenching the endothermically
ahtered produocts issuing from the reaviion zone hy passing
the same through checkers § and 6. Thereafter, the heat-
ing step is repeated except that fuel is preheated in
checker @& and air is preheated . in checker 5. The en-
dothermic alteration step is then carricd out apuin and
thersafter the cycle is continuously repeated.

This make and heat process cun be carried oui in 2
steps if it is not desired to alternate the checkers throwgh
which the air znd fuel pass doring each succeeding heat
cyele, the endothermic alteration step being carried out
with gas flow in one direction followed by the hegting
step carticd out with gas fow ia o reverse direction.

Furthermore, if desired, the direction of gas flow
through the furnace may be roverscd during cach suc-
ceceding heating step amd each suvcceeding endothertmic
alteration step.

The required arrangémesit of pipes and valves to carry
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out the make and heat processes iz mot described since

such arrangements are believed to be obvious fo those

skilled in the art.
Whenever a scparate heating step is ptilized in the
presefti. invention, the fiaramable mixture of gaseous

fuel and air may be preheated during such heating step

by passing omly ooe component of the same, preferably
the fuel gas, throogh a regenerative muss snch as checker
5 or 6, the other component, preheated by other means
ar not preheated at all, heing admixcd therewith before
it passcs into Ihe reaction chamber 13,

While (he processes of this invention have been de-
seribed particularly with roference to the novel refmuctory
regenerative furnaces as Jescribed herein which are par-
ticularly adapted {hereto, thefe new processes may be
practiced in other Lypes of snitable apparatus.

The processes of this invention make it possible for
the first time to prodnee various kpown endothermic gas
reactonms catalytically or non-catalytically im a highly
efficicnt regeperative manner and to produce better yields
of more desirable products in a more simple manner
than is possible by any mecthod known to the prior art.

Although an attempt has been made to explain the
plausible theoretical basis for the unexpected resulis ab-
tfained hy the present invention, the invention should net
he limited to such theory.

1t will be obvious to those skilled in the art that various
modifications cun be made in the several paris of the
present apparatus and the several steps of the prescnt
process in addition ‘to those enumcrated herein wbove
without departing from the spirit of the present Inven-
tion and it is intended io cover in the claims such modi-
fications as are iocluded in the scape thereof.

I¢laim: - :

1. A furnuce adapted to the thermal comversion of
gascous rcactants comprising in combination a heat in-
sulating shell, two pairs of regenerative masses communi-
‘catively comnecied one pait with the other pair and lo-
cated within said shell, a reaction chamber Jocated within
said shell intermediate the communicating ends of said
pairs of reasaerative masses, said reaction chamber being
communicatively connecied to cach paic of regenerative
musses throngh a mixing device comprising a mass of ma-
terial having a plorality of passages passing therethrongh
and throngh a mixing chawber of a restricted cross sectiom,
the limits of said reaction chamber being defined by the
aass of material of each mixing device and by said in-
sulating shell said rezemerative masses having a plurality
of substantiully straight uninterrupted unobstructed flues
passing therethrough, said flues having a maximum free
cross-seclional distance not greater thun 9.75 in, and the
ratio of the total volume of the fues in each regenerative
mass (o the total volume of the mass in which said fiues
are located not exceding 1:3, said flues being arranged
in stageered Towe, each of said flues in each row being
sabstantially squidistantly spaced- from the two closest
flues in each adjacent row and the two closest fines in
the same TOW, ’
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2 The furmuce of claim 1 in which the ratio of the
total volume. of the flues in each regenerative mass to
the toial volume of the mass in which said flues are
located Is from 1:4 to 1:10.

3. The furnace of claim 1 in which & catalytic ma-~ -
terial is contained in the reaction ‘chamber. .
- 4..The furnace of claim 1 n which the peripheral
spacing of the flues is no greater than 1.5 in. :

5. The furnace of claim 4 in which each regenerative.
mass comgprises aluminy, the flves have a cross-seciional
dimension of ¥4 to ¥ in. and the peripheral spucing of
the fues is fraom 34 {o ¥ in. _

& The furnace of claim 5 in which a catalytic material
is contained in the rsaction chamber. :

7. A furmace adapfed to the thermal conversion of
gassous reactanty comprising in combination a heat-in-
sulating shell, iwo palrs of Tegenerative masses Com-
munieatively connected one pair with the other pair and
located within said shell, a reaction chamber lacated with-
in satd shell intermediate the communicating ends of said
pairs of regeneralive masses, said renction chamber being
comimunicatively connected to each pair of regenerative
masses through & mixing device comprising a mass of ma-
terial having a plurality of passages paseing therethrough
and through a mixing chamber of restricted cross see-
tion, the limits of said reaction chamber being defined
tvy the mass of material of cuch mixing device and by
said insulating shell, said rcgenecative masses having a
plurality of substantialfy straight, vninterrupted, unob-
structed flues passing therelhrough, said flues baving a
maximun free cross-sectional distance mot greater than
0.75 in. and the ratio of the total volume of the flues in
cach regenerative mass to the total volume of the miass
in which said flues are Jocated not exceeding 1:3. _

. The furnacc of ¢laim 6 in which the passages of the
mixing device have u maximum free vross-sectional dis-
tance not excesding 0.75 in. . '

9. The furnace af claim 8 in which a catalyst is dis-
posed in the reaction chamber. :

References Cifed in the file of this patemt
UNITED 3TATES PATENIS

1,873,541 Hillebrand _ o Ang. 23, 1932
1,901,136 THICOK — i cmmm e MAT. 14, 1833
1,995,136  Winkler oo e Mar. 19, 1935
2232121 LiBEET e Feh. 18, 1941
2,313,157 Einder e —— Mar. 9, 1943 -
2,421,744 Daniels et al. —eeeee———_ Joma 10, 1947
2431,632  Braodt -oewmemmmeeamm Nov. 25, 1947
2491,518  RibleH oo Thec, 20, 1949 -
2,512,239 Pike . Tme 20, 1950
2,550,742 Welty ———cwmmmmmmeee—— May 1, 1951
2,552,277  Hasche —— cnrme e May 8, 1951
2,556,835 Bart o cmem e e June 12, 1951
FOREIGN PATENIS
Germany «.emwmmmme——— Jept. 23, 1903

144,043 -




