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554220

; The pressnt invention relates to the gensration of
|
igases wnd ls meores spagifically conterned with ithe genaration

iof essentinily hydrogen-carbon monoxlde mlxtures of the type

known as synthesis gas suitable for nge in the aatalytls

i
mpaulacturs of hpdrocarbons and thelr coxygenated derlwatives, I
i
|

I The wagal prosess oY gensrating mlxtures of hydro-

;han and carbon monoxide, harselnafter referrad %o for purposes i

ilof convenience as “synthesis gas", from hydrocsrbons imvolves :
éesaanti&lly the resetlon of nydrﬁuarbons with appropriste prn*;
Eurtiuns of ozygen with or without supplements of aarbon dio-
xlde and/or water wepor. The hyﬂracarhun—nxjgan roeetlion ia .

jezethermie whersss the reactlon of the hydrocarbon with alither

o

H . .
Hearbton dloxide or water vapor 13 endothermie, 4a is known,

the seversl weactions will proceed either in the presence of !
!a sultable catalyst or not. In aithéﬁdeése, Lowever, yather |
' |

Fhign_tamperaturas ars eszentlal for = reasonably zood asaver-

slon, whieh temperatures, while permiss&bx§'swuahwat lowsr

iwhere & good catalyst ls empléyed, nevertheless in all in-

;atancaé neqessitats nperaﬁion under canﬁitiuns af gnﬁﬂ haat

oonservation,
This normelly meens thaet the zaseoue produat 1s

'dt soharged from the generator Bt a high temperature. Tor
example, 1n many operations of which I am aware the symthesis
1

gﬂa“fraquently #lowa out of the generator at e temperature

of 2100%F, and sometimes as high as 3000°7 or thersabove.
Temperatures of this range end sven éﬁ%éfantiallyrtherahalaw

intreduca mejor problems of construction ead enzloser ing

.
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;, sinca Uhsy are far above the range in whloh gases san be
A rhuudled by conventional buving and squipment. The seme
il

iremarks apply to the ups of copventlional hest axchenzers
I

Pwhich bagote a practis=l neceasity where the pruaaaa ia to

%n& wperated under the usual limitations of good heat fonaer- |
vation, i
J inother shorteoming of the ravions methods for :
lmanufacturing synthesis gas hes besn the aiffienlty of maip- |
jtainiag full control of the reaction within the generator, |
}Thus, Blthough 1% is usually deaireble to remet tha fasd :
!gasea utder oohdlticns of good sdmixbuie for s rredetermihed
Eariud in & zone of controlled temporature, neverthelass, 1%
ihas been almost impossible to malntain these conditions upi-
tormly, Obviously the tenpersture coediticns tond to vary
Imntsrially ag the gmasss go throush the Frogressive stages of
Intrgduction, mixing, burnioz end ecomlneg to a final eialll-
briem, Thet 18 to zay, at 4ifforess ¥olnts within the genersw

bor there are different conditions of mixture, degres of com- :

(bustion end the Iike whioh tend to result in aifferent looal-
:izad taﬁparatures.

" one cbleet of the present inventiorm iz to Trovids
o ffnr the prompt cooling of the synthesle gas from the gensrator|
under condlidlous whioh result in B shafi terprersiure drop to
t6 & condition wherein the gases are capable of bsing readlly
handled eng particularly wherein the eﬁergy abange involved
in thia temperature Arop mey be efficlently converted to uge-
4l purposes. In this connestion an lmportent odject couteme
ibletes the rapif cooling of bhe gases nnder suah eonditicns |

f [
that the nooling instransgtalities may wperats undor resaoneblo

iand practical renges of tempersture and may Accordingly be

I“




|| mephore wheTeby ohjeutiun&h;yfﬁarhan of other sepumulation ia

-jtinuallg returned o the gﬂnerator.in ¢leen vonditien. Other

'ﬁﬂiredtly into & fluidizad mass of selid particles dlsposed

Fin hﬁ&t exchangs relation to edequate sooling surfases
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constructed of conventional materlals %o gonerste steam or
rotherwise ugstully puploy the avallable thermul energy at
| resgonable temperatures.

i ' Another important object of tha pressnt invention

tcontampletes the process of gas gensratlon sz above under
@substantially unlfown gonditions of temperature, Hims of %
‘conteot, and edmlzture of the resctents in a generstion zone
‘af prefletermined slze and gharacter pertipuiarly wherein thg %
Eprnﬂunta gre sharply reduted in iempereture in crder to Lerm-
finate rogaotion immediately at the extremity of the gas gener-
5&tiun TG o )

pther Impertant obleets contesmpleta the contrelled
%intaraetiun of the remctants, teogsther with rapld end con-
1I'I;‘rqanllﬁlui gusnoblng of the produets; the provision of the
srstam.wheraih 8 qonbeat masé pr powderad tha;muphnre pperatas

in the cpoling er guenching zohe as well &g in the gas goner-

Lation~zana; end the provision of e system as sbove for the

| con Lrmous retoval of deposite from the contact mass or ther-
the generetion zone 1s aliminatad end the solid material cOT-

apd furtheér objeqts wlll bs mpparent fvom the follewing

dazoriptlon.
The ipventlion mors particularly contemplates the
. generatisn of gynthesis giw at elsvated tamparaturas wlth dia-

chzirge of the oreduet, at nigh tunperaturas and as Pormed,

agparTative to maintain the fiuldized mass at unirorm.taapara-

ture mite materlally below that of the zas generstion 2089,

"
&
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The Flow of gas from the zenerstor may be qulte adequate to
meiptein the powdered thermophors or pontact mess in a state
| 0f proper fluidization whereby the rete of heet trensfer to
gtha cool surfaces is materislly enhenced and the sntire
icnaling zons mainteined contipuously at & reletliwely low

. bemperature, free from the detrimental effepts of sxcesslve

- thermel conditlons,

i The lovention mddlticnelly conbemplates, where i
iiadvisahla, the generation of the syathesls geses in 2 ré-
!:aatimn or gzoneration zone cosupled by & mass of flaldized
::salid partioles or powder, whlch may be the seme ag the pow-
!ﬁar employed in the fluldlzed heat exchanging portlon of the

generator and melintained In & gtsts of preferably dense phase

fluidtzation by the incomilg reactests for the purpoass of

meipteining uniform prelstermined reection conditions. Ia

siioh & systen the powdsr will tend to vass slowly from the
retetlcn zons to the cooling Zons and tze ilmvention thers-

fors usually involves contlnmons racireulation of the powder

therpdgh the ganaratinn gnd. copling zones, A i
13 kpown, the technigue of fleidizetion nunmallyg

o involves the passage of a gas upwerdly through & mess of %
o ) apida gartinlas ot gugh glza, reletive to the rete of gaseous

flow, that the particles are 1ndividuslly suspended in the

gas and yob exhibit “hinaameﬂ sattling" or alippage in tha
gas straam. Whén such system 1a nparatad under a condition

known as dense phese rluidiaatinn; the powder assumas the

IS
i

appearande of a bolling liguid with a well deflned upper ;

posude 1iquid surfece or level from whick the ghaeous products

EiEIEA. i
i

Plygidigatipn resulis in 8 mumber of adwvantezes,

Tavtieor ot
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;mnst importent of whish are & propensity toward complete
unifermity of temperature and ctier condltions throughout the

megs of partleles and the meiotenance ol an excepiionally

igua& flegree of hest trapsfer between the seversl phmess of

i:thﬂ gretem and the cooling eurfeces, usually characteristie
of excepticmally good liguld hest trecsfer, Presumably

| thege effects sre lergely or eatirely due to the fect thet

gash of the partlecles, suspended or bueyed up ln the gaa

fiow, tends %o viorate or move viplently in & randem pati

thronghont the mpss and in sueh B manper a5 to distribute

[ genslble heat ocontent snifermly to sll other partieles end
-to the coollng aurferoes. Oa the ofher hand, whare cocling
gsurfaues mey oot he dezirehle, 2= foé pxzmpite, 1o the gas
' Eganaratiﬂn zohe par =8, the tendensy towerd tamparature
Eunifnrmity 1=z yaluable 1n mesuring eipésurs of the resokant
gress to suboteptially uniform condlticis throughout the
period of resldsnes apder resotlon conditlons. Moreover,
ag indicated mbove, the aase of hendling £luidized powder,

eopperable with the osntrel of a fluid, erablss the effeobive

withﬁf&w&l or cirswlaticn of any pnrtiun off the fluldized

pass for purpoges of ragenerablon or othar traat@ant;

-The powder uzsed for fiuldizetlon may perform any
of a pumber of fuaetions depending upon lts cherseter aod
unmpusitinn, Alternativaly, 1t muy be a completely ipert
| matertol funatloning selely as & means for effeeting the
—— or other physicsl resilta dééiiéﬂ. In any ovent it

1s necessarily, whers uged 1u the gas geénerstion zone, formed

: af some suitable meterlal. capable of ﬁithétanﬂing tha

\ pemperature apd reaction conditions prevailing in the sysben.

I_In abher words the powder in the gas sensratlon zone &% high |
: j
. . :
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‘meaps feor uarrying'dut tha_pranesé'afitha present inventlon,

. namely, a lower or ges generation santion and &n cpper, cool-

55 5122 0

tempersatures wedessarlly copnsiste of = materisl whlch will
not softes or sinter st the highest temperatures attained.
Such & material mey well ha illuatrateﬁ.hy apy of the uummmﬁ
rafractories auﬁh, for oxsmple, @ magneals, #irconla, thﬂri&;
high-temperature firas clay, carborundum, and the like. whuraé
scmewhet lower tunmperatures will prevall less refyachory auh-;
stences may be employed znd in accordance wiih one aspect of é
the lavention whereln the powder 1p restriloted o the couling:
zone whare lower temporatures are empicyed 2 aumher of addl- i
tlcnal meterisls beccme available sueb, for example, a= |
powtersd copper, graphite and the lika,

The use of the flnidized powler permits, Lowsver, !
the farther sdvaniage of sonducting the gas geperation step
ip the pregsenece of & satalyast whioh maﬁﬂba the powder 1taelf,
or be deposited thereupon in any manner knewn 1R the art. -
for instance, & multable satalytio powder may comprise mag-
nesis particles having thérech e deposit of nlokel or a nloked
88l%. MHoreover, the pﬁrtiulas-mar gonglet of or be treeded
with premoters of surfece sombustion, aé for example, atTowtig
vr thoria, .

Referring now to the sspompanying drewing, which

illustratea more or leas dlegrapmetlcsally oné prefarred

the pumeral 10 represents & ggnaraiuf”ahell of sylindrical .
crosg sechion olosed at 1ts upper and lower extremity by
mesns of eurvefl wall seotipne 11 and 12 respectively. Intar-g

nally thie generater ahall is Aivided lnto two sectlions, i

ing or aguvenching seckion.

Tho gz generebion =ection ccnsists esasntially




_gpmaviaaﬂ with & refrectory lining 19 1ln the form of a

'_far tha produetion of an agsentially bydrogea-sarbon monpoxlide

554220

'E*nf an inkernel chamber havinsg refractory walls conslsting of

|e ecentral oylipdriesl seotion 13, a lower frusto-conleal

secbion 14, an upper expanded sectlen 15, and ap upper arap

I16. The several sections of the refrectory lining are
Esuppnrted in a surroundlng mass of refractory luesulating

:l_mataria_'!. 17 snclozed by the shell.

It is to be notsd that the lower well 12 of the
gonerator shell is provided with an inlet fittiag 18 for

gupplylog rescbant feed teo the gas génaration zans end Is

aylinﬂrical tube oxtendiopz into ths gereretloo zepe snd

the lower refrectory mall M. Inlet plpe 20 ponnsets
with the inlet Fitbing 18 as shown to supply reaotant feed
Eg&seﬁ,'fram & seurce aot disclosed, into the raactor,

o The present illustrative embodiment oontemplates
tha-iﬁtrnﬂuctiuﬁ of repctants, guch as methane and orygen
with ﬂr.withnut sdditional reactents in admixiture through.
ths eonduit 20, The 1nv€ntiun is, hﬂwaver,.not go Limlted
anﬂ pontemplates the aahdlvisien of the condult 20 11} any
numher of: conﬂuita handling individu&l gnass or mixtares
therect and yrafarahly maating in the #iainity of tha beltem
of the fltldlzed mags 33 ia the reaction zone. The reactsnka
nay &dvanmagaauslf bo prﬂhaatéﬁ, elthar in edmiziars or
separately, by any auiteble prsheatlng meanz, a0t dlsclomed,

- 80 that they reack the reagilom Zona 1o A auitable canﬂitinn

produet, _

The apper wall 15 of the gas generation chamber is
1 flersd upwardly as at 21 to provide dd'outlat_nnzﬁla or duot
whish merszes at its upper &xtremity with the frusto-occnleal
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; gas ganeration chamber, the cutlet Z1 iz advantageously pro-

ture controlled advantagsously by the pressure maintalned

-9- ,..{_‘,

wall 2z forming the bottom of the guenching or coeling Zone.

{ In prder toc prevent powdersd material, as will hereinafter

! be more fully described, from pessing downwardly into the

rided with a tubular insert 23 extending somewhat thereabeve
gnd being surmounted by a4 vertically spaced baffle 24 of

downwardly facing concave srrangement wibh an ammilar margin

which extends about the upper margin of the tube 23 in spuaced

relation, Obvicusly, therefore, the gases leaving the rasec-

tion zZone are free to pass upwardly through the ouklet 21 '}
and tuba 23 and are directed dowmvardly and about the margin
of the vapor cup 24 into the powdered fluidized mass 25
pooupying the cocling zone.

The cocling zome is cceupied by cooling meens which
may teke the form of any conventiunii’ﬂgat exchange element
and iﬁ the embodiment shmm s vepreseﬁted,ﬁra ar less

diagrammatically; by & patr of vartlaally spaced headers 26

and 2? gommualcating with a multiplicity of parallel spaced

cnaling tukes Z8. Liquid cuulant, guch as watar, e mixtups
of diphanyl and diphenyl ather, or the like, may be introducsed
hrough Ainlet pipa 29 and girculated out through cutlet pipe
30, _ﬁlternatmvaly, a5 is kpown, the coolaut may be caused to

?apﬁrize withih tﬁe';o@iiﬂg unit at any predaterm;nad Lampara-

therewithin, ag & Reans of transforming the available heat
energy into & suitabla vapor which may be wlthdrawn by outlet
pipe 34, In any event it will e apparant that the heat thus

axtracted from the systed is idgallj]i; form suitable for

further use or racnv&ry;%f

It 1s gquite desirable that the cooling unit be so




e R e e e

"

Fer
ne
e

e

;oonstxputaﬁ pod mrrenged thet it not only provides adoguetes
iaooling gapacity for the flow of hot gases sontomplated, but
%that tire cooling serfages ar exuhangar.ba go conflgurated ag
Fta permit relative gtreamlined flow of the gases and the
Eluiﬂizaﬂ powdar thersabout, with complete {reedom from ao-

ieglled dgad spobts and other arems of loeallzed tampar&tura

ivarletion.

The gaaes which pass into the lower portlen of the
conling zone about the mersln of the bafile 24, move up-
wardly through the floidized powder, and ere libsrated from
the upper peeudo-liguld lsvel of the puﬁﬂarad m&sa, whence
they pass through the filier 31 and uutwarﬁlr thraugh tha

ontiet conduit 32 for Turther nas or traﬂtmant.

In the emhodiment dlacloasd ths Lower OFr #as
genaration chember is almilarly providad with a mass of
fluidized powler Indiocsted by the reference numerel 33, in
apératicn, havipg an wpper paeldo-liquid levsl lndiocated by
the numersl 34. NMoraover, 1n this embodiment & standpipe

mﬁana 35 uqmmgninéting vith the interler pf the cooling
ahamber is provides with = sultable mechaniocsl coumtroller
or valve 36 sueh, fer instanné, E3 & star feedor, Tor wlbhe
drawing the powder in sontrolled emounts for Turther trest-
 ment and for reclroulatlon to the gax generation zone. To .
| thls end the mechanival fander 36 dischargea into sta dpipe

: 37 commnnicating with e-treatlag voessl 3%, An oubtlet
istanﬁpipe 30 sommunloates with e second valve or reeder Al
;whinh'in turn dischargss into the feed pas inlet pips 20 as

ﬁ of gasas and returned into the mgea generation zone,
An inlet pipé Ll permiis the lmtroducticn of any

i ahown whersby the powder ia ploked up in the ineoming stream 3
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g?uitabls gasecud ahream ipto the mags of powlser in the stand-

i?ipe 39 =andl the tresating vessel 38, which pasaipg through
Eﬁhe powder under Fluldizing condltions, Gischarges Thr ough
ithe filter 42 snd the outlot pipe 43. This affords sultable
imeans for treatlng or regesnerating the reoycled partiecles

land meay be & particular sdventage in limiting tha sarbon

;Fncumulatian which may oeour in the gas generation zoms. In

Pthar wordgs, & relatively amell streum of oxygen or airp

%uppliﬁd through inlet plpe LI will burn the cerhon deoposited

%nﬂ permit tae refurn of olean powdel Ho the system.

; In cperation it will be apparent that the mixture
:nf fead gases ls lotroduced loto the powlared mazz in khe

Faaatian zone at suoh rate gs to melpbain the powder in =

Igooﬂ pnnﬁitinn of dense phens fluldization sand under iLemper-
!ature ponditiena such s to permit the inteveotion of the
ianmpeﬁﬁntg. Tt will be understood, however, that the
ra&uﬁlnn znne-will indtlelly be prehleated to the reguired

ltenperatere 1o any sulteble mapner, &4 by burning methans

ﬁith n. excess. of oxygen,. until the éééifad temparsture is
reacked. . In sny event, during settlsd operstion, the lnter-
Lor af tﬁe genaration zone is held at the appropriate pre—
deternined temparature of refction. Pertleunlar atbenbioa iz
dirsated Lo the fact that the p;rtlulaé of the powidar, im the
aforesaid turdtulent, vlbratory steis of dense phass fluidlza-
ltten, wil: tend to am a#tjams degres of taesperaturs wpiforn-
Aty througheut the ges generatlon zone. 3oreover, this tur-
hﬁlﬁnce w11l tend to result in prompd woiform s@mirture of

the reactants whether or not thay are completely lobermixed

upon introduction. bDepending therefore upor the rate of

intredugtion and the relative size of the unit, the resetanis

allm
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imey be exposed for & predetermined tlme period to predeter-
iminad uniform conditlons of resction.

: Upon discharee from Lie gra gensrstion zone the
gases immediststy pass upmardly through the tube 23 ehoub
fﬁhe batfle 24 and into the guenching or wocling zone thara-
iabuve. ]
. T+ 15 particularly importent %o note thed the
H

‘copling zone by virtue of the good ponditions of heat

i
H
"

itransfer mad bemperatures uniformity lnherent in the fluildi-

ized powder thersdn may operate at a femperature quite aub-
iﬂtantially below the temperature of the gases issalng from

;the goneration some. This bemperatura, of courss, will
H
‘depend upon size and design of the ecooling =zone es well ao the
oonstrugtion of the cooling surfaces and the oocolant employed

'1n comnsotion thevemith, Adventsgeously, the fluidized

gpowﬂar in the cnoling ar uuenﬂhing'idnﬁ may ba held 8% a
Jtamparaturs in the ranga, for exsmpls, of 500‘?. to 1004°%F,

and this may be acﬂnmplished wltheut axaaasiva size or com=

plaxity of the apparatua. "Of evsn greatar importencs, how-
over, 15 the feot that the issulmg genprator geses need 1ot :
pass throush the usunl caeling gradient af substantlal axtant,
but aetuelliy ara euclad with grest rapldity comparable to &

quenoning aectlon, In sffeet, aad. by way of theerstlical ez~

{ planaticn, if appeaia that the turbulenpe of the fluldized

gmasa is sush zz e cantinuuus ¥ present relatively cool

partinlaa to the incoming hot stream. In giort, thers 1a &
tomperature drop to tha desired 1§vaiih§ "dry guenchingt
with relatively eold powder, 4z o result, no perts of the

pooling zons need be subjected to exeesslve heet and aocards-

ingly mey operate sonbluwously without the disadvantage of

gavere thernal congditions.

-12- ;
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As before indicsted, the cooled synthesis gae

_ passes outwardly through condulv 32 for further treatment
or utilization. In faet, with the present arrapgement,
: the generator ceses nesd not be cooled or guenched to any

G bemperature lower than that desirable for coavenlent

handling amd woy pass directly from the condult 32 into aoy
snitable hest sxckanger, stoan boilsrs, or hest engine
adapted to economically wtilise the sensible heat of the
gases, In shord, the cooling zone of the pressat génerator
may be cperated either to recover all of the required
senaible heat or alternatively may be coperated to lowsr the
gas temperabare to a ressvaable rengg for paﬂMitting the
efficient use of subsequent heat =conohiiiers.

Further utilization of ihe gas Fomus no part of
the present invention bub, for purposes of the illusurﬁtiun,
this produet may be direetly supplisd, ab say spprooriate

temperaturs, to the inlet gcomduit of & resctor operating for

‘the eatalytic redustion of carbon monoxide hy hydrogen in

the production of hydrocarboné and/er oxygenated hydro-

carbons. .

In spite of the eperation of the two zones of the

-gaﬂarator:ﬁnder the afprementicued preferred condition of

dense pbase fluidlzation, a more or less inevitabls pro=

portton of the powder will tend to béecue fully entrained in

tlie gases leaving the pseudo-liguid 1éwel 34 and thus may be

carried with the effluoent gazes inte the eooling or guenching

‘coné. The amoww of powder thus transferred betwesn the two

mopey will depend upon such things as ihe denaity and slze

of the particles snd the rate of gaseous f{low, In other

13-

5 %Y

4

'wwrds, tne rate of sush transfer by entrainmeit is sublect to
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considerable comtrol and, while sreferably restrieted to 2
oractigal minimum, ¢an be lncreassed o effect any desired
cirenlzticn of the powder Lhrough the syaten. Avzordingly,
the powder withdrawn trrough standpipe 35, feeder 3o, the
treating wessel 3, eto. is sdvantagecusly controlled by

sppropriagse coordination of the rate of operation of star

feeders 36 snd 40, so that the incoming stremn of feed gases
20 peceives recycled powler at the same rate that powder ls

erntrained from the generatigm rone tuo the coolling zone,

whersby the poudered levels in the tWo fones renain com-
gtantly at predeternined elevaticns.

In the trezting vessel 38 and 3he standpipe 39,
the powder may be subjeched to the postage of any suitable |
treating fluid through line kl. For example, carbon mey,
and froquently doss, tend o deposit upon the solld
particles im the gag generatlon aone and thiz may be buraned
b}'thé gupply of relatively purs oXygen or of an oxXygeR«
pontalning gas through pipe 41 preferably introduead at
auch_zﬁﬁe s to maintain the powder in & fluidizged con-
ditlun. The gzaseous prnducts of combustion are withdrawn
thrnugh pine 43 and hot clean pewder passes 1nto the
generator by way of the means previcusly described, The in-
veutian Eovever, is nob limited to the treatment of the
powder by hurning of the earbon but in lieu thersef cen-
tamplates epy o the deslirable or cnnvantienal gide hreat-

ments including regsneration of the powder where such

gonsists of, or includes, a catalyet.

Tne prosent inverntion acoprdingly provides a

construction whereby reactant gases reside for predetermined

period of time In pood admixiure vnder carefully comtrolled

=1i-




-]ganﬂrétinn operations with whichk 1 ﬂmﬁfmhiliar may be

: carziad out in an open chamber iree of iaternal solids.

_.qusnching gone will be oecuplsd as before by a fluidized

the generatiou zone. Obvlously in gteh 4ase, the recyele

- system may be entirely eliminated. Such an arrangerent
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raaction conditicns, are tnen promptly cooled to any pre-

detemined tempergture, praieracly below reaction temparaturé,

:5_ with simple recovery of sensible hesv ensrgy and are '

liberaved in idesl comdition for further use ,o'+~¥“ treatnant . '
The invention can best Le praclleed with feed gasesl
comprising, for instance, methane and relatively purs :
oxyyen. On the octher hand, it is possible o lnelude quite
subegantizl proportions of endothermically raantiﬁg feeds,
namely, earbon dioxide and/or water vapor. ;
Where the temperatiars of the powder withdrawm
throtcgh the standpipe 35 is too low for the removsl of carbon
by combustion, it will be appreciated tﬁah the treating
yessel 3% and standpipe 39 may be operated at a higher
temperature by intreduping a suitsble fuel, e.g., gas ¢il or
methane, tbrough inlet pipe Lh. Vesnel 38 mey aleo be

fired extermally, if required.

It is particularly imporiani to note that the
present. inventiocn j:-ei‘mits nimerous modiflgations. Tl"lus, it

does not regquire the use of powdered materisl in the gas

generatien zen¢ wiich, in accordasice With many gas

Whan £O. operating, i will be appraciatad chat the upper or

mads’ of povdered sclid which, dus to the arraﬂgsmsnt of

the bafile 2L, 13 prevented frbm pas&iné downwardly loto

5611) retains the important advantages of causing the rapid ! ‘

and sontrolled aguenching ef the effluent gases directly upon'

jsgue from the zas generation sone.’

ﬂlﬁw s
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i In scgordance with one example, a mixture of
jmethane and cxygen 1s introduead through pipe 20 in

[ approximately the molar ratie of 2:1, appropriate to permit

|

%reaction in the genaration #cone. The generaticon Zone is

i

Imaintained at a temperature of about 2100°F, and contains
8 mass of powdered zirconia of from about 200 te A00 mesh,

35% of which passes a 325 mesh screen. The flow of gas is

adjusted to provide an internal linear velocity of about ;
one foot per second in the generator, calculated at the
lapproximate temperature of the generator., The mixture of
gas is preheated to about B60G°F. The effluent gasss pass
inte the guenching or ¢ooling sone malntained comtinuously
at a tempersture of approdoately 650°F. throughout and
gperating with & mass of fluidized ziprgonia which is

identical with that in the gas generation zone.

The residence time of the gaéés in the genarator iai

about 0.5 second and the residence tiﬁé'in the ceoling zonme |
is about 1 sesond. The affiuent gasas from the nualing Tone
conslat essentially of hydrogen and earbnn mﬂnuxlda in
approximate molar ratio of 2:1 with less than 5% nitrogen,
parbon diocxide, and other diluent gases.
‘A stream of the refractory ﬁuwder egnal to the
amount entrained from the generation zZone to the quenching
zone is recyveled through the treating chembey wherein the
sarbop ie burned from the pewder, and the treated powder is
rapurned to the gag gensration Bold.

The heat resovery from the esoling sxchanger din
tﬁe gquenching zona is closely equivalent to 100% of the heat

pnsrgy lost through the teamperaturs dfﬂp in the gensrator

EAERS .
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in sther exanplss, a portion of the oxygen may be
substituted by carben dioxide and/or wateér vapor with good
coaversion substantially in accordance with theoretical.

tThe term "pnﬁﬂer“ anﬁ_“maas of particles™ and the
like z5 used nerein are intended to_co;er those com-
pesitlong of logse, dlescrete particulﬁta materlal capable

Gf beding fluidized in accordance with principles known in

;tha art by the passsge of gases vertically therethrough.
é Such may vary widely in density and particle siszs end it

wlil be understeod that an appropriete flow of gazes will
be provided to matotain the specified condltions.

The oxygen used in the proeess of this invention
1y prefersbiy of at least 95% purity; such & product is
readlly availsble irom uénventiunal:grocessas_for the

liqﬁafactinn and ractifieatiun of air. Howsver, where inerd

_dlluanta l:kﬁ nitragen are nat canﬁldersd trovblesome ib -

auhsequant mparaununs wﬁth the sygtbesis Eas producad air

ar nxygen-euriehed alr {e¢g._ LoH uxygen} may be utilized.

Tha prasent 1nvantlun aunurdingly pravidea & fast

'quanch fnr-the hﬂt generator gases. and- permits the effactivs

.genﬂratlﬂn of staam dOWH tu for exampls 8. gas tamparatnre

af 5DD°F. In additlun by conuuntlng the pas generatlnn

gtep in a Lass of f1uidlzad particlea there iz a mors ;

"intimata admixture and unlfarm aistr*hutinn of the gasecus

.reagtgnta in the generabion zone without any matarial

tembérature-gradient, Iz short, the. reactlon zone: ¢perates

‘ab a juite aubstantiallﬁ unif o pxedetérmined temperaturs

_fhrugghout'and accmrﬁing;g it 1s ‘possitle to more

accurately control the time the reactants are subjected to

controlled resction condibtions. Agsin, this latter

-1
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advantage in gtrengthened Ly the immediates guanching actiocn

witheut coatamiaation of extraneows ligquids whieh praoptly

terminates additional or zide resciions or the sxcessive
formation of carvon which may tend teo progesd where high
bemperatures are unduiy prolonged. In scdition to the
advanhages of reburning the carbon or otherwise treating
the splid particles, it is particulariy lmportant to note
that the inventicon permits 5ubstitutic:n\ for the gassous
hydrocarbon feed, at least in part, of & hydrocarbon liquld,
such as fuel oil, which may be preheated to a wapor state
ocr may actually be sprayed into the gas gensration sone

where vadorization and combustlien immediately proceed.

Obvicusly, meny modificatioiis and variations of the

invention will be apparemt to those £killed in the art ia

the light of the foregoing disclosurds without any en
largement of wmhe spirit and scope thereof, and therefore
only such 1imitations should be imposed as are lndlceted in

the following ¢laims .

12—
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The emhodiments of the invention in whick an
exclusive property or privilege 1s claimed are defined as
follows: .

. 1, In the process of producing carbon monoxide

snd hydrogen by reacting a hyﬂrocarhuﬁiﬁith an oxygen-copbaind
ing gas, the steps which comprise paésing inte a reaction '
sone free of internal solids and cetslyst said hydrocarbon
and axygen-containing gas in proportions to convert said
hydroearbon predominantly to carbon monoxide and bydrogen

| and sutogenouzly maintain 8 reaction temperaturs in the raonge
of zbout 2100 to 3000°F., conducting the resulting reaction
gases containing pfadéﬁin&ntly carbon moncxide and hydrogea
at szaid reasction temperature direetly from sald reaction sone
into a fluidized dense phase mass of solld particles in
direct contact with cocling surfaces whicﬂ maintain said.
"fluidized mass ab & tempsrature in ﬁha TANEE nfrabuut 500 to
1000°F ., thersby rapidly conling_said reaction gasaé, and
withdréwing the thus cnciéd.reaction"gases from said finldizeo

maLs.
2. The protess of €laim ! wherein the hydrogarbon
is predominantly methane and thé.cxygén-cﬂntaining ga5 conw

teins at desst 95 per cent hy'vnlume of oxygen.

g
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&~ 3« In the process of producing carhon monoxida

and hydiogen by reactling a hydrocarbon with an ocxygen-contaln

ing gas wherein a small goantity of ecarbon is ineidentally
produced in adminture with said cearbon nonuxide and hydrogen,
the steps which comprise passing intoe a resction zons free of
Internal sollds ond cstalysy sald hydrocarbon and oxygen-con-
taining gas in preperticns to convert sald hydrocarhon pre-
dominantly to carbon momoxide apd hydrogen and aptogencusly
maintain a reaction temperature in the range of about 2100

o IDN0F,, conducting the resulting reaction gases contaln-
ing preﬁﬁminantly carbon monoxide and hydrogen at said reac=
tion tempersture directly from said reecticn ong into a
Flzidized dense phase mass of solid particles in diract con-
tact with cooling surfaces whilch maintain soid Fluidized wnass
at a temperature in the range of about 500 to 1000°F., there-
by rap;dly.cnoling said rezgtlion ghaéé with_nqnuumiﬁant _
depositien of carbon 1n_aﬁid finidiged mass, withdrawing
gsolid particles and sasociated carbon frem said fuidized
mass, introducing solid particles subatannially free from cars

hon inte said filuidized mass, end withdrawing the thus cooled

reaction gases substantially free of earbon from said fluid-

1z8d MIs 3

ke _The_pfacesﬁ.of Claim 3 wherein the hydracarboﬁ
is predominantly methawe and the oxygenscontainivg gas coa-

tains ot least §5 psr cemt by volumie of oxygen.

5. The process of Claim 3 wherein solid perticles
sontaminated with carbon are withdvawn from sald fluidized
maas, subjected to regeneration with an prygen-containing gas

which burns off said earbor, and then returned to said

flyidized mass.
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