CMHY - Palent - 447602 Fage bl 2

Bl G o . Canadi

R
oo o LT -t . ekl = s
PR ST, . K - WD ey PR R

Stravegis loclex:

HLAIHZ002 - |3:55:32
i12} Parent: (11 A 47602

34) APPARATUS FOR REACTIONS REQUIRING SHORT CONTACT TIME
34) APPAREIL POUR REACTIONS CXIGEANT UN CONTACT DE COURTE NUREER

(72) reritars (CountTy): HRRUNO [ ROETHELYD (Mot Available}
WALTER G SCHARMANN (Mol Availablc)

173 Lowvery (CnuntTy STANDARD CHL PEYELOPMENT COMPANY

(713 Appicans (Country):

[y Agzan
Tl Mlar. 30, 1945

{43) dnsued o

227 Thed om
431 Laid open oa

(887 Canndeon Clagn G030 237422

(81 Derosrors s T MA

et Coopereso froon 00 N
(3 Apiclicn poioniov dass: Nane

MNA
Unknown . .

EERTHALT T
CTLaa s Shone ab. gluinn

#8 Wote: Data on ahstracts and claitos is shuw i the official langnage in whivh if was submitted.

Wiew or Croanlos] Tmuges

o Cover "'age [mape
—~

T Alslract Image

© Clairms Imuge

C Phselnsarss Tmuge
&

hup:fpatents] e ge. cadieails?patent nomber ATl ape=X 1/94)2



447602

. This applicetion iz ralsted fo Canadlan
apvlication, Serial Humber 496,650 , filsd Uotober 16, 1542,
sotitled "OHEEMICAL FROCESE".

the prepent inrventlen relatees bo lrprovepsnts In tha
ert of momtrollins the tdme or duratlon of & chemdds] rescilon
accurately within narrow dmite by quenching the reecilom mess
with a oooler aclid avhotencs.

There are o weher of chemlcal renaticra in whiech the timo
ot duratdon of the reactlon s of the aaéen-::a, For exattple, in the
catalytic dehydrogenation of hydrocarbome, such as the dehydrogenation
of butyiene to form butedlene, ib 19 Imown that the optimom contect
tmfe betweon cotalyet and reactlon mees ot rescilin tormern butas

1a of the order of loss thun one second’ at subatmosphsric prespures.

I cofite#E Titmd of the order indlosted, the rprofuctlon of butediene

iz ot & mexdmm and the formatiom of undesired dsocmpeeiilon rrocducto
iz 8% s mioimom.

In oporating with e fixed bed of catalyst, that i &o
gxy, In cperafing A proceps in which the regeblon geoed pase throtgh
a body of catelyat in the form of pellots or lwps, 1i 15 exfrenely
@1PFIculs by any feseiblo mothod to Liwdt the conkact times to the
dopree indlssted nbove, namely, to = frection of a second. In eny
ovank, 1% 1s diffcrit to mointain ali portfions of reactlen mixturs
in contsct with the cabalyet for ooch a short peorded of time becanse
appreciatls time la comeumsd by those molocules of the reactants which
diffuge inte the agaregabes of oatelyet particles of the slze cuployed
in fived bede, and ere relessed thersfrom. In other words, while
those molecuwles which contect morely the surfecs of the cutal;.rart. pilia

op pellats uay be subjieated to the influsnce of catalyed for o
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relatively short verlod of tlme, those molocklss which ﬁctualkf
penetrate dnto tho budy of eotalyst are 1n contept with the vatalyat
for s paried of time which ia veunlly swfficlent he canss the fop-
meticn of undesired producta with a vonsequent lows in wield of the
dealred products.

In opder to overcome the foregeing end similar disadvan-
tages, We havo devlasd mesns for limdting chemicel rosctlens carzled out
oatalytically o ghopt porioda of comtact *dme betwesn catalyet and
reactant, and wo accompllah thiw end eagentially oy quenching the
roactice mirture with oatplyat whlch is cooler than tha sald mlxtore.

The maln objoct of our invortdon ig &6 confrol contoct
tloe hetwesn & peseous remctant and & catelyet for tho recetion by
th2 wee of finely divided entalys: and qulz;.tieh.m,g the roaction when
tho equilikrium 1e wost fovoreble for the Tésired produch by adding
c0oked catalyst to the reaction wass. '

7 mother lmportant “step In owr inveonticn 1o to foed aatalyet
to the rencticn zone by means of an up-flow ataadpiys, the fetalls of
which will b2 more frlly deseribed horsinaftor.

& further oblect of cur invention is to provide a procees
end ewlteble meana thevefor, whershy we may contintously perform
vapar phase rea¢idon in the vresence of o pundered catalyst, provids

Meana for regenarating the cotalyost, and provide obhsr menne for

'ratum:lng the regenerated catalyst to the reaction zone to medntsin cop-

tinudlty of oparatico , CpRlmun temperature nnd prapatrs conditicons
and, finally, provide ophimum ¢ontact tines hotwesn reactent and
ratalyat at reacklon temperoturea.

T order to fllustrate our inventicn end for the purposm of
diasclosing mers fully 1t7 naturs end purpose, we have wiown in ths

accomponying drevinge tingraommatically, o form and arrangonent of
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Eltp‘pe.rutus slementa in whish cur invontlon mey Be aprlied o butyleae
deiydroganntion.  Thus, in Fig. T wo have a?{:om a complets £low dla-
grom which digologes in aomnection with tﬁe spesifleaticn & preferrsd
medlfieatlon of cur ioventivn: in Flg. TT thers fa shown en enlatesd
dotail acebienal view of sar improved yeactor; Flg. ITT i@ & sactlon
taken along the line ITI-ITY of Flg. 1T; M™Mg. IV 12 4 secticn taken
tircugh the line IV-IV of Fig. II; and Flg. T ia & erosa-sertion view
talkon through the line VoV of Fig. TF. Tharougiout the viewa afmilay
raferancs sheracters refor to elmilor porte.

Feferring In detall to Mg, I, (1) representa gomerslly a
reactlon veapel., Tho ¢onptrtetlon of cur improved reactor 1 shown
in deteil in Fig. II and will be subusyuently dsecribed In deknil.
Catelyot in the form of pewder having o partlela alss of from 260-500

meel 1s dlacharged into the resctor (1) from hepper [10) 1o & maomer

" 88 will be prevently sxplained. The hopper {10) conteina an activa

delydrogenation powdared catalyat preferably fn & heated conditdon

and 1a 1o coomunication at 1ts lower shd with a stendpipe (12) project-
ing downmerdly as sbown. Thia pipe mey be of sny convendent dimeneion
such e 36 inches in Intermal dlamstor, and & vertlosl lemgth of LO-80
ft. These dlmemailone ore pursly 11Ilvatrative =nd are goveraed by the
guentlty of catelyet to Yo foit to the reactor (1) in ony partioumiar
saE0,  Tae lowsr emi of %he pips im provided with o control valve (1%
which 15 adepted to control the ratc of floy by gravity of powidsr dn
bipe {12} Into the ymordly exbending gbendpipe {15) which projecta,

B8 ghown,  into heppsr (1}, In cther worﬁa, .F—hﬂ foxd of catalyat

to the hopper (1) 12 through o down-flow plpe {12} ond mn up-flow
atandplpe (18). Tils flow may be nceampli.ﬁhaa 7 regulnking the dsn-
aitlea In pips {12] and (18) respectively, Ly wvelecting the propsr vipe

dmenelone, acuplod with the introfuction of Fluldlzing ges 25 Followe.

=l
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Firet, to cevao catalyat to flow fresly in Pipe {12} = Fluldizing gas

13 njested therein through pipcs (21). By the sema token &0 flwidize

the catai:,rat in pipe (12}, gea 1a Infectzd through pipes (20). It ia
dsened obvions baat oy meking pipe (18) of smellsr iaternal dizmeter
than pipe {12}, the grs veloalby ir pips (18) witl pe greatér thar
toet In pipe {12] ond Zence the dmeity 1 pipe {18} will bs loas.
Honae, catelyat will flow by the mewne indlested in the indicated
directicn. Tt 15 to de undsratoosd that ths amount of gas Infoestad
inte plpe (A2) 12 much lcem than thet injected inta pips {18}, soy
ona-fourth sa mech or lsas,

There s nlgo dlacharged dnte the reactor a quansity of
butyiene, this ankerdel being evpplisd through llne (5). Tao catalyoct
and the butylens erc mixed in mixdpg device (2L}, end the mixture
ls then antsed to flow upardly in the hopper raactor.? The temper-
ature of the gee 1n Iine {5) eptering the roncher i atout 1002'F., R
¥ille the cabelyef lu line (18) s at o tempereture of sbout 13S0YF.
The gea and eatelyot orve mimed In proportioms such that the bemtprera tura
¢f the mixtura ig ahout 12%0°F,, with moat cotolysta ond we yrefer
to mointain 8 denmity of the staponslom 16 the reglom just above
bhe miring device {2%) of from sbout $-15 lbwe.fou.ft., which condi-
Tlow 1a shbalned by repuloting the gms veloeltles befwesn 2 and 10 11,
ner petond whee tho portizle catalyst slze 1o from 200-300 meoh. Also
3 ged pressurs of about 190 rm. of reysury ie preforred wiltkin the
reactor in the reaction now in questicn. Under the conditicns steted,
the renetlen ccours to form ordinarily, butadiene frem normal-tuiylona,
wod then By mesne which will bo aubssguently explafned moro fuliy
herainﬁter, the bullk of catalyet i saperated from the rensticn masa
and gravitates from the bobtom of the resgher frem which 1t 18 wilh-

. dravn threugh etendpipe (25}, mixed with alr in = rdxing device (28) ;

k
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the air entering through l4ne {(37), sod thengs eoveyed through pipa

(31} inte a regenerator {35}, The dimenslons of regenevetor {35}
il the gne volocities arc such that when the catalyst is mixed
with the required nmount of air or other {ree agygen-conteining gee,
tiae Gonelty of the mixture 1o from about 5 to 15 1ba./ou.ft. The
catelyst in Mne (25) io ot o temporaturs of phount 10C3°F. fo 12009,
and wnder thoss copditlione when mixed with adr at ordlnary atpc.
apheric tomperatirs in wizer (2B) actlve combustion bokes pleca in
regenerator (55) with the sonaumption o carbonaceons depoalta pre-
fucad on the ontalyst om a result of the reactisn taking place in
vesctor (L), (rdinaridy Lt fs preferabls to spercte reganerutor (55
under euperotmoppherio presoure, say fresaurss wp tu 1-5 1be,/ma,in.
gangs or higher, aa dletated Dy economlc comaElderctdong, 1o crdor
t0 aceelerate the cxldntion of the pontaminating corbonnopous material,
The Tlue gro ond tho regenerated cotolyst ore withdrawn frem regen-
eratey threugh line {(40) and 3dscherged nto o cyslong sepsroker (41}
butlt Into the top of hopper {10).  Thé.ameprvator effscta separatisn
of the regonsreted sotnlyat frog the flus gon y tnd tha latter fo
withdrawn threugh 11no (42} cod IF deelred sent to o apcond cyclone
pepoeator to remove further quantitles of catalyet. In evms cageEs,
it 19 feslirable to ewploy thros eyslonse or oven more to insurs uomplét.s
remeval gnd recovary of cotelyst from fluo guw, The hot £lus gaes
substentinlly frosd of cotelyat may then be posaed throush a woste hest
boller o recover o perticon of their snergy contoat. The eatnlyat
separnted in cyclone smeporator (%1} gmvitat.aa into hopper {10V and
iy wet¥olod t0 the renctor in the mornsc pr':.s:viml;.r dopcribed. To
promote the flowebility of powder from hoppevs (16} =nd {18} a flwi-
dizing gas such om flue gna la dlechorged ints guid Loppers through
*pived {11} end (79}, roapectively. .

B
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In the drawlng, ¥s hove chown means fop aefibroliing tho
regenerstion terperature of the catalyet In regsnerator (35). Aa
ghown, eotalyed, thol {5 regencrsted catalyet, may e withdrewn frem
bopper (10) through 1ioe (82}, tdzed withk odr from lips (G0} 1n injector
(41), themco 4lschargsd through cocler {53} omd line (65} into regons
eratlon vesmel (35}, " Tho tovled repgmeynted eotelyat may bo ot o
terperature of foy I00-500°F, as 1% enbera the regercratar, and ony
Be in the propertiona of eqy 1/40-2 o movp parts by wolght of regen-
srated_cnégiybt per part of wnregenersted cotelyat. The conled T

genornted ostalyet serves to terppor the sxothermis recetlon by

'nﬂsorbing hoat releaoed dirins regenspotion,

Referring apain £o reacter (1) 7€ will be ooted thet o
second chagber (T0) 1f cuporimpossd Bt tho top of remctor. This

ohermber contalng the reaction protucts and catalyat 2dded to quench

“the rosction miFtire. The menner of wdding the cetalyst will be

prasenily doscribeod,but firat let 1t bo chaorved that the newly added
catelygt plus the repminder of tho ordpinel sstalyet nch esparated,
together with the reaciicn producte, are withdrews ovorhend throngh
line {Te) and pessod iato & cyclone pepareter {T75) vhers the Tulk

of the dwsnohing catelyet and the eatelyat not yprevicealy removed

_are goparated from the vapors, The geperated oatalyyt passea inkn

a receivimghopper {78} =nd in thia heppey 18 at g termeraturs of qhout
M30°F. to phout 1050°F, e etrean of cotalyst he withdrews from
hu@bar {78) throwgk lne (80}, and earyyleg pipes (01} for the intro-
duetion of fiuisizing gas pnd commnicating fn its iower md with
standpipe (25}, as shcwn, The cther Bromm of catalyst is withdrawn
thrcuth line {52) corrylng e Tlow control valve (B3} at 1ta lowor and
and 1nlet pipes (65) for fluldizing sas and thepos flachareed into
Bond (8k) whore 1t 1o mixsd with & gac ouch op Eethane dischargsd

into {E4) throush pipe (B5), and theresfter the cotalyet £8 passed

-7-
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ppwsTdly through 1ine (50} Lurotzh o heet sEchenger (95) where the

catelyat {4 ¢coled to a teupsroture such thet when withdrawn through
line (330} 1t is et a tempereture of whout GJ0F., whersapon it is
Indected Inte resctlon wmeps in reactor (1) and thoroafter carried upwarily
in cuepenoion inte guenching chamber (70} provicuwsly mentioned. The
ciount of catalyat resyoled Tfrom hopper (T8) to quenching chember (70}
w11l depend of course entirely ou tho smount of gee mmd catelyot
flowing Into chewber {70} mnd the Lempersture thersof. We havé found
that good reaults are obicined by reoyoling to rone (O] Prom hopger [78)
gufficlent satelyot oo that o tetperaturs of 100%-1J50°F. prevails

in champber (70). In any ovent, it 15 uonally preferable bo agd wufil-
clent catelyst to lower the empercture of the reaction mese o rhoub
10C0°T. o lowor becsunpo 2t thie t.a:ﬂ.p&r:ituf.'a udeairod gide reactlonm
Are prevented and the descuposibion of the desirve? Lutudiens 43 mube
stantlally pék, The ‘gagen fresd from cotalyet in ssparastor (75) are
withdrewn throsgh lizs (120) ond thess eve preferably pasesi through

a heat exchangsr (123) whsx;a they sve eoolsed o abeat G00°F. thence
T tarovglk line (125) sad passed Ilntc Cobtrell srecipltator
(130} where o catalyat im papersted end rocyoled o line {E‘j}ﬁhrough
Hne (132}, tThe gacee arc dvawn overbead From sepernbor [130) through
Hne [13%)end paew through a Cottrell pracipiteter (340) where rmors
cetalyet {8 asvparoted cut aad the oepovrmbed cotalyst is withirawn
throngh Iins {(134) ecarrying fiup goe inleta (185) fer fluldizing
Tarpoged, ond recyeled thréngh lino {31} to rogencreter {35).  The
rsactlen products now conbuinlng only sidner coounfa of gatolyst cre
withirewn froon Cottrell precipitator throngn line {150}, thense frrthar
cocled in eooler (15%), thencs dlgeharpsd thoowgh line [158) into

mn ofl agrutber {150] whers the lngl tracas of ﬂntalg.rﬂt; ars renovod,

the scrvbbing cll belng discharged into the washer thromgh llne {1523,

-8
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The washed gases ore withirawn thvouzh line {1553, poaped through
entrainment seperater {370) wnd taonge to a pump (180} in waieh they
are comprodsnl and condenacd wrdnr o separetion in ¢ epltable Oy Lem.
The aredpurc conditioce, i.e., the partizl vacuems previoualy reforrod
Lo An reacter (1] Iz meintalred through puwrp §1%0) and eultable
velves, In lmown oennet,

Referring now %o ¥lg, IT for o detelied deserdpficn of o
Imprevsd reastor snd 1ta imnsdiate noceaacyy apparatus, 1t will be
chasrved that the catalyst amd tho dutylene ooter the reccilon vesscl
(1} and mase dnts the rdxing chaitber {24 and thenss ore delivered
Ehrovgh o perforate notber or ueresn (8Y into » resmction EPETE TropoT
(R} iimited circunferentially by oylinder {256 where the main remctlon
Eaken place, the cotnlyet and ges belng n the form of & denas oudpen-
dion reserbling s 1lunid in Flow cherscteriotics. Mapoged about ths
Teaction chambey {R) sre a plurelity of cyclone separstors which
eperate in the following rwpner:

A #6lid erown plece (50), hevirg a base flate (31}, form-
Inz teguiher o aonfined gpace () ls superimposed abays cyiinder (28}
ond the boes plate (31} Immerforate cxcept for cyllnders {29} qougdy
the flow of suspansicm dowowerdly into o plﬁmlitaf of eylindera (27,
{gee Flg, T alac) ovnced in the form .-:i‘ a clrcle with thelr upper
snda flush wizl, or in the plans of a plate {32), imprrformte szcept
in the reglons of eylinder (28}, cylinders '|["2'T} and {29}, The cata-
lyat in enspenelen flcwe through the cylinders {(=7), carrying venuos
(%) which eerve &0 sawan turtulonce, erd the catalyat or the btulk of
1t gravitates to the space {36) o Yhe bottouw o tho vesssl (1}, The
gan or vapors, on the other Lond, ot fron oylinders (27), thengo
reverke thelr flow und pase upwardly through cpiinders (89) prolecting
into the ppace abuve ¢rown plate {30), snd thersnfter pams into quench-

lag chawher (T2).
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Whers 1t 1a desitrable to malntsin a shori contact tlme
bomweom resctants and tha patalyet, the selelyot In apace {®)
glimld be shallow ond the base plate (31 chould be dievesed in
close proxiaity to the top of gylinder {EBIJ. Fhe aotmal dimenodoos
of the distance between the plote {31} and the top of sylinger (25}
will dspond ea the vocbisulny romcblon, the dongdiy of £he dupponoion
nd govorasd oriosipelly by the linoer weloolty of fhe goocee In the
rentbion epace (RY, and the yarticle alge of the ecatalyst. For ic-
phanda, in the casn of butene dehydrogenaticn ewploylng e eztalyst
havinz a slze of '_Frc';a o400 mash ond where the esombnat $ime s of
the crder of o apcomd cr twe, it e obwrlous thot the plate (31]
ghenid be disposed meoreldy o few inchen above the top of eylinder (28]
cnd that the rnag v cabolyst above the seTesn (2) chould o nuduper
than a few lnoheo, ond that the average 7aincity af the gaa throogh
tha Nﬂtﬁﬁﬁ'ﬁp‘nca“;ﬁﬁml& be of the order .Esf'r:ﬁmut 3.5 ft. por sooond,
Of oourse, whers the catnlyct 1o pieam inzznsitive ond the avbetanne
mry be mixed with reoctante to lowor the partinl preesurs of the
reactonbs, the conbtoct tdues nmy be screwhat longer elnce, For oxample,
in the dshydregenatlon of bubyleso to forn butadiena there ia rmch
1ggg danger of aelmerizatlon of the leatter where the peortini presoore
of the lettar io greotly redueed by dilution with steenn.

Mhe bulk of the eatnlyat, usually over 90%, 18 bepurated
frem the gusze in reschor {1} In the monnmer indiactsd end grovltatos
to the botbom portion (%0} of the vreaction vesael, whlle the gascd
flow upwardly through outlet cylinders (29}, thence thwough pipe (35)
into guenshing chardber (T0). (SBe¢ Fign. I ar Ir). The cat&i:rat
which fa geporuted in the separators I{Eﬂ collevts lan the botbeom of
the resutlon vesgel ap Indicated by the l;'."at&l}'!it 1evel dpe (LY, sod

1z withdrawn from the podd resastor.

i [
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da 1o koown by those failiar with thla poridcalss oy,
ths tyoza of astalyat which ooy b eaployed for Zekpdrogenntlieons
are MAny snd varded. ue of thepp eatalyate ld metalldc pieked.
Heretolfors, the difficulty with metallic nleks). ne been that 1t ig
B2 ronctive that 1t 1o not uepble besawas 1t uod mly acceloratas
oho forontlon of, eoy, bukadisme freom butylone bt nttu.c}:a the duta.
disne to decompnae 1k, T the type of cperation which we have dog-
eribed heredn,n very agtive entnlyet euch no nickel moy be suscemo-
fally employed beesuze the codbinadlon of ccntrollsd contact tims,
fmely'dividua tatelyot and qnenching footures amables wn to dipoone
timue the essctlom and to limis 2t %o o rery ehpkt poricd of time of
coitbact betwasn repetents apd the nicked @t reacticn temperaturas,

In the ¢ass cf nther sotolyata such as atlica-nlunins crmposliions,
slumine-tungatay, plurdng-chrordun, slumlng-roelybdenus, the varicus
oetallic oxldea, and the Mk, such as copper oxids, nickel rxids,
cobalt oxiée, or rixturea of the onme whape tha cat.al:mi-. io lese ocotlva,
o provzae ie eloc of walue nob onﬁ Tyom the atendpeint of guenshing
the reaction but slsc from the otondpodot of aupplying at lecst g
pertion of the hpat neceasary for the reastion by regyeling bot
Toganernted ¢mtalyat 4o tho rzectl-m Zope,

o recapltulate, our oresent invontlon iuvolvop the LR~
eept of tenfwolling ooowratsly tho contact Ir,iur;-;- betwean a gapeous
recctent ard o aulid catalyet, and while we hove described &he lmiren-
Ition in detail 1in copmection with the specifilc oroblen of dehydrogenat..
ing en olefin, chviouwaly ths inTentive ekt ip anpliceble to &
great nurber of procegpes » ouel ae gan oll cracklag, depulfurisaticn,
eroetization, oxidatlone, simple snd Eeotructive brdrogenetlong,
ghleringtiong, end nunercus other £=3 phese reoctlona whare ¢romboct
tine 1o an ioporicnt cemsidespation Trom the atandpelnt of plelda or

for othorweasens., Tt will be nobsd that agoording to cup procoss

-311-
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wo prefer to quench the resstiom mano by mesne of 2 eoolet aclid auch
co o0 eoldd satalyat ndded in aufflcient gmantity to lewer the regetion
nuaax to teaperatures substantlclly below reactio tmperstures, and
alnea tia proceas woy be cveratsd to guanch the catnlyst within £he
renction tome very short contoct tines rmy be ﬂffncﬁai. O £50 siber
kengd, Af lopger comtoct time hetwesn reactant ond cotalyat de dealred,
the quenchlig mey be formied in o evbeoeguent Etage, say by sdding
roolod catalyst fn Mne (72}, Th will be wuntevntnsd Lhet Inntend of
uelng satalyat to gquensh the resctimm mEfd, WO rmy upe an lesrdt aclid
duch og send, lime, or refractory meterinl whick 13 adlad in qufficient
quontity enl af o gufficlantly lower tﬂm:a_mtura te effect the deofrecd
result.

- Other femtwres of cur inventicn imvelve, aa hopetofurs geepn,
an upflew atqupipa ﬂrraﬁgsment for sdjustine presoure AdPferantiely
hotvgem the rewction zome opd the raogensratlon sone; ancther featwa
iovolvey fretshing At least » portion of the hl.:.nt required for endo-
thernle reectlons by swpplying the proper amount of heated cokalyot,
Finally, the catalyst flowlng in the variows negns Hey ba finidiped
by stosmas heretofers menticusd, ur by ti?e'. Introduction of other
Euess such ag Methane, Ca, G0, air, nitrﬁ.gan, and tho llke; that
s to any, theses gauos noy be sided throush lines (60) and (20} amd
ot obher pelnte in the syotem heretctore merticred, to attoln tha
deglred Fiulilty of catelyet,

The pregaurs 1o reactor {1} mey vory frow about 100 me.,
of merowry o ahore sknoaphepic Froeatrs, mitstmeepherlc presgure
belny prefourred. |

Many modlficetlons of our inventicn will be cbvlous o

those #killed fn this perticulor ort.
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What wo clain 1z

i. T comiblasticn a recelver disposad at clevated position
adafted to contedn powdoved catalyot motsriel, an elongated steadpipe
extending dowrwardly frowm seid recediver, an vpflow atandplpe in
soegmnt cotlon with the first-named atandpipe, branch pipes dileposed
in apaced relaticnabir along the length of both the dewnflow and
upflee atun&ﬁiyes adapted to discherge & geascta metoerdiel lnto onid
atandplpes for the purpose of fluidlzing pewdered materdal theredn,
anh oasleded reactlon chamber dlepoded at an elovated podlilcst, sn
e¥benelon of gald upflow gtendplioe projoctlng lnto maid resctlon
gHambey, fa inlet copduld adapted to conduct gageous meterisl lnte
#ald reactor, o mizing mesns Aisposed within asdd reactor in which
tho zald projection of the ssld upflow standpips kerminates and
in wiich the condult meene for fntwoducing the anld geoeous wnterial
tormdnates, whoreby solld meherial end gesecus wabtorlal) #lsabargad
inte said reactor way te therougnly mized to form o suapensicn, a
pluraiity of setitrifupal seperatars disyoped In the uppar porticn:
of said resgtor udapted to Ramaraio a:ﬁlids from FaBed, cunﬂu.i.t
meann axtending frouw the wvpper portion of said reschor whereby gasecus
mnferial mey be withdyawn, and condult memns extending from the botfom
of aald resctcr whovaby eplld materdml ﬁ-.mr'im wichdrawn.,

2. In oombinatlon g recelver for powdered matorial dizpooed

at an slevatsd peeitdon, a reactor divpeged at an elevated position,

a downilow elongeted stendpipe extending freoa fhe bobtom of sald
receiver, sn wpflow stendpipe In comunteatics with the downflow atend-
pipe nnd projosting dnto snld rescbor ak ite upper end, condult Meany
profecking into wnid reactor odopted to coniuct a2 gececus meterlal
theyain, momme dispossd within gnld renetor et the polnt apprn:imﬁaly

mifvertlant of 221l yeactor adapted to thoroughly mix powdered meterinl

J_}..i
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ond gageous materdel fed thereto, a Plurallty of ceontrifugnl Feperaotora
flapcdal nhove aaid mixing means wlthin =ald recctor adephed %o gaparate
a0l1d moterinl frow geacous muberisl, a condult meens extending freou
tha upper portlon of said reacter odepted to convay casecus mnierinl
therefrom, a secondury aolld gee peparating weens adapbed to asporate
molida frem the gus 1mauing frem the reséter which molids have not
tewn removed in the primayy ecperntors losated within the raacior, a
rogonerstor, a botton drav-off pipe 1n comwnicntion wlth asld reeotor
udc.:pted te conduct 80lid materie]l from aaid roackoir, o gaa and polid
mdng devlee into which the drew-off Pipe Trom cpld reqctor mrojecka,
eonduit meane for Introducing ¢ geseous meteriel inte aaid lanb-neamed
mixer to form n suspenslon thercla, aondult mesna dn scmmunication
Wlta epld leet-nased miring device and sald regencrator unersby the
guagension formed 1 sold lnet-naned wives m:.' be comdueted to eald
regenerator, moana for comdueilng m regeneration gue to sald regen-
srntor, meens for withivewing = euspsnsicn from esid régeneratoy com-
tadndng regenerated cotalyst, s cautrifugul‘ saﬁamtnr in commnicasion
With snld inet-named condult means edapted to goparate aalld From
Zaseous material, anid last.named aeparator beaing in direst cormumi-
cotlon with endd recedver whercby eolld resencrated caﬁnl;rﬂf; eparated
From tho gaseous materlal may be retwrmed to =ald receiver.

. It comblnatien a reastor dispoacd b an elevated voaltion,
a satelyst rocelving hopper &lsgoasd at an eleveted poslticm, a Eow-
flow stapdpipe Frojecting frop solé recelver, pn upflow standplpo
rrojecting fmto anid rotctor ot 168 wpper pertion, the oeid etend-
pipes hedns in dircet comsindontion w:f..t.h:. éach octhar and forming means
for conveying o powdercd material Prom ;;h%i"ifhcaivnr to the resctor,
¢ plurality of spacod bronch pipes diapn'ﬁ'.s;::l in the downflow stendpipe

ond ths wpfiow atapdplpe sdoptod to :'.‘Dﬂ‘l.r!;‘l:‘j'. the greecus matsrlsl theros.

¢

S
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to gouce the fluldizing of powdered mteﬂml flowving in eold stond-
mipos, ~onduit merny for lnfrsduclng & gacacus rcterdnl inko ooid
redctor peryltting the frrmatlon thersin of & depeo phnss suspansion,

o olurallty of centrifwgel meparatcra Glspossd iz the upper perticn

of eald reactor odapted o gepnrete aclid matorisl from goEcces
rovericl, o eopduit seana diepoeed et the top of eald resctor adopted
to wlthdrew gopooue moterial thevefrem, a sccondary centrifugel scosrdu-
ing neans lr copgmicsticn with endd lost-bamed ccudndt adapbed to
popove §olid metopicl from gnesous moterlal dlschorged thereln and
fsguping frop the eroetoy, n recoiving hopper dlspnoed beliw Bold
peecnlrry EE_‘!_JEI.I‘B.‘I:-_‘LDEI moeny o rooeive eatulyst separated ln aald
geocndory meporoting moong, o amdvelt somnectlng Ghe luost-nemed rocalv-
ing hopper with the upper porticn of smid énactor, a ronling menis
dlepoesd in seid lppt-nomed conduit, tﬂﬁ.ﬁﬂiﬂ. 1npt-naped condult
prorid g meane whereby codled catelyat mnj ba watwrrted to the upper-
moet portl:m of the rescter,opd mecns projecting from the lowermoat
portion of the reacter for withdrewing cotalyat.

L. In o devize of the choraster dessribed, includiné g aborsge
voggel for actlve cotalyat dispossd ab an slevated poailtioa, @ reschor
slan figpoged ot an elevated poeitfon mnd In sumseteation with wald
atoregs menns By pesne of o downflow ebanduipe ond an wWpflow etendplps,
of gmdult peans fov dlacherging gassous moterdol st epaced nolrte
into snid etandplpes wharshy z"‘luidilzed mteriak may be continucusly fod
to the snld reactor, and of conduit nezu:la fn:r dlnchurging 4 gnoooun
romctant inte enid remchor where 1t la inboralyed with seid fluldized
catalyet reterinl to form o ouepension, tho igprovensnt which com-
vriace dlapoaing ceporaticn seena withln the renchor rdnpted b
safisrats cafalyet frof gmgesun producta at $de completdon of deairod

gopbeet botveen reactant and cetalyet comalsting of a plumlbity of
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sentrifugnl meperators dispossd ot the top of eald reactor, the
eenbrifugnl saperatore Being eq dlopowsd ond arronged as to Foree
all ﬁpwurﬂl;r neving portlend of the poe aclld wixturs to pass thropgh
aaid <relonn aspuraturs whoroby the bulk of the catnoiyet is removes
Trem the reostdsn producta within the asld recsoiar.

5. & dovrice of the charsoter deseribed comorlolng pesn
sicdted to persdt continueis roaction boSwean a powdersd moterisl
ond 0 geppous eecctont, fhe sombincbion of an olevotod roachor, of
o 2levetad storpga hopper for ookive setolyat, of a dowaflsw ptond-
Mpe preleetlng fron the sberage hopper nnd torvdontlom in em aplEos
standpipe prolertine Ilote nald reactor thua formice 2 cuntinucun
rotl for powdored material from omld sterngo hopper to anid reastor,
of & plupelliy of condulta dloposed in Bﬁﬁcaﬂ relotdlon in the aald
trndplpea afnpted to sonfuck o gen inte gald standpipes &0 fopilifaoie
the flow of sowdercd roterdinl therein by tng nddition of a flulddiging
gog, of o wleing means Aipposed witkin ardé vreastoy in ocomcdeatliorn
With the end of the upflow etondpipe, of n gEsscer resctant acpdudt
menns proJecting Into poid resctor ond intc anid mixing mesans pernl tbing
Intimate mixing of powdered material and grmeous moterisl, of a plu-
rallty of centrifvgal seperntora dispoeed within the ssld repebor ot
8 pedat abhove sald mixing ceans, acid sepiruting mesng beding odepted
to separale the bulk of the satelyst i‘rm. the reaotants, of an evorbasd
ccadudt pipe mdaphed to withdrew geeesis resctapta from gsid reactor,
2 botbom drav-off pipe adapied o withdrow mt.ﬁlyat fror pnld roactop,
o regeneralor oondult meana for conductine cotalyet froam sald drov-
off plpa to gald regenepator, and condult pemng for wilthirawing re-
generated catelyot ond returndng it 4o agld etorage hopper for Furthep

niag ifn the process.

K s

e
X
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. It combinatlon, e reaction vesmel comprising s worticol
e¥lindrienl chomber, sondult memme projfocting Inte apnfd shopber for
intrcduolng o gaseous medlum end o eolid cetalyst moterdal, o mizxdng
chotthet dnto whick saild condult memno project ndapied teo cousg intinnge
riving of eald gae and gaid 822114 eatelysd meteriol, o rescticn
ppace digposod obove sald mixing chomber sdarted Go contoln the gow
arnd the catalyat oring the period of the deaired reaction, 4 jluralitw
of polld guo separatin; meane diepossd nbove 8318 reactlon gpace ond
within acld reaction sharber, anid seporatich Hsavs belng adaphed
bt pogorate melid from the gnoss, o quanching chemtber dlspooed . abirrg
eaid geparstion meona, condelt ceens connecting seld separgbicn nenng
wlth @z21d quenshing nesns, end noma Ter Iejecting o coclent comprlo-
ing aclild eetnlyet 1ok 8 spocs LetWean tha gepargtlon meone and the

gquenchking shombes.
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It 13 claimed:

1, Io the method of condocilng vepor phase ro-
setion in the pressoce of a powdered catalyat swespended 1o
tha vapors during the rescticn, the ilmprovement which aom-
priges controlling the time sf content betieen reactant and
catalyst at reaction temperatures by dlscharglng into the
reactlion mass A gquantlity of gooled catalysat,

2. In the procsas of reaciing gaaiform reactants
in the prescoce of a powdered catalyet suspended din 8 re-
aeﬁant, the improvement which comprisesg feeding the catalyst
upwardly through o aomﬂui£ ar preatrictad croas ssctlonal
area 2lded by s fleldislog gas to 8 roacstion zone of re-
duped prosaure mixing the reactents with the fluldized
antalyst in & mixing sone, and gontroiling the time of
cﬂnﬁact between reactant and catalyst at resction tempera-
turesa by discharging into the reacted mess & quantlity of
aooled aafalyat shortly after the original contact.

3. fThe procesa sst forth in claim 2 in which the
reactant 18 maintained at reaction temperature in the
pregence of the eatelyat for a parioﬁ of' leza than one

gecond. . _
L, The process get forth 1o 2lodm 2 in which the

rescilon la endothermic In n&turaf

5., The procesz sef forth in q¢lsim 2 in vhich the
reagtion la sndothermic in nature and at least & portlon of
the superheat necessary for the resctlon ls supplicd by
mixing.thﬂ resctant with Lot eatelyet In the mlxing zone.
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The presant Ilnventlon relates to inprovements in
the art of contrelling the time cr durnilpn of a2 chemiesl
resotlon acourately within narrow limite by g@enching the
reastlion mase with a cooler solid subatance.

Thers are a2 nuwmher of chemical resctions in wvhich
the tims or Juratlon of the rescticon iz of the essencs.
For exﬂmpla, in the catelytle dehydrogsnmation of hyiro-
earbona, sush as the dehydrogenatlon of butylene to form
batadisne, 1t 1s known that the cptimum contact time between
catalyst and rescticn mass ot reactiﬁn temperatures 18 of
the order of legs fhan ome second at subgtmospherds pres-
gures., In conbact tdmes of the order indicated, the pro-
duetion of butadiens is at s meximum and the Formabion of
undegirad decompasltlon prodocta 1a.ﬁt &8 mininmigm. _

In operating with a fixad.baﬁ of catalyet, that is
Lo any, ;n opesrating o procesa in which fhﬂ reactlion gases
pess through a body of catalyst in the farm of pellets or
lumps, 1t ls extremely d&lfficult by eny fessible method to
limit the contaet timos to the degres indicated above,

namely, to a fraction of a second. In any event, 1t 1s

d1ffteult to maintain all portlons of reaction mixture in

contact vith the catalyst for such & short period of time
becauzé appreclable time 1s Gnnsumé& by thoze moleculan

of the vesetents which Qiffuse into the ageregates of
catalyad particies of the size dmployed in fixed boda, and
are relessed therefnroem., In other words, while thoas mole-

cules which contact merely the surfrce of the cabalyst plils
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or pellets may be subjected te the Influencs of catalyat For
8 relatively short period of time, those moleculequhich
actually penstrate into the body of catzlyst sre in contact
wlth the catalyat for s psrled of tiue which is Usunlly
euffisisnt to cauee the formebion of uwndesired praoducta
With a consequent loss in yisld of the desired producta.

In order to overcome the forsgoing and mimtlar
dl andvantazes, we ﬁave devlsed means for 1llmiting chomileald
ragotlons carrisd out catalytically tb short perlods of
contact tims between catalyst and resstant, and we accompllal
thiz end ssgentially by quenching the reactiun.mixtura ¥1Eth
catalyst vhioh 1s cooler than the asid mizturs.

The maln objest of this Invention ia to control
contact time between & goscous reastant snd & catalyat forp
The reaction by the uas of finely diﬁid@d éatalyst and
guenching the resction when the equllinhriwe ia most favor-
gble for the desired product by sdding covled catnlyst to
the renction mass.

Another important step in thils invention is to
feoed catalyst to the reaction zone by means of an up-flow
standplpae, the detalls of whieh will bs mors fully de-
geribod hersaineifter, .

4 Turther object of this inventlon ls to provide

"4 process and suitable means therefor, whereby wo may

contimiously perform vapor phase rééétian in tﬁa hresence
of a powdered cetalyat, provide means for regenerating khe
catalyst, and provide other means fop returninog the re-
generated catalyst to the pesctlon zone to mainteln con-

tlmiity of operstion, optimum temperature and pressurs

Dol IR w oo
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conditions and, {flnelly, provide optinmuas contact flmes
natween pegeiant and satalyat at reactlon temperaturss,

In opder to lllustrate tlls lrivention and for the
Perpose of disclosing more fully its nature and purpase,
thers 13 shown in the accompanying drawinga Mzgpammaticslly,
a form and srrangement of apparatus slewents In which the
invention may be applied ito butylsne dshydrogenstion. Thas,
in Plg. I there lsz showm a complets flew dlagram shich dlse
closes in comnsctlon with the spacifination, a preferred
apdlfication of the inventicn; and in Flg. IT thers is
ghown an enlarged view of the Improved reactor. Throughout
the views simller rsfarence chersacters refer to similar parts,

Referring in detail to the drawings, (1) represents
a hoprer ln whileh the reaction tékea.plane. The internal
conatructlon of the fmproved reactor is showm 1n detall in
Fig. II and Will be subgequently dé‘ésaribed in detail 4in
dlscussing that figure of the dvawing, Ustalyst in the form
of powder hnaving s particls asize of Ffrom 200-400 mesh is
glso dlscharged into the resetor from enother hopper (10) 1o
& menver as will be presently explained. The hopper (10)
gontelns o dehydrogenntion pnwdsredrhataiyat preferably
in & heated sand setivated condition and is in commnicatlon
at its lover snd with & stendpipe [12) projecting downvardly
a3 ehowm, This plpe may b2 of any convenlent dimenalon,
giich as 36 inches in internsal diameter, snd a vertical
length of 40-60 £t. These dimenslons sre purely illuatrativa
and.are governed by the guantlty of:aatalyﬂt to be fed o
the hopper in any perticular ca&a.:”ﬁﬁsllawar end of the
pipe l& provided with =z conkool vﬁi&é {14} which 1= adsphed
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to contrel the rate of flow by grevity of powder 1n pips {12)

into the morlzonial bend (16}, Horlzonital wend (16} is in

pommmnieatlon with upwerdly sxteading riendnips (18 which
rrojesis, ag saown, into hooper i1). In other words, the
Teed Jf catelyat to $ha hooper (i) 1s thecugh a dewn-Tlow
pipe (120 and an up-flpw atandpipe (18%, fais {low may be
actosfidshed by ragulating the densities 1n plpea {12} and
{18) pegpectively, by selectineg the proper nipe dfmensions,
goupled with the dntreducticn of fluidizing gos as Followsa:
Fipeh, to cause catelyst to flov fresly In plre {12) a
fluidizing gas is injfectsd thevein through pipes {£1). By
the same tokenm to fluldize the cabtelyet in plpe {18), gas
ia injected through pipsa (20). It 1a deemed obvious that
.by making plpe [18) of mmaller internal dlsmeter than plpe
(12}, the gas velocity in plpe [18) will be graatal'tﬂan
that in plpe {(12) and hence the dgnéitr in plpe {18) will
be less. Hence, catslyat will flow by the mesns indicated
o the Indlcated directlicon. It ia to Be understood that
the amount of gas injectsd inte pipe (12) is muchjlasa
than that injected into plpe {18}, say ocne-fourth sy mech
or loaa,

There 1a slag discharged into the resotor & guantity
of butyisne, this materisl beilng supplisd through line {5).
The potelyst snd the butylone are mixed In mlxing devies
(24), snd the mixture is then osnused to flow wpwerdly in
the hepper reactor, The temperature of the gpas in line (5)
entering the resctor is abouk 1000°F., while the catalyat
in line {18) 1s a% a temperature of shout 1350°F. The gaa

and estalyst sre mixed ip proportions ouch that the temperature

-._:-..-_:‘_\:.
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of the mizbturs 1s about 1850°F., with warsd seabolymbs and

it s nrafapred Lo maintain a ﬂenaity oft the ausporslon I

tha vegicn juet above tae mixing devize [(24) of from oboet
15-25% 1ba . fen.ft., whleh conditi-n Iz stteined by regulating
the #z13 velositiss between 2 ard 10 £k, per mecond where the
particls gatalyst size lg from 200-%00 moeh, Also & gan
pregatre o0 ahoud 100 mm. of mereury is preferred within the
ﬁaactor in the reactisn now in gueatlen. Coder thz conddlbionsg
stated, the reaciion ccowura o formm ordinarily, butadiene
from nowmsl-butylens, and then oy meens which w11l be aub-
goguently explained mere fully hereinafter, the bulk of

catelyst la scparated from fhe reactlon mage and gravitates

; :':52: frpm the bottom of the resctor from which 1t is withdrown
L thfaugh standpipe (25), mixed with sir 1n a mizing device
;. : (28), the air entering through lina (30), snd thence con-
ff ' veyed through pipe (31} into & regenerator f35}.. The di-
; wenslons of f@gensrator {35} and the gas velocitles arve

i,. suéh dimeneglone thaf when the catalyst 1a mized With the

regulred amount of alr or other free oxygeon containing zoa,

T e

the density of the mixturs Iz {rom about 20 to 2% 1bs./on.ft.

The datalyst. in Iine (25) ia st a tewperatupe of 1150°F.-1250°F.
and under these conditions when mixad with air at ordifnary

stmospherit tempepature in wixer {28} netive combustlon

TN T AN S wzemeemEad 3T,

takes place in regeneratar (35) with the copsumption of

seriongosous depoglts prodused on the catelyst as & result
of the reactlon teking place in reactor (1). Ordlnarlly 1t
3 ia prefersble to operate regenerator {35) under supesr-

I ntmospheriec pressure, aay pressures up to 1-~5 1ba, /ag.in.

; . gauwge or higher, as dicotated by economle considerations, in

- HEE Mg gy e e _:m_g. {W}. .Q% _H.-‘ g R e -
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erder te accelesahe the oxldation of the contaminsting capr-

benasecua material. '"he fine gas and the regenopated cataiyst

are wlthdraws from regensrotor thepugh Ilne {40) and dis-
charged into s cyelone separator (41) ballt intc the top
of hopper [10), fhe asuparator offects ssparation of the
rogeneratad cabalyat Srom the flue gas, and the latter ig
vithdrawn through 1ine {42) snd, if desired, sent to &
gecond cyelone separator to ramove Punther quantitles of
catalyat, In aome casas, 1t 18 desirable to employ Ehree
eyclones or aven more to lnsure complete removal and re-
aayery of catalyst frowm flus ges, The hot flue pases mib-
stantially freed of satalyst may then bo paszed through s
Wagte heat boiler to resover a portion of their susrgy
contant, The oatelyst separsted in oyelons meparator {413
provitotes tnto hoppér (10) end 4a3 recyelad to the vesctor
in the manner previcuely desopibzd,

In the drawlng, we havs shown mssns for controlling

the regeneration temperature of the catalyat in regenergtor

x
"~

(35). As shown, cetalyst, that is regenerated catalyab,

may be withérawn through hopper (10} thwough iine {623, _
mixed with air from lime {60) in iﬁjentor {61), thence dls-
cherged through cooler [63) and line (50} into regemeraticn
vessal {35}, fthe cooled regsnerated catalyst may be ot 8
temperature of say 300-500°F, as 1t enters the regensrator,
and may be in the proportions of say 1/30-2 or more parts

by welght of regensrated catalyst per part of unregensrated
catalyst. The aaqoler regencrated catalyst ssrves to lncrezsze
the haat capacity of the mixture snd temper the exothermie
reaction by adsorbing heat released during regeneration.
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REeferring again to reesctor (17, it will be noted

that a secand chamber (70) ie superimposed ai the top of

reactor. Tais chamber conteins the reactlon products and
catalyst gddesd to quench the reastlon mlxturs., The mapner

of adding the catelyst wlll he presently desorpibed, but

fipst lat it be chserved that the newly added catalyst plus
the remainder of the originsl ceialyst not ssparated, to-
gother with the resctlon mass, ars withdrewn overhesd through
line (72} and pasacd Into a cyclone meparater (79) where the
bulk of the guenching catzlyst =nd the catalyst not previcusly
removad ape sepavated from the vapora. The separated catalysd
paeses into a pecelving hopper (78} and in this hoppar 1w

et & tampergture of shout 1050°F. One atrezm af cetalyst

1y withdpawn from hopper {78} through lirme (50), communicating
in its lower end wlth standpipe {25}, ae shown. The other
stream of catalyat 1s withdrawn through line [(82) sarrying

a flow contrel valve {83) at its 1wer snld and thense dla-
ehepgad into bond (8%} whers 1t 1z miwed with & gog such s
mathane discherged into [B4) through pipe (85), and there-
after the catalysi fg passsd upwardly through line (50)
through a hoat sxchanger {95) vhere the catalyst 1s cooled

to & temperaturs such thet when wilthdvawn through iine (100)
it 18 at a2 temperstops of shout HOD°F, , Wersupon it is
injected inte feacticn mess in reactor (1) and thereafber
sarried upwerdly ln suspenslion into quanchins'ohambér {7o)
previcusly mebtlcned. The awount of uatalyat.reuyclad

from hopper {78} to quenching chamber (70) will depend

of course entlrely on the am;ﬁnt ﬁf.gaﬂ and aatelyst fiawing

inte chamber {70} and ths tamparatﬁre theresaf. It haz been
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found that good resulis sve obtalned by veoyeling te zond {70}
Prown hopper (78) sufficient catalyst so that a temperaiurs
of 1500%-1050°F. grevails in chamber (70}, In any event,

1% 13 usually preferable to add sufTicisnt catalyak, to lower
the toemperature of the esacilon maas to about 10C0°F, of
lower becsupe st this bemperntars un&eslrea.sids renstions
are prevented and the decompositloen of the desired butadiens
14 substantialily par. The gases freed from catalyat in
separator (75} are withdrawn through line (120) and thene
are proefersbly passed through s heat cxchanger (122} whers
they are cocled to about B00°F,, thones withdrawm through
iine {125) and passed into Cottrsll precipitetor {130} whewre
a catalyst is sepaprated snd racycféazﬁe line {25} through
line {132). 7The gasea are drawu"éférhaad from saparabor
f1za} through line (135) and pasa.through a Cobtrell pre-
slpitator {130} where mors cabalyst ié peparated out and

the separatsd satalyst 1s withdrewn through 1line (14%) end
reoyeled thpough iine {31) to regenarater (35). The reaptlon
products ooy contalinlng only miner srrnnts of ¢atalyst are
withdrawn from Cotirell precipitstor through line {150},
thenes further c¢ooled in cooler {155), thencs dlacharged
through i1ine {158} into sn oil washer (160} where the last
traces of catelyst are removed, the serubbing oll belng dig-
ehapged into the washep thrméh 1tne {162). The washed
gapep are withdrawn through iine {165} , pasysd through en-
treinment separetor {170) and thaﬁ&m:td a pump In which
they are compressed and gondenged prior to geparatlon 1n =&
guiteble aystem. The preassurs coﬁditinns, 1.8. the partial
vacuunm pyeviously refoerred to in resctar (1) ls malatalned

through pewp (180) end sultabls valves, 1n known mannsy,

-9-
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feferring now to Flg, IT fow é detalled deserdption
cf the improved vsactor and its immedlsate accesscry apperatus,
1t will Te abgapved fhiat the aatalysf and the butvlens enter
the resctlon veosssl {1) and pase intc the mixing chember
{2%} and thence are delivered inic the reasction chamber {25}
wligre the maln renctilon takes place, bhe cabtelyst belng in
the form of =~ dense mase or phase shorcughly Intermized with
the renstant, Dlgpoassd about the resstlon chamber (25) ape
a plurality of cyclena sepmrators (28), These scparsiors
are arrange? contiguously in the form of & ring or clrslie
about the vresatlon vesae), and in eapaping from resetion
¥eagel {2%5) the fluldized mnza.and reactant gza are forcad
Into the sepavatora {28). The bulk of the catelyst, umually
over 90%, ia separeted Prom the g&adﬁ and grevitstaes to the
button portlon (38} of the reagtlon vessel, while the gases
flew upwardly through outlet pilpes [29), thence tirough
pipe [3@? inte quenching chamber [70}. The catalyst which
ia separated in the ssparators {27) collests in the hottom
of the reactlion veasel, sz indlested by the catalyst lovel
line (L}, and iw withdpawn from the ssid veactor and arranged.
such ap to maintain the hented cat&i&at sontimegualy In the
said reaction vesaal, o

A8 ig Hnown by those Caniller wilth thlas particulsn

art, the typos of catalyast vhich meyr be smployed for de-
hydrogenations avre many znd varie&._.ﬂne of thege antalysts
1z metnllie nickcl. Heretofore the diffilculty with metallic
nicksl has besnh that 1t 13 80 reastive that 1t 1s not usable
because it not only eosalerates the fomnatlion of, aay, bito-

dlene frpow butylens but atiacks the butadlene to decompose it,

- 10 -
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In tho type of operation whlch wa have deacribed hereln, &
very actlve ecatslysi such as nilcksl may be siccessfully sm-
rloyet becsrge the combinatlion of controlled contact tims,
finely dlvided catalyst and guenching Ceatures enablea us

to digcontines the reaction and te ilmit 1t to s very short
perind of time of contoct between renctents and the nlekel
at veaction temperatures, In the case of other cetalysts
stch az =illcs«glynmine cogposlticne, alumlna-tungsten,
aluwnina-chromiam, siwoins-molybdenum, the vearious metellie
oxides, and the 1llke, =uch =za copper oxide, nleksl oxlde,
cobalt oxlde or mwixturss of the dams vhere the catnlyet 1z
lsep active, this procese is oleo of value not only from the
pftendpoint of gquenching ths reacstlon but alpoe from the stand-
point of supplylng at leset a portlon of the heat necespary
for the reactlon by recyeling hot regepnsrated catalyat to
the rosoflon Zons.

To recapitulate, the present Iinventlon lnvelves the

conogept of acntrollinge ccouprately the contact tine betwsen

o poacoug reactant snd a =elld catelyet, and whille the in-

_vention has been described in dotail In connectlon with the

ppecifice problem of deshydrogenating an olefin, obvlcously

the Invepblve gomgent 1a applicahie to & great number of

S proceasen, sdh as goag cll urackiﬁg} dspulfurizatlicn,

aromptization, oxidations, simple and destructive Lydrogeno-
ticna, chlovinations, =nd numercus cther gas yhass re-
actiong wWhere gontact time is an lmportant conzlderation
from the standpoint of yilelds or for.ﬂthar reasona. It will
be noted that according to this precesz, 1t iz preferred to

giiench the resctlon mass by means of a cooled solld, such

- 11 -
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as 6 a0lid catalyst added in swfficient duantity to lower

the reaction itass= to temperatures sungtantinlly below re-
acticn bemperaiurcs, and since the provoss may be cosraled
to quench ths cetalye: within the remctlon zone very short
sontast times mey he aeffected. On the othsr hend; 1f longer
sonbest tine between reactant and eatalyet Lz desired, the
guenching may ke formed dn & subsequent stagh, ssy By adding
oooled catalyst in Yine {72). It wlll bs understocd that
instead of using oatolyst to quench the reactidn mmsa, sa
inert solld may be used auch es mand, llme, or refractory
materlal vhich is added in aufflolsnd Quantliy and At &
gufflelontly lower temperature to effzot the dealred Pﬁau%t.
Other fantyrez af the lnventlon involve, me2 heraio-
fore et Torth, an up~flow standpipe arpsngement for adjust-

ing preasurs Alfferentisls betvwoon the rezctlon zone and the

T AT e

rogenaration gone; ancther featurs invelves Murniching st
leaast & portion of the heat required for endothermic re

astiove by supplying the propsr amoant of heated catalyst,

Rkt Eah

Finally, the catalyst flowlng in £he varlous means wny be

fluldized by stenm os herstofors montioned, or by the intro-

3 duction of other gasss such as methans, Gla, GO, nitfﬂgan,

gf“ and the lika; that is b0 =LY, thesé'gaass ma¥ he added through

L . 1inea {60} and {20) and at other points im the system hersto.

fore mentloned, to attain the dealred fiuldlty of catalyst,
T™e pressure in resctor {1) nay vary from abouk

100 mm. of marsury to sbove stmospherlic proesure, aub;

etmosphieric preesure belng preferred.

Many wodifisstion of the imvention will ba obvioua
to those skilled in thls parficuley ars.
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