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BLANKET Cafh

This inverbtlon relstas to an Improved procesas
snd apparatus for effocting chieminal reschions by centacting
% gasecla carbon-econtslning reactant with = fluidlzsed vatalyat,
and more particularly, 1t vertains to o metheod snd means fop
L4 catalytleslly cracking high boiling hydvecarbens to high
S nallty geeolline produet,
In fluid ayetewa whers the resoter ia superimposed
én tha rcgansrator, it 1z necesssry to' cperats the regsnerator

at & highor pressure than the reacton, and ﬁhc diffarence in

10 EES&ILS pressures of thﬂ two prnccss zonaa 1a mado up by means
- bf Y fluistatic head exartad hy 1 culumn ef catalyet sxbending
frum,the highar reactor to the. luwer rsgeneratnr. A3 B result
df thm highar vrassure in the rEEEnerator, the nuat te Lty
struaﬁ &nd operat such ES unit ig highsr than s aystem whers
hhe reganaraﬁor A4 abcve bhs reachor bﬁ roraon that a 1&rger
hlcwar fﬁb transparting reﬂansratinn ged ia requirad, the siza
'nf thﬂ fractionatinb uulumna in thﬂl;eocvery aystem are largen
by virbua that veporous rédetlon product 1 belngz haridied at a
rawar presgure, and cougresslon coata *n handiing nurmally
'Jg;gasaoua hg&rdnarbuns in the rocovery syatem arc graster. Hence,
.'thsra 1= an zoeoncmie incentlve g operate.sﬁch & avatem with

: ﬁha regenerator above the recetor notwlthetanding the problems

Hhinh ars pressnt ip a ﬂaaignﬁinynlving the planament af a
In Eyatana‘whéra he reganarator 1ls larger in size,
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end the auantity of eatalvet belng clrewtleted is high, 1t 1a
wery lMportent to oerarge 'tha stendplps and plasr within the
amaller reactor te provide for fres op mndmpeded sivevlation
of catalyat particles Shroughent the kad, and elas #c arronge
Tor uniforr wlthirawal of catalyst therofrom. Dne of tha
provloms involves the size of the siaee Ly which catalyat ia
clrenlated from the reactor io the regensrabor. Trom an
seonomlic atandpmeint, 1t 1a desdrable to uae &l of the ro-
gezneratlon gz &3 tﬁa carrying medimm for spont catalyst
rasalng upwardly through the rlear, hewsver, the guantlsy

of regener&tion gas may be of.suuh magnltude thet thes 1inean
velosdity in the riser might bo sﬁfficient to affﬂct appre -

cisble erosion and the dlometer of the riser needsd 1o Aopsm—

modate such flow would tuke up conaidsrabls space wlthin the

pzactor. Hence, 1% cah be aesn that there are assrlons

pfublema In deslgning & system with the regensrateor peositloned

vertically above the Paa¢tof, and theae problems detarﬁinﬂ

nthﬂ succeaa or fallure of the syater for comgersinl

exploitatinn. . _
An ubjact of this iPV&ntiDn is to provida 1mprnved

:mathnd and maana fnr cnnduating chamieal raautiona with carbon-

cuntaining gaaeoua reactants in ths presoncs of catalysts.

Anmbhar object 1la o provide an improvad method

and'aﬁparatus for sonvertlng hydronarbuns, aspecially for

catalytleally cracking high bolling hydrocertoms to gascline

maberiel. . .

Other obJestz smd advantages will bs spporent
fram the following deseriptlon and sxplanstion thepsof.
In accﬁﬁﬁﬁnﬂé with the present inventiom, the

methed for conducting such chenlcal reactiona corprlass
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tonsnoting o gasiform chemicel vosstant with a dsnee
fiuldiged bed of finely divided satalytic materinl in a
reaction gome thoereby preoducing = resction product end
conteninzting the ectalvat with osrbonsceons mesirial,
withdrawing a portian of contaminatcﬂ.catalyst frem the

Led in the raactiol sons and prasing the aame uswowndiy
Shrough s fiesl 4erticu1 eloﬁg&téd confined zone as a4 sSdow
penalo in en oxypen sonkslning gpas, nraaing the upllowing
Eatalyst Teom the fivst confinad zens to a rsgencratlon

zone which Is In verticel slignmont mbove sald psaction

zone, melntaining a dense fluidized bed of eavalyat dn anid
rageneration z;na and peaalng thereto the ramaining peortion

of cxygen containdng gea whieh ia réquiréd for the aombustlon
tremtment of the catalyst, pasaing regemercted catsalyst from
the regeneration zons dﬂwnwardly through £ plurelity of verti-
o8l elongstsd confined one g ta the reaction sone, and zalid
plurality of confined zonea ave spaced eymmetrioally with
rqspecf t6 sald first confined aﬁnﬁ thershy pormitting free
elrculatlon of Eatalyat wlthin the reaction sone,

In the prafarrad sbediment o this invention the
quantity of exygan—conbaininé gus carrying the upflewing
natﬁlyst le from 10 to kﬁﬁ bj volumﬁ of the totel pan row
quired for subseguent repanar&uion.

In acome ayatama, the smount of carbonaceous

. material dspositcd on the ‘catalyst 1a amall, congequently,

a low eatalyet cirbulgtiﬂn rate iaipaqd. Tha pregent ine
vantion 13 parti;ularlg_applicabla to 2 system 1in which at
least shout 0,25 cuhicff%at of exygen cantaining gra

{measursd at H0° F, ond 760 me, Bg) 1= required per pound

of catalyst being clrotisted, or usually about 0.} to B
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cubic fest per pound of eatalyat, and ke georditlons of
recation warrant tho ewploymeont of a sAtalyat o o211 ratia,
o 8 weipht basia, of 8t leagt stout 2 and up to abént 20,

In =sach syatema, She quantlty of axggen containing ma pow
Juiired for reganeration wonld naacaait&t& The uee uf £ large
ricep within thu reaector, thGb, in aréar that the AuDET-
fiediel ilnear ‘vslocity of upfluwiﬁg matarial in tho viser be
mainsalned below about H0-60 fezt per secord, ané as low =g
10 Taes perp EEDGH?,_WhiGh is-the.aufa upper limit inaofar as
Eruéiun 18 comoernsd, anﬁ #he Hlepster of the rigsr ho
rsagonabla in rclatinn ta nke reactor dismcter; abtout 10 ta
LOE by volwne of the tobal’ rEHBnurqt*on &8s 13 naed aas the
cﬂrryiﬂg Mex fum for the apenl eatelyst: wherens the remaircder
i= chﬂrgad direatlg to the regens»ator., This 1a an Important
aspect. of the present invention,_bmcausa by érupar uade of the

rogonaration pos atream, the apaes waitakle withic ths rompetor

‘far the ecatalyat bed is uf suiteble alfe and shape such that

._qatalyst utitizatien lz not aerioualy affected by atammant

pertiond of the bad dus te posr clreulation of catalyat within

" the resotlion zone, Acoordinégly, ths risor ia roeitioned

ﬁeﬁtrally wlthin the resctor, and it fs abeub 1 te 108,
prefarably about 2 to BR of the vomcter ddametar aize. In

e prafswred opar&tian the qu&ntitJ of oxygen contalning gaa
whiloh is p&saad upwardly through ths Flzer conatitutes abput
15 to 25 wvolume per cent of the botel regerneration fas, and if
Erovidas'a prafarrad 1in;§r vclocity'within thez vlagr of about
20 to Lo feet per zacsond. Henpe, the aizes of the plsor or
verticel slongated confined zone for apward pasasags of epent

catalysts Irom She rescter te the regenorator la dependoent wpon

the ouantity of carrylog £as used, and the silze af ths riasen
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hes oap affact on eatelyst utilizasicn or cffleicney by reason
of mgactiorsprce made n voflable,

I nnother cspzat af +ols Invantlion, the gpert
satalyst la-atripped of volztlle hydrocatrbons by rnears of g
gaglform atrippling agsnt, e.g., s%eam, bydrogen, normally
EREconms hydrocarbop, HuZe, méthana, sthans, propans, etc.ﬂ
ln & atripp}ng sone whieh currcunds the rizsy dsaevibod
ebove, The striprer cen Te & vortleal, cylindriéalg-hcllaw
FEENE or ToEasl poﬁi?icned comwentrically witﬁ'fhe rlzer but
o larggr diamctdr, Tho Eb?ippaﬂ had & cross-accticnel gpan
which 1a ebout 10 to 50%, prefarably about 20 o VF of the
reacior crods-ssetionsl area,”  The atrlpper stands shout 140
te B0%, preferably asout 50 fo 754 the halght of the reastar
snd 1t mey be provided with lguvsra er sultubls opendngs for
passage of catalyst frcmkﬁhﬁlréabtar bad 67 the atripper &5 -
vardous levels aloﬁg the holght théraaf. The nas af »e-

generatlon gas ey carrying gas for the spont catelyst in the

piger affauta'partialﬂaqﬁhg§§iﬁn-ufftﬁ@ oapbonaceous deposld

‘sn tha catalyat, consaqﬁently, the heat of cortustlon. Flows

: indireetly Lo the oatalyst in tha stripper, This can provide

. ofor ‘improved abripping by mainbaining tke atripner Bt A

?*';g;

‘30,

higher'téﬁparature ﬁhan the reactor bed, Por exemple, shont
5” to 20° ;Ihighar.

The ¥yme of aystem conbemplatced wnde= thizs inven.
tion 13 perfleuiorly spplicable to m prﬁcess in whiech the. re-
ganefator haz o dlameter of aboub 1,2 to 2 tirgs greater them-
the meastor, and both vemasels havs an L/D retle {langth to
dismeter} falling in ths range of shont Q.25 to_j. Tha re-
gensrated cubnlysh la returnsd to the lower poaitioned reactow

by mcan3a of a plurality'mf vertisal slongated confined Zonen
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or staﬁﬂpipes which are positicned symmetrically in relasion
bo the riser previously dlacussed, I & oinglo standpips is
anplered, thors i uneven dfatribution of vR¥alyat bring
circulated to the reactor bid, and sipea the reactor bed fa

not largs relative to the catalyst belng clrculeted, there iz

a great tenﬂuncy for sbhart-ckroulting of recgomerated catelysth

directly te the espent catalyat pigsr, Where $he catelyst bed
ig lerge relative o the guantl$y of catalyst belng civenlated,
he freahly introcusad catalyst haa o better chanso of belng
figtritmted throughout the bed befoba péaﬂing oLy REsin fan
reg&naratimn: Hanca, the ﬁrosent inventlon ls.periiculerly
applicable to o %ystsm in whick a%out 1 to 20 pounds of
catalyst par hour is being civrewlstsd oor pownd of patalyst
sregent in the reacilom Rone, preferstly abaowt i %o 20, on

the amms bazia, The standpipes cgn'b; 2,2, v mape in mombar
dependlng en the erféctiva crpse-gectlonal area necdsd for the
reactlon zene, and thess are avrangad symmetrlcoelly with ra;

speet fo the riser, Each aiandplps has o dlameter which pro-

videa a eatalyst Flew pate of 100 te 300 1b/sq.Ttf2anond, and

1t constitutes sbout 0,25 to 4% of ths ronctor ddametor,
Eaeh éf:the stendpires 1z of smaller Aiemetor than tks riserp,
Two types ¢F aystems can be uzed for thip 1nven;
tiern, namaly, ona in waich the regensrator is dirsstly avpsr-
lmpossd on the vesctor and termed,for convenlsnees, as the
"aingls head" ayatem, and ths cther ome 1nﬁGIVEs rradtioning
the regensrator abovs ths resctcr such thet alr can eireulats
batwasn the vassels and termed; for ecomveniencs, ad the "two
head" syetom. For-reasona of dtrength ih structure, the twa

Tagesls are intéﬁﬁbnnectad Hacharical¥y by means of an

Intervessszl menns or atructurs which san be, for exampla,

=T
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Eis nﬂt deairablc hacauae 1% ﬂxpanﬂs considorably More Shon. ﬁ' IS
' };'ﬁha matn)” of the veagel, #ince the vessel 43 ipsnlated

 1nEariar1y, wharaaa thﬂ g 14 plat& ia expcapd dircetly to

alze ragenmrﬂtorﬂ, ifu., of 1&%59? ddamster than mentloned i

“erda of the regensrater, &nd it campletely snvelopes or

. -seals  the opening of the riscr asnch thet material car only

249357

on invarted cone contalning suitable apenings fop PRaakpEe

gly, -This ia n neceagary cxpedient sines the regensrator
la she lsrgar vezsul, and sare snould be talxen to evoid any
tendeneics for the voszela So meve in voaltion, other then

v =xpenelon throush changss in tamparafura. The =ingie head
streckore 13 aore sconomieal snd gtructurally supsrder 4in
regard to ayetems dn which the dinmefsr of the regenerator Ia
nos mere than aboat 25 feat. Bselow such Aiametapz, the anmeunt
of metnl sxpansion incurred con be reaazonsbly accommnedated oy
using matal thickneszes in vesscl structure which can be

Tabrieated and handled without sxcavaive cost and wlthout

-inuurring unrellable veszil quality which may rendsr the

vesaal wvosultable, 4% greater dismeters than the limdted
steted abova, a two heedad systam 1s uacd preforably,
' In conreation. wlkh regsnerstore: having diameters

greatar than abouk 30 feat, the problem of distribution of

‘reactant material bacameé'important. The nse of o greid plate

mpamy oo ey

M e e

';'.high tampﬁr&tura ﬂ&torials. Gcnaaquéntly, # zrid plate can

cauaa structup&l failure, henca, 1t ds= not wgeful for largs

abava. .Fér the pirrpose of distributior, a foraminous means

1s erployed which 15 abous 10% to 30% of the cross-ascticnal

peda througsh the openings or holes therain, Speelfically,
the foramlnoua meang DAL he ‘a-oylindrical scotion with s

sphariﬁally ahepad oover platc cokalning plurarity of

b |
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spenings, The foreminess meang will bz deaipned te ecrecte

A predaurc deep of sbout CG.15 %e 2.5 pal., prefersbly shoub
0,25 teo L5 psi. The sir which iz charzed dirsstly to 3he
rzFencrator bed la dlstelbuted by mesns of & dorua masns
5 contain;ng a sgrdea of epsnings for pagsepe of the pa-
generafiun gag In a cireuler Peshion eround the Caraminous
meangs. In thisg munncf, excﬁllaht distribution of gas and
catalyat ig ohboined,
The presckbt loventlon heaa partioular applicotion
1o to a hydroecarbon conversion profess in which it is cone
templetod employivde o pagenerstor which consalnz movs
catolyst then the resctor. In this connéctinn, tha}ro-
generator catelyst bod le vauwally shout 2 to £ times as
ek, on & welght besim, as the rezctor satalyst hed. This
invwention 1s sspaciélly sdapted for catalytic cracking of
high boiling hydroearbou-oile. The high beiling hydrooarbon
-oils have an initisl buiiiﬁ; polnt of abopt 400 to &OOD_F.,
ﬂnc‘ an =nd point of ahout O to..abl:mt 13007 B, ’L"hEI.F\PI
'.“éfa}ihy of thé high beiling hydrocarbons rangaz from abond
10 te abont 40°, .ThE high boiling liardro;:arhnns mrs, Lob.
axampié;:gas a1l5, raduced erude,. vapnen Aleatlilletes, solvent
dec'aihunié'ed residusl olls, obe. The high beiling hydrocarbon
is crm}karl.ﬁ;t o temperature ol aboub 850 Fo abent 950° F,
ﬂt.thiﬂ time, ¥the resctlior presstirc i1s meintainsd in the
rengs of about 1 atwosphers to abeut 50 psig.. more usually,
shout & to about 29 pslg. The quanslty of o1l which is pro-
sedasd relative to the quantliy of catalyst whish iﬁ pregsnd

ir the vesction zonc is maaguroed ad the welght spaece wsloolity

and, in generhl, it iz about 5,25 to ebout 15, mers ususlly
ggﬁf;'BG- abowt 2.5 %o about 5, The cabalyst to oll ratio, on & wolght

-0-
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bavls, falls within the anme renge epeciiicd sbove, namely,

sbont 2 {0 ahout 28, nore amielly, about 5 to sbaut 10, The

satalyab to e uscd for toe cracling ater 1s a aultable
cragking catelyat, usuelly the catelrzt 13 a gllicecus naterial
Auch az one cenbsining allien in the amaunf of ahuut S0 &g
ahout 100% by weighs, more usuelly, sbout 79 to about 95% bF
weicht., The sildes cen he uaed ln fdmd xture wlth anothan
vatalytle component, the ather oatalytic coanponent 1a, For
examola, alumina, zirnﬁnia, borism, magnssin, otz

A5 a resdlt of ecateiytlioally arneking ths high
beiling hydraéarbon 01l sarbonasooue msterdel “a feposlted
on tha eatatyah. ﬂence, the catalyst 1s subjected to & re-
gencrabion treatuong st = tamparatﬁra of 7007 te sbout 1200° F.,
mers wsually,s ohout 10009 to about 115d° F. The pressurc of
regeneration varien in the ‘dame pangs as the reastion prossure,
The nataiytic material 1sﬁﬁurned by mesns of an QXygen comn-

talnlng gas: si5., alror e diluted alpy stream, Prior to

- the raﬁenewaticn treatment, the catalyst may be sk Jeeted to
:: atripping by Tieang of & gaslform atrdpping egzent. The

:_atripping trautmen* 2ETVed $0 remove cocluded volatils mater-

L] 4

1als and to dsaork such hvdrconrbnnﬂ containsd by the catalvst
The stripning troatmont 1s offscted, in generel, et & taMa
parature of about Bt to ahﬂut 1600% P, move usually, Ebout
U759 to about 95U“_ . By wirtue thot the strloping zone
surrounds theo rlssr in whiech regeneretsd catalyat im eareies
ﬁpwardly by means of an. oxysan caﬁﬁ&ining g&a, the heat of
scombuatinn gﬁnsrateﬂag%jbﬁrning with $the oxygen containing
gea 18 tranafarred.indifactly te the stfipping zons such

“that ths tamperatﬁﬁg of thoe striprer ia about 3 4o abc:ut.EUg

groator then the reastlon tomperatiurs, more bsually, asboud

=10
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in Flguras 1,1in 1hich ] r@uction vesael 10 supporua a ra-

:g@naratinﬁ vasgael 11 by meang gf an intervaSSHl strocture 12,

‘may weigh L0 tons empty end whon they contaln ths usuml

549357

5 fo aboub 20° greater on the sams bagla. The gaaiform
atripping agont which is wmazed for thia purposs con ha, Tor
eREIPplE, dveam, flue gas, carbon dicxids, noomeliy gassoug
bydrocarvens, n.g, nothans, ethano, prepsns, eto,
In order ¢ provide & better wnderatanding of
the preaent fnvenkion, rsfafqﬂﬂ& wil]l] be had te ths accam;
panring drewings whioca form & part of this specification.
Tn the drawinre:
Figare 1 1s e apecific exenple of o doubile head
dyatamg '
Figure = fa a gpecific example of z singie head
aryatem; and
Flgmre 3 1s a specific Allustration of o croaa;
secticnal view along a Flene [L-if im Flgure 1 wlth Zhe |
crisalon of ths ¢yclanc seperatoer, |

A specific Bﬁbcdimont cf tle inventisor ia ahown

' Tha_antira ayatam 1s 1n turn supportea by & gteel and son-

' crete Poundation 13, upon which reasblew weezsl 10 reats,

The sotlrs remectlcon vesssl and regznerstion vazzel nszembly ™

ﬁréﬂass angunts of cakalvwat, the'apparatus and econsenta may
ordinardly wailgh About 795 tons en sver. Such an asgembly
May have a heolght above ground to the Ecp ol the regensration
vesanl 11 of 135 feet, Both remction and roganerasion vosasls
maat ord;narily'ba conatrusted cylindricelly with aphericml o
o samispheréiaal uppar-aqé lowe; encd bacause, in zddition
to structural atraing, tha?iﬁra operating unden elevatéd_

bamperetures and pregaures, o tempsrature of about L00°F,amd

-1l -
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.ahcut © pelg. belng typleal for the interior of Lhe reganars-
tion vesaol 11 snd & temporature of nbout L00° F, ang about
1%Ipaig. Eaing typieal for the izbterior of resption reaaa]
1G,  Both vezaels ars ordins=ily iines with about } inches of
L refracbory consrets an thot undas cporatineg senditiona the
Rternal metnl surface cxpessd bo fvee alvonlotinn of
atmogpherls air will not sxesdd 2002 7, op 00% F., while
The nekal surface ereleogsd within ths intarvesael atructurs
will not exeesd ths “tempermtu=c of tha alr encloged withia that
1o § brin bura by msre Than 100°7, or 200°%F, Zmesusa of the RS
welghte cnd bessuse of fhe large dlmensional chenges wlth
tempe ra ture, the twp vesasls and theim Interoonnechling sppapis.
muist be nazalve npd yet capable of w»elstlve noevement . Iobsr-
vesEel dtructure 12 is profsrably sheped ilka rart of mn

16 Inverted conm., & number of lprza holes 14 ape provided in the .

strusturs 12 se that uir Ty fresly cireulats between the

bcttnm.of “eganavation vnaael ll end the tnp nf reacelon veseal

e ———

,:10; Prafbvﬂbly, the. ﬂpaGE bavwaen tibe ends uf the twoe vosssls

Lfyithip 1qtarvassel B trUo tora 12 1z mﬂintalnﬂd'at & Lempara tups

éh;in.excess af about LG0°F. by the elrculstion of Air .
E?j’-' : In tha gpsclile embndimnn* Itlugtrated, ths lowsp f' .
L !
part uf 1ha roaetion vesssl 10 ia dividad loto en amular

f@q,.”- . raauticn Eone, 15 apd =& cattrally positloned erlindrlceel
“ atPipping sowe 16 by mesne of = veptlerl eytinder or wsll 17

P | .
25  extendlng from the botton of refetion wsmasl 10 up to about

S8 mld-slevation, Ths horlizonsal cress-gestion af Ehe stripplng
fons dhould be betwzen sbont 15% aod hOH of ths horizontal
': cross—sactina af the ranétinn Erna 15. Thae twHo sones communi- .

W

cats with cach cthen. bg msums of hurizontal alots 18 in tha H&I@

j - of cyliruar 1;. slots 15 yra d:avosed at mope than one slava~

] fm
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Bion 8¢ that She vessel moy operase uben filled with catelyss

to varicus deptho, howsver, slote 18 ere located neur the
bobtor of Lhe sones 15 nnd 36 o that they are almost always
substontielly below the upper zuapfacs of the cutalyst beda

vonteined therein. Ths alots 16 &re shleldsed by meazs ol

W

locursn bufflms.lg Whlea sxtend obliquely dowrwmarda (1a the
dirsction of tlow)] fron resction Esne lp to Buripplng fono 16, E
and extend alcng the lowér edge of 310;& 14 o ahileld them From
upflowing vepars and to- prevens orossover of gaBes hetwsan the
iG_v_ (tWo zones. A6 maxlmul lsvel, soms catalyst @111 ilow from zone
S xﬁ'iﬂto zone 16 by wsy of ove=¥low over ths wupaoy edgs of
egifader 1%, . |

Circulution of catélyst batwaen'fagens*ﬁmion KLEEDD!

.{-\.}-

ll #nd reaction vnaael ic 1= &qoémal*shed ﬂy means ¢f A cylindr j

15 ¥ upIlow conduit 20° unﬂ' a pﬁ:.r 417 J-Dﬂnflﬁw*uﬁhdulta 21 and 22,

j Cnnduits 21 snd 22 are. arrangéduﬁymmatrically with respect to-

”tanuy Trom wll.;ﬁm the*:. TeviicsT side ol Fenctor T0,

cqnduit 20, and aaun of %aid conﬂu;ta 2l ‘und 22 ts apaaed nquiﬂi‘ J S
L |
i

uqduit 90 opens ab it& lower e in ithe lowsr part of aterp&ﬁk
nﬁ 1& ‘at Llba upﬁdr and 1% enters tha votbom of Pegenaraniun ;-
__: vagsel 11, ard opsus iqto thﬂ Intexior of & rulstivaly gmull :
L discribhtor veesal 3 The wolght of condult 20 is supported P
&t & ﬂuahlng in the lower cnd of regsnsration vessal 1l. Ths
.part of condult Eﬁ'wl‘-ilnh erntands through tfxs coolad 2pacs :
hetwsan tha twu vasselﬂ includss an expansiuu joint 2l of the i'
: ballows tvpa. o _ b
Concult 20 is 3o mrranged that it is complately inter ;

d&pﬂnﬂeﬂt of the upper end of ths resctlon vessel L0, 4 sssal

_ batueen the conquﬁ_zﬂ &nd the upper snd cf raactiun vagzal 10
?SD la rrovidad by ths ”I::lal]_.:D_T.rlﬂ type expanslon jolut 24, the upoer

~13-
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extremity of whieh is ssnlad Lo the sxternal aurface of
coduit 20 apd bﬁc luwer sxtremity of which 1p supported by ane
I scaled to whe uppur end of <ae .react‘I.Dn vesscl 19, Thla
acel arpengsment pernlts movedsnt of the sondait 20 in elthan
an upward or 4 downward dlrectiog “hrough ths upper snd of Eas
reacfien vesssl LD and tho spoca spoiomad betwaan the endas of
baz two vesasls by ths ‘nterveszel Structurs 12,

_ - The wovement for walek sxpansion joink 2l i3 provided
sofura vhon the temperatnre of ths various parts of the
anpAratus sre changed from atmospheric dompersturs whew Ena
apparatug is nob In oparation- tu the elavstod tempe raturea
rasalting from the unorme] op‘a'::r-'at;r.ng conditicns for which &he
abpATaAtus 18 desimad, T:.rplual 5anditions durlag operation

might by L00%®, to 200°F, fov tha matal of ths inbervssgsl

Catrusture 12 2, LOo"m, ta EGDQF. rcar the wpaT snd of the reage

tion vea3gel 10 and the lower and ul the ragensre tlon vossel
12L, and 350°F, to 1,].00':’1'-'- for the tesmperature of the wpllow
m:unduit ED.

The tcutal dii‘fez-ant-ia.l mnvamunt of ths wpilow pondult

20 hamean 11:3 supunrt palnt a4t The lowar end of the regensre-

t'Lcn vasse:l. 11 and the *.ralnfa sent-28 ot 1ts lewer nxtramit:.r

'vurias the ralatively hot' and 2old positions of the valve seat
36, The low of waterisl into the upflow condult 20 from the

at:;ii;piné zone 16 1s dependent wpon the slze of the opening
betwsen tha rsciprocal :Iml'#a 27 and fts asat _EE. Thia valwy iz
éantmllaf;l In sueh & manner that 1ts opening will give the de-
gired floWw rate regardless of the movemsnts of its sent dus to
e.xpansimn Tezultlng Irom change in tempsratnre of the varicus
port.mns of ths apparatwa, .

ATrengement of the downflow conduitas 21 cnd 22 wish

wll]m
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thair éxpansion jJoinke 25 rnc 26, thelr velves 29 mnd A5, and
thelr valve sects 31 and 32 is =imilor to that al the upllow
sopduit previously dsscrlbed.

Condulse 21 ang 22 aps slimilorly suepenced Fror the
laver =ad of regeaorstion vesael 11 und Loe alac provided with
sxrengicn Jolnts' 25 cnd 2%. - Thair inbaks 1s frew tee botbom of
reganeratlon yeesel 1k in ou Sonuler specs sxternal to digtri-
butor vessel 23, Their oublets apo gonr the aothon of reasciion
zone 105, somewbai higher than ta2 inlst ﬁf upflow conduit 20,
but aulficicntly low su as <o dbecharms regeﬁarﬂteﬂ cotalyat
into remcbion zoos 20 al = point gurficicnsly low to avold Ite
mediante Flow of fresh regsneratod SALRIyEE lato strippiﬂg BOTIS
1t by way of ths louvored =zlnts 15,

Tpflod shrougn eondult 20 ang downflow ibirougzh cone
dutts 21 ard 22 mre oontrolled by plug valvesz whilch dest nEainst

annulai seuns o¢n tha loven. end 9f the respective condwlta, said

_ valvas heiug vartieﬂlly rq¢¢procabla in uha bushingz in the

buttmm of peaction vesssl 10, VErtically raﬁiprocahle valve 27

'.ithﬂnﬁrally poaitioned and seate against amaulor valvs seat 28

.;in?ﬁha lowar end of wpllow condult 28, Wwhile suiid stem valves

29 and 3D simllarly raciarouabla in the bottom of reactlon
vessgl 10, Eant apgalnst valve 2outs 31 and 32 ln the iower ewmds
Df downilow cnnduits 2l and 22 meepsoulvely, Diatribupicn
Yoagal 23 18 & centpolly lonated, vertical sylindar end closeg
%t 1ts lower snd by the wottom of resctlon vessol 1l and having
2t its uppsr end a evnvex surface 33 walch 13 providad with
nume o relativoly smell openings 3. Distrlouting vesssl 23
Reryea to diachearge spent catalyst entpained In regens rating
b2 upwWardly inbo & mass of catelyst undergoing regenerstion.

Such 8 masa is Indicated by ¢he mumersl 35, Distributor VLT

._:|_'5"h
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23 diacharges the spent catolyss and »egonerating gae fuauslly
air) inbo catzlysi mass 35 8t o polas somswhat abovae the
bstton thewsol, $o0 shat regeteraied cabalyst belne wilhdrawn
from the bolitom of cateiyal mass 350 1z leas l1ilels to entrain
anteslrebls amounts of JRFEEN or otaer ragensratlag gas
vonstitusnks, Additleonel regensrating gas 13 fntroduccd lato
tha lewer part of castzigst mess 35 by means of & diztploutlon
rlouz. Distelbutlon ring 36 is a nollsw toreid which circum-
scribes distributior msEns 23 and provides an aanuler space
thersbetwasn, Reganeratlng ges introducsd into the Intsrlor
af digtribution ring 36 by way of pips 37 sscepsd into catalyst
masd 35 by mernz of numerocus smeil holes 38 in the upper saupr-
faces of distplbetion ring 36,

Flun zazsy rise from the upper_aﬁrfanaa cf eatilyst
mazs 35, sabreining considorable smounts of $he powdsred

catalyat undergoing rogane ratlof, Most of thia entouined

. oatelyst aebties out of the rising flus geses =5 they pass upe

”wdﬁdlﬁ through the usual 20 feet af ssbtling zpsce above the

catﬁliﬁt*m&sa 3B within regenersaticr weasz=)l 1l. The Ilué g&saé
bhuﬁ'yaas:through 2 eyslonsy Aeparating ayzdsm 3%, rstuwpnlag
-additional antralned eatelyest o cotalyst mess 3E by way of
ﬁiﬁ}egé L, fﬁe flne gases then pass oub of regsmaeration
vessel 11 hpfway of Mas L1 end astask 42, which extends uoward-
iy from regenerntilon wesssl 11 T2 2 diatancs which is sarely
abeve adjacent opesrating eguilpment [about 150 fyet above the
gfgund, ln a typlenl orea),

Regonoratied catalyst loaves the bolsam of catalyst
magd 35 through downflow sonduiss El_ané 22 and anfiers & pone-

tion mazs of anmular ab#aps in tha lowsy part of resctlon vass=gl

. 10 snd indleated there by the number 43. Hydrocarbons to be

ulEn-
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cowverted are intreducsd (usuxlly o liguid form) through a

subatential oumber of jef nozZlea Lkl in the bottom ol =wactlcoa
vezsal 10, Thers srs wsually 20 or 30 of thess nocazzles and they
are ordinartly zbous X to 2 incher in interasl Alcmster. The

5 bydrocerbens veporize, sitcst inatantly na they enbtor the bed of
Mot estelyst 42 anc undergo conversion as they paas wpwardiy
trough the wes2s of cutelyss, The convertsd vaporsa tise From
the upper surfyoe of oitaiyet me33 Ud,loge soms enbrainsd
catalydt by ﬂ;:ttllng in the spaca shove nass L3 within rsaction

vessal 10, lase further entrelned cetolvas by passoigs through

& cyclong sepﬁr;fing Ay et LS, and thew pass out of reaption
.  vassgl 10 by way of Lins !4, which caprlds tha ropctlon proe
',_fguuﬁ vepers 1o o frecticnsl distillatlon toder in which. the
:ﬁ:uﬁﬂriﬂus-EDnV§EﬁiDn procucts are s=soyeled op sopareted,
SRRe ~*ﬂwmng~nhaﬂaqu;gﬁgﬁﬁﬂﬂescriﬁédf1ﬂ Figurﬁ.iéffhé o

" fhllowing. spocific conditions aroc employsd.

Wegsnarstor dismzise, Fh. 32

 Regenerator length, Ihe 300

| Reactor diemstars ft. C 2o

. Raactor length, it. it

" gondutt 20, dlameter, ft. 3t
tcondult 231, didmetar, b, 1
gondult 22, dimmstaer, It. 131
stripp&r dlume ter, ft. — 10 -
stripper Tength, b, : 201

1—1?—-
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Raretion conditions

Lsactor tomperatnrs, oF, 900
Reector pressurc, osiz. 12

Raganerator temporatars, Y@, 108D

g Regensrator pressurs, pslg. ]
Wedight snace val;,wcfﬁrfwc 1.
Cotrlyat to oil ratic 12

:  Vol.® air charged £o Conduit 23 25
Foattor eatalyst, 9aa 80
10 Tincar ¥ol. in Condudls Ed,ftfsac. Lo
011 feed, rate, barrels/day 11,510
Foed gravlty, CATT : 25
Striprer tompersture, °OF, 910

81llca~alunine ocatalyat

>(,>

.. Figura 2 containe a spacific illuatration _f a2 singls

A

::hﬁad aystam involving the prineipals of the preaant 1ﬂvanticn.

5Th tﬁh drawing, tha nnmﬁrﬂlﬂ empldyed deslgnate zinllar apparafuat
L ;. parts Which were desceribed in epnnoction wlth Flgurs 1, Ths sig-
.":-nificant ﬁiffarenca Fetwean Figura 1cend ™mra 2 is that In
'Figuro 2 the single partition 55 is 8 monns of dlviding the
.ragsnﬂrator. Thie mathod of fabrlcation is usad wherq the

ragenﬂrﬂtum-ia not pore Than abeut 25 ft. in dfemetar, Tn the

spauii‘in arxarple glven in Pigure P, the regenerator ig 1% 7,

z-diamatar end the reactor g 13 ft. in dlameter, Ths Jﬁﬂ

B v
T

';“ratia for the pagensrator 1z 0.7 and the 1/D retic Tor the _
reecton 12 1,3, Comduits ﬁi'ang 22 gra of tha semo longhbh and "
dimmeptar and eaeh condult baz a diometer of 1.2 ft. Comdult 20

which serves as & rlasr for the speant cntelyst hos o diamater

of 1,$ £t, and the alr streeam whieh lg nded s & carpying mesns

Do the regensretion gas comstlitabes about 208 by volume of
nli=
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the tobal rogsnerstion zas, Ths linesr volooity of the tofal
wpflowing swterial in cendult 20 is 5 Pi. per gecaond, strlpping
weli 17 bag & cianster of 6 172 75, snd it comprizes mbout 259
af tThe resetor crosz-gsztionsl nroa,

_ Plzure 3 13 a crosz~aochtioncl view of ths reactor in
Plguro 1. It i3 to ke noted bhat conduits 2@ and 22 &re apaced
ymmabrleally with réapect to the cantrﬁl riser or condult 20,

Furtaer, it sheuld bs nobsd Shat oondultas 21 end 22 are apaced

'aqﬁiﬂiatanﬁly from the wall of woll 17 cnd the wall of pagchor

10, By'this arrangshent of spparatus parts within the ragcton,
& frea elreonlation qr'uatalfgﬁ withla tlwe meaoetlon zone 1a

- providsd and theraby catalyet afficianey 1z nainitoimed &t s hizh

“‘level and thowo is 1ittle danger of bhe formmtlon of sbagnant

R

P L
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51uprlow means having its upper ené in cpen communication with

_'lawnr apd aunrundad uithin the bottom pert of snid renctinn

1
t fullowas

F elongated reaction means, a vertical slongsated regeneratlon

-open cummnnicatiun wltih said raganaratinn msans end the

m@nnu'rar Aupplying riuiﬁitb ‘eeild rencbiaﬁ mMeansd,

.atriypihé maens aituﬂtadauantrnlly wlthle seld raactlen

. upper end of said reagtion meens, the plurallty of vertleal

549357

398,093= 6,176
Ba1b=57 "

The embodimsnts of the invenilon in which an

sxoluaiva property or privilegs is olelmsd are deflned =a

1, An apperatos somprising in coculbinatlen & vertiesl

v

meena of snlerged cruss-aaptﬁnnal aren ralative Ho seid
rerction mesns sltuated absve sald reaction weans and 1n
vertiual alignmﬂnt therewith, & vertinal alongabad upflow

maana Altuabed cantr&llr within gald reastion mmana, gald

said regeneratlion medns and the lower end suspendsd within
tha bPobtox part of seld reaactlen means, & pIteallby of
vartical elongabed downflow mesns situated within said i
rn&ﬂtion1mﬂ&na in aymmetrlcal relation with seid upflow
means, each of snlﬁ downflow weans baving the upper end in

maars, meansz for uupplxing rluid ‘to sald upflow wmemna, and
2, . The apparatis of claim 1 which inclaodes a vertical

meens and surronnding She upflow moane wlth the betton

Bhi ﬁhnrauf belng connescted Lo the bobtom of the rsactlen
meens apd the npper end thereof belng in open communicetlon
with the resction mesns at & aubstantisl disbance from the

downflow meana bhelng situated within aeld reestion means

in symmatrical relatlon with zajd opflow means and putside

' T
of umld stvipping mesns.

3, The -apparctuy of claim 1 which 1s forther character

© e — __



f?. The npp!r-ﬁus ef zlaim 1 B 2, which inclnduu

. oontamlokting the batalyst with oarbonaceons material,
|I-

Al ﬂithﬂrlwing a portlon of von tanrine e d catalyat from the bed

"4 9357

ized by the wpflow means comprlalng ebout 1 to abont 108
of the dismeter of the rascter and esch of the dowmilow meeang
haa & diameter of sbout 0.25 to sbout L% of the reactor.

Ly, The apparabna of olaim 1 whilch is further chapscter

ir0d by having the regenaraflon means auperimpossd on tha
ranctinﬁ means aach thet each ol asaid means 1s sepsretsd
by a =ipgle partitlon and the regoneratlon meens has a
diameter oot greater than sbomt 25 fest and the L/D of emch
of sald means falls in"tha range of about 0.2 te 3.

5. The spparatns of claim } whioh is further character

]

ised by heving the regeneration means guperimpozed on pald
rescbtlon means end sald Intervesmel mesns is provided with
npanings for frae oirnulﬁtinn of afr therelin,

b. Ths apparatos of cleim 1 or 2, which includss
axpanalcn me#na amsgniated with each downllow meana and
siteated wlthin the reﬁution means such that bhe loser end
1= auapunﬂed 1n the bottom part of the reaatian.mnana Bnd
the uppar anﬂ {:ﬂaeal@d to said downflow meens,
n_fdrnminoua distribution means situatgd_peqtrally oo thu
bottom of the regsparation means and of anbateantislly
reduced orosswsectlonal area relative thersto and =
clrcular distribatlon meana eircwsseribing arid foreminons
means And forming an annelsr zone therewlth within the botsen
pert of seld regensration mQans, the eplflow means heving ita
upper snd In opan communieation with aaid foramlnons means.
a, 4 proceas for cheamical reketipn which sompriassa
conteeting n'gluirorm chemlsdl resctant with = donas
f;&idlzed bed of Flnely 4lvided catmlytio material 1n a

f;auk;un zone thereby producing & restich prodact end

2
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itn the reactlon zome and pagsihg the asame upwardly through

a fiwgt wvartical slengabed confined zone as a suapensien in

- an oxygsn~oontalning zams, the guantity of oxygen contalning
carrying gas being about 10 to hOF by volums of the fotal

gag raguired for subssguent reganeration, passing the np-

flowlng ocrtalyst from the first confined 2one to & regepera=

tion Zene in ?aftical alipmmont sbove pald resctlon wone,
meintalning & denze fluildized bed of cabalyst ln sald
ragsneration Zope @nd pessing therato the rgmaining portion
of oxygan=conteining gaa belng regnired for the regsperation

trentment of the catalyat by cumbﬁatinn, pRiasing ragenarated
eetalyst from the regeneration zone dowawardly through 8
plorality of vertical elongated punrinad zonas to tha
reaction zone, and sald plurality of conflned zZones belng

speoad aymmstrically with reapect to said Cirat confined

mne sherehy permitting free circnlaiion of cabalyat within

the reemction zZone.
1 4 proceas for chemical reactiona whleh comprlssa

opnﬁacting a gesiform chemleal reactant with a denss

Pinidized bsd of finely divided catrlytic mabterial in a
reactlon zone thereby produsing r reastlon prodact and -
" otntaminatlng the cetalytin material with sarbonaceous
mhhhrial, withdrswlng & portion of contaminated catalyst frow |
:t%%%had.in the rasstion zones and pagaing flie pame upwardly
through a flrat vertleal elongated conflesd zpne ia m

suspensica in ap orygen-conteinlag gas, the gquantlty of. '
axggen-containiong sarrying gas being about 10 to aboub ho#

by voluma of the totrl ges required for subssdqnent
regeneration and the linaar veloelty of the upflowlng ghssony
puspsnaslon of catalyst in the senfined zone belng about 10

™

to mbout 60 féet per second, pesaing the upflowlng catalyal

fvem the firat eonfined Euné tp a raganaﬁatinn zone in
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i from the f£irst alongeisd confined zome boe a regeneratlon sene

| the meaction- some, the lmprovement whish comprisss first

49357

vortiesl allgnmwent above sgld resctlon zone, zalid reganara-
titvn zone contalns akout 2 to about 5 £imsa az much catslyss
an the re&cilon zons, malnteining a dense fluldizsed hed of
satalyst ln said regeneration zome and passing thereto the
remalning pertion of pxygen-contalning gaz volng regulred for
the regeneratlion treatment of the cetalyat by sombustion,
vaaging rezanarated catalyat from the regenerkilion Zone

dosmwardly through 2 plaralisy of verticel slongsted confined

zonas to the resctlon zons and sald plarality of confined

zpnan belng spased aymmetrligally with respect tio sald Firat xi

- sonTlnad zone thereby psrmitting free circulation of cntalystl

withio the resctlon zone,

[

1. In & proceaa for effecting chemlsal rezotliona where
g gaaiform bydrocarbon reactent 1a conbected with a denss
fluldlzed bed of catalybic materlal Iin 8 resctlon zone there-

by producing & resction ﬁrﬁﬂn@b and contamineting the catelya

&1

with earbonaceous siEterial and velatile hydrocarbons, with-
drewing & porkion qf udnta;;nitad catalyst Ffrom the bed of
the reaction zone sd paasing fthe same upweardly through a
firat vertical elongntad'énnfina& zons &3 & gaspension lo &n

cxyeen—acntaining gas, passing bhe saspsaalen of catalyet

which 13 sitosted in vertical alignment ebeve sald reacticn
ZoNne , mnintaining & denge fiuldized bed ol catalrat in tha
raganarntiun zone Por the regeneratlon fresfmant of tha
catal&st by aumhuation<¢flths cartopacaepns material with toe
oxygen-contalning gaz, and passing the regenerated cmtalyst
downwardly through & plord 1ty of slongated coﬁflnad zones to

pazsing the spenb catalyst from the catalyast bed Iln the
resckion zone te & stripping sone which surrounda sald

slongebed ﬁanrined zone and ehpnbeotlog the same with a
. '3




: oatalyat within the ramectlon sone.

-ized by emplojing for catelyat clrsuletion about 0.058 te

reaction 1a bhe eetRlytic cracking of high bolling hydro-

549357
ghalform stripping agent for the removal of wolatile hydro-
carhpna, phsslng the strlpped catelyst from the strlpping
wone to the first elongated confined zone end cerrying bhs
same upwardly by mesns of an gxygen=-conbalning ges In &
quantity constituting about 10 to about LOT by volume of the
totel gas belng requiresd for subzegnent traatmant tn the
regoheration Zone, passing the gasecus swapenslon of atrlppsd
cabalyzt to the ragana;atiun zone whereln 1t 12 contected wlth
addlttonnl aygen~contalniog gaz which fs regqulred for
opnplets regeneration treetment, apd bhen pagaing regensratad
cat#lyast downwardly threough a plurallty of wertleal elangabed
confined monea for resiroulation of the reactlon Zops, and
satd plarellty of conflned sones being apased symmetrlcally
with respect to seld first confined sone and oubside of mald |
stripping Zone Lhereby permitiing free cirsaistion of

1. The procssxs of clalm © whish iz further sharacter-

abpnt .5 cuobls feek of oxygen=contelning gsa per pound of
catalyst belog cirewleted snd abeut 4 te aboubt 20 poands of

F

catalyat per hour belng cinculeted per pound of cabalyst shic
ia present in the reactlon zZone,
12, . The prosess of olaim 3 whereln the chemical

aarboz ails;
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