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WD 2004/ 101136 PCT/ US2004/ 014403 REACTOR APPARATUS
This invention relates to new reactor apparatus useful

wo ovo4aeriByi ng out chemical reactions. More  PCT/US2004/014403
particularly, this i to new reactor
apparatus 5 that caﬁi(%@foge%&? tTﬁsry out chem cal
reactions in a fluidized catal yst bed. Still nore
particularly, this invention relates to new rea

or _
appaisatnyentipat relalgsplo LW 1eackdr pPPaIRLYS dﬂf@rﬂﬁﬂci@r carrying out

n
o G3E B0 Ty LG, STt B eactorapparat
that aém eehuyeni togcaory edtretremicalaeactdrisindofimigizedaatalystebed.  Still more

e R ULy 51 S ST g o o cary
out éHB?ﬁEéﬁ@acﬁQWé it salystbed atmigh tendserdRiteseid in the gas

for nufacture of a wi'de variety of polyneric
phaseawtthi redsced elfteslsurpiioyerpther sndgsirghipddownsieas gidgjreactions of

ex iles, and in resins, such as ABS

prodgﬁﬁ %@sﬁx{lﬂg_@a&%@éﬁ dwi de acrylonitri I e is produced
in amounts exceedi Backqroundidf themvemtionc t ons per 15
year. One nethod for manufactyri ng acryl Ogltl‘] le is

ox’f\gqyi@lt,gq%ﬁya@ﬁgpprﬁa@tr@m diy chemigal r{pgln%gﬁénonomer for
o eyl A G STRLGFAL R 5598 B otmors for oyl
fiberanmsed, dat iexampdacini mtllest wpidcial nq%Ingss@uahs';iﬂ ABS and SAN resins.

rticul a heter neous cat al yst d
Worfidey&irloBieoS PR etk suer ifl St U gt tons per
yeardaNO s GHedRdt it AdufRtudy )dcgnbrﬁlfrllé dsito exidept pdpylene in the

conversion 20 and yield. In dition to producing

presgpeg [of riremionia, using rat%%@thedépum? peEIeGIAT eygsn as the oxidant.
Suclggof]x?ara%a)nyre% ﬂ%:ézlalgg Q:raﬂ ;érrlrg%lﬁgfdgﬁ%@&g? aLc{?\% Tt%%dﬂ?bbfe a solid-
partlboraté Ulétesgarcodat batalysdaamt isorfluidized peatdiyse bed to catalyze the

amnggxﬁ onr{e%?g;lﬁgp @Iéltd ;}Argglggttgglgdegﬁlgr abI %iﬁggﬁ%%gégpt%lgleugoenversion
and ;ﬁél 8" OWECRE@HSH Qé‘&ﬁb&é&mﬁ%&%bﬁn‘trﬁeh@\‘!@w Eﬁﬁﬁoﬂ@dﬁ’ér@ Pesktions also

whi ch can be used to convert propane t
gen%raﬂy porduce hydrogemgyanide and abeer vabaahle ﬁoa)fﬁdu@iﬁygen

7 eDORBIRER S 2 BRshatie ebdbn APV ShmpiPea4fth reactions to

prodaﬂcg a@yltﬁﬂgﬂegas v;/cﬁuld Otbdg&iesﬁrabre:@o die mhil@ﬁul a@ge X Yes expenswe
and reacted at el evated tenperature in the presence of
feedgtaok sushazpmpanss Hieteraganesus catalystirpaterialsdiavs: beer developed

{ r

whic3EaE bES T oMM phipehePlg SirviohRrR! GElHG o, #Eed reactor and

oxygdimgm rfenexarhplehasfthaiodidantl tmavestinisedh reactims where propane

refcﬁ ﬁd to as after.burni ng resul t@ in_a Ios€ of, |

is mixg ARG 71| OXYYFEHIAE O PFE FRUMGEHPL malgtHiar oxvgen,

and Qé@@céw feldRite € tabethturRsSinwae présSeritel 58 figidi2ed] B be particulate
roducts, such as acrylonitrile. Thus, it would be

cat i habpeodust lgases Landiasedio aygiaeatlier Hiepraduchgases leave the

cata?sgq)f’)/eapléﬁgw Bﬁlérll{?‘gl%%&g&éﬁoq‘?’downstream of the fluidized catalyst bed,

also referred to as afterburning, results in a loss of valuable feed material, such as

propane, which could otherwise be recycled, as well as a loss of valuable products,

such as acrylonitrile. Thus, it would be desirable to have a reactor apparatus and
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process that can be used to reduce the anount of such
uncontrol | ed downstream oxidation or other

waneeddriabl e si de reaction and the | oss of proBOTUS2004014403
" feed materials. The present inventi.on proyi C
proceasdhal cap e 4eed tad 8%?%3%% m rﬁ}‘ég‘r ”P'ﬁ‘g'%%'%a Bownstream

oxidhE Y Bihe? IissilabE MdPRehdtioh BRACHY |Gwpaf giroducts and feed
conprising a react or vessel COI’TETI S ng a first one,
6

mateials e Tht mesentindentiomeprosides SUSATARGIOF aRRYAL YT Bpd process.
apparatus, the firséuzong Oq;qﬂgrm\%in%gnat | east one
inlet for a reactan ne conprising a
gaghisGinQbtior Reat&stiat apraatuspeurhprdihy aweabion vesgel comprising a
react or vessel suitable for coolin

frst onoyighlestsb ageasongciase, AT FRAbiSH SRR RRRATAILY fig first zone
con@ﬁ\éﬁ&} 'aﬁ[%a%ﬂ%g?emfé? 8Gr a rtQctapt ﬁ%%' $acon@l zdrte comprising a gas

propane to acrylonitrile. Thi-s )
cooleP\GEHtEati least partiallpvithirs the ceactenvesse) Juitahler Egcganling gases

pasting thiasbiibe & PR | TS AR AR s &f F g ierion! dhn be used,
for &ERTHIeORE tRE %ﬂ?@éxiEéﬁorPBﬁé@pﬁﬁw@ meflloribigr i si ng

cont'acting at ast one reactant _gas phase cor%)on‘anh ¢
i n Thie inweetionde aigo a pares< iAraeactiag i pstealeygsye! at least one

rea%%p}e gas Phse 8@%@%{‘%#@3 g{@%égié%tgfo&n%&ﬁ %g’&ig?% @gtsenal to form at

Ieasﬁ@@p%‘[ﬁ@@?_ﬁ@bhadé lcenipomgntcomprising aoipcting afgleast one reactant
east a por

f th duct h t ..
gasantiage CTORRRRTE P e JESTGNA 1E RATHF WA, GV e Jterial under
congggplsz«ﬁ]ﬁ§ﬁrfgﬁﬁ .atikﬂﬁ{iﬁéa Hed &F (sRRbhtd ofalyetand at &t one product

withi'n the reactor vessel, cooling the
gasphdsercompepentadiredingus peidedcyapasing et jgastatastion of the product

m xture after cooling to f t : t
gas, phage ggeMpRASH! &ﬂ%%iagtfch'gaqgt 8%@3’%? %@ gﬁ}scfg{i](ggééé catalyst bed
sustéﬁH’é’@ttheféi’rﬁ'HQn&ﬁiooleﬁnldcét%tiuam lexgt parliaiys vithinptive reactor vessel,

of the separated catalyst to the fluidized c%talﬁﬁt fing t
cooting th@misturecseparpting suspendes eptaishJor Gif MY ARG cooting to

N _cross-secti i
or B Y R4 RO $H eI procuc
confp@ierity aad getuchihgrat lssest ianpartipn eff dhe edparaded oatalyst to the fluidized

apparatus of this invention. Figure 3 shows in
cataliystehedii nensi onal view a preferred reactant gas

di stribution systggfistscHSfor 6f hef@inang ed react or
apparatus of thisnvention. 3 ifgure 4 shows in )
cr degueedishoves invcenssssestienalrview 3 feefegeraeackyr apparaiys of this

. a .Cg{jeferred reactor apparatus of this invention. -2
INVe%ho4/ 101136 PCT/ US2004/ 014403 Figure 5 is a

t hrigguell Pesisowaa plarewienf aaprefertied rgeid fmsuseonl arprafifred reactor
series arranged gas cycl one separators for use in a
appsratusrofdbisris¥ntion. apparat us of this

Figure 3 shows in three-dimensional view a preferred reactant gas distribution
system for use in a preferred reactor apparatus of this invention.
Figure 4 shows in cross-sectional view a preferred gas cooler for use in a

preferred reactor apparatus of this invention.
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i nvention. Figures 6 through 11 are each schematic

drawi ngs of exanples of 5 enbodinents of the reactor
w@panetise of th| S i nvent| on Descri pti on of ther/US2004/014403

Preferred Enmbod (s r &doibhiafd series

i MIGHE BSCD qus %[‘5\)’ (Lf‘ﬁ\ﬁge or fgélg

arrar@%‘dt g@é YoyERmet gggérgg)rgffoa uget i@r aaprefdraed craactw( wppaeaids of this
atures and pressures used to conduct a desired
|nvenﬂtmm cal reaction therein. It is desirably constructed
or 1 t1phag.an esfRimatd dawikgle of .ex@mples of
|g|11re§| %a@{o\%ﬁs ] ?Bst%% e chem cal  reactivi ty
emb&dinidies ehaE Ké@lctdlczmp@mtds obthlmm@lntlnﬂt erials contained

therein, particularl e| eval ‘
t enper at ur es D2SEMNRUQILELL [ u--, 1 ﬁ’ 2

A% cﬁ%fsoﬁﬁ/eﬁf o@tcdmﬁesn@treaohor amssel or shell
et) tr(g‘gii(\';\tlﬁp%(nggrrlé}use he materi al d to constru

swtdb'WE cbﬁ@tmctedvca‘saehatﬂnal ithatnepn gv@sgqup APRPANES anaC pressures
usecgg{JaSI s rffielﬁsﬁrt nt Soglﬁltrgégtlcgrgfhe%hhsﬁ %”@es‘%*&b@sd:cﬂﬁtructed of, or

st used, for
at Ie%?éf”f‘ﬁlsean |ﬁleﬂ1alflinhhgjh¥aﬂé oﬁtaihyaierlbletﬂlat Wil syithstand the chemical
|

reactor shell or vessel can be constructed pf
reactivibh af mgwcmemjgalstcg@)pm@gg, A o OLNeL; g“getengﬁs %lr%élﬁgb therein,
part g%il!yae %v%?%ﬁ?e%tq‘hh?erﬁ Elﬁés AP pRésdused)r eTfusabthe, material

dric I's, the horizontal I
seleBfeRSshdifg hobborbdé loe at leawst notawryoqﬁ)mcﬂlm NetleriB aisgo  The materia

usei\ﬂl)gggllﬂﬁ@:t ﬁtlflpr fqéjéc% 2 nfgti,ltglﬁrg% fshagg %g%freéﬁﬂ? %bP&%?on?- fesistant so it

can W Tﬁr{degbgé c§b§é’cﬁb?d1a% epaticealate catalyst dsedr fdyl example, in a
f'or e en

he reactor vessel to be ed .usi
fluidized eataiypt bed aTh@lantr@meagtor §h§5ﬁéde§ ﬁ%epg%fllﬁ; CteFof a steel

suclire]%p g@{fy Sﬁ?&l&% nié: agrt@EP or™ rBSH‘s‘i@é\erTﬁ@shaﬁé of the reactor

e caps ftor the ends of
veséeﬁ%td?éfe‘@ﬁl?ebeﬁ@fallinaiywndm:jal that {saihe hotiapatal srassdggtion of the

vertz;g(lalygur eggjﬁgé%&' :rslqséi%]lxgc?/g h \é% tc?r%g%%rm %" ng%. h%b HeAELE reactions
%8&“9 %j? F tcﬁ@rr Ve3B! aid gé}ﬁirﬁw chanfted vt di @Iev@ited pressure, it is
r tha

anete varies along its |ength. For exa é
destrhbuegfmenhel epds yfi ther teagtaryvesseh e s, 638R$d USNthAPE example, a

ter 0 0 t [
coniab S BidsreR hap- heain] pARed Bap Bah K X IE UE naihjspherica
or dliphtfcal NVISBWEREY, théebarpeaﬁi dhe harisaof theldéactoevessel aan have any
zone that is of an panded or Iargﬁr dianet er tg(ﬁlﬁ or diameter

suitable SivapemAlihoughhe 1eaF0E NASSEl KA Ay e Sans, W,
alorﬁﬁg etnF\?é léq?;ltlﬂar | é’r‘gﬁs Wiede HBScid PrmsRL e ballow, have a width

shaped, the reactor apparatu
or @ilantdtes thaitvmesaalor@eneddmgtg oﬁorten@rrgpij theagesarally cyhndncally

shqn\z\felglr]\@%geygﬁnd Qfggerj@ Igr%re{ %\éﬁ%t%% aﬁé@e gggeaﬁd Q'n dPameter at the

pre era

thePBPIHe SldfdRe] embdditeatea st/ ﬂh&llihﬂéntlon the reactor has a
Oth%@%H%SgBOdi]/ 014403&%The react or apparatus of

middie sectiom qsrzsiner tigtt ys 195 anaexpangiad epéargendi t}gr than the bottom
secﬁ@ﬁfﬁ{;{%kr)\ %4 gttﬁég&ttlg” GP 7GRt ¥ nafGWEPIHan &IOS section or

'S p05| i one
zone. If cylindrically shaped, the reactor apparatus of this invention, depending on

the application it will be used for, can have at its widest diameter a diameter of about
5 to about 100 feet, preferably about 8 to about 50 feet.
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vertically, which is the preferred orientation, the
first or lower or bottomzone is referred to as the
waemgaotiael zone, the second or m ddl e zone i s pef/EsZ0H014403

""" to_as the 5 disen [ zone,. and r
orTh@ﬁeggﬁé apgafaég%%lf ggstl%veggloph%re rSBItVHe{ asesgtouz(g and more
pref@éb%?ﬂ IEbQﬂ‘ﬁ?eé’ Eéﬁéé:arl LdGtions. 'VRABN the readtsr a;ﬁpﬁratus is positioned

e axi s of enerallﬁ‘c%/’llndrlcal re ctor
e

vertmaﬂ;,se\hlhlchy& thea pv@’erredaoﬂﬁpiﬁgmn 10 Fé Qfelyeeroed ?396‘ zone is
refegggttg)lgq% %és?egplﬁgtzqrﬁg irgeagégc%nfep?ﬁlﬁ&l%szd(ﬁéefsere?erred to as the

react ant gas

dlseﬁpaﬁlﬂgeior@téﬁd e thigl, revagpser, apdap aone ltsorelfejmd 4o as the dilute
urdized bed of 10 catalyst. The gl s%ggg F th ;
phasé&@onec a8y @@Sltlﬁnﬁﬁé/eir@%?éyowea'ﬂﬁﬁf‘é e, the axis of a

gen?@&%ﬁb&ﬁc@al GaLAbLY YhsidIOR e vEHiHaﬂ'pé@i@ohedThéSdeﬁQé bed zone is

, Separated fromt gas mxture

the mehahnmeplfeadturtammaws \gb@@ae)arth:u{gtet g@tamsg,lsd coatacted with
catal yst bed. In

reagiaababae R Roteling: IVE SHGHh Ehps0ATe oA RfigRed bed of

e fhg' 26he G ke IduRsibhiinrtad reaatdrcappamtus where the
catag)ﬁét Cﬁﬁé’réjgéac{/}}glag g\r/m t of the 15 catal yst par

|
partenilatei cadalyst frots funfleidized be i rfon e Mes, pqrgl St algd from the
ted f
gas Hpdiits cormpulpii, pfotuchBas Bf odees %‘ﬁﬁbﬁ'é@ng‘é“%gr‘%"f*%ﬂ*’%@@“ In the
dlsér@égfdg*&dltwéqﬁodabtflgastorb@bemekmngHhe{odagaﬁ:begagonﬂ move in an
ases containjn e remin anpunt 0
R MR AR DUOPRIT, st of e
catﬂyétgéﬁ'{iefégs&tﬁ?ﬁ@d orsusPendbd h Qhé"ﬁﬁé@hd’ccﬁlﬁi if bﬁesent unreacted

as or gases containing 20 the suspende or
reacaht gasen‘ gatesl @einng)ﬂ‘ret flyidinedaeatalysbbed fall andggtum to the dense

orl 7 i S LB Y 5P 408 optng e

renffinif§ S@fo it FFBRpended Y)'Bbn&@ﬁﬁda&atalysﬁpaalcwsmntmuempward into
as a gas-solids cyclone or series of

thecdyluteoplagase zone-t Ietheadiluty phapazene, be grgagq:tagaesdo [ggses containing
thep%lg [g?qggyg Oéﬁﬂtéfﬁéjd tc%t%lﬂ& Eéﬂlc@ész%‘ile CHAY 96y ke@akNcooler and

Zzone rocess of this
theieaitent thensuspendeds pe reftcired e:atalystnpalﬂlc@lsaagastsepﬁratﬁ‘é from the

proflact i Gses) TRGE RGNh BRRHG SPeaiatls; Such“ad'8Gas-solids
cyclq‘?'l@t ﬁl‘ 'sabks & gé‘s-é.élﬂfst bpdlohdRt aned ghel c@tdl%t%@rﬁcl@ecs&parated are

e catal yst particles were not present. In th

prefarablyr ratdmedotedke dluidiged catalest: bed intthe %"ﬁﬁa#@édm“e In the
al ti.cl

orcEBLE Y AL e YR 2 i SIS 8 g or gaes

exi@Rf Bfe disengdiging woneraadeousezhto @doee oceinatilr)eﬁe aﬁsrburnmg or other
cooled to a tenp erature(£ ow ., whi ch rﬁerbga&yln | re not

undgsiable sidedeaaianingt woukkaihenwiseiasclr i satals Pagicles we

oS 1 e BB HEEapithe Rt ctayt paricis

aret separatedt frormp\ux&h gassmg‘asem@ly aftenthe migues epawriging the gas or

at e, t.hat
ga%acﬁng” 3 Spgqs(qeg%gg Centraifd aé:a?@agte EeggSi?&(:atS%ﬁQ@lﬂarature below

wh%réﬂ&blﬁﬁﬁ’rﬁg 8X8tHer @indesitaly glde aetion s @hmmatéd)or attleast reduced
up or shut down

to an acceptable level.
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when the catal yst bed is in a quiescent, that is,
non-fluidized state. The plate 5 preferably extends
wa@ceooadsiishe entire di aneter of t he react or vesB€l/US1004/014403

the preferred , reactaor ap tus of this_.inventio
pl dhe §n$‘?1%leﬁ’ez%‘? rﬁfo‘ihea ?f agpar é‘&‘]‘%l Ofv@'sngﬁ’r?npgﬁ rk?refer ably
com%’n@% télqoléteCQJaJt %ﬁhlﬁmu@éd e Upp it icardystrpdtaties of a fluidized
erably round holes, that will permt the passage
bedaff catajyst during, dnreemmeleofnteWéISgw@ agp atrpacter iskart upypshut down

whei e FRATE b ety ooy Bt clefBluifpBlgER. The piate

prefefaly @xtefRisSedros® tHéWéhtu’eftBamelt@r af thpareact@r vessal. In the preferred
| ocated below the grid but wthin ctar, yesse

reactpl 8PRYALES @faﬁli"so'@V%@H‘ e piAter Bt dee ﬁma % gAe- JiYeorid, we mean
a pla{g ﬂgbl'ﬂgr ﬁﬁé&fon 31“ﬁé‘rf&%tlo{1 gr??&?é’@';ﬁefe%lﬂ?%@nd IHoles, that will

pr opane; recyc propane or i f
permhehe pastage of amdfrdimrortelmde @éme grid 66 the ofene Wiem the reactor

is 1%% | é{%fqar%jq S(e?ti?q%icpfqﬁf nnggg ?ﬁq grea‘%f’ag)ﬁ]%h%a} q%é“ bottom of the

rea&HFbSésél% that @hé’f@%eé sPhce bf QoRf lobb%dh@émw thangricabut wnthm the
However , g@gera , there can be about 1 to about

reactor vessrlr Eie&pace eon s uged &P m’f@&iucw?erégﬂqfaﬂt&ﬂﬁ IHER/QWG reactor

oo BT, b o By 89 R or ot

the Jel6toraseusscifor alvd yfeactﬁcangﬁcbmpaparwitrh emmenif @ndbaysource of
evenly spaced rows. Th

molgp@]aé PxYgsn tor fosm: aqrylgﬁﬁnlfaor %‘?\ggﬁ Q% a&arrlf ﬁgd IjiB‘F ggmber and
dlaHPB Jridf s ﬁlctﬁﬁthcﬂ&"’éan \?ré)ryTh-%\né’\l'éfsgéﬁ’er*aW tHetedcabe %out 0.1to

ed wt ozzl es or tubular gas inlets that extend
abodb@nholés qer tsiqeas féatod grid alea. u%b%rgrlﬂcﬂétﬁ bavea thigkness of up to

aoc} L8 i ok 5N A0 4 Pt 85y 728 B2 B 1os n tho g

are;ﬂﬁ@fé?éb’l Qiﬁlfén@éaflﬁfp@bélb(el quefetrblelyeﬂ@nqif spdvednonal eTh?a!\byles in one
romor distal from where the nozzle is attache

rowtare prgferablyToftset $loss, Ton exa@pls P@’W\W thedhQles.fin é@% %diﬁcent rows.
The RG89 drﬁl#eféb BnHEi ARt nozzied lﬁuri“ ontrgtfq s{tRat &fend down

even ution of gas across t
from itios Susface |cxﬁmhmjppbeportaaodfdheemqltartatajk)cahdn abegms the plﬂte The
Ve|OCI fficient to preve or. r e back
nozgsqhipiarali e goveals i ghelT SifcaIPEREHBSIaR anpig Srerably at
the HACES ﬂﬁé ﬁ&il@%v@e{y flomTBEdBtdl draiwhdie thedzRfe ishattached to the
sanme material as the reactor vessel. As discussed in

gridnoT&edeolgs|in tb@|grwl and the qrrf@eérlatih@ nezzigsyareaprefgmbly sized to
refract s '
oroff 4 BREY JSFPLED I, G Sl 18 pOfrieeRbs Rotion of e
reay}tﬁs apbfavdtes antileghs ﬂoﬁwe&rbny&hﬁoyaﬁ toprevers dr ﬁGdlﬂ@the backflow
ere ractorylnsu n terl revent s e | .
of anydrpe@at AR$RF OF %?FﬁLVFhP@!% @gaﬂ'i‘f(j’ﬁﬁ@ ﬁgaﬁﬁ %P[P%Ehfs@% fhe grid can
be gigg%;&f Y}%QS&@H‘\%@@ a%rth%O.@ae&;r' \%%s@f Néedlsét?é%ﬂ"’iﬂtmore detail

such as propane beneath the grid, particularly
below, io$ @cefeeable)mg‘ane a anxaoofsznac;to)m%ulatmg materlal on the side of

PCT/ 004/014403 f
tno S R0 a5 nB RG5! ol b S ¥ flgog catayet b
is loBafes, $H§hre$@c&h?uhsala'tlﬁghﬁ}%térml aprevents s gl floMe reaching
refractory materi can be selected fromany suitable

temperatures higlaenaupn toecysee eXPessivah slegragdaiien ph@ombustlon of the
rea&t%?l?tdaggs such as propane beneath the grid, particularly if molecular oxygen
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conditions used in the reactor. For exanple, it can be
one or nore of a ceramc fiber 5 or an al um na
_wa@ndaetiee or other material ' that provi des SPCT/@B2084/014403

gas e et e Thferaii it PRI e @ iness of up to 6

incheef saeh @syab@@wtamm tatpoutab lh@hi?shoﬂ'he remaefwy abdterial can be
of the sane size as the holes |n e%%lld Thegl?s .
selecied R A7 suifabiasmateriah ;f/h%tn‘é'lkh 9%.9?@ Yelnesl ugger the reaction

con?ﬁ%hg'u‘%g@qn ?’(&Fe JR&I Bor & egﬁ'cgn b-Eh@né‘BF ARG off%rceramlc fiber

Used, can exten top of the |ayer
or 4 aitﬁmlr&i rsilicate, yoi othdramiateyiatethet ipaoviddh esuitahkee highd temperature

-sta éﬁyiw@L@&%ﬁﬁéS%ﬁ%ﬁ%&%@ﬁ%I@é‘f?\%ﬁ?’lggﬁ% freégs'gance The layer of

refrEbtohy induldtPl SuErRINNRG 1508, gsrefdrablydst theesdme sﬁieeas the holes in
react ant gases such as, for exanpl e, .ammoni a

the mdec'ﬂlngrhodﬁajg‘ethec@yegpﬁrqf@ct@ysmgtgapm rmq;geglo@re posmoned over
rol RSB R LSRR SEEERHL PAL BRPIBIY i fop ofthe e

of refrastaty ingulatinginsatefilut i on t ubes posi ti oned near t he

B At AT B0 U e B3] ST, o
pre%?ébl?%gﬁ?plrﬁée%té 'r%éﬁs 1815 @é@dfs%dt@h%y@ferﬁ ldﬁr!;p@ éer%F ¥elivering the

are preferably’in a paral
reaetantaggeessnsucbasoéer amp@arammen@uamré@en@lem @mg@n containing

e . bR AP g, SR o e g

distelbuitedt by chlfé‘cﬂbﬁk&rymhmlw of ditritsiitiot fbes paditivrald hear the grid.
of delivery tubes that are preferably of a shorter

The sizgendmimnkeref tbesimayerasy andamll breselegied depgndipg, for example,
on §M€8|PW@8 gﬁlts ¥/ F%Wﬁg@ra‘#de fi2PlaYe %’Fts%ﬁﬁ &?%yagswed The

ribut es and at an ang
tubeeatd prferably iec paraleparsarigemenigadrosoagd nebethe surface of the grid

il 5554 Bk, A" Sl b6 ARS8 b P eacn
d.stFB@tncﬂeltuty@w aeafedtont prfstabiyv&iward URe, gridate iaSplutdlRy of delivery
end of the delivery tube away fromwhere it connects

tubes that ajespreferablynof @shorah Ipaalfip and spwlier digmeter than the

I
dist @@tkrﬁhtgt)g% rfe)a(l-@g@o el| Bp%lralé%l S%E%ﬁb!ﬁe?w d]o%vr{v&‘é:rjaesfrom the

distrbation tubgsoand laloem amgle dmmetvbetd:ai o Aoreactant rgaseflowing through the
. ni.fold tubes, er he mani fol d tubes are of

distBytigrs dbes S eirertect i ase HelvenLRBES 1o aBcSTa 5@? near the

surFaBS il @ue{;ﬁ&d Prliée"d%h\'/é’r? étd bhend Rt} tugas that 'ﬁ the end of the

di stri tron syst em reactant gases enteri ng
dehn@ny tﬂbewwayofe@mfwmﬂetlbcm‘mcm ot thetdistributiorutube, candve up to about

e o, oty B b ol fadatits ichESistorh dB&Gsurage of the

gnda Haghasi e dedibiition hu@le@&sldbririéet@f tdd onéhesr more manlfold tubes.
di stribution_tubes can be positioned so they

Pretesailyi the menbe'r) tubee aue 0f aderges diampisy &qm@escba@sgtlon tubes. In
the r@%‘?@r‘?@d d@’tﬁragcf)n g g% 'r@a(t,tgﬁt yagddls{j;ﬁﬁ{gl%n”wy@ (%%cférnt gases

ent react ant Str tion
entemm tlwmpﬂmfs:lmgubemﬁuwftol tﬁetdxbtsibotlon ttuikess , and from the distribution

tub?% %tléq?gitebxgé}yttgges 5 g&yl h\éecrighvte%g)?dcbes mE ﬁwe reactor vessel to a

location near the holes in the grid. The distribution tubes can be positioned so they
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there may be one or nore of such reactant gas
distribution systenms for each of 5 anmonia gas and
W@xquﬂmﬂsont ai ni ng gas, such as air or nol ecul PET/OKYYLM 4403

are doye dhadeates bebledl [Prgpt fudS i Hioritnd HE1e Biphbe oR8 or more
mdé’ﬁh’HJeWt Q‘eéétbﬁt LS Wﬁb&t‘iﬁr%gé”teme ath! cohipridity %\eﬁ@hﬁ?ld tube or

conhection can be nade for the delivery o
tubemedls@@@rnanttugas atn@l dalvamitbes, dfos,qashnigactard gase For example,

the eﬁiaty%gu-ru? M] fsﬁjﬂﬁgl’%fgfa%tfia@c { wiohnﬁg’c&%gdfor each of

atln

amhoRial %@slbhﬂm)@gbﬂ&oﬁte&nlpg@’a‘sr shtly alsrawbatrmlbcwlal’mwgen gas for a
sui tabl e i nsul atlngH mat er | The delivery
e

t

reagipE PPPAEAt® 0l faf dhe arRoXAalioR i RopRYG EHRIblY. of least one
| f

end 81 EA I BBl oo ThiLGh b el oGS B ot

connestivracandenmiadeifat theTdeliveng of the repctanteyasaio the manifold external

to e Fper@rulied matlich ks 3P a9 e oar JnGRt widd sfhible insulating

matbaR’ OHed URGritsiltiohafibesi AreUpRfér@Bly pRamEtédIwith a suitable insulating
resi stance, and thernmal shock stability Pr ef er abl

material.s The fdejivens tlﬂi@@snarerh@relfefgblyam%at%t\@&thaﬁ sugab?é insulating
ma%gi%ﬁf o[‘e&ef%:ﬁ% ﬁlém%}ﬂg)rlld gunb? Istﬁtﬁﬁfb?\rﬁi)djaél\fé s are insulated

IVer

withr ea@htamgb Mwmmgatnatmalhl 'ghe ml@ling matenisids prefesablyea material
e of eit the nta neg therein or .

th '&H‘gﬁ tf]@e@g ??Jr"% 'Re h?uglé'dqeﬁ' £atalyst bed while

pro&langQu'.ta l‘é' ahdnakidmt Shérﬂic&%spﬁaﬁwt ah@efheWntahlgh@R stability.

et constructed of a material such as steel
Preferably| |m istiabfilbioze fonm. pridecinsulatiogi mategrialiisradded & prevent the

nter BRIt of Ay, Sl E e Ul pl, LS o reaching

terrpaetated Hgwr gedisghisef chusdrexe’svendegrdaeon aotl @thteer the gas
ases intg the reactor apparatus of this inventio
confgined iereiaser ithedmalsipd Used doemanpfactyesthe fidhs st t Bpdum, the

msn{)Qﬁ{(ﬂ hﬂﬁes nidrPhd coﬂ %d Wt’tblnogn %‘u?erj?l:ké‘t s’irHE’t%ﬂ &8 material

aped " con he preferre reac or
suchppar steab tof helpi stabmzenamd)rprofemt ibmarnsuta,tlonne tUhaS. cRatent No.

ed foor th ti
6,385 430 redh o TRACERIPIST Netpeny [AIBRECRe kgt GRL{Etpnliscloses
insuigtedl M jdcRadPspargas GaTur foP dbhRiing® bxydd 884 o%é?tg%i@es into the
or 30 systens for nol ecul ar oxygen- contalnlngpgas and

reagtgr appasAtus @hdthis inventian: eAdthorghagiesaribeds abpye jas tubes, it is

uno%lf'sg{)“ g\&ﬁ%af (t)ﬁnéj Sﬁ}ﬁiﬁ%k} hcﬁsl‘f’ﬁhhc}/r‘? rhdt H&%ﬁgquﬁ&ecgﬁ%e gther shaped

em’or ens for anfonr a
connusstl oned so that the ends of the dellvery tubes
mmn a gas exits ar J qcat above

ﬁﬂZQ@ 5r|eg [egc @p@p[egus of $higdn 27"1 ef%tgln?/ple one that can
be ﬁ’gé W@?%/MGQaau&F‘%tﬂoB&Y@ Wlf?\%ﬁ*ﬂn&}f& :a)hto?qgglﬁ%ef@fr molecular

as distribution system or systens
oxygene revis akge@ehonersteaaratﬁge@tatsnbga@wmbtmnecbrﬁpargat system or

d f the deIiver .t.ubes e the mol ecul ar
sl B Dafulal ndBan s Bhik e e ARl AR g fysuch reactor
appiah&tug! it @ pfeférable to have the delivery tubes of the gas distribution system or
systems for the ammonia gas be positioned so that the ends of the delivery tubes

where the ammonia gas exits are located directly above or near a hole in the grid,
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exanple, directly between holes in the grid. Wth such
an arrangenment, when a 5 reactant gas, such as
_Weeapans3eis directed through the holes in theP@r/Udzoamh4403

into the fluldlzedctal
and 9 e B 4Ty dHBeS Sopie GRaETSBETPRSYEER Stesfsigms for the
moIé@Jlé’rt @’ht&ntﬁmﬁ@gﬁa’% ﬁ@BBgﬁoﬁé‘@%o"fﬁéﬂ‘h@' éHds of the delivery tubes
oxygen- onta|n|ng an _arrangenent provides
whefeotheamdbcuba segiganmontaining gagaxits e @wayrfmrn@ beletin ghe grid, for

oxaFoR el ubl oS 36 2 0 Sy By B, whn <

reactaHTRydsS 8BcR R SropBRE cish@rictdd ereligh tisp haleat luSthéfgittd aadhinto the
be used for adding or preferably renpvi ng heat %(
ragny at least

fluidizedi aatabst dead et pmnewes rftraft CPPEATEY. e AP RAP
f . Such

comgP BB i GRS i gk BB s, Suc
an Mgémamtsbﬂrvmmomraaudemreaped sasount béamdesu‘@lesbland‘lg of the

nor e greferably a collection of tubes, preferably in a
prop@geitedor | ooped configuration, that have a suitable

heghe! &R %rednﬁghé”ﬁf ﬁécbrﬁérreﬂofea%&ﬁnﬁbﬁaraw ®f ,this invention

steamor a nolten salt or salts, circulatin througD
prefetablyt chaprisascome orhegre theah drasisfera pppatatuss taainca be used for

oA Bk xR & s P harThe Rt vanser

apparat@X eah HgThfy ehitableahennadsi adding drivenitiVird hedt freth a fluidized
catal yst bed to vaporize one or h@pg%{?gw ds, su

catajyst ied. aMashipseferably, ipaheat fraps Y% &gmnsﬁeafaq least one
p n t gt | h i gui

and ERSEPB- S B SG5cRDh Lo Bhed it b i chied or tooped

confiratratiors tthakhiveoa shitalhle dieatitransfee madiwor suctasyfor example, water,

w37 S G 8 i DB, TSGR vt
appa@dls ehn tee fbﬁéﬁémﬁlé 'aﬂhdth@ vabutigéz eBy Gigurd Vapored weean an

vaporizes the liquid. The heat transfer apparatus can
appaatus thattusascthel heat generatadply anuexothernaic qh%mlsalz'@@ctlon in the
a u opduc c
flu1d§%td %%t%‘ysg %d tgna I%(gn ngoépraﬁé?% QSHHS s[lglﬁ‘%é gﬁgdséfﬁl:homa or
propemiey, der d‘ie rwd1raO)a|Iciat|om>qumpar‘ré1eto fnagudaeryioonnlean Thas, in a liquid

vapQiizeiane RS ndtAraireen g ta doisid ertabist Bl Hibligud to be
vap zeQiybﬁaﬂs'r Reampld, | ARilEMe fidad Th@ughaRAbRHIbTe s positioned

aving 'a predeterm ned number in sefvice to achieve
withirhibedbidized catalysidedt uthe beaidiftthe meactionHnihe fgidized catalyst bed

Vap?@%ﬂé?iﬁg&ét al yst bed. The heat transfer apparatus

y constructed of a material that can, like
t NTheeRsdtotransfas abpardttid shanie tused wré@Iﬁé%élféhip%iature of a
PCT/ US2004/ 014403 conditions of high tenperatures and
fluidizess seatalyst abedspged piQ t cengugte eé‘ﬂt"tﬂrw sfeggfons such as the
o t
amrfiREaRr of Prbpand sl G ArftioRacitie soBRE BF FROBaT thygen. The
reglilatiqopr ehar hbl gceonplishedt byl aontrodiingr trel sateuoh fisy dfoheat transfer

med‘ls&(r?lnmrgl’Jgh the heat transfer apparatus or by having multiple heat transfer

apparatus and having a predetermined number in service to achieve the desired
temperature conditions within the fluidized catalyst bed. The heat transfer apparatus

is preferably constructed of a material that can, like the reactor vessel, withstand the
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| ow al |l oy steel, stainless steel or carbon steel. 5
The second or di sengaging zone in the preferred
WO e@atiori3@ppar at us of this invention is the SECT/USIW00614403

" the reactor apparatus where catalys articles from
conditigns quuhnahzt@mn?a@wr%@neerareeﬁaaesﬁa&»ég v e efseralysts and

pos&?lye@&rrc"j’él Fobd otrgﬁogh&‘tt EBrBpoRENTB! | Philg IIKeOtheC FecRist vessel, the

sen react gases eX| ting the fluidized

heat ataatfm taplpaobtus je pasfetablp constsurigd g Mmatepalst syahoas.sfige Ipxample,
product and,

sent nt gases. In 10 the
low EH@f g’ge,eécet@@}qseé‘g?e a?rrr‘zg%oe}r%%??of tghe react or
apg’weaéé@orﬁf of Qil&dg@éﬁfgt POhe it e prefércidz eshatat appatatus of this

is contained nostly or, preferably, coml etel
invention| isvibe, sectionsef thedréanter apPaRELS w@ef%rca% %gles from the

fluub&edﬁhetqn{é%' sgﬁtt?itagq%vecge&&rxé ﬁ%ﬁ?%beér %rn?ralr{BdXﬁP' trﬁe mixture

S OI gases e cat al yst In
corrfdhrléirib BRstiueeands ifqaesentz reag:tamtr@aelseemm thecHditized estalyst bed,
the react ant gas or ases to form pr ct or prod
seprpt DI idieeaagtoP RaTt SRBbANFRRIOBI BRRs TSHR BReCicgases. In

BRIt S thehRact®agpParates o€ lthidt inkention, the
theﬁ@fe{rﬁ%glvg@vﬁg? n%g‘?t e bottom of them?:)éat al yst bed and

fluidized satalystf bedibs yeartaingd onostly Orepigierably, easerletalydn the lower,
den‘sethqﬂs Et he l;éﬂ.;ﬁ)?rp aprptaelggdéjg QQH%} I?@bcﬁzgéjdcégr%,r Egltéh@f‘sartlcles are

mIXEB Qﬂ‘ehcé r@é@lani daPbegass, whlleeﬂtfet cathlyghinehe rih)\cbzsedeed is catalyzing
hrough the fluidized catal yst bed in

the m@m'qalzleagtup@@ﬁ o TeraBYO8S Of RESEF 3?’%2@8@”&% Qrgfproducts. In
b tt
the érggﬂg%cg%r}é%&ﬂop nt tcjr?gtlhgsg dﬁ)e}ﬁﬁén P#ld r&dQant 5aF ort Basde@nter the

he m xture conpri si ng
readtop diessehad a pbintriesewt or neaathebotigas of . theeatalyskbagdeand it is

conpri S|n the as or nd sus
prefarapii e douLP B CHrer ARa T RS (T 6ot i AL, in the bed to
mixXZaRE fl F"Blsbxar*ﬁ le, 3ala ?bls m&furetobm;ﬂmrfgaprwdlcband if present,
suspended cataly particles returns to the cataly

reabtat tgasgsanows u@sthrwgrh&mﬂumadeaahaé/&&tb@ﬂ 'apeaae&@ﬁ"v upward

ol A VST SR bR EPB8L S BA e PEABES, ol o

thedRReMUspendetine areriirard orthermiktiire eeagrisimg pfodued and, if present,
vertically positioned reactor vessel. The size_of 1 s(eﬂended or

reagiasé ngRefisng ThignEDdure semMaEsing: He H8Se 4" A5 e 99 T
entﬁzﬁﬁ‘&@ %Ehlf, &fm& Db Rkheib B8y dHas LBhe VARIIBIMBYS but not all, of

erre reaction of propane wth ammoni a and
thesmtra:laedforamspehdedlImtalyetmhcle@ retuser) te the catalyst bed by gravuty

o LR Wty i G g s conoroes
amt &@béé@‘&r%rﬁéhﬁ'thétreb@tdralmeél Bmatmhgedemlly in the center or

trained in the mxture of product a
mldcﬂaﬁeahon ghthesversivallympsitipnedgesetay é(@?%‘j i'J(lj‘tﬁ3e‘JO %FEPFF‘G disengaging
o i RSB G8 98 SRRR akoed n th roacor

appatuet Bodthe fprefeeusaelnteaatleacd)faptom@esnthsammm@ ang gource of
sui tabl e tenperature.

malegulacPeges PR B?WE’@&U Qta%?r\'!ee %’ ﬁ})"fyf ghemical reactions, it is
deHnP%ﬂ Fo?b RefsH! AUy Bf tRé RirtislnAlengatalysPtdia@emain suspended or
ira

e side reaction that woul d ot herwi se occur.
enffaimed in the mixture of product and, if present, reactant gases exiting the

disengaging zone until such mixture of suspended or entrained catalyst particles,

-9-



10

15

20

25

30

anmount of suspended or entrained catal yst can be about
0.05 to about 2.0 pounds 5 per pound of the gas

wooskaoa3€onpri si ng product and, if present, rPECUSINN4/014403
gases. Thus, if an i nsuf fi cj ent anount of ca

prodich teaidn did Prsent, nreaistanti JasesesceRqied <P iy SUB?B'&U%FX%‘WE ure. The
entr@gﬁgr %ﬁaﬂg%teoe{rgﬁ%%ﬂhrgﬁéeo? rSEfuééf ?%r RBuf %ﬂ%l@%le destructive

excessive urnlng or ot her

aﬂe@@?ﬁgrgbbmah d«edestamte side wactionwiiat wewdcethenwisgi eg¢auir.  The
0 e desired product or uct SUC

amaudt \af Gaspended oaﬁ@trglq@eaatg[g cgﬂ goq{ G ép tBa%bOUt 2.0 pounds

per gu%nhdcé‘f“h‘% gég‘gﬁe%lﬁé &?méﬁéiﬁé Predudnahd, g€ Yressht! eeactant gases.

ver si on sired product. If the amunt of
Thueifraa msdffmairﬁlaﬁmuntg)fg;aé@ysh leé:ongaj@qad pathin Vga( mixtHie gomprising

orodt 558 1 Fichehl 4Gl 458 St AL beRTEind e, there can be
excéééi'\béj et uEdihgl or dthéedndesirabiasikie reactor MClvewld:o&ﬂuq@gthe yield
he fluidized catalyst bed. Th

of th@@@yadyprpdugfoﬂt pERduche SHRBLAS a5y ew@rﬁ%»nag% %.iged gap. such as
proél%kér qh%@@o@lﬂ tﬁéhﬁléé‘%et Q@péjr‘afé?ﬁgtﬁﬁ é@é&/&é&‘%rsébﬁ\)@%lon to desired

I cl ent anount m xture to
produt! 1 [l thef draobet of egtrainedt bamlylshamexc@aﬂnee ssupd catalyst, which is

coolihiob B PHRr ST SBERRE o€ bttt ARG go 1 oam be

retu? dé t-HéijtﬁSfied At é/csﬁecp%én dalusexmessicssivg cvolihg of kiee fluidized
I'Ui di zed catalyst bed. The amount of cat al

catglystdred. Thentaﬁ@epptdam@peaqaﬁjy tp coptrekigtampen %@fﬁHSp&gggg catalyst
Xi L] n i
i 58 Sl 4 BT P30 o8B TP TSl dount n e

mixtre tbl wrﬁrdg%dtfelrhslﬂgmg)gr ottier ursdessirablef idev refactiemdo st acceptable
sty aal
levelobyt ROGhRKEy R AR A eh STHT GBIt GOy RIMIAG it to the fluidized

catggsc‘te?@@% ggcéé%ﬂfely géﬁolgeiﬂ@tfﬁudi@eﬂﬁﬁlys@ bd, VT=‘Iﬁé iae@ddnt of catalyst

oned reactor, the vertical |ength of
presbrstemgmgl prodacinand, Tif pseseant, tera@tarr;msés ree@tlngeﬁ@t disepgaging zone

cantlk?é)?:glarr](\é) oy o ts_rig%dbé gﬁ@} o%i%‘}y% pséﬂlélﬁghéeé‘kﬂ?'tﬂe fluid bed

reab®f, Wﬁate\/&l ficw toheesitanngasiing thenfuidizeti heatalystabédy and by the
app arat us of this invention can be the sane_a qﬁ
iﬁsng we mean in a

lengthzanst éartl@ﬂlaflm éheidinsectseal theglieengadinezas -y BY

ver@ééﬁ&?ﬁ?‘ Rd a ?tegatﬁon%\(ﬁcﬁ? r’gdéﬁ%@ acr‘rie%tég %hﬁ%ﬁ@ Thus, in the

prefterstbreaetbrasdfiikis imentiendhp Ideser@aglruszogreeatsaﬁably about 100 to about

150 Ratcard tam Joth Ghane e et ae a3Vl 1 EBAeGig zone of the

reaafﬁ%g)?)bgét%%f i€ irflleAtiBh @an de ﬁB%aﬂ@é@tH@de@r ofMelense bed

pr ef 'y about 15 to about 20 percent greater.
zorieh pseferakly the disengegivgetonefcambavyeae £¥pa pRingseated diameter

UL SR o o 024 53 358, g8 s esot

d|aR€férUﬁi’é)@i%ﬂééé|ﬂ§ zoabadn tdve anlmnetenmaﬁﬁs nheutd® peecent to about
bed zone with the t a}ﬁ

10Qy pgfﬁ@[né ,grq:atgbtnqqlethg, %&%Pq%hei ggggg lp%g nggcmre preferably about
15 & Pﬁﬁ{ p4s) rp%?uj%rﬂg;ré? teb.NiThub nfﬁ%%'a@fbr t\‘/@¥éé]QbfEihéénre‘éiz‘i'zl;tér apparatus of

section o agi'ng zone that is larger dianeter
thig liarertiba, d\émelrbadvarbmi mositiordesarf bavey a tapered section starting at
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5 nore conpact reactor apparatus and, conpared to the
react or apparatus having a dense bed zone and
wale@angags ng zone of the same dianeter, it al SBCT/US2004/014403

avol ot O gher gos volocltgo L e, S0R BR o g
dian®&r fAfo g?&ﬁeﬁgg%hgggﬁ lt: gg Pﬁrtl cul ate catal yst

cont ai ne more efficient
caThé y’eactareamiarams desigs i thls w@/@t@aub%agm rgiddig section or

detail belo refe enc n e
disebirdig Bt ol SRTEr gncieads i el e brovides for
moré‘%%‘iﬁac@ﬁeé&bﬁ'a‘ﬁbbrét@é tangl %&mn@r@@e@tthe neatter mpptatﬂtﬂs having a
conpri sing product and, i f present, reactant gas
ﬁ%peprovudes for

den@e(.bledngonmenddd@@n@@qgn@gmﬂ@n@f Yh§ %@T\@s@amﬁ‘é@f@rlt
hlghﬁg?gggpr lo ?éé‘g{naﬂw' ocﬁbr?s[ép@é(f gs Wi wHItH c&% ifprdvel ddiftactBetween the

a gas-so ati ng evli ce, SucC
react@ntayagpas- gaﬂesokamcymeasm;d parttonlate patayst doméained éh\efetn resulting in

prefer return a portion of the suspended or
mor@lﬁ%’% g‘%ﬂ%/fﬁ PNt o the fluidized bed. In the case
Of A§ ﬁl?ﬂcbgn&scéséﬂd%‘\”g@e%r@tﬁﬁﬁﬁ e Wvith Neferehes ust Figure 11,
resent, reactant gases exiting the fluidized

anoﬂ:msr zslu;tablebeettmdjforc@m@!lmgnq adiyplingithe emaunt Odigatalyst particles
pres&n g‘ﬁ%p%e'n élgr%%gswgﬁéésgt édms é%%er'qg FS aﬁ g986s exiting the

dlseﬁghglhgsiorfef RS DeeUsife ot Xﬁcbréecaial@sﬂﬁep@ﬁaﬁon etmEratus such as a
catalyst to the fluidized catal %st bed

flter; af AYSPret@ably: » GASHAP aEPATAtIEG Hetice; sdt 88 2carsseelid cyclone,
to s%ar’ggar @Pp%ﬁ%ﬁﬁﬁgﬁ% g?éféia‘i’)?’?/e@ﬁrnrf ESH@n ¥aRE Buspdhded or entrained

ut e I n pre erred reactor
catalysp do mmﬁundfzedrbed |mﬂ‘emasemf|ascydi@1$ea:mndnre)0f gages comprising

cto ppar at us refera
proc@{;ﬁpﬁmi ﬁg B5 ctre%\‘ﬁa"f SWe@’Qﬁ’PJ ﬁh ?F@#ﬁ acg&ly%{tnged and
con@ﬂﬁﬁ@@d@ﬁeﬁeoﬁaﬁ EniraRed ?e'étéq?étgdarﬁéiew bb§é&5|rﬁd itfié fidake of one
t he i sengagi ng zone is coo one or nore suitable

or mEe(e cyckuisisig repprMEat l;@swem@re@mt,qu:aéglmstb@om the gas mixture and

retuﬁ’hﬁ%%bg gﬁtgreq‘[)ug%%?@%%lyé@ysp?gﬂ %%Egg %s'?]sébéﬂfa%on apparatus

can gb:eflbgatedg)maem lnhorgrporlekraﬂﬂfg msmcﬁ tey=actseessel. t he
i zed catal yst bed. Prefer it is a catalyst .
bedhg TiHe SLAlE YRGBT d80 RBtires TeRuSr | iratug of this
inveggbﬁ‘l |¥Sﬂ1eb§Qctlo$P‘3? $ROdorC apphdls RAkrehué@ralfly Pehe mixture

a sufficient size to achieve the desired cooling.
confprigingopradugt candal i spredent, ragctant gasesrnd suspended rasr entrained

ol 8P R8I ST i it oo
coolr@j appaiatied Theuedoligadart bansicemplipived afor examiple VY passing the

2004/ 101136 PCT/ US2004/ 014403 can be used to regul ate
mixiupe thropgh ranother led pﬁea%@tmg!, @ §PH19, Q% diffegentsameosition as the

catdiit used in YRR 'dﬁte‘dr% ?ét' tf%.‘i tﬁ?efﬁr%% VAT tagg?bed of the same

react or apparatus as coo
conmmpdloatassusexj tordhelfluidined caﬂiaé/sgbedc(&Joarcqnhdglczatalyst bed should

e offF Riitit seaf afttbut B YeRfEe ORIl The chalidy hiajyst bed may
alsooécﬁftﬁhaéﬂé’or”i‘?l%?é YeaffishdTeF Qpﬁﬁrﬁﬁl%r%heaé fleeat tmntsl‘érrhpparatus

| ute phase zone
descnbed above for use in the fluidized catalyst bed. Such heat transfer apparatus
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or section of the reactor apparatus. In such
shel | -and-tube gas cooler, the mxture conprising
W(prz(mductlmnd, if present, reactant gases and sPSPEREEH014403

canih S48 385 S, rinR05RC0t LSRR, BUHNBLELY e desien
tempéidtire dmeSMel dpdratioroof thedeatfoe atppe@us a suitable

heat transfer nmedium.or fluid-is 10 ci rcul ated to
rer‘?ﬁ@@fﬁgé& the Sﬁﬁt%“ﬂ@tﬁé@aﬁ@ﬁéﬁya shsll ﬁﬁ‘& -iuhe Qfésc%lef and is

Ioca??% %Xﬁs& ﬂéﬁgényﬁ%@ﬁ 5réf%]f]&emg rt]éetB lwsﬂﬂhrﬁ ﬂ% Fé&l%ér vedd8l and at least

cool er can
partizdly, bmfesatﬁmpmmlywanérmora pr@femblet tq’ugllyswithmohhesmlute phase zone

or sgPh ot e TerESt ABPRIGH: 41 seh NG bF s Pegjebithe mixture

compisfieprodfucPbAg! if p‘ie'é‘éhtdﬁééc@@ﬂ g{] e@réhd Qlﬁsrfeﬁdea cataltyst particles
turbul ent flow of in the shell so tha

is pasged thieuph a@lurehfmféule@ﬁj Wh?éﬁélb? tuhﬁwegaﬁ@w Py éhelosed shell.

. I h i | . L
i e SuiPPUL BB e, R, 0 oL RO Moyl mogor g i i
crrcaletéd ng @piveatheat fram mfhel tubesemaebprcdwag thbegas)pamf catalyst

the reactor a ratus when_t he_r eact or appar at
partiglas flowing t hrﬁ%ﬁet%ﬁr@rb@ﬁrea’%@eﬂw AcBowigg; 39? Shﬁ&_l -and-tube
coofé‘rgfaﬂr@e %‘rtéxaﬁwglé‘ewgfe? eﬂgé\ﬁ rﬁ&ltmg%ﬁ &f sélf‘%ufe%ﬂ&t 2"ow melting
oduct ‘'an

risin sent, reactant gases
metak andlthedtkeZ(Pretﬂplelydleei sbell etnmhamameremtaablyeahty of baffles or other

sucf Beyiogs 1 pESERT 2 THBREr il MR fieliniiian frat the fuid
readNeRCARfitheysty rechadn}es et Gte@ all fife co6lRRY tabedvatad thereint
can nove past the gas cooling apparatus as it proceeds

vett theypreferrad geaeior appaiatis of thip iweatien thpgag ¢anting @pparatus
. r I
s USSR ot BEcEAF R hteBbtr dtbald SHRAH B 8EF overaus
is paﬁtldmem:mime prbfmmghvdsrhealga&anwndn nbheppetusd exting the disengaging

zond g 51 FeRctSi A P mPRE B BR U At SR R qases as wel as

sus;béhdéaﬁopreﬁirerrre%dcatbry@t:tpgﬁrcréﬁoeaﬁtpa%s%rd I"rStHenb‘t%ngoﬁpparatus
as cooling apparatus, preferably in form

suchy a§ng|sh§l+@ndctubew§ costarens the rrpmtyre pmceedwvreﬁiqallv rhlerough the
reacft&a%bﬂ%réfﬁéselt &sh tnl? e :ﬁ)%gt tﬂeﬁ gaglgrlg)%'gﬁﬁgagug ' OOIL{Cproceeds

'sent, reac gase

vertmatl;altlystrgﬁ@h@aeactor appmﬂ&e&eadmemdd doevnciopthiengap at the top end
ceeds vertically up

arat us as fiure
of gk int ¥es a@f‘ fhesBa s : trouigh theceoling rﬁnpgrates on a path
dowﬁW&Qﬁ’rdu@httHS da%V@d’o‘ﬁﬁ? ‘Hg %?éthQn lﬂﬁerné\ﬁver d\? ‘?ﬁ §‘§through the

cap at the end “of tor vessel,
cooling epgarathe in deathi thg appardasnd WmWam dgeehmes In the preferred

o B BB 58 b s 208 er gty e forr

of aaphell-ahdduisd gaBi eom@rvagtpdemohea @asincHe! @ac@@w&%eﬁ@o that the
upfl ow sj ngl e-pass shell-and-tube gas cool er where

mixtUFR CORYBISING REAdust @§ds Js@rasaeb reat:tenygeseer and leagrained catalyst
partf&i’e%sPée‘sré%u%uhB%E %%Bﬁrg%mgp%%&vu%’%%qu Wlﬁlé pthddUdd diically up

react or apparat us é- pass
throegleltlhe aembtbmb%sce@dhermme durnirey ’gnapmeedrirmlthéren@rse direction as

it regg e?ﬁ%%a?)h%t {y& %nc& ﬁﬁbﬁlrglgg’@r lt?/%gge: grgg utﬂgntpha%s%%sthrough the

cooling apparatus as it progresses downward through the cooling apparatus. Thus,
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react or apparatus, or a two-pass shell-and-tube gas
cool er where the gases conprising suspended cat al yst
w@artilelies are passed through the shell -and-t ub€r/US2004/014403
" cooler on their path upwards within the reactor and . I
in thetreactoasppatates Qﬁﬂt“h inveRlen the gas copler €aB| @ra’éﬂﬁﬁ%""é’ﬁ"g e-pass
he th do A VR ; articles
shell g5 Riie 968 SRER APl Blethaef, EaRplighg shepenaed gatalyst p
pas€ QRtdul &% | Sodiec ane thenipiatth nupwerdse adthir ther neletorpapparatus, a

dowafipwrsnala rssei sl amy e spier WRES B e BimbEBRY Yuspended
catalﬁlf%lﬁsadrﬁ@t‘r@ 5 J2e ol RMEE YasTBELIMAN tHd Whth dowekvaads awithin the

S, Ccirculating therein to renove heat
readtoorappaeatusxtarr @ divomaset ahell-and-tpheddrs coalels Wigge the gases

suspended cat al yst., Th ' cQl r ' -and-
conpiBhensaestiS) Wohanl Rl Mo Piiect fRULR 0" heland-uve
coofeP hi tR8ir aRRR LPWESAS Withinathesietibtr afd thee mesdhidugh the shell-and-
si ngl e- pass shel |l - and-tube dgas cool ers

. . pr the .
tube woolenagaimen| theneath gRWHT 0W|ﬂé'f‘.th?nre?ﬁg’rpr‘g?%ﬁh%@as cooling
ovo 5 B PRBSS e ere SIS Qs RAGIR, inctor n e
patts 6BtHecgas, nprefeanblyen théxdop zbee of $een (easitogapraratus abinis invention.

preferably, the to r dilute phase z .of e Py
The_r%lpg ,cogppﬁé:p& ll}gyg @r%%?? tqagggeir me 'H"bg{]ﬁli"ghsé%e?% gfh,qwd or gas,
circbl%tiﬁg'ﬂlxér%frhfor}eﬁﬁ &t fildRthd fextdesfrebetint ané préduct gases and

exanple, the dilute phase section or zone of the, o
suspemdech cataiysir athes coolingaeoil en&Pils caBrhe bsed ﬁEQ'B?oPE in ggpbination

... di t ' ) _ )
wmb%r\,)/@g%{ géﬁ%‘ﬁgfﬁﬁﬁ éséérggfsyﬁpcgﬂ%% t@ltggrr ?@ﬂgggﬁ:ﬁ@%&‘%g Reloass shell
andofubk scﬁoh@@ts,eorl t;me twggoai;eutrgeutmw-meegasfchm react or

x_(eeﬁtsbgh‘é 9%&%@(&@%( abggre@&%oégﬁé: {Qgrﬁe{l(ﬁ'g tb%g&?e gérﬁ% 8?1 Bge reactor
vesbb5r 8f Fga %?ﬁ(icﬁpf#\e?@é*yﬁ' dfalldien afnéter earpthe disengaging zone.

undesrra em cal reactions, such as afterburning,
Mottehprteferiably, the tap oadilbiegthasenpaneavlithesreastoranpasatus, or at least a

b , t | t { i
porf@niaptuie snopler fo JARTET d Rk e Corie G aner Siamle, the
diluf'pRESE R chidh @ ¥dhest theaastorrppardtusr esanleast a portion thereof,

reactant gases. After the tenperature of such mxture
cani kave aediaietes that in phowled PeTeailiferaay d 0fmsTgent, more preferably
abdR 5% 200G ﬂf PEFUA: ¥k B d?e[rﬂé’tte?%? thdeats deliezgicler the reactor
reaction, wl not occur, the catalyst can be
vessepar hé emndiferdiameteri reactoe top inareasasathel yalocitysohthe gas, thereby
separated fromthe mxture it will .be carried, out of .
redyinBO BadeaReRrD MR G5 G 990 PRY repend 4F€ agtn@Y andundesirable
i i [t hight Bccu? ot RS 8tures.
Chemgélef%%c%%ﬁﬁygﬁ%ﬁ?%ﬁuv% bangnL oo ftetongiratures
PCALSZO0d bovaoBe caaliog apparaldssan m]uﬁqd(@ lowegr the temperature

i sposal praobl.e r €Ll f :
of SR SRRIFER e Prialburried’ BhiBye{ Palibls ang. f prosent,
reatRing dertied! Y Hfted epar Rimputatueppefr alicts mistuis 66 lbwvered to a suitable
separate the entrai ned catal yst fromthe mxﬁl

re. of . .

tempasaluce WRIS aRPregRBSEHieTbHENAY. At OlhEs HaCESiiais §idengeaction, wil
cQOl,j.n u Y e S | . or .

R

seffdrhtedr fromtdrdxtass itswilldemsaatet! out of the reactor apparatus with the

product and, if present, reactant gases and result in an undesirable loss of catalyst,
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other simlar apparatus that permt the gases to pass
t hrough but prevent or at least retard the passage of

Wo b@4aetidd yst particles so that a separation OPCT/HS2004/014403
‘solids fromthe gases can ogcur The se [

at | .
whrcappmyapagse draqglﬂrug aand \isnpspe probigms meéggﬁ%rm Stherefore, in the
t r y tesrablytalyst ’
orork 58] PRl pRPRIRE o b SR R it separaton

app@rﬁhﬁ ieSisesicpagetarate tapmltraimﬁﬁ catalyst fromnthermidurerof product and,
apparatus of this nti o

 prowpr AsiEcaRsemeIlEd Bt ARy atdAlss  AbY Suitgpls.apparatus for

A K used estidty agmfsﬂtmemanes screens and
peﬂ&m“ﬁcés,ltﬁfﬁpgé%%rgpg@ c:ftar om tuhe m xture. Suitable

other)euhmneapparet@oﬂmé permaitthe gases smpass [oual byt prayanipr at least
retagcﬁ of or %ﬁ 8?34¥sttkg{3rﬁ‘el ¥E [ﬂltrétoepseﬁarﬁhHﬁ %lf 'tﬁé/ s@fds from the

ree, are connected

gasé@fdaﬂs océ@r WTtHe %e?bramoaeapmawsr aorg phealtty threr®f1 hgm preferably
about 99 percent

b 9 9 b
locatsd gg@aﬁ.gmallyep@g%og 3 8 g(?p?%{y} wi to AP vessel. The
prefgggéf%iidl){;é %@p%ﬁ&ﬁ”%ppé‘r?fﬂ%r 'u%leagrrprtﬁéul?éactéru%pgafhids of this

present, reactant gases
inve@tibrrisng ghe-satids esermratmgezycbyre[, mre&rablysgpgeae%dor stages of

fromsuch m X eb oyl di r f n
s el DL BBl AR p S G mivure
SurtHBfeecy?@%rPéseér% éérln)’néréi%ﬂy tab@ﬂbtﬂ@OLlh the Q)lefeamad neastor apparatus of
prefera [ ess that about 002 wei g

this Gaantips: arrdultahtyl @fssucrh@yqlmnﬁ@eror%frer@trlwpreeofaresaerﬂected in series.
Wrtri %yﬁﬁ %re |§§ ﬁa‘? %éme?ho% drh %b%g? gé’rc%nt SfB?Qa'xErhfple about

ones’ are se rovid
99.9IRs hbeGt @@Qeeeweﬁﬁht ;s&rpaniamﬁ the pa‘rtmdaial qaatalyﬁiapltersehtesl the mixture

fromthe mxture of and S
compsisies BEotihy SuserHIE CAR BBl B0 5PBips caFiant gases
' SetdefofRURA Hiddre thereb
ent%?@gtth%hgérée}t %harﬁ?égaﬁtﬁéﬁf%ér% eaZpar at gd fromthe e thereny

prowdmguioe mﬂfﬁmwﬁ msmtf&ﬂmthavrrtgatmeiﬁgeblwarQSSdh@@ abept 0.1, more

sl 388 SEELEPIY B0 b BT k.02 i

pergéﬁtq;layﬁystt;ﬂﬁmggctor In the preferred reactor 30
apparatus of this invention, such ret '

ac ddwpnurber oharaurs gf eych EBfes RErapged q¥ ylgs and the size and a
spegffﬁ:egﬁl gb? Jfos@ér] 'c&EBnegear{el Eél@bt@%d t& Fralivet thaedesiféd &egree of

exitrn he coo g apparatus but prior to entering
septtationepbcatalysh padjntes froos thehmixtise: of prosloiep andi rﬁg:resent reactant

sesBbo et ereawiecdkgn Aol 250l BERRRW 257 2 arripihyclones in

seriedlcahysd ugd.ticles preferably enter a plenumfor
distributin the m xture of gases and suspended

catAfterdhe m?aly%tr pastielgs gre §99@fé\‘i€i’cbﬁ05b§5‘§r"ﬁtx¢we GaRgprising product,

cat@&%ﬁ%@&%% "?'frﬂjegéﬁtld éé ctd tgztfs%@r fHd S %"b ?ér I}g}st EQHrcles are

prefsrably Tieturpled ntontHes flpidefeelr azhﬂa}ysa bekiardaxetorat irad:lhmzdnreﬁermd reactor

5 contiguous with the cooling ap
apparatus ofgthrs ?nventron such return 93 ac

ral'sLi'red by a dipleg from the gas
cyclones extending to or into the fluidized catalyst bed.
After exiting the cooling apparatus but prior to entering the separation

apparatus the mixture comprising product and, if present, reactant gases, and
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After exiting the separation apparatus, the gas or
m xture of gases is directed by a pipe or other

wa otabiies conduit t hrough the reactor vessel Wed T/USI904/014403
the gas m xture

susqﬁrmgicpr gptramgu%qtg(}gﬁgaﬁ{ﬁ t@?ei%r%p nRtgg & Enru?ﬁj for distributing
the &W@%%GSI én@éﬁwﬂed@ﬂalgﬁqﬁrﬂélgg t6 ea;etpan.itlon apparatus, and
en

compon s can, If ‘desired 10 recycled to q
prefe;mﬂyattong pkemitty)rofappaar@tlgg apparabisy o5 spparating the suspended

h
catag\és?tga&}ﬁ%s % Er??a@tagf I C@fe@ gfls %re'i‘égr‘ﬁg r}l] %tﬁ:ﬁﬁ]ﬂﬁé’? dtfached to or

conﬁélﬂﬂ&f\ﬁﬂﬁfﬁﬁé edol r@a?paﬂaﬁlSUSI ng a fluidized catalyst
bed to cat al

esired em.cal reactipn., The . ..
reé\&eo.exam ﬁtwaé?thfh?lép%‘rﬁgéufh%ﬂaF é’ﬂﬂ?'éﬁlé?é% Qfaseéés directed
L4y Waf spaH ixt
oy 4 pe e FEAAE Bl Rant 4 g0 s socne it i

canowgeéatedntoalremnge gdesiredt proget! asypradurctsi andegreferably, reactant
cat al st bed. amoxi dati o a e
corgarenby S5t oAnat SRR RGeS Sy (e, bo
recy%ki’éﬁ"fo t?l%oo;{éra P& fiphhtsForesnvERSiof td prcahmiﬂ 5500
d at 'a pressure of no nore than abou
pr diter &taqtornepp@rraéus wéﬁhlgb@wnmp &,pg 'C&ifé’e Iééjéf(?l’ conducting
ch bﬁgﬂ& rlrrﬁﬁi%» Sl%lé{)ﬁ(ﬁné)LSI Hl%d ‘&élr' 7t beﬁnto' d‘eﬁél&ze a desired

SUch as n tro can al so
cheftlé@deadtien. "Tharrenetor tappﬁramms)p&ﬂasuwmnm arefgrably used for the

i et dbou 2% o shell 16 cndt s IoLS COLLR ol or e
Sou?géjulif éQ&éW@o iR af‘satc@wﬁedcwt ac fluidizse @aﬁalm bed Such

to a out seconds preferably about .
ammnoxiation rmacmmmoamssulmbdy AONALGHeE BE PBIMPARBIR o@apo%sso C to

e B R DTSB! B g gresure o o

mofirinysout T8 paik! bref@rablyyiae nidre thammbod’aﬁ@ tpelaofOxygen gas is the
%( pane to formacrylonitrile. ?Cj?t gsts 'ﬂo
pre eaﬁbs@urcga(pfam{;ﬁcglq;, Q088 AN Anglt gaseplls §ubh as nltrogen

carbabB b adied” Iy Dt ity BB ﬁ%‘%@%ﬁ sultably about 25 o

abdutm d?\Zchedfmbﬂss ramnpf e F3axygen-B-epane is switakll about 1 to

abicir ofige SueruBeaaal coeact il EAGBE oL fo ooyt 10 seconds,
prePéithﬁltaMﬁ 0. @@tcﬁaﬂé@c ﬁ)lﬁeccﬁbdﬂén@%brérme@riﬁl@ abo0t 0.1 to about 5

are incorporated herein by reference in

seagndsr eThe catalystcusadafar tbﬁaﬁf’ﬁﬂ@s“fi?ﬁ'oﬁdﬁ Aujtably @%ﬁO@rPart'CU'ate
t

catfist 3k S PR LA Pl Tt conie

Catilyzpasachidsh f@nammpleandtadysimdmbseﬂ inXy.g8nPatgnt d¥ad. 6,083,869;

5 SRR oo A0 BATHITE, SANLALt 02BN a o Uik 2L d?58.317

4,784 % 7566891 386 (IS5 anhysieemmwmrdsr@%drp@ﬂa@etﬁ herein by
products such’as acetic acid, acetonitrile

refaenoesn rf(,helratmtyeilyc caoi ke aredox@aiglysts Tliﬁ?@'QS@ﬁ'p'érHt &: d>atent Nos.

o St P08 B8R, 0l OF i ARy eeronc

the‘ﬁaérﬁiré!@t atgaobdnssammeﬁr@ﬂéyofo‘cawwuws tBé’D@arOoé usa@out 700
approxi mately the tenperatu ?
f| uThez@mposutlon of the gases exiting the ftlu dlzed catalyst bed during the

ammoxidation of propane with ammonia and a source of oxygen typically comprises
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catal yst bed. As described above, and for the reasons
descri bed above, it is desirable to have a certain
waewuno11eé catal yst particles remaining wth ther/us2004/014403
" mxture conprising product and reactant gases while
a migturé hifsa@yienitiled unesmeedtammonia, cunfeacted PioganEe cagpon oxides,

v B e YR S056 LS PR, acrolen,

acrylflibglfg ahd oth?:‘oIQ' S?HS%@hﬁn@rétQF@ olfm@dm&twé}ofqbodectt dmead reactant
i zed catal yst bed, portion andugrefera

gasersfammeusperaﬁqucamst |partp;&,eq puiting the fly %gg )ﬁ{ bpqeus typically

aboqq]o’:i%q%ee (gg‘ c§t gg eippgg)gn{a%??ttﬂ@t off raﬁﬁué&??ﬂgﬁ‘é fluidized

cataygﬁ bEdxt wx@ d@‘scﬂb@%@hor:@ndambamt atmT rgasess descubqu ative, it is
i sengagi ng zone ich i at a te u

desitgble o ftava @ cerialn AToRHb e %{%Y %ﬁﬂ'ewsfr@énﬁ frffe mixture
com@@? fléLbrrSdl%t fRPMac t?%‘g@s Wll@bé}%hls@e@éibd teﬁnbleféture |n order to

n-sone suspende r entrained catal yst particl
redube troeduc@tableeleweisname afterbwning aneg.thisomvdyresKits fhe Tluidized

t 5 ht
catabishberai hp fesatbeh Ablin i R AEEHadho 248 (firitdigRly above the
ﬂuud&@ga&axélgstsml &l pBRionadrd prdferabhhmost vt trreecaﬁalyseaattmas that are
product gases and suspended catal yst |

susmmdegl in 0e soitue| comRRSIBHAEAUCH AR cleastay R gegs etums to the
ﬂwdgg (?ar&g ﬁggei Ifggod‘éswég%ﬁ 'i%@'ﬁﬂ%re?’%@ﬁ%dﬂdt%hd refctant gases

SCri er el nabove e suspen ed .
exmﬁgttﬁé Xﬁéerfgégmgt t:msmvmlum és typktallwdha tc-:empmemrar@fsabout 470° C to

o 5oL Y B ARATS sy, 0 s, s
cont%ﬂ?es%n‘\é dufs g\éﬁ&gdt Fnearicab catdipteparticlesi o irsdecd igrneliminate

proces or the manufacture of achI onitrile

afteﬂmmpmgm fror @ampacabholy 2 toi alpqute%dﬁgg g|pﬁ§cq5}tdgaﬂéqh mixture

comf%lrrrlg?n%: ge@tay ad a 2By %@f ga?% gﬁ ﬁfslpgﬁggg'?:a .fbtashould be catalyst.
Thegﬁ&ﬁﬁé%f%éétblhﬁaﬁ@mdﬁ Aesesany Isuapemdécbcatatyst is cooled, using a

iy i) 1 P SR
to sggéHtfﬁ A CHEH ﬁlﬁb&sﬁeréﬁ’iaﬁe\r/ ﬁeCQﬁp%‘ﬁdE’d)ﬁd#él?st from the mixture.

parating particul ate cat yst fromthe coo
At such temperatokst aftarmirnigg pdr for exhmpée, Joopaneppd the acrylonitrile and

separ,ated f he, cool ed .m xt ur u ed bed
otheiTBd e coriATER B eyaaes e g Sotdftsble el
Condid jEtiBAdisOh Neroces dor Ry mamacm@@ﬂ émylloaibmmecompnsmg
such as tenperatures, pressures, the catal yst
readting aimixtire ompFisingHp@Pangaairneria And,a sggr%ﬁgwp&cular oxygen
D I
n S153880 S ToCuRle SR AG,e! oBRbBEY dbcure comprin

acryR6mitiIS2Qod/ Ghirtiiied nparticulate | catalyst,r eaotiegnt the cgaselopst mixture
contact tines npo

conmrmagamvﬂ%a‘r’rea@é'r%;éé’é’ SHCIESAATE e mglagy miure

t Mofn tA: XéddI8d GABMRITESiaRdl RItaG: articulate
sepépégﬁllgoga %&%a@%‘é‘ é{)zl ting the fluidi zed cat al yst ﬁh‘gep

catalpst sepatrated fodmtthe coplesnmadere t@athaﬁymlzqybbed of particylate catalyst

the fluidized,catal yst Db r
whesPelRn PG WRomatins i phie] PRsERRR st sorbed;above, such
as RiMpéraffds| Pressures, the catalysts and fluidized catalyst bed reactants such

as ammonia, propane, oxygen gas or other source of molecular oxygen, diluents,
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the m xture conprising product and reactant gases
exiting the disengaging zone of a reactor to reduce
we@eooeliorméat e aft erburni ng, and the tenperat ur BST/U82004/014403
~ which such mxture is cooled prior to separati t he .
molsusgtmsdefl reactants, acatalyst goafagsttimesnrteMeOSHPRY 9€%”€ﬁ’ua gases,

disefigagement 8 et BRALES B e SRErRLET26Re JiP8 hctor from 2

miﬂ@@%rﬁbﬁ?iﬁgsprﬁaiaéﬂ éﬂnefba{aﬁmmi gases_hb?ﬁxgsﬂle flvidigedeagalyst bed, the
rocess the cooling o e gas mxtyre conpri,sin

retugt:rqfl Mtdiﬁﬁégagﬁﬁjg@ﬁ@'y%ﬁ ﬁ@gt'é%?tﬁécﬁr!‘%t ﬁ“'g_%?& ﬁg%“f% bed, the

tem;{v:%)rr E'q:rgg %Pé’és%je 4t %Suﬁ@gfs@iﬁﬁ%? e&mhinkitp dusperitledg@sentrained in

appar at us, - suc € gas cooll ng appar at us
the B®&ard bewphisingi productcatdesactdnt igases exitingdbe qisgngaging zone of a

i thin, | ocat ed ext | to th | .
reacioho (g d504ee SBorITIHamAaPAIE B 15 kLG BRPIFERT fo, Which sueh
mixtuRe i% i) e PH@ﬁ&?%epérﬁﬁn@tKé Wuspeadd icsiergrained catalyst from the

y

acrylonitrile and entrained particul ate catal %/,?t can

mixtoes Of gesesdomprising psedust gad| pactapt 4aeas. §a8 R&¥ithg
apparatus by a pipe ey tid agBdscribed herein.
R Bl s SOntE o2 i a8 scrved her

Hovitivie? Cire Sudly adpiicess diie @bbling siithalgas midangi comprising acrylonitrile

andznteained PORIHALE ol RarahE SR HLEORPSHn LB forplshed ina
gasf‘nc%)%%gtedp%gén’c s! BcHPas tthéfkjh@%oﬁ@# ;i;ngpéﬁattﬁé deséritredchetet located

return of e cat to the fl uidized
withirgtatl heast padiallPvethim,adr lpcatedcexteenai ity dhe reagiar yepegl- If the gas

tus is_located withi AN .

coofibd arnatatysity IStated e AL HE 4] fsstiohE mpxture comprising

acrﬁﬁnifmé' nhedl Siiné® PirtiQateoRatllyst hearr dxc tdirectes sl thanexternally
t he

m xture conprising acrylonitrile . ent rai ned
located tgasureeling: apBRAlS YA PR éﬁ@%rdswgar@%%@uﬂ and then, after
coof o4 BPLFS AREp HRHEEAEE B 4P oMM ot 0 =
suitable patzlm'dseﬂ?aﬁ@’g anr;]uamtg_aj rsgclbrag)@ema’tajysti aenafgtiop apparatus
reactor vessel and.the i rect into .t ol | .
desgﬁlfg)%(s rein, %}{65%1:1%1 Q’tqu@rctlgg t? ﬁgfﬁlysggfr%ﬁftggtcggk?cg mixture,
andt F&uﬁﬁb@'tbﬂétcaﬁﬁyéﬂ f () flaRRAREHRalRY HdePreferaiblpesuch catalyst
sui table conduits. Detailed Description of the .
separation apparatisHisgacated witindhe readeeyessel.o MSHatHVRLY: dpe external

gas:cgo%éi{r'\g %%%%E%;@g%ah%fﬁo%#g\%éd tb BY BR4PBF tHenreE\ibﬂif‘ .rvg\?\%el and the

tus S S I'n cross-sectional vi

mixiea domprisig acaflorstrile andyentedisedapatiiellatd Gatalyst aianybe directed to
constructed of a nmaterial, as des abqv

e RSl St e i S 36 285G P or o

I r Brocly A9 4GA &hlsiening or openings in the reactor
Fm%%%éb&?ﬁgﬁlﬁ%gcancﬁe% cal egcti on. | tg IS Br ef 8{ ably
vessehand therediraxdtlyantoethergasi caoling apparatus.t ibeoegledhaixture can then

oo GREEbT3b 1€ B HL o b Bp BB CBLHRERRLAS BBl s
| east |ined w t hpataited ©dsaliptidrasf annveritiost and such

chem cal reactivity, For exa(g_)l e, If the chem cal ,

r edoiguie § showhedi Rgferpdo @i lrypgg@,f]tthpnrqqqg)r5apparatus of this
. reacto LUr i r. e . . R t
bRy EB 9 S5l A0 P 6 tbctonal viw. Reactor
apparatus 1 comprises a shell 10 suitably constructed of a material, as described

above, that can withstand temperature and pressures used to conduct a desired
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shoul d be selected that will not corrode, or will not
corrode rapidly under the reaction conditions. The

wo e@atiori3chel | is suitably constructed of a naPer/U8t004/014403
such as steel, for exanp ow

allo carhon or .
chersical réationst Beb. pf%@blwrCOI‘SHP?@dC%fnﬁr'%g@é'a[:g’f%l yllwithstand the

cherﬂqu@fl 5?3}@3&%%? §ﬁ§ penﬁg Oﬁgogﬂyl?% gz%ootﬁﬁgméﬁaﬁeﬁgﬁrgta% catalyst,
plac@g therdif,s opat dagstdirgais with ci cmmrlabthaimjirbpm %gtaaud siecht chemical

RS B TS B v
reac'?cﬁ'r Hﬁﬂ?%%tf a?tﬂ:l}lélﬁl &?(elév@t?éd @éﬁhﬁer@ftur"ebearemotmslve a material
ar a

|s circ | ower ortlon B
shouldaﬁi seleciedethtt Mlbmiotamrmgeo or M@h gat (Efé‘fpdg)f?@l smrée reaction

conci' h%n§ e nri%ra%}%ggn ) IIF gsguté@?é:fngnﬁ def £ nﬁ’é’téﬁépéhéﬁ as steel, for

dlsengaglng zone

exaMBIe':'l&Hrafﬁog( cHOBRIIrtainiesk Gtes!. mmwnplmmppms catalyst grid
cylindrical portion, indicat

12, gasmoo»heg/ap@ﬂdatgs JPeRNS (Rp§Par Uﬁ?ﬁ@g or fjtgﬁzqqngﬁdppamcles

13 8 0 ia$ heat transf
rork 85 5, SR8 8 bptaidputia o st st
appaR&Ls 40hfor aivé ifluittizexh batabyst |bed B’ﬁer@bb«mheﬁ SrFssgeRatiop, of reactor

The upper portion of, t he ct or S
appagates | InperpgRdicuRr tc‘?c#?ﬁr‘f bEE}% |oe(,jac?|c.|&O gépl)eaorﬁﬁg £ is circular.
The! IBWe?g%‘?ﬁjorP}S 4] F&.Q:t@re‘l"dérﬁlﬂe@ a%WQBaordm bed zone in Figure 1, is

Tror o e ti cal - capped, top po
generallycaylewrtwl narfied nmyldée@nrtm of the r@éﬁ‘i%al'é‘?i'glr}r@poﬁs DZ or

d|seé1yg|agﬁ'&: %@tgg SltB OH&ugé aineéoenépgr 5 dua|o|$vérscdrﬁcél NERS&de Wdrlon and a

narro or tapers
cylmd"hdéll PORic, ihdicatedrisy rrtarkm:bBecthse/él emdrB; t&splctl\miy; The conical
bottom of the reactor 5’?3 a coni section

portiem & isrsmallesdn diaraates af fie jasa ?t"Y éta'§ c&pngf:%grt%Sthe DB zone
andr@%ﬁt ‘?mfg‘ st® \‘RIHE itth8ets! (RBCAMNdriéS sdttvh B msFstgswe id Figure 1.

are in ts that can be used, for exanple,
Thef appérhpoitiohr afcthet ieantonf DRnefodtiluie aha@samoseundrigure 1, comprises a

conl S5 LA RS g, RGO ERperica. o

elllﬂti%ﬁP&ékBpecﬁFtBpri\irﬂ@\ Jndit&tedrby mizeked byiysebtaorpDesTéhe conical portion

tional inlets for ot her reacta '@{Eé‘é? [g d araduall
c lﬁp@@@éﬁrﬁt in iarBeter athea it 191 SPRIEEEIG BRGRR B And gradually
narg%vgspé%a]pe"rg ll‘?d% %u RO it Ribets @SRREPOALY D.f Phe bottom of the

ng or ting the reactants. The means
reaétor hadissgmiicalrsgction 8Dst ri buting the reactants, for

exanpl e reactant gases, al so ef erre ' S
r edReEIPT Ja bR B ITEHIR F‘angﬂl"%' £ g@%g) @hgﬂﬁégﬁﬁ{‘&b @ enter the
r GOAADREES that b d for example,
reagfé% B%g 8B%§?§4ﬁ%"grﬂﬁosﬁﬂ]?but er tlhe reaa::tcsr?t Qas. i
for dfaes értrodusctioh eofparemmaa andfpe\ecHen tox&sgem-ﬁpgtailrﬂgg rﬂaﬁo ﬁespectwely
react ant gas b y e sper
Depeadi Pgaef‘aﬂ}e gsa?s géé@gb at %&%ﬂ?n ol é’lﬁ’ﬁm%%ghg%%'rdg@f sﬁ% reactor
apﬁﬁraﬁ%n”l)rﬁewéranlew magtbeopresenhet addlkoml ipieteeformthet feactants may
conduits fitted with one or, npre orifices ormozz}nf%%n 80 and
be presatiedniaisH0Q ang /@ Ag&Ganperied aRshoyn i gy 1toa s
90, t?é%%&?/ﬂ@( 13)5” Eél‘&ﬁge ort BRtMtiNgOthefrebbrinteactiie Ineans for

'abo
dispersing or distributing the reactants, for example reactant gases, also referred to

herein as a reactant gas distribution system, can be any suitable means to disperse
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preferred reactant gas distribution systemfor the
reactor apparatus of this invention, as shown in
wo-2@unelils and in nore detail in Figures 2 and EcT/Uszoo4/014403
"~ conprises a plurality of as distribution tubes
or distnid uBotheneantanit s or gabes goth@rme%re%@hoeﬁnwm ftgisdnvention,

ubes 80 .and.90 are ca
reaclgit Gag sOpuap e FyS8 TRk o Fibopie st S T jgapos. and
they taireb@ sPhkjers idr obiprig@sa Q‘,ehecvtmnyort u@lﬂmrlﬁf PipEsO8r other condunts
extendi ng, respectively, therefrom down t

fted, withoone diremare BrersI o TioARe o OGT, MEANs dRtIGPSISH; the gas or
gases hghrgﬁah%gtl 'f&efe sthfar&S?tl%Heoidﬂfet Faddd @naps\REGritioOf2. The

reac gases, for exanple anmoni a gas,
prefér@édﬁe@cttantagaﬁdlstrd:ampnmystmn 4ot vleal@@@@r anp@rat@rs thig invention,

as ShPSn NG| ARG O BRE GUITGIUITE 4 B8 Ca o phaes a, pluraly of

gas %@m&mb‘é‘é%%naxwaﬁdQﬁémfélertnb@@Be amd 801 oEat:ln @f manifold
above the grid and away fromthe holes in the

tubesHiGand Q8rajernonneriedsAsliptribution tibesi 8aand 921:.r§ar?<=ectyely and the
dlstrg)rqqﬁlnn I @gé galgpeﬁ% off g%ﬁ‘éa fgb%}”’t@be’% g5 Rindl 5" éﬁtendmg,

t hr ee- di nensi onal
resp@bﬂ%lvgtl@reﬂom ab®n rtedneafrattteamp gagack of igriduf 2onin the preferred
ystem as shown in Fig descri

emb@@igraent the gas dgtyve;qgétéq f?or@atge staggté@ @iﬁsgp%gn%ﬂf g}e reactant
gasése qt?er a%rﬁgﬁaérﬁhﬁlalﬂég reHARatd hebr Hhar, p@@l@bﬁnébw the holes in

eactant conpri sing propane can en
the gaapwmeréas theugs delivesy t9gesfionpike dlﬁflbUﬁJbetlEiE?Sz B?Tethe other

reaqtﬂmtggelegit Ok EXample o7 A q,lulgr? oXY! %gbgﬁlé e 'an%0ﬁt|on above the

grid RIrif %é?@ro%"’ﬂ@ hB?é@tm dhe ghids THigweBhgemenyis shdvn i |rs plan view in
gener al plate within the reactor aggraw g 5 and
Figuse t22aod mgthr@emnenélonﬁbwew ip Friguier &r éneiefered ggd in Figure 2 an

the C{qefiai%c{ ﬁﬁégﬂ rngﬁs@nglwerévﬁp guirf f@ﬂ'@dc%%télﬁ' ggs adistribution

es or oriirces preferably space
systeweas yhawauh Fidwee 3, aee désarlhedphan@etdﬁtalébew a gas or

other reactant to asst ough the atefr
poGastAigasar geges &° eﬁ%é LEds e?PFE"HSRE i R“}Ugh inlet 96.

' gpandsh éfter peaiter 1 through
Rea%ﬂfnt&ﬁ] A ?ée\‘ggbh? Beehe@At ebnﬁﬂﬁﬁhbéﬁr fa rpé roug

apparatus Is in the referred
mlet/%tarxdapaqsomm thenDBTrenehof eeacter apparatusst ghowggrid 12 by passmg

de tub I h
v, B5ea SO AT BH4 1,360 BELRNS Stnont of s
invetfiiohi gfidof2 tsh m@aw Qrpla@p\whmuhea’eamrtdppamtas andaextending to
contain a articul ate cat aI

the UM%W@WW%%OF [l %ﬂﬁﬁ?%lt%ss f&lggf%& M comprising a

collégﬁé;rfgpg&gg dd?ﬂrﬁ‘lﬁﬁg E)(r:é;‘téf%li f gﬁaéélang%lg%%%gt e Slfe'adoﬂﬂ?\e plate to

alloRT gdS 2 Mth&rlreaotint papass tresuginthef platejfr@ﬁsthterfeortion of the reactor

arr S S S5 bEAREEY o Dot ST 8 tne it
whéfﬁﬁ{e Réaclr dppathiusGs ﬁnfhesptéﬁ?eﬁéﬁ pertight péditon. piﬁsa@ﬁasﬂbr orifices

e reactant gas or gase yet not too reat a si
carpiaciude tubelar pazzies 41 a@r&mmbg@w e arid Platenr A% AL 6?. described in

moeHSIIRIEW. RIAS Bt heltEapl-andardils AbbTe thE Bate can contain a
solW, phititutdie catiiast. G urimgttae oplerdtiom of the reactor apparatus, gas passing

through the holes or orifices in the plate of grid 12 enters a bed of the catalyst‘
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nozzl e and preferably at the end of the nozzle distal
fromwhere the nozzle connects wth the grid. The

weeickilen3é s of a size or diameter to provide fBRCT/URE04/014403
desired pressure drop between the gas in the re

partiplescand ﬁeld@esutr@n@latalyét gagicigsolpeatark agpye) the, gaidy oSH“&refore the
rovi [ I f
noieB58 Yy ed 1 R BefiEE5 08, 18 S mBRboldratsdmepolizk s permi the
pass‘é;g@h oft thezaaetanitt Qaamroga"ses;eyeh nht oo hgreabazIsize 40 permit the
shown in detail s cool er, .20

partiaglie cetuiet o b Taig 10 N gRoreapé Rlgta e grefered
emb‘aﬁtﬂﬁ?ﬁﬂ‘ﬁ% %zlé?'ﬁ thaWERA ififice Q@éaté@%thr in 8% irhen diameter of the

type of cool er where for exanple
nozz:namsl mefmablylatgh@eodmtthamzzllefd haleﬁémw pentheaipzzle connects

15 t d
with B8 1 T8 o i SER RS TARIGREIY Pl s, B 1S BSied pressure
dropPhEtldeRdhk fasGR th& Feddtombélbe the_@,ndtdmtthesgastaﬁmueﬂbergrld and to
portion of ‘gas cool er 20 shown a&% F&\’?P S
provittenfortthe clegiied tﬁ@tedzfcga@rﬂ% dhreugh the, QO%a igfo fhggreactor space
abog%g 5}1% @GCH 3" Itﬁ‘%‘ﬁr orﬁ’lﬁ%et WRRiNGhe 352 zRORI SHowdin detail in

08 e , n ent er e series arranged, gas
Figwwg@.ones 30 or other neans for separating the cool ed

A T E L —
embiRfifibnt ofstth?s"‘ BhticH, s édblérﬁ@(b & é |shem-anﬂﬂt[1bé mie oficoddler where,

gas passing t rough he tubes in such
for emmplearabsasbeomprjéln%moéuct@lﬁ‘derﬂft @FGS&HB iactantpgases and also

conﬁaggaggy%énw %8612%%%&%6%; es, @Qﬁl %gs throug h the gas cooler

entérﬂ{@th@' Sodlebiibintiertepnthatis, tpda enppm ﬁértioncxn‘tga$ molelhao shown in
| ower portion of gas cooler 20 ent efr'? g that is,

Figutedh, GMSpans Ao fgna ihe eaner o4 it 35 ppley, 3L the kRt

the ?d%&l %OR %rfgag (‘grélérrm%\ﬁn (Fr?@igﬁﬁle Qa%nd@rﬁer fiRObérds arranged,

means constructed, as with all the other
gasceytioesn8® oni dthemmeans fpe&eperatlalgrﬁemqpéecmagffrqn suspended or

et i e SHVALRpAERC R} ey, suoh o water,

steé’i’ntd?'dihérh&ufaﬁbi’éﬂei’d fot dolliagithé gas Passingstherigh the tubes in such a
referably Iowaloy carbon or stalnless ste%{? g 29
sheﬁﬁd—tupeémqa cegles san @ntenand exiy the, sapler ﬁhr@pggt hge condwts
VU or
a4 Tobpte B o8 g s e B oars
plemjmdamtocgm atrthgdewsr paritionnef gasecepler 20 before gnterimg cyclones 30
suspended_or entrai ned ppéartl cl such as

or R TBFBS ITASRERENNY SsFRRgaH ¢y PBUBD P RoiRoled gas. Gas
cooug/rﬁé%ﬁ%oﬁé QhddRDelcondirRtdédI s WIS afl Yisé Bfifer Gdpthents within the

Figure 1 shows three cyclones 100, 110 and 120
reacior aam)@dawa teof asmatesial datgwil withstandithereanditions and chemical

reacﬁﬁiiygéf tﬁug r%%&%at 'grﬂ(g P ?é'%wthﬁ'f %%ul‘étacﬁﬂ?d AR'Material such as steel,

atalyst particles enters fi
prefdraBl§ 16WCalvye cailtilfh bhstau@lbssetuhhldanllﬁﬁusé‘dsmrred cooler 20 is
ef fl uent from cycl gne 100eters econd, stage 5
showtlrba@aiqrod@ﬁaﬂdudﬂg%ﬁcﬂjﬁf\ By s d}ﬁaf"@%%b rgfdqtail with respect
theI‘étB.m second stage gas

Gas cyclones 30 separate the product gas-or gases exiting the gas cooler

from suspended or entrained particles, such as catalyst particles. As shown in Figure
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cyclone 110 enters third stage gas cyclone 120 through
conduit 121. Gaseous effluent fromthird stage gas
weyehona3d20 exits the reactor via flanged pi peC/BS20a404403
can be directed to a separation and pur fication
1, moyathan ooe cygenachndepusrilickigues d ishews thres Fyrerss i1@0, 110 and

120 gigGkY T SERES, Siod YRS Skl SRE g Sutcr 25E8orPsing gaseous
prod@&@l aﬂ\afarfyeérliteaihwelr)suspbm@éﬂ aakal)csmlpddldieﬁ ehters dirsirgddge cyclone

100 ri'éf&rugh that preferabl X e)ri?fﬁ uehfd ovvn Icg%o ﬁ@&f%%écﬁecgpd stage
cycl6 e}ﬁe%l%%hpécﬁ{cﬁﬁta%!’ ta%”};é@écﬁﬁ; efflLRnEERsIA %whdastage gas

ctor~plate or flap va for preventi ntg
cyclumvatw entars dhlrgastagetgaq mclgn@ w2 theaighi R ggﬂveGaseous

efflug\% grg &lf@gﬁggg%?\é\?él%riq grtﬁ% rgér(cé[ggt%g? tpe 130 and

can 'E@ @iFddidd 8 atdepatation and Pmﬂﬂ&aildm&ystmatfeldlsomtmgcprgduct such as
Figure 1 shows one set of three cyclones in series
acryécvmml@efrmmthe peseaus efflg@ntunder st ood that each set can

Et&acby%f %fcgﬁ{es fofdfid LA Msb@%ﬁécpé@&h@w@uﬂe@s 105, 115

ere can sets of such
andSﬁZEi ﬁé?sp@btlwgeﬁihmhcérermndl.u‘iter fwmw\rde Dpipes, thatprefewmbly extend

such series 20 arra cl.qnes e 5.
dowrpinto the BB zepe Neaf gp& y(AIﬂ]o(th qottg%bovm gf’ E&r\ﬁﬁe 1! each of the
dlpl\éﬂﬁbﬁﬁeﬁégﬁg ﬁété@ﬂﬂ%‘@@an@fs&h%ﬁcdemeﬁ)r ;ﬂa@weﬂép va|ve for

ed in nore detail below It is be
prewdmgsﬂweawbwarat flaw of rgaseiats the dinlegparlds ﬁl@'qsﬁeserve to direct any

t
oo 5t lrg LB 8 AL, 0 RE PR SRt whre e
majén@r &cthBi 4195t wabldAdd loeagsd. nAIthsd:giwﬁlgune Fi gm\es onetsed of three

onponents such as the r|d cl o
cycl@aﬁsbg gq;matrgggg@gm é ys ,tq] b% erg)pogny"l u??%blsgp %3n contain

fewggpﬁdﬁggna@d%é%p%ﬁe 2FRPE Dbr Qtéy@ronéﬁcbndwél@e@an be multiple

ure view of a preferred grld and gas
setsdlcﬁtsudhusems ngtMOMn fobexagele 2oto & §at$t gf such series

ratus of this inventio T
arsp B lihedh, s 4 VAL e BFl Gl BBLBREAne proferred
gast{t?oléreé‘ﬁd e aRBAGENEAt aNthel Beldrsact BigurpHavilitesdescribed in more
preferred vertical position. El ementg)t hat a

detaihbelaw Fif dgaitede undprstaod thatrfisereepis, r<SSRATRER RS catatyst
parﬁﬂg '(grtro;fn B@ #Q? %g{?l ) lﬂsféaﬁ% mﬁ)%lo?%%t S48, Riexample, a filter

I'S sho In qlarter section,
systuifl op &l sresipitatopn 200 is shovvn -21 WD 2004/ 101136
PCT/ US2004/ 014403 j n_hal f s ction

i dSLSDA QoL gt 1 offecsarBnaienss SHof 8 g, rid, gas cooler
anf‘ﬁ?@oﬁés Jaﬁebé'shﬁklbﬁéd HeR0Rsly 'plb@éﬁbmany?sﬁtaﬂﬂé en&ans such as

ure 2, grid section 200 shows t plurality of
suplp@lrtdseeﬁnﬁotbﬂmughchldévgﬁm for permtting gas to pass

- EDURLEs et 0 Brd R R G ot yetom thatcan
be @68 lffr apReetbridpparatas fofahiseinvantbrar Thegdew is from above the grid
looking down when the grid is placed in the reactor apparatus and the reactor
apparatus is in the preferred vertical position. Elements that are the same in Figures
1 and 2 are numbered the same for clarity. Although gas distribution system 220 and

support beam lattice 211 is shown in quarter section, and grid section 200 is shown
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in evenly spaced rows. Holes in one row are positioned
between the holes in an adjacent row. Section 211,
wohkeghomeal d be beneath grid section 200, ShowWBCHEHUS2004/014403
f BERS BRefd i
in hélfesfegtrSﬁ it %ptggt?ét Hﬁﬁgr'sgc?t% ’ ha‘ggct | o%ctgcg‘g eﬁ go@@ﬁth%léntrre area of
the cmeatalrahapgdigrldlst]bwnbntﬁlgmeszjst em havi ng mani fol d tubes

G 2. 52 segicn 2hb sBowadRelnliiEn 6 ides Z10ihroii e orid
for p@ﬁhi r?%éa& 4O Pas8 Frdhi LRIdr Mk bFie b FRALEIARL hdd b @Qtalyst particles

t ubes are positioned so that the ends of the gas

located| abayeythe giiss  Bbe lindescatgaeventy spaegd fiops pachy etheranst arranged

o o8 B0 o0 R e R SR o o
adja@@(ﬂl rbgv?;@e@batligﬁe%(’lr?tswmm mlmdﬁbefoehbaﬂg@m ded:tiore?&O tahoes a lattice

of PerRENUEIGE PPN Doz 348 AT oD SLBRPRING aele fadslion 220
shov@ tiik Pé&‘ét&r?tr §Qs %étﬂb@l‘% s{&anri ﬂBang%aﬁlfelﬂriuB%'SU‘and 90, gas
stemuse I N e reactor appar tus of
drstnbuuemtmlms 82mamd 92 aatl gasadelivenetubiese Bl ianda®5.viAsvehowmin Figure
ectjon of th adtrbton ftem shown,in .
2, o3 gy FiogaiBs Bleiiiah Hon oa8 RHBLESh R pe hrp positioned so
that mwe Jf tHE RS aemely L85 2bhdte HRRY &4itd AR pasHon&d over the

clarity. Figure 3 shows grid 12 having refractory

holes mgndtsatrgomm@r iad gas delivene (utss095 extandingréom ggﬁudastrlbutlon

uoef PGl ot e ot e el Riebliere gas e
are dwafoem3heholes inhgrid 20Qi f ol d t ubes 80 and 90 gre
onnectln t ube

ted. b | it
S%BSFPZ% Feépﬁ’@g?\%i‘fﬂ?hSl\éealaVlswup 3 $getign %gsa preferred grid and
reac%r@?%b%th@@tlddjgﬁe&u%m iAdhe rrSé&@FEbFQr‘aYus of this invention, and

bution tu are connec
is al:pd) arthreet-gimwnspnal ViRW |of/er§ec¢|gbe‘z§ ths gaﬁdilgsbutlon system shown in

oSSR H 45 Kb BB 1 AEEE Yok R P56 2 ar

numbgﬁeﬁthg%a@ﬁ@f@mﬁwoned so that gas exiting such
tubes, as depicted by arrows 330, is directed to a

| digtire R %mws ﬂf'éni‘%d’ﬂVmgegef@P@Oan@W?H“ﬂZ“a‘ﬁ"?b\% 3 Agyer 300
overa‘gr\ggér%gﬁd?ﬁ)ét%%hﬁﬂofég g4@as, such as a gas conprising

inan upward direction through hol es
21Grid A2 basarplunality-ofgboles 2,10zamdl aszzes dtdngtrigd in the holes 210.

o, G TR B 0 M P P o
conrf@c‘ﬁh%'tﬁbéé M bHQ@Zﬁ?esﬂé@ﬁOely, IpluraMPo?@Qé/cﬂ&%@@on tubes 82
PCT/ US2004/ 014403  t hr oug ivery tubes 95, and

and 92, mapectivaly.t ®istributien tuhe 8 anﬁegzgarajcmmpwd oA plurality of gas
o ifoes] 85 SITBLTooPSORENE, LIMBEEREs B AT AU Ghs, 05 are

positiGisec bv@r thenfvle oh dhé wrid. 8Gasidelideryeitbed Qﬂ‘lamngsrtloned so that
s distrib Ilon t ubes

connectin t ubes, 321
gas exHRg SHER ﬂ&?sg 25 depidieq By Briouss3 s s diacted te adP?%t&r\e@wav from
holes 2o ||r9°gﬂfd Q? O ridifs @ﬁbdsi%\ﬁ aRE! HirdfBh YN8 §ad 8Gh as a gas
cont ai ni or exanp
comprising propane, moving |n an upward direction through holes 210. As shown in
Figure 3, and as an example, molecular oxygen-containing gas enters manifold tube

90, is directed through connecting tubes 322 to gas distribution tubes 92, then
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propane woul d be exiting through holes 210. Nozzle 1lla
in Figure 3 shows the details of an orifice 11 b in a
w@aw4adi1e6 on t he end of nozzle 11 a distal froPCTS2084/014403
the nozzle is attached to grid 12. Although not shown
throdgh Gaguetivdry 1ibks\as, yaridikedirédedrtd a Ycatian dre the grid away from

wheraniprexaripepiapraryodl T entie el Helgiet £ osltiY. 3nd aiso
as ah lé%glgﬁg da?'ﬁ'ﬁ\o%% b%‘%‘%gfe?s fhatield fbeBRBHRECERaRrdUGA connectmg

anet er el 1very tubes 85 and 95, thereb g
tubeerwt tongaardistribfitiore tiikes Baaﬂteahthrguglwa{sodeltygastubes 5, and is

direcipd 9 PoigSrien ppBe U1 b S whiRcE debirialfing. Jor gramete

prop‘ébetWSUIHp@@rem 'ttﬁBuQﬁ”Hol&s ang. i Ndzlzllél mtj}a dn Figute Gnshows the
part f the preferred vertlcal

detarleaétaomr&“ppa?‘th insa eepFl uer the eng °§ 'ﬁg t? a'rsggéﬂ”éd"here the
nozz'rlgilsgéﬁ rvegg@eérwgﬁ' Ol“tﬁg %t%‘?\%@ m%ﬂ @1@4 Sclﬂﬁivbryofubes 85 and

I'n ga cool er lurality of gas
95 caAdd aadhdae Joréamples weldeal, gb djsarcttklﬁtomtubee&g and @@5espectlvely

overégggamr %gtlr%gltlg%ggées% fa neg% tﬁ? % %ﬁta %fvab\ﬁté'r]@\aﬂfthe inside
dlanpﬁg Bfaﬁel%%/ fLﬁ)ésWéﬁd @Bafhe‘?@&} biatihg léinObrﬁﬁl;%Sfbﬂ geactant gases to

he J acked region 405 reaches all surfaces of
pasgﬂsougm befogetamlbermm@eilveﬁotuheﬁdfom the distrititionrtdbescked

region 405 throu h £l h:
£ 1 BloEs 408 7 gs ﬁag\? g\goéfqﬁ %g‘égggfgﬁ ?}ahcoo mcludmg a
portfolnubfjpéf@\d Be thd b@éf@hetj h)%rln@tlk(qiosﬂtemedmeabtorgnmaramsmf Figure 1
20. Large arrows 440 show. the fl ow

showingrp besferesiniesnal Fonsiryetinn obgrs cogle b?@?@ﬁtSLheﬁ'e%?ﬁﬁfPf vessel
10. gﬁf??’& I%\E?gté‘j)hﬁ% fé/? ﬁgs o H%R@BQ@dtdbaf)é‘éé’fﬁﬁrough jacketed

as Ccoo
reglbﬁl eg5d o}mkéhrregugmw tsed;efm tanmeocmtexzwaﬂ Hd Otitgasraaster 20. Gas

tubes 400 .into um 4 r 4
coolhedd FORERS & HBUYNCE SBTISRg 2l Egs TG brpeaoB R AYR passing
throaﬁh hiRy cfnbafiegmm ife@bhé@arnegtfw@s of ges codlibigatnBe@@000 Cooling
e co system for providing and re

fde:emﬂermgckedl iregion |410<5Lthéatt9ﬂ1 ﬂaﬂQ@GgHP@@@ bedis t %@ough ﬁanged pipe

El enent n F| t ) f
25, EASBRR B oy B8 A el L 84008 rogion o
gas@&oelr-Z0Nalyar bfﬁrﬁtﬁNstshowrtbé ﬂmwetw a)fnlxthse ﬁoreemele compnsmg
as cool er g pl enum 24 and an esganded él ew o0

progyat|assk df peset, 1r@agmt 98863125 Well p,entraingg qr St{s]qgﬁgéd catalyst
éé:hl%'i gﬁ&ﬁ%{t ﬁ’ié‘§ld%f0ftdﬁsscddiéfrelﬂ itRéh dE{NﬂffﬁfULfghl tdbes 400 and out

I gure are the> same in Fi gures 1-4
the ibottbrT efitubles 408nintd plentim Aoy Arqugmer@O shpw tb&rnatb @f dlpat mixture

thrquaﬁequgivméﬁﬁéﬁ%%%%é B SHRYHAORA 1 cppocing e

22 SRAWS3 e 1 Wodllihg Vilvl SRsemchsl pmdm@@m@@cmagu a:tg::llng fluid
through the jacked r

e'gdon 405. Figure gartH%
circalated thiovgh game coplaredl. arkl gﬁ'@@ﬁﬁam ngur[eht} etB hate the Same as in

for separating
F'g@%% P?%ﬁ%%gg‘[b# @ttﬁé]pgerl%fggijpagﬁlyom the m xture of, for
aﬂ?.lr% 5 iy adut-awaydtireeelimensibngladew airibe @neﬂemede;jas cooler 20,
pIer?t?rtn 2 S:’atndloaailrn telx%gﬁaeddegvlv Cc}fegdaszyc%rﬁé)sm 8&0158 09%8 tﬁat can be
used in the reactor apparatus of this invention. Elements in Figure 5 that are the

same in Figures 1-4 are numbered the same for clarity. Figure 5 in particular shows
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exiting plenum 25 and entering conduit 101. The
reactor apparatus in Figure 1, and with reference
wo benaoaie i s preferably operated in the foI I ow:TYg82004/014403
manner for the ammoxi dation of gro ane WI uI
the dxipERA - FENMIEMEMgO 835 GRPleldd i adegé'é t‘BS 8\Nﬁ1 A BlufHiiy of gas
cooftfd YUY 460 Sssxﬁg ﬁldug{]ptﬁé I%é&%éldar‘e%&WG@t sk 5 ﬁl“ﬁéhlcular also
as® one or own in-the art useful
shoasnther sémes apmgenmnt mfatbred @astccydl@améﬂOhééOe@hd ﬁ20 used for

th f |
SepaiEEig) ST SRANGH PANAER BT JeruraEEaPt BLanple. ppduct and
reaHanthaEé’é %ﬂHSentFaﬁhé& 'c%ﬂal&sﬁ rﬁaﬂlélby Sﬂéplble‘éjt Byl adleRw 810ii8 Figure 5,

contained 1n | ower Dense d (DB) portion of reactor
exitigreleatms25 and leeteammndwt 1@ét al yst present is

bY q%ég%%gragaﬁg'ré ??é%lr(y:” | P with! efér%ﬁcéetﬁé}e‘?@ Rf preferably

t he en the reactor

opePetahi tie RMBwinte margien! fys thd anmmoxidéation ahf mdpamenvnth molecular
React ant gases such as anmoni a aﬂqo} sour & diculat
oxygensentaining gafe ANEndBMQia &8s 1o IrBL gAY, onidle, ¢ sfig particulate

catgl?st rEResL i Y Yor ftfe aé%al%/gﬂssgﬁb\nHt Rdtie drh@isBRl tf8M converting

the reactor by a gas tributing neans conpri sing
propame ftol dcrylamitsile8 vteerd heafeddiins tthe bpresence uife sadecudard ogggen and

e SRR oL e BE R e Ris FEAEHAEH VLTS, Pt

reldtifg AoOtataRBRY RétHa dbdvel igbniaiert irdidverdBensty Bee.letB)eportlon of
gaSes we Mmean a gas that is recovered fromthe outl

reagtfor apparasae fl orThef amounhaiatalyph piegaat is pafafably @n; %mount that will
fill {h%t %’%&e{%& 8%: gwsés Po cgt&a?atb%r%oaf)Bv GheR! fﬁet Féa?:?orUEQH GS&hflon and the

converting propan
catalgsty isoim arfllidizett state.r d?gaﬂtmtggm amh iascamdwrimendr source of

molguler ey ORRaSHIcr SgeteT i el BOaRBS At taapEctivaly, and are
dis(?'FGbééfi th tﬁﬁ%ét{d?ﬁ" SN ERUGEadISZ Byesd dds idistabiithgl Pnédis comprising

ze t articulate catalyst in the DB 'section
manifold Hiebe%&ataod 90, listrkutinaisibes BRAN 92 and svsl detivetydybes 85 and

o5 TSkt Bl PR 6018 BRI T e encrs

reaplod @ipphsatas cihtresudty dﬂ@lgplpecaﬁan Byaeaydle ayaeteenme mdam a gas that is
The anmnoxi dation reaction is 30 exg%ger mc.

recevﬁredzttpméh%geﬁe&%f theJaREPE TPhEXABR{Se PARRANS: @Indt‘ﬁ'é'gh is returned
to t:n%g‘e?lﬁ 35 de}'ygigyﬁnt bE & eBYadHRY the Soﬁ‘@d?}{vefrl“ Y propane to

tal yst bed.” The proguct and any
acryleniilei n@tlnaacc—mynte gasass MEys inctudeoand arhmote e enbledular oxygen,

car@ﬂ%\megrg@rqftth%gbgr'\ Zfﬁ)gt?%' nr%hrél?raggé %q%ar%th[%gbaaﬁ R any recycle
gaéw/tﬂ%hg%o%@ﬂmm%hah% florfiR thet partictlatd eatalysein the DB
ui

t he fl i zed cat al%st bed suspended or entrai ned
sectiparef the repctene Igithen %@ﬁen dluidized gatalystoped henost of the desired

cat?l&ﬁ@??%&%n@r Jrr\ﬁf'\ ggﬁé Xsc‘tcoﬂ%lltéd:g@% f}ﬁ@lﬁfrﬁ%%tnﬁleuseful co-

eae ant uct gdgases an
prodads&s%dasz oydrd@engc)mmdqand Eu:etmdphndé’hechmnmxeiatxoh reaction is

he DZ sec ono ereator a S|nF|
extisis Caaliia 4 To BeSy e e arirrabiiarer the fuidized
catifyshbéd Werern‘f‘é\ﬁﬁ@%xé‘é’é@hééﬂﬁom the fluidized catalyst bed. The product
and any remaining reactant gases pass through the dense bed and enter the

disengaging zone (DZ) of the reactor shown as DZ in Figure 1. The gases have
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t hereby reducing the velocity of such gases in the

di sengagi ng zone and thereby facilitating the
walc@mengagenent of a portion of the catal yst suBQEENSEd4/014403

or entrained therein. Product and reactant gases and

catalystepantielgs drarn dhe duidizeds oaigbist dedcsuspended gyantiainedstherein. In

the ?%%igﬁgmg qu%r ﬁniozﬁ gﬁ@e @% gnc?rl %rttvg?o(\%n E%llllﬁ st%rctf% es separate

fron@1thel ppactapbahdoprodiiciggasesoahe refin tbethe ddmeegdived sone Eby gravity.
cool ed. Cool ed gas still_containing suspended. or
Thes prpandrdl diamaiefsel g (1% 1sestiar ofsthe Feagiek aghatatus in Figure 1

redﬁlé@ﬁ&%? 3 f%&?’o t 160 Yetes 2Palfh eﬂ Wérlcg'?/ﬂtl"ﬁﬁ‘%ee?é'abtofr apparatus

irst® stage cy Figure 1
thergbgr iedycinghthss velokigy «uﬁesughogqsesf lrt thee dissagagitg zone and thereby

.Arr.anged cl ones. ver i,S,to he ders
faciigfS Jhe N AP U e b T OP A PRI Sgperioet or entrained
thefe¥ie! P‘ﬁ@&u&ran%eféa%%rﬂrgraééﬁ%ﬁd%ﬁia?ﬁiﬁg eHRANRS Gldsuspended catalyst
thereto. Catalyst particles separated by &\?/Cl one 100

particies pass oipt tecth@ctepcofireactesintp dhe sfilutenphasgen (P} zone of the reactor

ol 0B, A i 1 B S g, s ar

coofils e@oﬁmd gﬁ;cétmg@ﬂﬁﬁlr@dummfedsetcentdamleag&atalysil padicles exits
110 through conduit 11 ta part es .separ at

the Bipttept pb VAT IPTHER oF FOP5T EReARb BRIET T ABe RN FlBHUgY 24 into first

sta%%%tyf;ﬁﬂ%t 9001 hE di Qﬂ’ar%t}fsshg\‘;vfs,'éiﬁ tori},""?roup of three series-

aining the product acrylonitrile and o
arrqng@ducyclomms r ddewever, daiseto m tindgreioodethat @lemim ez @ran have a

o 47 85548b R 3oHER L RS St B ¢ catae

parfi ﬁ@@'s@b@%t@étm} ¥ptloR@rto0ctergrrets ks ﬂ@ds@rbeﬁuﬁﬁﬂbdetﬁf tHé reactor
the m xture n&rl sing product and reactant gases.

thf%ﬁod&!ﬁ@an@ﬁare went 9 P%ntﬁﬁléngjéhgep@éuﬁfe@%éﬁ"{"tr% 'and other
pro@ucttd%\‘gq rgg&é ﬁg%’esd'egﬁ e:gc%%gt L@%‘ﬁa Bf 3LBh d&?eac . gyclone 110

acry ct an
throg@isnmabuutﬂ ’t1h|0a1atys’agamci¢slsmparaiad byntyetoner bt n&turn to the dense

o HNEh a3 e A R S0 198, EHEbE bR the procuct

acrﬁlSﬁlﬁlérﬁncﬁB%e‘PrﬂgHGét %?@aétéﬁtSQaﬂéé Ex@%&"clbh@r‘l 1‘@ hh@W¥nter third
entrained catalyst particles arrow 140 shows

stageheycipn@ld0dh cmmduﬂ 12dado dhird amestycmr@dt?& aly aselsbstantlally

o 5 gD ARG et a5 Aifudt Lt miure

congsrsirgy pravuct usiderzaetandigases rate nemoved tamidyare mmmedltesxhe dense
through t he di sen agl np E'?SE? di | ute phase, z g
bedrpOrOR I HEEREIC) DYHIBIRGALAT. nFaske Cmaining Be Rjadict Lotylonitile

and e nrdfuct Bnll'YRaBIERE oBEs dF it staig€olfdne and enter product

outlpt d80ct Adtheuagh codeasaibey elispiiyéds oot eepiciedan Figure 1, arrows

\ rticle di m.ni,sh in ocj t ereb .
depbcg tﬁ.‘a ff é)? rﬁgctapigﬁa an’8ﬂ‘é‘f~Ft9%%eS fi rﬁtwt]ho%n(i):fh g\ythout entrained
cat@ipétapiaiclesParttug! &frdw oot BRowa he Alipveardl ddEctidm0wf trB8ctant and

turni ng of the di recti on of reactant and product gas

progiict: grsessthrougle dhe PRi zapes ohthes iegriacairay 142 pad nd show the

cpuftngRbn W fSHELER hBrdditt gHis eI Olad AW 8 entrained

downwar
catalyst part|cles through the disengaging and dilute phase zones, DZ and DP,

respectively, and passing the outside of gas cooler 20. In the expanded DZ zone,
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m xture of reactant and product gases and suspended or
entrai ned catal yst particles passing through gas
wa@owkan112® and i nto plenum 24, respectively. HCT/ESIODAD14403
arrows in conduits 101, 111, and 121 show the path of
the réAetantand produigasesdootainas sespenrded Al ebljaingdcatalygipparticles,

s 5 A0 B SR P Uab o 574 R of v

partiSEP A ted gas. Susheadae sh@tnaﬂhyesﬂmﬁmgmftﬂhm dnrgam;:f reactant and
exiting reactor apparatus 1 throu

et el coparat e el T anaed, o L B prtcs
) tfﬁi?la gﬂggcg%%??l St %é%cfs.' Mwhald. OWrrﬁstCﬂISJ‘hgéﬁ 58 show the

parated 1 n gas cycl ones :
mixty¥e’ sAv@adtaht ahaaomddcﬂ@a@esmmmmdrmrdrmm gaialyséfarticles

passirggpg{qgaglgggg t@?@ S:ggpa?m{)m g p ?%1 rgﬁég%tﬁ%?y 188rizdrta1 arrows in

concftﬁt'é @ qr1r1agg§ 4 29YSHo B path ditied esahat ared peoduct bases through
lones later in the series of series-ar

cyclenes, dﬁ@$1$0(amda‘s'2(1:)?®ld<ﬂfw 189haws thegliresien o flow Oq the mixture
first-st |
of repdht 2piyProdiehdiieh At sSPGARIE ! APEnGUL ATt from the
gaséﬁ“é%'ﬂngofeé&érabypéra&ﬂ)&rmmwgh flanged exlt)plpe Héo dAplomg pointing
for

ot o it 1 18 G 5 o AR o oo i
partﬁcl?a?%%l?%rg éd"i’ﬂ“ gh8% Xg oghsgﬁod‘ of10f BRd SIS eAvNs BT <D62$Gnd 164

|es | ones to accommpdat e Iar
show Ml dbwnefard mweymmpmsepataésd ta@lyst @aftwéf?sewﬁlalalgtMegs g 05, 115

and %?nvg&égné gw ﬂtasq feqygllobg (irh 'tsgr e%ag{?ggg’d %cfaﬁgg s I@Bﬁsfrﬁbly larger

thar?ﬂ% b c%néé‘%tépm ﬁ{e 3Erie\of @¥Fed-aPranbou dybbnpseﬁmuhr aﬂ cyclones
¥1 path of cooling fluid as it passes,thr

1105m| nzaf Baa;ﬂrﬁiﬁtage ovclangy l%ﬁ*ﬁ%\ﬁﬁﬂgs-w&*ngﬁ%\%cl%ﬂgs i Breferably
|arg§ 8? é{ cai @%ﬁg%pﬁ% %e a%ll Qﬂ'io‘ygi’ Iof c%ﬁalyét DparHidAS SlTllarly the

gures 6 through
dlplé@nb@dvdﬂh@ ﬁﬂsﬂ@r%lbn?is pmfémhh,t ot gdaaen a@s? S@ﬁh@?ﬂeﬁ;ﬂ&;ffor example,
e odi rents of t eacto arat us, of .t
s o ST SRSk SR B oo aranges

cyclgﬁé’g"'t@ %cEBﬁmﬁ&Pé‘té %rg@F amdiitte of cagégysﬂ XeWdles Mairg therethrough.

two groups of “seri es-arran cycl ones and a
Arrmreniﬂasfmvm thiu directipns obfleweaf heat transteromerin & cooling fluid into

flangEd e A% AR i 468 Jnc AUy Arclar s spBipe proferred

wmdiﬁg%a@ﬁ?ﬁf ébﬁmmibra@dk@iss%ﬁhl(m@h thelshell bf/gas abaley 20 and arrow
not shown), heat transfer_ag

1745 shewsathengradiien Bl SoRGTBIS RS (IR 836 62Pi6t Shrgyah flanged

i gperature of the fluidized catalyst bed, reactant
ppgas inlets 620 and 625 for supplying, for exanpl e,

X YgITSS CBtBiaUghg hoanin simplifiea, tsshematic cdramings, eamples of
di stribut]on stens 62 627 f ¢ distributing, for
emtéggﬁmngs 0#015? C@Bﬁ?ﬁ?r ‘S@és YR tlOan‘rrmnl a, reactor
gaq:, eeb &fveIseth sirfplifRidaBBhémafi @rdradmgnmaor@amme of cFigure 1

reactor, catalyst separation appar atus 635,
excspbma,t lﬁﬁova(qu)g@upgsof@ﬁtﬂe@ﬁé@ng@glscyc ones and a separate product

gas outlet for the second set of series-arranged cyclones. In F|gure 6, reactor 600
has reactor shell 610, dense fluidized catalyst bed zone depicted by bracket 615 (for
clarity, catalyst bed not shown), heat transfer apparatus 618 for regulating the
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cool er 640 shown, for exanple, as a single-pass,
shel | -and-tube cooler, having inlet 612 and outl et
w®ieb4popaes for circulating cooling fluid throuptm/Ukm04/014403

as cool er, plenum 642, arrows 645 show n
tempefatﬂteowfoﬁhet Heidimoct eatalyst BRdaiRaCtaMy9apt 5o Ul 625 for
supp[yeact e%gi%ga gaer’?egntaﬁ{lﬁ rqeR2aAH NEMYPAIa8 the reactor, gas

apparatu wi t hout 10 suspended or
dlstnB@ﬂidrﬁsmémaﬁzﬂ snd 6pdrfor dbﬁﬁ)utlpgoﬂxn@(aggge d?xygggé:@ntamlng gas

s S e a0 S8 P RSFOR EF 8,prpoe (o

raflaC 635, @ﬁ@@hafd\lsesémm ias cyclones gas
reac@? Catagjsg%ﬁ%gal}g{? %gsat hat are' not indj cated

cooldrBAshownh, farexnanle, 8% adHpgletRAsst ﬁ@elbaﬁé-t'é‘ée SABIRH hiaving inlet

612 gpgrpéﬁlpg 632 Fd%%% nrlbcgr%,ﬁ \ﬂ?lbatcfog)ggé fc%"irﬁ"s_u gh 18 g@@”%ooler plenum
642, rt’o\fvé‘%g'ées?ﬁvﬁhg ARG Patit Bb flsWommthenmﬁdlg}ler okpwduct apd, if present,

epicted in a vertical posjtio
reactmtb@asaswthoanch aﬁ@g@@gwﬁgﬁg@pg&}@@?s ﬁﬂpgr%ﬂd?\m%?gé}atus W|thodt
suspg)g tgslt Stﬂipaein mgﬁgtlcﬂ@@%r@ﬂu ot Ea&@ém pﬁ‘pes 650, grid

ment shown in

660,/fRrdiplegsiend fod Mrmng chtalyst particlr @ tb@&tqicgﬁec#ggt%t Eﬁd
is_expanded relative to the |
LS e oA b bR AURl R PPt e no

lndlcca‘?%@bb ORSmBEF BuBsreRirawA Wrelepictad eeasame amnshayesirf Figure 6, are,

or reactant and product gases, eact or
unlesp =atetustheivase, the ﬁrggr@emea%a g\ggc%b%cgﬂg rﬁﬁgggt to Figure 6.

zone and di se ical i
All ﬂé% ﬁ?fi? n@;é&@ﬂ%a%{g\}\ﬂ} ﬁ%ﬁu@gi@;ﬁg?g H%Pfctéd;g\ a x% algg e%OSI ion.
M gfe TeSHdvwe anterabadimgatbhg reacter appatatus ehiti® fnvention that is

the ggn?é{;a?ef l;t\se)?eha?qs\/\g’ éﬁ]qwqj irglg{gglﬁegpl L B? g?agdhqﬁg aﬁoduﬁllégg shown in
Flg\.@gef‘e(ﬂg re%gﬁ)‘?tﬁié'il e hot RAE BOMiRIIE isREti@N 7081 whidh is expanded

tdl arti entering the dilute phase zone of . q
rela&@e?horm@ctowerv\DBl electmnspmaoae af@rithe samenehgIpica Shction an

suspended or _ entrained ca | | tant
reagfions CRRYitPNs spEk A greg%gﬁ%ttglh%ﬁ%ﬂg %@gt&a} ek %;% %6r reactan
andiRBaLA gisel! tHeieacidhepphratas shewniis Figure 7scarehawe afdense phase
react or- apparat us shown in Flgge 7 except that

zonerdrutidisengagdisg zameviameter at pwwglm%tg ysg@ﬁ tﬂ tﬁ?tcngmeter of
the tggggf@ tgﬁ@d%hseédtloﬁ% dlgéngfagﬂ'@ $diiof thet lR@ctirdg@paratus shown in

as a larger meter, and the reactor .
Fig@ené ai Fer suctpadaotyrse the velpoity ofidhe raixture comyisiNg product and, i

prefgér?(tn Sggtgtggfe cg%%g,lgg% dﬁé’dn{atpmﬂfgv te@%aﬁdggﬁ ltcgfaéy?sv\n%lel%l &htering the

Qldae reaktor Woulth B sigilar ad treoaineunt of suspended or
ditufigbhasd 2ne 3 cael reator oul US2004/ 014403 addi ti on to,

entfmme@xata&sépaﬁm%wgulﬂm ¢ §hBilydas cool er used to
cool, the Xt g G dtof thaRbértion that is
gasljfslg E%ﬁts P! %&]? pendg@ & #feactéria a‘?&ﬁx 0 i

or entrai d cat al yst
thel%%fnt\é ak8he hehetor appamtuﬁ simgwv fre thlral?y@(cqpathatdn &he embodiment

shqy;(;) :p] %é@éﬂ S)ét%lé,rtgg?s@c A &kegase and ;@Lﬁl ﬁ/r?b?‘:lnon to the middle
sedtioRC8dY nakl %alra?ééJrsdIQIfneH?! and INEREAQSr I:JSﬁtTalns a cooling coil 810, such

as for example, a finned tube cooling coil, having inlet 812 and outlet 814 pipes for

cooling fluid to circulate within the coil. The cooling coil is used as a gas cooler in
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is the sane as the reactor apparatus shown in Figure 8
except that the cooling coil and the single-pass gas
wa@owkaniias e replaced with a two-pass gas cool ePCELS2004/014403
such as a two-pass shell-and-tube cooler. In the
addttmm tmaéer emrlnete, tha eshallang-ibeogas icodleq uspddauceoldhd, mixture of

o A i ST A B PR e o
parficdi®s Béﬁ)‘i'e %@Fb@tm?f’(hé Ratdlystipaieciés fvrl hevixturealfigas or gases and

upwar ds he reactor and then passes through
catalmml@ﬁ again on the downward path as shown by the

amri._o %@F §E§\8§raﬁg e&bg@m%ﬁ of il e%r 0?133) Btk '8F Blis Fiention that

(o]e]0] to circul ate

is thdsar@has it eguuter ap;FaerUSESH@MS hmﬁ&gwe S ekaatitrthat thef cooling coil
t he reactor apparatus of tg S [l nyen

anddhadiiRglg=Rass qasi GNP eBBcEr 18 twihans s Gasfet 610, such as
a t\ﬁé%@gg esr]e"ﬁ aﬁLd“QJb% ng@ﬁ IHRhE O3 P& c@@l@rtﬂh@enﬁlﬂﬁre comprising

Iment, the mxture conprisin
proguctdard, ifpdesart, mae:kﬂﬁtgaseéa@lrﬁamlr@a@@@%ﬁi@dc@n@@‘ifwnﬁ@ catalyst

ended or al ned cata S
parfileh Bt o e Epad bRk s A BRI NUER bifaly upwards
witHiR R8s Feaditsrosid Bienviddais thlvighenhs cosler Ajhiarorettict downwhel path as
cooler the mxture enters a 20 catal ést sep rati

showspby theiarrowsn £dgwer9-e IWarpasyeepley 816 has | Gi918 and outlet 914
Plpésﬂfo?l{:%%hn ﬂﬁﬂ'tg%?rcé reué}l?‘fhé #)(551& stage cyclone of

€ seri e arrange After passing through ‘
thEFIQlEH’fel ¢6- sl*rovmgadembodlmmﬁ oft the rdactarr appdratusodithis invention

i.f present react ant enters I 025
havii 5 nglBTReg UbfiaW s coet AP SR Akt S R SHEMPIS. 4 single-pass,

upﬂ%W@h@ﬂWubé%é@%&ﬂ@ erinl@di &apodimat, 10 2mbdgre comprising

outlet 1014 pipes for cooling 25 liquid or other
product abtle iff present,oreaqtanil gases ransugantaining cvispendes oo @ntrained

cod Ty S OSSR 105 W e, vt i

upwargluditedtioex&ithin thearedctord 0@dtenaéxitiray thec aoblenghe (Inlxtt&éOenters a
and it includes a "rough-cut" catal yst sgpa@tl on
cat@lwﬁfaﬁ&pagatml@pﬁatﬁmssuquras é@ﬂﬁﬁ13éran¢99 | 6¥elgnes 1015 through

- S e
opdHH 101 RERRY SHURRAPTIEENS! s ek i RICcRTptes. At
passing) thréugh th;aes&r;e&mmm cgﬂ@m dinel mixtore af nrqmlyct and, if present,
suspended or ent ai ne ta hus t he
reag iR GAES SeaRap DN 0P8 ST exfind s ngreidl Rt pipe 1030
Sm?fe 5448, I@rﬂow e6olepdDTeNhadfinlehaogatald/ dutletP 2014 gigss for cooling
rom such m xture of gases that is acconplished by the

hque;kpaﬂth@@ suitaige figidtoouircutpte syopatr theseo0lgr.014403
Fi ;Iﬁgglaeq?q fﬁ) ?aﬁ%gblﬁeéarg?og:tﬂgcfegéﬁ)rs&gt 1irﬁlﬁgtion that is the
sam@ Hsuhe reanmr ishowg ipriiguret 8 andeptlthaprteieeetnotmetmuﬂmg coil 810

ases a cont ai ni ng sys ded or.entrain
and) el ineligss chi BN HeY | SRIERST Separaion, mBpeRjis o ‘Sioh as, for
x&ﬁﬂi@ VoBAES! §8h Léﬁty PR3 apFarat® W BsdPtd F@mG%‘ rt of the
© seccat al yst blfegg] 5 ts%rpough bﬁ di pl eg attached t e
catalyst fnoes the Toixturaecomprising prodp@tu andgif mresent raa@tant fgases and
containing suspended or entrained catalyst. Thus, the rough-cut catalyst separation
apparatus can accomplish the same or similar disengagement of the catalyst

particles from such mixture of gases that is accomplished by the expanded
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present, reactant gases, now containing a reduced
| evel of suspended or entrained catalyst, enters the
wo o44easé on 1102 of the reactor through pl at ePAQWRS2004/014403
Plate 1120 isolates the top section of the reactor
dlsehgégmgrzamet steowre st thef retdm&)rse*iln@mrlndﬁgw@@e‘s andt6. pethd teactor of

Fiorg 1T b peER e PP AR, F rahdfy €38Rt gases ang
contﬁ‘ﬂhﬁsléﬂﬁ%ﬁaé@ldﬁéntfaméa eatfydtneartities tentersetic mram‘ 1115 of the

react or exgﬁf assing through cycl ones
cyclones HrldGghSenara mﬁ/@t paetozles retua t%ty\sa@,%waﬁap%sq §atalyst bed

ot I

o B TR GRS Ao BE P 6,15 AP R v,

preéé‘ntpfe%“ﬁﬁt gafs%@fhawt ccgftaertihgaadtedometleweh?; shspended or entrained
suspended or entrained ca st mxtyre

catalyRtoBgleTe ot Emsedton 145 Ogut%é%@fﬁ% HiSuamplap 1120, Plate 1120

|sol%g%ég&? sggtlérrbﬁtHéqr‘é%‘&dm foRehd 586t dfthetrB8ctor and does not

propane to formacrylonitrile, and has
perfpiethed esigturéecbrhpriging thiet lprodteztpami if opregent, ukegctant gases and

conlSRg SIS A0S ShTRISS B e bl CToelin of the
reaét%ﬁe%ém%y pdsirf@idlgh cydloséd beo obteduglo bypals/eevalve 1130 if the
er hydrocarbons, eilther_saturated, such B I?
bypas® vablieds dn t opspinesiiesn. ByPasssvalg 4129 Cagﬂ% 5@ 1o regulate the
P i e r [
am% &Jﬁ&r@'&%ﬁ?toﬁﬂﬁéé%& %r‘?vtl it Eréé&‘ﬁ't rleggtlrath??@@@é’ 28 containing the
suspehdéd by eatrained loatalyst mattureltlsat n&ssas ¢hroufb rcyclemaaﬁﬂéo
or t he oxi dati on, of benz?ne or but ane {lo nal e

ythatgl  thenereasion] apparatds Ak thg BVeRRgReca | Bg qused for the
am%%&mg%ﬁcﬂf'&%péﬁé’ t9lh@h JrylbRiEAE bans ha‘shﬁaeﬁpkﬂe@@mﬁd herein with

oke gasification and the |ike catalyze
respérﬁﬂocsalchtusa&nﬁflsﬁml understeeditbakits gse isngt %Fmﬁﬁﬁ and it can be
t t
ose ORI R SRR AR DAER RECRE] 1 4naBe, i can be

use‘ﬂ‘ fol cé]ﬂ/eﬂp@t&ée Aydidcardriie either saidested) sluch)as proparllmsrebutane or
of skill in the art. These and ot her altern

isolgane der asatbiAtehl Bihsas RRIPYIFNSi G 1BeRMBNE; {0 el S CO"eSPOHd'"g

un%@%%ﬁégﬁ{?gl%%g%nﬁfﬁﬂom \Alﬁ(? gﬁ%ﬂ%ﬁlﬁ%ﬁ@ It can also be used, for

examel for thppeidation obbpnzememg)ré)Lrtth)maJe@s@thdrlde the catalytic

oSSR Bu R 5588, S L BRI, R0 B0t s,

cokeYHifcHiBE andithe iRE catiifzédtidmicar trénstemeation re@ntlomile
second zone conpri sing as cooler |located 5 at

par®@nlyl geytain emmdtrn@nhse%fdg@ﬁnwﬁé%@@lhaéleuqegﬁl setifgrth and alternative
ermf38hid e SH3SPPRS WAl HONENY BOSppaent e oot descron
to th@ﬁ@mf%kngmathélarst Theseamidothed atteinativeoaes cangjdsred equivalents

cogl er | ocated at |ea t artially within the reactor
and, Wi the SRt ANdRCoPF 3 QQHB’PQFB? apparatus, the first

zone conprising a plate for 10 supporting catal yst

particles and a reactant gas distribution system

positioned within
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the first zone and above the plate. 3. The reactor
apparatus of Claim2 wherein the horizontal

wa@ewgdedecti on of the reactor vessel s circuP@r/US204/014403
The reactor vessel of Claim3 wherein the second zone
i sThatewhieh is plaimi&d és:anet er than the first zone. 5. The

 Thot | A3RRECF phBa s baPlTmRT TRl NaS PR ig il Fet zone,

at 1e@bt £1s@cBh® zBhe! ehd at RalgeSsapehter apﬁa@h&dﬁe dirstf zam® comprising
the group consi sting of a single-pass, up

at |eg|s‘eone inet fonBregatant gpndhe 500D 2615 gpamgs@w a gaRraerlsy located
at le2 pag%ﬂg H'Erf tlg%?/e&cﬁ(? \?éssef‘shﬁ\é’cﬁe"ﬁls?éaﬁ{d q_ﬁéhqsr b&ng through

conbl nat1 on reo eact of
the Q@&:)aé@bus of Claim2 wherein the catal yst separator
ap aratus is selecte fromthe rou%?cctony stin

et Aneasstainapretatie FOMRIAUIG o ac Gy R aprihe & frst
secwraeﬁﬁf thil z8ne TE‘*gé@%‘Ho@Hr RRRRIA LY et Sadaly Avithin the reactor

ein the catalyst separator apparatus conprises a
vessnl,claodea @talyste separatarr appayaiug, Ubedirstizent CORREsiAg A plate for

supiErG Ao BRSPS e G4 BrRRTREE BRI, ARRfnea witi
the fu*é@zbﬁévéharabbeésﬁéplaié 10. The reactor apparatus of
Claim2 wherein the plate.is a

pl 8 al i Thedraper @pparatys i Qlﬁgn%ryvgereﬂ F\e(%@nggg@é GFoss-section

O wherein the grid conprises a
Of“FQDPeaa%’%sg%'sfglcawﬁé material . -30 WO 2004/ 101136

PCH/, US20bé/ ehétd vekael Hiﬁ@lalgaatwhemupﬂﬂ%usagomi Zongi ig greater in

wherei n the s distribution system conprises at
d'am%t@étth%hg‘erfﬁg‘a Y1 tube, a plurality of distribution

tulges C%@%&@féﬂa@pﬁl’fatué oA ElaifN2 whenéihthd gashmoids @ shell-and-
plurality of delivery tubes connected to each

tubejgeslcobml on tubes wherein a gas directed into a

? I ﬂ-hﬁ rbe%wﬁﬁr Pééf?mst O Fllﬁ ? Whekl e g‘é@ édb@«%sis selected

fromt ivery tube
fronh etﬁét §foupPparigistirny of Llsngle-passhephow $h£é| and-tebstgaseooler, a

smgrjréi ?'Jlgfsg,! %pﬁ%laﬁekgemggﬁélﬁéiqsiﬁpo&g: a(rjl a{): :po%ﬁt ggeﬂf 2hd%ube gas
co fG%{Vur 3%% %@ﬁ%ﬁ‘?ﬁﬁ ?Bgegamlgo'cgn:]ggteedat o the

at 7.eastTheneeactai fapparatuse offalaim pRuwhereiy e gatalyatr yeparator
appargtus is selected from the group consisting of a filter, membrane, screen,
cyclone or any combination thereof.

8. The reactor apparatus of Claim 2 wherein the catalyst separator
apparatus comprises a cyclone.

9. The reactor apparatus of Claim 2 wherein the catalyst separation
apparatus comprises at least one group of series-arranged cyclones located within
the reactor vessel.

10.  The reactor apparatus of Claim 2 wherein the plate is a grid comprising
a plurality of holes through the grid.

11.  The reactor apparatus of Claim 10 wherein the grid comprises a layer of

insulating material.
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connected to each distribution tube, wherein a gas

directed into the manifold tube will flowto the
wale@unotieé i on tubes and then to and exit from PEEUS2004/014403

delivery tubes, the deliver tubes having a first end

at tlac hedhegeacttir stppaatuis oof %halm Zndneseisdbergns disgiditioa system

d, t
comigen trs e paaa dufs Pl 3 b RFEeE thnEbted to
leasd ble MAAiIfdH k@RStard RPrglueiityofoft eliveey olubeendsnidctedeto each
delivery tubes are located away froma hale i

distegptipn iweww&m@m@ogaapﬁla@%@@smtﬁ IBRNIONS 1By WB& flow to the
dlstp%wg o tgn'bgglaﬂdst ﬁ‘?o \%g '@xﬂ f éﬁrg théa gé'lﬁ}e?y wpssel and

e gri et for supplying
a gas tcrhtah@ac&paamoaramlﬁf Cmnpra:zemerémr theeat tgasy one manifold
a reactor vessel at |east one reactant gas phase

tube isnipeWatRd-i n the presence of a solid, particulate

cat@l vyt iheFabBfor AlppaPathe oMOHim i@ aereinahprresetant gas distribution
phasé” conponent cgn'prl sing contacting at |east

systemactamprisegasit pleast anenpoanifald i fabehea fluradibc @foglgiftbéltlon tubes
t I
conf BRI ZAE e AR L o R gy e

conﬁé@té@% SRR M?Bmlﬁtmmh af gag dmemteg istorthe toarefold tube will
|S|n at | east a portion of th odyct
flowe sniperdipebutien fsibes 2l fed tecans it Teraeiaive bS dRe delivery

, tw?eas?“éar ?%Z%nhhﬁﬁﬁl Hadl 0 & diddbutiRolude érRPQté%‘d:oﬁH opph03|te end,

n the reactor vessel, cooling t
whereitt atrleastna pbdlongtaisthe@@lcend es\dpauf she dgllm jebrfeare located above

o R G e 5o e SR8 o fetippyjubes e

locRBE SRsh DRSle M asLgrd. conponent and returning at
[ east a portion of the separated catal yst to the

f | uiSdi z e tieagtor EppaTaiys of &daigk 1@ furthesicempgising g gaace within the

rea& ?’é{?—:"ﬁ(%ln%ddl%%g%%aﬁélgﬁur ep%[of g‘rﬁﬁ é’@g%grl‘ﬁet Rﬁ'rédﬁ)ﬂ{/@ & gas to the

spad804/ 101136 PCT/ US2004/ 014403 18. The process of Caim

17 wh f he dj h
comP odb PISCRSBLE 3G 3V L rRRIon SeEeAl Aleet ogp deactant gas

phé%%t %ﬁé&nerﬁ% thd {Eﬁe&rrﬂ%eélsa abiid! p?érﬂbdl&é’@@té%ﬁ rﬁétbﬁél to form at

engaging the mxture conprises about
leasthena pBxiuct ggs Phaee comparent p@mpars@gc@arﬁaqtm atsleaet one reactant

gasagggﬁ%%oiﬁz@%hg%g mnﬁgqs\éﬂgéeﬁ thszO ?t% ﬁ% %?%rﬂﬁ ur?der conditions

whiBBIfbirWH ALRliZedt Béd Df catalystirmateriab ahb%tfléals‘,tdorze?@roduct gas phase
catal yst bed by gravity. 21. The process o{ 81 ]}
compeneitndireming; & BYHR WP@SI@&@&H%SF aiRodtion, ef fhg Rfoduct gas phase

cof R G ABRRH G e TITALF o SOOIt 2 gos
coaler micuterbableasat partialljevitn the reactor vessel, cooling the mixture in the
gas cooler, separating suspended catalyst from the mixture after cooling to form
separated catalyst and a gas-phase comprising at least one product gas phase
component, and returning at least a portion of the separated catalyst to the fluidized
bed.

17.  The process of Claim 16 further comprising disengaging a portion of the

particulate catalyst from the mixture prior to cooling.
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22. The process of Claim21 wherein the catalyst

separation apparatus conprises at |east one rough-cut
wa@yokamda3e 23. The process of Caim 16 wherei n PEIEUS2004/014403

reactant gas phase conponent conprises a mxture

cortpr i siTihg pragesacof Sfaimnild wherein @é@rdbﬁpdlssmg@mg the mixture

nol ecul ar n_and th hase
Comﬁsaﬁéﬂ?aséeﬁlﬁPfggge%@%‘?ﬂ t%rﬁ\é‘ﬂ nga%%ﬁg process of

a aigm 23 nehprsidast b CMixt YBewhéreiwalied the disengaging the mixture

tenperature of no nore than about 350 C. 25. A

comm@es@bouppatpmt 63%@@.9@06”@%@@0&}@@%@ 20 a

@?I gﬁﬁ‘& g,q%egggﬁ SP"Ee'gr \‘,’qﬁgF rt';{]g?u ntg g is accompllshed by

permithﬁig lied portidreof thei @hrﬁe\datead:aib%t tdoesdumnich Megasdlzed catalyst bed
distribution system positioned over the grid, a
by gravify-yst di sengagi ng zone wi thin the reactor vessel

anchpostheo&gg%e@goM dibgn deddR&indiheoamengagingdisl BE€omplished

phase zone In the reactor vessel and positioned
usirpaveatalyst seknarehgagmpgra’.tua@elaﬁt@téﬁoebm%gr%wn%ﬁ@w of a filter,

east art W thin hase zone, a
me@gf%p%,gcl:re 8p3¥‘§?”%ﬂr 3%8?@%&%“&“ '%OF he reactor
vesgel , EhdprdGedsobf 0 2inghendinl thet catalyst atparation apparatus

t he cat al yst separatl on apparat us 30 to the dense bed
conznrrs@s attleasione oHehgwd CYElPBe: for a reactant gas

?pf{ | ongdl B?&é%“é’gt&e(:&% 6 Wt}ér&ﬁ%e%%c%‘f eda'%' GhadePEomponent

yi ng a‘react ant 'east on
conﬁbrﬁésl & uhiliumne matpemngapud)paﬁé #On2QUd/aholld §&s comprising molecular

PCT/ US2004/ 014403 | let f
owyoER A P e ios hasegpmadtiont Bameoros apa it o

1’” 251 l#‘@i‘cﬁ!e@s toh@l&lﬁﬂ@@v@\%?elﬁ QRE niikidre fd sboled esla temperature
cat al'yst

therein, grid, gas distribution system
of nti meng thpmabouwtrid 0’ & ute phase zone, gas cool er,

cat ys st,s P .gas inlet bel owthe
grid, rf%i %&33'65%‘8%}?@ %@S%ﬁr inged within the reactor

vess pdadier Vd¥ekl,a gas conprising at |east one reactant

t th t | | t
ncelRgse h?:%w&rér&%%éaﬁé G VEPSeh PO GRHIISV P fuidiged bed of

parg%l#%’ﬁ' glarﬁéyégt | ch'l Hefdtl 1tRY MiidizB8 GRaIPstyBéd Reté adg8aistribution

one reactant gas conponent
systerhquasitipnedeovee it gridvessel through the gas

carh oS perap Bt W g AR B porgngd above the
der¥eeodd 86kt gas conponent and entrained catal yst
parélgllu?es phase zone within the reactor vessel and positioned above the
disengaging zone,
a gas cooler positioned at least partially within the dilute phase zone,
a catalyst separation apparatus within the reactor vessel,
a means for returning catalyst separated in the catalyst separation apparatus
to the dense bed zone,
at least one gas inlet for a reactant gas positioned below the grid,
at least one gas inlet for supplying a reactant gas to the at least one gés

distribution system, and
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formed in the fluidized bed can nove upwards out of

the fluidized bed and into the disengaging zone where
w@aoo/10f13¢ he entrai ned catal yst particles in tPer/US2004/014403

m xture can return to the fluidized bed thereby

f orarﬁle@sta)rmemdutiﬁ't%orua@eaahme plodgchgas.east one

°C B8 SRIRP BP0, A 2 RN M5 g wome and

ﬂwmzé&i Watalpstrbdptfertint gvdh ghd@ligasutirosptetn dmwigabh@ zone, dilute
second mxture to a | ower tenperature, the seco

phafeene gascaiRin catrlystiseparation.arparatus, gapdnlst Psww the grid, and
b
g BARCHHS alrAnd Qe R W HERdol B el So (AT e BARIFALED at loast
ond oeantmttgasr eln'uang dhe reactpr vessed fram laéasatmonmdmnealﬁhncme grid can
a ndt |rdmxt re can SS. t of. the re
pash i Biagh felssgh 1eeonago Sisenfyaiation o shpccatfit Bed, a gas
corﬁﬁﬁﬁhéta‘#greé?é?%' @Bt Ja8aTriponkd ERterfiy e @a&ﬂ)ra/essel through
first”zone, at |least a second zone, a cataly

thesmdatrchut@prmﬁmm Lcant ¢ﬁ;JS|e| flydizatiore oé@'pq)patﬁlyqsg b@d a first mixture
coniha AEieel Sl Bl 58 by 298 4iFagBAZEiet paricis

foreAdNahe Flusdizéd bed damr rrmed.LpWardg out @ﬁ&h@lﬁlamzenbbedialm into the
inafluidized cataly nprisin

disgagaging zoge; wherg: P?'éaqttthgn%“tf‘%\ﬁ%q Cﬁtﬁlysg R%ﬁ%‘?adf‘ ‘thggmixture can
ret&‘?lstoctﬂgl fﬁfld&é’ ﬂE@qhé Hy%ﬁhm%aé Sb8bhd mktlibd Eoﬁq'ﬁ?ismg at least one

act or vesse yst separ at or apparatus
produt:t gtasfcmmmormrtbdam en’aameda¢atalyst3mmzamawrmms&han in the first
PCT/ 2004/0 440 SUI e for _intrpd
i P OB e 53 d5es DLUSEe gyiaeli B 4Gor the second

mi@liRe ‘éomér&éﬁﬂ)e?atmé”t&bl $ocopld mlte® can ltherepaek to the catalyst
insulating material positioned over the plate having

sepgsiration ﬁppatﬂ“tus & nibess epliainedosatalyphcambepiapasatedgfor A@tum to the
fluiBfz84 & 5tal ﬁ/%{ el HB”H\ ?Qﬁrh}‘ﬁ‘@n?fa afiird | AL &&nBrlﬁlgg at least one

conpri'si reac re conprising pro

progiticbgas, st tie s‘mw madofe carl pass aut aixthgeeactor apparatus through the
fl u@%i zed bed of solid particulate catalyst to forma

gagd¥eus mi xture conprising acrylonitrile and

entpai neg réé’étbplaﬁé‘érb't@é%&hﬁnﬁﬁé 2 ﬁé&btor%@éél RGmMpPHBing a first zone,
gaseous mi xt ure conprising acrylonitrile _an

at least aisesond @one, pa¢atakvat aeparatarapparatus, ther fissh zepe cemprising at

Iea?Lgh% drglpggéerﬁ? ?%#tgﬂt gg% ?lécf ﬂﬁé %%gérﬁnt Eor‘f@tc@h‘}ﬁfs rfd 8%o- -pass gas

cooler.

28. An apparatus suitable for conducting a gas phase reaction in a fluidized
catalyst bed comprising:

a reactor vessel,

grid,

at least one inlet for a reactant,

gas cooler located at least partially within the reactor vessel,

catalyst separator apparatus, and

outlet for a product material.
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solid particul ate catal yst separated fromthe cool ed
m xture to the fluidized bed of solid particulate
wa@atoaliygse 31. The process of C ai m 30 conduct BAI/UR2084/014403
react or apparatus where the 15 cooling of the gaseous
m x2Ur e A sgrich suitghke donlirtrodusd ed gaet értaap fleidized catalyst bed
reactor vessel of the reactor apparatus. 32. The
Cor?)‘?rbsd%%'s of Claim 31 wherein the gas cooler is a

shed mﬁra@él_domhgir@aépmaﬂwho@é,. The process of Caim
31 erein the gas m xture conpri sing

O] 20 . :
acrd llayert ofi insulatingemetafiah a@spigned et tBechlptg \\avingsa plurality of
ture up to about 350 C. 34. The
holBLEchdiBs f frrRsi2

pr 0Ceéss o wherein the m xture conprising
acr30.oniArprbeessafior &g maamefdctpes taf cadrglbaeitilet ediypptising reacting a

.conprises up to about 67 wei ght,6 percent arti cu\ate .
miiEacyRPTsng BEPaAR FNAGNR BH @ SPHICS AnEPlsHIa, Pyyoen in a
qui(?i%eGo&lzd g $4R PBPRAUReTERBIEE to Forheasgasedr MiRidré®fcomprising

e entrained solid particulate catalyst is disengaged
acrylooittitehand nentrained ssndidr patiichlate watalyst, foogling Abg gespous mixture

36. . LSE i [ . isi
corigisiPo ey e iy Etied S GPREL AN, Sl BEH 18R a cooled
mixg@raneeparhting lid pasitulate catalyst dtotn thdeoaledi mixture, and returning
luralit 30 of delivery tubes connected to

P ! each .
soligi paicWiala GAtalR seRavied 7o BRsCoRIPL viatire odihg fluidized bed of
e f t 11 flowto the distribution tubes and
So"tﬁﬁje}’{nrt@ggtaen%iglﬁff fromthe delivery tubes. -34 WO
2008H.101Tli86 pRECHsSSHOO Kird 130 68ndactedvin sp paackougpparatus where the
onpri sing a gas distri.bution system and, a, arjd
coqlipen?t, Tien Garaties migfiie dF N 1 8250 s EFIsH Reragliouthe reactor
vess@Bf theqsastor bppafat@sie manifold tube, a plurality of
di stribution tubes connected to the at |east one

man3d.ol dThe prcesadf £lain Bawhefeiprthggas\aaolertigmeshell-and-tube gas

Coogé)pnect ed to each distribution tube, wherein a 5 gas
ifected into the manifold tube will flow to the

di s33.i buThenptodees ahdCldien 310 whereirexihie fgasmmixéure comprising

del | ver ubes, the delivery tubes havjpg first end
acrégnidie anl eairainediarisEe GHeNELS ool e demigerature p to about
35@ARosite end, and wherein at |east a portion of the

second ends of the delivery tubes are | ocated above a o

hol 34.i n Thee pgecess ahflaim Béagherain g midoreicompsising acrylonitrile

o AR 3ok lE CSOOATT IS Sl OSBE 1Wela. pern

parfit@lafe Satalgerei n the delivery tubes having second
ends | ocated above a_hol e, and the delivery t ubes .
havdthg sHi® REPGE58<01| Glaim o3P yﬂggpln prior to cooling the gaseous mixture

at least a portion of the entrained solid particulate catalyst is disengaged from the
mixture and returned to the fluidized bed.

36. A gas distribution system comprising at least one manifold tube, a
plurality of distribution tubes connected to at least one manifold tube and a plurality
of delivery tubes connected to each distribution tubes wherein a gas directed into a
manifold tube will flow to the distribution tubes and then to and exit from the delivery

tubes.
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forma hole, are connected to separate distribution
tubes. 39. The apparatus of C aim 38 wherein the
waeanetias di stri bution tubes are 15 connect edPCDUS2004/014403

separate manifold tubes. -35
37. An apparatus comprising a gas distribution system and a grid

comprising holes, wherein the gas distribution system comprises at least one
manifold tube, a plurality of distribution tubes connected to the at least one manifold
tube and a plurality of delivery tubes connected to each distribution tube, wherein a
gas directed into the manifold tube will flow to the distribution tubes and then to and
exit from the delivery tubes, the delivery tubes having a first end connected to a
distribution tube and a second, opposite end, and wherein at least a portion of the
second ends of the delivery tubes are located above a hole in the grid, and at least a
portion of the second ends of the delivery tubes are located away from a hole in the
grid.

38. The apparatus of Claim 37 wherein the delivery tubes having second
ends located above a hole, and the delivery tubes having second ends located away
form a hole, are connected to separate distribution tubes.

39. The apparatus of Claim 38 wherein the separate distribution tubes are

connected to separate manifold tubes.
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