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WD 2004/ 101136 PCT/ US2004/ 014403 REACTOR APPARATUS

This invention relates to new reactor apparatus useful
WP )i ng out chenical reactions. More — PCTAUS2004/014403

particul arly, this i ngeétcHAPBA@RI®SE tO new react or

apparatus 5 that can be used to carry out chem cal

reactions in a fluidized catal yst bed. Still nore

oaBISTh @ in, b, & Ok et e APl I carving ou

chemézt réadtonsn Mokl phrticweady dhisainyshtidieebigibs b ﬁbw reactor apparatus
tenperatures and in the hase wi th reduce

that gepdiayused iycaivy @wwﬁmlﬁab@wﬁgm%l%%@taeémt@lwtebed Stifl more
parﬂgglé%[ié)r gfﬂ émc?ntleﬁqg ésstoaﬂgwrrﬁébgv %hﬁaﬁi’ﬁ% ﬂ{l%%gﬁl@e used to carry

ventlon
out cingraidah néadtionstind atfwldJM”cawlyamed atdiigtt ;ermseraﬂneermnd in {the gas
ture of a W de var

phasig Wi HEUEq AR TpBIG R PYr grndsgig b dcun il i reactons of

prodults gﬁgl}@éﬁuauf@aéﬁﬁ{§ les, and in resins, such as ABS
and SAN resins. Worl dw de acryl onitri I e is produced

in amounts exceedi Backaioungiafitheinvestionc t ons per 15
2 Ry eEPE TS A tobBlia (R BiEtl BB RY bRk Jnd fomer for

the aiahufdictofenef a il ¢&ridty ofplobatibas nXess sash kBolymers for acrylic

oxi dant, Such oxidation reactions, also called
fibergnesd.dor i@mRiach isxgles) @ardcil 1epings sushsa ARS and SAN resins.

WorRR'UlH ( t@g@ JHF%IE gg%@gﬁt%ﬁééﬁﬁé%&cégdlﬁ? ot i Pmetric tons per

cata yS amox| datron reac
yearandi)peovneﬂmd [je:3 dmufmxﬂumg ydooylonitniié dsito axidigt pbcbpa/lene in the

presERK G tmonts Seifinh o BLGe PERFala B85 s the oxidant

Suchengdatidry reticlgHs, ealamraﬂsararﬁmld@ﬁoﬁrrea@w@ tw}bélﬂbh@e a solid-
co-products. Wile propylene is a desirabl e’ feedstock

particglate ubatesegrnaagat catalysdaint i rividized peatdiyst bed to catalyze the

amASIAAGBY ik, s U, 38 ST g G, BB Sveron

and ledr ogeadditisn tatmbyadingaictylbaiilie haueh l@mﬁoﬂaaﬁd»m Pedctions also
whi ch can be used to convert propane

-gen%f@lly PERRYGE dragemeyanide ang alaer valuable poa:ﬁaduretﬁygen

9a‘Whtfeot'zor&f%'ﬁ'ﬂéI ® a B8sirdlle ¥XbHSBEL f@%\ﬁ&?émn’l&lé reactions to

reactions ere propane IS m xed amonl a
prodgice, aowyg'etﬂ!ega$ wald dheradesirablec o die rabledal ase wymw expensive

o B Bl AT S S 0 v
whichas®s b@otﬁléédlttﬁcérWé??(PFBpé?neafd 8&rylonfriker QQW% f8@%ed reactor and

| eave the 30 catal Such uncontrolTed oxi dati on
oxyaghv@s. rfeasxamplen asﬁhea odideall Homavestinisedh read:tsms where propane

s b LU SR BERR, ke Wk Tl Bl ovoen,
and odadmew ate;l@mté@ trapemdiuresinviBklpraserfcd 6658 flaldize] vad e pamculate
cataﬁfs? hot product gases continue to oxidize after the product gases leave the
catalyst bed. Such uncontrofiled oxidation 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 desitable to have a reactor apparatus and
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such as acrylonitrile. Thus, it would be desirable to
have a reactor apparatus and 1 process that can be
" used to reduce the anopunt of such uncontrolled
proaeméhafeaaﬂ lxxivgedi wnrestuast er anmded i of abiah gnd@ntrolied downstream
ctlon nd th rod ¢Ls an fee

oS gl D8aePaRe Svighl Bathh AR & Tpos ol FrBiuds and feed

masHbIPr TeeSFesSHITMRENioh pt&ﬂdémwm veuutel 35pHS06k Bed prdtess.
is a reactor apparatus conpri si ng1 a reactor vessel

conprising a first z e nd zone, and a
cabz?,:J, doikd %@Rﬁﬁ ﬁtaorrea@ﬁpébﬁér‘dﬁjs doRBribingH red@BRvessel comprising a
conprising at least one inlet for a reactant and the

firss eonBdaiziziast aoserorei pone, gaba cxbalyst sémratcﬁchpﬂarb&msthe first zone
part | aII within the reactor vessel sw t abl
coreeswnaﬂ'&%& ong NSt gr ehFeArkRNt Rad dhe seean rzonﬂqgompﬂsmg a gas
codleP FRE] ABELODARMDIAHAA (hEYoARIt Rkoc! BUIBKRRY Booling gases
pagsingsthravgpdioe gas bealer. | Bheptissloshsreactor apriraled casele used, for example,
for 'it’?eagﬁmoxiﬁaf?cﬁ"r @Mﬁp&%réc?yl&%rﬁ’e 1§ 3% Qlas @&Sfﬁlere is eprowded a fluidized
rst zone conpri sing at east
bed rﬁaetor ﬁpparatus@amaﬁng ageattervassal eomuisingz a fiest Zone comprising at feast
r4.si t Al
ond IR 1oF i 8aale 21 0 & 5t 88 MhcRlom Ry Al cbleriocated at least
partaltyavijhin thenreagion eg@ssel deretavling gases h@\ﬂn@pyt@tVSEQrptaala@d)therein and a
e I
cat%lﬂ@?ﬁ&%ség%og%@gérﬁyg goﬁf@ E%rf)g\fré;‘ é%%ﬁ Z@()’\E]rgin@ﬁ%lthln said cooled
gagestafraqids sgapnd oat o r@tur@csaldycat@iy%tailr@ctiy tosgaid dirgd. zopa. dn @ second
asp%%? W |§gfbev%d 4 MGEB ey Fé\é'cﬂﬁ H\tH’s %bﬂ‘ﬁ)qﬁspfgd a reactor vessel;
edct or apparatus conprising tor ve
a deme biseld zzoemewu\hmhihe trhechoeamaﬂel \afsk sompniging a fluidized bed of
f t
parg?p%rt%zq ey ?theel ﬁnui é?@gﬁ%ﬁe{j\?a;d@?ﬁ bdegé’lgé’tt 8388%@ %5 yas Adistribution
syslesit podiienieshovesytbe @nqo@sq:atatyﬁtadlsevsagmezoguei within the reactor vessel
dj ngt r :
and Ao SRIP YL Bng bl S SRR 50 Shlnin e reactr
- vegsieh sedzpositionachabove the dirsngegingezes; aa@asmmlen pegitioned at least
0 t
parfidlywit)f, (e RIRSPARSE Rite: & [3FaiT8 55baBEh: AGRALE within the
reackiralgssel;sapaeains dor sgfpeniag uzataWshsaparla&d maahe cna_talyst separation
an AT, o, Ao TR 0 b ACIeRE: 6% Bal Gl 105K Redélahlioas positione
beiponihe md Iaideastomm gas inkek écbr supplyping eaanemmmms to the at least one
Si, L I
ga§§g&rll§ﬁ %ys?%écgg%%?é%%étg@et a:i Sﬁﬁétefggt%t %}t orﬁ g‘sroﬁgét gas. Ina
thnmﬂl satpeobuthem |$psds\euked anﬂbldlzebletmt refama)rmanamsectommsmg a reactor
_ east. as. ird
vesiel SRRl ROF el Site SRipritdh A bl itk RIE6E rORER odb: ot east o
secmnrjmtecnompnesaged tweepas gasngooler Ibtatet at teast pantiphy withip said reactor
l,east one inlettor a rea n at .l east, a
Ves?&l:éﬂ’d coging gt iNaving 83% 5&@%&53 e Ao B f2iglyst separator
ap;ﬁraluea@hﬁgl&éﬂ It@kémow tdtalysisantchinezbwlticin saidecotdd Gases of said second
entrai ned therein; and a

\ ‘_ zorleaztx ng{ gasﬁsaqaéq }\é'%ir(]jg'ectﬂ/ tols%sdtﬂrst zone.
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apparatus configured to renove catal yst entrained

W thin said cool ed gases of said second zone and

return said catalyst directly to said first zone. -2

Al so disclosed herein is a process for reacting in a
reactor vessel at |east one reactant gas phase
coer%m@miOWﬁ hateings espracessdbr wasild i,a reattal yedsel at least one

reanTsineh B Titingt B i £1atgNae of cusdich AB iR atRrial to form at

lec@2DnRNADYUCPGRO PTsel CorhPEnERtaSANSRSIRG c%nPé’dtMgCéx‘t' BhSt one reactant
catal yst material under 15 conditions™which forma

9af | phaRe cProRenent arthecbreseace apbiay pariculatet catalgst maderial under

| coﬂaﬂgHﬂNhrl]&?? r’ﬁF%Z@wﬁa pg&%‘?éf pg{;t ct%ﬁaéé p‘%ﬁ%&g CS gg least one product

gaa Iphaee mmqmm&nt dinelctiray 4 intixiuné eongirisingit least t[iaﬂ?hon of the product

i di zed cat al d su pended therein to a cooler

t b
ga} ks SRIPRASHE L PRIRPL RATRIYHG FOBR G ﬂv@g@ catalyst bed
sumdﬁgtﬁé}élﬁntdté”c%ole?eﬁ%ﬁzfd 2% Iéé%;?ﬁ%‘i’%ﬂx %ih% reactor vessel,

ing to

fromthe mxture after coo separa
coqjingalihgsmixttee, sepsatitgisuspenged satalysdtfrdmabe rumangaaﬁer cooling to

forf s RleaF Sty L B A s Ree GEbigng s Heaslialie gas phase product
corpdrems andadturnihgaf Ridst B ;ﬁﬁﬁ&ﬁtof tﬁ@ %‘é@a\'&ﬁe@r&:‘fﬁ@%oathe fluidized

process for reacting in a fluidiz react
cataipgidreait uh adowdtl heyedt, aheredis TOVIRdd 8iptgcarh fbeaﬁcn@@m a fluidized bed
react an hase conponent in the presence of

reagtgr ?%Par?)t&g [ingdakQyeafYnPisinghaldpagione seacianh s Hf@a%pomponent in
t S
the gﬁﬁspe;ﬁlﬁgl%ﬁg s{oﬁg gﬁgggﬁgf&%%‘@g riaf Qefoﬂfu g“gi%‘%t one product gas phase
commaetathie paseshesepriguyiiengaps of cbhtacmgeseneet @fe fdaetant gas phase
cat alily mat eri al Fder condi tions which forma .

confiopRf Belfle RSESFNSe Qf dhe CotefylindPatprial ungigl capdiiensswhishdorm a fluidized

bedPSOEHIA i '
oSSBT SOBISH P Mt Sldef g o e

compuining @ leasha gopiantaf the Erbduct ghalphste émmmne‘nh and bamduia&obatalyst from

e e A AP o o b SERe et S tre escr

 ves&dl X@db‘hﬁg% ke Miurdas tﬁ‘é—’?é@ Eoolé® E@ﬁé’r&hrﬁ?l Lﬁ%}%ﬂ&&?@&alyst from the mixture

catal yst fromthe m xfure fter

aftes epelingtte dorouseriayated zathiyst gad; afsegihase Tpmpasing adledskasd product gas
and returnin

-~ phafd& Bg{wdeﬁgfa\nﬂ%%tugfﬁqasﬁ &3 FEHoataR o1 458 SERPERtoR GaERet to the fluidized bed.

In 4 |ffindbgeet,befdre it Nprdvibed td GoRESS fof' h§fee nh%mﬂéefﬁ'rgegf Herylonitrile

process for the manufacture of acrylonitr
Corfwmmg geagtingatmguee moxm;nmsangopmpamgapﬂn@mae and a source of

a and a s f ar ox
moiBFHRE Sodohel BrUGRe] ned or SollaRarRaVEs cetalist iy farm a gaseous
mixEAE e Apristhyt 4§ AR 'a%HnQnt?éiM{j aiilgr béﬁlcﬂﬂﬁe (Gatalyst, cooling the
entr ai ned solid particulate catal yst, coollng

Qasgals%duIStUTBchmErlemg‘pamMQWrmrqridoantramleel aa:ﬂdﬂ Wﬂ@jlaedcatalyst to
rticulate c forma cool ed m xtur

f salid 31
- fornt S0P Tt Nbptitindedil Rericy SIS, GateBb P ecAed miure, and
_ retuAintg Y6Rd paRRUIRE CHIIN S Sepatdtey RART frfé%cﬁ:g% UI %l’é’?& ttbeeg.udlzed bed

separated fromthe cooled mxture to t | zed

of solid particulate catalyst.
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of solid particulate catalyst. -2a Brief Description
of the Drawing Figure .1 shows in cross-sectional view
a preferred reactor apparatus of this 25 invention.
Figure 2 shows in plan view a preferred grid for use
in a preferred reactor apparatus of this invention.
Figure 3 shows in three-dinensional view a preferred
reactant gas distribution systemfor use in a
preferred reactor &pief Dakudptivn bhike D@yl on. 30
~ Figure 4 WS in cross-sectional view a preferred gas
co0 @r“f?o Qws; Iy grospsertional viewar tuelfaifshrenctyr gparatus of this
inveAiignh.i nvention. y -2b WO 2004/ 101136
PCT/ US2004/ 014403 Figure 5 is a three-di nmensiona
vi ehigefre 2 shefvsr ire plagasievoal mrefemed std & ase dnaesrefid@sed reactor
hfne @ﬁgarat rs for use in a preferred reactor
aMﬁ%ﬁ SPLIHINVERION. | nvention. Figures 6 through 11 are
eaChiRFE Y BhEWs Fh We@gﬁnﬁh?i%%lmie@rf‘a ngrefe'?re%m%%@rdﬁ‘? 358 distribution

of the reactor apparatus of this inv
systmdor psdn aoprefereedrasalor appaEat sdofitai ipspntidre eact or

or "EREH > Shelih, T RFReTEnaEVBM 3 Relerod odsyatoieaor use in a

preféréd raactor apparals of this HleRfiGs.S U es used to conduct
a desired chemcal reaction therein. It is desirably

constructed of, or 10 at |east has an internal |ining
made of, a material that will withstand the chem ca
reactivity of the chem cal conpounds or other
materials contained therein, particularly at elevated
reaction tenperatures and pressures. Thus, the
material selected should not corrode or at |east not
corrode rapidly while in use. The material wused.to
construct the reactor vessel or lining is also
preferably abrasion resistant so it 15 can w thstand

" abrasion caused by hard, particulate catal yst used,
for exanple, in a fluidized catalyst bed. Thus, the
reactor shell or vessel can be constructed of a stee
such as low all oy steel, stainless steel, or carbon
steel. The shape of the reactor vessel is preferably,

- generally cylindrical, that is, the horizontal
cross-section of the

-2b-



10

15

20

25

30

vertically positioned reactor vessel is circular.
W%ﬁ&?oth chem cal reactions 20 perforned in the
react Or!fessel are generally conducted at an BFEYSR94014403

PrERRre & id ta tttec dRALAAONE fiow bhe Qﬂﬁérr@ﬂ stecbe[actami series
vesSel to be capped using, for exanp coni cal

or
arrangelbrgas cygondisepeEied ‘@rﬁw@jlr@:a@pp&fﬁrm@ d@aé%rﬁﬂpé‘fatb'é of this
m spherical or elliptical. However, the caps for
mvepﬁ%n ‘ends of the reactor vessel can-have any suitable
ShE red Bhatghgh ha1r epst eaclvesskématiandrewings hef sawsmples of
or dianmeter 25 along.its .entiye length, it can,

dt
emb@ghrmpms ofdhe sergierrrParatushf dhigdp¥gMiofel ow, have a

width - or di %@stc‘ﬁptlégpath\éqb:‘e?érréﬁ‘E‘?l%d)élﬁlehﬁgpth For
exanpl e, the shaped vessel

caflfhbanaachorl ammatudl drrﬁnaennmtaoneccannnm agreagtar gigsse! or shell

o Bl B n e SR AR 58 BB LY 8 ressures

use (9'%%2&05 HESr cﬂé?ﬁa@aF feAktibs teéreRn l@@@é&i@lﬂ)l)oconstructed of, or
arger dianeter than the bottom 30 section or zo

at leadt dpa$ aot mtmnairhrwam eademol.i s mateﬂamatm&m"th%arﬂgm% fehemical
reac‘:}lwﬁg ? g{ ofcﬁeﬂﬁ ga!I n@mf#dﬁq{s ?L'éﬂaéﬁ%ﬁ%naﬁ%&rﬁﬁﬁé@r therein,

partiiidriyC at icdsvatéd wehdtidnetampetatures and pressures. i Tisus, the material
w dest di aneter a dianeter of about

selectast sheuldmot sprgdappat leest BOLERITP SO gy uTRgN B The material
use&?géﬁﬁgﬂ&&%g (4 éépéﬂﬁ%% isARo| éfetré’éIY %BF@J‘(% Hsistant so it

IS rnvention preferably has at | east
can witrestane fabradioty catsdde by thardyy partizulaés cataiﬁécusednf@r ewaémple ina

eS8, B Sl R Hor ] 57 bl b a st

sucﬁ‘%ist RV 208§ steel, S@ddsestebh @iScdendassle TR shape,oftthe reactor
second or nmddie zone is referred to as the 5

'veswlsler;g'a@raglyz oareraliy ¢ylindsicgh that isrthe ﬂ‘wﬂonf@# cfess-sastien of the

vertich!l{/ efy%&ﬁigge& Ore%&qtrhgegéell uie cuﬁpﬁa‘?e A N chemlfal reactions

vert axi's, for exanple
per&ahﬁed)ﬁnSh@feaaatorg\mweebéﬂeygendrail}dcomtcte@atanrelampressure itis

h .
* deshe 1SS o . ol e 5535 BB I Ik e,

conﬁ%‘ 8t X%or'héd E20! FRESFOnNEd Qhaﬁ@@%&ﬁ%ﬁngﬁﬁ eXBndRS B hemispherical

entering the reactor apparatus to forma fluidized bed
or alliptival.cateweear, ththeapgs Sondbeiangiszohthe seadier vesseliaan have any

it R REE Sl Y56 BB O Uhg e RlSpiap oy clametr

alorite s eatifd Idngeinit 6, &aﬁmrﬂdﬂy@mmmrmamaeﬂ@nwm A& a width
or gases exiting the fluidized cat al yst bed. In t he

or dipgwighhatgvarinsealongdif densib. oFog@é@énFé%u th%geﬂﬂ@lly cylindrically
shaegg Sﬁ%sgg%grgg%\{e{@ gﬁgépg%&%tgfﬁgé@e ghﬁea‘f}td' g Hah*aw{epﬁlameter at the

othmmd Oofintdme dftheairafeyrid pabbdivhesiseoftihii m%tﬁm the reactor has a

spended in the product and, if present, unreacted
madd e gect?on of zone thgt ?s onp an expandedpor arger diameter %han the bofttom

- 'section or zone and a top section or zone that is narrower than the bottom section or

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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r eact ant gas or gases exiting the fluidized catalyst
W‘S?&’J and return to the dense portion of the
. 12 cat al yst bed while the product gas BfT/axe4014403
Conk@ir8h&8r bPBarét@g%lf hi8 In A RieRt preferaBRPIeAIae|cist two, and more
entrai ned catal yst particles continue upward into the
prefeliabiy 2t Ipasisbresmnencs ar seetiods| Yvoep hbe ceaciareapparetus is positioned

vertlgﬂlfducﬂlg aﬁ‘ﬁ %gsfgggﬁﬁ 5@%@4@? ?rge g[sgdorbipvger}dgp bottom zone is

refeffe@lt6rasait@ démsy BalitRine! ke sUSHRN e thiadleedrcisnederred to as the
catal yst particles are separated fromthe product gas

disepgaging ezonesiangl the dhied, yart UpRGSa CaLPR ZOAGpisr iefersed dud@s the dilute
a 0
phad znd By Bk HPnet Yertiyy e 3fbhitng 285 Tol BTl the axis of a
genaraﬂ]‘( @ywmw ebactoedebself iseinfd vericab gositibal y'Eﬂe Hendse bed zone is
nse bed zone. In the process ,of t

the fq%w@ iy rthetrﬁécgq&sﬁf&}?a%wsaﬁ%ﬁt ? AarkieHlgta a@tﬁ@@f ih cpplgcted with

readiast gés S ef’@n&éﬁfﬂg e (dhGsp bF‘a&uéotBefo?ﬁP abuiHSRd bed of
to duce i mnat’e afterburni or ot

cataWesThaaﬁisengagmgr zoie isothe loeation UIh dhetrhecw sppacatus where the

v 5B 5 B EER 5L 5, T8 1o My e trom e

gas fikiare/ SbripAkINgCHRYuchE s 6FP§aEER Mtuﬁg i) ﬁ&i@ﬁeﬁaﬁté}yst bed. In the
gases only after the m xture conp r|3|2&the gas or 30

disepgagisg azena m@@m@p@aﬁjém anses rexiting dbe cdanseybedizone move in an
t
upwBPkFSerdh, f BRIBERRANE BoRbOA raRUSh AR 81045 Urhdy? most of the
cataliﬁtlfptarﬁcﬁ&l@ﬁ&ametcboﬁrsu ol the lvtiduct -ahd\\@ present unreacted
2004/ 101136 PCT/ US20 4/&1440 The de@ie bed zone
reacignd gas,et 9@8%;%&91 uidiged Gatgiyst: b f%” and rahiny fO the dense
t
portfgg?gf" g@fﬁgg}z{éﬁ: ?%:S tb%d ﬂﬁ?ed:fﬁz’é‘e g?@%%’rg%g ?;HIFQQ 'dontaining the
remdmirigngmoiuat o’ésampﬁrm;ied m: entvaihed s:aﬁiystq)aa’ucleamntmse anptward into

the {8 brBRE wofRarin b Pyl re A Stté?i’?%ducwésmf%eg
the RUSHEREY yoreéhﬁaﬁfeda%mttﬁma@&l AR CoBlERt 8y «t;wecooler and

reactor vessel. In preferred reactor appara
thereafter thwauspendedmeorpeatremed catatylsé pfawhde@fara geparaterl from the

ool 5, 0568, 8] L Bl Sl Ohuch g2 oot

cyclond lor gealew bf gae-gulids agelopies 2 agidsthbr eataBiae p‘élrﬁiﬂe@fsebhfated are

_pref%@@?yeﬁgﬁ@%éﬁgr% ﬂwéggﬂf E%a{yéﬁifeéi l'“dlﬂ'?%lq%"éﬁeb%lzwﬂe In the

proc%%éroftth% PRERGGH oglelt E@ﬁﬂ&gﬁe@% t{%nﬁéﬁ e&aéélgs{ W{q%ggé r gases

space or VOl

exmn@ ehe dmngagmgezm'm carfbe siseg &6 eede dixeelluﬁladtd afterburmng or other
tor such

 undedfidbi 556 @achPR sBRONH atlirvie PradT fheusmiabs! paicles were not
| presreﬁFyWu &k PrORARE SocBed Br )‘.Hl{.1 invehfioh e Qs ge?ld\éﬁe@atélgét particles

" the reaction of propane wth ammonia and source
are separated from such gas or gases only after the mixture comprising the gas or

gases and the suspended or entrained catalyst is cooled to a temperature below
which afterburning or other undesirable side reaction is eliminated or at least reduced
to an acceptable level. o
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nol ecul ar oxygen to formacrylonitrile. The thickness
wd 20086019854 d and the nunber and 15 dianmeter or _sjize of
the holes can vary. However, generally, therepi:gﬁjsﬁ@‘”m“m

abo"ﬁlne (elngeo bedbgarte 3f gk eeaptar ;spsaswsf obth@fln@intﬁbn preferably
have a thickness of up

ar ea. The @? B
conprass ﬁdﬁe atg,thabran bauied 9 @Jﬁﬁ%hcaf@lyébaafﬂc@sz@‘ a fluidized
bed Bf Bataly yﬁq CFU?I gsfdrrbx‘a i&rlhférYzﬂé, %u%%f & ?é’ééforaﬁéﬂ’i%e& shut down
in para referably 'evenly space r OWS
whén theecatatyst dres e éf ex ablescoht, sthat fis onmm‘ﬂurdizedastdte The plate
et ween t h hol es adj ac rows. ,20 The
prefiaPREBbNTs AR e briie AR B S Bt yaRh, (B8 preferred

reactraipparifis axhi@nﬁvéim\yﬁ thé F)Eﬂé i ﬁ]kéffﬁﬁﬁ %f%fgrtch EBYERG we mean
portion of the plate to a [ocation bel ow the plate.

a plate hawzg|ae§0!1ﬁc§ﬂemmeﬁon@tmswrsh@lesepraieraw wund holes, that will

vt 5ok 40 e BEEBH o SR b i, B v vt

is insttat pesieeddt vertibal pasilich, fheegho!iepreferabl mardthénﬁbttom of the
t he onf*ces in the nozzles are preferabl ml zed to

reagigwaseet 8¢ that Higen iR SPees i i drcaded e grig bu within the

' reaBRfr' ?bﬁ' This O%gf‘a}c%eé‘éd ?u%d tt@‘?ntré@tﬁfet er S0BA( @édﬁ‘%t@we reactor

a gas flow vel ty sufficient to reven or r
suqfh@s fac kkbmple,afropae.rlibean hatfreﬁspmpanep eacabyedtpropane or both, if.
rtlclesmtoth bel.ow the gri The grid ca

theb Badifre & isBilcictfhe " Rblon o Hionane " Wihediart e’ Basource of

mol@c&%‘iﬁ@@eh No H8XhE aBBicittile. PEAOWickressof Rhéfgﬁﬂ %HQhé ‘Plumber and
have a layer of refractory insulating material on

diagieirr o size of Hie belea can atam sHo‘e(@vwg genergliyr theom cam be w@out 0.1 to

a3 e B0 0554 LY 150 G B BB s or up 0

abduiel .26 ircH, fonexaeasib] atg)utmmhabtﬁm:t hlzmnenouw:l& Hdles in the grid
radati on or conbustion of th

are R A S AL P A b ST Pl The holes in on
rowPafd prafbaibly ofiEet bR CHr %rxaﬁ'ij)‘ieg B%twéeﬂ\ﬁ@erz@@éé 19]’[]]136&(1 jacent rows.

PCT/ US2004/°014403 gas i s prese ractor
The hglﬁlsamthg aitelt cari be: fittedh \Amthvmzalasrmdlabalas gaé mlptsttbatﬁextend down

o IRRrtaRe TR, R boftiaslS B8 uSidR s hestiah Py thg plate. The

nozZRisepredbrdbiahavé la siglictedigmatdryorier focHieihetdlf and preferably at
reaction conditions used in the reactor. For exanple

the;qnd: gh the n@ﬁéleoawamfr@nbﬂr distal fearn wiensethesnazzleais attached to the

o), Rl ol e B RS A B fraty sizea 0

promﬂenica:adin reemnstiamtmtlambft aetosshiK hbAgbkbRBRSs-sBdflon of the
er of . refractor ins tln%ﬁmaterlal has hol es,

reaﬁtroiﬁgpgﬁ\ 1s dndk g gas Apw genide|nsgvent ortrﬁ@qu the backflow

- of aﬂﬁeﬁ@ia@ﬁ 'a@e& B?cé@%@f ggﬁicfe%flﬁﬂ)%grs)bacg G 'tﬁbggridl.h'ghe grid can

terial posi t over es'Inthe grid
be m;agg ef th@rsan'lee mpterll asf theseshctaravesset. edd disciisvedtiapmore detail
0 ,of refract sul ati mat eri.al .

. belg\L-, It is pre erable]’(o have aY ayer 0? rgfrac%ry |nsulg%ng material on the side of

‘the grid that is facing the portion of the reactor vessel where the fluidized catalyst bed .

is located. The refractory insulating material prevents the grid from reaching
temperatures high enough to cause excessive degradation or combustion of the

reactant gases such as propane beneath the grid, particularly if molecular oxygen
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The dense bed zone of the preferred reactor apparatus

Wo2 this invention preferably conprises a reactant gas
B2 HEE i on system or sparger for deliveri ngPERES2004/014403

gas’ gaseasit. ga'ﬁésreﬁé@fbr?%sdlé’tfnge?ﬁrﬁﬁ’{@ﬂléﬂ cATARGE & Blikrfdss of up to 6
nmol ecul ar oxygen-cont ai ni n as to the reactor

inchgsp Hush . abput Rdnphesd & ﬁb@ui 8&6@@8 apparrefrastory material can be

solfRa8 b, A7 sl Sl WAL TP e RS B Pl tho remction
congrtlods uséddn $ie esndr. NnBdbetarplel i *@@ﬁ DEBONY BF MickE bf W ééramlc fiber
be sel ected dependi ng, for exanp on the vol une of

or g saluming sdicate i efuCHpram@tenal hhat srovides suitabla gty temperature

. stali*ﬁ’t?' [MetiatibRe che MG 8k Eta%@fﬁdaHer?Psﬁo@&e[%ﬁétgh?e The layer of

genent  acr oss an near € Surtace

| refrantary fmhﬁ!nghtaatdrm! d'iaselmbleat priefertblyect. thAtsmbeﬁté asahe holes in

the fﬂ%?ﬂ%ﬁ‘%ﬁ@ﬁ%@ﬁf 8 fﬁﬂf‘ifgfﬁt*bf?ﬁﬂawm gaterial arg pesjtioned over
holé& inddll HRY.YThé %%Qile‘srféﬁ tr GridP rlﬁﬁ%cﬁ@aﬁ Sltefd 10 8id F‘dp of the layer

 ength and snal |l er dianeter than t distributi

' OfT@fu%fény melatieg ivadesiak ubes preferably extend dovvnvvard

verttiec ApnsS, e 2Bl 8Fahe AFSITRG i, APPREtsS S this invention

prefératly icoripriges ta sctamt gy @etraitiod sybRse o@'%b'ayg?érym? 'd@ﬁ\?enng the
to a location at or near the 25 surface of the gr

reactpat gases, EvGh @sd forr e%&r@p@ewmaeylatma mblecuias, oxm@n -containing
gasetg%gfregﬁ réﬂ)?a{e‘(t%y ih4he & J Pégcm}eéf%)eh%tu%o%\nfa Actant gas is

I on tube, can be up
distiiipgted shy Bomollemhﬂxploe plataiityt oBdistributionttabed pasitihednaé@sthe grid.

Thegi2% A uiiher iiuies inaoriuaniovl 68 seiecisd Aigpending, for example,
on m@nvélgh\% bﬂ@% to B ﬁfsﬁﬂ?ﬁé& gmﬁhtﬂe'ﬁﬂé Bf)lchlg ?ﬁf gﬁﬁfed The

| arger dianmeter than stribution tu
tub%%rqdar@f@ Bblydn @d@@r@ilelmrwfgmtrmmd gear the surface of the grid

vt 885! ERGTORRAT! ARRERy, D e rom each

d:strﬁmmmnt Medirshrdtkadtlbﬁrprefétbﬁﬁ foWvard ehél QJridViey at i Q?aﬁllfty of delivery
and tubes’into the reactor vesse

_ fromthe deliver
tubes  thafc &ire oRreferabiy Hé'yﬁolsbgﬁefn lengthgand. smiadler diameter than the

s, WS ST M Bl aflPs o e

dlS’ﬂlﬂmtmetmbee\mcbét aplargle frot*mEelgibgld A'Ebgbt%nﬂ@)ﬂslfﬁnvﬂﬁg tRfough the
t t ant t t t

o3, R BT Ve FBB bt & oo T r coar e

surfaés of ithatdeRn tr%%eée qﬁu‘d' éﬁeﬁﬁé Hé’lﬁﬁeiy ol £, 1 e.end of the

react ant gas. For exa be " Gne or
delivary dulee away dromm wheae itd:cmectmnutbe dispithgion fube, eas lblep to about

18 oA B G D R B Bbiace of e

gridf oEathefafeodistipution t%e@'i@%ﬁﬁect@ﬂet ec5 lofs mﬁPe | 8&ftold tubes.
end of each mani fold tube exten rou

one
Preiggably dhetmanifeld dubgs s ehatarger d:ameter than the dlstnbutlon tubes. In
the preferred operation of the reactant gas distribution system, reactant gases

entering the manifold tubes fiow to the distribution tubes, and from the distribution

“tubes to the delivery tubes, and from the delivery tubes into the reactor vessel to a

location near the holes in the grid. The distribution tubes can be positioned so they
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connection can be nmade for the delivery of the

‘ ) gas to the manifold external to the reactor.
“{fﬁ%‘&}r{gﬁl{:}fﬁol d tubes are preferably insul ated wPCA/UR2004/014403

aresabdabihe spekaldtieed Yoot hbRls. in the iast TR hEP be one or more
. tubes are preferably insulated with & suitable
indepengent; iegctank wasi distribulien sysiems. yeadibeemarising a manifold tube or

' | » Ltabl e i | ati
L T T Yy M —,
theaadnagltieveng drutvese asfesuais raaatad gad distab @it aPétems for each of

I nsul atin cgrateri al. The insulating material is
531 OXgeBr soNtaining-gas,yisuch \gs; #i of aplepdan pyrgen gas for a

S wit ki o i e \ '
s roﬁrgftﬁgu%éucf f& e{bnﬁhrg ?‘R@lﬁ*‘ ﬁt@ﬁ?of‘éﬁ?%%ﬁ%l  Pléleily, %t feast one
end e&fi snahcaaniold tuter rextersisotrougibinel wall oPrthéereabtor so that a

It ks in fibrou or, The insulating materjal is .
corfegtin B e EReRe ctiEhar e atate® ki thajganiold extornal
to thenviehetdl, THe Thaniuld it prefdrahYinktR&Sd With™ suitable insulating

reachi ng G{iﬁ?ggeratures hi gh enough to cause excessive

magertal.a e ufign fidhest pe pepferabbhinsuiaed twigh @i suitable insulating

maldil TOTRE! Bbidhe by THRUDATSUER, AR | fifRble, insulating
matartabr Prefekadily,the shanifdie dulads, distit@foncand gemerpsuidseste insulated

10 help stabilize and . .protect the insulation. U S )
- Witlhg éH‘Hﬁlﬁ.’“Slﬂ?@% miggridyn o ingulating Riedrlely prefasablyby material

thaf &HipreReRahd thEShBAL tdrRE ' Sthel DM i
_ aj _a(;lket ?gﬁjagh@ar_tggrgiigﬁsteefr‘ﬁ?é(?gﬁégB}g@gﬁn%]eo@ygﬁéd:%%e?ed while
Proyidéns suitabler Hesulalierst ohemigalr mesistarade, t bnd tvermmal i shiock  stability.

P e SR 5, S et

intepralotdnegeratirgast theomauifblg; distibtRnPaRE &Idiivd ﬁ{l‘)%ts?irrom reaching
al Ccan

apparatus of this invention, for exanple, one
temperaluges thigh ¢ aROUghdR gause exsespivepdegradationanfrositrer the gas

' 0 e .. there.is at l.east on
cortHes iein hy T “Hlln (OCT0, mhATEeus, s G521 o Surn, tne
insidatiig netetiainearf be contateed aithinkay oMterjatiRtridMatasRdoa material

such reactor apparatus, It Is

or_a ba gas. In.. )
Suc&r @?e&é‘éf] éot'ggﬂa%g{"ﬁ@ ad irretept ttheewsylatione gdé S. Patent No.
6,385, 2BB] AiLRNisS HtoR5d ; f a i be.
. positi ?nmgelgﬁslg t hat tt%éedemé@?s}(h{gf € i%\?em;q u%gg’a&y’ discloses
insyipledeanchjacketeshsnargass wsdfulfonspaigirgporygbeati and otherafzees into the

roadpr iR RRCRE 468 WiRaToh”  Arboth Radrben, 2bave. s gubes, it i
undehstogdsthei e nauifo) dmb@mrp'anﬁlééélﬁ% [ ggn be pther shaped

| ecul ar oxygen-contai ning gas be positioned s
congdyfS-ends of the delivery tubes where the mol ecul ar

- .0 i . . hol e |
el e FRTRL0 B9cr paBaldids Bf Fyf HRealbR kh s 8mpe tons that can

| be ysed fomtieh asmmbxidatian ofipgepat withh@Rnfnia and source of molecular

oxygen, there is at least one separate reactant gas distribution or s—parger system or-

‘systems for molecular oxygen-containing gas and for ammonia gas. In such reactor

apparatus, it is preferable 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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5 react ant gas, such as propane, is directed through
t he hoI es inthe grid and into the fluidized catalyst
wﬁ)e?t?m Lt propane gas first contacts, and |s preefrarsatdsyi4403

I , h
and‘;"%o L}% tatll'r)eg%}gféﬂfa bd@{ 5"0 ﬁs %%Sdls?%wn sV %Pfrghtég%@ms for the

“molpcdui degydrecortatiteg gas@ﬁ sUstioHedodo thadlesé AR %f W@él%ry tubes

of .the ane fee 10 The dense bed zone of
whege &%F@%Lﬂghewe%%ﬁamﬂsg%ﬁ exitg arej awaymfrpﬁna hole in the grid, for
exaR{pHd, Edipditly ﬁ@%énsﬁéle%nﬁ {tle gﬁﬂe \@@ﬁt %l'ifgf Elr %l%l‘%lp%@d"’l?nt when a

apparatus 't hat can used T
reatrtenbgaaqgsutvhams prmmarm fi$ direiteddhraighl thethdleslin Hiegf®ahd into the

fuidgeal 3Byt BES e, Hraang o M | aniaciod angaSapigterably at least
sonfi®fhat Uﬂéiedmlﬁlﬁ amBlohia ?ehﬁe h hbRBSkE foxﬁgﬁ?%ﬁfﬁhmg gas. Such

conpri ses at | east one and nore prefe
an guphgermesh poevides der Epldehmaabdyamnuat @tﬁldmibsuableobpnmg of the
Pmﬁéﬂ%f gHratl on, that have a suitable heat transfer
I'um -~ such as, for exanple, water, steamor a

nolThendemde beid YahbsSof he %ﬁ?ﬂeﬂgréd&&uﬁﬁ hRud lbtfelfns invention
her heat transfer apparatus can Por exa

preigr. q?ﬂhl‘}PHTbeﬁﬁér pa@ror mpre| pat drangier apaarawes rthahcan be used for

wSdBPS 3 srioao 5 TS By, e ot vancrer

apperatusl 9an Hpedny suitapler mEGn@ri@rf addifg ot ﬂénﬁbﬂ\hn? theét'ﬁBnﬁ% fluidized
| | a la oOr r ane, or e ammpxi dati on of

cata?yﬁﬂﬁ’sﬂe [‘T’E’Ds? ﬁﬁoe&@i"gi ﬁ?ﬁ Bﬁ?ﬁ gansiky gppAFatys |qomArises at least one

and VARME | BRITeldMy hé?aéolle%tlbﬁaﬁﬁft%%§d pﬁ'éf%@ﬁlge fl%} %ﬁlé&dor iooped

cat al yst bed to vapori
configusainre thatiaveny Sul’iabled‘@at ttansfieo u;ﬁm:mnesmhbﬁgrf@r bxdeple, water,
e

steaftf8} kBt sl uls- Sicuinld FiPugis i Whess yAnothet heabtransfer
apparahsr cae el her ék@mplé alfi l@%bohiélfnséfrhgﬁﬂfféﬁé&l Zeg@mean an

be used to regulate the tenperature o
appgtus beatogensiaiadt by ot exathemnic edeniiocalsrenctitn in the

. USe§
i t f 0 e _using a nia and .
fluidBa | ARalySiTBEN (o) ot B e Rl Biah a2 ammonia or
propaoe,ofqu thehathrbyxidatidr oif |prﬁlgaﬁé1¢off§ltn¢ #rylbhmfleOf TR8&L in a liquid

3 the heat t f
vapcg B G Rl 4 FanTeyTes! R the Aiad cétg% Sedclonie i to be

vapdiael iy, FoPERSRDRY, ?r a%ﬁ#IQe coﬁg‘c{ fhrﬁ&‘éﬁ”o?l% (#,' ge b positioned

the désired tenp I'on
withip the ﬂuwwctmtalm bedeTheTieat loé tite tazatioh o tmﬂa:ﬂabu%ataiyst bed

l'y constructed of a material that can,
vapdpe i fadp. vessel, withstand the 8 WD 2004/ To1136
PQHeUB280 4/t Ogpp&ran sl Eér?% ' y
ggssures abras&% parti cul at gg%&;tgt}e@@?@ tﬁé%ﬁ?}e?é}ure of a
fluidized catalyst bed used to conduct exothermlc reactions such as the
ammoxidation of propane usmg ammonia and source of molecular oxygen. The
regulatlon can be accomplished by controlling the rate of flow of heat transfer

medium through 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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possi bly corrosive feed or product conponents. Thus,
wo k®sitibass eact or vessel, the heat transfer a
" is preferably constructed of materials such a CT{@OOWI“%
covedahmpﬂ of higbviealpeostustseahd measwbes absishel paﬁlcﬁlﬁt@%talysts and
5 The _second or Cgl sengagi ng zone in th

PoRT B et ERpive S0 Thes Thisy dke t6m pacioperessel, the
heﬁﬁﬁéhﬁ@r fpphﬁﬁué ?saﬁﬁé?%ﬁﬁgp rgsttcatéfq"@f ﬁ]aﬁéﬁdaﬂ% {:h as, for example,

particles fromth yst
lovhalanetesl stainleed stael encamonaﬂeeln the mxture

COhk LY B0 B8 S B0 prdBE et vt of i
invdhfiemdadhe i sechaf toffthe Meabeh 4 Pé%l% Whéke béta%?%%ﬁtc{es from the

reactant gases. In lo the preferred verti cal
fluigizegn gaimbet Red thai hawe thacomspstiaperdest of hendrained in the mixture

col B @Bk 4 11t 1o8 AL KaLe 40 681 5ot oo

sefmrdte onellsm‘ngage im @&mmmmarmbd&ct amd, tihgreksert, de3@Ent gases. In
bed particles m xed with a reactant gas

cat.a
the, pregfgaed Véﬁ'?@ ?fﬁ%ﬂ&%ﬁ%ntygte the, remelor [apparates afdis vention, the
I €;cC r S
) e 0B ALY bk S e v,
denechbed zoneafitbeireastor appamius. i Invilhet fllidized hedr eatatyahbarticles are

iR 7RG B8 Op Bt BR i o 2BAT ufedfifiedibed s gatalyzing

thepeledraicablyadtion dil W ehctahe gﬁ@%r‘b’aﬁ%%?rﬁ %iro&@étscﬁ'sproducts In
the catalyst particles_in the m x an

they pgafegred. embﬂdmmfeth!%gn\@r‘gaa, m&traa@tanbgpsu @i ggses enter the
r t
Aol 3l S0 o SHSE B g b0 an 1

prelftpmhmth%(]‘iaiv Détttel g anghsesi that tdesdsl the dazsigst GARBIYSIn the bed to
ortion of t?e catal yst_particles_ from_ the bed
i 81 8 58 £ el et S TOMBIR oM BinoRiSIL Agd. I present,
realfAf UWdsedNfhoves Y 836N thd BaRT ﬁ%@ geahihsa Pt upward
conprising the gas or gases an uspe
diregtionagni @éxia the ﬁsldthrttataﬂyeisbedu a perlidreotitheecatatyishgarticles from

3908 B s Sl b eSS eP . prosent

reabmht bgaﬁsaVlT?f i &ﬁ»(tiu@ chmpPERGE tHe GaseBE Ifise3PRAd %dé%ended or
of this invention, the disengagi ng zone conprises

entiziped seirlistparieles antens thadlisenaadsiy vere sthare caesid bt ot all, of
|
o EARIRL oy b B S8 L gL L SR 0 b e by oraviy

in theanetmgadw gaaczmnappmatdseofsthisenvmidmﬂ%i d%@ngbgmgmeoéompnses
reaction to be conducted in the reactor apparatus

an (ePEN, FRAGS BF YOUIEE 1B JbF ITBRCISY VBplalREatart senaratin i tap penter or

- micki %é@héﬁ mafl)] é‘élwﬂg"’}fos Brlleé er@%ﬁeg.fnﬂgg size of the disengaging

acrylonitri
zoneeaam |b@15elected| lsasesﬂeem ﬂfaa) Ityspa‘ of r@odnenttalbe avmdutdtedin the reactor

appeaﬁs art aei %ég ﬁ{r%ﬁrfétgcﬁ T E,?ﬁgf]@? n:jeanm%ré]%@pd source of

' mofe%@fér&ﬂyg@ﬁ%@%r&i@de‘ AgytbArile d:h§ @028 fAofRp %hé’ﬂﬁdéi reactions, it is

such m xture of suspended or entrained catal yst
desiiaple dpeg certain amount of the particulate catalyst to remain suspended or

7 entrained in the mixture of product and, if present, reactant gases exiting the

disengaging zone until such mixture of suspended or entrained catalyst particles,
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proffigts cHiCthe: abunh of Gt

-9 WD 2004/ 101136 PCT/ US2004/ 014403 product and, if
0. reactant gases is cooled to a suitable ‘
Wﬁeﬁﬁpg@g ¥re. The entrained catal yst particl edCT/US2004/014403
LEMhAGL 8 REsdRd ndesi &@
profULT AR, £ RS HERele CHUBY R RRIMIER P PR, tempgrature. The
entraaned caalyshpartiotad elinoinher of selucede amthat ciomdasiraifle destructive
syspended entrain cat.al yst ,.can be abput 0.05 to
aftegﬁg r?gz._o(g %E}gha@dgs ep:agﬁ egptiqmgh@ayoHﬁﬂpmeémse oceur.. The
amBOAPHT SudpenBeABICéntAdlfed Ichtdy &N be BBGE 8105 €R8B8ut 2.0 pounds
Thus, if an insufficient anmount of catalyst is :
percpotind oédhavgasi mixttiee eorpuisingcproguck iang. ifppredent, readtant gases.

i f .prese .react ant ses,exiting the di,sengaqgi.n -
This, (BT B B0 JERERNSE s ol BT 3F BikRre comerising
prodngesnd,aib lppesdrmierd AR gases\Bifify e disepdughgt A6ne/itBkfe can be

of the desired product or products, such as, i : )
excgspiyp aitferbyming emethgr tadasipiie sidecipagon.owpichpsilaeduce the yield

at . G r s e ~recycle
of e BrodREiob Eqeis? SARL BS GBI ¥RGPE 84 gz, such as
propate afhaédonlalt afheswisesbe sepamitet anduebydad by sbnverbictnto desired

[ W t h e mxture of product and, if L

%‘%Cﬁla'l@éﬁs [FECesHYeyr fléch catalyd, which is
e S e kv [d-N
0Tl M B R O B A A S KAt BagE o can e
retureed 4¢ the flwidized rmatalyst bed, apcausefarsesessivedonding lof $te fluidized

cardfel . " Tn8RTp B i b kg S SRARALAR ABBARES: ended catalyst
in thengdsokxitihg ehd Wiskrigthgitig S6HE lsoUIRAE Mdrall & SufiRient amount in the
reaction to an acceptable |evel, but not have an

mixirsutet cadral idierbmning eb ethergundesirabiler sider ieiastion ttotan acceptable

h i ; . P -
oS4l o ) RSl LAREET SR 1 0 iz
catglysisiesd, it ex¢dusivelpdocls thedluidized casdyrt bedeaTh@HmAARast catalyst

exi ting the disengaging zone 20 can be controlled by
prepet o the RiRdUgoRd ,t*? pEestcreagtant \aasep A4ling the disepgaging zone

carf l5’@c¢5r|ﬂtﬂ>lléd e Iﬁfa‘?éﬁﬂ 'dehggyr 9@[?1%%33!{;%%&@(5@% ﬁg&& Wihe fiuid bed

r
gas Into th ui di zed cat
reagiongthie eatel gidlaw ofilreactant pas ditantbeefluidized heatalyst bed, and by the

tenhHOARAIAEL IR B SPGBl . BHSr e moan in =

veriidHigp@attioned 2eactor, The verfidal 1dMth BY ﬂfe?diééﬁgégiﬁt]ﬁtzehepf'{‘hus, in the
this invention the disengaging zone is suitably about

prefeited reagies of this insotipe the disenpagingizgng insuitaidy abnst 100 to about

1500 B0 e Kl of B, OGREP 3R Aihel i i dieatSaihE zone of the
reacionapparated of fhis ieestomedn beans saficedLIrRdMMRr of the dense bed
di s%g%%ll;]ﬁ_@zo_ne can have an expanded or increased

zong; B AEENGAGIR @9Be|caNde AN axpandeder insecased diameter
relagiﬁgftgttg(? q’arﬁﬁé‘lediaﬁ@tereéﬁm fend bdd %ﬁﬂé.eef—{o‘?gélxg%qlgr at its greatest

' e di sengagi ng zone can have a
diametar, the dibengading eone canttavatmndianled B@t peabeutts percent to about

: reater than the di ameter of the dense bed zone, nore
1008?%!‘%9@3@;:1?«356&@9 the %lametrer o; the dense bed zone, more preferably about

15 to about 20 percent greater. Thus, the reactor vessel of the reactor apparatus of

this invention, when in a vertical position, can have a tapered section starting at
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15 to about 20 percent greater. Thus, the reactor
wWoeseRlo12k the reactor apparatus of this invent]
when i| n a vertical position, can have a tapergEI‘T’USﬂ’(”"014403
abosetite oppet andi 80t dendd PAO 2Z6HAWB 186 taper expanding to a larger
PCT/ U82004/ 014403, about the upper end of the dense
diarpeigr e dhsdisengreinganse. expanding to a | arger

di gt fla c'tcg'é gPB%I%t&el ?%Q@ﬂgbin% QH\% e h%@f?]ﬁtg Jnjddle section or

appar at us I hventi on aV| ng
disesgapingnzaome toats isngagemdiarster thsat thes dbasgafeddzmtpmwdes for a
t han th% den e bed zone ovi des for 5 nore conpact
OGSO SRR AP AAS DI GRPBATed 1pHBe, B2Gppaatis having a

den@@ﬂfﬁdakb‘ﬁe@igil B%eﬁggﬁiﬂ og\%dofzﬂiéeséﬁ‘% Q%@éﬁé@ﬁ% %%ozgirb‘%ndes for

of the same di anet so provi des
highgs|gssi alesities in the dembb@dommhmw cah mwmva*rpmaﬁaet between the

G835 o SHHEE ol e s FLF AR RS 8 rosting i

' moreefrﬁtd:lémtr@tammm@aa;@ffl ci ent catalytic reaction. 10 As

W Il be discussed in greater detail below with

 ef\6r Wik Oet discligeed in 1greatenglatail balowawite feferspee flor Figure 11,

h .
anoﬂ'faér'?tsru@%\bfenﬁle?l‘é%cg@ew&&dt gbmﬁxﬁaw&% %@&%‘X Eg)ﬁ Salplyst particles
premuﬂ in tife mmmmbpmpesmqm\dgam éikptdsent, tn’@ectant gases exiting the

sengagi n ne is to use one . or nore catalyst
d'seQSB%'P t%qwg é’spg%ﬂié?u@e SL&praLalalyst peraratign drpagatus, such as a
filtet bﬁhﬁfré@rééfer@bls}aé g%@ldoﬂés §§Méﬁﬁ%ﬁgv%%vbﬁ& a§'é s?lfi’i cyclone,

gas-solid cycl one, to separate the catal
to separate thsl Gatalystand @F¢f@iab|l)0ﬁ$tLUﬁ a hertmscpfefhd esuspended or entrained

catagg E@’t%eﬁgigeﬁz%%é/ X{rhffngtcgﬁegé ga{e(%j)'rci rqeg]uﬂl Peé ggqﬁ%comprtsmg

 procart, and [fr pesstint, reactapnigaes asxifnig tﬂnagﬂhlaﬁszéd léb@bllyzs?dbed and

catal st bed and containing suspended or entrained

contaifying §§%P%ﬁ'etd el eptraiged satalystiparicles és passacking thenistake of one

- or mire 'E%ﬁm%%é%%ﬁﬁo%oa fedpy a%&ﬁ? g?%%tﬁgﬁuuﬁémsﬁg gas mixture and

rom-t

caayst € gas mx ure an

; retu@‘aﬂialq&talysttotﬂle filidized zatalystbad. ySUcE@dT:at@w@h g@)afﬂtlor(lj apparatus
t,al ration a an be | ocated out si
can B8 16cate 8}@@ QBPgPrPr?p ﬁgf%@ﬁwﬂd@a@?dﬁaw@éysﬁse IThe

tthéi talrddor HilbteP phage Zame I thd refceledl fréﬁctbffa@thatus of this

pparatus of this invention is the section o

invep t®rthappeetian of iher @acior canpagatup, whese npreferably, the mixture

t d, ..
com§AEHG, ER%eP iK', gL e Bhesd SR BDIpBRAE of Shrines
catatyb’e;)dmswssg@gttm@ 7® ﬂ%ehgagiﬁ@ kzefle liléh:@@l‘s‘-:d%y Hﬁé ®r frbrbakii@ble gas

CcoO0 ppar at us e coolin

cool%.gc%qﬁﬂrggﬁedTﬁpoqoc@gg@@pebe gycqraglgq%ﬁ}i tfhé exalinxota,u’os' passing the |
mlxﬁll@' POy R BALIRT ﬂﬁpgﬁéegé%ﬁby %&p%hqer @ﬁfngeq?ﬁompgs:tlon as the

fferent conpositi

_catatylstmmct Edtl‘@fﬂtadgzed daéalyst Bedf é?raﬁalrablyl ft is & AAPEIAESE the same

comng tlc?n as useda {OF the fluidized catalyst bed. Such cooling catalyst bed should

“be of a sufficient size to achieve the desired cooling. The cooling catalyst bed may

also contain one or more heat transfer apparatus such as the heat transfer apparatus

described above for use in the fiuidized catalyst bed. Such heat transfer apparatus
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conposition as used for the fluidized catal yst bed.

woohs/fiQpli ng catal yst bed should 30 be of a sufficient
size to achieve the desired cooling. The cool PRG/US2004/014403

car; healspst tooegulndy tha|temr?mamaé;] of chihe a@bmﬁg)bfatelwsqtbed to the desired
r ratus such.as the heat transfer apparatus
teﬁdéezgﬁr%gaﬁﬁgﬂ'{?eoﬁ?ﬁ%%é’fi%he {4RE19N RRRATEE: cat al yst bed.

Suciref@abiyt ﬁl@él%agfc&ﬂ%r %é‘éfaguéis M@%ﬁdl-%éesaas cooler and is

PCT/ US2004/ 014 can be used to reg
locaterylr Igpsl Rargally Bed queferablydatailyysithibdide treadtbe véssram at least

. ' t ti f . t .
A TN .
or sdutioh- ainifiet reetog appaestls! lﬂnﬂldlhsshélpw— Ahad %@tﬁfoer, the mixture

artially and preferably totally wthin the“rea r
COMRIEIRY Pégﬂii%tanﬁeﬁsxresmpm@tam gasey adsaspendenstatalyst particles

. ¢ Ly, wi.thin the dil
s PSS HirBugt 8Iial orb8s s b Tube o aPkSiel B4 closed sheil

Witbinethe ahefl bubeutside teltelbes,t dauitallUieat SaRFTE Shélum or fluid is
i f present eact ant gases and suspended

. duct and r
C"C%?%‘f Ot THATNS beat Trorg {hes dkes Wreseln eoobngr Wiei pgsoand catalyst
partalbe Touhe LB SRR HCHEHE ThlaAgTF B I anc e

Wthin the she ut outsi
coolgs pan: banior examplis, wrater, &llawdnekingosatt srcsalbeatbatie, a low melting
coagl ing the gas and

f b h b
metaETUINBTRE. Frorally the el CoRATIR ot A Rlutallty Shisaiies or other
such dewitek topravetd for eUabodiBat $e bF ta il %ﬁmm R4 sﬁf%at the fluid

e, for exanple, water, a |ow nelting sa or sal
reaq?{ﬁse%qq thergby rgmaqvesthas) frome aliithe eodlingtebés kezated therein.

5 i ns. £herein. lity of
. b%ﬁ ﬁgfstérfelg%ﬁ é%ﬁé#u%ﬁﬂéfgﬁsgéghg{qeal;egwara Ekg&ar As,£0ling apparatus
IS positibngdat of hear thie topeoff thei avidr Rippatdts WM th%orfe%lﬂﬁr apparatus
rom

. he fl pi 15 reaches _and thereby renoves heat
18 péﬁ‘ﬁ“ﬁ?ﬁ'"&%lﬂr ﬁfr&”ieﬁtj@ﬂ'q:%@éleééﬁftqmer'ﬂﬂmmmtura #ngting the disengaging

zon® oetied Feeftdraatt f LS. Lovention, .the gas
cool i ng apga_r at ?Jt;smﬁﬁ%ﬁ%%glé@f(gﬁerﬁp gfb rggerﬁeg-zraqt% g(ag&g(ﬁs well as
suspeigledeat eolrainpg anadalyst phicldshean eash dhroughathat sSolin apparatus
ertical orientation. The ’

id i ' h f d
Suc'"‘rjng%tﬁ‘l‘? g’“é@?bﬁqﬁ‘téb?eﬁ é%ao?gaéaa?fn@ mityifepiorepds vedigelly through the
reactordappanatissi Ng cAnOAiE BaS: thd Ig%l%eéﬁﬂ@gt éﬁ@éﬁaﬂg a2t ®Broceads

20 suspended or entralne

.as Il as

Ve“’ﬁ%”yta ?'é%‘ thereastos anne?a@is. bhe:iir&u:belbd dgwamgathet reteap at the top end

- as cpoler, as e mxture

of ﬂﬁjgcge g\}\%%rs ?F%ariq 3“%]’1r%%j]%w%?rﬂggﬁrtgﬁc??fﬁm&pﬁﬁlaﬁmgs. Q1 a path
wvertical t hrough the reactor apparatus e dif

COOI'ﬁgmépwai%e’rbéﬁﬂhlthQ HPwase i downwaid dissationr Vresthel preferred
2o [e:) it bk t L apparatus on_a path

o Rl ¥ i Bl B 68 B BRRABIR wisteratly n the form

ownwar d t hrou

. downwarchtiveugiatite gire coaling apbarguAP PREAH AT RS gi éarpﬁééefcstegﬁaugh the

of a ghedranst-tubel gas icooleanisppesitibhed ugthit hBe 888kt WBssel so that the
on.

; P .n both the ypward and downward direct!
m'mﬁ% ?‘?{gbﬁﬁgg Eﬁrp@t&cq and, if present, reactant gases, and entrained catalyst

particles passes around the cooling apparatus as the mixture proceeds vertically up

through the reactor vessel, the mixture turning to proceed in the reverse direction as
it reaches the cap at the end of the reactor vessel, and then passing through the
cooling apparatus as it progresses downward through the cooling apparatus. Thus,

2.



10

15

20

25

- 30

"~ an tHQe gagtclqo rs,

reactor apparatus of this invention, the gas cooling

wahay@iise. preferably in the form of a shel | -1 ube
- gas cooler, is positioned within the reactor 8@?@’&#’@@“"3

in tﬁ@fﬁacﬁd?%pp@ka(th@rcﬁ teiemvdriiondheged uebicr@n bd api@dentsingle-pass
react ant gases, and entrained catalyst 30 particles

sheflaagdube aasneralae whes? ey Jappararassiag suspenrrd gaialyst particles
pasgrfﬁ? tHSf{;ur ||n%n t{He éé&hng%ardéemﬁ.ﬁFttRé YERE5 apparatus, a

he mXture 0 procee the rever
dovﬁfbeﬁilnglﬁ-ms shell-gadhatse tbeler ahesd tHdhgases cofnpmhmg suspended

eact or. vessel, an h assi ng through coolin
cat%lwamlﬁl@sa%aﬁq ﬂypagr' cbecda%i GaRtaran L @ﬁ@h dapiwards Within the

ar Tkt "
reaé%rr/ @6%01@28‘% the reactor tappaé at us’ of t%here € gdases
commmmy Iwapelhrée@aeatakyet qrarides reapasged dhrosighgthe ﬁagﬁ—and—tube

eII-andt l.er, where the asesc ri
ool Sy s ST e BRorati AR TRar R g, snet-ana-
tub@'bobl%‘? ARhh oAPHRY patibRhWakdiewltRiaCher reaRRAr ahHsthef gas cooling
downf | ow si ngl e-pass shel | -and-tube cool er where the

app@a@ég cCoBmBiSES Msgwgg@@@ﬁme goghng Peits lopated) witikig theygaactor in the

pa*r gac’rrﬁ' F@aggr attﬁé t6§ zBHgto\?gﬁ@ 08 s%@an g (rrutﬂras invention.

Theg@cmlllng@oﬂ for \yoéls [¢|atvhm m&mnsahm‘ﬁédhatmhgr fuid peuncteds a liquid or gas,
_ catalyst particles are passed through the

C"°§Fi’§l‘9¥ tggemaeusdneat f EW' th?ethw&t% rﬁﬁﬁrﬁﬂaé‘n%pr‘i’ﬁ%t gases and
susfg%ﬁ?éc?@& stanfhd 'ESBII §§1I bh %BH@gaﬁ e ﬁQ@tr Ly C?Hédor fu8&mbination

er ag |nonthe ovvnvvarsvmtmtereacor
withAamaether g@asoolmg angarmusawx:has etharafghe siesclised gingleepass shell-
r.more coolin t(1;\0|IsIocateﬂtﬂv'\_ﬂﬁgtunther actor in

L00-Passr I etqff‘é‘%(? zone of

t hen ltlﬁ-;aﬁré?érré@ ﬁéé&bﬁ%ﬁﬁéra‘tﬁﬁ &f ﬂh‘i‘s\/lﬁﬂérhtﬂjh thd fép 8693 bNthe reactor
coil or coil have a heat transfer medium or fl ui d,

vesgglcAr akleasy a qv@rf@rbtheg%t_zf, is wnallaflimdiameten e therdisengaging zone.
Mcnr %Ye%ar}@arhé rcgiﬂo a@ﬂa ;c/ag;qurerﬁfefﬂ%t r%?:ﬁto?%g)g%{r&gg%r at least a

Sus e Cool 1 ng

'po:’ttcm trereal) ivemslied irldlareeter tham tieo dohsa biednzcie. \Nth example, the

.. anot her s coolin aratus such as either of the
dilufg, Bpa%e, S8CUI gr éoagsfifpfgﬁépﬁctoaﬁap@w Jsalclegpkaportipn thereof,
cant et Heridnstrhst is apdat 41ber ﬁ%ﬁbﬁf 100 herBént , nore opreferab!y

preferred react or apparatus 0 I S |nvent|on
abopbae tefabawé 7Eepetcent Wé@él&meier af tHeedsnsea bpd rthn@nof the reactor

vosb 2 e e oo I Bl 5P s, vy

red@ding kite Fenddde GRRAS aPandred R the 8910@@1[ bf Qﬁy undesirable

thereof, is smaller in dianeter than the dense

| chepiel reagfionsxaueh as afteeburdinguthat prighteorasse at b@hderrm@n@tures

o 80055, TR B, LPBE BB g s

of the nallatnmé chbthrizing ¢ proauce, @lﬁfe@ﬂ@@c}ﬁtal?ﬂ%ﬁrﬁ&@staﬁd if present,

ut 75 per%ent of the dianeter of the dense bed zone
reag;fanft gaseeacfler the temperature of such mixture is lowered to a suitable

temperature where appreciable afterburning, or other undesirable side reaction, will

not occur, the catalyst can be separated from the mixture. If the catalyst is not

- separated from the mixture it will be carried 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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catépl)y'{'sfi

vessel. The smaller diameter reactor top increases the

1G] of the gas, thereby 25 reducing the residence
. WQ‘?J}#}E/‘]%}%%’({ he gas and reducing the amount of anytT/US2004/014403

idANAeR] LCahg T P PPoblezh titseaféer DIHdieRge, in th

Whlc?l‘hgfavmbg teegggﬂﬁﬁgt%? g(ﬁ@qaesﬁpg?%tures. Ag stated ) ©

prefalved ereactee appaiatys appahiat iweston benaised merel eatlystheeparation
t enper at ur of the mxture c [ Si th ct,

appaalBedir g sarpente Br il ah | Ao 08 AR r product and,

if preS&gt %Hctﬁﬁ%a%espéﬁiﬁﬁ%‘im cbelimeapharatus0l Apyauitabld apgaratus for
i's lowered t0 a suitable 30 tenperature where

perfappingcsuchl seperation wani bey used, sigieas (Hgesi Mamhsarey escreens and

o S Shp b, PBRAT s BEAY Pl R msyen o at e

retaRERRY PARAgE T Thé Retdystiparicies swithadt hsepaatior df the solids from the
the reactor apparatus with the roduct an

i f
gasey e8nPelieq ﬂ‘@qlsegggsé@naﬁepqr@m?tori Aluggjity %glé%qfr 2 preferably
. - B riile
ocef 3 Rogb i anc P AT BRI i te reptor vessel The

prefdirefosatalyst addpmratibheappdratis. uShdr ef ¢he, réactarh@pparatus of this

. preferred reactor apparatus of this jnvention one or

inveioe BapalgePolghiaiaraid Ypanay (ueltHtica pares, OF stages of

conﬁ&ﬁgﬂ %ﬁldn%@ RNEHRiARN Sapahies thd Gataljsteparivies! Rolf the mixture.
product” and, if present, reactant gases exiting the

Suiteblel ¢yelprespareacommenaiplly avalahle ptae preferredrregctor apparatus of

. perfarmng,su S Lat.l a u . .
ois RIS BP9, QLR SRS e o, Bonected inseres
WittdBaah af eriddarrapgiemdnt! RrgaRas aboup@9spéieent|for kitample, about
99 Sgrevent or at least retard the passage of the

tr ap9uit9%HIY meaight reycentef the papigulate Gatalyst presspl indde mixture

.con{g:r@.plﬂgbpgqq@gsﬁse;?%@c %Hfaiys-fg%erﬁggf.‘;ﬁci,oﬁ &%g@g@t e3ctant gases

are pr ocat e t | east
enteyingt itled |garieandrmmged peydlenesbliy sephedtes, frant sucht hexiure thereby

reactor vessel. The 10 preferred catal yst separat,io
provifiiaraf @0 SAEBNt AeHar A dEUI S SaeEEl. 5ot Tg =bSUt 0.1, more
prefefﬁtlijﬁ‘tlé%lntﬂaﬁ 868@503A, i FRBApAIERABIF YEEsOMt about 0.002 weight

preferably a series, or stages of connected cycl ones
percamt etalyst pattiojeseparat e the catal yst particles from

the,m xture. . Suitabl cl.ones_ ar i.al .

o ITPaIrEbS: o Blfulely of st s8R alBRo&d Y68 40 the,pige and o
spetifiy esHdpen of Buhucgtlibh¥s CiressslBeted Cloopesvider thkedadired degree of

three, are connected in series. 15 Wth such a_series
sepafatighgd ratalysthpadiclasafiorher modurpefdeeduct andeif prpsant, reactant

0 t t j :

gas83? For eRdindie, 38R0 2 to Kol 204K oPEGR P drfiore cyclones in
serieooan ibgiusgdpr oduct, suspended catal yst particles and,

if present, reactant gases enterjng the series .
ar th%éiae eyf@#ﬁ%@@rﬁ@eg @b%?%%rateﬂr%ﬂmstbeﬂnmwﬁﬁ%npﬂsmg product,

;fé*i’ﬁcéﬁéﬂ?f'e gkﬁ?t@ﬁér?tf r%&ﬁt@#%ﬂ%@%bﬁ%mmsgEarticles are

r
ef'era an a prefera

prefeeatdy tretumned dat the. Odidizeddcatelyst pedfreaatury Iredke tphaferred reactor

appglba%g 09'tﬂg2in\oghﬁg}1, such return is accomplished 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

apparafus the mixture comprising product and, if present, reactant gases, and

-14-
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apparatus, the gas or_ m Xxtur ses is direc .
- amaioyidaioB Teaciens 8t PIARY oA %?.aoﬁ?gw%@r@ Shebgut ¥50° C to

20 -

25

30

percent catal yst particles. The nunber of groups of
uch series arranged cycl ones and the size and a
WQ&@WW‘@ shape of such cyclones are sel ected PEI/US2004/014403

susEER&é&i%r??ﬁr i Egﬁia #?%raﬁﬁ:lééf prﬁgpﬁﬁ@%hfé? PbirrinkSistributing

article xture of product and, If present,
the meiakctrent gﬁ§eegasésue;§@‘rd®b(@a’t@|b!§t paitioles tQ at&epatmiutn auparatus, and
r oyps, of abo or. nore cycl ongs in r C
prefiscib o saptariynel cepariel papelicery whasfld, iy “Wbpended
catalySpAiSies fidritBe GRAEDT Tisd PEENRNT M) Blaferabif ﬁ'd‘\&tnber attached to or
particles and, if present, reactant gases, the

corﬁlgpatusawéh thaicapjng appareiust es are preferably returned
e f e | g
or A <Ll S5y Bbo el 36 o or il of gases i, direoted
by é @lipd Or btheretitaplel condditiiroaghithé egadtoovedsetwali so the gas mixture
cl ones extending to or, into the flujdized cat a@_&q
carybg, (ramiesr tceﬁmcws eRirado Bradust F°§{“8 Bue. prefsrarly reactant
corﬁﬁerf‘err{té‘glf pro g?{liﬂ ng@pllﬁ%afé’édféntt ESm@’bﬁéMEecan, if desired, be

Sin present, reactant gases,
recgmeld tO the oiz200¢ f40XaEspRCaINISIR0 0dmGT 80030 psadidnded

ntrai ed catal rticle r.ef erabl y. enter .
o1 T Saston AEPRTaNE oIS, REC o i eagicayesuli for conducting
che?r%ﬂec@ﬁﬁ'o%lﬁid’ﬁacﬂ@ﬁé usihg % fididized Qﬂ?él?étlm to catalyze a desired
apparatus, and preferably to a plurali

cheseipalrrearton.agiber wagter apparalepaf s Wetrﬁen d¢ prafatakly used for the
s R

sourbe dfoakyg@\@bﬁaﬁ{ﬁﬁnggasAfcheawmd thiyng flbielieepaatdtlysinbed.  Such

abdBF80 GhbreSFefdtan btk %bo toca’%i?)u? 5bF Ga%ﬁ@ £ 9 pressure of no

renove desired proddct or products an prefera
moreeﬁlanwboutclﬁmsmeptderabiy 01 emetthamayoste@&palaedeygen gas is the
ant CO can

b lLed .
profSFith 8056, oF TP i-balconoetp Al I8 Srsrous AP E: fcTas nitogen,

carPaREWd adddde 'Ifffeaﬁiom”r rafe df profsarf-td-Aintndrily @N&bigibly Sbout 2.5 to
particularly suited for .conducting chem cal

abaut sis fadchie Brele &aléa Pbmpleaiiiaigoygendodirepane & gHijatly about 1 to
abdif9 ol Orﬁé"%.@ééég% c%tﬁﬁﬁ' c{}o%?act H‘gé:]?t:&r%e 3%t b i agafb%ultJ 19 seconds,

reactor appar ronis pre
preferably febous N0 talaboutn (oéequindp aard usors prafenabsly abgaBOﬁrtd about 5

seqag;ar%e l ecuI r O@e%lagarggg é}?{}@g&%oé% fs@ﬁé&;@py solid, partlculate
I d reqc a

B ey S R

Catalysts sdcld as, fooexamplef catalysis discloseddo \& $oPamthc$5@ 083,869;

5,856,5089 BYoR SBESSUDH H5."8 258,543, 5.214,016; 5,008,427; 4,788,317;
4,784,979; 4,746,641; 3,860,534 and 3,681,421, which are incorporated herein by
reference in their entirety, can be used. Catalysts disclosed in U. S. Patent Nos.
6,143,916; 6,143,690 and 5,750,760, which are incorporated herein by reference in
their entirety, also contain examples of catalysts that can be used.

The composition of the gases exiting the fluidized catalyst bed during the

~ammoxidation of propane with ammonia and a source of oxygen typically comprises
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nore than about 75 psia, preferably no nore than about

[ Q(ygen gas is the preferred source of
-Wégf)‘g@ﬂﬁar oxygen. An inert gaseous dil uent, SL‘J’@F’U§§°94*’“1“03

trogen al so b added.. The nD rat
a mish oot Bentotiin, B 28e@, il i pldtarR, Jerogn oxides,
hydr8gén Qnmlamd aérﬁcmsoéo- cﬁﬁit’é BIICIP %KY GRIBtIL RrchY, @@@f@ﬁntr@ acrolein,
suitably about 1 to out 10. The average catal yst

acrylio acisk andi gszolen H@eatlsamereﬁm af thgsixtureook progak and reactant

gase Snd STRPndRE Khielh<t Rl Colf it LB TERALE AR TR, 5 picaly

abouwts®EDT Qr td Aeo@nmoXi dat. eompmosmatahyl theateynparhtude of the ﬂwdlzed
articulate 25 cat al %st t hat catal yze

catalygirdacat Ao rescriped pahrve: A etbiaywe@ﬁpw.c;eg%%ribed above, it is
I
cesifFHE e Sy il RIS CRALES! R apbange i midure

comﬁnﬁﬁ@ B68uctarkbidsttt gaseswlilcat thjOeleyvated; tempmmelm order to

979: 4. 746. 641: 3,860,534 a 681.421. whi .

redugp {4 RRtenaPlel ByeReAty Hikbumie, Bafe dnin Mikify oA e fluidized

catagvﬁf beat Y As @R chSed 28dve Gt ﬂieYQ&éngag?iﬁb a%hd lhﬂﬂé&lat'%ly above the
at ent Nos. 30 6, 143, 916 143, 690 and 5, 750, 7

fluidigati ctatalyst bed.ca portioncandh preferatty mast of & eatalyst paéicies that are

susrBBHRE Y g AR P REC B gp e o e

fluidizedi dﬁtél@ﬂt s&d alityistdexirdbiéuthiab Shé eixtupena prethidt @hdcréactant gases
propane w th amoni a and_a source of oxygen typica

exm@g)ﬁ!ﬂﬁ disengaging Zgney e ds vpécatiyatissteropeatuecy agbout 470° C to
aboﬁ‘ itH & oénoatf}% OIQ: %tg S’[ﬁ'e%/hg{eg&c%ﬁgutagﬁgﬁ i 0 %o%f‘%t{)egag, still

ropane,’ car rogen cyani vari ou
contam fsmmmcmspeuddad asr &nb“amedacata!ysicpammesr td ereduce or e!:mmate

cral ein, acr Ci d oxazo erature
afteNHG. Rl FEVHHIS A cS BrbOBas] MEON, REBETE R Such mixture

com§H§|ﬁ§%%%ta%taﬂdy§ﬂoduef Pé%@%n&’%dsb@ﬁdé@%afé!%tcg%ﬁgj be catalyst.

catalyst bed 1s ica 5 about 350 C to abou
The (m[xture of ramianb(arldapmdylct gesesempvé ﬁasmm:letgt catplyst is cooled using a

ot o e Al RS SRS 1 Bl

~ to séparekihg] asaigzenbedhepcinabyd, tﬁéféusﬁeﬂaed eabalpstnfgoi the mixture.

the m xture conprising product and reactant gases

At sygh temperatyies. atterbafniad oéHBE PERTPE. iproRANReANd e aerylandtrile and

othef BrtfifcR oBikand 5 g¥s B FElRHA T BEAERI B
de¥hisi Mnam“e a ipmotdss fbrsmegamm;ﬁaatorm of ravegloritrié ycomprising
ui di zed catal yst bed portion

ove the afnd
feacgpefae mixitge ﬁB'é‘,‘Pr'éF‘gt mepeaga@rygzom%,appcq source.pf mgplecular oxygen
in aSAERRALE beldN of Hariituthtar @aﬁaw'é@rtbs dieh B gg%éusa'?ﬁixtur% CPmprlsmg

reactant gases returns to the UI di z cat al yst
acrylanitrite dasdlr ahtretrﬁﬂatpmmextmatalyef poomg:ttrmogaseous mixture

eactant pga t IS ..
compfi§Pbanry iz ¥ ol ahad SafclBle Ealaty 18 Yo' cSSiec mixure,
separating particulate catalyst from the cooled mixture, and returning particulate
catalyst separated from the cooled mixture to the fluidized bed of particulate catalyst
where, for example, the conditions and other parameters just described above, such

as temperatures, 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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15 about 510 C, and typically at a pressure of about
ig to about 30 psig, still ~contain sone
Wi’%&@@’ﬁg’é’a or entrained catal yst partl cl es to PEBUEWOHP14403
nat burn t
molgy oY arka. bRk Hat, PRer shamesitRy PLETfAlet oases

diseﬁlﬁégéﬁ%@cﬁf GREFSt @@ﬂlcﬁ&ﬁﬁmﬁ@dﬁim@m zsheubfda heactor from a
catalyst. The m xture of reactant and product gase

rixiaiel wm@marwhapéﬂea@a%@@% exjing e floigized ek bed, the
rettrgﬁso {a Q;OS&P@S%&E a@ét&{y&? Sr?ar{!&@'@efc?tt%eﬂ EZ%BO%EE%%Q fed, the

riof arating, escr|
temberaﬁumkmaﬁurte heencs asentl efl cami)edtyemaﬁrmgnsuh@endedt ar entrained in

the Qﬁ@gﬁ goﬁm%a"@fr{ggéééﬁ% %rﬁ; %e?a{q urt% scﬁw{.‘g{got'rg gﬁﬁggging zone of a
rea{iBPtt?' ﬁ%ﬁé Noit BEmERRE SaftePoliBihés 8shd Qhé‘%ﬁ\%b?&h%s to which such

Is Invention Is a process for
mixtone u'é amolede pdbr mcrsyepamtmguthe @mmndgdrtg erzalm@ch@tata*bgstefrom the

mivfisF a8 RS BRann0 Arog R i 2R 8atr: Banty By

catsilcnsd {Jt‘ébés@rd@nabegaﬁlﬁiﬂu&edﬂmhuéﬁct@ﬁﬁppai%ﬁmas described herein.
acrylonitrile and entrained particul ate cat al

Howssesri ingsuefe agnrsess the oogirg of dhpraasi midarer WBHWPQ |acrylonitrile
and?né})%{aﬁlﬁéé{j BhARdRE M ah ?or‘ﬁ?%aa!%ééﬁéd {’xﬁﬁ@@e{ E??ﬁl bé hgﬁlphshed ina

seaat I ng artlcu e Ccala rom
gasaaglling appeatatue, smﬁias ehmgas ngofiag tappatadte de@bcritatdaherein, located

separated fromth cooled i xture t e fl |dized b
withip, p%taf???'t: ngp@“y Tyt Iocg\%‘gr %’%‘ef"&ﬁ' QQQE F‘%C of ygssel. e[? the gas
cooﬁﬁ’é‘ ‘pr'a%ﬁﬁs 38do&4tBE i8R S réé{'?(br d@e?é‘e‘i ! ﬂ?t%drnﬁ&ﬂ‘éecompnsmg

as tenperatures, pressures, the catalysts and
acrsflomltrde zand centedined preticulatea catalyss earcibe aliyeaiedotn dhe. externally

Ioc%§§ paneCca(?lrrfgg ﬁpggra?usl%ym hg% 4?? %-elr %tf.ntargfe ec%lljwldalt and then, after

coofiég,/ tHE268:1é8 idlite drbardirsatéddyd pipRA6E aftiey, suitabR! ysriduit to a
contact ti.nmes, conposition of product gases,

Su'ta’p'@eﬁg@@@mﬁp%ﬁﬂ%te&p@atumﬁupa| 2 3 satalestosensglion mpparatus
desgfififs Hordin! S Harcf@Tbr the DAL AE SRR Hiftn R EBlog mixture,

andt redurmr ef mlnfm cxa‘talyd;tetcd il@ﬂgﬂmﬂl cda@symdpaﬁéfekaﬁytwch catalyst

sepARRion ARPATA e dosRten MR e BRactel i eh g ALRS el aths; external

- gas®olind & ﬁafaﬂus bBﬁ bE pbURBdGRIXPLD SF HE tdY ijfﬁ‘étreﬁ%r vessel and the

reactant gases exiting the disengaging zone of
mlxit@fa@pmprtwg adudenitile and entrainedapardiculaten ca@lysanantheedrrected to

the SEERAAH Moo Sehsilind AEBpralls Mifiul o F8PG 8™ bl 6 conauit

- Fortexampté he mixtire 3Reesroc6sd trsLgl abl spditig endpéfiags athe reactor

gases, can be used. 10 Such_a process can be conduct ed
vessg) and theatdirecily fatedhe gas $oaling pppamtusr Eha coolsgveixture can then

be dlféc?éi‘fib ﬁeoééi‘és/ﬁséé]a‘?aﬁ&%bﬁgrafﬁs b 6ip28%r B duftable conduits.

I ST ng acr
Detailed Description of the Invention

Figure 1 shows a preferred embodiment of the reactor apparatus of this

- invention. in Figure 1, reactor apparatus 1 is shown in cross-sectional view. 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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and entrained particulate catalyst to forma cool ed
m xture can be acconplished in a gas cooling
szﬂgyg’tlﬁ’é such as the gas cooling apparatus &€3aS2Mdd14403

cheiticey Baclgt anb oierehl Ak B8 ol 2uinafirlef dt Phlpftand the

cheffiehli r@ﬁcﬁ\ﬁ@&ﬁf&hé%ﬁe‘ﬁmb@ﬁé@rﬂﬁoﬁ%@@bﬂ@ihetr Onateeialsgatichras catalyst,
vessel, the m xture conprising acrylonitrile and

placest tharaisd Qsaatt least lined vdtapymateriah thet ean adthstand sugla chemical
reac?tMtgr ! am;)?e?%t %u&fe?n gpll% '&an?é’?f‘&ﬁédﬁap%ﬁro%u@té)ﬁré%%nt in the

sui e 'con cool I ng,
reactop|degingi ude)r ratfulmy Ghit reheatdd hynmemtomspraratdwroswe a material

Sho;&ésg’g@cggmw ngt ‘E%f? éjéetg&brl @'E%gi gfl?lyﬂapﬁ? g@ﬁ@l& rlggerébe reaction
con%f%ﬁ%y% r”shefllol% ﬁgﬁﬁfﬁ&b&ir&fed Bfa Qﬁétteﬂn‘éli%ééi? as steel, for

rom he cool m xt ur e and return o
exanatla) fpst altay, bambohl ari staindebscsicel. yBeadier ] alacet:embﬂsgs catalyst grid

12, 88 S bOAPRARES!E ?{?\%85%33%%?5#%% aRECPE SHSPIpeY particies

fron‘?%P'g‘a@Q seR %"saéé’r%sc ﬁﬂ'ah IHeed 300afl Eptidriad Hfat transfer
he “reactor vessel ure conprising

' appamtysdlﬂ farithe fhuchza;dwata!yﬁédaqdar Prafata@!se thgtcacpgssse@im of reactor

oeep SR B SEBAAY of PRI crtar

Theemwlpﬁ)rn@m@f e tadotorg dderitifiegesy DBhoodgiscabed @nieng Bigure 1, is
openi ng in the reactor vessel and then dlrggtly into

genfsrféiyggymad;rmaﬁ ng Tagpanideles portien ¥ofthey rRA%iCNr ddenifiedh@s DZ or

s 2088, PLAR, o SSahar BRI RARRY 8o Dorton and o

cylumm iporiian iodicated bynwrenked sesions guami B sspestigely. The conical
erred

porfi 4o Sl s Elaftrier At the Tl n aipae A nconegtag i DB zone

“and thef! Qfdferiert WRBR it thed¥s l'ﬁ%aéﬁlmﬂncélpé&h@h@} a% shown in Figure 1.

conprises a shell 10 suitably constructed of
Thenwpeet portioasofdbe deasien DEbevdilute phase zong mr%gufﬁﬂ comprises a

conl SRR oRLETSR 8 5550 T AR gl hofibonorcal. o

elliptieak-taped, ltbp iportne fivdieated Iwonrirkad b decioraDETRE Io@hlcai portion
that will withstand the _chem cal_reactivity of th

C iscgremtestiin diameienwhees itde promaptswmr:xhndgleehp%@lon B'and gradually
nan‘b@\}sabb’ %m GRtd e Ghére %nuc sl c et ch%rﬂ?r?'lj’“ The "bottom of the

teria At can Wi thetand reacti vi
reaétorhasanpﬂmcallsécﬁdre%hem cal reactants or chem cal

ucts sent in the 5 reagtor durin
D Rkt G550 mebnis oy PURPENG: GrL6r S feaciaais, to enter the
reaé.’tofm‘t/f?‘sr 5Rbwn T Eie PE etPhRE 7etarcNAletdMtat AALLE UsEQIRr example,

or wll not corrode rapidly under the reaction
for thmd’nttqdmyon Hanmmeaokoand mdleculsr oxygerbtyniammag gast eespectively.

Dertndin 6 LBhshPale "Shanica eablion "B Borgfifiefo i e reactor
appafaidlsy tfe@fer thiets may be present or additional inlets for other reactants may
be present. Inlets 60 and 70 are connected as shown in Figure 1 to a means 80 and
90, respecfively, for dispersing or distributing the reactants. The means for
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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12, gas cooling apparatus 20, nmeans to separate

i ned or suspended particles 1o froma gas, such
w§§%@@o§‘1§§ arranged gas cyclones 30, and opti oﬁﬁT’Uﬁ@ﬁW“*Of‘

or d% 3} g}ﬁ rea% ag%%%gggg%gggt IIrli Hﬁ?oére%leé' Sﬁ{ub%a rﬁg t tﬁginvention

readﬁ@fﬁtmcﬂtﬁtibaf ori SydtBmsvgretuseal to@iﬁ@rﬁ tﬁdWEEafcﬁﬂ'ﬁtgalS or gases, and
paratus | is circular. The |ower portiagn of the
theYr%%[bP@rSPanﬁ!ﬁtqrfG%ﬂp%e @B?odjﬁcf&éh%n%wr&&ﬁ@'weﬁ £ ameé conduits
r dglle t
it i Fong SO Yt 3k TFRYBHEERTE! Aot e gas o
gases tﬁogghmtl for:mm]:ﬁe,stl'@ postien obtheceéaqtoshaabo\t&)gndohz The
I|nr|c ortion, |ndcatedb mar
prefeuet TeRatnl Ge c i BELRYRIG! eeacin asberais,f tai ipvention
as drovalRl |i-[ ré it ﬂidaﬁﬁertn%h @btédhﬁ F*l %E'?Qnd"@ﬁ%%nﬁﬁns@ a Piurahty of

connecte Zone en w dens to where i .
gas rrb@nbulndrettdgela B2 rainciaP2 st manlf@d dybeh GRnandg 96 gbpeh pf manifold

B0 AR 8l TGSl 2 44 BB, e

distiih\gtictatigsbsbhavar Keglussiity | 6 ghs aduliveryd dusst 85 and 95 extending,
hem spherical - or elliptical-cappe top porti
respasiively: therelomadews @yn%rctheotpptﬁurm@ &b ﬂr@aﬂpdﬂt thenpreferred

embgéyqu}?ﬁﬁg{r,i Ca§§§ db[h&kﬁg@éﬁ %E?I%tflb&tﬁd fipes %P‘Sﬁef- lﬁ’lfOfGHr%Sreactant

por narrows or
gasées, for exarhple dromanéa gas, ttemama&e dbmrmbanppr(afmbly afidwe, the holes in

the %g@;ﬁ{ﬂe?éae; e grq%gétﬁg\;efrg on| @étt)@?&b?&&sz?or the other
reacﬁt%ﬁFg%é‘thr bSEaﬁig)?@ md1B8ylaf % éh’ gaﬁeﬁ’ﬂﬁiﬁﬁ’e Iy aFloﬁﬂf &h above the

nd 70 e inlets tha n be used

' gridexrehpivey frofothe heleisrin rtbel geidi oFhis arrangemeat sm@hown in pian view in

cul,ar

B 258 5 LRG0 Pt £ ALY g P 2 an
the castdiisd, eghréd diriensieask erawiagpar at peeférretiev@ictamt! gas distribution

may be present or additional inlets for other
sysﬁe@a@s shewn \aligsie Se afe desgribed inneare deaibbalovs are

respecﬁ é%a"% 8?@\3% ahl QY6 Srfer Ra draﬁ.ga;ﬁ%lrgfgalsgﬂghm%gh inlet 96.

I spersing or IS
Reaotarttgas] prefé"mlyraaeacifaot comhpsipiay iroarey, ainsémiisb redabor 1 through

o i B A B oMo o
' thro’élgﬁt ROibs G ofterohice ?h& {Bang i %@f@%&eembbam‘{@lt of this

) 04/ 101136 PCT/ U82004/O 4403 or distribute the
lnvemtlaot grid 1gais genejalies. plaie witkinghe freactod appBttusrant @ftending to

e e b ek @R of 8% BBlor Y388 DR 00001 S @i o
couéetfbnbéf RHlas @R lovifieés pRSTBIALHE sPacedl dRGHlY Qﬁoﬁtfth'éeér‘éﬁfdf thé plate to

pi pes or other conduits fitted wth one or nor
aliowr 2 gpg & oferieasiast to ﬁaS%tm@ugmﬁwa‘teofr%tb@rmﬁtt@m gf the reactor

app%ﬁ%tug e%ng{egﬁﬁgspé% gougfbogbﬁ; O%gﬁa@cﬁ)r LPSamfld hBBvthe plate

when the reactor apparatus is in the preferred vertical position. The holes or orifices
can include tubular nozzles 11 extending below the grid plate. As will be described in

more detail below, the portion of the reactor apparétus above the plate can contain a

. solid, particulate catalyst. During the operation 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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preferred reactant gas distributi on system for the
react or apparatus of this invention, as shown in
nglzﬂﬂﬂné’"fGand in nmore detail in Figures 2 and BCT/US2004/014403

partiP 53 il S ol oo 3R HaShEh R b R, Mt e
holdsubiesriftesanthd BiAs Copng e6é gﬁdtrﬁuﬁi b 6 PYbFfRREN YBRSto permit the

82 and 92, respectively, and the 1o distribution tubes
paspage of Meureactapt gesges aBSEBy&Ey nAibes gBaina 9% to permit the

' ' refro Q r
porfelB ot 6 F8RBbIE N b RR1S B TR SRERY o proferea
emiidiimeat thelnoreley 11 hase anonnifideclodaetrwitiih ithe itndregiaf@ter of the
one of the reactant dgases, for exanpl e ammoni a gas,
nozzlerapchaietergblyort thegnd of besieasis digkl fiom where dre Bozzle connects
. i d- L i , .
with {48, @i, T8 IFERSs o7 B, 17, oF Starictel 18 PRATuC KAk Mesired pressure
droje batween inel gecsuinathe segcfenbglosy thicayrid arad thd gasabovsatheogrid, and to

profils §orhedinstieiiet o St rayeing mezrpnd el fhe.fesctor space
aboRB4dht YridDr SEcll i HRSAL RN aH BHc WithBUhe Fozzf B Sh& LR ﬁﬁi detail in

~grid i'n Figure 2 and the detailed, three-dinensiona
Figweadai ng of a preferred reactant gas distribution '

, . ’ Cbed i
ey b@3pSel S s haiedie fraf el BEREIS H50] 4Pa8 df thg preferred

embeAGEA! obPiRanveHiod, d4Y 66Wer 20lich sH8ll-anBa86& aype BA8eoler where,
preferably a reactant conpri si ngp_gr opane, can, enter

for raéa@fwﬁ, gasesr 6ARTISiNg| BEodYS! ARg. JhdEesent.oreartamipgassfe and also
confinh 35S ArdRPg; &t nbo RIFGLadd o o353 HAGgp e gas cooler
entqiref ther ezblemivon thiertbp pthat lis, the iuppenpodion gfrgat ddoles20 shown in

FioFRr b Aol EHBupRSPa 6ORer Baietahe BoBer PR he botiom, that i,
the W&rﬁi&ﬁﬁgas%oﬁ}@mshé\mﬁ i Higurd 1R dCHIBF i 88k arranged,

i
c ection of holes or orifices preferably spaced
gasesysinnesabdwr ather meansdbr sepapEtagetheccoded gasdreassuspended or

entBE RS 38R Gtbipeks” R bng bR e suen as water,

stedri@rpohdrd suitaple filig, ferasiolihg A g3 pa8sinB MR UGRahB! tabEs in such a
when the reactor apparatus is in the preferred

shelandtube tyrss coplen canrentercand exit the peeleethrgugh flanged conduits 22

et | _ : .

ant 5B RIS OB g oo o

piemon ?@ncwtbdtatlet_hgdaaw{)paiornat{f@aas?@:}@@\/?) bgﬁ)relétﬁ?rri]l@ﬁyclones 30
ontaln a solid,, parti culate C a St . rrn e

or offyel eans 105 S ePAEHING RUSHRNASS SRiAN Pagisles ham (g cooled gas. Gas

o U TR B 5 Stk e

reaqQr/apsacivg il 408 matarial thatswillndittistandlithe cdndétions and chemical
articlJes | oca ve. the i d refore

| .. Th
rea iy of Bhe 880t nc BESILEs AR thedSption syt augh os steel,
pref@vsily bew &liod, edfbonChestaiféde ste@l B8R ubd® Preferred cooler 20 is

shown in greater detail in Figures 4 and 5, is described in more detail with respect
thereto.

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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prody¢trancany egiraiped; of é%Peﬁﬂﬁmlﬁtd)%M%

passage of the reactant gas or gases, yet ‘not too

“&)r%ﬁij(ﬁ:?l ze to permit the particulate catalyst to
Sk c?ugh the holes to an appreciabl e ext eRET/USHI04/014403

f S
1 0 PS8 L TERL P PR U5 B 0. 110 an
120nazzhgedimdsgriest eCadlby gak éfﬁ@elﬁrfﬁbrﬂfgatsfm)dlmzz@ eomhipsitlg gaseous

from where the nozzle connects w %rglteﬁl%,f%tf{éage cyd!
i clone

1003'&]?!3(&@‘? cBﬁS&uﬁ ? @éﬁeg)&eéﬁﬁéﬂt ’f'rBtﬁ‘-hSQéoﬁé"*lbh thténgscéé’éond stage

he grl gas above the’ grid
cycloneyv il dé mmugrheod@mt ridd, raatde gafsegtass efffioamtt ﬂnmmugdaccmtb stage gas

0zzl |n 0 th react or aboye t
oyldiien 110 1 5etee ik Afag Grs RvelG d2p dniisonsuPiist:  eseous
eﬁl@é}ﬂ%mr{hﬁ‘éts@éde bas cﬁblgHéeIZ@) eXf@sthegehsfor #4h flangsly pipe 130 and
neans that can be used to cool a gas. In the preferred

cande difeatedtioar separstiomaeapiusiicatipississender Bolatngaproduct, such as

t | er where, for exanple,
acr@gﬁtgeg@ﬁ%‘tﬁgegﬁ%gﬁ‘?%%{ﬂ‘b'?ﬂ if present, reactant
ga@@craaﬂcwléﬁeslfiooom@larmungw hape ndedhed tﬁéltelt@ld’]:ﬂdgs 105, 115
cataly particles can pass through the gas coo

andeﬂ@érrewgeqﬂﬁewc woichy aner @?HC{‘H@ ffzrpexanm@ m@eS-tthet efﬁi@qably extend
dovﬁ?fﬁtbq e ¥ %ﬁﬁﬁ%‘é" Hie éﬂ eXIl{d?l IP]e Hdy in FRJ IOla%sac:h of the

roug e cool e er at”t
diplbgs tpneﬁeraﬂsiattennmnateshe | mmnspmldu maafef@amrqﬂaﬂeemr #48p valve, for

preg‘?l}%\f/\r%n&‘a% 6&@?%@? e en eirt'aﬁt* Iag%%i: 'ﬁ\s%éjphaggg%%uﬁ etgaé'rect any

catAIPst rfebavér%asmﬁméegla% éi@n@g]td ﬂien%dleli’%ﬁfcﬁﬂbﬂﬂﬁsre%%ﬁr where the
as cataly articles. A cooling nedium such as

majasityeof thescaata bwouldrg losatedib Adhough Higurer! slvawvs pgetsed of three
cycﬁﬁﬁ%lslpﬁsgé ué%ﬁg&'ﬂehp% 'ié“?(?%e ﬂﬂégr%li]oc?d that. ctaacirh set can contain

pe dodl & 10 R¢ 8 and ~ exi

fewepor aﬂdttm?umgﬁ?wg@cbmnﬁwz er Zﬂzgcmmésfamd there can be muttiple
respectlve . ol e eX|t|ng the caqol er asses
sets i oSURhs e ﬁnﬁggﬁﬁ;ﬁvgf' S, fPeRAMPle [otal&ysals pheuch series

arrelcrgjgagﬂgiﬁrgég?%&re%§h&ﬁ§Irfsho?@fi@f%fd%@ irROLE BBHlon of th é)referred

or other neans for separating suspende
gascenaléyand ;ﬁm arrahgﬂnf-,\nmrﬁ thieecyotmiesd igjgure Gadll becdﬂsmged in more

detﬁ%ﬁq@o ?ﬂqen up ?cic&ﬁ@{naﬁdétggf’g@%q%%f seeﬁargp ing ?I[ne catalyst
parliGiks Fokh tﬁé@és Whh beVidedsiharadt dtecyeRnds! L@ ader example, a filter
chenmical reéactivity of the reactants and products

sysignaor & preeipitat@ct or. A material such as steel,

I
LA oL OB AN 3555 455 . s cootr
anddeyelohes ahi gt sappditeh @eburdiys il taue b?danynsmme ¢eéand such as
espect thereto. Gas cyclones 30 separate the
suplgpggqﬁg

mﬁagowrgag%gew@%. ng the gas cooler from
; gffﬁ gl%gg t&%@%ﬂhﬂﬁ% gftg%gg& %ﬁg Oﬁ\%ﬁbéﬁlsﬁmw%tystem that can
be used for a reactor apparatus of this invention. The view 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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WO 2004/ 101136 PCT/ US2004/ 014403 1, nore than one
cycl one can be used. Figure 1 shows three cycl ones
W03 6and 120 arranged in series. Cool ed GaS/US2004/014403

in hefffseoion, if is eonbgam Aol tRAt SAMELGIONLEEFROMer the entire area of
rociuctr and any entrai ned or suspended cat al yst

P ! al Ne
the giteylarshapedgiid shown & Figusg@. cycl one 100 t hr ough
co i ) cy.cl gne, 10 ters .
COM O EPRAR AL e B SN R1 6l En e o
for perswtiing gdd toupass froomuseson@ Gds adRsidizéd et dskBiyst particles
%&egs third ,at z%%e gas cyclone 120 through condui't .
'0093 abpyg dhg grid o rline Bples fare R vERY sPanesliogsachcytbeoasd arranged
. - t e .viia f ' n .b .
o Y8Ry R RIS 4t Gl BB e S8 s i
adjdesot eow.nHeptioni@d 4, whichhwaisid tecbeheathtgrid sactibh @00, BRows a lattice

of PR S Thoeds T ossetiossubtioel hesarnd. Section 220
shoWwe StRe Clela¥Riny , a‘é*kﬁi%ﬁib‘i%#i@nc%@i’élhti%viﬁqgi ﬁiﬂ"tﬁ’oé&‘@@sa%% 90, gas

. that preferably extend down into t zone near t
distglytion tuber didganch82 astsbgms deliveinydubes,, 8%anth 95f Aishown in Figure

2, osHBEEn B Sehfll §8aas RistibGitavihes iy fircpositioned so
thatuheesridis! bbteofag delivery qubbs 88 Whete 938 @xflh & PoshRINE over the
to direct any 15 catalyst recovered by the gas

holes,ip| giisksestion; 200, adbpap slelivery tobes RS exeanding fwrergas distribution
L OL . | ) h .
B YoSiof a6 Halhe ErtBthd Bab BT AL B Bbro s e

are awayforemths holes in grid @00e under st ood that each set can
coptain, fewer or additj onglryiqcyéd ones, for exanple 2

or 95”5?& dhé&s thgRdlimgasiona qfuptgastien efepspisfersedorid and
react@it ¢ QEHBAYSH sG¥EehP088ful § fhee?é%l@reaﬁa?%ué%f?ﬁ%ﬁm?éntion, and
ones. Hi gure shows i n

. such series 20 afranged cyc
's algpreethdee-siimensienalntewrdla pectidnoof it gdeediptribiition aysteyashown in

Figuf?|*hnd % RSB OBIRRS Sl e S otoe in (HidhteS,E and 2 are
numivesed fHeosdiné hatciafitper means for separating the

catal yst Barti'cj es fromthe gas can be used instead
of FigyiEe chebows giid 42 having sxbagipey insuldtingemateriad tasmadeyer 300

overta RSl :lgﬂg Cwitﬁgoﬁﬁqtéggagh not shown in Figure 1, the

compon s su rid, gas cooler and cyclones

caBridet 3 bapar plaiiseotheley 210 ahde@zBgs AlYins&ité@M the holes 210.
ort beans or other such devices.

. meagns, such _a su
Figugs %s@owsi thak %Paﬁg‘% Bihest 8 b perl enngctesd byaa plurality of
. | H t 4 0 r 1
cong s Sp1 Y85, Chafec IV A8 ffon bes 2
and e repriettivay. |Riskibutionl duire 8Reamd B2 age icdnhactet a6 edplufality of gas

deliieff 5T 5B ot 1B esecliet « LURal gt 45 RevectuRe 85 are
posiﬁ@fﬁ@j oPefFtHUASRs in the grid. Gas delivery tubes 95 are positioned so that
gas exiting such tubes, as depicted by arrows 330, is directed to a location away from
holes 210 in grid 12. Arrows 340 show the direction of a gas, such as a gas

- comprising propane, moving in 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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1 and 2 are nunbered the sane for clarity. Although
tribution system 220 and support beam|lattice
Wgﬁ(”?@%gﬁom in quarter section, and grid secPEHHSZGH014403

own -21 WO 2004/101136 PCT/U82004/014403 in half

throg@*&t@.aéﬁﬂelww Whes P anddy Sireedfaditna Iertivnser thegrid away from
tegp r

whef e RUNE! pIIRLETOLR i BRIGY tnrbin HolGr2 1, BIARSHp and aiso
as ashoespldeampimoned gay eoterb oharsfokl ubehB® ug diretledghratighfannnecting

ey 3713 o sHar b eR iPes 2o e BiraloR sscialhany 4ihssess. and is
dweét@@ t8'd fheattbf dMtRSgAd %hrﬁh‘w‘ b¥erSRA&Ra fg*a%r@:(ﬁﬂéilﬁlr@]t e example,
and arranged in evenly spaced rows. 'es in one’row

propane youldt be rexting thissght elesh 18 Nﬁ)zaie 1%djincleigurer gwshows the

ect.i on ich wou be .,beneat C
detalis g encorffbg; 1 B B cHhl f A 06 PER R e, PREKISEN S8R where the
noz#B8ds dftachiretd §ad 92ppaKioddhendrdhdwnSaciyore 4'!2@ehv%hOMes 85 and
the reactant gas distribution system having manif

95 qangessattechas fonexaaple gveidedt 49 gistiigHIon ybs Banh &2ggspecﬂvely
ovelgg%o%aﬁ &F&rﬂbﬁﬁbﬁ tE%Q@%&a&% da(ﬁs apénéﬁg}"mah'{étézﬂ Ah%he inside
, gas d ex

Iver ng fromg

- diandketst of dimllveqntuhdseﬁf) 8ad z%ethmsh)y creating sio ortﬂmetfot Iwo&nis;ases to

th del i t.ub
s bbb e o L oSi L i BRIk gBbSana
gag lg@?é 4vigTa cidthesectiongrviendifitie furp@:@lr gastish Ebft' @lé‘i'lHQHcludlng a
tubes 92 are positioned so that the ends of gas

portigeil ¢hvigary G abthe pefarred evegiiallyposiiongd rgaetoamafaiumof Figure 1

sholfif, Brefamed itebTnsEra SR s Sodley 20 8RR 8Gbr vesse
10. 986 geé YooldruR0 i phyrslignolgas ldiooluﬁg trliisey ¢a0t pﬁss through jacketed
apparatus of this invention, is al so

regioh #85- dRREFISEEIRN 405 EAefined %“«E‘ﬁ BHeoval ﬁéogﬁgas cooler 20. Gas

| r
cool 4 EHEHP YRV DP AR 45} 5 04, Eoping (i passin
throagll i @cked 2Egion M redchéeal aurades ofajasr ¢cdaling| Fiuges 408. Cooling

o AR B s S bos e
23. Giir8wd 43p3shdy Rhé rﬁﬁthtdf (Q’t)llllig’Q_lﬂ@ﬁi %%Qir@“ﬁlr&ﬁt?ﬂ 'tt%s jakket region of

inserted in the hol es igure 3 shows

gas ganlef 80d Lauge argevsaht0 soo\artiee tHowmé et mixtive, aarmmle.t s}omprlsmg

oot o5 OB DatHFEBp 6 o0 Bt BIAET i 5bendh catao

parﬂcmﬁgt up!gh;t tHd sitieidf gak @dolei2e, theradsv® Zhidugh tubes 400 and out
nected to a plurality of gas delivery tubes 85 and

the bsﬁoméﬁﬁﬁle% éepyntqj:bnum msAﬁp\n@a@%ﬂ\wéh? patibekthed mixture

a throggﬁ coBﬂ';f}j I%Jeégﬁ%@va 509! aef?: Byl I?@ﬂg%é %60F0F connecting pipes

posi |one so t

22 and 23 to the cooling fluid system for providing and receiving cooling fluid

circulated through gas cooler 20. Elements in Figure 4 that are the same as in
Figures 1-3 are numbered the same for clarity.

Figure 5 is a cuf-away, three-di.mensional view of the preferred gas cooler 20,
plenum 24 and an expanded view of gas cyclones 100, 110 and 120 that can be

. used in the reactor apparafus of this invention. Elements in Figure 5 that are the

same in Figures 1-4 are humbered the same for clarity. Figure § in particular shows

23
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gas exiting such tubes, as depicted by arrows 330, is
% 04ctOed to a location away from 30 holes 210 in grid
O % 340 show the direction of a gas, sd?@lfll@éﬂ(ﬂfﬂlﬁﬂii

g r e InRg: | u rd di rec ]
e Sp SR Lo R Y O g, T Bl 8y o gas
codwdingrpbes 400! pssingr thexygethecjooked Région d@S. eRiberesss in partlcuiar also
mani fold tube 90, is directed through connecti ng

shqwp e sesies Arpngemant Phiresoasy s&%logqs 100erd 10. aadVIBO used for
oo 4FaRCAIHARRORHRE iy ANl AT procuct anc

t ubes ect e oca
reagtany gasem ar\dnenhsamédrce&alaabbemctaspmpmtawuyctarhﬁw 510 in Figure 5,

it hol. 2 I arl d
exiffghlsEm 26 A oGS i Bhni rol o ube 80, i
di rpicé @8adtar %Fbﬁﬁréi@é‘ﬁ?%%mﬂ@ 1tHH@3ﬂ§?§efE%r\%%Sthereto is_preferably

di stribution tubes en throu gas I'very tube
opegstechin thes fallawing coarharofos the cninomidation hef propeine with molecular

oo e S o b R B e B W e FIdo A ol gartiutate

catalyleIS]whSafé shever e Ogtafists kﬁbwﬂn |rp|‘tlhé i€ ukeklB fop éonvertmg
cap 11c on the end of nozzle 1l a distal fromwhere t

proRahe| o Asnnitie,avhan, heptesl n, thal presegne ot maleouiar rmxygen and

i Sef e A ke b e S0 R BARBH IED. o pators

relatlag pmccat\a(ysys ligted oa/cmvea ihcoatdimedlirs (dwdruDease BHREDBR portion of
r_diapeter than the inside

aﬁn h(at 1| sTa smal | E
readf3h ABPRFtGF Tqc & ampuntpleatalystitesent istniefesably ancampugt that will
fill R 8sdtidrcef Ry réfast Pdvewﬁw Hen %S%a[;;'itgrofégm %géerg%n and the

entering dellverytubesfromt e distri iont
cataysfuiseirg aj ﬂUid!ZQdo@Qthedieammt gases obch las ampwnia and source of

oGl oRErL MR el ok Frighoigo) 8Auctn. Hspsrttaly. and are

disteibufeidgin Qhé bdtbors ety r@acﬂbﬁfb?féegaé figtibding means comprising
ggétructl on of gas cooler 20 and shell of re€actor
maryigald dubas80 prd ik ditdhdionigbgs ﬁﬁuanad 92 andfgagaieliveryl tuhgs 85 and

B N W

rea@toolappamus Gaﬁ)romgjvirﬁa&t p:]iﬁe @t Fyn&oﬁl@'gd%@é i/ mitfan a gas that is
to,in t cooling fluid passing
recq it ot fee PUURERT the gperon e PrarbRies PepRanG andaeichis retumed

to tBeS: ﬁ@l@'r'
° e 45‘59%@83‘&4?‘?;*35283%@9}4 S ERfiEPropane t

acrylpnifijled iy rezgcle ggasessmegOinshioe olhm qma’nbreobf eeoletuigr oxygen,

cartiyyt bR e i B HiSor i, Asciamhrbonas anghany recycle

gasa‘mﬂ'ﬂhreugﬁqmm%l Din gr@dg%n@ﬂ@kd;zef the la f@é\%h@(‘ n the DB
as wel | as entrai ned or suspend

sec tqfcﬂhgsrequt%"t i thasdensge ﬂtfldjEEd)fcagaiﬁtdmﬂ emogf),of the desired

o e AN B A gt o

produrds seicktas hydrogen cyanlde and acetonitrile. The ammoxidation reaction is
exothermic. Cooling coil 40 is used to regulate the temperature of the fluidized
catalyst bed by removing excess heat from the filuidized 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 hrough cool i ng tubes 400. Pipes 22 and 23 have

RANPRS:460 for connecting pipes ,22 and 23 t Ef”
ch(:)'oop]l g 11 ui d system for providing and recei vFHUS2004/014403

taRet bAficldsufrm ik
coBS) pBfckinhhn S ARRS A S8R0y Al rerei. 1
the1d|3ergg@1mmmm gdosthef tbaspspendead ar entyaindd chtadyst @a&adl& separate

frof) B BB A BdelBRSas AR Sl Betmacleres &?%%%ggsby graviy.
The Yslpaneed 1@8metdO oride 188 ddwioncan ke reé’&SFjd aH}ﬁs in Figure 1

reactor apparatus of this invention. El ement
fedpﬁgﬁr@GSVQlﬁ@W &f dhe hgasesatravelingiugwesd vmtrnn athe reactor apparatus

the cﬁﬂ:gidj&g %ﬂtﬁ ﬁlé%hp%%gfgﬁﬁ 6[?9 ﬁgé'zg#e 3nd thereby

facihtritergntﬂe diseagggermsht of agﬁ@rtmod)ietheZ@athsﬂ%hapénddd or entrained
urality of gas cooling tubes 400 passi

shows t I
The{@iﬂo LPdH ﬁfgandat:@@ééam tegasEs %@%ren@lgweeersralmecbaf sumﬁr&%d catalyst

pal?b,%?, opnesq{i%g; g;%r 6i§|%f%yrusegfﬁgrﬁilu% %%%?Dﬂgione of the reactor

anc fiowadown iotat ﬂiey’sjp qnauppeﬂ partibnosh gasecoolat 20eaviodie 1hergases are
X e r oduct 5 react ant ses nd ntr
coidanySledis S E0Malind SicS Dl BE anBaen patayar sagicles exits
theSydtidn @r MbwwaUFbEien BFEoRMre0 Qﬁd ‘é‘hﬂé’r%ﬁd ﬂﬂ%?ﬂ exitiflenum 24 into first
reactor apparatus in Figure 1, and with reference
stage epysiane |180pr Eigurabl.yfor opentyt §d30Wﬁ oy dns lgooumef three series-

h i f n i mol ec
arSTRE oy e " ATER e, 00 yRASREDG 1 AR B have
plugedityy bbsuth idyelonds sl deticgairtaryddatwidibscadiiactdd tisatetd. Catalyst
re cat al {s known in the art.useful for

parfigies cranAged b GHFIENE of Ok FJHEN 1R the dlonpe baseRpdigni of the reactor
thrédbfh F&ﬁ;ﬁé&”?@é Of ERRIRE YR cBﬁﬁé@:ﬂH 3hd p %Bf”a%%éﬁfnlef and other

one Oor nore t he cata ysts escri
Proc!lucisan@a‘eeﬁast gretaEXiicycneat b mdserhtestsedomius#age cgclone 110

.‘chr ont$ t{lﬂ ﬁ%{g&ﬁ&eaﬁ @Eesgﬂ(ag%gt oLtf‘.ylg 1%re%urn {o the dense

becpﬁﬁftﬁfnabf theareati®Uitio DBd’IﬁHlﬁlég% 11185 Efflubnt §8s %%ﬁ%dlﬁiﬂg %he product

e reactor | abel ed he reactor s in
acryplitdlei i afertpredueiaang yeactaat gases exiticytlene ilaand enter third

L T e S R e p——"

all m theesramainwgl iyatamd ;mrﬁclesil ehirained eer lg&sbbﬁdéwthome mixture

the r ci'alctor %ﬁ Hag]as di stributing means conpris
CO”PHfﬁ”N)lPaO deipagiait gigsey jase TPBOVEG g esreliman dodhe dense

becﬂﬁgrt%soﬁﬁb' r’é%&bbrttigb&éle?ﬁﬁ‘d (%%egﬁzonﬁ.ﬁﬁﬁé ﬂ% p@é?@&n&cw[ommle

and any recycl egas h as recycled propa
and ettwtroprodpphrat usattantrgasgh éxit thrdostageQQ!ckB)e ragidyshier product

outhf . "AuliElGe % HERoe irppE ool fract sva ated dn Figire 1, arows

depi@ItHENRSly of reactant and product gases first with and then without entrained

catalyst particles. Thus, arrow 140 shows the upward direction of reactant and
product gases through the DB zone of the reactor, arrow 142 and 144 show the

upward motic_m of reactant and product gases containing suspended or entrained

catalyst particles 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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174 ghewsribe dirgctien of ﬂOWOOft‘Ff@“ﬂ@rf

to the reactor as recycle to be used again in the
B ocess of converting propane to acrylonitrile. Qther
WPMpE0EE3 ﬁases may i ncl ude one or nore of nol eBGIAIS2004/014403
rbon nobnoxi de, carbon di oxid
the RARELERT MESQL EmeeAopAEING SRRP el O e G aingaceqtplyg partiles,
dimikiBh ‘PH gf@ld&ﬂ? %Il\@r%b\l} Jpe'rr?utﬂﬁ? %é@:s@h@a@ér‘dbﬁ{ é]eatpﬁﬁ’uon of the catalyst
particul ate catalyst 1n Section of
particleadtam the¢ gash eﬁxrd@\ms é46fshmvdheat11rnmga1f;tbe dnr@thom reattant and

prodif g aifile S Rolginiba; Soife cUbRaRHt n s SRR particles
so 1184t qhe afirdtlieh @8 SRWCHRINel§a RIdARAWAR. t AlloRs TAB and 150 show the
ammoxi dation reaction iS 30 exotherm c. Cooling coil

mlxtm@ @fsraa@mtta@drmgdua& gasgscandppependadeoiotntraiaed catalyst particles
pass(up]gs fg'lpﬁglg g?gg)togg%%b y%‘lcp Irglgg p[e?ﬂgﬁ’ gﬁg{?%éggﬁ?engeﬁton%&g\ arrows in

“condffEd 0, Nd 1 aadti@tstastife patcoftthe segdtahthendl praitichgdses through

oyCl@hSund 0o 1 69 A T Gd SO {0 Rhos g furection of W of the mixture
of r%%&éﬁl%ﬁmgﬁl B%I%QQ%gé%%%ar&tﬁinagy%hsséﬁaé&'@aiafpétomom the

ysSt bed suspended or entrain
gasédﬁe‘mﬁlng réactort ppaiatisnydbroughe ﬂaagedmxlt pmpe t1|36 Arrows pointing

ol Wb Qi ToRE14PAAL 15D, IR0 bk E5eBhR R toungr catae
panﬁﬁéés Z&ﬁgte%pme anymﬁé&woo e axdanded AfcAREY 61, q>62 and 164

ction of the reactor apparatus in Fi gure
show izl dewnwaed tiveoian) ob sepaiaterh satalyst aaéldeﬁgwmipiwmegs 105, 115

et Yo s GEEI) 0B 6 3o AR FAGBRR G oot rger

thant {heS efionds Rited Irﬁthengelié'eﬁoﬂ sefagagangad oytlonepauchoas cyclones
of the catal %(st suspended or entrained therein.

110 mneuilie. akte Heskstans cyplena imihe sefies-ATARIes Cyslones ippreferably

| largSHSE FNE&S aE@tBrﬂhWﬁ tlréJﬁ{éjblcéﬁl%u?g%;ls Czo n&t %B%B écib:?leoélmtlarly the

reactor into the di hase act or
dlplég)fcartﬁefﬂrstv\cptxbwe isnprefeablyt ofpgmatarpq:ress-pecmrmi sife, jas example,

gre q.?r,oqlilgr b Q{’n ﬁj& cﬂglggg ezw%gq%bé%aﬁéﬁq%lg O@éﬁd!‘ );@éa geries-arranged

- cyc!&?éé t¢ beSorfirfiddate 1d1§ePAHORMLES k st Bgfttdléﬁ”fl&ﬁwrfgo@b?éthrough

and enter and then exit plenum into first “stage
Arrow&?@rsé\omahepdlgmhgnqu flaw oé|mattt5qnsmmvgsdmm wr egeling fluid into

rande? P2 A58 P S 85 0808 24 ARG, L2 B i profomes

windmg/patt sfcodfling Yot &y ﬁlmeés SHiroSgh ities sh&lr @f@@edc@d!éf QO emd arrow
connected thereto. Cataly E@;tl cl es separ at ed

B&dt @gtstgaﬁqcmle{ Hgough flanged
efPactor through dipleg 105. Effluent gas containing

€ product acrylonitrile and other product and
reﬁrgtmeﬁ GgﬂﬂeegieXll‘lt shyw! mnsiniffied N dclogrhatic S:Eréﬂﬁ@sstei?@mples of

yclone 110 through conduit 111. Catal yst particles
embgeﬁa%ﬁsecgi thy resterARParaS ftisinyentioRe dense

Figure 6 shows in a simplified schematic drawing the reactor of Figure 1

pipe,

except that it shows two groups of series-arranged cyclones and a separate product
gas outlet for the second set of series-arranged cyclones. [n Figuré 6, réactor 600
has reactor shell 610, dense fluidized catalyst bed zone depicted by bracket 615 (for
clanty, catalyst bed not shown), heat transfer apparatus 618 for regulating the
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20 bed portion of the reactor through dipleg 115.
f nt. gas containing the product acryloritrile and
W@tzﬁé%%b]{sgduct and reactant gases exit cycl oneP@LVYSHIGH014403

e t h e,130 O [Malaki: t 1.
e e
supiyiag esraexampler ab@hys-coptaitingl gss emdr aneghiarto the reactor, gas

N S T AT
and ZFATBnEL rQ&&oP%E'iﬁl%t @0t H6ed, SRF leXamipYe, WoP lRdink Bropane to the

ses contai ni the product acrylonitrile and other
reacorp datilysi rebpeestoraappareées 680 tshowiny dors exgrapley dsopgclones, gas

oo ANk BUSb S hORofb 4R B 5aRE g

612%’1@ StV el Figas Fdircanding esbieh fAs eroligh She wab leoatet, plenum:
then w thout entrained catalyst particles. Thus, )

642 e T4 Shavind (the Rabhar oW DLH BIe SLARIUART agRgif present,
0_.product. r h _t . .
eacd SR e ROHPRR B AR o by e, winou
sus;fm{ﬂei@fr @?thaitgéds ieatatytcﬁgtpmirﬁdzletg,hpmgpehgw obgaees eai; IPERES 650, grid

catal yst particles throu e dise i.ng,.and dilu
660 e diplarar0 fop reEN@PELAY BReaics B 6 aiGS cdiehi! Bed.

th ' i Y t t
CBIaHRSIR 5 htocank el i N Aegf 1 hat oo o

indicatad bt nembepbaduretdrgan ey depictad thagamedscsinyan by Figure 6, are,

AR SeERH L T AR NI SR P

Al thd Pe&RbAhySiratuRaHOWE IAFiGNRD 6-he padepibtading Idficahooeition.
the turning of the direction of reactant and produc{. .
gafigdrefuskows an erakasiment af2J8a6I0E gRpRREEHObINS Invention that is

ent raj taly ti . di | h .
the §mer it iy R HoRE EENTE scoRRet B 1R ShREkRt shoun in
FiguBomy thBereatiottohiett difesr motchave aamitidbe sdotion Ja§eshighds expanded

suspended or enér ai ned catal yst Irhpozr icles assin

relafive dogheglowes oBBepediinaRl 3900 fh SBfhe Eiftical reaction and

b laisZ || reAr ! aAA GHs! fovkGhtesl idr reactant
rea‘%ﬁ’ngﬁd]ts{ os\>//v$%j ealSa hgg‘flre?htgﬁl egé(\:tt[] gent agbfspr%ducte

- andgasdscitgasesgthe regcloo apparatos showo imfigure d, caanipve & sgnse phase

cond S URES b ohE SR oL B 441 0 ameter o

" the SMpESAELe thid@b ek Eibn F ABSMiRgingPE® e ofethistrieagtor @ppbratus shown in

apparatus 1 through flanged exit pipe 130. Arrows

pi p I .
- Figyei 6t i ey suthwragstarswihenvelogipt 106 tee misiyre compaistng; prpduct and, if

shaqw ir 0R,.9f A S ticlh :
orog0 k55| EhL OB oA o loelrohar s enering e
dilufeb phadé 20aa df 266h redcior woealdbarsiailat aral thesamouht of suspended or
separated cat al yst a}rti cles within diplegs 105, 115
entregnetheatebyst pagie e@ﬁ’égﬂ@@,‘sq be §tmléfcl one in
SefeFi@?/rga% %gg&ﬁ%cérﬁbe&‘ ntl & Prlcfiraphratat @ thisti@htion that is

th ater 1n the series of series-arran

' ed
the camh® as dhs nedctasapyaratuseshown in Figure 7 except that in ?he embodiment

shown in Figure 8 the top section of the reactor shell 802 in proportion to the middle
section 805 has a larger diameter, and the reactor contains a cooling coill 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

27-



10

15

20

25

30

110 and 120. -The first-stage cyclone in the

series-arranged cyclones is preferably larger so it
WRZPHAEESPpl i sh the maj or anpunt of catal yst PCT/US2004/014403

separatjon. Simlarly, the dipleg for the first

addiign Ehdor sexgrr@ﬂ%rfam shelranf-tieepag cosler sesed @né@OISlih@eletUl‘e of
r i
LY h e T A e pe—
partigies ba&sets&pawimglmdaiam[yarmhclamm ﬂzeﬁfnm@fead)ms or gases and
%artl r} es flow ng therethrough. Arrow 170 shows the
cataly$teRarigRs of fI ow of heat transfer nedium or cooling
fl ;
Cogilgul'ené Sholy QWS Om%g&@ﬁxe&ﬁtoﬁgfbpt I%P?éraf&% é?f@s 6%\{%!1“0!’] that
is thd saow asdhé reactonspparabas sbewi him ﬁ@tre_t&exsqsml thabthegesoling: coll

and P g oAt SN Lo Frea Pt § dnars i astigrpoter 90! such as
a thbPWEGhdIL ARi-Abe EbSIBF, eqnﬁhb“Wﬁ‘é‘ssléo&é‘PV\&Hé“ mixture comprising

sinplified, schematic draw ngs, exanples of
pro@uq;jo@ndmlﬁmgesgntt rﬁaq@ﬁcgaﬂesamamnmsmpanﬂeg or enirained catalyst

BR800 1 R PAS B 5 ) Gtk SENSETb oy opwarcs

wutrﬁrhMréaWorga:wmnqjaa%esltﬁmughm@ @adleehgbmm*str@@bmward path as
separate product_ gas outlet for the second set

shog\@( by the afrawgdn Fd@‘eﬂ'leo?reg' wo-pass greler 810 hagdnlst 96@@"'d outlet 914
I ed catal yst bed
P'Pé}ﬁﬁﬁé ngg'ﬁ@ ghg dlrgrgac tlﬂsgqgﬂielf Hb&lé’il arity, catalyst
bediguare §ﬂ<B/bm)ws Baammbodnﬁr?rofmrmtc?’ &digarbbrs of this invention
ul atin 26 WD 20Q4 36 PCT/ US20041014403
e Bt fhass; upTiaviaHe Grolet 010 oYk Sbeler XM Single-pass,
upfiods shBlleindl-10BE ga¢l dodherl OTin BIPPEMbHGIMJA! 18 ARG comprising
oxygen-cont ai ni n\g gas and anmonia to the reactor, gas
prodii@t anButf eressykt esactaTgases 6ol tontaifiisg rsuspendgd Soentrained

carf 8 Bhsce BYHR B B La o0 4T AT s G0 s i ar
udede Siractiabit wnhmcafeatees;torsemt@atemmgamabab@s tﬁéﬁmxture enters a
shown, for_ exanp as cycl ones, cool er 640

Cat%}ﬁ%mﬁepafﬁtwéxélﬁﬁa@f%ss@ |a$g|S@np%r@§ran§a@| ryelpges ubid 5 through
opeﬁﬁ‘iﬁise”ll)za 4 i I thps"t %c@ﬁr o2 %ﬂeietse%é a?rla?@?d &Fclones After

cul ating coollng he 'gas co

paspingrthmugmme sﬂrmre&fg'edsmrm; theempettre of pifddrimt afid, if present,
he, m xt ure . of odu present, reacta

readjgBt Sakpt Pnifis, PERUET 1pASdietere Branne dearips through pipe 1030.
SingleRHsat 'dﬁiﬂoﬂpl@%lé}? %10\%&%‘%{& 491?%89@& %14 4 Dipes for cooling

entrai ned cat al artic pro uct gas or
||qu|d>@notbepe@1tam@ ﬂuglrtndstrcem thrndghlthe egele670 f or

rning,cat i.cl e the flui ed. catal yst . .
ped 00tey Byt BPoUReFE o b dpariat fbmrvanton tat is the
sarria 8ynee réadtbr @H@\hn 14 Fidab @éﬁcé}ﬂtthéﬂ@' eak et *%Hé cooling coil 810
nunber but are drawn or depicted the sane as I'n
andritgincudes & erough-cut” catalyst separation apparatus 1010 such as, for-
example, cyclones. Rough-cut separation apparatus is used to remove part of the
_catalyst from the mixture comprising product and, if present, reactant gases 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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~ to thesefrrkd! nathal 9t
-a”%mﬁg@% SN Sl @D fb hnRohr avel s vertically

unl ess st ated otherw se, the sane el enents as
{ V\Athrespect to Figure 6. 15 Al th
react or apparatus shown in Figures 6-11 are dEETWé‘HW“*O:’

aiskfodbin@ebhg 3hoBTh b8 eafb@ilioh SERRLAT 1 HIRPEL T Phe reactor of

FigaTet 1ashéd haixt@ac tompsibman Ercsmﬂt aHE f prsent, tetsa;tantngases and
t he enmbodi nent shown in ure 7, the reactor sh

cor&@!@mgnéwsmdaorneaua@egewaw romiclasi emerss the ﬂi‘éﬂ%ﬁed 115 of the
t
oyl i L. | ScbBRLI LIPS RERILER 00 KD 4ERS BARsq ARy beo
thr@lgiﬁmrcﬂplegemtmhaﬂwey@lbde:gaﬂiﬂﬂ| Wmmeﬁzommsagmﬁuct and, if
and product gases t he reactor parj ‘éf‘i sfhovvn in
pfeﬁ?@hﬁ@a‘?‘aﬁ“aﬂ Prey OV GEH?@"B@]%@ usgH eVl P &L@Bﬁﬁgﬁq 03| entrained
r r t

cathBee ¢ eﬁ'ité%ﬁ?n% toﬁgs%tg;t(lglzn D Wﬂggﬁ%ﬁl;ﬁgggﬁﬂgﬁbgr;ﬂa@ﬁ 20. Plate 1120
|souat@seﬂ@atgxpmyc:|one)fd>me mmctoezhwaroaptm mstugf theovgactar and does not

For such reacgtors e v

peraif s BUHG: BT RSB0 du rasiet o8 plabeBl [drant gases and

coritemii RUs BaRR o@%tfﬁ?ﬂé@ldﬂmﬁteﬂbﬁﬁbﬂfﬂﬂm@atlﬂi Y@ﬁ section of the
particles entering the dilute phase zone of ea

 reactyexeepilpasyieg Sirarghcyelanes ﬁéﬂar%mrpush byaaﬁ%ﬁa'éa 1130 if the

bypHss. \%\%é A if&fe Ctﬁ)% & Yoditidif! Bgﬁ% véﬁ?glﬁi% | & BE use to regulate the

SIm |gure OMB an odl nment a reac

amappaofthesmbbtutehoBpiativehbindnif phedenit, sredcl'amt msses amdt dentaining the

susbol e AU bl ihehe TegRbebRbred il
theag rth h?éalcuﬁg gg%rag‘ngpar tthign lﬁ\%nﬁﬁﬁ Bhdb& used for the

section as a Ianmeter, and the reactor
anmmmdatm af propanadodorin axgloniiehandshasobewx sieptibechherein with

o R PR RO 0918 0, BB 1 can b
usé‘cD*td) .coh@ciC 8 el Qﬁleﬁﬂc:il! irandfeeaatam fedbWBnSOOFE ekdmple, it can be

27-. WO 2004/ 101136 PCT/ US2004/ 014403 addition to,
usgchto esmyast ethariyderrarbors eithgh satysatedoskeh agquapare, n-butane or

: lsoﬁ%lnet BFquéﬁﬁ’étSdof;ucIPEgngS@p&‘i@ or :Eol% l%‘ﬁ@t 0 flfé‘?'l%@r?éspondmg

ses’ contai ni ng sus ertr al ne cata

-unmmated aitrilesf tirat lseﬂmylahltnﬂg drhﬁethaqulgmtnlqoal"ttoaml also be used, for

fromthe m xtuyre of gas or gases an t al
exasnpE EPathe SXHRTRT of PeBROTE B it dMaRE SRtydfide, the catalyti
crabﬁiﬁ?td?rcr@@@%ﬂ% ¥SrPhabbline ér‘iﬂ’ 8fHer ‘P@dF&%ﬁ'bor‘lsS the %oﬁ:ﬁﬁ“bf residua,
as the reactor apparatus shown in Figure 8 éxcept tnhat

cokengasitieationgarebihie Ilkamaltalwdscmgh@abfaamfgmamrwchan%

oA B RESS BE nA e A8n dh aromatve
em@:@@in@éntstdi@i Varidug @odfikBfibid W4l be BRREINt R thé above description
esent, reactant gases cont ai ni ng. suspended or

hespaand ethes afiaanatives re ggnsideeed equivalents
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within the reactor and then passes through the cool er
again on the dowmward path as shown by the arrows in
Figure 9. Two-pass cooler 910 has inlet 912 and outl et
914 pipes for cooling fluid to circulate through the
cool er. Figure 10 shows an enbodi nent of the reactor
apparatus of this invention 15 having a singl e-pass,
upfl ow gas cool er 1010, such as, for exanple, a

si ntpa whacsds claimpfdiew shel | - and-t ube gas cooler. In

thi; enpgﬂi. nt éhe i Xture con%rLsing product and,
i DresentU9FEd Ppd fcth aRRATaIHE CRBRESINGR FRACKY ¥BRSACRMPISing:
ent & fisi26he GMipHskGlat RASISHR ibIBY BHE Redcht, UPT | ow gas

cool er 1010 as the m xture travels 1in an upward

di r @deas srcend rPnerrempsiaing ergasAbler logated imhigastipartathowithin the

reabBP SUsKHF Eodifl 6B Rot LAl ShugSRR Bl o aPPAr At us

such as series=drranged~cy

opeacaiglystiékp@ratior dpparatis @infiglrad o fywdve RataBkt ddi@ined within said

eries-arranged cyclones. After passing through the
°°°§eé’:$ae°f§=°’ Qf P g%‘a’”&?&!‘% ARG retyrp said safalyst disgctly te srid firshzane.

if present, reactant gases enters plenum 1025 before

exiting the reactor through pipe 1030. Singl e-pass,

upfl ow cool er 1010 has inlet 1012 and outlet 1014

pi pes for cooling 25 liquid or other suitable fluid

to circulate through the cooler. Figure 11 shows an

enbadi meNfluidized edreagbosptiratudiszchainghi Mimt N&lrhed comprising a
anme as the, reactor shown in Figure 8 except

_the ,
‘h'ffimp I$Pogeed Betsen paid drst aed sergnd@pnre.810 and it
i ncludes a "rough-cut" catal yst separation apparatus
1010 such as, for exanple, cyclones. Rough-cut
separation apparatus is used to renove part of the 30
catal yst fromthe m xture conprising product and, if
present, reactant gases and containing suspended or
- ent Bai NelflGaked b&d readibtSppatdtes HEMNG 1Y arfy R of Hle preceding claims
separation apparatus can acconplish’ the sane or
whegginispigfirgli z0am sagerisasta piatet foe suprodingstatalys phitickee andl magactant gas

. . j r hat .is acc | i shed by the
s S DB 36T 6 Bl o Bp o3
di séngadi fddizeamieedsleauidr dppatdles EERFIIRG B SYVMR df the preceding claims
Figures 1 and 6. In the reactor of igure 11 the
Whefﬁ"gf horizantal Gregsrgciinnoei ke reasier vesselis ssatar, react ant
gases and containi ng suspended or entrained. catalyst
particles enters the intake 1115 of the cyclones
1118. Sepiuidizedibarbteattysapraeditd at@edifgtony dne df iR He&sihg claims
wh haﬁ% cat aél%st .bed 5 thr,ough t he di]pl eg attached to
CELIGTESONA1Be s Realy Ky diamstenitgnithg firgt #neduct and, i f
present, reactant gases, now containing a reduced
| evel of suspended or entrained catalyst, enters the
-t opB-secth tidizadbedseactheappasattoacdohdingiphanyl aeef fhk2feceding claims

whe%irﬂh% tI]fiil'd?Qone is greater in diameter than at least one of the first and second zone.

7. A fluidized bed reactor apparatus according to any one of the claims 2 to 6
wherein the inlet of said catalyst separator apparatus is in said third zone and the outlet of
said catalyst separator apparatus is in said first zone.

8. A fluidized bed reactor apparatus according to any one of the preceding claims

wherein the gas cooler is a shell-and-tube gas cooler.

9. A fluidized bed reactor apparatus according to any one of the preceding claims
-30-



i solates the top section of the reactor 1102 fromthe

rest of the reactor and does not permt the m xture

conprising the product and, if present, reactant gases

and 1o containi ng suspended or entrained catal yst from

entering the top section of the reactor except by

passi ng through cyclones 1110 or through bypass val ve

h1130 if the bypass valve is in the open position.

wheggin e 9gs coglen arslaciadl fivem (ke grouip resgsistingeoftzhainglempass) tupflow shell-
andfubé B8s Bk Uk &ingmef i f esent, reactant

gaseg a%d%rb%tg Ig?%ipr?gg’t gﬁl h%\ﬁgﬁé’é"ﬁa edatB%? Q%Srﬁqroéﬁrn%g"o'pass shell-and-
tube gasiFgplar oframy conebindtmn tipassfes t hr ough cycl ones 1110.

15 thq&ghdlh$br§actor apparatus of this invention
can be uséd Fof °t %eaCté’FrﬁB%%‘H? PEIPrERT for Hyane of thefrsperding claims
whegeinythe riatalyist eepaadr RpgarbR@Ns %%%Efeht%ﬁgn hed ggﬁ{)\’\&o%glsiirég of a filter,

rESEect to such use, it is to be understo hat "
MEeMR@NE.SCHN, W5lane er eeicmeinationdlagietfe used to conduct

ot he§ ChepliG I gn_react.ions. For anpl e, )

"t hin' Doz beBRaLar BBt nERR e BoavisBn e g oims
wheseip theatagalyst semsatasagpaesianeom sty b ap@oy. 20 i sobut ane,

or unsaturated, such as propylene, or isobutylene, to

their corresponding unsaturated nitriles, that is,

acr y2.oniA fuidifedbed REABEANMPRIL hddofii | ina clai

used, for exanple, for %%% di%%%ﬁpg“55®9%g%giﬁg%%gwdmgcmmm
whegit &k catalyplasapatatemnagpdratde compisesadtdbystione goas i Bericfarranged

166 1], r soline and ot her hydrocarbons, the
Cycco%ﬁﬁ%aq%dfWlﬁrg%fhgdg%&grcvgﬁ%quasi fication and the |ike

cat 8.y z édfiudieed bed rdab@ﬂ%ﬁ@ﬁrﬁ@%ié&eorﬁﬁa% 200 Bne 2P i bi¥ims 3 to 12
certai n epbodi ments of the invention have been set

wherelh e Plateiisa 9k spmnrisiag actiwality atmles thraiigh the wids
nodi fications will be apparent fromthe above
description to those of skill in the art. These and

ot h’E’_r- alpfqﬁmidia?dl \besd r&gaocepﬁérd}fjéeﬁbceﬂﬁﬂg\/ & enins 13§g¢ﬂgl_rr?in the grid
thin.the spirit and scope of the invention. - at

Com%gfegﬁqﬁ%erc?f QPW@{TQ rpateqal. Apfl ui di zed bed reactor
apparatus conprising a reactor vessel conprising: a
first zone conprising at |least one inlet for a
reactant; at |east a second zone conprising a gas
cooler |ocated at least partially wwthin the reactor
vessel for cooling gases having catal yst entrained
therein; and a catalyst separator apparatus configured
to renove catal yst entrained within said cool ed gases
of said second zone and return said catalyst directly
to said first zone. 2. A fluidized bed reactor
apparatus according to claim1l further conprising a
third zone di sposed between said first and second
zone. 3. A fluidized bed reactor apparatus according
to any one of the preceding clains
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wherein said first zone conprises a plate for
supporting catalyst particles and a reactant gas
di stribution systempositioned within the first zone
and above the plate. 4. A fluidized bed reactor
apparatus according to any one of the preceding clains
wherein the horizontal cross-section of the reactor
vessel is circular. 5. A fluidized bed reactor
appajat us, aGagLs bgg rtcht@lnXpéH?&quacM}Sm 165 GG ﬁl’ 8bifs 3 to 14
wherein the second zone is greater iIn |ane er than
whehgin fHer reactantrgas dtribAtion aystknm edmpegbsra destsboncamppaifed tube, a plurality

o BRI Bob Mo 3 L RSTEIf h For gl e

coﬁlﬁ&teﬁf toteeh faistrifutien b€ MaekiZ 8Rs difectéd fritd!ia GhaAdIdoEBe will flow to
react or apparatus according to any one of the clainms 2

the gistgbutigrdukesand thenjtp pad eyt Mapithe deadively jubessepar at or
appaggt USPt hididiz&l 5 bl ag &3l a%@tgrdhpqo %HﬁrbeIF. Wherein the at least
sai d catal yst separator Bara tus Is rn sal HS?
ong omejfol8 tubk i$ Inguldieded bed react or appar atus accordi ng
to a oeof.-t e precedi ng cl ai ns rein the gas. .
boor b | 20 red PeDeRER] HBShsSuR tabt oShors o Beskiaims 3 to 16
wheesi Ef‘%&@ﬁ(ﬂént@%@@fsﬂﬂéﬁorﬂgﬁﬁrﬁi bﬁﬁﬁﬁléésad?léagpﬁeoﬁaﬁfb‘?d tube, a plurality
preceding clainms -30 wherein t as cool er

of siasltf@é'tl@ugwﬁ% geRnestegrigube @binsisk t)neh gﬁamfolté thiengyicea péisality of delivery

tu%@ OW SJh e?qcﬁ%gs blﬂl'ﬂge%%és&gg 8 a ggs ﬁf{%aelg%at?\e manifold tube wili

flowhelthe alatﬂbuttouh&begs@dctheh & and eﬁnfjorﬁ Qﬂiﬁodai&équbésh &eed@dlivery tubes
bed reactor apparatus according to an

10. fluidjz y
hayng aﬁ“&fstteﬂg b?%@eaq AGISIoafioR UbGREH @i S9C0MKl OBRASHP (B, Wherdin at least
a ORI oty se%@ﬁ’@éﬁds%? the dSRES RS 418 VFulcBBLETLY Role in the grid, and at

consi stin Iter, ménbrane, screen, cyclone or

leaghg POBIPD| ﬁtel Qﬁf}‘onm endsof, the telivanf lubiel Areddcdiediawanomr a hole in the
grigPpar atus according to any one of the preceding clains
9Mherei n the catal yst separator apparatus conprises a

cycl he. Alfluidifed bet bagfl appstatu€ 3RESHINg AP @fadh US further comprising a
according to any one of the preceding clains wherein

PGt WPyeIcty ¢paseharl loapipd Palwshe erighand gagdnletdassupplying a gas
to a&paeLuUP of series-arranged cyclones |ocated within

the reactor vessel. 13. A fluidized bed reactor

appafét ud aocensdongaabmgamya ﬂud:zecﬂ beheeanltcalapaax&tasoacbardmg to any

wherein th late is a.qri r|S|n ural it
onF 0 Prpofibofine. GomarsHa St R8T e padertuBis Hrdse clmbonent in the
prétRRed of HSsofd Ceribunile catafkidi natdai Wh a6 Et Telagt grﬁé %roduct gas phase’
conprises a |layer of insulating material. -

compenait, AkgiPieeesscerIpligng thewdanstalis accor di ng to any one

of Clc@htggtm% gt IeJaA‘t one reactant gas phase component in the presence of the

catalytic material under conditions which form a fluidized bed of catalyst material and at least
one product gas phase component;

directing a mixture comprising at least a portion of the product gas phase component
and particulate catalyst from the fluidized bed suspended therein to a gas cooler located at
least partially within 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.
‘ -31-



wherein the reactant gas distribution system conprises
at |l east one manifold tube, a plurality of
di stribution tubes connected to at | east one manifold
tube and a plurality of delivery tubes connected to
each distribution tubes wherein a gas directed into a
mani fold tube will flowto the distribution tubes and

_ theg to and exit fromthe delivery tubes. 16. A
f1 uitdi e REXEFSF @5621EINT 4 sl @ duriers spmpviging theciter of diSengaging a

oribEsfeha ar=Te) : I S insul ated

P 17. A‘f?ﬂﬁﬁfﬁgghﬁgéiﬁgg@?Br agégﬁ%fééggggbrding to any
one of the clainms 3 to 16 wherein the reactant gas
di stribution system conprises at | east one manifold
tube, a plurality of distribution tubes connected to
the at | east one manifold tube and a plurality of
delivery tubes connected to each distribution tube,
wherein a gas directed into the manifold tube wll
flow to the distribution tubes and then to and exit
fromthe delivery tubes, the delivery tubes having a
first end attached to a distribution tube and a
second, opposite end, wherein at |east a portion of
the second ends of the delivery tubes are |ocated
above a hole in the grid, and at |east a portion of
the second ends of the delivery tubes are | ocated away
froma hole in the grid. 18. A fluidized bed reactor
apparatus according to claim 13 further conprising a
space within the reactor vessel and | ocated bel ow the
grid, and a gas inlet for supplying a gas to the
space. 19. A process for reacting in a fluidized bed
react or apparatus according to any one of the
precedi ng clainms, conprising at |east one reactant gas
phase conmponent in the presence of a solid,
particul ate catalytic material to format |east one
product gas phase conponent, the process conprising
the steps of: contacting at |east one reactant gas
phase conmponent in the presence of the catalytic
materi al under conditions which forma fluidized bed
of catalyst material and at |east one product gas
phase conponent; directing a m xture conprising at
‘least a portion of the product gas phase conponent
and particul ate catalyst fromthe fluidized bed
suspended therein to a gas cooler |ocated at |east
partially within the reactor vessel, cooling the
m xture in the gas cool er; separating suspended
catalyst fromthe mxture after cooling to form
separated catalyst and a gas-phase conprising at
| east one product gas phase conponent; and returning
at | east a portion of the separated catalyst to the
fluidized bed. 31
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20. A process according to claim 19 further conprising
the step of disengaging a portion of the particul ate
catal yst fromthe m xture prior to cooling. -31la 21. A
process according to claim?20 wherein after the
di sengagi ng the m xture conprises at |east about 5
wei ght percent particul ate catalyst. 22. A process
acc%qdin to claim?2l wherein after the di sengagi ng

m

t he Xt HFRCES RSCPERY nelain B0 téersin aftersthevtiserigaging the mixture
conpikealicRRBbL QY @é@?t%}@ngggrgc@%cé@ﬁggpcess accor di ng
(0]

to any one of the clains rein the
di séhgagh ngosessageonding sheathity2 pavirretn REtdrhthep @iddrfaging the

i AR o7 bl Rion pattglale sataiv.

according to any one of the clains 20 to 23 wherein

t he, . di seyagi ng i s acconplished using a catal yst
sepArat i OrPTatREr aeeREding | tecanyd one arh thehelaigrso@p fo 22 wherein the

isé iS4 i £l , ] reen cl one or
s L AP BIiched B petrBhg Mie ELEEL ot B bRy Ble,cataiyst 1o
retin 4¢ thelluidlzedaiataly$tcbarhbypsestty.separ at i on appar at us
conmpy i ses ?t J.east ope rog?%&-cut cyclone. 26. A _
procéss ‘actorar ng L6 2hy° e chehe |daimg 20 te 2P yherein the
disewprgthg it hecoaatishet udAs aOBﬁ%%aFQEB%?B& éggisy%ﬂﬁes%l@cted from

m xture conpri sing propane, anmonia an
the QoHPi SPHUSHRE &fuf afitterxyembane sbreepr aystonegas apiyasembination
therfggfiponent conprises acrylonitrile. 27. A process

according to claim26 wherein the mxture is cooled to

a Zenpe¥ atagess atcardingas eldihan aherdin heQGtaly:® sefaration apparatus
ed bed reactor apparatus conprising: a reactor

f Luidi
com\‘/:'ggelsse&it,fe_agt %ﬂ?r@lég'_ﬂ)'@& Cé’B'ﬁE‘g-wi thin the reactor vessel and
conpg.i SiAprodedd Herdifg PSS, O ?/fs)ﬁﬂgbééagﬂﬂg ﬁlgetg(%ita\?hé/r%itn’thea reactant

grid below the fluidized cata
gas dehsse | gmAoDANt sywpEsAsposinbtoa etbrprigingt vepaid, dammonia and a gas

: .Sen ing,zone wthin the reactor vessel
- 9°m§ﬁ%ﬁép%§'§fet°@8ﬁ§’%¥8§@80 the pradugtors-Phgag) corpRRIeN: CoIMpriRes acrylonitrile.
phase zone within the reactor vessel and positioned
aboyve the disengaging zone; a gas cool er positioned
at fleast® pERCEPRIAcQOTdinghion clalve 261 Wheesiphiasemixines is acoled to a

temfEBRAIY D nBHAARLALLBRPIERIG!S W thi n the reactor

ves ;
28. A fluidized bed reactor apparatus comprising:

a reactor vessel;

-a dense bed zone within the reactor vessel and comprising a fluidized bed of
particulate catalyst, a grid below the fiuidized catalyst bed and a gas distribution
system positioned over the grid;

a catalyst disengaging zone within the reactor vessel and positioned above
the dense bed zone;
a dilute phase zone within the reactor vessel and positioned above the
disengaging zone;
a gas cooler positioned at least partially within the dilute phase zonse;
. a catalyst separation apparatus within the reactor vessel;

a means for returning catalyst separated in the catalyst separation apparatus
-32- |



a means for returning catal yst separated in the
catal yst separation apparatus -32 to the dense bed
zone; at least one gas inlet for a reactant gas
positioned below the grid; at |east one gas inlet for
supplying a reactant gas to the at |east one gas
distribution system and -32a at |east one gas outlet
or, at | east one product gas. 29. A fluidized bed
to theflanse be92an%E us according to clai m 28 wherein the
den | i lyst b herein
i o oot AR T SR A Ryl e
di | wtdepstagee myseiflegafs[) Obl@i‘nﬁ; ea:te_agmt ggaenarﬂnteoatl least one gas
. tus as_jnlet elow the grid, and gas outl et
d$§?§ﬁéﬁﬁﬁﬁ§ %MQFHn the reactor vessel so that a gas
conprising at |east one reactant gas entering the
reactor vessel froma location wunderneath the grid
can pass up through holes in the grid to cause
fluidization of the catalyst bed, a gas conprising at
| east one reactant gas conponent entering the reactor
vessel through the gas distribution system can cause
fluidization of the catalyst bed, a first mxture
conprising at | east one product gas conponent and
entrained catalyst particles fornmed in the fluidized
bed can nove upwards out of the fluidized bed and into
t he di sengagi ng zone where part of the entrained
catal yst particles in the mxture can return to the
fluidized bed thereby form ng a second m xture
conprising at | east one product gas conponent and
entrai ned catal yst in an anmount less than in the first
m xture, the second m xture can pass through the gas
cooler to cool the second mxture to a |ower
tenperature, the second m xture can then pass to the
cat al yst separator apparatus to where entrained
catal yst can be separated for return to the fl uidized
catal yst bed and thereby forma third m xture
conprising at | east one product gas, and the third
m xture can pass out of the reactor apparatus through
the gas outlet. 30. A fluidized bed reactor apparatus
conprising a reactor vessel conprising: a first zone
conprising at least one inlet for a reactant gas; at
| east a second zone conprising a two-pass gas cool er
| ocated at least partially wthin said reactor vesse
for cooling gases having catal yst entrained therein;
and a catal yst separator apparatus configured to
renove catal yst entrained within said cool ed gases of
said second zone and return said catalyst directly to
said first zone.
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31. Afluidized bed reactor apparatus according to
claim30 further conprising an outlet for a product
gas. -33 32. A process for the manufacture of
acrylonitrile conprising reacting a mxture

conpri sing propane, amonia and a source of nol ecul ar
oxygen in a fluidized bed of solid particulate
catalgst to forma Easeous m xture conpri sing
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catalyst bed and thereby form a third mixture comprising at least one product gas, and

the third mixture can pass out of the reactor apparatus through the gas outlet.

30.  Afluidized bed reactor apparatus comprising a reactor vessel comprising:

a first zone comprising at least one inlet for a reactant gas;

at least a second zone comprising a two-pass gas cooler located at least partially
within said reactor vessel for cooling gases having catalyst entrained therein; and

a catalyst separator apparatus configured to remove catalyst entrained within said

cooled gases of said second zone and return said catalyst directly to said first zone.

31. A fluidized bed reactor apparatus according to claim 30 further comprising
an outlet for a product gas.
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32. A process for the manufacture of acrylonitrile comprising reacting a
mixture comprising propane, ammonia and a source of molecular oxygen in a
fluidized bed of solid particulate catalyst to form a gaseous mixture comprising
acrylonitrile and entrained solid particulate catalyst, cooling the gaseous mixture
comprising acrylonitrile and entrained solid particulate catalyst to form a cooled
mixture, separating solid particulate catalyst from the cooled mixture, and returning solid
particulate catalyst separated from the cooled mixture to the fluidized bed of solid
particulate catalyst.

33. A process according to claim 32 conducted in a reactor apparatus
wherein the cooling of the gas mixture is in a gas cooler located external to the
reactor vessel of said reactor apparatus.

34. A process according to claim 33 wherein the gas cooler is a shell-and-
tube gas cooler.

35. A process according to any one of the claims 33 or 34 wherein the gas
mixture comprising acrylonitrile and entrained particulate catalyst is cooled to a
temperature up to about 350°C,

36. A process according to any one of the claims 33 to 35 wherein the
mixture comprising acrylonitrile and entrained particulate catalyst comprises up to
about 67 weight percent particulate catalyst.

37. A process according to any one of the claims 32 to 36 wherein prior to
.cooling the gaseous mixture at least a portion of the entrained solid parttculate

catalyst is disengaged from the mixture and returned to the fluidized bed.
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