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BREAKTHROUGH | N AN ALKANE AMVOXI I S Background of the Inve
Field of whehpiwgntion 5 The pres Hl ‘“‘ n is rel at edp&Pukéi@iseso
|

manuf acture of acrylonitrile by t rect ammoxi dation of a saturated
hydrocarbon (e.g., propane), ammonia &f%0bxygen in a reactor containing an
ammoxi dat i on A aaal t ; 4 USa il d to the
subst anti al rg%%lfmgmkigm @%ﬁ?ék@*nﬁg%lga%lg?‘%ﬁéﬁ esul ting
wast e products produced fronANMOXIDATIORPROCESS:. I n particular, the
invention relates to the addition of CZ-C5 olefin to the reactor to react
with the unreacted anmmoni a t HACKD adordne gnvaniilodr el i m nati ng unreact ed
amoni aé:f.r m,t.he reagtor effluent. This substantial reduction of anmonia in
t he rea—@&)&&t@—u@‘mgovi des significant environmental and economnic

advapt ages. kShHri Wetel ) r ol i 1 OR;

exi stgl i ng pro?&‘eargg%@qﬁgggwgég@%dr ngiTgﬁ%bp %'r?'? ?E%"'ﬁﬁ%g@%gg@é feed
acryl oniagmmbxidatiomb$ a sahsrateédphydnocafbdrh@.drr propahe), drhmaniadndtaxggewfin a
acryionitrile fr?m,ﬁro ane is a ,emsrgtié&g technol ogy, Wiile there are,

nuner ousERRPE FOBIGIRING: 87y aMOX{CatipR: ¢ tpr MoER sPE§ifisaliunthe inyentiganis

t echnol R ed st rtiaf i o) has urrad and
20 acr yl?%lﬁlteto} f(?:g con"ﬁsﬁéudeﬂs%ﬁrgagcet%r t&lg u‘@‘e"%&?ﬁ?o%’gﬁéﬂ‘@? t %@mv%ﬁﬁ@ \%IQS f Hg
anmoxi dagsuiting vaste pyddutts produvee famethel usreaetdsavetorfifannppAHana),- the
expensi ve feedstock than propane). For both the ammoxi dation of propyl ene
and 1pr ojfueation eedates dlei the edditionnehiG-Cs olefire tpiithe drepstat stoo ckact Twith cthel y,

amoni SHEHERE AR terttl, 5ATuGE8 ol B nats lpraReRl SrmS e e a1
propy| efge besster RHREMES Ckhis [diBstzARial PEdiRitiohUSMAminforfi® i Rk &ealior *bfgu nt

sul furic acid quench to form ammoni um sul fate which is then renoved from

t he pr opedddesssignifiggotendronmandaksandepondgmictadvantages. deep- wel | ed or

subj ected to-biol oqgi %al tr eat gentI 3?. In processes for fhe fluid-bed
amoxi dat i on 'O HTV%’WPBHESt Kaiqularo Hillity i incthe canvessippef existing progylens and
5,45%4, 2 ; ' [ Qe e WO 02/ 12174
PCTI SO TTREN0 ) RETITHAR AaNsTp FrBpHfS bARed ot SRlloRitiR Aenisn of an
oxygenalDescoptimuatthefrigréribl y net hanol, to the reactor. An object of the

present i nve%i on iis a solution to amoni a breakthrough in processes for
t he ammoxi dat N§PreAugtanRiAcryenitdigam PEoRaNeisran emerging éectmologyur Wide

b . . o . Y

Conver s etk e AiTheRlys JAERls Alateh RDHERANTEAR piBEEESES SRR o 'suh®

i sobut atechhetohyp| aComrberdiglization bhethisntdhrickgyl as m&n&/éprbdc%ﬁéd mMghgod
e

for the reductioii of anmoni a breakthrough in to processes for t
mangd acBapioniile spnliniast toi be produaest hsewghaitdhe warlsoviat thaeammaxidation of

speci fi i i i [ s for the manufacture of

acryl onﬁfédy?/eenet:%en%qf’?és/?g%é'fsmé%&?@P%&qﬁgﬂfd?m bon selected fromthe group
consi sti ng obxpenyive fectiRbokIABH pAGI¥anédMONi a and an oxygen-contai ni ng gas
into a | ower portion of a fluid-bed reactor containing an amoxi dati on

cat al yst, anfor heth thezrnmoyidation iof gropydehs and Piopanentol acralonitrley gaimoniat he
presence of sai.d catalyst to, prodice acrylonitrile, wherein the inprovenent
conmpri sfh§ f?ﬂlf'%ﬁﬂﬁ???‘ég‘??‘h'o Tﬁ@c?t\hc%fﬁaﬁe SITOYRe rRTPANG % tae ererktakhi ch
W lbsre i t east rkd o he na nj

pr enang et 8, Songan KRR b DAnnphia” eHRAERLGH, T e o S T

pr esent unreackes armudnia iretomoeTtiabprdpylene besadkmotasses?thd fsacibioswbiesgisce of

the process in th@ present invention is that it provides a sinple and
econormi EOHAGESWIE Bosuliutie 36IsANARNER toefarm @mmeniuar sulfateniwhith éakthanough

" (i.e., ‘ i d- | with the additi |
avant aanSPed fibnlierhbed ac b dtEtp 5 S sra i)t it e Sommyalg ot
manuf acgwusjectet t@(b’lmbgi@bttﬁ'éétmenfhe elimnation of ammonium sulfate fromthe

waste streamduring 25 acrylonitrile manufacture nmeans that the waste
st r&am does Woproseases fordhe flyid-bad yanamoxidiatiah of poopytiens taacoidnitriles 1S5 .

This | ead a signficant I.,C, advant age i n the production of

acr yl onC AT BNO% B2l 41§ 35 4R0 923 1e86H B SbsaRtmpabietion o pavvonia in
Wthout a substantial reduction in ammonia in the reactor effluent) the
waste stream emanating fromthe quench col um mlﬂ I anmoni um
sulfate (NH4)2S04 in a 30 fairly hi gh-zf_oncentrmm ‘I'Wmmmwm sposal of this
streamin an econom ¢ and environnmentally acceptablg, ganner nore difficult.

The minimzation or the elinmnati'on of the amoniumsul fate fromthis
stream can nmake these streans _2




WO 02112174 PCT/ USO1/ 15640 acceptable to waste treatnent procedures which
do not require severe conditions or expensive materials of construction

| eadi ng tywoek/gnhfii cant economi c and environnmental advant agegusoifigs40r esent

i nvention thus reduces or elimnates the anbunt of ammonia that . s escapes
fromthe reactor and therefore mnimzes or elimnates the cost required to

h, , o t
the. 1 vl Feter effbEREBE 1% syBledic RplkBr ol ek SR RFICAE CORRMICR, rbfelalfy ™" ©
pr oductme&ﬁmuﬁqhglrgémar Anot her enbodi ment of the instant invention is a

met hod for the conversion of a propyl ene based feedstock acrylonitrile
manuf act ur i njnpohjeetsef thenpiesent pwepﬁoen% a gelttieon 40 man@gbw%tmomham ed in

a reactor in th esence .gf,.a catalyst to duce acr trile, to a

pr opanep'&&?éaesr @3@?88@0’&8?&%9??%%89&&&%?% ﬁ% %6'@8155 wher ei n

pro ng%ﬁhaPQb}aé BFfhé‘fn%;}érgﬁﬁ\t/é‘rﬂldn”istd?ﬁeé‘éf&ﬁl'&ﬁﬁ Rceds G@hahEiort 0
pro uce acrylonitrile hi s net conpri ses stltutlng a propane
based fttedecbmxdxsnbnroftdwprqpytmyelfeed aragloditrile iantdolg pfdpanendrisdbctang feedo t he
reactor at least one CZto C5 olefin which will react with at feast a
portionp'@f‘t-unreact ed ammoni a and oxygen present in the reactor to
substantially reduce the anou nt in the reactor effl uent
exiting the 20 reactor, and (g's"_a'(?u I |t)}lt?%iar%\;r%!refﬁ%‘ﬁocess a neans for the

separ ati on, Trﬁéomeéntmnqb ree tysthed oﬁoruheemumdo@rdfpamorﬁ@ iv@wuRireggh ah this
enbodi nent is the ability to convert the plant from propyl ene based
f eetist oplesesses fidthedpanuipeiise 9f asadenitriie fom peanans: ard/pPoigabutmney Mase |

Chr oughsharatoaly; FhenFEatet R Piodssd Bhihe At acvBaBHE Sofie « ne
| nvent | piroBbeing! &S PRUdoaNSH Istlectedureh e dbagUsssting! oMBRBRHE aHyf at e

generated during the manufacture of acrylonitrile fromthe reaction o
pr opaneisahdtame; agwhoniarand Fv oxygrmcantaining gag éntoley lowddipogtian of adisid-bee C2
o the reactor. The of, th C5 olefin allows for the

s(,:?bgt SRS PRI gayew@dd' o S, 2 Bienareartingethec BYSRRANAN | he
021 11 APEERR1Y BugBRoh e DIBSCRR o sl CAEREF 46, BiedloThbbnitle, . g

from t hehgreintie oopravement sompeisingantrodidiag jriterthe rdduteoatdeast dige Ceas T 0N Of

the C2-C5 olefin with excess amonia provides for the additional productlon
of usef SlEfigrwhigh vell reagt withat jeast & pertign Pribpyrseected %WD&HU%QWSGHS I'n

onct | ResRE! P HREtedkRorito SUBSIAHIERT Phaid Y piBynf bR AR TR Bthe o

producermtoﬁe:fnuémléyamgmesr@gbtoreactors t he propane, ammonia and air are
I ntroduced at or near the base of the reactor, the gaseous reactants rise

t hrdugh t he Eaeeﬁ\g@ﬂcm olhtheepiasgssiinghe mrm@nunnemmlmmat it pravidEsea

top of DRI B ecBllie HERELR. B8 I GibstHngif oelfmRébion; excertione
pr opanepaftitbulR qQhE!, Qi‘rﬁ‘ebéleBONHa)CFn W ﬂuhdwm%t&nglgﬁéy\ﬁﬁﬁ‘ ths é{dcﬁﬁ&al

acrylonitrile and/or nethacryl onitrile is suit e instant
i nvent i aﬂvamge gﬁelhrmmtmyammmlmsmﬂﬁatmas ey by-peodumt Idowingghgananafacture nul a:

15 V~Sb" resent | east, one of Sn, Ti, and Fe,
of ac DFon%nYm I:r’l:“le ehn‘nng\{n n' of ammonium sul?ate from the waste stream during

25  acrylonitrile manufacture means that the waste stream does not contain any or only a

minimal amount of ammonium salts. This leads to a significant economic advantage
in the production of acrylonitrile, especially if one cannot practice deep-well injection.
Without a substantial reduction in ammonia in the reactor effluent, the waste stream
emanating from the quench column would contain ammonium sulfate (NH,),SO, in a
30 fairly high concentration making disposal of this stream in an economic and
environmentally acceptable manner more difficult. The minimization or the

elimination of the ammonium sulfate from this stream can make these streams
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D, when present, is at |least one of Li, My, Na, Ca, Sr, Ba, Co, C, Ga, N,
Zn, CGe, Nb, Zr, Mo, W Cu, Te, Ta, Se, Bi, Ce, In, As, B, Al, and Mh. Vis
1 20 misyB091319410 a is 0 to 10 d is O to 10 x is a val upceukdissent to
satisfy the val ence requirenents of the other elenents present. 25 These
catal ysts may be either unsupported or supported on a suitable carrier.

Typi cal . . " W o

af i nac SR AE e Rt HeumBht GrofRANRLATch BPRE! ookl FRehE oBhiliBRs o7 . o
suppor t expehdivee pigigtialee off ¢¢nstiu¢ﬁbantleadmgnttioonsighiﬁeaﬁ?@- ebomdrafd nap@y be
introduced into the reactor at any suitable point downstreamfromthe point
wher e pervieorenential advagdagesbut ane are fed to the reactor. Preferably, the

lefin is iniyoduced poi.nt d i | kane feed wh h
ol of i n w1 | FEgEvasery TR hys reAR e B8 Ao of aimmopys it of

the @Xcgﬁ%so@@m%eu}eaa% aP8 theraIskd Hinimizid br émﬁinaté@r%éé%agir?% fo

PCTI USOL/ 1540 nai n al kane amoxi dation reaction occurring In th

port i onqugnaheaecavear| gisposedf, bn recycie the dinneadted elmmbniz. t Suftherreteedhe
reactors, the location of t olefip feed shouyld be abgve 20% of the | evel
of 't he. DAt ARSAes 9a Acded heelh ol ppiciiaaHgtiaral ebd arPaNC RS 15656 o
the | evgkfief the expanded catal yst bed height, nore s preferably at a

| ocation above 80% of the |evel of the expanded catal yst bed height. Any C2
to C5 ol ef i nAmdther emibadiraenhef therinétant inventione is ashethbd ifov et cariver§oapRy! ene

is preferred because of jts availability and because it will react with
oxyHen AREPRYIARS Pased Iendstericacyiopittle manutacturing priesass, whersirepiapylene, var y

but sho r.eac kLD i eaki ng through into
the T oot At ¥Rvodh, A8 eathdd 17 o 1FHEER Jn VBT Plelentbe i Areaiahhi®o

al kane, prsalicegatryforiile, | 1t @ tprepamchaded fébdsiBtk _%?YIBﬁitﬁlécﬁYéﬂLﬁé’ctﬂﬂﬁ’%.
recycled into the reactor. The hydrocarbon and recycle system may consi st
of any PROCESY WRERN ipropane, ammoboia apgoxygengargareacted inytheopeademcs dfram

ot her ga F()Uﬁt con%onents. Sg_i t-aﬁ:he rre%hhods include, but are not limted to,
refri gerHeyShiogaYse AGRflontle. o Ihis;MEthad CRmRPISES: i on), or pressure swing
adsgy ption d j ! S i t gpt . 3 r
ten%:rerat urea({sé\?vi n%sggurtp i (?f] %ﬁg&%ﬂsgﬁéﬁggetgﬁtgﬁg @t?hteﬂrgg.pr?ﬁ@%éfaeﬁé%e@an be
i nj ect efg¢edstock, or in the presence of a suitable diluent gas such as

ni trogen, stgeam cled off gas_or conbinations thereof. 20

apr, CO .
Most acryl on®ri I'S{rrﬁpﬁﬂﬂgéﬂﬁoi e':%g\é‘{%rqtdeﬁﬁid?ﬂ? Cs o Cacniefin wiichwilt resact- bed
Convent i 8 Eia, poitfer BF Lfactdly 8O/ Yhoed brdtint 4 e tbbdlor to

mai nt ai substantially cedade/tie amoant dfardmoinii preseahindBetreadtspefflucht éﬁitihg%@é ors,
e

riser reactors or recycle rectors. The instant invention nay al so
ut 138 z83RA A% xed bed reactors. 25 Each propane anmoxi dation catal yst

oper at es at me i ratlos .and operating conditions for
maxi mum acry gni T "ég% iﬁS@%g%g?qgggh%ﬁqrgﬁgﬁggaaép&f eTRBAIRONAR of
excess @fmmé'a@teéﬁrbbé‘lﬁb.t he reactor from a propane anmoxi dation reactor w ||

vary somewhat depending on the catalyst used. The |level of olefin to be
added will VAR ﬁcg/cmtﬁg:ﬁ 9 this embagiment/ds the pahilityntd tomveratthe eplaht fiwen 30

of E orRPTERE R fodhblE B8 Tve Godl ptobar Ba5eq eSHoRaks isr anar the.
hee it eBa i rPedal oy Bl ey MIOTYF SieipPi e Py Bt
addi t i dhequghxthgemaxinunh eise e existing ldopspreent. cat al yst whi ch woul d operate in

an excess of oxygen woul d_not have the necessity for the addition of any
oxygen to the reactor. Typ&esE edlaven

inth t4 i i As stated. ' |
or opy! ene/ priSRs e RRER B Pt o R B ab e et
feed rajuring thednamefasture of aerndbriilrie) fron{hRVieaktion af p%b%hétérﬂﬂor%agb%hgn and

feed ratio for the manufacture of acrylonitrile as set forth in Pat ent
Nos30 3, aMMopiEnanmhaxvgeryby 2adding: at lsast eng €,-&xdléfir to thei neaotopo Thieeatiditjon
refere A C ' r s are as.follows. act or tenperatures
are bemg%gwéﬁé%%%é%&ﬁ% %;B}i%ﬁf@ of ﬁgme%ﬁga%gﬁgxqgssb@p ¥2 about
1 and dhehs rddbtet WRE BREbRYin WITBRM furhSedddid ' o] 211 0
of 0.01 to 5 anmonia to 1 propane, pr e?er a%l%i%%ﬁ%ﬁ%%?kghfléa{%%ﬁ% oor{l
propane, nore preferably of 0.06 to 0.3t ammpnia to 1 propane. Oxygen is fed
to the reactor in a nolar ratio of 0.1 to 5 oxygen to 1 propane, preferably
of 0.1 to 2 oxygen to 1 15 propane, nore preferably of 0.1 to 1 oxygen to 1

propane. The diluent gas may be fed to the reactor in a nolar ratio of 0 to
100 diluent to 1 propane, preferably of 0 to 10 di luent to 1 propane. The
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feed or actually supplying oxygen to the reactor by a separate neans. The
present invention is particularly suitable for the conversion of

acryl oni tywplognpl7ant s from propyl ene based feedstocks to ppopass/izamed
feedst ocks. The 30 substitution for propyl ene based feedstocks with | ower
cost propane based feedstocks significantly reduces the commerci al

manuf act ur.| NP i § St r i D,

Furt hor O SmiaoRR) sBa@Chdn e dinot® stfechl BB G W, queloniludilim o

PCT/ USObhlddrdienitdie glanti Moteevehithe ryadtdnaafitie Q,-C halefrh vith éxoess mhanpghiane to
propane based feedstocks at a |lower capital cost than needed to build a new

pr opane prevees ffoedbeoarditioaat predection ©hcuseiul preduste @ gethetieagtion of
equi prent . S ith.current catal ysts and technol ogy, the single pass
conver S!pagpyi?ﬂé?dp?%goﬁl\étﬁté& acrylonitrile is less than the single pass
conversi on ofn pépréfeRed! sradtice/ bPhd présent Weeﬁéh,eercgfawéa@nméntay@hd:@hrl y
separated and recovered fromthe reactor effluent and then recycled to the

react or red@st gudhe prekepce wfpancatalysdrint Befldgidrhes satalylid reapiooplpl enedusesed
pl ant to an ane based plant is the additional plunbing.and hardware
hssoci aPEHIGMIHE: HE SED-1eabian, the PIRRAN. ARMPBE,aRY 3t ot IfRosaRet o
Typi cal lngar 1 18k e RIBAGH Te i dhseBls BACERIs HOW tHollgh e @RI ERE Wi L
a catal yst nore suitable to the arhoxidation of propane“to acrylonitrile.
An advamthilge redcting etopipoodisce desdonitrée. hdhei redction sproduptsany-protuetssiapas i S
that the use of snpnll quantities of propylene to reduce or elimnate the
anodft  snreanted feeds exihaleraear dhe tor ot Wedeaetopr ecl udes the need to nake

of the i st PRy s earabic ot SuEGbg i RsElin of Brodtitl abdBL ISy RRR TR

si ngl e poaamchrvatly betrmohiacdad wxyganartol ieid achgorrin tandkor ﬁmmmttﬁwl fae

converted to a recycl e al kane feedstock process with only the m nima

addi t i osutiabledier ithe insfanbirventionsr@pe suchseatalyst isodeserihash birthe Hollowing
acconpl i §F?‘%@6@m¥t adversely affecting the quality and 20 conmmerci al

speci fi é 'he products of the plant. Lastly, the process and the
net hod of operation described herei nVSbQNDJ@“' arly suitable for propyl ene
based acrylonitrile plants which have '‘beén® coflverted to a propane feedstock

in that suchwheseindA,avien ptasent,tis ahleast pnepy Sandi, @indrfege on site or

propyl ene otherw se avai|able to,the plant. 25 eci fic Enbaodi nents For

pur poses of i 'I"manBﬁSSH{'d‘?‘lIag,'eqsltué’nﬁdﬁlléWEgﬁ@x;%plsésBﬁr Eos &, Bar Ny 41y
descti b, INp, rORRE 9. Cu 16 P SR, CBYANINOB. ACORARR! | ve Bxample A Using
a 0.5 inch di'aneter titani um U-tube' reactor ' posi'tioned in a tenperature 30
controll ed sand bath afis 4BOC, a gas teed consisting of 3 propane/0.78
anmoni a/ 2. 2 oxygen/ 2.2 nitrogen/1 water was introduced into the bottom of

t he?f eact or cont afthi ng'Sa c&)F—’ 0d vanadi um antinony oxi de propane

anmoxi dati on cat agyst j At -7_ WD 02112174 PCT/ USOL/ 15640 wt % wi th
quartz chips. The reactor was operated at atnospheric pressure and the

wei ght hourly spade velsodt vtoofiQt he propane feed was 0.42 hr-1. Propane
conversion was 18.2% Selectivity to acrylonitrile was 58.1 % Total useful
product sel ectivi¥y (i isea Valyﬁ)ﬂttfgﬁleﬂﬁtloeﬁatlafyrtbeefalﬂnmrreqaireg'iehts aithd) was
about 58.1 % The anou f ni_a_ breakt hrough was 22.3% of the anmmoni a
fed. Exanple 1 Using aeg.'.eg elleﬁ'gﬁmg%[ﬁg 'étr titani um U-tube reactor positioned
in g5t empesat catalysRNhigy bed ethed Ul SHEd hat | f 3
propane/ 0. 72 arr_lmyﬁi al 2#2 oxygen/ 2. 2 E??ﬁ%ﬁgﬁ%"% er V?gg(al %P%Ec%éc}ﬁ?ﬁto

t he bot tT¥Ricat suitable cacners, aém knowm @s 1'suppontsSminohetey sitiadj alominal zirgoma,oxi de
propaneﬂ?mmxi d ttihon cat al

anium and their comblnthsotns(.]Ii éiﬂct:éa % t%g preferred support.
In the practice of the instant invention, the C,-C, olefin may be introduced into
the reactor at any suitable point downstream from the point where propane and/or
30 isobutane are fed to the reactor. Preferably, the olefin is introduced as a point
downstream from the alkane feed where the olefin will have an opportunity to react

with substantially all or all of the excess ammonia but not be competitive with the
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w%w th quartz chips. The reactor was operated at atnospheric pressure and
the wei ght hourly space velocity of the propane feed was 0.45 hr'.

Propyl engyi@g14194 roduced into the reactor at 81. 4% of thepdBus1/18640t e
catal yst bed height. The overall ratio of propylene to propane fed to the
reactor was 0.03711. Conversion of 15 propane plus propyl ene was 18. 4%

Sel ecti yiLtd S f 5]0& I X 6%to
acryl on'?('lfl h ?‘g?ﬁ%?w}é#%aﬁr?o el |§n c{gﬁg}rg{gg&?ﬁglacryﬁ@Bé@??? ? p%ttrag,ISt gégf ul

pr oduct |nsghermbbdishedtt refating’do fllikbedaeattons, tenvatioR’ e kid offigh fews
reduced to 14. 7% of the ammonia fed. Exanple 2 20 Usi n?ha 0.5 inch dianeter

titani ushauld beabovecd qidbe devel & the, expardgskeatalyst bedheaightl peeferably abt h at
480C, f eed | [ f /10.74 Lal 2. /2.2

i trog o osatiroroads pover B BeatvRl FRE Birandipalaes; 6ed IS o tdini ng a
Pr onot estevaaB i B loaddriTBBVO 8D ACohe RaRS of Bt d et aly el yed hQitht ed 50

wt% wi t'h quartz chips. The reactor was operated at atnospheric préssure and
the 25 wei ghamhGutd ¢, siafrewiligrovidethe benkfitspfdpeaimestarkeitiveatior). Ribgyierie
Propyl ene was introduced_ ipto the.reactor at 81.4%of the | evel of the

cat al ys'f W\élgerf?é{]bﬁ@usﬁé’fd&e?&?'?a Iity i%‘doi’eﬁ?‘éﬁfyl'tewgl A Wit xYeRR andl t he
react org¥ae Q% biSit of propane plus propylene was 19.1 %

Sel ect ia\lll t g%to uég?%eﬁoﬁgg%s from propane . and propyl ene were: 57.6%

to acryl oni tThd amodnBef blefiacraml wany, buastiold2é enoagh Yo ireactavith 3Ry ekessy
useful product selectjvi tﬁ}éof 59.0% . The anmount of anmoni a breakt hrough
was!0r e RIBBWNabreaking, througfs inde-tas reagterefilugnt. Agyupreaciad alefinaap mellas

Tt CIERSEdei dere kg Wae b he YARBH BHEot BaE peCRRbVErRE R %5
pr opanek@ydiéd MtETAE redcfbrOXBIE Ry drodafbidn SI8E Médy o s9stelf ndy ES R CG Gyt ©

the bottom of the reactor containing 5 a pronoted Vvanadi u ant 1 nony "oxi de
pr opanemethedxknown in theraal fostseparatingdgaseousibydrobadpoast frorahother. gd@seouseact or

o e gL GBGAHE sy o gt B, o Bl B il e
r eagt orczfrﬁpr%&sié% Q.E. tfr&tibgéﬁbn)?f?{t BF‘es%ﬂFealsiﬂ%% %@@85@@%83%85&}5&6&'45 ratio

of propyl ene to propane f to the reactor nversion o

pr opandigtlasecriopyl@nPaterst No. 68(533c38dct orv itémperdtorel sefing adsedpitdrs dridom
pr opane, and Frnggél ene were: 58.6%to acrylonitrile, 1.1 %to acrolein, and
2. 9% t FesOrRtq eng oth&fBal useful product selectivity of 62.6%. The

amount of a ' r r % nia fed.
Seampl o 4 Con P25 G bR iAketed . B e Hiepehon b e ABPBER o 1 1
t enper aucheasotitrogen | stdasaait, B&L, ICQY, rd&RMd 6ff gas or eethiRadraitheed®’ 3

pr opane/ 0. 71 anmmoni lz.éroxy en/2.2 nitrogen/1 water was introduced into

t heé%bot t om °§th§°rb’§&\‘,tf' PERFHGRC I dhey Warlhirday Ve psedueed asingnfivig-ked de

pr opane.apnnxXi ' Cal.a | Qow th quartz chips. The .reactor
was opgtragf'lg{j ‘at a ér%l'ép erin%%r}tgé\é%ﬁt@“aﬁ% W@ %H\%%M'MBWW%EQB%JC id-

vel ocl thedofedchurs LR RAES viitheanydadlort Safible of FRARAIARG (M8 ety SORUS Alid N ©

the reactor at 49.1 % of the level of the catalyst bed heig he overal |
rati o d@taierysh asdransppridinenegatorst aiseheeactorst an regysleOrettd@s 1. Tiomvatast on of

propane_pl us propyl|ene 20. 4% Sel ecgtivities to useful products from
propangn\éﬁfg'oﬁr'ﬂﬂ/%l?ﬁgb%%e@gu@bﬂ‘?iL’ﬁgr"??‘gﬂ'l'st rile, 0.2%to acrolein, and
4. Q% to acr\dch BRigane> abfbiatise data|pdi0 I L dnd i Reeg'Ne
anmount of anmoni g bﬁra_eakt hr oughawas dréeaclggctegb%t%.aicégrﬁéwﬁﬁgdgréﬁ?r%ﬁi%etded.
Exanpl gaosJsingy opetatdgi sohditioasrefoe rmaxkitraum waoridoniiiile yielt tapid/grogcbhemrd in a
tenperature controlled sand ?p%th at 480C, a gas feed consisting of 3
‘ pr opandPHSE§TalaNsN; The ameynt YWIERFS ammpRiasgdiing thearfeacteraiomm poepaned int o
the botdRioRbatid ré£A6F Rl GAY sHniWat depending on the catalyst used. The level

of olefin to be added will vary according to the catalyst types and the nature of the
30 reactor. Accordingly, in the practice of the present invention, the amount of olefin fed

into the reactor will be dictated by the conditions and the catalyst used. Interms of a

catalyst which operates in a lean oxygen phase, it may be necessary to add
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a pronoted vanadi um antinony oxi de propane anmoxi dation catal yst dil uted
50 % with quartz chips. The reactor was operated at atnospheric pressure
and the 90 o2/Yf2792/ 12174 PCT/ USOL/ 156~0 wei ght hourly spaper/vsdinssdoy of the
propane feed was 0.47 hr''. Propylene was introduced into the reactor at
49.1 %of the level of the catalyst bed height. The overall ratio of

Pr oY1 efiiendl GRA, REGNbOiEyT Hichibivet2 aid Uion RBHEY PhgQipPanoane

pl us propyléne Sel"ecti v S t'o US produc ropane s

and progydesseofEygenodtiorior have the netesdiyy, foB tYatiditian 'af |a€h'¥rbxygéd t6théo to
acrylic acid (total useful product selectivity of 61.3%. The anmount of
anmoni areackaikt hyicaglly, @y ammexidatiop catalysiomayhee sifitized in thedpragtieensf ¢éhe
Using a 0.5 't@ch @i'{i\mater titanium U-tube reactor positioned in a
terrperap[?rsgn PP ed sand bath at 480C, a gas feed consisting of 3

propane/ 0. 69AgNBRMGE/ predictsHISstch DropyicReIBriphneaafimyRaation rQixgsd vbin'gg

the bottom of the reactor containing a pronoted vanadi um antinpbny oxli
pr opaneopanatex iatl somewisatt diffesant feedtratios @ndoopenating iconditionisi pEonvéstioredct or

of "t ho- BPOBHRG PRI feef FAto 1 b frandagiice B et 28 Sei fobie
react of (o8, Paeht Mo 9,061,088 %UndOd 878 1504R Yittadle hrBeh&itin inFBfGURAD

rati o of propylene to ' propane to the reactor was nvers#on of
pr opanergiérescer opypicakreartiof arafitetsds| avet as fdllows. t Raastdrutempergdurés ake om

pr opane, and ré)d) [l ene re, 43.4%to acrylonitrile, 15 7%to acrolein, and
7. 808t ob%WP‘i (ﬁ& and QP0SE. | mesw@dng@esfeﬁéeapt@r is/beiwess, abgut Trard
anmount ' hr C 0 5.6%qf the ia fed.
arount ol Biied5aa AHARIE R FRLHERE S K S iak: (1B ALTBILR &
posi ti oggfhdrila ot §NPREFENY, Eprefsthaby! be®.GRNY Rabhdni48RL1 Prédnd Shfdre
consi sting of 3 propane/0.69 amoni a/ 2.2 oxygen/ 2.2 nitrogen/’l water was

i nt r odupkefierahtyoot 8&6otet Denaoimarnia to daptopaneonDaygemis &l to tireorezictal in a

vanadi um anti.rmn%/ oxi de_ propane ammoxi dati on cahal yst diluted 50 wt% with
quartz BREatien peﬁé‘t’% %Be’b 8r hipEePane. Rrefrphlyr ot Ol da o1 pxyaen tenk
Caht o ,
Sontbr of SREh, FRAE QR of () 16 ToRGBRIS! pRSTAE e Bfudfy oad MBI WE .
pr oduct fesltoetbeireactpr (m aemotar malioof Ortd 1100 dituedit ¢d 11, pmpdne.prférab?ném tyas
t

about 5%3 é_% The, amount of_ 30 _anmmni a br eakt hrough was 16. 8% of the
ammoni a19 diluent ohprerpans dhet to Coplefindsifed tethapeactar in armelaaatie of 7

Tg\svog?nr;%‘#lg; %B%FO bk RP%"EHbhask Bretdialy 6 07% Wit td 3roBLSY! S5d 0" 2
preferably of 0.01 to 0.1 olefin to 1 propane.

20 During the practice of the process of the present invention the standard
operating condition at which the existing propyiene/propane catalyst has been
operated should not have to be changed but can be changed depending upon feed
and catalyst conditions. For example, if the catalyst utilized operates under a low or
minimal oxygen environment there may be a necessity to increase the amount of

25  oxygen into the reactor to insure that the process of the present invention operates
most efficiently. This may be accomplished by increasing the oxygen ratio in the
feed or actually supplying oxygen to the reactor by a separate means.

The present invention is particularly suitable for the conversion of acrylonitrile
plants from propylene based feedstocks to propane based feedstocks. The

30 substitution for propylene based feedstocks with lower cost propane based
feedstocks significantly reduces the commercial manufacturing cost of acrylonitrile in
an existing commercial plant. Further, a key advantage of the process described
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WO 02/ 121p PCT/ USO01/ 156~0 breakt hrough (i.e. Conparative Exanple B) al so
yields | ower overall selectivity to acrylonitrile. In contrast, by adding

propyl engyd ¢2/i2i®s react or and operating in accordance w t hpdngsorisdsant
i nvention (i.e. Exanples 7 through 10), the overall selectivity to

acrylonitrile is enhanced and the anount of anmmonia breakthrough is 5

furih . e ; . ;
+enct or NS e FIRTRETohveR 9 plark o BT IGRTES Braper e prbblitis
feed cogishdbwer capitdl ¢osithae/rided8ddorbuildas heiv progeiy Baded ifésddeey blamit er

was introduced into the bottom of the reactor containing a pronoted
vanadi uthrough theomaxisimelssr Frxingramieaant. on catal yst diluted 50 wt% wi t h

Weraht hour T §nEBa e EhfEnt SRR, 3haTeEhndbaTc ICE S 535 ohvaion f e ne
was § nt pegbanedid Richylbmiele s8ciess than 2Reb8ingie tpass! srRlersibnt b pfabyidrys tto bed

hei ght. The overall ratio of propylene to propane fed to the reactor was

0. 0321 l1acrglomitdles upreasted poprane igltypicalhossparatedand tecovesedSrbrcthevieactes t o
usef ul oducts from propane .and propyl ene were: 55.7%to acrylonitrjle,

0= 506 1 LHEPET e YRR TeCHIRE JO0Me] FRRRtaET GAR T B, R v comRuAR Tor the

sel ecti ¥ . B9 t | d r g to
4. 3% ofeLSon Ut & Pronyioe BESUT pight @R Moot BESIE AR, e SRS Uy
U-t ube pleeting apdshardwaeel associatednwithh dhesepartionoréceppadd ratfciaiof486C, a

gas feed consisting of 3 propane/ 0, 67 amoni al 2.2 oxygen/ 2.2 nitrogen/1
wat & WRPPARE ?d@&ﬁi‘yi H‘teog% ﬁg’Sb%@‘P&mﬁGSfmtthe reactor wnug*galsaibﬂ raplacest witht ed

vanadi u ' ' ARTRX: Gtk | c t . diluted. wt % with
quar £z SreRabsiRE SRR BOANE BHFRSkEROr bicBiEarE' 1 adtiBlinR, AR s
wei ght  adudnitages phtfe pricess deseiibédReie firsuchaRantesnversidndis that i py¥s ene
was introduced into the reactor at 23.6% of the | evel of the catalyst bed

hei ght . ofTR@alvayantitiesaef oremylgnety iredece ©rpelipinate ftkel amounteof eactantedas
0. 105/ 1, ' f | | 20. 0% tivities t
Oeor ol TOTRALE SRR BRIV B AT B e o e edin i e &
0. 69t | & 9 ld ' t aliusef

el e (YIICM, BeRovany! and BB cofpinihel 4rt 2, Buisting Bondle Based; |

10. 0% o#crylesitdlentplant. f edThergfore, Ve Oexistinig 4 sivgleppas HOpYlenel/féedsidck)si ng
a 0.5 inch dia]get r titanium U-t g/e reactor positioned in a tenperature
cont r ol #Hio8lHle plant may seernomicallys beegonvestad de jadesycle ajkanafeedstosk

anmoni [ e 21N [ t he bottom of
Che r earpeés? Witbiundy IngMERART adaliBh S LERIAICOA RITERE . eRet 5o ROCR R e
pr opanecanvexsiom atriayn beatadcpaiplished without adversely affecting the quality and

20 commercial specifications of the products of the plant.

Lastly, the process and the method of operation described herein is
particularly suitable for propylene based acrylonitrile plants which have been
converted to a propane feedstock in that such plants are likely to have propylene
storage on site or propylene otherwise available to the plant.

25 Specific Embodiments
For purposes of illustration only, the following examples are set forth to
describe the process of the present invention.
Comparative Example A
Using a 0.5 inch diameter titanium U-tube reactor positioned in a temperature
30 controlled sand bath at 480°C, a gas feed consisting of 3 propane/0.78 ammonia/2.2
oxygen/2.2 nitrogen/1 water was introduced into the bottom of the reactor containing

a promoted vanadium, antimony oxide propane ammoxidation catalyst diluted 50

7-



diluted 50 wt% wi th quartz chips. The upper bed contai ned 70% of the
overal |l catalyst charge and the | ower bed contained 30% of the overall

cat al yst wehag/ga74 Propyl ene was i ntroduced between the twopdyedsn1/18640 a | ayer
of quartz chips that served as a m xing chanber for the propyl ene and the
gas mxture in the reactor. The reactor was operated at atnospheric

Pressur angith Huate! efibs kel ﬁéaléﬂﬂf%aé’%B@Fétééf R lathBEoREAPBRRSLAL AndaRe O- 3°

hr'. The overall ratio of propylene to propane or was

0. 0341 1weight\renslyspack velomigrof the ysopane féethwas@s4d Br b YPrérinecebmiersips to
useful pr oductg from propane and propylene were: 60.3%to acrylonitrile, 0%
to acrow@sn!8.diy Gelestiviy deraarylendrieavas §8a1%ustetal usefsd peodus| saledtivityy of

oron, Al ACHERRtE aBBRRT A S 2 AR cal I S8k o D RUPE AR o1
posi § i opRtndriiadrésKtARIRIILES 2218% oF tirdameishi®dd) at 480C, a gas feed

consi sting of 3 propane/0.67 amoni a/ 2.2 20 oxygen/ 2.2 nitrogen/ 1l water was
introduEXampig & t he bottom of the reactor containing two beds of a pronoted

di i id , i i talyst diluted 50 wt % wi th
boare s Ohi ncUSIFRLY o0 e BReRR AN EBbeTeaREr rbilanea b ecioarerati oo
and t hech@ydileddashd Bathoat¥Eh 80 Y s 1ol B Shefd?s %%mgﬁi%g%fbe”e

i’ of
was i ntroduced between the two beds into a%géedr?a%ﬁoéuartz chipst 25

served asygeni22inityogénitheatef wastihtrogucsy into ¢hexbettbmeofaae rehetor containihge
reactor. The reélct or was operated at atnospheric pressure and the wei ght

houtl y peE'GiRd s@nadiym, aRtimepy pXide fRIepang Aromexidation catalyst diluted bAt i o

f : f t 0711,1. . Co i
br opanct LAt} SuBHORHRS, I Rabler e bRt 2t SpbeRa BiResht 88 therm
t I K b e, 1 1 i
R A e Sl A st S
amount BirogHaedh intobtneakeanterugh Bl refdtheeléveb ob titscatalystebednimeigha. f €e - 12

1D 021 121 SHPBE B Bl o R aanin vt B9t/ D: B
4803 apf/@?&née;ﬁds rBpyIehe Va8 4m! OSé@e{i@tiésl 15248 lg{eradactewcﬂﬁ%r%ﬁne.

ni t rogen water was 1 ntroduced into the bottomo react or ntaining 5
a pr onoard premdeneiwererfin.6%iyp acryloaitpleppa%e tasomieidabhd 0. 3% ttelacsyiic ddie

react or operated at gt nospher | essyure and the wei ght hourly space
vel oci F@?V%F UISE 'pﬂ’BﬂHﬁgs?a'E%W'&a%{ ggﬁgﬂ’hr 'sf%epﬁmeameOeamrag@iaohre@gﬂ%gogu%
Sel ect 'Nhé?‘e&?c 1 P08 i the a\f\ﬁrﬁoag fbg» Total useful product selectivity

(i.e. acrylonitrile, acrolern, and acrylic acid) was about 55.9% The
anount BXxaraplendi a br eakt hrough was 10 21. 7% of the ammoni a fed. Exanple 11

Using a 0.5 inch di ter titanium U-tube reactor positioned in a
t emfer at ure Y8RO rabpfgg‘cgéﬂﬂnﬁﬁr Hitapiumgblcubg rgactor pesitioned i ai tempsiratare

Phe’ ot ol R tuth of 4806 PR daseBlidfdRNIng oY FopkBel A BESREE 2
ant i monyxyeend®2mi 1 avatex a8 linPod GePinYS the BE%orH Rt 2he bééctgpeagéapﬁlgg 20%

of the overall catalyst charge and the | ower bed contained 80% o
over al |2 dueanojed venadiym, antipohy raxidepropane dmradxidetiore @atalpst ditebess i nt o

| hj d 1 X| hanber  f h I
andt nevBhaMi Rldng S, 1 IR £aEHEF Welaberalad of almesnhgiccpicass Bt e

at n@sp hﬁéigl_ﬁtg oy Léisace delb@ﬁﬁf }Q‘ﬁi Bt p%@%ﬁbyfeﬁaaﬁSs Vq’.hﬂ Gy (Hro#@gn? wag

feed was . The overa ratio propyl ene 10 propane
r eact orintiaguced §1tb itheQmactarsatod1 4% midhanievel of thy eadlyestcoetbheidhit 4% he
Selectiviti ?s to ysef ul lProduct S
overall ratio of propylene to propane fed to the reactor was 0.063/1. Conversion of
propane plus propylene was 19.1%. Selectivities to useful products from propane
and propylene were: 57.6% to acrylonitrile, 0.3% to acrolein, and 1.2% to acrylic acid
30 (total useful product selectivity of 59.0%). The amount of ammonia breakthrough

was reduced to 14.0% of the ammonia fed.
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from propane and propyl ene were: 54.5%to acrylonitrile, 0.6%to acrolein,
and 1.6%to acrylic acid (total useful product selectivity of 56.7% . The
amount ofw@opif 25 breakt hrough was reduced to 16. 9% ofpdirnes@ansewi a fed.
Conparative Exanple D Using a 0.5 inch dianeter titanium U-tube reactor
positioned in a tenperature controlled sand bath at. 480C, a gas feed

consi st epgmpfe 8 propane/ 0. 82 anmoni a/ 2. 2 oxygen/ 2.2 nitrogen/ 1 water was

i ntroduced rnto the bottom of the reactor containing 30 a_pronoted

vanadi um antpimgra 0dkingb diamgterditaninbk dibe daaetar apgidiened i artemnresatufgs
oper at ed at .atnospher. c .pf. ure _and th L.ght .hourly_s vel oci of
Che. or opRitolBRAHLSA s HePC 1 & Sel e ons R0 of dPiintndh BhariapTbla’2 1
to -13 b read LqiMsef ul
or oduct SBRTE A Aot MaBh ot RS ik boforiRR R reaclor SBhBIpHE S,
abous 58.fFrYmotee vamadium obntimonyi exite qakpanes Egmmoridaiion T¥talyst biutednddi a

fed. Conparative Exanple E 5 Using a 0.5 inch dianmeter titanium U-tube
r eact or WiesWith aHaHziGhiRs. t SRpJracior wasoppeiatedtat stespharie piesaemcand thas

was. | nt Do AR, sPRdhL BRRRY broihel REOHADS, st BRXIEARTNG D PrpBRBfe i’ '
vanadi uptrod0tedanty the reachsroai 8e.43afxihdalevel of Serlcutlyst Thed tor THES

operated at atnospheric pressure and the weight hourly space velocity of
t he propeerallfratiel of@sopylene ke plopaneofeshie therreactor ovas@HO761.1 Oanveesiertdfvi ty

hor 1 onPterang Pls RrBBTRRE wRE A8R0R SBReHyieRE, 'usstd Brgfass' fam reBane o
anmoni agkd PAdyIERs! @ere'esB.8% °AdtYiohitRle2 TR G abRilein EXRID! 448 akpyildSadld @

0.5 inch dianeter titanium U-tube reactor positioned in a tenperature

cont r ol (tetdl smetll productt selécilyityaoiy&2.6%)kd Thenamesuni gf amropiaocbrakitroidgh
anmoni a/ 2. 2 0x / nifrogen/1 watjer was introduced into the bottom of
t he reaVgdf® %ﬁ%ﬂﬁé%?@“ﬁgﬂm'%}eﬂromt ed vanadi um antinmony oxi de

pr opaneg%ggation catal yst. The upper bed contai ned 40% of the overall
catal ys rge and the | ower bed 20 contai ned 60% of the overall catalyst
chargie. Pr opYkimgea 95 iricht dianheterdtitariuve ttubbaetigior beditionad dn @ fefysaratiire

quartz chips that served as a mxing chanmber for the propylene and the gas
mi xt ur eCOMraligd sangcbath atAdd°ceaqas ferd consisting &ff 3aropane/0.71 ammonia/2.2

oxygen/2.2 nitrogen/1 water was introduced into the bottom of the reactor containing

a promoted vanadium, antimony oxide propane ammoxidation catalyst diluted 50
wt% with quartz chips. The reactor was operated at atmospheric pressure and the
20 weight hourly space velocity of the propane feed was 0.45 hr'. Propylene was
introduced into the reactor at 49.1% of the level of the catalyst bed height. The
overall ratio of propylene to propane fed to the reactor was 0.073/1. Conversion of
propane plus propylene was 20.4%. Selectivities to useful products from propane
and propylene were: 55.3% to acrylonitrile, 0.2% to acrolein, and 4.0% to acrylic acid
25  (total useful product selectivity of 59.5%). The amount of ammonia breakthrough
was reduced to 11.1% of the ammonia fed.
Example 5
Using a 0.5 inch diameter titanium U-tube reactor positioned in a temperaturé
controlled sand bath at 480°C, a gas feed consisting of 3 propane/0.69 ammonia/2.2
30 oxygen/2.2 nitrogen/1 water was introduced into the bottom of the reactor containing
a promoted vanadium, antimony oxide propane ammoxidation catalyst diluted 50
wt% with quariz chips. The reactor was operated at atmospheric pressure and the
-0-



at nospheric pressure and the wei ght hourly space velocity of the propane
feed was 0.36 hr'. The overall ratio of propylene to propane fed to the
reactor wagofhifA4/! 1. 25 Conversion of propane plus propylmmgusiaases. 2%
Selectivities to useful products from propane and propyl ene were: 56.3%to
acrylonitrile, 0.1 %to acrolein, and 1.6%to acrylic acid (total useful

pr oduct [, Wit 9. Afl F%.zq}‘ a ' ea
reducedw'?grq??dd'&yo%{pﬁee%élr?n%ﬁig ed.ﬁ atr?pfgeedlgﬁggoﬁgi ﬁgaﬁagﬂ:éﬁghm

di armet emtioduaed UntoUtheu heactaraat 4. 196 soft thenleslel of the eatalysit bec heittr oThed
sand bath at 480C, a gas feed consisting, of 3 propane/ Q.79 apmoni a/ 2.
oxygen/ overallirgiie @& prapyiene to REarang fesiecthe eactort o3t &fonveEsioR tt or

contai ning -14 7 S r t

vanadi oR(CPERE: PR, FTORTIB0S s AT Kk sestiffes, Y8 4REA] aouied R oFSpane

cont @i ngdd $papydnd Were s .8y tcadrglonitiles B o abfbléincah® ®5%ehcyitt Adided

60% of the overall catalyst charg(':ail1 Propyl ene was i ntroduced between the
|

two bed#otahtusefit!| productoselgativityz ot Bil 36X hdihesampuat af ammpRiangregiihrpegh f or
the 5 propylene an s mxture.in the reactor. The reactor was

oper at ewagtreg??ﬁi?g%ﬁ%ogﬁ’&%m%t?i]he wei ght hourly space velocity of
t he progggﬁ,gieegd was 0.36 hr'. The overall ratio of propylene to propane
fed to e reactor was 0.0521 1. Conversion of propane plus propyl ene was

22.3% Sel ectsingta 8 inchudiameteptitadium Y-fuberrepctop positiandd pn @ptenepearatuee e

56. 2% t lonitrile, .0 2%¢ lein, and 1.9%:t ' id (total

neeft oot SaidbathatArolt, 308 et dhiosElaa fif Sproganain 9 BrEBRUAREGH
q ; . _ ! Ly

was re HQﬁf{?r{/ﬁzﬁtr@%% Wiy g\[HE‘}uHirBdﬁf‘rfhoun‘?&ﬂ{E)bgﬁ% 3fthB%edcfr %obfégrfl?% d

di anet er ani um ube reactor posi ned 1 n nperature contr

sand baatpreiofddanadigas ahthedng wxides piopanefanimpxidation catalyst iy s0wioe 15
oxygen/ 2.2 nitrogen/1_water was introduced into the-bottom of the reactor

cont ai nWith @ .ofha reactapwag opghater ahatraspherio piesstee and tamweight
amoxi datj.on e, I ed cont ai 40%pf _th erall catalyst
char e DU SEEREERey 5 dn PRPhal Tef B8 (80 e Etpruafienyat Miodfied ¥
Propy| efifo WRE rédtitboatsed % of 1ee fevieh of thedclal8t bel heightaYEhe ebemiantig othi ps
that served as a m xi ng chanber for the 20 propylene and the gas m xture in

t he reaptapylerEnhto prapaner fegato theereacter was £ MB/pheConversiss of prapaumet plas

wei ght hourly space  vel ocit f.the propane feed was 0.44 hr-1. The overall
ratio opr%yéf%lﬂ g’ﬁéezt‘qbﬂ ro%ﬁ%&gy @8538 L{sﬁgJEtrpéﬁ‘&‘E‘g? fipm rfoRans §!‘é(&§99ﬂﬁg?on of
pr opane S TES A kY i b : m

pr opanewa@rr% %?ggiﬁeﬁg?m lelgl;‘l%%//o @gégrg% ’oatrll'ildtelf'ial/éje),t &é.eb&)btaf)&d;g@g%las%flﬁand
1. 3% 25ptaxiuzt sgllebﬁvit;cbfoBQ.Q%)alThs emounpobamoiondz besktiviolighofasSfedifged tdhe

anount qf ni a breakthrough was reduced to 15.5% of the ammoni a fed.
-1520 V\%Q%%gnp@n@ 1/ 15640 The claimed invention is: s 1. A nethod

for theqy LiIVEQSmBIEBNI @ breakt hrough during the manufacture of

acryl OHMI i C g |1 ntroduci ng a hydrocarbon sel ected fromthe group
consi sting oUsjngop @ irohddiamsiet itaaiuna it ubeaeastbr positionednin eotdnperafife gas
into a lower portion of a fluid-bed reactor containing an anmoxi dati on

cat al yseonigoliasheand batht 48086 Rcgasofeedgansisiingl of st prapapefti6e @mmepiaéh2tri | e

G2 to CORURPR GHPRRIY RO biay hehodt etk bakeet o bk BclneonmEa: oo
anmegi aaapfbrivtid AFhridRsAN antithdnyCokiBachebahé SHRDkftibA! émaﬁﬁpmﬁtefdh%
amount of -anmoni a present in thé reactor effluent exiting the reactor. 2.

The prowd%swith qOasizrohips. wHectieactdreway dperaded @b atmosphernit pressardangrtheane.
weight hourly space velocity of the propane feed was 0.37 hr'. Propane conversion

was 19.7%. Selectivity to acrylonitrile was 54.3%. Total useful product selectivity
(i.e. acrylonitrile, acrolein, and acrylic acid) was about 56.1%. The amount of

30 ammonia breakthrough was 16.8% of the ammonia fed.
A comparison of this Comparative Example B with Examples 7 through 10

shows that operating at feeds and conditions that provide for a low ammonia

-10-



3. The process of Caim1; wherein the C2 - C5 olefin is propylene. 4. The
process of Caim1l1, wherein the reactor is a fluid-bed reactor. 7. The
process Q{ogl1m 4, wherein the olefin is introduced intopdiesdihsésdbed
reactor at a location above at |east 80% of the expanded fluid catalytic
bed height. 8. The process of Claim1l, wherein the catalyst is of the

for mul abreB(thYdSUijh HF@S@Bﬁ?ar@tn@t Ekaﬂ@le B ealsd yislds NoweNavel!, sGectiBy, toCo,
Cr, Ga, N, Ge Mo, W Cu, Te, Ta, Se, Bi, Ce, In, As, B, A,

and M. acwlosltnlelS 5. canteasis byesddisy propyiane, iQubeereacior asdepparatiag in

the oxpARAEANoR, MR LI Sﬁf Efiv‘?‘fchepgﬁe xahifles of SRR, oy T el i v
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Example 8
20 Using a 0.5 inch diameter titanium U-tube reactor positioned in a temperature

controlled sand bath at 480°C, a gas feed consisting of 3 propane/0.67 ammonia/2.2
oxygen/2.2 nitrogen/1 water was introduced into the bottom of the reactor containing
a promoted vanadium, antimony oxide propane ammoxidation catalyst diluted 50
wt% with quartz chips. The reactor was operated at atmospheric pressure and the
25  weight hourly space velocity of the propane feed was 0.52 hr'. Propylene was
introduced inio the reactor at 23.6% of the level of the catalyst bed height. The
overall ratio of propylene to propane fed to the reactor was 0.105/1. Conversion of
propane plus propylene was 20.0%. Selectivities to useful products from propane
and propylene were: 53,5% to acrylonitrile, 0.6% to acrolein, and 3.7% to acrylic acid
30 (total useful product selectivity of 57.8%). The amount of ammonia breakthrough

was reduced to 10.0% of the ammonia fed.
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25 served as a mixing chamber for the propylene and the gas mixture in the reactor.
The reactor was operated at atmospheric pressure and the weight hourly space
velocity of the propane feed was 0.35 hr'. The overall ratio of propylene to propane
fed to the reactor was 0.071/1. Conversion of propane plus propylene was 20.3%.
Selectivities to useful products from propane and propylene were: 56.3% to
30 acrylonitrile, 0.1% to acrolein, and 0.4% to acrylic acid (total useful product selectivity
of 56.8%). The amount of ammonia breakthrough was reduced to 9.6% of the

ammonia fed.
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was operated at atmospheric pressure and the weight hourly space velocity of the

100

propane feed was 045 hr'. Propane conversion was 20.4%. Selectivity to
acrylonitrile was 55.1%. Total useful product selectivity (i.e. acrylonitrile, acrolein,
and acrylic acid) was about 55.9%. The amount of ammonia breakthrough was
10  21.7% of the ammonia fed.
Example 11
Using a 0.5 inch diameter titanium U-tube reactor positioned in a temperature
controlled sand bath at 480°C, a gas feed consisting of 3 propane/0.84 ammonia/2.2
oxygen/2.2 nitrogen/1 water was introduced into the bottom of the reactor containing
15 two beds of a promoted vanadium, antimony oxide propane ammoxidation catalyst.
The upper bed contained 20% of the overall catalyst charge and the lower bed
contained 80% of the overall catalyst charge. Propylene was introduced between the
two beds into a layer of quartz chips that served as a mixing chamber for the
propylene and the gas mixture in the reactor. The reactor was operated at
20 atmospheric pressure and the weight hourly space velocity of the propane feed was
0.36 hr'. The overall ratio of propylene to propane fed to the reactor was 0.032/1.
Conversion of propane plus propylene was 22.4%. Selectivities to useful products
from propane and propylene were: 54.5% to acrylonitrile, 0.6% to acrolein, and 1.6%
to acrylic acid (total useful product selectivity of 56.7%). The amount of ammonia
25  breakthrough was reduced to 16.9% of the ammonia fed.
Comparative Example D
Using a 0.5 inch diameter titanium U-tube reactor positioned in a temperature
controlled sand bath at 480°C, a gas feed consisting of 3 propane/0.82 ammonia/2.2
oxygen/2.2 nitrogen/1 water was introduced into the bottom of the reactor containing
30 a promoted vanadium, antimony oxide propane ammoxidation catalyst. The reactor
was operated at atmospheric pressure and the weight hourly space velocity of the
propane feed was 0.41 hr'. Propane conversion was 19.9%. Selectivity to
-13.
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Usmg a 0.5 inch dlameter titanium U-tube reactor positioned in a temperature
controlled sand bath at 480°C, a gas feed consisting of 3 propane/0.83 ammonia/2.2
oxygen/2.2 nitrogen/1 water was introduced into the botftom of the reactor containing
a promoted vanadium, antimony oxide propane ammoxidation catalyst. The reactor
was operated at atmospheric pressure and the weight hourly space velocity of the
propane feed was 0.41 hr'. Propane conversion was 20.1%. Selectivity to
acrylonitrile was 58.0%. Tot'al useful product selectivity (i.e. acrylonitrile, acrolein,
and acrylic acid) was about 58.6%. The amount of ammonia breakthrough was
22.5% of the ammonia fed.

Example 12

Using a 0.5 inch diameter titanium U-tube reactor positioned in a temperature
controlled sand bath at 480°C, a gas feed consisting of 3 propane/0.79 ammonia/2.2
oxygen/2.2 nitrogen/1 water was introduced into the bottom of the reactor containing
two beds of a promoted vanadium, antimony oxide propane ammoxidation catalyst.
The upper bed contained 40% of the overall catalyst charge and the lower bed
contained 60% of the overall catalyst charge. Propylene was introduced between the
two beds into a layer of quartz- chips that served as a mixing chamber for the
propylene and the gas mixture in the reactor. The reactor was operated at
atmospheric pressure and the weight hourly space velocity of the propane feed was
0.36 hr'. The overall ratio of propylene to propane fed to the reactor was 0.047/1.
Conversion of propane plus propylene was 22.2%. Selectivities to useful products
from propane and propylene were: 56.3% to acrylonitrile, 0.1% to acrolein, and 1.6%
to acrylic acid (total useful product selectivity of 57.9%). The amount of ammonia
breakthrough was reduced to 14.0% of the ammonia fed.

Example 13

Using a 0.5 inch diameter titanium U-tube reactor positioned in a temperature
controlled sand bath at 480°C, a gas feed consisting of 3 propane/0.79 ammonia/2.2
oxygen/2.2 nitrogen/1 water was introduced into the bottom of the reactor containing
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10T<s10%iplleneTAhOYERE (@as mixture in the reactor. The reactor was operated at
atmospheric pressure and the weight hourly space velocity of the propane feed was
0.36 hr'. The overall ratio of propylene to propane fed to the reactor was 0.052/1.
Conversion of propane pius propylene was 22.3%. Selectivitias to useful products
from propane and propylene were: 56.2% to acrylonitrile, 0.2% to acrolein, and 1.9%
10  to acrylic acid (total useful product selectivity of 58.3%). The amount of ammonia
breakthrough was reduced to 13.2% of the ammonia fed.
Example 14
Using a 0.5 inch diameter titanium U-tube reactor positioned in a temperature
controlied sand bath at 480°C, a gas feed consisting of 3 propane/0.78 ammonia/2.2
15 oxygen/2.2 nitrogen/1 water was introduced into the bottom of the reactor containing
two beds of a promoted vanadium, antimony oxide propane ammoxidation catalyst.
The upper bed contained 40% of the overall catalyst charge and the lower bed
contained 60% of the overall catalyst charge. Propylene was introduced between the
two beds into a layer of quartz chips that served as a mixing chamber for the
20 propylene and the gas mixture in the reactor. The reactor was operated at
atmospheric pressure and the weight hourly space velocity of the propane feed was
0.44 hr'. The overalll ratio of propyiene to propane fed to the reactor was 0.052/1.
Conversion of propane plus propylene was 19.4%. Selectivities to useful products
from propane and propylene were: 5§7.0% to acrylonitrile, 0.4% to acrolein, and 1.3%
25 to acrylic acid (total useful product selectivity of 58.7%). The amount of ammonia

breakthrough was reduced to 15.5% of the ammonia fed.
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react in the presence of said catalyst to produce acrylonitrile wherein the

improvement comprises introducing into the reactor at least one C, to C; olefin which
will react with at least a portion of the unreacted ammonia and oxygen present in the
reactor to substantially reduce the amount of ammonia present in the reactor effluent

10  exiting the reactor.

2. The process of Claim 1, wherein the hydrocarbon is selected to be
propane.

3. The process of Claim 1,.wherein the C, - C; olefin is propylene.

4, The process of Claim 1, wherein the reactor is a fluid-bed reactor.

15 5. The process of Claim 4, wherein the olefin is introduced into the fluid-
bed reactor at a location above at least 20% of the expanded fiuid catalytic bed
height.

6. The process of Claim 4, wherein the olefin is introduced into the fluid-
bed reactor at a location above at least 50% of the expanded fluid catalytic bed

20 height.

7. The process of Claim 4, wherein the olefin is introduced into the fluid-
bed reactor at a location above at least 80% of the expanded fluid catalytic bed
height.

8. - The process of Claim 1, wherein the catalyst is of the formula:

25 V,Sb,A,D,0,

wherein A, when present, is at least one of Sn, Ti, and Fe,

D, when present, is at least one of Li, Mg, Na, Ca, Sr, Ba, Co, Cr, Ga, Ni, Zn,
Ge, Nb, Zr, Mo, W, Cu, Te, Ta, Se, Bi, Ce, In, As, B, Al, and Mn.

\Y is 1

30 m is 0.5 to 10
a is 0 to 10
d is 0 to 10
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i ?i%?@%@a@ W%é%%é w&%@;’g@@l&ﬁ% %@?ﬁ@g‘ 5§f?d I);ngen are reacted in a

I @ . 5/4 Oficlok -inthé 1t¥Eénte -of @lcdtdiyaite prolilisé HiWiénitdle, IR pRbpane based

feedstock acrylonitrile manufacturing process, wherein propane, ammonia and

oxygen are reacted in the presence of a catalyst to produce acrylonitrile, the method
comprising

(a) substituting a propane based feedstock for the propylene based

10 feedstock,

(b)  introducing into the reactor at least one C, to C, olefin which will react
with at least a portion of unreacted ammonia an_d oxygen present in the reactor to
substantially reduce the amount of ammonia present in the reactor effluent exiting the
reactor, and

15 (c)  adding to the process a means for the separation, recovery and recycle
of unreacted propane.' -

10.  The method of claim 9, wherein the catalyst in the reactor is replaced
with a catalyst of the formula

V,Sb,,A,D,O,
20 wherein A, when present, is at least one of Sn, Ti, and Fe,

D, when present, is at ieast one of Li, Mg, Na, Ca, Sr, Ba, Co, Cr, Ga, Ni, Zn,
Ge, Nb, Zr, Mo, W, Cu, Te, Ta, Se, Bi, Ce, In, As, B, Al, and Mn.

\ is 1
m is 0.5 to 10
25 a is 0 to 10
d is 0 to 10
X is a value sufficient to satisfy the valence requirements of the other

elements present.
11.  The process of Claim 9, wherein the C, - C; olefin is propylene.
30 12.  The process of Claim 9, wherein the reactor is a fluid-bed reactor.
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