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ACIDS TO A M XTURE OF NI TRILES Background of the Invelft %Yf’ Britrile
is an inportant commodity chem cal used mainly as nonomer for 5 the

manuf ackg @nefsspg W de variety of polyneric materials ﬂﬁ%@gﬁol yners for
acrylic fibers used in textiles, and in resins such as and SAN resins.
Worl dwi de, acrylonitrile is produced in anmounts exceeding four mllion

netric tons per year. The nobst comonly used process for manufacturing
acrylonitrile is to react a suitable hydrocarbon such as propyl ene or
propane in an amoxi dation reactor in the 1o presence of amonia using air
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t he ammoxi dation reaction and prOV|de the desired acrylonitrile in
accept abl e conversion ang2 fah i to producing acrylonitrile,
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14 Noyeab&s. 2x8nitrite is used, for example, as a solvent. Process for the catalytic
ammoxidation of a hydrocarbon feed fo acrylonitrile are disclosed, for example, in U.
S. Patent Nos. 5,093,299; 4,863,891; 4,767,878; 4,503,001, all of which are
incorporated herein by reference.

20 The processes widely used in commercial practice for recovering the products
of such hydrocarbon ammoxidation, such as the ammoxidation of propylene, -
generally comprise the steps of: a) contacting the effluent from an ammoxidation
reactor in a quench tower with an aqueous quench liquid to cool the gaseous
effluent; b) contacting the quenched effluent with water in an absorber, forming an

25 aqueous solution comprising the ammoxidation products; ¢) subjecting the aqueous
solution to a water extractive distiliation, and d) removing a first overhead vapor
stream comprisihg acrylonitrilte and some water from the top of the column, and
collecting a liquid waste stream containing water and contaminants from the bottom
of the column. Furiher purification of the acrylonitrile may be accomplished by

30 passing the overhead vapor stream to a second distillation column to remove at least
some impurities from the crude acrylonitrile, and further distilling the partially purified



WO 03/ 097583 PCT/ US03/ 15983 acrylonitrile. The effluent fromthe
ammoxi dati on reactor generally contains 9 certain amoJAtNyFmhe it a.
Therefore, the quench fluid used in the quench tower may also contain a
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pr esdwthar nueification pracdddess sucth apy fureesasple.Thike pudaation | proestduren rel ates to
a progcess for,the.a i dat, f carboxylic acids, especially a m xture
ot céﬁ%&??@i"buagi ﬁ@{ggfgoag'_hw'gpf'e_ or mxture of nitrites. The ~20 present

i nvent i onjt&difd beldisRablk Qo IbRCAIRR D BGubhihe)reRitide antbuny &firadiitile t he ratio
of co product acetonitrile to acrylonitrile produced during the

anmoXa@nd Acetnitile rrodugast by thenammeyidatians oha dygiosados feed Blatsiial such
acrylQnitr| e I pwenti I r I Sefifoharhi ch

i ncreagseltgw‘%geyggﬁ)ﬁﬁ gggépdﬁéﬁl%ttﬁg%%t%ﬁft%ﬁgs%uﬁfr%‘ltghe nang},\gcture of
acr ylaoaionitiile avbijatié & meebsehahgirigor infreasks! matiet demante nAdditenatistibri al such
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acet it theepreaas forqRoiucid acrylyitiils aratheo tess trobtindfos dispoealt | Time by

adjusting  the anount of carboxylic acid added to the amoxi dation
r eacthresent invention proides SUFHPIOGRESeSect edl y, that the use of carboxylic

aci ds, espgEinabdeht iMenboN Aate@ P prbddss 36! e intidkigtiorCatatddiien a _
desirable 1 ncrease 1n the production of acetonitrile during the production
of aacidsoaspeially. a midurer efsearboxyiiv ealdsote alndeileren mpduse 1oh nfrilgs.othes f or
rz%cycplrésréglt #RERko M YRBG RIatd LG horBHGRS thd |igty Shd, PrédEanf T 81 2B- r eact or.
product acetonitrile to acrylonitrile produced during the ammoxidation of a
hydrocarbon such as propylene or propane to acrylonitrile.
The present invention also relates to a process which increases the yield of
co-product acetonitrile during the manufacture of acrylonitrile by the ammoxidation of -
25 a hydrocarbon feed material such as propylene or propane while saving on the raw
material costs associated with the increase in co-product vields. The relative
amounts of acetonitrile can be controlled by the process of this invention by adjusting
the amount of carboxylic acid added to the ammoxidation reaction. '
" It has been found, unexpectedly, that the use of carboxylic acids, especially
30 crude carboxylic acid mixtures, can attain a desirable increase in the production of
acetonitrile during the production of acrylonitrile. |
The present invention also refates to a process for recycling spent quench

tower quench liquid to the ammoxidation reactor.
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-2 14 Novenber 2006 Sunmmary of the Invention A first aspect of the present
i nvention provides a process conprising introducing ré4dNwsmbecdifpri si ng
at | east one hydrocarbon selected fromthe group consisting of propyl ene
and propane, at |east one carboxylic acid, amonia and a nol ecul ar

oxygen-contai ni ng gas i nggmedréatiHeQAvéidg contai ni ng an ammoxi dation
catal yst, and reacting the reactants conprising the hydrocarbon, carboxylic
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I'i ok Baliging PRAREME Tomrisihgt SmORRE bl maleéevae oﬁ;f/ddnugdma.nﬁgtdjﬁsr @naspect of the

present 1 nvention provideS a process for increasing the  Yyie
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r o] rgear bon
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aci ltb,acwmmrmompammngathenbyc&ocarbon oa;rgmmzmcmﬂamlemglegas(ygan coverribact i on zone

cont atio t al react. the nprising the
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ro cyanl nd acetonitrile scl osed her ei cess for
sub‘é’tﬂg fagnap | l%’&‘f EQUPHENG meatss anqia Garboxylie @gich PPPI%J%BEE%?&‘ Buring the
mn%ﬁéﬁ%%@&u@fﬁmld&m {d theGehEtRIN RrRPAEG B QUendi RRAD & cOritadtedl Xt ur e
thereof. Disclosed further is a process for increasing the yield of

co- Wﬁ'@ﬁlﬁ:ﬁeaﬁ&@! aehe efflventpr oduced during the manufacture of acrylonitrile
conpr i S'dﬂglhlrél %ISEQ&%‘HHQ pré&sht ﬁ‘f%ﬁtl&?gﬁf htlsng ?&ce%gﬁlnel%%sméqmcar bon

sel ected from group’ consisting pr opy ene a propan a carboxylic
aci geldanfrmoi@rodnet acetohitritellppoduced during the manufacture of acrylonitrile

comprising introducing reactants comprising at ieast one hydrocarbon selected from

the group consisting of propylene and propane, a carboxylic acid, ammonia and a
molecular oxygen-containing gas into a reaction zone containing an ammoxidation
catalyst, reacting the reactants comprising the hydrocarbon, carboxylic acid,
ammonia and oxygen over said catalyst at an elevated tempera;ture to produce a
product comprising acrylonitrile, hydrogen cyanide and acetonitrile.

Disciosed herein is a process for substantially increasing the vyields of
acetonitrile produced during the manufacture of acrylonitrile from propylene or
propane, or a mixture thereof. Disclosed further is a process for increasing the yield
of co-product acetonitrile produced during the manufacture of acrylonitrile comprising
introducing reactanfs comprising at least one hydrocarbon selected from the group
consisting of propylene and propane, a carboxylic acid, ammonia and a molecular
oxygen-containing gas into a reaction zone, for example, a fluid bed reactor,
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oxygen-containing gas into a reaction zone, for exanple, a fluid bed
reactor, -3 14 Novenber 2006 containing an amoxi dat i drNewmRey2106
reacting the hydrocarbon, carboxylic acid, ammobnia and oxygen over said
catal yst at an elevated tenperature to produce acrylonitrile, hydrogen
cyagbfeirding saceahmidtidation, camflsterRi¢tiid NBe chyRIFOsHIBEN, CoaBbXicNScid,
acrylonitrile, hydrogen cyanide and acetonitrile fromthe reaction zone.
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AT §esdta) obtaingbn ahRhoSUATN Stalfst. The ihgdnz%grmé}hb%ggicoébi& atalyst, to

produce a reactor € uent conprisin acryfonitrilé, ogen ‘cyani de and
acetomiania | and Thelegat taxygen f ¢arerreacionper saidg catadysy| atniatr eleyateldy dr ogen

cyapl L C I: h.colum to cool the
reacf:g[ng‘?ergﬂ?? %ﬁéoang%ébﬁg)gﬁﬁ%dﬁgqrg%@? g%l{r'@épggtgag%?nﬁ@ﬁ‘pri sing at | east one
of acryl dnileastl ene adehenhydrotarbans dejaltar) dront thai gleup aconsistingcafver ed from
the reactor ffluent. -3a .14 Novenber 2006 WO 03/097583 PCT/ US03/ 15983 In
onePHRYISREANT PEPPTGe &) lgattone rﬁ?gt?ﬂxiy@%,ac@ném&moﬁ’@r and & PRISAYF aci ds can
be agfh-¢antdifiag GseNeédh be antrétivcedrif@Ca réddibn S%ees foradiBRiple PhgRient. in the
effluent fromthe ammoxi dation reactor. Pref er ab| y, at | east part of the
queheh reReas do reasphi the yesenceaphamiammesddationosatalyshyor gEamplgc@i on of t he

anmpya BMdt Pikhiexi@8%on catalyst, to produce a reactor effluent comprising
acrylonitrile, hydrogen cyanide and acetonitrile. The reactor effluent comprising
acrylonitrile, hydrogen cyanide and acetonitrile can be passed into a quench column
to cool the reactor effluent, and desired product or products comprising at least one
of acrylonitrile, acetonitrile and hydrogen cyanide can be recovered from the reactor
effluent.
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5 or nore carboxylic acids is recycled to the anmoxi dation reactor or
reaction zone. The products formed by the process di sdHd¥wamher&%8, such
as acrylonitrile acetonitrile and hydrogen cyani de can be recovered and
purlfled @9 rocess known to those of skill in the art such as, for
exanpl e R Bt ocesses disclosed in U S. Patent NoSCTHSBA3%301.
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carboxylic acids. The cru car oxy ic acid m Xture can contain wat er,

ot heacelaniifila andBydpag Eyanidesanke feavered apd mért figd RYAPEASESHKNAWMR cr ude
car t{ﬁxt%é& of skl |ﬁatﬂeb£'t fsﬁ&maébfb‘r'tex%mﬂlé ofahedsses discladdd o ghbout 10

ercent, up t out percent. Crude acetic acid is the

pr eﬂ%ﬁteetd\f@&r‘bé%lﬁ% %58@92@6@352\78*&6\3 4AB.3E0 edi 3044966 all ofwhish i on.  Any
%mm%swonﬁ%age @Pé?éreﬁ Ql%rpsed in the enmbodi nents of this invention.
pi a

| oh Ca a ys S can be generalized by the follow ng two
f or mul ae:n tW@BM@M@rﬁB@(mw of &S present inyertiion, K cnids ceifbomlcl acxinbl nati ons

th f f bl t
thﬁﬁéﬁrse PRe e apulpen” cuonie doidy dsuped Neralh, eyt Sl a8y ' 87
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preferab .0, preferably O .5, especially
pr ef mmmrmdlyngcoeplablg @GZIFCBtIOflSqu- porep gl'@ﬁsfcéf%wc E?‘Otd@' QE‘ndeétpem ally

referced bein @o’?rﬁ&r
28 pearetiiro ohafiag o fernflf i of ufind Hictell pRIEREITS VO 03/ 097583
PCT/ bi@@éés’&%fiﬂmﬂeﬁ&ﬁb&bbﬂwbmc acills-buFbas Got beam pw;ﬁed togeymali . Nb and
conbi nati ons, t here ? g fe ? sy q
commercially accepiable specification for | pure grade carboxylic acids. The crude
carboxylic acid or mixture can contain water, other impurities or both. For example,
the water content of the crude carboxylic acid can be from about 2, from about 5, or
20 from about 10 weight percent, up to about 98 weight percent. Crude acefic acid is
the preferred carboxylic acid used in the embodiments of this invention.
Any ammoxidation catalyst can be used in the embodiments of this invention.

" Typical ammoxidation catalysts can be generalized by the following two formulae:

AsBpCcDeMo420, where
25 A = Li, Na, K, Cs, Tl and combinations thereof, preferably Cs and K
B = Ni, Co, Mn, Mg, Ca and combinations thereof, preferably Ni, Co and
Mg
C = Fe,Cr, Ce, Cu,V,Sb,W, Sn, Ga, Ge, In, P and combinations thereof,

preferably Fe, Crand Ce

Bi and/or Te, preferably Bi

= 0.1-4.0, preferably 0.1 to 0.5, especially preferred being 0.1100.2
0.1-10.0, preferably 5 to 9, especially preferred being 6 to 8, and
0.4-10.0, preferably 0.5 to 4, especially preferred being 0.51t03;
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V, Sri and Ti B = M, W Co, Cu, Te, Bi, Zn, B, N, Ca, Ta and conbi nations
thereof, 5 preferably Mo and Cu a = 0.1-16, preferabl yl4Newmbgr 2@8peci al | y
preferred being 4 to 10 b = 0.0-12, preferably 1 to 10, especially
preferred heing 2 to 6, and the vaI ue of x depends on_the oxidation state
of the ¥Y e“ﬁ@?nsgj used. The suitabl e ammoxidation cat aPyIESIUSE in this

| nveatd oM BaBbRO  wherk ei ther 1o unsupported, or can be supported with

silica, umn t zircaonia and the i however ilicais the
preferr e?l supp?ret' dré%mgi WsSB¢ Tb&&’aﬂfg?%m@ﬂ?tﬂ%ltaeﬂeﬁf g!jgfgrqbiy ffe practice
of the present y nypsidpn are disclosed in U S Patent Nos. 3,642, 930;

4,485, 079; 3,911, 089; 4 873,215; 5,134,105 and 5, 093, 299, herei n
i ncor por 4 ed= b)MO.rWt &ioe ke Te1 Bi08n,a8) Ny GoeJeranst combioatiansetheracént i on The

pgesent i nvent i Q&E@Wﬁﬁéﬁ%‘%yf or the ammoxi dati on of a m Xt ure

conpri sing one ROF | ene and propane, ammoni a, a source of

mol ecul ara oxyg)emanmremratayrzcmtz; espmﬂsally piéferr@cab@ngwtodoam dis preferably
a crude ﬁ)ar boxyl

d Th t
inventiorPis a0p¢ 33 %qf%ﬁyﬁﬁéﬁbgggﬁq%iqllgrqu %rﬁecgémeg gefﬁygﬁé ZCI € presen

particul %ﬁéhl‘ﬁé%ﬁd@ﬁéﬁ@%‘n te Gddlion stite 3f IRMeBh8UsBY. foOr the prOdUCt ion
of a useful nitrile co-product such as acetonitrile Broduced during the

manufle tauitablsf ammoyidation raatalysts nuseddin s, inendan sty becusad @ither ni xture
1] iugoBR8g X e AR B AFRE S, Bt UeBlniUGD 38 Bl o1 may be

'he rac present |hven reby further
red umW@elr heflicads tthe)]breféreedcmﬁmnylﬁmnﬂﬁem aﬂatabysts:am:tmni@/famsam thecont ai ni ng

t table f th t f t t
| v BPe PL 1of oS ioveion ! S FRERRat ih AL o Pyl dYeT SEAPGRIY (1o

durignags lwgna@ufn ABOUEB781218€ BYIANM T he 5OVBI00S ha@in fHchAsbiated Dy eact ant s
conpr'i si ng at | east one hydrocar bon selected fromthe group consisting of

pr opipferaaceand propane, 30 at | east one car boxylic acid, ammpnia and a
@I ecul ar oxygen- contraluM AN Zasinflis b TRE 1Rlchtio Nt 0 @ reaction zone
cont ai ni ng an amoxi Mﬁm he hydrocarbon, carboxylic
aci d or ddied presentirisyerdionois a amenslbcaharammg@lattmemf asalbdusat al yst at
S ChOUALSTY SRR Tk 68 Yl RE ShEpSRIPS SOLRS kbR 11 o S
‘ oxygen and a carboxylic acid. The carboxylic acid is preferably a crude carboxylic
acid or mixture of crude carboxylic acids. The present invention is a process for the
20  utilization of carboxylic acids, particularly crude carboxylic acids, as a feed material
for the production of a useful nitrile co-product such as acetonitrile produced during
the manufacture of acrylonitrile, In addition, a carboxylic acid or mixture thereof
containing substantial amounts of a diluent such as water may be utilized in the
practice of the present invention, thereby further reducing the cost of the carboxylic
25 acid or carboxylic acid-containing raw materials suitable for the production of co-
products.
The present invention is also a process for increasing the yield of acetonitrile
during the manufacture of acrylonitrile comprising introducing reactants comprising at
least one hydrocarbon selected from the group consisting of propylene and propans,
30 at least one carbo'xylic acid, ammonia and a molecular oxygen-containing gas such
as air, into a reaction zone containing an ammoxidation catalyst, reacting the
hydrocarbon, carboxylic acid or acid mixture, ammonia and molecular oxygen over
said catalyst at an elevated temperature to produce products comprising acrylonitrile,

B



hydrogen cyani de and acetonitrile, and recovering one or nore products
conprising one or nore of the acrylonitrile, hydrogen & ireams

acetonitrile fromthe reactor. Preferred carboxylic acids used in this
invention are relatively. |ow carbon nunber carboxylic acids such as those
havi ng B0dF&%s carbon atons, preferably 6 or 5 | efSTUISHat ons and

nost ydedgenatyanidd and destonitrie, ke Btovesing e sranb@xpioliGeta Cofiprisifgn be
saturated or u turfi?‘lﬂgl%ég anched or.|linear and can be aromati ¢ or have an

ar omat P BHE &) 9g8n.cyzRidg andasetanitile fram &he teddREi on can be
mono- car Fexftrbd RFbEIIOTaddieYsERMh lﬂﬁs Rﬁ\béfﬁa%hbé\-‘éywlﬁ Jlé&' B%v cérBéﬁ 's, have

multiple acid groups and thus can be, for exanple, tetra-
car bawhes cathoywlic M&Mheaslwoﬁ%thb‘d&glﬁDclﬂﬁelcadmnratbmldeprefmbheﬁ@npl e, one or

re C t al but enoi c,
o) oi'Ses bR Soritd frosPhRRrdll ooty APRTrOREL e BB bR, The used
her emndrmsﬁurahatbmxmsamratadd bramtabd aslmaudmdmtbecar@maﬁc ofrbyve & a single
car box §c acid th .Q?f" no, nor.e t ] ahbout ht percent pure,

9
pr ef &r AETRBTEM %@8%‘“@53 ”ldBr c&'ﬁ*’c Iy ‘Fté)” SR} B Bi¥Cer abl y no
nor e daﬁﬁml)q(ﬂ@ a8l Usr fHoy\ehrd e B@?@&Béxyﬁé”a%idsprtﬁétefsamawetrﬁ@fhﬁléré&l‘)" ic acid

used in this |nvent|on Is acetic aci'd, nore preferab de acetic acid.
Anot I9EPURsy 8ne thiey) calr Brxiari exaslel diuslid fefrat inasbaliemeidsn Buitablen xt ur e

CRMPIoaaxgid Qb d.gcraast G @%@30%8“@%%% b fofihio, B! FropBiifeh 2. ™ xture

obtai ned as a si roduct or ream from t ure of acetic
aci d. bu/balmtcudmaiamamdmxbinchMMeam sugciatoy aidigic, yeshzoje aoru:l ablaigtac® 98, or up

to a t about 9 or ,55 we rcent ,acetjic acid, about 0, or
L oqnd gt Atfude B8 oifle ShrisRyifAl suBB ciof EEbiadEitiay ng about 0
or ateus sihglarghrivtxyli® sahptiat 29, ndomodd thah abeut 980weight erckAt pireut 5 wei ght

per cent P plonlc acid, can be used in the process of this I nvention. Such

m xt [ArESeraltly o mee Hanyahaut 98 weight perssnt wereomoa@ Reaferablynofaaiedhat si de
Sis €34l 9 Welihit H@i‘%@ﬁ?ﬁ%t’ér €Pr@fer &eac%%d)@hc gad%be in &‘l}e@{?éhtﬁﬁ%ess of this

I nvention sone or al t he ca xy Ic acid can as a sal
pr ef écali¢ \acidhenasal prefesabiy drage caoaﬁn atidg AMhelaptﬁﬁwwd cathoklicvadich an ami ne

°5 adme iR i el ¥ Rt oo oro3ORE: A5RE e, ettt Al G 2 ¢, “he
sal t exanmpiesfsuchbh ymixtide biRQinkd dsha fg?gir?%iﬁﬁitﬂg\évéelacstmﬁﬂﬁmaﬂ tirgueous

por o TENaRHTe G FePtk qtity Maads a9 E B B nabaS Bt G Reifroni um Sal ¢
When g o@ﬂFQ@HEo@@&‘b# 0P td abdRed ol SFPwSHHES BentSRE | 'aeﬂ hﬁomfoebﬁr ably
sprayed o the amoxi dation reaction zone, for exanE
about 1, or about 10 up 1o about 25 weight percent formic acid, and about 0 or about

1 and up to about 20, or up to about 10, or up to about 5 weight percent propionic

acid, can be used in the process of this invention. Such mixtures of crude carboxylic

- acid can be obtained as a waste or side stream from the manufacture of pure acetic
25 acid.
in the process of this invention some or all of the carboxylic acld can be added

as a salt, preferably the salt formed by combining the carboxylic acid with an amine

or ammonia. The preferred salt is an ammonium salt. [f the carboxylic acid is added

where part or all of it is a salt, such as an ammonium salt, the salt is preferably added
30 to the ammoxidation reactor as an aqueous solution. For example, an agueous

solution that is up to about 33 weight percent salt, preferably about 5 to about 33

weight percent ammonium salt. When an aqueous solution is used, the aqueous

solution is preferably sprayed into the ammoxidation reaction zone, for example, a

6



14 Novenber 2006 WD 03/097583 PCT/ US03/ 15983 fl ui di zed bed of ammoxi dati on
catal yst. A preferred concentration 6f such ammoni um d4Novembar 2006
concentration that is about the sane as a recycle stream available froma
guench oBeratlon used in the process of recovering acrylonitrile from the
effI uenV O amoxi dati on reactor. In such quench Sﬁépﬁ%”(lé% as descri bed

5> abgyized hSedPOéf GRaReKSattd 'dé%ﬂ‘}stf r O BRfETEP X HREMPRiIOREBEL Qfchl S contact ed

with a quench l'iquid, preferably an aqueous quench [iquid, to cool the
armoRmEniuen Saiaist er consentration thama iahput Hee pasie lBspa deels stiea@ss armoni a

t t b | d
or rPREPE T ABehPPEkabn 4SS EE b RE TR b BT o ror m
a camﬁoisfjmem @fcg?l aﬁdiﬂﬂigﬂdatlcsﬁfdactﬁt hah $u;:h qmen‘rih oyaration a3 m_btbnbe!dseﬁ or spent
uenc I qul obt al ne rom suc uencn, operatl I ng sucn amMmonl um
o1t vea e Pt GTeeae Tt o o BTBMOHERBSY Feaords GRBREIELRT Sour co of
car b&@féi‘lthlqﬂEi' ﬁréféra‘bw& haneRnk 'qQ@ncfrPﬁqu?dj% B8oltRe bRftncWTERSh feddt@n reactor in

accordance hi's“invention.” The carboxylic acid or acids added to the
quenefiluent dDUR!hQ ther mhmr@wsaane@&mn@maee dheaprmpixidalion reactdine or nore

of  BASRY BAG ek B SRRl 8 HIRSY dRskIORdaEgalnghove,  Thus,

in a I on, a carbox re thereof,
pr ef ttreabwemeqoencmmquadftot feem aamdlbaxwlccacantﬁdsnaﬂ’éscsdltbmhthereinnabove, is

e EmaRING S o e odHeb T, e JATE R, AR brekliGer ur o of

acr yb&ﬂ?ﬁs"hd SuchfhrhBionieh BAIt es&e'a:b@xyﬂiu%ﬁbﬂrﬁ&tme@fatslaome@rerdeact or
| uent and to react with the anmpni a present in the ammoxidation reactor

ef f | seuice of Rerboxyfia acid ofhis nga@tiqnhf@r aﬁﬁ’ﬁﬁufe he ammefidatiea reasBolyl i c acid or
m Xt H&?Ord%rn:%][\ﬁﬂi ;‘#'E 6@\%}3&18@“%’ nca?l%)ﬁhé %%MC+PQGIHQ aHB R h&idnon reactor .,

I'C aci um sa I'n suc recycl ed quench liquid
can hw@tnmtacﬁw:ﬁpan@ remdaeuexcdss amotonispeat ke abé w upre of the camoxgionei ght

per cent, anmon f r.ooxylic.-acid, e rboxylic
éﬁl dagida & 'T“&J‘ ?ﬁ?gﬁﬁﬁswb&a tberelgaé%vgt u%cﬂ"dan Fg#()@rng% ty(gtct?ﬁﬁ""de a)éet ic
aci dinvéarir)es dﬁr@cﬁ)@'hé&éhd?&frbmmdrectk@%di lpseftamlyrmnwmemorasofd&mcn bed

her ei nabove, conpri'sing form c, acetic and p gr? ? E’Ereferred are
S UCh CHIDRYIC @SR &STIbR aTRANOVB11S BHERH hine SHAMEhiIgUIde RS8P &l e, no

m)reﬁg‘t‘mxt eWEthLtllﬁilﬁe tutqueHHTfﬁel@ i fBhYam amxistibRreaktoM@bight  per cent

ench I qui preferably the aqueous quench
| quites mismupaciirer abbgryioittie. t dftehdeingniresd datduench dhe tammexidalitiayi ng t he

glp'ﬁlngééc&{%g@d 8 gitttgrr%acr:teﬁiﬁ%% a:ﬁ%ﬁhgrﬁggafnt iR%Re ahitfodiddtbAiré&doPed of a

effluent, the liquid comprising the ammonium salt of the carboxylic acid or mixture
thereof is at least in part recycied to the ammoxidation reactor. The amount of
carboxylic acid-ammonium salt in such recycled quench liquid can be about 5 up to
about 33, more preferably up to about 15 weight percent ammonium sait of a -

25 carboxylic acid. The preferred carboxylic acid added to the quench liquid is acetic
acid, preferably crude acetic acid. Another preferred carboxylic acid is the mixture,
as described hereinabove, comprising formic, acetic and propionic acid. Preferred
are such mixtures where the amount of propionic acid is low, for example, no more
than 5 weight percent, more preferably no more than 1 weight percent of the mixture.

30 The quench liquid, preferably the aqueous gquench liquid, is preferably added to the
_ammoxidation reactor by spraying the quench liquid into the reactor, preferably into
the fluidized bed of a fluidized bed reactor.



-7 14 Novenber 2006 WO 03/097583 PCT/ US03/15983 The anmount of carboxylic
acid or mixture thereof added to the reaction-zone in léRoverged§oof this
i nvention, added in the formof a carboxylic acid or as a salt, such as

the ammoni um salt, can be up to about 50 percent, or up to about 25 or 40
per cent WO 788%anpl e bet ween about | and about 15 pePEE/HtS?SHS?S‘"’the ammoni a

feed 5 ritecarmountitd cagaxliicodcid enmidiredhsRotalded ® the Reddioneoré @i red
embodi nent of .the present jnvention, the amoxidation reactor conditions

can H& PAAFeRSIE e fiveptien.ddrd n Hierions & aGashexvlinagd or aRia 33 8uchobt ai ned by
Ut | 4 iR ahdiforfidh ey |dah @&uﬁ 187 aiBut (8¢ @eﬁc@ﬁ{, ed?f%p kD abBt P dftdce of the
present invention, the ammoxidation reaction conditions are preferably
wi t hpgrcente farex@oiplebetweepaabovtticand abtid t5epercent, of dite ernomiay féed aci d or

1 Xt t.her . in_t formof a carboxylic acid or as a salt, such
2%8 t g%r’?ﬁ'%ﬁ?%%‘\bggsﬁgg@%nmgfé to about 50 percent, or up to about 25 or

40 per cent, thtoprefarfstp letnboelimi@stnof il tprésemd dnddiioh, tHe paneadationof the
anmoni a feed rate on sis, the tenperature of the anmmoxidation

) nol e ba [ ] . , [
r eaceRERT CORIEND SRR agiusled looobigingforitinoreared yield di AejordFibut 15 430 to
abo 400, 1 S/1iS W By Laed @t gaid'é t 1 to about
2 a?é nbgélﬂggrb sm%@g?grg;trbﬁ??/@%%uﬁtc@i gql)gg'lgnu%‘%gé.lg' oltr?‘I tzlaw%ourt . 16gﬁéospher es. In
t he pesgdrineentionbth apmoexiddtionheeaptiers ennditione aré erefetdbly pitbinets i s

SR byt iR A8 A RS B bl PR B D RBRY LS, o e
pur plose of andririxglic auid or anaisdit] «ahas the ErMmatuincsdithearbaapite abedt t he present
i nvention. AMDX d%t)‘lwo%r eactions o pro#‘él ene usi ng9al r_and_anmmoni a were

conch ?%’B_emv/\P"E WP SO WLLIRAG W@'C%d{qr CSAMpte %et‘é’ﬁ%é yt tang aboutThe cat al yst
ut i | {57 Bdrcefit, 2 thaf amRRnif radPtas IR okl %g,is,e%@'t&ﬁb@%rlm%ef or its

suitability in the ammoxidation of pylene to acrylonitrile. Crude
acetaramggidatiomreanéomemuhe betwepnsabast 43d° trosbast 460%C, mabedd on a nol ar

Si b ' ' r r M e and air to
e R R N L S
was LT)ai_nwgpheqeg, ;g‘_ellféisaﬂﬂ)é abbet ’f;gd/rﬁ:[iduom.ZEdrfemmbEHm?mémi;.dehsol ution andI t he
resultin | il ut t.0 wat er, before being.fed to the. reactor. In
cach of | Than8oPRIEshMBCHTARRF car thecPrPRsRl BHeNiS el BIeiE 4400, ¢ he
pr esgEfofmu@ m d fuid b@aireactamisiﬁgzg pBRlcalatd 8REhdx@ldtien @htdhfsepy! ene
[ammoni a/air/acid was 1/1.17/10. 0 X (X=0. 029,

Examples
20 The foliowing examples are set forth below for illustrative purposes and are

not considered as limiting to the practice of the present invention.
Ammoxidation reactions of propylene using air and ammonia were conducted
‘with and without the addition of a carboxylic acid. The catalyst utilized in all of the
examples was a promoted BiFeMoO, known for its suitability in the ammoxidation of
25 propylene o acrylonitrile. Crude acetic acid in the amount of 2.5, 5 and 10% of the
ammonia feed on a molar basis was added to an ammoxidation reactor along with
propylene and air to give the resuits set forth below in Table I. The crude acetic acid
mixture was brought to pH 5 by the addition of ammonium hydroxide solution and the
resulting acid diiuted to 67% water before being fed to the reactor. In each of the
30 following examples, the reactor temperature was 440°C, the pressure was 10.0 psig
and the molar feed ratio of propylene /fammonia/air/acid was 1/1.17/10.0/X (X=0.029,
0.059, 0.12). The wwh was 0.08 (grams of hydrocarbon/grams of catalyst, hour).

-8-



0.059, 0.12). The wwh was 0.08 (grans of hydrocarbon/grans of catal yst,
hour). 8 14 Novenber 2006 WD 03/097583 PCTI US03/ 15983 Hidhusmbeng®6i ¢ Aci d
as Mole % % Acrylonitrile % Acetonitrile Exanple No. of Amonia Feed Yield
Yield %1CN Yield 1(conp.) 0 79.6 1.56.1 2 2.580.12.25.9 3578.7 2.8
5.8 4 Y@UH8833 9 6.0 The data_in Table 1 dermpnstr ZCAUSPA®Bhe addition
of acetic acid to the ammoxi dati d@blelaction results in an increase in the

i el d of acet oniakgss i .0 Fal .Doxylic acids can be
y iAlcBtid AoiP5OAYE oS! %Lh%e‘i&ﬂtﬁg y

amoxidi zed to a mxturée of nrtrires. r, acetic acid and
pr ef ebéﬂ@g@ﬁudeqw can bé&leldmoxi di zedYield acet GHHi€Miield Preferred
aci ds nemple Cl to CAgcarboxylic aggigs. This inlvgntion S §I 0 a process
conpri sing introduci ng reactants conprising at Teast one carboxylic acid,
ammoni a ahd a nol ecul &5 oxygen- con®8itning gas i M@ a reacts@n zone, for
exanpl e agfluid bed reactor, cont akgbng an ammoxi dati on catal yst, 1o such
as one of the catal ysts descri bed ein, and r ting, usi 3 t enper at ures
and pregbures such ad0those descrizhgd herein, whe reactant g.cconprising the

car boxyl i agid, .a ia and nol ecul ar oxygen over said catalyst at an
el evat ed tcrfg'ﬁpg?tﬁ't i g]g‘%p‘:‘o%ij%%%mée dhaldtha additioni &fi acetis acitirtol the pref erabl y

wher earhinexidatidioradction s iR j : t.: ' ‘ referably where the
carboxylic acid corlrpri sggs.’cr udeHleéggggﬁ‘l%y‘%g?)g?g%ﬂ@ﬂaﬁgﬁ’dﬁﬁ%d'car boxylic

aci d conpi gererak &llicarkaxylc aside canlbe apwhoxidiacd t atnituré of hitrtesor IBf er abl v
C@MPIaffiSiAC Lt rtain enbadi nents and exanpl es of the

i %ver?t | onl h\%tgg Ieedr’?idse d%«}lﬁeﬁﬁgﬁ&nﬁ“@? t399HG 8 cé‘ﬁbg%ii"’}fﬁ'ﬁ? idizad %ari ous

modi facetnitoles Reefdrredeacifaingleds Cf t0C), bﬁ!ﬁoxﬂié%s‘.jesc” ption to those of

hﬁfse and other alternatives are 20 considered

skill in tligle.art... T |ter :

equi val ent SSAPHCDAT AlSP RPragrssicomprigingdaliecusing teectantscammpisinguat S.

Pr ovilgdstome Gabqfic ARR, | dmhba 226 | rmﬁg:_% filed on May 16,
2002, is, i ncorp%?gt ed hereby Ey re?gtglggggfr? sm’gorj?ttél%&ggﬁas-@mlﬂ Novenber
2006 reaction zone, for example a fluid bed reactor, containing an ammoxidation catalyst,

10 such as one of the catalysts described herein, and reacting, using temperatures and
pressures such as those described herein, the reactants comprising the carboxylic
acid, ammonia and molecular oxygen over said catalyst at an elevated temperature
to produce a product_ comprising a nitrile, preferably where the carboxylic acid
comprises acetic acid, more preferably where the carboxylic acid comprises crude

15 acetic acld, and when the carboxylic acid comprises acetic acid or crude acetic acid
the nitrile preferably comprises acetonitrile.

Only certain embodiments and examples of the invention have been set forth
and altemative embodiments and various modifications will be apparent from the
above description to those of skill in the art. These énd other altematives are

20  considered equivalents and within the spirit and scope of the invention.

U. 8. Provisional Patent Application Serial Number 60/381,066 filed on May
16, 2002, is incorporated hereby by reference in its entirety.



WO 03/ 097583 PCT/ US03/ 15983 That which is clainmed is: 1. A process
conprising introducing reactants conprising at |east onk Noxatrhee200$on
selected fromthe group consisting of propylene and propane, at |east one
carboxylic acid, ammoni a and a nol ecul ar oxygen-containing gas into a
react i oWHEPPERE cont ai ni ng an anmoxi dation cat al yst, PAATSPERESI ng t he

r eact ant s Thaiginicls isngaitrlad is:hydr ocar bon, carboxylic acid, anmmonia and

nol ecul ar1oxyg n over said_catalyst at an elevated tenperature to produce

a product 'conpti RHPHFSaEPRIPEHAG dnfreducingy Fepgtants epanTisiag atdleasteoomi trile. 2.
The pracRashonf | mMHer G i | i | rude 1o
car b@)gyl i cﬁ)g?i_%e.%%édqlrhe pr o@g{s}%tcgﬁ S%ﬂq)%f(wo\ﬁglgﬁgiaﬂdﬁﬁgp@ﬁ %Z)L'%s?c aci d

c onpeNg earkexiiic acid cammbnigaaritox ynadleculan akygercorfthiningrgasdst afedclion m 1 wherei n

t he e o] | eas rtially. in the faormof .an nium sal t.
18°5 2050 B8¥alin 6 S flatif Gl i inating Be rsfee e S BrrERadfe ons:

par t hgtiogarbion, tadokylicradd, #mmahia aid aWblediidtoxy§en dhe fHi@eatdyPht G ai m 4
wherein th ar‘gmni urp salt conprises an k6 aqueous solutjon. 7.” The process of
d ai A7 SRHIPE; Ry 0o RIAGUES 7 iRfodushsamyusising cagrylenitrie, Bvdragers. The

Pr ocegsni@é akdl atstohirber ei n the carboxylic acid conprises crude acetic

acid.” 9. The process of Claiml wherein the carboxylic acid conprises a

m xture &f fobhd processeef Glaimd whereinthieccatodylic adg coopriFes amradess of O ai m
Efo""hﬁér%io fc%iacar boxylic acid conprises crude acetic acid. 11. A process
conprising i ntroduci ng reactants conprising amonia, a nolecul ar

- oxygen- colit ai nitegprgesss cfritlaiat 1 Wesdin tiecdrpoltyic aciieonpebest eshdureom t he
grougf copsi sti nE’SOf propyl ene and propane into a reaction zone containing
an 3 ?ﬁf‘ﬁB’%'ﬁé‘F n catal yst, reacting the reactants conprising the

- hydrocarban, ariepiogesPHICER SCWhafeirDHOGIHONAE akiBSs aRicdlsY phrtiglly an el evat ed
tenperature to produce a reaction zone effluent conprising acrylonitrile,

hydr By&6 ferpanf areammeniesalbi trile, contacting the reaction zone effluent
ysth a qusnch +yAulode SOIPElRh "OWhBR tiRGirfoxylic acid is at least partially

in the form of a salt of an amine.
6. The process of Claim 4 wherein the ammonium salt comprises an
aqueous solution,
7. The process of Claim 1 wherein the carboxylic acid comprises acetic
20 acid.
8. The process of Claim 1 wherein the carboxylic acid comprises crude
acetic acid.
9, The process of Claim 1 wherein the carbokylic acid comprises a mixture
of formic, acetic and propionic acids.
25 10. The process of Claim 6 wherein the carboxylic acid comprises crude
acetic acid.
11. A process comprising introducing reactants comprising ammonia, a
molecular oxygen-containing gas, and at least one hydrocarbon selected from the
group consisting of propylene and propane into a reaction zone containing an
30 ammoxidation catélyst, reacting the reactants comprising the hydrocarbon, ammonia
and molecular oxygen over the catalyst at an elevated temperature to produce a
reaction zone effluent comprising acrylonitrile, hydrogen cyanide and acetonitrile,
contacting the reaction zone effluent with a quench liquid comprising water and a

-10-



-10 14 Novenber 2006 WD 03/097583 PCT/ US03/ 15953 carboxylic acid, and
adding at least a portion of the quench liquid to the rléﬁﬁ‘ﬁe@hﬁz%ﬂ% after
the quench liquid is contacted with the reaction zone effluent. 12. The
process _of Claim 11 wherein the carboxylic acid conprises a crude

car boxyWOEYBY. 5 13. The process of Caim 11 wher elPQTURSERPboxyl i ¢ aci d
conpeagixylic acid,endrasidiig atdedsiaypartomaf tte qudrch lHukd far the esactioh z6hai m 11

wher gj e rboxvli Cc aci onprj ses m xture of formc, acetic and
pr opi%ﬁ%r &'%a%fégggﬁ(llﬁq {%@%%&8‘38@5 g Feép@?l]ﬁ%f %ﬁ%‘é‘?’gi n the quench liquid
added to tPe Tie pioaesd ONCEANE 1GAMEEIh IS cABEXANETERM oSRle Ofrudde

car box?ll c.acid. 16. A process for increasing the yield of co-product

| C.
acet 6ATRPMEAGH-0duced during the manufacture of acrylonitrile conprising

BL orac M9 T SRR BRicheB IR T 91 WnorkRole ABORYIE! B6AT ARy %6t ed T o

the group consisting of propylene and propane, a caf ¢ actd, ammonia
and anisprecidatboryliygeds.cont ai ning gas into a reaction 15 zone contai ning an

amoxi dat ,on catalyst. r i.ng,t he reactants, conprising the hydrocarbon,
car boxyl i ag'aci e ﬁ?ﬁ?ﬁ?a&g%ﬁ'@xf/ e‘ﬁ"%@'@r §a??fb8’é¥qﬁl A ‘g’{"‘%{ﬁeﬁl%vat ed
t enperiirture ef formip) audbtic @nd pposienie tacidenpri sing acrylonitrile, hydrogen cyani de
and acet g?gl trile. 17. The process of Claiml wherein the carboxylic acid

C

- conpri ses '3cet he pﬂ?e_ééi‘éf. Am theviprebete grenshafipiidcaddret & fahe
Gar bexadtioh zBAé Homprayd tﬁg%ngﬁg@gm SRYF e (%?b&cyfié%cid-rhe process of Claim16

wherei n the carboxylic aci onprises a mxture of formc, acetic and
propi oni ci@ci dA press . fominereasingethe vield @f aiomproguathaseéonitriteh prodaedrbxyl i ¢ aci d

o e AR SRE ot Aot SRl PuPIUBE) AR wopstf Procese ©f
pr oc &=t ohe Gydiobarbdn weickidfréhehe grdupxaphbistirar oliproppiehée and peopime, 30 acetic
act d'a éalr?ioxylic acid, ammonia and a molecular oxygen-containing gas into a reaction
15  zone containing an ammoxidation catalyst, reacting the reactants comprising the
hydrocarbon, carboxylic acid, ammonia and oxygen over said catalyst at an elevated
temperature to produce a product comprising acrylonitrile, hydrogen cyanide and
acetonitrile.
17. The process of Claim 1 wherein the carboxylic acid comprises acetic
20 acid.
18. The process of Claim 16 wherein the carboxylic acid comprises crude
acetic acid.
19. The process of Claim 16 wherein the carboxylic acid comprises a
mixture of formic, acefic and propionic acid.
25 20. The process of Claim 16 wherein the carboxylic acid is at least partially
in the form of an ammonium sait.
21.  The process of Claim 11 wherein the carboxylic acid comprises acetic
acid.
.22, The process of Claim 11 wherein the carboxylic acid comprises crude

30 acetic acid.
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