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ARSENI C PROMOTED VANADI UM ANTI MONY- OXI DE BASED CATALYST FOR SELECTI VE

PARAFFI N AAVEddsRAT!I ON BACKGROUND OF THE | NVENTION Field E‘EfT/l}sjag

This invention relates to an i nproved catal yst for the anmoxi

01IL;,]vent ion 20
ation of

propane and isobutane to a unsaturated nononitriles (acrylonitrile and

nmet hacrylonitrile). The preferred application of the inventionis in the
recycle 25 process in which unreacted propane and isobuﬂ mmum ith
propyl ene and i sobut ene produced by the reaction, arer mﬂ Ilmﬁm to the
reactor for the conversion to acrylonitrile and nethacryl onidesohk €.

Nitrisl es) such as acrylonitrile and methacrylonitrile, have been

i ndustrially produced as i npor%ctﬁé‘[r\»ggghat es in the preparation of

fibers, 30 synthetic resins, synthe

ers and the |like. The

comercially dom nant nmethod for their production requires the ammoxi dation
of propylene or isobutylene in the presence of amoni a and oxygen at a high

tenperature in a gas phase in the presence of an anmoxi dati on

catal yst.

Howelfer, in view of the &rc;ce differential between propane and 35

propyl ene, AREBENIS PRO

TEPVANARIUMANTIMONIHOXINE BASiPene, recent

attenti on has GABALYSIWEOR SEAE QETEERABAFIHIN AMMOXIDARIOM al yst for

t he
15
BACKGROUND OF THE INVENTION
Field of the Invention
20

This invention relates to an improved catalyst for the ammoxidation of

propane and isobutane to o,f-unsaturated mononitriles (acrylonitrile and

methacrylonitrile). The preferred application of the invention is in the recycle

25 process in which unreacted propane and isobutane, along with propylene and

isobutene produced by the reaction, are recycled back to the reactor for the

conversion to acrylonitrile and methacrylonitrile.

Nitriles, such as acrylonitrile and methacrylonitrile, have been

industrially produced as important intermediates in the preparation of fibers,

30 synthetic resins, synthetic rubbers and the like. The commercially dominant

method for their production requires the ammoxidation of propylene or

isobutylene in the presence of ammonia and oxygen at a high temperature in a

gas phase in the presence of an ammoxidation catalyst.

However, in view of the price differential between propane and

35 propylene, or the price difference between isobutane and isobutene, recent

attention has been drawn to the development of a method and catalyst for the
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WO 001 46185 PCT/ US00/ 01151 production of acrylonitrile or thacrylonltrile
by an anmoxi dati on reaction wherein the | ower al kane such as propane or

i sobutane is used as a starting material and such | ower al kane is

cat al yti calWgow4sist ed wi t h ammoni a and an oxygen- cont ai niB¢g/UFa%H t he
presence of a catalyst. Earlier attenpts to develop an efficient process
for the amoxi dation of propane to acrylonitrile produce either
insufficient yields or processes that necessitated addi ng hal ogen pronoters
to the feed. The latter procedure would require not only reactors nmade of
special c covery of
the. pr ooty TR S AL AR IR Rl yIogIES Bn SatBHLL LAk kiRl

pr opane/ prvopreanheppwer alliankeugh tas @lropa%@wn‘sohmanmts ymeld|dscatthotisg such as
EPO O767164- Al. 2nd pateg) ‘ﬂﬁ %y a@ Oﬁh427 and 5,231, 214 have
been di r edPEET o Btorchiand T v g e Riachia With 2odmiRRaRiCaE 1 o

sol vi ng thﬁygémbcbxﬁ;msnlﬁé ghk @y tiipreabhi@iitaScadhlypf, opane amoxi dation usi ng
speci fic catal yst articular, U S 15 Patent 5,008,427 and U.S. Seri al
No. 0915048, 648 tﬁiﬂrhelaggtpgw&ﬁtq develpp %zssffw@é@rme%Ff@tbﬁeggn@mdﬁ%mpf on are
speci fi cal C ﬁ¥ﬁg RORELY, or propane
anmoxi dat |IJ0§p etrat?)e%cgglto pcrﬁe al yst buﬁg@fgg SCI ne%’R tQi}ta%aﬁg ?%%gére\ézh%'{ 780C o

hi gher . Thfecntaltqd;addmgt}ia@genqa‘enmtem\temhé feed aMhetlheaprooxd watwarld
procedure discl os ed.to _an. i T 427

i 2
Dot e dCuBR AaE gD e theg ok RSt Subicn TR R eraie Bt RBesT O 25

It is an qa@éitatite tdtevaryastent pranictet This addedassidiniatedraved process for
t he ammoxi dati on of paraffi ns to nsatur %ﬁg mononitriles and the
cor r esfondiongniases of quageprwwmea tertiadoo/ 01151 1t is a further

obj ect of the prl@e%@ﬂtt?Aﬂéi&%hb}?&d&sQh@NbQ@P@O%ﬁi@é’g‘i a‘}ﬂtﬁté(ﬁt%s(\such

ammoxi dati on process maki ng unsat urated nononitri| from [ ower
par af f i ns asi W o Pataite, %é%"éang 50‘331Ljé}J|4nlgaMe@gehrq9t&dn®tmmoxﬂdtatma a still

r e el R 05 BT B LoD B BERR sty T ™ °
t enper at uraes,uo;ﬁaﬂesmnmmdutgheﬁs1ngep¢cvﬁd eaa&amse hﬁp@}ti(ﬁﬂaranﬂsm ni m zes or
Slalr m 2 %t esPa%Lrlljt OOg 429 dh[? S erlapﬁlocgﬁt)/mlg 648 8thngsks$gzle%rt%€cgle %.géigrllgesst
of the present invention are specifically directed to a vanadium-antimony
promoted catalyst for propane ammoxidation wherein the catalyst is calcined at
temperatures of 780°C or higher. The catalyst in the present invention and the
ammoxidation procedure disclosed herein is directed to an improvement in the

20 ‘427 patent and copending U.S. Serial No. 09/048,648

SUMMARY OF THE INVENTION

25 It is an object of the present invention to provide an improved process for
the ammoxidation of paraffins to unsaturated mononitriles and the

corresponding monoolefins.



It is another object of the present invention to provide an inproved

catal yst for- use in the ammoxi dation of |ower paraffins to the
corresponding , ?,-8 mononitriles and the correspondi ng non@ehrishdifissi Xt her

obj ects as WeliPas aspects, features and advantages of the present

I nvention wll beconme apparent fromthe study of the acconpanying

di scl osure and the clains. To achi eve the foregoing objects and advant ages
the process of the 15 present invention conprises an a, p-unsaturated
nmononittrile, acrylonitrile or_ nethacrylonitrile by the catalytic reaction
in the vapor pHdsa fyrtherghiest of thegqupsanitdaventing torypuide amiannreBerit ane with
nmol ecul a in a
Foact | on S AERCIn ARSI BHEYB e (bRl Rl AR rlnchEILAAGRBYE 7, O o
t he par aﬁiraiﬁhmmﬁhmnmthe neceshigy oﬁwgagdnhldgenmr@ﬁommut 2.6 to 16 and a nole

ti f f t h f. f t to 10, .wh
Cai o catalyst Hu il BEERE ardeqt R thEPRReRLiv oot Phbiicn bhyreeher ¢ "

enpi r§ caln kg Ivanamﬁﬁej%r@%mm%@ém@emlﬁtlvau@muﬁhgrmrcﬁ]ﬁionTl ) Sn,
Fe, O and Ga; Dis one or nore of Li, My, Ca, Sr, Ba, Co, N, Zn, Ce, Zr,

Cu) Ta, Bt tenme)ratwes Rf ZR0° G highpy agtiwates th@ﬁ@taéystmd xwmmbzesmref erably MNb:
3 WO 00J.461 / US0Q/ 01151 e or referably
as: and RiBgiRe Chinaring Weeth ool e SaBhlga o RBke lpteey SaratlGe patisdt o L0
0.01; preferabityisQnstles (ﬂbj&l of ﬂﬁep@@b@iﬂ iivéntior]to @ro@[& gh fpreved 1;

pr ef er abl <r<0.01q+r are er than_QO; s determ ped by the
bxi dat | oIt E%1e ifdhé arrREdafin 8ﬁi%W%mrafﬁns to the corresponding

10  mononitriles and the corresponding monoolefins.

Other objects as well as aspects, features and advantages of the present
invention will become apparent from the study of the accompanying disclosure
and the claims.

To achieve the foregoing objects and advantages the process of the

15 present invention comprises an o,B-unsaturated mononitrile, acrylonitrile or
methacrylonitrile by the catalytic reaction in the vapor phase of a paraffin
selected from propane and isobutane with molecular oxygen and ammonia by
catalytic contact of the reactants in a reaction zone with a catalyst, the feed
composition having a mole ratio of the paraffin to ammonia in the range of from

20 about 2.6 to 16 and a mole ratio of paraffin to oxygen in the range of from about
1.0 to 10, wherein said catalyst has the elements in the proportions indicated by

the empirical formula:

VSbnAaDaQqRr Ox
25  where
A 18 one or more of Ti, Sn, Fe, Cr and Ga;
D is one or more of Li, Mg, Ca, Sr, Ba, Co, Ni, Zn, Ge, Zr, Cu, Ta,
Bi, Ce, In, B and Mn;
Q is one or more of Mo, W, Nb, preferably Mo;



the catal yst has been heat treated at a tenperature of at |east 780C, 10 It
i s anot her aspect of the present invention to manufacture a pronoted

vanadi um anti nony oxi de catal yst which is characterized by bein

subst ant i aVPYU#4EE of cl unping by a process conprising ﬁof"@gﬂ ng a
vanadi um anti nony oxi de catal yst including at |east one or nore of the A

el enrent and nol ybdenum 15 at a calcination tenperature of at |east 780C and
hi gher is used. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20 According to one
aspect of the invention there is provided a process for making an

a, (3-unsat urat ed NBNOKH drid dremoRCsfy A Td, IS¢, preféralBt Pachydonitrile by the
catalytic reaction in the vapor phase of a paraffin selected from propane
and i sobut ane wi t hDhoP@Bds &S ¥x%igen and anmoni a by catal ytic contact of the
reactants in a rea%ti Q u&l?'@ﬁbl"‘foté] a catalyst) the feed conposition having a
nmole 25 ratio of the pararfin to ammonia in the range of fromabout 2.5 to
16 and a nole ratid obqpalsdftbilz to oxygen in the range of fromabout 1.0 to

10, erein said catal yst has the.elenen i n_the,proporti i ndi cated by

t he \éAr}‘pi rical for |—§9¥§-01’mfﬁﬁ%%éﬁﬁo@h&%%ﬁ@l @§E9n@stQqu~x wher e

A is one or nore Ob<T't<)0§r;1préé@Jnab$‘09<f’hd:65@1 Dis one or nore of Li, My, Ca,
: , Ta

Sr, Ba, Co) N, Zn, Ce, Zr ) 5Bi) C) In) Band Mh; Qis one or
nmore of Mb) W andanNbr aps efeateribgn¥b: R is one or nore of As, Te, and Se,

preferably As; m equal : %@4 0 : i 2; 0 <_
g< 0.01; preferabl 3‘ Okid%gﬁéx%fbye@ggoc' a tf%)? %Qtie %fghg%%%sgmlgﬁ?%’ 88i
pr ef er abl the@atalyst RaOleen heat teragedatatempetudnreof at least I80EC.mM ned by t he

oxidation state of the rations present) and 15 the catal yst has been heat
treat¥d at a tenperature of at |east 780C. The catal yst of the present

invention nmay %ipaﬁwe@gs%yct%m bogt 0eNEor f dbRuBcture @Hiohitibd ON

tenperatures can be as high as 1200C. However) cal cination tenperatures are
usual | y ivanadeumsargémony pxidmcatadyst wWigioh iochiagoerzed b heingaubs rrantiadly

t enperat u var [ c Ltion t it it the. particul ar
cal ci nat i%%e %@errﬁléli’é%%p}égiﬁrf’ %ggggm%gg 5 }gela\%/gg&g%ﬁpao‘gﬁﬁ%g%mc%ﬁ“ggn%et erm ned
easi | y byoxidaitatatyseipdadnsgritdéastone lon nsorproétler dedleandradindemndlyblietilng pr esent

et Oy & 15 Quad RSl ST 8¢ &, AU 2 ignAkaeg! o ter preparation

DETAILED DESCRIPTION OF THE INVENTION

20 According to one aspect of the invention there is provided a process for
making an o,B-unsaturated mononitrile, acrylonitrile or methacrylonitrile by the
catalytic reaction in the vapor phase of a paraffin selected from propane and
isobutane with molecular oxygen and ammonia by catalytic contact of the
reactants in a reaction zone with a catalyst, the feed composition having a mole

25  ratio of the paraffin to ammonia in the range of from about 2.5 to 16 and a mole
ratio of paraffin to oxygen in the range of from about 1.0 to 10, wherein said

catalyst has the elements in the proportions indicated by the empirical formula:



25 catalyst. For exanple, the Q and R elenents are added to a cal ci ned
catal yst comprising V, Sb, A and D elenents. Wien the R and (1 el enents
are added in this manner, the catal yst may be used after&ﬁﬂ%ia%@ of Ca
and/ or R WQ¥H8185addi ti onal treatment, or the catal yst déntal Q the Q and
R el ement may be 5 WO 00/ 46185 PCT/ US00/ 01151 furthered calcined at a
tenperature of up to about 1000C, preferably bel ow about 650C, especially
preferred bei ng bel ow about500C. In a further preferred enbodi nent of the
present invention, Qis selected to be Mo and Ris selected to be As. 5
Simlar to the di sé¢SmsAulaQ.RBi«Qk S. Patent 5,008,427 and copending U. S
Serial I\TO 091048,648, herein incorporated by reference, it has been
found th#t™F% is preferable that subscript min the enpirical formula set

forth above usual |y pEQWE@edrbRf PESENn! RS WH anhgR; it is at least 1.2 and
when it is at nost 2.0. It is also preferred that subscript a as defined

above is at |east B. 05oangr nprehtli MepCas Sr.abt.yCaldlisZnoke cbec €a 10, 5 or

even 9 4. In a furt heéi ?feefrfrﬁ eaqlde di nent el enent A includes one or nore
of tih, titaniumand Tron. I't"is particularly inportant to note that
appl i cant has di scQvesedebbhaioreaf MysW, ahdt Nb, prefsrahly Mwyenti on cont ai ni ng

As or As in conbination with M r&dﬁpe e&gici aélfjfi{ tgoolgvresults.
Preferably, the ar3enf@PPE* MBESht T & ABY ¢t AFYET2PLE 4% the range of from
greater than zero %o &AW 08.t84) nore preferred being greater than zero to
0.008, and especially preferred being greater than zero to 0.005. The
preferred nol ybdertim $e¥#de003 tp2hm greater than zero to 0.0045) nore
prefgpably greater tﬁgg)t%lez.o to 0.0035, especially preferred being greater
than zero to 0.0030. ypi cal reaction conditions for the amoxidati on of
t he propane or i sobsten@®0l opratrgblyrl € mi<l ®0hredpedalybrygoni00bi | e are set
forth in U S Patent 5,6 008,427 descri bed above and herein incorporated by
ref erence. The rea@ﬁr(?rp'?bl??ﬁé‘&gm%ﬂré?g%l can vary from 350 to 700C, but is
usual Iy between 430+t;0.8406ate? BRa@YEr age contact time can often be from
0.01 to 10 seconds but 25 is usually between 0.02 to 10 seconds and nore,
preferably betweenx 0.1 detersnined bridbe oxidatiopstatgrof thacatignsiragantoand one

usualiky tRDGSRIH: Hhsebf hére tridiled at L FRARLY P3t IREE 7868 bO psia. 6

The catalyst of the present invention may be prepared by any method
known in the art. Calcination temperatures can be as high as 1200°C. However,
calcination temperatures are usually in the range of from about 790° to 1050°C.

20  The calcination temperature can vary from composition to composition but the
particular calcination temperature utilized for a given composition can be
determined easily by routine experimentation.

In a preferred embodiment of the present invention, the Q and R
elements are added to the catalyst after preparation and calcination of the

25 catalyst. For example, the Q and R elements are added to a calcined catalyst
comprising V, Sb, A, and D elements. When the R and Q elements are added
in this manner, the catalyst may be used after addition of Q@ and/or R without

additional treatment, or the catalyst containing the Q and R element may be



WO 00/ 46185 PCT/ US00/01 151 In a further preferred enbodi ment of the,
present invention, reaction takes place in a fluid bed reactor which is
equi pped for recycle of the unreacted propane and generated propyl ene back
into the fwoiodsdsssd reactor. In order to nmake the vanadi uREHEPINBEIAY oxi de
catal yst including one or 5 nore of the required A elenents described in
the present invention substantially clunp free, the catalyst is calcined at
a tenperature of 780C and higher. In a further aspect of the present
invention, the catalyst conprises a m xed netal oxide pronoted VSbOx

char act erfizggh By c&l@ﬁxeﬁrﬂl:ca{ éei?ﬂer%ﬁfr%‘é‘k ﬁ?@gg%&é&foﬁg QbIyVsiepabb Qo Rr Ox

where Ais one or nore of Ti, Sn) ; is one or nore of Li,

My, Ca, SuhouB#50€0,)esNecialiy préfeyredbein@ibeldw)abBint5008C. In, B and Mh; Qis one
or nore of Mo, W and Nb ref&ra I% Mo; Ris one or nore of As, Te) and
Se) preferably %2 ‘l‘ﬁtBﬁ'Lléﬂ exgegeppogimeny of the prasentiingentign, 2 i§ js 0 to 2; 0

5 q< 0. 0lge1ptied 85 BOIMo Gt R idsdldote@sPBEIA.IY 0 < < 0.005 0 < r< 0. 1;
preferably 0 < r< 0.01 q + r are greater than 0; 25 x is deternined by the

oxi dati on st at eStilare thatdissipsupe BxPm- Paperi 2P0B1HH7 and ceperdiygU.She

cat al yst - f. I ! WO
00/ 46{85 $c n1j'ﬁ§§.0’t}d(;§49é>,g§é,ﬁ%@ﬂf1§hr 8#&%?2& g%fréé%cgh%g%f rlr)ggﬁ k%%l%toﬁiég t pz)tr esent

i nvent i omsmprefpuable that sdksciip8;m aincthie @lnspitictiformub etdnrdhdbegaswally to 0. 1.
The exanpl es, se

t forth below are for .llustratigqn purposes only and shoul d
n0t b CORViERA® BES TARIES RePE I dBRStar 2 PG YHRDHE G0 AP of t he
exanmpl es were ORLghRGreferftd that buBrHeta H Pk @ABLW is atNEast A @Y ¥sd were
prepared by adding As) Mb, or As and Mo to a silica supported V/ Sb/Sn/Fe/0

cat al Y&t Predpapradcrsphadeasows eaerpdch poauen B4t drysturthes papfariedn as di scl osed
I n co-penglBgyitheh o %}QL);}N&CIQ&JSQ%QQQ‘%&@O‘?%&, ki@&&hﬂ?éﬁ‘&%nby ref erence.

The el enents were adde e I ncipient wetness procedure using 10 aqueous
sol uti ons cont altris pgrianderly émportdnhthote thahepplicanhbps disodydrddtieat After the
t he.sol utions re dri

3250 Tor SHRBBt ADUECH Bt tiriaY PRATT s h R Al A o b Ber o wige 0%

produce especially good results. Preferably, the arsenic is present in the catalyst

15 in the range of from greater than zero to about 0.01, more preferred being
greater than zero to 0.008, and especially preferred being greater than zero to
0.005. The preferred molybdenum range is from greater than zero to 0.0045,
more preferably greater than zero to 0.0035, especially preferred being greater
than zero to 0.0030.

20 Typical reaction conditions for the ammoxidation of the propane or
isobutane to acrylonitrile and methacrylonitrile are set forth in U.S.
Patent 5,008,427 described above and herein incorporated by reference. The
reaction temperature range can vary from 350° to 700°C, but is usually between

430° to 520°C. The average contact time can often be from 0.01 to 10 seconds but

25 is usually between 0.02 to 10 seconds and more, preferably between 0.1 to
5 seconds. The pressure in the reaction zone usually ranges from 2 to 75, but is

preferably no more than 50 psia.



cp Table | Feed Rati os% Product Sel ectivitiesC, HeTenpCl CO

+Exanpl-eCat al'yst WAHC, HBNHs OZNZConv. Acryl oni tri | eUsef ul pres(psi g) CO2Exanpl e
1VSh, eSn~Th~ . 1630. 8332057754801 1525 (Conpar ati ve) o, 9% Sk.0zExanpl e
2 (I nvent 5@%@3@@ ~T2~~~ Si 01. 630. 822205777480I 1523; 2|§<C;1ir1r"1t?ﬁ(a"e{‘aIii,&'1
(I'nvention)uSh, ~. SnsTi asFeal. 5730. 8222055784801 1521f LS ~OG + 2010

Si OZExanpl e 4VSb, eSn~Ti ~Feoss1. 5430. 8222057764801 1524( Conparati ve) M

'0' Exanple 5 (Invention)uSb, 6Sn~Ti ~Fe, 5 1.5330. 8222059804801 15201 As ~, ~
~0~+ 205102Exanple 6 (lnvention)~ b~M1 ,~F1 ~~30.8222056824801 15200% o ~,
Gs~oTExanpl e 71 krfuether pndferredpaibagdiment-af the3Ge 822 24 Ceht DA BEaLBidRs ~0z Exanpl e
8 (I nvention)\{Sh, 6SnzTi ~Fey 1.1030..71..531563844701 2316~ .~ 0o onVb 0ooxOx+
5Si &Exaf%‘feé Iga‘tei %ﬁf‘i%ﬁ‘j%@&cé%nol%‘?% LPLRPEe BE s ortabe IEATEt o) 0~ avM
00i Ox+ Sgiépimeaiidl genkPaledPropylead bablcinto the fluid bed reactor.

op~' 0+5~0. 9730, 8222163804801 1520si 02Exanpl e 11 (I nventi on)~b~~Ma~T ~ o +
5~1. 0330. 822206w91de3dp Pxake-the yanadivgptantupony exide catghyst éncluding one or

g;[' ;F;g; %%éﬁ?ﬁﬁ%@%ﬁ*eglé;%df%&éicbég 3%it¥g\’p?e\é§gg?1tyﬁg{iogr opanel wt of

aci d+acr ehkstaptiajly lchmep @re@, theacatalyshiscalcifedat/a bbvperature of 780°C and

higher.
In a further aspect of the present invention, the catalyst comprises a
mixed metal oxide promoted VSbOx characterized by the empirical formula set
10  forth below:

VSbmAaDyQqRrOx
where

A isone or more of Ti, Sn, Fe, Cr and Ga;

15 D isone or more of Li, Mg, Ca, Sr, Ba, Co, Ni, Zn, Ge, Zr, Cu, Ta,

Bi, Ce, In, B and Mn;

Q is one or more of Mo, W, and Nb, preferably Mo;
R is one or more of As, Te, and Se, preferably As;
m equals 0.8 to 4;

20 a equals 0.01 to 2;
d isOto 2;
0 < q< 0.01; preferably 0 < q< 0.01, especially 0 < g< 0.005
0 <r<0.1; preferably 0 < r< 0.01
q + r are greater than 0;

25 x is determined by the oxidation state of the cations present.

Preferably the catalyst the catalyst has been heat treated at a
temperature of at least 780°C.



WO 001 46185 PCTNS00101151 What | claimas ny invention is: S 1. A process
for making acrylonitrile or nmethacrylonitrile by the catalytic reaction in
t he vapor phase of a paraffin selected from propane and i sobutane with

mol ecul ar weygenssand ammoni a by catal ytic contact of theP¢EBWPEAHES in a
reaction zone with a catalyst, the feed conposition having a nole ratio of
the paraffin to anmonia in the range of fromabout 2.5 to 16 and a nole 10
ratio of paraffin to oxygen in the range of fromabout 1.0 to 10, wherein
said catalyst is characterized by the follow ng enpirical fornula: _
VSbmAaDb~gRr Ox I’i‘t‘&rfﬁrtilér Sﬁréférr@d‘@:d%d{méxﬁ Sthd i bres'éﬂt qu%nuS}a lﬁngqt%s Dis one
or nore of Li, My, Ce, In, B
and Mn; Qlilgodng a)reqnblse()%t%ﬁawd dnequads 0FQ0|031 one or m)re of As, Te, and
Se; 20 m equal s 8.to0 4 q<001; 0
<r<0.1; 25 q $He s %pgersesﬁ §°%?L’esl° ,0’9 f&p ‘”%‘ 2 é‘r"?’np“éﬂwﬁs °P% i dat i on
state of 'Sﬂitﬁllﬁaxbtbéﬁorm’mbaeﬁtas Imﬂﬂlﬂghﬂhecsatblﬁ qf&hehﬁﬁethn heat treated at a
tenperature of a st 780C. 2. The cess of claim 1l wherein ranges

[ rom ahout 1.2 AY o Ths cxemplongy <o PHEBS BoTE EBFOEiTRIE) reRfEoTyr s  of
claim 1 wagheid werk %P&%"re& %9%@9@'%&&@50% ADaRd Mo tEsiBEREES5oredd claim1
wherein a ranges fromabout 0.05 to 0.4. 5. The process of claim1l wherein
A i ncl ude¥/ShiEndte/@Goeasalyst prapared blamlqmwalrmnivamonea catalyiprppanasion asf cl ai m
1 wherein,th |on K p n i r.eact or.. The process
of claim gl \ﬁﬁg?lgl h“% y ﬁﬁ?ggtée%gﬁr%o a(%ééioglré‘llgss‘%ge‘fléﬁ% 9 ee(gt;)/%l ed into the
flui d bedrefersicor Th8 ele}'ﬂaltprwmesﬂd@d bg lthe mcipmhtewetlﬁSthcﬁze@lﬁﬁaiﬂgt han

zero. 10 9. The process of claim8 wherein Qis selected to be . loo. 10. The
proces qu‘&?%Srﬁoé"t\‘/ﬁﬁ’ércéPFﬁlﬁ‘qgsar§%‘Flé@P’éioa’t olmponiuym H@%?lﬁg@%'@ of claim

8 wher ei nAftek 3RE BStalyREwatE Fefted W tRESAuiOn PRy twdle QPRY- anbiZalcthéd Pr ocess
of claim 10 wherein r ranges fromgreater than zero to 15 about 0.0030. 13.
The procest38°Glogithree hevap bpfore tesgwgefgr propeng aasmesidetiem zero to about
0.006. 14. The process of claim 10 wherein r ranges fromgreater than zero
to about 0.006. 20 15. A process for the manufacture of a substantially
clunp free pronoted vanadi um anti nony oxi de catal yst having the enpirical
formula set forth in claim1 conprising incorporating one or nore of the
required A elenents in the catalyst along with at |least As prior to the
calcination of the catalyst, and calcining the catalyst including the A

el ement and As at a



25 tenperature of at |east 780C. 16. The process of claim 16 wherein the
arsenic is added to the catalyst after the catal yst has been calcined at a
t enper at ur at |l east 780C 11 WO 001 46185 PCT/ US00I 1<, The
process of‘sgﬁ(&‘f's 515 wherein the arsenic is added to the lga a%’{}fépsby
uniformy wetting the calcined catalyst with an aqueous sol ution contai ni ng
arsenic, drying the catalyst and heat treating the catalyst. 18. The
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23. The catal yst of claim22 wherein Q equals M. 13 . A

. AN. A3s. Al E. AFY. Au2. AYY. Au2A. 5. AE. AF. Al Y. A3. L"12R>gPY- v
zuoi d_ZU] ca] ca] ca] caU] cal] ca] cTa] ca] ca] ca] ca] ca] ca] ca] ca]cal ca 1] ca] ca] ca]
ca] ca] ca] cWAPH4BT <a] ca] ca] ca] ca] c&U ca!l *t \ CT/US00/0115
1sCG K~$gD{ vql gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
a) cal] ca] ca] ca] ca] ca]c”a] ca] ca] cal]ca]ca]ca]ca! TMF
X@ % 6ETZY{vgkf [ V] ] ca] calU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca]ca]ca]calca]ca! Y} II]TIT"N""" A##
$hssowane& (m( ((((()d*{vagkf [V]]ca]cal]ca] cal]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] caU] ca] ca] ca] ca]ca! d*l **+$, H, -c- h-
t--00000011817111122272F2\ 2g222| ww mhc”"YKf "[ V] ] c] ca] ca] ca] ca] ca] ca] cal] ca] ca
] caU] ca] cijatd]ctmi] sninyaldyenficmlscal ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca
2222222213D3333333333444444444455>5A5yt ni d_ZUkf " [ V] ca] ca] ca] ca] cal] ca] cal] c
a) calU] ca] ca] cal] ca] ca] cal] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca] cal] ca]
CaU] cas A5C5q5D61/6V\@Z§f&3§s7 fof $dking @fiyléferileSr methacrylonitrile by the
;o <@ AAAzupkf a\ VKT ® Ul ca]calca]c ] ] ] caU] ca] ca] ca] ca] ca] ca] cal] callc

alc aUc a'c}tebmfa]eeaurta} YaRIF @ P‘&%.T esa]eefa]icfw @yopane a

AuDDDDDx 1

o <@ fa\ %E&F\ﬁ% ca cgéi‘cé] J]"‘cyé °c°§ E:aa ca]}ca] ca] calcalc
alc reactants in a reaction zone with a catalyst the feed composition having a mole

oLl LA U e R o
&(:)LO"/di)&O()rdtgl%aBp r ffixﬂ%)e.%:}(g)an 111(3%3&1(()9&(&%;&1)6? @)Q%l& Wheidht 64id9! 10%)& 9*1
one) Gt et A ATRAL

10%& () - 99- - 109%& () - +! 10%& ()--bC9| 10°/d0L10% h& () -1 S10% ha ()-310%
h& ()- 10b 10b 10b°!:10%& ()-L5 109%& ()--v *tdEDCY! 1093 10% h& () - 410%
h& ()-Y 10% hé& ()-WM&%%%Q@N% h& ()-Y g10% h& ()- \

1dEbCO! 109 £ S#10% h&' () -F, 10% h& ()-"' 10% h& ()-  10% h& ()-1"10%

h& () - 10% hé () - 1sbC9! 10%! sS10%& () - GLO%& ()- 10 h 10 h 10 h:s10% hé& () -
S2, 1096 h&' () - 010% He' (i ok dEDEe 0%, DOIRS, Or- 400 %R4;( ) -

D is one or more of Li, Mg, Ca, Sr, Ba, Co, Ni, Zn, Ge, Zr, Cu, Ta,
Bi, Ce, In, B and Mn;
1s one or more of Mo, W, and Nb;

is one or more of As, Te, and Se;

B &8 O

20 equals 0.8 to 4;
a equals 0.01to 2;
d i1s0to2;
0 < q<0.01;
0<r<0.1;
25 q + r are greater than 0;

x is determined by the oxidation state of the cations present, and

the catalyst has been heat treated at a temperature of at least 780°C.

2. The process of claim 1 wherein m ranges from about 1.2 to 2.0.

10



109 ()-L° 10% ()-LF ! 100 ()- 100 ()-i K~dEDCO! 10%" ,, 10% ()-f 10% ()-F
109%& (Y-"s 109 ()- 109%& ()- " 10%& ()- $gDIELCO! 10%( 10%&: () - 3&" 10%& ()-s
10968 () -Fs! 109%&' ()-f 10%' ()-" L10%' () - 7MIEbCO! 10%

3810%& () VR OPHMS () - LOs10%& ()-F. 109 () - 9- Z10%&: () - s* 9TGTE LY MY ~bcor 10%
"109% ()-! S10% ()- Y10% ()- 10 10 109510% ()-510% ()- F

dEbCY! 109%Z10% ()-  109%& ()- 10%& ()- S10%& ()- 10%& ()- T10%& ()-
X@EbCI! 10%Y10%' ()- 10%' ()- 310%& ()-

10% () - @O%' ()- | 10%& () - 19IEbCO! 10%S2 10%: () -0

10%& ()-1./" 103/&' ('l;he(me@@ of claiity Gwhosdin () 0886 fo® Housi()5 ®RY5>9! 109 hY#1
0% J"J& () - - 0PSOl IAPIE (1221078 () 10,10

10@s10% () - W&fﬁ%’?f(zf W6 ‘)F)“geq FamyaRaut 0B to 0.4.

YH#HLO%CE' () - -! {5/#101’/&5§r0(:é85'df‘616#&10f/&h6}mn9@ include¥WBé br #drd Of tin,

10@s10% () - | XFI " #10% () - | SVFI "#10%

& ()-"11 FlFaI%l!!G”/@é@L’RO}L I'D\FI "#109%&' ()-" !!']!11"deEMB7! 10 1 109& ()-10%& () -
109& £) - 910%& ) - 8%‘1@1%‘&&)& claltOP & hetsinNhe rEEFHHARYRLS plja.Qe in a fluad
bed reactor.
7. 'The process of claim 6 wherein any unreacted propane or isobutane
is recycled into the fluid bed reactor.
8. The process of claim 1 wherein q is greater than zero.
10 9. The process of claim 8 wherein Q is selected to be Mo.
10. The process of claim 9 wherein R is selected to be As.
11 The process of claim 8 wherein r ranges from greater than zero to
about 0.0030.
12. The process of claim 10 wherein r ranges from greater than zero to

15 about 0.0030.

13. The process of claim 8 wherein r ranges from greater than zero to
about 0.006.

14. The process of claim 10 wherein r ranges from greater than zero to
about 0.0086.

20 15. A process for the manufacture of a substantially clump free
promoted vanadium-antimony oxide catalyst having the empirical formula set
forth in claim 1 comprising incorporating one or more of the required A
elements in the catalyst along with at least As prior to the calcination of the
catalyst, and calcining the catalyst including the A element and As ata

25 temperature of at least 780°C.

16. The process of claim 15 wherein the arsenic is added to the catalyst

after the catalyst has been calcined at a temperature of at least 780°C.
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