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| NVENTI ON Fi he I nvention 20 This invention rel ates ' oved
cat al yst foﬂsb&ggéﬁ%DX|datlon of propane and isobutane to Ao TBf
(err),(err)-unsaturated nmononitriles (acrylonitrile and nethacrylonitrile).
The preferred application of the inventionis in the recycle 25 process in
whi ch unreacted propane and i sobutane) along with propyl ene and i sobutene
produced by the reaction, are recycled back to the reactor for the

conversion to acrylonitrile and methacrylonitrile. Nitri de'ﬂmwﬂm ,ﬂmw“m
acxylogltrlle and methacrylonitrile, have been industriall

i nport internediates in the p f fibers, 30 synthebde resins,
synt hetic rubbers and the |iKke. Tﬁgﬁggﬁhg2@ﬁ§nﬂy dontnant met hod for their
production requires the amoxi dati on of propylene or isobu

presence of anmmoni a and oxygen at a high tenperature in a awﬁmﬁﬂwmmmmmnthe
presence of an anmoxi dation catal yst. However, in view of t

di fferential between propane and 35 propyl ene, or the price difP&%nce

bet ween i sobutARSENIC I PROMOTED VANAD IBM-ANTIMONY-OXEDEHIBASEDO t he
devel opment of TATAIKSRRORSBELESTIVE PARAFFIN AMMOXIDATION
acrylonitrile or methacrylonitrile by an amoxi dation reacti on wherein the
| ower al kane such as propane or isobutane is used as a starting materi al
anti such |ower alkane is catalytically reacted with ammonia and an
oxygen-confaining gas in the presence of a catalyst. 5 Earlier attenpts to
devel op an efficient pro , ,

acrylonitrile produce eit ISt =t S
necessi tated addi ng hal ogen pronDters to the feed. The | atter procedure
woul d require not only reactors_pmmade of eci al corrosion resistant
materials) but also a quant i t at Field ofdhs, g??"ﬁﬁoﬂhe pronoter. This added
cost m nated the 10 advantages of the propane/ propyl ene price

differential. Recent patent publications such as EPO O767164- Al and patents
such as U S. Patent 5,008,427 and 5, 231, 214 have been directed to

i dati t h d t | | f
revi ous. at ¢ empt LhininsPRfon ERlalfh e mate vt g e e cripkdhun Gl O™
parti cul arprodaie ahd iEath®iahe 20 B8 ufigatuddtdd thononfRiledlacbyldRfir2AnR0t h

assigned to the assignees of the present invention are specifically
di rected tmethmmurde)an'l‘hﬂprgfemdﬁpphchtmtc&]thennvmmprlepamhe aeayole dat i on

wher ei the catal s cal ci ned at tqu gturee f 78QC or her, The

cat al ‘5 U eHR L PSP AR AL PE St Pﬁ%pé' 228 ¢l osed
herein is ndbwséhe rb@uétﬁl by tHOMAGEA, drd rbdRledbackdd thatradttorftd thopendi ng
U.S. Serial No. 091048, 648 SUMVARY OF THE | NVENTION 25 It is an object of
the pr eserﬁquﬁV%ﬂtll%ﬁcfydO’h‘Fﬂlﬁ%Feia'ﬁﬂlal%ﬂ@véa]‘br ocess for the amoxi dation
of parafflns to Hﬂéﬂ& QREQ Stelels| nonool efi ns.
2 is a further %‘tbcj ect Bb"{hmel ?‘3%2*%?5%5’%9?2% to E)utég\gl de an

i npr oved cmﬂmlsymahy pmduqedatsumpomantmtzermediamdam*@emmmmeﬂ fibemsini tri I es

from| f s mnth necessity. of i ng_hal agen pr anot
is a s?q I |S)%3ﬁl{é & regpf e%'tnﬁ eHig h‘gbbﬁf% h‘%/hg%n{llf’ g‘PBleﬁ?‘gﬁVdg’anBchess f or
5 meki ng  amégRGH o theii proradticH d tR la%m&aaadw&t)f Mobglendri Ng
cal cination, at tenperatures of 780C or gher, activates the catalyst and

m ni ni zes reobemlemmat@@ pregepriernf atnugenheerndoﬁxyehe ag gthigly $emperatukein ar ger
catal yst p t f t Jesent invention to

provi de an | rove d@tgtﬂgﬁyﬁlgfogghuag'ghﬁﬁmta mncHFalil dation of |ower paraffins
to the corresponfiongvés), xﬁmimlotfthé pricadifferdittial betweqDprbpage nmmdool ef i ns.

O her objects as wel |l as aspe features and advapi ages of the present

i nvent 3on RFIPYIeRs. SFihe pRse e‘PPEﬁt‘?*ttﬁ’@e'ét‘ Piage 158 RSRsaFRFERY

di scl osur ea@pgibthas/RbRTrakd B4RE AUPelbhifich S0 RIcRRORAPEL I GoRehANt 2gES
t he process of the 15 present invention conprises an
(err),(err)-unsaturated nmononitrile, acrylonitrile or nmethacrylonitrile by
the catalytic reaction in the vapor phase of a paraffin selected from
propane and i sobutane with nol ecul ar oxygen and ammoni a by catal ytic
contact of the reactants in a reaction zone with a catalyst) the feed
conposition having a nole ratio of the paraffin to ammonia in the range of
from20 about 2.5 to 16 and a nole ratio of paraffin to oxygen in the range
of fromabout 1.0 to 10, wherein said catalyst has the elenents in the
proportions indicated by the enpirical fornula: VSbmAaDaQgRr Ox 25 where A
is one or nore of Ti) Sn) Fe, Cr and Ga; Dis one or nore of Li) My, Ca)
Sr) Ba) Co, Ni, Zn) Ce, Zr) Cu, Ta, Bi, Ce, In B and Nh Q s one or nore

A ~ 1




catal yst of the; present invention containing As or As in conbination with
Mo produce especially good results. Preferably, the arsenic 28J¢ydd®nt in

t he cat al ystwdbordensg he range of fromgreater than zero to abocowus@/00) nore
preferred being greater than zero to 0.008, and especially preferred being
greater than zero to 0.005. The preferred nol ybdenumrange is from greater
than zero to 0.0045, nore preferably greater than zero to 0.0035,
especially preferred being greater than zero to 0e0030. 20 Typical reaction

conditions for the X{ dat L,on_of .t he propa or i sobut .to }

coryl ont o 1 Bratushpn S TRElor e o methaf BRI A Al BoK BN geactomog 427
described apieinlbk htieeialkand MidOALHshady Jraédeieis USR] AL e
tenperature range can vary from 350 to 70Q0C), but is usually between 430 to

520C The avertegial asdisach lowaealkaneds catplpdcalborpactedivith ammondoand aput 25
is usually > - to L referably between 0.1 to 5
seconds. TI° g&%@g@%@ﬁg Sﬁg t?‘ggg%glﬁgz%gﬁemg&g %tlpl y ranges from2 to 75

psi a (14-517kPa) Edrlier asteptsisab dovalop @an@ifieicnbphocels fist the(aidmokRkiontof

In a further preferred enbodi nent of the present invention, reaction takes
pl ace in aPreeare Wearrylonitrgle niadege ‘?‘E}}%chﬁﬁﬁ gt ane Aoy orecesres Hatunr eact ed
propane anq, genegl&qdMn@AI686m tePd B (el Uirtle B8t ek §R5 Qe WBuR d€T
to make t he vanadi unmtantinony oxlde catalyst 1 ncluding one or 5 nore of the
requi red Arefenempt odbsteactad nade dfeperiad eonrosinn eesistamtsubErmis, aitlalschd unp
free, the catalyst. is calcin at a te ature.of 780C. and. hjgher. In a
further as ﬂé‘@f‘t%? lY?iéecﬁl"’%rsve?]'tegﬁerﬂfgﬁjtoft%ﬂ?ﬁ{’lrsneadélgfi5??}5‘%"8 Pfi §hg a m xed

met al  qpi dedvaftERes @f MSbopdiripropflena gitideyifftienewpi ri cal fornula set 10
forth bel ow. VSbn, AaDdQQR~OX where A is one_or nore of Ti) Sn, Fe, Cr and
Ga; 15 Dis one decappatemtpupligationssucly as BRO @3§71G4-Akandegtenty seh Ta)

Bi) Ce, In, n : i f . ) f ly M; R
is As; m e(?l?gf‘ ? ga g@%to@?é}%&q%%ggjgﬁkgéglf V%@L 51\{\113% P%&N%f‘gﬁ’%é‘?‘%ai% . 01;

pr ef er abl y catadystsy8tding wddgle aralirycted <o gelving tle frobkdthd pppafvicwdbattOmptd. 01
g +r are greater than 0; 25 x ~ is determ r‘ied 2( the, o idﬁ%’gon state of
the cati ondtHreRang ??npfoé?‘é‘?fd‘b‘? ysingspegiic catalyst, THPAT: {48 been heat
treat edsat b QUHO0BMLTARS U, PRasts 186620 7  bothl diserdddl do@e R2ERMeES ed
enbodi nent of the present invention mequals 1.1 to 1.8; a equals 0.05 to
0.5 and d ofthe¢ pravendinyentioparespaerfically dinectedrtotn vaasiium-anfigiony
illustratiqn ] j e LMLl e
scope. of t PRoRSAFEREIREI Y0 R0 Al oy R RS S Al WLAILRE BT
bed micro nemperaturddef 780°@ yshigher. eThe eptalgst ihthagdéstmtAverdion and Alse and
Mo to a silica supported V/ Sb/Sn/Fe/ O catal yst prepared by a known

convent i on@mmgridagion nypeqstirsidissiossd harein ’@MCFW CRpEARFHgment indhe| 5|
No- 091418045 DEl AnbA6RERRIGS, BU-PIR] B0RAs chge el enents were added by
t he incipient tness procedure using aqueous sol uti ons containi ng
arseni c aci d andl or ammoni um hept anol ybdate. After the catal ysts were
wetted with the solutions they were dried and cal cined at 325C for three

hours before testing for propane amoxi dation. 8 47 .a B~ '~
nl, nM - V~0ON( f | OO0Cap NNNNNNNsUTIIM ARNCOR MHEINVENTION ntnM 1) In! . nln ' ar-
~e- 1~ ~r- ~e- ~~- ~r ~N,.t-r-~-e->-- Q)0000000000000M ~r O vOO vw00 r00 vM

VN vO ~O vao ~to~ vnma"' 1t 71~a0t DONOOd' ~- - O~- N1~t ~r ~~a000~0000n®m0' t 7ndr Q
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00 M the ammoxidation of paraffins to unsaturated mononitriles and the
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~0 .~Na ~~ oL oD oa oD>>>> >S>S>>>>> -, ~ ~ 1, .-, .~ ~~1 C C2e@mp@@C 0C 0C
opcoCcooOO W, -..:.:r~:.:._.ccc , nGnCaCaCnCnCnCaPO ?OI}I>Q>
c>c>c>c>W99°°a@'85ch~E> - --0 >~ .~ ,..rCcvMt PR Cas ~

aa~ na~ aa~ ~a~m na~ Qm aa~ aa~ oa~ aa~ aa.ci .. E EEEE EEEEEEEEEQXX~
QXOOKXXXXX uJ VUIlu! C uJ ~?u~uJmu~uJu~u~ud d a2t C."wVNb'u.V. VN
+ N.V~CsUx +natCtV40O0VO3adawiOm3 CLAI Ms: 1. A process
far making acrylonitrile or rnethacrylonitrile by the catalytic reaction in
t he vapor phase Wfisa ﬁatlm‘rfdbmecse;lfehé ﬁﬁbsfaﬁomv[éh&p&rtﬁ paovide aabidipieeedi t h

mol ecul ar oxy([;en ai d anponi a |c cont act the reactants in a
reaction z6HaNHG MO %ﬂ‘%?mcf‘? °F ‘B%h‘ﬁ‘ﬁgf‘ﬁa mepeRiteiles fromdowet i o of
the par affggréfﬁn@wm{u@ th@n%&f‘ss{t?'?ﬂ’%sﬁfg K418 rPprorthtedd and a nole ratio of
paraffin to oxygen in the range of from1l. 0 to 10, wherein said catalyst is
charact eri zed bylttise $tall furthemolagli inj tha présemtihventi@htoy N de-a Mrocescoe A i s
one or re and Ga; Dis. o}

o Co, S makind vanglidiiantim G o ora o e flyaf et byt ohfbingfii o o
Mb) W andat Véinp&atﬁre%&»f780?(30f' h@gﬁeQ Kctivatds tik ¢Ralys0and oihih@edord is from
0Oto 2, 0s g<0.0; 0Cr<oO. is greater than 0; x is determ ned by
t he oxi dat ebmisatas eltnnpmetog%tﬂwonéq}p:@éemst ttamkteﬂergeatcata}mt Heaticleen heat
treated at a te U t 2B pr.ocass o C1a
wherein mis fro %T%Ee bégttff%ﬁ‘%greslg% vent n&oé’r&"ﬁg " gPAPY (g]v\,her ein
a is from Gatdbyst Forduse, uﬂtheﬂ]ﬁmlakm}ﬂﬁﬁ qa‘ﬂo»@rapmazﬁmﬁﬂierbomsgoﬁdmm 0.05 to
0.4. 10 Amended, c] ai ns 5. The, proce f any preceding clai mwherein A
cont ai h amqneastfﬂ%%n%r%ﬁme@@n Hige’HOP?QSJﬁﬁ?‘he group tin, titanium and
ron. 6., The prefReSoberddt wiIPEEALIRS Bl INShE hibvddlEel €8 E Hloddtt oS
place in a fluid bed réactor. 7) The process of Caimb ereln any

unr eact ed povepdios will b@gmsttamarexst fremythieastiudinobthearcoinpadyingdiisdentrer . 8.
The pr of ess fhar]tgixggrecedi ng claimwherein q is greater than zero. 9. The
process of 2 fi of ing claimwherein Qis selected to be Mb. 10. The
process of ny pregaichitdethaifdhepbioy bﬁbc"ts hﬁdﬁﬂ@ﬂhﬁig@@t&!pi&@é& drthe to
0.0030. 11. The process of Claim Caim10 wherein r is fromgreater
than zéfo poesentmerenmn qqnmref@égsl ., Brmxsnéurma%m&omtéﬂ@facaylgmsgi%m ially

ol ump 11 ee U RHRIES NI IRALLTRS il SRLARYE PR s R TP 1] C!

formul a VS e, C and Ga;
D~is Onesabctﬁﬂrfﬁ)xﬂfprhpand\&ld @%buﬁfﬂe \Bﬁh xﬁﬂecﬁ\lla} to@enGﬁnd dmmduia b'y"a 13i,
Ce, In, Band M, Qis gne or nore of Mb) W and Np; i s As; i is
froth 0.8 %tabftmacq@a?trftf B reActaptein 3 reaskien gene Hi ﬁﬁatalxﬁt erteatn 0 to 2;
0 s g< 0, (bdmpbitioh Kavthela nfole Mluo?ﬂ%&mﬁﬁ%ogmxﬁa ik #R8 réhigofiffom
determ ned 6y the oxidation state of the rations present, and% he cat al yst
has be@f hebout2.640d6 and & malerpatianfiparaffin 40 okwgest in7Be €ange obfrpmj atiomg

Wi on B0 1 2Puonll, siestR Sl caldlfed SR AHe e e Searil Wi Dapbiutiofis RSk by O

t he cat aI y&he biphriehl forhik: A el errent and As at a tenperature of at |east
78pC. 13. The process of Caim12 vvherein the arsenic is added to the
catal yst after the cat aI yst has bees calcined at a tenperature of at | east
780C. 14. T5e procesgg %)Q igNot2 or Claim 13 wherein the arsenic is added
to the catal yst by unl Wetting the calcined catalyst with an aqueous
sol uti @8 covlieae ni ng arseal e, dryi ng the catal yst and heat seating tb~e

catal yst. 15. The process of ax | 1 wherein the arsenic is
added to the catal yst bf Tl @?51”3“ éf 'Vg%'%th a powder

conprising arc arsenpc EQHedrthée 6F3LﬁrMé‘,|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;
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16. The process of Caim 15 wherein the powder is selected fromthe group
consi sting of arsenic acid, ~,si03 and AsZ05. 17. A catal yst25Jaef2@P3in the
amxi dat i qpogg,“qupane and i sobnt ane to acryloaitrile andPCT/US()(]/()]]5|
nmet hacrylonitrile respectively conprising a pronoted m xed netal oxide
VSbG catal yst characterized as having the follow ng enpirical formula
VSb", AaDdQl ~. O= where 12 Anended cl ai ns 25 July 2003 Ais one or nore of
Ti) Sa, Fe, G- and (la; Dis one or nore of Li, My, Ca, Sr, Bs, Co) N ) Zn)
Ge, Zr, Ch, Ta. Bi, Ce) In, Hand M; is cne or nore of I\/b) W end Nb; Ris
As: .. mis fromo B t&Asiadis from0.01 bo 2; dis fromO to 2: Osq<0. Q1;
. 0<r<0.1; g+r are e X is determned by the OX|dat|on state
of the cations presg?lt %hﬁélstdsrl‘%go%ar a>~sc of Gaim1l'7 wherein A) Q n a)
g, and ~r are as dehi nequals @0y to2; Cains 2 to 11. 13 Amended cl ai ns
. A5. Ay. Af hr. A9n. Ah2. Augw; @ [ 2. A, . Ay. ASeh6" U4z ?F}
~ysnhc”Y] ca] ca] cal éa] 88]1 (]A&"af’ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] céa] ca] ca] cal] pad g @ £:akh 51?d<q<'iid)1 espdZhlpBcy3htoos
zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] calU] caU] ca] ca] ca] ca]c
a] ca] ca] c”a] ca] ca] c]<ef Oal; qpakfeaplely!0 Ok V4@ ;
<!'| vgl ga\ W ca] cal] ca] ca% %5 até @lﬂ ca] cal ca] ca] ca] ca] ca] ca] ca] ca] cal]ca]c
a] ca] ca] ca] ca ca] cafical 85 BLGLEY t4tR14- 2 4 5
+lsl I d" " G- ${ $5%A ‘i/&/&@tem{lﬁm BpLxd bﬁﬂhﬁ@h%@dt@%}”ﬂ@d é-‘a%l&t%];ﬁ-@lé}ﬁ] sahca] ca]
ca] cal ca] ca] ca] ca] ca] cal ca] ca] caU] ca] caU] ca] ca] ca cal ca ca! ())w
5* E* K* v* +the sabalysthias, be;eal ¢at/t/r¢atﬁfizqtrﬁ @mnegeywp]ea ay& ‘]Q:aU] caU] ca] ca] ¢
a] ca] %\U] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca]ca]c
a
1//1// 8}050;30 (L)J]thJ]Qsl Qﬁ&n@fc@,gmwm 9&3}390&9.@@1}0:!0&&?5&?@\&%&%}(& atﬂrZ%IoG@c} Ca]U]C&U
ca] cal] ca] cal] ca] cal] ca] cal] ca] caU| ca] cal] ca] ca] ca] caU] ca] ca] cal] ca] cal] ca
] cal] ca] cé[%l]lé %‘@’&MGE 0@%@0 gbatcterizediiyieing SULStantlany

cal cal col FPFRAR BRI GPRGCLEELERY %q’}'éﬁ]%"’%@%%@%b%@@ail sk
333c4e4y43#14%4:ﬁ14alyst1 odlxdimg atalevid] dreadd] matecallthe aA caklneat aatl| A=) cal] ca] cal ca

8 ok e R A hS et o) Ah el P e Aok Bleies iuseds xsni drvsl gU cal o

aU] ca] ca] ca] ca] cal] ca] ca] ca] ca] caU] ca] caU] ca] ca] cal] ca] cal] ca] ca] cal] ca] ca]

cal] ca] cal] ca] cal] ca] cal ca

ubwby5{ 5} 55555555555555555555555555555} xsni d*XSI g] cal] cal] ca] ca] ca] ca] ca] ca

| eal calf cal cal call gpelfiorh BheBieAHHG G Ak Va2 o2 call cal ca
caj ca

5555566666%6' 6( 696<6=6CG6K6a666677#7' 7- 70757: 7@B7zt oi d*Xi d*XSI g] cal] cal] ca]

22& 2 ca] o) capapEding jo RPOARPY C%lz?""m% C%%&%%@#&%&%%%%S%L“{L” oo <!

{vqkf a\ V\fndg‘lgggéa]n ca]Bcax]‘satura]eca[ﬁf% (t:a ca l]e %th ((::g]lomt ile l]yca] call ca
]<2 a&c a;lgtﬂlzg]:}ged:ﬂthﬂiﬂmﬁ]ec@dﬂo&@]macxc]a ofid @at&fﬁalé]etbmed, fesm propane amliJ] | cal
== Q caU ca cal] ca] ca] ca
] i:a] c%] |c|a}|:Jr hké%;%ﬁéh%?é% pREe %‘lﬂc‘g’ﬁ e g?&é]ak%]‘;‘c%”éﬁ‘]ﬂc‘é] 1,“5] CE}] ca] ca]J]c
aJ ca Godda kA aJ ca
ca] ca] ca] caj ca ca]nca cal ca] ca]ecaU] cai cal cd] ca] cal ] gﬁ gg] cal ca] cacxga]ega] cajc
aU] calf cavhtaef the paraffnouwrismoniz in s§160¢8 of from about 2.5 to 16 and a mole
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x 1is determined by the oxidation state of the cations present, and

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

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 cal¢ination 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 gdded to the catalyst after preparation and calcination of the

25 catalyst. For éxample, 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 @ and R element may be
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catalyst of t prese‘nt invention containing As or As in combination with Mo
produce especxally 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 psia

(14-517kPa), but is preferably no more than 50 psia (345 kPa).
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A is one or more of Ti, Sn, Fe, Cr and Ga;
15 D is one or more of Li, Mg, Ca, Sr, Ba, Co, Ni, Zn, Ge, Zr, Cu, Ta,
Bi, Ce, In, B and Mn;
is one or more of Mo, W, and Nb, preferably Mo;

is As;

g d O

equals 0.8 to 4;
20 a equals 0.01 to 2;
d 1s0to2;
0 £ q< 0.01; preferably 0 < q< 0.01, especially 0 < q< 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.
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04 09B& ()-k/I %d09YB& ()-k/ 9%40YB& ()-k/ Y%0YB& ()-k/ YA0YBE ()-k/ 44444455eK1
%L09B&! ()-k/ Y4096 () AnomOnds df) Tiksn JBaMand)Ga/  909B&! () - k/

a00BE ()1 YA0RE ) skhmosy et Sl e, T8 o) &, NILBREL % o, T,

040%B& ()-k/ 9400 :
m, Ce, In, B and Mn;

Q is one or more of Mo, W, and Nb;
R is As;

m is from 0.8 to 4;

a is from 0.01 to 2;

d is from 0 to 2;
0 s qg< 0.01;
0<r<0.1;

q-+r is 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 is from1.2 to 2.0,

3. The process of Claim 1 or Claim 2 wherein a 18 from 0.05 to 0.5.

4. The process bf Claim 3 wherein a is from 0.05 to 0.4.
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n

$h5555 5555sT5 %0%B& () - kI %0%B& ()-k/I 9409B& ()-k/ 9409B& ()-k/

0A0%B& ()-k/ YA0YB& ()-k/ Y%A0YB& ()-k/ 555 5I'5"5H. sT5 %A0%B& @Y Wy 293¢ $h
0d0%B& ()-k/ Y%A0YB& ()-k/ Y%A0YB& ()-k/"5#5%' 5)5+5-5/5i J+ %A0YB& () - k/
0d0vB& ()-k/ Y%A0YB& ()-k/ YA0YB& ()-k/ Y%A0YB& ()-k/ YA0YB& () - k/

A0V ()s.k | SERIEEBAIPaApfrecHBA Bibin| VISR contaisd RANDS: Gbmiehtsclecied

%4 0YB&! () kI YAL0YBE ()-k/I 9HOYBE )-k/I YA0YBE ()-k/; 5<5=5>5?75@| R8F+ %
0d0%B& ()-k/ ofonBEE gyoup tivdlasem(andiiremd 0988 () - k/ _82c

Sh@D5E5GEH51 5K5L5t U, % Y%A0vB&' () -k/ Yd0vB&' ()-k/ YaA0vYB&' ()-k/ Yd0YB&' () -k/
%W0%BE () -k/ 9A0%BE: () kI 94098B& ()-k/L5CBP5T5USX5Y5] 50U6  94.098& () - k/

WOYB& ()g ki A d‘f/an%?g@&ing)c‘liﬁx WHAYREhE Jeaktiod ea kK4 fluid bed
%4 0YB& () "k/ [ 55 5a5¢5d5f 5 vd 6vB& ( YA0YB& () - k/ YA0YB& () - k/

0A0YB& ()-k/ ueeB& ()-k/ YAOYB& ()-k/ Y%A0YB& () - k/f5g5h5i 5j 51 5| R3P6
0d09B& ()-k/ Yd0vB& ()-k/ %A0%B& ()-k/ 9409B& ()-k/ _82c -

$hl 5n5p5r 5s5u5wWay5) K, Yd0vB&' () -k/ Yd0vB&' ()-k/ Yd0vB& ()-k/ Yd0YB& () -k/

o005 7. or” e R thio K/
(005 (7.X) MR o M B b b ML B P Bt AR i ! (

%4 0%B& () - k/ 5356 MEptbabreagiofr. %A09B& () - k/ Y%A0YB& ()-k/ YA0YB& () - k/
%409B& () - k/ 55555555sY: 82¢ $h %d09B& ()-k/ %0YB& ()-k/ Yd0YB& ()-k/ 1
%4098 () - k/ 1 Yd09B& () -kl 94.0%B& () - kI %10%3&' () - k/ 5555555¢eF: 82¢ $h

%4.09B& ()g k/ ¢ @g&@s /a,/ g(c) ‘okdande/ 1 90/8& () - k/
4 09BE: () "k/ 5555 RO -k/ 0/<10%3& ( “KIvA0%B& ()-k/_82c $h
0409B& () - k/ 555555551 OO %10%3& () kI 9409B& ()-k/ 9409B& ()-k/ 9409B& ()-k/

940%BE ()5 kI % ALY, k/ 555555 94098 %LQYB&’ () - k/
94.09B& ()2k/ ﬁfmggt%%s ‘1&//“‘ CIW%‘G%ES ")s"éﬁ%ﬁéﬁg‘@)-k/ 5555555eF0
94098 940988 ()-k/ 9%40YBE& () ki 0/<10%3& ()-kI 94098 ()-k/ 9%09B& ()- ki
9409B& () - k/ 555555C) FO 940988 ()-k/ 82c $h 9409B&' ()-k/ 9%409%B& ()- k/
9409B& ()10«/ 55BBHRO¢sK f any pomeding claim vibenaer {5 from gyeaterakay yerp/to 0.0030.
940988’ () - k/

11.  The prodess of Claim 8 or Claim 10 wherein r is from greater than zero to 0.006.

12. A process for the manufacture of a substantially clump free promoted vanadiom-
antimony oxide «atalyst having the empirical formula

| VSb,A,D,Q.R.0,

where

Al is one or more of Ti, Sn, Fe, Cr and Ga;

D: i 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, and Nb;

R. is As;

m \ is from 0.8 10 4;

a is from 0.01 10 2;
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%0UBE ()-k/I YA0UBE ()-k/ Y40uB& ()-k/5555555eF1 9%40YB& 90YB&' ()-k/ (
9%409B& ()-k/ ( %0YB& ()-k/( Y409B& ()-k/( Y40YB& ()-k/ 25 July 2003

. %409B& ()-k/5666666eF1 9%10UBE& 9MOYB& ()-k/( YA0UB& ()-k/( %OYB& ()-k/ (
9%09B& ()-k/ ( %OYB& ()-k/ 9%0YB& ()-k/ 6 66666$F 82c $h( %L0UB& ()-k/ (
%09BE ()-k/( Y0YBY () - ké mYd0yBR;() - k/ 6666666! 6sT582¢ %A0UBE () - k/
0109B& ()-k/I YA0YB& ()-k/1 YA0UBE ()-k/I YAOYBE ()-k/ 9AOYBE () - k/

Y409B& ()-k/!6"6%6 @) 546 9.ACE82c %A09B& ()-k/ YA0YB& ()-k/( YA0YB& ()-k/
%0YBE& ()-k/ %0YBE () qk/( %10%3& ()-kI %409B& ()-k/.6162646568696; 60U682C
%WO0YB& ()-k/I Y40YB&Y x-k& A0YBE () -k/ %409B& ()-k/ % 0YB& () -k/

9%09B& ()-k/I YA0UB& ()-k/; 6<6>676@A6f L20U682 Y409B& ()-k/ %409B& () - k/ 820
$h/ %09B& ()-k/ % 1S EFeMaT ABIERi6 G5 L 606 R6UGH J+ %4.09B& () - k/ 940988 () -k/
0T (-1 S S Bl PR b e g
940988 () - ki UBX6Z6\ & X FRtpR St OpS PrERTRERd the fatal
%0YBE ()-k/ 9%d0%B&'hes bidn BhDGEted it-dtentp@itdia of at least 388°CA6T 6h61 Mt J+
%09B& ()-k/I YA0UB& ()-k/ YA0UYB& ()-k/I Y409B& ()-k/ _82c $hh6k6nbp6r 6W6Zz6eF+
%09B& Y0YB& ()-k/ %0YBE ()-k/ Y%0UB& ()-k/ YA0UYB& ()-k/I Y%409B& ()-k/

oaova ()i oBoRe et ont L EHAG et R  eygn

%OB& () -k/ YAloHBSNith akleattl AYipEof o e wamr( of the PR eklChiff GgbH. F+

%09B& () - k/ W&Ooﬁ&t @1 E Xﬁ (ﬁé (V&O‘l’é/gﬁ( K/ ‘V&O‘%B&/é%)aé/ 66?86586] K1
%09B& () -k/

%4.09B&! 8-k/ 9409B& () - k/ 666666x1 K1 9%409B&' () k/ %409B& ()-k/ 9%
0409B& ()-k/I Y%0YB& ()-k/ %40YB& ()-k/ YA0YB& ()-k/

%409B& () 18/ GGMth‘ﬂﬁm&Z(%m%emﬁc) iskddded 0odse Citalyst after the
%09B& ()-k/_82¢ 6W6%§6eF 1, % 0%3& W&O%&gg @2@0@& & ()-klI %09YB& () -k/
9%409B& ()-k/ 9 409B& () - k/

9409B& ().-k/ Y409B& ()-k/ Y40YB& () k/ 66666666n008 %4L0YB& () - k/

%W0B& ()-k/I %09YB& () -k/

1o0ves () 14. Theprocg:r)ss of Claim 12 or Claim 13 wherein the arsenic is added to the catalyst by

uniformly wetting the calcined catalyst with an aqueous solution containing arsenic,
drying the catalyst and heat treating the catalyst.

15.  The process of ariy of claims 12 to 13 wherein the arsenic is added to the catalyst
by impregnating said catalyst with a powder comprising an arsesic containing
material,

16.  The process of Ciaim 15 wherein the pawder is sclected from the group consisting
of arsenic acid, As,0, and As,0;.

17. A catalyét uscful in the ammoxidation of propane and isobutane to acrylonitrile and

methacrylonitrile respectively comprising a promoted mixed metal oxide VSbO,
catalyst characterized as having the following empirical formula

VSb,A,DQRO,
where
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%L09BE ()-k/ Yd09YB& ()-k/ Yd0UB& ()-k/ Yd0YB& ()-k/ 6666666eF08 %40vB
%0UBE ()-k/ YA0UB&" ()-k/ YA0UB& ()-k/ Y%0uB& ()-k/I Y40YB& ()askhly 2003
%09B& ()-k/ 666666bH. FO %d09B& ()-k/ %40uB& ()-k/_82c $h %09B& ()-k/
9409B& ()-k/ 66667776F0 % 0YB& () Y0YB& ()-k/I 9%40YB& ()-k/ Y40YB& ()-k/
%OYB& ()-k/ %0YB& ()-k/ %0WB& ()-k/7 7 77777eF0 %0YB& () Y409B& () - k/

% 0UBE ()-k/ YA0UBE ()-k/ YA0UB& ()-k/I Y%40uB& ()-k/

Y0vB& ()-k/ 777! 7" TKTC FQo@%%%ré)ofoﬁ@@&*&%@"@u& ()-kI 940%B& () -k/
Yl0YB& ()-k/#7: 7T@B7TITMIQ7|[: 0 %A0YB ($10% & ()- — ($10% & ()- ($10%

& ()- ($10% & ()- D($1o%a§e(o)'morep$w%!& Crr 87 |Bae Coy Nin¥a7Ge; Eryloyia,
'S*10% & ()-( *10%&% éROISﬁOO/ T's*10% & ()-( 's*10% & ()- (-
($10% & () -s7u7v7Iw7x7y77 6”3 -0%$ & ()- C'10%& ()- & 10%&& ()-
#10%8& ()-10 10 10 ¢ 0Q 3\Who%r fndre oP MO, End Nb; VU4 40 °f10%& () -

f1098& ()- >f109%&& {)- f10%& ()- f10%&&E ()-- S31098& ()-:::=;u;;;yX7vU4 %0
1 82109&&' ()- 4109RR()- GRS ()- ' YA0%&s& ()-1t' Yd0%& ()-!t' YA0%& ()-:
;<<<<<.<<\‘/u4 %0 F'10%) wp&b #Y1098' 3& ()- 10% & ()- 10&10&10& > x
(1);/% g& ZOW%O('}!SEQE!_ 1§ to/ /%12 v10ty@:'§g¢;/(l)- | "1098' 3& () -

- 4 VA

& ()- >'?%?Sr2>X'>'>'>| /a‘bat %(1 1169%% %’Ofo -() "9 .10%? & ()- 9 .10983& ()-
s@f1098' 3& ()- &@0% &sfyom 01621 " 10% & ()- 208 SA@REFS@UL %40 T10% |
& ()- T10%! & ()- 103 '3 103 '3 103 '3 Y > 109 '3 & ()- Sf;109%3' 3& ()-
9 .1098) 3& () S@ @vEPRJEPYOVU4 %40 R3"10% & ()- HG' 10% & ()- S10% !

& ()-F 10%'! & ()-4' 10%d d &() 4 #m0% ! & ()-gCDDt EEEE|[:vU4 %40  S;
10%! & ()- s, 8f10%r<&<(9 if410% ! & ()-3 x-$10%& ()- M) "10% & ()-
V'3"10% & ()- EEEE Iﬁ %AJ 810%& ()- <&Fl &109%&' ()-!l Fl &10% | & () -
yS 10%! & ()-10 ! 5‘35‘1" ?0%! & ()-]Ft FFFFA GxWsuT2 9%

H@ 10% & ()-f A FI &dﬁ%&e@mﬁdaw&w%ﬁbn siate 0 fAhO Yions FI &0% & ()-'Y
FI 810%x& () -1 GoG-GWbuT2 9%  H@10% & ()-f A FI &10%& ()-!F Fl &10%& ()- F
FI &109&& ()-1! 39?2 109! Z& ()- ;109! Z& ()- Normal " "Heading 13]c" "Heading
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