; €3e_vK\ FFGH H2J6" KTvK?F] 2 8 AU G 2002 -1 5 10 SPEC FI CATI ON MgkéﬁEENﬁM
PROMOTED VANADI UM+ ANTI MONY- OXI DE BASED 15 CATALYST FOR SELECTIV%
AMVOXI DATI ON 20 BACKGROUND OF THE | NVENTION Fiel d of the Invention 25 This

inventioJmWﬂuﬂ an i nproved catal yst for the amroxi dation of propane
-and i sob ”ﬂm WM|-unsaturated nmononitriles (acrylonitrile and

met hacryl oni tgdodog) - The preferred application of the inventio
_recycle process I n which unreacted propane and |sobutane anﬂMLW"ﬁWM“NﬂMm
propyl ene and i sobutene produced by the reaction, re

reactor for the 30 conversion to acryFénitrile and nethacrylonltrl
Nitrsles, such as acrylonitrile and nethacrylonitrile, have been
industrially produced as inportant internediates in the preparation of
fibers, synthetic resins, synthetic rubbers and the |ike. The commercially
dom nant nmethod for their production requires the amoxidation of propyl ene
or 35 isobutylene in the presen d oxygen at a high
tenBeérature in a gas phase in t%)}g%emﬁ? an amoxi dati on cat al yst. 2
$ AUG 2002 -2 However, in view of the price differential between propane
and propylene, or the price di'fference between isobutane and isobutene,

recent attention has been drawn to the devel opnent of a nmethod and cat al yst
for the production of acrylonitrile or methacrylonitrile by an anmoxidation

reaction NEsL, ENUIVP MbTFﬁ)W@IUM—@?NTIMON%@ME B EIE?IEd as a

stafting mate
am"rt[)% a and art1j oxyge al %ﬁ‘gEgas the presence o(? a ca (ﬁ . Earlier

attenpts to devel op an eff|C|ent process for the amoxi dati on of propane to
acrylonitrile produce either insufficient yields or processes that 10
necessi tated addi ng hal ogen pronoters to the feed. The | atter procedure
woul d require not only reactors nmade of special corrosion resistant

mateggi al s, but al so a BARIKGROUNDOBVEHE INVIENTIONOt er. Thi s added
cost elimnated the advantages of the propane/ propylene price differential.
Recent patent publications such as EPO O767164- A1 and patents such 15 as
U.S. Patent 5,008, 427 have bee$ ga 3@12%%0 ammoxi dati on catal yst systens
which are directed to sol vi ng t*ff ﬁ& BPeV|ous attenpts at propane
ammoxi dati on using specific catalyst. In particular, U S. Patent 5,008, 427
-assigned to the assignees of the present invention is specifically
directed to a vanadi um anti nony pronoted catal yst for propane amroxi dation
mheagin t he

16816 *

This invention relates to an improved catalyst for the ammoxidation of
propane and isobutane to a,p-unsaturated mononitriles (acrylonitrile and
methacrylonitrile). The preferred application of the invention is in the recycle
process in which unreacted propane and isobutane, along with propylene and
isobutene produced by the reaction, are recycled back to the reactor for the

30 conversion to acrylonitrile and methacrylonitrile.

Nitriles, such as acrylonitrile and methacrylonitrile, have been
industrially produced as important intermediates in the preparation of fibers,
synthetic resins, synthetic rubbers and the like. The commercially dominant
method for their production requires the ammoxidation of propylene or

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

gas phase in the presence of an ammoxidation catalyst.



20 catalyst is calcined at tenperatures of 780C or higher. The catfalAuf 200p
the present invention and the ammbxi dati on procedure disclosed herein is
directed to an inprovenent in the 427 patent. 25 SUVWARY OF THE | NVENTI ON
It is an object of the present invention to provide an inproved process for
- the ammoxi dation of paraffins to unsaturated nononitriles and the
correspondi ng nonool efi ns. 2 8 AUGZ0d2 -3 It is a further object of the
_ present invention to provide an inproved catal ytic anmoxi dati on process for

Taki ng unSat UAhEdJORYIG bf ffe pHAWIAMRNPRERLILOS pWb AT necesSi Ly

of using hal ogen prohoters. a sti urther I'n the present

I nvent i progydeds, o the prigy diffsenéobetwavmkisbuthneamad idotmuserid, Fesyntpr onot ed

oxi de catalﬁzt whi ch during cal cination, at tenperature of 780C or higher,
act i vat adenhendsabsan degiun ip thaidgselopmantiofiamesiod pudwatelysbiutther of t he
catal yst .t ke raer. . al rticles. | r.. Qbj ect. of the

o coent PTONSHRE o R Brub T mb iRk iRl oh BB Rl

ammoxi d@thlesinOfhel IOWRE ARAAS KLEE akPrbpene 6f ivbRGAAE ROuddl ADAMAFinE es and
t he correspondi ng nonool efins. Qther objects as wel| as aspects, features

and advaraterelavfl stich lpwesentanaisctatabytioally repetsshwithppamoniafanshan he st udy
- of the accor;ggqr}ﬁiﬁ? . di sclosyre and the, cl a;PrIB. To achi eve the foregoing
obj ect s° 3 8350 theRresencs o #6818t esent i nventi on conpri ses

an a, (3'“”SatEHrﬁb?%tf8t%ﬂg£E {o ddRioRah ¥r8akht bbéees foEiHRAEYARRNALLH ©£PY the

catalytic reaction in vapor phase of a paraffin selected from propane

and i soprdpame ti ddryimiiadld producy ¢éthea imisfficiemt yiélds omtparbydsses ¢hat act of t he
reactants in a reactjon zone with a catal yffé, ta, feed conpéz)glition havi ng a
mol ¥ 1 anpepssitatetbagding halogen papmetens tothefeed o 3@ latter pypcesmrgmoldy 5 ¢ o

R L A TN
t he enpgthséitativs dodery of the promoter. This added cost eliminated the
advantages of the propane/propylene price differential.
Recent patent publications such as EPO O767164-A1 and patents such
15 as U.S. Patent 5,008,427 have been directed to ammoxidation catalyst systems
which are directed to solving the problems of previous attempts at propane
ammoxidation using specific catalyst. In particular, U.S. Patent 5,008,427
-assigned to the assignees of the present invention is specifically directed to a
vanadium-antimony promoted catalyst for propane ammoxidation wherein the
20 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 ‘427 patent.

25 SUMMARY OF THE INVENTION

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.



VSbrmAaMonDJOX 25 where A is one or more of Ti) Sn, Fe, O and G&;8 NG 280e
or nore of Li, My) Ca, Sr) Ba, Co) Ni, Zn, Ge, Nb, Zr, W Cu, Te, Ta, Se,
Bi, Ce) In, As, B and Mh; mequals 0.8 to 4; .2 8 AU G 2002 -4 a equal s
0.01 to 2; 0O<b<0.005; dis Oto 2; x is determned by the oxidation state
of the cations present, and 5 the catal yst has been heat treated at a
tenperature of at |least 780C. ~~ is another aspect of the present invention
to manufacture a pronoted vanadi um anti nony oxi de catal yst which is
characteri zed BydeignsrBeieanbl Md ¥rdsfie idleriidiTRl Pibvide AnARAABYS
conprising heat treating a vanadi untantinony oxide catal yst Including at

| east onmtalytimamnodxitihtioA prbesmbr arakingl wisdeurabed Gnahorwitribdschromi lower
tenperature of at | east 780C and higher is used. DETAILED DESCRI PTI ON OF
THE |Nvamnaéﬁmw1mwm%@eqe§s%@ %B&ha]@gePWéOW%thon there is provided

a process for Iﬂla ';ggtlflrfu?‘zh ;:?&aihlﬁl% %‘gsm%@' h'élohecb 8{71:’;&80 p ééelg(sa £8¢

met hacryl oni tr he Cat e reacti on e vap

par afsf i rmaki&g:h%rfard@ﬁhpaﬁﬁ m&%ﬂtﬂx@&@cdﬂaﬁ%tmhﬁhtdtﬁﬁngéﬁmw
ammoni a by catal ytic contact o he reactants in a reaction zone wth a
cat al ystat temepénagurzonfp630°G @nhtﬁmirngctavams éhegatadwtoami mingmigesafin t o
anmmoni a i.n the range of fro abot 2. E’V 16a m)lertlo of qaraffln
to oxyge%hmm%fﬁécwén%rog B g Btﬁcaita 4t 30 orke et ratalyst Ratid %%t has

e SLTEL DR AR BE ARy A
catalyst for use in the ammoxidation of lower paraffins 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,p-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 2.5 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:

VSbmAaMobDdaOx
25 where
A is 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, Nb, Zr, W,
Cu, Te, Ta, Se, Bi, Ce, In, As, B and Mn;
m equals 0.8 to 4;



Dis one or nore of Li) My, Ca, Sr, Ba) Co, N, Zn, Ge) Nb, Zr, QVB(AP,G ?Qﬂz
Ta, Se, Bi, Ce) In, As) B and Mh; mequals 0.8 to 4; 2 8 AUG 2~~ -5 a
equals 0.01 to 2; b is greater than zero up to 0.05; dis Oto 2; x is
determ ned by the oxidation state of the cations present, and 5 the

-catal yst has been heat treated at a tenperature of at |east 780C

Cal cination tenperatures can be as high as 1200C. However, calcination
_tenperatures are usually in the range-df from about 790 to 1050C. The

cal ci nation tenperat Wfia320 ¥ yof rom conposition to conposition but the 10
particul ar calcination tenperature utilized for a given conposition can be
determ ned easily Oy bro@@0% experinentation. Simlar to the disclosure in
U. S. Patent 5,008,427, herein incorporated by reference, it has been found
that it is preferdbl esthi@2isubscript min the enpirical formula set forth

above usual ly provides the best,results when it.is..at 15 ]1east 1.2 and when
TCls atmost 5o 1 ooseerRiR Br Bt ofathER Lhid B iors WerrrEahove
is af | eRskathl9st RASHEARheht tRIREE AR eniiRBA IR ofltdBEE P8 even 0.4. In
a further preferred enbodi nent el enent A'includes one or nore of tin,

titani um and iik@®anbthdéSagpaict of thaptesentovdrtivn tomaniudadtiuaé aapinhetedt S
have di scovered that 20 npl ybdenum nust be_ present in the catalyst and

wi t hin Wﬁ@aéﬁgeramempmgédég satadxggvhiehtig chapagterizad byd?%ggubégamwﬂm t he

i nproved.re ' 0 | : 17 l.

prer or agiey O umplhs Y8 Brocels bARpFIAIP bek: Eheindd DalifAt heyBles |

pr ef er abkidedttalyas ihBidigg a@ 184t Gl morsoftHealA ¥liheheahddnsigbagntneat er
than zero to 0.0030. 25 Typical reaction conditions for the anmoxidation of

t hel®r ophrecadeinagisputeanpenature of/atlenst 788°Gandhigherisyisedi.tril e are set
forth in U S. Patent 5,008,427 described above and herein incorporated by
reference. The reaction tenperature range can vary from 350 to 700C, but is
usual |y between 430 to 520C. The average contact tine can often be from
0.01 to 10 seconds but 2 8 AUG 2002 -6 is usually between 0.02 to 10

seconds and nore, DEFAIBELY DESGRIPTIONtOFSTHE INVENTIONT essure in the
reaction zone usually ranges from2 to 75, but is preferably no nore than
50 psia. In a further preferred enbodi nent of the present invention,

AR e et e ey
react or making an a,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
20  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:

VSbmAaMopD¢Ox
25  where
A is 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, Nb, Zr, W,
Cu, Te, Ta, Se, Bi, Ce, In, As, B and Mn;
m equals 0.8 to 4;



In order to make the vanadi um anti nony oxi de catal yst descri bed iZ”BtR?G 200
present invention so that clunping of the catal yst conposition particles s
elimnated or substantially reduced during heat treatnment a cal cination 10
tenperature of 780C and hi gher is used, and include one or nore of the
-required A elenents in the vanadi um anti nony oxi de catal yst conposition
along with the required nol ybdenum el enent. Optionally) one may include one
or nore of the D elenments in anobunts sbeh that the conmposition contains the
el enents and the propQrtio indj.cated by the enpirical fornula set forth
bel ow. 15 VSb, nAaﬁ/bb%gbﬁiS\AQ'ggeto%i s one or nore of Ti, Sn, Fe, O and Ga; D
is one or nore of pLi js MateRthaf zeRPup €00.08;, Zn, CGe, No, Zr, W 20 Cu, Te,
Ta, Se, Bi, Ce, In, As, B and M; mequals 0.8 to 4; a equals 0.01 to 2;
0<b<0.005; d is 0dtoi®0t@2;x is deternined by the oxidation state of the

ti t, d.t t.al yst been heat, t t ed, .at t t f
i 1 oast 780G | nia it PG RUBCMSIRETERIAD ERiso T LS GRUPHO BRESON, APRQUAI o

1.140 %@éaﬁ}%&&?ﬂis;%%xpﬁeéptrga% PRda Yo RPURA furB df At Qedst 780°C8 AU G 2002 The

exanpl es set ow are for i1llustration purposes only and shoul d not
be considered as limting the scope of the invention. The run conditions in

all the exanples were at 15 psig, and at a tenperature of 480C) except in
Exanpl e 15, whaleinghion emperatures cansberas biglsayd@00¢ alfoweverer e tested for

Gt ol y <SR daéeirﬁﬂﬂ‘%l?%s;??%%%@%ﬁf%éi R At acé‘ééqzt%éfi%“ﬁ'ﬁi éE
i rer 1 S eBleiA 3G Bmgta st iR Ve e Bl oA TS chfboBelslit bt Bhe Vo0 O

wer g adggestiddht exkinfion tHBPereurd vtlizedfor hasiken covmposeitar &th Beth a wat ch
15 glass and the m xture was stirred and heated for about 3 hours. Then

4. 3369 @¢tezrminediensiyiby moting enersdentatifinsper si ng SnOz~xHzO (et ast anni ¢
acid) in an agueous ,solutj.on of t.et |, ar i hydr oxi de wer.e added.
Then 141 372q" ettt @ Wb diEofre R A IR 4T e e 8
sol . Thpy Fbfekbhé&s, W has ek h Fuhd tRAL 1#116 PYEfeeabRANE subkérip18at if'Ehd N Or der
to reduce 20 the volunme by evaporation of water. When the m xture could no

| onger é&mpsticak fedmula setorthiabdve msaallppeovides 1the bestitemndts wheniit isvat
cal cj neﬂ‘é}‘sgr i haurﬁ at, 325C, gtdggurs at 820C then at 650C for an
addiYio 1-%8nf whem it s AtanAs2-Pat al yst, having particle sizes between 20

and 35 nmesh, yag, m‘aﬁor‘éﬁ!}&gﬂﬁ& 'HéériS%OQUAsa@é’Einé&‘aﬁm‘?@ﬁréﬁegk%imf:SM
funnel by allow ng the 1sobutanol to pass

that it preferably does not exceed 0.5 or even 0.4. In a further preferred

embodiment element A includes one or more of tin, titanium and iron.
It is particularly important to note that applicants have discovered that
20 molybdenum must be present in the catalyst and within the specific range
disclosed in the empirical formula to obtain the improved results disclosed in the
examples set forth below in Table I. Preferably, the molybdenum ranges from
greater than zero to 0.0045, more preferably greater than zero to 0.0035,
especially preferred being greater than zero to 0.0030.
25 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 through the funnel w thout suction. After washing wi th isobu? @nalps ?@E
catal yst was heated in an oven at 120C to renove the residual isobutanol.
2 8 AU G 2002 8 Catalyst B (lInvention) Ml ybdenum was added to Catal yst A
using the incipient wetness nethod by taking 3g of Catalyst A and uniformy
- wetting it with 1.1nl of a 10nl sol ution containing 0.0162g of

(NH4) sMb~024~4Hz0. The treated catal ysé was dried at 120C then heat treated
at 325C for 3 hours. 5 Catalyst C (lnventions Ml ybdenum was added to
Cat al ys; ' i Meb A i f, Catal yst A
and unisl%o‘ér#gwm%t%é‘ g2t ! Sf\.eﬁhgg%ﬁ%@%ﬁ%@%ﬁ?&oﬁ%‘%ﬁ?ﬁ?%itﬁg 0. 0273g
of ( NH4) sddam@z4 Pz PresEee in ehé echatirakorsd uyesllydramgbsaroml2 06760 Bit heat
treated at, 325C for 3 hours. 10 Catalyst D (lInvention) 27.286g of VzGCs
powder Rieferabdaag merethan aPinsta-consi sting of 100ml of 30 wt % Hz02 in 900nl

o somm ere T b AG pRIBSEH oo Rindhi B ek BrlledvIGvaRBa Rt M
bealser tkesGANG Rfla\iidif brdwabetorivRich! i8equassbd fo@ rBtydle b th@anstddibgd and

heated for about 3 hours. Then 4.336g of 20.9 wt% SnQz sol prepared by

di sper sirgase@ndg@rated asopylane back dita theafluisesbreactet.ut i on of
tetranethyl a ni,um hydr oxi de were added. Then.14. 37 of Fe .powder
wer e added fo%ﬁg@n{ﬂ/ 81 V&Q@Q‘}Q-%MW?Q ?Patﬁﬁgs#‘?&cﬂ’ﬁ’%vbgst\i’gti rred
in an URGAURL fith MAPo Mt cINRRIihBGritRe RAEHYsE QrhFhifien FArtiRfsue! UTe by
evaporation of water. Wien the m Xture could no longer be stirred, it was
dri ed ielimmatedroragubkfdttialipecdadddeduringdrst tpéatmmedt 4 calchdtionr s at 325C) 3

hours at 820C then_ at 650C far an additional 3 hours. Mol ybdenum was added
to My oremrgratueriob 4801 and Hghenis wied; ap énghlz*gsowmﬁe Qgtlzmae%sr sh,

usi ng the J ncipient,wetness nethod by unkforn,y wetting.it 25 w t . 2ml of
20w Acrlsriealte B AT RARSRRY SR AR R ubpRibh afohd trith fhe

cat al ysfe N@fe diloffb dinuid QfehBAD 0PRionklI9abRE nidy Bed&dd Bhe 3rMRbWeSof thRe
treated catal yst was then contacted with i sobutanol in a coarse glass frit
f unnel Dyelsimentisrig ameuntsoidhaticit the corgwsithom cgpitatihe theialeatentistaralithe
suction. After .2.8 G 2002 -9. ing . Wth.i ut anol, the catal yst was
heat ed ?WpaﬁtIBQ%FP(QFa%O]@' ﬁﬁe FEYRS \éﬁ%ﬂé %isﬁ{]gﬂr%ﬁg%hm:anol . Catalyst E

| nygntion) 30.014g of V205 powder were added to a solution 5 consisting of
100m. of 30 wt% HzOz in 900nl of water in a two liter beaker. After
reaction of the V¥ShnpaMeD«Okth HzOz was conplete, 76.959g of SbzOa were
added foll owed by 1.055g of Ti Oz. The beaker was covered with a watch gl ass
and theWhf¥ ure was stirred and heated for about 3 hours. Then 4. 998g of

19.9 wt % SnOz sol ,pr e [ i NG SHZ ~x K28 (nmetastannic acid) in an-
10 aqueous sol uti%n g%)&%%&f gyr% ﬁ;?ﬁgﬁ%%}eﬂ%%g'ogﬁde wer e added. Then

15.809g of FezOa DOVKIESnAGF R GEdL, M| ONESr, Ba, 00d, 496 T Ge; A6 M @4’ 4H20,
and then followed by 96.919g of 32.2 wt% Si Oz sol. The m xture was stirred
in 2 uncovered beaké&u,ie; Fah&at BagCe.AnoddeB vadr Miice t he vol une by
evaporation of water. V\h%%%l%e m xture could no | onger be stirred, it 1 S
was dried in an oYen®3f? .O‘fIhereafter it was calcined for 3 hours at
325C, 3 hours at §206qhARM0.641 t6§99C for an additional 3 hours. The cal cined
catal yst, having particle sizes between 20 and 35 nesh, was then contacted
wi th isobutanol i0<abco@066; glass frit funnel by allow ng the isobutanol to
pass through the funneb wi_t hout suction. After washing with isobutanol, the
cat al yst d 1s0to2;

25 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.

In a preferred embodiment of the present invention m equals 1.1 to 1.8;

a equals 0.05 to 0.3 and d equals 0 to 0.1.



20 was heated in an oven at 120C to renove the residual isobutanol C&tjﬁl 00?
st F nvention) 30.014g of V20s powder were added to a sol ution cor?s? T g2
of 100nl of 30 wt % H20z in 900mL of water in a two liter beaker. After
reaction of the VZOs powder with HzOz was conpl ete, 76.959g of SbzGs 25

- were added foll owed by 1.055g of Ti Oz. The beaker was covered with a watch
glass and the mixture was stirred and heated for about 3 hours. Then 4. 9989
of 19.9 wt % SnQz sol prepared by di spe?sr ng SnOz~xHzO (metastannic acid) in

an aqueous s ion of tetr amm roxi de were agdded. Then

15, 805 of Febbh eRaules 5kt BTBNREI AT ity drBsatoes oAt A G 2002
-io (N'éﬁbﬁb@ﬁggﬁe%b'ﬁgrdgm ab aRitha ﬂ‘i’é"@&)p@yof%ﬁegﬁgﬂnﬁ’(f)n.?’? 2 W% Si CGa sol .
The m xture was stirred 1n an uncovered beaker with heating in order to
reduce the volberubyoadiponsin all tht exaneples Ween attHd pdigt amé acaul d no | onger

be stirred, it was dried in an aven aiﬁnlzoc Th reafter it was cal |ned f or
3 houréearpezzeee@ 4Bh6w excent 1pdoxamp tWhBetRt eorenapreraraaret WA’ 53, hours

het. comoet e e sBLRR ABRkLE el kPR A MERR AR B OIRY L 0

t he i-sqﬁmra&@bcﬁee, pass through the funnel vvrthout suction. After washi ng
with isobutanol, the catalyst was heated in an oven at 120C to renove the
resi dual isobutanol. 10 Exanple G (Conparatives The foll ow ng were added to
75.2 | bs of water in a 50 gallon reactor vessel equipped with a nechani cal
agitator and a tenperature controlled water jacket: 84.8 | bs of 20 wt % SnCa
sol pregared by di spersing SnOz~xHzO (netastannic acid) in an aqueous

sol uti ranet hyl ammoni um 15 hydroxi de, 8 | bs of a 25% aqueous

sol ution of tetranmethyl anmoni um hydroxide, 4.45 I bs of Ti02) 51.2 | bs of
V2Q@e, 114.8 | bs of SbzGs, and 4.5 I bs of FezGs. The react or was seal ed and
heated to 125C for 5 hours wi th continuous agitation. ortion of the

mi xt ur Catadvatak fqomparative) ed7i286g9 uﬂagwm%e‘&k@raddq tonegeludtpn n or der

| onger (pBsisline i Opr e 80 % Fa0F 4R gl M S dEin e B Epa e Loe ¢ "
cal ci negftéPreattivsSthrt \@@@Cpo&dapwﬁaa qqz@;%st &fpRte, @Q‘esgbf BVho03

addi tional 3 hours. The cal ci ned catal é‘b havi ng particle sizes between 20
B

and 35 mha}clldmisfd]wr]edcbmﬂ.g&&@bﬁmhﬁzr rheﬁker was @ve$er1 wetllgaamtchrrt
a7 et wnd the Tyidire BAR R0 apa ea oY, 5, & Bour MBen A 86 br,
oven atogigfel A F el R0b e ok SRRUSAOL TG @lataluaingd YDA OR) The

foll owi ng were adde rina | on reactor “vessel

equi ppedusoiab s@ld&é‘ﬁlaﬂi&@hn@@h%'laéﬁ&n@ﬁdnﬁhyafmﬁdaww adddd8 ThiddG 2002 -i-|
controlled water jacket: 84.8 | bs of 20 wt % SnQz sol Erepared by di spersing

SnOz~x I-H@@ﬁa@ﬁﬁfaﬂal powdedyere added followed by 8. 106 0bB2 2ewtAnBiPy Isohnmoni um

hyd f 259 | of tet t
e oL it Bas BpiFRedpt 4B iiop e hesSovit Heie N oRteD abtucs g 4. 5
| bgoof theafdumbsy SvaFaakomn ma&‘i‘al\vﬂeﬁ&ﬂehﬁ%ﬁ% E&ul&%ﬁﬁ& ?er Pehours with

conti nuous agitation. A portron of the m xture was taken and stirred in an
uncoverssirédalt evasiriedipati ogen at 3ROWC. Thereafberittias calcined foy 3ehapsr at i on
of water. When the m xture could no | onger be trrraid it was dried in an

oven atatiBHEC, Prewnsrated2GC than abfed felor }£1°‘31‘2*5C'5‘ he ﬁ%l‘fnbﬁd 650C
for 3 ho bdenum 10 was ded t at ahyst, havin rticle sizes
bet weert S0 sh ARG clropitgs PREVESR P éﬁf‘d\’ﬁ& T R e
cat al ySkotdnbih ardasiarsérvglésbrfgmlﬂmﬁemy alleWin@tha ishBUidnsidboyidsan contai ni ng
0. 3681g of (NH4)sM . The treated catal yst was dried at 120C t hen
heaf t rtéaoregih &he Sﬁﬁﬁ‘el‘ withdult suctonh ftert wa S of mthaﬁolamrtorl orhel cagalystir s.

The cal cin st was t ontacted .15 with .i.s in a coarse

Ol ass PHRE DERIEM ¥ oXPh o TH O Tedutn it b BB Bon the Tunne

w t hout suction. After washing with isobutanol, the catalyst was heated in
an oven at 120C to renove the residual isobutanol .



Exanpl e | (Conparative2 The foll owing were added to 75.2 | bs of weigrA)6 20?2
20 50 gallon reactor vessel equipped with a nechanical agitator and a
tenperature controlled water jacket: 84.8 | bs of 20 wt % SnOz sol prepared
by di spersing SnOz~xHzO (netastannic acid) in an agueous sol ution of

- tetranet hyl anmmoni um hydroxi de, 8 |bs of a 25% aqueous sol ution of

tetramet hyl ammoni um hydroxide, 4.45 | pbs of TiQOz, 51.2 | bs of VZG0s, 114.8

| bs of SbzGs, and 4.5 | bs of FezOs. The 25 reactor was seal ed and heated to

125C f h th t L th
spray- deababRkRrbAuGaT Maaiferfih ol Sed BEGRRIV AJRR EROLE 3550 5"
hour s afnc§ARRt WitRedd nftRAGd fb?/rta%%gigglo‘f alys8 Ahéhlﬂd %mfwﬁlw %&é& rﬁ%dmcat al yst

was then contacted with i sobutanol in a coarse | ass
frit fuwndl 13ynladfl @hOng SLOhethso@mttaanmg 0.01p3g of t(NHJO@MOt(Bﬂ 4HfIheIThm t hout

suction, After shi ng th isobutanol, the cat St heated in an oven
at 1zodr@at€fcg%kv§iv%wa? teduat 13Q at%{hh? at tge %%gmﬁs farhewsn)
Mol ybdenum was added to Catal yst | using the incipient wetness nmethod by

taki'ng 10g of Catalyst | and uniformy wetting it with 2m of a 100m

sol ut i oQagARERCIAYeRtidH) WMokybidhGMIWES 4dded @o Cdialyist 2ti8Fh INtSiieWRS
dried at 120C then heat treated at 300C for 1 hour. 10 Catal yst K'nvention)

Mol ybdewatmesgsmatitetiby d;akhtgaﬂz yatofiCatalysy A And ivnsfopndptwettinees svithtthoohl by

t aki 1 l.yst d i form t.i Ittt f 00l

sol Ut 10 %éﬁfn&isﬁﬁ&'ﬁg’g 095 %&%M@@D&&ﬁﬂ%@% @%Xﬁﬁﬁaﬁ% %&@% st was

dri ed o806 UPRAAY 1500 Bflhe A0C ada B for o Feed Rat] 0s%

Pr oduct Ct1Vi | es arrpl e (sec) 02 N2% C, H$
Conpp

Catalyst D (Invention) 27.286g of V205 powder were added to a solution

consisting of 100ml of 30 wt% H202 in 900ml of water in a two liter beaker.
After reaction of the V205 powder with H20O2 was complete, 69.965g of SboOg3
were added followed by 0.959¢g of TiOz. The beaker was covered with a watch

15 glass and the mixture was stirred and heated for about 3 hours. Then 4.336¢g of
20.9 wt% SnOgz sol prepared by dispersing SnO2:xH20 (metastannic acid) in an
aqueous solution of tetramethyl ammonium hydroxide were added. Then
14.372g of Fe203 powder were added followed by 88.10g of 32.2 wt% SiOg2 sol
The mixture was stirred in an uncovered beaker with heating in order to reduce

20  the volume by evaporation of water. When the mixture could no longer be
stirred, it was dried in an oven at 120°C. Thereafter it was calcined for 3 hours
at 325°C, 3 hours at 820°C then at 650°C for an additional 3 hours.
Molybdenum was added to 3g of calcined catalyst, having particle sizes between
20 and 35 mesh, using the incipient wetness method by uniformly wetting it

25  with 1.2ml of a 10ml solution containing 0.0162g of (NH4)eMo07024-4H20. The
treated catalyst was dried at 120°C then heat treated at 325°C for 3 hours. The
treated catalyst was then contacted with isobutanol in a coarse glass frit funnel

by allowing the isobutanol to pass through the funnel without suction. After



Acrylonitrile C3H8Acrylonitrile + C HBCO + CO2Exanple 1 2 8 AUG 2002
(Compar ati ve) A0. 93. 00. 82. 02. 019. 458. 90. 959. 825. 3Exanpl e 2

(Conpar ati ve) Al. 03. 00. 82. 02. 020. 258. 31. 159. 425. 4Exanpl e 3
(I'nvention)Bl. 13. 00. 82. 02. 020. 260. 31. 361. 723. 5Exanpl e 4
“(I'nvention)Bl.13. 00. 82. 02. 020. 659. 91. 261. 123. 2Exanple 5
(I'nvention)Cl. 23. 00. 82. 02. 020. 759. 71. 160. 823. 3Exanpl e 6
(InventiOn)C1.43.00.82.02.018.258.32.580.821.9Exanp|e 7

(I'nvention)Cl. 13 .00, 82.02. . 059.,91. 361,222 7Exampl e 8 o

(1 nvent Pampete TR ga3ia30b 7Be S8GIYS §8S h585 Ay EnGt 120°C to remove
(1 nvent k0204431 20p32294: 021. 861. 21. 662. 921. 1Exanpl e 10

(I'nvention)EL. 23.00.82.02. 019. 559. 51. 461. 022. 4Exanpl e 11
(I'nvention)F1l. 53. 00. 82. 02. 019. 757. 62. 560. 122. 6Exanpl e 12

( Conpar at i ve) GL, 03. 00. 82, 12, 019. 656, 62. 459. 025. OExagpl ¢ 13 _

(I nvent Catalyst ¥a(Invention) 0 30@id gV 205 Ay deravarsaddndstora solution

(oot ForgiSihlst Qg Eydd 1o, 850008 BF Gtk AR e fer bealker
(1 nvent ingndrkbaBBoA®fHRe 0,03 H¥dorORithOM,024wRs oM fetd, P6QDYg 0f25B,BY ~

2UU2 -14 What we claimas our invention is: 1. A process for makin
acryl oniergladded falowadrby bAdbgiof e tHee Beakaravgs ceveredwitbra watethe vapor

Oygen AHHEHe B Bl pErl BB hRRE A R bl BB
zone W b Pwes BG4 sol ?f‘eﬂa%@d byHIBSEYsing 'Sﬁ@é’iHQOa(lﬁBia%.téﬂ%icga(fr?%)l fgn

paraffin to ammonia in thé rangé of fromabout 2.5 to 16 an e ratio
of par abfjusoh®schxgpanof tetidreetlnigemmbnivarhyalroxidelwérd add4t). Thenei n said 10
catal yst _has the _elenents_in the gr oPorti ons_indicated by the enpirical

f or mul al15\888gfa KlepOa aremderomeresa dollowed byf0.136gaf Fe, O and Ga: 15D

2 o2 ealBitot oty B oot st B To T

0<b<0. OQH» 2R Was %t%‘?%c? i ahstrﬂjc%bﬁgésﬁ ?é%%ke?%vittﬂ%e‘?fﬂrf?ﬂ OriettarBafle L

cations present, an e catal yst n heat treated at a tenperature of
at | easvoliif€hy. evapopationof wafter. &Whenl thdhprirturercondd gedofigarbabinted] i2 t o
2.0.3. The pr Qc(gss of claim1 wherein ranges from 0.05 tg 0.5.25

1 he

i out
4. The pieeeddedin anvemat heQ¢;.nThe dt Waérﬁa&%ﬁg t%@r ghougs gt 825°¢
process qf ¢l ai o rein 1 udes . or re of in, titaniu n
" on. 6. HhoupatiaoeT Biem o Fa0RE b i aBBicRal B G, MLl daae
f I ui dbe . ; im6 wherein any
unr eactggbg?%%gﬁ%dgrs%%o%}t%gﬁg ﬁg&r?%égclﬁ%%nﬁlﬁ t eégrﬁf&ci?(ﬁg? hr eactor. 8.
The pr oisebuitaholcinad tohrsshgnes fritofumed by dllowingrtbatissbutaanl tepass o about
0.0045. 9. The process of claim 1l wherein b_ranges fromgreater than zero

Lo abouthipumiodie finmel withowt seetion. ohlter HashingHatiseDEta ol the PGS oat er
Lnago zeua e ABRYL o 0030 JhoeCPLARESS oL ABATRANLARIAY © of

subst anti al ree pronoted vanadr uman y oxI de catal yst having
the enmpirical fornula VSb", AaMobD~O, where io Ais one or nore of Ti, Sn,
Fe, & and Ga; Dis one or nore of Li, My, Ca, Sr, Ba, Co, N, Zn, Ce, Nb,
Zr, W Catalpst FTdnventioB) , 3GH14grof ¥sOs Doswderiwere added to a solution

consisting of 100ml of 30 wt% H202 in 900ml of water in a two liter beaker.
After reaction of the V205 powder with H202 was complete, 76.959g of Sb20s3
25 were added followed by 1.055g of TiO2z. The beaker was covered with a watch
glass and the mixture was stirred and heated for about 3 hours. Then 4.998g of
19.9 wt% SnO2 sol prepared by dispersing SnO2xH20 (metastannic acid) in an
aqueous solution of tetramethyl ammonium hydroxide were added. Then

15.809¢g of Fe203; powder were added, followed by 0.2872g of



In equals 0.8 to 4; '~ a equals 0.0l to 2; 15 0<b<0.005 d isOQ OQ'BXM'J& 2002
determ ned by the oxidation state of the cations present, and where the
catal yst has been heat treated at a tenperature of at |east 780C
Callpl'lslllg heat tl'eatlllg the catalyst incoi porating one or 11101'e
- O the required A elenents ao and nol ybdenum at a cal cination tenperatu:e
of at least 780C. . A .As% Aa% A A'F. ALF. A& A 3. A ARA .AYe A .AEL A (
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aJca]ca]calcalcalc aUlc

a] ca] c” é]lt‘,@}&\,}/h}}é%/fgaf}@é}’ gggﬁg%\%ﬂ% afp ey M‘%ﬁl’éaf &ith dgabatanolpthpoptaiystp
Foa) cal A ny Rt 4didh ek na0fC HpSmab G Tpoldiatidbatagicyl o S 201 02l ca

Jcajpf H'1z10% & ()-10% & ()- s10% & ()-10% & ()-:10% & ()-M
F- 100& ()-: YOd0% & ()-' (>t @1 z10% f #$10% & ()-! Xf#$109%& ()- "
10% & ()Exarpled siavive' Thefollowirg were added to 75.2 Ibs of water in a

-1prS41Lf T 1Q%& () - 109& E %d0% ()-..10 10 . .
10!pt f #$l15(§la on gm@%( k‘eg)upé)e&)wn;h a mechanical agitator and a temperature

controlled water jacket: 84.8 Ibs of 20 wt% SnOgz sol prepared by dispersing
SnO2xHsO (metastannic acid) in an aqueous solution of tetramethyl ammonium

15 hydroxide, 8 lbs of a 25% aqueous solution of tetramethyl ammonium hydroxide,
4.45 1bs of TiOg, 51.2 lbs of V205, 114.8 lbs of Sb203, and 4.5 lbs of Fe20s. The
reactor was sealed and heated to 125°C for 5 hours with continuous agitation. A
portion of the mixture was taken and stirred in an uncovered beaker with
heating in order to reduce the volume by evaporation of water. When the

20  mixture could no longer be stirred, it was dried in an oven at 120°C. Thereafter
it was calcined for 3 hours at 325°C, 3 hours at 820°C then at 650°C for an
additional 3 hours. The calcined catalyst, having particle sizes between 20 and
35 mesh, was then contacted with isobutanol in a coarse glass frit funnel by
allowing the isobutanol to pass through the funnel without suction. After

25 washing with isobutanol, the catalyst was heated in an oven at 120°C to remove

the residual isobutanol.

Catalyst H (Invention) The following were added to 75.2 lbs of water in a

50 gallon reactor vessel equipped with a mechanical agitator and a temperature
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1 109% ()-t 0> dErS4l Lf 10&*Z"10%& ()- sY(#10% ()- !mi 10% ()-s

$109%&' ()- L10%&' ()- 109 ()->d )*+ dYNOLf 1 10 10 10710%' ()-5- 10%& () -
SFA109% ()-sO0 109& ()-+10%& ()-,: > dEYNO Lf 1 |

. 10% u& () - &10% u& () - & #10% u& () - S10% u& ()- " 10% u& () - YUd0% u& () - 3"H
dEYNCI Lf "1 z10% u&' () - &8 10% u& ()- @ 1Q%.u& ()- & 10% u& ()-9 10% u& ()-F
%40% u& ()- VIdEYNC Lf 1 9!"10% & () -

107 G 0 IO S AP IRIR L
C Lf° 110508 & H-00d 0@ &s amid Geid) 10an aqueous solution of tetramethyl ammonium
hydroxide, 8 lbs of a 25% aqueous solution of tetramethyl ammonium hydroxide,
4.45 lbs of TiOg, 51.2 lbs of V205, 114.8 Ibs of Sb20s, and 4.5 Ibs of Fes03. The
5 reactor was sealed and heated to 125°C for 5 hours with continuous agitation. A
portion of the mixture was taken and stirred in an uncovered beaker with
heating in order to reduce the volume by evaporation of water. When the
mixture could no longer be stirred, it was dried in an oven at 120°C. Thereafter
it was calcined for 3 hours at 325°C, then at 650°C for 3 hours. Molybdenum
10 was added to the catalyst, having particle sizes between 20 and 35 mesh, using
the incipient wetness method by taking 10g of catalyst and uniformly wetting it
with 1.5ml of a 100ml solution containing 0.3681g of (NH4)6M07024-4H20. The
treated catalyst was dried at 120°C then heat treated at 820°C for 3 hours then
at 650°C for an additional 3 hours. The calcined catalyst was then contacted
15 with isobutanol in a coarse glass frit funnel by allowing the isobutanol to pass
through the funnel without suction. After washing with isobutanol, the catalyst

was heated in an oven at 120°C to remove the residual isobutanol.

Example I (Comparative) The following were added to 75.2 lbs of water in a

20 50 gallon reactor vessel equipped with a mechanical agitator and a temperature
controlled water jacket: 84.8 lbs of 20 wt% SnOg2 sol prepared by dispersing
Sn02xH20 (metastannic acid) in an aqueous solution of tetramethyl ammonium
hydroxide, 8 Ibs of a 25% aqueous solution of tetramethyl ammonium hydroxide,
4.45 lbs of TiOg, 51.2 lbs of V205, 114.8 lbs of Sb2O3, and 4.5 1bs of Fe203. The

25 reactor was sealed and heated to 125°C for 5 hours with continuous agitation.
The resulting mixture was then spray-dried. The spray-dried catalyst was
calcined for 3 hours at 325°C, 3 hours at 820°C then at 650°C for an additional

3 hours. The calcined catalyst was then contacted with isobutanol in a coarse
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" & (§- 9Catabpst J (Inpention) ) Myykgnum was added to Catalyst I using the incipient

wetness method by taking 10g of Catalyst I and uniformly wetting it with 2m] of
a 100ml solution containing 0.1g of (NH4)¢M07024-4H20. The treated catalyst

was dried at 120°C then heat treated at 300°C for 1 hour.

10 Catalyst K (Invention) Molybdenum was added to Catalyst I using the incipient

wetness method by taking 10g of Catalyst I and uniformly wetting it with 2ml of
a 100ml solution containing 0.3g of (NH4)sMo07024-4H20. The treated catalyst

was dried at 120°C then heat treated at 300°C for 1 hour.
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Acrylonitril
+ C,H,
59.8
594
61.7
61.1
60.8
60.8
61.2
62.2
62.9
61.0
60.1
59.0
60.5
56.8
57.8
60.6

1.1
1.3
1.2
1.3

2.0
1.6
1.4

1.1
25
2.5
24
24
2.9
2.2
3.5

0.9

% Product Selectivities

58.9
58.3
60.3
59.9
59.7
58.3
59.9
60.2
61.2
59.5
57.6
56.6
58.2
53.9
55.6
57.0

8.2
9.2

3.0 {0.8]2.0{2.0] 21.8
3.0 | 0.8 {2.0]2.0
3.0 1 0.8 |2.0|2.0

3.0 1 0.8 |2.1]2.0

Conv. |Acrylonitrile| C,H,

% C,H,
19.4
1
1
19.5
19.7
19.6
19.8
19.5
19.7
19.9

Table 1
Feed Ratios
3.0 10.8(2.0]12.01 20.2

3.0 {0.8 [2.0]2.0
3.0 | 0.8 (2.0]2.0] 20.2
3.0 | 0.8 2.0|2.0} 20.6
3.0 | 0.8 [2.0{2.0] 20.7
3.0 |1 0.8 (2.0]|2.0
3.0 | 0.8 |2.0|2.0] 20.0
3.0 1 0.8 |2.0]|2.0
3.0 1 0.8 |2.0|2.0
3.0 10.82.0|2.0
3.0 {0.8|2.0{2.0
3.0 {0.82.0|2.0

C.H, |NH,|0, [N,

(sec)
0.9
1.0
1.1
1

4
1
1.1
0
2
1.5
0
1.1
1.3
1.6
1.8

C.T

Catalyst
A
A
B
B
C
C
C
C
D
E
F
G
H

I
J
K

Example 1 (Comparative)
Example 2 (Comparative)
Example 3 (Invention)
Example 4 (Invention)
Example 5 (Invention)
Example 6 (Invention)
Example 7 (Invention)
Example 8 (Invention)
Example 9 (Invention)
Example 13 (Invention)
Example 15 (Invention)
Example 16 (Invention)

Example 11 (Invention)
Example 14

Example 10 (Invention)
Example 12

Example
(Comparative)
(Comparative)
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&( 1. 2QQAARRQR P64

1. A process for making acrylonitrile or methacrylonitrile by the
5 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 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

10 catalyst has the elements in the proportions indicated by the empirical formula;

VSbmAaMobDaOx
where
A isone 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, Nb, Zr, W,
Cu, Te, Ta, Se, Bi, Ce, In, As, B and Mn;
m equals 0.8 to 4;
a equals 0.01 to 2;
0 <b < 0.005;
20 d 1is0to 2;
x 1s 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.
3. The process of claim 1 wherein a ranges from about 0.05 to 0.5.
25 4. The process of claim 1 wherein a ranges from about 0.05 to 0.4.
5. The process of claim 1 wherein A includes one or more of tin,
titanium and iron.
6. The process of claim 1 wherein the reaction takes place in a fluid

bed reactor.
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