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SPECI FI CATI ON 10 PREPARATI ON OF VANADIUNFK&%I&EKE&E
15 BASED CATALYSTS USING Sng err].xH err] O 20
BACKGROUND OF THE | NVENTI ON Field of the

| nventi on 25 This invention relates to a nethod for the
preparation of tin-containing vanadi um anti nony oxi de catal ysts usef ul
for the catal ytic amoxi dation of Clerr] to CJerr] paraffins or

ol efins, nmore specifically for the preparation of catalysts for the
ammoX8 dati on of propane or isobutane or propylene or 30 isobutylene to
Its corresponding a,[err]-unsaturated syononitrile, acrylonitrile or
met hacrylonitrile. In addition, the catalyst may be used in the
ammoxi dati on of nethyl pyridi ne, mxylene or t he oxi dation of o-xylene
to cyanopyri di ne, isophthal onitriSBECIFICATIQNt halic anhydri de,

respHcti vely. 35 More specifically, the invention relates to the
use of a SnJerr]. xHerr]O wherein x [err] O dispersed in a solution
of a tetraal kyl ammoni um hydr oxi de as the reagent for tin in the

PREPARATION OF VANADIUM ANTIMONATE
15 BASED CATALYSTS USING SnO;-xH,0

20 BACKGROUND OF THE INVENTION

Field of the Invention

25 This invention relates to a method for the preparation
of tin-containing vanadium-antimony oxide catalysts useful for
the catalytic ammoxidation of C;3 to Cs paraffins or
olefins, more specifically for the preparation of catalysts
for the ammoxidation of propane or isobutane or propylene or

30 isobutylene to its corresponding o,p-unsaturated mononitrile,
acrylonitrile or methacrylonitrile. In addition, the catalyst
may be used in the ammoxidation of methylpyridine, m-xylene or
the oxidation of o-xylene to cyanopyridine, isophthalonitrile
or phthalic anhydride, respectively.

35 More specifically, the invention relates to the use of a
Sn0,-xH,O0 wherein x 2 0 dispersed in a solution of a
tetraalkyl ammonium hydroxide as the reagent for tin in the

preparation of catalysts containing vanadium and antimony and



prepération of catal ysts containi ng vanadi um and anti nony and

-2- tin in oxide form These types of catal ysts are disclosed for
instance in U S. Patent Nunbers 3,681, 421, 4,788, 317, 5,008, 427 and in
British specifications 1,336,135 and 1, 336, 136, published in Novenber
1973. 5 Not all sources of tin are equally effective as

pronoters in vanadi um anti nony oxi de cq}alysts for the oxi dati on and
anmoxi dati on of saturated Cl[err] and C[err] al kanes, particularly

ammDpxi dationinl oxfidet founS. Ehtemmt thipesS o?flzt,a(thﬁ.ysts aared dERQ 1GKERD GEoAt
teach that the source of tin pronoter is 10 critical to the performance
char act eibstaaseofint §s 5f.i Hadiead Numberst 3, 0H1, 421, 4,088,846 that the tin
shoul d be present in very finely divided formin the precursors of

such cat & {P88s 427 aﬁqﬁ¥§w§§1q¥#lFW@Qﬁﬁ1Qﬁ§H§9$WHI%ﬁ@v iapd when t he
solid stat%'%§t rea%%;on t akes pl ace_ upon cal cination of the catalyst 15
u

precursoﬂ dér B %%ﬁhﬁ?-é@l ovegbe tlddi3e source in naklng
t t ft ti 008, 427.
Fowevir ot oundia (b SRETHET or%arﬁ?%o%qlb@ffy ef#%%%mga%. 0 metal with
d t t
B'rfe.rolifa? BisfomBligrtc Sl Fmd B ap ey B AR B o s
effectivegy 'dfatfl%% @nd amn{%‘?crl'o%‘ﬁoqf FIBAR RECRUSChE 18,2 ¥Phdnes,

expensi ve sour
partlcularly ammoxidation. In fact, U.S. Patent No. 5,214,016

and EPO 691306-A1 teach that the source of tin promoter is

10 critical to the performance characteristics of the finished
catalyst. It is believed that the tin should be present in
very finely divided form in the precursors of such catalysts
in order for the tin to be fully reactive when the solid state
reaction takes place upon calcination of the catalyst

15 precursor mixture. Tin oxide sol is a suitable source in
making catalysts of the present invention; see U.S. Patent
No. 5,008,427. However, ground tin oxide or tin oxide made by
reacting tin metal with nitric acid are decidedly less
effective sources in catalyst preparation. While current

20 commercially available tin oxide sol is effective, it has a

serious disadvantage because it is a very expensive source.



- 3- SUMMARY OF THE PRESENT | NVENTI ON It is
an object of the present invention to provide a nmet hod of making a
superior oxidation (particularly 5 amoxidation) catalyst while avoiding
t he use of current comercially available tin oxide sols.

It is another object of the invention to make such a catalyst at a
fraction of the expense with respect to, the tin conponent as conpared
to using current conmercially available 10 tin oxide sol as the source of
tin in the catal yst preSiIMMARY OF THE PRESENTe/INMENTIION as wel | as
aspects, features and advant ages, of the invention will becone
apparent froma study of the specification including the specific
exanpl es. . The foregoi ng_and other qbjects are acconpljshed by
the 15 presentti Averny opIgctoodi %@et PraFeat dpeeationtey irrayigde a

met hod of nmaking_a catal yst containing_ vanadi um antingn and tinin
the oxi deethadcofnekirgngr suRe ARk AGidAtaQNesRaTTLICY §¥&Vry of a mxture

f bat tegial | Si, . d f th I tstob
o P CERRLCHBLSS BRSO |RLD8, s SHIDEHA DRl oL o 10,0
1 xt to f | t al in th bat ch teri
T oahSE oty BUREHbIR SARChKIHR, HATaS' D, i Sovce bateh mier ol
NI e e

catalyst at a fraction of the expense with respect to the tin

component as compared to using current commercially available
10 tin oxide sol as the source of tin in the catalyst precursor.
Other objects, as well as aspects, features and
advantages, of the invention will become apparent from a study
of the specification including the specific examples.
The foregoing and other objects are accomplished by the
15 present invention according to which there is provided a
method of making a catalyst containing vanadium, antimony and
tin in the oxide state which comprises making an aqueous
slurry of a mixture of source batch materials comprising
compounds of the elements to be included in the final
20 catalyst, followed by drying and calcining the mixture to form
an active catalyst, wherein the source batch material for the
tin is a solution which comprises SnO;-xH,0 wherein x 2 0
dispersed in tetraalkyl ammonium hydroxide wherein the
tetraalkyl ammonium hydroxide is defined by the following

25 formula:



-4- (err]Herr]) [err] NOH wherein
5[err] n[err] 1. Preferably, tetramethyl ammoni um hydroxide is
utilized in the practice of the invention. 5 The catal yst can
be made from any suitable organic or I norgani ¢ precursor conpounds of
V and Sb, and conpounds used to introduce other optional elenents into
the final catal yst after calcinatign, as is well known in the art,
such as the salts, oxides, hydroxides or netall o-organic conpounds 10
of such elenments, with ﬂﬁRHﬁun4H©Hng i ntroduced to the batch of raw
materials for preparing such catalysts in the formof a sol ution of
Sngerr]*xH err] O di spewbedein HSelr BakRk¥l anmmoni um hydr oxi de as

previously disclosed herein. The batch mxture precursor, materials
i s heat eBrﬁﬁGréélléﬁl n§Gthﬁn@tk1ﬁ'é\/\ﬁm991#§'n Reidrgide tll$e utiddizeghda e

results. nglesp&f uch raw, . source batch materials are of course
shown i nPERELFEC e InVEBtioRy exanpl es herein. Particul arly

effec{ive proc%&r%saf%gtg%@r%act r e. of a%yég_e%%? t are set forth
in U'S. Patent 9
e e FOEAREEge s, LOREERCS - o &wb%n?sy us

opt i onal tre mSre of the net

Pat ent usedN% 15&%%141%1 o%@;%é %%%%%& eqle%&nft%r Siftd Y RamAhed by

reference. I'n maki ng the catal ysts of the present Invention, the
catalyst after calcination, as is well known in the art, such

as the salts, oxides, hydroxides or metallo-organic compounds

10 of such elements, with the tin being introduced to the batch
of raw materials for preparing such catalysts in the form of a
solution of Sn0,*xH,0 dispersed in tetraalkyl ammonium
hydroxide as previously disclosed herein. The batch mixture
of precursor materials is heated and calcined in a known

15 manner until the final catalyst results. Examples of such raw
source batch materials are of course shown in the specific
working examples herein.

Particularly effective procedures for the manufacture of
the catalyst are set forth in U.S. Patent Nos. 4,784,979,

20 4,879,264, 3,860,534 and 5,094,989, herein incorporated by
reference. 1In addition, the catalyst may optionally be
treated by one or more of the methods disclosed in U.S. Patent
Nos. 5,432,141 and 5,498,588, also herein incorporated by
reference.

25 In making the catalysts of the present invention, the

upper calcining temperature is usually at least 500°C, but for



Uppef calcining tenperature is usually at |east 500[err]C, but for

-5- ammoxi dation of paraffins this tenperature is preferably over
750[err]C, nost often at |east 780[err]C. The catal yst may be
unsupported or supported on a suitable carrier. Preferably the
catalyst is supported on a 5 carrier such as silica, alumna, silica

alum na, zirconia or m Xt ures t hergpof . A preferred nethod
of the invention is to nake catal ysts having the el enments and the
propor t i snBorAdatioad otfyptarr@ffins &imdisr itempefraitmriea:is preferably over
VSb[err]AEerr]E{err] err| wher e Ais one or nore Ti,
Sn, wheré QnCvsméﬁﬁaﬁitﬁﬁe§énﬂeaSt 780°C. Dis one or nore Li, My, Ca, Sr,

Ba, Co, Fe, Cr, Ni Zn, Ge, Nb, Zr, Mo, W Cu, Te, Ta,
Se, Bi, Ce, §he CatalYSt RRY Qe ‘B‘SWP%WWI&PQF'CGG‘ on a mis 0.5

Cis de st Abdenara Yy, dbmest tbade the (REatots sypportedon & 1
prese lmhc%cogn srmhp n Tmsslwr m xt.ur e of
ot b bEPER Rt SPCR 0 e ng oo unds 1072 AP iHge A onid 85
i ncl uded i g.t,be fipal.aatalyst, followed by drying and
A preferred method of the invention is to make catalysts
having the elements and the proportions indicated by the
empirical formula:
10 VSDbrAaDaOy
where
A is one or more Ti, Sn, where Sn is always present
D is one or more Li, Mg, Ca, Sr, Ba, Co, Fe, Cr, Ga,
Ni, Zn, Ge, Nb, Zr, Mo, W, Cu, Te, Ta, Se, Bi, Ce,
15 In, As, B, Al and Mn wherein
m is 0.5 to 10
a is greater than zero to 10
d 1is zero to 10
X is determined by the oxidation state of the cations
20 present,
which comprises making an aqueous slurry of a mixture of
source batch materials comprising compounds of said elements
to be included in the final catalyst, followed by drying and
heat calcining the mixture to an active catalyst, wherein the
25 source batch material for the tin is a solution which

comprises SnO;*'xH,0 wherein x 2 0 dispersed in tetraalkyl



heat'calcining the m xture to an active catal yst, wherein the 25 source

batch material for the tin is a solution which conprises Sn(Jerr].
xH err]O wherein x [err] O dispersed in tetraal kyl

- 6- ammoni um hydr oxi de wherein the tetraal kyl amroni um hydr oxi de

I's defined by the foll ow ng formul a: (C[err]H[err])

[ err] NOH wherein SJerr] n[err] 1, 5 drying said
slurry and calcining the m xture to an upper cal cination tenperature
of at | eammong0fiehyfitoxiie wppeein thecietirnalkyd ewmpaismubydrexibe up to
1200[err]C, but is nost often not over 1050[err]C. In
anot her aspdefipedt by fheséatlpwieat fonmudpére is 10 provided a process
for making an a ,[err]-unsaturated nononitrile sel ected from
acrylonitrile and net hadFyfmnieNoEe, by the catal ytic reaction in the

%ed > from propane and i sobutane with
rgin —aﬁd obtionally a gaseous diluent, by
cat a1yt SrifBE"Ea1d] gliFry’ Bned BRI Tk PadiiEen th 38 HPS At i 0 of
I d ° 1 bly 4
AR N BT LR s TR

par af {1 Nok9cehatsbn RehBe-bdnge Fg-)%\ﬂ bb 3 10 (p0pkes Bt 35 FskO Rten

espeC|aI y preterred cat al yst haV|ng
not over 1050°C.

vapor phase of a parafnwg sel,ec
nol ecul ar oxygen and a .

In anofher aspect bf the present invention, there is
10 provided a process for making an o,B-unsaturated mononitrile
selected from acrylonitrile and methacrylonitrile, by the
catalytic reaction in the vapor phase of a paraffin selected
from propane and isobutane with molecular oxygen and ammonia
and optionally a gaseous diluent, by catalytic contact of the
15 foregoing reactants in a reaction zone with a catalyst, the
feed to said reaction zone containing a mole ratio of said
paraffin to NH; in the range from 2.5 to 16 (preferably 4 to
12; especially preferred being 5 to 11) and a mole ratio of
said paraffin to O0; in the range from 1 to 10 (preferably 2
20 to 9, especially preferred being 3 to 9}, said catalyst having
the empirical composition recited in the last previous
paragraph, said catalyst having been made by the method of the
last previous paragraph.
The catalyst may also be used in the ammoxidation of
25 methylpyridine and m-xylene to cyanopyridine and

isophthalonitrile or the oxidation of o-xylene to phthalic



the enpirical conposition recited in the |ast previous par agr aph, said

cat al yst havi ng been nmade by the nethod of the | ast previous

par agr aph. The catal yst may al so be used in the amoxi dation of
25 net hyl pyridi ne and m xyl ene to cyanopyri di ne and i sophthal onitrile
or the oxidation of o-xylene to phthalic

-7- anhydride. The nole ratios of N err] to methyl pyridine and oferr]
to methylpyridine are 1 to 5 and 1 to I0, respectively. The nol e

rati os ocdniNfieidé. toThexmbbeerabﬂos[efr]NHp nex yhettey per ildime and 50and 1
to 10, respectively. In the phthalic anhydride 5 reaction, the ratio of
Jerr] tooomeyhpheynbgirangeefitote15tand0l to 10, resp#nbivedxlysTherepared
by the process of the present i nvention may al so be utilized in the
anmoxi darebe vatios ofr ol e G-¥¥lANR ad wWi%h By 1eR¢ @Bfgdn to
produce acrylonitrile or pethacrylonitrile. The nDIe ratio of NH3 to
10 ol ef i » #RY }a%@e 19r ohPEBBGELITELY- 5 EﬁdtpﬁepﬁﬁhélﬁﬁtPB ¥Arecer ] to

oL 119 TELSLELGE, LR Lok 010! ol s 4 A4S0 M Fange eS30°F"Ls 18

EFTﬁLkFEéDFﬁgR Egl §F§y§?§p&%§%¥gdpgy the process c&etﬂglﬁ} xanples

invention may also be utilized in the ammoxidation of

propylene or isobutene with ammonia and oxygen to produce

acrylonitrilé or methacrylonitrile. The mole ratio of NH; to
lOl olefin may range from about 1 to 5 and the mole ratio of O,

to olefin may range from 1 to 10 in this reaction under

conventional temperatures and conditions well known in the

art.

15

DETAILED DESCRIPTION QOF THE INVENTION

The following examples of making the catalysts and the
ammoxidation reactions using the catalysts so made are
20 exemplary only and should not be understood to be in any way

limiting.

Example 1
25 A catalyst having the composition VSb;.,Sno.,Tio.10x

(Catalyst No. 17388-79) was prepared by mixing 27.30g of V,0s



ammoxi dati on reactions using the catal ysts so made are 20 exenplary only

and shoul d not be understood to be in any way limting.

Exanple 1 25 A catal yst having the conposition
VSb[err]Sn[err]Tio.[err](err] (Catal yst No. 17388-79) was prepared by
m xi ng 27.30g of V[err](Jerr] powder with a solution
consisting of 100m of 30% Herr]O[err}8+n 900m of water in a two
liter beaker. After reaction of the Vlerr]O[err] powder was conpl ete,

61. 259 opoSleer wiGhear solat iatdednisdlsitdned of 100m) 2439 20f HEOL? jnowder
(Degussa P-25). The beaker was 5 covered with a watch glass and the
m xture RAQOmMt ofr wategadin a thr@atle‘,dteﬂrobealk@m 3 Afders relawtaosae@eﬁr dthe

beaker, 10.13g of Sngerr]. % O ("acid tin oxide' gnesium

El ekt ronVePr. povdas wap complgte.o18l 43¢ afidePOs 10871 2ddedatel lanadsn
of 25wt % sol uti on of tetraneth ammonjium hydroxi de. The m xture was
heated oRY 20489h8F pTdPe WPPHAEENS %ﬁPs§§|Prgﬁb untPRe BepksksWasent

m X

For cgbi nGOVERED: Mt Paft MG SAen PO GFe e oTe HHE StL TR AL v
stirred bo,aa uneovered bonker Wt h heat ing. i . st er e ygfyge the

vol une by évaporati on of water. e co nger

i;: (r:irﬁg , Pb?y?ﬁ%oyr@(a%td% errc?%da% Magneé'ﬁﬂﬁ %Iélgtréﬁ'efr?é‘ %ecéfvé@s
6/7/91) were added to 100ml of water and 8ml of 25wt% solution
of tetramethyl ammonium hydroxide. The mixture was heated on

10 a hot plate with constant stirring until a translucent mixture
formed. This tin-containing dispersion was then added to the
foregoing vanadium, antimony, titanium dispersion. The
mixture was stirred in an uncovered beaker with heating in
order to reduce the volume by evaporation of water. When the

15 mixture could no longer be stirred, it was dried in an oven at.
120°C. Thereafter, it was calcined for 1 hour at 325°C then
for 8 hours at 650°C, then cooled and crushed and sieved and
the 20-35 mesh particles collected. A portion of this was
calcined for 3 hours at 820°C then at 650°C for an additional

20 3 hours.

The calcined catalyst was then contacted with isobutanol
using about 6.25ml of isobutanol per gram of catalyst by
placing the catalyst in a coarse glass frit funnel, pouring
the isobutanol over the catalyst, stirring the catalyst in the

25 isobutanol in order to spread the catalyst evenly over the

bottom of the funnel, then allowing the isobutanol to pass



for 8 hours at 650[err]C, then cooled and crushed and sieved and t he
20- 35 nmesh particles collected. A portion of this was calcined for 3
hours at 820[err]C then at 650[err]C for an additional 20 3 hours.

The cal ci ned catal yst was then contacted with isobutanol usi ng about

6. 25nm of isobutanol per gramof catalyst by pl acing the catalyst in a
coarse glass frit funnel, pouring -¢he isobutanol over the catalyst,
stirring the catalyst in the 25 isobutanol in order to spread the catal yst
evenly ovkrougk the funhednwdthohe Sunhébn.t hBhial weshapgt Wesi sobet anol to

pass -9- t hrough the
funnel wkehaytofuthres. tines.wadftey whe dess af the dsphutenoghwes tines.
After the | ast of the isobutanol was passed t hrough the funnel, the

cat al ystPagsefebhEquAR fheofupnel, the QEGFéyﬁFCWP§ hepsed dReaPesvenal
i sobut ano| ﬂggghe cat al was . eval yated for

oot anekohBgheorEaLantSe tha rrgiduatsSpBRLAPH OO EBE. FRed vEby
e 1 nodmeOtatalysy §50 AR R HASA e [ Ik fany
16ACLOT wcing! STHPRA ULE-gE AON ELOLCARN A EANLAGL AL TE ohel A agGands,

10 selec FVity to acrylonifrile was 6 FOpane “conver 9
(2% ApeBal BBCLAL FRUBEHI! HGE A nBYRkCLELELARE 3 £oBbARe/ 1 amhbma9f L4
seconds selectivity to acry onltrl € was . 6% at a propane
ConVers'Qn09§ggﬂ/2%’nitrogen at 15 psig pressure. At a reactor
temperature of 490°C and a contact time of 1.4 seconds,
10 selectivity to acrylonitrile was 61.2% at a propane conversion
of 19.2%. At a reactor temperature of 495°C and a contact

time of 1.4 seconds, selectivity to acrylonitrile was 58.6% at

a propane conversion of 21.2%.

15
Example 2
A catalyst having the composition VSb,;.4Sno.2Tio.10x was
prepared by mixing 27.30g of V,05 powder with a solution
consisting of 100ml of 30% H:0, in 900ml of water in a two
20 liter beaker. After reaction of the V;05 powder was
complete, 61.25g of Sb;0; was added followed by 2.40g of
TiQ, powder (Degussa P-25). The beaker was covered with a
watch glass and the mixture was stirred and heated for about
3 hours. In a separate beaker, 10.13g of SnO,*xH,0 (Macid
25 tin oxide” Mégnesium Elektron Inc., received 6/7/91) were

added to 100ml of water and 30ml of 25wt% solution of



15 ‘ Exanpl e 2 A catal yst having the conposition

VSb[err]Sn[err]Ti[err]Jerr] was prepared by m xing 27.30g of V205
powder with a sol ution consisting of 100m of 30%Herr]O[err] in
900m of water in a two 20 liter beaker. After reaction of the
Vlerr]O[err] powder was conplete, 61.25g of Sbh[err]Jerr] was added
foll owed by 2.40g of Ti 2 powder (iggussa P-25). The beaker was
covered with a wat ch gl ass and the m xture was stirred and heated for

about tetBakethgl bmmensepahgtieokédker, The. higtalreSwasehehtedHpar u] O
("acid 25 tin oxide" Magnesium El ektron Inc., received 6/7/91) were
added t chabOplabé wathrcandtd3on stirzingimssidt potrehslucent mixture

- 10- tetramet hyl ammoni um hydroxi de. The m xture was heated on a
hot pl at Eowned. coRBiantisrreptagning Aigreraaspuvest ther added to tthened.
This tin-containing dispersion was then added to.the f or egoi ng

vanadi unfoEREPHBAY VaRatAHMy AR ABERYy o1 teRd WS AiSPREEdORas SB€rred in an
uncover ed, beaker with heati.n une .b

evaper at RREDF Svfer SLURGAS B S0 unfpREGRE BBAKETGLENGEA HE%IR red, |t
v O S P YRRk tne RIBhE FLCyINBIERIHEY o iBRice! SR g 2
Crohed A0eALE B tatno 0o e 0e S TESREREAK, RS cBLaled, Bl i o
additionghgec, Thereafter it was calcined for 1 hour at 325°C, then
for 8 hours at 650°C, then cooled and crushed and sieved and
10 the 20-35 mesh particles collected. A portion of this was
calcined for 3 hours at 820°C then at 650°C for an additional
3 hours.
The calcined catalyst was then contacted with isobutanol
using about 6.25ml1l of isobutanoi per gram of catalyst by
15 placing the catalyst in a coarse glass frit funnel, pouring
the isobutancl over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the
bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a
20 total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven
at 120° to remove the residual isobutanocl on the catalyst.
The catalyst was evaluated for ammoxidation of propane
using a 1/4” titanium U-tube fixed bed reactor. The gaseous
25 feed to the reactor had a molar ratio of 3 propane/ 1 ammonia/

2 oxygen/ 5 nitrogen at 15 psig pressure. At a reactor



3 hours. The cal ci ned catal yst was then contacted with

i sobut anol usi ng about 6.25nl of isobutanol per gram of catal yst by

15 placing the catalyst in a coarse glass frit funnel, pouring t he

i sobut anol over the catalyst, stirring the catalyst in the i sobut anol
in order to spread the catal yst evenly over the bottom of the funnel,
then allowi ng the isobutanol to pass -11-through the funnel w thout
suction. This washing was done a 20 total of three tines. After the | ast
of the i sERAFRIUGRSCL 495%Gsard a hcauhact heihenoel 2. 4 heecshasyst was
heated in an oven, at 120[err] to renove the residual isobutanol on the
cat al yst .Selectivity tpacrylogitrike wayal 55t 6% 40ra spmopanat convetds psepane
using a 1/4" 3;_iriﬁani um U-tube fixed bed reactor. The gaseous 25 feed to the
react or a%l ]a ar ratio of 3 propane/ 1 ammoni a/ 2 oxygen/ 5
nitrogen at 15 psig pressure. At a reactor

-11- tenperature of 495[err]C and a contact tine of 2.4 seconds,
selectivity to acrylonitrile was 55.6% at a propane conversion of 13.1%
-12-



What is clained is: 1. A nethod of meking a catalyst containing

vanadi um antinony and tin in the oxide state conpr|5|ng naklng an
aqueous slurry of a m xture of source batch materials conpri sing”
compounds of the elenments to be included in the ryi ng
the m xture, and calcining the mxture to form aﬂlml",ﬂmmﬂmmg
wherein the source batch nmaterial fpr_ the tin is & solutien whi€
conprises Sn(err]. xHerr]O wherein X [err] O dispersed.in
tetraal kyl ammoWhain hgdcdridedwhsrein the 10 tetraal kyl anmoni um
hydroxide is defined by the foll ow ng fornul a:

(Jerr]Herr])[&rr]ANarethod of making a catalpetecontajiring wahadihm].
2. The nethod of claiml wherein the Sn(err]. xHerr]O is 15
di sper sePTHRRRY R4 hiyin abobhenexide oxtake comprising mgkifieapr ocess of

claim1 wherein the caIC|nat|on I s at a tenperature of at | east

500[ er r ] @queous slurry sof T%emb¥6%%%s°6f5%¢§ﬁﬁ1Qaﬁﬁbr@aherhéléalC|natlon

annDX|dat|on of arafflns this er ure js at least 750[err]C.. 20
TRe pcfc?}%%%’s C(F%ﬂ‘f?r?‘én%e? WERTRatP oRe inclydedeiBtthe is at

st T e i B SRR T SA L B S

supported o
QTﬁine'nQ N RO dchade GRLEREE [RGHIR PRPRORRES SptH Raedriaf®
for the tin is a solution which comprises SnO, xH,0 wherein
2 0 dispersed in tetraalkyl ammonium hydroxide wherein the
10 tetraalkyl ammonium hydroxide is defined by the following
formula:
(CnHzne1 ) 4NOH
wherein 5 2 n 2 1.
2. The method of claim 1 wherein the SnO,-xH,0 is
15 dispersed in tetramethyl ammonium hydroxide.
3. The process of claim 1 wherein the calcination is at
a temperature of at least 500°C.
4. The process of claim 3 wherein the calcination
ammoxidation of paraffins this temperature is at least 750°C.
20 5. The process of claim 3 wherein the calcination
temperature is at least 780°C.
6. The method of claim 1 wherein the catalyst is
supported on an inert carrier. |
7. The method of claim 6 wherein the carrier is
25 selected from the group consisting of silica, alumina, silica

alumina, zirconia or mixtures thereof.



- 13- 8. A nethod of preparing a catalyst having the el enent s

and the proportions indicated by the follow ng enplrlcaT “formular

VSb[err]Alerr]Derr]dJerr] 5 wher e

Ti, Sn, where Sn is always present | S mg llmuﬂ“”m“l\/g
Ca, Sr, Ba, Co, Fe, C, G, Ni, Z ,

Te, Ta, Se, Bi, Ce, In, As, B, A and Nh mhereln 10

m is 0.5 to 10 a S gréé?ér than zero to 10 d

is zero to 10 8. A methodxof psepaténglaedaMylyhﬁ tevdal dheskedemenftst he

cations present, 15 conprising meking an aqueous slurry of
a ni xt ur 8ndf theupseportiopst éhdiarsedaby tbeplodiloyiognmeopidd cefl said

el enents to be included in the final catalyst, followed by drying and
heat fogmpdaning the mixture to an active catal yst, wherein the

source batch material for the tin is a solution which 20 conprises
SnCIerr] xH err] O V\heyépnAaQé{‘err] O dispersed in tetraal kyl

$lﬂnhydrOX|de wherein the tetraal kyl anmoni um hydr oxi de S
defl ed by t he "¥51 Iomnng formul a:

g ey L e il tne o more | 14, Spy wBURE SsB ° 1e° Tkl Brdsche, 20

tenperature of @t Leaghe589Cmnore 1i, Mg, Ca, Sr, Ba, Co, Fe, Cr, Ga,
Ni, Zn, Ge, Nb, Zr, Mo, W, Cu, Te, Ta, Se, Bi, Ce,
In, As, B, Al and Mn wherein
10 m is 0.5 to 10
a 1is greater than zero to 10
d is zero to 10
X 1is determined by the oxidation state of the cations
present,

15 comprising making an aqueous slurry of a mixture of source
batch materials comprising compounds of said elements to be
included in the final catalyst, followed by drying and heat
calcining the mixture to an active catalyst, wherein the
source batch material for the tin is a solution which

20 comprises Sn0,*xH,0 wherein x 2 0 dispersed in tetraalkyl
ammonium hydroxide wherein the tetraalkyl ammonium hydroxide
is defined by the following formula:

(CnHons1 ) 4NOH
wherein 5 2 n 2 1,
25 drying said slurry and calcining the mixture to an upper

calcination temperature of at least 500°C.



S14- 9. The nmethod of claim8 wherein the calcination
tenperature is at least 750[err]C _ 10. The method-of-.claim.9 ._._
wherein the cal cination tenperature is at |east 780[er

r)C. 5
11. The method of claim8 wherein the catalyst is “ ‘)&’ mﬂuﬂmﬁm
I nert carrier. 12. The method of claim 11l whe Ll 1k
carrier is . selected fromthe groupjgonsisting of silica, alum na,
zirconia, silica alumna or mxtures thereof. 10 13. The nethod of
cl ai m 8 wher ei m { heheSHdttiod ofxlerin @ wherein thesparldichdtidret r anet hyl
ammoni um hydr oxi de. 14. A process for nmaking an
a, [ err] - wesperadieoe menat trddst 750°Csel ected fromacrylonitrile and
met hacrylonitrile, by the catal ytic reaction in the vapor phase of a

paraffin sel edtflod The mathedrdhadaim® wenaiandhd galminaduialr oxygen and
anmoni a by catalytic contact of the foregoing reactants in a reaction

zone wit Ferregedyrs ifadthdeast fIA9°Gwi ng fornul a

VSb[err]Alerr].Derr]Jerr . ere 20 A_. is one or nore
Ti, 851, wher e 11an The 2 Hle&Rin Y Wnerdin he Q@AY Ire Li, M,
Ca, Sr, Ba, Co, Fe, O, @& . Ni, Zn, Ge, Nb, Zr, M, W Cu,
Te, Ta, §g?g@#tqé§9n.dn inert carrﬁq{. As, B, Al and M wherein

m 15 0.51t0430 phe method of claim 11 wherein the inert carrier is

selected from the group consisting of silica, alumina,
zirconia, silica alumina or mixtures thereof.

10 13. The method of claim 8 wherein the Sn0;-xH,0 is
dispersed in tetramethyl ammonium hydroxide.

14. A process for making an o,pf-unsaturated mononitrile
selected from acrylonitrile and methacrylonitrile, by the
catalytic reaction in the vapor phase of a paraffin selected

15 from propane and isobutane'with molecular oxygen and ammonia
by catalytic contact of the foregoing reactants in a reaction
zone with a catalyst having the following formula

VSbnAaDyOx
where
20 A 1is one or more Ti, Sn, where Sn is always present
D 1is one or more Li, Mg, Ca, Sr, Ba, Co, Fe, Cr, Ga,
Ni, Zn, Ge, Nb, Zr, Mo, W, Cu, Te, Ta, Se, Bi, Ce,
In, As, B, Al and Mn wherein
m is 0.5 to 10 '
25 a is greater than zero to 10

a is zero to 10



25 a is greater than zero to 10 d is zero to 10 .
- 15- X is deternmined by the oxidation state of the cations

present, the feed to said reacti on zone contai ni ng

sai d paraffin to NH3 in the range from2.5 to 16 ar{mlmrrmn!mumm “L
of said paraffin to Jerr] in the range from1l to 10, whereitn the"

catal yst has been prepared by the nethagsof claiml. 15.

process for making an a,[err]-unsaturated nononitrile sel ected from
acrylonitrile and rst idedepndmed idye they adielation sdtadleytafc theactdtdorian t he
vapor phase of a paraffin selected 10 from propane and isobutane with

mol ecul ar oxygen alPFeseRini a by catal ytic contact of the foregoing
reactants_in a reaction zone with a catal yst having the follow ng

formul a the feed to sald gtgg[qg:rl,qqq[zgﬂq ch)(t,ajlqlé}gf ]a mole ratio \Mfer%1<il5

|
fe o ﬁ%%g%rf@m Yo "o "0in" BB zaR0ec Ren Say tb' 18°3hd a moleyratd ' e
T T S d Mh
M A ¥ M areeilfiea® 0,5 1n%Bhe range grom 1 £hl1phSupRrath B4, N
10

cataly%t 'h%sz%’e%n %zje%ared by the method of claim 1.

15. A process for making an a,B-unsaturated mononitrile
selected from acrylonitrile and methacrylonitrile, by the
catalytic reaction in the vapor phase of a paraffin selected

10 from propane and isobutane with molecular oxygen and ammonia
by catalytic contact of the foregoing reactants in a reaction
zone with a catalyst having the following formula

VSbrAaDaOx
where
15 A 1is one or more Ti, Sn, where Sn 1is always present
D is one or more Li, Mg, Ca, Sr, Ba, Co, Fe, Cr, Ga,
Ni, Zn, Ge, Nb, Zr, Mo, W, Cu, Te, Ta, Se, Bi, Ce,
In, As, B, Al and Mn wherein
m is 0.5 to 10
20 a is greater than zero to 10
d 1is zero to 10
X is determined by the oxidation state of the cations
present,
the feed to said reaction zone containing a mole ratio of said

25 paraffin to NH; in the range from 2.5 to 16 and a mole ratio



X |s determ ned by the oxidation state of the cations _ . -
the feed to said reaction zone containing a mol e ratlo of

present,
said 25 paraffinto

-16-

NH3
of said paraffin to O[err]

St e e e A 1

catal yst has been prepared by the nethod of claim 8.

process for nmaking a conpound sel ected_f{fgom the
cyanopyri di ne and i sophthalonitrile by the

group conS|st|ng of
5 catalytic reaction in the

vapor phasesefidapstrafifiimg toat €;i ain the sahget Edohr dbntohtOgrebprednsthei ng

of nethyl pyridine and m

xyl ene wi th nol ecul ar oxygen and ammoni a by

cat al yt i catedvatt has beeh phrepamedybivhdheemetihods ofh cdaigad.i on zone with a
having the following fornula 10
vsb[ err] Al err LBq-er A] preceps for maklngA@QIC@mpound selecked jfyoghdhey rmr e

cat al yst
Ti, Sn,
Ca, Sr,

wher e

Sn is always present
g§oueocopglségngcgf cyanopyridine

i'S one or nDre Li

aqd lﬁpf@amltﬂl LV \R,h

Te’ |T§ 0°8 tﬁgyféc reaction 15’ the d’ta%e?treuphﬁﬁfn Fefo s%“é%dng Fatetial d is

zero to 10
cati ons

10

15

20

25

rmn

&ected from ){:& o ngﬁ)t E)e cons

é@ﬁ&jg%'% éﬁ?ﬂﬂy}fﬁfﬁéaé&dHﬁﬁ

Xxylene with molecular oxygen and ammonia by catalytic contact

of the foregoing reactants in a reaction zone with a catalyst

having the following formula

VSbnPaDyOx
where
A is one or more Ti, Sn,
D is one or more Li, Mg,
Ni, Zn, Ge, Nb, Zr, Mo,
In, As, B, A1l and Mn

m is 0.5 to 10
a 1is greater than zero to

d is zero to 10

where Sn 1is always present

Ca, Sr, Ba, Co, Fe, Cr, Ga,

W, Cu, Te, Ta, Se, Bi, Ce,

wherein

10

X is determined by the oxidation state of the cations

present,

the feed to said reaction zone containing a mole ratio of NH;

to starting material in the range

of said O,

from 1 to 5 and a mole ratio

to said starting material in the range from 1 to

10, wherein the catalyst has been prepared by the method of

claim 1.



the feed to said reaction zone containing a nole ratio of NH3 to

starting material in the range from1l to 5 and a nole ratio™ ~~ "of "said
Jerr] to said starting material in the range from1l to

the catal yst has been prepared by the nethod of 25 claim ll'"ﬂ"ln\"ﬁnmﬂlm
-17- 17. A process for making phthalic anhydride

xyl ene by the catalytic reaction in the vapor phase of o- xylene with
nol ecul ar oxygen by catal ytic contact dﬂ'the foregoing reactants in a
reacti on zoneli.t hAapeacalsyss tf olrawiakd ngd phith afldld enhygirficlenfiram o-
VSb[err]Alerr]Derr](err] wher e A is one or nore
Ti, Sn, ®wydene By the ghakalyticegeaiction in the Napor gphessr aforce Li, M,
Ca, Sr, Ba, Co, Fe, O, G, 10 Ni, Zn, Ge, Nb, Zr, M, W Cu,
Te, Ta, E¥leme wdth molecular oxygennbyasatslyMicageniaathefeitine

m is 0.5 to 10 I's greater than zero to 10 S
zero to f@reﬂglng reac%antﬁs1&e@eFﬁPﬁ$d°GszH@ it @a Getadyss @PVHMQ
catio the feed to said reaction zone

cont niﬁBeafH&ﬁ8W939|§% ug Qerr] to o-xylene in the range from1

to 10, wherein the CQE%QXEhO has been prepared by the nmethod of claim
1. x

where
A is one or more Ti, Sn, where Sn is always present
D is one or more Li, Mg, Ca, Sr, Ba, Co, Fe, Cr, Ga,
10 Ni, Zn, Ge, Nb, Zr, Mo, W, Cu, Te, Ta, Se, Bi, Ce,
In, As, B, Al and Mn wherein
m is 0.5 to 10
a 1is greater than zero to 10
d is zero to 10
15 X is determined by the oxidation state of the cations
present,
the feed to said reaction zone containing a mole ratio of said
0, to o-xylene in the range from 1 to 10, wherein the catalyst
has been prepared by the method of claim 1.

20 18. A process for making an a,pP-unsaturated mononitrile
selected from acrylonitrile and methacrylonitrile by the
catalytic reaction in the vapor phase of an olefin selected
from propylene and isobutene with ammonia, and an oxygen
containing gas by catalytic contact of the foregoing reactants

25 in a reaction zone with a catalyst having the following

formula



a

20 18. A process for meking an a,[err]-unsaturated nononitrile

selected fromacrylonitrile and nethacrylonitrile by the. . _ catalytic _
reaction in the vapor phase of an olefin selected fron1propy|ene and

i sobut ene wi th anmoni a, and an oxygen cont ai ni ng gaﬂlmlﬂm

contact of the foregoing reactants 25 in a reaction zon Eﬁﬂfﬂﬂﬂ
havi ng the fol | owi ng formul a -18- : et oms o

- 18- VSb[err]Alerr]Derr]err] wher e A
is one or nore Ti, ¥8b A0 Sn s always present D is one or
nore Li, My, Ca, Sr,; Ba, Co, Fe, O, G, 5 Ni, Zn, Ge, Nb, Zr,
Mo, W Cu, Te, whaereSe, Bi, Ce, - In, As, B, Al and M wherein
m is 0.5 to 10 a is greater than zero to 10 d is
zero to 10 10A 1is ope pg merer nTaedSby wherexi §ati s elwaysopresent
cations present, _the feed to said reaction zone
containing a m¥ e #&tPBeoPr moreankdni Mo 0Cai §%ol BRrnCon Fiee Cxng&af 1 to

5 and_a nole ratio oxygen to said glefin in the range fron11 to 10

whereln the 15 caf‘]écllygfl'hg'§ b&en grepdPed byCPheTﬁ'et Gd &€rcPirm

In, As, B, Al and Mn wherein
m is 0.5 to 10
is greater than zero to 10
d is zero to 10
10 x is determined by the oxidation state of the cations
present,
the feed to said reaction zone containing a mole ratio of
ammonia to said olefin in the range of 1 to 5 and a mole rafio
of oxygen to said olefin in the range from 1 to 10 wherein the

1S catalyst has been prepared by the method of claim 1.



