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SPECI F| CATI ON METHOD FOR PREPARI NG | MPROVED VANADI UM Po.
ANTI MONY OXI DE BASED OXI DATI ON AND AMMOXI DATI ON CATALYST& ‘§O
BACKGROUND OF THE | NVENTI ON Field of the
| nvention 25 - The present invention is directed to a process for
t he manuf acture of a VSb( err] based catal yst useful in the
anmoxi dation of a C3-C5 paraffinic hydrocarbon to its 30 corresponding
[err],[err]-unsaturated 'nitr.ile anmoxidation of propyl ene with NH3 and
oxygen to acrylonitrile, ammoxidation of met hyl pyridine with NH3 and
oxygen to nmake cyanopyri di ne, t he anmoxi dati on of mxylene with
NH err] sand oxygen to make i sophthalonitrile and the oxidation of. -
o-xylene to nake 35 phthalic anhydride. |In particular, the present
I nvention is directed to a process fpr the manufacture of VSbJ err]
based catal yst (preferably pronoted with other netals) useful in the
anmoxi dati on of propane to acrylonitrile.

10

SPECIFICATION

METHOD FOR PREPARING IMPROVED VANADIUM ANTIMONY
OXIDE BASED OXIDATION AND AMMOXIDATION CAIAL3§E§

20
BACKGROUND OF THE INVENTION

Field of the Invention
25

The present inventidn is directed to a process for the
manufacture of a VSbOx based catalyst useful in the
ammoxidation of a Cis~Cs paraffinic hydrocarbon to its

30 corresponding a,f-unsaturated nitrile ammoxidation of
propylene with NH; and oxygen to acrylonitrile, ammoxidation
of methylpyridine with NH; and oxygen to make cyanopyridine,
the ammoxidation of m-xylene with NH; and oxygen to make
isophthalonitrile and the oxidation of o-xylene to make

35 phthalic anhydride. In particular, the present invention is
directed to a process for the manufacture of VSbOx' based
catalet (preferably promoted with other metals) useful in the

ammoxidation of propane to acrylonitrile.



2 Geat Britain Patent Nos. 1,336,135 and 1, 336, 136 di scl ose
maki ng catalyst from V[err](err] and Sb[err]derr] slurries that

are m'xed, dried and cal ci ned. These catal ysts are used to anmoxi di ze

al kanes such as propane. U.S. Patent No. 3,860,534 5 has simlar _

di scl osures but uses cal ci ned catal yst washed with . wat er before use to
renove sol ubl e vanadi um conpounds. The dried and calcined material in

t he above references are rel ativel 2 weak and have | ow abrasi on

fine tal cum 10 SRR TR katent Mot phcadts L8 ca8ar o 5369136 b al
' h s | .G I flupLd bel !
0. S “Pht entNGL S At G, CHEELEE B 0T e, b, SBos sGRASE ehas

assi gnee Ofald b Ay OISR COIL1A08,  IPholll CREESVLES BEe used to

speci fic-proce prepar at ron of catal yst

(pronot ed Vrinthald¥6le Bl1BdRds Usedh| ad propanéd he §l & dphednt eR6L 0BS 8601, sBl7E

anmoxi dati on of propane to acrylonitrile. Wile the processes

di scl osgd inad R ket i Sclosur @ WBWE s &9 0fa PETREH deat 8Dys et ah¥hkd! Qituse
in the fluid bed 20 process, they nmay be inproved upon. The present

i nvention iwater befigmenhese tito stieowd sohusleneahadium compounds. The
Summary of the Invention -25 It is the primary object of the
present i ndaitadranid calcined material in the above references are
relatively weak and have low abrasion resistance. Mbre
importantly, the material in the dried state is a fine talcum
10 powder-like material not possible to spray dry to obtain
microspheroidal particles large enough for a fiuid bed
catalyst. _
U.S. Patent Nos. 4,784,979; 4,879,264 and 5,094,989,
assigned to the assignee of the instant application, are
15 directed to the specific procedure for the preparation of
‘ VSbOx based catalyst (promoted with other metals) useful in
the fluid bed reactors for the ammoxidation of propane to
acrylonitrile. While the processes disclosed in these patents
produces good ammoxidation catalyst for use in the fluid bed
20 process, they may be improved upon. The present invention is

directed to such an improvement.

Summary of the Invention

25
It is the primary object of the present invention to

provide an improved method for making a hard, attrition-



provi de an inproved nethod for making a hard, attrition-

3 resi stant catal yst containing V and Sb In the oxide form

(vsbg.err]) Anot her object of the present invention is to provide
a process of making m crospheroi dal catalyst containing Vand 5 Sb in
oxi.de form In a still further object of the present irnvention

t he VSb err] catalyst is pronoted with various netals.

Q her objects as well as aspects, featureg and advantages of the

present invention will becone apparent froma study of 10 the acconpanying
di scl osur e rih dth ERPEESEFs €| @bfBaining V  ahd OsHer ihotRehbRYBet F8rm

foregoi ng aspects, features "and advant ages of the present invention,
there is priofSskhzd.a met hod of making a catal yst having the follomnng
enpi ri cal formula: 15 VSb[err]A[err]E{err]CIerr]
where A = SnAnbther Gbxe@tesfthbeepfesent invention is tB provatlel aast
one el enent selected from Li, M, Na, Ca, Sr, .Ba,
Co, Fe, Cr pregcess oﬁymak;ng mlcrospher01dal catalystbcowba1n¢ngu VT|anﬁa
Se, Bi, Ce, In, As, B, Al, and M1, and :
wher ei n® mSk 39153153613_01’01‘1“ a = 0to 10

d = 0to 10 = . nunber of ox¥gen at ons necessary to
satisfy In a still, further object of the present invention the

VSbOx catalyst is promoted with various metals.
Other objects as well as aspects, features and advantages
of the present iﬁvention will become apparent from a study of
l10 the accompanying disclosure and the appended claims.
In order to achieve the foregoing aspects, features and
advantages of the present invention, there is provided a

method of making a catalyst having the following empirical

formula:
15 VSbuAaD4Ox
where A = 8Sn, Ti or mixtures thereof,
= at least one element selected from Li, Mg,
Na, Ca, Sr, Ba, Co, Fe, Cr, Ga, Ni, Zn, Ge,
Nb, Mo, W, Cu, Ti, Ta, Se, Bi, Ce, In, As,
20 B, Al, and Mn, and
wherein m = 0.5 to 10
= 0 to 10
d = 0 té 10
.x = number of oxygen atoms necessary to satisfy
25 the valency requirements of the other

elenents,



25 Ce : - the valency requirenents of the other

el enent s, ' 4 conpri si ng
reacting a nonoperoxovanadiumion, VO Jerr])[err], while i n aqueous
solution with a first portion of an Sb conpound whi ch contains Sb,
havi ng a val ence of 3[err], thereby reducing t he average val ence of
the Vto less than 5[err] and oxidizing 45 Sb to a val ence state of 5[err],
renoving the water fromthe solution to forma dried catalyst

precursor, coibridindi feadtitng a méwSpeidbRGvani@iuf 61f SOVORD,H, while
tenperature in the range of 650[err] to 950[err]Cto formthe-
cat al yst, virerajuedine sojuioienemith a fivsprpsesiendofigant Sbastompsendnd
portion of an Sb compound 10 after the first portion of .Sb conpound has
been added wiricch contaminst $kashaypingial vgleraetefl it thereby reducing
monoper oxovanadi um i on. In a preferred enpodi nent of the
process of Gl grerage valen¢e\ehtthd tYie tecbpds pbhanoh cindwxibdbeind s
added after 15 the first portion of the Sb conpound has conpletely reacted
with the nolpdidx@ERRee seate of 5, remqying |the WRYRE IrAterhed

AT M =M SR N:Ie = A SR AT
Lo b ! e SAlE i SRR Y ursor ot 2, inSakbFh el 187 EhEL ERHg8TBA R
of the Sb to ofPHPYUNEAF 1 THEA YOS F V& YIS Snent
comprises adding at least a second portion of an Sb compound
10 after the first portion of Sb compound has been added and
has at least partially reacted with the monoperoxovanadium
ion.
.In a preferred embodiment of the process of the.present
invention the second portion of Sb compound is added after
15 the first portion of.the Sb compound has completely reacﬁed
with the monoperoxovanadium ion.

In still another preferred embodiment of the process of
the present invention the first and.second portions of the Sb
compound added to the catalyst are selected to be the same Sb

20 compound.

In a further preferred embodiment of the process of the
present invention the first and second portions of the Sb
compound are selected from different compounds.

In a still further preferred embodiment of the present

25 invention the second portion of Sb compound is added prior

to removing the water to form the dried catalyst precursor.



Ih a still further preferred enbodi nent of the present 25 invention the

second. portion of Sb conpound is added prior to renoving the water to
formthe dried catal yst precursor.

5 . In anot her preferred enbodi nent of the present invention

the second portion of the Sb conpound is added subsequent to renDV|ng
the water to formthe dried catal yst preggrsor. In still another
preferred enbodi nent of the present ention the second portion of Sb

conpound i s addernadhéther préferdededmbodinener offaghkepiresanti Herention

O her objects, advantages and novel features of the I nvention-w || be
appar ent tothéosecohdopdrhiaon oKi thei nSbhecompoundt ispaddedasubsicquerdd ttde
followi ng detailed description of 10 the preferred enbodi ments of the

i nventi on. removing the water to DBTm tED OESCH patallySt PHECuUXGBNTE ON

15 The process of the present invention conprises a nethod of
maki ng a VSbd er¥p shibl enebhest psafensed ewbodhment ofyihexPFasent of.
propane to acr lopitrile. In particular ocess ,of the present

i nventi on ?E%%on%%aF?ﬁ@nQ POrtleatSﬁysﬁbha9Pﬂ§°Pﬁé i Pod eﬁgar | a:
20 b[ e Alerr1 D where A = Sn, Ti
or nixturest?%é?ﬁb?glpLecuLSLr hhs EeeLSLéiﬁﬁanast one el enent sel ected

fromLi, My, Other objeéts, advantages and novel features of the

invention will be apparent to those of ordinary skill in the
art upon examination of the following detailed description of

10 the preferred embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

15 The process of the present invention comprises a method
of making a VSbO, based catalyst suitable for the
ammoxidation of propane to acrylonitrile. In particular, the
process of the present invention comprises preparing a

catalyst having the following formula:

20 VSbrAaDaOx
where A = Sn, Ti or mixtures thereof,
D = at least one element selected from Li, Mg,

Na, Ca, Sr, Ba, Co, Fe, Cr, Ga, Ni, Zn, Ge,
Nb, Mo, W, Cu, Ti, Ta, Se, Bi, Ce, In, As,
25 B, Al, and Mn, and
wherein m = 0.5 to 10

a = 0 to10



Na, Ca, Sr, Ba, Co, Fe, O, G, N, Zn, GCe, Nb, Mo,

W Cu, Ti, Ta, Se, Bi, Ce, In, As, 25 B, Al, and M,
and wherein m = 0.5 to 10 a=0to 10

6 d = 0to 10 X = nunber, of oxygen
atons necessary to satisfy the val ency

requi rements of the other ' el enments, 5 by reacting
a VO Jerr])[err] ion while in aqueous solutlon with a first portion
of an Sb compound contaanlgg %bto itohe val ence state of 3[err],

t her eby reducing the average valence of the Vion to less than 5[ err]
and oxidizing Sb to a val encep ﬂgﬁ@g om
the solution to forma 210 dr|e c§f§ﬁ§§1 fgggﬁgﬁF; ca C|n|ngh§%WQ£€iSf§
resulting dried Precur sokhal v 1EmeyHagHRRleHtY &1 tHd @ tadwe of
650[err] to 950[ err] C wherein the inprovengnt conprises addi ng at

| east a second portion ofelamedtsgonpound gfter the first portion has

at least partially reacted with the VO((err])[err] ion. 15
Pr ef er abl y byt heazaditighai | 670 (¥,) t heicmtwhidé pneagueousi solutiodowdtht aa

tenperature of between 700[err] to 875[err]C, nost preferably in the
range of 73Uratr Jpordigs0[af rdrC. Sb compound rccmttammimq p3lef einethe
enbodi ment, the water is renpved by spray drying at a tenperature of

bet ween 1l0fdenice ¢teds @f X5, therebyezesuojing e¥enasien yalesies r9f t o
175ferr] G t%reowvdI nl%npatrot I1C<-'lsess than 5' and oxidizing Sb to a valence
state of 5%, removing the water from the solution to form a

10 dried catalyst precursor, calcining the resulting dried
precursor at a maximum-temperature in the range of 650° to
950°C wherein the improvement comprises adding at least a
second portion of an Sb compound after the first portion has
at least partially reacted with the VO0(0;)* ion.

15 Preferably, the calcination of the catalyst precursor is
done at a temperature of between 700° to 875°C, most preferably
in the range of 750° to 850°C.

In a further preferred embodiment, the water is removed
by spray drying at a temperature of between 110° to 190°C,

20 especially preferred being 115° to 175°C, providing particles
that are microspheroidal in.shape in the range of 10 to 200y,
especially preferred being 25 to 150pu.

The V compound reacted in the process of the present
invention can be an inorganic or an organié compound of V,

25 but is usually an inorganic compound. A partialllist of such

compounds includes any oxide of V such as V.05, V7013, VO,

VO;, etc. For a more detailed list of typical compounds



that are mcrospheroidal in shape in the range of 10 to 200[err],

especially preferred being 25 to 150[err]. The V conpound
reacted in the process of the present i nvention can be an inorganic or
an organi c conpound of V, 25 but is usually an inorganic conpound. A
partial list of such conpounds includes any oxide of V such as '
Vl[err](err], V[err]derr], VO VJerr], etc. For a nore detailed |ist
of typical conpounds 7 7

utilized in the .practice of the preseni jnvention, see U S, Pat ent s
4,784,979 aNd Jéﬁ? z‘éh,thr?erréﬁ%"r&%r‘%r%k%&%‘%ﬁent 1REERE PR e, S§ReV-S-

ferred V |, th | i1h the hvd i d
< one of 1 ReCEuLA . B bialn CE e, netli I iGuakr PRR B omouna
of choice. AnldJyy T FERCIPN CofiOREE 1008 CAL L Pl BE s on

VO err])[érr]in ek N e catalys present rnventron are

al so set fOR{ihy Rhe hydRiddn prdkRe FBS BUS b5 71?!,49 WL 884, YpPdPeflbry

her ei n I ncorporated by reference. A partial l[1st of these conpounds

10 inclgdeperatize YE cvdides wogh 25 t19b[ eomphrar b andicehl eankOmeni

and antinony halides such as SbBr[err], and SbC [err]. O her antinony
conpounds suompoutd Headftintd ciasdihets ateddSiwblle tihe VO (0f)€actinomaking

product of Sb[err]Jerr] -refluxed with nitric acid, antinony oxi de
sol , anti norchenetaddalast tde thelmtesenst pimderctiad abhe alSo sebcfoohhoin
Sb[err]Cerr], SbC[err] and Shd[err] wth water or mxtures,
t her eof . detail igptU.fhalRatentm 4£alld y319 prpat 87 Dy264c hereint
i nvention may be activated by contacting the catalyst with an
incorporated by reference. partial list of these compounds
10 includes such Sb oxides such as Sb;0; and Sb,04 and
antimony halides such as SbBr3, and SbCli;. Other antimony
compounds suitable for addition to the catalyst are the
reaction product of Sb,0; refluxed with nitric acid, antimony
oxide sol, antimony metal and the hydrolysis product of the
15 reaction of Sby0;, SbCl; and SbCls with water or mixtures
thereof.

Optionally, the catalyst prepared by the present
invention may be activated by contacting the catalyst with an
hydroxy compound in liquid form and Ehereafter drying the

20 catalyst. The particular hydroxy compound selected is
typically isobutanol, cyclohexanol, cyclopenthanol, etc. For
specifics as to the activation procedure suitable for the
process of the present invention, éee U.S. Patent 5,094,989

assigned to the assignee of the present invention, herein

25 incorporated by reference.



hydr oxy conmpound in |iquid form and thereafter drying the 20 catalyst.

The particul ar hydroxy conpound selected is typically isobutanol,

cycl ohexanol , cycl opent hanol, etc. For specifics as to the activation
procedure suitable for the process of the present invention, see U S.
Pat.ent 5, 094, 989 assigned to the assignee of the present inyention,
herein 25 incorporated by reference.

8 The exanples set forth belowgare for illustrative pur poses
only and provide a detail ed description of the process of the present

| hventi on. S The examples set forthCOMPORALMYErB¥ NRhEArative A

catal yst having the conposition VSb[err]Sn[err]Ti[err]Jerr] was

pr epar ed prlﬂi—?d')ﬁQsZEn2§gaﬁfi gzeéiaewaeaewati_hea delskirighion ofc&lsd sting of
100m of 30% Herr]derr] in 900m of water in a two 10 |liter beaker.

After reactpptcesstbe YR@Sppendat Wwasentionconpl ete, 61.22g of
Sb[err]derr] was added followed by 2.40g of Ti Q2 powder (Degussa .
P-25). The beaker was covered with a watch gl ass and the m xture was
stirred and heated for about three hours. 99.25g of 9. 11w % Sn(J err]
sol (Nalco Chenical Co.) were 16OMBABATIVEt B¥AMBLEQSI ng di spersion. The
m xture was stirred in an uncovered beaker with heating in order to
reduce the vol une by evaporation of water. Wen the m xture could no

| onger be stirred, it was dried in an ovyen at 120[err]C.  Thereafter,
it was A catalyst having the composition VSb;.,Sn,.2Tio.10x was

prepared by mixing 27.28g of V,0s powder with a solution
consisting of 100ml of 30% H,0, in 900ml of water in a two

10 liter beaker. After reaction of the V05 powder was
complete, 61.22g of Sb;0; was added followed by 2.40g of TiO;
powder {(Degussa P-25). The beaker was covered with a watch
glass and the mixture was stirred and heated for about three
hours. 99.25g of 9.11wt% Sn0O; sol (Nalco Chemical Co.) were

15 added to the foregoing dispersion. The mixture was 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 8 hours at 650°C, cooled and then crushed and

20 sieved and the 20-35 mesh particles collected. A portion of
this was calcined for 3 hours at 810°C, then at 650°C for an
additional 3 hours. _

The calcined catalyst was then contacted with isobutanol

using about 6.25ml of isobutanol per gram of catalyst by

25 placing the catalyst in a coarse glass frit funnel, pouring
the isobutanol over the catalyst, stirring the catalyst in the

isobutanol in order to spread the catalyst evenly over the



calcined for 8 hours at 650[err]C, cooled and then crushed and 20 sieved

and the 20-35 nesh particles collected. A portion of this was cal ci ned
for 3 hours at 810[err]C, then at 650[err]C for an addi ti onal 3 hours.
The cal ci ned catal yst was then contacted with isobutanol usi ng about
6.25n of isobutanol per gram of catalyst by 25 placing the catalyst in a
coarse glass frit funnel, pouring t he i sobutanol over the catalyst,
stirring the catalyst in the - i sobut®anol in order to spread the-

cat al yst evenl¥ over
5}

]lc)ottolm of tht Rnef, tpﬁeﬁ“&ﬂeéw f&eth & Lilosimdathe t1§°5%}’stsan?l thq m%‘ﬁgh t he
it t T t ot t t
A??QF the. | EBFoBgty KBS Ehpheinsn Bet Soctiat d Tris dRehing MAmatons %S
t t t
o ool “BRURRL8E PrdR RGeS el Rl i %E”%@ﬁ?ﬁﬁ#@%

propane usi ?%sged thrgﬁgﬁlerl‘:‘fxlé Puldné! t"%'?feu@a?%tlﬁ)stf hasd e df 3G AUn er()j

equi pped wi | eg an i mrer se a tenperature contro

molten 5 agahpbobat fb aboft§PE eEhé CredDQub2edsbButBfo €8A! @heC Q:'&%'aity%Q: of
10 propane, ammonia, oxygen, nitrogen, and water in the ratio of

3/1.2/3/10/ 2. Tthée&HL'thii'@te walROWzdd thakintdxidifledWropane using a
COMPARATI VE EXAMPLE B A catal yst having the conposition

VSb[ err] Sn[ 8ys] Inkar ol O.etijtandum metalr dixeed] Bad meddtd 2 edfipmdd WDEh a
powder with a sol ution
' preheat leg and immersed in a temperature controlled molten
salt bath at 480°C. The feed to the reactor consisted of
10 propane, ammonia, oxygen, nitrogen, and water in the ratio of

3/1.2/3/10/2. The results are shown in Table I, below.
COMPARATIVE EXAMPLE B

15 A catalyst having the coinposition VSb;.4Sny.2Tio.10x was
prepared by mixing 27.28g of V,0s powder with a solution
consisting of 100ml of 30% H,0, in 900ml of water in a two
liter beaker. After reaction of the V,0; powder was
complete, 61.22g of Sb,0: was added, followed by 2.40g of

20 TiQ, powder (Dequssa P-25). The beaker was covered with a
watch glass and the mixture was stirred and heated for about
three hours. 99.25g of 9.11wt% Sn0O, sol (Nalco Chemical Co.)
were added to the foregoing dispersion. The mixture was
stirred in an uncovered beaker with heating in order to reduce

25 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 8 hours at 650°C, cooled and



consisting of 100m of 30% Herr]Jerr] in 900m of water in a two

liter beaker. After reaction of the Verr]Jerr] powder was conpl ete,
61.22g of Sb[err]derr] was added, followed by 2.40g of 20 Ti Q2 powder
(Degussa P-25). The beaker was covered with a wat ch gl ass and the _

m xture was stirred and heated for about three hours. 99.25g of
9.1Iwt % Snd err] sol (Nalco Chem cal Co.) were added to the foregoing
di spersion. The m xture was stirred ¥ an uncovered beaker with
heating in %QﬁrcwsﬁSﬁ“Sﬁd ége%ﬁ ‘é?x'd“%eb&o@-‘é%%re%ga' %%;Q:fid’ieéﬁ- Wien the
m xture cou no onger be stirred, it was drie n-an oven at

120[err] C. oo110dRBHEAS hepor'thofP® £ ¥ndis" Gl s’ Va1 iR Sfoélig ﬁ%lﬁ{i]eaﬁl‘z 810°C

cool ed and

crushed andigeRVef 8BO°d h£o20a52888Pi8RANI 8 BSurs. collected. A portion
of this was calcined for 3 hours at 810[err]C then at 650[err]C for an
addi tional 3 hourhe catalyst wakewasahely withayefdukdthgMilsobutfdnod ngsing a

i sobutanol using a 5 Soxhlet extractor. The catal yst was used
t o amo)d di gexhlepasetractgra 3/8 inch OD. titaniumnetal fixed bed
reactor equi pped with a preheat leg and i Mmersed in a tenperature

control |l ed nol t eBhe catsdlystbweals asedigdioeapoxittice! papane Msimgh@ or

consisted of 10 propane, anmoni a, oxygen, nitrogen, and water in the ratio

of 3/ 13483ingh20.Pretitonivm medradnhixed, beshreacton qguiprped with a

EXAMPLE 1 . )
preheat leg and immersed in a temperature controlled molten

salt bath at 480°C. The feed to the reactor consisted of
10 propane, ammonié, oxygen, nitrogen, and water in the ratio of

3/1.2/3/10/2. The results are shown in Table I below.
EXAMPLE 1

15 A catalyst having the composition VSb;.4Sng.Tio.10x was
prepared by mixing 27.28g of V.05 powder with a solution
consisting of 100ml of 30% H,0, in 900ml of water in a two
liter beaker. After reaction of the V;0; powder was
complete, 61.22g of 8Sb,0; was added followed by 2.40g of

20 TiO, powder (Degussa P-25). The beaker was covered with a
watch glass and the mixture was stirred and heated for 'aboﬁ_t |
three hours. 99.25g of .9.11wt% Sn0O, sol (Nalco Chemical Co.)
were added to the foregoing dispersion. 4.37g of Sb;0; were
refluxed in 250ml of concentrated nitric acid for about three

25 hours. The mixture was filtered and the residue-washed with
water to remove the remaining acid. The resulting washed

solid was then added to the foregoing catalyst dispersion.

.t
i



15 A catal yst having the conposition VSb[err]Sn[err]Ti[err](err]
was prepared by m xi'ng 27.28g of V[err](err] powder with a sol ution
consi sting of 100m of 30% Herr]Jerr] in 900m of water in a two

liter beaker. After reaction of the Verr]derr] powder was conpl et e,
61.22g of Sb[err]Jerr] was added foll owed by 2.40g of 20 TiO2 powder
(Degussa P-25). The beaker was covered with a wat ch gl ass and the

m xture was stirred and heated for about three hours. 99.25¢g of
9.11wmt % Sn(ferr] sol (Nalco Chenical Co.q were added to the

f oregoi ng di spersion. 4.37g of Sb[err]CIerrﬁ wer e refluxed in 250m of
concentr at edhel wiktuae tafsorstdhmed tihr em Wiicovened bedler wikthirkeakbing in
filtered and the resi due washed with water to renove the renmaining
acid. The resuletri tg weshew the wdlume Wwas eveporitian taf iwaténs egtheny the
catal yst di spersion. The m xture was stirred in an
uncover ed bBiR&uIrg muiéatnmglqnger be gttdarrad riddas tdreied| imeapyoven at
evaporation_of vate n.the m xture could ng longer be stirred, it
was dried i A287C ove'ﬁhﬁFeafterlZ@FeP’laFccaiﬁéPéélf for 8 hopxs ah QG for 8

h ty 650 £d, gnd, thep the 20-35
mosh 5 paPeLekbandh AR S Rshesh A nsclée?vsez i hoie FE 5 e ©

h 810 h 5
Tﬁgriaf’“c. el0l sl C LAt S50 o G Lo AP il Cfﬁ)g{n%%.ﬁarabout
6. 25m of i oy O'atp%&dsea%gh Gt st ghast 9gpbliescababyet in

coarse gl ass funnel”,” pourl % P% %ﬁtano?tover t e catal'yst,
stirring the Cat@ﬂ%ﬁ%aﬂ&ﬂﬂga catalyst was then contacted with isobutanol
using about 6.25ml of isobutanol per gram of catalyst by
10 placing the catalyst in a coarse glass frit funnel, pouring
the isobutanol 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
15 total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven
at 120°C to remove the residual isobutanol on the catalyst.
The catalyst was used to ammoxidize propane using a
3/8 inch 0.D. titanium metal fixed bed reactor equipped with a
20 preheat leg and immersed in a temperature controlled molten
salt bath at 480°C. The feed to the reactor consisted of

propane, ammonia, oxygen, nitrogen, and water in the ratio of

3/1.2/3/10/2. The results are shown in Table I below.



| sobutanol in order to spread the catal yst evenly over the bot t om of

the funnel, then allow ng the isobutanol to pass t hrough the funnel

wi t hout suction. This washing was done a 15 total of three tines. After
the |l ast of the isobutanol was passed through the funnel, the catal yst
was heated in an oven at 120[err]C to renove the residual isobutanol-
on the catal yst. The catal yst was used to anmoxi di ze propane
using a 3/8 inch O D. titaniumnetal f{bxed bed reactor equipped with a
20 preheat leg and inmersed in a tenperature caontrolled nolten salt
bath at 480[err]C. The feed to-the rea Fifh< sted of pr opane,
anmoni a, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The
results are shown in Table | bel ow

12

t he conposition 9S§Féﬁﬁ¥§ﬁ WIP% éﬁ%ﬂ%ﬂé@%%ltlon VSb é?% éi%1%% "
27. 28 f 0
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fol | oned by 2. 40g TiJerr] powder (Degussa P-25). The beaker was

covered wt fllc'ter bea*d&thh glfssr afghdtionnodt Uee WaB,08t | pbﬁde.&.ndabeat ed for
about 10 three hours. 99.25g of 9.11wt% Sn(err] sol (Nalco Chem cal

Co.) weompdeded t6l .8y faf e @b.0g dwa:peadded followed by 2.40g off
Sb[err]err]. The m xture was stirred in an uncovered beaker with
heating in @i®ar powdedudPegheseoPu@e)by Shepbeakesnwals watvared with a
watch glass and the mixture was stirred and heated for about
10 three hours. 992.25g of 9.11lwt% SnO, sol (Nalco Chemical Co.)
were added to the foregoing dispersion followed by 4.37g of
Sb;0;. The mixture was 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
15 an oven at 120°C. Thereafter, it was calcined for 8 hours at
650°C, éooled and then crushed and sieved and the 20-35 mesh
particles collected. A portion of this was calcined for
3 hours at 810°C then at 650°C for an additional 3 hours.
The calcined catalyst was then contacted with isobutanol
20 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
isobutanol in order to spread the catalyst evenly over the
bottom of the funnel, then allowing the isobutanol to pass

- 25 through the funnel without suction. This washing was done a

total of three times. After the last of the isobutanol was



Wren the m xture could no |onger be stirred, it was dried in 15 an oven
at 120ferr]C. Thereafter, it was calcined for 8 hours at 650[ err] C,
cool ed and then crushed and sieved and the 20-35 nesh particl es
collected. A portion of this was cal cined for 3 hours at 810[err]C ...
then at 650[err]C for an additional 3 hours. The cal ci ned

catal yst was then contacted w th isobutanoll3 20 using about 6.25nm of

i sobut anol per gram of catal yst by pl acing the catalyst in a coarse
glass frit fpawseld thoenuglg the furlmeel sdbhe aetabyst wdie hedbégsin shi oveng
the catalyst in the | sobutanol in order to spread the catal yst” evenly
over the at BR0°Gntof remevieuthel residwadl liswbufanied igpditearedtalyplss
25 through the funnel w thout suction. This washing was done a t ot al
of three times. Aheecatied yslstwag uged | tormrewidige propane using a

13 passed Lhrougg the funnel, the catal yst was heated in an oven

at 120[ er r] 8/ ingho ik B h & itan i me b ixRA Rpd 1 FRAGERR| §eRirped with a
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10 EXAMPLE 3

A catalyst having the composition VSb; 4Sn,.»Tio.10x was
prepared by mixing 27.28g of V;05 powder with a solution
consisting of 100ml of 30% H;0, in 900ml of water in a two

15 1liter beakef. After reaction of the V,0s powder was
complete, 61.22g of Sb,0; was added followed by 2.40g of
TiO, powder (Degussa P-25). The beaker was covered with a
watch glass and the mixture was stirred and heated for about
three hours. 99.25g of 9.11wt% Sn0O, sol (Nalco Chemical Co.)

20 were added to the foregoing dispersion followed by 8.75g of
.beh. The mixture was 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 8 hours at

25 650°C, cooled and then crushed and sieved and the 20-35 mesh
particles collected. A portion of this was calcined for

3 hours at 810°C then at 650°C for an additional 3 hours.



prepar-ed-by m xing 27.28g of V[err](Jerr] powder with a solution -
consisting of 100m of 30% Herr]err] in 900m of water in a two 15

| iter beaker. After reaction of the V205 powder was conpl ete, 61.22g
of. Sb[err](err] was added foll owed by 2.40g of Ti 2 powder (Degussa
P-25). The beaker was covered with a wat ch gl ass and the m xture was
stirred and heated for about three hgurs. 99.25g of 9. 11w % Sn( err]
sol (Nalco Chenmical Co.) 20 were added to the foregoing dispersion

foll onwed by 8. g cfalcinedhtztalyerwis fhen contetedswithr isdbutamol

uncover ed beaker with heating in order to reduce the vol une by
evapor at i arsiofg ahiart 6.25mlWefi isebutanol cpepugramoof ongtalyetsbyrred, it
was dried in an oven at 120[err]C Thereafter, it was calcined for 8
hours at PiRcigaD[thre [@takysedinn ¢oarse rgbaes Britsfunaglanpourdnz. 35
mesh particles collected. A portion of this was cal ci ned_for

3
hours at dhy dsgut afféhla{-?v%%dflé? rf2tadbystn skAr¥ingathe fatpdyst in the
t t t d t but anol
sai ng BnodSBURROLAN SRR FRAeRs RS SRt EFgE  etenly' SUREL BB e
t al yst b |
TR e RIS i
the catal y&ro%r?;ﬂ] %&Vﬁ%& w:hth%L?Qt§|98% n! herﬁi'é'”ﬁé shifigyak! Qe he

I sobut anol & fUNNel Wi t hotit- suctlon: 'S was |ng
was done gqot 1. r&d Eﬂﬁé‘@ Ui iBGar ARET144€ bASERET 1536utaaaut aaa%l was
passed t hroug unnel, the catalyst was heated in an oven 10

120[err] C;sa%sféamddlﬁl rasé de@hné Bobeh@ncdtlyibavsdtRéytéd in an oven
10 at 120°C to remove the residual isobui:anol on the catalyst..
The catalyst was used to ammoxidize propane using a
3/8 inch 0.D. titanium metal fixed bed reactor equipped with a
preheat leg aﬁd immersed in a temperature controlled molten
salt bath at 480°C. The feed to the reactor consisted of -
15 propane, ammonia, oxygen, hitrogen, and water in the ratio of

3/1.2/3/710/2. The results are shown in Table I belofd.
EXAMPLE 4

26 A catalyst having the composition  VSb,; (Sng.»Tio.10x Wwas
prepared by mixing 27.28g of V;0s powder with a solution
consisting of 100ml of 30% H;0; in 900ml of water in a two
liter beaker. After reaction of the V,0s powder was
complete, 61.22g of Sb;0;3 was added followed by 2.40g of

25 TiO, powder (Degussa P-25). The beaker was covered with a
watch glass and the mixture was stirred and heated for about

three hours. 99.25g of 9.11wt% Sn0O, sol (Nalco Chemical Co.)



The catal yst was used to amoxi di ze propane using a 3/8 inch OD
titanium netal fixed bed reactor equipped with a preheat |eg and
imersed in a tenperature controlled nolten salt bath at 480[err]C
The feed to the reactor consisted of 15 propane, anmonia, oxygen,. _
nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are
shown in Table | bel ow _ EXAMPLE 4 20
A catal yst having the conposition VSb[errgsSn[err]Ti[err](err] was

prepared by . xin 7 f MVierr rke. i lLu j.0

consi sting ngqeo(?g;}@eoq 2@%0)??% e#?ﬁ%cglﬁ %ﬁgﬁ%ﬁoﬁ‘ £€%§%§8ﬁiz{’¥ ?\%bl.zg of
liter beaker fter ' f e Ler S ete,
1. 229 of SoFE0P o BHFTHLEREE eaRr st EEEHCLE bh BREEGRrYEE begkert AT
(Degussa P- 3Rat il {368Cde MOS0 CRYSIEE ¥hi Nvdlume LYRLEEpELEES0RNEE! RRter.
m xture was stirred and heated for about three” hours. 99.25g of

9. 11wt % SN [tHOImiGNALES &Herd ofd {Onder be stirred, it was dried in
15 wer e added to the foregoing dispersion followed By 13.12g of

Sb[ err] Cperrdn oklen ratxt12@°Cnas THdrdafitdr) at wapwHleslinehkfor V8 tliours at
heating in order to reduce the volune by evaporation of water. - Wen.
t he m xture &07CJ rooledyenddhen rmmshed axab sirewd] iand the &20-0¥&mesh
120[err]C. Thereafter, it-was calcined for 8 hours at 650[ err] C,
cool ed and trestigrheshaep biectedyed® dpeirthen 20t 36hhesWas calginedcfor 3

coll ected. A portion of‘;his was cal cined for 3 . . hours at 810[err]C
then at 650MRSULT Ftor8 LT Caddian @fal659°Fofips. an additional 3 hours.

The calcined catalyst was then contacted with isobutanol

10 using about 6.25ml1 of isobutanol per gram of catalyst by
placing the catalyst in a coarse glass frit funnel, pouring
the isobutanol over the catalyst, stifring the catalyst in the
isobutanol in o;der to spread the catalyst evenly over the
bottom of the funnel, then allowing the iéobutanol to pass

15 through the funnel without suction. This washing was done a
total of three times. After the last of the isobutanol was
paséed through the funnel, the catalyst was heated in an oven
at 120°C to remove the residual isobutanol on the catalyst.

The catalyst was used to ammoxidize propane using a

20 3/8 inch 0.D. titanium metal fixed bed reactor equipped with a
preheat leg and immersed in a temperature controlled molten
salt bath at 480°C. The feed to the reactor consisted of
propane, ammonia, oxygen, nitrogen, and water in the ratio of
3/1.2/3/10/2. The results are shown in Table I below.

25 |



The cal ci ned catal yst was then contacted with isobutanol 10 using about

6. 25m of isobutanol per gram of catal yst by pl acing the catalyst in a
coarse glass frit funnel, pouring t he i sobutanol over the catalyst,
stirring the catalyst in the i sobutanol in order to spread the

catal yst evenly over the bottom of the.funnel, then allow ng the

| sobutanol to pass 15 through the funneljigv t hout suctlon Thi s washi ng was
done a total of three tines. After the |last of the isobutanol was
passed t hrough the funnel, the catal yst gwagphgased in an oven at
120[err]C to renove the residual isobutanol on the catalyst. - The
catal yst was used to ammoxi di ze propane using a 20 3/8 inch OQD. titanium -
netal fixed bed reactor equipped with a preheat leg and imersed in a
t enper at ure cont ral tatalgbtehaving thlet doaip sdtt i6R0[ Sk, GSnphdibaed twashe
react or consisted of propane, ammoni a, oxygen, nitrogen, and water in
the rati o of preparédilby/ 8ixdhg. 2‘Vh88|ge91ﬂ té)’z@s e Piwder iwﬁ-ﬂiaba esolpeion. . 25
16 cat al yst

havi ng t e c@ﬂpgsstmg vaElepm]lsra[feﬁﬁ]%Tu Pe@z] G[Ibrﬁ’rqomasof Wat?ﬁ?ebfarédtﬂ9
m xi ng 27. 28% V205 powder with a solutlon consi sting, of 100m of 30%
Herr]err] HﬁegobﬁﬁkﬁF vvaf*gltelrn rgackdon of Itthleer VigRak OWIRE Wafeact | on

added 1ol | ovEamB)ebeRo8lopsE St roRedpontn dadihoin sy it HELEF e

covered WIthT%OZ powder (Degussa P-25). The beaker was covered with a

watch glass and the mixture was stirred and heated for about

10 three hours. 99.25g of 9.11wt% SnO; sol (Nalco Chemical Co.)
were added to the foregoing dispersion. 4.37g of Sb;0; were
refluxed in 250ml of concentrated nitric acid for about three
hours. The mixture was filtered and the residue washed with
water to remove the remaining acid. The resulting washed

15 solid was then added to the foregoing catalyst dispersion.

The mixture was 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. Thereaftei, it was calcined for 8 hours at 650°C,

20 cooled and then crushed and sieved and the 20-35 mesh
particles collected. A portion of this was calcined for 3
hours at 810°C then at 650°C for an additional 3 hours.

The calcined catalyst was then contacted with isobutanol
using about 6.25ml1 of isobutanol per gram of catalyst by

25 placing the catalyst in a coarse glass frit funnel, pouring
the isobutanol over the catalyst, stirring the catalyst in the

isobutanol in order to spread the catalyst evenly over the



wat ch gl ass and the m-xture was -stirred and heated for about 10 three
hours. .99. 259 of 9.1Iwt % Sng err] sol (Nalco Chem cal Co.) wer e added
to the foregoing dispersion. 4.37g of Sb[err]Jerr] were refluxed in
250m of- concentrated nitric acid for about three hours. The m xture
was filtered and the residue washed with water to renove the remaining
acid. The resulting washed 15 solid was fihen added to the foregoing

catal yst di spersion. The m xture was stirred in an uncovered beaker

wi th heatingoiRom of ¥HEFrhd1dUGHerd NEL MRIHE the SVGRMEARSD 06 PBREST -

When t he m xture could no l'onger be stirred, 1t was dried 1 n 'an oven

at 120k@hbligh Hher eyl WilthAs Glddinad, f oth s hedkising @9 8ohe G

20 cool ed and then crushed and sieved and the 20-35 nesh particles

col l ected. Aopalt odn thirdehitines. cAMaredHorlast of tarbschubdRdErwi s
then at 650[err]C for an additional 3 hours. The cal ci ned

cat al yst wapaisised tchricacftedthe tfunrsdhuttdrolcatal ystsiwegs doeated. 25ndnobven
i sobut anol per gram of catalyst by 25 placing the catalyst in a coarse

gl ass fr5t RmAnAR0°Cpbar regove theheeisiduailladsobutancilhencdte aatalystsing

the catalyst in the i sobutanol in order to spread the catalyst evenly
over the The catalyst was used to ammoxidize prgpane u$HAgod of t he

funnel, then allow ng the isobutanol tao pass t hrough the funn

|
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was hoat ea FRegrebdrd s hanaed R o ook T d ceptihr hedohiolRef o
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10 propane, ammonia, oxygen, nitrogen, and water in the ratio of

3/1.2/3/10/2. The results are shown in Table I below.
EXAMPLE 6

15 A catalyst having the composition VSb;.38n0.2Ti0.10x was
prepared by mixing 27.28g of V05 powder with a solution
consisting of 100ml of 30% H;0, in 900ml of water in a two
liter beaker. After reaction of the V05 powder was
complete, 56.85g of Sb,0; was added followed by 2.40g of

20 TiO, powder (Degussa P-25). The beaker was covered with a
watch glass and the mixture was stirred and heated for about
three hours. 99.25g of 9.11wt% SnO, sol (Nalco Chemical Co.)
were added to the foregoing dispersion followed by 4.37g of
Sb;0:. The mixture was stirred in an uncovered beaker with

25 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 8 hours at



3/8 inch OD. titaniumnetal fixed bed reactor equipped with a pr eheat

|l eg and inmmersed in a tenperature controlled nolten salt bath at
480[err] C. The feed to the reactor consisted of 10 propane, ammoni a,
oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results
are shown in Table | bel ow. EXAVPLE 6
15 A catal yst having the conp05|t|on VSb[err]Sn[err]Ti[err]Jerr]
was prepared by n1X|ng 27.28g of V[e ] err] powder with a solution

[ Ttor bearereSHroraRad i ahenaRiahed G riL ey tr?é,aghe%“@wspe
56859 of Silereld el rlo e a%ggsed §obhoveg-bye2,400 gl 2 Z&Q%dpg‘é&e%

(Degussa P- tover &h 0 ass an

m xt ure was éggwg
9. 11wt % anlgéﬂru]léeéi‘fa?ﬁgl co em cal Co for an gﬁﬂgﬁ{a} to t oregm ng
di spersion foll O‘t')‘ggibé‘afcﬁgdoéatal%(s@b{vﬁér LRERN Ebntdbeeld whhe 1%i>us;tdrfdled

i n an uncovered er wmth 25 ing in order-to reduce the vol une by

evapor at ison @in@t&out 6.28hENoEhessbitdnelcpekdgian! efgeatbeystti byed, it
was dried in an oven at 120[err]C. Thereafter, it was calcined for 8

hours at placing the catalyst in a coarse glass fri8 funned50pauriGg
cool ed and then crushed and sieved and the 20-35 nesh particles
col l ected. Alporiscoubdnohi esversthel cahallybty 8S8tirringotthe sat@l@{sdr ipCthe
then at 600[err]C for an additional 3 hours. The cal ci ned
cat al yst wasizokRwtanml athedrdprhtpsspyeadothe catalyst evenly over the

bottom of the funnel, then allowing the isobutanol to pass

10 through the funnel without suction. This washing was done a
total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an.oven
at 120°C to remove the residual isobutanol on the catalyst.

'The catalyst was used to ammoxidize pfopane using a

15 3/8 inch 0.D. titaniﬁm metal fixed bed reactor equipped with a
preheat leg and immersed in a temperature controlled molten
salt bath at 480°C. The feed to the reactor consisted of
prbpane, ammonia, oxygen, nitrogen, and water in the ratio of
3/1.2/3/10/2. The results are shown in Table I below.

20 |

EXAMPLE 7

A catalyst having the composition VSb,;.3Sng.,Tio.10x Wwas
prepared by mixing 27.28g of V.05 powder with a solution
25 consisting of 100ml of 30% H,0, in 900ml of waﬁer in a two
liter beaker. After reaction of the V,0s powder was

complete, 56.85g of Sb;0: was added followed by 2.40g of



5 using about 6.25m of isobutanol per gram of catalyst by pl aci ng the

catalyst in a coarse glass frit funnel, pouring t he i sobutanol over
the catal yst, stirring the catalyst in the i sobutanol in order to
spread the catal yst evenly over the bottom of the funnel, then

all owing the isobutanol to pass 10 through the funnel w thout suction.
Thi s washi ng was done a total of threpgtines. After the |last of the
i sobut anol was passed t hrough the funnel, the catal yst was heated in
an oven at 120[err]C to renove the resi dual isobutanol on the

catal yst. Tloz powqdRE dBﬁﬁP?é‘?ﬁ RagSlsed The berkerdwas ;906’;?&4%1 Wity & 15
3/8 h O D. Lt t f d bed t t
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A catalvnr ha%ng%é?gﬁ#&% f@re%'t%r lispersion folloyed by 4. 5966k
prenar eds by o6l 19 tife 2Ol 208s POUEECH L anseheaveeedZEeaﬁerwthng of

100m of 30% err] 1n 900m of water in a two beaker.

After react heatdngd i \é[x‘iiéﬂ Q&rfddxﬂfwﬁie V’@&Lume byoerméﬁéﬁatﬁén&?éﬁ fbter.
Sb[err]derr] was added fol |l owed by 2.

19 Ti Cimkenwddle mlegiifred ddwid .nd hﬂ)t’ﬁj@d(&ﬁe Vs £0a@) efit Wi8 dried in
wat ch glass and the m xture was stirred and heated for about
an oven at 120°C. Thereafter, it was calcined for 8 hours at
650°C, cooled and then crushed and sieved and the 20-35 mesh
10 particles collected. A_portion of this was calcined for 3
hours at 810°C then at 650°C for an additional 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

15 the isobutanol over the cataiyst, 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
total of three times. After the last of the isobutanol was

20 passed through the funnel, the catalyst was heated in an oven
at 120°C to remove the residual isobutanol on the catalyst.

The catalyst was used to ammoxidize propane using a
3/8 inch 0.D. titanium metal fixed bed reactor equipped with a
preheat leg and immersed in a temperature contrqlled molten

25 salt bath at 480°C. The feed to the reactor conéisted of
propane, ammonia, oxygen, nitrogen, and water in the ratio of

3/1.2/3/10/2. The results are shown in Table I below.



three hours. 99.25g of 9.11wt% Sn(Jerr] sol (Nalco Chem cal Co.) wer e
added to the foregoing dispersion followed by 4.37g of 5 Sblerr](ferr].
The m xture was stirred in an uncovered beaker with heating i n order
to reduce the volune by evaporation of water. When the m xture could
no l'onger be stirred, it was dried in . an oven at 120[err]C.

Thereafter, it was calcined for 8 hours at 650[ err] C, cooled and then
crushed and sieved and the 20-35 nmesh 10 particles collected. A portion
of this was calcined for 3 hours at &@[err]C then at 650[err]C for an
addi tional 3 hours. The cal ci ned catal yst was then contacted with
I sobut anol usi ng about 6.25nm of iﬁﬁﬂﬁbﬁﬁob per gram of. catal yst by

pl acing the catalyst in a coarse gl ass unnel, pouring .15 the

| 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 allow ng theai ggbdi 8@l hh@iPdSthe compdsatdlbnt N&rgiyineel, Wibhoyt was
suction. This washing was done a total of three tines. After the |ast

of the i Ebupasphreasby’fixpagsed .LBgowgh Whes f Wokder twittls ad asobat ion
heated in an oven at 120[err]C to renove the residual isobutanol on

t he cat al ystconsisting ofhaOCaflabyfsB30%as Hi0ed i H00mikialf ~eapeppimea uswag a
3/8 inch O D. titaniumnetal fixed bed reactor equipped with a pr eheat
| eg and i melitdri heakeenpehdtere reaction of rohlet eiV.025 powder vas at
480[err]C. The feed to the reactor consisted of propane, ammoni a, .
oxygen, nitrogepletrd wo.8bg oft h&beQi i vag added Sﬁqlm‘@ B2 2T40gretul t s

are shown in_Table | bel ow .
TiO, powder (Degussa P-25). The beaker was covered with a

10 watch glass and the mixture was stirred and heated-for about
three hours. 99.25g of 9.11wt% Sn0O, sol (Nalco Chemical Co.)
were added to the foregoing dispersion followed by 8.75g of
Sb203. The mixture was stirred in an uncovered beaker with
heating in order to reduce the volume by evaporation of water.

15 When the mixture could no longer be stirred, it was dried in
an oven at 120°C. Thereafter, it was calcined for 8 hours at
650°C, cooled and then crushed and sieved and the 20-35 mesh
particles collected. A portion of this was calcined for 3
hours at 810°C then at 650°C for an.additional 3 hours.

20 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 isobutanocl over the catalyst, stirring the catalyst in the
isbbutanol in order to spread the catalyst evenly over the

25 Dbottom of the funnel, then allowing the isobutahol to pass
through the funnel without suction. This washing was dbne a

total of three times. After the last of the isobutanol was



20 EXAMPLE 8 A catal yst having
t he corrp05|t| on VSb[err] Sn[err]Ti[err]Jerr] was 5 prepared by m xing
27.28g of V[err]derr] powder with a solution consi sting of 100m of
30% Herr]derr] in 900m of water in a two liter beaker. After
reaction of the V205 powder was conpl ete, 56.85g of Sb[err]Q.err]. was
added foll owed by 2.40g of Ti 2 powder (Degussa P-25). The beaker was
covered with a 10 watch glass and the npxture was stirred and heated for
about three hours. 99.25g of 9.11wt% Sng err] sol (Nalco Chenical Co.)

were added Iﬁa]%éé%ﬁ %%Q ﬁﬁ‘?ﬁéiontﬂé"égﬂ‘fr‘ﬂ%gﬁ’ @a%ﬁ%eg ed in an oven

Sblerr]err e was stirred’1n an untovere

heating in g ‘i@{o@tbe@é%@%h\@' c#?bé\le"ias% Qin V’ﬁ{@rcaté-fystw]en
0 |

the m xture c d no longer be stirre t was an oven at

120[ err] C. Ther eid &batdlyd@Syssl gs8&ded Oémﬁof'ﬂ&:[ée a%ropane 689k RET hC,
cool ed and then crushed and sieved and the 20-35 nes particles

col | ected. I¥@arrdtoro ab. tHi Sanasm apbEaDeti%ed Bed reabovrsequifpeliewiks a
then at 650[err]C for an additional 3 hours. 20 The cal ci ned

cat al ysb wgsrehesat cleey cana dime s ed olmt anbémperatuse ngonbool 16d2moil teh

| sobut anol per gram of catal yst by pl aci ng the catalyst in a coarse
glass frit faithdiatlpak i480°C. Thee fesshiicaridle gwactar eenadsked efirring
the catalyst in the i sobutanol in order to spread the catal yst evenly
over the H%ﬂ%m%m@fllkalf uPRBgen haht BP ISR n@n@h@atéﬁbﬂﬂaﬁbﬁ ratpasef

t hr ough the)unn/e hout suction, This washi ng, was do total of
Lhree ti mesd IA/3/ Y421 asThe TeRBlES BEe ;apWHain Table I below.

10 EXAMPLE 9

A catalyst having the composition VSb;.3Sno.2Tio.10x was
prepared by mixing 27.28g of V,0s powder with a solution
consisting of 100ml of 30% H,0, in 900ml of water in a two

15 1liter beaker. After reaction of the V;0s powder was
complete, 56.85g of Sb;0; was added followed by 2.40g of
Ti0, powder (Degussa P-25). The beaker was covered with a
watch glass and the mixture was stirred and heated for about
three hours. 99.25g of 9.11wt% Sn0O, sol (Nalco Chemical Co.)

20 were added to the foregoing dispersion followed by 13.12g of
Sb,0;. The mixture was 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 8 hours at

25 650°C, cooled and then crushed and sieved and the 20-35 mesh

- particles collected. A portidn of this was calcined for 3

hours at 810°C then at 650°C for an additional 3 hours.



21 passed t hrough the funnel, the catalyst was heated in an oven
at 120[err]C to renove the residual isobutanol on the catalyst.

The catal yst was used to anmoxi di ze propane using a 3/8 inch O D.
titaniumnetal fixed bed reactor equipped with a 5 preheat |eg and

i mersed in a tenperature controlled nolten salt bath at 480[err]C
The feed to the reactor consisted of pr opane, anmoni a, oxygen,
nitrogen, and water in the ratio of 321.2/3/10/2. The results are
shown in Table | bel ow 10 EXAMPLE 9

A catal yst havi ngH&LI0MNsd tdDha MabE ahds Shéen rddnt£cté&with Y¥88butanol
prepared by m xing 27.28g of V[err](err] powder with a solution -
consi sting aisitPrdbait F2%hEerésf J sobitamoPOPet @iamedrcabadysvobylS

liter beaker. After reaction of the V205 powder was conpl et e,
56. 859 of Shflergind ethd omisakyisiedid od | cvedsdygPagdgfpit funndl Pppowdngy
(Degussa P-25). The beaker was covered with a wat ch gl ass and the .

m xt ure was the rirsmbutrahdle el fthe atatalyst, shireingutke 09tabyssf in the
9. 11wt % SnJ err] sol (Nalco Chem cal Co. 20 were added to the foregoing
di spersi 8n figiabytanagly i3 argdenito spr ckhe ratalystrhevenkyupeengbhe
stirred in an uncovered beaker wth heafing in order to ieduce t he
vol une by eRdroR ih e viirpel, theyyplblowing;the tsehuranasd FenBafspe
stirred, it s _dr.i in an, qven, at _120[err]G. . Thereafter, it was
cal i ned fortTg s She "runne k38 BT Sudeiel LhihiAFe LA RS ng58Re fed
and t he 20- S rii S t rtko f:Lhi cal.ci ned
for 3 ﬁ:gol}rrggl' a fﬁbﬁege?rﬁﬁﬁ%%enc%ﬂ%gofg?r{%?oéfaﬁhgdﬁ%%gﬁgﬁgﬁ ﬁg%rs.
- passed through the funnel, the catalyst was heated in an oven
10 at 120°C to remove the residual isobutanol on the catalyst.
The catalyst was used to ammoxidize propane using a
3/8 inch 0.D. titanium metal fixed bed reactor equipped with a
preheat leg and immersed in a temperature controlled molten
salt bafh at 480°C. The feed to the reactor consisted of

15 propane, ammonia, oxygen, nitrogen, and water in the ratio of

3/1.2/3/10/2. The results are shown in Table I below.
EXAMPLE 10

20 A éatalyst having the composition VSb;.3Sne.2Tio.10x was
prepared by mixing 27.28g of V.05 powder with a solution
consisting of 100ml of 30% H;O, in 900ml of water in a two
liter beaker. After reaction of the V05 powder was
complete, 56.85g of Sb;0; was added followed by 2.40g of

25 TiO, powder (Degussa P-25). The beaker was covered with a°
watch glass and the mixture was stirred and heated for about

three hours. 99.25g of 9.11wt% Sn0O; sol (Nalco Chemical Co.)



22 The cal ci ned catal yst was then contacted w th isobutanol -
usi ng about 6.25m of isobutanol per gram of catalyst by pl aci ng the
catalyst in a coarse glass frit funnel, pouring t he i sobutanol over
the cat.alyst, stirring the catalyst in the 5 isobutanol in order to
spread the catal yst evenly over the bottom of the funnel, then

all owi ng the isobutanol to pass t hrough the funnel w thout suctfion:
Thi s washi ng was done a total of three tines. After the last of the

I sobut anol was passed t hrough the fur@®l, the catal yst was heated in
an oven 10 at 120[err]C to renove the residual isobutanol on the catal yst.
The cat al ystwews addedt o athexfdregopngpdibspassignafollowad8biyndh 3@gDof
titanium netal fixed bed reactor equipped with a preheat |eg and

i mersed i n Sba0snapeTheuméxtumer vhlsedtigirednin an valcoviexed diealn] eriic.
The feed to the reactor consisted of 15 propane, ammonia, oxygen,

nitrogen, areaking im erderateoreduce the/ !@ﬂ@ﬁlbyzevm@m@g@n ofawater.
shown in Table | bel ow, XAMPLE 10 20
A cat al yst rﬂﬂ@ﬁmfhﬁémbéﬁﬁéglFPB%d QSb}@PgFSn?§r§F¥FF§¢v]GFeW?F Wxded in

Toom " of S300BR{ e FerF70%r oaURLeAL b %“ﬁf?rr?%ﬁsﬁé‘imnemm 8hBaiee, e
Sol orr] O or 10 %%%é&%f?%ﬁ#ﬁ%%ﬂ S5 G pind Pnd 20735 megn
5{ IZ:?Z o ;23 ;E%g{f@%‘@%& {:‘Egd‘.’"‘ 'R Bortion"BECEngbanas2Rd1E1RH Holf & was
hours at 810°C then at 700°C for an additional 3 hours.
The calcined catalyst was then contacted with isobutanol
10 using about 6.25ml of isobutanol per gram of catalyst by
placing the catalyst in a coarse glass frit funnel, pouring
the isobﬁtanol 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
15 through the funnel without suction. This washing was done a
total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven
at 120°C to remove the residual isobutanol on the catalyst.
The catalyst was used to aﬁﬁoxidize propane using a
20 3/8 inch 0.D. titanium metal fixed bed reactor equipped with a
preheat leg and immersed in a temperature controlled molten
salt bath at 480°C. The feed to the reactor consisted of
propane, ammonia, oxygen, nitrogen, and water in the ratio of
3/1.2/3/10/2. The results are shown in Table I below.
25



three hours. 99.25g of 9.11wt% Sn(Jerr] sol (Nalco Chemcal Co.)

23 were added to the foregoing dispersion followed by 4.37g of
Sb[err]derr]. The m xture was stirred in an uncovered beaker with
heating in order to reduce the vol une by evaporation of water. When
the m xture could no |onger be stirred, it was dried in 5 an oven at
120[ err] C. Thereafter, it was calcined for 8 hours at 650[ efr]C,
cool ed and then crushed and sieved and the_20-35 nesh particles
col | ect.ed. A portion of this was cal cined ?%r 3 hours at 810[err]C
then at 700[err]C for an additional 3_hours. The cal ci ned
catal yst was then contacted with isob&ﬁéﬁgp 13 usi ng about 6.25n] of

i sobut anol per gram of catal yst by pl acing the catalyst in a coarse
glass frit funnel, pouring t he i sobutanol over the catalyst stirring

t he catal yst irléfgét%&Y?%sggunnéokh%h §§%1£goﬁprﬁ§g tgﬁ cg éftvﬁﬁ?”ly

over the bottom oW ng t 0 pass

15 1hroudlpLdieafadnsy Mk IaYlo9158508r  FIOS PR with %0%1 tion total

of three t of “the 1 soblit’an passed through

the fungel cddwi $@idd Vst 10OmIe8EedosN AID,OVER 900mIAbEl JARIY ik (D ¢wgrove
the residual isobutanol on the catal yst. The catal yst was used to

amoxi di ze PigeeNSedleény aAf€Or 2é8ctieh &£Dthéi t wpdumpoRider Waged bed
reactor equipped with a preheat leg and i Mmersed in a tenperature

control | ed comppIete, 56s8by At hShiO:486Rer adedTife 1lesdd byt 2 40zpcdhHr
consi sted of propane, anmoni a, oxygen, nitrogen, and water in the
rati o of Ti0O, powder (Degussa P-25). The beaker was covered with a
watch glass and the mixture was stirred and heated for about
10 three hours. 99.25g of 9.11wt% 5Sn0, sol (Nalco Chemical Co.)
were added to the foregoing dispersion followed by 4.61g of
Sb;04. The mixture was 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
15 an oven at 120°C. Thereafter, it was calcined for 8 hours at
650°C, cooled and then crushed and sieved and the 20-35 mesh
particles collected.. A portion of this was calcined for 3
hours at 810°C then at 650°C for an additional 3 hours.
The calcined catalyst was then contacted with isobuténol
20 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
isobutanol in order to spread the catalyst evenly over the
bottom of the funnel, then allowing the isobutanol to pass

25 through the funnel without suction. This washing was done a

total of three times. After the last of the isobutanol was



3/1.2/3/10/2. The results are shown in Table | below. 25

24 EXAMPLE 11 A cat al yst havi ng
the conposition VSb[err]Sn[err]Ti[err]derr] was prepared by m xing
27.28g of V205 powder with a solution 5 consisting of 100m of. 30% _
Herr]derr] in 900m of water in a two liter beaker. After reaction
of the Verr]Jerr] powder was co \Aéete, 56.85g of Sb[err](err] was
added foll owed by 2.40g of Ti 2 powdler (Degussa P-25). The beaker was

covered w h a%%P t ' r i aﬁga h&‘?t?‘@?é or
about 10 %E?ggdh%‘??@ 9t g o %%qilvﬁaﬁyﬁa%éﬁﬁ@?ﬁ% co&g:ham-ca )
vere addedatoibbecfosepoh89e dtRBCra598ube! [ 9¥BALtAY o4 BAItBle catalyst.
Sb[err]derr]. The m xture was stirred in an uncovered beaker with

heating in orderheochedlg@tt sV UseRe thy AaMrRidIdAiZ Hrpared aising a Wen
the m xture could no |onger be stirred, it was dried in 15 an oven at
120[ err] C. 37Beliaght oL D.i tivanicd metad ffixed Mad readctor edinpped [With a
cool ed and then crushed and si eved and t he 20-35 nesh particles

col | ectéed. paepenti drgotandhiimmeaserhlin redemperaiture donbtrobked 1@ kten C
then at 650[err]C for an additional 3 hours. The cal ci ned

cat al yst waalthbatboatadB88iCwi t BhesEpadatiol theorgackgrakbens isteshiohf

i sobut anol per gram of catal yst by .. placing the catalyst in a cparse
gl ass fritPFQRABE, PBECRAG, OXYISRe NddPRgeTel R MAYRF dRt R tratie efng

h I '
the cata y§t/1'.9/59‘i0/2. The results are shown in Table I below.
10 EXAMPLE 12

A catalyst having the composition VSbi.38ne.;Tio.10x was
prepared by mixing 27.28g of V205 powder with a solution
consisting of 100ml of 30% H,0, in 900ml of water in a two

15 1liter beaker. After reaction of the V.05 powder was
complete, 56.85g of Sb,0; was added followed by 2.40g of
TiO, powder (Degussa P-25). The beaker was covered with a
watch glass and the mixture was stirred and heated for about
three hours. 99.25g of 9.11lwt% Sn0O, sol (Nalco Cheniical Co.)

20 were added to the foregoing dispersion. 4.37g of Sb;0; were
heated in a hydrogen peroxide solution, dried, then added to
the foregoing' catalyst dispersion. The mixture was stirred in
an uncovered beaker with heating in order to reduce the volume
by evaporation of water. When the mixture could no longer be

25 stirred, it was dried in an oven at 120°C. Thereéfter, it was
calcined for 8 hours at 650°C, cooled and then crushed and

sieved and the 20-35 mesh particles collected. A portion of



I sobutanol in order to spread the catal yst evenly over the bot t om of
the funnel, then allowi ng the isobutanol to pass 25 through the funnel

wi thout suction. This washi ng was done a total of three tines. After
the last of the isobutanol was

25 passed t hrough the funnel, the catal yst was heated in an oven

at 120[err]C to renove the residual isobut | on the catalyst.

The catal yst was used to anmoxi di ze propane using a 3/8 inch O D.
titani um megyy s fhx8dcRedi h8ACESE EQHbBPEdaﬂﬂbmoac @heﬂr§€e€$0¢G¥Eé¥an

i mersed in a tenperature controlled nolten salt bath at 480[err]C
The feed toaddeti®@sel 08 BOOsESt ed of pr opane, anmoni a, oxygen,
nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are

shown in Tabl e IThel ealcinedOcatalyst was then contacted wiE¥AMRisbblitanol
A catal yst having the conposition VSb[err]Sn[err]Ti[err]Jerr] was
prepared byusing rgo@ut 28g2501\pEr iscbutahopopeer guamhod saltalysit by ,
consi sting of 100m of 30% Herr]err] in 900mM of water in_a two 15
liter béakdplagingrtheacatahyst iReca\fearfel GlaFSpéma;r fuagel, poelcmmgete
56. 859 of Sb[err]CIerr] was added foll owed by 2.40 Ti 2 powd :
(Degussa P-45§ . q?kﬂ%@%?%r°ﬂﬁ§ EB?eFéHa&NFEIaStlrrlﬂatGhegpé§§L¥§§tﬂﬂathe

m xture was, stirred nd heat e or about e hours. .99. 25
9. 11wt % Sn@%‘?}P‘]‘t%‘P (M&l 9,5& c§Pread) th?ocﬁgﬁ‘iyéﬁdééfef‘&yt R¥ o(r)t[é'tfoi ng

dlsper5|cnuﬁ?%£?gt%% éﬁ%géﬂkﬁ%frrthgrgllOWInge%hgdlsgb%th%Qroqgn;perOX|de

sol ution
through the funnel without suction. This washing was done a

10 total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst waé heated in an oven
at 120°C to remove the residual isobutanol on the catalyst.

The catalyst was used to ammoxidize propane using a
3/8 inch 0.D. titanium metal fixed bed reactor equipped with a

15 preheat leg and immersed in a temperature controlled molten
salt bath at 480°C. The feed to the reactor consisted of
propane, ammonia, oxygen, nitrogen, and water in the ratio of

3/1.2/3/10/2. The results are shown in Table I below.
20 EXAMPLE 13

A catalyst having the composition VSb;.3Sng.»Tio.10x was
prepared by mixing 27.28g of V,0s powder with a solution
consisting of 100ml of 30% H,0, in 9200ml of water in a two

25 liter beaker. After reaction of the V,05 powder was
complete, 56.85g of Sb;03; was added followed by 2.40g of

Ti0, powder (Degussa P-25). The beaker was covered with a



the foregoing catalyst dispersion. The m xture was stirred in an

uncovered beaker with heating in order to reduce the vol une " by
evaporation of water. When the mixture could no longer be 25 stirred, it
was dried in an oven at 120[err]C. Thereafter, it was calcined for 8
hours at 650[err]C, cooled and then crushed and sieved and the 20-35
mesh particles collected. A portion of

26 this was calcined for 3 hours at 2910[err]C then at 650[err] C for an
addi ti onal 3 hours. The cal ci ned catal yst was then contacted with
i sobut anol watch glags adndt tise 28ikturei dapusthoregeangr bﬁa‘éﬁdc Soxl ybputty 5
pl acing the catalyst in a-coarse glass frit funnel, pour

|sobuéanolQﬁ#ﬁethﬁp%%ial%3725§t? rPnylvhd c%Pﬁ¢y§F’|ﬂN@ﬁF° Chem%%%htGﬂo?
t { t | he f f |,
T e SR eSS FUBL L B Ashaition . 4 TR,

t Thi hi 10 .t f ot t he |
of the i solfdetD ChatodRE O aflar fpa, Bhated: ¢ AnEPLUERER 0fap08 oo @
heated gn qﬁﬂﬁ¥§abn per3%%&30£§i§£§§ﬁow£§”QHQ @hﬂnifi'guébliaﬁaﬁﬁan0| on

t he catal ys used to annoxi dize propane using a

3/8 inch Oé?:ssﬁe%ﬁs"fﬁﬁ'n}.é@ﬁﬂeé'%ﬁﬂcﬂeﬂa&e t@*’rl?QHbQPGQ phbkid1el 3ethagheaAt
salt bath at

| eg and i nmer In a tenperature control _
480[err] C Jin f'eBeidg wAs 5€86H6a.COPRLSt 8610bidal sasgeaaeonawa%mmen

oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/ 2. The results
are shown igadéd! o |tihe! Pvregoing catalyst dispersion. The mixture was
| stirred in an uncovered beaker with heating in order to reduce
10 the volume by evaporation of water. When the mixtufe could no
longer be stirred, it waslaried in an oven at 120°C.
Thereafter, it was calcined for 8 hours at 650°C, cooled and
then crushed_and sieved and the 20-35 mesh particles
collected. A portion of this was calcined for 3 hours at 810°C
15 then at 650°C for an additional 3 hours.

The calcined catalet’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

20 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
total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven

25 at 120°C to remove the residual isobutanol on thé catalyst.

The catalyst was used to ammoxidize propane using a

3/8 inch 0.D. titanium metal fixed bed reactor equipped with a



20 EXAMPLE 13 A catal yst having the
conposi tion VSb[err]Sn[err]Tl[err]C{err] was prepared by m xing 27.28g
of V205 powder with a sol ution consi sting of 100m of 30% Herr]Jerr]
in 900m of water in a tw 25 liter beaker. After reaction of the V205
powder was conpl ete, 56.85g of Sb[err]derr] was added fol | owed by i
2.40g of Ti 2 powder (Degussa P-25). The beaker was covered with a-
27 wat ch glass and the m xture was_stirred and heated for about

three hours. 99.25g of 9.11wt % Sn(err] 28 (Nal co Chem cal Co.) wer e

dded
S Sr PR S B Bl
sol ution wag y acd%edﬁwfue sfo‘fd)' | OL'hq:,""v\f’need toS‘{%&e’Fé ches cﬁ&%} had no

evi dence of particle se en nixing ma oppe 'S co | oi da
suspensi on d A Nen{ OFS§Oh NYak t@ét‘é} ShSPRESHARioTBE

m xture wa stlrredr?% gﬂx%%%overed ﬁggteram?th heating 1n ord é? to
reduce 10 3the MA10E2 bY BYAPPESE1 €S QFeVEh6¥m iNeAbLBeINbELBWE coul d no
| onger be stirred, it was dried in an oven at 120[err]C. Thereafter,

It was sal ci ned for 8 hours at 650[err]C, cooled and t hen crushed and
sieved and the 20-35 nmesh particles collected. A portion of this was
calcined for 3 hours at 810[err]C 15EXAMPLEt 1@50[err]C for an additional 3
hour s. The cal ci ned catal yst was then contacted w th i sobutano

usi ng about 6.25m of isobutanol per gram of catal yst by
A catalyst having the composition VSb;.3Sne.:Tio.;0x was

prepared by mixing 27.28g of V.05 powder with a solution

10 consisting of 100ml of 30% H;0, in 900ml of water in a two
liter beaker. After reaction of the V,0s powder was
complete, 56.85g of Sb,0; was added followed by 2.40g of
.Tioz powder (Degussa P-25). The beaker was covered with a
watch glass and the mixture was stirred and heated for about

15 three hours. 99.25g of 9.11lwt% SnO; sol (Nalco Chemical Co.)
were added to the foregoing dispersion followed by 4.61g of
Sb,04. The mixture was 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

20 an oven at 120°C. Thereafter, it was calcined for 8 hours at
650°C, cooled and then crushed and sieved and the 20-35 mesh
particles collected. A portion of this was calcined for 3
hours at 810°C.

The calcined catalyst was then contacted with isobutanol

25 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



pl acing the catalyst in a coarse glass frit funnel, pouring t he
i sobut anol over the catalyst, stirring the catalyst in the 20 isobutanol

in order to spread the catal yst evenly over the bottom of the funnel,
then all ow ng the isobutanol to pass t hrough the funnel w thout
suction. This washing was done a total of three tinmes. Aftér the |ast
of the isobutanol was passed through the funnel, the catal yst was
heated in an oven 25 at 120[err]C to ree the resi dual isobutanol on

t he catal yst. The catal yst was use moxi di z propane u3|ng a
3/8 inch OWOKP#'E%FHi’JunJr%‘P%@eF&%dSBEEa eE’&?oFaEﬁiYBBeﬁvﬁPiN quer t

Salt bath a%@re%? erhinrely HBefnaTTBaLes: thorerebBieBri b Besanc
anmoni a, OXEE, I £ Q0FRn B EE L BubPEoha! | fngk il Th

results ar

EXAMPLE 14 ?ln(ferrlj"éfée ixﬁéﬁt ﬂfﬁé?gtﬁgeléggp%' EhgnlfgbU§anoTl was -

VSb[err]Sn[err prepar e m X1 ng
V[ err] Oser r;%awefh%&@xatﬁél PhhRB1 , 19heC€EEh§§ISng8§ ﬁ@ﬁl&ledomeQ% oven

Herr]Jerr] 1n 900m water in a two beaker. After reaction

of the V205 poyeieic WS remove AHd efdsidiba BSsshutilal ré8) €he | caesl ggded
foll oned by 2.40g of Ti 2 powder (Degussa P-25). The beaker was

covered with a 7g ofiathé fibasgoind whshedxtatalyss werer ptiysidaidat ed dfead
about 15 three hours. 99.25g of 9.11wt% Sn(err] sol (Nalco Chem cal
Co.) - with 0.3027g of 8Sb,0; powder in a 50ml flask until the
catalyst particles appeared uniformly coated by the Sb.0;
10 powder. The coated catalyst particles were then calcined for
3 hours at 650°C.

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

15 the isobutanol over the cataiyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the
bottom of the funnel, then allowing the isobutanél to pass
through the funnel without suction. This washing was done a
total of three times. After the last of the isobutanol was

20 passed through the funnel, the catalyst was heated in an oven
at 120°C to remove the residual isobutanol on the catalyst.

The catalyst was used to ammoxidize propane using a
3/8 inch 0.D. titanium metal fixed bed reactor equipped with a
preheat leq and immersed in a temperature controlled molten

25 salt bath at 480°C. The feed to the reactor conéisted of
propane, ammonia, oxygen, nitrogen, and Water in the ratio of

3/1.2/3/10/2. The results are shown in Table I below.



were added to the foregoing dispersion followed by 4.61g of o
Sb[err]derr]. The m xture was stirred in an uncovered beaker wth

heating in order to reduce the volune by evaporation of water. When
the m xture could no |onger be stirred, it was dried in 20 an oven at
120[err]C. Thereafter, it was calcined for 8 hours at 650[ err] C,
cool ed and then crushed and si eved and the,g0-35 nesh particles
coll ected. A portion of this was calcined for 3 hours at 810[err]C.
The cal ci ned catal yst was then contacted with isobutanol 25 using about
6. 25m of isobutanol per gram of catal yst by pl acing the catalyst in a
coarse.glass frit fynnel, pouring t he i sobutanol over the catalyst,
stirring the catal tg‘,n‘ghe 3“"“""3‘233“’;‘:‘,,‘
29 i sobut anol "?n(grd,er t,g)a,spg,eagt the eatal Yy evedy Hves tde & o
bottom of the funnd|, thefi aM'Bw fig Phe*i sbutandt td pass” * PhrBug® the
funnel w thout suction. This washing was done a total of three tines.
After the |ast of tte jsoQutgngl yas 5.paased t hroygh ¢ he,fupnel., Lheq
catal yst was heated;}i tf2an®ovén® < &t F20Per] Cto tedpvelt e r8si &ual:
i sobutanol on the cHtaBys®. @2 2 2 78 oR tik Dr&oidg JasHedicakal fst
were physically m X¥d with 0.3027g of Sb[err]Jerr] powder in a 50n
flask until the oD catal yst particles appeared unifornmly coated by the
Sb[err]ferr] 109 gjowderm & ceat ad G.ata.l sut partwclres were theno o~
cal ci ned for £35hotr s2at “BBO[JrriC & S0 TR QA cFnel cat afyst: was
then contact e@ wi 8tfi sBbuFand?® @ Usi ng Shot & 258 Df TsoBut Znol per
gram of catal st by N
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pl acing the catalyst in a coarse glass-frit funnel, pouring 15 the R

| sobut anol over the catalyst, stirring the catalyst iq_%?g_____J;gﬂxﬂiuuﬂ
in order to spread the catal yst evenly over the om of the funne
then allow ng the isobutanol to pass t hrough the f ‘“n
suction. This washing was done a total of three tlF“ﬂ “““ “‘“ll st-
of the isobutanol was 20 passed through3ihe funnel, thexcatalyst*® wds *

heated in an oven at 120[err]C to renove the resi dual isobutanol on

the catalyst. what we cif8rfdaflolt MBreitsish tis Anmoxi di ze propane using a
3/8 inch OD. titaniumnetal fixed bed reactor equipped with a - preheat

leg and i nmersed.in & MRS aakitig A |etamysehaving sehé Dol dowing
480[err]C. The feed to the reactor consisted of propane, ammoni a,
oxygen, ni empjaricadndomidra:i n the ratio of 3/1.2/3/10/2. The results
are shown in Table | bel ow 30 [err]

VWhat we clai mas our inveMSkafPdx 1. A nethod of making a

catal yst having the foll ow ng enpirical formula:

VSb[ er rP Al err] Dibee efr] = Sn, Ti or mixtures thereof,
D = at least one element selected from Li, Mg,
Na, Ca, Sr, Ba, Co, Fe, Cr, Ga, Ni, Zn, Ge,
Nb, Mo, W, Cu, Ti, Ta, Se, Bi, Ce, In, As,
B, Al, and Mn, and

10 wherein m = 0.5 to 10

= 0 to 10
d = 0 to 10
x = number of oxygen atoms necesséry to satisfy

the valency requirements of the other
15 elements,

- comprising reacting a monoperoxovanadium ion, VO0O(0.;)*, while
in aqueous solution with a first portion of an Sb compound
which contains Sb, having a valence of 3%, thereby reducing
the average valence of the V to less than 5 and oxidizing

20 Sb to a valence state of 5%, removing the water from the
solution to form a dried catalyst precursor, and calcining the
resulting dried precursor at a temperature in the range of 650°
to 950°C to form the catalyst, wherein the improvement
comprises adding at least a second portion of an Sb_ compound

25 after the first portion of Sb compound has been added and
has at least partially reacted with the monoperoxovanadium

ion.



5 where A .= Sn, Ti or n1xtures ther eof, . D= at
| east one el enent sel ect ed fromlLi, M, .‘,,”«—Nb~’wﬁ"~’bﬂca’ Sr,
Ba, Co, Fe, C, Ga, N, Zn, Ge, - W Cu, Ti,

Ta, .Se, Bi, Ce, I n, As, ? .
wherein m = 0.5 to 10 ' : =0 to “\&L M“““ d

= 0to 10 X = nunber3ef oxygen ssary*to
satisfy t he valency requi renents of the other

el enent s, o r| g o] |
M(XCIerr])[err] qu STH@ 1Bﬁ'@l‘%égu‘égugygo gﬁgggﬁﬂ Eﬂklgg por |5E18P

Sb compound ¢pe sml ébrﬁﬁ&ﬁﬁdinz?sSQd?QéVhEEeﬁ ¥Rkersese péhrr - JENRRDY sp

reduci ng t he average valence of the Vto less t

oxi di zing Z&brigbirtd hasl evngletal ¢ ptabtear vithepRyi manbberwb%rﬂ‘amw he
solution to forma dried catal yst precursor, and calcining the

resul ting drisd. precursor at a tenperature in the range of 650[err] _to
950[err]Cto formthe catal yst, wherein the inprovenent conpri ses
addi ng ab | east a3 secdhle pprocessobfaals&imcdngbandin2fhef férsthand ssicond
portion of Sb conpound has been added and has at |east partially

react ed witPemeionsoplrohevadhadi apmpoundj added to the catalyst arep, The
process of claim1 wherein-the second portion of the Sb conpound is

added after $hesieditodpeiBheorarfe compound.

4. The process of claim 1 wherein the first and second

portions of the Sb compound are selected from different
10 compounds. _

5. The process of claim 1 wherein the second portion of
the Sb compound is added prior to removing the water to form
the dried catalyst precursor.

6. The process of claim 1 wherein the second.portion of

15 the 8Sb compound is added subsequent to removing the water to
form the dried catalyst precursor.

7. .The process of claim 1 wherein the second portion of
Sb compound is added after the dried preéursor has been
calcined.

20 8. The process of claim 1 wherein the water is removed
by spray drying at a temperature of between about 110°C to
190°C.



conpound has conpletely reacted with the nonoperoxovanadi um ion. 5

3. The process of claim1l wherein the first and second portions of
the Sb conpound added to the catal yst are selected to be the sane Sb
conpound. 4. The process of claim1l wherein the first and second
portions of the Sb conmpound are sel ectegsfromdifferent 10 conpounds.

5. The process of claim1 wherein the second portion of the Sb
conpound is added prior to renoving the water_to forn1 the dried

catal yst precursor. Al trapgie off e Dif Hi¥g 1 wherein the second
portion of 15 theMETHOD FOR PREPARINGI mmmmmmom water to
formthe dried cat dm mummnou AND AMMOXIDATION CATATYSTS:i m 1

wherein the sec rtlo | §_ad r t.he dried
precursor has ERod 82I B‘Ia#é&g a26a 3 %gaVlWe%&e ?@Qg B aim 1
wherein thgﬂﬁ@&géFisf?gﬂpégq by spray drying at a tenperature of

bet ween ab err 190[err] C
VSbnRaDaOx
where A = 8Sn, Ti or mixtures thereof,
D = at least one element selected'from Li, Mg,

Na, Ca, Sr, Ba, Co, Fe, Cr, Ga, Ni, Zn, Ge,
Nb, Mo, W, Cu, Ti, Ta, Se, Bi, Ce, In, As,

B, Al, and Mn, and

wherein m = 0.5 to 10
= 0 to 10
d = 0 to 10
X = number of oxygen atoms necessary to satisfy

the valency requirements of the other

eléments,
comprising reacting a monoperoxovanadium ion, VO(0;)*, while
in aqueous solution with a first portion of an Sb compound
which contains Sb, having a valence of 3%, thereby reducing
the average valence of the V to less than 5" and oxidizing
Sb to a valence state of 5, removing the water from the
solution to form a dried catalyst precursor, and calcining the
resulting dried precursor at a temperature in the range of 650°
to 950°C to form the catalyst, wherein the improvement
comprises adding at least a second portion of an Sb compound
after the first portlon of Sb c;;pound has been added and

has at least partially reacted with the monoperoxovanadium ion.



