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Field of the Invention 25 This invention relates to the
catal yti c amoxi dati on of paraffins and olefins containing fromtwo to
five carbon atons to the correspondi ng al pha, beta unsaturated
nitrples. In particular, the present invention is directed to the
process 30 of making a catal yst useful in the amoxidati on of propane or
propyl ene to acrylonitrile. Because of the price differentia
bet ween propyl ene and propane, an econom c incentive exists for the
devel opnent of vi abl e catal yst useful for the conversion of propane to
35 acrylonitrile. The developnen%PEFIE e ammoxi dati on process to
acr}@onitrile has been quite elusive. The followng U S. Patents Nos.

5,214, 016; 5,008, 427; 5, 258, 543;

PROCESS FOR THE PREPARATION OF
15 ANTIMONATE CATALYSTS FOR
(AMM) OXIDATION OF ALKANES AND ALKENES

20
BACKGROUND OF THE INVENTION

Field of the Invention

25

This invention relates to the catalytic ammoxidation of
paraffins and olefins containing from two to five carbon atoms
to the corresponding alpha, beta unsaturated nitriles. 1In
particular, the present invention is directed to the process

30 of making a catalyst useful in the ammoxidation of propane or
propylene to acrylonitrile.

Because of the price differential between propylene and
propane, an economic incentive exists for the development of
viable catalyst useful for the conversion of propane to

35 acrylonitrile. The development of a propane ammoxidation
process to acrylonitrile has been quite elusive. The
following U.S. Patents Nos. 5,214,016; 5,008,427; 5,258,543;
4,788,317; 4,746,641; 3,860,534; 3,681,421 and Great Britain



4,788, 317; 4,746,641; 3,860,534; 3,681,421 and G eat Britain

- 2- Patents 1,336,135 and 1, 336,136 are directed to various
vanadi um anti nony type catal ysts useful in the anmoxidation of pr opane
to acrylonitrile and teach various nethods of making t he catal ysts.
The present invention is directed to a sinple 5 procedure for the
preparation of vanadi um anti nony catalyst useful in oxidation and/or
anmoxi dati on reactions such as o- xyl ene oxidation to phthalic

anhydr i Batentper dppPénd 38nand 1, 3360p3 ke azenoirgstiedn too vagd@usni trile. In
particul ar, the process of the present invention is directed to the

10 nanVRRESHEB BRtiTeAVALYPE GatplYStS MESSide lamthe @imosidatien of
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SUNNARYugéfyﬂEith;?&'a%on and/or ammoklidatibRe B RH o Jhe

present 1 nvention t
xyvlene oxidation to phthalic anhydride or propylene and

propane ammoxidation to acrylonitrile. 1In particular, the
process of the present invention is directed to the

10 manufacture of a catalyst useful in propane ammoxidation. The
beauty of the process of the present invention is that it is a
very simple procedure substantially eliminating the exotic
materials used in previous procedures as well as eliminating
many of the steps set forth in the previous procedures. This,

15 of course, leads to a more economical and commercially viable
procedure for the preparation of the catalyst useful in

propane and propylene ammoxidation.

20 SUMMARY OF THE INVENTION

It is the primary object of the present invention to
provide a process for the preparation of a catalyst useful in
the ammoxidation of olefins and/or paraffins to the

25 corresponding unsaturated nitriles.



. provide a process for the preparation of a catalyst useful in t he
ammoxi dati on of olefins and/or paraffins to the 25 corresponding

unsaturated nitril es. - 3-

It is a secondary object of the present invention to provi de a process
for the preparation of catalyst useful in ammoxi dati on of propane or
propyl ene to acrylonitrile. -34t is another object of the present

invention to provide 5 a process for the preparation of acrylonitrile from
propane or It propy|sewondaty zbipct whddiemeasemp minpernitrdcaat al yst
prepared by a specific procedure. Addi tional objects, advantages
and novplrovdgieueeprocesise for thenpaepianatiion ofe cadmlivsii hlseffqdarltn in the
description which 10 follows, and, in _part, will bhecone apparent to those
ski | | edammoxidatiea o n;fmmr@&m RIOPSH edre {hee AcHVIowind idre may be | ear ned

by the practice of the invention. The objects and advanta t he
i nvention nay e Jr%a?rri%*'é‘be%rﬂplﬁﬁtal%oﬂb%/ o S SRl AR {2 t£oh to prov1de

opchiad i A8 SV RIS Sl bl
o hBrppy gL B35 g IF SRR, RNSHGH oY g bleser e
of a cafalyst2AYYIS e did oYL Ccal

Additional objects, advantages and novel features of the
invention will be set forth in part in the description which

10 follows, and, in part, will become apparent to those skilled
in the art upon examination of the following or may be learned
by the practice of the invention. The objects and advantages
of the invention may be realized and obtained by means of the
instrumentalities and combinations particularly pcinted out in

15 the appended claims.

To achieve the foregoing objects in accordance with the
purposes of the present invention as embodied and described
therein, the method of the present invention comprises the
preparation of a catalyst having the following empirical

20 formula:

VaSbpMnNnOx
where a =0.01 to 2
b =0.5 to 4
m= 0.01 to 3, and

25 0 to 1

s
i

where M Sn, Ti, Fe, Cu, Mn, Ga or mixtures thereof



20 formula: Vlerr]Sb[err]Merr]Nerr]Jerr]

wher e a=0.01to 2 b=05to4

m= 0.01 to 3, and 25 n=0tol wher e M=

Sn, Ti, Fe, Cu, M, Ga or mxtures thereof

-4- N=1L, M, S, Ca, Ba, Co, N, Zn, G, Nb, Zr,

M, W C, Te, Ta, Se, Bi, Ce, In, Asr48B or

m xt ures thereof conpri sing heating an aqueous_jm xture_conprising a
water 5 sol ubl e vanadd & dkr §?H'er$‘]'q r 1BamEo ot ot CentNPekts one M

pronoter to a tenperature of beiween the rgfluyx tegperature_of t he
aqueous m xture (i.e. above&gboht ?50[ ?r]gf't Co50Fer FC,?n' Asprgferably

bet ween about 110[err] to Zgg[ﬁ&g%&Eﬁ?ngﬁéFgg%ogenous pressure with
alFow

agitation for a time sufficren O least the slightly water

sol ubl e y A Pﬁe@%{aﬁ{%ﬁg Tdot® AH8Glre comﬁ&éﬂ’i(ﬁn% o Sl

precursor, ryrn recursor to renove” the water and

cal cisni ng, 1) £ AN I t ST HEYT S,0:0 and, BHLIYAE11IHE htnighed eakal yst.
In a further aspect of the present invention, a process 15 for the

prepar atdimdtfer® 04 &4 r{impSFra I eréf e o diat B¢ Fbix heemparifre of
follow ng formula:
the aqueous mixture (i.e. above about 100°C) to 250°C,
preferably between about 110° to 250°C, under autogenous
pressure with agitation for a time sufficient to allow at
10 least the slightly water soluble vanadate and Sb;0; to react
to form a catalyst precursor, drying the catalyst precursor to
remove the water and calcining the catalyst precursor to
produce the finished catalyst.
In a further aspect of the present invention, a process
1§ for the preparation of a V,Sb,Ox promoted catalyst having the
following formula:
VaSbpMuNnOx
where a= 0.01 to 2

b=0.5to 4

20 m= 0,01 to 3, and
n=90=tol
where M = Sn, Ti, Fe, Cu, Mn, Ga or mixtures thereof

N = L1i, Mg, Sr, Ca, Ba, Co, Ni, Zn, Ge, Nb, Zr,
Mo, W, Cr, Te, Ta, Se, Bi, Ce, In, As, B

25 or mixtures thereof



Vlerr]Sb[err]Merr]Nerr]Jerr] wher e a=001to 2

"b=0.5to04 20 m= 0.01 to 3, and n
=0to 1l wher e M= Sn, Ti, Fe, Cu, Mn, Ga or mxtures
t her eof N=1L, M, Sr, Ca Ba, Co, N, Zn, Ce, Nb,
Zr, M, W Cr, Te, Ta, Se, Bi, Ce, In, As, B 25
or m xtures thereof -5- -5-

conprising heating the agqueous m xture conprising V205 and

Sh[ er r ] Coswor]isdng heatiionithe agudamsmigtaing mawmtissing #:0s and

t enper at ure between 125[errLyto 250[ err] C under aut ogenous pressure

with agitaPs orpddr Phieraklysiat ckeash aneoatPreaeEerhEe & V[err]err]

catal ys EePETRtUTE BE ARy d TS TS0, Gt GRGRPIGHS BReS Ml yot
DU S Bk ONAEA e U prasciene, od BAS TSk TIRY et o
Cel SISy oyl AIE 1 L0 ATUBRIS LA GoP bRk RaBE Gl |
oo R AR TR e 21 d Dl Sl yaced WA Ohc Al Lol
heat i ng 4z 1384 Piedlrdd¥ &d broduce the catalyst.

In a preferred embodiment of the process of the present
invention, at least one promoter N as defined above is added

10 to the aqueous mixture prior to heating the aqueous mixture to
form the catalyst precursor.

In a still further preferred embodiment of the present
invention, at least one promoter element M is added to the
aqueous mixture subsequent to heating the aqueous mixture to

15 form the catalyst precursor.

In a still further preferred embodiment of the present
invention, the M promoter is selected to be tin, and the tin
promoter is added to the aqueous mixture in the form of a tin
oxide sol.

20 In another preferred embodiment of the present
invention, the aqueous mixture is maintained at a pH of less
than 7 by the addition of an acid. The acid may be selected
from either inorganic or organic acids.

In still another preferred embodiment of the present

25 invention, the aqueous mixture is maintained at a pH of

greater than 7 by the addition of a base. Preferably, the



15 formthe catal yst precursor
enbodi nent of the present

In a still further preferred

I nvention, the Mpronoter is selected to be

tin, and the tin pronoter is added to the aqgueous m xture in the form
of atin oxi de sol. 20 I n anot her preferred enbodi nent of the
pr esent I nvention, the aqueous m xture is nmaintained at a pH of |ess
than 7 by the addition of an acid. Thegacid nmay be sel ected from

ei t her

i norgani ¢ or organi c acids.

In still another preferred

enbodi neaseoist &ap prgsvhc o25ihavganiconamihe dqueouslkarolemine, nmai nt ai ned

at a pH of %
- 6- tebrgethy
t et raet hyl amoni um hydr oxi de) .

reater than 7 by the addition of a base.
ammenpgumi bydrokhdedani ¢ anmi ne (e.g. al kanol ani ne,

Preferably, the

The process .of the present

i nvention wi | ThgoRGEess of ther pregent dovgntionswill now be set

DETAI LE SCRI PTI ON,
directe O%%Balﬁe Rbaldr

for £t he ammoxi dati on of

THE | NVENTI ON

10 preparing V[err]Sb[err]Jerr] based catal yst
hydr ocar bons,

The present invention is

particularly Cerr] to (Jerr]

al kanes and olefins to
DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to a method of
10 preparing V.Sb,Ox based catalyst for the ammoxidation of
hydrocarbons, particularly C; to Cs alkanes and olefins to
the corresponding alpha-beta unsaturated nitriles. 1In
particular, the present invention relates to the preparation
of vanadium antimonate based catalysts for the ammoxidation of
1S propane and propylene to acrylonitrile. The process of the
present invention comprises preparing a catalyst having the
following empirical formula:
VaSbiMuN,Ox
where a =0.01 to 2
20 b=0.5to 4
m= 0.01 to 3, and
n==9=tol1l
where M = Sn, Ti, Fe, Cu, Mn, Ga or mixtures thereof
N = Li, Mg, Sr, Ca, Ba, Co, Ni, Zn, Ge, Nb, Zr,
25 Mo, W, Cr, Te, Ta, Se, Bi, Ce, In, Ar, B

or mixtures thereof



t he correspondi ng al pha-beta unsaturated nitriles. In particul ar,
I nvention relates to the preparation of vanadi um anti nonat e
based catal ysts for the amoxi dation of 15 propane and propyl ene to
acrylonitrile. The process of the present invention conprises
preparing a catal yst having the Jql lowing enpirical fornula:
Vlerr]Sb[err]Merr]Nerr]Jerr] wher e a=001to2 20
b = 0.5aaprising heating an aqueqis WLxtURe GErpniEing water soluble
=0tol wher e M= Sn, Ti, Fe, Cu, M, Ga or mxtures
t her eof vanadates (e.g. VO,”°, W3 Li Vo0 a&rd 0:08a, amd, tbtignaldy, Nb,

prese

Zr,

nt

25

M, W C, Te, Ta, Se, Bi, Ce, In, Ar, B

or m xtwtesladatrayyfe M promoter to a temperature of above the -reflux
conprising heating an aqueous m xture conprising water soluble

vanadat genreratw® «f |the/Gauedus Mist 1@ b 13541 urstgerayiygendus and,
optionally, at |least one Mpronoter to a tenperature of above the
refl Gx presswmperidthuragifatien aiprecust inetsunlf 10l 250 & rgd 10 emot

aut ogenous

| east t Heeasdti dgitte yshighttlyoratide sahiube ceamadhiShs caand Q20 t bor cesct
to forma catal yst precursor, drying the catalyst precursor to renove
the wat érq fZow calcatalyst erecumsgnst @reng sthe toatalysprpdecersoe to
finished catal yst.

10

15

20

25

remove the water, and calcining the catalyst precursor to
produce the finished catalyst.

In a further embodiment of the process of the present
invention, the M promoter is added to the adqueous mixture
after the water soluble vanadates and Sb,0; have been mixed
and allowed to react.

In a further aspect of the present invention, the
process for the preparation of a V,SbyMN,0; catalyst having
the formula set forth above comprises heating an aqueous
mixture comprising V;0s and Sb,03 to a temperature between
110° to 250°C under autogenous pressure with mixing for a time
sufficient to allow the metal oxides to react to form a
catalyst precursor, adding at least one M promoter to the
aqueous mixture, drying the catalyst precursor to remove the
water and calcining the catalyst precursor to produce the
catalyst.

The hydrothermal reaction of the metal oxides in the

aqueous solution is continued for a time period sufficient for

t he

5 pressure with agitation for a tinme sufficient to allow at

n



10 In a further enbodi nent of the process of the present

I nvention, the Mpronoter is added to the aqueous m xture after the
wat er sol ubl e vanadates and Sb[err]J err] have been m xed and al | owed
to react. In a further aspect of the present invention, the 15

process for the preparation of a V[erL%Sb[err]h{err]CIerr] cat al yst havi ng
the fornmula set forth above conprises heating an aqueous m xture
conpri sitige \fheta] Chperidés abd Shirvably eeadtt boafdempehat catabesteen
110[err] to 250[err] C under autogenous pressure with mxing for a tinme
suffici eptrecursdt ow The reqgaliredi desctionetitmet Dsfoltimat@Dycat al yst

precursor, adding at | east one Mpronoter to the aqueous m xture,
dryi ng tdetearihgdtbprtibercatalptienand phesical pmdépertibedscafctheng the
catal yst precursor to produce the catal yst. The

hydr ot hefima 1 rmacér bal obbthenedt aftexi dedcinatben. 25Tgnilealisysothéion is
continued for a tinme period sufficient for the netal oxides
to st abdyctbometis ochdntimbbéd fat abgstieen 0.Hrecut80rhrdheprefjarabily
reaction tine is ultimately determ ned by the catal ytic and physi cal

propertifsomfltte 50 hr$j naspseisllgl ppbferned béing tatoi bathes. It
Typically, the 5 reaction is continued for between 0.5 to 100 hrs,

pref er abthys beenfologetveéd btRabrshoespecraebtyipnetemesdabei rgqghitaedlashrs.

It has been observed that shorter reaction tines are required as
one increases the temperature employed during the catalyst
precursor formation.

10 The aqueous mixture containing the vanadium and antimony
components may also contain an acid or base, preferably a base
present with the tin oxide sol.

Any inorganic or organic acid may be employed for
adjustment of the pH below 7. It is more desirable to employ

15 acids that can be decomposed during calcination such that they
do not leave behind non-volatile components such as chloride,
or sulfate that can modify the composition, unless that is
desired. Inorganic acids such as nitric acid can be employed,
however these acids can evolve environmentally unacceptable

20 gases such as NOx. It is envisioned that the preferred acids
are organic acids such as acetic acid, citric acid or oxalic
acid that decompose to produce COx and water upon
calcination. The amount of acid that is employed in these

syntheses is significantly below that which is required to



one increases the tenperature enpl oyed during the catal yst precur sor
formation. 10 The aqueous m xture containing the vanadi um and

ant i nony conponents may al so contain an acid or base, preferably a
base present with the tin oxide sol. Any i'norgani c or
organic acid nmay be enpl oyed for _§gjustnent of the pH below 7. It is
nore desirable to enploy 15 acids that can be deconposed during

cal ci natdi¥scslieh dlatot heye inorghniwicomporteredy Ntk n- Wojoal | pbeieenpenent s
such as chl ori de, or sulfate that can nodify the conmposition, unless
that is reactit®@si red. Inorganic acids such as nitric acid can be enpl oyed,
however these acids can evolve environnentally unacceptable 20 gases such

as NJerr]. AhyiSnepgaaienedséhaé.jheapnehenhelyaeodsde)or arganigani c
acids such as acetic acid, citric acid or oxalic acid that deconpose

to produgeifd) eirdlithyed P thporethy latide) Nedt Lime THE] Sy Idmmbn Bgh d t hat
I's enployed in these syntheses .Is significantly below that which is

requisr ethydroxide, alkanolamines, t-butylammonium hydroxfde) caslis§ol ve all
of the inorganic conponents, (e.g. Vlerr](err]) prior to reaction.

ANy i NOTGli Sy S (£d Pus B MW pHN AWEKOXT J€) sweF &N Tt is m@Fé ne
(i ncludi ng diethoxyethylam ne, tetranethyl al kyl ammoni um 5 hydr oxi de,

al kanol afd dxesapTd Uty | SRBDEY Usa SWsl M€ €ledak ave beecompo £6@| @YLThg o adj ust the
pH above 7. However, it is nore
calcination such that they do not leave behind non-volatile
components such as the alkali or alkaline earth metals unless
10 it is desired for them to be present in the final catalyst
composition. Suitable bases that can be employed are ammonium
hydroxide and organic bases such as alkylamines and
alkanclamines. Most preferably, the base may already be
present in the aqueous mixture as a stabilizer/dispersant for
15 the hydrated inorganic metal oxide {e.g. tin oxide sol) which
has been used as the raw material source for the M promoter
during the formation of the catalyst precursor and, therefore,
will not have to be added separately.
The procedure of the present invention may comprise the
20 reaction of the appropriate amounts of V;0s and Sb;0;, (as
well as optionally other metal oxides known to promote
ammoxidation catalysis such as but not limited toc those based
upon tin oxide (sol), titanium, tellurium, rhenium, silicon,
aluminum, iron, niobium, chromium, cobalt, copper, bismuth,

25 tungsten, etc) in the presence of water and optionally an acid



desirable to enpl oy bases that can be deconposed during cal cination
such that they do not |eave behind non-volatile conponents such as the
al kali or alkaline earth netals unless 10 it is desired for themto be
present in the final catalyst conposition. Suitable bases that can be
enpl oyed are anmoni um hydr oxi de apgL organi ¢ bases such as al kyl am nes
and al kanol am nes. Most preferably, the base may al ready be

pr esent ornblalke Fgueaisist xiHirak as tergleataturze 1P ame fflarxx 15 t he
hydrated inorganic netal oxide (e.g. tin oxide sol) which has been
used as temperawura)enipaltcs ANCE fmdearhaudgyenmtsepressurmuming t he
formation of the catal yst precursor and, therefore, w Il not have to
be addewigepauat abirring. In caBes pheoedwhe @frdrod ey essratl iondedd | on nmay
conprise the 20 reaction of the appropriate anmounts of V[err]Jerr] and
Sh[ err] Giterl]f, daaiot be walde & Qriacdlydrodhsamaidial (caxiidesaditnown t o

pr onot e ammoxi dation catal ysis such as but not limted to those based
uponsti readide @v@i)ladlid am wnsditddblid Wornhewthgr Idurews of thel um num
i ron, niobium chrom um cobalt, copper, bisnuth, 25 tungsten, etc) in the
pr esenc ée®fa IWglreimotat O Pld Qualdif rait a3l Gcetates, hydroxides, ammonium

- 10- or base to adjust pH at a tenperature of 100[err]C (refl ux
t enper ativhe coutip X o5 0 [cairHdn i) e fe taiilt)0 GRitD WH IR REIUNE B tdmployed/i gor ous
stirring. In cases where the pronoter netal oxide itself cannot be

made t 0 Theatlydiothimeilmddact{ion icf niese metal oxides is continued
for a time period (typically 0.5 to 100 hrs) sufficient for
10 the metal oxides to suitably disperse to form the catalyst
precursor. Some metal oxides or other sources may be added
subseqﬁent to the hydrothermal reaction step and can be in the
form of fine metal powders, sols or ccmplexes. Examples of
these are fumed TiO,, tin oxide sol, silica sol, and alumina
15 sol. Upon cooling, the material obtained (typically a fairly
homogeneous slurry, although some segregation can occur if
left standing without agitation) can be mixed/further reacted
with additional metal oxides (or other metal sources such as
nitrates, acetates, etc.), evaporated to dryness (or spray
20 dried) and calcined in one or more steps to produce the final
catalyst. The pH of.the hydrothermally prepared slurry may
have to be adjusted prior to the addition of the other
reagents for the optimal preparation of the catalyst.
The required reaction time, temperature, solids content,

25 and order of addition of other metal oxide reagents is



5 readily available in a suitable form, other sources of the met al

pronoters (e.g. nitrates, acetates, hydroxides, ammoni um I on

conpl exes, carbonyls, etc.) can optionally be enpl oyed. The
hydr ot hermal reaction of these netal oxides is continued for a tine
period (typically 0.5 to 100 hrs) suffjcient for 10 the netal oxides to
suitably disperse to formthe catalystl' precursor. Sone netal oxides or
ot her sauriciasately biebeitiethed by Stibs ecateal vt be t dved hyllyoi &€l nptopepciéon
step and can be in the formof fine nmetal powders, sols or conpl exes.

Exanpl eodfthe findbesrateriilngfoducdel r] Fuitihepxwaehtnd,amdl i ca sol, and
alumna 15 sol. Upon cooling, the material obtained (typically a fairly

honogenesulc Btation Stépough SOIEL segr Egat ¢oba et 9Cstepafed by bdEhér
standing without agitation) can be m xed/further reacted W th

addi t i ongdu s ataxaIes KOrembeyedetdl imPHd¢EStReCheAformancdi dfates,
acetates, etc.), evaporated to dryness (or spray 20 dried) and calcined in

one G NEHEsS!EPCalPsps PAUESr t&Lahp @) the washBhySind TOL1ethetidhe
hydrot hermal |y prepared slurry may have to be adjusted prior to the

addi ti ongdpd Nei T ®sed in UeQQepdcenes $1210p0iopl 5poepaaati gndof the
cat al yst. The required reaction tinme, tenperature, solids

content,5, 258 pouB prifere D BElEbipOFaBéd b ere FBEShcOXI ey IB80EDL BikEd
ultimately determined by the catalytic and physical properties of the
final megerimbrdvodteedoeE6ihhicdashi tige afgltalyst. The addition of
alkali such as lithium hydroxide to reduce the viscosity of
10 the slurry prior to spray drying is also applicable to
slurries prepared by this route.
It has been found that the presence of the tin promoter

in the form of tin oxide sol/stabilizers during the
hydrothermal synthesis of promoted catalyst precursor is
15 advantageous, especially at above reflux (=100°C) to 250°C
(e.g. 110° to 250°C), preferably 110° to 175°C, most preferred
being 120° to 160°C, under autogenous pressure.
In addition, the preparation of high solids content
aqueous slurries are envisioned as particularly beneficial to
20 the practice of the present invention. The use of
tetramethylammeonium hydroxide stabilized SnO, sol may be
utilized to obtain aqueous slurries in the range of 70% solids
which are suitable in the practice of the invention.
Conducting the hydrothermal reaction step at elevated

25 temperatures reduces the time needed to prepare slurries that



calcination steps as utilized for catalysts prepared by other rout es
" can also be enployed to inprove the performance of 5 these catalysts. For
exanpl e, the washing and cal ci nation steps disclosed in U S. Patents
5,214,016, 5,008,427 and 5,258,543, herein incorporated by reference,
may be utilized to inprove the pg{iprnance of the catalyst. The
addi tion of al kali such as lithium hydroxide to reduce the viscosity
of 10 theisdately prield taatsginmt drijHatg dre asgoaaplorcddtetdo than slurries
prepared by this route. It has been found that the presence of
t he tin yho®iprepared iunddre faffI:0f (dpproxintet alo} /1M0AT) J zerts iBurdlngp t he
hydr ot hermal synthesis of pronoted catal yst precursor is 15 advantageous,
especi alfled atthdtowpart ion (eragllesi et ridnpdm Ay er (diperatuirey.
110[err] to 250[err]C), preferably 110[err] to 175[err]C, nost preferred

bei ng 12Mcare [réflubh0[iere | Gbatrel ero GAQ o gaiIitscdy agsdiriicorporation df
addition, the preparation of high solids content aqueous slurries are
envi §i onatheas monid iy avlemdranefimial tie baXk tdomgusictiae o ikeraresent

i nvention. The use of t et ramet hyl anmoni um hydr oxi de stabilized SnQ2

sol may d&rall pérfidomthded. ocrdbwstietlse Prbdds oM tHe pragenof 70%
sol i ds which are suitable in the practice of the invention.

Conduct iingrdrite diy drptheddial y rsacld 0l St Ry atonghemiii£ld catlalysper at ures

reduces the tine needed to prepare slurries that

-12- mathifd@haley vdelbCaltal ¥striotl e Lr RSFROQd Drobaiiers tdating
materials to be in solution at any one point in time.

10 Therefore, higher solids concentrations of the slurries can be
attained without the expense of concentration by, for example,
evaporation prior to spray drying. This increases the
utilization efficiency of reactors and other equipment
utilized in the preparation of catalyst. The procedure of the

15 present invention also reduces the amount of water that must
be evaporated off of the slurry in order to attain the
appropriate solids content for spray drying, thereby resulting
in time and energy savings.

It has also been observed that the rate of the reaction

20 of the metal oxides under higher temperatures and autogenous
pressure has been significantly enhanced by the presence of
tin promoter in the form of a tin oxide sol. 1In particular,
the metal oxide reaction in the presence of tin oxide sol,

i.e. Nalco 88-SN-123 and Nalco TX7684, supplied by the Nalco

25 Chemical Co., Naperville, Illinois, is significantly enhanced.



t hose prepared under reflux (approximately 100[err]C). It is also felt
" that operation at el evated tenperatures (tenperatures above refl ux,
i.e. above 100[err]C) enhances the incorporation of 5 other pronoter

el enents into the base conposition to inprove overal | perfornmance.

Mor eover, the process of the present -13- invention is readily scal eable
for comrercial catal yst manuf acture because it is not necesary for al
of the sthais ipermits Use epreparavide ofh catalysbs alpreguoserpbiwsing ti ne.
10 Therefore, higher solids concentrations of the slurries can be

at t ai nedshot ttent redet sopentreofamdnbewe r ateact bgn femperatmpres than
evaporation prior to spray drying. This increases the utilization

ef fi ci erttad dbeeraanpleyead donehibouslyi pnent utilized in the preparation
of catalyst. The procedure of the 15 present invention also reduces the
anount of wat eThehat amastiualitabévevéipotaredtbat dhdibetel thay ktheorder to
attain the appropriate solids content for spray drying, thereby
resulsti ngresence nof i tiee atin ecreidy sali agselerates the ratdasfatlse been
observed that the rate of the reaction 20 of the metal oxides under

hi gher tesgperen us £ svamald furh ogped carst imony poesdes e hhis tieenalssgncéi cAnt |y
enhanced by the presence of tin pronoter in the formof a tin oxide
sol . In yeetiinlexide solf hehertalooxofiethearéfbuxéd hihetpresdoes nbttin
oxi de sol, i.e. Nalco 88-SN 123 and Nal co TX7684, supplied by the

Nal co Zﬁaﬂmmmréblabl\?pemdlyellémsﬂneakmg s gob$écead | whenhanced.

drop of slurry is placed on a piece of the filter paper

10 indicative of free and soluble vanadium containing species)
until after 3-6 hrs reaction time. In the presence of tin
oxide sol, the color is black within ~1/2 hr indicating
substantial reaction. XRD analysis éf intermediate calcined
materials (650°C) indicates that the tin oxide and titanium

15 oxide are better dispersed if the tin oxide sol was present
during the hydrothermal step. The presence of organic
stabilizers in the tin oxide sol can be detrimental to final
catalyst performance unless special precautions are taken to
remove the stabilizer before final calcination. Accordingly,

20 there will be certain advantage to employing low levels of the
stabilizer and or ones that volatilize readily. The
volatility of the stabilizer is not a problem during synthesis
when using the.process of the present invention which utilizes

a sealed system at autogenous pressure.



- 13- This permits the preparation of catalysts (precursors) using
" shorter reaction tinmes and | ower reaction tenperatures than had been
enpl oyed previously. There are qualitative factors that indicate
that the 5 presence of the tin oxide sol accelerates the rate of the
reacton of vanadi um and antinony oxides, In the absence of the tin
oxi de sol, the color of the refluxed mXxture does not dar ken
appreci ably (d&ttke yeddove stpbakand) ¢conwodrsieeviednedresn af utilikziopg ofhesl urry is
pl aced on a piece of the filter paper 10 indicative of free and sol uble
vanadi uproasidunre rd hecipresent inventdical terded Gdwic reeactiitdroris ks I n the
presence of tin oxi de sol, the color is black within ~1/2 hr
i ndi cat iteg have theb3tiantscdl, raeal tacoompdY ianalstwika 1dfz 6 v //etimpdiratanteg! ci ned
materials (650[err]C) indicates that the tin oxide and titanium 15 oxide
are bet pafesdintpendtg ftHehdvidrmoiherdmls deamtSigr ey of theduwrdnaihe
hydr ot hermal step. The presence of organic stabilizers in the tin
oxi 08 sendcamtimoigt oxikkd=al (Thifd RRIuld be Al aldiginteryd i e dpd@EssS
speci al precautions are taken to remove the stabilizer before final
cal ci natticominrAadidig@liyyratidn idrerhartdin xicRy toaidt iadventrga e enpl oyi ng
| ow | evel s of the stabilizer and or ones that volatilize readily. The
vol ati | istutfafcet R Parltildla®y ficrmdel duriimp|sppaiurdmpimy idestdpare thden
using the process of the present invention which utilizes a seal ed
syst em agfatallygeneushy eS5aiile bed form.

The following examples are set forth below for

10 illustrative purposes only.

Fixed Bed Propvlene Ammoxidation

15 Example 1
A catalyst of composition 60% VSb;, Fe 0sSn sTi0,—-40% SiO;

was prepared in the following manner. 4.55 g of V.05
(Stratcore), 8.75 g of Sby0;, 0.32 g of Fe,0; (Baker) and
40 g of water were placed in a Teflon liner to fit a Parr

20 125 mL bomb equipped with a magnetic stir bar. After stirring
for approximately 15 minutes, 1.58 g of oxalic acid (Baker)
and 20 g of additional water were added with continued

stirring. The liner was then sealed in the bomb casing and

placed in a 175°C oven. The slurry obtained after 93 hrs was



-14- The nost sinple and conveni ent neans of utilizing the
procedure of the present invention under basic conditions is to have
the tin sol, and acconpanying stabilizers/dispersants, present during
t he hydrothermal reaction step of the vanadium 5 and anti nony oxi des.
This could be an advantage wi th respecis.- to mnimzing mgration of the
tin oxide particles to the surface of particles fornmed during spray
dryi ng ttorarsdfeanmeed H an 8®hmdl yedaker tdwippad wviddd § gtmr bar and The
foll owi ng exanples are set forth below for 10 illustrative purposes only.
Fi xed Bel lRrtegd) lveirtd Ararted dat iapproximmtaanfi®e nl.. 4.00 g of A THdaal yst of
conposition 60% VSb[err]Fe.[err]Sn.5Ti[err]Jerr]-40% Si Jerr] was

pr epar ed Dagussa fRY3Jowasy addererto 4AHS slufrwaitd stirxel rircore), 8.75 ¢
of Sb[err]Jerr], 0.32 g of Fe[err](Jerr] (Baker) and 40 g of water
wer e pl apptraxine Ceelfy dn B nerThe diixtturdaras t2en Tatdd bootbeiuipped wit h
a magnetic stir bar. After stirring for approximately 15 m nutes,

1. 5859 df8.®Bdlg ofacish@.Bakel) (20% saddda) gndf 43d&0t igodl W&E0gr selie added
wi th continued stirring. The liner was then sealed in the bonb casing
and (0 ids Ja Weid ethdrC added alfie vl e wabtewrapskafé®ruddihr s was

the gel thickened such that the stir bar stopped. The material
obtained was then dried in an oven at 120°C overnight. The

solid obtained was then calcined in air at 290°C for 3 hrs,
10 425°C for 3 hrs, and 650°C for 8 hrs. The material was then

ground and sieved and a portion of the 20-40 mesh portion was

calcined at 900°C for 3 hrs, washed with hot methanol, then

calcined at 650 C for 3 hrs and then washed with hot methanol.

15 Example 2
A catalyst of composition 60% VSb;.,Fe osSn.sTi1:0,-40% SiO,

was prepared as above except that the TiQ0, was present during

the 93 hr hydrothermal reaction step at 175°C.

20 Example 3
A catalyst of composition 60% VSb;.;Fe 025Nb, 255N, 5Ti;04~

40% Si0, was prepared in a similar manner to Example 1 with
0.10 g of Fe;03 and 0.17 g of Nb;0Os (Alfa) present in the
hydrothermal reaction step (175°C, 138 hrs) without oxalic

25 acid.



- -15- transferred to an 800 nlL beaker eqipped wth a stir bar and
diluted with water to approximately 150 nL. 4.00 g of Ti Q2 (Degussa
P25) was added to the slurry and stirred for approximately 1 hr. The
m xture was then heated to boiling. 5 18.84 g of SngJerr] sol (20% solids)
and 47.50 g of SiJerr] sol (30% solids) were then added and water was
evaporated until the gel thickened such that the stir bar stopped. The
mat eri al obt ai ned was then dried 14T an oven at 120[ err] C overni ght.
The solid obtained was then calcined in air at 290[err]C for 3 hrs,

10 425[Esranjpde & 3 hrs, and 650[err]C for 8 hrs. The material was then
ground and sieved and a portion of the 20-40 nmesh portion was cal ci ned
at 900[err] C fArcatatyst wafhedmphshthor neoHaVidh,.EherSn.sTi:GalOidnédOat 650
C for 3 hrs and then washed with hot nethanol. 15 Exanple 2

A cat al was gfrepmnastiin on 508 Meh[ramide . ferBi@pIery |[Wiflerd ] e rdf 40%
Siqerr] was prepared as above except that the Ti Q2 was present during
the 83 KhRydidiife) npreseatt duringebhet hyd3psher@al rezgtivamsiters3

A catal yst of conposition 60%

VSb[ err ] @Eerqeer, r phbhfrenr,] Sn. [err] Ti[err]Jerr] - 40% Si Q2 was prepared
inasimlar manner to Exanple 1 with 0.10 g of Fe[err](err] and
0.17 g of Nb[err]derr] (Afa) present in the hydr ot hermal reaction
step (175[err]C, 138 hrs) without oxalic 25 acid.

Example 5

A catalyst of composition 60% VS8b; ,Cu.04Sn.sT1:0,-40% SiO,
10 was prepared in a similar manner to Example 4 with 0.16 g of

Cu0 (Alfa) present during the hydrothermal reaction step.

Example 6
A catalyst of composition 60% VSb;.2Cu.04Sn.sT1:0,~-40% Si0,

15 was prepared in a similar manner to Example 4 with 0.16 g of

Cu0 (Alfa) present during the hydrothermal reaction step.

Example 7
A catalyst of composition 60% VSb;.,Cu.06Sn.sTi,0,~40% SiO,

20 was prepared in a similar manner to Example 4 with 0.24 g of
Cu0 (Alfa) and only 0.79 g of oxalic acid present during the

hydrothermal reaction step.



-16- Exanpl e 4 A catal yst of conposition 60%

" VSb[err]Cu.[err]Sn.[err]Ti[err](err]-40% Sierr] was prepared in a
simlar manner to Exanple 1 with 0.14 g of 5 Cu[err]O (Al fa) present
during the hydrothermal reaction step (175[err]C, 91 hrs).

Exanpl e 5 A catal yst of conposition 60%

VSb[err]Cu.[err]Sn.[err]Ti[err]C{err]?h Yo SiJ err] 10 was prepared in a
sim | ar Exampdre t& BAENIS014.86.6d510s TG 0g~80% S10, CuO (Al fa) present during

t he hydrothermal reaction step. Exanpl e 6 A catal yst of
conposi tion 6MowvShiere] . [ €50s] SH4[ 86r ITi, [ SbedL eler.]754@h,SiFg06r] 15 was
prepared in a simlar manner to Exanple 4 with 0.16 g of CuO (Al fa)

present {Nanowpit (R hyemdireafisdr nestdrwed steps “Nano” JExGingot eMach 1
A catal yst of conposition 60% VSb[err]Cu.[err]Sn.[err]Ti[err](err]-40%
Si J err |Conianygs Jwagtasddin rPenrss i vaniamme’2 tg) Exahyd e o tin hoidel g of
CuO (Alfa) and only 0.79 g of oxalic acid present during the
hydr 6t hexaial (I .68ctg orBrEd.¢pand 125 ml water were reacted under reflux

for ~24 hrs. After coocling, 4.00 g TiO, and 47.50 g of

silica sol (30% solids) were added and the slurry was

thickened on a hotplate until the stir bar stopped. The high
temperature calcination was at 885°C for 3 hrs.

10

Comparative Example 9 60% VSb,; :Fe Sn sTi;0x~-40% Si0;

A catalyst having the empirical formula

60% VSb;.3Fe ,Sn . sTi;0,~40% Si0, was made as follows: 12.08 g
V.05 was added to a mixture consisting of 900cc HO0 and

15 100 g of 30% H;0, in a 2-liter beaker, and stirred at room
temperature about 15 minutes, until a dark red peroxy complex
had formed. 25.17 g of 8Sb;0;, 2.12 g Fe;0; (Nano) and
10.61 g TiO, (Degussa, P-25) were then added, the hot plate
temperature control was set to “high,” and the beaker was

20 covered with a watchglass. As it heated, the color of the
slurry changed from yellow to green to black. The mixture was
digested for approximately 4.5 hrs; water was added
occasionally to keep the volume constant. 50.05 g of a 20%
SnO; sol (Nalco 88SN123) was added, followed by 133.33 g of

25 30% silica sol (Nissan). The catalyst slurry was evaporated



o -17- Exanple 8 60% VSb[err]Fe.[err]Sn.[err]Ti[err](err]-40% Si Jerr]
A mxture of V[ferr]derr] (4.55 ¢g), Sb[err](err] (8.75 @g),

Fe[err](err] (Nanocat (R), hereinafter referred to as "Nano") from
Mach 1 Conmpany, |ocated in Pennsylvania, 0.32 g), 18.84 g tin oxide 5
sol (3.77 g SnQ2) and 125 m water wer&8feacted under refl ux for ~24
hrs. After cooling, 4.00 g TiQ2 and 47:50 g of silica sol (30% solids)
wer e added thed hate pllatre wikds constanti ckeinedingn unthidt pltatthigkdrned he stir
bar stopped. The high tenperature calcination was at 885[err]C for 3
hrs. 1@he restomfartdte rdeetdiptie s 60 same as Example 8.
VSb[err]Fe[err]Sn.[err]Ti[err](err]-40% Si g err] A cat al yst
having the enpirical fornula 60%

VSb[err]Fe.[err]Sn.[err]Ti[err]Jerr]-40% SiJerr] was nade as follows:

12. 08 g Exampld ard | GG rShwes eackdlil. obsSra s Ti M0 0%CcB8mO st i ng of 900cc
Herr]O and 15 100 g of 30% Herr]Jerr] in a 2-liter beaker, and
stirbed at rodincatalystpef atomposbbibvn 15608 niskes FesisNi assasLif@d per oxy
conpl ex had fornmed. 25.17 g of Sb[err](Jerr], 2.12 g Fe[err]derr]
(Nano) &9% sSiO, l@a8lpgePpaded DegassamiPa2bhaneee tbeBxadgde, 4t kathot plate
tenperature control was set to "high," and the beaker was 20 covered with
a wat chdl. &3 g ANiIQ leeat ed 0 tdhe BnlDgr afidt he® g oxslicrgcidapgesehtom

yellow to green to black. The m xture was di gested for approxi mately
4.5 hrs;quiahy tMs Batesthe rma 10 GEsd tOIGH |sté259 Kermrct, ha evalrgye constant .
50.05 g of a 20% Sn2 sol (Nalco 88SN123) was added, followed by

133. 33 g of

10 Examplg 11 60% VSb1,zMn_ozssn‘sTi1ox-40% SiOz

A composition of 60% VSb; Mn ¢258n.sTi10,—-40% Si02 was
prepared in the same manner as in Example 10 except with .11 g

of MnO, present.

15 Examgle 12 60% VSb1,2Fe,0251\4n,0255n,5Ti10x—40% SiOz

A composition of 60% VSbi.,Fe o25Mn. 02550 sTi:0,-40% Si0,
was prepared in the same manner as in Example 10 except with

.12 g Fep0; (Baker) and .11 g of MnO, present.

20 Example 13 60% VSbl,zFe_nSn,sTile-40% SlOz

A catalyst of composition 60% VSb;.Fe.1,8n.sTi;0,~-40% SiO;
was prepared by reacting a mixture of V,0s (4.55 g), Sb,0;
(8.75 g), Fe;0; (Nano, .479 g), 18.84 g tin oxide sol (3.77 g
Sn0;) and 125 ml water were reacted under reflux for ~24 hrs.

25 After cooling, 4.00 g TiO, and 47.86 g of silica sol



25 30% silica sol (N ssan). The catalyst slurry was evaporated

on the hot plate with constant stirring until it thickened. The rest
of the procedure was the sane as Exanple 8. Exanpl e 10 60%
VSb[err]Fe.[err]N .[err]Sn.[err]Ti[err]derr]-40%Siderr] 5 A
catal yst of conposition 60% VSb[err]Fa9terr]Ni .[err]Sn.[err]Ti[err](err]-
40% Si Jerr] was prepared in a simlar manner to Exanple 4 with 0. 093
g N O ango3lGal ikk)ewdrd etdded anll .tHe Glaxaly wacithiglesssd on a during
the hydrothermal reaction step (175[err]C, 16 hrs). 10 Exanple 11 60%

VSb[ er r lndtrlertd Snmdiar rfhld [&rid Gaf rdtofPed OMid lhigh temperature
conposition of 60% VSb[err]M.[err]Sn.[err]Ti[err](err]-40% SiJerr] was

pr epar e%gl%i}%etmﬁql\grg(g%&i koEXamphg 10 except with .11 g of MQ2

present.
VSb[err]Fe[err]M.[err]Sn.[err]Ti[err]Jerr]-40% Si Jerr] A
conposition of 60% VSb[err]Fe.[err]MWnh.[err]Sn[err]Ti[err](err]-40%

"o g Examete PO HS P SHCROOMNET precont! 20 Bxanple
catal yst V??[ﬁéém%e{ﬁ%%‘?”%% Fomrertien. | eé@% B e T 408 Sis,
Si C][err][wé_’rsr]pcxi fafeea{jctbnreacrﬂx re of(tl.{;% of (4V£grr1 q§{)ré (4.55
(8.75 g), Fep,0; (Nano, .479 g), 18.84 g tin oxide sol (3.77 g
Sn0,) and 120 ml water were reacted at 150°C under autogenous
10 pressure in a stirred autoclave for 21 hrs. After cooling,
4.00 g TiO, and 47.86 g of silica sol (30% solids) were added

and the slurry was thickened on a hotplate until the stir bar
stopped. The high temperature calcination was at 900°C for

2.5 hrs.
15

Example 15 60% VSb1,zFe,1zsn_5Ti10g—40% SiOz

A catalyst of composition 60% VSb;.;Fe.12Sn.sTi0,~40% SiO,
was prepared by reacting a mixture of V0, (7.00 g), Sb,0s
(13.46 g), Fe,0; (Nano, .74 g), 28.98 g tin oxide sol (5.80 g

20 Sn0;) and 112 ml water were reacted at 150°C under autogenous

pressure in a stirred autoclave for 3 hrs. After cooling,
6.15 g TiQO, and 73.62 g of silica sol (30% solids) were added

and the slurry was thickened on a hotplate until the stir bar



(8.75 g), Fe[err]Jerr] (Nano, .479 g), 18.84 g tin oxide sol (3.77 ¢
SnJerr]) and 125 m water were reacted under reflux for ~24 hrs. 25
After cooling, 4.00 g Tigerr] and 47.86 g of silica sol

-19- (30% solids) were added and the slurry was thickened on a
hotplate until the stir bar stopped. Thg-high tenperature cal cination
was at 900[err]C for 3 hrs. 5 Exanple 14 60%

VSb[ er r |t did ] SmHemilgh [tandddfiude 4pSiddteidd was at 900°C Aogat al yst
of conposition 60% VSb[err]Fe[err]Sn.[err]Ti[err]dJerr]-40% Si Jerr]

was preQar5eq)[Lly reacting a mxture of V[err]Jerr] (4.55 g), Sb[err]Jerr]
(8.75 g), Fe[err]Jerr] (Nano, .479 g), 18.84 g tin oxide sol (3.77 g

Srclerrl) o 200 EACkSygL 98 pRLec o 190 BBIE s cautaazigysy 1

pressure in a stirre ter coo

Ti A 4 I % i :

1 SLer gt AR Ay Soid o0 (0% | Ay dlopury o AR

hi ghgt t ' ' 9 2. .

Beamsl o 16 Bisd) Sap e (Rt E kA PPN E AT UE 0l S e Loy

A t al st | 1 9 . Ti -40%

5 rerrite Yo ML Lo o R o L err] Gorr] (7,00 o).
Sb[err]Jerr] (13.46 g), Fe[err]derr] (Nano, .74 g), 28.98 g tin

oxide sol (5.80 g 20 Snderr]) and 112 mM water were reacted at 150[err]C
under aut ogenous TABLE I

Fixed Bed Reactor Tests

10
Temp] CT | %C;" | %AN Propylene % Sel to

Ex. | °C | Sec | Cow Yid AN HCN | Aceto| Acrol | AcryAc{ CO CO,
1 465 | 091 | 9791 | 7888 | 8056 | 392 { 180 | 081 0.41 525 7.25
2 | 462 ] 109§ 9743 | 7567 | 7766 | 407 | 210 | 3.00 032 | 6.15 8.74
3 | 458 { 055 | 9776 | 7554 | 7728 | S03 { 1.8 | 032 057 | 7.2 7.70
4 460 [ 057 | 9727 | 7802 | 8021 | 428 | 195 | 075 098 | 492 [ 692
S5 | 460 | 068 | 9798 | 7720 | 7888 | 442 | 188 | 068 087 | 545 7.71
6 | 460 | 078 ] 9813 | 7785 | 7034 | 420 | 206 | 082 062 | 5.10 7.86
7 458 | 061 | 9767 | 77.73 | 7059 | 439 | 197 | 059 072 | 546 7.28
8 | 458 | 061 | 9847 | 7850 | 7982 | 427 | 197 | 0.1 0.71 S22 7.31
9 | 458 | 061 | 9842 | 77806 | 7911 | 457 | 181 | 054 062 | 581 7.54
10 | 458 | 060 | 9788 | 7771 | 7940 | 434 | 1.70 | 0.58 079 | 575 7.45
11 | 460 | 1.02 | 9882 | 7546 | 7636 | 462 | 196 | 046 028 | 7.05 9.28
12 | 463 | 119 | 9760 | 7714 | 7903 | 419 | 206 | 052 | 023 | 526 8.70
13 | 480 | 079 ] 5844 | 7868 | 7093 | 443 | 183 | 048 045 | 561 7.18
14 | 460 | 060 | 9788 | 7003 | 8074 | 449 | 125 | 056 060 | 537 6.99
15 | 460 | 061 | 9876 | 7025 | 8025 | 448 | 131 | 020 040 | 566 7.7




pressure in a stirred autoclave for 3 hrs. After cooling, 6.15 ¢

"Tierr] and 73.62 g of silica sol (30% solids) were added and the

slurry was thickened on a hotplate until the stir bar

- 20- stopped. The high tenperature calcination was at 900[err]C for

2. 5 hrs. The catal yst of Exanples 1 to 15 above were tested

under the follow ng conditions. _3he feed ratio for

C[err]/NH[err]/C{err]/N[err]/H[err]O 5 in each of the exanples was
1.8/2.2/3.9/2.4/6.0, respectively. The results are set forth bel ow

in Tabl eFluid Bed Propylene Ammoxidation TABLE |

Fi xed Bed Reactor Tests 10 Trpp CT W err] % AN

Propyl ene % Sel to Ex. [err]C Sec Conv Yl d AN

HCN Aceto Acrol Acy AC CO CJerr] 1 465 0.91 97.91

78. 88 Bﬁa%ﬁle B.92 1.80 0.81 0.41 525 725 2 462

1.09 97. . 67 77.66 4.07 2.10 3.00 0.32 6.15 8.74

3 $A58 0.A5lar§é. BELch/6£5#41uid/B8d cat8BystloB88comPodZtiofl. 57 7.22

7.70 4 460 0.57 97. 27 78. 02 80. 21 428 1.95 0.75

0.98  4vh, .Fe.2Bn sTi,0,-80% S46D wdks Q&epa&:?ecﬁ&oll?c?wﬂ&; a Srdfedurd 2
1.98 0. 68 0. 87 5. 45 7.71 460 0.78 98. 13 77.85

79.34 eflp2Oyed?t86prePadd catllisét 1n5EiQmple7136above. In th488 0.61
97. 67 77.73 79. 59 4,39 1.97 0.59  0.72 5.46 7.28 8

458 0. &dse Qﬁe4€1taﬁﬁa58nd £9188a 487 wete94ddef. ¥ theosiﬁrr¥ 8822
7.31 458 0.61 98. 42 77. 86 79.11 4.57 0.54

0.62 5b§é1nea §ﬂom the h&@rotﬂﬁgmalorégctlaﬁ §8ep 771ThE s168r¢Owasd. 34
1.70 0.58 . .75 . 11 460 1.02 98. 82 75. 46

76.3fp #néxr coﬁc@ﬁtrgtéﬁ to ngﬁt 3%- 95% soﬂlag by evapé%at16ﬁ3of 1.19
97. 60 77. 14 . 5. 13

460 o.zgterggeﬁgre gﬁrgg dr}9n83 4.43 1.93 0.48 0.45 . 5.61
7.18 14 460 0.60 ~97.88 79.03 80.74 4.49 125 0.56

0. 60 5.37 6. 99 15 460 0.61 98. 76 79. 25 80.25 4.48
1.31 0.20 0. 40 5. 66 7.71

Example 2
A large batch of fluid bed catalyst of composition

15 V18b;.2Fe.128n sTi,0,-40% Si0, was prepared following a procedure
employed above except that the slurry obtained from the
hydrothermal reaction step was concentrated to 18-20% solids
prior to the addition of the titania and silica. The slurry
was then concentrated to about ~35% solids by evaporation of

20 water before spray drying.

Examples 1 and 2 were conducted in a 40 cc fluid bed
reactor. The feed ratio for C;/NH3/0,/N,/H,0 in Examples 1
and 2 was 1.8/2.2/3.9/16, respectively. The results are set

25 forth below in Table II.



-21- Fl uid Bed Propyl ene Anmoxi dati on Example 1 5 A

| arge batch of fluid bed catal yst of conposition
Vlerr]Sb[err]Fe[err]Sn[err]Ti[err]Jerr]-40% SiJerr] was prepared
foll owi ng a procedure enpl oyed to prepare catalyst in Exanple 13

above. In this case the titania and silica sol were added to the
slurry as obt ai ned fromthe hydrothermal reaction step. The slurry was
10 then concentrated to about 32-33% solids by evaporation of wat er
before spray drying. Exampl e 2 A large batch of fluid bed
catal yst of conposition 15 V|ierr]|BaBBErXEe.[err]Sn.[err]Ti[err]err]-40%
SiJerr] was prepared follow ng a procedure enpl oyed above except

that the slurry obtained fr @ndike Bed Rdicstcxr heig@d reaction step was
concentrated to 18-20% solids prror to the aadition of the titania and
silica. The slurry was then concentrated to about ~35% solids by
evaporation of 20 water before spray drying. Exanples 1 and 2
were Cco . oo trett rerctor— e feet-ratro—for—

g-:[g; rz]/z H e mbimpllect1} N[ edrderilen i n Exanpl @gopyiene % S&NW 2 was

U TSTarciser.
Ex. C lsecjwwh] conv| Yid [ AN | HCN|Aceto |Acrol |Acry Ac| €O | cO,

1 450 {1011 0.23 | 88.47 |1 80.94 | 82.20 | 5.07| 113 {020| 0.24 | 4.01]| 6.88

2 450 10.83) 0.26 | 98.51 | 80.90 | 82.12 | 5.05] 1.06 | 0.18 { 0.15 | 4.05} 7.13

5
Propane Ammoxidation
Comparative Example 1

10 A catalyst of composition VSb; .Sn ,Ti 0x was prepared
in a similar manner as described in Example 9 above, except
that no iron or 8Si0, was added. The catalyst was ultimately
calcined at 820°C for 3 hrs, calcined at 650°C for 3 hrs and
washed with isobutanol.

15

Example 2

A catalyst of composition VSb;.,5n ,Ti,0, was prepared
in the following manner: 7.58 g of V.05, 17.01 g of Sb,0;
and 27.57 g of NH,OH stabilized Sn0O; sol containing 2.51 g

20 of 8n0, and approximately 125 g of water were placed in a



25 forth belowin Table I1.

-22- TABLE 1| |

Fluid Bed Reactor Tests Temp CT % err] % AN

Propyl ene % Sel to Ex. C sec wh conv Yld AN HCN Aceto Acro
Acry Ac CO CJerr] 1 450 1.01,0.23 98.47 80.94 82.20 5.07 1.13
0.20 0.24 4.01 6.88 2 450 0.83 0.26 98.51 80.90 82.12 5.05 1.06
0.18 0.2%0 mMLosoIndBotsom flaskPegpippednwbkhdat condenser. CBhparative
Exanple 1 10 A catal yst of composition

VSbh[ er r | Boxfere] was|[ eeflGkedr ¥ivhsspiepangdfor 22i hra.si After cenhéngas
described in Exanple 9 above, except that no iron or SiJerr] was
added. Theecabbéysedwaduntyi wasekgded tocal beakdratoB828irinyyCoft 67 § bifs,
calcined at 650[err]C for 3 hrs and washed with isobutanol. 15
Exanpl e umed TiO, wikltattimsingf dofipasiltilon the slurry was
VSb[err]Sn[err]Ti[err]Jerr] was prepared in the foll ow ng manner:
7.58 3y ofonfenti&fedrby évapérgtddnSbheil] Eher mixture thickened and

placed in a 125°C oven overnight to dry. The dried solid was
heated in air at 290°C for 3 hrs, then 425°C for 3 hrs, and

then ? hrs at 650°C. The material was then ground and sieved
and a portion of the 20~35 mesh portion was calcined at 820°C

10 for 3 hrs, then 650°C for 3 hrs and then washed with

isobutanol.

Example 3

The same composition as set forth in Example 2 was prepared
15 except that the fumed TiO, was present during the 24 hrs

reflux step.

Example 4
A catalyst of composition VSb; ,Sn ,Ti,0x was prepared

20 in the following manner:

7.58 g of V05, 17.01 g of Sby0;, 0.67 g of fumed TiO,,
27.57 g of an ammonium hydroxide stabilized SnO; sol

containing 2.51 g of SnO, and approximately 125 g of water



and 27.57 g of NHerr]OH stabilized Sn(Jerr] sol containing 2.51 g

20
of SN2 and approximately 125 g of water were placed in a
-23- 250 nmL roundbottom fl ask equi pped with a condenser. This
m xture was refluxed with stirring for 22 hrs. After cooling, t he
obtained slurry was added to a beaker-mppntaining 0.67 g of fumed Ti Q2

with stirring. After 1 hr, the slurry was 5 concentrated by evaporation

unti |

to dry. The dried solid was heated in air at 290[err]C for 3 hrs,
425[ err] €edbed3ihssdeaad300 cctheto8lave agubppPedrwith daheowatrbeadl was
then ground and si eved and a portion of the 20-35 nmesh portion was

cal ci nedggt r8cP[ er the milehiee 6abr§hehh§8a§éa[ £61 1 85¢@rarks st wrwh dden

washed with I sobut anol Exanpl e The sane conposition

set fo”?oi*”sEﬁ?%p%SEﬁ E’@%r?iﬁ&ar e?helﬁ?SEEE‘p&aEh@hg&“?eﬁ&ﬁ%ﬁ 6k vAs

present during

cat alyst aﬁf:oE?WQSéhhoﬁhXSRLQEG].»énLSEr l&t[ g6 EEbE" Calt}‘}’aét%i‘f?%ed 20

the follown

10

15

20

overnlght. The rest of the procedure was the same as for

Examples 2 and 3.

Example S

The same procedure as in Example 4 was utilized to
prepare a slurry containing the components to prepare a
catalyst of composition VSb;,,Sn Ti ;0. Upon removal from the
cooled autoclave, the slurry was concentrated to 29-30% solids
in a beaker on a hotplate. Lithium hydroxide in water was
added to reduce the viscosity of the slurry. Water was
continued to be evaporated off and a solids content of
approximately 46% was obtained before the stir bar stopped.

The rest of the procedure was similar to above except that the
catalyst was calcined in flowing air at 810°C and 650°C prior

to a single isobutanol washing step after the calcination at
650°C. The resulting catalyst composition was

Li _osVSb1 _4SnzTi . 1Ox .

t were xplaeedhinkengdaatd linerpl athilsi hinet26hsr thénoptacedeandght

t hen

as

A
i n



7.58 g of V[err](JQerr], 17.01 g of Sb[err]derr], 0.67 g of funed Ti Q2,
27.57 g of an ammoni um hydroxi de stabilized SndJerr] sol cont ai ni ng
2.51 g of SnJerr] and approximtely 125 g of water

- 24- were placed in a quartz liner. This liner was then placed and
seal ed inside a 300 cc autocl ave equi pgged W th an over head stirrer.
The m xture was then heated to 125[err] C and mai nt ai ned for 6 hrs with
stirringxahelécht ef6Wasst hen renoved fromthe 5 autoclave and the mixture
was |eft to cool with stirring overnight. The rest of the procedure
was the sanme a¥heopame prpggapkeswasapuployed as ipxExphpls 41except  The
sane procedure as in Exanple 4 was utilized to prepare a slurry

cont ai ni ¥Rat hehe ofpoabntwot capetpat borm steps cuene yeondfctedpasi ihon
VSb[err]Sn[err]Ti.[err]dJerr]. Upon renoval fromthe cool ed aut ocl ave,
t he sl urBxampbe chncentrated to 29-30% sol i ds in a beaker on a
hot pl ate. Lithium hydroxide in water was 15 added to reduce the viscosity
of tle slurry. Water was continued to be evaporated off and a solids
content of approximately 46% was obtai ned before the stir bar stopped.
The restExdmphe Pprocédore) was simlar to above except that the

catalyst was calcined in flowwng air at 810[err]C and 650[err]C prior 20
to a single isBhet annke paskedygrst wpsaktployed eal ¢éhnBkevplet 6 except

that the hydrothermal step was only conducted for 4 hrs.

10 Example 8

The same procedure as in Example 4 except that the

hydrothermal reaction step was conducted for 4 hrs at 150°C.

The results of the fixed bed reactor tests for propane

15 ammoxidation are set forth below in Table III.



650[err]C. The resulting catal yst conposition was
" Lif[err]VSb[err]Sn[err]Ti[err](err].

- 25- Exanple 6 (6 hrs) The sane procedure was enployed as in
Exanpl e 4 except that the final two cal cination steps were conducted
as in Example 5. 5 Exanmpl e 3g(4 hrs) The sane
procedure was enployed as in Exanple 6 except t hat the hydrot her mal
step was only conducted for 4 hrs. TABLFD 1@mnpl e 8 The sane
procedure as in Exanple 4 except that the hydr ot hermal reaction step
was conducted for 4 hrs at ¥Qi&Rf Hdd Reactor Tests The results of the fixed
bed reactor tests for propane Ib ammbxidattron are set forth belowin Table
(I -26-
TABLE 11|
Templ cT %Cy° | % AN : Propane % Sel fo Feed Ratlo

Ex. C sec fwwh conv] Yid AN | HCN { Aceto|AcryAc] CO | CO, | C3= CoNHO./NH,0

1 | 470 [ 1.89 | 0.03 | 2056 | 12.15 | 50.09| 1352] 1.74 | 1.30 | 1376} 1004]| 054 |1/1.3435111.73.7

2 | 470 | 18910042283 11.78 | 5158 { 11.17] 1.11 { 044 |19.11]1626] 0.33 [1/1.24333/11.035

3 | 470 | 2271 004] 1950 | 1099 | 5638 | 11.47] 1.19 | 000 | 1704 1361 031 |11.24/33311.0135

4 | 470 | 227 | 0.04| 2061 1237 [ 6004] 748 | 093 | 000 |17.79]|1335| 0.41 |1/1.24/3.33/11.0/35

6 | 480 | 208 0.11§20.17| 1286 | 63.75| 886 | 1.56 | 004 | 1315]| 11.85| 048 |1/1.20.083.2712

6 { 480 | 1.66]0.13]| 21.89| 1370 | 6250 | 922 | 1.62 | 004 [1381]11.74{ 056 |111.27.993.32

7 | 480 | 1.88 ] 0.15| 2161 ] 1335 | 6180] 938 | 1.55 | 003 |14.16] 1219 047 }1/1.27.993.20/2

8 | 470 | 242 004] 2061 ]| 1120 | 5458] 927 ] 1.6 | 052 | 1870} 1531 ] 0.46 |1/1.523.010635

5 The foregoing description is not intended to be

exhaustive of the embodiment and combinations of the process
of the present invention. Although the compositions prepared
to date have been targeted to ammoxidation catalyst for
propane and propylene, it is envisioned that the process will
10 be suitable for the preparation of other types of oxidation
catalysts. It is intended that the process of the present

invention is defined by the appealed claims attached hereto.



 Fixed Bed Reactor Tests Temp CT u(err] % AN
Propane % Sel to Feed RatiO  This ShdeKHas Bben ReplfB6

wh con VYid AN HCN Aceto Acry Ac CO CJerr] C3
Cerr]/NH err]/Jerr]/Nerr]/Herr]O 1 470 1.89 lIH"I
12.15 59.09 13.52 1.74 1.30 13.76 10.04 0.54

1/1.34/3.51/11.7/3. 7 2 470 -2789 0.04 22.83 11.78 51.58
11.17 1.11 044 19,11 16.26 0.33 1/1.24/3 33/11 0L3-5 3
470 2.27 0.(Odhatgwgoclapuohs:se 38 11.47 [FHEOSHEETOHAS BEENL7. 04 13.61
0.31 1/1.24/3.33/11.0/3.5 4 470 2}27 GREPEACED. 61 | 12.37
60.04 7.48 0.93  0.00 17.79 13.35 0l4d—3+34-24F3-833711.0/3.5

5 480 2.08 .0.11 _20.17  12.86. 63.75_.8.86 56 0 13. 15
11.85 0.48 111, P.rQé’F?.sz%ZPf the preparation °]f é‘aca&"“%é'sd“zfaé’dngls. 70
2&236591. %éggofﬁ]éloqgﬁg%l&&i?%%ﬁ%‘%%‘bﬁb?gs 0'1.525 Y 16.265,99/3'1?1{ 56 12. 197

0.474 1/1.2/.99/3.29/2 Vagb.?lgnNn 470 2.42 0.04 20.61 11.29 54.58

9. 27 1.16 0.52 T 5.31 0.46 1/1.52/3.0/10.6/3.5 5

The foregoing greeei ptign=ig, gptrdndended to be exhaustive of the
enbodi nent and conbi nations of the process of the present invention.
Al t hough the conpositi ans=peeparsds to date have been targeted to
amoxi dati on catal yst for propane and propylene, it is envisioned
that the process will 1@M0= ®e0butd ab) eaadr t he preparati on of other types
of oxidation catalysts. It is intended that the process of the

pr esent inventiom ¥sOdedihed by the appeal ed clains attached hereto.
-27- CLAIMS 1. A process for the preparation of a catal yst having the

fol 118wi ng enpi Whese forMifaSn, Ti, Fe, Cu, Mnjf cfa] SpT cpixtpres]therefterr]

where a= 0.01 to 2 . .
N = Li, Mg, Sr, Ca, Ba, Co, Ni, Zn, Ge, Nb, Zr,

Mo, W, Cr, Te, Ta, Se, Bi, Ce, In, Ar, B
or mixtures thereof
comprising heating an aqueous mixture comprising water soluble
15 vanadates and 8b,0; and, optionally, at least one M
promoter to a temperature of between reflux temperature to
250°C under autogenous pressure with agitation for a time
sufficient to allow at least the water soluble vanadates and
Sb,03 to react to form a catalyst precursor, drying said
20 catalyst precursor to remove the water and calcining the
catalyst precursor to produce the catalyst.

2. The process of claim 1 further comprising adding at
least one promoter N to the aqueous mixture prior to heating
the aqueous mixture to form the catalyst precursor.

25 3. The process of claim 1 further comprising selecting

Sn as the M promoter.

L



" where M

b=0. 5t 04 - n1 =0.01 to 3, and n=0to1l
.a Ga or m xtures thereof N =Li

lvg Sr SS Ge, Nb, Zr, Mo, W_Cr. Te Ta—Ser—Bi,
Ce, E mer eof conprisin qugﬂm HAu&E{ﬂEO%US m xture
con5|st|ng ess ter sol ubl e vanadates, ﬁﬁﬁbﬂCEmCIerr and at

| east one M pronnter to a tenperature-2%- bet to
250[err] C under autogenous pressure with agitation for a time sufficient to
al l ow at | east4t he Th&t @rosgisghed Fadddarey (?lgb[t@ﬁr] é[ner P]r%etrhéavl

pr onot er eact_to forma catal recurs I ng,_sai

precur sét écf%; re&hdihe taff@l‘?/&’ﬂ%rm% lf:%lg‘? B f%“c%ﬁlaﬁ ysin p‘?’é’c%s%g

produce the ca aIy Qce f cl.aim1 further r|S|ng
i ng at | eact- ond "5 BRSCEFSNOTo gy eDee SR, Eite AHHRTs BIBHRNGt ne
aqueous Jq s rmt I C cess of
claim 1 Turt ﬁ%%%@?.%%n%e%%?%féﬁ%a%f BT iy the agd e P %

procgss Wfs £l aim 3 wherein the Sn pronoter is added to the aqueous n1xture
in the formof a tin oxide sol. 5. The process of claim1l wherein the

aqueous m xturg, is iy RLARRE Jf F1RAMON YHRHAR HheN afqudbud@idddidd on of

a base. 6. The process of claim 1 wherein the aqueous m xture is

mai nt ai niggd rad i Phdrel K0 o By BdEowRddi By oth®faddi 8dll.of dn acidpe process

of claim2 wherein the pronoter N is added after the water soluble vanadate
and Sb[err]QeTr] Mhee preasised ofo dlarim heheatedny theppaouoter and [rd or to

dryi ng and - 28-

cal ci natddged t@.the ditalysiesttef Thaiwatenhesbible reamadate sasdl ect ed

from the group consisting of an inorganic or organic am ne.
Sb,0; have dispersed and reacted to form the catalyst

precursor.
8. The process of claim 5 wherein the base is selected
from the group consisting of an inorganic or organic amine.
9. The process of claim 8 wherein the base is an
15 organic amine selected from the group consisting of
alkylamines, alkanolamines or mixtures thereof.
10. The process of claim 6 wherein the acid is an
organic acid.
11. The process of claim 10 wherein the organic acid is
20 selected from the group consisting of acetic, oxalic or
mixtures thereof.
12. The process of claim 6 wherein the acid is an
inorganic acid.
13. A process for the preparation of a catalyst having
25 the following formula:
VaSbpMpN,Ox

ET L



9. The process of claim8 wherein the base is an organic am ne sel ected
fromthe group consisting of alkylam nes, al kanolam nes or m xtures
t her eof . 10. The process of claim6 wherein the aci d iThis Sireetdiag Beeh Beplaced

acid. 11. The process of claim 10 wherein the organic mm ’H ﬁWﬂimzd
13.

fromthe group consisting of acetic, oxalic or mxtures th
foll owi ng formul a:

The process of claim6 wherein the aci@% s an inorganic acid.
process for the preparation of a catal yst having

V[err]Sb[err]Merr] N erp]T[erp]to 4 where a b
=0.5 to 4 m=0.01 to 3, and =0 to 1
where M= Sn, Ti, Fe, C& =M:%Eat®r3ni #8dres theres N =Li

My, Sr, Ca, Ba, Co, Ni,_Zn, . Ge, Nb, Zr, Mo, W Cr, Te,
Ce, In, As, B or nixtur%s‘tﬂeF%o conpri sing heating eQlis m xture

i sing V de Sb d at | east M moxtare
fggB;:Z;E?e gf&éé%&:;L]%E%u§niggfgl?%gfé%’ggﬁ[:#?]gsgnﬂggggﬁFgégﬁgﬁggf >
ith mxi f i f&j.ci ent t V
gﬂgség{gr?ﬁC{eP}f'?g rggc? %P?% g1%£g;€§fy§%’S?égnygbr%ﬁgféthﬁ?%LEL?rr]

catal yst precursor to renovegt hwl\/\@trgrgea}nqagalsglnig]_g idee qqlt,_atlp}ist B

precursor to produce the catal'yst. 1 The "proceéss of c¢ldai m 20 wherein

the Mpronmoter is added to he AG4eHes Frerdos prior to heating the m xture
to formthe catal yst precursor.

-29-  léompribngreeeeingf asl agiedds hektufet B6mpkPEOHBL €V,05 Shd  16.
The process of claim 16 wherein the Sn is added to the aqueous m xture in
t he fornsipfOsa ahd, opptidonallly, &aE. leaslie opeocidss pabmolteéirmtbd awher ei n at
| east one N pronoter is added to the aqueous

10 temperature of between about 110° to 250°C under autogenous
pressure with mixing for a time sufficient to allow at least
V.0 and Sbﬂh. to react to form a catalyst precursor, drying
the catalyst precursor to remove the water, and calcining the
catalyst precursor to produce the catalyst.

15 14. The process of claim 13 wherein the M promoter is
added to the aqueous mixture prior to heating the mixture to
form fhe catalyst precursor.

15, 'The process of claim 13 wherein the M promoter is
added to the aqueocus mixture subsequent to the formation of

20 the catalyst precursor.

16. The process of claim 14 wherein the M promoter is
Sn.

17. The process of claim 16 wherein the Sn 1is added to

the aqueous mixture in the form of a tin oxide sol.

ey



m xture prior to the formation of the catalyst precursor. The
process of claim 18 wherein the N pronoter is added to the aqueous mxture

after the formation of the catalyst precursor.
preparation of a catalyst having the follow ng errpl ric ﬁi'“"[

Vlerr]Sb[err]Merr]Nerr]Jerr] where a=0. 01t o2
b=0. 5t 04 m=0. 01 to 3, am¥-
where M= Sn, Ti, Fe, Cu, WMh, Ga or m xtures thereof N =Li,

My, Sr, Ca, Bag8.CoThdi procesGeofiNirladm 1MbwhéfreGn alkelebst Sme BIN

Ce, In, As, B or mxtures thereof conprising heating an aqueous m xture
conpri sipepneiter »ladded vipatke caquahisrmiiere |puiel athatketo a
tenperature of between about 100[err]C to 250[ err] C under aut ogenous
pressur ef%mﬂwtlé@?t%ﬁl’étﬁf%?t%1Y$¢reP%Qﬁlﬂ%¢%nt to allow at |east the water

sol ubl e vanadates and Sb qer to react to forma catal yst precursor,
addi ng at | eadt®-onéh® W%&%I%re&rr’ed:d}esoﬂ‘l d’r’%lﬂ &iif

cat al_yst rsor, to renove the wat e aI cini n| the cat al yst

oot st S chhe 2 HERAT ReuFe Sef0Y SR hPHRaELonrSEI B 50" wher ei n

the pro 1 d t he aqueous mxture prlor to heating to formthe
cat al ys?gpae ?’tl'csPIa 8?95&9

THIS SHEET HAS BEEN
REPLACED
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