
EP 0 492 805 B1 Description This invention relates to the activation of
vanadium-antimony oxide catalysts. The catalysts activated by the method of
the invention have improved catalytic activity in the vapor phase 5
ammoxidation of propane with ammonia and molecular oxygen. It is an object
of the invention to activate catalytic compositions comprising vanadium and
antimony in oxidic form. Another object of the invention is to improve the
catalytic activity of such catalyst compositions for the ammoxidation of
propane to acrylonitrile or to acrylonitrile plus propylene. 10
Otherobjects, as well as aspects, features and advantages, of the present
invention will become apparent from a study of the accompanying disclosure,
including the specific examples, and the claims. A further object is to
provide a catalyst composition activated according to the present process.
These and otherobjects are realized by the present invention according to
which there is provided a proc- ess for making an activated antimony and
vanadium-containing catalyst in oxide form having an atomic ratio 15  of
Sb:V in the range from 0.8-4, which comprises calcining such an oxidic
vanadium and antimony-containing composition at a temperature of over 750C,
usually at least [err] thereafter contacting said calcined catalyst with a
hydroxy compound in liquid form (usually having no carbon-to-carbon
unsaturation) selected from (1) cyclohexanol, (2) cyclopentanol, (3) a
monohydroxy, acyclic hydrocarbon having 1-8 C atoms, and (4) a dihydroxy,
acyclic hydrocarbon having 2-4 carbon atoms, and separating as a liquid
said compound from 20  said catalyst insofar as it is present beyond the
amount wetting said catalyst, and thereafter drying said cat- alyst.
Especially useful hydroxy compounds are the monohydroxy, acyclic
hydrocarbons having 1-8 C atoms, and the dihydroxy, acyclic hydrocarbons
having 2-4 C atoms. Most useful are the monohydroxy, acyclic hy- drocarbons
having 1-4 C atoms, especially isobutanol. 25     The upper calcination
temperature can be up to [err]a given Instance, and usual activation
temper- atures are at least [err]e often at least [err]le the activation
temperature is most often not over [err] The calcining step activates the
catalyst to a significant degree, and the contacting with the alcohol (hy-
droxy compound) further activates the catalyst to produce a catalyst of the
invention. 30     The process of the invention is especially effective in
producing an active catalystwhen the foregoing com- position containing V
and Sb in an atomic ratio of Sb to V of 0.8 to 4 also contains 0.01 to 2
atoms of one or more of Ti, Sn, Fe, Cr and Ga per atom of V, with or
without up to 2 atoms per atom of V of one or more of LI, Mg, Ca, Sr, Ba,
Co, Ni, Zn, Ge, Nb, Zr, Mo, W, Cu, Te, Ta, Se, Bi, Ce, In, As, B and Mn. It
is particularly useful to use from this group Cu, Mg, Mn, Bi, Mo, and Li. 



35     The catalysts made according to the present invention are also
useful for ammoxidation of [err]lic paraffins In addition to propane, with
ammonia and molecular oxygen. All of the specific examples of catalysts
that follow were made by the method of claim 4 of U.S. patent 4,784,979,
issued November 15, 1988, and were activated to an active catalyst by
heating at [err] for 1-3 hours unless another calcination temperature is
specifically noted. The catalysts of the examples not marked 40
Comparative were contacted with a hydroxy compound as defined In the
present claims. The examples are illustrations only and are not to be
considered as limiting. Example 1 45  Catalyst: [err] 26.87g of [err]
powder was added to a mixture of 140g of a 30% H202 solution in water and
900 ml of water in a 2 liter beaker. After about 20 minutes, 59.99 g of
[err] powderwas added. The beaker was covered with a watch glass and the
mixture was stirred and heated for about 3 hours. During this time the
slurry grad- ually turned blackish-grey. 44.31g of 20% SnO2sol,4.70g [err]
powder, and 0.14g [err]  were added 50  to the foregoing dispersion. The
mixture was stirred in an uncovered beaker for about 4 hours 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 forabout 16 hours at
[err] Thereafter it was calcined for8 hours at [err] cooled and then crush-
ed and sieved to 20-35 mesh. A portion of this catalyst was activated by
calcining for 3 hours at [err] Aportion ofthe heat-activated
catalystwascontactedwith isobutanol using 6.25 ml of isobutanol pergram 56
of catalyst by placing the catalyst in a coarse glass frit funnel, pouring
the isobutanol overthe catalyst, stirring the catalyst In the isobutanol in
ordertospread the catalyst evenly overthe bottom of the funnel, then
allowing the isobutanol to pass through funnel withoutsuction. After all
the Isobutanol had passed through the funnel, the catalyst was dried in an
oven at [err] 2    EP 0 492 805 B1 Example 2 (Comparative) Catalyst: [err]
This control catalyst was made by the procedure of Example 1 except that
only [err] were used, 5   and the isobutanol contact and drying steps were
not used. Example 3 A portion of the heat-activated catalyst of Example 2
was contacted with isobutanol and dried as in Ex- 10  ample 1. Two liters
of isobutanol per gram of catalyst were passed over the catalyst. 



Example 4 Catalyst: [err] 15      This catalyst was made in the manner of
Example 1, except that about 286 ml of methanol per g of catalyst was used
instead of the isobutanol of Example 1. Example 5 (Comparative) 20
Catalyst: [err] This control catalyst was made in the manner of the first
paragraph of example 1. Fe was introduced as [err] Example 6 25 The
composition of Example 5 was treated as in Example 5 and was then contacted
with isobutanol in a Soxhlet extractor for 18 hours at atmospheric
pressure, then dried In an oven at [err] Example 7 30 Catalyst: [err]
Acatalyst having the composition of Example4 was made in the manner of the
first paragraph of Example 1. It was then contacted with isobutanol and
dried as in Example 1, except that 143g of isobutanol per g. of catalyst
was used. 35 Example 8 (Comparative) Catalyst: [err] Another catalyst with
the same composition as In Example 4was made as in thefirstparagraph of
Example 40  1. This Is an untreated control catalyst. Examples 9-12
Catalysts having the composition of Example 8 and made in the manner of the
first paragraph of Example 45   1 were activated by contacting with various
alcohols as noted below: Example    Alcohol             ml/g.catalyst 9
n-butanol                62.5 50                         10
isopropanol             62.5 11        ethanol                 62.5 12
ethylene glycol          62.5 55     Example 13 Catalyst [err] This
catalyst was prepared as in example 1 (except of course, no Bi was added). 



3    EP 0 442 805 B1 Example 14 (Comparative) Acontrol catalyst of the
composition of Example 13 was made as in Example 13, except that no
treatment was used after the calcination at [err] for 3 hours. 5 Example 15
Catalyst 93 wt. % [err] 7 wt. % Si 02 This catalyst was made in the manner
of Example 1. The silica support or diluent was introduced as 40 10    wt %
[err] sol, ammonia stabilized. Another difference from Example 1 is that
62.5 ml. isobutanol was used per gram of catalyst Example 16 (Comparative)
15  Catalyst: [err] This control catalyst was made in the manner described
In the first paragraph of Example 1. Example 17 20      The catalyst of
Example 17 was further treated with Isobutanol and dried, as in Example 8.
Example 18 Catalyst: [err] 25      The catalystwas made in themannerof
Example 1, firstparagraph and was then activated with isobutanol and dried,
as in Example 6. Example 19 30   Catalyst: [err] The above catalyst was
made as in Example 1. Mo was introduced as [err] Example 20 35  Catalyst:
[err] This catalyst was made in the manner of Example 1. Mn was introduced
as a 50% solution of [err] in water. Example 21 40 Catalyst: [err] This
catalyst was made in the manner of Example 1. Cu was introduced as [err] 



Example 22 45 Catalyst: [err] This catalyst was made in the manner of
Example 1. Fe was introduced as [err] Example 23 50 Catalyst: [err] This
catalyst was made in the manner of Example 1. Mg was introduced as [err]
Example 24 55 Catalyst: [err] This catalyst was made in the manner of
Example 1. Cr was introduced as [err] 4    EP 0 492 805 B1 Example 25
Catalyst: 80 wt % [err] + 20 wt % [err] This catalyst was made in the
mannerof Example 1 exceptforthe proportions. The silica support ordiluent 5
makes the catalyst less dense. It was introduced as 40 wt % [err] sol,
ammonia stabilized. Example 26 (Comparative) Catalyst: [err] 10     This
catalyst was made by the procedure of Example 2, except that [err] was
added to the slurry resulting from the reaction of the vanadium compound
and the antimony compound before the drying and calcination. Of course, Sn,
Ti and Bi additions were omitted. This Is a control catalyst. Example 27 15
Catalyst: [err] This catalyst was made by the procedure of Example 26,
followed by contacting a portion of the catalyst with isobutanol using 62.5
ml 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 20  catalyst evenly over
the bottom of the funnel, then allowing the isobutanol to pass through
funnel withoutsuc- tion. After all the isobutanol had passed through the
funnel, the catalyst was dried in an oven at [err] 



Example 28 (Comparative) 25  Catalyst: [err] Another catalyst of the
composition of Examaple 13was made in the same manner as that catalyst
except the isobutanol contacting and drying steps were omitted. Example 29
30 Catalyst: [err] This catalyst is a portion of Example 28 that was
contacted with 6.25 ml of isobutanol and dried as descri- bed in the second
paragraph of Example 1. 35  Example 30 (Comparative) Catalyst: 80% [err]
support This control catalyst was prepared by the general procedure of the
first paragraph of Example 1. The [err] was introduced as a 40 wt % sol,
ammonia stabilized. 40 Example 31 Catalyst: 80% [err] Support This is a
portion of the catalyst of Example 30 thatwas contacted with 2 liters of
isobutanol perg of catalyst 45  and dried, as in the second paragraph of
Examaple 1. Example 32 Catalyst: [err] 50      This catalyst was made by
the procedure of the catalyst of Example 13 except that t-butanol was used
instead of isobutanol. Example 33 55   Catalyst: [err] This catalyst was
made by the procedure of the catalyst of Example 13 except that sec-butanol
was used instead of isobutanol.    EP 0 492 805 B1 Example 34 Catalyst:
[err] This catalystwas made bythe procedure of the catalyst of Example 13
exceptthat cyclohexanol was used 5   instead of isobutanol. 



Example 35 Catalyst: [err\ 10     This catalyst was made by the procedure
of the catalyst of Example 13 except that 1-hexanol was used instead of
isobutanol. Example 36 15  Catalyst [err] This catalyst was made by the
procedure of the catalyst of Example 13 except that 1-octanol was used
instead of isobutanol. Example 37 20 Catalyst: [err] This catalyst was made
by the procedure of the catalyst of Example 13 except that 1,4-butanediol
was used instead of isobutanol. 25  Example 38 Catalyst: [err] This
catalyst was made in the same manner as Example I (except that Bi was
replaced by Mg). 30 Example 38A Catalyst: [err] 27.44g of [err] powder was
added to a mixture of 100g of a 30% [err] solution in water and 900 ml of
water In a 2 liter beaker. After about 20 minutes, 61.26g of [err] powder
was added. The beaker was covered 35  with a watch glass and the mixture
was stirred and heated for about 3 hours. During this time the slurry grad-
ually turned blackish-grey. 45.24g of 20% [err\ sol (Batch No. LT0095SLO,
Nalco Chemical Co., Product No. 88SN-123), and 2.40g [err] powder were
added to the foregoing dispersion. The mixture was stirred in an un-
covered beaker for about 4 hours 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 for about 16 hours at [err] Thereafter it was 40  calcined
for 8 hours at [err] cooled and then crushed and sieved to 20-35 mesh. A
portion of this catalyst was activated by calcining for 3 hours at 810C.
Aportion of the heat-activated catalyst was contacted with isobutanol using
6.25 ml of isobutanol per gram of catalyst by placing the catalyst in a
coarse glass fritfunnel, pouring the isobutanol overthe catalyst, stirring
the catalyst in the isobutanol in ordertospread the catalystevenly overthe
bottom ofthefunnel, then allowing 45  the isobutanol to pass through funnel
without suction. After all the isobutanol had passed through the funnel,
the catalyst was dried in an oven at [err] In the following ammoxidation
examples summarized in Tables 1-3, the catalyst is In a tubular 3/8 inch
I.D. titanium metal fixed bed reactor. The reactor is equipped with a
preheat leg and is immersed in a temper-. 



ature controlled molten salt bath. The feed is fed to the catalyst for one
hour before collection of product, unless 50  otherwise noted; the runs of
each example last30-60 minutes during which the product is collected
foranalysis. As will be evident to those skilled in the art, various
modifications of this invention can be made orfollowed in the light of the
foregoing disclosure and discussion without departing from the scope of the
claims. 55    EP 0 402 805 B1 [err]    EP 0 492 805 B1 [err] [err]    EP 0
492 805 B1 [err] [err] [err] [err]    EP 0 492 805 B1 Claims 5   1. A
process for making an activated antimony and vanadium-containing catalyst
In oxide form having an atomic ratio of Sb:V in the range from 0.8-4, which
comprises calcining such an oxidic vanadium and an- timony-containing
composition at a temperature of over [err] and thereafter contacting said
calcined catalyst with a hydroxy compound in liquid form selected from (1)
cyclohexanol, (2) cyclopentanol, (3) a monohydroxy, acyclic hydrocarbon
having 1-8 C atoms, and (4) a dihydroxy, acyclic hydrocarbon having 



10      2-4 carbon atoms, and separating as a liquid said compound from
said catalyst insofar as it is present beyond the amount wetting said
catalyst, and thereafter drying said catalyst. 2. A process according to
claim 1 wherein said calcination temperature is at least [err] 15  3. A
process according to claim 1 wherein said catalyst contains 0.01 to 2 total
atoms of one or more of Ti, Sn, Fe, Cr and Ga per atom of V, and optionally
up to 2 atoms per atom of V of one or more of Li, Mg, Ca, Sr, Ba, Co, Ni,
Zn, Ge, Nb, Zr, Mo, W, Cu, Te, Ta, Se, Bi, Ce, In, As, B and Mn. 4. A
process according to claim 3 wherein said calcination temperature is at
least [err] 20  5. A process according to claim 1 wherein said hydroxy
compound Is selected from (3) and (4) of claim 1. 6. A process according to
claim 1 wherein said hydroxy compound Is isobutanol. 25  PatentansprUche 1.
Verfahren zur Herstellung sines aitivibrten Antimon- und
Vanadin-enthaltenden Katalysators In Oxid- form, der ein Atomverhaltnis von
Sb-V im Berebch von 0,8-4 aufwelst, umfassend Brennen elner solchen
oxidisches Vanadin und Antimon enthaltenden Zusammensetzung bel
einerTemperatur oberhalb 750C 30      und anschileBend Inkontaktbringen des
gebrannton Katalysators mit einer Hydroxyverbindung in Flurssig- form,
ausgewahit aus (1) Cyclohexanol, (2) Cyclopentanol, (3) acyclischen
Monohydroxykohlenwasser- stoff mit I bls 8 C-Atomen und (4) einem
acyclischen Dihydroxykohlenwasserstoff mit 2 big 4 Kohlenstoff- atomen und
Abtrennen der Verbindung ala Fldssigkelt von dem Katalysator Insofern sie
iibor die den Ka- talysator benetzende Menge hinaus vorliegt und
anschlieSend Trocknen des Katalysators. 35 2. Verfahren nach Anspruch 1,
wobei die Brenntemperatur mindestens 780C betragt. 3.  Verfahren nach
Anspruch 1, wobel der Katalysator 0,01 bis 2 Gesamtatome eines odor
mehrerer von Ti, Sn, Fe, Cr und Ga pro Atom V und gegebenenfalls bis zu 2
Atomen pro Atom V eines oder mehrerer von 40      Li, Mg, Ca, Sr, Ba, Co,
Ni, Zn, Ge, Nb, Zr, Mo, W, Cu, To, Ta, Se, Bi, Ce, In, As, B und Mn
enthilt. 4. Verfahren nach Anspruch 3, wobei die Brenntemperatur mindestens
7800C betrAgt. 5. Verfahren nach Anspruch 1, wobei die Hydroxyverbindung
ausgewAhit ist aus (3) und (4) von Anspruch 45      1- 6. Verfahren nach
Anspruch 1, wobei die Hydroxyverbindung Isobutanol ist Revendicatlons 50 1.
ProcdW de preparation d'un catalyseuractive contenantde lFantimoine etdu
vanadium sous forme d'oxy- des ayant un rapport atomique Sb:V compris dans
l'intervalle de 0,8 A 4, qui comprend la calcination d'une telle
composition conbonant du vanadium et de l'antimoine sous forms d'oxydes A
une temperature su- perieure A 7500C, puls la miso on contact dudit
catalyseur calcin6 avec un composo hydroxylique sous ss      forme liquide
choisi ontre (1) le cyclohexanol, (2) la cyclopentanol, (3) un hydrocarbure
acyclique mono- 



hydroxylique ayant I a 8 atomes de carbone, et (4) un hydrocarbure
acyclique dihydroxylique ayant 2 A 4 atomes do carbono, et la separation
sous forme do liquids dudit compos6 dudit catalyseur dans la me- 10    sure
oat i eat pr6esent en une quantiti superieure a la quantit6 mou1ilant ledit
catalyseur, puis le s6chage dudit catalyseur. 2. Procde suivant la
revendication 1, dans lequel la temp6rature de calcination est au moins
6gale A 7800C. 3. Procd6 sulvant la revendlcation 1, dane lequel le
catalyseur contlent un nombre total de 0,01 a 2 atomes d'un ou plueleurs
elements choisie entre TI, Sn, Fe, Cr et Ga par atoms de V. et
facultativement jusqu'a 2 atomes, par atoms de V. d'un ou plusleure
6l6ments choisie entre Li, Mg, Ca, Sr, Ba, Co, Ni, Zn, Ge, Nb, Zr, Mo, W,
Cu, Te, Ta, Se, Bi, Cs, In, As, B et Mn. 10  4.  Proced6 sulvant la
revendication 3, dans loquel la temperature de calcination est au moins
egale A 780GC. 5. Proc6de suivant la revendicat ion 1, dans lequel le
compose hydroxylique est choisi entre les compos6e (3) et (4) de la
revendication 1. 15  6.  Proobd sulvant la revendicatlon 1, dane loquel le
compose hydroxylique est l'Isobutanol. 20 25 30 35 40 45 50 55    


