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45 is usually present in amounts of no more than 0.2 atoms of Bi per atom of V

In the catalyst of the invention having the ingredients and proportions which are represented by formula
(1), in an especially advantageous embodiment, P is also present in the catalyst in an amount greater than
zero and up to 10 atoms P per atom of V (usually 0.1-5 atoms, most usually 0.1-1 atoms per atom of V).
Such P-containing catalysts are particularly useful when the catalysts contain tungsten and have an

s0 alumina-containing support/diluent as disclosed herein.

It should be noted that the present ammoxidation reaction is effected in the substantial absence of
halogen or sulfur or compounds thereof. Preferably also, a halide or halogen is not employed in the
preparation of the catalyst precursor of the invention.

The present process is especially useful in the ammoxidation of propane and isobutane.

55 Especially useful catalyst compositions of the foregoing description are those in which a is at least 1
and includes at least 1 atom of W.

According to the present invention, the foregoing catalysts are prepared under conditions such that in

the final composition the average oxidation state of vanadium is less than +5, and often approaches +3.
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catal yst, hysnomb ROt A viHoh Yhek B6Monl & the unreacted excess Sb,Os during calcination is
prevented by an exclusion of oxygen, such as by calcination in a nitrogen atmosphere, a very inferior
catalyst results.

50 if vanadium-antimony catalysts are prepared by using pentavalent vanadium and pentavalent antimony
compounds, thus eliminating the redox reaction, both the vanadium and antiomony remain in the high
oxidation state and the resulting catalyst is very inferior, with or ‘without additives. It has also been found
that inferior catalysts are made when the vanadium-antimony compound is made by reacting Sb20s; and
V205 (or other Vo* compound) in the presence of compounds that may act as oxidizing or reducing agents,

s5 such as nitric acid, nitrates, or multivalent ions, since these tend to interfere with the desired redox reaction
between antimony and vanadium.

Thus, according to the present invention the superior catalytic performance in paraffin ammoxidation is
obtained with the catalysts of the invention which contain a complex vanadium-antimony-tungsten oxide
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the art, using oxides, hydroxides, acids, salts (particularly organic salts
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45 silica-zirconia and zirconia having 80-100 weight percent zirconia; and silica-niobia and niobia having 30-100
weight percent niobia (Nb20Os).
The weight ratio of the catalyst having the ingredients of empirical formulas (1) or (3) to the support
material can vary from 9:1 to 1:9.
In the ammoxidation of the present invention, the reaction is preferably carried out in the gas phase by
50 contacting a mixture of the paraffin, ammonia and a molecular oxygen containing gas, such as air, with a
catalyst of the invention contained in a fixed bed, a gravity flowing bed, a fluidized bed or a fast transport
reactor mode. It also possible to include additional diluents such as steam, nitrogen, carbon dioxide or
helium.
The mole ratio of oxygen to the paraffin, such as propane, can vary from 0.1:1 to 10:1. The ammonia to
55 paraffin (such as propane) ratio can vary from 0.06:1 to 5:1.
It should be noted that when operating at ratios of paraffin to oxygen and to ammonia in excess of
stoichiomstric, 100 percent conversion of paraffin is not even theoretically attainable. However, when so
operating, an advantage is that the selectivity of the paraffin to the corresponding nitrile and the
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hel i us EXAMPLES 3 - 14

Additional catalysts, listed in Table |, were prepared according to examples 1 and 2, but with varying
ratios of V, Sh, and W. Catalysts supported on silica-alumina were made by substituting hydrated alumina
(85% as Al.Os) for part of the 40 percent silica sol, the total amount of support remaining at 50 wt. percent.

56 In some catalysts, V2Os was used as vanadium source instead of NHsVOs. The catalysts were tested for
performance in propane ammoxidation using a fixed bed 5 cc. microreactor with a preheat leg immersed in
a temperature-controlled moiten salt bath. The reaction feed (propane, ammonia, air) was metered through
mass flow controllers into a mixing column, then introduced into the bottom of the reactor through the

5



The nole ratio of oxygen to the paraffin, such as propane, can vary from
0.2:1 to 10:1. The ammonia to s5 paraffin (such as propane) ratio can vary
from0.06:1 to 5:1. It should bgp geseeeg#nt when operating at ratios of
paraffin to oxygen and to anmonia in excess of stoichionmetric, 100 percent
conversion of paraffin is not even theoretically attainable. However, when
S0 opereehdahlyg. Asran additional ditpent] (eptioral) wateiweas dasl terough aispiurp Bt theiep pidheiréhiont le t he
cor r espErLi? AYngd pumpt Eheagpthlystheharge was §oc of 205 B pEliclesdh @ disgsobedireRgton | T i n i s
gr eat | yeartiee tempewstre was PR He agsl e fofp! feamhflawawas sughrasrio eigiban dypraeRicopfaetineed r| and
[e #§ saeonds. fherfeediptiog are Ysted W@'sth?.)'fes‘t“ﬁé‘ il 'PWVI"E Ta“!'??uEhe thfh'é“t fpm the ’éa"ﬁ’ﬁd t he
comf SQ’%'&FW@'GQJF'& ﬁ'Vﬁ ea"BSterf"l?E,’E? |acryle g F!ﬁ";ﬂ 'EG iged.  The
unr eact & r°5'|" '° 'Eﬁe d’f) ?tgee SB’B FEY ig 8 valyeb X dﬂﬂt"ifon

st ep.

am le 0 at s ththOS| %[':an I:E l%jt I utﬁl ly 460
to [err]odu;&%fa@r ﬁle aagtﬁ %1'1 e XCes he
case,oo E;[ és rpon me can
be f ro% ce v §tH & é3n uonéJ 62/ a a.l.qurmk@atya y from
0.2 togdn; e§%€Q éuumrEPJtE‘caP b &ed? AsOco §f§tﬁ9'b§§npld§'0ﬁ‘a los N3 GNGE ©5nowOMET

cont acimgohtsiRs offh8 oklaktioh 1of thbeexé‘ae@laﬁmfa y bi® PERAER ShedEatdfR€ td &Y SidatidhNstatd NE

cat al y giestetOthant P& Notettha? Bl catdNéRIbH the hvéHtien Rfdin &xviiled &tystfliiné! Bb . Swhild/SEBmples

3, 860, 234d 7 di9 A&, describes 10 catalysts that contain only vanadi um and

antinony but these require water washing after preparation and then

r e- dr y EXAMBLAESAI5l-2bor i ous and tine consum ng procedure. The foll ow ng
exanpl es of the invention are exenplary and should not be taken as in any
way | i ni tTorshow the effbey ob additioh efonehe mum edsitignab plemgritetodhen pafalysits| @ dhis invantjonar e
def i 2ne datalystef iistefl inpEable jigvere prepared according to procedures of Examples No. 1 apgh?. de pugitignal | n

r eact e GlIOWOHS ¥'e P“S?'fpﬂfat?ﬁﬂf@%‘hb5‘?"@(?‘%“P’P1°fd'l‘?afﬁgﬁ§dea}%ﬂ°rc90S 2 witlyNHiVOs or V20s. By

nol es H?\bEfdl'}’Ft’aﬁP'b&]E'é'ﬂ‘ Wasddpd_as f80xn din ﬁ%l?%‘P?qsﬂs(Pﬁrﬁ? SO230h @0 rom asifgyrous

Pr oducfc JG% &8l were “supported on silica-aluging (gs qﬁales - lﬁ%(cg%\ aople 23 ¢t ed x
100 %’ - ﬁ"‘%&‘ﬂ’ﬂaﬂ@F ugets Ihe BRI SH ‘ﬂﬂﬁ% A® G%eéﬂy hefl R osHisAre Shpyn in

ef| fh"as yield. Exanples containing 30 less than 0.2 atons of Ware
not exauRl cgeding to the invention and are included only for the
purposes——e%ﬁégge#pgé on. EXAMPLE 1 35 A catal yst having the conposition

50% [err ]To shg\p tﬁe[ ‘Efpﬁrlanwa%l fgﬂ’nﬁﬁag ngaéﬁg aﬂtlinl\oq% vuaI & rddio Ld%&’ﬁn B QP?QaIJnPr
heatsh NgniidRlEAnd pehthvaibnt Wahadiu@Jh EAdIsPRavin ‘i}{eeerﬁﬁﬁéal ?Arﬂ@@ ElalysPbt EXSmpIE iE ENt
sili ca(\;gggw gopregmasg irbd ANalowyat er, and err o th| S mxture

t here wasro sfurr @f 3% CathgaPB Rfdraldd a‘iﬂmna[ wor(du), m@obﬁt&osﬂ $ifch Yol Watvats | 1 I ed
and bothbedvad kd@d d Rt Isbidtioh @F 412y MBI, VRUA 300 A B0, G8llbwdd sy 233801 aGGls 2%

bet weeBb, 0 BadtdntEINRY @8.6d) (SbiR N Vo tHid miniaR thdie Wad dddeds4.25gl &fimdnumarmetatprstale ok er
and sheaa el Hyd,t3B18.t TalOg,i ang 7012g.FelNDis ). (AHAO én 1D mMI B Vithe 4iktird) vad bidilkkd dbwri, with wat er .
The r esgitationnig avpabte,piriedi aetnightig 108-2e+@, ireatali & hoorseat AS0YIGt scaelongdeand Jcalcibduidir § ur t her
heat edhaws 1830°L. f or 5 hours, screened to the desired particle size and

cal ci ned In the game mannprebut gﬂﬂfogtthesawwmaé elorFois)/PLatalyst haying the eropirigal ddrpdla ofthei ng
t\he corgiRISt of E%ﬁm%%(Y was glgo/npda: Bpth watalyghy wqsa fastgd &1 the deacribpd migneasethe of
Exarfp| Esults goshowndo belﬂ!)% silica sol 12 49, [err]. and 10.0g [err]. but

after t hén ﬁh% m menia}lvaﬁxa% (?r to 29 the catalyst% were prepared in such a manner that a redox
reaction between antimony and vanadiuny to form a vanadium antimonate could not take place, and both

elements remained in a high oxidation state. A comparison of the results of Table il with the corresponding
results of Examples 6, 8, 19 and 20 show clearly that the catalysts of this invention are greatly superior to
45 those of Table Ill, producing much higher product yields and selectivities. At conditions of increased
oxygen/propane ratio where the performance of the catalysts of this invention is further improved, the
catalyst of the comparative examples 28 and 29 becomes even worse.
The excellent results shown by the examples of the invention that are in Tables I, Il and Il are,
furthermore, achieved by using surprisingly low calcination temperatures in catalyst preparation, in contrast
50 to other vanadium-antimony compositions described in the prior art.

EXAMPLES 30-41

To show the specific effect of the support on catalyst performance, in addition to its normal function to
55 give physical strength and attrition resistance, the runs shown in Table IV were carried out.



ammoni um nmet atungstate in 50 M [err] was added to the m xture. The
evaporatiton, drying and cal cination were then conducted in the sane nmanner
as in Exanple 1. 50 EXAMPLES 3 -ER® 387028 Bonal catal ysts, listed in Table
|, were prepared according to exanples 1 and 2, but with varying ratios of
V, Sh, and W Catal ysts supported on silica- aI um na_ were ade by
substituting hydrated al um g ﬁ’ﬁ@a; Ie‘LrI) fgr coaft 03 ,t,hg 40 percent
silica sol, the total anountg f support renmaining at 50 wt. percent. 55 In
sorre cat al ysts [err]was used ds yahadi Yn,sQULCE NS ead,0f Lerr]. The
g\sygts were tested for p&r3 OI-TRNGCE +n~péoaaaec51mm|.dah| gn using a fixed
m croreactor with a prefieat |eg Mmref'séd Tn &
terrperature control |l edsnol ten salt bath. The reaction feed (propane,
ammoni a, air) was msteﬁed t rueh arass~f+ow eont ol e¥s~iat® a m xing
colum, then introduced int@%*h& Wty am of ~twe™ et & Th*olrgh the 5 EP
0 337 28 Bl preheat ulﬁég A% gn additional diluent (optional) water was fed
t hrough a septum at h@ top,, then pnebent =l ege osiqigR ansyprmnge punp. The
cat al yst charge was %®tc of - IRQpArTi B & T @ RfRxBdHbed reactor.
The reaction tenperag#e was [err], and the total feed flow was such as to
obtain an aver age corﬂ{;act ti of 4.5 seconds. The feed ratios are listed
with t#ie results in fhe fol ISy Ty Tahl @sh FhE &R Gerft £r¥nlthe reactor was
recovered and anal yz@lg and,,tue-am)untvs Bf ';ac'rﬁ ik 17| B, vby- products and
unreacted feed deterwided. The results for catal ysts of Exanples 1-14 are
listed in Table |, Siy€e HCN is a val uable co-product of acrylonitrile
production, its el ds¥and safled iwidiBSwmahew ElAdeds Ahg above exanpl es
show tRat vanadi 8 a®8 nonat e | ek hi biitshgail H eard «Eadakysi 6 activity in
the production ot acrylonitrile by amoxidation of propane. They al so show
the significafit ®ffects of the excess 10 antinony, the catal yst support,
and the presegicegpf tungsten on the catal ytic perfornmance, and the
per f organce v ria ions with reaction conditions (e.g. [err] ratio).
Exanpl es No. 9 aﬁj 10 i Ll ustygite different sources of vanad| um t hat can be

used. As conpar af§| ve exérrpl s Iﬁ;ﬁpkeg gbﬁ @d‘% |rrportance of
t he oxi dation ofg he exgQ Gess Gl yz e pFes ? e ca mt to an
oxi dation state greatergthan +3. Note that all catal ysts of thegnvention
her ei o cont ai ned crysta(l i ne| ge §ﬁ lees 15 m4«a ~ digl not.
EXAMPLES 15 - 25 To shoythe% (i f a,d g c§ e aditional
el enents to the catal ysis of &hi% Erﬁeﬁt EOE DE gaﬁyEtE Bste@ in Table
Il were prepared accordwng to procedures of Exanples No. 1 and 2‘° The
additional elements wer® i ncor-‘por ated after the corrpl etion of tr& r edox
reacti®®n of [err] with ferr] J;,r,],éﬁ tratl I 1urium
was added as Te@2, tin ds aqu OlYS 483 ée é 3 gaad rorﬁ.’as ferrous
acetate. The catal ysts e sBippor? ed Bnsf e & M Ra® (s n Egranpl es
5-14), except for Exarrpﬁe 23 where silica-titania was used. The-gatal ysts
were tﬁsted as al ready scribed, the results are shown in 25 Table I1.
ExavP’Es 26 - 29 To shg the.lrrportance of form ng a vanadi um angl nonat e
via a redox reaction b& el trival ent 30 anti rmn and ﬁent aval

vanadi um a catal yst ha |ng t fdorrru a g taIy

Exanple 19 ([err]) was? epar § ?Eﬁ I la'n/a gu ¥, O

Cat apgé SB hydrated &l ¢ £0.10g A) 's
[=4

n vvater

50
i
o:

Temp. :
Contact t
Feed rat

1

50
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there was added a hot solution of 4.12g. [efr] in 100 M H20, foll owed by
237.5g. of aqueous 12% [err] sol (containing 28.5g. [err]). To this mxture
there was added 4. 75g. amoni umEPl B2A0PRB1ate in 35 10 m [err], 2.81g.
[err], and 7.12g. [err] in 15 m [err]. The m xture was boiled down, wth
~agitation, to a paste, dried overnight at [err], treated 5 hours at [err],
screened and calcined for 3 hours at [err]. In the sape manner, but w thout
the additional elengngsy & qatgl gst havwkng 'iglgoe '"gl al formula of the
catal yst of Exanple 6 ([err]) was al so nade|* goth @l ysts were tested in
the described manner; the 40 results are showh irgG®&dble [1l. In the above
conparative exanples 26 to 29 the catal ysts were "-H red in such a manner
that a redox reaction between anti nony and vanadi ungt® form a vanadi um
antimonate could not §ake |pllack, Gagd @dfhFell@nent so'ePai ned in a high
oxidation statg A rijson pftHeds ebukt $Fof T&hle 111 with the
correspondi ng Besul g off PpFe® 8, 8,31 d 20 ®kow clearly that the
catal ysts of t@is iE\ﬂénﬂi njar r8atd ¥ Supefior t®»P45 those of Table I,
produci ng nuchghi gherd prioduct bidlds Bind sel e&tiviy Pes. At conditions of

i ncreased oxygé@n/ propgne.ratio @eﬂge;nt he perfornmamCe of the catal ysts of
this inventiongs furdher inpro@d he catal yst the conparative

examf es 28 and 29 b%om&s even ig/orse. The excel | e?it results shown by the
exanpl es of th@ inveion that afe in Tables I, Il and IIl are,
furthernore, a&hieved by using surprisingly |low cghcination tenperatures in
catal yst prepaBation, in contrast 50 to other vanadi um anti nony

conpgsi tions dé‘scri@eg Enstle prgog Ftg & LES ;30-41 To show the _
specific effecg of Hg U QR t2 rforrggnce, in addition to its
nor mal functi of toé& q?ve phﬁ@a&?%%t and abtrition resistance, the

runs shown in fable IV were carried out. EP 0 3R7 D28 BL EP 0 337 028

Bl 5 10 15 20 €@ 55 8 EP O 337 028 B1 10 20 25, &
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30 45 EP 0 337 028 Bl charge was 5 cc of 20-35 nesh particles in the
fixed bed reactor. 10 EP 0 337 028 Bl The feed ratios were Propane
/[err] = [err]. The reaction tenPROIBUOBBAs [err] and the contact tinme was
4.4 seconds. The nolar ratio of [err] to [err] - (propane) was 2. The
propane conversion was 65.2 percent and the yields and selectivities were
as shown 5 in Table V: Table V 10

% Yield % Sel ectivity Acrgo'n;it&.‘ile £ 25888 % 39.6 HCN 4.3
6.6 The catal yst for thi & eXanpl e®was|hfepadedifas fol | ows: 15 A

catal yst having the conposition 50% [er§] +P0% [err] was prepared as
folkows. In a flask equi pped for heating undes «eflux there was placed 150
m water and 5.4 [err]. The m xture was stirﬁr"'@and heated until a clear
solution was obtained, theng33|6 g [elg] wag added. The resulting slurry
was stirred and boil ed ua‘daﬁ' ref [Ex f 12-%?Ahours to effect the redox
reacti,pn between vanadi ur a#d tsronde’ 20 jEha manner sinilar to that
shown 1 n Exanple 1. It wﬂs when transtrerred g9 an open beaker and heated
with stirring. A solution off 12.45 g anoni met at ungstate in 25-30 ni
wat er was added, and the heating and stirri continued to renove the bul k
of the water. The resulting®wet product was@ried in air overnight at
110-120 C. It was then grougd to a fine powfr and thoroughly m xed wth
58.8 g hydrated al unina (85 err],tradenane Catapal SB). This mixture was
stirred with 64-65 ml water in which 7.5 nm \§cetic acid 25 had been

di ssol ved and then kneaded t horoughly until N sem -solid mass having the
consi stency of wet dough was obt ai ned. This-uproduct was dried at [err] then
furthé heated at [err] feor ¥5 houps, ﬁreen@l to a desired particle size,
and calcined in air at [&rPf& $ holls. BEXAMPLES 43-45 30 The sane
catal yst was used in these exanples a¥ in Exs’”ilrrpl es 13 and 14, but in the
fixed bed amoxi dation of isobutane. Conditigns and,results are shown in

Table V. 35 40 45 50 55 11 3 ., E
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EP O 337 028 Bl 25 30 40 50 55 EXAMPLE 46 ‘A catal yst having the
conposition 50 wt%err] was prepared as follows: An alum na gel was
prepared by adding 58.8g hydratErlo33no28B1 85 W% [err] to a mxture of 206
m distilled 12 EP 0 337 028 Bl water and 29g of acetic acid. A stable
di spersi on was obtained which after 3 to 4 hours stirring fornmed a soft
non-flowi ng gel. In,a separate step 5.40g of ammoni vanadat e, di ssol ved
in 150 m of distil§ed watery Ivgs el sixedwalkpryy B 33.6g of [err] for
about 16 hours. Fol#:owi ng reflux 12.45g of ammoni un%:ét atungstate was 5
added to the hot slgirry and the m xture was allowed t® partly evaporate

wi th°const ant st rr?g ng. It was then thoroughly m xed with the alum na gel.
The resulting m xture was dried in an evaporating dish for about 16 hours
at about [err]. dhendried idleWas, heale i qated4n air at [err] for 5
hours and then giaﬁqd an%@?%@@#d'sﬁgeszﬁ telpu§5§mesh particle size was
col I gcted. The s§iReEned n&t@@alévﬁs&fl} Iiy,?nﬁa;?t ated at[err] in air
for 10 3 hours. LE £7 A €afalfy$t having tHe-emfirical formula 50 wt %
[err] + 50 vt % ¥@3] support was nadegas 15 f@ 1Bws: In a stirred flask
equi pped for hea g@ under refl ux, 3.8@9 [err] eww& e dissolved in 90m hot
water. To the hogsplution 16.6g [err]8were ad @ and the slurry was

boi l &d under reff for 16-18 hours ov&rnight. §Tiere was anmoni a evol ution,
and the vanadi unﬁ'a i nonate m xture t uBned gray gfeen. In a separate
operation, 35.3¢ h%rated alumna, 85 wm% [err] were mxed wth 127.2nl
[err] (cold) + 20 24.1g acet] id %10 percent solwgiion) and stirred until
t he suspensi on gel Igd. It%t%o% %C%Lés? gng Ehe gelfg/vas soft, honobgeneous,
wit 1?t he consistendy of thick cream Meanwhile, the vanadi um antinonate
slurry was transferped to a beaker. A solution of 8I g agnoni um
meta-tungstate in dout 20m [ernd eand a &okution of 15g&[err] in[err]
were then added, fabl owed®by the addTtToR, °V\/|°H?s‘?i@r"|'ng magnet) of the

al u 'sna gel . After Ppartial evaporation, the m xture becang tgo 25 thick for
stirring. It was then transferred to an evaporatingeg'sh,gan t he
evaporation, follow ng by dryiJg overni ght, was con uedgi n,an oven at
[err]. The dried material “wds DrecalCifed & T &7 Pdi 5 ﬁou?s, screened to
20/ 35 nmesh, then calcined 3 hours at [err]. EXAMPLE 4? 303
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55 EXAMPLE 42

In this example the catalyst was VSbs WO, supported on an equal weight of alumina. The catalyst
charge was 5 cc of 20-35 mesh particles in the fixed bed reactor.

10



A catal yst having the conposition 50 wt% [err] + 50 wt% [err] was prepared
as follows: 15.0g of ammoni um vanadate was di ssol ved in about 300 m of hot
distilled water. To this stirred BP0 837 ae8Btas added 10.6g of 99% [err] in
25 m of distilled water. The m xture was refluxed for about 16 hours then
evaporated under nitrogen at [err] for several hours and then dried at
about 135 Gheﬁ?e‘?, sdfefec h| s_drjed 35 materl al was nixed al ong with 21. 90g
of [err]PES.’H‘H‘eéN (ﬁﬁ%}‘ezrsd tate in 20m o di stl Ie%h &

i %quent

The resul 9% ? 44a‘°t°° g‘@

stirring, éﬁ?ﬁﬁ%ﬁm d ?B’&pﬁ"ﬁ‘: °’8%ﬁasf6? SF P8'e “‘° YR ﬁﬂ"u o e R %8‘%

mi xed S {"ha B 30g of hydrated alum na, 85 wt%[err] and conpounded to a
paste with 42 nl of distilled water apg, 5, n of acetic acid. The mxture
was dried at 120C in air. 40 The drled material was heat treated in air
at [err] or 5 hours and ther—greurdrand—secieenred—and, the 20 to 35 nesh
partighe size was coll ectedl. The scifebrfisy m‘i"@PPﬁ!‘"tMBs finally heat treated
at [err]in air for 3 hours{ AsMpleE| 42545 jA caggg yst | havi ng the conposition
50 wt% [err] + 50 wt% [err] HONS pre)ared ap fold.a)ws: An al um na gel was
prepared by addi ng 34. 7lg lyUI aLt:u d.l umrre, 85 w9t ferr] to 125cc of water,

fol | owed byrné ?al%{jtgulthsg I aC| al acetic acid w t h stirri ng

af ter rabout, &‘ % b&l eP%B%tlﬁzd) ﬁ%&%& t

was di ssgd\eeh fof h dé? reﬂ laé%t1 il Wetdr lahs. 4 Yrridlm § i
added anﬁt)dt gteflnu?ﬁﬁ ‘drc‘i’eay‘@oﬁmlﬂrﬁ eWt g@bﬁﬂ v@é%&lﬁdglﬁ% reg.rlt Qluﬁ’ was

anmoni Unkyied aid byl AEE réhse P12 Rtholrd toAéPieéi QheQ do¥VFsa&ion BékReeR UsHRurh Gnd 4H8mony,

ref | uxi ng dhanhéHshilarB it SHowh INTERaHRS 1,98 Wds ftheR GransRirod B dii dpbH Biker BhAAHEBEd With 2
6Q0 ¢ badeg) A saktih 612,48l Wimomurg edetanAgstaasliel 26-3gvil WaterStaks aideAJand THaheitin bl €
was CONc &tiing abtitluddyto Reriviré thg balk of e fwhtet. MThelRsBng At produdOwasi diibd inldir owdAighit laen
heat tr eatoado f®rit washiherr groad tpar fide @owdert dneé rthapoughiy chis@d dvits (S8SaN ytiratébhaluraita t O
35 mesh {8a%AkQdtadename Catageb 8B)aThis/vaistue mab elitiee it ére650el watenidavhich 7.8imi acetic a1 |
for 3 hotadsheerl SissoBed andRerDkr@aded OBoudily EDGARTRRERI-HBI Wassciading/he consistency df twet
conposi t Havah 38s wptsingde This prodB wag dfies 31100420 * Gr thqrakudhér heatddost| HOLE for S BN, of
[err] wascrepariip adesirgd pasticlecsire.cndl crigingd inoAir aB610AG fas B hawieroni um vanadate in 90 m
of distilled water 5 and the m xture was refluxed for about 16 hours. The
mi xt ure mansferred to a beaker and heated with stirri ng Aqueous
sol ut isens anmoni um rret at un st ate ogen
hosphat o Mg St e § ;5%"@? M g ovaéxggljﬁméoaﬂed‘*»p%%ﬂ o b o
with con¥PBKIoaUep o} iFeby ojan i ol §u' A5S NTBNsi on of hydr at ed al um na,
85 wt% [err] prepared by m xing 35.3g of hydrated alumna, 85 w% [err]
with 1.59 acetic acid in 140g of distilled water. The resulting m xture was
first 3®evaporated in a 10 beaker with constant stirring then in an
evaporating dish for about 16 hours at about [err]. The dried nmaterial was
heat treated in air at [err] for 5 hours and then ground and screened and
the 20 to 35 nesh particle size was collected. The screened material was
fipally heat treated at [err] in air for 3 hours. In the anmmoxi dation runs
of thé follow ng exanples, the catalyst is in a tubular 0,95 [err] (3/8
inch) 15 1.D. stainless steel fixed bed reactor. The reactor is equi pped
with a preheat leg imersed in a tenperature

45
50

55
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controlled nmolten salt bath. The feed is fed over the
nunber of hours noted before the runs are started,
|l ast 30 minutes. In all runs thgp g@spods @f propane per
catal yst per hour (WW) was 0.150. 20 EXAMPLE 51 The
conponents were netered through mass flow controllers
the reactor tube through the prepeaj Ie Theﬁ =1 al yst
Exanpl e 46. Water was i néroducedst hio a sepgun at t

rrper"aggne

| eg using a syringe punp. The reactio

catal yst for the

the runs of each exanple

uni t wei ght of
gaseous feed

into the bottom of
was a catal yst of

he top of the preheat

was [err] 25 and the

nolar feed ratios were 1 propane / 2 ﬁerz‘] I3 R2°/ 6.7 N2 /3 H0. The

cotlection of data began after 25 hours. Analfgigs of t
showed that yield and selectivity of propanei§

4

36.0 percent respegtivel ¥ miel dcangd gel ecti v yito pr
5.5 percent, resfez- tively3'Ryo g 52
wer e, nmetered threugh nas fE cgnt golikers i

t ube't hr ough the®
Water was introdg
syringe punp. Thf
ratios were 1 prg

eheat® | ed.§ The dat qlyst

d throug®a septum ati=t he
eaction g¢hperature Was 5
ne / 2 [8%]/ 302/ 6.7

wad catal

&

dat asbegan after 825 hours. &nhlysis of the réactor eff
propane sel ecti vEt / to acry itrile was 34. (?percent;
propyl ene was 21° percent. eNe conbined selgetivity t

propyl ene was rruct‘E;greatgr gt"én W thoyee ¥ inyhe catal
40 EXAMPLE 53 The® gaseofs feed Tonpo

he reactor effl uent

Scrylonitrile were 29.3 and

opyl ene were 4.4 and

¢ gaseous feed conponents
o, the bottom of the reactor

yst of Exanple 48.

B8p of the preheat leg using a
C, 35 and the nol ar feed
/ 3 H20. The coll ection of

| uent showed t hat

and selectivity to
o acrylonitrile plus
yst as in Exanple 51.

s wgye netered through nass flow

cont¥ol lers into the bot¥om t¥We Feg@tr tdpe through the preheat |eg.

Waherp wWas i

The catal yst was a catal yst Exanpl
sifg a &syrgnge

septum at the top of the prehBat |eg

ntroduced t hrough a
np. The reaction

tenperature was [err], 45 and the nolar feed ratyos e 1 propane /2 [err]
/ 302/ 6.7 N2 /3 H20. The collection of data bg&gan g8ter 23 hours.
Anal¥sis of the reactor effl uentyshw\/elgthat prgpane dggnversion was 72.3
percent, selectivity of Propane ®o &cri@gnitril ¢§was 3&.4 ercent and
selectivity to propyl ene was 9.4 percent,. The c ineag‘seécti vity to
desired products, acrylonitrile and propyl ene wdd 47. §°pefcent, conpared to

41.5,percent in Exanple B1. 50 EXAMPLHBE The gdseous
metered through mass floW controM™ efs into thegbgttom
t hrough the preheat |eg. The catal yst s the al yst
was introduced 55 througjr a septidm e top gfathe (
syringe punp. The reacti®h tenpefat#®e was 5008 X, anc
ratisss were 1 propane / 2 [err] /3[err] |/ 6.7 pBr] /

:

f-’vee%ncorrponents wer e
e reactor tube
f Exanple 49. Water
eheat |eg using a
the nmol ar feed
[err]. The

col l ection of data began after 24 hours. Anal y8ig of the reactor effluent
showed that propane conversion was 78.2 percenmgyield and selectivity of
propane to acrylonitril eféwere 27?’-9 Endl . 6 peént, respectively; yield
aqQd selectivity to 14 =EP 0 33w 0%8 I=lepropykeme were 4.5 and 5.8
perc@nt, respectively. EXAMPLE 55 s 03
o ~ w c. 5 e
tn SEEE e
"9
- < B ~
® a o N IQ ]
o
&
&
50 [
55 EXAMPLE 46

A catalyst having the composition 50 wi% VSbsWO, + 50 wit% Al20s was prepared as follows: An
alumina gel was prepared by adding 58.8g hydrated alumina, 85 wt% Al2O3 to a mixture of 206 mi distilled

12



5 The gaseous feed conponents were:-netered through mass fl ow
controllers into the bottomof the reactor tube through the preheat |eg.
The catal yst was a catal yst of BEPgsay e8.BMAter was introduced through a
septumat the top of the preheat |eg using a syringe punp. The reaction
tenperature was 500 C, and the nolar feed ratios were 1 propane / 2 [err]
/3 02 | water aqg 2Pgpleacplic aciha stablp disearsionrwas fobiginechwhichcattar 3 fot 4hougOstiiog fosmed "a
Anal ysi ss‘tﬁ‘f"°‘t‘ﬂ‘éﬂ’"}ge§8htor effI uent shovved t hat propane conversion was 86. 2

per cent ; Fi“U‘P’E“jF‘ ygna T'Pé’e? & B0y |ch distlied paterywaserefizedy and
39, 3 perf 8 § § harf §Eﬂ (Pl 1 4?%“@2@%@%9@%@1 "% and
gxg/per ¢ hr % he umm h I SUEEZ ﬁ(? ried in 3"6 P"ﬁ g¥ ab ﬁ

npl e jrlgd SPSLUENE Bt Eaé‘\‘t pqi @Br‘?’(aﬁ? ﬁte‘ﬂ 9 8018 pLE

56 15 The %%U%:&ﬂﬁ%ag ReEP 9 aryvéat 3@0 -rf?rto?i 'lig?):rs a{&ﬁ%ﬁ and scre ned ndt
f

controll
The ca;aﬂ{gtf\r\m/g%% %gt%g%&g%%ﬂa:\t/e}jnges t(‘3‘?)r%|ar|ca osr F %] {

sanme as Exanple 49 except for the P content. V\ater vvas |ntroduced through a
sept um akxAMm.ENep of the preheat |eg using a syringe punp. The reaction
tenperature was 500 C, and the nolar 20 feed ratios were 1 propane / 2
[err] / 3 [pemtaiyst/hadingithd empifcal fortula 50 Jvtse VBi6 sP,QWIOE &t 500A %O AL OP¢uBpdPe@a haad bl 23
hour s.1s Aillwg:si s of the reactor effluent showed that propane conversion was
87. 3 per ceina stigpallagk equippecibitehting iunder afluxp8.81gaite VOOwae digdovad inrd0iEhoveater. B2. 7
and 37. Sthebetselution 16.6¢)8e: 05 wede\addeyli anid dhecsiuty sveé buiied wridbryrefiug fqp i 6108 haerscoveveipie. 3. 4
and 3.9 Perecesemmpriseyelutidn,asd jhe vanediumantmoneix mikird tomed grasgredn. t he f ol | owi ng
exanpl es, 1ntfesep#eta opaation, $5.3g, hygiratagialumine, 85y vt %;j Al Qs wore naixegl with 42%2mJ tHe@ (coRlb +f | x ed
bed r &ct4ds, a°?*'ﬁé°'Fé Retsentselution) g sted yntl Khessupreasiencgeligde f tqolddhowacand thegel

terrperat‘ﬂ"lsﬁo ?QQI'I‘GPF% '“‘sta?f°"§i§?'}‘fy°f‘rtﬂé'§‘§°%ns d| ffered from revi ous runs
? err ke(: &ﬁ?@]‘r@ Oq,\gqlgpnlum
necessard & g%,v@be 'B E‘t'izovt)éﬂ'%thﬁ'l °d @3‘8 | e
30 A g %m Ay h§ %533&#& 0752”""" ?3 °va L oratl n de o
foll OWS g Qtd to 2 derr cm ﬁ: (85
wt % V03 r%qws\eeﬁeet g nh% ef a

2.95¢g of 85% [err] in 20 m |st| e vvater The mxture was heated to
boi | i ng. exldarEgs Of [err] was then added along with a m xture consi sting of
29.41g of nydrated alum na, 85 35 wt % Al 203 di spersed in about 104 m of a
4% aceti c Ahtalyst Advin itRtompdiionTbockioy ESHyaRo,N @ b kb AR ON R préiaiel a8 Bt 1dogl t
t hi ckened ammbiurh Riralaaness dissivedr ie alvéus 300hANCf MoBdiQilledOWataNTEMR I doRBontivash and
dri ed i radgad W\6grof 89% [HePO4] in 126 iml abdistilled]atdt OThs SnixtUrl Sraslfefiied FoRbisvui B hoaBshdaeat ed
in air eavadoested]undep nitrbgen et 85c:A0 € faxscvetahnursgand thea déadcht spEBREC! 53Bgloftthieda t O
35 nesh matarial whs anixed alongaith 2180¢ efcBbeCh and8a10g off apewpatimedtatunigsthte Wo20Oml biatistiieelat
t r eat ed Water-glihp respitingesiynly wWas evaporhtgd)insan oyén at aboud 1208t250€ with érequenit etiviag andetissn
exam nedVigdingn eganforBshoursothe siiedyasieriabwasmmixed aith 4n30gref bydfatedeatiminaoBswitrAlGeact or
usi ng a 3YASUPRIUNIPR ISP PSR 42 B pfclistierd wgtepend] Sk of Acqtie piq. The Mixturq ydsedried at a
cant act PPN g¥- about 0 3 seconds, and a react ion tenperature of [er r]
Anal y¥®i S0 gqﬁ'gd F‘lﬁgh t><tf e "ﬂf(ﬂ\é@ gor adp 4hp8 ground and-sppredendien
sel ecti\J,t ‘? SMesh PEREe Bleectasicosrtedy ‘t%"'ee&?f’r'w%'ﬁ'l Yap finally bastitrasied gL4181GIn ajsffor 16 1
and 60. 0/'3; respect ively. 45 EXAMPLE 58 A catal yst having the conposition 50
W% [err %[err] was nmade as follows: 3.56g of ammobni um vanadat e
and 8,2 Bxaftpbad” ni um nmet atungstate (85 wm% [err] equivalent) were
di ssol ved A Qatatfst haviNg th cotposiion 16b \whde UsBEWRS, 26O REe Wi, b waks Fhdfhred as Foldhd: Gh' 1 -
13. 159 Qfumin@igblwad/BfpdritEsy 8RG8 #18 hjdied Biahitk] & wi% ALOs to 125cc of water, followed by
the addition of 13.9g of glacial acetic acid with stirring; after about 4 hours a gel formed.
In a separate operation 4.14g of NH,VO; was dissolved in 150cc of hot water with stirring. 18.07g of
50 Sb20s was added and the mixture was refluxed with stirring overnight. 9.66g of ammonium metatungstate
dissolved in 40 cc of water was added to the refluxing mixture. This mixture was stirring for 15 minutes,
placed in a 600 cc beaker, and the alumina gel was added while stirring. The mixture was concentrated by
heating at 120°C in an evaporating dish. it was then heat treated for 5 hours at 350 °C and then ground and

screened. The 20 to 35 mesh particle size material was collected and calcined in air at 610°C for 3 hours.
56
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and the resulting slurry was heated for about one hour at about [err]. A

m xture: consi sting of 29.41g of hydrated alumna, 85 w% [err] dispersed in
4.2g of acetic acid in 100 m ¢p oglesytoeBlBad wat er was then added to the
slurry. After addition of the alumna, the m xture began to thicken. The

t hi ckened m xture was diluted wth about 100 ml of water and the m xture
was eVEXAMRAE®O to near dryness on a hot plate with 55 constant stirring.
The material was then dried in an oven at [err] for about 16 hours. The

dri ed nacgefalyst haying the somepsition B wt% /Sis¥PoiOxf 150 Ml Alidls 1128 ProRgred AR fPllNSHuN
and scteada etiStafdwasaddeo g Geated solution oha4g ‘EP‘@’“E’P'%"%&?‘%‘BP? l:?fé’ﬁ‘t'"e H’ for
scLdendy thpapixtuieras josuxed fos Rbgut 1 h°§‘?se Rt W&? }"efa?a od 15

EP 0 3%H ?3'2'39 Bﬁguqeﬂé sqnéﬂo 8% Plaf2 arg'}gng ta;}a ap rae r‘sré on I:Qg [)?%n

gmg%ﬁq i waée' ﬁ B, %E%I @?T s tgba% pre% aled &
20. 9 aggwt . §%acelcaC| |n o o
rrYie/% ﬁ ﬁ

eQJpQJ?aéé f‘ﬁrke wer €
CO”pos'e‘a ttea Ty

h
56/ fo?’\@ﬁou ﬁ’th@ﬁ 94d| éﬂ%cre etﬂgrﬂ o

anmoni anicife W ét Thamb&‘matgﬁi @Mﬂﬁl@thaitﬁeitﬁfatﬁd’/@[lﬁélf tbr
equi val gkl Were di ssol ved In 100 m ‘of distilled water along with 5.34g of
85% err] in fe dmBodatidrerufid of WRSIolloRRAY RGNS, thd cdtdl@t Biinké tbalarldbs 1@rPeh Bisanch)
r esys t .0 Gramlesy diasl MBS bétpRicesl The Featthrasiéquipp&l WithLil prétisat ddaQminedsed in la.tordperdiuet Ur e
consi Sédntiglied o .sdiLeattD frhdigels ia tieichver] thendaralyst f@Fhemubibpraaf hdurshotaddeomdhed minsd, 2g of
acet i caragiafbd; the hihe ofrbach bxathipitiast B chinutas. dr allvass théweighl dtiprdpane perfveit weight of .
Af t er eethtlist pep houo(WWHewaalouBd.na, the m xture began to thicken. The thickened
m xture was diluted with about 100 nl of water and the m xture was
evapor EXAMPLES1Inear dryness on a hot plate with constant stirring. The

ferial was then dried in an oven at [err] for about 16 hours. The dr
mat eri al The gaspeus TRshgastponents yyeye 5‘Pte g “ghf"Eﬂss f"i"’(/&°']*l'§'|9Fss'" rfBeP tr%; nd and

e %

scr eentoacte(epe; trgughthe grehast leg.sTho Latayst I ned

e ;:ahf°"%,%sz‘:wrf;f3@g;5;:g §s§f°8§*° 1 a%;"a; s A1 ; i c{; w1 be?
condi t e ed sele th ?P C t| es to
acryl o?ﬁ %eéce rgsﬂ’fftwe' 05 % Fﬁ@)y%ﬁ/é res46ect ive yeﬁt s XAI\/PLE

60 A cat Iyst havi ng t he corrp05|t|on SO0 wt% [err] + 50 wt% [err] was made
as fp %899 of amoni um vanadate and 4. 53g of ammoni um net at ungst ate
(85 Wt equi valent) were 25 dissolved in 100 m of distilled water

al ong W tife Lasddd ©dd Sbafbondnis dere Mbtefdd hregh [redss Flow\asntrbildfninid diake Botiom 6ffime

M Xt Ur RadsttuleNBirolighSthé bleRt Bb.UTHeYcalaRet wae Al cathlybtost ERiNpld 48 Weatdd Guas inrbdualbut
[err]. thidu édptufn & 8 3dpSdr the Prebidat 39 usiiga Syfingaypdinp.(Tadl reattionriemperaBi® was 5006 r |

di sper amichd moldk.fédg raibs weret popane iV 8 NH§/ 405/ 611 Nof3 IdhiOs Thel dolisgitionaef data kagen afleen
added p®hdulseAmsdysis bf/the Afatter effudintishowed thaf profape adlackivitn 40 adriianitile wasI40 neeagath t o

t hi ckeand sbleetivityhio pkopiiers weis 21 . percanh SThel corekined selpotiity b eantlonitdie piug profyleRaas and
the mi mucivgeaton tharvithowiFan the catglyshesin Bamplees on a hot plate with 30 constant
stiyring. The material was then dried in an oven.at [err] for about 16
hours . EXMIPLES3ed material was heated in a| r at [err] for five hours and

t hen ground and screened and the 20 to »gg

The scredhe@? ‘EefP? £o od  thray C?ntt lf Qg,f V{@S §9 |re§t ed.
o st At eehonn
flo2t 9 an

sarre r ?]ear egehral oré 1 pro|
sel e E§ hours néiy@.s%?tfﬁv%@!lf &‘r eﬁt s% dgﬁé? IB% %%N%Fsﬁ .3 percent, selectivity of

propane to acrylonitrile was 38.4 percent and selectivity to propylene was 9.4 percent. The combined
selectivity to desired products, acrylonitrilé and propylene was 47.8 percent, compared to 41.5 percent in
Example 51.

50
EXAMPLE 54

The gaseous feed components were metered through mass flow controllers into the bottom of the

reactor tube through the preheat leg. The catalyst was the catalyst of Example 49. Water was introduced

55 through a septum at the top of the preheat leg using a syringe pump. The reaction temperature was 500°C,
and the molar feed ratios were 1 propane / 2 NHs /3 02 /6.7 N2 / 3 H20. The collection of data began after

24 hours. Analysis of the reactor effluent showed that propane conversion was 78.2 percent; yield and
selectivity of propane to acrylonitrile were 27.9 and 35.8 percent, respectively; yield and selectivity to
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35 and 51.1% respectively. EXAMPLE 61. A catal yst having the conposition 50
wo% [errt] + 50 wt%[err] was nade as follows: 3.01 g 40 of anmoni um
vanadate and 3.51g of ammoni um nep gtagposgBie (85 WM % [err] equivalent) were
di ssolved in 100 m of distilled water along with 1.48g of 85% [err].
18.76g of [err] was then added to the m xture and the resulting slurry was
heat ed fpoopylaiEonsre ©handfcfpercatt, radpecivelarr] . A mixture consisting of 29.41 g of
hydrated alumna, 85 W% [err] dispersed in 4.2g of acetic acid in 100 m
of di st iEXAMBLEBS er was then added to the slurry. After dilution of the

al um na “the mxture began to thi cken The th ckened xtu ﬁ\\rl]% i | uted
wisth bout ThOgssegus d\ﬁam?ne'amef@ ?gd“ §.Trc?t iﬁess
on a hotIre °af”€9 ’?”Hh n%'? ﬁ'egsT F‘i‘ g L 'ﬁas A JrnGan
eat lo a |nt t O%hé at
1} r

oven at " ‘ng os ne, %}'ﬂe‘

350 *C 13 hour ‘f{%ﬁ mas
particle s Ie |v %Igﬂnl é?\[ 'ref§ ec%ﬁf bi I@rhnb%alﬁcﬂtn{yeﬁt ed
inair \E 95 a %J& c{m eﬁ{ re’é@i@ cENARNIINEHY fRerally G Blaipib 58,01

propane u’é‘ éa%sttg% gth;t %ﬁgﬁ@ n{,eactlon conditions 50 as Exanple 57.
Pr opane conver5| on was 1 3A) and selectivities to acrylonitrile and

propyl enexaMpiesdS. 7 and 58 9% respectively. EXAMPLE 62 55 A cat al yst
havi ng tTie—composition 50 ww% [err], + 50 wt% [err] was made as fol |l ows:
4.59g of anReDGHseLIs eda admpehomte wereCthaiered thentigh madsOfbwndontodilerd it itHe| leotioravaf &he

al ong Wirbdeto? .kibegthohighS 1heo drahedt] leg. 2The Ochiplyst wise B rdatalystshaving thea oiiritcat compqsition

M Xt ur e \6BhgkPsRWOK ¢imisamne ayBanple 49 exvast fivdiet Roebrfeaty Wallsowas infaducerhiifougita seplumt
[err]. /utiriexteriofchapahwatieg nsinock syritgedougpoThergastion: teripasatyipivan 5003 G, 4oddbe Belar

di speros dekdi matiog werp bpropane! 2 MlHaé B P2i/§.7100 3 HzOfEheycatiapfiornd glat’began afier 23iheurs | ed
wWater wehnalysivef thiriwagiorteffluprh shawed, that propene ganversiely wasdi4-3peropifevieid |°°“"F

m xture ; %ﬂ;;rtgggﬁgﬂ@%ﬁ S327q8d B} B‘?{‘?HHGSWB‘(?'MV@"W&Q sﬂ?"?‘ﬂ‘?’é‘ﬂpw ° ¥8d* 100
m of wa" eva near at e
with cons%me yaep runmféheﬁﬁf ‘;I%L g es % )8 Sy 6!5'0 for

2! X rea ] mmers n a er u oII| alt
ﬁbOUt 51?&; a%ds ﬂEsr § aom revnou &ic ﬁ\t plf t
ours a con\{ersdms re %}’kg (‘5’ m s toq}ggul %e par I C e S e

was col |'e e scree naerla was t at treatedln air at [err]
for 3 hoyLspeEre Material was exam ned as a cat al yst for propane

le
arrrmx!,odat—n—ewg—usl ng the sane reaction conditions as Exanple 57. Propane

conver si OnAwaayslﬁav%g/Otm Stk b0 Wicd V615 PWO, 3030)WtRNIAT: iWas madelasioiopy l2@agofner e
8. 3 and ghinoRitin vErRIRE aid 6/085 ¥ amhibniomMdriting&ate @5 aet W04 ShuivaRv Was didseived in 100
CcoNpOSi thiR disflledVivited diong Jwith2.65) oMeS4s [HaPD,] in @B Bedililledwafen | The wibduredwad hgated to
anmoni unsowiag) a4ledgeof 36D; waB thgn added amyNwith 1 ninetira bonsigigat 20.418 5f hyidRged@Bimina, 85

equi vad ewts)Alds rdispetbeaisin bhwetd1 04 il b6a 4% BEdic atid edlutidn. Thé Mixkub wastheatedsio meay boilingh
1.66g of unB5eAnickned. Thel thickigd oibduer wisitben Hldvechomaltievdparaing Hish piddried én ameyen pe
resul ti ngost for mioutveshdusalhecddrios matstial wes beated i air ala¥50 o fonfiyediours andithan groynde
consi st iang sokenb@Sd 8 29| to 36 mepsk Ppriigle giza\wag, allegiad) theserepned rﬁ"%élé’t?stt'ﬂf’“t'ﬁét
slurry. Yepledin af@tei0r 6fer dhourfie sol | t he mi xture be an t o t h|

t A ck@hed AP8adlthe nyptadial yar gxagined,as #caiahest; for 'i'?RS‘" $'2F?{

> eval seg'&éae%?i(gfeg?hprrémm"%at G 063\78(” 5 nal % ?f ) p6 ﬁ'L I /.', pro gﬁad he
mat eri al f
dried nefeRyerted wih, selpetivfiesto; ‘fs?f”" progists #° °'f‘t"'° "°:S{

and scr ayPagively-
EXAMPLE 68

en ground

A catalyst having the composition 50 wi% VSbsPWO, + 50 wi% Al20; was made as follows: 3.56g of

ammonium vanadate and 8.21g of ammonium metatungstate (85 wt% WO; equivalent) were dissolved in

50 100 ml of distilled water along with 3.47g of 85% HsPO.. 13.15g of Sb20; was then added to the mixture

and the resulting slurry was heated for about one hour at about 80°C. A mixture consisting of 29.41g of

hydrated alumina, 85 wi% Al2Os dispersed in 4.2g of acetic acid in 100 ml of distilled water was then

added to the slurry. After addition of the alumina, the mixture began to thicken. The thickened mixture was

diluted with about 100 ml of water and the mixture was evaporated to near dryness on a hot plate with

55 constant stirring. The material was then dried in an oven at 100°C for about 18 hours. The dried material

was heated in air at 350°C for five hours and then ground and screened and the 20 to 35 mesh particle
size was collected. The screened material was then heat treated in air at 610 °C for 3 hours.
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and the 20 to 35 nesh particle size was col.l ected. The screened materi al
was. then heat treated in air at [err] for 3 hours. The material was

exam ned as a catal yst for propgpg safedgB§ati on using the same reaction
conditions as Exanple 57. Propane conversion was 17.4% and selectivities to
acrylonitrile and propylene were 18.5 25 and 53.5% respectively. EXAVPLE
64 A cat aThegnatdnialwan gxantired @ apatalyst fop propede ainfioXidation) using 8@ samé/sepeiion fondiiensmade
as f ol lagvesampa B0 @rapa@necdonversion iwag 19-9% rand] aelestiviied toy a@denitdle anchprenyleperwere 20.9

met at urfs 6% ¢BEFtiv@iVo [ err] equi val ent) were dissolved in 100 m of
distilled water along with 1.66g of 85% [err] 14.69g of [err] was then
added tBXAMREEB] xture along with about 5g of concentrat ed nitric acid

soI ut | on Thei\ Esul tin sI ulr")r ed f gt one Oa‘é” at
opilim a ndI o] |um g Tlg ori Vég‘%le ?vf in
dl sper Saglg Pﬁf cle \?v)af':er g gﬂ 8 aﬁﬁ‘{en e Irto gmlxtur
adde ﬁ tc:@ ﬁ"gote@ o mi S cony egan
t O t &E'tad H&F mV\@& &E%ld gluélstl t er

t Neqilats %%lu%%ﬂ@rva%&%na& aluRind &S m XJB%?&\ tQ'ihu&e . eiﬂc?JnS‘d PMqu vFaQ”St ant
St ' rri REuted With AHREIEI00 M1 oNAate& LR mbddredds e¥ipo a%rtla nbp rdryi’nééé%nrhowi Ja8"Witht hen
ground c3ahnE&ifrAg. e ntallwa théR dfidd i an BWA At TUBF L ifdilaBout & RourA SheC@lel @ateRsl.  The
SCI egNads ASdted ih Ak al'68D * & I MveRaks dndl @idh Qebuhdlandi stredried [afd thb 2b @4 353mbéhaticle The

mat er i alze Wasscoettd) The Gcraghed maidiiah wasthenfhedt tpdteydia Bie atBnOdoc®bhduan USi Ng t he sane
reacti on Themehtdrialovas extthiras a&x astpyse fob propdre apamddatanising the Gama\mactid® cdntitiana d

sel ect iasiExangde $7 Peopangl convetsion was 20T and paldctivities \ive acey|ddlxile amimlody®nd Were 21.7

r espectand ¢4.0%, rgspgiiRIVE 65 45 A catal yst having the conposition 50 wt %
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nat eri alze wasscomaeﬂ.e isttedhbd makbrial Rds'theninBdt trbdtethin BiPhie%o W¥er 4 AR, gr ound and
screened aGhatoR wabd ekafhind® adTE Sdlatydiiol propaRe Bhmkidatich Leig the chidlreaclibreconaiticaened
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mat essi ahd Seaiss, @sspekiveyd as a cat al yst for propane amoxi dation using the sane
reaction conditions as Exanple 57. Propane conversion was 18. 5% and

sel ect IEXAMPIEES6tt 0 acrylonitrile and propyl ene were 15.8 and 48. 6,
respectively. 17 EP 0 337 028 Bl The followi ng are additional catalyst
cQnposi t i oertalyst having:thp pereneeition 50 wish VabsRbaWys@r b 191 W% Al Gnwasmade as folawsiMer us.
Wherrot Rbaemanjum yaaadate apdi2310toh ammenin Metaiurgsiae (S5 IVa: enpivalent)wardissalveddn
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resul t . an as heated for about one hour at about 90°C. A mixture consisting of 29.41g
hy ate aluml a 85 wt% Alea dispersed in 4.2g of acetic acid in 100 mli of distilled water was then
added to the slurry. After dilution of the alumina, the mixture began to thicken. The thickened mixture was
45 diluted with about 100 ml of water and the mixture was evaporated to near dryness on a hot plate with
constant stirring. The material was then dried in an oven at 100 ° C for about 16 hours. The dried material
was heated in air at 350 °C for five hours and then ground and screened and the 20 to 35 mesh particles
size was collected. The screened material was then heat treated in air at 610 ° G for 3 hours.
The material was examined as a catalyst for propane ammoxidation using the same reaction conditions
50 as Example 57. Propane conversion was 13.3% and selectivities to acrylonitrile and propylene were 15.7
and 58.9%, respectively.

EXAMPLE 62

65 A catalyst having the composition 50 wt% VSbgsPo50x + 50 wi% Al2O3 was made as follows: 4.59g of
ammonium vanadate were dissolved in 100 mi of distilled water along with 2.26g of 85% H3POs. 20.04g of
Sh203; was then added to the mixture and the resulting slurry was heated for about one hour at about 90° C.
A mixture consisting of 29.41g of hydrated alumina, 85 wt% Al2O; dispersed in 4.2g of acetic acid in 100
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50 wt% [err] 50 wt% [err] 50 wt% [err] -50 wt% [err] 50 wt% [err] 10 50
wo%|[err] 50 wt% [err] + 40 wt% [err] + 10 W% [err] As will be evident to
those skilled in the art, variougprosprioegsti ons of this invention can be
made or followed in the |ight of the foregoing disclosure and di scussion
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100, pr 0 1QO Lght, cent a um na .S selecte

g a8a awﬁ

| mp hesra tIOB.FOI'!g‘ r]s
aouT met%%é ?5%"’1? S5 COnYS 0GP 1 °'° g“% gylonitlg g o?’°‘37%°"2§’°’6 % ™

? resp: ct

process of clal'm Erein said support [ s sel ect ed fromsilica-alum na and
al um na Bayipngef0 to 100 wei ght percent alumna; silica-titania and titania
havi ng 28=186—wei ght percent zirconia; silica-zirconia and zirconia having

80- 100 wei gRbaipe haiglthd bomBbshion bEWEd Ysbs H)sWG, + 80 REP AGES wakSmddb Ak fRéWs! 8403NY
one Ofp Cdf @inABnium Vddadute/dAE I785¢ orRmimenidrh meRiRdstatd (85 wiSe WOR eflivaempwer® tissolvad i 6
wher ei N 1o infef aishBsy weiter laRAP Withl1.66p @A BEY HYPME14.685 @NBIND; Was flen AdeY B ARSHixtOe
cl ai m 4 adngweh BbotEsgthf SoHaErvated RGO tagid BAUtOR The reblihg\whirrg Whs fated €nabaal eneihbd and
I S sel ecdtaboub80°C. A rhixi0ie cahsisting16f 2Bradlg 81 hyideted aluminangs witd Al-@; dispeesed in 42cafr di ng
to any ometicadeidcih D0l bf distilled witerr vessrthan addedDto lthebslurry. After addition of the alumina, the
ss mixture began to thicken. The thickened mixture was diluted with about 100 ml of water and the mixture

was evaporated to near dryness on a hot plate with constant stirring. The material was heated in air at

350 C for five hours and then ground and screened and the 20 to 35 mesh particle size was collected. The

screened material was then heat treated in air at 610 ° C for 3 hours.

The material was examined as a catalyst for propane ammoxidation using the same reaction conditions

40 as Example 57. Propane conversion was 19.5% and selectivities to acrylonifrile and propylene were 20.2

and 50.1%, respectively.

EXAMPLE 65

45 A catalyst having the composition 50 wt% VSb;sPosWO, + 50 wt% Al2O3 was made as follows: 3.20g
of ammonium vanadate and 7.38g of ammonium metatungstate (85 wt% WO; equivalent) were dissolved in
100 ml of distilled water along with 1.56g of 85% HaPQO,;. 127.59g of antimony oxide sol was then added to
the mixture along with 3.76g of oxalic acid. The resulting slurry was heated for about one hour at about
90°C. A mixture consisting of 29.41g of hydrated alumina, 85 wi% Al2Os dispersed in 4.2g of acetic acid in
s50 100 ml of distilled water was then added to the slurry. After addition of the alumina, the mixture began to
thicken. The thickened mixture was diluted with about 100 ml of water and the mixture was evaporated to
near dryness on a hot plate with constant stirring. The material was then dried in an oven at 100°C for
about 16 hours. The dried material was heated in air at 350 * C for five hours and then ground and screened
and the 30 to 35 mesh particle size was collected. The screened material was then heat treated in air at
55 810°C for 3 hours.
The material was examined as a catalyst for propane ammoxidation using the same reaction conditions
as Example 57. Propane conversion was 18.5% and selectivities to acrylonitrile and propylene were 15.8
and 48.6, respectively.
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18 EP 0 337 028 Bl * C L M. S. * The followng are

addi tional catalyst conpositions of the invention containing pronoting

anount s of phosphorus. \Wen t hegeoasrozesBd under the conditions of Exanple

57 to ammoxi di ze propane, simlarly high total selectivities to

acrylonitrile plus propylene result. 50 % [err] 5 50 % [err] 50
Wt % [ er r ] Tig(foligwing [aeer additiyl oatalgsf eemiositims wf Yie [inventipn gentaining womating/amneynts] of+ 50
Wt % [ erPhgspimusyWhprT thpse) ara-used upflertiecqopditiops gfoEmm'@ [é e pmmexidige | propere. gpjlaiént t o

those i Itqt%ae'?cﬂ"'tteﬁé?a&FV!°"'t'\Pa9"fsd’Ef§’y'ﬁ'i9dP?“|tcat|ons of this invention can be

made. or. f Sf"WTPWEE’"F%gWP 3150t45% Az8% egoi ng di scl osure and di scussi on

w tHdut P?ﬁ'\‘x? ?°H%‘ ‘L’Aﬁ e of the disclosure or fromthe
scope of d '2? "Ft6°csg for the amoxi dation of a
paraffin 01ﬁ4€0w843 w{,; Ut ane to make acrylonitrile or

met hacrylgw,t %Alzg a ur phase reaction of such a paraffin
in agm xt wvﬁ% @?b Qutoe Al moni a by contact with a conpl ex netal
oxi de cat gy wstvepb, |4s4@§g,en;¢3 hyw{,gﬁsaogf bi smuth, and has the el enents

and the IOAsOPinE loWBent Wih6da sRAIGY ih ARy &6 9808 mbffickidAs BptiulsG}WbrﬁiGn 84 Eddlor
f or mul agiiokeRrih Ihedight of the Ydi&oiRg BistiSsurdtAd Biecusdidncwibut Yépaifg fréda thylRpintuhd G8ope D 1S
one or ofAé Gisddsure®r frdrdthe Bope 6fthe didims. Cu, Zn, Se, Te, Pb and As; Cis one or
norersof an alkali nmetal, Ca, Sr, Ba, Tl and where mis greater than 1 and
up to Zdaims is O- 10; ais 0.2-10; bis 0-5; cis 0-1; ais equal to or
less than m b is equal to or less than m wherein x is 30 det er m ned
by oxi dat Aorecess & the@mmokidation ¢f arparaffie aelerted flomasapane, and iscbuldne tognake aéndonitriie | nony
has an averrefucylanitiedy the ¢ ic yapayy phasg regqiipniohauch) 4 maraffin im admidurawithaxyaspe

val gficy | #femmonia Ry pontact emRlenmetabexidg eatalygt whighistesgentially fregrat bismuttp/an
crystalli P?ét?é'Q"F"tﬁénddh%B’@?ﬂmFﬁwwlaﬁP "eRIeeRNGd by the oliowiigeMeiriFR! {BHIF or egoi ng
cat al yst Qn a nor gani ¢ oxi de support material selected fromsilica,
al um na, Y?sbf“g'rﬁ‘%? é‘l rconia, silica-niobia, silica-zirconia, silica-titania,
silica-al um ha, [err] and magnesi a. 35 2. Aprocess of claiml1 wherein mis

2-107 3. KD f o2 Wherein mis 3-7. 40 4. A process
accor di ngg\ﬁ ng 'ﬁéegfw(‘én’atjp ch& Qn%evﬂep mugshe support contains 20 to

100, prefg rﬂ tof .ilﬁ(cln Vit L 3 H:C iltn Fh&HI T ¥ gRAE: theh 55k B {8, b s
al um na a %'dé 125 & 8T 00-1; 2 is ARNOEASS 1R nf b 5Bl 1d & RS HhaPREwileircd gl M5 1
to 4wher Eﬁtd?mrﬁed ElPAx stlo of $18 StherbldineAts PRBen® fand/WiktPdin Bé B¥fimony has an average
valency higher than +3 and the vanadium has an average valency lower than +5, wherein A includes
at least 0.2 atoms or W, crystalline Sb204 is present in said catalyst, and wherein the foregoing catalyst
is on an inorganic oxide support material selected from silica, alumina, titania, zirconia, silica-niobia,
silica-zirconia, silica-titania, silica-alumina, Nb2Os and magnesia.
35
2. A process of claim 1 wherein m is 2-10.

3. A process of claim 1 or 2 wherein m is 3-7.

40 4. A process according to any one of claims 1 to 3 wherein the support contains 20 to 100, preferably 50
to 100 weight percent alumina and is selected from alumina and silica-alumina.

5. A process as claimed in any one of claims 1 to 4 wherein A includes at least 0.4 atoms of W per atom
of V.

6. A process of claim 1 wherein said support is selected from silica-alumina and alumina having 20 to 100
weight percent alumina; silica-titania and titania having 20-100 weight percent zirconia; silica-zirconia
and zirconia having 80-100 weight percent niobia (Nb20s).

s0 7. A process as claimed in any one of claims 1 to 6 wherein b is at least 0.2.

8. A process of claim 8 wherein A includes at least 1 atom of W per atom of V.

9. A process of claim 4 wherein said support contains 60 to 100 weight percent alumina and is selected
55 from alumina and silica-alumina.

10. A process according to any one of claims 1 to 9 wherein n is 0.1-5.
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of V. 45 6. A process of claim1l wherein said support is selected from
silica-al.um na and al um na having 20 to 100 wei ght percent _
silica-titania and titania havi ngp20s3¥®28wai ght percent m”ﬂ“! ; ||| “I" "||||
silica-zirconia and zirconia having 80-100 wei ght percent m™ oi ar([err

50 7. A process as clainmed in any one of clains 1 to 6 wherein b is at

| east 0. 2. T, folmwing e addlitignal cptalysicempgsitionsi of the inventianckostaiaing IPeometing] amquain &f W
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100 wei dg¥ght @lsﬁ'%‘i‘i’("'eélt%?ﬁ'*'f’&"t%{?ﬂ”ﬁ '§°F§{@P%E9f‘$d 55 from al um na and
siliga-al u "°AT° “:-P&’Oac* "g G0 any one of claims 1 to 9 wherein
nis 8. 1- 55°“itg°vs'°3 %7205 o S * 11. A process as

cl ai med in°%Y? ?, ziw“‘ﬁ' A corrpl ex netal oxide catalyst

which is e gg}‘t Wt/° ' %3G has the elements and the

proportiong, r@"cg {hegfollovm ng enpirical fornmula: 5
00

[err],wherg, \?Sb1 CrWOx n, B, M and Ge; 10 Dis one or

more of Feso»ﬁ%v P sB50 +|¥bwtpA,20 lﬂ1o$ﬁ% Nbsos Pb and As; Cis one or nore of
an al kali Aehitlve &vid ent% thodePskilldd inathél ali@fids MokificalibrRadt is IntbatonlcaAbd et 20;
N is 0- tdidwedinitfe lightlf 8, forbgoing o@cl5suré3anu%|s@us3wn RitHobt RPAHMg thofh 1E spiBRd bEbps M
b is equaihe iciesirel o8 F6m tB3topaTof thd@&iME.N X 1S determ ned by oxidation state of
t he oisher el ements present, and wherein the antinony has an average val ency

hi gher tdiaeims+3 and t he vanadi um has an average val ency | ower than +5,
wherein A includes 16 at least 0.2 atons of W crystalline [err] is
present % nAgpeicebsdarttiel asoxidatioul ol warafiinrseledied ffapy rgrene gnddedbathnesto make ayicuiirile

i norgani ¢ oxhefeacryiopifsider by thecatalytig lvanowphaserpaetiorDdl -saeh(r pasafiindn edraiitunei with oxygen

sel egt%ed fF'tﬁ’nﬁ"a‘I'QHmme’&m with 8 Pemplex|matd! pade calalystavhichtipspentiallyfireg [chbipmutip and
wher'ei n m has the ejqments@nd the pigpertigng Mijch arg fepiepesteghby shedellowing gineifics] il nc| udes
at least 0,4 atons of Wper atomof V. 15. A catal yst according to any one
of clains YPPefeBebQherein mis 3-7. 26 16. A catal yst according to any
one of cl a| 12 to 15 wherein said support contains 50 to 100 wei ght

percet aI S f omalumna and silica-alumna. 17. A

cat al yst aﬁqs}?zﬁaﬁ §fv,é’eh§1’%ﬁc%‘;, %Laénn&' PB% dlﬁs wherein b is at |least 0.2.

30 18. A g Yor m%%‘fgﬁ kel Fne a?c'é“é’r Ba) Lﬁiﬁrﬁ ter thart 1 W68 6128 s o

i ncl udes ajg; b a@s-10l b@é&ﬁ“c o- 8 bqudf Q%}Q s t¥an is Bt KL thAGH WnielRG |$0

any oge of déiJm%\an@by1 idafon LiteH @lohHier 86 ts'?‘ﬁﬂé%gﬁrénd Qlﬂ&’eiﬁ'tﬁb%nﬁ@or&%&-ﬁ}pa\)éﬁbg
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' at least 0.2 atoms or W, crystalline Sb20s is present in said catalyst, and wherein the foregoing catalyst

Is on an inorganic oxide support material selected from silica, alumina, titania, zirconia, silica-niobia,

silica-zirconia, silica-titania, silica-alumina, Nb20s and magnesia.

2. A process of claim 1 wherein m is 2-10.

3. A process of claim 1 or 2 wherein m is 3-7.

4. A process according to any one of claims 1 to 3 wherein the support contains 20 to 100, preferably 50
to 100 wsight percent alumina and is selected from alumina and silica-alumina.

§. A process as claimed in any one of claims 1 to 4 wherein A includes at loast 0.4 atoms of W per atom
of V.

6. A process of claim 1 wherein said support is selocted from silica-alumina and alumina having 20 to 100
weight percent alumina; silica-titania and titania having 20-100 weight percent zirconia; silica-zirconia
and zirconia having 80-100 weight percent niobia (Nb20Os).

50 7. A process as claimed in any one of claims 1 to 8 wherein b is at least 0.2.

8. A process of claim 8 wherein A includes at least 1 atom of W per atom of V. —

9. A process of claim 4 wherein said support contains 60 to 100 weight percent alumina and is selected
85 from alumina and silica-alumina.

10. A process according to any one of claims 1 to 9 wherein n is 0.1-5.
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20. A catalyst according to any one of .clai-ns 12 to 19 whéfein n is 0.1-5,
preferably 0.1-1. Patentanspruche 40 1. Verfahren zur A ' i 1
Paraf fins, ausgewAhlt aus Propangpdsdzo2bmsian zur Herstemmllmm“m""“m
Acryinitril oder Methacrylnitril durch katal yti sche Danpf phaserfr eakt kons *
ei nes sol chen Paraffins im Gem.sch mt Sauerstoff und Ammoni ak durch

Kont akt #i-tA prpoessasicisimeid dxelaim N whardimx is@ial al ysat or, der i m wesent!lichen

w snutfrei ist, und der durch die El emente und Anteil e der nachstehenden
enpi ri scherf fePies|matph oydas eatalyst wiygh ig -essentialishennef Lismyth: egd has thsplements; 3pd the

oder nehr ePEPPYEINSWhicksprd represqiipd, by dhecigliopiag emejfical formula: 1y oj nes  oder nmehrere
vos-Fé&, Co, Ei %; Mh, Cu, Zn, Se, Te, Pb und As ist; C eines oder
mehrere vor!SRrTeADe e al |, Ca, Sr, Ba, Tl ist und wobei mgrdBer als 1 ist
und bis zuw%or;a n O bis 10 ist; a 0,2 bis 10 ist; b 0 bis 5ist; ¢ 0 bis 1l
ist; a gleiGh ader WW@& B‘?‘hﬁaﬁﬁé@t; b gl eich oder weniger als mist;
wobei i durshoRer TR IA AR e, agdayaayor | | egenden E enent e
bestimt wig @ ohdgh M6 an GRS ASthl! BB, BEME aPwhere m th-tjrédis? ¢aR 1t labd b9 20; n is 0-
Veerti gkeit 1guf \Websb; b idlo8; RIAE a IsShuattoor Teds HAFMARS edlRNB @I Bss&thdhan; wherein x is
dur chschni tgeleintitea b%ﬁi&dti&k&ét& ofthd Mitr Slomerflé SroRY, AraGMBreinIhe aationy has AHOdYeraged

M ndest ens vRlenty AlghAérhayi 058 A tiRl vaRadiuii A tbn aVbrags valenty IBREr tiah 268] whéteitl Anaciudes

Kat al ysat orat iast b.2 a@ins oihal, cnataliine SR, Is Presént Incsaid eatidpedt, ahy slsrat tha fofegaingneatalyst
anor gani sclieen doMnctdania gadensapportingeterial @otaindrgt 20-100 pgeont’dhintinaa sedecs froro ialumiia end d,
Al um ni unoxsllick-alulitfaanoxi d, 19 EP 0 337 028 Bl

* C L M S * Zirkonoxid, Siliciundi oxi d/ Ni oboxi d,

Si i ci unth- dxdatiystiof Rigimar iwherein &) is Pd9.undi oxi d/ Ti t anoxi d,

Si| i cPundi oxi d/ Al uni ni unoxi d, Nb20s und Magnesia. 2. Verfahren nach

ANspr uch4t A castyetiof plpim_ 129r 13swherein Agincluges atdeastdit gtoms Pt ARSHAABITY: oder 2, wobel
m3-7 !st. 4. Verfahren nach ej nem der AnsprUche 1 bis 3, wobei der Trager

20 bis 1% A PBstagerdingde anypng piolarpiy' 2 it Whetein MR Y% ni unoxid  enthalt und
h ! . Al unm ni i d 10, . . .
ST cronit A S, #%%gg”' S g ?ﬁwww’. BB 2P, P IR
, 0 Atom-

: : ' I : :
4, wobei APTHOR els"tmtra'?]gnd egfr{em\a}gn"- pr einschlieBt. 15 6.

Verfahrﬁgi r)\%%}y%%&?di%ﬁo %y.oﬁ@ﬁrﬁdl&ir&e{z o] IPARFeIr S GEURe S, 1St aus

Siliciundioxi um ni-unoxi Alum niunoxid mt 20 bis 100 Gew. - %
Al um g USRI Gialystl dobdrdin T8 afXdnd ol idirdd) 22tb A7 Whikleird A irid1@oSiatliodBt § 218 oPWSped &bin GEW. - %
Ti t anoxi d; \&i | i ci undi oxi d/ Zi r konoxi d und Zirkonoxid mt 80 bis 100 Gew. - %
Zi rkonoxi d; und Siliciundioxid/ N oboxid und Nioboxid mt 30 bis 100 Gew. - %
Ni oboxi d1g, Moyt acdélding to a9 rohéllr Qaim$ AL o 8 Wewrsirield sSWpsdor ddattias 80 i F00weighDbei
. b m ndest empsreéht Auhini andls selected frarh aleming aeisilidnapiech 6, wobel A m ndestens 1
AtomWpro AtomV einschlielt. 9. Verfahren nach Anspruch 4, wobei der
Trager 620. N catalyEiGic@aling-t§/ank onerpiriainmoh2itel 19 whesipowAR 5, preferabl$0.1-1. Al umi ni unoxi d
und Siliciundi oxi d/ Al um niunoxid enthalt.

Patentanspriiche

~ 40 1. Verfahren zur Ammonoxidation eines Paraffins, ausgew#hit aus Propan und Isobutan zur Herstellung
' von Acrylnitril oder Methacrylnitril durch katalytische Dampfphasenreaktion eines solchen Paraffins im
Gemisch mit Sauerstoff und Ammoniak durch Kontakt mit einem komplexen Metalloxidkatalysator, der
im wesentlichen wismutfrei ist, und der durch die Elemente und Anteile der nachstehenden empirischen

Formel dargestellt wird:

45
VSbnPnADpCcOx
in der
A eines oder mehrere von W, Sn, B, Mo und Goe ist;
50 D eines oder mehrere von Fe, Co, Ni, Cr, Mn, Cu, Zn, Se, Te, Pb und As ist;

Ceines  oder mehrere von Alkalimetall, Ca, Sr, Ba, TI
ist und wobei m gré8er als 1 ist und bis zu 20; n 0 bis 10 ist; a 0,2 bis 10 ist; b 0 bis 5 ist; ¢ 0 bis
1 ist; a gleich oder weniger als m ist; b gleich oder weniger als m ist; wobei x durch den
Oxidationszustand der anderen vorliegenden Elemente bestimmt wird und wobei das Antimon eine
55 durchschnittliche Wertigkeit aufwsist, die héher ist als +3 und das Vanadin eine durchschniitliche
Wertigkeit aufweist, die geringer ist als +5, wobei a mindestens 0,2 Atome von W einschlieBt,
kristallines Sb20s: in dem Katalysator vorliegt und wobei der vorstehende Katalysator auf einem
anorganischen Oxiditrigermaterial vorliegt, ausgewihilt aus Siliciumdioxid, Aluminiumoxid, Titanoxid,
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10. Verfahren nach ei nem der AnsprUche 1 bi.s 9, wobei n O, 1 bis 5 Ist. 1L :
Verf ahren nach Anspruch 10, wobei n 0,1 bis 1 !st. 30 12. Ktuﬂmmuum,um
Met al | oxi dkat al ysator, der imwep@ysrios®gp W snmutfrei !st u
und Anteile, die in der nachstehenden enpirischen Fornel auf geze| gt '
auf wei st: VSbnPnAaDbCoOx 35 in der A el nes oder nehrere von W Sn, B Nb
und Ge ! sEirkomxigi nes Silicigndipxid/Nidhoxid.e v oSiliclendiogdZirkioxidCr | Mﬁqiur\@iqxidzrn@no&b, Te,
Pb und As SHiggmdicgidguminiumoxid, Nbe Osnd Magresigon Al kal i netal |, Ca, Sr, Ba, Tl 40

I'st und wobei mgroBer als 1 ist und bis zu 20; n O bis 10 !st; a 0,2 bis
10 st ;% b Verfapieg nagh Agspruch 1voBpign 21qish - 5 gl ei ch oder weniger als m!st; b

gl éh d I's b X d h d Oxi dati tand d
an‘iérerﬁ"ﬁwaﬁég,a%ﬁ@nspacg swé wﬁ@ﬁ#ﬁfx vird und wobei adgi”i\ﬁﬁfnﬁﬂ el ne )
dur chscpn%r;a reghe V\értl 1"\§s §tW p L lst , Xana in

q {1 obei r geé Blls ér?r y els g 4_5510 b
EI ne urcagvg ,ﬁ; gcf' nﬁ"ﬁ‘o e| nsclﬁi:rf eI SCE g S% E@al 'iml' nE ‘§b°'20 WO g

dest Shunbickid

Kat al'ysator vorli egt une vvobel der vorst ehende Kat aI ysat or auf ei nem
anor gary, S Qb aRref hhl dirdBeldTBinGIicRs 1VHY bl bi- A ﬁﬂh@@én& Rdatehls 150w Bro atom v
Al um ni unBidcpiesaUsgewghl t aus Al um - ni unoxi d
Siliciundioxid/ Al um niunoxid. 13. Katal ysator nach Anspruch 12, wobei m
2- 101s! . . vé&fahrdd nadkaknspriichad, GWobél aleh TABS iusipRahltAstaale Silididmdissirdimifurigxiadaat ens
0, 4 At oneAlhpiumoxd 0iR0/bie it 00sGHW.-RecAtiminidboxidKSiticimdmaitiTitanClhd Sitardsil 8120 bis
Anspr | che1@Xedpi-% Titdnoxidodiielumitiodd/Zirkbrikid ulidbZirkdroxid I€dtt8a big 300 Gew.1¥aZitkomkidaumd der
Anspr Uc he Siligunigiiogid/Nipboxivound iNiotlexid it 30ty 100 Ged 0B Ndboxid MbZdsim ni unoxi d ent hai t
und ausgewAhlt !st aus Al um niunoxid und Siliciundi oxid/ Al um niunoxid. 17.
Kat aoy Jat Yerfahrae rrck pinemriel dnspiiespt ble Aevobgl bishindestens 0&d8el b ni ndestens 0, 2 i st.
20 EP 0 337 028 Bl o *  C L M S * 18.
Kat al y<$at 8‘?“%8’&??"%WWF'H%I’”WQH%’P"U@??%"STZ‘“%“E’PIWAmWYtﬂWC')&e% ndestens 1 Atom W

ro At nsch | eBt . at al ysat or nach der AnsprUche 12 bis 18,
\a/obel %ery"ﬁ%h r“"‘q %‘q (g %Y ¥' oy Alugiaiumgyd. aypaewaiisPBwan| t
i st Zus AMHRP D‘ﬂ?l IEHA %‘l*df' ‘5’?'?1‘%‘1" )?P AI um ni unoxi d. 20. Katal ysat or
nach eisge | 5, vorzugsweise 0,1-1 ist.

?:.a?%rgﬁi’sn ‘i%ﬁ E Eell‘{fﬁeq A %6&5951 &ig 9, Q & 0 1rblsg5 l%l

Revendl ons roce amuoxi at i on une paraffine choisie entre

l'e pr Oﬁﬁn%rﬁﬂred ndcﬂ@diu?mﬂ) Rl n BF BEYige de |"acrylonitrile ou du
bt hgcrylonitrile par la reaction catal yti que en phase vapeur d'une telle
par-af f i1BeksMpleNs Mdldlibkidkt@gsalde dbr .mwegémeh&.tw.mﬁ}e, BI0FR detbenktinto Uil iﬁtefénd.eont act

avec un Cildad nsistehendereispRisshohl PorMsedQeddlt siid, bulkest:cONpl exe qui  est
pratiquenment depourvu de bismuth et qui possade |l es el enments et 15 | es

proporti oveb,BiNDSE0t representes par la fornmul e enpirique suivante:
35

in der
A eines oder mehrere von W, Sn, B, Mo und Ge ist;
Deines  oder mehrere von Fe, Co, Ni, Cr, Mn, Cu, Zn, Se, Te, Pb und As ist;
C eines oder mehrere von Alkalimetall, Ca, Sr, Ba, Tl
40 ist und wobei m grdBer als 1 ist und bis zu 20; n 0 bis 10 ist; a 0,2 bis 10 ist; b 0 bis 5 ist; ¢ 0 bis
1 ist; a gleich oder weniger als m ist; b gleich oder weniger als m ist; wobei x durch den
Oxidationszustand der anderen vorliegenden Elemente bestimmt wird und wobei das Antimon eine
durchschnittliche Wertigkeit aufweist, die hdher ist als +3 und das Vanadin eine durchschnittliche
Wertigkeit aufweist, die geringer ist als +5, wobei a mindestens 0,2 Atome von W einschlieBt,
45 kristallines Sb20s in dem Katalysator vorliegt und wobei der vorstehende Katalysator auf einem
anorganischen Oxidtragermaterial vorliegt, enthaltend 20-100 % Aluminiumoxid, ausgew&hit aus Alumi-
niumoxid und Siliciumdioxid/Aluminiumoxid. ’

13. Katalysator nach Anspruch 12, wobei m 2-10 ist.

50
14. Katalysator nach Anspruch 12 oder 13, wobei A mindestens 0,4 Atome W pro Atom V einschlieft.
16. Katalysator nach einem der Anspriiche 12 bis 14, wobei m 3-7 ist.

55 16. Katalysator nach einem der Ansprliche 12 bis 15, wobei der Triger 50-100 Gew.-% Aluminiumoxid
enthélt und ausgewihilt ist aus Aluminiumoxid und Siliciumdioxid/Aluminiumoxid.

17. Katalysator nach einem der Anspriiche 12 bis 16, wobei b mindestens 0,2 ist.
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VSbnmPnAaDbCcOx dans | aquelle A reprdsente un ou plusieurs el :
entre W- Sn, B, M et Ge; 20 D represente un ou pl usmﬁ[ﬂijﬁ "’
choisis entre Fe, Co, N, C, M gpl@337desgic, Te, Pb et
ou plusieurs elenents choisis entre un netal alcalin, Ca, Sr, Ba, TI, et
dans laquelle mest superieur a 1 et possbde une val eur all ant jusqu' a 20 ;
n possedds. fatalygaldrenach @inerg der Angpriche 13 dishitie wohe A alingdastende! Alom W pro Atory V
possbde uneindellielir de 0 & 5 ; ¢ possbde une valeur de 0 a 1 ; a est egal ou
infdrieur Am; b est egal ou inferieur & m x est determ ne par |'etat
d' oxydat 1drieH §af°&dla?’b§"°zsd°' Anspefiche @ i é@@hf’%’ Tréger PO-10: GepsPndlupigiv@eife une
varence noyBhfibund apsepyahl fshaug Auminiymopigd upd SiicymdiniiAumisiy@ctihe val ence noyenne
inf6rieu rend au 04 cristallin
est presé‘ﬁt'éﬁé(ﬁdémng% '85?%@@8%0195?9?é’°§éf’§qyr’sve°iﬁ\'{'\ésﬁvla'§%§% ést present sur
un suppog&veﬁdigﬁﬁg d' oxyde inorganique choisi entre la silice, |"alumne,

e titane, la zircone, une association silice- oxyde de ni obium | a

S' i Ce ZiI GBS HARmaRREN! @&Heoﬁra‘iﬂnla'cﬁ&su@@ft@ele%o&ahg @pﬂsobl.ltan %%Aul' %F‘od@leuég ne,
No205 et | qaglonitrite ol BIMERACRHONile P RGEML fon THtaIVRS o thifparkftindlghS
| equel m a meAge’ dle6 @l B g8he ot 1B -I'ammoniitic o ke %chuaa& a\|reé lh%ﬁmuuf:atbh&nd dn OU
2, dans | equpl mstaliqu@mpRkequi esl@ralqumeént ddfoudu dEbiemetal et Ginlposstitle Ids' SisRRnts et
quel cesque learopbriviis di softiréppssentés par I3 foradempiel @livahte : support contient 20 a
100, de pro6ference 50 A 100, %en poids d alumne et est choisi entre
| " al um ne &SbiRADCLOce- al umi ne. 5. Procedd suivant |'une quel conque des
revendi cations 1 A 4, dans | equel A conprend au noins 0,4 40 atone de W
par atone dans\Jaqugle ArpRsésents us oy plusiaurs|éiémeets cheisisentrd WnS B, Mtaﬂsﬁel-equel | e

0f% est cPsPSpenisiny plugiows §iéroaats:cheisis enire Ee, Gonti, Gk MR GveZn. SerflocPnete : 20 &
10"1\0’p % en poi dS représprierup U -plusirs Semanty ghaisisnentre |up (esta) alsalia, g i Barke ‘?étdaﬂ?‘n
oxyde de tl'ﬁqaﬂ'gm?% feHhé]fe sﬁd‘i V%a r‘?“ UP%ééooﬁ ddé'"‘l Yaﬂ"&h'?-?o
silice-zi r(?d’i"h‘;’s 5’°ss de yn ,5@ ”“%"é'ﬁ”"
zircone ; 8;@9‘? @féfﬁ% 5‘688" B! 'Eﬁﬂaé ét“l‘l ?Fea“tres

ni obi & r Poss nFe?Pvea ce fgyenne mfgleu rfe:@l%mscr:ﬁ é "ad'}'m
bst Cgﬂemsf' ia%“ orsgent e % e as.ﬁ%req:é eya?ﬁﬁ\a@% iy E e "ﬁg QE s..

quuel A CQ&%E@Q lo@M'n rﬂ)éll%-zuwan@ m@J ox e%%t gla SI|IC alu i'h e? 'Vant
| a reyendi gREARB. 4, dans Tequel e support conti ent 100 %'en pol

d' al um ne et est ChOISI entre |"alumne et |a si Ilce-al um' ne. 55 10.
Proced6 UiPvaéds suivahbR réverticandli@anslRguel @ \eanélivdaat é0251d. & 9, dans |loquel n a
une valeur de 0,1 & 5. 11. Procede suivant |a revendicafion 10, dans | oquel
n a une %alPeidédédeivint  reerldicaiibh 1 ou 2FRnOleRBIM@28e Biloutde 37. L M S * 12.

Cat al yseur a base d'un oxyde netallique conpl exe qui est pratiquenent
depour vu4.d@rdoédérayivimt Eune gosicohale dee sev@idisations & & St ddne dsaprl pprupporteadienfl?0 2s19AL

r epr esent 6ge préférence 50ay 190 % oe pgidsrd'alpmineset pst givvisbontry Silvrfinp et BRb:lio@rludinelans

| aquel l e A represente un ou plusleurs elenents choisis entre W Sn, B, M
et_Ge: [fr g’F efyivent lippeqyelsinguq desrrevepdieatienstisa dheans legued iy gompread aCmoingj04 Cr |
Mh, Cf, 18 de Yighar pigme.gle K-

6. Procédé suivant la revendication 1, dans lequel le support est choisi enire la silice-alumine et une
alumine, renfermant 20 & 100 % en poids d'alumine ; une association silice-oxyde de titane et un
oxyde de titane, renfermant 20 3 100 % en poids d'oxyde de titane ; la silice-zircone et une zircone,

45 renfermant 80 & 100 % en poids de zircone ; et une association silice-oxyde de niobium et un oxyde
de niobium, renfermant 30 & 100 % en poids d'oxyde de niobium (NbzOs).

. 7. Procédé suivant I'une quelconque des revendications 1 & 8, dans lequel b est au moins égal & 0,2.
s0 8. Procédé suivant la revendication 6, dans lequel A comprend au moins un atome de W par atome de V.

9. Procédé suivant la revendication 4, dans lequel le support contient 60 & 100 % en poids d'alumine et
est choisi entre I'alumine et la silice-alumine.

56 10. Procédé suivant I'une quelconque des revendications 1 & 9, dans leque! n a une valeur de 0,1 & 5.

11. Procédé suivant la revendication 10, dans lequel n a une valeur de 0,1 & 1.
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C represente un ou plusleurs 6l6nments choisis entre un ndtal alcalin, Cq,

Sr,- Bay «TI, et dans laquelle mest superieur a 1 et possede o
allant jusqub 20; n possbde unegmplgerpzgig10 a 10; 10 Ellﬂﬂﬁﬂllﬁlﬂ"ﬂllll”lll
valeur de 0,2 a 10 ; b possbde une valeur de 0 & 5 ossbde uhe walweus =+
de 0 a 1; a est egal ou inferieur a m; b est egal ou |nfer|eur A m; x est
det er mi ¥2e Cgtalyselr' &tbage diumwdamétaﬂiq@e@mlgxer qu &3t Patznesenp démemt Sip bismuth ot

| " ant i moi pessisledesisiémontn et lesciranadiensraulsonineprésamiésraela faemule emdrique siantpanadi um
possbde une val ence noyenne inferieure A +5 A conprend au noins 0,2 atone
de W du ¥B2O#BG2 allin est present dans ledit catal yseur et le
cat-a(|5yseur prdC|t6 %?é résent sur un support & base d' un oxyde

i nor gani qf&s{4g ' é' ‘rﬁ)? s's reéG aI ymi ne et

G, 8

e i }H%ﬂ R

dans quu
Cat al’ yseus A X@Hin urme B %;,3 Sm f%&ﬁ&&& p9rn»ata & Ande@ Bs! ©
ma une Vakhdts BBserts et Tantihdine (kR é’ §r¢eu$aleﬁw %éyshne supBrfou@Ue 0&’%%’% Sicm

revendi capdsedus u;k@vaen@é ofGHNS inkeRELIED 45 ASLURIBRAY a&%ins@@tatm & Wdu Sp,0400 %
en poi ds ghisaliik @tprsseit dast ledittRiafyseul Rt l’eQ:aﬂalyéﬂuHﬁPééit@ e@ttprésantssl.uj e ﬁdrﬂﬂﬂ:&@ 17.

Cat alsy's eud'uis skyleifdrganiqLidleon@hdt S0U1D0S% BhaiGming; \CRINH hitb I'dhiMinelet IaAilidSalurilAd)s | equel
b est au noins 6gal a 0,2. 18. Catal yseur suivant |'une quel conque des

r evendiidaCatayssurbiivaht & Teverdication 12,0l leqiield apiicaialdurals 2rt0ions un 30 atone de
Wpar atone de V. 19. Catal yseur suivant |'une quel conque des

r evenditdaCatalyseurisBiviat Severdication ‘Eame13. tians daqpgh Aroomprend auemeinsGi4 #ori®0e Y6 pan  poi ds
d' al #ni neateme dssY. choi si entre I"alumne et la silice-alumne. 35 20.

Catal yseur suivant 'une quel conque des revendi cations 12 a 19, dans | oquel
n a undSyGatelypeursuivant Hung qupiconque desdevepdications 422 (44, dang lequel Ama us valgursig 37,

16. Catalyseur suivant I'une quelconque des revendications 12 15, dans quuel le support contient 50 2
25 100 % en poids d'alumine et est choisi entre I'alumine et la silice-alumine.

17. Catalyseur suivant I'une quelconque des revendications 12 & 16, dans lequel b est au moins égal 3 0,2,

18. Catalyseur suivant I'une quelconque des revendications 12 3 17, dans lequel A comprend au moins un
30 atome de W par atome de V.

19. Catalyseur suivant l'une quelconque des revendications 12 & 18, dans lequel le support contient 60 2
100 % en poids d'alumine et est choisi entre I"alumine et la silice-alumine.

35 20. Catalyseur suivant I'une quelconque des revendications 12 & 19, dans lequel n a une valeur de 0,1 3 5,

de préférence de 0,1 & 1.
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