0050/ 52421pbs0/bpgparati on of acrylic acid by heterogeneously catalyzed
gas- phase oxi dation of propane 5 The present invention rel at

for the preparation of acrylic acid by heterogeneously cat amﬁgm\lﬂ ﬂl@ se
toxidation of propane with nolecul ar oxygen at el evated tenp

at least one nmultimetal oxide material of the formula I, 10 I\/bl\'/‘BM%ll\/dZCh
where 15 ML is Te and/or Sh, M2 is at | east one of the elenents fromthe

T group COnSPﬁépdﬁhtlah Bb,a65yl£@/agi gt,heZErogzneJﬂblyca zdd), Co, Rh, N,
d

Pd, Pt, LagaBiphdRe Qﬁldaﬁﬁorp&f 200 b is from0.01 to 1, c is from
>0 to 1, preferably fromO. 01 is from> 0 to 1, preferably from

0.01 to 4, and n is a nunber Wmch Is determ ned by the val ency and 25

f requency TDiie tdresehenbmtentdionerelitess oy geprocedd )orWbne epregadntbh fe@mct i on
pattern hagcrgfilceatiansy hletleréaéngomc?ﬁ RatRERKS) Ya8- Ba&@%ﬂ.‘dfaftﬁ.@ﬁtépn

angl €s (29]} c?[;an% thﬂ r(umecu%.?ir oxgtgen af(t:I )alé@gte?c? t%fan r?Hg kg%(overBaSt 40 the

reflection. h hein I nt en re

di ffracti on-Ha toélrn téllnllle it 8xéd?|eﬁ‘q‘te\ﬁ|lagh°gftt}?otf°ﬁﬂ}‘%a than 0.5, the
intensityg Pi of the reflectlon i and the intensity Pk of the reflection k
fulfilling the rel ati onsl,p0.1652¢ Rs 0(8p, Wwhere Ris the intensity
ratio defined by the formula R= Pi/(Pi + Pk) and 45 the half-w dth of the
reflection i and that of the reflection k each being s 1. 0050/52421 2

where
15 w1 is Te and/or Sb,

M2 is at least one of the elements from the group consisting
of Nb, Ta, W, Ti, Al, 2r, Cr, Mn, Ga, Fe, Ru, Co, Rh, Ni,
pd, Pt, La, Bi, B, Ce, Sn, 2n, Si and In,

20 b is from 0.01 to 1,

c is from > 0 to 1, preferably from 0.01 to 1,

d is from > 0 to 1, preferably from 0.01 to 1, and

n is a number which is determined by the valency and

25 frequency of the elements other than oxygen in (I),

whose X-ray diffraction pattern has reflections h, i and k whose
peaks are at the diffraction angles (20) 22.2 + 0.4° (h), 27.3 +
0.4° (i) and 28.2 + 0.4° (k),

30
- the reflection h being the most intense reflection within the
X-ray diffraction pattern and having a half-width of not more
than 0.5°,

35 _ the intensity P; of the reflection i and the intensity Py of
the reflection k fulfilling the relationship 0.65 = R s 0.85,
where R is the intensity ratio defined by the formula

40 R = Pi/(P; + Px)
and

— the half-width of the reflection i and that of the reflection

45 k each being = 1°.
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Mul ti met al opsoys2umieri al s which have a stoichionmetry corresponding to the
formula (1) are known (cf. for exanple EP-A 608838, EP-A 529853, JP-A
7-232071, JP -A 10-57813, JP-A 2000-37623, JP-A 10-36311, WO 00/ 29105,
-Proceedings 1SO99, 5 Rnmni (ltaly), Sept. 10-11, 1999, G Centi and S.

Per at honer 1999,. 64, Catal ysis Today 49 (1999),
pages 141 Mi‘gglm%’if A°§‘é§§5’§at th&ﬁ‘B 3vg @ At EofShimetryds 1o 105

-€2000), paGeETasRPIHggto ke formlashy) (reEmnavEo68hHo fopFexAMn835247, DE
- A 10029338P-3P609838,5FB1B, 59858 ,10P2B86232070 , J PP—A\ 10548334, JP-A
11- 57479, \W-B02@OEG6,623P- #p-10-13388431, MO -08 /29188568 bcedBinds 13359539,

IP-A 11- 243ind Pz %ﬁ ,348861.10-1, A1ddg, 3%32@3ntm&9/503§@§; e

10322232 ; Cﬁ Effip gg JpPp/;a%%7??2’7%5‘—11;%’195&@%&%3%9 PPa4 n)g‘,{ 'éﬁ%r&gﬁ?g‘e’*
materials tch>hafe 2

%hu’tﬂ?&%?? 392 Laisdsr Be orTRaTALd 1 B8 i Rk Ny a
catal ysts f(8P0P he Pauesefdf et AR y TBaR al 1/269 7385 - Pirals 896%P8at i on and/ or
gas- phase DE&rPDXI&RRZ24Gn DE-A 210028884, hyrHkro®a58008, tip-a 1B-28ded enical ly 20

unsat ur ateedpcar boxyidlie ,aghds ﬂnﬂ_t/7qvgthmrod7lzt9ﬂbl368Jf(-@; 40— 3@69@?“6 - acrylic
ﬁ; gzlangeJ@mI Pﬁlz\ié%eﬁﬁ[s?&paﬂtloa'ﬁ@?/%schpz\e%lt 243 e'ffo_ﬁ‘? 9'3 de 25
crystalli ne p 1{183 2%2 ‘86 %%ém on_eA gn%tjﬁé # §O T L\Qﬁi’ent |y
referred td géSaﬁ é’§é°( c‘?PPlf’rS’ratéﬁéﬁp‘P%‘%] BOOA6§A2 A3l 4, " DE- A

10046672 aR8- E)El J?@M8814) It is only recent investigations that have
| ed to t¥%e di scovery that the 30 X-ray diffraction pattern of the two

h h h t t t t .t t 20
phases has ity sl Slstmdeghari gkt 40, gt g Lo
contrast t§tPRERIENSIYe (1M ﬁ§°§m?%‘?qdec&r|15‘ﬁr%\}¥ % ﬁétﬁé&%ts #6si then 20

27.3 + 0. 4hehpEpganeousey XC a3l vtierf gastplmsep axidahi@b apld/phegdsphase, in
contrast temnheidatjloasef sanimites hydsfdationsnto w if-ethglpeikalagsi tion 20

50.0 + ®%BunBatiryhasearpgyiiconaily akeve aneef | enidigeswélyhe peak
position 2@r5pdfe 2-h@ydicAee)ding to WO 00/29106 and V\D 00/ 29105,

mul ti et al OXIde 40 mag’erlals haV| ng the stoichionmetry (1) are suitable as
catal ysts for the heterogeneously catal yzed gas- phase oxi dati on when they
have a sub&hanevaluarednpr pdioerts el aet dirss lalsies htpatodudes mata X-axdyle

di f fractj omapat i£rs whidchhieaferansebiveiondvrgadIf eddRat iiaNshe 4orim o€ OBYé ast ,
EPA 520893 cape: £74 R08838e & Ansicien i EfeNGG8RSBRY  an®lcl 04 mee as catal ysts
for the het ga 'erﬂfl te¥ofARlrad 1 9B RNRE RAEA Q20 B WARS, LO
acrytic aci 1433145 085 10046672 and DE-a 10118814). It is only

recent investigations that have led to the discovery that the

X-ray diffraction pattern of the two phases has the reflection of
strongest intensity at the peak position 20 = 22.2 + 0.4°.

Moreover, the X-ray diffraction pattern of the i-phase, in

contrast to the k-phase, contains a reflection with the peak

position 20 = 27.3 + 0.4°, whereas the X-ray diffraction pattern

of the k-phase, in contrast to the i-phase, contains a reflection
with the peak position 20 = 50.0 + 0.3°. Both phases additionally

have a reflection with the peak position 26 = 28.2 + 0.4°,

30

35

According to WO 00/29106 and WO 00/29105, multimetal oxide

40 Mmaterials having the stoichiometry (I) are suitable as catalysts
for the heterogeneously catalyzed gas-phase oxidation when they
have a substantially amorphous structure which produces an X-ray
diffraction pattern in the form of very broad reflections.

45 In contrast, EP-A 529853 and EP-A 608838 consider it necessary,
both for use as catalysts for the heterogeneously catalyzed
gas-phase oxidation of propane to acrylic acid and for use as



0050/ 52421 095098bakbysts for the heterogeneously catal yzed gas-phase

oxi dation of propane to acrylonitrile, for nmultinetal oxide nmaterials
having the stoichionmetry (1) to have a specific crystalline structure
-whi ch produces an X-ray diffraction p§ttern in the form5 of very narrow

reflections, among which the reflection at the 20 peak position of 50.0 +
0.3 is a sCRERIYFE EPIchRe Raterrgenecw®nith cagariyzefktdasTppaak. oxcdsidnng t o
- EPA 52985308npr &Rmes 08838y Ldnirtirhde , stowatulitaneyal haviget matstiadsnai n
di ffracti ohapemksther etolefil@edtrgn$ I fttd havd0apspke IS tir986aDfing2. 1 + 0. 30,
28.2 + 0. 3ptrdéeid® dhich. SrafiiféedSar #-£hy3-diltRr @M IPattOr P 229838, and
EP- A 608838e 9O nkkrdiOfdbleddiblt SEndAUNIER PdRREIELE; SEYA! Akl B
structure of pul'timeta pgﬂn e_+r'r8t%;|.a S wArc | kew s€ “appears in fhe form
of very naPFdfvAE ¥ PRt i vhe Mnlt fie IR PaftBiF T LY oRNFEAG ST ASERC dhaddY f or
nul ti et al dokfERCHRNePPak s AfCordéng ct@ TR E8RPDLiandoBPt-d BR8838apabl e of
bei ng put forthenrstevpondihly wherabteristicaddinidiffiracttibe pefkseareons
required i peERACH2M853t atigk 128 ERaR $i3838nsJEr A Lh- 169716, 3lgse somsicders
the presggngg. of, refleeghy ofis, shqvignge 20 20 peak positions at 9.0 + 0. 3, 27.3
+ 0.3, 29.2 0.3 and 35.4 + 0.3 1nthe X-ray diffraction pattern as
essential. JP -A 11-169716 considers in particular the sinultaneous
presence oh ¢drecrnasy tef B i5@9850M 4id 2P—pecaks s, tipensint16dy12 + 0.3 and
27.3 + 0. 31nkéwidenlranactes i epsich ¥iaschiRital1Nes assictulorof A t3akls actory
amoxi dat | gRi gkt a P HIIHRAG Rew s Wlpea§Nin tl?feoﬁggﬁ &P%?‘%S hQPr- K¢ N9
attri buusdré?]ﬁ&ritoln%ukﬁrtﬁ 0 xt—t}%. rleE%reaCCttli%pl thIGnIQl q ﬁeakﬁ sitron at
27.3 + 0.3 and. & . Satisfactory selsctivity o THE Py PERTY ri%% for mati on
bei ng att rWBE‘fJé‘Eanﬁr Eéﬁl? dﬂﬁ%lﬁgst% ther %8&”% IFRPRELEITD tPeBR 30
posi ti on afaR@ie pfpbging rputmiexpdeeruasPOndpropiate butr Mb-additide e xed
oxi de cat atpst=flecorrSpi tdquicedana BR-gv 520653 adndSumnf apea o0 88aBal ysts, Ed.
by Can 35 bp-mndl-Qaon1&i alsdlceavlieérSaimenpeefente _(o]fggzazfl&ﬁg.%né7§a€$ng§eqw
Specul at1 e g B R0 Lt 3k 295 b o 0 33 et s
a crystal 1e'hgl[s)je. "?‘Eghﬁu T _tdé&f)?(c}aé)eon Rﬁ?g‘%’élasﬁ §88F 8% catalyst is said
to be a baParcedTRCT hBt CUTIFRt t7 LUT-ICHEAT Wi S IFdTE tarpruSHRESEeRRS Ng
responsi bl ef e Ityei vefledtsionsheibiet36 peabnpefittisaspabphe and.3henst her
phase bei 2g. 3 es@iSi with fhalaacee| Doiense t g oay HeSingnneted - ypropasne
activat @8 gyersfdi@oagt anid:i e tRBASEat d)y@ tapbytSdnce, €a 4br 13E1An19835247
supports tB?oﬁé}%v%o%gféﬂq‘pq}ei\ﬂbex\ﬁ{ﬂﬂulﬁgh bh p4AU%31ar to the

reflection having a 20 peak position at 27.3 + 0.3° and a

satisfactory selectivity of the acrylonitrile formation being

attributed in particular to the reflection having a 20 peak

30 position at 28.2 + 0.3°.

In Ammoxidation of propane over Mo—V-Nb-Te mixed oxide catalysts
from Spillover and Migration of Surface on Catalysts, Ed. by Can
Li and Quin Xin, Elsevier Science B.V. (1997), page 473 et seq.,
the inventors of JP-A 11-169716 furthermore explain that, in
their speculative opinion, each of the two abovementioned
reflections represents a crystal phase. The multimetal oxide
material ideal as a catalyst is said to be a balanced intimate
mixture of the two phases, one phase being responsible
exclusively for the activation of the propane and the other phase
being responsible for a selective conversion of the propane
activated over the activating phase into acrylonitrile.

35

40

45 DE-A 19835247 supports the abovementioned view in that it states
that the intensities of the X-ray reflections with the 20 peak
positions at 27.3 + 0.3° and 28.2 + 0.3° must be within a specific




that the i opsogskiaes of the X-ray reflections with the 20 peak positions
at 27.3 + 0.3 and 28.2 + 0.3 nust be within a specific 0050/52421 4 ratio
range for a reasonabl e catal yst performance in the anmoxidation of propane

-to acrylonitrile. 5 DE-A 19835247, Sp%CIfIES mul ti metal oxide materials

¥

whi ch have a st0|ch| grretry corregg to the fornul a (I%geand whi ch are
obt ai nabl eTBY* PriottESsA8T a3 HHASE NGRS FHEH VS PR FOTARe50 AN catal ysts

al so sui taBl“'é°¥Jd1’attlﬁé REtRTRFOFeSAsRGTEAMILYidE. gas- phase oxidation of
propane to acrylic acid. 10 In conparison, JP -A 7-232071 discl oses that

substanti aH,_yAOéH%ogrrthlig@etlag 20%k ]_rra;gri glé %EIIId‘.'.C% ha;e tge stoi chionetry

(1) and 5a§£r (53%%42 fsereres flection with
15 the 20 B a ’S‘*‘g" h e°zl 1§s FBLGER L PEY %d?ac%llélas"’@aftl‘alhﬁ‘gﬁsa f or

t he het er o§EREIJHSMPLERL ﬁ?VzﬁﬁP%‘ﬁ‘ﬁﬁS{l Hatthen formplapaie and whakstylagei tril e.
JP- A 8-573¢btalirsdllesby phedesdes andidbso desomtibediitg DEuht Lo®isd47 38 oxi de
material s eatabmsvacthilyat i dapler eat neny HMtEBo@@rhébusﬁ?CQEQéﬂgzécp EP- A
1090684, myb{igwmial oggagl@lc;}ptoar b%ﬁd!lle Sy Labl e fQ 4 he catal ytic gas-phase

oxi dati Qo of propane to acrylic aci have a recfl ection at the peak
position 20 50.0. 25 It is an object of the present invention, in view of
t he abovemmcirmaedspniorp-apr t7-2820 Pt alistd oaepr aicas Substahbial 1Ipr eaayation of

aC{ KI I CI acmfltbn}méﬁﬁﬂebﬁg@@mﬁr‘iamﬁt@i%@ﬁ%avgaﬁh@r&%ﬁcﬁlbﬂ@iﬁﬁﬂ IQI al%opage
W nol ec IMorREGeN e RIRe oxi de
mat eri al aghgejq r&gfa{éﬁiﬁe{fﬁ%&sg? §Qed of3 ti ﬁh%&%ﬁ‘ﬁ\é% ! Emﬁézogﬁ 9#‘10\/\/5 t hat

nel-t her

t hese mibt

contain F‘a’ét&@né‘eBFrﬁgW&ypﬁ%@Xzﬁ%PB@?X%Q?‘H@“S8?5tlalfﬂlean@s teat aI ysts
for the he?%?ib]g@&ééaéﬁy cat al yzed gas-phase oxi dation of propane 35 with
nol ecul ar oxygen at el evated tenperatures to acryI ic acid. W& have found

that this | c cess .f0 rati.qn_of rylic
acid by he?glﬁcster?e?%g aL&y ]t%% gytg 12690- ang 3se b)?n& f‘f‘g g‘;ﬁr‘@ﬁ’aﬁ vviyt h
nol ecui &P 8&&‘8%#‘%?%? \WE e et @Frf)’eY%tteL?r €§ bheptmant| with mul ti net al
oxide material of the forrmula | M1VbM' MI20n 45 EP-A 895809, which is a
menber of Ab&oRBintof BFlA Vi00bhe¥hENRultimetal oxide materials I suitable

for the catalytic gas-phase oxidation of propane to acrylic acid

have a reflection at the peak position 20 = 50.0°.

25

It is an object of the present invention, in view of the
abovementioned prior art, to provide a process for the
preparation of acrylic acid by heterogeneously catalyzed
gas-phase oxidation of propane with molecular oxygen at elevated
temperatures over a multimetal oxide material as defined at the
outset and of the formula (I), which shows that these multimetal
oxide materials neither need be amorphous nor need contain
fractions of a second phase in order to be suitable as catalysts
for the heterogeneously catalyzed gas-phase oxidation of propane
with molecular oxygen at elevated temperatures to acrylic acid.

30

35

We have found that this object is achieved by a process for the
preparation of acrylic acid by heterogeneously catalyzed

40 gas-phase oxidation of propane with molecular oxygen at elevated
temperatures over at least one multimetal oxide material of the
formula I

Mo1VpMc1M420, (1),
45
where



0050/ 5242185 Hkshg2]e and/or Sb, M2 is at |east one of the elenents from
the group consisting of Nb, Ta, W Ti, A, Zr, G, M, Ga, Fe, Ru, Co, Rh,
Ni, Pd, Pt, La, Bi, B, Ce, Sn, Zn, Si and In, 5bis from0.01 to 1, cis
-from> 0 to 1, preferably fromO0.01 t? 1, dis from> 0 to 1, preferably
from0.01 to 1, and n is a nunber whrch is determ ned by the val ency and
10 frequenty of tnhes HeedBA(T othver than oxygen in (1), whose X-ray
-diffractiome patteris has 1eal e6ld U¥sthe bidibhtls WhoRChd R AP S Alsthil
diffraction angl es,{3Q) 2g, 2+ & 4,0h) 5. 203 %, 12,0.4 (i) apd ?Pﬁx 2y, 04
(k), the reflectigph ?;ei Q% ;%le oSt ’i\rll\#’ensé r%flec%i)frg Wt hi' Y tHE “X<ray
di ffractison pattert afd’ha¥r iy ‘a Hal P wiiht it Shof® than 0.5, 20 the
intensity ®i of this riafome0tdodbned 1gnd the intensity Pk of the reflection k

fulfilling.the relatigonship,0.65 s _R s 0.85, _ where is.the intensity
rati o defined by the SRt g %E‘R Brﬁ??fﬁaly+fﬁ%“ @n‘bﬁsﬁ? Lrthe hal f-width of
the reflecdion i aix firoat >00 tded,r ekbbeetamlry Eremch. beitveg 1518nd Wwherei n 35

the at | east one tinetal oxide materjal (1), IS ane ose X-ray
di ffractlboﬁ pattern}ln4 gadunBer YHich 18 Gerehny E%a epd’\équaf‘ﬁﬁ = 50.0 +
0.30, i.e. is one WRiCRIEBNPhithe RIeRePrALEPETNENRR RiivEBakBe(D: t he

absence of the abovenentioned reflection 40 as evidence for the absence of
10046072, g e by FEEeC AN E e A, PR K0 jeghack fbae

: . [
substanti a %/o tﬁgeongyﬁr&?\?llgéggft%?n taﬁlgaﬁﬁagze )cgﬁ’pas?tgqa'o‘ln. ag’ I-ﬁz@vér, very’
recent wesUits (67 PRV i“gat Pohs Fdve shown that R 0050/52421 6 can vary
within a certain range even when pure i-phase is present. 5 particularly

preferabl y_R ighd r@mmBedfod & BelRgOtndfiniost0idLensd e SLOKY wilkthifasndeen
found that thekfggf:hQ?Eéécéygnd%attern and having a half-width of not more

than 0.5°,
20
- the intensity P; of the reflection i and the intensity Py of
the reflection k fulfilling the relationship 0.65 = R = 0.85,
where R is the intensity ratio defined by the formula
25 R = P;/(P; + Py)
and
- the half-width of the reflection i and that of the reflection
30 k each being =109,
wherein

35 the at least one multimetal oxide material (I) is one whose X-ray
diffraction pattern has no reflection with the peak position 20 =
50.0 + 0.3°, i.e. is one which contains no k-phase.

The significance of the absence of the abovementioned reflection
40 as evidence for the absence of k-phase had not yet been
recognized in the prior application DE-A 10046672.

Rather, the magnitude of the ratio R was regarded as

substantially the only indicator of the phase composition.

45 However, very recent results of investigations have shown that R



materi al s pbpoYs2r@1used according to the invention have higher 10 activity
for the novel process and also result in higher selectivity wth respect
to the acrylic acid formation. According to the invention, the use of

-nmul timetal oxide materials (1) vvheresl\/ll is Te is preferred FurthernFre
mul tinmetal oxide 15, terials (I are advant a equs for the nove
process ar6-"those "I n%vrﬂl chc?\ﬁ:(ali" Kﬁngﬁ'aeve\ﬂlﬁ’ 8P RuTg 1-BPaferibly, M is
*No. The sPB?%‘Ff?%’metrl c coefficient b of the multinmetal oxide active
materials (1) to be used according to the i nvention is advantageously from

0.1to 0.6 ke n ferred,r f _the
st oi chi oge?gifcli%lrpifﬂbcr%gg PA\;égl’tq; gﬁ % é?f 8 8%91%‘106 4Y and
advant ageob8vaTliés “df P aretﬂyo oFo (?rl Reds ol g2

Particul arly advantageous nulti et aI oxXi de mat er i aI s (1) to be used
accordi ng barphisinglyenit ofasibeehh®send rthahti ehe el Siicahi OFEAd | C

coef ficienhg:brifis Ié}ngo%éﬂfu%eﬁ' QUES ARGRUELY +hE foll;een%%}{eﬁ'?@é' ”E—idr
preferred rapges.. AU % r Sk al C |Qorret rq.ms iUI tab acco&dl n?g]b i

i nventiao 2re’ tHose dirSclvsed PACTHE® gPi A" r art cited
at the ouF%%?CtJr"rrtﬁaP’%F}éu‘F%ﬁpeicﬁ HFD-We? ACINAGC %@%%@éﬂ@% process for
the preparation of nultimetal oxide materials (1) to be used according to

the invent AQE‘ofcﬁrﬁj 36| gﬁ@dlnvén%oﬁx %se' BsIR lénﬂejcaisg%}dea%%&tg?%f“ or

appl i cation vant Brials

(1) are re ogﬁehecfed?& T tallss?geifceorrr heFﬂ‘E*fe'eei‘r Efieoliet A esadaP3t 98 ed
oxydehydsoBRh&t+F df”e‘t"hﬂaﬁrb s é?ﬁ?/’l‘*e?%’%ﬁdfa% theyeredt Br9qnsst pae
het er ogenebbess idnthigh e d@sNphaBzs dkiasdy porTiofPrefepaky t ¢2ats Wh.c aci d.
A 0 Accor dithg steitdhdomaveid icveffpebért ablof @hé 7msltRnet@1 76x bl aveh ye

Accor di ngl MatéitiasMRANEEo kit WReBCEcSEr EiNG EbSEhOSAFnRiBRSEs Of the prior
art pUb|IC§&¢£HE%onh§Q (E %anpge@ éﬂs¥ﬂ gsagf§5§ J%%gnﬁ ﬁ?&&é thgr

appl i cat) OnrQF e]d n f tgre &-( rrlglo tr c n s &g:

st oi chi 8RePTy ?q:}s wht 8% rrf5 PUF BT phSS "él’r’f& Bt‘ﬁe’r Bal-0L g.
k-phase), F_'¥ tfrBF‘oﬁu%fecF° Onért #pd arﬁ"ﬁt“ﬁ?éeo‘%%é’aéruéﬁo@fl%r?r@f fromhase
can then b&-Phcredsed, fuon fbrl srafpf e Pdrricebavlngdviaetagémrs phases, for
exanpl e t heulkinghtade pxiidel esatielré alis C{ DS aePBeOusdy dmdhinggtire vhel ti net al
oxi de  mat ehvédt \Wnt Bre ULAGHY &nl WHUEK StheSWibabh forldtG4cd8oof £ 1dtientEYRE
0050/ 52g§1axd Plde Eohu BXAINR1 y A0 SIS a%%g@éﬁason% 8&9@&(}&%@9 aflge ?(for

exarrpl e acr 8 acr C% acl ari c

X c

aci d), inorg anl K amé i?me F ISPl et 1T AECQERHHY to Ene Livéttion Sre
those dlsclose in the publlcatlons of the prior art cited at the

outset, in particular in JP—A 7-53448.

30 A specific process for the preparation of multimetal oxide
materials (I) to be used according to the invention is disclosed,
for example, in JP-A 11-43314 and the prior application
DE-A 10118814, in which the relevant multimetal oxide materials
(I) are recommended as catalysts for the heterogeneously

35 catalyzed oxydehydrogenation of ethane to ethylene and as
catalysts for the heterogeneously catalyzed gas-phase oxidation
of propene to acrylic acid.

Accordingly, in a manner known per se and disclosed in most of
the prior art publications cited (for example, also as described
in the prior application DE-A 10033121), a multimetal oxide
material having the stoichiometry (I), which is a mixture of
i-phase and other phases (e.g. k-phase), is first produced. In
this mixture, the proportion of i-phase can then be increased,
for example, by removing the other phases, for example the
k-phase, under the microscope or by washing the multimetal oxide
material with suitable liquids. Suitable liquids of this type

40

45



al cohol s apgsegygaps hydrogen proxide [sic] solutions. 5 Furthernore, JP-A
7-232071 al so discloses a process for the preparation of nultinetal oxide
materials (1) to be used according to the invention. 10 used according to
the invention are obtainable by the pLepar ation method publ i shed in DE-A

19835247. According to this, a ver inti mate, preferabl I nely divided,
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treatment can al $Q408,
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di vi ded gremticahey Wit liecylahepxwdent prativerdepdetet him swigeect ed to t he
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subjected to the calcination (thernmal treatnment) after mxing and, if
requirety £OMRACEhOAmal treatment is carried out under a gaseous

atmosphere, this may be either stationary or flowing. Altogether,

the thermal treatment may take up to 24 hours or more.

30 The thermal treatment is preferably first carried out under an
oxidizing (oxygen-containing) atmosphere (e.g. under air) at from
150 to 400°C or from 250 to 350°C. Thereafter, the thermal
treatment is expediently continued under an inert gas at from 350
to 700°C or from 400 to 650°C or from 400 to 600°C. Of course, the

35 thermal treatment can also be effected in a manner such that the
catalyst precursor material is first tableted (if required after
being powdered and, if required, with addition of from 0.5 to 2%
by weight of finely divided graphite) before its thermal
treatment and then subjected to the thermal treatment and

40 Subsequently converted into chips.

The thorough mixing of the starting compounds in the preparation
of multimetal oxide materials (I) to be used according to the
invention can be effected in dry or in wet form.

45 1f it is effected in dry form, the starting compounds are
expediently used in the form of finely divided powders and are



Pref erabl ygpobeysygs3 the thorough mxing is effected in wet form 5

Usual Iy, the starting conpounds are m xed with one another in the form of
an aqueous sol ution and/or suspension. The aqueous material is then dried
-and is calcined after drying. Expedi egtly, t he agqueous material is an
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aci ds, ggch as HSb(OH)6, and al so antinony oxide salts,

Sources of the element Mo which are suitable according to the
invention are, for example, molybdenum oxides, such as molybdenum
trioxide, molybdates, such as ammonium heptamolybdate
tetrahydrate and molybdenum halides, such as molybdenum chloride.

30
Suitable starting compounds of the element V which are to be
concomitantly used according to the invention are, for example,
vanadyl acetylacetonate, vanadates, such as ammonium
metavanadate, vanadium oxides, such as vanadium pentoxide (V;0s5),

35 vanadium halides, such as vanadium tetrachloride (VCl,), and
vanadium oxyhalides, such as VOClj;. Other vanadium starting
compounds which may be concomitantly used are those which contain
the vanadium in the oxidation state +4.

40 According to the invention, suitable sources of the element

tellurium are tellurium oxides, such as tellurium dioxide,
metallic tellurium, tellurium halides, such as TeCl,, and also
telluric acids, such as orthothelluric [sic] acid HgTeOg.
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such as anypsepy29¥ide sulfate (SbO2SO4. 5 N obium sources suitable
according to the invention are, for exanple, niobiumoxides, such as

ni obi um pent oxi de (Nb205), ni obi um oxyhal i des, such as NbOCl3, ni obium
-halides, such as NbCl15, and al so conpl ex conpounds of ni obi um and organic
10 carboxyllc aci ds and/or dicarboxylTc acids, e.g. oxal ates and
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Ander son tﬂ$§¥ta§n add ?ep} % %?%HH § QEQuB EXH%%( orﬁhnlc 2 25 (1987),

213-218; . _suitab urce I.ons of the
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at el evate erat ei t her é) resgnce or in_the absence of
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tabl eting e tineepoisier sufiteruenddartingt SomsidindsOar&foftedmMalsd tieid% by
vei ghttﬁf Sk @ompeiiNasie d b8 fggam sec)atagdoﬁw%eqe@at @é}rt\ot%sm&éb @.chi ES]
or in e no, S al ma e
O eve ey Tl O {41 B0 L8RS JHE LAl ER T
nol di ngs can be effect ed, for exanple, by application to a support as
descri bed dtherheuptalole appkitad i compolids AFJOnb4 pOepdr 4020/ B242de 10 The
supports t@yea weedifdtalt Qﬁlaé”ﬂé@lﬁllsoi(ipeaﬂ@bgﬁ.?@!llﬁn{sl bt fne b€ used
according iﬁhéﬁggn Qyﬁg“'é%ndgggrfgég‘a%gglgxéﬂﬁ?@ C?L yelyhedron 6, No. 2
25 (1987), 213-218. A further suitable literature source for
polyanions of the Anderson type is Kinetics and Catalysis 40, No.
3 (1999), 401 to 404.

Other polyanions suitable as starting compounds are, for example,
30 those of the Dawson or Keggin type. Starting compounds which are
preferably used according to the invention are those which are
converted into their oxides at elevated temperatures, either in
the presence or in the absence of oxygen, possibly with
liberation of gaseous compounds.
35

The multimetal oxide materials (I) obtainable as described and to
be used according to the invention can be used as such [for
example as powder or after tableting of the powder (frequently
with addition of from 0.5 to 2% by weight of finely divided
graphite) and subsequent conversion into chips] or in the form of
moldings for the novel process. The catalyst bed may be a fixed
bed, a moving bed or a fluidized bed.

40

The shaping to give moldings can be effected, for example, by
application to a support, as described in the prior application
DE-A 10051419.
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inert, i.epokhgy23dipstantially do not participate in the course of the
catal yti c gas-phase oxidation of propane to acrylic acid, 5 which is
catal yzed by the nultinetal oxide active materials to be used according to
-the invention. According to the i nve;it on, particularly suitable materials
for the supports are alumna, silic sili cates, such as clay, 10 kaolin,
steatite, | TWPPOREEnTARA SiSeACEPE Hifd MHdGRBRtAImOX4 R Bakeriadis ((Ebnto
-carbi de, zpbe CERFdIRCEPERIRtE tandhe hbrvanhidnorieeprefies ably f clvanichlife support
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from 100 to 600 mor from150 to 400 m O her possible coat thicknesses

are from 1gnd cg%ggcm offtrrfgﬂsappo}e @gpb@ eitﬁéxo%éﬁe Lo I%{)%ggl 35 In

principle,_ an lre orts are su for the
novel pusce‘gs&/ CATELHS SBF cl;'leSI 0#1*‘?‘5 rrtullé FPom %“FS 10 mm
However , SBF@FC%’S“CSP E‘ﬂ/ﬁf’fﬁfel@‘lghheifar&ei“@ﬁﬁéiy HssudRs EY|ITRIELS, are

prefer abl yadResives ssnpparht ©f Ao aat tigreome tediahetoatsappriespheri cal supports
are from1l1l.5 to 4 mm If 40 cylinders are used as supports, their length is
pr ef er abl Yp nmm.and L hei.r r.ef grabl f rom 4

f net er
to 10 mm équteﬁl%lgé g surfﬁﬁg %Pé“\ﬁ& fh? I?glgsgu?%o’i%r"éo Epm
from 12002%0 ifr RhK %FPafrr%ﬁBoF‘Ps %l“{“ab‘ii%teéé‘%‘ﬁeél ﬁ@cqrdhinﬁetPnP@ht4l7éﬁr may
al so have 8h¢ethdt-husing rpfogmed testar doreRINe+iffl mdpaweedrsugifadd ¥amwim 4 to
8 mMm and aahkdd, tfromkheeseloferkepntdriamyd . .nm However, a support ring
geonetry of 7 mmx 3 nmx 4 mmor of 5 mmx 3 mm X 0050/ 52421 11 2 nm
(external diameter x length x internal dianeter) is also possible. The

pr epar at | o OFSFIREEd "chaq guygpgttrbaw@geaagc%mgﬁgst%rtr}pézporous The

25 support material is expediently nonporous (total volume of the
pores < 1% by volume, based on the volume of the support).

The thickness of the active oxide material coat present on the
novel coated catalysts is usually from 10 to 1 000 um. However, it
may also be from 50 to 700 pym, from 100 to 600 um or from 150 to
400 pm. Other possible coat thicknesses are from 10 to 500 pm,
from 100 to 500 um or from 150 to 300 pm.

30

35 In principle, any desired geometries of the supports are suitable
for the novel process. Their longest dimension is as a rule from
1 to 10 mm. However, spheres or cylinders, in particular hollow
cylinders, are preferably used as supports. Advantageous
diameters for spherical supports are from 1.5 to 4 mm. If
40 cylinders are used as supports, their length is preferably from 2
to 10 mm and their external diameter preferably from 4 to 10 mm.
In the case of rings, the wall thickness is moreover usually from
1 to 4 mm. Annular supports suitable according to the invention
may also have a length of from 3 to 6 mm, an external diameter of
from 4 to 8 mm and a wall thickness of from 1 to 2 mm. However, a
support ring geometry of 7 mm x 3 mm x 4 mm or of 5 mm X 3 mm x
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5 inventi opos@nspgagarried out in a very sinple manner by preform ng oxide
materials to be used according to the invention and of the formula (I),
converting theminto a finely divided formand finally applying themto

-the surface of the support with the |d of aliquid binder. For this

purpose, the surface of the 10 suppo I's nmoi stened in a very sinple manner
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adhere to Pe%Ribdsi-st ened surface by bringing into contact with finely
divided active oxide material of the fornula (I). Finally, the coated
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percentage of the particles whose d| aneter is > D and
The fineness of the catalytically active oxide material of the
formula (I) which is to be applied to the surface of the support
is of course adapted to the desired coat thickness. For the coat
thickness range from 100 to 500 um, suitable active material
powders are, for example, those in which at least 50% of the
total number of powder particles pass through a sieve of mesh
size from 1 to 20 um and whose numerical proportion of particles
having a longest dimension above 50 um is less than 10%. As a
rule, the distribution of the longest dimensions of the powder
particles corresponds to a Gaussian distribution as a result of
the preparation. Frequently, the particle size distribution is as

1'h'eeﬁgrtlcle X = the

f :
30 ollows
D 1 1.5 2 3 4 6 8 12 16 24 32
(um)
X 80.5}76.3|67.1/53.4}141.6 |31.7 |23 13.14(10.8 |7.7 4
35 [y [19.5 |23.7 |32.9 |46.6 |58.4 |68.3 |77 86.9 |89.2 [92.3 |96

D 48 64 96 128
(um)
40 X 2.1 2 0 0
Y 97.9 |98 100 100

Here:
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y = the pepesoyege2ef the particles whose dianmeter is < D. 5 In order to
carry out the coating process described on an industrial scale, it is

advi sabl e, for exanple, to use the principle disclosed in DE-A 2909671 and
.that disclosed in DE-A 10051419, i.e he supports to be coated are
initially takepn 10 in g eferabli/ |ncI ined (the angle of inclination is
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horizontal ) roamding container (for exanple a rotating pan or coating
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exanpl e, gare spherical or cylindrical, under two netering apparatuses
arranged a specific distance apart The first of the two meteri ng
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nozzl e opeisdwitrisilngcabaprigssedaavigabliehr 6oghexduipde,t he Wk shpport s

rol I'ing i nptheipaleatii BELEHY AhepBLK ByRD et And htﬁmétl dusdioddnder and

noi stened pp A GRRLEL! ed, éTB.QIB r % ﬁlfrt%e(é ng |n ddNdre Prgl %tl'iﬁd ocat ed

In a erves

out si delbhe atQ a
for supplyf n(g %ezf &agf}{/ ce'l’laea UG & @1§c?| Ve ﬁﬁ'[ngr% 13 8 éxhfpfe via a
vi brati ng &ohvépdr <of%a ?&'}n%%{# % SPewind TheOs sép tan§6ﬁe9§s moi st ened in
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surface of (the sSwppItta MWMiathagf pin Qi&a'élé'aénnésdﬁﬂd i.nght CAlratQhgSpheri cal .
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the spray n es a ‘hsequen revolution and is

our
noi st ened F% rﬂqlrr&f:fag rtwf’nm Be I PPPRT H SRS 8T ToNke up
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further nodRPRTRtUsEscexpPgdipngdredprnesndmdsnto ia rpzzder (fer rextampéecasary) .
Fi nel y di vatiedlizeoxindzelacideratedt esira) cangrésspd dilri)ndeiraigh ganeratley fed
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hot gases, suc

i
descri bed r%% tus ‘ls go(f%tegoﬁﬁ#%%%? fq’s‘?af“ STJa%:%/td'ro)? 58?@5‘?%??%81‘ T?‘ﬁ‘gl
successi ve %:'bdoﬁrs SP«IBY?‘B Pherdhserees £ sprPheinshdbecbirekyo diNédedr f ace of
t he supporpxu@gg@wsgnglmaterlal (for example via a vibrating conveyor or a

powder screw). The support spheres moistened in a controlled
manner take up the active material powder supplied which is
compacted into a cohesive coat by the rolling movement on the
outer surface of the support, which, for example, is cylindrical

or spherical.
30

If required, the support thus provided with a base coat passes
through the spray nozzles again in the course of the subsequent
revolution and is moistened thereby in a controlled manner in
order to be able to take up a further coat of finely divided
oxidic active material in the course of further movement, etc.
(intermediate drying is as a rule not necessary). Finely divided
oxidic active material and liquid binder are generally fed in
continuously and simultaneously.

35

40
The removal of the liquid binder can be effected after coating is

complete, for example by the action of hot gases, such as N; or
air. It is noteworthy that the coating process described results
in both completely satisfactory adhesion of the successive coats

45 to one another and of the base coat to the surface of the
support.



13 Wat i posippgrigait for the coating nethod described above is that the
noi stening of the support surface to be coated is carried out in a
controlled manner. Briefly, this means that the support surface is

.expedi ently noistened in such a way that it has 5 adsorbed |iquid binder

but no liquid phase as such is visible on the support surface. If the
support sufPatel§ sSSMBRGtABE stor thhe CPRRENY Meithrdedeseribeg: pbaye yisadhpve

oxi de mat ethal nekfflediBagapbsthe supprespasutfmcegyboberenaged st emd ied betng
adsor bed onnoatdentlidbdceaniaat.aBrédfinf arhist means neHat sheosligpdrd S t o be

found in 3QrBicd #90%HEdiameh YPhohs 18861 419 sudhea ahgy emgRt iongd final
renoval %f aﬁggrﬁé Lﬂ'%u@ﬁ”ﬂfﬁdé?%ﬁtcﬁg %e%zl%aéhl‘gg E?Sytsulc'ﬂ &5 C\ﬁz{girbcilel ercll
manner, for exa e By eyapor Qo and/ or s Finatl on. In the sinplest
case, this @anSHPS é(‘ff:gﬁgzﬁi 5 gﬁes'é%?c}r&n SPFERAST GadeS BPL%or f@&pondi ng

t enper at ur é1peEefliericrd crtdhitigaldy 3arrE veoPKéfe IMUEK ialpagekomeratef s

possi bl e t anedfeeparagrl gopletdnsitear ynsirgddhgfbpeihe atsbrbadobntwithgases. The
final dryisngfeed. theeaibed coifdradtOoh , if @hiexasPtext iR odbyifHginaven of

any desifedelypeoddedn axanpte aobehhiglrier) or in the reactor. 20 The
tenperature acting should not be above the calcination tenperature used

for the preparation of the oxidic active material. O course, the drying

can al so b&heagbivamepytionek climsilysppoval @idiyentiguish bif8eRagmddcessbeof t he

type and geapeied caft tihea seqpparolletieadmdd,obngexaylebByuseshasthbaders for

the coatingnpy&fcassliwatesn. MNQAKAS i1 HCOROL S, tiUCRaaSHEd Gk eq by

e anolts pgrgcelag s, opoLilues skl otiel A

pol ybasi ¢ %F%’&n?tget‘?cg%o y19 é:'eéfc%@{]C%u@ﬁ"fﬁ%e‘g'r difi diii RO S 5RafT e d,

mal oni ¢ alrdy Rfefdvraricityicy Rl ehe agtiign afikrr slaseReol Bhe Siiohlas

et hanol am deybng diast ltheol berigeerieddowpndfoanekanpld, dn apdtyfngevieanat

or gani ¢ anadgsdesireld agpé of faamestamp(d hebelt advanf ageausthé NdLics ol e

sol uti o®® eaasiskddtdtabel 4OMmMP shBu PO WotPheVabY e WRLEInANGH rom 10 to

80% by wei gk Of 2 ffteOnEaR! for CHIPROGLMYICR be ool Ll WAl er and whose
S | mat erature at Spheri

boi li ng point or lon  te at _at p .C_préssure (1 atm
is > 100G, mﬁ%%’i’e?]a'bl% _SOYERfC. TREVARY HYR SRS 9,15?[8‘3 §Agante Wnpound 40 is
sel ect ed fPEFEHeddodB #i4%Yi®D PBERi bl e organi c binders. The organic

content of abovenenti oned aqueous binder solutions is preferably from 10

to 50, P& gighlards BECLRL It BhEMethdidy3Be +HE DuoBLONten I1eh o514 abl e
organi c conponent s re gon ac%ogrihes atqn0|l osa(?_ arLdes, su%ﬂdas
gl ucose, f Pa¥t eseu’se as binde e coa g process: water, monchydric
alcohols, such as ethanol, methanol, propanol and butanol,
polyhydric alcohols, such as ethylene glycol, 1,4-butanediol,
1,6-hexanediol or glycerol, monobasic or polybasic organic
carboxylic acids, such as propionic acid, oxalic acid, malonic
acid, glutaric acid or maleic acid, amino alcohols, such as
ethanolamine or diethanolamine, and monofunctional or
polyfunctional organic amides, such as formamide. Other
advantageous binders are solutions consisting of from 20 to 90%
by weight of water and from 10 to 80% by weight of an organic
compound which is dissolved in water and whose boiling point or
sublimation temperature at atmospheric pressure (1 atm) is

> 100°C, preferably > 150°C. Advantageously, the organic compound
is selected from the above list of possible organic binders. The
organic content of abovementioned aqueous binder solutions is
preferably from 10 to 50, particularly preferably from 20 to 30,
% by weight. Other suitable organic components are
monosaccharides and oligosaccharides, such as glucose, fructose,
sucrose or lactose, and polyethylene oxides and polyacrylates.

30
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45 sucroseopsol/aolae3e, and pol yet hyl ene oxi des and pol yacryl at es.
0050/ 52421 14 \What is inportant is that the preparation of coated
catal ysts suitable according to the invention can be carried out not only

- by application of the prepared, flnel%/#rnlled active oxide nmaterials of

B

t he forrrulag to the noistened su t surface. 5 Rather, instead of the
active oxi HB3hmterimReItaNt | e /thag § %IeRFe%Fééa‘P%d?f epsefagatalassst can

al so be apphiteble acherdbistiendde soppurionsgahabe qarsiied ole manentpat i ng
process anbybappleicatdnd of hehec drepastéd Ot it@nybei Thyd iaed ivatoxifdeer dryi ng of

the coat edmadér 5Pkt thé Sdbintall 1§ i a8lonedhyi deshdd @eppsPt JBirgkkal of
this typg is, for exanple, that material which is obtainable by first

producing a 15 very intimate, preferably finely divided, dry blend fromthe
sources of Rehkeni dpshieall ebridie egsive afidehmatiesialod aaéinely skivddednat er i al
of the forpuneeufddr fmhverexmilezreby st al-sdr pengp@lliedafbeohs Mdispensd on or
sol ution of;uiglb@rttsw&@aéé ﬁ!‘sﬁ%ﬁlﬁhécé&ﬁ? cdakiifg féﬂ%e)ésdhﬁd%d@r Qh&ﬂ? (if
necessary € n r 0, 2% b I ght of

g 5aléi a%&b?gb g%r?‘é% duit"a Le; é%ﬂ;%pro % tmg

finely qlow erna trea nment
preferably \‘1? to 350C, under an oxi di zi ng (oxygen- cont ai ni ng)
at nosphere (e.g. under air) for a few hours and finally subjecting it, if

required, hosﬁﬂﬂdﬂl%gflﬁélf“dfyidEbepﬁéEﬂﬂng HgtéfE%JSBEpeﬁi§ Hyﬁéhlghefor
precursor BRLEHIAL enabahrdalnOlnt on LERRERAIAPIY CILLL erﬁefl gdgr an_

t h a r.es e sul t
!t(r)]ermog:al;r M %rﬁs ergs G%Tféodra%ﬁyo%r}’}ﬁ%’ ?6"66?){2 %leg‘lé) XOR thRe shapi ng
of nulti mePAYTeRa @ HBEpiemedtel) cCopstcituensy ok fd?edeaew? ditg veoox e

i nventi on Bakemialo Oﬁetbarfqml@uﬁlby( fagxexaspbsn ndborytdiytiatg ag of both
finely divageeounllsuispehsion @t delubid iol the)sautelsiinehy slivjededngr ecur sor
mat eri al othas 36indult BiRiddg @&ydswﬁa e(rllfaheééasaﬁﬂatf%@ket&ﬁ%%al sistﬁf e

Zloprg;gls @nsgéa Cc}ﬂ"%d?{rémad‘% Qg b@%o%ewlgﬂfée&? érdeﬂgsh 419 Eﬁ

ntio
in the case of it?rga t§"e“t‘%h8| rg"f%d‘tsﬁ 8 %? eicerBB?f/elfﬁ'bd% §r?‘6 215(9 nm and
their ext&Pnit? d:lraH%‘E‘%‘F Ay OFAARBIRS f(OFHIRD tEPIITR LRI ) rAtIIRSPBAEe F-9.r | ngs,
the wal | taAhd&knesis)i Sonor efspehoussadnd fiinedly subifctimg Annulfar unsupported
cat al ysts seyqtiaddds aeceidiing.to the invention

25
After the coating of the supports with the precursor material,

calcination is then preferably carried out under an inert gas
atmosphere (all other atmospheres are also suitable) at from 360
to 700°C or from 400 to 650°C or from 400 to 600°C.

30
Of course, the shaping of multimetal oxide materials (I) which
may be used according to the invention can also be carried out by
extrusion and/or tableting of both finely divided multimetal

oxide material (I) and finely divided precursor material of a
35 multimetal oxide material (I).

Suitable geometries are spheres, solid cylinders and hollow
cylinders (rings). The longest dimension of the abovementioned
geometries is as a rule from 1 to 10 mm. In the case of
cylinders, their length is preferably from 2 to 10 mm and their
external diameter preferably from 4 to 10 mm. In the case of
rings, the wall thickness is moreover usually from 1 to 4 mm.
Annular unsupported catalysts suitable according to the invention
may also have a length of from 3 to 6 mm, an external diameter of
from 4 to 8 mm and a wall thickness of from 1 to 2 mm. However,
an unsupported catalyst in annular form may also have a geometry

40

45



may al so hpggoaskapath of from3 to 6 mm an external diameter of 45 from
4 to 8 mMmand a wall thickness of from1 to 2 mm However, an unsupported
catalyst in annular formmy al so have a geonmetry 0050/52421 15 of 7 mmx
3 mmx 4 mor of 5 Mmx 3 nmx 2 nmJ{external dianeter x length x

i nternal ter). _For the novel process, suitable geonetries of the

mul ti et al ogr%ﬂ"dé‘ dcPvE hdfePFaPs 1 1M %0 3pBM % o Ty d S5t ERAK sk ampter al |
"those in DE-Fen0r0¥6d5temerbiddiangten) the invention, it is inportant that
the nultinmetal 10 oxide materials (1) to be used accordi ng to the

t ff t tt
Irg\ésgt: gn P§¥ His “°a’e§y g&te)srs\?/(r:tsluch)pﬁlpf rg%trpﬁs {a}r%%y Q%F Ialhldtlt{“e\ﬁﬁ&se peaks

are at theOX § fASHPORRLIiAdS (20)toRe used are (4f) copyse algp 431(i) and
28.2 0. 4bhesg ,inl DE=-At h@l¢l&95ecti on h being the nost intense reflection
within the X—ray di ffraction pattern and having a half-width of not nore
than 0.5, cor helntﬁ‘t of t reflection i and the intensity Pk of
the reflection nfgul Pi |&§<'eﬁ’§l?'%i at’ &ﬁsﬁf“Bof)t%‘é" Shatsthe guiltipgeal’ R i s
the int agsP¥yAG MEL6TdBLF n PReuFS AFCRTRIRg B9 the inygatipn have-an he
hal f - wi dt hXofay e ffsprbten mtrteand(ahmsobash@ orefCuBgt raxhia3Gok éamcthisei ng s
1. At the Sacmmdrnitnewhible bes apfdedtiant ihgnipatd & whebeupsha\we@engt the
reflecti onavttdudthenpeni1qasizb ose 20 +=02@0 0(n)0. 37,354 141 4ohi §) dagymgny, the
definition,of ghgyintensity of a reflecti on | n“the X-ray di tfracti on
pattern i s based on the definition set out in DE-A 19835247 and that in DE
-A 10051819 and DE - A 10046672. This neans that, if Al is the peak of a
refl ecti on-1 atite Befilecthen KMeiegr esé npsanaupessk MafilBueL¢wiivknhans Ng
reflection showlggy sn&lfea@@tort?s BelAlEhRHGQYAY)a R 11161 b€ Lo OhdtNfo P ak
A, in the |ipg,pfg e X-ray diffraction pattern when viewed al ong t
intensity axis perpendicular to the 20 axis, and, in a correspondi ng
manner, B2 is the nearest pronounced mninmmto the 45 ri ght of the peak Al
and Cl R8 +he pwot nintanswhy ch afsthaigifilekicien Uraman theotnidisipgak, Af
perpendi cul ar tie theF 120t foh Sk ifL L SECAS the $hiat WHsHibNE. £9PNNECL HOsd he

points Bl and @g%ré:&EEstEﬁ%'ﬂHH%B§iEy ratio defined by the formula

R = P;/(P; + Px)

25
and
- the half-width of the reflection i and that of the reflection
k each being =< 1°.
30

At the same time, the X-ray diffraction pattern should have no
reflection with the peak position 26 = 50.0 + 0.3°.

35 In this document, the definition of the intensity of a reflection
in the X-ray diffraction pattern is based on the definition set
out in DE-A 19835247 and that in DE-A 10051419 and DE-A 10046672.

This means that, if Al is the peak of a reflection 1 and B! is the
40 nearest pronounced minimum (minima having reflection shoulders
are not taken into account) to the left of the peak Al, in the
line of the X-ray diffraction pattern when viewed along the
intensity axis perpendicular to the 20 axis, and, in a
corresponding manner, B2 is the nearest pronounced minimum to the
45 right of the peak Al and C! is the point at which a straight line
drawn from the peak Al perpendicular to the 20 axis intersects a
straight line connecting the points Bl and B2, then the intensity



0050/ 524210080 /8R240he reflection 1 is the length of the |linear intercept
A1C1 which extends fromthe peak Al to the point C. The expression
m ni nrum denotes a point at which the slope of a tangent to the curve in a

-base region of the reflection 1 chang 3 froma 5 negative value to a

1

positive val ue or point atf which the slope tends to zero, the

coor di nat e8foF% HEZGCEAPR b &het hePgit Ssithy 1iBear HetngcerRted Fbr
speci fyi ng¥Pheh spgeds1fremetieepgal df tohshei pebnt Gt eThepxpresaéen t he two
i ntersecti oAnipor Menokés andodihti Atawhiate tyhar allbpd dHO af kengdénwvixics the dr awn
in the _ m dgfﬁe O.ifn_ tah®akée nﬁ@did'rﬂb;@r Eﬁ@treofl%tioﬂhﬁr&léﬂﬁggangr&’@ are t he_
respecti venbiisivd Haqhseed i : t par i nes ot t. i ne,
as defined,a %/qjo %%r})het}%gi%z%qtggfgg:atii%rféa% géinrﬁj’t gt ?gl%ea].eefbgggj%d
right of A, An e_xenﬁ Ar S DI OCERUP R o Td &R A M RARfOTvithEn TARGRS LY
intensity 2f%S RLPISHERA For AR§GLEYE"T FNSESACR®046672. 20 25 30 In this
docunent, the half-width is, in a corresponding manner, In addition to
reflecti On§nhthis %@ulﬁen%het Y rh%if(—jéviét{tfaq I,O@n Q?ér%re? 8{1 Jt.rbgie m%(rjl\rlxant ageous
s .l b us or di 8 %e

| timetal . Oxi t 1) to. fron al
e ey i Moottt e IR LR L e

di ffracti oROLMYT &6 @9B)E? gfpapling paraglel gto the) 28mxkis gsodgaym)in [thej s
advant ageotisdd¥e tafe tier hjneH fingercert Pdct ervhegfe HheanBH2catalttte cal |y
active oxi despexttaiviealfsrst irmerkertibm fdintaddi thinalarylTent \ineSwath
reflecti ontnbopineleaksaesided Gbodt, Lo Okl oM nas skt a6k i it cargl £ (20)
40 45. 21504 (Wrtr BRAALEMY Yor e X-ray diffraction pattern of nultinetal
oxide active nmaterials (1) also contains the reflections 29.2 0.4 ()
and 35.4 0.4 (n). 45 0050/52421 17 If the intensity 100 is assigned to
t he refl echhosrempliaryi progetiveret dgeodsteamdaidgnigatH-widehi avenintensifyt he
reflectionsgsialsh shown in figure 6 in DE—A 10046672.

20
In addition to reflections h, i and k, the X-ray diffraction

pattern of the advantageous multimetal oxide materials (I) to be
used according to the invention also contains, as a rule, further
reflections whose peaks are at the following diffraction angles

25 (20):
9.0 + 0.4° (1),

6.7 + 0.4° (o) and
30

7.9 + 0.4° (p).

It is advantageous if the X-ray diffraction pattern of the

35 catalytically active oxide materials of the formula (I)
additionally contains a reflection whose peaks is [sic] at the
following diffraction angle (20):

45.2 + 0.4° (q).
40

Frequently, the X-ray diffraction pattern of multimetal oxide
active materials (I) also contains the reflections 29.2 + 0.4° (m)
and 35.4 + 0.4° (n).

45
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is often from1 to 30 n2/g (BET surface area, nitrogen). 40
, the novel process can be carried out in the sane way as the
s describkd i FF®P-1AtE088B8, WD 00/ 29106 and JP A 10-36311. For
air, air enriched with oxygen or depleted in oxygen or pure
y be used,as g §pYr¢g h.the required nolecular oxygen. 45
1 18 The novel process s advantageous particularly when the
gas starting m xture contains no noble gas, in particular no
S inert dni{ueftongdstoCebierwi se, the reaction gas starting mxture’
urse conprise inert diluent gases, e.g. 5 N2, CO and C02, in
to propane angrnnlecular oxygen. Steam as a conponent of the

gas mxt e i ¥%afPatous

p: from 1 to 30 and
g: from 5 to 60.

If the X-ray diffraction pattern contains any of the
abovementioned additional reflections, the half-width thereof is
as a rule =< 1°.

All data in this document which are based on an X-ray diffraction
pattern relate to an X-ray diffraction pattern produced using
Cu—Ka radiation (Siemens diffractometer Theta-Theta D-5000, tube
voltage: 40 kv, tube current: 40 maA, aperture V20 (variable),
collimator V20 (variable), secondary monochromator (0.1 mm),
detector aperture (0.6 mm), measuring interval (26): 0.02°,
measuring time per step: 2.4 s, detector: scintillation counter).

The specific surface area of multimetal oxide materials (I) to be
used according to the invention is often from 1 to 30 m2/g (BET
surface area, nitrogen).

Otherwise, the novel process can be carried out in the same way

as the procedures described in EP-A 608838, WO 00/29106 and Jp-A
10-36311. For example, air, air enriched with oxygen or depleted
in oxygen or pure oxygen may be used as a source of the required
molecular oxygen.



accordi ng pgsbhgappyention. This neans that the reaction gas starting

m xture with Ich the 10 novel multinetal oxide active material is to be

| oaded at reaction tenperatures of, for exanple, from 200 to 550C or from
-230 to 480C or from 300 to 440C nay e, for exanple, the follow ng
conposition: 15 20 from1 to 15, preferably from1l to 7, % by vol une of
propane, fFoen¥¥eloPgesssR \rolrdHanbIgeqys RAELiSHHRRLY Whensthehyepetion of
-steam St eads CHRTAILND NPLxBHEt contgydrs Janpbhg gast umepanticyraef epred. Ot her
possi bl e cbhapnsit iasnsneft tdiQueRdCao®N @rereissf it FeXtbtién qse: 25 from 70

to 95% by Yol MW OhiRECRA Ny bEORbRrdd 30K PYe VldiTe 491 w R eLlkar oxygen
and frogn Q tQ:OZ %&1b(¥ VOliHanQ:[tftne%r(p 1::‘)’(()) aoce R rrsnelec?‘ulprrog)lilc(:t%rgas xpure
whi ch do@s Aot consi S22’ exchoct Vel “of PERING EPSclhat s isst SFHee™ i eRR
novel proc@8s? SORRPRERT ‘?ﬁ_@&d?’f?‘éﬁl‘?rb gli‘ﬁcéhVe‘irteedspP%%*e‘?gWé product gas
m xture coffETEgetBntbe \reRPAARNt S, such as propene, acrolein, 35 CO2,
CO H20, acetic acid, propionic acid, etc., fromwhich the acrylic acid
nust be se f ' ffec ' er. . known fraomthe
het er ogqae"(?)ﬁ{ﬁ%ﬁ:élgt g??‘ggﬁ %%gé g%rg gIo'af('é'i %ggf%%%?ﬁggggen%l owggf;{}ﬁ S acid.
40 This neBReet Mg %1Jcrc91q1 € SETVPresEntatar® e PEKEPAIRS Atom t he
product gale#itdly ESBReERIFCSt Pén R4 IP¥REPER . ofrdsy 28Bsr p1300R oW f1pm

hi gh- boi | i 230 i tverdi8 ORg drofroli 300 rigai4® °S ahasrentavef, ofor exvaumplle , atid xt ur e of
di phenyl etberowind doppyditiwhi:ch may al so 45 contain additives, such as

di met hyl phthalate). The resulting m xture of absorbent and acrylic acid
can theasbe worked up in a manner known per se by rectification,
extraction and/ or PXPI0/1522215 1 prefeyabdy | $xam ilohot D gi W vhdumrireE acrylic
acid. Alternativelpronane, basic separation of the acrylic acid fromthe
product gas m xturfroncaa abswdbayehbechebhilr agdi onal condensation, as

described, for exﬂﬁﬁ{%1tBnSEEIﬁAV%Quﬂg4b§%%£aﬁ.

20
Steam-containing reaction gas starting mixtures are preferred.

Other possible compositions of the reaction gas starting mixture

are:
25
from 70 to 95% by volume of propane,
from 5 to 30% by volume of molecular oxygen and
from 0 to 25% by volume of steam.
30

Of course, a product gas mixture which does not consist
exclusively of acrylic acid is obtained in the novel process.
Rather, in addition to unconverted propane, the product gas
mixture contains secondary components, such as propene, acrolein,
CO;, CO, Hy0, acetic acid, propionic acid, etc., from which the
acrylic acid must be separated off.

35

This can be effected in the manner known from the heterogeneously
catalyzed gas-phase oxidation of propene to acrylic acid.

40
This means that the acrylic acid present can be taken up from the
product gas mixture by absorption with water or by absorption
with a high-boiling inert hydrophobic organic solvent (for
example a mixture of diphenyl ether and diphyl, which may also

45 contain additives, such as dimethyl phthalate). The resulting
mixture of absorbent and acrylic acid can then be worked up in a
manner known per se by rectification, extraction and/or



The resul t pggoagggeys acrylic acid condensate can then be further

purified,

suspensi on crystallization and/or |ayer crystallization). 10 The residual

for exanple, by fractional crystallization (for exanple

-gas m xture renmai ning during the basi%%separation of the acrylic acid

contains in particular unconverted pr

resi dual gEEYHH3tIIPELiPBItR G EnByPULS ALY dRAI 2Gicet PLEeERAtGYedidethe
-super at nospagid sqpagesiipre, ofarrdel Bernbir regdyic Erom tithet beodovel gagasiphase

oxi dati on.

chloveMsr bei bffectaDiby ad¥anicaagaoddniénduding,t he dasirdwval, gas into

contact (fesr &xapks bY MASSi1Bgebh 43y ough) with a hydrophobic organic

sol vent gcapable of preferentially absorbing the propane,

appar at us.
absor bed
process.
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separ at ed

20 By subsequent desorption and/or stripping with air, the

propeafa ltangbequadysr areyl Bgaiaidandndensdie cenychesd beo ftineheovel

| put hf i:=drafpr eexamyriie; aby ofedcd llonpl OpayE: £1QAYRE SO NE FaBxakSle
Eﬁ@;p@fsqofnowygtmﬁa%@sﬁn&lﬁf/)brcqqpefle&tys'tslﬁzétidﬂ e 25 not

fromthe propane and is circulated with 'S surpr|5|ng

according to the invention that, with the use of nultlnetal oxi de
materi al s Ehﬁtﬁ?ﬁkﬂ@élacéﬁwmﬁmtgreor@mﬁﬂnum@edur:ng thedbhsid repralration of
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It is surprising according to the invention that, with the use of
multimetal oxide materials to be used according to the invention
and having the stoichiometry (I) as catalysts for the gas-phase
catalytic oxidation of propane to acrylic acid, the i-phase and
not the k-phase and not a simultaneous presence of i-phase and
k-phase is of decisive importance, in contrast to the opinion
held in the prior art. What is also unexpected is that, when used
as catalysts for the heterogeneously catalyzed gas-phase
oxidation of propane to acrylic acid, multimetal oxide materials
(I) present in the i-phase have higher activity than if they are
present in the k-phase. The higher selectivity with respect to
the acrylic acid formation is also surprising.

Furthermore surprising is that the multimetal oxide materials (I)
to be used according to the invention have satisfactory stability
when they are used as catalysts for the heterogeneously catalyzed
gas-phase oxidations of propane to acrylic acid.

Of course, the multimetal oxide materials (I) to be used
according to the invention can also be used in the novel process
in a form diluted with finely divided, for example colloidal,

ane. This can be separated fromthe

in an extraction

aq¥l dation of

(1)

anérbéhJEQSQBgélég d “‘th



5 material )gogo/@2433sSi bl e dilution mass ratios are, for exanple, 6
(diluent) : 1 (active material) and 3 (diluent) : 1 (active nmaterial). The
di l uents can be incorporated before and/or after the calcination. If the
-incorporation is effected before the 2ﬁal cination, the diluent nust be
chosen so that it _is 10 substantially®Fetained as such during the

cal ci nati oMateRidls s sugdnapafiliaa usltppiue diopide, | plurtidacagbragnioni des
~cal ci nat ed oxtidecor reigypdndi ngidge hi gh tenperatures. 15 The nultinetal oxide
materials to be used according to the invention are also suitable as

catal ysts for the gas-phase_ _catal ytic oxidative preparation of methacrylic
acid fromg ing &f O&E'?SFs,ratél.og.m _-hﬁt‘é‘hetoors’ i(gbg‘ﬂﬁ‘gtr?e.‘ 20(aFelYful ti net al
oxi de mateM@&PE1¢t): tloehePOgEHPec AL HF HOP R SShEatioy eane, ofionrexaniprde, 6
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st eam may a@bsoesparadingdy hilgledemperaeupes.at ures s 30 reaction tenperature.
35 45 Exanples A) Preparation of catalysts a) Conparison 706.2 g of

amoni um hept ano] ybdat e hydrate having an Mb03 content of 81.53% by wei ght
(i deal qaypoSi PrENtretaA¥s/D AMSEERROS tF MEMUSEArG9OrAre B9 Sl ved, with

stirring, iPHeBt{WD axe alsquiwitalechs earadys8eCfomtitee gratphadeni ng t he
80C, first catalytir okidahbve wneperatamadsft eetWaOby Liantaedti dfom Afs4en by
wei ght, i dezkcepsmasi ki.g0: nMNARR, orf i$¥BUsank. E.  Nurnberg) and then
211.28 g of telluric acid (99% by wei ght of H6TeO6, from Fluka) were
added in succession, with further stirring, to'the resulting clear

col orl es29 d8FuFRBrimeAadosIdR aEterialsg ol Lt itonba weed @iscarael thhaheol ution
A was al | owaderbigp@ire adsqDitabplaqgienuhenigebi pima s aaabtysid utxkidation .
consi sti ng od@f ac22leid8 agd0bf Nhrpens) 0 dddiyd icf BeIA Hidd o8t AstkacrEashar
Ger many, NangostgYd o5 gpeét%’sbﬂrs\{\eé 9(5“ )i 3Bd+€nd 00 @soﬂttx\@é,erto
methacrylic acid. Of course, they are also suitable for gas-phase
25 catalytic ammoxidation of propene and/or propane to
acrylonitrile. Catalysts consumed in the novel process can be
regenerated repeatedly by loading with oxygen-containing gases,
for example air or air depleted in oxygen or enriched with
oxygen, to which steam may also have been added, at temperatures =
30 reaction temperature.

Examples

A) Preparation of catalysts
35

a) Comparison

1. 706.2 g of ammonium heptamolybdate hydrate having an MoO;

40 content of 81.53% by weight (ideal composition:
(NH4) gMO70324+4H;0, from Starck) were dissolved, with stirring,
in 6 000 ml of water which was at 80°C. While maintaining the
80°C, first 141.0 g of ammonium metavanadate (V05 content of
77.4% by weight, ideal composition: NH4VO3, from G. f. E.

45 Nirnberg) and then 211.28 g of telluric acid (99% by weight
of H¢TeOg, from Fluka) were added in succession, with further
stirring, to the resulting clear colorless solution. A
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quggq,nvvl th further stirring and while nuintaining the 30C,
solution A cooled to 30C 10 15 20 25 30 35 40 45 The
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cool to 25°C while maintaining the nitrogen stream.

The calcined black material M had the chemical composition
Moj.0Vp.33Tep.14Nbg,110x. The associated X-ray diffraction
pattern is shown in figure 2. It shows a mixture of i-phase
and k-phase. The ratio R is 0.35.

The calcined material was milled in a Retsch mill
(centrifugal mill, type ZM 100, from Retsch, Germany)
(particle size =< 0.12 mm).

75 g of the resulting powder were applied to 162 g of
spherical supports having a diameter of 2.2 - 3.2 mm

(R = 45 um, support material = steatite from Ceramtec,
Germany, total pore volume of the support = 1% by volume,
based on the total support volume). For this purpose, the
support was initially taken in a coating drum having an
internal volume of 2 1 (angle of inclination of the central
axis of the drum relative to the horizontal = 30°). The drum
was rotated at 25 revolutions per minute. About 30 ml of a
mixture of glycerol and water (glycerol : water weight ratio
= 1 : 3) was sprayed onto the support via an atomizer nozzle
operated with 300 1(S.T.P.)/h of compressed air over

60 minutes. The nozzle was installed in such a way that the
spray cone wet the supports transported in the drum by metal
driver plates to the uppermost point of the inclined drum, in
the upper half of the rolling zone. The finely divided active



spray cone ogdoAdmamupports transported in the drumby nmetal driver plates
to the uppernost point of the inclined drum in the upper half of the
rolling zone. The finely divided active 0050/52421 22 material powder was
-introduced into the dr um via a powder 8screw thﬁ poi nt of addi El on of ;he
owder being within,t roll'ing zone®0r bel ow the spray cone. By periodic
Iroepet ition gof MREET 1A %‘Fdieﬁom%r THeOSUERE , 1R 1R tdgpPsrn Hreow d#eddewth the 5
“base coat itselSFrBEcamie tRednsupporddijtionhes stitss epwdar petrigoithOn AfKeer _
coating was complléirg 2dre ooabetbw uprosbrapscalid.edyf periddidedpst atick20C in
a through-ci r culfaik il Wnadpewesr (feteingi ndgy ,sugﬁl’:f‘@%’rox}f&%@rﬂﬂh lume
53 1). Gs/cerolba\g@scaaeerqvc%glfbye@aﬁgagggg% I QRN OHE LAl LEget JE £l

150C under air. A conparative coate was o &d:
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content of 77.a%tby cawiigigt was deaplearposhé i antelHIVESort /@ Gridd for
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from Starck, &858“%‘&1’]50§P9F%ﬁ’1 :CYIUNFE 0'2434Iq Oping@y e added in
succession to this solution while stirring and while maintai n: ng Lhe ?OC.
The resul tighg @eRParfbsol ution A was cooled to 30C. Separately therefrom
in a secongqstal nPaess steel container, 69.6 g of niobic acid (Nb content
48. 6% bytswei ght, from Starck), together with 343.5 g of oxalic acid

di hydrate, weré28d0 ssalfvadmahi Gl Getavihdate qiv,0at@htefibeos sl 89

solution B wawetg®t £ddea1306mpdsia ival UkifRS, AcAdid B er £, Gaipae 30C,
t]t]](:) S?l gt i on ByBgi r]:?g)s(?}o‘l‘réﬁda{ né(pct Qﬁgﬁ%ﬁﬁ%@ w ré%uspe%sﬁl Onr*lesged Thi s
eftected over g,.pe{! Y 1n I, i utipn was'
SUSpenSIOn vas tﬁfgd to ¥ drlégf;§§ Er, T%).S g ggﬁfgﬁlurlc gbld (99% by

t enper atd® e of °°
weight of H6Te06, from Fluka) and 585.0 g of ammonium

heptamolybdate (81.53% by weight of MoO;, from Starck, ideal
composition: (NHg)eM070,4°4H;0) were added in succession to
this solution while stirring and while maintaining the 60°C.

25 The resulting deep red solution A was cooled to 30°C.
Separately therefrom, in a second stainless steel container,
69.6 g of niobic acid (Nb content 48.6% by weight, from
Starck), together with 343.5 g of oxalic acid dihydrate, were
dissolved at 60°C in 750 ml of water. The resulting solution

30 B was cooled to 30°C. The solutions A and B were combined at
30°C, the solution B being stirred into the solution A. The
addition was effected over a period of 3 minutes. An
orange-red suspension formed. This suspension was then
spray-dried (spray tower from Nipolosa; the temperature of

35 the receiver was kept at 30°C, Tir = 330°C, Tout = 110°C;
duration of drying: 2 h). The resulting spray-dried material
was a homogeneous olive-green powder.

100 g of the spray-dried powder were calcined in a rotary

40 sphere oven according to figure 1. For this purpose, heating
was first effected linearly in the course of 27.5 minutes,
under an air stream of 50 1(S.T.P.)/h, from 25°C to 275°C and
this temperature was maintained for 1 hour while maintaining
the air stream. Thereafter, the air stream was replaced by a

45 nitrogen stream of 50 1(S.T.P.)/h and heating was effected in
the course of 32.5 minutes linearly from 275°C to 600°C. This
temperature and the nitrogen stream were maintained for 2



the recei vepsyes2geqt at 30C, Tin = 330C, Tout = 110C; duration of drying:
2 h). The resulting spray-dried materl al was a honpbgeneous olive-green
powder. 100 g of the spray-dried powder were calcined in a rotary sphere
.oven according to figure 1. For this gyr pose, heating was first effected
linearly in the course of 27.5 m nut under an air stream of 50
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(particle sizessbftdftimily bPure H-mblaspowdieronipavriangve Im:acﬂeelrmeaalmmbsi tion
Moi . 0Vo. 33Teo. 4ubbprepdred aesim tdusihg assparatad powasr. diffraction
pattern jgs shown in figure 3 (R=0). It shows substantially pure k-phase.
A conparative coated cat al ¥st Sb was prepared as in a) using 75 g of the
powder. 10S¢) AEEBFHYy HohAeiiHRASALRoN 15 20 25 30 First, 230 g of the

bl ack calcined material Mfroma) were prepared. These were added at 70C

to 2 300 g of ?}%95 2%10r gﬁgkhtlgé' fb‘ﬁﬂ ghhaﬁgf%%ﬁlﬁ%ﬁéf 1 Frm Swf%?%a”d the
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tal
Cool i ng g0 25CPHEB2% 'n FPEcYRE a‘ﬁ‘?& sﬁhi‘) pFBS%p]?Oq ¥ Phe b]r%%tk
suspensi on was S§EpRIEh &Y Wedaht Ravegygebisr ¥hasddp(HNQy)t padi B¢ washed
nitrate-free wstbpewsiam obhdinédrvadr seédroedrivirgft howrs whileughixtaicuingt i on
drying oven athd29@c.OcobhengHd @susedhs Ihkndegfdctetl. The byomii ght)
remai ned after &egeﬁieﬁl%et bU8SE 'JuRBEn8DOY §rasClePhfaled @RBhYEAS Of the
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at 120°C. Of the 230 g used 181.4 g (= 78.7% by weight)
remained after the treatment described above. Chemical
analysis of the solid obtained gave the composition
Mo;1Vgy.26Tep.09Nbp.140x. The associated X-ray diffraction pattern
is shown in figure 4. It shows exclusively i-phase. The ratio
R is 0.74.

25

The dried material was then milled as in a) in a Retsch mill
30 (particle size s 0.12 mm) and was processed as in a) to give
a coated catalyst Sc to be used according to the invention.

d) According to the invention

35 A coated catalyst Sd was prepared as described under c).
Instead of 10% strength by weight aqueous nitric acid,
however, a 20% strength by weight aqueous nitric acid was
used. The associated X-ray diffraction pattern is shown in

20 figure 5. It shows exclusively i-phase. The ratio R is 0.74.

e) According to the invention

A coated catalyst Se was prepared as described under c).
45 Instead of 10% strength by weight aqueous nitric acid,
however, a 30% strength by weight aqueous nitric acid was



The dried ys@y/sdlahas then milled as in a) in a Retsch mll (particle
size s 0.12 mm) and was processed as in a) to give a coated catalyst Sc to
be used according to the invention. d) According to the invention 35 40 A
.coated catal yst Sd was prepared as described under c). Instead of 10%
strength by wei ght aqueous nitric aci 8% however, a 20% strength by wei ght
aqueous nitricuaéfd asgeegatah X -geyodibfeartionapatidif det Ebowmpatrt ern i s
shown in figufagsre|§. dhosboex cdxslivsebyly - phasee . Thiee rmaitio R is @.784. €)
According to the invention 45 A coated catal yst Se was prepared as
descri bed ténderr g})’. Iq?t ad of 10% strength by wei ght aqueous nitric acid,
however, g 3096 St F NGt 53%5? YS¥§ueous nitric acid was 0050/ 52421 24
used. The associated X-ray diffraction pattern is shown in figure 6. It
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reaction tubewaesidg nal kyef tédeion Hhstien.8amg aigaldd.eTheadsaafilar the
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absol ut asand wPERSHE PYEFERR LRYITE (BREEY RynmeRRs 2f Alpstrierd) hepting
seconds usi ngMats edhe PasCcEERREIPAYISt Was ahpsenxatir ¥)0°faving tdaetdohar
conposi tion prwepaeariiedwaterat al ptBsddre ™fe 2r Batl dlssdliuskednd iwidhha t abl e
were obtai ned depdeticeg tofet (Kads@abadtkalaltailyst USEs) o BBl seddngs Propane
conversion 1 n és§ﬁ§“ﬂ %e@@s§réigé¥85hga§h§£Jf%¥ﬁB'Hﬁxt&fg%eha§&L5n¥hé%hoiar
SeleCtlgbty “‘EQm£5§¥%?%E E?opane:air:water = 1:15:14. The results listed

in the table were obtained depending on the coated catalyst

used. C [mol %) = propane conversion in a single pass through

the reaction tube. S [mol %] = selectivity with respect to

the acrylic acid formation in a single pass through the

reaction tube.

25
Table
Coated catalyst C [mol %} S [mol %]
30 Sa 12 40
Sb 5 12
Sc 18 69
sd 28 72
Se 24 67
35
40

45



the acryli oo Fagymation in a single pass through the reaction tube.
Tabl e 30 35 40 Coated catalystC [mol %S [mol %' Sal240 Sb512 Sc1869
Sd2872 Se2467 45 0050/52421 25 We claim 1. A process for the preparation
-of acrylic acid by 5 heterogeneously catal yzed gas- phase oxi dati on of
propane with nolecul ar oxygen at el edfited tenperatures over at |east one
mul ti et al
“Wwhere ML M Fda¥B:iand/or Sb, is at | east one of the elements fromthe _
consisting of Nb, Ta, W Ti, A, Zr, C, M, Ga, Fe, RU Co, Rh, N,

gr oup

Pd,

Pt,

oxi de material having stoichionetry I, MJVbMviMi2On 10 15 20

La,1.Bi A Bro€®ss Jor £ZRe SiepiithbA, of id&cdynam Qefd ¥y 1, cisfrom> 0

to 1, disfrom ReQefk8gdnattd19 8at & QWBLEL IS HRHEL LD Cf ob e V@l ghey
aﬁd frequency %159@;1%15%;@;3; m gas gj;f \%n % ay t

diffraction patt
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di ffraction anﬁ‘l“‘zgﬂ??ﬁl ¥ide mpterigd Javing srpighiemetry YI,and 28.2 + 0.4

(k).
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Mo VpMc1Mg20, (L),

where

M1 is Te and/or Sb,

M2 is at least one of the elements from the group
consisting of Nb, Ta, W, Ti, Al, Zr, Cr, Mn, Ga, Fe,
Ru, Co, Rh, Ni, Pd, Pt, La, Bi, B, Ce, Sn, 2n, Si and
In,

b is from 0.01 to 1,

c is from > 0 to 1,

d is from > 0 to 1 and

n is a number which is determined by the valency and

frequency of the elements other than oxygen in (I),

whose X-ray diffraction pattern has reflections h, i and k
whose peaks are at the diffraction angles (20) 22.2 + 0.40°
(h), 27.3 + 0.4° (i) and 28.2 + 0.4° (k),

- the reflection h being the most intense reflection within
the X-ray diffraction pattern and having a half-width of
not more than 0.5°,

- the intensity P; of the reflection i and the intensity Py
of the reflection k fulfilling the relationship
0.65 =R =0.85, where R is the intensity ratio defined by
the formula

R = P;j/(Pj + Py)
and

- the half-width of the reflection i and that of the
reflection k each being =19,

wherein the at least one multimetal oxide material (I) is one
whose X-ray diffraction pattern has no reflection with the
peak position 260 = 50.0 + 0.3°.



the refl echpep/b2ging the nost intense reflection within -the X-ray
diffraction pattern and having a half-width of not nore than 0.5, -the
intensity Pi of the reflection i and the intensity Pk of the reflection k
fulfilling the relationship 0.65 s R . 85, where Ris the intensity ratio
defi ned by the formula R=Pi/ (Pi %J{’({z nd t he half wi dth of the
refl ection?t alf\cp’i‘}?ﬁﬁsof"st%]ea“‘?e@f Facfl kl'eé' REBER 1Y &%, Twherein the at

| east one multinetal oxide material (1) is one 45 whose X-ray diffraction
pattern ha3.noArefdeesti s wldimeidhénpebdkinpdsiori 2n @ereimOMO is Bb3.

0050/ 52421 26 2. A process as clainmed in claim1, wherein ML is Te. 3. A
process gs,cl aA%ae@schel Adidla 3n WOELA N MR b5 Mirddndp £ HQGEHE) A8
claimed In cIaJC ]E1 erelngls rom0.1 to O. process as
clainmed in any ?¢° alms 1to 4, whereincis fromO 01 to 1 10 6. A
process as clainmed in any of clalms 1to5 whereindis fromO0.01 to 1.
7. A proceBs ad piogiessdasnchammedf ipl anysefl Ctl@im,s Wher di,nwhé¢feih 87is R s
0.75 . 8. A proces9.83 ebained in any of clains 1 to 6, wherein Ris from
0.70 toj1@.75. 20 9. A process as clainmed in any of clains 1 to 8, which is

d 1 d t |
of the for bl o "’P’“lzo #§o fﬂé’ o SR SE P TR P
T-

| east one of tf\’édr% omt he group consi sting of Nb, Ta, W T| , A,
Zr, C, M, G, Fe, Ru, Co, Rh, Ni, Pd, Pt, La, Bi, B, Ce, Sn, Zn, Si and
I n, 7. A process as claimed in any of claims 1 to 6, wherein

15 0.67 sR s0.75.

8. A process as claimed in any of claims 1 to 6, wherein R is
from 0.70 to 0.75.

20 9. A process as claimed in any of claims 1 to 8, which is
carried out in a fluidized bed.

10. The use of a multimetal oxide material of the formula I,

25 Mo1VpMo1M420, (I),
where
Ml is Te and/or Sb,
30 M2 is at least one of the elements from the group

consisting of Nb, Ta, W, Ti, Al, 2r, Cr, Mn, Ga, Fe,
Ru, Co, Rh, Ni, Pd, Pt, La, Bi, B, Ce, Sn, Zn, Si and
In,

b is from 0.01 to 1,
35 c is from > 0 to 1,
d is from > 0 to 1 and
n is a number which is determined by the valency and
frequency of the elements other than oxygen in (I),
40 whose X-ray diffraction pattern has reflections h, i and k

whose peaks are at the diffraction angles (20) 22.2 + 0.4°
(h), 27.3 + 0.4° (i) and 28.2 + 0.4° (k),

- the reflection h being the most intense reflection within
45 the X-ray diffraction pattern and having a half-width of
not more than 0.5°,



bis from@o@b/se4bs 35 c is from>0to 1l, dis from>0to 1l and nis a
nunber which is determ ned by the val ency and frequency of the el enents
ot her than oxygen in (1), 40 whose X-ray diffraction pattern has
-reflections h, i and k whose peaks a£g at the diffraction angles (29) 22.2
+ 0.4 (h), 27.3 + 8.4_(% and 28.2 +70.4 gk), - the reflection h being the
nost intense ré&f | ebPPo MAHIER Pyspk fdexrenlpctiion dcandrthsatineenswl havi ng
-a hal f-width of ndtagenral fanhe. B BEEE,52428ulX¥Allinghehe tednasiibysiPip of
the reflection i afdébhe R st 6n8st whdrecanad e tiheeneftyatdtan Kefildd | 1 ng
the relationship 8y6bhé RBrau@a85, where Ris the intensity ratio defined
by the fgrmula 5 R=Pi/(Pi + Pk) - the half-width of the reflection i and
that of the 10 reflection kRechh_/t??i ng 5,1 and the X-ray diffraction
pattern having no reflection w tt’ the g&dk position 20 = 50.0 + 0.30, 15
as a catalyst for the gas-phase catalytic oxidative preparation of acrylic
acid frompropane. 20 25 30 35 40 45

- the half-width of the reflection i and that of the

10 reflection k each being s 1° and

- the X-ray diffraction pattern having no reflection with
the peak position 26 = 50.0 + 0.3°,

15 as a catalyst for the gas-phase catalytic oxidative
preparation of acrylic acid from propane.
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