;e3e ,1],,-. @060T, 1AK Kp yp -3YSREON | Md *166166* MODI FI ED CARRI ER,

" COVPLEX CMIDE CATALYST AND PROCESS FOR*PREPARATI ON OF ACRYLI C ACI D g WaRI26h3
of industrial utilization] 5 This invention relat m\ﬂ‘\mst carrier,

- conpl ex oxide catal yst and production process of \m“‘m“mm Mor e

particularly, the invention relates to a nodified carjj&k suitable as a

carrier of a catalyst for making acrylid acid fromacrolein by vapor phase

catal ytic oxidation reaction, a catalyst formed by supporting a conplex |10
oxXi dle cat al ést on SM@dDmEEf_Dl Q}AERIERGCOI\%\P@E);%O'XME’MP%!LY@I? ag$p of ;
acrylic acid using said cata rior Ar arge nunber of inprove
catal ysts for preparfifg QE}EH% pé%l \A&H%YL hatellRat al ytic

oxi dation reaction of acroleln have been proposed For exanpl e, Japanese

Patent Publication No. 12129169 described a catal yst forned of nol ybdenum

vanadi um arffidldnfihdastriabhtilisaation] No. 11371/ 74, that formed of nol ybdenum
vanadi um copper, tungsten and chrom um Pub]i catl on No. 25914/ 20 75, that

formed df nol ybdenurh Bisdnyenstanrelatag tQézna@ab@éwa(rmappnml%rﬁmde

copper - ana ARttt peCdRetof orskedh of ARy A Ml B aIREIE: 1% hese

convent | OthV@ﬂtﬂw‘nyﬁélﬁté’é o A0 oldHibd cadbics sﬁﬁti@lét 85 % dridngpgtri al
wor ki ng, because of such defects that the yield of the object product,

i.e., acrylcdatalustdor makimsgatrylieacidafbmetcroleandty vapoatphdse eatta-vity i s

hi gh, | eadi,ng to rt ca st Ther ef re devel apnent of .catal ysts
which excellV i SHidBFPPFACHt mertaTxef fiBeddpue BPBATEREGh CaBRERh, g
ield ovyer Pr obl em
y ME gé%%&}}s%&f 843l ﬂ%ﬁlﬁ@a dr? e mRpto prod%c%éf‘% §§?Ee

to be solved by the“inventio ccor ng y, one o the o

present i neemrylioracid usongrsavd datalysérrier, in particular, a novel carrier
suitable for use in production of acrylic acid through vapor phase

catal ytic oxidation of 5 acrolein. Another object of the inventionis to

provi de a ﬂ%%t?xi de catalyst, in particular, a conplex oxide catalyst
which is sui or producing acrylic acid through vapor phase catal ytic

oXi daéI ion of acrol ;alm ladige Auinbéinef niﬂlmreVEdgchtabﬁtsﬁespmléganu@acgﬂlm S tg
provide a pro s for preparjng acrylic acid at high.yie over onge
peri odsl? byAcd thronsh R Bhise ﬁaﬁmt&@@éﬁé@rbm%@m@&a%@ JBPM YPhase

w th nol ec I [ Means to
sol ve the E)Hre% éﬁ%dﬁaggr %ﬂe 3{1%%8 ISQ&LI@:I Pﬂﬂﬁggl?rﬁle by having a
comonl y uskX 29169 tdesaribeer a cataﬂys&rfoﬁmledeoitmilyxb@engna,tvém&iummmd enment
selected fromal kaljne earth netals, at |east_ an elenent selected from

silicon, almgﬁﬁw Pubbigatiom Bied 1t1|3t7éﬁ7‘ébrﬁh3§nf§>1‘mﬁfbpf maekvbdenaimy east an
el ement Selv&‘i{aetﬂ Oégpcge%uQuh@sﬁéx?gﬁﬂ @hxg(ﬂﬂ% I@l}(ﬂ) H&ﬁ%hq@ﬁnﬁ%?a/ t he

periodic ta BororPHFor ganese on at

| east agars, ghaittformed eCaolybdehubi QﬁdWahédhﬁheahkPLai&-b‘p@hed to as a
nodi fi ed carrlerg is useful as a carrier of the oxidation catal yst; and

that the udKokai) PatenkAmmnlicatiorsKokadiNe. §#02H77s that formedmf havi ng t he
Vanadi am(waneiieSlze vRoSRiRat odbera B Ao 15 Gal BT Sftmony

catal yst) aggd bermaim@hys! in the oxidation reaction of acr oI ei n enabl es
production of acrylic acid in high yield stably over prolonged periods. 30
Thus, according to tHewemeenthese canvenfiidnabcatalysts are not dullyeshtisvhi ch i s

ohar act g1 38 £513hatBebT oriaht. Boch fsS 28h' detects TP HESRG
of the object product, i.e., acrylic acid, is insufficient and deteriora-
tion rate in activity is high, leading to short catalyst life. Therefore,
development
of catalysts which excel in stability and enable acrylic acid production

30 at high yield over prolonged periods has been in demand.
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carry, on at least a part of its surface, an oxide expressed by the fornula
"(1): 5 XaYbZ cOd ( 1) (where X is at least an elenent selected fr@mMAR 2003
al kaline earth nmetals, Y is at least an element selected fromsilicon,
aluminum titaniumand zirconium Z is at |least an 10 el enent selected from
Goup A elements and Goup IIlb elenents of the periodic table, boron,
iron, bismuth, cobalt, nickel and manga@ese, and O is oxygen; a, b, ¢ and d
denote the atomic ratios of X, Y, Z and O respectively; and where a = 1, 0
< b ~ 100 (PrebRmkbbeboled byhs ih¥Entiol] ~ ¢ 15 10, and d is a numerical
val ue determ ned by the exten?s of oxidation of the other elenents).
According to the invkadrdmght smeaof tinpbbjectsiof¢he gimiseat invensimrers zed by

Compl &x o BEPRRTIAN 3 SO QagBA Ut o YRR TIoig: GeR Bl ot BRfana (2)!
com ek _ _ B0 Pl (2):
tungst en. & acchfon ofcfbic Acid PRI G Rappy PHACCERATY U (adsBdRbe T '

ni obi um mndhdroteinB i s at | east an el enent sel ected from phosphorus,
tellurium lead, arsenic and, zinc, and Ois, oxygen; e,.f, g, h, i, |j and k
denote atomic rati OSKBP‘?}P@? omecﬁ@f@e@nyen,ﬂ@ Hntp proyidepa comelex. and

wh i 2 ~ 5; ~ 0 < ~ . Q. ~.h ~6), O
where & 13 ddeafalystoin Baptifulad b combidx oadad BREORER MM famitl o 0L of
oxi dation ofblehfer girodicthe@enyHe acid throMiR vapd? phasy cardyeie @didd- nodi fi ed

carrier is provided. According to the invention, furthernore, a process for
pr epar at i orf1en 0§@cypleanaci d by oxidizing acrolein at vapor phase with

nol ecul oxygen or | -.cont ai, ni S in the pres. s ence of
a catalyst is provi d%&ﬂ?hﬁ%%ﬁ?&gﬁ%@g.Qf%r}’éﬁéaggg@%?e’& Eﬂ/p?%‘él s%_ of said
conpl ex oxigheceds v preparintLacdinl &4 af BB JidTBNderoprdloage@vssiil on] As
the inert carrier, any of those generally used for 10 preparation of
various catadsydysoxidazing acealeny In the girgsence of cakalyatiadrvagomphekei n, can
be used, the. i gal _ones being silica, alum na, siljcaalumna, silicon car
i do. st 11 COHIRAPeRB GORRTAT & B e Ry SRR A IO BB he |1 ke, | oF
those alumna and silica-alumna are the preferred. 15 The nodified carrier
of the invention is forned by having such an inert carrier carry on at

| east alparfMedns teselveithegrablem] de represented by the general fornula

1). That is, th jfied i f.t i t is f d of i t
((:aZri eraanitlsan ogi m@fhgﬁ% é‘%ié’r%:i’ﬁaf%’ra&. eﬂ IH% )QCQEBE%EGQ : Vgﬁgg :a'?e.r
| east a pard, Iq(%rpﬁut?%‘i(% %@r&h%%ggfeﬁ% e bxtde Ehﬁfaixffﬂ? dt9eRsplarf he oxide

of the genera Is cafried on the tnert carrier 1s subject
to no critieamdntnedlaticahfromtalkhline ewvtheinleyaly, eftdeastianhaenaenef f ective
anount of the oxid covehr,s the inert carrier with an approximtely uniform
t hi ckness. SPHectgoliam stlican aluminwn, gHcoganer andridtarivan andyhi ch 25 s

to be catried: [ ' i tr Al L hiqt

suffici 2 Ogg%‘?'?%% B past ?ﬁﬁ%@lr%fés%ﬂe%@g‘% F‘t}ﬁhu(?ﬁ?hsﬂ 45 ig%?%%ﬁggr]éﬁltdo have
the inert d@rouprdlbnelemthes eftheperiddie tabld Hsorgenerah, bemutly (1) at a
carriage ratio_of 1-50% preferably 3-30% said ratio being cal cul ated by

the fol | owiteyadickehand managmrseows as least  agatofutvsprgace (whiokei ght ~ of

inert carrier 4 L ght nodidf i e ar _rier)j.~x 1100, .5 \Were .t carriage
racio o aBloduckit xR aRIEbEY Fhnel isHlinbdsionioh &F UsBhbRegE ' 2
suf fici entlearoRiredMgrh oXRItEAS catdlsRt] An@thaedhedMe of Hor BkalmpRe, R Operti es
of the inert carrier itself such aS coarseness and i)or05| ty are inpaired by

t he supPor trpdaitdehichoiy eltaineddiie bavmpshaanad eadiitredrcy@ i er and
the catalytic c onent 1o supported,thereon, giving.rise,t.o,such a problem
as peel - of COBRPaRoREEHdnta TR Big Bdnbde e cinbiv EpaH M R Ch R BICH he

oxi de of t g [a6RgH rlfhe(ﬂerfgﬂ?oﬁé)a @&ntp'I@x'oBl?(]!é cse%l&garaﬂﬁé%%amﬂme

nodi fied carrier of the invention can be confirnmed by neans of & linear or
pl anar analthei exidhtiofh ceaction ef ticoalein tem FRMA prEHactioonofPaatydidvacidoin

Anal . . i d whi ch d by th I
nal Y2r) - B B S e sT e Sibggecd bV the gener
30 Thus, according to the invention, a modified carrier is

provided, which is characterized in that an inert carrier is caused to



formula (1), those whose X-conponent is magnesium calcium stron tium or
“barium Y-conponent is silicon or alumnum Z-component is sodium -3 MAR 2003
potassium iron, cobalt, nickel or boron; and where a =1, 20 0 < b ~ 100

- (preferably 0.01 ~ b ~ 100) and O ~ ¢ ~ 10, are preferred. The nodified
carrier of the invention can be prepared follow ng the generally practiced
met hods for having an inert catalyst caBry the substance to be supported.
For exanpl e, com pounds containing at |east an elenment selected from

al kal i ne eayairity 26nnattlebst agparttestits anred )Rt osklecexprbdsedbgithecon,

alum num zirco niumand titanium and optionally at |east an el enent

sel ect ed frf@ﬁm]@L@)l A elements and Goup Illb elenments of the periodic
tabl e, boron, iron, bisnmuth, cobalt, nickel and nanganese are carried and
deposited on an inert rrier, in such a formof an aqueous 30 sol ution,
suspensimn or powder b?@i{pﬁc@@ans as i npr ééglnati on, spraying or evaporation
to dryness, and if necessary dried, and heat - 3 MAR 2003 6 treated at a
tenperature range of 500C - 2,000C, preferably 700C 1,800C, inter alia,
800C - 1,700C, for dwhewk X-itGithieass anCblemoent yeleicted $rqar aikedind e t o use,

oot " ¥ LR TS AR R R o
is a catalyst formed ,yagghiﬁﬂd?cﬂ gﬁaﬁ%xgl Eﬁﬂ'iﬁgﬂgﬁ%{ g% aacl%‘&gga‘?f(

catal yst conprising no enum ahd vanadi um pr a conplex oxide
whi ch i 80 expressed lpleitentesglectrd fioneGranelAl eleatentsoand)Grsue ATE conpl ex

or epari ng thi s ki nd Qe ReoHs) ohthapeHodks gles SoTaR Lo, myseHER, cAbaKbd! f | ed
preparing is kin X" ( C ’ ) _ ifie
carrier is used. Fornﬁﬁamh ’nfatf‘@gb%ﬁa%dg%ﬁﬁ%dﬁ%% N gﬁh@ﬁfel n which

the starting conpounds™ are deposi cdrrier and thereafter

converted to the conpdtextioxatemiy ratibsiofd i ¥n7Z aibd Oorgpebtivedypded oxi des
whi ch are expressed bi;pt he general formula hose ose A-conponent is

2), .t
antimony or tin, B cBhpsaant h,é)ﬁﬂx%ﬂﬁ?@r@g?%&@lhlm(]-@ﬂréhé HPcOa6Ewhere a
= 12, 25 -~15, O-g-~l 0<hsz6 {(preferabl yoO O ~h~ - ~and 0 ~ | ~ 5 are
preferr%%i. 20 Shapeg%fa’wug ﬁ&i%’%ﬁrlﬂsé?y% eéﬁ#?ﬁ@%‘?@ﬁ%}@ 8§F‘%fétscat al yst
of the invention areMmatidation 68the 6flePBldBats) or ms such as ring, sphere,
colum and the |ike can be sel ected. The average di aneter as the catal yst

is 1-15 nmAg¢raatiéngtipythe-inyemtiorsudlsatsl eompdemoxide catalystrshaxaotarde

cont ai ni ng 'rm(liéhbyd 25 num and1 vanadj um t.o.be Slljrg(ﬁoi)t ed on th(f nmodi f i ed
carrier is 9 0/52‘?511%5 arcamplexsoxigly confainng mglypdenum and ¥anas i o (o
as cal cu | afigeh bih bABLiEAIA0Y Ssmplee bk “?rHEH%te‘%tg)rEaééé&bS/ﬁherfdliwlght of
the conplex oxide) / 30 (weight O0f the nodified carrier) +"(welight of the
conpl ex2®xiing)generfddormula (MR 2003 7 In preparing conpl ex oxide catal yst
of the invention, those well known additives having the effect of inproving
the strength and attrition resistance of catalysts, such as inorganic

fibers, e. g., glass fM@éVPWgV@ﬁk%fB‘]‘@kSkers may(éae added. Al so for

control ling physi cal

25 (where Mo is molybdenum, V is vanadium, W is tungsten,
Cu is copper, A is at least an element selected from anti-
mony, niobium and tin, B is at least an element selected
from phosphorus, tellurium, lead, arsenic and zinc, and O
is oxygen; €, f, g, h, i, j and k denote atomic ratios of Mo, V,

30 W, Cu, A, B and O, respectively; and where e is 12, 2=f=
15,0=g=10,0<h=6 (preferably 0.01=h=6), 0=i=6,
0=j=5, and k is a numerical value determined by the

extents of oxidation of the other elements),



.5 properties of the catalyst with good reproducibility, additives such as
ammoni um nitraté, cellulose, starch, polyvinyl alcohol, stearic acigMang
the Iike may be used. The conpl ex oxide catalyst of the invention is
obt ai ned upon cal cining the catal yst pregcursor as deposited on the nodified
1o carrier at 300C - 600C, preferably at 350C - 500C, for about 1-10 hours.
The acrylic acid production process of the invention can be carried out

fol | owi ng @ayried gesaidmaedifiedcednraer eeproddetior produc ing acrylic acid

t hrough vapor phase pxi dati on gﬁ acr ol E:i n, ex&leéot that 15 the

above-descri bed confb&RTEIIGE0 Ehe anyention, fusthermeresaPEoceseiotppar at us
and operati it e Cak i . i r Litical.
That e, - aD1eRaTREioh G Rory Beg R O i BRIt B A T iTh 868 v

react or or yyBMcRdaPedys€aeral ntcleciRiieezedrantiihingagdd on theples-carri ed
out under the conditions conventionally 20 englpyed or production of

acryl i c faciesicerafr agtalyet is preadgh, Vhe propessbenig ehgractegxiathbydhe
reaction. For anpl e, a gasequs mixtyre of 1- vol ume % of acrol ein,
0.5-25 vol W@gﬁﬁqﬁ&%gw 9951%6 ‘iﬁglﬁféf?&%%g%‘? 83&? 8 20-80 vol ume % of an
inert gas like nitrogen, is contacted wwth a conpl ex oxide catal yst of the
i nvention at tenperatures 25 ranging from 200 to 400C, under a pressure of
0.1-1 MPa §Bthbudimemsof theboventyomlf 300-5,000 h 1 (STP) to produce acrylic
aci d. Besides such asg&t;s m xtures of acyraqlein, oxygen and jnert gas,

acr ol ei n- cont ai ni ng%gfa Ienticagues ap; ohthese spRerasy usedoegh direct

oxi dat i.@n : t i Is
neceasdly QreBRfEHARRT HHoG: BaAleale 10 PRt Phlariid I 88fj0titn.

product s asfaefroleit, &on be wasl, itheayipdcalcandobeinxg diic) hlumina,Miica2003 s
propane or unreacted, propylene in the acrol ein-contajning gaseous m xtures
obt ai ned upbimdnpestlicon ernhide, siconapiirkiee titaninm digxideyir¢ordmmal to t he

conpl ex oxjge;.c | ¥Sty:1Used ¢ I S141 i 18,40 > L i nvention]
Accor di ng Pgl({%gi‘.ﬁn‘“\}%@n}r‘#én%ﬂﬂbi@agﬂl{vi?‘%taé%sﬂfté‘h%‘@?? %?Q‘;r%gn{c}ge cat al ysts
are obtai nFiBéﬁrY\é&.h good reproduci bility. Moreover, because the conpl ex
oxi de catalysts of the invention naintain the high activity |levels over

prol ongéd peri ods, _ E&wmogliﬁeqi@a@mr&ffét%ié}\gﬁntém@rl@cfg%@@ }PY_lhag}ﬁnﬁ el ds
over prol o &%ﬁ%%ﬁcaﬁﬁf&rﬂﬂ diPat 1€ &Y 2023t o fitd Qﬁrfar?:égl :ogégflfay 15

[ Exanpl es] egrinvéntion i s expfFained nore sp
referring teprevekited byxepbeneral forenula (NJeThhogs tHwminddigiedxearrAbes i ncur

Conver si ont Hee RV entiendsdereas of &9 kAL GRFEr ATALAA GHAPEREIE cal cul at ed
accordi ng éépnépﬁ foPol Q1Y a9 WAl L8 ridd on at least a part of the surface
20 of the inert carrier. The form of the oxide of the general formula (1)
which is carried on the inert carrier is subject to no critical limita-
tion, but it is normally preferred that an effective amount of the oxide
covers the inert carrier with an approximately uniform thickness.
The amount of the oxide of the general formula (1) which
25 is to be carried on the inert carrier 1s such that can at least exhibit
sufficient carriage effect. More specifically, it is satisfactory to have
the inert carrier carry thereon an oxide of the general formula (1)
at a carriage ratio of 1-50%, preferably 3-30%, said ratio being calcu-
lated by the following equation:



acrolein conversion (% _ [(nol nunber of reacted acrolein) / (nmol nunber
of fed acrolein)] x 100 25 acrylic acid selectivity (% _ [(nmol nuntel MAR 2003
formed acrylic acid) / (mol nunber of reacted acrolein)] x 100 acrylic acid
‘yield (%9 _ 30 [(rmol nunber of fornmed acrylic acid) / (nmol nunber of fed
acrolein)] x 100 - 3 MAR 2003 9 Exanple 1 [Preparation of a nodified
carrier fornmed of an inert carrier carrying an oxide (M)3-Si-Al)] Into 2,000
m of pure water, 89%),gife PREBYSA)U Nitrate 5 and 130 g of al um nium
nitrate were di ssolved under heati'ng and stirring. Into the fornmed
solution, 1563 g of 20 wglghteightof ivertswrmas/ wedeht efichodifed cdol | owed by
addition of 2,000 g of silica-alum na spherical carrier of 5 nmin average
particle dianeter as an needtx ¢89rier. The system was evaporated to dryness
under heating. 1o Subsequently the heating tenperature was raised

stagew sely. Upon calcination at 1,300C for 3 hours at the final stage, a

nodi fi edk ¢ j i.fi jen 0 i Liji on of
The carrl od Gt HBGiELe tLD lobd that AP0 bh 8Bt ol iR SmTAILY
conposi ti oeayrigscambiobé sutficitnthyohtiined-oWhdieasc arhiéadbexeteds was

18.3% [Pr ration of conplex oxide catalyst] 20 Jntg 2,000 m of pure
wat er , 350%33%/9; t%#Bﬁfaﬁﬂwwﬁﬂmﬁﬂwe}n gl itgeidmcinasmsoayanadat e

d 44.6 i . ' ' d
atirring. - S3peRETaY BOLAES MHEIRTLT AUt SBphated BEEle AT
trioxi de wedhexdsie belttred@Otlde dhodified vatelerunsi thheathRei@bonPoéng. Thus
25 obtained two |iquids were m xed and tgget her poured into a porcelain

evapor d0or Suppestedvhereast@ivimgeise 1o suohd pvebleme asmrdlrof ofdhe er (1)
was added, fgéiyogedgl@/ evaﬁgrati on to dryness under stirring to have the
catal yst dEPUEPELEOBPINE frodified carrier (1). The carriersupported

catal yst was cal ci nqthékoAd@5omh OF cBriiRigesof thdbRMil6f thSgesiewhl gxr-0xi de

catal yst [ Catal {st (1)]. The conposition of netallic elements (excepting
oxygen, asMwlaa(l) @i therivert earyiadissaface toihesnodifiedcarmez@f3hr tions)

f thi Cat al . (1 | N OL2V . Cl122Sbhs.5' 5 T t ed
o s bigtieh can BE SOhtine S meaT P Al e PTasar Aorlpsiethy be
nm i n db anetcds-Yaticeh @RI PMA %SIQQEMH Pebbé IMecrobAanngsbi§at al yst (1), and

into which a gaseous m xture of vol ume % of acrol ein, vol ume % of

oxygen, 25 vol une %‘shopgdhe @ﬁﬁdeﬁwbi%wﬁ@mr@swdabmﬂgégenem} i si ng
75 8T AU B s BTSSR (B GRS, o 260
tium or barium; Y-component is silicon or aluminum; Z-component is
sodium, potassium, iron, cobalt, nickel or boron; and where a = 1,
20 0<b=100 (preferably 0.01=b=100) and 0=c=10, are preferred.
The modified carrier of the invention can be prepared
following the generally practiced methods for having an inert
catalyst carry the substance to be supported. For example, com-
pounds containing at least an element selected from alkaline earth
25 metals; at least an element selected from silicon, aluminum, zirco-
nium and titanium; and optionally at least an element selected from
Group IA elements and Group IITb elements of the periodic table,
boron, iron, bismuth, cobalt, nickel and manganese are carried
and deposited on an inert carrier, in such a form of an aqueous
30 solution, suspension or powder by such means as impregnation,

spraying or evaporation to dryness, and if necessary dried, and heat-



_performance at the initial period and after 8,000 hours' reaction was as
shown in Table 1. 15 Conparative Exanple 1 Catalyst (2) was prepared MR e
identical manner with the catal yst preparation in Exanple 1, except tr11at
“the inert carrier was used as it was. The oxidation reaction was carried
out under identi cal conditions with thdse of Exanple 1, except that the
Catal yst (2) 20 was used. The result was as shown in Table 1. Exanple 2

[ Pr SpaE ?;;i Otl‘regtidi altrmltélhpdr@talr‘gei em geoofr5604E - H000E t preferably F80fQing an
oxi de - Ba-Si Into 2,000 of pur, ter, 8.2 f calciymnitrate,
9.1 g 25 ofLBQDidﬁnﬂhﬁﬂI@i& HHHC1- $,@%€>¥€HEHWHMLED§1W% 880l ved under
heating and stirring. To.thi.s solution 563 of .20 .wei ght %sijica sol was
added and UMY JPIRBISSE (945 F0RE GEENE SBHIEFOLPOLRLS, G na
spheri cal i i sl d KC { I . haspadded as
an inert c;ﬁrﬁgﬁmp g‘ﬁ%@%@i@%@?ﬁﬁ%}é %@ngpgggglﬁdgyﬁ%@ﬁ heatt?ng. The
heat - tremting tenperBhecemplexraiidedasabge ofithel ymvetition is basatalyst
calcination at 1,400C at the final m,ge a ., - 3 MAg, 2003 11 nodified
carrier [nmjarmeshbyerreing onsaidamemdiiadearriena canples eatalyst the carried
oxi de was as _follows: Bao ~ 5 i ratio 5.4%

[ Preparati &Q%Prlﬁl%%%é@%%%%dﬁgﬁﬁégggﬁiuW’é)gjr%g?]g%%ﬁgﬁ gg@@%%l?@%

[Catal yst (BhlcWBSeRprdstedthy Bhé Rariieprivenigemerablomhila E2ZpnBhehla except
that the nodified carrier 1) to was replaced with the nodified carrier
(2)d [ i dapnopleseaxidectgtalyst caanbeippepaasdoartheemannenganeralgnt i cal
conditions wth. those in Exanple. 1 . except that Catal yst was repl aced
wth ety yactised B orepaiint (his Kird A brmnler axaS ARt el iRe

[ Preparati QR fthd ARifib8¢a¢ A 18 uded. MBOr @kadipleNef Ea R M | d Byng an
oxi de (My- S;B-a%dt)h]% Int012, 080 r$1 1ofu Surga wlét e?;ﬁﬁ?LEZS gaof rrggéﬁlégﬁjmwr}\’?trate,
112 g of i marehna tmatlkeod $n 6vlyichf theostassingreoinpoatrelsaare depogited antheo
mniumnitrate, e dissolv und heatin d stirring. The,sqlution was
T xed i ¢ hDSGHIGA GarEieT and ettt Chubited e fmbex PRIaE Pob xt ur o
2,000 g of cﬁgéih%icﬁ{.“m na spherical carrier having an average particle

di anet er of nm was added as an inert carrier, followed by evaporation to
drynessisunder heat i nimongetleatomplekoxidehadtichraxat éxprassepdrathee was

rai sed stagew se an on,3 hours' calcination.at 1.200C at the,final

tage. o mgmeraltumie Bh Hhaer rehSee AR TRR Ba e A teE-

conposi ti 0Ro@{pdhen€ & ph8SpRIFEE tdARrium and zine; and where e = 12,
2=f=15,0=g=10, 0<h=6 (preferably 0.01=h=6), 0=i=6 and

0=j=5 are preferred.

20 Shapes of the modified carrier and the complex oxide
catalyst of the invention are not critical. Any optional forms such as
ring, sphere, column and the like can be selected. The average
diameter as the catalyst is 1-15 mm, preferably 3-10 mm.

Suitable amount of the complex oxide containing molybde-

25 num and vanadium to be supported on the modified carrier is 10-
70%, preferably 15-50%, in terms of the supported ratio (%) as calcu-
lated by the following equation:

supported ratio (%) = [(weight of the complex oxide) /
30 (weight of the modified carrier) + (weight of the complex
oxide)] x 100



as follows: 30 Mgl Sil _5Alo.l Ko.oi Feo.os~ - 3 P~A~ 2003 12 The carri age
ratio was 27% {Preparation of conplex oxide catalyst] A conplex ox3iNg 2003
catal yst [Catal yst (4)] was prepared in the identical manner with the

. catalyst preparation in Exanple 1, except 5 that the nodified carrier (3)
was used in place of the nodified carrier (1). [Oxidation reaction] The
reaction was carried out under identical7 conditions with those in Exanple
|, except that Catalyst (1) was replaced with to Catalyst (4). The result

was as shown in Tabl L ELed cangi
formed of an inert clg}él%gﬁggjrg)llﬁ %Sg@%ﬁé%?ﬁs?fﬁ??h%ﬁgm&, &}BE{%
pure wat er ,wid3Io@noddditivey having theeéfetd ofiichg#¥iggcheatwongthmmi trate

wer e di ssol ved, under heati ng and stirrin The solution was m xed with &5
g of 20 weidfititusresiskanes of satAlyAts Yued a5 duPBAIICHIPErS C0B0 TARY a
silica-alu v I of 5
nm was adde B‘grsag%a:in;\er W%Q%H%%HWPP ygég(gg%lfa é%xﬁ)lﬁn&&ﬁ%& él under
heat i ng. 5 Theroferbatoft tleata tady sewnth gbudqemedu@imﬁdysaddﬁt\i\nz@@buchw upon
3 hours' calcinatjon at 1,50 at the finpal stage, a nodified carrijer
[modi fi ed @mm@ml{m)rjutmte wﬂclaxlﬁ% smﬁ@hcaﬂmsnyl akcodroly skeagie ekl oxi de
was as foII 5%)?4 The carriage ratio was 12. G [Preparation
of a conpl ex OXI e ca{%ﬁl ] conpl ex oxide catalyst (Catalyst (5)] was
prepared in the 30 iTRatcoamhlesBaide cdithlydthsr hrt Al wesition 89dbahimd i N
Exanple |, except that the nodified carrier (4) was used in place of the
modi fi ed cawporicalciing the 2as3lyss qrepursoxadatapositedaen ithe] modafiedact i on

that *catdi yetriten RGAROE ST, peRerst iy R0, 5 PO0% FurcdBFRt Jado . houn

in Table 1.hépyrpl e 5 [Preparation of a nodified carrier formed of an inert
carrier carrying an oxide (My-Si)] Into 2,000 m of pure water, 300 g of
magnesi um si | i cate The acrylic acid productlon process of the invention can be

carried out following any of generally practiced methods for produc-
ing acrylic acid through vapor phase oxidation of acrolein, except that

15 the above-described complex oxide catalyst is used. Therefore, the
apparatus and operating conditions in carrying out the production
are not critical. That is, as the reactor, an ordinary fixed bed reactor,
fluidable bed reactor or moving bed reactor can be used, and the
reaction can be carried out under the conditions conventionally

20 employed for production of acrylic acid from acrolein through vapor
phase catalytic oxidation reaction. For example, a gaseous mixture of
1-15 volume % of acrolein, 0.5-25 volume % of oxygen, 1-30 volume %
of steam and 20-80 volume % of an inert gas like nitrogen, is con-
tacted with a complex oxide catalyst of the invention at temperatures

25 ranging from 200 to 400°C, under a pressure of 0.1-1 MPa and at a
space velocity of 300-5,000 h! (STP) to produce acrylic acid.

Besides such gaseous mixtures of acrolein, oxygen and
inert gas, acrolein-containing gaseous mixtures which are obtained
through direct oxidation of propylene may also be used as the start-

30 ing gas, if necessary after adding air or oxygen and steam. Presence

of such side products as acrylic acid, acetic acid, carbon oxide and



10 (manufactured by Nakarai Tesque Co.) was added, and further 2,000 g of
silica-alum na spherical carrier having an average particle dlanetefN@ﬁ @
mm was  added as an inert carrier, followed by evaporation to dryness h&

. heating. Thereafter the heat-treatlng tenperature was rai sed stagew sely,
and upon 2 hours' calcination at 1, 700C 15 at the final stage, a nodified
carrier [nodified carrier (5)] was ob tgnmed. The conposition of the carried
oxi de was as follows: Mji Sil.S 20 The carriage ratio was 9.7/

[ Preparati { )

[ Cat al yst %O%am%s&%%ggég ﬂﬁ?@b?l%?lﬂhéﬁ %%Ig;&o%)&?ﬁﬁr%aécat yst
prepar at i ormmuﬁ:eamiitauled@mpdmhabxldmtwnd)ﬁpmqbydane iienn (k) wags used in
pl ace of t ((f nodi fied carrier 25 (1)., [ Oxidation eactlon] The reacti on was
carried outdefsyeentabin rh,%moemi@wtqmg C\&tﬂ st ThtBl&Gipientionexcept t hat
Catal yst (1) was replaced with Catalyst (6). The result was as shown in
Tabl e 1. TAD ~E i Cat al yst Reacti onAcrol ei nAcrylic

Aci dAcr yi i Iifebe of the mvedmstionSel ecti vi tyAcid Yiel d(C) (%9 (% (%9 Exanpl e
1(1)Initial stage of reaction26099. 296. 095. 2After 8, 000

hrs. 27099. 295. 895. ocheqmwdang\te(th)elmwarmoxstlmgél -a¢tivity and high-perfor-

reacti on26098. 494. 49 Exanpl r 000 Rhrs. 28798, 9 6Exa

23| nit | alMEREE LRI e asesb ou b 3oadrBrrtdutynty, Mool 504
3Exanpl e 3(Khdarisel tHe édﬁ@@eﬂbxi@@étal%ﬁ@@?tﬁ@%9@1&1@6“ fn®finBaird O

hrs. 26999. 295. 794. 9Exanpl e 4(5)Initial stage of

react i on2609igh18¢tieay. lenelscovey; podoniged. paiods 0o y3 B4aGidxearnp be ﬁ@bjy nitial
st age of react on2609 9 4. 1After .8, 00 hrs 7399. 195. 094. n>NO
ow® “lo Todurggat Bigk xialgs oversralapees mirods aseantyBE 1o thini ch
conpl ex ox enum and vanad| um is supported on a nodified
carrier, M%?)é::é%é‘g)g:tgbggglgp i5(-§Ic[?ildcarr| er is characterized by carrying on at

| east a part of an inert carrier surface an oxi de expressed by the fornula
(1): XaYbZc (1) . (wherein X is at |east an element selected from al kal i ne
earth netalldxamplesdt | east an el enent selected froma group consi sting of
silicon, alum num t

selected froma grou%gg‘gfn;élrﬂ%nﬁbg%’?9%?{18{{]1?%%@513%%4s and &E%HWB

el enent g5 ofretfémnngtmkhﬁgaE@;,anbpmn it béﬁfg ubidestdod théathe Euamel and
manganese; and O is oxygen; c and _d denote the atomc ratios of X Y,
Z and O rd¥gedncuemp, r%atamﬁm @ffacfzom the wventiono and 0 ~ ¢ ~ 10, and d

is a nunerical valu X of .the ot her

el enents). 2. A con&%@%@n’@éﬁgg{gl@ acgéiq}gs(i()rqo\ge g’ é‘ﬁ' %‘gn}ﬁ %Cl n whi ch
the conpl e&e@é&ﬁﬁt?@iﬁ@h@tgﬁc qe{d/pﬂﬂamweamaeé&abb@rcﬁnwtm oxi de

whi ch is expressed by the | owi hg general fornula (2): MeV f WCUhA i Bj
Ok (2) (whepHomtinigseqmatibdenum V is vanadium Wis tungsten, Cu is copper,
Ais at (geast an el enent selected froma group consisting of antinony,

ni obi un?nd ti n, Bis at |east an elenent selected froma group consisting
of phosphorus, tell Lgdlgmlnlﬁﬁgvelg;&g?% -and zinc, and Ois oxygen; e, f,

h, i, j and k denote atomc ratios o W Cu, A 3 MAR 2003 16 B
and 0, where a = 12, [fmeolmumbsr (Ifreagted a()rol(Etna:)h ~G 0~i ~6, 0~j ~
5, and k is a nuneri c&n&ial ue, det rmdned f 5 tents of oxidation of the
ot her elenments). 3 miabep of ded acralera)l ’ésl escribed in daim1, in
which the inert carrier is selected from a group consisting of silica,
alumna, silica-alumna, silicon carbide, silicon nitride, titanium dioxide
and zi rg®ni um oxi de. adrylic penteslectivityp(%@pari ng acrylic acid through

oxi dati on of acrol ein at vapor phase with nolecu oxygen or a nol ecul ar
oxygen- cont ai ni ng gag (moliem ﬁﬁé&ﬁ@MﬁCWe{%caﬁ‘;ﬂg&/ which is characterized
in that the conpl ex Oi‘ﬁf?)‘fn‘iﬁh%i(%tfrggc%cﬁhg}&ielg)]% 180! S used as the

cat al yst.

acrylic acid yield (%) =
30 [(mol number of formed acrylic acid) /

(mol number of fed acrolein)] x 100
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molybdate, 96.6 g of ammonium metavanadate and 44.6 g of ammo-
nium paratungstate were dissolved under heating and stirring.
Separately, 87.8 g of cupric nitrate and 4.8 g of antimony trioxide
were added to 200 g of pure water under heating and stirring. Thus

25 obtained two liquids were mixed and together poured into a porcelain
evaporator on hot water bath. Then, 1,200 ml of the modified carrier
(1) was added, followed by evaporation to dryness under stirring to
have the catalyst deposited on the modified carrier (1). The carrier-
supported catalyst was calcined at 400°C for 6 hours to provide a

30 complex oxide catalyst [Catalyst (1)]. The composition of metallic

elements (excepting oxygen, as in all of hereafter indicated composi-
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[Oxidation reaction]

A stainless steel reaction tube of 25 mm in diameter was
charged with 1,000 m! of thus obtained Catalyst (1), and into which a
gaseous mixture of 5 volume % of acrolein, 5.5 volume % of oxygen,

10 25 volume % of steam and 64.5 volume % of inert gas comprising
nitrogen and the like was introduced. The reaction was carried out
at 260°C and at a space velocity (SV) of 1,500 h™ ! (STP). The catalyst
performance at the initial period and after 8,000 hours’ reaction was
as shown in Table 1.

15 Comparative Example 1

Catalyst (2) was prepared in the identical manner with the
catalyst preparation in Example 1, except that the inert carrier was
used as it was. The oxidation reaction was carried out under identi-
cal conditions with those of Example 1, except that the Catalyst (2)

20 was used. The result was as shown in Table 1.

Example 2
[Preparation of a modified carrier formed of an inert carrier carrying

an oxide (Ca-Ba-Si)]
Into 2,000 ml of pure water, 8.2 g of calcium nitrate, 9.1 g

25 of barium nitrate and 1.5 g of sodium nitrate were dissolved under

heating and stirring. To this solution 563 g of 20 weight % silica sol

was added and mixed, and into the liquid mixture 2,000 g of silica-

alumina spherical carrier having an average particle diameter of 5

mm was added as an inert carrier, followed by evaporation to dryness
30 under heating. The heat-treating temperature was raised stage-

wisely. Upon 5 hours’ calcination at 1,400°C at the final stage, a
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The carriage ratio was 5.4%.
[Preparation of a complex oxide catalyst]
A complex oxide catalyst [Catalyst (3)] was prepared in the
identical manner with Example 1, except that the modified carrier (1)
10 was replaced with the modified carrier (2).
[Oxidation reaction]
The reaction was carried out under identical conditions
with those in Example 1, except that Catalyst (1) was replaced with
Catalyst (3). The result was as shown in Table 1.

15 Example 3
[Preparation of a modified carrier formed of an inert carrier carrying
an oxide (Mg-Si-Al)]

Into 2,000 ml of pure water, 1423 g of magnesium nitrate,
112 g of iron nitrate, 5.6 g of potassium nitrate and 208 g of alu-

20 minium nitrate were dissolved under heating and stirring. The
solution was mixed with 2500 g of 20 weight % silica sol, and into the
liquid mixture 2,000 g of silica-alumina spherical carrier having an
average particle diameter of 5 mm was added as an inert carrier,
followed by evaporation to dryness under heating. Thereafter the

25 heat-treating temperature was raised stagewisely, and upon 3 hours’
calcination at 1,200°C at the final stage, a modified carrier [modified
carrier (3)] was obtained. The composition of the carried oxide was

as follows:

30 Mg, 5, 5Aly 1 Ko o1 Feq 05
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[Oxidation reaction]
The reaction was carried out under identical conditions
with those in Example 1, except that Catalyst (1) was replaced with

10 Catalyst (4). The result was as shown in Table 1.

Example 4
[Preparation of a modified carrier formed of an inert carrier carrying

an oxide (Sr-Si-Al)]
Into 2,000 ml of pure water, 183.6 g of strontium nitrate
15 and 650 g of aluminium nitrate were dissolved under heating and
stirring. The solution was mixed with 625 g of 20 weight % silica sol,
and into the liquid mixture 2,000 g of a silica-alumina spherical
carrier having an average particle diameter of 5 mm was added as an
inert carrier, followed by evaporation to dryness under heating. The
20 heat-treating temperature was raised stagewisely, and upon 3 hours’
calcination at 1,500°C at the final stage, a modified carrier [modified
carrier (4)] was obtained. The composition of the carried oxide was

as follows:
25 Sr, Siy 4 Al,.

The carriage ratio was 12.6%.
[Preparation of a complex oxide catalyst]
A complex oxide catalyst [Catalyst (5)] was prepared in the
30 1dentical manner with the catalyst preparation in Example 1, except

that the modified carrier (4) was used in place of the modified carrier
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with those in Example 1, except that Catalyst (1) was replaced with
5 Catalyst (5). The result was as shown in Table 1.
Example 5
[Preparation of a modified carrier formed of an inert carrier carrying
an oxide (Mg-Si)]
Into 2,000 ml of pure water, 300 g of magnesium silicate
10 (manufactured by Nakarai Tesque Co.) was added, and further 2,000
g of silica-alumina spherical carrier having an average particle
diameter of 5 mm was added as an inert carrier, followed by evapora-
tion to dryness under heating. Thereafter the heat-treating tempera-
ture was raised stagewisely, and upon 2 hours’ calcination at 1,700°C
15 at the final stage, a modified carrier [modified carrier (5)] was ob-

tained. The composition of the carried oxide was as follows:
Mg, Si, ;.

20 The carriage ratio was 9.7%.
[Preparation of a complex oxide catalyst]

A complex oxide catalyst [Catalyst (6)] was prepared in the
identical manner with the catalyst preparation of Example 1, except
that the modified carrier (5) was used in place of the modified carrier

25 (D).
[Oxidation reaction]

The reaction was carried out under identical conditions
with those in Example 1, except that Catalyst (1) was replaced with
Catalyst (6). The result was as shown in Table 1.
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RA 1.+10% () - RAcompR¥EoXille Ralyst”Awhich a complex oxide containing
molybdenum and vanadium is supported on a modified carrier, wherein said
modified carrier is characterized by carrying on at least a part of an inert

carrier surface an oxide expressed by the formula (1):
X aYbZ cOd (1)

(wherein X i at least an element selected from alkaline
earth metals; Y is at least an element selected from a
group consisting of silicon, aluminum, titanium and zirco-
nium; Z is at least an element selected from a group con-
sisting of Group IA elements and Group I1IB elements of
the periodic table, boron, iron, bismuth, cobalt, nickel and
manganese; and O is oxygen; a, b, ¢ and d denote the
atomic ratios of X, Y, Z and O, respectively, and where a =
1,0<b=100 and 0=c=10, and d is a numerical value
determined by the extents of oxidation of the other

elements).

2. A complex oxide catalyst as described in Claim 1, in which
the complex oxide containing molybdenum and vanadium is a com-

plex oxide which is expressed by the following general formula (2):

MoeV fWCuphA B; Ok (2)

(where Mo is molybdenum, V is vanadium, W is tungsten,
Cu is copper, A is at least an element selected from a
group consisting of antimony, niobium and tin; B is at
least an element selected from a group consisting of phos-
phorus, tellurium, lead, arsenic and zinc, and O is oxygen;
e, f, g h, i, jand k denote atomic ratios of Mo, V, W, Cu, A,
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silica-alumina, silicon carbide, silicon nitride, titanium dioxide and
zirconium oxide.
4. A process for preparing acrylic acid through oxidation of
acrolein at vapor phase with molecular oxygen or a molecular
oxygen-containing gas in the presence of a catalyst, which is charac-
terized in that the complex oxide catalyst of Claim 1, 2 or 3 is used as the

catalyst.



