; e3e\ d6TFVL31 JUL 2D03 1 CATALYSTS FOR METHACRYLI C ACI D PRODU%ﬁIﬁm ﬂmp
PROCESS FOR PRODUCI NG METHACRYLI C ACI D [Technical field to which the

i nvention hen M ﬁmﬂﬁl s invention relates t.o catal ysts fox nethacrylic
acid produ mquﬂa M\ o0 to a process for producing nmethacrylic acid. Mre
particularly thgoojx)gwenti on relates to inproved catalysts for producing

nmet hacxylic acid at high yield stably over prolonged period, by vapor phase
oxi dation and/or vapoCAEESYSTS FaR N@@M‘?Li@ Wt?MDﬁCﬁONeaSt one
conmpound selected fromthe group consisting of mnethacrolein,

i sobutyl al dehyde and iAé\ﬂBLR]g@ SR FOR ZRODY GING AdESTH A CRYALIGHACT By

met hacrylic acid using the inproved catal yst. [Conventional technol ogy] 15
Various inproved catal ysts have been proposed for high efficiency

product | on_of Tl il Yeld t3GhBich/ 1@ BN elign Delghaky i ¢ oxidation and/ or
vapor phase oxi dative dehydrogenation reaction o t hacrol ei n,

i sobutyl abdehyde or i Ybbsitiyventianitlates tecataiyets foff ekbaciSie £6d
(1980) - 2619A1 has di scl O(ieij a catal yst ich contains 20 as. the essenti al
conponent s MBTOSuCHOR andalaotosa nygeesy far prasluanganetiraerylie awdai Sho GO

Components. Moty PRUCYRTAZERE v i 0 ipfib e d 3ot agno o7 ' &,
Y, La, Ce, PprodécinRum@tHa&mlicadidat h ‘yiélﬂes@{b Poverproith &Ppelzibﬁ', Bi ,

1
Ti, Te and Ag. Inferring 25 fromthe nmethods of their p.repara%l on, those
known cat al yBY yanesqethase exidasinm asdier vaponphaseanidative dehgadroer us are

basi cal | y,consi dgred osphomol yvbdi c ,aci r salts thereof .(e.qg.,
amoni um¥%al géh%ﬁogl%{a% ﬁ%@?@pzs%ﬂqlg?}ﬂgﬂos ??W%tﬂpg? %betﬂgypéioé’%éwgres of
het er opol yacfifaethathslein 2idebagyRide R9dEROREi Bl YR SeidNaNEU@ a are still
open to further improvenents in respect of nmethacCrylic acid yield and
their |ife. Beocess3or pupdpod® methagrghic lacidnsimg thehjgmtovefl datalystesent
invention is to provide catalysts for nethacrylic acid production which
enabl e stabl e opera tion over prolonged period, even under heavy | oad

operation aif0avénitibhatealegyyity. 5 An additional object of the
present invention is to provide a process for producing nethacrylic acid at

hi gh yi el® and st abl yVevieuspmuprowgeticataly s, hase hgehherapoeed foattrglst s.

Me t | .th | t h . di d that iti
[Veans o oyt MERLSIEL {2, Yb hots, 6 Ssogercd (ol o cqmpostton 11
mol ybdenum aiddabiRePARENT. ApdiShase BRldHivé AERRREEnat HCRER I LN 2

conpl ex oxi de whose essent nponents are ceriuntrand zirconl um exhibits
hi gh" acti vi tmethacrdeimtisobutylatdehyde oansolaxiyatit aoid. s Fabiekanyplel IPand t hat

t he use of ch a.co [ tlaon tal,yst in said reactjon acconplishes

t he above oa'{gg?% S?lﬂ?&'gﬂéé@@?giﬂélfﬁa% ﬁéqﬁﬂﬁfé}\?i %?53&%'3 \ghgg)f EPREAING o
produc i WP of i gatp I i ivVerd dro
Genat i oreot Bt TTechr SHAPLOmpRHRNs IY, Voo Radat fedsy Bt I B R 20 of
net hacr ol ei and 3pdPyKakdeBhocb (19850289489 A hdiad distlosed| ecataystoxygen or

a nol ecular o en-cont ai ni as at. vapor phase, a conpl ex oxide

conposi ti on Wﬁﬁhﬁ?’%{)@?@cﬁ%&%gﬁﬁn #h @RPnﬁn@ﬁMp?ei/; giaééeééhﬁaﬂ ®fng as
essential c e Iniyb pRorus, HGhay L Se as a
catal yst f o?qgg%ég%aggé%lf ggggésget?@g? g’??t%f ??C)I)‘(u?’dg%\?g?\’ Igrﬁlﬁcﬂ)lr]gwp%ﬁ’ phase

oxi dati ve dedrydiaddeast 0we of €agtAenSbald, ZB) Ba, Toré axdoAgddndentiagni ng

cerium and zj rco‘r;}ivgm as the essential conponents, is provided. 30 According
to the presdiom e methodsioftheir prapavatipnythiese kaown catalysgts whose

ot da i ve aoniar beDmRiice axBLRBRLAH SR 88 i orue AreFsitd i ne gr oup
consi sting @on¥eddwd & Bé dhosphuh ylydldde BrieoRRd 1issereyf (€ gadHmi-t h

mol ecul ar oxygen or a no] ecul ar oxygen-contai ni ng gas at vapor phase, a
conpl ex oxi diugnsads et atkalhineetal sadtsd ant etriucsdrally 3hiesdnregmaxuresaxi t i on
expressed by the fallown neral fornula (3): PaMobCecZrdAeB f CgDhEi G-OX
(3) 10 (mheﬁkqtﬁrﬁp? a4 m)%ghgﬁ%ﬂg;al O8%€8{p| ybdenum Ce is ceri um Zx is
zifooni gy Als at | emidecith @IGIRNKONIRAL S, KEATLLDR @ AHPEPTR! Sting of
arsenic, antinony, germani um ‘oi siith an ’se?e“nl u I's at T'eaSt an

el enent sel grosdrernts inhespeot pf eoerisdrylig avid §aekkesndstibeyelife. Ben, cobalt,
~5 ni ckel, l'ead, nmanganese, chromum tin, zinc, palladium rhodium and
tellurium Cis at |east an elenent selected fromthe group consisting of

t ungst en, vanadi urr}!‘mmmmmﬁ\wm Dis at least an elenent selected fromthe
group consisting o | s and al kaline earth netals; Eis 20 at

| east an el ement sel ectwdsstrom t he group consisting of titanium silicon
and alumnium Gis at |east an el ement selected fromthe group consisting
of | anthanoi de series el enents except cerium yttriumand indium and O is

- _ e o o, " o T T



copper, indium tin, chrom um and germanium and O is oxygen; m & gl y
denote the atomc ratios of Ce, Zr, F and O, respectively, 1 and I?I 2@
optional nunbers not including o, n being a nunber satisfying the
relationship 25 0 ~n/ (1 +m <0.1, and y being a nunber determ ned by
degree of oxidation of each of the elenents) are conveniently used. Mre
specifically, Wnen 1=1, 0.01 ~m~299, 0 ~n <10, preferably 0.05 ~ m ~

and 21 r coni e PREBREN G5 e 0%, REEP rEeRRpEEHRC Bl BoW ™ *°

linmitation, @é&lﬁb@é’ltﬁﬁ{‘opﬁh@'h%@é‘f(ﬂ’fbl?ﬁcﬂné‘tr&@@d‘fb w&féipdse&('faﬂgref the

conpounds contai ni ng the nanmed el enen whi ch serve as the 1 JUL 2003 s
starting natlengatigeroe. r'-Idtexerfoxe aalorldmr tarqbtamdersata&yﬁtafammgth@ayimmd

O S RO R B e B, Bl Suf e
hydr oxi dag, Oﬁ@aaa' 19s HdiBeaty bieh g;sce FRLOAD: Dby o?m&egmm&fd%

acet ates and Tornates nay B narme or ‘exa a speci exaan‘e of
ceri um cont ajonfind aphigiolymhtm@heumopoﬂy@md Whyclbes nsefid. aﬁhé batdeepl ex
oxi des expressed by the eneral formula (2), those in which cerium oxide
and zir coni @fedtdelatizelt laveiemperatnegs.y forming a solid solution are

conveniently used. In f
co09371 02 12 w eni n DPHAALSHAE] 08RG 504 Arrled B B adialite
preferred. RyhbS€eBBERtial BofporTAS @B p e MPRV:iP: Cg; Qﬁ%ﬂ(ﬁie bh¥, the
ceriumand zirconiumare formng a conpl ex oxi de.” Use of a si le m Xture

of ceriutfl o@becﬁamha‘lzandmbﬂﬁbﬁnd@f(ﬁmnbﬁ, abhCey &y i, NJ; Muf the
present invent e &ampane t not Iim,t d to ¢ X OXI des of
Pertom and. AN4am: AT SHERia Calah it fttgsEleT SonteRtBnal tortid e ey by
the synbol FdAtsa@ Rhith I:efmﬁl%oﬁﬁoﬁéhﬁ Desit9P Iy SAAEATRY LY iRSuifiieh

Typi cal nethods for preparation of the conponent (B) inClude: (1) mx an
aqueous sol s tmlmpmmmMthﬂheecataﬂy&Hﬂu&a]becamsmcemam okidmaggraol ubl e
zirconiumsalt % nd cal cine the same; (2) react ceriumoxide with
zirconi um oﬁadg 2 (4 ? e- phase; and (3) inpregnate ceriumoxide with
aqueous gpl ution of v@heheSiHeh! igard r%‘lbﬂﬁ‘p’i@gbsal%%éjfré’béaﬁ £18b ¢hAQet he

sanme. The calcining tenperature Is nor mal 0C, preferably 300-700C.
Upon such casin¢omplevopides whiode eseenbnaﬂucagnpxmennsn aredceziinooandm i s

oxi des) 15 SRR 0 MOB0OE e Sk aghpISEPRRER dHI, KRB A KNG ght . vihen
({1 Loo | QmpRbeh R0detlee GhSchusfingddianarbap anle éfirennagl be

attained, while It 1s too ) ps as t 2003 9
producti on dmnmn thfattshechi mmpdEdOMdsanhpBeesaentiail edm}nmemzs areose of Q02
and CO i ncrease The . cat al yst of. th ent ention. can. be u

Mael T o neprBnARpaR DB RBIt elactaecaBlts e ImeacEilal u 5
mna, silic I Lum sponge
and t he I|kqe al%?d li'1')1at ZII(l) ggg?%ﬁﬁlcﬂ*orgggﬁcg ?Bg ?’Hé%ﬁﬁégﬁt Ogls ber and
various ki ndapur pinaskexilatwre dbhsdeogramnetioh Io;fm/etlhadmdmm flso&)mhm r effect
of 1 nproving th an attriti esi stance of cataly be added.

Al so for cort aﬁf’yagg?rtlﬁ@ &Y%F%E(?p‘?’gﬁﬁr‘ﬁ 1y gophERa %Wﬂgi/@m bility,
additives g ]y as powder binder such as ammoniumnitrate,

cel | ul ose, g{lﬁ&ﬁ‘ i Aﬁay%g}n alco hol, stearic acid and the |like nay be
used. Shmpe of the catal yst is not criti cal, which may be any optional form

such a9 pellets, spheres colums, rings, tabI ets and the |like. Their
aver age di ar[@hﬂecﬁsso 1t}na3mﬁﬂntm1@ erabl y 3-10 mm Method for preparing the

I bj e I
Tt on, and any GUOFORARe RADAUS ek ecerdsead InpBh g br BN Ceal y
prepar ed povgesRys9h ds@ful ﬁﬁﬁ?@&hé’ﬁoﬁ%ﬁﬁ@ﬂ{ﬁ&yﬁ%ﬁaﬁﬂ)ﬁdﬁ g‘PP&ieQ&aI l'y using

ball mll or the 20 like to effect intimate m xing; or advancedly prepared
conponent (B) is di spefertharmoljeapohtin pt@éentrMBremn@pwampamynh an
optional_ sta It i.s rally preferred for cta.la st ( to used as
ol ded U alcpgalvsgs o fa B syl Aor BEadUetian: ROvRh NSt S FIEEESh xi ng

t he conpone i rgﬁ'ae_r esired shape,
optionally g'ggla(nlga&/a g}é ggat%lﬁe |1&gﬁgls‘5‘geltn§f9} lie,ﬁa%d calcining the
sanme in an air stream at 300-6009C, preferably 350 5009C, for 1-10 hours,
preferably 2-8 hours. Catalyst (lI1) fox producing nethacrylic acid
according to 30 the present invention has the conposition as expressed by
the gen eral formula (3) above, in which ceriumand zirconiumare formng a

31 JU 2003 |10 conplex oxide. That is, catalyst (l1) contains cerium and
2| rcom um i n the form of a corrpl ex oxi de contal n| ng sal d two el ements. A

L, o o . M o r



(mol nunber of fornmed nmethacrylic acid | nol nunber of reacted starting
conpound) x 100 One-pass yield (ml % _ to (nol nunber of forneg1 1
met hacrylic acid | nol nunber of suppled,takting conpound) x 10 éQBnge 1
< Catalyst preparation > 15 Into 7 liters of heated ion-exchange water,
1300 g of ammoni um par anol ybdate and 106.90 g of ammoni um net avanadate were
added and di ssol ved under stirring. Into this solution 104.5 g of

ho- ph hor i i dof: 9 d _ap i for.nmed by di | vi
206. 1 § of "cesi um ni ¢ PuteaiiferE05iefr of HEERCR} kbR 13 D PTVIAL S of |
i on- eXChangecé’t%‘lﬁéts%&*Qné@H&&ﬂiﬁ 388 roRictihPWAfch ¥ BIBS tUPR! Gpedst em was

concentrated by heating under "thorough stirxing. Thus resulting slurry was
dried at 250@oh@ver@riodongedmperipd)evetnt onden \hedeyaloaoholeer atpomwd &mn idy .
Separately, 40 gg!g of ,zir.coni um hydroxynitrate was conpletely dissolved in

1 liter of i¥hhi8EPXRGECEEHater, and into the sol uti on agueous amonia was

gradual | yx added understd g 4 i 9] L econi Then
an aqueou5s sol ution o‘?ﬁfé&@ﬂg‘a‘gg’ b@%&f%ﬁ}%(ﬁa ?%%yer%ﬁﬁ%%tﬁﬂe?ggé %Fgﬁi-deexchange
wat er was adgegocedidfornsoduitenginitthgerglict sdd st highoPield GHRPYFaFIBREra VWas
further gradually added dropw se under stirring, until pHrose to 30 10.

The resul ti rirdebgedinexied izsing thecakove gatalyatsyi th water, dried and
calcined at 400C for 2 hours to provide a powder (powder B). ~ ~ ~u~ 2003
13 Powder B was added to powder A and m xed well. Water was added to the

m xture as NPAAL RO sdlve tREPrbPRmEKt ure was nol ded into pellets of each
5.5 mMmin outer dianeter and 6.5 mmin |length, which were dried and then
cal ci nedl@ n a ni t r ogeWeshavamistoveped that s3cGupositsonnd whioh arcasalyasitr

g ad ARG R RN T B Eheb o ca S TS0 B o
(E0ept i n9 SHYBeIngoRIatius RECLOLLON BORAIEE)s cfibined withs, |

anal ysi s t hatomplexcexidenwinode zissentialicompqmemtsrar® eeamant and zigceniconpl ex
tiaqn. > ~5_A steel, reactor of n dia ter was

i de. Oxi dat.i ] 5 j
?ﬁ:ar Sed<w- #@%&%@3 aglayiyyin the ntegded; xaactign an @%@f@wsst ¥ e

ed _ = #2540 _ |
or 5t eart w2 HHEE tHp Rlae PR 8 Enbomell AR Ay PRI 1 e

presence of acconiplsieerithdiabove mbjects:- cobal t pol yel ementary 20 conpl ex
oxi de catal yst, was ijJtroduced. Thg%gﬁi dation. reaction af acrol ein

. the net
was conducted at 2800 BH& ayQrding g ynYENHSE, agra cap TPY?OlTHEO BSult was

as shown in; 2t 4 11?96%' (IS ko > 25
Cat al yst (2)1};%3%%61}2% redgélsl%Il ﬁ@ anme rg%r%gloenr ag@y@lnbfggaa%fééaii?&g%ept t hat
powder B wagemstienldédt leaskonatompowmad selecteéd fEonanthe gtoup lkensistilag i on
reaction _was ,conduct ed under, i con hose in zimpl e 1,

i dentj cal itions with, Ex
except t#at Afapgthacr @m,ggomeﬁa yde angeéobntseraﬁeﬂcyiwh)molﬁw Bsul t

was as sho ' ( ; ' Exampl e 1,
t he oxi dat r@#@ggﬁﬁ gnrﬁ%%c@%ﬁﬁg:yﬁﬁgg:%#@rhﬁg%éﬁ%ért?% r?ﬁ%%%% after the
8000 hours' copepktxi exideapmpositivmcharactbiieed. b cémprisingat ed in Table 1,

the drop in conversiaon . after 8000 hours' oxidation reaction was m nor and
there was al nost no dédr éh§ X RE14E eortalpipgasssendalicomporentyhe

oxt dar i o r AOIHdRRCa A B (FhiEREKS0-Eh BE S A dHiBlyRoR [0
to Conparmt isaed Bede!Fhdse tdgalpnt dxid PHohaatd/o@ VT FRANdd BxRThthes 8000

hours. The result after the 8000 hours' operation was as shown in Table 1.
Upon conpar idehrydiogenationereaatiarh avdpar ati ve Exam 15 ple 2, it can be

understood that the (‘@gt r ol cahal %S't (2%} pas.aoprobl em oé short cat al yst
life, and when it is (Gded SHEPIRX PRIl CONABINGSRTINE AUd zreopaudas;
conversi on and gd@hPiA'RMPERONE 31 JUL 2003 r-1 Wa H m xooob.. .,
U~CcONC~' ~ Of I CDCottJ'b. ,.a U ~ <+ a00r- 00~000a0D00~U~~~G VG ~7NG ~1~

Ei .r.~.r~zo,is prayvidedhaso ; ~~soWJWMW ~ 1 JUL 2003 1G Exanple 3 < Catal yst

preparation > Into 7 Jiters of heated ion-exchange water, 1600 g .of
ammoni urd®ar anol ybdattCcaseing to the presenb in ven Hehatherang ngvégﬁéladed and

v LT e P AR AR R SR

of 176.G g of cesiumnitrate and 18.2 g of copper nitrate in 2 liters of

i on- exchange water, 22.7 g of 20 wt% silica sol and 11.0 g of antinony
trioxide. The m xture was stirred 10 thoroughly to provide a slurry {slurry
A). Separately, 1G 1.4 g of zirconium hydroxynitrate was conpletely
dissolved in 1 liter of ionexchange water, and into that sol ution aqueous
ammoni a was gradual ly added under stirring to precipitate hydrated zirconia

o o - ~r— o~
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Upon conparing Exanple 3 with Conparative Exanple 3, it is understood that
the catal yst (3) according to the invention excels 20 in catal yti cihpgmi oy
over the control catalyst (4). Exanple 4 According to Exanple 3, the

oxi dation reaction was con tinued for 12000 hours. The result after the
12000 hours' operation was as shown in Taple 2. 25 As indicated in Table 2,
the drop in conversion after | 2000 hours' oxidation reaction was m nor and

inder st ood « PaafEe HEBYROgendrhBoraslets b BrphirniEes el PN LES ¢ ne
oxi dat i on regﬁéxiég@oﬁgﬁsrtiﬁgb@@ﬂeﬂ%dxeikin@s%mmémﬂf%gge%@ga@@ ;s or di ng

to Conparative Exanple 3, the oxidation 1 JUL was
continued foacit@ith melesulahexyganbr aafiodectlae (3R -tataininpgastdton was

as shown in Table 2. Upon conparisan of Exanple 4 w th Conparative Exam ple
4, it can bev%ﬁ’épilta@Sdat%%%‘eo%&‘?t%?pe%twrygﬁu&)lsHh§r&CWb%ﬁdehY5 of
short cataly ifea, bl i ti urs,
decreasesgi nﬁ%ginlé/%r%sﬁﬁﬂ 3%1@%3} lgf(gi’%srsgﬁﬁ%{ g@? EBHO@SJ?Q%%QE%B?W% 0 x0
x0000~ cc ~0 -dU Q7U\ .~r ol~ra NO.'., Uf~C"Jr-~Ifj~~C 00D0O00 O, L;
UOO-.., ., O~ ~ 0O pp .~~~ ppo =~ HO C~. 00 ap, QO
a0~GVCVCI G-I N NOCYJ~' &1‘@0@%2&&%%@@%&% x ~t ~oWMAVB) 31 JUL 2003
20 x me5 Exanple 3 was repeated except that the oxidation reaction was
carried t at 290C . i f.160 " (STR) . The result
was :ats s gwn in Tabl %%%@E’Egﬁ’{o:é&]%@émoel mﬁ&r«%ﬁé%’ﬂé{;i(i%ﬁ B8 | ofluof

Exanpl e 5 was repeat ednXBef 2ir86hiint A %54t leblst WaSeléiBEnt Be ReaSE fm

catal yst (3). The result was as shown in Table 3. Upon conparing Exanple 5
wi th Conparative Exanilegsoup sonsistinginfiarsenicdanhinony géymani@in,of t he

toi ti ] t,h t | t t (4),i th ivit
Pever and yi o o at sOlEH APGHSRE ARG B SERE IR bidehtraficrads
Exanpl e 3 was repeat eﬁo%%@tgrbh@tcdd@@sﬁﬁgfb@%%@hﬂgﬂéeﬁ%ﬁ,ﬂéoﬂdlt} he

gaseous mxture fed into the Teactor for tThe oxidation reaction was
i ncreasetbto 4.5 vol umeke, Irhd, meauganess cgrosmioun, tim, Tant,paladiompar at i ve

Ex le Th i dati ti | e~6 ted 20 t hat
catalyst (3) was r el henom e lalSuE s ¥eh ERh demanickletiod | n
Tabl e 3. Upon CO”paf'ﬁGrrﬁéHéﬂg‘rfSu? é@ﬂsﬁ%ﬁﬁ%{éﬁ%ﬁ&i Bo XA @ivfn dddd ' S

understood that catalyst (3) of the prese i nvention excels over the
control catalyst (9) niobbent) Idasiatilegst anelementysedectedairom thelgrodp hi gh

th | ei trati . i t.1 on. JU 21 TABLE 5 10.
o e oo SR R Ak et Y P2 ok BBt oo of
Met hacr ydg CNo. Tenp. vefisieaRtiay EMase g S31eeRld %&xﬁfthe:%ﬁ(dﬂﬂ %@ééﬁ?i@ &f

e Skxanpl e

5(3) 29084. 781. 268. 8Conpar at i ve(4) 29080. 381. 1G5. 1Exa
6( 3) 28084. 680. 167. 8CHnzaviat y&ilitpPSDBD 238 Minddms K dsrpk de Sstixawie ment<

Cat al yst preparation >,Cat gl yst was prepared in.the identical manner
with 15 Exanpl e 3, e%&%%@hé?q %E% &%Brcoﬁséﬁénﬁrogéép RPYaE §8¥e€anount s
of the zirconium hydr, j hu I ed.. 1 oxi de
was added and the Caléé?ﬁﬂ%ﬁsi\%ﬁce?@%gﬁfé{%a%?ﬁ%éﬁg \éﬁﬂ&ﬁﬁydua?ﬁ& ?hieém
el enent ary conposi ti axyger; i, b, cadakyftg,(B)1, pyandas diembolteovhe dtoniier ns of
atomc ratio: 20 Mo 12 Pi.2 Sho. IV L. ~ - Z 0.4yo.0i Sb. i Cs
~ 2 Cuc®i It was cd"ﬁft?%%é)bsf%¢%wyéﬁi$f ggéﬁi]%nEaﬁ%ﬁ%li@: &t he cerium
zirconiumand yttriumg e f.arm oyl { ge i P L.B. <
Oxi dation reaction >ﬁ'¥§57b>%5 at'i gge;%efgc@o%i(s\/\ggs %r?algc(f@& ?%’d&ﬁ% i denti cal
manner with Exanpl e 3).0&xtépé i 0201-RtfakyE0145) 210 0.0 H is 0/0AcS, ofis
catalyst (3). The result was as_shown in Table 4. 31 JUL 2003 22 Exanpl es
8-15 Catal yst prepar &-0énl8andjis 0.001-2, and x is a numerical value deter-

mined by degree of oxidation of each of the elements)

30 and the cerium and zirconium therein forming a complex oxide.
According to the invention, furthermore, there is provided

a process for producing methacrylic acid through vapor phase oxida-



Catalysts (G-(13) were prepared in the identical manner with Exanple 7,
except that the powder B was prepared with the 5 anounts of the zijricgpi i
hydroxynitrate and ceriumnitrate varied and that yttrium oxi de was
replaced with an oxide containing the elenment as indicated in Table 4 for
each Exanple. < Oxidation reaction > Thesoxi dation reaction of Exanple 7
was repeated except 10 that catalyst (5) was replaced with catal ysts

G- (13 t h in Tabl
(97 (1D 2 a0 ohoty/S06 0 RLBuatiS SERHI 3 S wPu Bl | Moo
~ | ~CLf WO | POH9AARQFLA
Cr{]DO_ ri 00%5%%@7%[-& G@ o tgdcf‘lm 2 ~C~ e?ﬁtﬁc~ 998%1'5)%%12{0%8%%% ()%%)%eohg de,
00000000 1@@M@~aad~@a/th m@lecul® QJ@tgelrroDaﬂaa@}ébular oxyigent, - v , ~

zc~~000 .~ 000-wo0000~~~a) 00 L~ C~-
~fJNooooooocﬁ%‘L§=‘inll%1g?& W%&m% Qﬁaf@aéaky% @Q)pm@sg%ﬂag@ har-

O i T AN TR L S SRS

gaseous m xtag thetatalystol ume % of isobutyl al dehyde, 11 vol unme % of oxygen,
10 vol une of steamand 74.5 volune / of nitrogen was used as the starting 5
gas and that the space velocity was changed to 900 hx 1 in the oxidation

reaction. i.n _Tabl e 5. Conparative Exanple 7 The
oxi dati on rL[Er{llﬁgﬁlx%lfewggﬁbé@%@%@n}epeat ed except that catal yst (3) was
replaced with catal ySCafayst (llf)q'of'%@éﬂﬁadﬁ?ﬁc%izld@)réﬂﬁﬁﬁohrh&%@liﬁlgsto 31 JUL

2003 Wa a~ H 25 o -~U("?~ v ~00~7COCD~ yrNUU o'y p~Ux., ,Nn_o
~ 0CoCDVEH thenpvention ipagongplex-oxide: coannwd;mwhichzuwbasacmlm OVUW
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f 10%-& () - Www/ VWVWI%WI@rbiﬂ e is cerium; Zr is zirconium; F is at least an

element selected from the group consisting of lanthanoide

20 series elements except cerium; yttrium, cobalt, nickel,
copper, indium, tin, chromium and germanium; and O is
oxygen; ], m, n and y denote the atomic ratios of Ce, Zr, F
and O, respectively, 1 and m being optional numbers not
including o, n being a number satisfying the relationship
25 0=n/(1+m)< 0.1, and y being a number determined by
degree of oxidation of each of the elements)
are conveniently used. More specifically, when1=1, 0.01=m =99,
0=n<10, preferably 0.05=m=19 and 0=n=2.
Method of preparing complex oxides containing cerium
30 and zirconium as the essential components is subject to no critical
limitation, and they can be prepared by any known method. Kinds of

the compounds containing the named elements, which serve as the
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5 ates, ammonium salts, acetates and formates may be named. For

example, as a specific example of cerium-containing compound,
cerium nitrate may be named.

Of the complex oxides expressed by the general formula
(2), those in which cerium oxide and zirconium oxide are at least

10 partially forming a solid solution are conveniently used. In particu-
lar, those in which the molar ratio of CeO,/ZrO, is within a range
from 1/99-99/1, preferably 5/95-95/5 are preferred. Furthermore, in
the present invention it is essential that the cerium and zirconium
are forming a complex oxide. Use of a simple mixture of cerium oxide

15 and zirconium oxide cannot achieve the objects of the present inven-
tion.

The component (B) is not limited to complex oxides of
cerium and zirconium only, but it may contain the element(s) expres-
sed by the symbol F in general formula (2) in the form of complex

20 oxide. Typical methods for preparation of the component (B) include:
(1) mix an aqueous solution of water-soluble cerium salt with that of
water-soluble zirconium salt, dry and calcine the same; (2) react
cerium oxide with zirconium oxide at solid phase; and (3) impregnate
cerium oxide with aqueous solution of water-soluble zirconium salt,

25 dry and calcine the same. The calcining temperature is normally
200-800°C, preferably 300-700°C. Upon such calcining, complex
oxide containing cerium and zirconium is formed.

The ratio of component (B) to component (A) (as converted
to oxides) is normally 0.5-30% by weight, preferably 1-20% by

30 weight. When it is too low, the intended effect of adding component
(B) cannot be attained, while if it is too high, yield drops as the
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e e I N B
I~ 1098 ()-/)?p \ hThe c&%ﬁfs(t)of/the'ﬁ&e§9ﬁ(&ixﬂ\)eﬁﬁibn can be used by itself
or may be supported on inert carriers such as alumina, silica-alu-

5 mna, silicon carbide, titanium dioxide, magnesium oxide, aluminium
sponge and the like. In that occasion inorganic fibers such as glass
fiber and various kinds of whiskers, which are generally well known
for their effect of improving strength and attrition resistance of
catalyst may be added. Also for controlling the catalyst properties

10 with good reproducibility, additives generally known as powder
binder such as ammonium nitrate, cellulose, starch, polyvinyl alco-
hol, stearic acid and the like may be used.

Shape of the catalyst is not critical, which may be any
optional form such as pellets, spheres, columns, rings, tablets and the

15 like. Their average diameter is 1-15 mm, preferably 3-10 mm.

‘Method for preparing the catalyst containing components
(A) and (B) is subject to no critical limitation, and any optional
method can be used. For example, advancedly prepared powders of
the respective components are mixed, optionally using ball mill or the

20 like to effect intimate mixing; or advancedly prepared component (B)
is dispersed in component (A) under preparation, at an optional
stage.

It is generally preferred for catalyst (I) to be used as
molded catalyst as prepared by a process comprising thoroughly

25 mixing the components (A) and (B); imparting to the mixture a

desired shape, optionally adding water or the like as a molding aid;
and calcining the same in an air stream at 300-600°C, preferably
350-500%C, for 1-10 hours, preferably 2-8 hours.
Catalyst (II) for producing methacrylic acid according to
30 the present invention has the composition as expressed by the gen-

eral formula (3) above, in which cerium and zirconium are forming a
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O O Prephring catalybt (D), t0 blend advaxicedly prepared tomponents
5 (A) and (B). Methods for preparing components (A) and (B), respec-
tively, are same as already described.

Production of methacrylic acid according to the present
invention can be carried out under the conditions normally employed
in conventional methods for producing methacrylic acid from meth-

10 acrolein, isobutylaldehyde, isobutyric acid or their mixtures, by vapor
phase oxidation reaction and/or vapor phase oxidative dehydrogena-
tion reaction, except that the catalyst of the present invention for
producing methacrylic acid is used as the catalyst.

For example, a gaseous mixture comprising 1-10 vol. %,

15 preferably 2-8 vol. % of at least one starting compound selected from
the group consisting of méthacrolein, isobutylaldehyde and isobutyric
acid; 1-10 times by volume, preferably 1-8 times by volume, of the
starting compound of molecular oxygen; and inert gas as a diluent,
such as nitrogen, carbon dioxide, steam and the like (use of, in par-

20 ticular, steam is advantageous for improving the yield of the object
product, because it inhibits formation of side products); is contacted
with a catalyst of the present invention at temperatures ranging
from 250 to 350°C, under pressures ranging from normal to 10 atmos-
pheres, preferably from normal to 8 atmospheres, and at a space

25 velocity ranging from 100 to 5,000 hr' (STP), preferably from 500 to
4,000 hr™ (STP).

Where methacrolein is used as the starting compound, it is
not necessary to use pure methacrolein and a methacrolein-contain-
ing gas obtained through catalytic oxidation of isobutylene, t-butanol

30 or methyl-t-butylether can also be used. Use of such a methacrolein-

containing gas is particularly recommendable in industrial processes.
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5 absorb and release oxygen during the reaction, and whereby the
oxidation reaction of methacrolein, isobutylaldehyde or isobutyric
acid is accelerated, in consequence increasing the catalytic activity.
Furthermore, degradation in the basic skeletal structure (Keggin
structure) in the component (A) heteropolyacid due to its overreduc-

10 tion with time is inhibited (i.e., stability of the heteropolyacid is
increased), resulting in extension of the catalyst life. Needless to say,
the present invention however is not restricted by such theoretical

observation.

15 [Effect of the present invention]

Use of the catalyst of the present invention in vapor phase
oxidation reaction and/or oxidative dehydrogenation reaction of at
least one compound selected from the group consisting of methacro-
lein, isobutylaldehyde and isobutyric acid enables production of

20 methacrylic acid at high yield. Because the catalyst of the present
invention has a long life, it enables stable operation over prolonged
period. Furthermore, the catalyst of the present invention enables
stable operation over prolonged period also for heavy-load operation
aiming at high productivity.

25
[Examples]

Hereinafter the present invention is explained more
specifically, referring to working Examples, in which the conversion,
selectivity and one-pass yield were calculated by the following equa-

30 tions.
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5 Selectivity (mol %) =
(mol number of formed methacrylic acid / mol number

of reacted starting compound) x 100

One-pass yield (mol %) =
10 (mol number of formed methacrylic acid / mol number

of suppled starting compound) x 100

Example 1
< Catalyst preparation>

15 Into 7 liters of heated ion-exchange water, 1600 g of
ammonium paramolybdate and 106.0 g of ammonium metavanadate
were added and dissolved under stirring. Into this solution 104.5 g of
ortho-phosphoric acid (85 wt%) and an aqueous solution formed by
dissolving 206.1 g of cesium nitrate and 18.2 g of copper nitrate in 2

20 liters of ion-exchénge water were added by the order stated, and the
whole system was concentrated by heating under thorough stirring.
Thus resulting slurry was dried at 250°C for 16 hours and ground to
provide a powder (powder A). Separately, 40.4 g of zirconium hy-
droxynitrate was completely dissolved in 1 liter of ion-exchange

25 water, and into the solution aqueous ammonia was gradually added
under stirring to precipitate hydrated zirconia sol. Then an aqueous
solution of 262.3 g of cerium nitrate in 1 liter of ion-exchange water
was added, and into the mixture of the solutions aqueous ammonia
was further gradually added dropwise under stirring, until pH rose to

- 30 10. The resulting precipitate was filtered, washed with water, dried
and calcined at 400°C for 2 hours to provide a powder (powder B).
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were drled and then ca cmeé Ina mtrogen stream at 400°C for 3

5 hours and then in an air stream at 400°C for 2 hours to provide
catalyst (1). The elementary composition of this catalyst (1) was as
follows, in terms of atomic ratio (excepting oxygen, as in all of the

following Examples):
10 Moy, Py 5V, 2CeggZry5Csy 4Cug; .-

It was confirmed by X-ray diffraction analysis that the
cerium and zirconium in powder B were forming a complex oxide.
< Oxidation reaction >
15 . A steel reactor of 25 mm in diameter was charged with
1200 ml of catalyst (1), and into which a gaseous mixture comprising
4 volume % of methacrolein, 9 volume % of oxygen and 20 volume %
of steam, which was obtained by vapor phase oxidation of isobutylene
in the presence of a molybdenum-bismuth-iron-cobalt polyelementary
20 complex oxide catalyst, was introduced. The oxidation reaction of the
methacrolein was conducted at 280°C and space velocity of 1200 hr!
(STP). The result was as shown in Table 1.
Comparative Example 1
< Catalyst preparation>
25 Catalyst (2) was prepared in the same manner as in
Example 1, except that powder B was not added.
< Oxidation reaction >
In Example 1, the oxidation reaction was conducted under
identical conditions with those in Example 1, except that catalyst (2)
30 was used in place of catalyst (1). The result was as shown in Table 1.
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109& () -/ iihourd Gxifatiohlichction WakOidnér ahdcthdd¥wak dlmost no de-
crease in the yield. From this result it can be understood that the
use of catalyst (1) enabled stable continuation of the oxidation reac-
tion over a long period.
10 Comparative Example 2
According to Comparative Example 1, the oxidation
reaction was continued for 8000 hours. The result after the 8000
hours’ operation was as shown in Table 1.
Upon comparison of Example 2 with Comparative Exam-
15 ple 2, it can be understood that the control catalyst (2) has a problem
of short catalyst life, and when it is used in the reaction for many

hours, decreases in conversion and yield are notable.
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c 109 ()-/ 15, 10%: @\-/)? C ¢ 109 ()-/ ¢ 109& ()-/ c

10%&' ()-/iii c 109%& c 109& ()-/& ¢ 109 ()-/ ¢ 10%& ()-/)? ° ¢
109%: ()-/ ¢ L@mdlyst prépatdtiéd>0 ¢ 10%& ()-/ ¢ 10%& ()-/ ¢ 10%& ()-/)? °
c 109 ()-/ ¢ 109% ()-/ ¢ 10%&! (f)-n [i1iii1-bFr ¢ 100& ()-/ ¢ 10% ()-/ ¢
10%& ()-/ c 10%&' ()-/Imto 7 liters of heated ion-exchange water, 1600 g of
ammonium paramolybdate and 97.2 g of ammonium metavanadate
5 were added and dissolved under stirring. Into this solution 104.5 g of
ortho-phosphoric acid (85 wt%) was added, followed by further addi-
tion of aqueous solution of 176.6 g of cesium nitrate and 18.2 g of
copper nitrate in 2 liters of ion-exchange water, 22.7 g of 20 wt%
silica sol and 11.0 g of antimony trioxide. The mixture was stirred
10 thoroughly to provide a slurry (slurry A). Separately, 161.4 g of
zirconium hydroxynitrate was completely dissolved in 1 liter of ion-
exchange water, and into that solution aqueous ammonia was gradu-
ally added under stirring to precipitate hydrated zirconia sol, fol-
lowed by addition of an aqueous solution of 65.6 g of cerium nitrate in
15 1 liter of ion-exchange water. Then aqueous ammonia was further
slowly added to the mixture of the solutions dropwise under stirring
until pH rose to 10. The resulting precipitate was filtered, washed
with water, dried and calcined at 500°C for 2 hours to provide a
powder (powder B). Powder B was added to slurry A, and the mix-
20 ture was concentrated by heating under stirring. The resulting
slurry was dried at 230°C for 15 hours and ground. Water was added
to the resulting powder as a molding aid, and the mixture was mold-
‘ed into pellets of each 5.5 mm in outer diameter and 6.5 mm in
length, which were dried and calcined in a nitrogen stream at 400°C
25 for 3 hours and then in an air stream at 400°C for 2 hours to provide
catalyst (3). The elementary composition of this catalyst (3) was as

follows, in terms of atomic ratio:

Moy, P 5Sbg 1V 1Ceg 221455191 Cs12Cug ;-
30
It was confirmed by X-ray diffraction analysis that the
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In Example 1, the oxidation reaction was conducted under
identical conditions with those in Example 1, except that catalyst (3)
was used in place of catalyst (1). The result was as shown in Table 2.
Comparative Example 3
< Catalyst preparation >

Catalyst (4) was prepared in the identical manner with
the catalyst preparation in Example 3, except that the powder B was
provided by mixing 74.4 g of a powder formed by 2 hours’ calcining at
500°C of the hydrated zirconia sol precipitate derived from zirconium

hydroxynitrate, with 26.0 g of a commercial cerium oxide powder

- (CeO,, specific surface area: 100 mz).

15

20

25

30

< QOxidation reaction >

In Example 3, the oxidation reaction was conducted under
identical conditions with those in Example 3, except that catalyst (4)
was used in place of catalyst (3). The result was as shown in Table 2.

Upon comparing Example 3 with Comparative Example 3,
it is understood that the catalyst (3) according to the invention excels
in catalytic activity over the control catalyst (4).

Example 4

According to Example 3, the oxidation reaction was con-
tinued for 12000 hours. The result after the 12000 hours’ operation
was as shown in Table 2.

As indicated in Table 2, the drop in conversion after 12000
hours’ oxidation reaction was minor and there was almost no de-
crease in the yield. From this result it can be understood that the
use of catalyst (3) enabled stable continuation of the oxidation reac-
tion over a long period.

Comparative Example 4

According to Comparative Example 3, the oxidation
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Upon comparison of Example 4 with Comparative Exam-
ple 4, it can be understood that the control catalyst (4) has a problem
5 of short catalyst life, and when it is used in the reaction for many

hours, decreases in conversion and yield are notable. -
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Jiliilizz:. c 10 ¢ 109%afmplé Fwas repeated except that the oxidation reaction
was carried out at 290°C and at a space velocity of 1600 hr™ (STP).
The result was as shown in Table 3.
5 Comparative Example 5
The oxidation reaction of Example 5 was repeated except
that catalyst (4) was used in place of catalyst (3). The result was as
shown in Table 3.
Upon comparing Example 5 with Comparative Example 5,
10 it is understood that catalyst (3) of the present invention excels over
the control catalyst (4) in the activity level and yield, also under high
space velocity condition. '
Example 6
Example 3 was repeated except that the methacrolein
15 content in the gaseous mixture fed into the reactor for the oxidation
reaction was increased to 4.5 volume %. The result was as shown in
Table 3.

Comparative Example 6

The oxidation reaction of Example 6 was repeated except
20 that catalyst (3) was replaced with catalyst (4). The result was as
shown in Table 3.
Upon comparing Example 6 with Comparative Example 6,
it is understood that catalyst (3) of the present invention excels over
the control catalyst (4) in both activity level and yield, also under

25 high methacrolein concentration condition.
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5 Comparative | (4) 290 80.3 81. 1 65.1
Example 5
Example 6 3) 280 84.6 80.1 67.8
Comparative 4 280 80.4 80.0 64.3
Example 6
10
Example 7

< Catalyst preparation >
Catalyst (5) was prepared in the identical manner with
15 Example 3, except that the powder B was prepared with the amounts
of the zirconium hydroxynitrate and cerium nitrate varied, yttrium
oxide was added and the calcining was conducted at 650°C for 1 hour.
The elementary composition of this catalyst (5) was as follows, in
terms of atomic ratio:
20
Mo 5Py 25b0.1V1.1Ceg.1 2104 Y001 8391 C812Cug 3 -

It was confirmed by X-ray diffraction analysis that the
cerium, zirconium and yttrium were forming a complex oxide in
25 Powder B.
< Oxidation reaction >
The oxidation reaction was conducted in the identical
manner with Example 3, except that catalyst (5) was used in place of

catalyst (3). The result was as shown in Table 4.
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TABLE 6

Cata- | Reac- | Isobutyric | Methacrylic | One-pass Yield

lyst | tion Acid Acid Selec- | of Methacrylic

No. Temp. | Conversion | tivity Acid

(C) (mol %) (mol %) (mol %)
15 Example 17 3) 280 99.0 78.8 78.0

Comparative (4) 280 96.5 77.9 75.2
Example 8
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(B) a complex oxide containing cerium and zirconium as
the essential components.
2. A catalyst for producing methacrylic acid according to
Claim 1, in which the component (A) is a complex oxide expressed by

the following general formula (1):
P,Mop A By CeDngOx (1)

(wherein P is phosphorus; Mo is molybdenum; A is at least
an element selected from the group consisting of arsenic,
antimony, germanium, bismuth and selenium; B is at least
an element selected from the group consisting of copper,
silver, iron, cobalt, nickel, lead, manganese, chromium,
tin, zinc, palladium, rhodium and tellurium; C is at least
an element selected from the group consisting of tungsten,
vanadium and niobium; D is at least an element selected
from the group consisting of alkali metals and alkaline
earth metals; E is at least an element selected from the
group consisﬁng of titanium, silicon and aluminium; and

O is oxygen; a, b, ¢, d, e, f, g and x denote the atomic ratios
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(wherein Ce is cerium; Zr is zirconium; F is at least an
element selected from the group consisting of lanthanoide
series elements except cerium; yttrium, cobalt, nickel,
copper, indium, tin, chromium and germanium; and O is
oxygen; 1, m, n and y denote the atomic ratios of Ce, Zr, F
and O, respectively, ] and m being optional numbers not
including o, n being a number satisfying the relationship
0=n/(1+m) < 0.1, and y being a number determined by
degree of oxidation of each of the elements). -
4. A catalyst for producing methacrylic acid through oxida-
tion and/or oxidative dehydrogenation of at least one compound
selected from the group consisting of methacrolein, isobutylaldehyde
and isobutyric acid with molecular oxygen or a molecular oxygen-
containing gas at vapor phase, which is characterized in that it has a

composition expressed by the following general formula (3):
P,Mo,Ce ZrgA.By CgDhE ;G JO x (3)

(wherein P is phosphorus; Mo is molybdenum; Ce is ceri-
um; Zr is zirconium; A is at least an element selected from

the group consisting of arsenic, antimony, germanium,
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