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This invention rel at®¥2t o a process of preparing a catalyst for use in
production of nethacrylic acid and the catalyst and also relates to a
process of preparing nethacrylic acid in the presence of the catal yst, nore
particul a rocess_of 10 eparing the cata and the sane
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the process. for preparing nethacrylic acid in the presence of the catal yst.
2. Descri (?ﬁ of the prior art 15 There have been nmany proposal s concerning
a catalyst for preparing nethacrylic acid by gas phase oxidation of

nmet hacrol ei n, isobutyral dehyde and unsaturated al dehyde and a process

t hereof . _FQO j si ng net hacrol ein, there have been

al so %nﬁ%¢mﬁﬁﬁﬁwmbﬁcat al yst such as heteropol y-aci ds.
These pr quS@I? ver e jvided into two categories. One is 20 concerning a
conposi ti =61 glclgf’%ﬂ g?élt and the choice of the conposition and another is
concerning a r i 0 t.aly i W th
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the control® of "pore sfructure of a catalyst have been 5D Z102
done. Forpa@XhaR 6xiddaRAnPeor briddtiNe deflydkdchhlioR vt alolRadt &M Borhpithd

No. 55- 73347 propose a catal yst which is achieved by addi ng organic

subst anceglested fras thellgrduincemdistiag csthmkthaodldin) kubutyfalddhedd @hd dsubutyrizn
curing them However, the organic substances, which is used as additive and
has a hi ghiddedahgpoictssdor prepgarganethecrylic hdid n therpresepcenafathe tatelystrent and

t hereby cause sintering and reduction of a catalyst and a probl em such as

| ow r epr &Deschiption of the paiocattal yst still remains. Japan Open-Laid

No. 4- 367737 proposed a process, wherein an organi c polynmer such as

pol yiBt hyl met hddeyd dhave aheemangmyt ypreprsalswicontermisg oapoatelysi oo prepasingrer and
vaporizes at a relatively low tenperature, is added , this nmethod is al so

i nsuf fi cimethadrylic Gcichdyr aps ophase Hxidatipnopf amethaeroledn,. isohutyerldehydn, and

nol di ng process, where a dried powder containing catalytic conposition with
the part iunsetuestede aldehyda @nd; & nregesy dheeolot Hory example, i ithe (fassy oAsusing aw
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However , ery 0 ho OWeri ng pertormance
reproducibility. According to the later, for example, it is described that the preferred

specific surface area of a catalyst ranges from 0.01 to 5m%/g and 0.01 to 50m?*/g in Japan
Open-Laid No.49-116022 and Japan Open-Laid No.50-37710, respectively. In spite of

25  these specification, this catalyst is not suitable for industrial use because of excessively
high reaction temperature and low selectivity.

Many proposals concerning the control of pore structure of a catalyst have been
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20 of a catalyst, and performance of the obtained catalyst is usually
insufficient in reproducibility. For exanple, exanples using press_mlding
process were disclosed in Japan Qpen-Laid No.63-315148, Japan JET 20

No. B- 10621, Japan Open-Laid No.| 0-258233 and Japan Patent Gazette

No. 3-58776. According to all exanples of them a process of a press nolding
was not investigated in detail and these disclosures 25 were insufficient
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catal yst “The invention al so provides a process for preparing nethacrylic

aci d 15 Ghadrives at h 286ty U5 taHpaRuriisladdedn tBiRUnéthed iPxs6 Msubkient in -~
dehydrogenati on of at | east one conpound selected fromthe group consisting
of med hadtierepioducibiitpuf ¥ cahlgahyde and isobutyric acid with nol ecul ar oxygen
or a gas containing nol ecul ar oxygen in the presence of the catal yst
produced by a metddditionf at meldiny @ridesy). wizdde REGGERI Fovdlt ChntdinmgPRItHERRED
EMBODI MENT The process for preparing the catalyst of the invention is

char act ecomgdsitign mathdthe patticlavizeatjsied|in ithe tange o 1atop2B0d e mdembed a8 ag
phosphorus and nol ybdenum as an essential conponent at the pressure of 50

t o 5000k gdw cmterial, ovanpeopbsal foratiet pedperatiompft hecatmbysticd Fapan ADEentlaidbt ai n a
catalyst. 25 First, the raw material used for the invention will be

descri be®-10624. r Hawenercthisgiro¢ess iy snsufficiontdor indnstrirhusegsipemthisprocsss and

mol ybdenunm( hereinafter referred as P/M containing powder). 3 ~~ 5 OCT
2Da2 1¥he hps aprobiem of lvwnesppusineibilitirapd alsamaeds adwr@rcompz!ﬁ&tﬁ@ 4ryingproessanypl e
vanadi um copper, zinc, silver, arsenic, antinony, zirconium cerjum

alkali metal, o kaplvsefosdndustrialiuse isgenarslly vsedeaseBiolded astislepAompldedng

nol ybdenum, Pr.ef er abl a, wei ght of the P/ M nt ai ni ng powder is _reducible
from 0 t3rugegs em;s‘ﬂlg?%mm PEOCERS 8igdy, asBiess gwgqole&aﬂaﬁtws PO, BRI ght
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reproducibility. For example, examples using press molding process were disclosed in

Japan Open-Laid No0.63-315148, Japan Open-Laid No.8-10621, Japan Open-Laid
No0.10-258233 and Japan Patent Gazette No0.3-58776. According to all examples of
them, a process of a press molding was not investigated in detail and these disclosures

25  were insufficient from the view point of the reproducibility.
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10 contai ning powder will be substantially constant after an el apse of
30nmns. or an hour. Wen a weight of the P/ M containing powder is reduced
over 40% by weight with respect to the weight of the powder, ng éj: iafh 1Y
of the powder deteriorate because the powder becones sticky. e? a t he
P/ Mo contai ni ng powder substantially conprises of particles 16 having a

di aneter of 150 to 1500 um preferably 250 to 1000 ,um nore preferably 250
to 800 um In the case of partjcle size, below 150 um, ;the fluidity of the
P/ Mo cont ai ni nd\peRigeof shednyemioads ta rrovide amspessh el RISARARS eatalystippuse

foll owi ng mol din rocess deterjorate and the selectiyvit or COx of the
resul t ang“d’é?‘gﬂcf}g? gf yerhaam?@ e ?ﬂiﬁ%ﬁ’é%@? caﬁg%&lar oRjeet & the IyEntgbIS D | ded
article ecome(? smal | er.. On the other ngda.Z in the cg&le of )&art'cle si ze
over 15000 BRYVAfe 7 Rrocess\iBr RIGPRTLE aggitaacid 1 e RIATSTAT © © CRtalysy- ©

and 1t cAneRs! FEeyBRoRnL Wb s vE A Bipdl ofieiFan e cheRVAL Bl e T 7 °
ti f the. | t ant | ded .arti cl d f f.th t al yst

ther or orfe aetprialjpeltqie A opaRE rortaining phosphoRys MG malybIehimLat the eI () (i e

becones 'r%%e%fggéﬁ?g%?%gw’ﬂ"ﬁ%%ﬁmédqg?Pn%‘ﬁgt?%na' s prepared by a conventi onal

met hod for nown ose ry skill in the art. For

exanpl e, conpo i tal yhden tively are
i 50l ved and dnemstugds, 5" A GRuRELE 5B IERRIE LEIRFS 4o
water to ' ' d r j t e :

Suspensi o SR J0L 38 pRRBlor bF Wthdefe A3 oY g bRt WidoRand / or
necessar Yoxi@atie WRRYdtogerRAYE Bf at 1T oRt SHRPSIRI e id o R gfo%g Bifsiing
conventional nethod stch as 5 evaporating concentration process , oxlde

M Xi NG PreéfGRGRacioldinG RBb@GHhddd Al RoMERETSacNd fobdss cmpyifest 0 t hose
skilled in the art, as long as the conposition of the suspension is not
remar kabl 'y unevgéldingP@c rdw Crahtedial til@udibg PL fovaler Ceuntaihing Nphddphomboids and
nol ybdenum can be prepared fromthe conpounds such as oxide, nitrate,

car bonat emolypdérivieat thé pressuieotSWkglomTto 5006 Rif/cm? ineeaharstep®d . For
exanpl e, 10 the foll owm ng conpounds can be used for the preparation of the
suspensi on. Exarupdisiag tiic mokipd anitk toabtaig a catalysdenum i ncl ude nol ybdenum
trioxide, nolybdic acid and ammoni um par anol ybdate and the |ike. Exanples
of conpounds haliengnydntiophelsaspiavidesde prachsspfors giteparinga miethacpylivs @eisk us
pent oxi de and ammoni um phosphate and the |ike. Exanples of conpounds havi ng
vanadibum ¢hacdctatized by 2d$ phasp@xidasipn end 1 8r aridativadehydragenatinadefias leastionehe

| i ke. Exanpl es of conpounds having copper, zing, silver, arsenic, antinony,
zi r coni unsemRPUSE rselesied o Hbe |group Forsistins o anetbacrolein, rigetaityreldebysicanns

hydri de, chloride,, ammpni um salt of each el enent. Exanples of conpounds
havi ng al kabytyrepsd with melkehlamexyesntar angah contaling) makqulagQxyeer ith dhat e,

hydri de, chloride, Ml ybdophosphoric acid, mal ybdovanadophosphoric acid and
20 arrrmniBﬁ?f?‘ﬁ?f’?@fzc?ﬁé'%p‘ga}‘?fgq‘iﬁdnﬁﬁﬁflgpﬁl’i‘?é{‘ Doy t a1 so can be used. The
suspension can be dried by a well known nethods such as evaporation drying,
spray drying, drumdrying, flash drying, drying under a reduced pressure,

f dr i ' ' i d flash dryi
0, e s R ol 70 e 6o

pref erabl e anmong 't simplify a process of

pul veri zi ng and r L i gl.e sy b i d bRrRL &t

pref erably bet \AE@% P F@gk{gbrﬁéﬁgﬁ&&rﬁ ﬁ*enéaet‘%%tt ?i:)rqﬁt %%%té(ﬁg}sﬁ/% con?lgzlcgi l|)*P’g
powder de {; il I f i i er
conpris esﬁgﬁc}lﬂgg irég%;{ﬁghag fﬁf‘chgcf}}l‘% H?’Eﬁ’ﬁ? géocdgﬁgﬁg .lﬂ% Sﬁﬂb&d %\%BE():I‘FBQEJUEHX ggr}p | es

of the | ubyiatial R6mpeendr2ARRE tstesshRl 6f 59t & S0001BR/cHt info i SrticR! 8Rd | C
acid and stearate. Exanples of the reinforcenent include inorganic fiber
such as gtasinirg themobded adtidle to/dtaiafa cablygker which are known for inproving

t he nechani cal properties of a catalyst and an attrition resistance. A

| ubrigmnt and / Fiast, she edvininpdteraiansed dan thee inviextioh willi ben dédeeib&d. MoTteordvai ni ng
powder to obtain the raw material. The raw material of the invention is

nmol ded at ntakeriapriasiadese aopow@ert cofainitieyfphosghorysr ahérmblypdéfiinG dekiiegf / cn,
nore preferably 600 to 2500kgf/cnR2 into an nolded article. In the case of
mol di ng bedfemed asP/proespitainingpos@emyf / cn2, nmechani cal properties of the
resultant nolded article falls and performance of the 10 catal yst therefrom
is getting | ower because a pore size of the catal yst beconmes large. In the
case of nol ding over the pressure of 5@00kgf/cnR, the selectivity for COx
of the resultant catalyst is liable to increase because a pore size thereof
beconmes too small. An excellent performance and a good reproducibility of
the catal yst can be achieved by nolding at the range of the pressure of 50
to 5000kgf/cn2 . 15 The raw material can be nolded into a nolded article by

e —— - o - e .




5 conpound sel ected fromthe group consisting of mnethacrolein,

i sobutyral dehyde and isobutyric. acid. The preferable conposition of the
catal yst may be shown by the follow ng equation(l). PaNbeCAdB‘Fg@‘I’ (ﬁ%
wherein P is phosphorus, M is nolybdenum V is vanadium A is’at 1east one
10 el ement selected fromthe group consisting of copper, zinc and silver, B
is at |l east one elenent selected fromthe group consisting of arsenic,
antinmony, zircaoniumand cerium Cis at |east one elenment selected fromthe
group consi sti fgeof/MpKsotaiging, POWASr HaYaCON@in: Hthat Flgmants, %’ﬁ SXgRPKen and
a, b, ¢, d, g f and x denote the ratio of atomof. P, My, V, A. B, ?and 0]
respect | V@it caPBero ZHic sibier Frsenics angaiony, Firceigmy, cgtlin, alkpli_mgtal

00112, ol R RSl Shls BuBpuihaRe, ot cs, of e
e et o e PUSHGB R Sh nE SRE Spr
T g e IS YBERC 5 A LRI BB R B 0T o
oSt VAR O BE DT P R I RERER ) Poe 210
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of et hac gleh by &Y EALAGIWER A InbSRYHNG] el 4HIUGRIG gener a

term of preparing methacrylic acl y oxidation o acrol el n,

pr epart nan Cédﬁkdiﬁingqjodvdey B b @elePirtA0at WAk € a ARG Il GOMBaMIN Of

i sobut yral dehyde, preparing nmethacrylic acid by oxidative dehydrogenati on
of i s@butaphidiniAg ipdwaBEwill BE seMENARY coRstat AR &R clapse of-0rRinSdr A0hGr.
processes. The gas phase oxi dation and oxi dative dehydrogenation for
prepar i ngwieh Raweighi 6f @l BYMS cbMeinidpy poivdénis irsdurell oves H0%Chye deidht twiths of
the condition and an apparatus except for using the catalyst of the

i nvent i onregptdt Enthebeeight 6fl the powdel) Yheaflbiditgrofahé powdér desdrivedte lbecause tiee t he
skilled in the art. Araw material supplied to oxidation and oxidative
dehydr ogepuwdepbédomasistieky.er referred as a raw material for nethacrylic
acid) is preferably a m xed gas including at | east one conpound sel ected
fromthe group Pmefesablyithg RAMonestainingl powderi sibbtantjallyl derhprites af dpariddesut yri ¢
aci d, nol ecul ar oxygen and 10 an inert gas as diluent. The m xed gas

pr ef elbabl havingna diameter of 450 to $30Q4m, preferably 2504011000 dine,anpeimeferble2¥ed from
the group consisting of methacrolein, isobutyral dehyde and isobutyric acid.
The i xectog@) Bont dnribe mBeof Inartiak sizerbeler 15060l thtelaritionicbal EMexygen
is usually 1 to 10 times as nuch as_that, of at |east one conpound sel ected

f
from the epndipingappyvderiand wnnahilityaef sadding oadwsied by the HpHewinggmelsling

i sobutyric acid, The m xed gas_also contains_an inert gas ,as diluyent and
exanpl es BROCeS§ deteriqratgand Hig) selretixity (g &Px BgrtE%ﬁe%‘;tB‘kti ﬁPéalﬁﬁd‘Ss]fag’i‘?n“’and t he
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met hacrol éIn’I's used a raw materi al acry acrolein

i s not neﬁxﬁﬁftaéahééé t8Wafy the %?ﬁi@oﬁ%ﬂu%. NOALR trERH RleBhdhiddlipedpettfesQitithé ned by

contact catalytic reacttion
resultant molded article and performance of the catalyst therefrom are liable to be lower

because a pore size of the molded article becomes larger.
25 The P/Mo containing powder is prepared by a conventional method for a
catalyst known to those of ordinary skill in the art. For example, compounds which

contain phosphorus and molybdenum respectively are dissolved and dispersed into the



i sobutyl ene, t-butanol and nethyl-t-butylether can be used. Especially this
gas can be preferably used for the industrial process of preparing

et hacrylic acid. 25 According to the process for preparing E C
acid of the invention, nethacrylic acid can be produced in high yield by
gas phase oxidation and / or oxidative dehydrogenation of at |east one
conpound sel ected fromthe group consisting of 8 ~ 5 D CT 2CG-Q

met hacrol ei p, isobytyral dehyde and i sobutyyric acid, EXAVPLE The foll ow ng
exanpl es medtirm, vsvally R Watsk o Qa7 aRlytiPn 10F wrglharrypadier Zpfeed R ifed t o
illustrate the, ipvention and are not to be construed to limt the scope of
the 5 i n&RESH™Y-Conversion, selectivity and single pass yield are defined

as follows: % c¢gnversion = 100, X %% | es_of reacted raM/nate{iaIs /I (
ol s of ' aw mekierUAPISRad DR Fﬁgf ayd calgppgd W S e g
raw m . RS
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amontm seFaag Gikeaditn PSS ol il it pbnipibiiders o o
d:h:s)gtr)i\é(ra? o iR A Fﬁg‘ggﬁ‘é' @é&oé‘?gf‘k)i%?%%{*ﬁ? itagﬂlf’hﬁ%ég{f@s&%?ﬁé}f@%f{ﬁ A o
b cos: urkesbitna®s ] BindiRithy AfeveE VSREAAEC " MuliRsR, Ui 1020
| on- SXChGRLHRE LR Aal 8P o e 2o R0 e AOLA! i BrRRC

heating t olution to " prepare a s sion. A portron of e suspensi on

was condefiged, @dilsbr{aeélmzdﬁaéz cBRkiak Andadindniom sADEE SlcHelomdeS RiakampR)d
dried at 130 C for 15 hours, and then pul veri zed and screened to ogtaln 16

to 60i0mesthe faffvihg cdBPBunt)caftbe asdd b theQite FiriticiOoMBweRIpension. s E)ngﬂés was
heat ed at 300C i n atnosphere to determ ne the weight |oss of the P/ M

cont ai ni ngf dmprande havihpensigbdsrumoinclude Snglgbdisinmraioxide] uesigbdiy acid 2ndwei ght
with respect to the P/Mb containing powder. A graphite was added into the
P/ Mo cont anmonignppavdmol ybdatebdndi the dike.avExamsies of campoumls hiating rphosphoings i al
contains a graphite by 3 weight % The 9 ~ 5 0 CT 2082 raw material was
nol ded atinthde prthephaspharic ddid)Gihgéphon® pentaxidchandrarhohediuar phaspbatefand theel | et
having 5.0mmin diameter and 5.0mmin length by a rotary press

VI RGO Ki klikaii  Fxamplest of i eogypouiés hapinge drapadinml énchede cahadiwmed pentoxide, C f or
2 hours in the air subsequentlé.tp 400C for 2 hours in a nitrogen gas to
obt ai ¥ a amgnipm metavansglafhandbapiksi t Esamples ofieompeundgdraving)coppers Aiddn as
follows by the ratio of aton{ the ratio of atom except for oxygen, the sane
appl i es hEeRLPeNs) antipppnyy zpconiyy apd; cginpang he like inclpde 9¥idratnibale, 15001

f th t t ged into, t eel t ith t i 10
5. amm | nCaPTHA 6 FYOGS POt oe pTiogiey salt 9 o gHlemagl s BRHRPER, Oln oh
tains 3.5 vol % of . met h |l ein,..9 vol % of d_ 20 vol %
of st eam SHRPSHISS Rauis dial melal angh alkatine, eagt ipetal Jrclidle BiFdlsy CAionaky | ene
o1 ybacn FRERES Plorfie M TERBL R S5 B o Boagomporisrcoeidinds ec
A i 200ML 15 (STP). Thi
?2:ul |g%#&%ﬂ"’?%&%gébtfléé%%%ﬁ/gﬁ%ﬁ%&ﬁgaﬁgﬁgéxkg%s%s pr epar fad i)n theI >
f : t ' | .t h
ressure of 3005 ko FengoR SaR e by BIAPRAATE oo Sth W caberdliof ¥ o
ot . ot .
of  Exampl SR spial Al Ry g A e o e TR A
cat al yst @8jng\&&l fhe @ikel es?ia? driifg SEIR dl‘?iﬁ?&fnd(ﬂasﬁ;)d@ﬁﬁg @relprefetdid atbag t he

raw nmat eri al was nol ded a he pressure of 6000 kgf/cnR2 for the preparation

of a catathepi beddige qnéﬁatﬂeﬁmdmmﬁm;)liﬁ,d aOpifoces8 b pulvedisiap Candofcrbdifing
catalyst (3) in the sanme 25 manner of Exanple 1. This result is shown in
tabl e2d. panCRRAVIThEe BeeitdIdianzetdy, pefcrdbly betivepn Uistod56pared i n t he sane
manner of Exanple 1 except that the 10 ~ 5 OCT 20Q2

In addition to the P/Mo containing powder described above, the raw material

used for the invention further comprises a lubricant and / or a reinforcement.



raw material was nol ded at the pressure of 40 kgf/cnR2 for the preparation
of a catalyst. The oxidation was carried out in the presence of the
catalyst (4) in the same manner of Exanple 1. This result is gfm% tabl e
1. COVWPARATI VE EXAMPLE 3 5 A catalyst (5) was prepared in th nner
of Exanple 1 except that the raw material was nol ded by the extrusion

nol di ng process instead of m)l ding at the - _ pressure of 1000 kgf/cnR for

oo HshmpltS o he R IcapLiCiugd Sraphibe Bl SO PAIISE A Stotric Srfomdosy ¢
nmer o slesal 5xa Pé%%gﬁA f%ﬁ%@@ﬂﬁﬁ?@%&oréﬁlgﬁ%a{ f@ﬁ@%‘ﬁﬁ%b%sﬂ ours.
powder . FAE AL %ﬂﬁ@eatlﬁél B, C8 b B the esDanien) pRBoLichSt Arer e t o
otcey " otalyst i A Supdet WS%%‘B%C R ‘tﬂﬂm‘é‘ D s e T e e
s 5es§f' (g DN SR laitifig p6R4E S Bbialyithe v a‘i%{fairﬁs?a ? 7 wes prepar gdl. ,
Lhe same mannomyel SRR AL oF HE by bt 1S dlled W, BB Blhe 'GSY

stearic acid po as a cant thée prepara |on The
o G| oMEAT sy 0 @ioﬁfﬁﬁf‘cﬁ%yfc@&a Sﬁﬁé’b;‘?tea"@%%f/c Spfgeoui
manner Ofyy d° ik CO B Nask NoF FIAREIBEOR! WS | ey bbesmég%ﬁﬁof a

rng havi ng mm 1 n outsi I anet er Ininte anet and 5mmin

llength f gfechBficAr ﬁﬂéﬁéﬁfeb%f @1% ﬁsﬂ%é"rﬂoﬁ&ed ﬁhﬁ:l@&hﬂ@ah@’be%ﬁnﬁ%réie%eom in
the presence of t catalyst (8). This result 1s shown 'in table 1. 11
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In the case of molding over the pressure of 5000kgf/cm?, the selectivity for COx of the

resultant catalyst is liable to increase because a pore size thereof becomes too small.
An excellent performance and a good reproducibility of the catalyst can be achieved by
molding at the range of the pressure of 50 to 5000kgf/cm?.

15 The raw material can be molded into a molded article by any molding
apparatus. The molaed article has no limitation on its shape. Examples of the shape
of the molded article include pellet, sphere, ring and tablet. The preferred shape of the
molded article is a ring, because the shape of a ring expands surface area of a catalyst
and thereby enables oxidation more effectively. The molded article also has no

20  limitation on its size and usually has the size of 1 to 20mm, preferably 3 to Smm in the
average diameter.

The molded article is calcined to obtain a catalyst at a temperature preferably
between 300 °C to 600 °C, more preferably 350 °C to 500 °C. The preparation of the
catalyst may be carried out in the presence of a nitrogen containing heterocyclic

25 compound such as pyridine and quinoline. In this case, N containing heterocyclic
compound may be removed by heat treatment after molding.

According to the process of preparing the catalyst of the invention, the catalyst
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vol ume %Ofpiﬁ@woyym'djﬁ@@?oﬁoggol umre % of oxygen, 12 volunme % of steam
0

and 74 vol une nitrogen i s used as a raw materi al gas and space
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The result is shown in table 2. TABLE 2 ' ndi tion
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~Yield of M~a catal yst(nole %j nol e %

C is at least one element selected from the group consisting of alkali metal and alkaline

earth metal, O is oxygen and a, b, ¢, d, ¢, f and x denote the ratio of atom of P, Mo, V, A,
B, C and O, respectively and a = 0.5 to 4, b = 12, 0<c=4, 0<d=3,0=5e=5,f=0.01 to
15 4 and x is the number determined by the valance states of the other elements.

According to the invention, the process for preparing methacrylic acid by gas
phase oxidation and / or oxidative dehydrogenation of at least one compound selected
from the group consisting of methacrolein, isobutyraldehyde and isobutyric acid with
molecular oxygen or a gas containing molecular oxygen is characterized by the

20 oxidation and oxidative dehydrogenation being carried out in the presence of the
catalyst which is produced by the process of the invention.

In the invention, the term “preparing methacrylic acid by oxidation and / or
oxidative dehydrogenation of at least one compound selected from the group consisting
of methacrolein, isobutyraldehyde and isobutyric acid” denotes the general term of

25  preparing methacrylic acid by oxidation of methacrolein, preparing methacrylic acid by
oxidation and oxidative dehydrogenation of isobutyraldehyde, preparing methacrylic

acid by oxidative dehydrogenation of isobutyric acid and' the combination of these
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10  an inert gas as diluent. The mixed gas preferably contains 1 to 10 volume % of at
least one compound selected from the group consisting of methacrolein,
isobutyraldehyde and isobutyric acid. The mixed gas contains molecular oxygen and
the volume of molecular oxygen is usually 1 to 10 times as much as that of at least one
compound selected from the group consisting of methacrolein, isobutyraldehyde and

15  isobutyric acid. The mixed gas also contains an inert gas as diluent and examples of
an inert gas include nitrogen, carbon dioxide and steam and the like. Especially, steam
is preferable because steam inhibits generation of by-product and is suitable for
improving yield of methacrylic acid. Gas phase oxidation is carried out by reacting the
mixed gas at 200 to 400°C under normal pressure to 10 atm. at the space velocity of 100

20  to 5000 hr''(STP) in the presence of the catalyst of the invention. When methacrolein
is used as a raw material for methacrylic acid, methacrolein is not necessarily pure. A
gas containing methacrolein which is obtained by contact catalytic reaction of
isobutylene, t-butanol and methyl-t-butylether can be used. Especially this gas can be
preferably used for the industrial process of preparing methacrylic acid.

25 According to the process for preparing methacrylic acid of the invention,
methacrylic acid can be produced in high yield by gas phase oxidation and / or oxidative

dehydrogenation of at least one compound selected from the group consisting of



VWhat is claimed is 1. A process for preparing a catalyst for use in
production of nmethacrylic acid by gas phase oxidation and / or oxidative
dehydrogenation of at |east one conmpound 5 selected fromthe %rﬁup

consi sting of nethacrolein, isobutyral dehyde and isobutyric aoi DCTnh2002)
conprises: nolding a raw material including a powder containing phosphorus
and nol ybdenum at the pressure of 50 kgf/cn2 to 5000 kgf/cnR into an

article; and cal,ci,nilgwg} t he n&!ded article to obtain a catalyst. 10 2. The
process Sicthacepleingisobiuraldehyde apd isphutyic a0t powder is reducible fromO0 to

40 % by M%th respect to the weight of the powder by heating at a
t enper at 0 C 15 3. The process of claim1l, wherein the powder

conprises partigcles hayving a diameter aof 150 umto 1500.um 4. The process
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| east ® on@VHBIAGd sel ected from 25 the group consisting of spray drying,
drumdrying ang.flash drying. 7. A catalyst. produced b he process of
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gr oup coq?dl)sti ng of copper, zinc and silver, Bis at |east one el enent

sel ected om the group consisting of arsenic, antinony, zirconium and
cerium C dssellevRASt1001€( HoRRRApraRICEE uifhdcrR dcf) /A'RLfes 6PREaLRAIHAG Of

al kali metal and alkaline' 5 earth netal, O1s oxygén and a, b, c, d, e,
and yodengitgridifle ratio of atomof P, M, V, A B, Cand O respectively and
a=05to4 b=12, 0<c ~4, 0<d~3, 0~a~5 f =0.01to4 and x is
t he nunber gdghge Pabe fieky =100 2 _élb@%_fgir@dtﬁ&d aethidepylRt ted) 2 MORBIF ra®. A
process for preparing nethacrylic acid by gas phase oxidation and / or 10
oxi dat i vendtediyldfedyenati on of at | east one conpound sel ected fromthe group
consi sting of nethacrol ein, isobutyral dehyde and isobutyric acid with

nol ecul arFEXXMPAE br a gas contai ni ng nol ecul ar oxygen in the presence of a
catal yst, wherein the catalyst is produced by the process which conprises:
mol di ng a ¢Brepamtion bfia catalysthdi ng a powder cont ai ni ng phosphorus and 15

nol ybdenum at the pressure of 50 kgf/cn2 to SO00 kgf/cnR into an article;
and d&l cini ng t1766gwif camamaniui paramelybidatei anda 106g of wotmorgumTinetapanadatss of
claim8, wherein the nolded article has the shape of a ring. 20 10. The
process ofereladded ® 8 terf dereinafier abhrayipted asdppifi heatedtine-exehangoiwader and
conposition of the formula(l) PaMobVcAdBeCt Ox él) wherein P i s phosphorus,
M i s noldjssabisdayhilp aaitating d@iobiain aselytign. | HBHe(8%Wk % selntion) of phesphogics r om

e 9roul RS SNSRI SSBREES ZER, S0t s oPus e BNy RS o
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5, 9528 kb g gl ok bl et vel v and 2 -

number det er m ngdoRin! g4 &lspOfGorsi Al EohdBhseliAfid BEAES t MR N Furry.  The

slurry was heated and dried at 130 °C for 15 hours, and then pulverized and screened to

obtain 16 to 60 mesh( 250 to 1000 um) of a P/Mo containing powder. This powder

was heated at 300°C in atmosphere to determine the weight loss of the P/Mo containing

25  powder. The weight of this powder was reduced by 20 % weight with respect to the

P/Mo containing powder. A graphite was added into the P/Mo containing powder to

obtain a raw material so that the raw material contains a graphite by 3 weight %. The
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oxidation of the mixed gas was carried out at 280°C and at space velocity of 1200hr”

15 (STP). This result is shown in table 1.
EXAMPLE 2
A catalyst (2) was prepared in the same manner of Example 1 except that the
raw material was molded at the pressure of 3000 kgf/cm® for the preparation of a
catalyst. The oxidation was carried out in the presence of the catalyst (2) in the same
20 manner of Example 1. This result is shown in table 1.
COMPARATIVE EXAMPLE 1
A catalyst (3) was prepared in the same manner of Example 1 except that the
raw material was molded at the pressure of 6000 kgf/cm?® for the preparation of a
catalyst. The oxidation was carried out in the presence of the catalyst (3) in the same
25 manner of Example 1. This result is shown in table 1.
COMPARATIVE EXAMPLE 2

A catalyst (4) was prepared in the same manner of Example 1 except that the

10
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"L i the presence of the catalyst (5) in the same manner of Exafnple 1. This result is
shown in table 1.
10 EXAMPLE3
A catalyst (6) was prepared in the same manner of Example 1 except that a
slurry was dried at 250 °C for 15 hours after the slurry was heated and condensed to
obtain a P/Mo containing powder. The P/Mo containing powder was heated at 300 °C
in the atmosphere to determine the weight loss of the powder. The weight of the
15  powder was reduced by 7 weight % with respect to the powder. The oxidation was
carried out in the presence of the catalyst (6) in the same manner of Example 1. This
result is shown in table 1.
EXAMPLE 4
A catalyst (7) was prepared in the same manner of Example 1 except that the
20 raw material includes stearic acid powder as a lubricant for the preparation of a catalyst.
The oxidation was carried out in the presence of the catalyst (7). The result is shown
in table 1.
EXAMPLE 5
A catalyst (8) was prepared in the same manner of Example 1 except that the
25 molded article has the shape of a ring having Smm in outside diameter and 2mm in
internal diameter and 5Smm in length for the preparation of a catalyst. The oxidation

was carried out in the presence of the catalyst (8). This result is shown in table 1.

11
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As shown in table 1, the conversion of methacrolein in the case of molding at
the pressure of 1000 to 3000 kgf/cm® was from 84.1% to 85.2% and stable oxidation of
methacrolein was carried out. It has been apparent that single pass yield of

methacrylic acid in the case of molding at the range of the pressure of 1000 to
5 3000kgf/cm2 was higher than that in the case of molding at the pressure of 40 kef/cm?
and 6000 kgf/cm® respectively. Single pass yield of methacrylic acid was highest,
especially in the case of using the catalyst with the shape of a ring,. -
EXAMPLE 6
The oxidation was carried out in the same manner of Example 1 except that a
10  mixed gas consisting of 4.0 volume % of isobutyraldehyde, 10 volume % of oxygen, 12
volume % of steam and 74 volume % of nitrogen is used as a raw material gas and
space velocity was changed into 1000hr™.  This result is shown in table 2.
COMPARATIVE EXAMPLE 4

The oxidation was carried out in the same manner of Example 6 except that the

15  catalyst (1) was replaced by the catalyst (5). The result is shown in table 2.

TABLE 2
Condition of | Conversion Selectivity | Selectivity Smgle Pass
No reparin of IBAL of I [o!f! Y]le[l!d !°f
- z cftalys% (mole %) MAL
(mole %) (mole %) (mole %)
Press
Ex.6 1000kgf/cm® 100 10.1 68.2 68.2
ComEx4 | DXtusion 100 12.2 63.5 63.5
molding

IBAL : Isobutyraldehyde, MAL : Methacrolein, MAA : Methacrylic acid

Raw material gas : gas including isobutyraldehyde

20 Reaction temperature : 280°C

As shown in table 2, the catalyst of the invention was effective in the case of

using isobutyraldehyde as a raw material gas and single pass yield of methacrylic acid




YeK,/ 410%@& ()- 410%@& ()- 4109%@& ()-( 4109%& ()- 410%@& ()- 4109 ()-
410%2&' ()- YYYY!'Y'Y, YT Q, 410%& ()- 4109 ()- 410%@& ()- 4109 ()-
410%a& () - Aoy: k!'-4,Y3YBY=YBYCYI YB(, 410%@& ()-Aoy:k!'-4 410%@"1%)0(;1 v. /A
410%&' ()- 410%@& ()- 410%@& ()-1YVYYY_YdYkYpYeF, 410%a& ()-A 410%a& () -
410%@&' ()- 410%@& ()- 410%@& ()- 410%@& ()- 410%& ()-pYuYzY{YYYYf,
4109%@&' ()- 4109 ()- 410%a& ()-Aoy:k!'-4 410%@& ()- 410%& ()- YYYYYYYeF,
4109 ()- 410943 ()- 4109%@& ()- 410%@& ()-, 41094 ()-, 4109 () -
410(y%- Egp_rcppm%ﬂg prqggm% %h;:_caga]jw%- @;_invcntio(n@Lwa(ls) higher tf% t(h)at of a
catalyst prepared by extrusion molding.
EXAMPLE 7
The oxidation was carried out in the same manner of Example 1 except that a
5 mixed gas consisting of 4.5 volume % of isobutyric acid, 12 volume % of oxygen, 12
volume % of steam and 71.5 volume % of nitrogen was used as a raw material gas and
space velocity was changed into 1500hr™.  This result is shown in table 3.
COMPARATIVE EXAMPLE 5
The oxidation was carried out in the same manner of Example 7 except that the

10  catalyst (1) was replaced by the catalyst (5). The result is shown in table 3.

TABLE 3
Condition of Conversion of | Selectivity of Single Pass
No. preparing IBA MAA Yield of MAA
a catalyst (mole %) (mole %) (mole %)
Press
Ex.7 1000kgf/cm? 99.5 79.6 79.2
Com.Ex.5 [ Extrusion molding 97.1 71.5 75.3

IBA : Isobutyric acid, MAA : Methacrylic acid
Raw material gas : gas including isobutyric acid

15 Reaction temperature : 280°C

As shown in table 3, the catalyst of the invention was effective in the case of
using isobutyric acid as a raw material gas and single pass yield of methacrylic acid
prepared in the presence of the catalyst of the invention was higher than that of a

20 catalyst prepared by extrusion molding.
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What isiclaimed g hogg ()- 4100@ ()- 410%@ ()- 410%@ () - ZZZZZZZeF,

)-A 4109%@& ()- 410%&& () -

1. A process for preparing a catalyst for use in production of methacrylic acid
by gas phase oxidation and / or oxidative dehydrogenation of at least one compound
selected from the group consisting of methacrolein, isobutyraldehyde and isobutyric
acid, which comprises:

molding a raw material including a powder containing phosphorus and
molybdenum at the pressure of 50 kgf/cm? to 5000 kgf/cm? into an article; and

calcining the molded article to obtain a catalyst.

2. The process of claim 1, wherein a weight of the powder is reducible from 0
to 40 % by weight with respect to the weight of the powder by heating at a temperature
of 300 °C.

3. The process of claim 1, wherein the powder comprises particles having a

diameter of 150 tm to 1500 fm.

4, The process of claim 1, wherein the raw material further comprises a

lubricant and / or a reinforcement.

5. The process of claim 1, wherein the molded article has a shape of a ring.

6. The process of claim 1, wherein the powder is obtained by drying a
material containing phosphorus and molybdenum by at least one method selected from

the group consisting of spray drying, drum drying and flash drying.

7. A catalyst produced by the process of claim 1, which comprises the
following composition of the formula (1):

PaMobVcAdBeCfOx (1)

15
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