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unsaturated acids or esters thereof and catal ysts thereof This invention
relates to twpogreshiction of ethylenically unsaturated aci ds gir/€8doRiise
thereof, particularly nethacrylic acid or al kyl nethacrylates, and in

parti cuI ar to novel catalysts theref qQr. Such acids or esters may be made by
reacting an al kanoic acid (or ester) of the formula 5 R -

where R and R are each, independently, hydrogen or an al kyl ﬁ"mumm"""m“m
especi al 1 ow | kyl, g C i_ni f \pl e 1-4 carbon

with formg : : ' rersthereof

especi al Iy methyl nethacrylate, may be made by the catalytic reactl on of

propi oni ¢ acgy % inV¥htidn 16120t e TalrieT® aﬂofaetttgv nicy {fkatuBted ac.H?LI‘ééIeéso@g@bP“at e,
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f t di 15 th d f th t

A S0 1 or “oRAVAR erip TR SRl B s RS et ek & Padeebirardenyde i n
t he f or mobdropionicradid, or tthearc&spérmngtdkel qstem.cb,,g:tmemyl mbpmrmtehyvllth foerhdleehyye at e, t he
reacti O”a&&éa‘ﬁ{;ﬁwﬁr?ﬂ t%cﬁoh%iag@ﬁtq@é .yst will generally consist of nethyl

pr opi onat e ano or ma yde and water. Suitable catal ysts that have

been 1fsed i n@'ﬁud"-é*zaIQ%Fi“HﬁﬁQI'“dUb@U; eH¢LPH) 1 YOOBsi um doped, 20 silica

catal ysts. |grhasHeasony- Q;@jtght.ha; cREr¢@tM,) cedbrmrgeped silica catalysts,
i .e. those based u i cas ave an unacceait able service life as

they | os € Ne Fraction 3 B’P'G?lgfﬁ%ﬁﬁ‘tj‘ at@n gleyaied te(pppiature, ugyally in\ihg KanggeR0t40PiCGyesingrh s
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Second! y,wgtey. Ay be inferred fromUS 4 942 258, it is believed that for the
al kali metal to be active, the suB%ort shoul d have a certain m ni mum
surface ar eaSuiBhie qatalysisdhat haverhesn pised ingude Alkal metg-dnped. esPecialy FRSIUATICRER A | |
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reacti on shoridimei Ehls ac’thmriessma)eb&attgthIOIWQIfegi%l s of the si I ica, not only
by the water Fﬁémﬁa:agnmstat aﬁnao%ﬁ&tma,edmgy e&h.sfpasar&mmt%@t.nwu@aﬁmt in the

reaction mxture for resultin fromi ntroducti on of
f or nal detfya‘é'°a§°'?48t°ﬁﬁ?mﬂ°¥e¢@“h 8% thefegnayPeraass of Aeliviyiheougy loss off'ks" rgetplo AS)02
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much f ast agtive,Hzesuphert thoslmmaw aigsm@m rmamtrwtfsce arem Tétbffmsitvefeat}diewfw@@ wer e
al | hl ¥ fhgéhﬁuﬂ%@gl ’ﬁ Iﬁh%ﬁt&yﬁﬂ%sﬁ%ﬁ\%@infé%%bﬂ thér¥ e atrhiﬁﬁﬁlm surface

consi C? rations recl u elr use as cat ys onponent s.
af or ement @A &AL mergsﬂsof@é.@h matal. CAriag opanation tt*ermﬁsa TeAgRHFY fahtte ﬁtjcat%’ep%t’ to
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The pyrogenic silicas said to be suitable are 10 those havi n a tot k%
l'g

surface aPyby themgter proquced by thegerrtionz byt alsp ffasy ‘f{?te'rﬂﬁ?sé“VB mﬁrf%a pn rixyiEp,

and a spegkdngicireB@iry forviftrddustionioPtb kdPaldbieie bs forrhalin € Mt hab®fburd thithiee IDsY of
content is in the farm of pores of dianeter above 10000 A (1000 nn) and

| ess than 30%is in the formof pores of dianeter bel ow 1000 A (100 nm. In
contrast, in the present invention the silicas that may be !u 'm
preferably porous high surface area silicas such as gel sil mlmm mmm “m Hﬂl
precipitated gel silicas and 15 aggl onerated pyrogenic silicas.. peerdingly
the present invention provides a catalyst conprising a porous high surface

area silica containing 1-10% by wei ght of an alkali netal (expressed as
rret al )) \/\her e| n the cat aI yst cont a| ns a corrpound of at Ie_ast one nodifier

o o o o M.




The silica enployed in the invention preferably has a surface areaqaf Sgp 2002

| east 50 ng~ . The surface area nmay be neasured by well known nethods, a
preferred ngf ng a standard BET nitrogen absorption mat'JS%gI(E wel |
known' i n the art ﬁref erably the bulk of the surface area of %émgtﬁm ca

is present in pores of diameter in the range 5-150 nm Preferably the bul k
of the pore volune of the silicais ovi ded by pores of dianeter in the
range 5-150 nm By "the bul k" of |ts pore volune or surface area is

rovided b r of .di t in.t an that at | east
B05% of t he pRuRBRts S AR o oftal MBS pre e b Raeg ehaphis | o
di anet er sapmbrtemtur&sllpadbxmdadoihyuaaQusfnmsibrs?w&ne B@mﬁmebmararmoab leabiisfasedral s ar e
t !
PP e or ap P op iF Lol IRREHaplinofedi e ol B3 Aotk BRI mE R llewer”
are pr ef drahdayelajof |hmh@mm‘5€lﬁv9 atﬂdectpyfrlmge&iefztlwbﬂwnlle o leveis Qﬁlastb\amen gaed. The
prefery e@aﬁpgk fHa?élntgljeQ %Bﬁ fasfaf fhak iﬂe%%u%op@é ﬁﬂh}yté’ n?h%r huﬁﬂnwl?%

i nventl on provi d process cture o enicarl y —
unsat ur at3 &iogl¥ ME; hSSVVdFet@§ Wé"r‘ §PF{'9f@b@d‘l°’at"ﬁ!ar"tqsé G‘P’I&IGPSP"WHW |their use g8l or
al kyl netchagEiombafentsby reacti on of an al kanoic acid) or ester of an
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fromt et rshewdtthatottehigsed of siitas v(eTE@S)Jita'me. ds pyriopentt diligas) seidtodiecduitmvecarei N J

o oukd s FRE T8 LB Lol o S0 00k P JREROLS BP0 10
New Yor k a spegified, poeersizel dfstmlmwmerebw 8t igassB 0P otthe pore\corgent istp theJerimeof pores of
publ i shedy, ﬁé%m%soﬂ 980 ﬁ%?&@nessﬁmd%hﬂﬁéfﬁ o%a;f'dré fé;b&»a\p' e

silicas are known in the art . The catal ysts are era cal ci ned,

for exanp!080A4109inm). lycoptrash i the praseat 'WVﬁ“ttOHéher%!ﬁg%thBWYtQ? eRinged prer t i cul ar | y
at 400- 5QR&iela6il 96r€u§1ﬁ§h suMatdares Biliodd shehvas dePsiinds, phaipithtBd SelMdYaspl al Ways be
necessary. The ¢ tam\ésts W Il normally be used in the formof a fixed bed

and- 545 t3990MgElad PYIPORNE i3St he 10 composition is formed into shaped units,

e. g. spher es Acaprdingly tbe preperit invertion agyidega tatslyst oommrising ladmtoas hngh ymfaca lateg

ot egnat i hERfe T {0 Ul BILH A el |eRfreb AALE bt i le pHREEE 21
i npr egnat ¢q5wlnsmcp@pw|°f/@tlif;aa ene roeslifiso elpmpr selaeted lm §9r®hlamsum. @lwylmum
sui tabl e 5{a66m bhy ﬁéﬁﬁurﬁ En%\s'ﬁ Eﬂneurht m‘at fnb %atﬁl%t%&ﬁuhs a toiff of PSSP0 Yo gram alofis @t SO

effective in other forns) wders or “smal | beads and nmay be 15 used in
t his f28r nfaidmedifier R'awemt@eamod“ms ‘§§t"€§ sgif gjodier eéﬁ‘m’“? %WP&P%‘PW'%PSW%@ f ed,
i ndependemblpuregafsafdts%a prior mxing, to the reactor containing the catalyst

at nolar rati f aci r ester to f |. dehyde of fr m20 9 .,1: 20 and
2t 5t anper at1lp el Stded b B b relBeabu g 24ard =pp of St ST g a
a pressur surlate dred Gay bamaasurid yrwellkpowrempthedsea prefared eB0ADBing wefagtierd BET t he
reaction i eHra hﬁ%%@ ag% \LJH' oWr?mWieeé rﬁglJeQéleHyﬂnksd?%e%Uﬁaée%réato?
negative e on cat al ecay an SI's esters to acids.
FornaIZ@eth’Gé'“@%'ﬁPﬁée'ﬁdt@desquémf?{/mﬂﬁ tapes &1 3LUR cRreferahlythe bullc pilbRPdtit are

not |'i m t ggluh@ofaRE & Jréuidealu;i%aéd%f Garhetbd iR e rariR BY1B0 QS B‘yom%bsiecmtéie
derived froma formal deh%de dr procedur tri1oxane, d| et her of

met hy| enePYPBY&YTe S fYRcH Il g%@°r°§/\?fé‘aé'zﬂ‘?5r‘%e EN9% B AR PO NRREN A ¢ h
are not aat lkdst60% bf tmeadrréyolamaﬁ} ifack 4ros FRkeleieY gepaesofusie diambfaearidansral dehyde
25 will for _)g the synthesis reactor or in a separate reactor
prior to P g’%‘?’nﬁ }ﬁ?ﬁ ®% eactor. Thus for exanple, trioxane may be
deconq@psed oRrafesed alkahrrﬂetamarerpbabmm rubbidiam, @ reptegiaydesiuat The aibali meteir es over
350C or o j t d exanpl e, nethyl al
may be de\égﬁte"ﬁ gﬁ&%@b&@é@% ?ég K%?'émqggr%g?dranasﬁ%ﬁ Idehyde and et hanol
or without wa(GGISi"@&@ arﬁﬂrnfﬁu‘ﬁwtﬂqwh suitalde pyregenicsiligas| roRytRldde USRd.s can be

acconpl i shed figldA@&rretf chdtifier LlQﬁueﬁt?%tz%orﬁUm laRinfhivtorBRG@hat e react or
contai ning a catal yst such as an heterogeneous acid cat alh/ In this case

it is advant af®dWentan Asosrvides arocasircthe srpufasture st ethyiqnira satyeateg;acids

separ aéstel or b?er& Beredy, Bhﬂﬂ&ﬁérﬁy RN aél@orFHI@Vﬁ%adrytléieﬁ B¢ AIEBRRIcF B BkaNR! t he
acCl cat a ys

esired product is an u turated ter de by
reacting &f' e%‘teétP’ ‘gﬁnéﬁa%ﬂ'?(%ﬁ‘ﬂﬁ ‘Ra&"a“'a& e‘?HWQ‘#F? %@Tﬂfg © $458 al cohol
corresponding to the ester nay also be fed to the reactor 35 either with or
separately to the other conponents. The al cohol, anongst other effects,
reduces the quantity of acids |leaving the reactor. It is not necessary that
the atcohol is added at the begi nning 1 3 SEP Q02 WD 99/52628 7 PCT/ G
B99/ 01029



Zr content (gram atons perSurface area (n2lg) after testing for 13 SEP 2002
(days) Exanpl €100 nol es of silica)025912181

(conparati \(g%)raone 071341221021008820. 5316189155-110104"' 31. 23022081921871831
724 (conpary? PV 5307240221- 200197" * after 19 days testingc FHEP¥UIR yii c
performance of the catal yst sanples_was determ ned in an atnospheric
pressure mcroreactor charged with approxi mately 3 g of catal yst comm nuted
to 1 mmsize particles. Before use) the catalyst was dried at 300C in a 100
m/mn s ream,og nitrogen for, a Eeriod of igo Lnutes. The catal ysts were

st ar t ePPOREANIR BRI AW Y PEIANR o 15IraRtA erinosiligate,JTERR) S 5eswibed By Wbdaed hanol
and 5 fBowenlin h MafErial Scencs voloméazl (8987 pagdsdeby-de7a. Nattioas of pramirihg pérousrvei ght
rati o of : 0. 1 . l.on f t hyl i onat e.. et hanol
and f orsf‘r'r'ﬁ:?? %%v\q/[eg P %BE%@hl?etr ﬁgﬁj TE‘E gh%f'/'etfp’g‘ff}é"'rcr%‘ﬁ\é\}rﬂe’b &%ﬁ'%ﬁ' gél%?’o?ndﬁ%ﬁﬂ%er

pr opi on@t & Sameteh &9 ['Sakfed! Saiancell ribkshedbyvdsadericPreds: (09908 7ThuFimethodsiot ant s wer e
passgd : t. a rate that the contact tine was

i ni tlgal ‘frgﬁﬁfﬂgE%‘E(a?ﬁéfﬁg%s?%%oé@&@g%nAfter the feed had stabilised (appreox.
30 nins), tTE@ catalyyls gretthandrgiencbly galeingda for prammieioall. at@ taropepB e inthe rangt t o
stabi | | 5@ 19¥68°8! SHrfculad 51200 BBPEDSIFRYSR! HithdGor \Pshave Fun8 BEE MlsirfdY not Ne
catalysts were tested for activity and selectivity by varying 'the feed gas
f1 ow r aR\WBYSTRENELESSENVt s are shown in the fol l owing table. ~ZrMethyl

Eret h ?cr y!)/atmje phtugs@wmrmagﬁaﬁy bsE;minfime fékpn)of Qlﬁﬁec(Yb\Sé_lh_ 3&@@68 $ $g_6i_$g]t?iertﬁat(ﬂ‘fe T

sec)or % selectivity. at mpl ecgnt ent !

(o) nesKiepeuSEly o¥ioh ils oG k0 o0 S mmulee-Reiss ioiad oo evss8: 011031
5. 012908dica@ly hadePRaxibim 4nd dirure 2i0@ndiGns6d #@5dnge 1 to 10 mm. Where an
(conp) 2, 924, A ’ : nol es of
i 11 ca TPRebatdechnigade 3R e i HILS m] b8t HepI B Wb i 1 e

r et ar dafliesnatively thgsempegsition nfay de se skaped atiny sdkabie stagedmthe pragueipratthe i n
sel ect i ¥ithiystatrhd EfalysB M€ Bisé BFCHRIR Bthbi fBRSS, o @XSdwiiers¥d SMalPbekas bRl Ay ¥e! Y

| ar ge anmount of zirconiumwas enpl oyed. The effect on selectivity is also
dendiist ¥SAdYtNRfOT™he fol | owi ng tabl e whi ch shows the yield of "heavy"
conponent s, THe. afkansitldeidbra@teb ihefioDsHdTbrinaldehydeTad b fedDiddependdiiP St i 0pt e

PCT/ GB99/ 010 9 anple. 2 s I ted but using boron .oxide dissplved in
the. cosTihee & bieas 8 Bhfinfed i sl RRr&lrier itle 37 sdlor 81aP B 61 geBy g 38 o

cat al ysg0:¢ tm1:20 andaj alergpegatenmoh2F04008G withoa tesidpage titr@f A3D@ secofidssdridiata. The
surface 5 {68 | ; ow vy,
havi ng gééﬁ'ﬁﬁgﬁﬁ?&%%%%?rgag# .ﬁée?éigﬁgg%ﬁ? e%ﬁ%?gﬁthgﬁﬁgﬂgﬁw%%}%?@gti ng,
at a20c ofvsdE preferally minimisey dye do its negativeefiecy bolh on satalystadaepyrand hydpiksis #fvi ty was
95% 9é(t)/°§‘§§qa taia@g. Zﬁohﬁadm,d@eat% b;e@gd?d frdiany &h&bw\?&xro@?/w?&il ihdlRle HBI 86 _m'tnvi E y
was _ mpl e S I ated. but using.a m re o um.niumnitrate
and hat i ©gvcts rR=iiehviy spidions. soRyRradR imAHPRYE erved T gdomaliabvey o

cont ai nidrving(pracegrantriadanerriietifer af raethylenengiyaoichnd parafprasiidydat Where éedrmiaf ni um per
100 nol es_of sili he, acti vi t i t i 0

sec. |t fEmgitalyelhn ol heh 8 epb edriblod BBl Y B84, ol eRiente”

6. 7 zec will fotmeingite indhesysthegisseantdr erfirea sedacate freactorprignto theisynthBxiargarios Tos 13
(compar arlag vl fidhake fnlly U oBEEA BYerldindRf GBI ban B o3 Tk 1 USi Ng
zirconia of 1 mmparticle size 1n 15 place of gel silica as the su,o ort.
Cat al ystemREsatEref YRS 3RP°CIer AYATRA AFid cRtalyst @ eveni Qe s AF A SBFOAE eXaf: ethylaBos by

wei ght . rdybeldResthicsedbfreBstioh AR walePRYorf fofmtfiehfdetdnd PiethanbIr HOMwater thhe
follow ng table Sur f ace ar ealkt

bl e. Cs t hyl et hacr,%%@t,&; ,mat‘gacr lic acid - %
yi el d ( W§mormetylefepand fgrmaldepyde. JP'SP\E/% PRRTFORPHSNRG Sifer ity Ef&‘%‘% TdpPg) ~ Y
ST Y351G@2patateIedctot 8dntainifg ﬁéét&@&@ﬁchﬁhsébn&ﬁfﬁr%eée&g haalzdtal.yﬁ. 4h tBi8 Bask if3is
15138732. .1 274 . 4.3 16 e very poqr vields _and_ s ARN
Chat coderashlsb schale SMERo SN oPOR e or 48 PP aRENTE Wit ih s R50E1Y
cat al ystpsevestits deaahepdsifion bver the@ciddatalysiof Exanpl e 2, but using a m xture of
Zi rconi um nj ' LNl ' I :
nydr o ya At GRFRHTEL Wi abt B Foatchifach B Hebiodh, P ff it
SEP 20( 1azid ester with formaldehyde, the alcohol corresponding to the ester may also be fed to the reactor

$trate

~y3

35 either with or separately to the other components. The alcohol, amongst other effects, reduces the

quantity of acids leaving the reactor. lt is not necessary that the alcohol is added at the beginning
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(days) Exanpl eZr cont ent

*0471114182119 0153153132139- 136200. 7249169161167149155- 1801
80172‘172175@%’19352 195171185175176182 * g atons per 100 nol ei’*@ﬁ@?ﬁﬂ%

Zr Met hyl nethacrylate plus nmethacrylibc acid - %yield (Y) or %selectivity

(S) at residence tine of T secExanpl econtent

*TYSTYSTYSTYSTYS190. 51. 03892. 15904. 48937. 1109215. 41189200. 71. 03881 95884. 29
917. 31190 TA78I389ZI0T G I e Z g@ﬁg 104654. 2
5677.376813. E&Z,@P@S(cc gmgﬂ,ﬁyﬁrfgﬁz ug.ug:éu.. fméﬁ @#qr #or%% ons per
100 nol es of I ca E_xarrp es -2 anpl@ 20 5 rSep =at9ed t e g‘l Vi

cat al yst s—rontarning (07 gram atons of Zircun umper— 100 mptes—pf—sfl i ca

but usi ng 1dP?”FF@'aé'H?) amounts 8P"esium [THY act¥vi 13?201 ORe| 349 Iy%&s was
assessed| as i n,Exanplies 1-4. arrpl e s 9 t t hacryl.a l{us
nmet hacrylic aC|2d - %lyield (\8 or % sel egé%ﬁé\/‘sb Sil res dﬁhc %‘Pne of T
secT Y S Y STaY ST Y S2421.294 312.2 2| 3§#.|6268 424gh. 1 7452@31| 472 |73 4 4
775.0 7 ¥911.3 9 802(041.0 3 881.9 5 8842 91917.3 11 912651.1 4| 892.]1 7
934.2 9 weorapamwe)e Exarrpl es287 - 33 BO‘B S240 B 2002 WO 90626287+ 13
PCT/ GB99/6 tg—atonmst86—gnoteds—stttrecayContact—Fre—s) Yiel d
of MVA + mﬁ@él@?"svﬁsﬁﬂto MVA + MAA27

(conp) 0. 001. 8310. 3094. 06280. 131. 5410. 0393. 36290. 262. 6312. 8693. 81300. 391. 647
. 4593. 79310.748 dataitichetiteandel F2Re Etalyst deﬁblis%& dateadihed b3, SHRAGpRENEPrdidure
Exarrples 34 | yst el £ Qn Li.ne Z|rcon

(surfac e A rr°er%1acg)§ c'%q%' Vy"%t%p%mleﬁ'f“é‘ hepyc gg{%%lyrsn "%1@&%3 131 quee %aﬁl-t'c eﬁeBﬁﬁgg"hod
descr i bedss, the Entalypt|was 28ed @P0QIC/RBY Oml@mtsasare@f nilorgendariaetigd of SP rrrgmndse

met od. Ol dGRRlLueRd stardifud RSbSand ey @.b\ca/m.xiu& &f%tﬂymkaopﬁé HURRE IOV

that zirconi a al one IS not a sult nt hesi s.

resul t5 aformpaligt %‘%?ﬁ’é’@?"ﬂ H?%?"ﬁélf’efydgt B{Ptﬁéd“%{ °Hﬁ'@1‘ rafig °ﬁ% $:9.50:0ARBRRthe el |

to 60% sg.logsrtmméldfmtnyuq;v@@a@f meihkd) Bhd i@ﬁﬁ@.ﬁ@a(etb‘alﬂ) thaBifie dieaIh&sk by- product
of the reacti on,

O ocsi Brapotieny of Bebyibeionster e haf) ara o Baiodite vare s g, e The Resms o0 "

boi | i ng petepassdditirhughtheseatalyst boseh b eaté that the torltdditirae dias mitially approniaiatelyes

R/ﬁzg\é Ie g . {glg%ogéss t ,%flgl- @k/k%g “Rﬁﬁgﬁ%‘% ?%ipé&'z g@ @thcggiy%e&agryu%l WhsMerddVBY &

MAA) 340 1@5@03'1@ @it tygahiise 08 pighto AdesproxBEte 0 TEswE doperadm, the 4at2iggswes2. 103.
0415. 642 (3G Lty Qm-sﬂ&n@% Jfargﬂﬁ 13 rBePgR 6w ratd The4r§sdlt§ QRARBAY In\ic

Cat al ysts wer e prepare by physi cally m xing the pure silica support used
i n Exanplfigwing table.

Methyl methacrylate pius methacrylic acid - % vield (Y) or % selectivity (S) at
zr residence time of T (sec)

Example fcontent*| vy g [ T SIT Y s1T Y s8]t Y s
1(comp)| none (13 5 094|286 94 |55 10 94 |8.2 11 092]159 12 89
4
3

2 05 1.0 93 |2.0 96 |50 10 ©93 {80 11 93 160 12 90

3 1.2 1.2 92 |24 94 |48 9 97|70 10 97 (136 12 85

mn o N <

92146 8 90(65 10 092|156 11 88

4(comp)| 25 |11 3 93|22

* gram atoms per 100 moles of silica

It is seen that zirconium gave a significant improvement in the retardation of loss of surface
area and a significant improvement in selectivity at the longer residence times, except when a
15 relatively large amount of zirconium was employed. The effect on selectivity is also demonstrated

by the following table which shows the yield of “heavy" components, i.e. unwanted by products.
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elenent with the silica, or
halide with a silicon halide.
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catal yst as clained

A

9. A

catal yst conprising a porous high surface area silica containing 1-10% by

wei ght _

per

of an al kal i
contai ns a conmpound of at
magnesi um al urni ni um zi rconi um and/ or
catal yst contains a total
100 nol es of silica,

nmet al

(expressed as netal),
| east one nodifier elenent selected iiom boron,
haf ni um i n such anmount that the

of 0.25 to 2 gram atons of said nodifier el enent
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ein the catal yst

the pores of said silica, wherein where the catal yst contains only boron as
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ier
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it excludes boron up to a |evel
said nodifier elenent per
claim1 containing a total

of

sai

conpound bei ng dispersed in the pores of said silica.
preparing a catal yst conprising mxing together particles of a porous high
surface area silica with a solution of a m xture of conpounds of nodifier

el enents sel ected from boron,

0.26 gram atons of

| 00 noles of silica. 10. A catalyst as clainmed in
of 0.25 to 1.5 gram atons of said nodifier

1. A catal yst conprising a porous high
surface area silica containing |I-10% by wei ght of an al kal
(expressed as netal),
el ement
0.39 to 3.9 gramatons of said
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I 2. A method of
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sikali matsi (exprasand es matal), whersin tha catelyst contains & compound of t least
ane modifier slament salectad from- - =-.munhmdumhhm.mln4q"

hafnium in such amount that the catalyst containa s totel of 0.23 to 2 gram sloms of sald

modiier elemaent par 100 moles of gilica, sald modifier slemant compound being dispersad
in the pores of ssid siica.

2. A catalyst comprising a porous high surface area silica containing 1-10% by weight of an
aliali metal (expressed a¢ metal), wherein the catalyst contains 2 mixture of compounds
of modifier elements selected from boron, meguesium, aluminium, zirconium and/or
hafniutn in such amount that the catalyst contains a total of 0.25 to 2 gram atoms of said
modifier elements per 100 moles of silica, said modifier element compound being dispersed
in the pores of said silica.

3 A catalyst as claimed in claim 1 or 2, whersin the surface area of the silica is at least S0m’g”".

4 Aclulystaclllmed'mcllﬁnlwz,whm:tlunswﬁoftbepmuvolmisptwidedby‘
porea of diameter in the renge 5-150nm.

5 A catalyst ag claimed in claim | or 2, wherein at least 50% of the total surface area of the
gilion i3 presemt in pores of diameter in the range 5-150mm.

6 A catalyst according to cleim 1 or 2, wherein the alkali metal is caesium.

7 A cutsiyst ag clzimad in ey preceding clalm, wherein the corrpound of ot least one
modifiar slement is presant in tha form of at least ane axide and/or hydroxide of said st
lemst ona modifer slament.

8 Auﬂyﬂuclﬁmedhmyofthcuecaﬁngohimuappmdammchimlwhemmmlmdiﬁer
ciement cotprises zirconium and/or aluminium.

9 Amwammmmsn&mﬁmoxwmam
“M(W.MLM.\,WWMIWGNXC least -
one modifiar element asiacted from boron, magnesium, sluminkam, Ziconium and

hafnium {n such amount that the catalyst contains a total of 0.25 to 2 gram atoms of said

modifier element per 100 moles of silica, said modifier element compound being dispersed

in the pores of said silica, wherein where the catalyst contains only boron as & modifier element

it excludes boron up to a level of 0.29 gram stoms of said modifier element per 100 moles of silica.

10 A catalyst as claimed in claim 1 containing a total of 0.25 to 1.5 gram atoms of said modifier
element per 100 moles of silica.
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A method of preparing aunlyncompﬂdngmxin;bpthamlesofumuhxgh
surface arca silica with a solution of a mixture of compounds of modifier elements selected from
boron, mmmmmmm-ﬂm, are

Wﬂﬂn&hnﬁm‘ﬂhnﬁ-u\m-wuwb
2 gram sioma of said modiier slement per 100 moles of sificw; impregnating said particles
with a soluticn of & compound of an alkall matal such that the particies contsin 1-10% by
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+ magnesium, shuminkum, 2ircanium sndior hadhium such that ssid compound is
rpragnated into saki paricias in such amount that he puriicies cantain a iotal of 0.25
2 gram atoms of said madilier siemant per 100 moies of slics; inregnaling seid purticles _
‘wih @ solution of u compaund of an aticall metal such that the particlas contain 1-10% by
.Mdlﬂ“mﬂ(muw).ﬂmmmu
wmamumwnmmmm
- subsequerdly drying seid paitiies.

>

Amdm-mmmmm¢lmm
surface sres siica with a solulion of s campound of & modifier sigrnent

baron, ; " such that said compound s
memnmmunmm-wdo.sm&
grem stoms of said modifier elsment per 100 moles of slics; mpragnating seid particles _
wih a solution of 8 compound of an alkall metal such et e paricles contain 1-10% by
weight of exid slkall mete! (presaed as metal), ssid impregnation being carried out
wmcuummummnm md
mmmm )
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modier elemant per 100 moles of sliica, sski modifier slemant compound being dispersed
in he pores of sald siica.

2. A ostalyst comprising 8 parous high surface area silica containing 1-10% by weight of an
alkali metal (expressed as metal), wherein the catalyst contains a mixture of compounds
of modifier elements selected from boron, magnesium, aluminium, girconium and/or
hafniutn in such amount that the catalyst containg a total of 0.25 to 2 gram atoms of &id
modifier elements per 100 moles of silica, said modifier element compound being dispersed
in the pores of said silica.

3 Acalyst as claimed in claira 1 or 2, wherein the surface area of the silica is at least S0m’g"

4 Auulyunchlmedhclml«z.whm-tlunso%ofﬁemwlum:kmvidedbf
pores of diameter in the range S-150nm.

5 A catalyst ax claimed in claim | or 2, wherein at leagt 50% of the total surface ares of the
aﬂminpuentmpusold:mnﬂmthonnps-lsm

-

6 Ammynmdingwclﬁmlorz whereinthz:lhlimeulismnium.

7 AMQ*WhmmmmnmunMu\o
modiftar slamant (s present in tha form of at least one axide and/or trydroxide of sald st
lomst ona modifer slemant.

8 A catalyst as claimed in sy of the preceding claima as appendant to claim | wherein the modifier
element comprises zirconium and/or aluminium.

9 Auﬂyﬁwmﬂshupmmmmmmm 1-10% by weight of an
umu(mw-mmm,mm-mm.at lesist -
one modifiar elemant selectad from baron, magreslum, sluminism, zioonium and

hafnium in such amount that the catalyst contains a total of 0.25 to 2 gram atoms of said

modifier element per 100 moles of silica, said modifier element compound being dispersed

in the pores of said silica, wherein where the catalyst contains only boron as & modifier element

it excludes boron up to a level of 0.29 gram atoms of said modifier element per 100 moles of silica.

10 A catalyst as claimed in claim 1 containing a total of 0.25 to 1.5 gram atoms of said modifier
element per 100 moles of silica.
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dispersed in the pores of suid silics.

A method of preparing a catalyst comgrising mixing together particles of & porous high

surface arew silica with a solution of a mixture of compounds of modifier clemaents selected from

boron, mmmmmmm-ﬂm. are
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2 gram sloms of 3aid madiier elemant per 100 Moles of SiRce; knpregnasting sxid particies
with o sclution of & compound of an alkall metel such ihat the particies contain 1-10% by
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1098%& () - co-precipitating a compound of the modifier element with the silica, or hydrolysing a

mixture of the modifier element halide with a silicon hallde.

16 A pracess for the manufacture of ethylenically unsaturated acids or esters thereof by
reaction of an alkanoic acid, or ester of an alkaqoic acid, of the formula R’ - CH, - COOR,

where R and R’ are each, independently, hydrogen or an alkyl group, with formaldehyde in
the presence of a catalyst as claimed in any one of claims 1 to 10.

17 A process according to claim 16 wherein the ester of the atkanoic acid is methyl
propionate and is reacted with formaldehyde in the prasence of methanol.

18 A process according to claim 17 or claim 18 wherein the formaldehyde is supplied in the
form of formalin.

19 A process for manufacturing methyl methacrylate comprising reacting methyl propionate
with formeldehyde and methanol in the presencs of a catalyst comprising a porous high
surface area silica containing 1-10% by weight of cesium (expressed as metal), wherein
the catalyst contains a zirconium compound in such amount that the catalyst contains a
total of 0.25 o 2 gram atoms of zirconium per 100 moles of silica, said zirconium
compound being dispersed in the pores of said silica.
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= =C=MENG g“ntga ns a total of 0 25 to 2 gram atoms of said modifier element per
100 moles of silica, sald modifier element compound being dispersed in the pores of said silica,
wherein where the catalyst contains only boron as a modifier element it excludes boronup to a
level of 0.26 gram atoms of said modifier element per 100 moles of silica.

10. A catalyst as claimed in claim | containing a total of 0.25 to 1.5 gram atoms of said modifier
element per 100 moles of silica.

1. A catalyst comprising a porous high surface area silica containing 1-10% by weight of an alkali
metal (expressed as metal), wherein the catalyst contains a compound of boron as a modifier
element in such amount that the catalyst contains a total of 0.39 to 3.9 gram atoms of said
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