WD 02/ 32841 PCT/ GBOL/ 04669 PROCESS FOR THE HYDRATI ON OF OLEFINS Thi s
present invention relates to catal yst supports and in particular, to

cat al yst swvosupgsert ed on such catal yst supports, for use ipPpCpGBOEG®Hes for
the hydration of olefins, e.g. in the production of ethanol or

i sopropanol . The present invention also relates to processes for the
hydrati on of ol efins, which enploy phosphoric acid supported on such 5
catal yst supports to catalyse the hydration reaction. Hydration catal ysts
under go agei ng during operation, which is discernible by a reduction in
activity and/or selectivity. Deactivation is frequently due to a reduction
in the specific surface area of the support brought about by el evated
tenperatures. Specific surface area in the context of this application
means the BET surface according to well 10 known nethod of Brunauer, Emmett
and Teller determ ned by nitrogen adsorption according to DIN 66 132. The
specific surface area of support is closely related to its pore structure.
Mor eover, solids having a high surface area usually have a conpletely or
predom nantly anorphous structure, which has a strong tendency to take on
a thernmodynamically 15 stable state by crystallite growth acconpani ed by a
reduction in specific sPRPERSS EPRdHE HYPRAHONH@R PIESHR t hat cat al yst
supports containing silicon dioxide are al so subject to such ageing.
Hydr ot hermal conditions accel erate ageing. Hydrothermal conditions prevai
in chem cal reactions in agueous systens when the tenperature is above the

boi I i ng poi nt @f . . J r r i's
Furthermor e ket Bo HERRiS GEA 6 CuanAPRBoRt ERARLIEA Gratvds

pronot e tshppagei ongucli caulypasuppoty fidraisaimprocsssés oo thediydxatda affotdms,
hydr ot her mal, gonditians (c.ff, for examgl R K ller_.in The, K chem stry of
Silica, [agdtBRAOSHAN G PhgNQ 05IRTqPRY 9?!16 RISt aMetioN 2RO FelfER % i pes t he
use of a : i /

b Guot 5aeRs” Ty B AR Balioh Bf b, Iy phosgho b d SRS on et e
suppobt lvatabshkippgrts tscapdipsphe hydratien chactitri.s parti cul ar support conpri ses

of pellets of thetic.silicon dioxide .having high crush st. th, high

porosity and fI—i%//dqr ﬁté(f“a(fal?all%s%‘é CEf PR .u“ﬂge"pﬁ[ji?‘%s‘gﬂlcﬁfs %ﬁ(éer?}éf% bf the

support irsddcioA s ATVRYALE/ of BEedBfity VD ARRRONER reqBOHtR MRty MBedifetidn ihUS

preferabIK greater than 0.8 m/g. Average pore radius prior to use_in the
(S

hydr at i orihe presifssrfpee arpa pfidie supipst brevskichout byrrlegtedigmperatures. Specific
surface area in the context of this application means the BET surface according to well-
10 known method of Brunauer, Emmett and Teller determined by nitrogen adsorption
according to DIN 66 132.
The specific surface area of support is closely related to its pore structure.
Moreover, solids having a high surface area usually have a completely or predominantly
amorphous structure, which has a strong tendency to take on a thermodynamically
15  stable state by crystallite growth accompanied by a reduction in specific surface area.
It has been found that catalyst supports containing silicon dioxide are also subject to
such ageing. Hydrothermal conditions accelerate ageing. Hydrothermal conditions
prevail in chemical reactions in aqueous systems when the temperature is above the
boiling point of water and pressure is above standard pressure. It is furthermore known
20  that contaminants, in particular alkali metals, promote the ageing of supports containing
silicon dioxide under hydrothermal conditions (c.f. for example R. K. Tler in The
chemistry of Silica, page 544, John Wiley & Sons (1979).
EP 0578 441 B1 describes the use of a catalyst support for the hydration of



In order to achieve optinum hydration performance, EP 0 578 441 B 1
specifies a silicon dioxide content of the support of at least 99 Wt %

wi th bel ovo 22/3#8424 preferable below 0.3 w % of cont am npeT/€BoTh6s9 t ype of
catal yst support has al so been 10 described in EP 0 393 356 Bl and in US
5,086,031 It has surprisingly also been found that the catal yst supports
based on synt hdfing. Tiyictige sompdient pridchitadosdtt bawrthe buppodebydeskingbisd i n EP
0 393 356 B 1 are also subject to ageing under hygrot ermal. conpdi.t.ions.
Wier ei n $hasahopeped. EhisBritisulap syapartFompriges of gt frnt eticg%ﬁléc%’f IQHdRi fic

surface gLed, #ﬁm &bl 4t%ng@i9f11%ﬁér%l’d’sﬂ? Ah&TRY BRtallid LoRhhdaAR. vREhARERD during

such agei ng. S ageing1s xpected because the pyrogenic silicon
di oxi de of thetpares ¢fttke suppporis ® womwimedatedbe astivechmponantringe aplume iBesi st ance

according, to lnyestigatjons wih scanni n | ectron mcroscope,. the
o phol ogsrelsAb B er Len DAY Byt Bue et rgrdnge BrPR PRt (o
t enper at lf)li-@c%sé)ifs N helr@n Serf Din@sPeMI 0d of 7 days (Schriftenreihe

Pigmente Nr. 11: Grundl age von Aerosil(r); Degussa 20 publication, 5th

edition, June Inoo®r tyagecve@ptiman hydiriéon Resfomance, EBE) 5 Hedd IR L sRacHE t he
itive influepce.of Ti02.an the  lifet] f o icoacid | oaded,
ot ur el T Dt poag et os 1 dfifor bl Ak Bo B s wRIBRRNP R B 8 | ORea

hydrocar g@mpabmemao.ztm dficoM@mittd. @hadypdiat canaystsapporshdsiatsediesn deposi t s
such as iatpniteEPg)iﬁegzrelgguhr or. di at omaceous earth were the nost 25

sui t 3Bl e dsepspheddn Shppl indd IR&3 However, naturally occurring
siliceous mtl?ﬁésasbfp;?slkw glsgggénafoﬁndl ﬂ{%ﬁfﬂetda& st og[?}ﬁgsea%%yﬁméﬁé se

effects on the cata roperties. ese adver ects can be
di m ni shegrogeaicaly pentbost sikdoadlioxida dewsribed indEP 0388 866 81 aze glso pEbi&T t09 401

A, EP 0 018 02 1, 29 29 919, 29 08 491, DE 1. 56. . _This,
however , atg@&&iupé%ﬁa’d&[}).g%r%??@l‘“%nggﬁer% S‘Hﬁ‘&??ﬁ%ﬁ%g’é‘féﬁgle’ﬁ%ﬁ% suppor t
30 / cat 3;J0¥T°s_twi@1‘i E)Q@ﬁfﬂs?eei@ic shffaQ 61 Iﬁiﬂa@%%%%‘ré‘v@luﬁ@%&&ih@Qirtlﬁhy si cal

., Kl menko ha e

strength to calcine at a nperature from 1050 to 1350C, the
cal cilfat iwmchdriged dbengendheigwmenTiss agdn@ s Unsypested [Behlsgdbhpwogetic gilicog US

5, 208, 195). r.ecognj se .t hat P04 cont ai ni at al ysts

02/ 32841 “c%g‘ﬁ’ﬁﬁé%f‘gsupg : %%Oé‘ﬂsgﬂ%% "I"F%lge-q‘é e F?Sﬁfgﬁ%ea%ﬁ?fgﬁg\y/‘@aa i ve
and possQﬁﬁesagawnfslvﬁmemcahﬂh%b@btrom@aguo@a,!thstrfoemﬂ«tgy sipaeogenic as they
state, these supports have the remajni ng¢ di sadvant age _t hat t he anpr,phous

silica paslidoaldigxide gessalor Fhaage guheaiede SrepRjaiyras o vpAY&P00 IiANSERE of the
hydrati on,#2agt (QrinbRlehe FigARRENA1 Porhlifl vl ALRARS DRERSa | N the
20  publication, 5th edition, June 1993, page 20).

Klimenko (US 3,311,568) has described the positive influence of TiO; on the
lifetime of a phosphoric acid loaded, natutally occurring siliceous support in the
hydration of unsaturated hydrocarbons. At that time it was believed that natural
siliceous deposits such as diatomite, kieselguhr or diatomaceous earth were the most

25  suitable supports for these applications. However, naturally occurring siliceous
materials always contain impurities that have some adverse effects on the catalytic
properties. These adverse affects can be diminished, as is demonstrated in a number of
patents, e.g. DE 37 09 401 A1, EP 0 018 022 B1, DE 29 29 919, DE 29 08 491, DE 1
156 772. This, however, requires a substantial number of additional steps in the support

30  /catalyst preparation.

In order to obtain a sufficient physical strength, Klimenko had to calcine at a
temperature from 1050 to 1350°C, the calcination time being between 5 and 24 hours.

Schluechter et al. (US 5,208,195) recognise that H3PO4 containing catalysts based on

2



5 specific surface area and hence in catalytic activity and with a decrease
in mechanical strength. Because of these drawbacks, they prefer to work

wi t h nat wabt/g2s8based siliceous materials which require arPCuGBel/msaber of
preparation steps, e.g. treatnent with acid in order to decrease the

al um na content, until they are fit to be used as a support for hydration

pur pOSGS-syﬂl@etﬁChiib@%&lE QippRits ale higRyGctiBeatdgoske aQhiffididnanditian di oxi de in
order to Increase the conpressive strength of catal ysts spheres which are
| ar gel y Beesbanisd sirangtlsdpwpwr) 35 theppsiatepthiesd wppeds kayetthe remgniBgay, hence, a

natural Qg ' t.er| i: L ' ' 1t e acid
treated gﬁ%ggéﬂr%&ft?%etﬁé5‘@%’%@253‘}5‘5’% ﬁz{(ﬂi&'l e‘fll,%tt9 ﬁlesgs?'?dégj garggTr?%{l g%d[ M\gles&fg‘g to 2.5
parts by casdigibhs ofithe hgdmatiemteactiors ithishe hisvaiated witloa sicep dsérkasean gfed i s 15
from20 to 4Q parts b ight.. The nmixture is optiopally shaped .and

cal ci ﬁed.spﬁlgi: gur&c}cg&r%ﬁgﬁﬁ%ﬁ%%&tw&iwww vhae Fﬁefl{ﬂazn_vm%ﬁmf:@ modi f i ed
by i mpreg@hiRMBM b & the@l Al Sackt B, ﬁl_r}@'r COUBALRHR nSRENS, BT QMEDus
stability, sée e.g. EP 0 792 859 AZ2. itaniumis one of "the el enments of

G oup | VBnat@itiads ihichgaqtepplarge nugnben of preparatipn ktephe.g. siteatimenk vithgcw isment

i the | ti . f bly b I 20 i ation.
Por & vol (TR REPEgaTH Pk Hul 5 dratioP femgedestimbre BB mpound of
t he st abifyidsdtiog patgeent in a volume of solvent which is equal to the pore

volune of the catalyst support and then distributing the solution, for

exanpPe by spr¥flusghtenstal. deperibedhp pesr of titembwidigrige beorder tatineeass the pi | |

coater duyri rayl i d 0. ENSLr i.form i . 11QN. Bot h:

aaucous. ARuResSRE Bl GER RIS HRRIPHER aipldB Gl bR EEGRLD"

i npr egnatrh@imokiflohifdtGitiinilg diyattndeea nivata bedsrige iatadlal Yhertedumed as

solvent. Selection of the sujitable sol ven)gA, 1however N s%eietgendent upon the
e 3 &t

stabi 11 sifigeds i bipbisdertiionsd desind bRt s ah Dol Empound, d
Thatead ostRILR A FRRATH! D ADLmRr (bR DA RIGRARIN®, 052

sui t dBl e fsh 2@t 40 pRtOby8Rig8E TheAdixtusdoveptibhalty thapeddegt @écindd. st abi | i sati on
of pyrogeIni c,silic

o Y ST eSSt el S SR T ot st oteyer the
o O, RS B it b s o shore.
Titanium is one of the elements of Group IVB. The silica support is modified with the
stabilising element using the impregnation process, preferably by pore volume
20  impregnation.
Pore volume impregnation is performed by dissolving a soluble compound of
the stabilising element in a volume of solvent which is equal to the pore volume of the
catalyst support and then distributing the solution, for example by spraying, over the
support, which may be rotated in a pill coater during spraying in order to ensure
25  uniform impregnation.
Both aqueous and organic solvents or mixtures thereof may be used for
impregnation. In industrial practice, water is generally preferred as solvent. Selection of
the suitable solvent, however, is dependent upon the stabilising element compound to be
used. An organic titanium compound, such as for example tetrabutoxytitanium
30  (Ti(C4Hs0)4, may also be used instead of aqueous titanium (III) chloride. In this case,
butanol is a suitable solvent.

EP 0 792 859 (A2) shows that the degree of stabilisation of pyrogenic silica

increases with increasing Ti-content. However, the addition of titanium leads to a



As is shown in the exanples of the above nentioned patent application, the
i npregnation with aqueous solutions of Tid 3 yields materials with only
limted vaoabaishi sati on. At a conparabl e Ti-I|oading, the RPEEGBI1/6669

Ti - al cohol ate gave nuch better results. These are thus clearly preferred
as source for Ti. Since Ti-al coholates cannot be dissolved in water,

or gani ¢ sietneadtti poasreoline hmdubatte] Nlodred activity ofiiy @galast eThdrefores tisdndetsi ng
el enent ropriate and costly precautions nmust be taken to avoid any
expl osi or?xﬁgsz kgep et HeeortenbpoloMAsROgSIIE: the support. 10 The nodifi cation

of supports byafga ﬁ’inﬂh%& E'()Pﬂl&%%\lﬂl ﬁex%tﬁ(ﬁa*éh h%h{‘gp liehIEMe requires a
substanti al nunber o steps ore the fi1nished é)ed support is

obt ai ned.impragsatiarf with hquaoche seluppmdzf T yiblds Meﬁh withonlyrighiéetce by
extrusion or by tabletting, then dried and_calcined. Next, the stabilising
el emeAt riEadyation. i a ¢ %il"gh)adtnget{lpedw@%pggglpﬁholﬁprgaw fpuch Reiterr eat ed

supports d@{uhe.roﬂ#e% ReAnal clgﬁggﬂfe?érféﬁ%§ soure é'[?egﬁé@ 1—911@%1(515’!:% MQolhe There

is a nee ore for expensive and | ess hazardous support
pr epar at idissohvet! irodvatehi arpaniasoltéres baedo b meed itarddr tginupegndte theequi red hi gh
degree of

tabilisatiqn and | eads at the sanme ti to hi ghl y active and
sel ecti vet @ii%%?me‘ﬁngﬁﬁo@&me t"ﬁétE YRTECRHON Iy eitﬁlﬁe“iatg aé{ggcﬂ)‘/‘éii ngly to
provi de C&bﬁ,lS%%thﬁémmmegnargga&m Stth@supgpaknl y of synthetic silicon
di oxi de which, in conmbination wth phosphoric acid, exhibit inproved

agei 1§ resi st aFfeenediSnaticoad suppiets tyyrdeats éimpdegeaivdiwitlonstabitigingwhi ch, at
the sane tine, have excell activi a he h dratl on of
oot s me e By Es SO e aterROetar e Fistipd debibed HEr Y H ant

i nvent i onobddifed) FEEESA 20N tHeahBp S Bty shBpedl, Goriag@tte b32x0sibAer bypr oved
supports according to the invention and which have excellent activity and

sel ect i viteblettige, thae drgdiangt ¢adeinest Nsxbthesahilising elepspt reggottibthg al cohol s. The
above anqmg)%%%tteﬁbﬂh% Hﬁecf{}gaﬂ?'ﬁndl@he ttFe%fédas{x &Fs%?%ﬁg] E&' at”‘tfgx%& el

suppor t St | arts by
wei ghts ofof®egveeh 160ad 90X Pdes or phosphat es of the elenents of group HA
1B, 1VB, VB, VIB, VIIB VI, TB, 30 |IB, TIILA, 13 ndthelanthanldes
char act eri sed Thérg lagtneef&h %Qfﬁﬁ%ﬁof aé‘fséﬁél?e&ts‘ivﬁﬁnﬁir%@csﬁ grar m xi ng

particul %gpaggt%hﬁéthsd %Jhkahcat t\l% %zﬂn%%ﬁmte' Gl AL& 9% lrgﬂ%.lﬁle@ b %f&g%t&s of the

el ements ‘o oups HA VI'B,” VI'l B, 1B, HA IVA
and the siteamiudaanm dﬁkleadﬁ atwh¢ haqm"emmtcsa)hghtymtleohnd seléavrveicaglyst. ep and

cal ci nati on. AIMJ%gt/ogfztgeA' %re'?e%I /1%91} c/>r(1) fé%gcordmgly to provide catalyst supports
20  consisting mainly of synthetic silicon dioxide which, in combination with phosphoric
acid, exhibit improved ageing resistance when used under hydrothermal conditions and
which, at the same time, have excellent activity and selectivity for the hydration of
olefins to the corresponding alcohols.
A further object of the present invention are hydration catalysts which are based
25  onthe improved supports according to the invention and which have excellent activity
and selectivity for the hydration of olefins to the corresponding alcohols.
The above and other objects of this invention are achieved by a catalyst support
consisting mainly of synthetic silica, with 0.5 - 10 parts by weight of one or more
oxides or phosphates of the elements of group TIA, IIIB, IVB, VB, VIB, VIIB, VIII, IB,
30 IIB, IITA, IVA and the lanthanides characterised in that the support preparation method
comprises mixing particulate synthetic silica with particulate oxides or phospates of the
elements of Groups IIA, IIIB, IVB, VB, VIB, VIIB, VIII, IB, IIB, IITA, IVA and the

lanthanides, or with precursors thereof, a forming step and calcination.
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The above and ot her objects of this invention are also achi eved by the
supported phosphoric acid catal ysts wherein the catal yst support,

consi sti mgonmBasky of synthetic silica, is nodified by 0.BCT/GBaD0pedtS by
wei ght titanium dioxide and/or zirconium dioxide based on the total weight
of the cal cined support, and in which the silica and the 5 titania and/or

zi rconi um di oxXitdebav€and &6k otijécd ef tallixvenpibh afe disd ddheeve@biitigsupbeited Thus,
according to one aspect, the present invention provides a catalyst support

consi st i ropriionc poigfcatlyithwherginghe ratalystiuppory onsisfinganais el systhgHe of
articul 0% : [11B, |VB,

VB VB as@f‘clan,g ’%ﬁ’?‘,@d li’%,%?‘ p Eatple‘iﬁf %’ “}e'@hﬁ{fﬁ{ﬁ] E@Xfafae nﬁg’ﬁ ?gggsd,“ﬁgr wi t h

pr ecur sordoxitebased on phiectoeal meipht iof tricalcared/soppat, mad i which@halsibod aiel the

characgterised in that the support preparatiqgn nethod conprises m xing
par t i cul dianie il ppeironty pxidaar, o8 B do g PRSI 65 of t he

el ements of  GRUPRcbidthg t\'%(?\e akpiBt, tW@preé@nBinv\Jhﬂicfﬁx ervid]Eas a kBalykd Bppbdt! A | VA

and the | anthani des, or h precursors thereof, preferred-titani a and/or
zi r coni urnogsistiigimaindy dfnynthetic siliep withd0.Sel) pirts By iveright F particplatef evidasdr

enmbodi nent,s of t i nventio t he t supp S i il i-ea,

titani a (ﬂioﬁﬁaﬁisoﬁﬁﬁ?#aﬁn&ﬁsd’ggr Sr#%@?/zg?t @u%evﬁ%m@?@r%&?&t es of
the el emaViSaef thelliRmiddsfor With BrecursdB ther&of, MeRerreMItitdhia Yhd/bs zitdBnidmh B, 111 A,
| VA and the | ant hani des, or precursors thereof, preferred titania and/or

zi r cdfi urdienids Phpsaciprised 40 that eheisHpRdit Breptiatie methied comppagstPiiNgat e oxi des or

phospat es 3 . LA L B, VIII,

I B, I1B, aﬁc'&?ﬂ%%ﬁgﬁ%rbﬁlﬁ%ﬁgﬁﬁg%ﬁaeeso’?;‘ 1d§% Ot?’%%sh%/tg?)?%sﬁf ﬁ}eélrngégﬁ a‘[qpr eferred
titani a ameups 1A, TEBITVBY) VB oXIBIeVIIB VIIH ABRIIBSIIWA L TV A1 atichéhedamtheati daspdr
framework of the calcined support,. and is not just. a surface coatjng.
Thus, accBiyPIsguIsersiigesfe Prefaprdditangp an /ﬁbﬂ&‘rogg@h?’lom@eﬁ?%ﬂl}g HARARA i s

provi ded c%l&?atti%hySt support conprising a structural 25 franework of
synthetic silica, which framework contai ns donmins of particul ate oxides

or pHospat es dh préferred embodisenfs dBtinaipseritiod, thelchBlyst MBpolBeorpiie side, VI | |,
B, 11B, .ILIA | VA.ang. t he | ant hani des, or of precursors thereof,

pr ef er r ed'#1E QhPECHRYP §#°X1%5 r coni um di oxi de, wherein the particul ate oxides

or phospates ofy kiigngheRR0las &Iides@r?ﬂ@ﬁnal‘é@wof M eldnvEhts YBGrodpBIIAVIIB, VIII,
IB, I'IB, IIl'A 1VA and the |anthanides, or 30 precursors thereof, preferred

titania aiYd,ofB.2Y s oARNYHL dRi HB, U4 194 endibeddnthanidesn@reprecuryass 10 parts by
VTS g Bl 9 D HOORE T S 1 Svppor
prodoe thupticudaty ogides bepitdpaed &f the tlemignishe GrbagsdlAf NB)EVa, VB, VIB,
VIIB, VIIL IB, IIB, IIIA, IVA and the lanthanides, or precursors thereof, preferred
titania and/or zirconium dioxide form domains within the structural framework of the
calcined support, and is not just a surface coating. Thus, according to another aspect of
the present invention, there is provided a catalyst support comprising a structural
25  framework of synthetic silica, which framework contains domains of particulate oxides
or phospates of the elements of Groups IIA, TIIB, IVB, VB, VIB, VIIB, VIII, 1B, 1IB,
IIA, IVA and the lanthanides, or of precursors thereof, preferred titania and/or
zirconium dioxide, wherein the particulate oxides or phospates of the elements of
Groups ITIA, IIIB, IVB, VB, VIB, VIIB, VIII, IB, IB, TITA, IVA and the lanthanides, or
30  precursors thereof, preferred titania and/or zirconium dioxide, in said domains form 0.5
to 10 parts by weight based on the total weight of the support.
The resulting support has an improved stability against ageing and is

substantially easier to produce than any of the materials from the state of the art.



5 WO 02/ 32841 PCT/ GB01/ 04669 Furthernore, it shows excellent activity and
selectivity in the hydration of olefins to alcohols. Thus, according to a
further av@ews284t he present invention provides a process PEDGBhhetshydrati on
of olefins, said process conprising reacting an olefin with water in the
presence of phosphoric acid supported on one of the catal yst supports

descri be@fusthernre, 5t Aivoishatelidn eatvit9fant hele@hvisanthd pdeatidnadt dldidshe
preparation nethod for these supports. Such a nethod conprises: mXing
parti cul atcehals| Thus, asgordingtosa fusthenaspgsty thepyesqisi IFYRNUION PTYMAAES CRICSSE oxi des

or phospgiase Afdhiien 6F SRR gaiﬁf rcﬁe?yﬁnggllsﬁﬁ 1g Jehdifhe dn'\@efinBith Waber in Yid B

VIiil, IB, IIB"TITA 1VA and the lan , or Wth precursors thereof,
pr ef er r egresendeadfiphosphatioracisnpporiadnondinexif dies, catdge dupgportshiesdrited labwed. ght  of

the support prior to.the 10 form.ng.step; a f.orm st ep and cal cining the
for medl” nauiefi Blsct SRR Pse AP B8 aN PiseeHHORBIDE PR DogT SLBHES T nvont i on
i's not Ofy¥h FWedthd®ESEnpH LR | FixH3haPRRIRE siliBa, GREH 0.5 189D phAGBy WeRhe¥f St i ng
manuf act uri ng technol ogi es, but 'at the same tine also gives 15 materials

Wi t h i nprestisdlateeiidestor rmspasesatfithd elgments phGexupe 14 iiBs &VBcVBy MiBes.

Det ai | ed 1Pt OfL0 L Lt has,now been found,,surprising|y, that
t he st abi\ﬁﬁmﬁ%h@p ‘éﬁnl\c%g ?é(;ﬁ]&ll?né%}%qeg’ %ra‘gglzip{)eﬁurss?/rﬁtth%r;é ?igprse? r|mgfa can be
I ncr easeditantd ¥ndotostaniunadioxidelieRed be tenbtahkight ofihe bigpdraporsd ktieca i s

physi cally adm xed with particul ate oxi des or phospates of the 20 el enents
of  GIBupdommng piePB, VB, VB, VIB, VIIB, VIII, IB, IM IIlIA IVA and the

| ant hani - i.t.hiprecursors thereof, preferred particulate titania

and/ or z%&?zlgrrllllggrﬁlgp(ﬁ%gm de prior to the form ng step. The silicon dioxide
used i n aelcontathedomnddmitedalireesesmt400rmariO6QTC.consi sts mainly of synthetic

silica. Silica gel precipitated.silica s, both produced hy wet 25

cheni cal &st%mfofi{h@pﬁ?@tameémem%ﬂ@ TREEEmPLY mp%yqﬁ@ﬁé#rctosqawcon

di oxi de k! RATR) ' - Gl j fvef UMed silicon
di oxi de, %gﬁgﬁg%eer a%lln% usecfiwlql%élr%%{nyoggé;% (G)‘geértl?r% sgi}hlre?gg@%ﬂgo gfvfe ;ér ed by
Degud$§a- metérsalswdbrimpireed aatiiatysand stabHROSNILE eXcellFat soleepiuities. AEROSI L(r), a

vol atile.sil.] conpou is.sprayed into an 30 oxyhydrogen gas fl ane
consi st i get%te%ﬁ%% W Agy tlro.% In nost cases conpounds like silicon

;fe]E ;gf hl ori de 1pRasSidVESed fB6R1, YsPsinglie st Hehedbalg ©F phyphetiys@dunder the
catalysts based on synthetic silica can be increased very substantially when the synthetic
particulate silica is physically admixed with particulate oxides or phospates of the

20  elements of Groups IIA, IIIB, IVB, VB, VIB, VIIB, VIII, IB, IIB, IITA, IVA and the
lanthanides, or with precursors thereof, preferred particulate titania and/or zirconium
dioxide prior to the forming step.

The silicon dioxide used in accordance with the present invention consists
mainly of synthetic silica. Silica gels, precipitated silica's, both produced by wet

25  chemical methods, are suitable synthetic materials. Synthetic silicon dioxide produced
by flame hydrolysis, so-called pyrogenic or fumed silicon dioxide, is preferably used.
Fumed or pyrogenic silica is offered by Degussa-Huels under the tradename
AEROSIL®.

To prepare AEROSIL®, a volatile silicon compound is sprayed into an

30  oxyhydrogen gas flame consisting of hydrogen and air. In most cases compounds like

silicon tetrachloride or SiMeCl3 are used. These substances hydrolyse under the effect

of the water produced in the oxyhydrogen gas reaction to give silicon dioxide and

hydrochloric acid. The silicon dioxide, after leaving the flame, is introduced into a so-

6



of the water produced in the oxyhydrogen gas reaction to give silicon

di oxi de and hydrochloric acid. The silicon dioxide, after |eaving the
flame, i swonyssduced into a so 6 WO 02/ 32841 PCT/ GB01/ 046BOT/GBal/h4569
coagul ati on zone where the AEROSIL(r) primary particles and primary
aggregates are aggl onerated. The product produced in this stage as a type
of aer oschllé¢dcoagelatipatzent WhmhM@éﬁS&b@snerppaiWismgdwiMﬁnces in

cycl ones and t hen os -trea h noist hot,air. As t of. thi
Y ons” oo Be P T ot s bk b e s tage 422 s Tt 0m506
Si nce th%e@#a%hlemaheagtaséohga@dmnﬁahyﬁnglsﬁbmmﬁﬁﬁcycm@g astigRE powitidated bul K

density of only about 15 , a vacuum conpacti on process follows, by

means of \Wh whist bﬂ‘ﬁ[ﬁat tAsch @@H@@ﬁtnhes@rmesatibmes@galg}mdr@hlcamﬁed sRijehe
produged. dro%s o%%fotw ? OES‘% éfie ﬂ“}c Aﬁﬁggw%ﬂh% 6918 ?Itlﬂg grocgss 19*3{%1@{1@@/% may be
1 ONS

varied by Vv he reactron ‘con such a exa e flame

t enper at uyieh a bﬂl& densiposft ardyaleut 13 @/1hy dmgenccﬁnpamw@ grocessiellawybyt  of
silicon tetrachl oride, theremdencehmam@%) fla or thglength of
the coagul@a s oh Whisheompasted idensifiernfabeys Wee/ligabovs may dsrriadiceduni th t he

bresent "I nventfiar, ¢ae 05 06t naPoON o RindiAh iSRG Y Aleby bRer fumed

titania. Fune pyrogenic titanium dioxide IS of fered” by
Degussa- Hhefacmmdcmﬁhtmrm,dsmh ds byr ekhmpie thy ok y&hlseralhrel ﬂm/;mbmrtlbe of

Ti - cqQnpo | i ke e Ti Cl4. The proces eni ¢ med Ti 02
is sil &pl g‘ryﬂf(tgef‘ﬁ’é 02%% sthe@moupt Bgsé]é “&8‘%511 ”&,&ng engp, inje IPEIFﬁ ﬂ?lﬁ’%li ox: de
can con5|0§tthé)fengggyof@fle &6a%uﬁ{18§kgl{e| ine nodification, e.g. anatase or rutile

or it can be wholly or partly anorphous. M xtures of these different
phases are al s’bhqdusmum doxide uTddein aceardaricgrwith tbriptesenfseeentionsee be 8nce with

t he present invention. can be tated or
fumed zi rESRPERECHYISHACe Efeﬂ%ﬁfeﬂr%rﬁli' fé&n{/%h{:& e%g% egﬁgg &gdél?:ltl)rdl ng to
thi s inveibiiedis Hsd Gferbdby BREMssa GBI dndad produkbd BpAENS hl;‘mmiso:cfedl a of

I ndustrial Chemstry, 5th Edition, Vol. 8, 543-571 publi shed

VCH- Viér | aglajie d1-cempenndsabike ¢.8 PRbi. Theracess ormpetmiresents, ¢r fu Tnéz cera,
titled "Zircapi S ort fo sts" Universiteit Tvvente t he

Net her | adﬁén?l%éé‘i% ‘&HQ?’ Br%ﬁsﬂfgﬁﬂg’%ﬁw%ul ate oxi des or phospates of the
el ements of G pudSahil diokids Ban bMBist ¥BanyMbibis W dtBllind/holifidabon, kg3, | LI A,

| VA and the | anthanides, preferred particulate titania and/Qr zirconium
di oxi de, dnataseomiutite piot sabbeewhellyerpasiheampraiors Mitures of these different

phases are also possible.
20 The zirconium dioxide used in accordance with the present invention can be of
any source, for instance precipitated or fumed zirconium dioxide.

Zirconium dioxide which can be used according to this invention is for instance
described in Ullmann's Encyclopedia of Industrial Chemistry, 5* Edition, Vol. A28,
543-571 published by VCH-Verlagsgesellschaft and in PhD Thesis from Patrick D.L.

25  Mercera, titled "Zirconia as a support for catalysts" Universiteit Twente, the
Netherlands (1991).

Instead of using particulate oxides or phospates of the elements of Groups IIA,
1B, IVB, VB, VIB, VIIB, VIII, IB, IIB, ITIA, IVA and the lanthanides, preferred
particulate titania and/or zirconium dioxide, it is also possible to use one or more of

30  their precursors, that upon calcination are transformed into the corresponding oxide
form. For instance, particulate Zr(OH)4 can be used instead of or in addition to
particulate zirconium dioxide.

For use as support for phosphoric acid hydration catalysts, the content of the

7



30 their precursors, that upon calcination are transfornmed into the
correspondi ng oxide form For instance, particulate Zr(OH) 4 can be used

i nstead o¥oo2/338m addition to particulate zirconi um di oxi BET/GBO1/0446® as
support for phosphoric acid hydration catalysts, the content of the 7 WD
02/ 32841 PCT/ GB01/ 04669 particul ate oxi des or phospates of the el enents of

Goups IIA | |ﬂa5&10u|1é(50x1¥f55 ovptspatkd & th¥blelnentsBf Arblps MA| AIB ITVB, a8l t he

| ant hani des, precursors thereof, preferred titanium dioxi de and/ or

zi r coni unvid, mevﬂh IBhHBf IIIﬁ\,sWe% a@djmgdmth%derw enprecugsers theeafy prefesged

pr ef er abl r % pased on
the tot aIt%argﬁrg%&hégal?d/%zelrcsé%lﬁ%ﬁox ﬂ?} ¥hce(c)1ns§ (t%Tr gtf?égﬁg) %a to | oss of
activity %apm&daﬂ&yﬁanr B cbu® it ¥, rrmstppreﬁrabw frnsm :bg td ®mrtrYd, basedfonThe totald/ or

Zr-phgsphat Too | ow once trations, 3 dta 3 q? hand | ead to an
i nsuf Pi cieFHENTARs supegt Bop PH%CCBHP%‘P‘V pacigdoss HARILELY Gusbb%hor t
lifeti m?rem%oﬁ%g&%tvomméun%&g}&hsn B ri- %ﬂd/‘oPZHfbﬁoéiﬁb&bn%bl%wppo” can be at

| ast 80 % The support pre erably consists of particles with di nensions
bet ween G:oBcentichtiogs, omtherotber handelead thanyinfuffinient Sahibsagiomaf theowtalysiland,
particles lead to an cceptabl e pressure drop over the catalyst bed

wher eas ﬁl‘f&c? &f‘@%%‘%{rﬁ?gﬁ@s result in diffusion linitation and, hence,

lower activit yrief cdnbit 6883k NeS-si1itAGN Bl daREedasfPor® tarl heeatflasR 8D swniigaded
support is mainly determned by the starting conpounds silica and the

part ildul svepe ptﬁésabiw cmas1§ih@§ patielss gfithtdimersienseiet weanf0. 8pndi p8 mmp.Anogt| | B,

| VB, VB, p\{EEEabYl kB 8 i T%ndm%ll arficles le @}o Qr?uéa'&‘éodm u%ﬂ%ﬁé&@ﬁw and can

precursors erred anl a and/or Zirc I OXI

be any\/\haf\%rf}fefvi’taﬁ_)yst Be(ﬁﬁlﬁer@gé@om@efp@ﬁﬁlﬂs)fes‘ulltdmdifﬂlsicm Hi@Ratidd a0d, One of the
nost |rrportant properties of support materials to be used. in dration

h

cat al yst sheinﬁet%‘éi?rracﬁﬁﬁléW@e&ﬁ@lyS %eéﬁgﬁc%%oﬂt@fe@ﬁé}’ Hﬁléiﬁ‘il"é]sguap ther

upt ake A ty of the
cat al ystzlgq"ﬁg ore '{;]/ég{ n%@g%%@;&lmg% gﬁ 8Q§thh%e &Sn?és ,r preferably
fromiB. 8 pihmsﬁatés ofithg elemeats qiiGrbepsaldAyIITH, rIMB 0/]2 VI8, VIB,nVIIh IB, B, Bl/igpor t
can exi st rmof tablets, extru her.es .ar bead For . extrudates
and t abl eIt f‘?fgt}?tlﬁﬁh%ﬂ‘gesf BrrIPﬁeF‘érS‘?ﬁdlfeﬁ 1@8 erref and &F"}mao%'}?z I Z2HGAWEE known i n
the 25 art, e.g. rings, wagon wheels, tgilob ars, etc. can be used as

wel | . Thedip¥igaend s beanyWhst %?mssdé’rﬁopé’bl/ét@efgéﬁ}?%hf’ﬁ‘erko@ 4P ’8or capped.
The bul k densi gye g thk Ros HRRRHdnt hopefties bItuppHr TRt&ials RYbd died Bpr e vol une,

the hydration catalysts is their pore volume. A higher pore volume enables a higher uptake
20  of phosphoric acid and thus leads to a higher activity of the catalyst. The pore volume
can be anywhere from 0.5 to 1.8 ml/g, preferably from 0.8 to 1.5 ml/g, most preferably
from 0.9 to 1.5 ml/g.

The support can exist in form of tablets, extrudates, spheres or beads. For

extrudates and tablets the standard form is cylindrical, but all other shapes known in the
25  art, e.g rings, wagon wheels, trilobes, stars, etc. can be used as well. The front and back
end of such tablets can either be flat or capped.

The bulk density of the support is determined mainly by the pore volume, the
titania and/or zirconium dioxide content and by the form and dimensions of the
individual support particles. The bulk density can thus vary within a broad range and

30  can be anywhere from 300 to 800 g/l.
Forming can consist of any forming technique. The preferred forming methods

for supports to be used in a fixed bed hydration process are tabletting, compression or

extrusion.



titania and/or zirconium di oxi de content and by the form and di nensi ons of
the individual support particles. The bul k density can thus vary within a
broad ramgeozsas41 30 can be anywhere from 300 to 800 g/|. POT/GBAGO4sEN

consi st of any form ng technique. The preferred form ng nethods for
supports to be used in a fixed bed hydration process are tabletting,
conpressi on oy tRX4b&st 8PsupPoMBrGt 3vdAdarfbal 4icBPAhOIEGRca ﬂr@fér;ﬂﬂ@cess of
support preparation, particulate synt hetic silica in a preferably finely
di vi ded fimeln disided finreid adinitedpaith partibelete cxsdedes pb@SPpW@Qﬁﬁte@éemﬁntwfe

:Lgnfmasl(grﬁwﬁqr’%ggj Ig/% %’t\ﬁBpr ur\ﬁﬁ’ gly’tlf?%’r 4% pr &t det’rhreedﬁ}%anlagr’sﬂ %‘J i'iﬁd/ LYA

zi r coni URyigh srseudsors ﬁle‘ﬁébfl eferiet eit &2l dYorzifconiahy didkiMie delsb e preferatdet her
with water and formng additives, like |lubricants and/ or . pore builders.

Opt i odal fipelydivided fagsy, tegetheaputharatyr addorpinggdditives ke Jbricants aadlar ¢ hei r
TBX| mum %8%]&,{}&16}58 i)gorﬁ)aﬁy xllpzy ﬁ%‘r%ﬁ;mll?ao%%@rrﬂg shif c\é\ﬁgggad%)tﬁeﬂe cal ci ned

support. mxture ' is oroughly m xe nea tionally, the
m xt ur e a@ximemdionegt 1srla)r;ianalbbrwanghtplmmd ef diewebglﬁtmfehet trdcified mplpgrtst ep,
especi al | |r1thecse of t ettln ag ure i s brou nto its
final forfAcByxtHRisd %@ﬁrqu(gﬁ&rﬁ@cegg ks E‘é]&@m@‘a fg‘? U cal 6#”89“ ng or
conpr essi ﬂlanﬁlo?%b%pr&éry Q@fféré ﬂe?@nﬁn% @c%pe&bedmm% twaasefoheabwmgcqhand t he
particul ate oxi des or ‘phospates of tThe elenents of Goups IIA I11B, 1VB,

VB, VDB, nuiktude is\rbwght B itk fiBal forth Ay the shosemfortrfiee teghnifyasm |e®§xtﬂ4ﬁ10rpr ecursors
thereof ref.erred titania and/or zirconium 15 di oxide, prior to the m xing
or kneadi ﬁaetgfl%ﬂrﬁ?mgre?ﬂorbf aggl onerates preferably in the range of up to

100 gm nore mgfeuakhded M@hlg%?Qctgﬁeané\gﬁtmn@taeaadtﬂ&a@aramate@xms gr range,
shoul d be so | oosely bound in the m xing or kneadi ngﬁ step, are

reduced phespaitesefithe dempntaaf GxeupstliAHEB, I¥B, VBn YBsHFBo MIcBhpH3.d84, snal |

FTE, " vEY AR f BBl dsR i o AERE e KSR iRl OLED e
or ofls pr elionis8qpsiot trethe afixingroekasddath stéft eorisiat afubgdsmerzies poaferabiydh thel de.

Because the formn rocedure inc)udes physically adm xj ng particul ate
silica dﬁ%%@iteﬂpgw &Hqrg Eefypdl ép’ﬂ’@éﬁé@é&“ o“fg& %@e@reéﬁ@%géep Bty oups 11 A,

11113, | d
or pr cur S°S IR B0 Ml b e, i e hidey o R e ral e

finishedis uqucms Suohcalnteatemsﬂﬂt)ﬁnlfmsl afpppa compuibastseall domains of particulate
oxides or phospates of the elements of Groups ITA, IIIB, IVB, VB, VIB, VIIB, VIL, IB,
20 1B, IIIA, IVA and the lanthanides, or of precursors thereof, preferred titania and/or

zirconium dioxide.

Because the forming procedure includes physically admixing particulate silica
and particulate oxides or phospates of the elements of Groups IIA, 1IIB, IVB, VB, VIB,
VIIB, VIII, IB, IIB, ITIIA, IVA and the lanthanides, or precursors thereof, preferred

25  titania and/or zirconium dioxide, the finished support contains domains of particulate
oxides or phospates of the elements of Groups IIA, IIIB, IVB, VB, VIB, VIIB, VIII, IB,
IIB, TIIA, IVA and the lanthanides, or of precursors thereof, preferred titania and/or
zirconium dioxide. The size and the distribution of these domains throughout the
formed support are important with respect to the stability. After the mixing or kneading

30  procedure in conjunction with the forming step, e.g. extrusion or tabletting, and
calcination, 50% or more of the domains of particulate oxides or phospates of the
elements of Groups IIA, IIIB, IVB, VB, VIB, VIIB, VIII, IB, IIB, TIIA, IVA and the

lanthanides, or precursors thereof, preferred titania and/or zirconium dioxide, in the



oxi des or phospates of the elenents of Goups IIA 111B, 1VB, VB, VIB,
ViIB, Vill, IB IIB, IIl'A 1VA and the |anthanides, or of precursors

t her eof , woet/gsued titania and/ or zirconium di oxi de. TheP€T/680HMI6T he

di stribution of these domains throughout the formed support are inportant
With respect to the stability. After the m xing or kneading 30 procedure in

conj unct icQBinl kihponeart BN & hat 2 Rm 8. stke. PieFértiSly Oft 1845t 5692l oFtihd Mgnaiand
cal cination, 50% or nore of the donmains of particul ate oxi des or]:@hospat es

of the eof patintlstectxidgs ouphosprigs of theglemayss oN@rouys BA, VAIBBIVE) VB, V | 1B,

ITTA 1V i de I D o) I titani a
and/ or Z&I%g\l/ﬁu% 1%@?@2&% %rhdet%s IM%EC,%Q@sﬁE%DF%ﬁB&%g%E%gaI ci ned
support gitmisaml/ drefircohiam dogide s shalkr tHhefl ghalat ynoraprdfeably, H18asob0¥he

dormai ns qf particul ate, oxi des or phospates, of the el enents oups I1A,
1 BB, P VBOL i3 dopragns of\partisulage pyidey g5 phopipgites qfjthe PR CTREDY ﬂ?é‘%i des, or
precur soggpt ,x@J;Be r ifani /RE 12%HH; Ly iQxdoge is smaller
than 1 mﬁgﬁd@?ﬁﬁgﬁbre éfr\ggfgglgg’ IFIe SI?AE%]OQA)tSéo taﬁfea%%iongiqns gf particul ate
oxi des orthgbafs pafepedditarti endfbermonznoflio&deups thérargebBlow 0.9B,m\MostV| B,

viiB, Vi, | | 1.B, A .l VA and the |.ant hani des r _precursors thereof,
preferr e(H’r‘ifF’iaEWr 5“8%%}9{3% ‘}fitt“’cg‘?ﬁ‘ﬂﬂ? HP%Alﬁ‘gat‘ieé)qu%s PEBE?SQ%(?& Ogéﬂeow 0.8 m

Most  pr @fepidal o Grdlips HASHHS,Ol%B@,fVm,hﬂBjm,nwmf[BgﬁBt, oAl BE& afkilides or
phospates of the elements of Goups ITA [I11B, IVB, VB, VIB, VIIB, VIII,

| B, MPB, lanthamides\ix mpchrsdvethbgedfapeteami titania and/graisanigor dioxideieidfthe pr ef err ed
titania and/ ﬁ)r Zi g%oni umdioxide is in the range below 0.8 pm Form ng
addi ti ved® &S ‘)“E)Oé’v ©°I"%i ds known in the art, they may for instance have a

bi nding or a IRebhingalddNE e taBbPAl SidPkhdwh ROthE URCthep mayHsainplaace kave a
cellulose and its derivatives, polyethylene glycol, wax amrgni a or .
ammoni a_ bEdiegPylubBRBBERIS, Porsbillige fungtion Bxgntles areeefludose aaddfsr s, etc.
The cont . t i r S i i e adj ust ed
such' natteipEes ol A ARl B utHicHRe b uhiEnfBrblolifi b 201

f or ming tpebiviriydaleoholysiacohakhgars, etche mi xture can be dried partially or

conpletely before the formng. step.. After, the form.,ng step, the aped
bodi es are opftﬂ@ﬁ&i“lei)tscﬂfiﬂé"ddl REPE FDLARGESP MRsymIxtylg WA%%‘?%%@US&?‘C%“HB%ZE
nor mal |y (g apsdsRebn@Y br e rﬁ-g{msrsaswa@é rHeho W AR Gornfird EeRAYLOD SRRy, Pl ace

preferably between 400 and 1050C, nost preferably between 450 and 1000C.
H gh cal ¢hewmiitere daeipdriad partisllapecoroplprehbbeloreshe camitestsppport materi al s

according to AN Snd PYE 98, WY GaSE B8 HOLYSRAY dHIELIRInR | ARI! Y- The
20  Whereas drying is normally carried out at temperatures below 200°C, calcination takes
place preferably between 400 and 1050°C, most preferably between 450 and 1000°C.
High calcination temperatures are no problem since the support materials according to
this invention have surprisingly good thermal stability. The duration of the calcination
can be anywhere from 15 minutes to several hours, depending on the type and size of
25  kiln in which the calcination is carried out. The calcination is preferably carried out in
air.

The catalyst supports as described herein are particularly advantageous for
hydrating olefins to produce lower alkanols. For the hydration of olefins, phosphoric
acid is introduced into the catalyst support as the active component. To this end, once

30  the stabilised support has been calcined, it may be loaded with an aqueous solution of
phosphoric acid. The phosphoric acid solution may contain 15 to 85 wt.% of phosphoric
acid relative to the total weight of the solution, preferably from 30 to 65 wt.-%.
Optionally, the impregnated support is dried before use to form the dried catalyst
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can be anywhere from 15 mnutes to several hours, depending on the type and
size of 25 kiln in which the calcination is carried out. The calcination is
pr ef er abiwoozsasised out in air. The catal yst supports as BewGBObedsoher ei n
are particularly advantageous for hydrating olefins to produce |ower

al kanol s. For the hydration of olefins, phosphoric acid is introduced into

the cat algygbmsSHPREHHed$ort) SheAGldlYR neSMRBERbncehBratitn @fd@mph&n;%icso t he
stabilised support has been calcined, it may be | oaded w

5 th an eilé%eous
sol ut i on rafging fesphtsr § T whdidpreferbly frospHbio 3 wici%l bawsH wnitbhtailyweeitodi n 15
to 85 wt. % of I acid relative to the total weight of the
sol uti on,t}{gp)?‘]é?(gérhg%%;%&%tg% 30 to 65 mt.-% Optionally, the inpregnated
support is driHe phebshicushl lbadihgprodetheredan eshsisabfibiyysippiOprists @2hid76e] 1
PCT/ GB01/ 04669 system In the dried form the agat al yst . may have $
conceft r &5 SRSFSIBSHHBICEE BIesRIoTIc 61 S9d tionesRdkINge SIEBY WRPIEsRationefiyy ab| y
from 20 t. a1 O I i Ledh 4Rt alayst
system ‘f‘ﬁlgﬁ%ﬁjos% é?“??ﬁgg‘ingn?%%f’%gbgf %}({:\/g%g & ! éﬂérllar%%ﬁg%{s% %?agany
appr opr i aheporecivhinggief the Bmeugt. ofisopporsilaading canbexareisd ophdsph prassuracind

sol ution, goaki.ng, spray ippreggnatjon, dr i npregnat.i on tc,. The .anmount
of sol ut i%aeféaﬁacg‘éta@c}hs?ipﬁag&ﬁet_g?g%} ert‘ﬂ%ﬁ?ugph%gg?g‘i’rll‘g?ﬁfth% thetelﬂ%dlﬂ%f’gﬂ\?ol unme
of the argayﬁk_srtﬁﬁglﬁlaapﬁ{tageohgz%agnféarbub@t ©Bihbed Metsudd any pressure. In
order to facilitate the uptake of the rather viscous phosphoric solution,
t he 118adi ng of Theratalguppesording phthe dbeatembrvsusieyy Beodsiabiliedegeinst at
subanbi ent _pressure., 10 The cat.al ysts .accorgdin the | i ave a
PGP fargered SRiGntet & BEFIMPB AR AR LBERREEES 2,

very gooaag§ ernmal’ con ons,

condi t i ongefidBydratich. ENEHLANItSa@Brding tdrlie iDledfibmalkygedtdrapproximaalyadOyst s

according to the invention are aged for approximately 40- 45 hours at

350- 370C 4rhauigat30sEce imthersesegcmal 18 B Waiporarout, Hisi PPeFige si ze

di stri but j. | S. S t i r f . : j ci ated

w th por iplforrSeh i8 nd AFoE PP bE ARlshed VatbIE 1 LRSS HEN MR foPe 3R

st rudtur ea dibmesk anyldr tharppanit s contai ning silicon dioxide under

hydr ot her nal c(gndi tions are invest ifg%t%(,j bel ow. Convent i.f)nal .ungt abilised
e t 1 Xl

and st abi | i sedhagEhEthe ParEstugiERe § RURRDELS RNl T e dio%dBpor t s. As

di scussed;RARPNGIrothREnA BRERbNd A% §Mes@Ehtéd BQoR O¥h B0 RhQEEIESed #1d the 20
hydrati on of olefins, said process conprising reacting an olefin with water

in the ptdsksedeupports satahyaed sutlghé se¢wgtaptissphwpogs.aci d supported on a

catalyst s uppo{g’g iscussed above, the present invention also provides a process for the

e

20  hydration of olefins, said process comprising reacting an olefin with water in the
presence of a catalyst comprising phosphoric acid supported on a catalyst support,
characterised in that said catalyst support comprises a structural framework of synthetic
silica, which frame work contains domains of a particulate oxide or phosphate of at least
one element selected from the group consisting of Groups IIA, IIIB, IVB, VB, VIB,

25  VIIB, VIIB, IB, IIB, IIIA, IVA and the lanthanide series of the Periodic Table; said
oxide or phosphate forming 0.5 to 10 parts by weight of the total weight of the support.

Preferably, the frame work of the catalyst support contains domains of titania
and/or zirconium dioxide.
The olefins to be hydrated are suitably ethylene or propylene. Where ethylene is

30  employed, the alcohol produced is ethanol. Where propylene is employed, isopropanol
and n-propanol are produced. Ethers corresponding to the olefin may also be formed as
by-products during the reaction. The hydration is preferably carried out in the vapour

phase, ie both the olefin and water are in the vapour phase during the reaction.
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characterised in that said catal yst support conprises a structural
framewor k of synthetic silica, which frame work contai ns donains of a
parti cul av@opxisde or phosphate of at | east one el enent seCEGBedIfesOM t he
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carri éd diithejend predughissthanohifiemethylenepthersuppratedcafalyst wsuitoRly dpated e in t he

vapour. Phasg 9utd BN S iRt 110 2%&28@@@’0?%@%%%@%&?#%9 .de

hydrati o ion 1s”typicall’y carried © e catalys

i npr egnatigel ofhidPRAIAL ifithe end BrREi@Ns is69Rbpanel ddden-pRpeidl froan Prdpikenetkat i ng t he
supported catalyst to the reaction teémgrature. The supported catalyst is
pr ef er abl syppestadecatalyst is suitablydeated fiont 1¥h2ATE, peefgadly Game p&hdPhE - upon t he

end product degired. For instanc if . the.end pr i t from
et hyl ene, t hee@bﬁrb&}etsgap%et%aﬁaégﬁch?g?.ﬁ atttgfﬂe)d/%ﬁee%ﬁ%'ggéj%ﬁpgﬁ%ﬁsgg%qg%oq
pr ef apablof the e0TiR 3Ad RABEin tRNMpHIataE aﬁ? Yefpagel 23bugdAheredror. Themoteher
hand, if the end product is iso-propanol and n-propanol from pro ?tll ene,

th
suppor t edrataphwgter tq elef pessing thrpuigh dbr fer@as meYDS priGe 1@ 8 (B} 9/-15 dm ©
185- 205C. ta '

0 ,%gettg%glr%fé&ﬂgfoisgﬁ (fﬁ%%lg%g%r&&qm FobLalass "[thré%gﬁj(%s\’eﬁcﬁﬁitgt e may

t enper at ur'e; In and water in the vapour st
be passedftiataugipotficefieantiore pakbiag tirbegh thatréatwimayeaiessubjeot ol sighin passi ng
t hrough the reactor may be in?%he range of 0.50, preferably

%r om gy 15 to
from 0. 25V glignudePendipg upPRPaFtAR! e rrasinholsED & 9By lenhr RIPRYENGEPbei ty  of
vat erysvapaubh @l &f B §§%F@I%Sme%gﬁ&hﬁ%gp of i iRkt MerdBivilewsidp] ect to

slight wvariatfrons g upon ether the reactant olefin is ethylene
or propylepeur Benitdby fnost @AtEto ¢.1h0Q, ipeeferably fofm 8t0RPIte AL SOtghamspradeinyeEl oci ty
of the mxture thereof wth ter _vapour.is.suitabl romaQ0.010 to 0.100,
pref er ab|1§Fr1CFb%P€§‘6§6PR°\3%6FS‘§ SR e 98¢ ofA Wﬂfﬁére Qgé’?gpé'ﬁﬁr’f agg “fa%eé suppor t ed
cat al yst . yidpBuf fiR: $Ha&EvQbcify iBsditdbl Bintthe BloPY.DeEME0a00, prefefibly #amanos - t he
space veloCity is suitably in the fromO0.010 - '0.100, preferably from 0. 02

- 0.07 g/ WDheows/cof3 efftbe supnooed eefalyat al yst .

20 The hydration reaction may be carried out a pressure ranging from 2000 to
24000 KPa. Within this range the hydration of ethylene is suitably carried out at a
pressure from 3000 to 10000 KPa, whereas the hydration of propylene is suitably
carried out at a pressure from 2000-7600 KPa.

These and other aspects of the present invention will now be described, by way

25  of illustration, with reference to the following Examples and accompanying Figures.
Figure 1 is a plot of differential intrusion vs. Pore diameter for a pore structure of an
unstabilised catalyst support after a hydrothermal ageing test (comp. example 1);

Figure 2 is a plot of differential intrusion vs. Pore diameter for a pore structure
of a catalyst support stabilised with 1.5 % of titanium, according to prior art, after a

30  hydrothermal ageing test (comp. example 2);

Figure 3 is a plot of differential intrusion vs. Pore diameter for a pore structure
of a catalyst support stabilised with 4 % of titanium, according to prior art, after a

hydrothermal ageing test (comp. example 3);
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20 The hydration reaction nmay be carried out a pressure ranging from 2000
to 24000 KPa. Wthin this range the hydration of ethylene is suitably
carried ovoozs28a1 pressure from 3000 to 10000 KPa, whereaBCT/ad0hygsati on of
propylene is suitably carried out at a pressure from 2000- 7600 KPa. These
and ot her aspects of the present invention will now be described, by way

25 of illust r@‘ig&@m%bfbtbﬁﬁﬁfe%iﬁﬁl inerutibe vb. gJoroWMangtdEfapp@s saacture
acconpanyi ng Fi gures. 8ure 1is a plot of differential intrusion vs.

Pore di améeeptalyst S@Ppﬁrs@b tseditithrSeYett tisgniumpascansing toguics aftati& @ support
after a r S . exanple 1); Figure 2 is a plot of
i '?‘? 8‘]I[ %é} vs Rggg?e&gll(ng%en@ér

differen for a pore structure of a
cat al yst suppahgursisabhbicﬁeﬁdiffdrémﬁl mti¥%sioh vb.i foandiameteadoon poragtrogupr i or art,

after a 30 r ot her mal gelngte(;st conp. exanple Flg e3|saplot
of di ff e@@ﬁtcﬁéf yst ?HPPBEHSEW? {ped ""Fﬁérse/"o(?féiﬁ@‘("é‘f‘ ?%P@“%@r%l% of a

cat al yst @H@?@Jﬁaﬁ%ﬂéﬂe?ﬂ% taah %) f titanium according to pr| or art,

after agei ng test co . exanple 3); 12 WO 02/ 32841
PCT/ GBO 1/ 04669?1gu%e Gus e plbtio§ ddfepérdial wirusioh verpeme diametentforspesa stractusor e

di aneter f.or re str tur of Cc | yst su rt Sabl|l 5 % of
titani umOféé’@‘Ea?lb}()??ﬂﬁ’pf’g {L}’?’ﬂ‘&?F éﬁ“th fné“f‘fafléﬁ umh?fﬁgg(ﬁ E’ont*fadS ‘%6%‘?% V%eg:& (conp.
exanpl e %dr&hgﬂfaﬁag%lﬂ%tegt (@k@ﬂp]@%?dl fferential intrusion vs. pore dianeter
for a poré structure a cataa};st support stabilised with 5 % of

titadlum accdﬁ@lmg is @ pfzmlotﬁdlf&rr@ntl fntwision vshade Brmetardpr APURAHUEHEY (conp.

exam! © Sk LB ol Sy iRLEbIRL S LLEIBPI bR TLAR Kl B ot

titani Uma]@Qi@&h&infhgagé?ngfﬁsﬁ(dxﬁk\fi?l@tﬂ)ﬂn after a hydrothermal ageing test
(exanple 6); 10 Fiqure is a plot of differential intrusion vs. pore

di ameter for Fipye 1§9mp£ﬁ§fer@ﬁlaél%%lapyf§tpc§aBﬁmeré%%wreésac %h 1.8 %
of titani ca%%ﬁ%@p@gt sttzﬁ)llwa{i %wﬂﬁ}’@% ??tntamﬁm 9 cor&’ingi’&lﬂ% HHEEARn, 89&  Ng test

(exanpl e is aplot o rentla I ntrusion vs. ore di anmet er
for aSporaehmmthaﬁnul ageing tat (:eaamp}yséﬂt) amlpport stabilised with 1.8 % of

titanium accarding to this_ inventio te 15.a h i ng test
(exanpl e 8); S“rlﬁ%g‘tﬁ praph; shoyy n]?ﬂ%{}?lf“ ALSPRGVDR é{){egii ﬁ%ﬂﬁ n@%‘a@gﬁ
yi el d (Shhrffon n%‘ﬂoé?e's?fldrfés vshﬁxdt‘irﬁé ' &Berﬂﬁ%§§ the\caial @8 emblofed (PRumle Ll)@)ﬁdl ng on
t he catal yst enpl oyed (Exanple 17).
Figure 10 is a plot of differential intrusion vs. pore diameter for a pore structure
of a catalyst support stabilised with 5 % of zirconia, according to this invention, after a
20  hydrothermal ageing test (example 22).
The pore size distribution curves shown in Figure 1 to 8 and 10 were determined
using the well-known Hg porosimetry method. They show the differential penetration
(intrusion) of the mercury as a function of pore diameter. Arbitrary units were selected
for differential intrusion and the curves were each expanded over the available area of

25  the diagram.

Comparative Example 1

A state-of- the-art support was prepared according to example 2 of EP 393 356
B1.
This support is thus made by mixing pyrogenic silica (AEROSIL®200 from
30  Degussa-Huels), magnesiumstearate, methylcellulose and urea, and subsequent drying
and tabletting. The calcination procedure consists of two steps: a first calcination at 250
°C, and the final calcination at 750°C. This product is sold by Degussa-Huels under
either of the names Degussa 350, Triger 350, Support 350 or Aerolyst™ 350 and has

13



Figure 10 is a plot of differential intrusion vs. pore dianeter for a pore
structure of a catalyst support stabilised with 5 % of zirconia, according
to this iwoensisen, after a 20 hydrothermal ageing test (PEEGBOIEI®GE). The
pore size distribution curves shown in Figure 1 to 8 and 10 were determ ned
using the well-known Hg porosinetry nethod. They show the differential

penetratipn intrusion) of the rcury as a ction of .pore di aneter.
Arbitrar Qﬁmllg)g’l%?ré’p?@f"% ch%(HEC F‘gf'fa‘?a iaf%é’rpgmﬁ' i{i‘(?ph(g, &gﬁ%%&gﬁ% WHE cur ves
wer e each expanded over, the avail abl g, area of 5 the djagram _ Copparative
Exanpl e 198 ;i pofe vqlﬂ@-eapf’r%u%g&m /&égc%‘?‘éﬁé’%é@t‘%é% Hgmest 8§§np| e 2
of EP 393,356d BleightrS sHpport is thus nmade by m xing pyrogenic silica
(AERCSI L(r)200 from 30 Degussa- Huel s), magnesi unst earate, nethyl cellul ose

and urea, and Bivswgosmeatemalivag loashed withis &4 wi.rig phosphoriglagidrealution apd ocedur e

consi sts.of, t s. a first calcinati a ' fi
cal ci hat ihSﬁtegg\g%%Emﬁ‘nﬁlsgﬁlﬁjlr%saﬁrgtap %raglgIaggﬁtfgrbgbg%ssgrg-%ﬁgﬁ?} g’?\ érh%ﬁ%asi't her of
t he nanesrhegpussize disRibufib@eLtheApBd cabblpgovds BBtdmiriedAgridg yotoshedb0Taad has 13

WO 02/ 32841 PCT/ GB01/ 04669 the follow ng properties: specific surface area
appr ox. msmﬂgprqo%wdlér@hgtl@lywéb@wagraphmgygﬂFl,gufeo¥a| pore vol une appr ox.
0.8 cnB/g. It i 1 I . :hei ght  of
5.5 his SRiToReRialy 3RtERboP Halb ChRRERR e fopdis ARRRRIGE 2T 4
sol uti on aapdre daheatsed bevedhQ0G@ntdB30auni gh pressure apparatus at a steam
pressure of 15 bar for 41 hours. The pore size distribution of the aged
cat aI19st was porosinmetry. The nmneasured pore size

di stribution igShe: g %&hlc}ﬁg{.gﬁ'raﬁ\lgh’ia@nﬂle 1The ydned hahme hyovaged

supports have a nmaximum’in the po size distribution at pore dianeters of
bet ween 240 Tanka @dergmmatlifyGodofmuppet Ehripl wt.20 afhB, 3hgaif gsis %bupport from

100°g of TUpRBRIDHRPRA S GG 1ere SutePufthr ety sOmt rGRORTnd Shior i b
S0 0 T RS b BT g spoRa A (D
Wi t h 1515 thiisslusioh.ut i on.
After 30 minutes exposure to the solution, the support was dried in a drying
cabinet at 100 °C for 3 hours and then calcined in a furnace at 600 °C for a period of 4
hours. The support was then loaded with a 60 wt.-% phosphoric acid solution and left in
a high pressure apparatus at a steam pressure of 15 bar at 350 °C for 40 hours. The pore
20  size distribution of the aged catalyst was again determined by Hg porosimetry. The pore
size distribution is shown graphically in Figure 2.
The maximum of the pore size distribution is between 10 and 20 um. In
comparison with the undoped catalyst used in comparative Example 1, the catalyst
doped with 1.5 wt.% of Ti has a higher proportion of small pores of a diameter of below
25 10 pum after ageing.

Comparative Example 3

The catalyst support as described in comparative example 1 was modified with 4
wt.% of Ti. In order to modify 100 g of support with 4 wt.% of Ti, 85.93 gofa 15 %
titanium(ITT)chloride solution were diluted with water to 80 ml and distributed over the

30
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After 30 m nutes exposure to the solution, the support was dried in a
drying cabinet at 100 C for 3 hours and then calcined in a furnace at 600
C for a peobpsksaf 4 hours. The support was then | oaded WCTYGBOGOI664 . - %
phosphoric acid solution and left in a high pressure apparatus at a steam
pressure of 15 bar at 350 C for 40 hours. The pore 20 size distribution of

t he aged sg@ion tpSinprématedai N determ ned by Hg porosinetry. The pore size
distribution is sﬁovvn graphically in Figure 2. The maximum of the pore size

di stribution iAftaséPvpiantes GxpastireXo thpsolptipn, ehersyapems vigs driehin hdvigdoped

cat al yst i 0, I | e 2 st o i 5 wm. %

of 71" haGHERR o 108 oCRE! FhoUS o PER oBjofned 118 SHHEL Moo EBPE phdTLRt 25 10

gm af t er hagei Tibe suppopavattherelobdaingitie a 30 TheYcpliabyaic auppduotioramdde8ani bed i n
. b . o : .

O AR iy oS ot o 38 sl Sl gogmd 1

titan U%iz%'dls‘%x%&fdn‘iﬁtﬁl@'s difABn WeFeBy QideUTRE mi iy MR el fRe 8Qe M and

distributed over the 30 14 WO 02/32841 PCIT/ GB01/04669 * support to
i mpr egnatdgstiibutioafis epprégimmtelyLgen dapospaasdanowith theswidopédbentalyfiasglipport was

dried in dryin cabi net at 100 for. our, d then calcined in a

f ur nace OHW%atB%fE&amé’lep rtP‘E)aa%]f/ St Opﬁguwﬂtzl.rﬁzﬁg% gﬁgb%érstael%ég pfq?gﬁ[lqnooéged with
a 60 W . YopRFTRRIh& RS 18ss3RAMTI0 R, Bebrhirisoh With tBe DhdipeR @@ Ro@pPpar at us
at a steam pressure of 15 bar at 350 C for 43 hours. The pore size

di st AP butGompasgtiverixempbe & the atplystdappd withe! Wirtteolkis AsHNSHY Dpe spdle si ze

di stributi i i L . I i th the undoped cat al yst
used in a&@n%peaeﬁlé ggr{elgréx%(féeéﬁiﬁe gdgsgﬁagﬂ?z{skg%pee ‘with 4 wt. %of Ti has a

hi gh proporti @omfaratb@®amaflc 2 di anmeter of less than 10 m In conparison
wi th the undoped catal yst from 10_Conparati ve Exanple 1, theﬂéaéal.%st doped
with 4 wt. % oflhpicatalysysupnogicasidpseribed s amparatisg §xpRplednyvat geding Y8f pore

di amet er 4 | St ngt r - Vseu %A Enidm T86 5 ¢adral yst

Suppor . de Heu T pgrler €A IR, o AR Ay i Y e 96 of
Ti. 1A oneesbutoxyticdiviy (TiQ041do0j4) sugpe dddtedhid 80 mi withdbusdnol ancadisibuted5. 5 g of
15 tetrabutoxytitanium (Ti (C4HOO) 4) were diluted to 80 nml wi th butanol and

di st ri but¥er thewepParh SPseiplaPlosionpRIePLIqUERTANS $128 Hs¢st GBS IR ¢maten used
during i "HiGg ARbLRP PR any risk of explosion.

After 30 minutes exposure to the solution, the support was dried in a drying

cabinet at 100 °C for 3 hours and then calcined in a furnace at 600 °C for a period of 4

20  hours.

The support was then loaded with phosphoric acid and heated to 350 °C in a
high pressure apparatus at a steam pressure of 15 bar for 41.5 hours. The pore size
distribution of the aged catalyst was determined by Hg porosimetry. The pore size
distribution is shown graphically in Figure 4.

25 The maximum of the pore size distribution is approximately 0.7 um. There are
virtually no pores with a diameter greater than 3 pm. In comparison with the undoped
catalyst from Comparative Example 1, the catalyst doped with 5 wt.% of Ti is distinctly
more stable. The average pore diameter for the catalyst doped with 5 wt.% of Ti is
smaller by a factor of 35 than in the case of the undoped catalyst from Comparative

30 Example 1.

The preparation method in this example is based on the use of an organic
solvent. Industrial production of this Ti-containing support material requires the use of

special explosion-proof equipment and buildings. Furthermore, large amounts of

15



drying in order to avoid any risk of explosion. After 30 m nutes exposure
to the solution, the support was dried in a drying cabinet at 100 C for 3
hours andvohzsesenl ci ned in a furnace at 600 C for a peri oBCDGBA1/0469 hour s.
The support was then | oaded with phosphoric acid and heated to 350 Cin a
hi gh pressure apparatus at a steam pressure of 15 bar for 41.5 hours. The

pore si Z@roiSloiVAt HaQB tObe hiIRIADER 6L AICYSIstdddayERE B BirAQTorBthdid/ise

porosimetry. The pore size distribution is shown graphically in Figure 4.
25 The masdyaigch Bifis iagerpd iscthes digfidilstornroditceendihenepgrpsasivgt el y 0.7 m There

are virtuall é noaggrve%witﬂ a di anmeter greater than 3 m In conparison
with the undo m Conpar ative Exanple 1, the catal yst doped
with 5 wt. % ofA dimiladly Pirédatdiicdatalyst BB risdsalek@ibedhie Canpargioe Baaeptd anet er for

t he cat al yst d.oged wth 5 w.%of Ti is smaller by a factor of 35 than in
the cise voth z higherispealuagtod|lysml/s masmnmstviped with v evide ofTa R IBPregnata

pr eparat i i -hl le. d f j C

Sor vont . TGERAPACODT AR o Gost e Masds S aBed SmeEOTN 0

requi res fhets®nlas ERE6HRH of&hoSiHdPr oof equi pment and bui | di ngs.
Furthernore, large anmounts of 15 WD 02/32841 PCT/ GB01/ 04669 organic

sol vent s have After36 miantis exiposaretodhgsplitionydist supporawas doed s ddiyied or

0T kNS A Bl U AR s B B ML, Pene

descnpbegyoifz. Conparati ve Exanple 1 5 with a higher pore volune of 1.0 m/g
was nodified with 5 wt.%of Ti by inpregnation. wth titanyl sulfate

(Ti 0SO4) whi cHlhgersppirs ieh thed loadedwatidyphoratiorisasidanddisaisd e 3pR02 N 2 Thi s
S0t it o SIS R RREA s ek QTR iposure o Lhe

sol uti on, g or 3 hours

and t hen Gafisitimcbfithe ggddwaniyaewas d&@finiced by He mrodindtrof The patdsihours. The
support was .then | oaded w t,hﬁlfhir?&ghori c acid and heated to 350 Cin a high
pr essur e dagspRtian s shawn gephisphhinddgifee- of 15 bar for 45 hours. The pore

Sizejsdistri b%ggglpg{i%&%@%%aﬁﬁ&ﬂ aa%&nyée%nﬂgf)@waneggkymmg 1P@OSi Met ry.

The pore size ution I's shown graphica In Figure
catalyst doped with 5 wt.% of Ti is distinctly more stable.

Example 6
A catalyst support in accordance with this invention was prepared by mixing 1.0
kg of pyrogenic silica (Aerosil® 200 V from Degussa-Huels, amorphous), 52.5 g of
20  pyrogenic titania (P25 from Degussa-Huels, consisting of approx. 70-80% anatase and

20-30% of rutile, surface area 50 m2/g, ds5q 3-4 um), 21 g of methylcellulose, 50 g of

wax, 5 g of polysaccharide, 10 g of a 30% ammonia solution and 1.9 kg of water. The

mixture was kneaded for approx. 30 minutes and was subsequently extruded. After

drying at 110°C, the material was calcined in air at 750°C for 3 hours. The obtained
25  extrudates contain 5 wt.-% of TiOo and 95% of SiOy. 5% TiOy corresponds to a Ti-

content of 3 wt.-%. The diameter of the extrudates is 4.0 mm, the surface area is 175

m2/g, the pore volume is 0.99 ml/g, the bulk density 450 g/l and the crush strength 47
N.
The support of this example was analysed with transmission electron
30  microscopy (TEM). The titania domains are clearly visible in the amorphous silica
matrix. The titania domains have a maximum size of approximately 0.3 pm.

The support of this example was also analysed with XRD. No peaks of
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15 In comparison with the undoped catal yst from Conparative Exanple 1, the
catal yst doped with 5 wt.%of Ti is distinctly nore stable. Exanple 6 A

cat al yst wappaest1 i n accordance with this invention was prPRPORGBAU/BGM Xi Ng
1.0 kg of pyrogenic silica (Aerosil(r) 200 V from Degussa- Huel s,

anor phous), 52.5 g of 20 pyrogenic titania (P25 from Degussa- Huel s,

consi sting of UK, iF s BORBARY ARanAMakAerdeseht %beﬂh%naﬁb@érﬁpe area 50
n2/ g, d50 3-4 nmet hyl cel l ulose, 50 g of wax, 5 g of

pol ysacchatilede, 10 g of a 30% anmoni a solution and 1.9 kg of water. The

m xture was k aded f ut es b y t ruded.
After drying S PeY aﬁ@?&)ﬁ’aﬁho\% Orlcaalcgl %negl?eaﬁﬁg??’% é%%é %%

hours. Thﬁed@ﬁﬁe&bﬁ@dt@it @xﬁeﬁmciﬁés@@recafnswaﬂfcﬁ approx %4 Dhourk. Olhegiitle 8286 of Sl 02.
5% Ti Q2 corresponds_ to a Ti- content of 3 w.-% The dianeter of the

ext r udat éisstnéutzpnmfr%he agadesatalyst wap determinpd by Fig PofpsIetry NENSRATE 58| une i s
0.99 nt/ { El?t idaub %h&ﬁ?gtvgﬂlcglﬁgﬁn% gudl%vred{[hgx% are Vrﬂfﬁaﬁ# h& Bgf of4 dla%eta_xhe

support o I's exanple transm ssi on el ectron
m cr oscopyedtdiEiMn 3 Tihe atthdwhithe Toomitas inodyd wt’by visible in the armr phous
silica matri Th? i tani a domai ns have a maxi num si ze of approxi mately

0.3 m The su this exanple was al so anal ysed with XRD. No peaks of

16 WO 02/ 32841 R4 GBOL PGBt 1ﬁé&' @Anlcb Q@thsthis iFFeniBh Svak QHipdred Tyt ani a peaks
were present for both dnatase an rutil This support was | oaded with

phosgdRor i |rn1xalg W Oamaf eagat tibc330 g@ﬁmrcgemcghamp,rﬁsgaf meténp}yaﬂvalpss 58t a
st eam press f r for. r 0X hours.. or e

di stri butd %taés%@@a“é‘ﬁflﬁ?g‘ g%asg‘ gt 8}’?8%&0 8‘9 pg?%{glorfrl‘ﬁaFef The
pore si zeryd rﬁixwr@ Wfals RRledded FHOMPrE. 3D Mhifidde xnd Waﬂmé@eﬁtly &tﬁid%daAﬁer
virtually no pores of a dianeter greater t hough t he

Ti - cont erdrying abAl §7C3 ther matgsial measraslcenepl lAﬁﬁtaﬁéﬁo()@éfO&ﬁMf% Jbﬁ@bfta”leﬁ
d N 0
SecO CaNSE M i U E BLRE DR LIRS gy oo

yrogeni c 5

g of jgol y5an f‘@'“qe% iigegla%et@r o PR SRR SPb Wirh Ofle dhtehcl-aPeaid 1@5 wat er

The m xture knead for approx. 30 m nutes and was subsequently
ext r uded. m%tﬁfe off Ydlfhge & 1.8 K0, tHBuIBER Y A40 WASNE BhLrOsstidhgth 50 W 850C

for 3 hours. The obt ai ned
This support was loaded with phosphoric acid and heated to 370 °C in a high
pressure apparatus at a steam pressure of 15 bar for approx. 43 h hours. The pore size
distribution of the aged catalyst was determined by Hg porosimetry. The pore size
20  distribution is shown graphically in Figure 7. There are virtually no pores of a diameter
greater than 3 um. In comparative example 2, the Ti-loading is 1.5 wt.-%, thus nearly
identical to the Ti content of the support in this example. Comparison of the
porosimetry data shows that the support of the present invention is much better
stabilised. Furthermore, the support of the present invention is much easier to produce.
25 Example 8
Another catalyst support in accordance with this invention was prepared by
mixing 970 g of pyrogenic silica, 30 g of precipitated titania (anatase form), 21 g of
methylcellulose, 50 g of wax, 5 g of polysaccharide, 10 g of a 30% ammonia solution
and 1.9 kg of water. The mixture was kneaded for approx. 30 minutes and was

30  subsequently extruded. After drying at 110°C, the material was calcined in air at 850°C
for 3 hours. The obtained extrudates contain 3 wt.-% of TiO5 and 97 wt.-% of Si0jp. 3

wt.-% TiO corresponds to a Ti-content of only 1.8 wt.-%. The diameter of the
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extrudates contain 3%of Ti02 and 97% of Si02. 3% Ti 02 corresponds to a
Ti-content 15 of only 1.8 w.-% The dianeter of the extrudates is 3.5 nm
the surfaveozsmsalis 165 nR/ g, the pore volune is 1.0 nl/BCT/GBe1/Msbk
density 440 g/l and the crush strength 50 N. This support was | oaded with
phosphoric acid and heated to 370 C in a hi gh pressure apparatus at a steam

' f
Phe: aged Spdfiye? s BBl fiee e s 16 b3/ HURAPI S oL babyon ©

distri butdeﬁgity&losgjpm@é@ﬁj@h@ﬁbﬂg{hsnl\ﬁ gure 7 There are Vi rtual |y no pores
of a dianeter _greater than 3 gm In conparative exanple 2 S Ti - |1 oadi ng

is 1.5 wt.-% URUSIPREEYS loqdﬁérrrlrlb%hoswaprt%ldwndclaﬂ%eérre 349 FH@a ort in
(s exanpl&urcBTRANISP R Rhm! it RIS IPRIRRLA,. THOYS AL ailiRBusyPPOr T of

the present Inv on 1's mic tter “stabilised. Furthermnore. the support
of thé prefskenigedoariyst ons detemiotd bﬁngrommnpurgndﬂtee)ore dze Gistibptien & Anot her

cat al yst support ln accordan with this |nvent|o ared b mxrng
670 g of PYWBGERHICAUY T Eigurosh Hhest arg vaSbY MoReles T A oL AReES Balor m

g of netywylgel) %lﬁﬁﬁauéﬂexgn@re WeKe TRIGAIR iP?IsWeA9s hRkd ﬁi&%rlyl&n@ic@lftoa 30%

ammoni a sol ution . of "wat er. The m xture was kneaded for approx.

30 mi nut eke Anconieng oﬁﬂuewbrs@t] irethis| qxaenpier @@emarrmrt efithel pgiiosignedty detoghowshe

mat eri al cal ci in air at 850C bt ai ned extrudat es
ot ni o e SurBpret o i Bhaiidns sty iy SO el Sy e el 1 L Haat oo
a Ti -100Nnt@pPpordbf B8 IpYesdntBnvéntioltis heh d4skred prodate t he 17 WO 02/ 32841

PCT/ GB01/ 04669 extrudates is 3.5 mMm the surface area is 165 n2/g, the

pore vol une | Exempled/ g, the bul k densrty 440 g/ and the crush strength

°0 N This SUpﬂiorr%o%@rfeﬂugrﬁSl %pr:é DR RORROS o EedAf élggo (?%@lﬂgggk 370 Cin a

hi gh pressure appara eam pressure o ours. The
pore si zesugpst in dikbicess ofappifoxt h@mgﬁqnm@;smnyemdmmtﬂat Aftot thétsobly Hg

porosi metry. The pore size distributi is. sho Ily n Figure S
There ar d)rwerdrlr:rarhe;ﬁxraesspreheenér drging @%&nérth@rse\é@erls 3%%41% In

conpglzat | Y)le‘ﬁ% %gprlaﬂo% soxh@@f thie 'txlté?ﬁ'cg et $n ﬂme%uﬁ%orf A %:htct) By %lls@@l%d yTHed enti cal

to the e support n this exa . nparison of the
por osi rretlogrdmgpmcsdlwmhustdaaﬂeaﬂhe asrupwamtbd &fss bfivtapraesent i nvention is nuch

better stabili Fur t her nor e 0 su or t esent ntr on is
nuch easier t &géhe SRR Idr§S ebﬁﬁ r@‘&ﬁ‘eﬁ?teaf? ppt pl@&ysg\é o 1 oadi ng
procedur ehg Qﬁéﬁk%f‘ @tanfRAKA Ry did&as camed out semi-quantitatively by adding some

H»05 to the acid solution. In the presence of small amounts of titanium the solution

20  turns yellow, higher titanium concentrations give an orange or red colour.

Example Colour observed

1 (comparative), without Ti none

3 (comparative) yellow

4 (comparative) orange - red

5 (comparative) orange

6 very slightly yellow
7 very slightly yellow

As can be seen from these results, the stabilised state-of-the-art supports
(examples 3, 4 and 5) suffer from substantial Ti-loss during the acid loading. The
supports according to the invention do not lose any or only very little Ti. This is an
advantage from the supports according to the invention.

25 Other advantages have been demonstrated in the previous examples: compared
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support in an excess of approx. 60 w.-% phosphoric acid solution. After
this soak procedure, the excess solution is drained off and the catal yst
is driedw®oz/asgl t he 15 soaki ng operation sone of the titpai/gBpr/esent in

t he support m ght be dissolved. The | oading procedure thus can |ead to an
unwanted | oss of titania. In sone of the exanples described above, the

drai ned- of f a%séha@ae%@a{eya?@%p@&gsy, tﬁ%q%a%g%%ﬂé}eor% udlity @Rtk inaPRabikg) S was

[
carried out sem -quantitativ addi ng sonme H 02l fo the acid solution.
I n the prafeethadingfwisnphdspboniuanid théir methadiofipraphetisniumionsipplarands yel | ow,
hi gher ti bani.ga? congentrati ons give an orange or red colour. Exanple
Col our oBLEF JEaCopiBidsdPWE - ve) . without Ti none 3 (conparative) yellow 4
(conparative) gy ©e10 red 5 (conparative) orange 6 very slightly yellow
7 very slightly yellow As can be seen fromthese results, the stabilised
st at eSof - t he- ahwcatslyshaippert ageordinglte thepreseniingeionsyastripvided i tBa BNt i al
Ti -1 oss dury . acl L.Ng. r C i [-ayention
do not 1 6a Syt BBl oRAdkar Fifenor BRRGh & AGRESEL DR SR R BET
supports @ahemBtam@id e iddnicalny el employ2d tplepare dickv/aund]pg esppravef Hxaaple
demonstrated in the previous exanples: conpared 1(? V\% 02/ 32841
PCT/ GB01/DAd6d 1 copjeptref the stnpoBwaskHe® & W3 Sicedired Ru-RyAUdeifsit%er or

equal hydfméaggmha&a%mk'demﬁa&fzgsr& /P3N b PDIBRIA oy 1O d,  Lhel T

met hod of preparation I's much si elr titania ent is |ower.
Exanploe 1fbsorpfiosatahyshtstrengihof 85X ewraiend S0@nished pelkse msing Memtéson was
provided in the form of 3.5 mmcylindri.cal, extrudates. . The net hod enpl oyed
to prepar@UihEresg éFs}?S’ @éﬁp&ﬂri’ sm%fiw{rﬂqugogg%qtgnqeg Y feETR M at hat

enpl oyed 1Ok RF 8PAMEad MBardPYEE poHRRAdEy Of Exanple 6. The Ti content of
the support was 3.9 % w/w, ‘as rreasurec?, by X-ray Fluorescence. The

support had a BExdnkpleldhsity of 480 g/l, a pore volune of 0.96 ni/g (by H20
10 absorption)

10, absor DU on)» e PHGREH B GRY LSRR o
char agt erig gh&ypharis had PTME WP detlieved by evacuating the pores of the support to
approximately 35 mmHg, and then submerging the evacuated support in a 55.3 wt/wt %
solution of orthophosphoric acid (H3PQO4) .The support was then left to soak in the
solution at atmospheric pressure for 1 hour.
( After soaking, the support was filtered free of excess acid, and dried at 120°C
20  for 24 hours. The bulk density of the resulting catalyst was found to be 874 g/l. The acid
loading of the catalyst, as calculated by subtraction of the support’s bulk density, was
394 ¢/1.
The crush strength of the resulting catalyst was measured to be 49N (average of
50 crushed pellets, using Mecmesin crush strength tester).
25 Example 12
The catalyst of Example 11 was used to catalyse an ethylene hydration reaction.
The hydration reaction was carried out in a 1 litre continuous flow pilot plant, designed
to simulate the reaction section of a gas phase ethylene hydration plant. The plant was
operated as follows:
30 Fresh ethylene gas was fed to the plant from a high pressure ethylene
compressor. Liquid water was fed to the plant by diaphragm metering pump. The feeds
were combined with recycled ethylene and passed through a preheater/vaporiser, before

being introduced to the catalyst bed.
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peak at 16 nm as neasured by Hg porosinetry. Exanple 11 A catal yst was
produced by inpregnating I litre of the support of Exanple 10 15 with
phosphor iwO arsas41 Thi s was achi eved by evacuating the poreBCDGBOh@t6suppor t
to approximtely 35 nmHg, and then subnerging the evacuated support in a
55.3 wt/wt % solution of orthophosphoric acid (H3PO4) The support was then
left to soak 'Thet(ﬂ?alyﬁQJa'éﬁn'elgrln%tcoﬁémg@ﬁfb'uFarI?éa%ﬁﬁu\'ifﬁlcfl%asjalsa%fed Af ter
soaking, the support”was filtered free of excess acid, and dried at 120C 20
for 24 howitlsa cattel bwlltkpcdmrtbenrqpcoﬁpletﬁ@ acewralelyi mgaselanabytgtysmglpﬁ@mas to be

?Eg gfjlppo P 229‘%' Ee‘boﬁﬁg }}S%OW\% gat Xstgale%{s{"hl%éaség(?%!s act rreﬁa(%)rﬁ ﬁ#%@ﬁ%&t' on of

resul ti ngoaaibedny SSmpéagurRaiigl £6mbte dhell 49dinfba tpietaat aichaﬁgkrcmdshed pel l ets,
usi ng Mecnesin crush strength tester). 25 Exanple 12 The catal yst of

Exanple MMHXHHE Oﬁb@adtaadgaﬁeapw@daﬁs@terﬁzﬁeéﬁf@tqﬁ*ya@dvglbweﬁ%la%gas Kwd The

hydr at i orn,, gagtion was carried out in a1 litre continuous flow pilot

pl ant, des gned to simulate the reaction section of a gas phase ethyl ene
hydrati on pl arnfhe g"ébeonplmaducvmll comm@dgmﬁcémlléwimf eﬂﬁmﬁr &gk tletnhy | ene gas
was fed tsf?‘ é Iant from ressure, eih%(# ne ssor LI%

wat er  wastURAE RTECasHR IIaaAs 59W .7 Aremmaa Ly @1

conbi ned yid BnfBEy 6h€¢h€ﬁ1ﬁﬁ(ﬂd€‘e‘?ﬂué}1@@ro%§%&sﬁ Wv%x‘%s@hd%ﬁb&a%ﬂ{ thapor i ser,
before being introduced to the catalyst bed. 19 WO 02/32841 PCT/ GB01/ 04669

The dé#t allypid effilsentdianitie gasdmppksephiatmedo fartha maireprodoet, stiginc hhiwas al so
fitted w t her cou | e for, accurately neasuring

t
cat al yst %@ﬁ%‘e&%&@ lggegrg?& %’%?Y%itjlgby(@ls EIERMARFERY )down t he catal yst bed. The

gaseous react oThefchiobRalay\BEmaaevash tovr 3D FRING alreeREs @irhipressushiy a sinpl e
shel | and tube type heat” exchanger, and the 5 m xture of liquid and gaseous

product s xmfr@edste;s enetor.i Thegesyic aprﬂ?%@t@aw@@a@ﬁﬁlﬁﬂpwt@@éa‘ﬁ@g@r The
gaseous proGUGt, %rtt-'ﬁle'ns&%t i I&%ta& AL tl‘xr%ﬁ@% the%‘é\%i;{igl 9% @%g&&% gghas then

further processe tomer ere e wat er sol ubl e
conparsent that swslo el ikbatngtitl el biagtsi Anehflinsent chroamtédrephvashaltkower was

then m Xeedml\aliﬁo;[le% ttc>ha(1a1a1yse the recycle stream every 15 minutes in order to determine the
recycle gas composition.
The plant was operated at a pressure of 1000psig (68 atm); a reactor inlet
temperature of 240°C, a reactor exit temperature of 260°C; a [water]:[ethylene] feed
20  mole ratio of 0.35- 0.36; a ethylene GHSV=1350hr(-1); and a steam GHSV=485 hr (-1).
The catalyst was kept on stream for 2 weeks, during which time, the space time
yields (STYs) of ethanol, ether and acetaldehyde were measured. The results are shown

in Table I below.

Comparative Example 13

25 A catalyst was prepared by impregnating a Degussa 350 support with
phosphoric acid using an analogous method as that described in Example 11. The
Degussa 350 support has been described in detail in comparative example 1.

The resulting catalyst was used to catalyse an ethylene hydration reaction, using the 1
litre continuous flow pilot plant described in Example 12 above.

30 Table 1 below compares the space time yields (STY) obtained using a catalyst
supported on the support of Example 10, with the STYs obtained using the phosphoric
acid catalyst supported on Degussa 350 (Comparative Example 13).
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10 liquid effluent fromthe gas/liquid separator to formthe main product

stream This

stream was col |l ected and anal ysed (by gas chromat ography).

The scrubbed2/sgsst from the wash tower was fed to a recycl ePCDGBIES®6Y and

returned to the reactor.

using a Coriolis neter to ensure that the contact tine through the

catal yst bed was simlar to 15 that g4k Dyed i n comrerci al
An on-line gas chromatograph was al so
streamevery 15 minutes in order to determne the

et hanol

The recycle gas flow rate was carefully controll ed

pl ant s.
enpl oyed to anal yse the recycle
recycle gas conposition.

The pl an erat S TQO0PE at ny o, a reactoryinl et
t enper at Jr[?%? 4540C ﬁlérreac or - ex errpserature o?Rg aA’

[water]:|ethyl ene] fggd cabhryol e rApilaidir) 0. 35EHYDBE; S’IaYet AL SCTTVIT
GHSV=1350hr (-1); and|a steam GHSVF485 hr (-1)| catal yst._was_kept on
stream for 2 weeks, during which tine, the sp %@£W%H% ylﬁfgglﬁé%y of

et hanol , | d—= at-dehyde MEASUT €U}y zHTE Tesurt re siown in
Tabl e | )cé(}%ra%%np J%PI ve Exanpl ﬁ%?) 25 A cataﬁ yst was p?ggar ed by

i mpr egnatExagmpde Degussa 350 suppori with phosphoric acid psing an anal ogous
met hod a¢_that described in Exanple 11, The gussa 350 support has| been
descri beExiampdel@i | {¥36conparati vee.exanpl e 1. |0Bfe resul ti¥g.lcat al yst | was
used to c¢catal yse an ethylene hydration reactipn, using the 1 litre
continuoys flow pilof plant descr|bed in Exanple 12 above, 30 Table bel ow
conpar es the—space—time—yretds (STY)y—obtarnmed ustng—=a catatyst—suppor t ed

on the support of Exanple 10, with the STYs obtai ned using the phosphoric

aci d cat al yst TEieppsaulis@Ho@Mhddepiicsay s 3tpidaeaparsapporeofRampile 10 §le. 0 WO
02/ 32841 PCT/ GRO1/ 04669 Table |  SUPPORT ETHANOL STY ETHER STY ACETALD -

(g/ Lcat / wetalysgpi Bxampie Yl 1 Eymie sTtyvesmdmselprijy eriowagdy ¢hanoh than v cxalyst o

Conparat i ﬁﬁ%v‘;'}?ﬁ% t}]]?%%l o 5(1963 anple 10 136 6.5 0.45 94.1 The

resul ts s p&%ggﬁxggﬁgénﬁg e. the
Example 14

upport of Exanple 10 (i.
In this Example, the pore size distribution (PSD) of the catalyst of Example 11

%

was measured before and after use. The fresh catalyst was found to have a pore size
10  distribution characterised by a sharp unimodal peak at 16 nm, as measured by Hg
porosimetry. After use in the pilot plant as described in Example 12 above, the catalyst
was found to be bi-modal at 165 and 380nm.

Comparative Example 15

Example 14 above was repeated with a catalyst supported on Degussa 350. The

15  Degussa 350 support has been described in detail in comparative example 1. The fresh
catalyst was found to have a pore size distribution characterised by a sharp unimodal
peak at 17 nm, as measured by Hg porosimetry. After use, the PSD of the catalyst was
found to be bimodal, with peaks at 200 nm and 3000nm. By comparing the results of
Example 14 and Comparative Example 15, it can be seen that the PSD of the catalyst of
20  the present invention changes significantly less than the PSD of catalysts supported on
titania-free supports, such as Degussa 350.

Example 16

A catalyst support according to the present invention was provided in the form
of 4 mm cylindrical extrudates. The method employed to prepare the support of this
25  Example is identical to that employed to prepare the support of Example 6. The Ti

content of the support was 4% wt/wt, as measured by X-ray Fluorescence. The support

21



5 catal yst of Exanple 11) is nore active and sel ective towards ethanol than
a catalyst supported on Degussa 350 (Conparative Exanple 13). Exanple 14
In this Bx@opsam41the pore size distribution (PSD) of the par/&BYs4664
Exanple 11 was neasured before and after use. The fresh catal yst was found
to have a pore size 10 distribution characterised by a sharp uninodal peak

at 16 nmpa@g bRaREBFHoPYs 10 g MO Ssvk WBluie of Al & Bl 18 goassimbirphnd! ant as
descri bedai n Exanpllg}d12 abo%/g, l?ﬁe cat al yst vva/g%fs}(l)ﬁig(foto be bi - nodal at

165 and 3BOmbsopinphrarishetExgtnof 44.85 @xernpt of Jucrapivdocliels. ¥éfeated With a
catalv=t\runogt PO GEANSED, ik 081 PRUBTR,05HND i been

descri be In tTve ‘exanp res yst® was found

to have anpesdl peakeatdidsst dirhastrhesuetdyats porosiactdyy a sharp uni nodal peak at
17 n as neasured_ by Hg porosinetry. After use, the PSD of the catal yst
was ound to ; al, with peaks at 200 nm and 3000nm By conparing the

resul ts of rat i [ ape14 hat the
PSD of the ci@%é@sﬁa%{jgl&e&m&?é@ghﬁfn egrlr'pjlﬁgsrlélﬂgt g'rsl&gpég)@fgﬁ(iafi cantly | ess
t han t he vRSDplafspleatced oyd tRhiswppahievdd by evadunting thefpoess ofulppaippsit telesh as
Degussa 350., Exanpl e 16 A catal yst support .accordin 0.t he, present

i nvent i o1&l ‘6‘?“@%@8&“?% sPﬁ’é‘e %’?f‘-’rﬁhe&p 3 a%ﬁ‘?ﬁ(???‘?‘ﬁﬂ‘r"}g%%}”d&t/? E‘H‘éﬁ%’%‘?f The
met hod ermdhggﬁ&s B&i@w@@fxﬁmﬁ'eﬂfe@a?@m wak tHeRilgn t2RakrRimRl sehitisniadent i cal to
t hat enpl oye tg prepare the support of Exanple 6. The Ti content of the

suppdft wasosphent pressurafonielimus.ed by X-ray Fl uorescence. The support 21 WO
02/ 32841 PCT/ 1/ 04669 ., had a bul k..densj.t f 457. [l ,.-Q 2o M0l ume of
1.01 m/g (by%ﬁ”ﬁB?‘S%ﬁB? FYPPSH as&ﬂtﬁf%dz%%‘%/%f?XSﬁ%S,acgj’ gl?ctglﬁeds?[ﬂezﬁg h of

44. 8N (avgf 298y0The Buik! 438 MAE t&LRIng¢aiaRGt WAL HE bE75SH oAl TROYIY
tester), and a pore size di'stribution characterised by a sharp uni nodal
peak at 1daddngof thasatabyasay @itulatedoy pitasiioreef the saproxanpulls demsity wagt al yst was

pr oduced %}éazicngregnati ng 8 litres of the support of Exanple 16 wth
phosphor i $/ . This was achi eved by evacuating the pores of the support

to I'ggs than AR Japdigst hadd chRBRtrEAINBF 92.68. t he evacuated support in a 52
wt/wt % sol ution of orthophosphoric acid (H3P04) The support was then |eft

to soak in thexamnleldn at
The catalyst of Example 17 was used to catalyse an ethylene hydration reaction.

The hydration reaction was carried out in an 8 litre continuous flow pilot plant, designed
to simulate the reaction section of a gas phase ethylene hydration plant. The plant was

20  operated as follows:

Fresh ethylene gas was fed to the plant from a high pressure ethylene
compressor. Liquid water was fed (by diaphragm metering pump) into a “drip-feed”
vaporiser, which converted the liquid water into steam. The feeds were then combined
with recycled ethylene, and passed through the catalyst bed.

25 The catalyst was held in a copper lined tubular reactor, which was also fitted
with a central multipoint thermocouple for accurately measuring catalyst temperatures
at various (fixed) depths down the catalyst bed. The gaseous reactor effluent was cooled
to ambient temperature using a simple shell and tube type heat exchanger. The mixture
of liquid and gaseous products were separated in a high pressure gas/liquid separator.

30  The gaseous product, still containing significant levels of ethanol, was then further
processed by passing it through a wash tower. In the wash tower, the majority of the
water soluble components was removed from the gaseous product.

The liquid effluent from the wash tower was then mixed with the liquid effluent
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10 atnospheric pressure for 2 hours. After soaking, the support was
filtered free of excess acid, and dried at 120C for 3 days. The bulk
density o¥Oohassesul ting catal yst was found to be 755.5 gPCT/GBaE0#69 d

| oadi ng of the catal yst as cal cul ated by subtraction of the support’'s bul k
density was 298.2 g/l. 15 The catalyst had a crush strength of 92. 6N.

Exanpl e k8. The g%@ﬁiﬂbﬁﬂ%@pﬁ%to%f&?}thé%aﬂ@ﬁrokh?&%r%&n.oﬁﬁi@h}‘éa% @as et hyl ene

hydrati on reactti on. he hydration reaction was carried out in an 8 litre
cont i nuowsllédtedhargl dnatyspd €ytgas dbmingategtaphy) osiarmagdarbasisgo peerddd evalssct i on of
a gas phasg .et hyl ene .hydration plant. The plant was 20 operated as

fol | ows: aﬁ;xggyhaxﬁﬁg&cgﬁxgy 8%% was fed to the plant froma high pressure

et hyl ene  conpnessibbed baburéhn e Whshwasref #ds {ddyto dirapleagmpredser amdy punp)
into a "drip-feed" wvaporiser, which converted the liquid water into steam

The f@edgetiened te therreedibilhe secypietgss flawyatcaraserrsfplbneontrolled y§88&d t hr ough

t he cat al . . cat.al. / i L] ubul ar

react or, ﬁoélg%%%%r%glpg%ﬁﬁ 2?%@&%%\? é’qgéetﬁ{dr‘%ﬁ%%?g%ibﬁ? gtg ﬂgtf nocoupl e for
accur at eleyicompatd ime@neatrlay sthahdmatatAn eslinapasaronasgfaphxedplsdept hs down
the catal yst bed. The gaseous reactor effluent was cooled to anbient

t enper at lﬁ@lﬁbﬁdﬁ@aﬁalﬁeﬁgFéeCé’ﬁ]élspe%ﬁd tube type heat exchanger. The nmixture

of liquid andgﬁ &H%va@rog@%ro two@ogﬁfésaétﬁ?g}éas@e,m&Qa@fﬁﬁeﬁure gas/liquid

separator. 30 gaseou uct, containing significant |evels of
et hanol , temperhtuedof 240°Be4 reapton eris seathebatupad Q6AIC;i d [waberb ayhylenaldietd t ower . I n

the wash tower, the majority of the S | e.gomponent s was renoved
from t he T8 &R0t BRuBEY; arfypiqal %Y@“éﬁ'ﬁj‘éﬁﬂ%&?ﬁ ?;I?EIBMWC?IW was then
m xed W tdte iisasig cof fluent 22 WO 02/ 32841 PCT/ GB01/ 04669 fromthe
gas/liquid separator to formthe main product stream This stream was

col | ect ed and Breadayadyst wabkegiam stieamrfat 2 greakdy dhiring whichdgog the ebgdéns t o

provi de ¢ | ygst activity and ectivit at a, . The .scy,ubbe as fromthe
wash tomﬁﬁ@éﬁﬁeé’ﬂoﬁeés 2t é@%‘l@@%ﬂﬁ?%%ﬂ%’gugﬁ#ﬁ ?I%?lﬁrﬁ']@arefu S#% react or.
The necychswdas Fidueww bafe, Wwas carefully controlled using a Coriolis neter
to provide a simlar contact tinme through the catal yst bed as that

encount ered i Mseamher sspmfrost thagoiphpif &iguse O Ahe satalyishel Kendeid btfat ogr aph was

al so significantly more active than prior art catalysts, such as phosphoric acid supported on

Degussa 350 (Comparative Example 13).
In fact, the performance of Example 17 is comparable to that of a catalyst
20 ‘supported on a conventional silica gel, such as Grace 57 in terms of spot productivity.
However, as shown by the results of Example 19 and Comparative Example 20 (below),
the catalyst of Example 17 is considerably superior to Grace 57 in terms attrition
resistance.
After use, the pellet crush strength of the catalyst was found to have improved
25  from 92.6N (fresh catalyst) to 169.4N (used catalyst). This compares favourably to the
crush strengths of catalysts sﬁpported on Degussa 350, which have fresh and used crush
strengths of 77N and 148 N, respectively.
The pore size distribution (PSD) of the used catalyst of Example 17 was also
found to be different to that of the fresh catalyst. After one pilot run, the used support
30  was found to be broad uni-modal at 171 nm. Although the PSD of the support had
opened up, this was not to the same degree as prior art supports such as Degussa 350.

After use, Degussa 350 supports were found to be bimodal at 200 nm and 3000nm.

Example 19
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enpl oyed to analyse the recycle stream The plant was operated at a
1000psig (68 atn) pressure, a reactor inlet 10 tenperature of 240C, a
react or ax@v2/smaperature of 265C, a [water]:[ethyl ene] ferdr/GBol/esati o of
0.28 - 0.30; a typical ethylene GHSV of 1250 hr(-'); and a typical steam
GHSV of 357.6 hr The catal yst was kept on streamfor 2 weeks, during which
tinme the ethyl gffion isifhndd 6t thE SARTS HNFEXAMBRSLT s qfhntifiEB By nitastrffpul ar test
intervals. The results are 15 shown in Figure 9 below. As can be seen from
t he gr aphhoiméigef dug /brioken peltetd (fimes)fentiatadbleéore and sftergisgni fi cant |y nore
active than pripr art. catalysts, suc S osphoric acid support on
begussa 350 ( CoRmMaeoh cRaliies G50 FpuBRE R Ksve, 20 BeuBECl Fredt ) o
17 is conpagiadl g dnQunbj@icaldtalance andy ¥ 95201 fipRefd RUn®kb Ravedeyent i onal

silica gel, such as Grace 57 in terns of spot productivity. However, as
shown3by geperatedsul t s of Exanple 19 and Conparative Exanple 20 (below), the
catal yst of Ex I | §..C I . L Or j

attrition resis gﬁzcgevge]g%tnéﬁl%%{eégs?wgyf)lgﬁqgt!l }Oglrg]l};a% S ?%ﬁl&sﬁhéoéb“%ﬁ%giat al yst
was f oundires weayecighipd o el analfiidal batac2. Ohly( §.6%sh fmas Aid/lsden deaerdfed. 4N (used
catal yst). Thi onmpares fayourahly to the _crush strengths of catalysts
suppor t edS¥Re Béﬁﬁ@ggﬁ%?“tw&ﬁ’@f‘f’% thegcp tgﬁﬂ’%%éed‘c@r noég}’ ths of 77N
and 148 '}h &E?pecti vely. The pore size distribution (PSD) of the used

cat al yst ? anple 17 was also found to be different to that of the fresh
cat allgst . Af t dComypreatpiel tamrphe20t he used support 30 was found to be broad

i -modal at 171 nm Al t hqugh the PSD of th t .had d t hi
was ot to-t handune alhlcedeRlrpn sree of pRLPTEDS erid adeBG g Bt |
After usey Qﬁg@bsgaéég%e SUPRGHL vwneeafswmsmg ke BLemRdaExahpRA®, nm and

3000nm Exanple 1 02/ 32841 PCT/ GB01/ 04669 Attrition resistance of
t he cat alAfer aok weslarsl theSHlioass! epialpstiwassievey threwghug 2men tipee- dhbunt of dust

broken, Robaks bl OFR SRS R R U AR BB e (reeh

€
on aqsan?eyiéﬂaeeal bal ance, only 0.05%% fines were found to have been 5

cat al yst S7SI
generate After a 2 week run, the catalyst was sieved through a 2mm si eve.
The col | ect ed A comparison of the results of Example 19 and Comparative Example 20 shows

that the catalyst of Example 18 is considerably superior to Grace 57 in terms of attrition
resistance.

Example 21

20 Since titanium is added to the catalyst support to stabilise the support’s physical
structure, it is important that the titanium is not lost from the support when subjected to
process conditions. Hence, samples of the used catalyst of Example 18 were analysed
for Ti content using X-ray Fluorescence. The results were compared to the Ti content of
the unused catalyst. It should be noted that the used catalyst was subjected to Soxhlet

25  extraction prior to analysis in order to remove the orthophosphoric acid catalyst, and
any dissolved titanium.

The titanium content of the support has marginally decreased from 4.0 to 3.8 %
wt/wt in the first run. However, the used catalyst has retained ca. 3% phosphorus, and
the bulk density of the support changes as a result. When this is taken into account,

30 there is no evidence for any Ti loss from the support (to within the accuracy of the XRF
technique).

In addition, there was no evidence for Ti leaching during catalyst preparation

and operation.
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fines were weighed on an anal ytical balance. Only 0.6%w fines had been
generated (sone of which by the act of renoving the catalyst fromthe
react or, vemdz/sastl by the process). 10 Conparative Exanpl er@OGB01/046b%
Exanpl e, the attrition resistance of a phosphoric acid catalyst supported
on a silica gel (G ace 57) support was neasured using the process of
Example 19. Afteén2 Wweek run, the silica gel catalyst was sieved through
a 2nm si eve. e colTected fines were weighed on an anal ytical bal ance. 10
wt % fi nes had Aoe:daly&tSSmemﬁraa@drdaAce:witbahiB sorniaén wheprepsig by nokinBxladpl e 19

22%?32?3@@%&@5?@ FeAR B Dy ViR PR S RElS brPihot L) Eelnce:

Exanpl e Zircdflud® m%)&ﬁé api oA théthidelfdoded 5O Bofeakab g if pslyviehiride) 18tgabi | i se
t he supporth%)ohysmal structure, it _is H_I]Sortant that the tltanl umis not
F

| ost Proraf@rRd%s uppenta sphgiongusjledy kaof waten dbe aystusowas kngAed fueRE®X. sanpl es
of the uspd,catal X&Q\z?gfsutl?é@ﬁ%@ ekRul&l MPG%E%?% Wg&,ﬁﬂb n?aQQEa?%sUS' ng

X-ray Fl uorescéence wer e conpar content of the
unused cahRinedtin alrtat $HOAD fbr Behoney Ftle bbainet ketrudkees @atah § sit. WB(SEZI(H@] ected to
Soxhl et 25 extraction prior tqQ analysis in order to re

th
or t hophosPAEPY Lokl Wat"al g diageigr Obthe eyiradades e d. O[IP’E“arF}]DVE re TW@”‘tellﬁ ani um
cont ent W9¢B@gi§@%ﬁﬂéde’ﬁ@@ﬁ'@d%‘lQﬁdhﬁécﬂ%r ﬁ%ﬁﬁﬂ sggm 4.0 to 3.8 % w/wt in
wever, the usgd a

the first run , cat al yst s"retained ca. 3% phosphorus,
and 10he bul k ﬁamxjpwrtoﬁastlhaiedwpﬁophosplhramsd asl leeatedsnl370 “Wisn higli s i s
taken into account, ere i s no q&h& for a S fromthe

T |
suppor t (WBSSV\ﬁetaI*?PWa{%éﬁ éé@ﬂ?‘d’c,r?ssﬂ’fe 9 T apgfﬂzfnﬁé h%‘l)lrs ° XU8*¥Pon, there

was no evjidapsieor Siihd b édec%fehyﬁgvag'dééeﬂgmﬁélbﬁHgsﬁor@ﬁﬁ:léﬁr&aﬂ@ﬁbre@ﬂg operati on.
24 WO 02/ 32841 PCT/ GBO %/ 04669 Exanple 22 A catal yst Support in accordance

with thi sdwtnb@tmn mhw@gmbmaﬂﬁm Bigurei 0. Agbstarsial payt of theyoegdws e silica

(Aerosi | (Jl ers | ﬁ&ﬁ@ussa Huel s, anor phous), 60 g of zirconium
hydr oxi de, “a? B | ul ose, 50 g of wax, 5 g of polysaccharide, 10

g 15 Further variations and modifications of the foregoing will be apparent to those

skilled in the art and are intended to be encompassed by the claims appended hereto.
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5 of a 30% anmoni a solution and 1.85 kg of water. The m xture was kneaded
for approx. 30 mnutes and was subsequently extruded. After drying at
110C, thavomr/aasinl was calcined in air at 850C for 3 houP&€T/GBaEoM ai ned
extrudates contain 5 W.-% O Z1702 and 95% of Si02. w.-% The dianeter
of the extrudates is 4.0 nm the pore volume is 0.97 m/g, the bulk
density 460 g/1 -and the crush strength 58 N. 10 This support was | oaded

wi th phosphoric acid and heated to 370 Cin a high pressure apparatus at a
steam pressure of 15 bar for approx. 45 hours. The pore size distribution
of the aged catal yst was determ ned by Hg porosinetry. The pore size
distribution is shown graphically in Figure 10. Substantial part of the
pores has a dianeter smaller than 5 m 15 Further variations and

nodi fications of the foregoing will be apparent to those skilled in the
art and are intended to be enconpassed by the clains appended hereto. 20
25 30 25 WD 02/32841 PCT/ GB01/04669 ddains: 1. A process for the
hydrati on of olefins, said process conprising reacting an olefin wth
water in the presence of a catal yst conprising phosphoric acid supported on
a catalyst support, said catal yst support conprising synthetic silica and
0.5 - 10 parts by weight of an oxide or phosphate of at |east one el enent
selected fromGoup HA, 111B, 51VB, VB, VIB, VIIB, VIII, 1B, 11B, II1IA

| VA and the | anthanide series of the Periodic Table, characterised in that
the catal f¥m8upport is obtainable by mxing particulate synthetic silica

with a particul oxl hosphat e .0k  OXi. or..phosphat e rs of at

east "one el emérioely ot RGBS Colflind P Br R CRORIE AR i 1 1

| B, 11B, whthlvstediWAhepdsdne of abithiasl denpsRmggshogphdrikecResuppélited diabl e,

formng a catal yst support 10 fromthe resulthpg m xture, and cal cining the
&1

resul ti ngCays PEPOSialigREalys supposh EEsisingsyathghasidica and P& -nh0PartifEr ei n t he
cat al yst i ty] il - i ght of
Cant o aldRReoEafOlHe b fihepBUELRe b Shd bRt rih ROk IAY TN, BT O
synt hef i cT€B) VBaVilB} WiIBaMILCIH, 418: THAL #¥iAand 2ha leothatide sefiesxif dhee Rerchdor

precur ot hercol. L oL MR, o caLpl et SYBRGLL (12 Lhe L SSHA g Xt ure

synthetic silica with a particulate oxide, phosphate or oxide or phosphate precursor of at
least one element selected from Groups IIA, I1IB, IVB, VB, VIB, VIIB, VIII, IB, IIB,
IITA, TVA and the lanthanide series of the Periodic Table, forming a catalyst support

10 from the resulting mixture, and calcining the resulting catalyst support.
2. A process as claimed in claim 1, wherein the catalyst support comprises
synthetic silica and 0.5-10 parts by weight of titania and/or zirconium dioxide, and is
obtainable by mixing particulate synthetic sili;a with particulate titania, zirconium
dioxide and/or precursors thereof, forming a catalyst sﬁpport from the resulting mixture,

15 and calcining the resulting catalyst support.
3. A process as claimed in any preceding claim, wherein the content of synthetic
silica in the calcined support is at least 80 %.
4. A process for the hydration of olefins, said process comprising reacting an olefin
with water in the presence of a catalyst comprising phosphoric acid supported on a

20  catalyst support, characterised in that said catalyst support comprises a structural
framework of synthetic silica, which frame work contains domains of a particulate
oxide or phosphate of at least one element selected from the group consisting of Groups

IIA, IIIB, IVB, VB, VIB, VIIB, VIIIB, IB, IIB, IIIA, IVA and the lanthanide series of
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3. A process as clainmed in any preceding claim wherein the content of
synthetic silica in the calcined support is at least 80 % 4. A process
for the wapozasisen of ol efins, said process conprising reaCT/OBIaM66? ef i N
with water in the presence of a catal yst conprising phosphoric acid
supported on a 20 catal yst support, characterised in that said catal yst

support cahepéricis Tablst daiiCtid@br pHosplimyuikidy 0.5 Yol hpadtchivkighaof thBi ch frame
wor k contai ns domains of a particulate oxide or phosphate of at |east one
el ement detabpeieht of BmsuPrROrgr oup consisting of Groups I|IA 111B, 1VB, VB,

VB, V11 B AR oddifineli b Aok é@gﬂcﬁ}g@ftggfrhﬁ.@y}% lofltheS Gl %s‘g;{ggt?tg VO

02/ 32841 PCT/ e perio sal d oxi de or 0sS
form ng Gobtairs dobngisyr ¢fSithnia wed/ghzircehivunhéioxidet al wei ght of the support. 5. A

process as clajnmed in claim4, wherein the framg of t.he catal yst
D lpont Gont dh RECCHENE HOmGH 1 FIELap o ARG 15t SEhPLIaeA? audo5 6 A
process agrcphiah®exide dohRiniR theWaNRY Bufpbrt @shaRP ¥R 2 e titania and/ or
zi rconi um di oxi de domains I n the catal yst support are smaller than 2 m 7.

A process/.as oharomess dsrelamad m daimvhewbérpinat ldasta¥i”e BOtheditanimend/pt ani a and/ or

zirconi um.di oxi de d i ns.in the t al yst suppor re smaller than 1 m 8.
A pr _ocess%lrzggmélf%%%@g%ﬁn@f%lﬁ%hfCa\%ﬁ@?é‘l}/wogtar?gr%liergmI(S)l‘lmt he titania and/or
10 zircorg.um dA @xddiss oirmined in Blalh g, &héreine tbaSURIYO OF tIRItRasiahd/6F than 0.8
m 9. A process as clainmed in claim8, wherein at |east 90% of the titania

and/ dP  Zicepimmutrdide domeingdntherpslainediupparhisismadiestipp 8% kir e snal | er than
0.8 m 1G, A PA@?&%ES A%18hRH TRl s 20K r?irnea‘%?é%' P&)%%ﬂf{@ﬁt%?%@d/{i‘r the
syntheti ¢ 'silica conprises pyrogenically proauce silica. 1. A process
as cl ai megdrconivel dibridéAomahigriethe datnelysopp@t e stiallecthagO18sjuat s entirely of
pyrogenically ‘&r oduced silica. 12 A process as cl.ainmed in any one of clains

1 to 9, wher eih PForess3sriaimed an any pregedingorping. seheradp thesyntietic sitiga A process

as cl ai #ﬁﬂisgg .rB%gnica:f’l q;m@][%dgmgaof clains 5 to 12, wherein the 20
r p r¥ ally

titania co I se rogenic produced titania. 14. A process as clained
in clla mus3, wheraiess dsmaitietl amclaine dOswhdrsinehd synelheyicaflicappnoge antoralyl y

pr oduced ttjtani a. éS. Oﬁ}ugé%gc ss as clained in claim2, 3 or any one of

cl ai ms 5 VPYIEMHEY &F stica.

12 A process as claimed in any one of claims 1 to 9, wherein the synthetic silica
comprises silica gel.
13. A process as claimed in claim 2, 3 or any one of claims 5 to 12, wherein the
20 titania comprises pyrogenically produced titania.
14. A process as claimed in claim 13, wherein the titania consists entirely of
pyrogenically produced titania.
15. A process as claimed in claim 2, 3 or any one of claims 5 to 12, wherein the
titania comprises precipitated titania.
25 16. A process as claimed in claim 15, wherein the titania consists entirely of
precipitated titania.
17. A process as claimed in claim 2, 3 or any one of claims 5 to 12, wherein the
zirconium dioxide comprises pyrogenically produced zirconium dioxide.
18. A process as claimed in claim 17, wherein the zirconium dioxide consists
30  entirely of pyrogenically produced zirconium dioxide.
19. A process as claimed in claim 2, 3 or any one of claims 5 to 12, wherein the
zirconium dioxide comprises precipitated zirconium dioxide.

20. A process as claimed in claim 19, wherein the zirconium dioxide consists
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titania conprises precipitated titania. 25 16. A process as clained in
claim 15, wherein the titania consists entirely of precipitated titania.
17. A provesy3msgiclainmed in claim?2, 3 or any one of cl ai PET/&BOU04bAY
wherein the zirconium di oxi de conprises pyrogenically produced zirconium
di oxide. 18. A process as clained in claim17, wherein the zirconium

di oxi de cafsdlp bSpredPit@Rl izrednluididaeogeni cal |y produced zirconi um di oxi de.
19. A process as clained in claim2, 3 or any one of clains 5 to 12,
wherein tHe zA prosebsian dpiogi decleompr Whersinghe edlpining: séep iBiceitsdiovtn di oxi de.

20. A pr cl ai oN claim19, wherein the zirconium di oxi de

consi st S%%ﬁgéiﬂ%%gfpgj@ﬁﬁ Q'CT/ GB01/ 04669 entirely of precipitated zirconium
di oxi de. 221. AApraesss dbmet i o dpretedingeivind, , whaheih ehacatdigst cah@in3iSASS step is
carried out between 400 and 1050 C. 22. A process as clainmed in any
precedi nngc'I(yapﬁPh‘%f%ﬁ%‘Préi ?’F“iﬁ’ése@aqrh‘lh%‘?talc%ﬂg 1 ¢ $hesdmesd Caéﬁﬁ%ﬁt: -9% of phosphoric
aci d, basgd omy 2ol 04 G PRt ah ¥al ol isAIRIQERES as
clainmed in any g@géﬁsngalﬁﬁa%nﬁrggﬁnrﬁdsaﬁ d‘@%e?!‘n |Bs0 et I;I ene or

propyl enepro@ylened process as clained in any preceding claim wherein the

reacti on between said l.efin and water i.s. carried out at enper af ure of
o o Sdhe 16 Paieesyas laifed &b B pPGHITARITY GYF SR SR Pk P by e n

the ol e gatd ondPlvatdRisQlardidd o 4e] lehpRFRle%ed70 & ddbothe range of from0.15 to
0.50. 26. A process as clainmed iIn :fny preceding claim wherein the reaction

bet wdén s26i.d Alpeddess adaimat én anyspreegdingdaioy twigergin dlssmpke nabm gf wgtef taom 2000
to 24000 olﬁ)ﬁaﬁ er:rligloyggis i%%he r%gge gthrom 0.15 to0 0.50.

26. A process as claimed in any preceding claim, wherein the reaction between said

olefin and water is carried out a pressure ranging from 2000 to 24000 Kpa.

15

20

25

30

28



