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RARE*EARTH ALKOXYLATI ON CATALYST The ‘present invention relates told JyNd6ss
of prepayhggs1fare. earth catalyst useful in an al koxyl ati/gpoympi@cess.
Background of the Invention 5 A large variety of products useful, for
instance, as nonionic surfactants, wetting and emulsifying agents, ’

sol vent, and chem cal internediates, are prepared by the addition reaction
(al koxyl ation reaction) of al kylene oxides (epoxides) with organic
conpounds having one or 10 nore active hydrogen atons. For exanpl e,
particular nention may of th |_kanol hoxyl and al kyl -
substituted phenol ethoxgﬁgggggﬁW% &&EyGt%eFféﬁ%t %%ﬁTgthylene oxi de
~with aliphatic al cohols or substizmtedriyrenotsrafy$Srto 30 carbon atons.
"Such ethoxylates, and 15 to a | esser extent correspondi ng propoxyl ates and
conmpounds contai ni ng m xed oxyet hyl ene and oxypropyl ene groups, are w dely
..enpl oyed as noni oni ¢ rgat grgeftc GRANANERH $05: EOMBILiFokl:gapENg

formul ations for use in industry and in the home. As another exanple, the
26" addition rcRaHaEAnef a pFIRS| Lo dage LiEE hugliylolist apr edkesglation

i nt er nedi at es fcgrgé% goreparation of pol yurethane products. An illustration
of the preparati'on of an al kanol ethoxylate (represented by formula I

bel ow) by addit iBackazbunfl af ntimbeinyention et hyl ene oxi de nol ecul es (formul a
I'l) to a si.nngle al kano e (fo I LS ent equation 1
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nonionic surfactants, wetting and emulsifying agents,

solvent, and chemical intermediates, are prepared by the

addition reaction (alkoxylation reaction) of alkylene

oxides (epokides) with organic compounds having one or

10 more active hydrogen atoms. For example, particular
mention may be made of the alkanol ethoxylates and alkyl-
substituted phenol ethoxylétes‘prepared by the reaction
of ethylene oxide with aliphatic alcohols or substituted
phenols of 6 to 30 carbon atoms. Such ethoxylates, and

15 to a lesser extent corresponding propoxylates and
compdunds containing mixed oxyethylene and oxypropylene
groups, are widely employed as nonionic detergent
components of commercial cleaning formulations for use in

o industry and in the home. As another example, the

20" addition reaction of propylene oxide with polyols
provides intermediates for the preparation of
polyurethane products.

An illustration of the preparation of an alkanol

ethoxylate (represented by formula III below) by addition

25 of a number (n) of ethylene oxide molecules (formula IT)
to a single alkanol molecule (formula I) is presented by

the equation
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(oxyalkylene adducts), e.g. having different values for
the adduct number n in formula III above. The adduct
number is a factor which in many respects controls the
properties of the alkoxylate molecule, and efforts are
made to tailor the average adduct number of a product
and/or the distribution of adduct numbers within a
product to the product’s intended service.

- It is known that alcohol alkoxylate products having
a narrow range alkylene .oxide adductndistribution are
preferred for use in certain detergent formulations
(GB-A-1462134; Research Disclosure No. 194010). Narrow-

range alcohol alkoxylates are also known to be

" particularly valuable as chemical intermediates in the

synthesis of certain carboxylated alkyl polyethers

‘(US-A—4098818) and of certain alkyl ether sulfates

25

30

GB-A-1553561) .

US-A-5057627 describes an alkoxylation process
catalysed by phosphate salts‘of ﬁhe rare earth elements.
These catalysts were typically prepared by adding an
aqueous solution of a rare earth compound such as
lanthanum chloride to an aQueous sodium orthophosphate or

H3PO4 solution. The resulting catalyst was a solid

powder that was stable with a long shelf-life. However,



WO 02/ 47817 PCT/ EPOL/ 14746 - 3 often the reaction m xture prepared by these
catalysts led to an increase in the viscosity of the mxture to _ﬂ,@QﬁNﬂﬂ@&.s
(1000 cewOpvit®e) or nore. US-A-5057627 al so describes aPEr@®eEL74there an
al kyl phosphate is added to a 5 | anthanum sol uti on of 2-ethoxy€thanol and
NEODCOLTm 23 Al cohol. Such a system may praduce a | ower viscosity mxture.
However, these catalysts have a slow reaction tine. It is desirable to

prepare a catal yéftérh%eorr%\éthg%? HhPx Bl OW3GRS by ERACLI QNLSYSEEM Wi th

faster reaction tine. Summary of the Invention In accordance with the

present inventioked Hex @ni §ncpeavrdéd Bheroceesityr ofhehpraepdarats 6p of a
fluid rare 15 egfdd pOSPRALGoCALALYSL: COTROSELLAN GOMRLLSING @) 4B ovi ding
.a rare earth salt soluble in - ctive hydrogen containing organic
conpound at a téeperidegr @ pirocess vhare 1:20Glky)lpaddphgtants didslsdl vong t he

rare earth salt jn a 20 C9-C3Q active hydrogen containing organi c conpound
.t hereby protuci MR §2-PRA8PgeAI ¢~ StFEGHaRh 02 ]?}%%‘?%%pﬁ?osphori c

acid to the raren; &adih/ eL@ankCs$9Luhi RIY idkRukar 8 eswth saldodieyphosphoric
acid nolar ratio in the range of 0.7:1 to 1.3:1 thereby 25 producCing the
fluid rare eart HpHoSShat EoVaVaFy sthesd mpdsilyisse. hRMcar cBtdareachion t he
present inventi o&d&gﬁ‘ere is also provided a process for the preparation of
al kyl ene oxi de adducts of active hydrogen containing organic 30 conpounds,
whi ch conprises cont d¢t ilrgdgriakk}kene mrdmdee pegetahystorprt sirnyidae or
more Vicind al kY1 RRP Qe ey ko AloR Yokt 4R 090, 0P ALING,S eact ant
time. '

Summary of the Invention

In accordance with the present invention there is
provided a process for the preparation of a fluid rare
15 earth phosphate catalyst compositionvcomprising:

‘ a) providing a rare earth salt soluble in Cg-Ci3g
active hydrogen containing organic compound at a
temperature of less than 120°C; .

b) adding and dissolving the rare earth salt in a

20 Cg-C3g active hydrogen containing organic compound

thereby producing a rare earth/organic solution; and
c) adding phosphoric acid to the rare
earth/organic solution in a rare earth salt to phosphoric
acid molar ratio in the range of 0.7:1 to 1.3:1 thereby
25 producing the fluid rare earth phosphate catalyst
composition.

In accordance with the present invention there is
also provided a process for the preparation of alkylene
oxide adducts of active hydrogen containing organic

30 compounids, which comprises contacting an<alky1ené oxide
reactant comprising one or more vicinal alkylene oxides

with an active hydrogen containing reactant comprising



1.3 JUN 2005 WD 02/47817 PCT/ EPOL/ 14746 4 one or nore active hydrogen
cont ai ni Pg oLg‘aP: C gorrpoulnds, in the presence of dabcat ﬁl yticall y‘l_eg; fiecppve
anount o t he uid catal yst conposition prepare y the e t he
present i WOSHHTHA described above. 5 In accordance with th@%@éﬁ&
invention there is further provided a process for the preparation of |
al kyl ene oxi de adducts of primary nonohydri ¢ al kanols, which conprises: a)
providing a rare earth salt soluble in C9-C30 10 prinmary nonohydric
al kanol s at a tegperatunsrdfadi8ss tRaRogA0Con 0 imddl REAnd cdbseedbmidyg the
rare earth salt in a C9-C30 primary nonohydric al kanol sol ution thereby
produci ng a rareiBaFpf/R¥EHHIe &4 Gt FeR2ly5ie3l R ifEPHISpRABPTRt RF d to the
rare earth/al kapgl $ohidi Q41 R TRk o%@f:ﬁbns@:!‘épéﬂ—:;dﬂwslekﬂ@r?foc@é% ¢gmol ar
ratio in the range of 0.7:1 to"1.3:1 thereb producing'the fTuid rare earth
phosphat e cat al yshei pregent aﬂlﬂ@&@éllpnzéeé):rég@@o?mvw addi ng a base that does
not contain. a Goup f el . herhadic. table in
an anount e?fecti ve tﬂo.l gsjcl%s?%?%ge ‘%ﬁ%ﬁehg%ggg%gl %Yél?%ﬁe‘!hggkaﬁgl to a pH’
in the range of Surbh8r pwEwi RS @) pecoreast Eny e glledagnasiori dé react ant
conprising one or e vici.nal _al.kyl ene_oxi des_and Vin 2-10 car bon
atons with the f%gni?%? eoxe_laret ﬁ%&:‘%g%hg eFreatal Gnscfnl R the 3?%%%%[5,’ t her eby -
produci ng the al k}itiehecomxiidesadducts of primary nonohydric al kanols. 30 In
accordance with the present_invention_there ig,h still fu Eher provci: ded a

e in Cg-Cizg

process for the prepathti GFOfding & rare earth salt solu

10 primary monohydric alkanols at a temperature of less than

120°C;
b) adding and dissolving the rare earth salt in a

Cg-C3qg primary monohydric alkanol solution thereby

producing a rare earth/alkanol solution;

15 c) adding phosphoric acid to the rare
earth/alkanol solution in a rare earth salt to phosphoric
acid molar ratio in the range of 0.7:1 to 1.3:1 thereby
producing the fluid rare earth phosphate catalyst in the
alkanol;

20 d) optionally adding a base that does not contain
a Group 1 or Group 2 of the elements of the periodic

¥ table in an amount effective to adjust the pH of the

S catalyst-in the alkanol to a pH in the range of 5 to 8;

and |

25 e) contacting an alkylene oxide reactant
comprising one or more vicinal alkylene oxides and having
2 to 4 carbon atoms with the fluid rare earth phosphate
catalyst in the alkanol, thereby producing the alkylene
oxide adducts of primary monohydric alkanols.

30 In accordance with the present invention there is
still further provided a process for the preparation of

alkylene oxide adducts of active hydrogen containing



-with an

al kyl ene oxi de adducts of active hydrogen containing 1 3,.JUN 2005 WO
02/4?&1? PCT/ EPO1/ 114746 - 5 organi c.conpounds, which conprises cpg{mﬁﬁmgg
an al kyl e i de reactant conprising. one or nore vicina ne oxi-des
é@&?ygﬁﬁgdrogen cont ai ni ng reactant conprising o%g?é%xggggiactive
hydr ogen containing organic 5 conmpounds, in the presence of & catalytically
effective anount of the fluid rare earth- phesphate catal yst prepared:by
the process conprising: a) providing a rare earth salt soluble in the
active hydrogen egapdmididdghporagkanihadh adupieeat ubet &bt ink aness kihane120C;
b) adding and dissolving the rare earth salt in the active hydrogen
cont ai ni ng react ¥t HEPAN S GAUET W% ¥4 €T BPTR/ B giiiftc %@&FPSn; and c)

addi ng phosphori gxagddl +iaH ke hatevd PRI CeaRLen Rl UtdQiaink @ rare earth
"salt to phosphoric acid nolar ratio in the range of 0.7:1 to 1.3:1 thereby

produci ng the flEPEPFiiE% £PEh OphBSHR A IveatyPysren R inifiBoRTeR e

Preferred Erbodi Surdds Nas RAW peefefung thabchhpe abdoxylatelboRfgaction
20 carried out in the presence of the rare earth phosphate catal yst

conposi tion preparadthyph faepfduddsrafe tancthpplserbat qveridlowtdecr eases
reaction tinme angd_i [ 0 : ~ .l he process of the present
éﬁazée%f b?r thta Pﬁggﬁé§ %og‘rltprlsgné.

invention, a fluid are ear osp e catalyst is prepared by the
steps conprising a) rovidiongdanger tgre reardéhegpih saluble Bpaddeng and

di ssolving the r é@ix?arhy&br% ch E:Bn@%gf&%(}ea%%%h‘éeabygr%qn%%r%%ﬁ}c%' gEng
organi ¢ conpound; ~pr ef erabl ina Co9- ‘primary nono-hydri ¢ al kanol or
al kyl phenolo 30 hese thdreef @2abCY in a C9- C30 primary nono- hydric al kanol
b) adding and dissolving the rare earth salt in
the active hydrogen containing reactant thereby producing
a rare earth/organic solution; and
c) adding phosphoric acid to the rare
15 earth/organic solution in a rare earth salt to phosphoric

acid molar ratio in the range of 0.7:1 to 1.3:1 thereby

producing the fluid rare earth phosphate ‘catalyst.

Description of the Preferred Embodiments

' It has now been found that the alkoxylation reaction
20 carried out in the presence Qf the rare earth phosphate
catalyst composition prepared by the process of the
present invention decreases reaction time and is easier
to handle.

In the process of the present invention, a £luid
25 rare earth phosphate catalyst is prepared by the steps

comprising a) providing a certain rare earth salt,

b)adding and dissolving the rare earth salt in a Cg-Cag

active hydrogen containing organic compound, preferably

in a Cg-C3p primary mono-hydric alkanol or alkylphenol,
30 more preferably in a Cg-C3g primary mono-hydric alkanol;

then c)adding phosphoric acid to the rare earth/organic

solution, or more preferably to the rare earth/alkanol



t hen c)addi ng phosphoric acid to the rare earth/organic solution, or nore
preferably to the rare earth/al kanol 1 3 JUN 1005 WD 02/47817 13 JUN 2005
PCT/ EPO1/ 14746 6 solution. It has been surprisingly found that the -

desi r abl avgat/aisyst conposition can be prepared in the CO-pCIErachiinme

hydr ogen contai ni ng organi ¢ conpound wi thout the presence of" | ow nol ecul ar
wei ght al cohol or 5 al koxi des (carbon nunber of less than 8) Wen the ’

catal yst is prepared according to the present invention, the rare earth

phosphate is substantiall niformy dispersed in the al kanol having an
average particl eS¥t¥e Bt I%sg‘atshﬁﬁe% ?‘Hr(i?ﬁpjcsr‘d%l)lf LRynfoFB2hridter abl y nedi um

di ameter particl @ss s leesmthhgat ledidds 18 80 Manl iR pabphysd GOMRSI tion
conprising the dispersed rare earth phosphate salt and the al kanol has a
viscosity of |esSot ¥ 1192 Ry ArggeR R FHIET MFFRdC FPEIRPRNdrhe term
"fluid" nmeans hayi articles which easi l.y ve and ange .t heir
relative positi o“r’llt%/}mg?‘%outttheaprsegslé“r:%t?%gl%“f “fchleec%sasr, wgrllaﬁgh?]g%l}oga(ﬂrl y yield
to pressure. Asallhecidram (wirbgy hsmbksedhdredn,tHame 8Yrare earth” el ements

are those of atonic r%rrbertz_‘ 39 Egg 57 to 71, Zodﬁl enment.s of th% "] ant hanum
series" are those of "GBNES (GBeYSt 57 B SPRTShE ARt RANT YL %l enent s are

those of atom cprusdes S H@ritaoh]. tHe aidd analdly pHoaghhast hanum series has
further been divided into_the "¢ceriumearth" roup of atom c numbers 57 to

62, the "terbi unFeRFTARC 12 1 YAHTBF™HE dHiTP rE gBet BLERo R ERE
yUtriumearth’ ogroun.ofe aoieipUIHAl 07 thise NAMRM Aok fecause
‘s foun

yttriumis a nenber of t'"he group, but because yttrium wi'th these

el enents i M0 nat unede duefgperddyl mediws, didwetcat dasticles &he T ddwnof
1 pm (1 micron). The catalyst composition comprising the
\ dispersed rare earth phosphate salt and the alkanol has a
viscosity of less than 50 mPa.s (50 centipoise) and is
fluid. The term “fluid” means having particles which
15 easily wmove and changevtheir relative position without a
separation of the mass, and which readily yield to
pressure.
As the terminology is used herein, the “rare earth”
elements are those of atomic numbers 39 and 57 to 71,
20 elements of the “lanthanum series” are those of atomic
numbers 57 to 71; the “lanthanide” elements are those of
X atomic numbers 58 to 71. Traditionally, the lanthanum
Ny series has further been divided into the “cerium earth”
group of atomic numbers 57 to 62, the “terbium earth”

25 group of atomic numbers 63 to 66, and the “yttrium earth”
group of atomic numbers 67 to 71 (so named not because
vttrium is a member of the group, but because yttrium is
found with these elements in nature). '

In general terms, the catalyst for the process of

30 the present invention comprises one or more of the

phosphate salts of the rare earth metals. In one

preferred embodiment, the catalyst comprises one or more



30 the present invention conprises one or nore of the phosphate salts of
the rare earth netals. In one preferred enbodi nent, the catal yst tonmgyiIfss
one or nW@OMB02/ 47817 PCT/ Ero0l11t1163-JUN 2005 7 of thBCPEBepHAte salts
of the lanthanum series elenents. |n another enbodi ment, the catal yst
conprises one or nore of the phosphate salts of the |anthanide elenents. In
a further specific enbodinent, the catal yst conprises one 5 or nore of the

phosphate salts gf the alemmnls ahitheorcand W RALINOLRYPes | b1 Sfdddg anot her
specific enbodi nent, the catal yst conprises a mxture of rare earth netal

phosphate salts Bherrdtrhathemdiostimiengy i ohe otatalvstr gogpraseh ehemntrere
substantially coggespo tstép%a{)&atsaﬂsogfatﬂ@tllgrﬁ:'ﬂa%‘ggg}éﬁéén&gté are.earth

ore, for exanple,  nonazi astnasite, xenotinme, g nité or euxenite.
The catal yst in &ugilven spalifcat ieowodimeht s treocesslysict abinyr Cord aines t he
phosphat e S?' t(sgrOfogé tohferth%neh%lé hgtcraﬁ &)*,(at.ic“]geooff t I‘ée ar gntes?‘rég tel'leerrents' In
-one respect, 15 preference can e Xpresse For ca aleys STconprising in
catal ytically ef teciuweamuriraume ofnndtElbfartdherpbopsphiie salts of

el enents .sel ected fromthe group .c rising cerium .l ant hanum

praseodym um neBBYATUM™E v S GR-2 ggrﬁr‘? Jggftfolalmﬁ'ilﬁf PraySprioditum erbi um
and 20 ytterbi uneatih anddiepHespact, seatalwsdre i¢ORpe 8iBgributadmlaf i cal |y
ef fective. anount_ of one or nore of the ‘étgso&a%hate salts of the ceriumearth

group el ements alB® IRH% ISAHTAY 1S/ SPEBFEr FEFE a1 [WWaCaFySFRORGHPTI S7G a

catalyticakdy eféecd ine arURt RHcu@Rengr r4my 01 bee25tphospair sal ts of
el ements selected fromthe group .k consisting of ceriumand | anthanum are

consi dered nost TPRRAEITeRIHTHAE I Er t KEROTH e SR IP B ER 88 TRIAMY S-S
- conprise a.catal yti catly &ftfagtdvenagoyitedfagyia Rribar 8 ohid he-yhesphate

salts of | anthanum
suitably contains the phosphate salt(s) of either one or
a mixture of the rare earth elements. In one respect,

15 preference can be expressed for catalysts comprising in
catalytically effective amount one or more of the
phosphate salts of elements selected from the group
comprising cerium, lanthanum, praseodymium, neodymium,
yttrium, samarium, gadolinium, dyspfbsium, erbium and

20 yvtterbium. In another respect, catalysts comprising a
catalytically effective amount of one or more of the
phosphate salts of the cerium earth group elements are

ﬁ particularly preferred, while catalysts comprising a

Aﬂ‘@ catalytically effective amount of one or more of the

25 phosphate salts of elements selected from the group
consisting of cerium and lanthanum are considered most
preferred. In a further respect, preferred catalysts
comprise a catalytically effective amount of omne or more
of the phosphate salts of lanthanum.

30 Natural mineral ores which serve as the commercial
sources of the rare earth elements generally contain‘

several of the elements. These ores are often refined

without separating this mixture into distinct elements.



30 Natural mneral ores which serve as the comercial sources of thg Q’\?Eﬁlﬁ .
.earth elenments generally contain several of the elenents. These or1e J 5

often refined__w thout separating this mxture into disti vents. 1,3
JUN ZOOSWQI%%@%’M?BN PCT/ EPOL/ 14746 - 8 For this reason?ﬁifﬁg’"ﬁ@%n t he

present invention of mxtures of the phosphate salts of several rare garth
el ements may be preferred fromthe standpbieht‘ of availability and cost.
Speci fic exanples of suitable 5 m xtures of rare earth el enents include
those known as Hasthidsi reasppnaghe els& evptiilire préisgphi Unyerfzidel iofi te and
euxenite. The r h_salt _u e A ' rth
phosphat e cat al %J&tq%;eé% g%l Egﬁeﬁﬁé%%%g%gg%d%g%g %%y%%%/drn%lﬁ% af?f?‘l c al kanol
at a tenper at ur eelgimdrgss melyahe 20T Sed Ercar eheasthndadbist cah be, for

exanple, halides, .nitrates or .carboxylates of the rare earth. el.enents.
Some exanpl es ofa%aé‘lqtas Lﬁtﬁgpfu e d et desg,%ecc Ot i 851??%?t?§tse%l,ta c&t ates and
octoates. 35 Themianeresacthraakt eastlli skotarats iimclhée COh&39 kmetn we hydrogen |

cont ai ni ng organi c co und_at tenperatures in.the.range of .anbi ent
Cenper at ure up tiF e FIOR PP A Fart T FSLBARTC SHRGTOES THE rare
earth salt nay opideniald.y be dissolved in water prior to 20 addition to the
organi ¢ conpound, or preferably al kanol, to _dissolve the rare earth salt

faster. However, thi $HSsTanGt SAELRsAtYy, USHftl 9 BTpreferEt yf 1aesi FabPe to

have as little sl phespAaskbberin it Sar eAabhb/ shkamolcsalytion. 25 To
this rare earth/organic solution, phosphoric acid is added slowy in a rare

earth sal tiot o phosipeowi ooackdydnbt salkatdlo atn at hempangewsd df dms8. Fhap nore
preferably

120°C. Such rare earth salts can be, for example,
- halides, nitrates or carboxylates of the rare earth
elements. Some examples of galts include bromides,
chlorides, nitrates, acetates and octoates.

15 The rare earth salt is dissolved in the Cg-C3g

active hydrogen containing organic compound at
temperatures in the range of ambient temperature up to
120°C to provide a rare earth/organic solution. The rare
earth salt may optionally be dissolved in water prior to

20 addition to the organic compound, or preferably alkanol,’

to dissolve the rare earth salt faster. However, this is

not necessary, and it is preferably desirable to have as
little water as possible in the rare earth/alkanol
solution. »

25 To this rare earth/organic solution, phosphoric acid
is added slowly in a rare earth salt t§ phosphoric acid
molar ratio in the range of from 0.7:1, more preferably
from 0.9:1, to 1.3:1, more preferably 1.1:1, to produce
the fluid rare earth phosphate catalyst composition. The

30 phosphoric acid can be in any form including concentrated

form or in an aqueous solution. The concentration is



earth phosphate catal yst conposition. The 30 phosphoric acid can b
~forminclWei%g78dncentrated formor ih an aqueous sol uti S&T/ERIE14746
concentration is 13 JUN 2005 WD 02/47817 PCT/EPO1/1*746 9 preferably in
t he range of 50 percent to 80 percent by -veirght in aqueous solution. The
fluid rare earth phosphate catal yst can be optionally treated with a base
in an amount to Iﬁféf&:éﬂl%/ i2 pheofahdie catzal YeceniPOSi §d PrrdcBnthgyr ange of
5-8 as long as the base does not interfere wth the al koxylation reaction.
Such base typi caltisfodd FGIISEBAt 3P H 5 B\oup 1 or Goup 2 el ement of the
Periodi c Table, such @ MatiaKear&starBa'ondhatEata el bystABEBNLUM hydr oxi de
is 10 particularly preferred. The resulting m xture should preferably be
dried to a noi sPREOREIAVefEeBFef e85t PaPaEG0 ippAt ppietnt G &ripangheout the
al koxyl atign reaghi on,cred JAcAh P e ORbyAdens X1 AgnfolpTRr of gomat i on. 15
~The rare earth phosphate salt cCatal yst conpounds are suitably characterised
by the fornul a (1prg P&4)tdenbaghefess nol singerievecentth BlemdibxyAstisnwel |
recognized in the art th t a]_t5 . 0f e r r.t h I ngs
principally conﬁ$%§%%£¥3re%ggggﬁgg$é§§%?%lﬁx Fﬁ%gzﬂé?ﬁﬁﬁgﬁgﬁtasﬁgﬁg§ %nd
have t he fornul eot RhutHewetemnent hef HreeFentiodnvefidbbe, issichl se Natended to
enconpass di val net sSalts d, tetrayal ent tal sal.ts, in which case
the subscripts gggngsq’gg Vs&?’t%%‘rgﬁc & vater 3?339§1§Fi%%ships, that is,

~from0.9:1, to 1.3:1, nore preferably 1.1:1, to produce the quidéf?nﬁ%Hwﬁ

evant varenc
when L is o val epdripididadlgngrgf@ored. 2, and when L is tetravalent p is 3

and g is 4. It is tq.be ex ted that gen rahly th jasphat e _sal.t _cat al yst
as prepared and as uggﬁ?Fﬁsgﬁglﬁ?e:E%F”%hﬁbﬁP'gnpﬁf$#£ggi be dried to
' B ' a moisture content of less than 200 ppm prior to carrying

\
out the alkoxylation reaction, to minimize polyalkylene
oxide polymer formation.
15 The rare earth phosphate salt catalyst compounds are

suitably characterised by the formula (Lp—(PO4)q)n

wherein L is a rare earth element. As is well recognized
in the art, the phosphate salts of the rare earth
elements principally comprises rare earth elements in the

20 trivalent states and have the formula LPO,. However, the

present invention is also intended to encompass divalent
metal salts and tetravalent metal salts, in which case
?i the subscripts p and g satisfy the relevant wvalency
| relationships, that is, when L is divalent p is 3 and g
25 is 2, and when L is tetravalent p is 3 and g is 4. It is
to be expected that generally the phosphate salt catalyst
as prepared and as used in the present invention will
consist essentially of compounds of the formula LPOy.
Further, the phosphate salt of rare earth glements may be
30 in a dimer or trimeric form in which case n is 2 or 3

respectively.



consi st essentially of conpounds of the fornmula LPO4. Further, tnz__a U. =
. phosphate salt of rare earth elenents:may be 30 in a diner or trit 'r»l'éNfZ(.qg,m
in whichygpgsgi7i s 2 or 3 respectively. .13 JUN 2005 WOp@2kfdBiafss )
PCT1E, POL/ 14746 10 1In addition to a catalytically effective-anount of the
rare earth el enent conpounds, the catalyst for the process of the present

i nvention may al so suitably - contain othér*$ubstances, including both those
which may 5 be introduced into the process as inpurities in the phosphate
salt catal yst as wel fnagdghbsenwhd ch qabpliyeicaddirdefbeprormteaovntodi fy

catal yst activituy,. Taeeone.en RLAaf dhpdhasphane salisaf Abe gare earth

el ements are present in the reaction mxtures in a ytica
ef fecti ve anpuntprocess af sheuptesedt ilcivemttibo papneizo theltzlbigxyl ati on

reaction or influence_th | k e oxide_adduct djistribution.of the
product. Alt houcg ntglgpeoglhfa?cs%ggﬁ eys’o nggflgwgtb?éh ntgfoscer 'Y |l€gl ¥ the
present insenti Gy iprebéuendeinay tie: expeessedsf dmpdbitises dn the catal yst in..

an amount of at | eas .01 percent wei % whi | e .an _amunt bet ween
0" 03 and 596 w | PHORHET ROPBNC BT B Yt & o8 Ante A BolRTaRE0. 1 and
2% w i s consi dergidiad@sb pieheteedr fwsdifypiceaablyeabadt eidys. These .
percentages are in terns of the 20 weight of rare earth nmetal ions in the

process mxture rel afvERE0CT hB TR Yht™h6r PROFPYRLRYTR byt iPic ShCaFAFRg

conpounds i n thatyFXtiefenBybstantialdnt gheaher reQuaids thi8guekscatabyst,
e.g. up to 10%w, or nore, _are_ also very suitable. As a rule, the_higher
the desirel 25 SPePAFELSPRYYeRELRKE S ATOUEE / ntinBer 2BfaNqHRta SR £GFaLBE

product and the Jy ghemotRerdeshieskyaia Rf reaact bRNor tHgr1@neat ehet he

requi red quantity of catalyst. . _ ) :
A alkylene oxide adduct distribution of the product.

' Although a specific quantity of catalet is not critical

to the present invention, preference may be expressed for

15 use of the catalyst in an amount of at least 0.01 percent
by weight (% w), while an amount between 0.02 and 5% w is
considered more preferred and an amount between 0.1 and
2% w is considered most preferred-fo; typical
embodiments. These percentages are in terms of the

20 weight of rare earth metal ions in the process mixture

relative to the weight of active hydrogen containing

compounds in that mixture. Substantially greater

guantities of catalyst, e.g. u@ to 10% w, or more, are

also very suitable. As a rule, the higher the desired

25 average alkylene oxide adduct number of the alkoxylate
product and the higher the desired rate of reaction, the
greater the required quantity of catalyst.

The present invention is preferably applied to

processes utilizing an alkylene oxide (epoxide) reactant

30 which comprises one or more vicinal alkylene oxides,

particularly the lower alkylene oxides and more

particularly those in the Cy, to Cu range. In general,

the alkylene oxides are represented by the formula



The present invention is preferably applied to processes utilizing an

al kyl'ene oxi de (epoxide) reactant 30 which conprises one or nore VLG Sl 2005
al kyl enevwaxbzles17 particularly the | ower al kyl ene oxi des ardTmPOR14746
particularly those in the C2 to C4 range. In general, the alkylene oxides
are represented by the fornula WO 02/ 47517 fCT/ EP01/14' 746 1.-3 JUN 2005 -
11 RR C-CR2 R4 wherein each of the RI; R2, R3 and R4 noieties is’
individually selected fromthe group consisting of hydrogen and al kyl

moi eti es. Reactants which conprise 5R%thyl ene oxigde, propyl ene oxide, or

m xtures of ethylene oxide and propyhene 89Qd are nore.preferred,
particularly those which consi st esser:s'c cot ethylene oxide and

. propyl ene oxide. Al kylene oxide reactants congisting essentially of

et hyl ene oxi de are considered 10 nost,”preferred™fr,omthe standpoint of
comrercial opportunities for the prfctice of al Roxylation processes, and
-also fromthe standpoint of the preparation of products having narrowrange
et hyl ene oxide adduct. distributions, 15 Likew se, ,the active hydrogen

cont ai ni ng r eact RIS GRCELPY BT IR zed ' n RO hERPr BE BBt %5hd Spr esent
invention includgithesgikpownléacdderant ther g-eagt EoRsdihplkyl ene  oxi des
and conversion to al koxyl ate products. Sui tab?e cl asses of active hydrogen
cont ai ni ng r eactBAPIACPRde2 2Vt HiRIHriE@Snot RABEE3RET | YR Aorediee)

al cohol s, phenol sonytdieObgiGBEr & o AAHRES or PRI ¥OhSes G ReXyh bge aci ds,
and m xtures thereof. It is generally, but not necessarily, the case that
the active hydr cgeifensing: proPylepe oxidds aFe Poref PTREST I - XH wherein X

represents particulérly those which consist essentially of ethylene

2 ' oxide and propylene oxide. Aikylene oxide reactants

consisting essentially of ethyléne oxide are considered

10 most preferred from the standpoint of commercial
opportunities for the practice of alkoxylation proéesses,
and also from the standpoint of the preparation of
products having narrow-range ethylene oxide adduct
distributions.

15 ‘Likewise, the active hydrogen containing reactants
suitably utilized in the process of the present invention
include those known in the art for reaction with alkylene

oxides and conversion to alkoxylate products.” Suitable

o

classes of active hydrogen containing reactants include

"2&f (but are not necessarily limited to) alcohols, phenols,
thiols (mercaptans), amines, polyols, carboxylic acids,
and mixtures thereof. It is generally, but not
necessarily, the case that the active hydrogen moiety of
the reactant is of the form -XH wherein X represents

25 either an oxygen, sulphur or (substituted, e.g. amino)

nitrogen atom. Preference generally exists for use of

hydroxyl-containing reactants. More preferably, the

active hydrogen-containing reactant consists essentially

of one or more active hydrogen containing compounds



25 either an oxygen, sul phur or (substjituted, e.g. am no) nitrogeﬂ sr';lﬁjom
.Preference generally exists for use of: hydroxyl-containing reacta E7’ UNWAR e

pref erab , active hydrogen-contai ni ng reactant consi entially
of one o&y%ir/le]’%gctive hydr ogen contai ni ng conpounds 13, Jﬁmg§ﬁ%

02/ 47817 PCT/ EPO1/ 14746 12 selected fromthe group consisting of al kanols,
al kyl polyols and phenols (including al kyl2substituted phenols).
Preference can al so be expressed for the application 5 of the present
invention to thedlkoxyl atbanteé @rdumrdbnsacting ¥ NG LONtAKRIING
conmpounds, that is, conpounds wherza_i n_the active hydrogen nojety is
attached to a WLy eBfbBRERPHIn (FRELUSige: ahky heStilel 5red al koxyl ati on
reactions, suchgydngaey conpounds are nore 10 reactive, and in sone cases
substantially nore reactive, in the process of the present invention than
are the correspondi R§eEeEonRdar Faml e §FPresnpd thrampldcatips

present inyenti ¥ has BE@QeﬁQUﬂ@vé&iRﬁPQ‘éC%herQiﬁéiéy’ﬂﬁ’i&{ dgangeyal kyl ene

oxi de adduct distributton 15 products when applied to secondary and
tertiary active agrdveghndcoatni EmHR indact gempounds t hidhadt dobs sampognépar e t he

cat al yst accor di (o Srggi . _the; acti r.ggen cont ai ni ng
organic corrpoundﬁ%ﬁ%gfldlt‘gg ?ﬁgﬁgaﬁﬁo I n%tgﬁSEQOlgliﬂoeéayeﬁﬂ;étlclg&%g%eacti on.
Thus, the activeniasreyeaathoncatahystAs ssprdtdanedhe ierst tidr of one of the

reactants. Amrqutohelsg%gbjl_,ga? rhoxyljc.acids. parti Coul.llr?s rrerneti on _may be
made of the mond= and rcarboxylic aci ds, both |p%a‘%|cc{sa ar 8ted and
unsat ur at ed) and-eafcodmt} cand 2bn Spet fdaseex anpbesnt el ydendaurdeacadive,
nyristic acid, palmhlic acid, stegld ¢ a¢dy 9LeLs: AGl dyn oSl q¢lds,
. corresponding secondary and tertiary compounds.
Moreover, the present invention has been found to produce
relatively broad-range alkylene oxide adduct distribution
15 products when applied to secondary and tertiary active

hydrogen containing reactants.

In the process to prepare the catalyst according to
the present invention, the active hydrogen containing
organic compound'should be the reactant in the

20 alkoxylation reaction. Thus, the active rare earth
catalyst is produced “in-situ” of one of the reactants.
Among the suitable carboxylic acids, particular
mention may be made of the mono- and dicarboxylic acids,
both aliphatic (saturated and unsaturated) and aromatic.
25 Specific examples include lauric acid, myristic acid,
palmitic acid, stearic acid, oleic acid, rosin acids,
tall o0il acids and terephthalic acid. It has been
observed that, as a rule, carboxylic acids undergo
alkoxylation in the process of the present invention at é
30 relatively slow rate. ‘

Among the suitable amines, particular mention may be

made of primary, secondary and tertiary alkylamines and



tall oil acids and terephthalic acid. It has been observed that, as a rule,
carboxylic acids undergo al koxylation'in the process of the presehf.JUN2005

i nvent i orwa®n2/a7830 rel atively slow rate! Anpong the suitabl @CAMAPAESL746

" particular nention nay be nmade of primary, secondary and tertiary '

al kylam nes and 1 3, JUN 2005 WD 02147517 PCT/ EPO1/ 14746 13 of al kyl am nes
contai ni ng both am no and hydroxyl gr oup’s,13 €.g. N N-di(n-butyl)-ethanol

am ne and tripropanol am ne. Anong the suitable thiols, particular nention
may be made of pifi FRKYlagEeohdaRFadid gePPiar itk aand thiidgiosyl59hed®hg from

9 to 30 carbon af By RaE} LEUbAN) Y Res81 NAYLAY 1£50M.S 302068k Pon, at ons.

Specific exanples of suitable tertiary thiols are those having a highly
. branched carbon chai Anghd ctharsiidedileedhiphs , yairoselFumesatponnay ke

products of the nf]a%eolaifggfﬁﬁiiﬁﬁtis@lo%fdalrgv\g#ldotlzgéii_ AN in%ukﬁﬁ Y the
dinmers, triners, tetraners and pentanmers of propyléne and "t he u?yl enes.
-Secondary thi ol s1aariegeReompl 3 fied byatrben prodsictmafidtlediydtbesaé phuri sati on

of the substantiall. i ne ol igoners of ethyle as. are produced by the
Ox0 15 process. hﬁé’ﬁ% slérn %?gl Ve utcaﬁéoﬁoa‘r@r%%%s rg’:&prﬁ Jif’riigc 39{8?8#%? e%Pof
thiols derived faudneelbytene ohy ghiiels aracthdee theringneamnigalpon chain

products, such z%% 2- . decanet hi olh, .3-d§0a§et hi oé, 4- decanet hi ol ,

5-decanet hi ol , FAHGHEE AR ™I CH Uy ¥EA 8t B B CSBLHEC Atét hi ol , 3 20
dodecanet hi ol , Srydedecapeliti s ickh REXxadecppedhcod ,ob-tHexadecanet hi ol , and
e-octadencanet hiql,, and,the branched ca b]g_)n chai n 1J;t)j}rﬂoc%}u?c S, such as

2- et hyl - 4% ri dJESHERAT BT LB i Hrary i B HRe 1R Ttk rbiyeﬁﬁ?ed from

term nal ol ef i ngilgrBydt oERE RN UHSGhineRs UREET pdrheand @il rdpytendidions and

~include, for exanple, 1-dodecanethiol, 1- . .
the butylenes. Secondary thiols are exemplified by the

.
products of the hydrosulphurisation of the substantially
linear oligomers of ethylene as are producéd by the Oxo

15 process. Representative, but by no means limiting,
examples of thiols derived from ethylene oligomers
include the 1inear carbon chain products, such as 2-
decanethiol, 3-decanethiol, 4—decaﬁeﬁhiol, 5-decanethiol,
3-dodecanethiol, 4-decanethiol, 5-decanethiol, 3- ‘

20 dodecanethiol, 5-dodecanethiol, 2-hexadecanethiol, 5-

hexadecanethiol, and B-octadencanethiol, and the branched

carbon chain products, such as 2—methy1—4—tridecanethioi.

Primary thiols are typically prepared from terminal

olefins by hydrosulphurisation under £free-radical

- 25 conditions and include, for example, l—dodecanethiol; 1-

tetradecanethiol and 2-methyl-1l-tridecanethiol.

The alcohols (both mono- and poly-hydroxy) and the
phenols (including alkyl-substituted phenols) are
preferred classes of active hydrogen containing reactants

30 for purposes of the present invention. Among the
phenols, particular mention may be made of phenol and
alkyl-substituted phenols wherein each alkyl substituent

has from 3 to 30 (preferably from 3 to 20) carbon atoms,



tetradecanethiol and 2-nethyl-I-tridecanethiol. The al cohols (bot? n}@% and
_pol y-hydroxy) and the phenols (including al kyl - substituted pheno 37’) a5
preferre I of active hydrogen containing reactants poses of
the pr esg)lyl{3 %@gntl on. Anong the phenols, particular nenté%ﬁéqurjré@l%é made of -
phenol and al kyl -substituted phenols wherei n each al kyl substituent has
from3 to 30 (preferably from3 to 20) carbbmr atons, 13 JUN 2005 WO

02/ 47817 PCT/ EPO1/ 14746 14 for exanple, p-hexyl phenol, nonyl phenol,

p-decyl phenol , fwmnexphenel, prRHedyUgRHoInhewalylpAey6l | -alddgnahetol ,

nmono- hydric al cohol al kanol ?1) for nost preferred class of reactants,
particul arly 539 ipheRely 28rkdhdrey ﬁq?%’&gh secondary and tertiary

al kanol s are al so vemyysuiitalhypuitdd zetd-hylihe cpPL06e&ESL s OfallhacpEgsent

i nvention. Preference can al so Et)) expresse for reason of both process
perf ormance and fE@miererhl Pyafaerest %]I?@spPéd&‘éPCtF%‘?sraIH@afr‘?éICéﬂﬁﬁEYng from
10 9 to 30 scar bqp AR RarY Iahkgﬁoié’ Qﬂ:}@u‘@‘ﬁn%leéoﬁﬁﬁ}b f@er@i"a@ypref erred
and C to CZO al kanol's consi dered nost préferred, including m xtures
thereof, such aglkamoisupse alscoveind EGablivanblsized im ddwgepgbceabe, the
B o2 D&0lrddf ARCREf: OLndLd AN HRled ShEUCL @ ydepgadi ng 10 on the
i ntended use. In onée e ment erence urther exis or al kanol
reactants in whiecdprgiseatier forhaﬁaﬁﬂlrm?rck@mﬁl pmoresprfeicduiaycgr eatier t han 60

percent and nost pref er bl [ ea than 70 percent of |l es are
of |inear (straléh “ERar g)v%]@a]rg%onégﬂ“ FaEGFe- SPR %1n}% Otl gﬁ%’&&?rr%n?m

preferenceaof urt kerro exi sasbboraabkanotitheast ant S5k naw:unzﬂsgrceabederéan 50
percent, nore preferably greater than GO percent and nost preferably
gr eat er than 70 WgEiEc BAEL6F TEAea | Exr e $2ar 8lkanols considered most

\ preferred, including mixtures thereof, such as a mixture

of Cg and Cpg alkanols. As a general rule, the alkanols

may be(of branched or straight chain structure depending

15 on the intended use. In one embodiment, preference
further exists for alkanol reactants in which greater
than 50 percent, more preferably greater than 60 percent
and most preferably greater than 70 percent of the
molecules are of linear (straight chain) carbon

20 structure. In another embodiment, preference further

exists for alkanol reactants in which greater than 50

kY percent, more preferably greater than 60 percent and most

‘uf% preferably greater than 70 percent of the molecules are

| of branched carbon structure.

25 The general suitability of such alkanols as
reactants in alkoxylation reactions is well recognized in
the art. Commercially available mixtures of primary _
mono-hydric alkanols prepared via the oligomerisation of
ethylene and the hydrcformylation or oxidatioﬁ and

30 hydrolysis of the resulting higher olefins are
particularly preferred. Examples of commercially

available alkanol mixtures include the NEODOL Alcohols,



of branched carbon structure. 25 The general suitability of such al kanols as
reactants in al koxylation reactions is well recognized in the ar t1.3
Commercially available m xtures of prinmary nono-hydric alkanols pr etm @&5
~via the ofPQdt#i sation of ethylene and the hydrof ornyl atPFEfF?B}/I*%% dati on
and 30 hydrolysis of the resulting higher olefins are particularly
preferred. Exanples of commercially avai-l able al kanol mi xtures .include the
NEODCL Al cohol's, 13 JUN 2005 WD 02/47817 PCT/EPO1/ 14,746 - 15 tradenark of

and sol d by Shel{, fhem ¢alrCaARaBY14 ﬂ;}‘@ﬂé@h”@h%ﬂ:&ieéorﬁ’glﬁa@1 C10 and Cl1
al kanol s (NECDOL 91 Alcohol) , mxtures of Cl12 and Cl3 al kanols (NECDOL 23

Al cohol) , mi xt ukreslugiingl pixceges a4 Gnd A@b5280k Snal 31kafNEOHIEODSL Ak ohol ),

and m xtures of Cl4 a Cl S al kanol (NE 45 cohol): the ALFCL
- Alcohol's (ex. Vi%tPh enf“&ﬁftuff)‘ﬁp‘éﬁ i%&ﬁn@%ﬁ? 7 eYEROB162 and C12

o kaol s (ALECL 0120, SUUteseploC12 And.Clicglangl o, (gl 1210

m xtures of Cl6 a s (ALF 10 ures of Cl6, C13

“and C20 al kanol s(¥AIDO@L 251620phol Ne HRARiIALcebs! af(%%yén&i‘rtqrgi gakafor@any),
including m xtures of Cl0 and Cl12 al kanols (EPAL 1012), m xtures of Cl2 and
Cl4 al kanol s ( EPAIEODRLIARS ahdohal kt urtes 2§FOC1A L cGh6landiexCl I istkanol s ( EPAL

1418), and 15t T TAL- oho ion . Lde L, ncl_udi m Xt ures
of Cl2, C13, Cléqﬁ?rﬁ%%SggFlbgﬁgfs f@ﬁg{%&%%ﬁgggg& gjoo ver yeg%i table are
the commerci al | yaaaidiabl(arrat.kasod s, prieRared By t:;\g seduct) anxehongtural Iy
occurring fatty. esters, for exanple, the CO and TA products of 20 Proctor

and Ganbl e ConpatALEDd 12he) TAnakcahed 0fC14shhdn@; g GalkGooipaipLF@HONg t he

pol yol s, particular nmention_ rmay be made of
- 10 1618), and mixtuares of Cyg, C1g and Cgg alkanols (ALFOL

- . 1620), the EPAL Alcohols (Ethyl Chemical Company),
inclﬁding mixturesvof C1p and C;5 alkanols (EPAL 1012),
mixtures of Cy1o and Cqy4 alkanols (EPAL 1214), and
mixtures of Cq4, C1g and Cpg alkanols (EPAL 1418), and

15 the TERGITOL-L Alcohols (Union Carbide), including
mixtures of Cq5, Cq3, Cq4 and Cyg alkanols (TERGITOL-L

125). Also very suitable are the coﬁmercially available
alkanols prepared by the reduction of naturally occurring
fatty esters, for example, the CO and TA products of
20 Proctor and Gamble Company and the TA alcohols of Ashland
0il Company - '

et

iy Among the polyols, particular mention may be made of
‘those having from 2 to 6 hydroxyl groups and 9 or more,
preferably 9 to 30 cérbon atoms. Specific examples

25 include the alkylene glycols such as decylene glycol, the
polyalkylene glycol ethers, such as tripropylene glycol
and glycerine sorbitol. Higher oligomers and polymers of
the polyols are also very suitable. ‘

The active hydrogen containing reactant is also very
30 suitably the alkoxylate product of a previous

alkoxylation of an active hydrogen containing compound.



those having from2 to 6 hydroxyl groups and 9 or nore, preferably 9 to 30 -
.carbon atons. Specific exanples 25 include the al kylene glycols sudhrg 3N 200

decyl ene col ., the polyal kyl ene glycol ethers, such as _trinropgylene
gl ycol éﬁéxﬁf§&%rine sorbitol. Higher oligoners and polyggﬁgﬂwgﬁy%ﬁe
pol yols are also very suitable. The active hydrogen containing reactant is

al so very 30 suitably the al koxyl ate prodisct- of a previous al koxyl ation of
an active hydrogen containing conpound. 1 3 JUN 2005 WO 02/47817

PCT/ EP01/ 14746 - 16 ridfhdereexaLorobobrt Bpsperid i dilenkeneigxide
reactants and specific active hydrogen containing reactants suitable for

use in the pres&RECEAVERtFHH SRECLFICCREEIVE Y HerIq bR RirdAed U. S.

Patents. 5 For RWLPESEEsOfuithE Y §8RNLsENYENEhOhrd 16l ikNlgReon 0Xide
reactant and the active hydrogen containin reactant are necessarily

contacted in th&egiesénte Yie a-?th,i?@t“WéPn@gn‘éﬁsiﬁ‘Fg“—%ﬁes-or nore of the
phosphate salts of the %@f @é%%ﬂ%'h%”?%é 11?{ M\?erpcrieo?ﬁmth'ené{fﬂ&iﬁﬂla The 10
unt which Ts e t he

catalyst is applied Iin a ective to catal yse
al koxyl ati on reastilenredatdamy rndfther ectsse Ngydregsd redainfisgal koxyl ation

reaction in the_pr nt invention may. b n ed in a ner al
conventi onal nnﬁ%ggfs'%}%rareiarrl%p eeé}:’aﬁ%ycg?gg?/g?g%SW ntq}%gx%%aﬁFg !?aéc(t?ve
hydr ogen cont ai mienglysactamirising ameactredoreref ertablphaspderteagalasicn, with

al kyl ene oxi de_ react ant ich is pica introduced in.gaseo form at
| east for the | & rrgfﬁy?ae%r,l%l oe%ed[éeét%Aﬁi {df%n%]fes“?nﬁ:qulirﬂ'eélcttllg%‘ h%? ogen
cont ai ni ngor eactcafnthlgan bptapplaldy 120 aheaadaet wydh nies keffeceit-etaddi tion

of the alkylene oxide reactant. Thus, a_concentrated catal yst reaction
m xture can be ﬁﬁ&@agﬁﬁ ghioef‘aj[]?o E@ﬁl’foﬂer%%‘dl%' ’

. In terms of processing procedures, the alkoxylation
reaction in the present invention may be conducted in a
generally conventional manner. For example, the catalyst

15 in the liquid active hydrogen containing reactant is
contacted, preferably under agitation, with alkylene
oxide reactant, which is typically introduced in gaseous
form, at least for the lower alkyleng oxides. Additional
ligquid active hydrogen containing reactant can optionally

20 be added anytime before the addition of the alkylene

oxide reactant. Thus, a concentrated catalyst reaction

mixture can be made and a portion can be used as
necessary.
In preferred embodiments, the alkylene oxide

25 reactant is ethylene oxide or propylene oxide or a
mixture of ethylene oxide and propylene oxide. In a
further preferred embodiment, the active hydrogen
containihg reactant is an alcohol, a polyol or another
hydroxyl containing compound. The reaction is carried

30 out in the presence of a catalytically effective amount
of the rare earth phosphate salt catalyst prepared
according to the present invention. In a particularly

preferred embodiment, ethylene oxide is contacted and



necessary. In preferred enbodi ments, the alkylene oxide 25 react ag lﬁl
et hyl'ene oxide or propylene oxide or a mxture of ethyl ene oxide rﬁdJ 2005
propyl enayexi/@g17 I n a further preferreéd embodi ment, the actipreyiyisy ogen
“containing reactant is an al cohol, a polyol or anot her hydr oxyl cont ai ni ng
conpound. The reaction is carried 30 out_iNh the presence of a catalytically
effective amount of the rare earth phosphate salt catal yst prepared

according to the present .invention. |In a 8art| cul ar%; i;%(eferred enbodi nment ,
ethyl ene oxide iE3C5REalLER Ande 1% fon PEOBRINGFH5 J81 PEF BBOIFAZE 746 -

17 reacted wit £ C%a’cgl}%ﬁ?cé’{ %e%ltli@gogm?ﬁn{:hg £ R S st of

catalytically ef Ive a cat al yst yl at'i on %ddi tional
~liquid active hyadﬂ@ggmatu;ont ai Ixddnig- ircpadt antutdnabel opthohaldep added at any

“time 5 in the procgess. V\hllethetsea%r%cedul;esd crlgg?@ bctch de of

operation, the prasentPAVERET TR S&q05 1Y mn"f1 cabt Uous

process. Oseral lin tthe pwoceeactants are utili zed in 10 quantl t| es Whl ch are

det ined t i k | at dyct the d d '
Bduct number . The adB-bheCROTh A FRAREF Sof SORE BT GUUETE 1k RGE GFi (1 cal Lo

this process. Suglerpt@dtct sh€optadnt havenanoAves agfuaBddugihplnvabes dd t he
range fromless than gne to 30, or 15 greater. In general terns, suitable
and preferred prao€€§‘§lmtl‘é}‘rfje§’%?‘fﬁsess and pressures for purposes of the

present invention abeethEl safme asyd ReaeB¥ePt i #Ralumd kxad aki on  reaction
bet ween the sane reactants, enploying 20 conventional catal ysts. A
tenperatur@ of éﬂwpéég%e§0W?lCh are predetermined to yield an alkoxylate

product of the desired mean or average adduct number.

The average adduct number of the product is not critical

to this process. Such products commonly have an average

adduct number in the range from less than one to 30, or
15 greatei.

In general terms, suitable and preferred process
temperatures and pressures for purposes of the present
invention are the same as in conventional alkoxylation
reaction between the same reactants, employing

20 conventional catalysts. A temperature of at least 90°C,
particularly at least 120°C, and most particularly at
least 130°C, is typically preferred from the standpoint

,\ of the rate of reaction, while a temperature less than

250°C, particularly less than 210°C, and most _

25 particularly less than 190°C, is typically desirable to
minimize degradation of the product. Aé is known in the
art, the process temperature can be optimized for given
reactants, taking such factors into account.

Superatmospheric pressures, e.g. pressures between

30 68.9 and 1034.2 kPa g (10 and 150 psig), are preferred,
with pressure béing sufficient to maintain the active
hydrogen containing reactant substantially in the liquid

state.



particularly at least 120C, and nost particularly at |east 130C, :/\i . .
typically preferred fromthe standpoiht of the rate of reaction, hi31 BING005

tenperature | ess than 250C, particulatly |ess than 210C, and nost 25
particul aVPY2HEIE than 190C, is typically desirable to m¥HEPA/14E§r adati on-
of the product. As is known in the art, the process tenperature can be
optim zed for given reactants, taking sucigfactors into account.

Super at nospheri c pressures, e.g. pressures between 30 68.9 and 1034.2 kPa ¢

(10 and 150 psig), afofrehersat.. WildBLassure. helng suldigrent, Lo
mai ntain the active hydrogen containingreactant substantially inthe
liquid state. 13ghiNl 2005tha\G 10/ 1281 PxRCE/ EPOGEdAHAT 46 -a IMapovilten t he acti ve

hydr ogen cont ai ni reactant.is.a_liguid.and the al kyl ene oxide.reactant is
2 vapour . ol ko RE 8T 1A i S S et T AR S hEA T ene
oxide into a preskyleneeaxidé iy & Mmgsute behttot de@nidid oy dhegen

contai ning _reactagnt .and the catalyst. For .considerations o rocess safety,
the partial prées: g BFERVE &@I%gq{ﬁllc M&24RIEE TRAT Hht a}%‘; IA‘B‘Feferabl y

limted, for insha&acgstt o F&sscdimtedhd ibnkPar aptbbeflsipretandine the
reactant is preferabl 10 diluted wiith an inert gas such as nitrogen, for
i nstance, to aBPRIpodr PREST ORI rlaMedn 26Ky 48Rt OB HSBSEREr 15] ess. The

reaction can, heweyerabPe safielan aceamMmhisshgde, ato &A amaal Kyl ene oxi de
concentration, greater total pressure and greater partial pressure of

al kyl ene oxi de £33i-f kBtable msicaut if9R< ork BT eartans: drt praferehken to

manage theori skgii9L,re4PhOSh Oh #AdrA YacPLESAULE QfcrHRINVEED 2 RsBaARd, 758. 4
kPa g (40 and 110 psig), with an al Kyl ene oxide partial pressure between
103.4 and 413. 7to a vapour phase concentration of about 50 percent or

less. The reaction can, however, be safely accomplished
at greater alkylene oxide concentration, greater total
pressure and gfeater partial pressure of alkylene oxide
5 if suitable precautions, known to the art, are taken to
manage the risks of explosion. A total pressure of
between 275.8 and 758.4 kPa g (40 and 110 psig), ﬁith an
alkylene oxide partial pressure betwqen 103.4 and 413.7
kPa g (15 and 60 psig), is particularly preferred, while
20 a total pressure of between 344.7 and 620.5 kPa g (50 and
90 psig), with an alkylene oxide partial pressure between
137.9 and 344.7 kPa g (20 and 50 psig), is considered
N more preferred.
) The time required to complete a process according to
25 the present invention is dependent both upon the degree
of alkoxylation that is desired (i.e. upon the average
alkyléne oxide‘adduct number of the product) as well as
upon thé rate of the alkoxylation reaction (which is, in
turn, dependent upon temperature, catalyst guantity and
30 nature of the reactants). A typical reaction time for
preferred embodiments, particularly for when the alkylene
oxide is gaseous, is less than 10 hours. When ethylene

oxide is used as the alkylene oxide, the typical reaction



kPa g.(15 and 60 psig), is particularly preferred, while 20 a total pressure
of béetween 344.7 and 620.5 kPa g (50 and 90 psig), wth an al kyl en¢3039N(jzm5
parti al pressure between 137.9 and 344.7 kPa g (20 and 50 i/ ‘|s

- consi der 4O U387 preferred. The tine required to conplete z&ﬁ?‘%

according to 25 the present invention is dependent both upon the degree of
al koxylation that is desired (i.e. upon thé%average al kylene oxi de adduct
nunber of the product) as well as wupon the rate of the al koxyl ation

reacti on (which ts$meiis Id#fen tha@@pendents upaihdre mepsilene, oﬁﬁd@lmtumanti ty
and 30 nature of the reactants). A_typjcal_reaction tine fo preferred
enbodi nents, par 8Fctifard Yﬁﬁ“%\ﬁé‘ﬁdiehe#ﬂ&?km 1 FePg51PR 5%1‘5%0’[% 1958 | ess
than 10 hours. VWpaned mdwenre oxide is used as the al kyl ene oxide, the
typical reaction 1.3 JUN 2005 WD 02/47817 PCT/ EPOL/ 14746 19 tinme is |ess
than 2 hours. Wen prifyiferdogitdexyiabiery repching dpRyPere RIRietedhe

‘typical reagtionché r@rdﬁdtes_% R B NPUESo1 A t err st BRs 8L B@X Y ALd 19+ eact i on
“has been conpl et ed, ghct is preferably cooled. If desiréd,

catal yst can be%’énﬁé‘cﬁ“ﬁ"’@tﬁ £remf Fhal £k RIodugty halghoesh &F%F@tlysﬁermval
I s not necessaryr&ﬁomeJ&r%%%leetesygg{p{@% pridde8al bANen & Al st Tesi dues

may be renoved, for exanple ion, précipitation or extraction. A
10 nunber of spe&pfémtichen @@taéﬁétph?%i@ws traya taee emowed hoblsr have been

found to facilit sty r roguct .

Such treatnents %ﬁ%%m%?ogggéggg M %%f%dx;#‘atl fgngg]r %%%Evﬁjtrﬁ stgr ong
acids suchoas phasipdroraic S@@d:/l(ﬁncoxh&mfccabladsi ehywiichlsbreédtddntor gani ¢ aci ds
such as NAFI ON Hi of @’%t‘:aﬁi'e' BEchRedafk! £o SAAG At BeRbER] TofMRla1yst |

car bonat es, and bi car%ona e
‘ residues from a liquid product. Such treatments include

\
contact of the alkoxylation product with strong acids
Asuch as phosphoric and/or oxalic acids or with solid
15 organic acids such as NAFION H+ or AMBERLITE IR 120H;
contact with alkali metal carbomates and bicarbonates;
contact with zeolites such-as type Y zeolite or
mordenite; or contact with certain clays. Typically,
such treatments are followed by filtration‘or
20 precipitation of the solids from the product. In many
cases filtration, precipitation or centrifugation is most
efficient at elevated temperature.
Alkoxylation product mixtures prepared under the
present invention are of high quality and have greater
25 stability, relative to the product mixtures of acid or
base catalysed alkoxylation reactions. The product
mixtures prepared by the method of the present invention
have viscosity of less than 50 Mpa.S (50 centipoise) and
is fluid. The term “fluid” means having particles which
30 easily move and change their relative position without a

separation of the mass, and which readily yield to

pressure.



contact with zeolites such as type Y zeolite or nordenite; or contact with
certain clays. Typically, such treatnents are followed by fiItrangnmﬂmmzo
precipitation of the solids fromthe*product. In nmany cases filktration,
preci pi madoxrsor centrifugation is nost efficient at el ecamEedi/t4enper ature.-
Al koxyl ation product m xtures prepared under the present invention are of
high quality and have greater 25 stabili4y, relative to the product

m xtures of acid or base catal ysed al koxyl ati on reactions. The product

m xtures prepared by_the. hod of .the_pr t.invention_ have viscosity of
| ess than 50 Moa. S %%OQ%%éﬁﬁe %%gé)t%ﬁdpgﬁgéﬁ¥lﬁ?ﬁ% 16 tefm "fluid" means
havi ng parti cl esrthechadly easifiyl fove tandpedpange: tdeiaf rellatiriespostti on

wi thout a separation. of the S, an i ch_readi | ield to, .pressure. 7 3
JUN 2005 v D369 PeEed BEOHEE, T8 LIBLVE g O GonPREEPREDnt ,
invention is paatttokarbecadisef thef aeuthal psepes ald e tobroabedr | ess or | ess
col oured groduct relative to those of ,conyventional _ practice, because the

S

neut r al |ts §69RBE2 P ShotE 1085 ¥FaCPohered®R i THEWhitOR™BEd t o col our

formng inpuriibesit st hefurdherd Raagt FeAcHiod Wiktlirdehwiphopyl ene oxi de,
the reaction tenperature is not limted to 125C as opposed to using a
typi cal basic P&PRY{eRe Ftide -adPROMSAFRL PRt PIRRIGIITSE ih80pr dBAES ,

i nvention, 10 re Lgh_as can_he_us it egradati on
.of the product&%qﬁggﬁéﬁﬁoﬁ?ﬁagégaﬁgl%%ﬁg éigggggggdggg¥¢ur%%%ﬁyé%I | ustrate
certain specifisacaspeck@ of Inhehpr esentssi ofetriie @resehtadevantiont ended to
limt itﬁobroader 15 scope.

temperature as high as 180°C can be used without
degradation of the product.

'\ The following Examples are provided to further
illustrate certain specific aspecﬁs of the present
invention but are not intended to limit its broader

15 scope.

COMPARATIVE EXAMPLE 1

A lanthanum phosphate compound was prepared by the
following procedures. A first solution was prepared by

dissolving 10 grams of LaCl3e6H,0 in 200 grams of

20 deionized water. A second solution was prepared by
dissolving 10.64 grams of sodium orthophosphate

(Na3PO,®12H50) in 200 grams of water. The first solution

(at room temperature) was added dropwise over a period of

25 minutes to the second solution (at 50°C). .The

25 resulting mixture was stirred for an additiomal 30
minutes at 50°C, and then filtered hot to separate a
white precipitate. The filter cake was washed three
times with 100 ml of 50°C deionized water. After drying,
7.4 grams of solid was recovered as a powder.

30 An alkoxylation process in accordance with the

present invention was conducted under the following

procedures. The alkylene oxide reactant for this process



COVPARATI VE EXAVPLE 1 A | ant hanum phosphat e conpound was prepared by the
foll'owing procedures. A first solution was prepared by dissolving L6 JyNabts
of LaCl38w@/47817200 grans of 20 dei oni‘zed water. A secondPEDERI/BA6NAS
prepared by dissolving 10.64 grans of sodi um orthophosphat e, (Na3P0O4912H20)
in 200 grams of water. The first solutiongai(at roomtenperature) was added
dropw se over a period of 25 mnutes to the second solution (at 500 . The

25 resulting m L Nas L.l of <a iti | 5.3 LUt 50C, and
then filtered hé {)glsepa?ggtnglgqe\%hﬁfegﬁgg%% tqgtaéi.e %ﬁg%%}%t%fst%é e was
washed t hree t hygsoggn heokQ@ imingf r66Ctdnt orvrsiccbeat of . NBOP@E ¥ ying, 7.4

grams of sol id yas fefouprefiag 2 Padaly. 30 AAlkexylathon, process in
_accordance with the present 1 nvention was conducted under the fol | ow ng
. procedures. Themakkytens griideryeacvaniifiesrt (i praaedsdl; JIKMARS WO

02/ 47817 PCT/EPQ1/ 14746 21 i t i.sted of ethyl i.d dth
“ active hydr ogeREHHT S NG ggggggg?gggﬁgg%i%e@ft%ﬂﬁe Oggeé%(itb(?ﬁ&aoq( NEO%Q

is a trademark) cghasadtens rgdmas a ;M xture of primry, 80%Iinear (20%
branched), al kanols 5 having twelve and thirteen carbon atons (about 40% by
mol Cl2 and 60% by #itigldy .| @i-Oi grhps 3f Othg aewdelr rheppoedicrs prepared as

descri bed above was_added.to 200 gr of ™ 23 al,, ,and the

m xture was heafigﬁcfgbefgﬁeol}"ﬁdg?slﬁgﬁlg?r%%gflfo SFArge Pgrﬁ%&ﬁ@ﬂr&?o drive off
wat er. The avepnagendr/ tdnd ehsi mexehrtheas andrmsaimophespbaiedeonpound was
approximately 10 mélo m cron) The_resulting _sl urrééwas transferred to a

one- i trel4ut ocPAYECTTREESF 9Pt di RBETAINTR rImits 65Envat Hosphdt®e. The

tenperature of azverage particle size of the lanthanum phosphate compound

. was approximately 10 pm (10 micron). The resulting
slurry was transferred to a one-litre autoclave reactor
maintained under nitrogen atmosphere. The temperature of
15 the reactor and contents was raised to 140°C. A mixture
of nitrogen and ethylene oxide was then introduced into
the reactor to a total pressure of 517.1 kPa a (75 psia)
(310.3 kPa a nitrogen and 206.8 kPa a ethylene oxide (45
psia nitrogen and 30 psia ethylene oxide)). Alkoxylation
20 (ethoxylation) commenced immediately. Additional
ethylene oxidé was supplied on demand to maintain an
essentially constant 517.1 kPa (75 psia) pressure.
Temperature was maintained at 140°C. A total of 315
grams of ethylene oxide was taken up over a period of 2.5
25 hours. The reactor was maintained for an additional hour
to.consume unreacted ethylene oxide in the system.

‘The product was waxy at room temperature and was
analyzedkby GC-LC techniques and found to have a mean
average adduct number of 6.6. The only observed by-

30 . products were polyethylene glycols (PEG) in a quantity of

2.0% w.



15 the reactor and contents was raised to 140C. A m xture of nitrogen and
.ethyl ene oxide was then introduced innto the reactor to a total prf&ssNBsof
517.1 kR psia) (310.3 kPa a ni‘trogen and 206. 8 kP, vl gne oxi de
(45 psig(ﬁ)ﬁw@éen and 30 psia ethylene oxide)). Al koxyl a?(l“g%%lg%b% )
(et hoxyl ation) commenced i mediately. Additional ethylene oxide was sypplied
on demand to maintain an essentially conéfant 517.1 kPa (75 psia) pressure.
Tenperature was mai ntained at 140C. A total of 315 granms of ethyl ene oxide
was taken up ovEfamplsedi od of 2.5 25 hours. The reactor was maintained for

an additional hour pE‘?fl%QBSHQ@aﬁ?ét?%Céaec&i\%gﬂi%%]r%Xh gbég%%%gystem The

product was waxy at room tenperature an anal yze t echni ques
and found to haeceardiepan toatke afel budutt puossiuref. 6A6toThk ahloy. 26bser ved by

30 products were poly | ene_qgl ycal s (PEG .in ant j.t 0% w. 13-JUN"
2005 WD 02/ 478%"740‘?5“"01"%%“%? o %%O%(d}nﬁ?egafyir% i fﬁbcé?gf y‘“s‘%zler'3 action :
m xture was prepas etiqedCer 40 0gtnd e itddopm e Pracedene (mfkt@taloof 0.25 .

granms of | anthanum chl oride hexahydrate (1_‘0.0007 nol es) 5 was added to 150
grams of NEODOLTM Z3dalCachBpvV g xERicadi hyCrpxgdd nerBeravf mPa ypi cal

hydr oxyl nunber_ of 2 /g fr.om_.Shel | , Cheni cal a 0. 773 nol es),
and the reactiW%&ﬁqug%égﬁ%?at@heWbcagO&m@WI ?g'ﬁggT&eé‘c)dl ess .
sol ution was pragucediceiont fiscdd & tide nRs 0 raddedc drgpwiisg @1l -grans of a
42. 5%wv aqueous sol ution of. phosphoric acid (0.0007 noles).. The clear,

col ourl ess solwrivriess Redtedon oA @OAMARsh aTRi thégenispargeaso renove
water untjl a s tdséc% %i’e}oﬁ%!éé' §I 18 sraafd W0 H205 Va5 (DL AL NEA-1c TiYnS o Xt ure

was transferre
; phosphoric acid (0.0007 moles). The clear, colourless

\ solution was heated to 120° C under a nitrogen sparge to

remove water until a solution containing < 200 ppm Hy0
was obtained. This mixture was transferred to the

15 autoclave reactor system and ethoxylated at 165°C,
| according to the general procedures in the previous
example. A total of 238 grams (5.41 moles) of ethylene
oxide was added over a 90 minute period, producing an
alkanol ethoxylate having a mean average adduct number of
20 7.0. The product mixture was a slightly hazy, colourless

- fluid product with a viscosity measured at 50 mPa.s

X (50cps) . Viscosity was measured with a Brookfield
| viscosimeter.
Example 2
25 A fluid catalyst reaction mixture was prepared

according to the procedure described in Example 1. A
‘total of 2.19 grams (0.0038moles) - of lanthanum octanoate

obtained from Rhone-Poulenc was dissolved in 166 grams

(0.814 moles) of NEODOL™ 25 alcohol (mixtures of Cq,,
30 Ci3, Ci4 and Cys5 alkanols having a typical hydroxyl

number of 276 mg/gKOH) from Shell Chemical Company at



15 autocl ave reactor system and et hoxyl ated at 165C, according to the
.general procedures in the previous exanple. A total of 238 gransl GIUN 2005
mol es) ofw@oiysene oxide was added over a 90 ninute peri BdT/Epowdta ng an
al kanol et hoxyl ate having a nean average adduct nunber of 20,7.0. The
product nmixture was a slightly hazy, colousless fluid product with a
viscosity nmeasured at 50 nPa.s (5ocps). Viscosity was neasured with a
Brookfield viscosinmeter. Exanple 2 25 A fluid catal yst reaction mxture was
prepared accor di%§Ct o Tméfﬁﬁo@éﬁﬁﬂéed%érﬂmlﬁmﬁﬁl 8-45 gramoptafl of

2.19 grans (0.00Q38nmLes t a Rhone- Poul enc
was di ssol ved |%§llgg°§rgﬁs%t%%98$€lmg E%?' %E&O.‘%ﬁ%d“\o f (m xtures
of Cl12, 30 C13, xgtérandy(dH whkardslhayimigtartypt cedohydhaxy|n, nunber of

. 276 nmg/ gKOH) from Shell Chem cal Conpany at 1; 3 JUN 2005 WD 02/ 47817

PCT/ EP01/ 14146 2®are0t> Jovates gandante ofias288depm dridmnirseceidsd grans of

- an 85%Nsolut|on j 0 fter dryn t he

cat al yst m xturé' g(ttu% %Q%ﬁéd‘l'e I%%(grt%e%genghgg%lewég\omsgﬁ (2200 ppm
the reaction 5 rdckbbtyeat@s dt ansioerred t@t&h%ﬁdmlgﬂﬁassystﬁ%@m

et hoxyl ated at 165C. A total of 250 grans (5.7 noles)  of ethyl|lene oxide was
added over a 12@inthbvécperebifle Vﬁf%(ﬁ?ﬁ%oﬁﬁra?k%%lmé{%@xyﬁ’é%‘é having a
mean average adgdughcRHgber Ofxahd e%;@naégqlamf@bg%e\é@saae% ghtly 10
hazy, colourless fluid product with a viscosity neasured at 52 a.s
(52cps). Exanpl @dQuALf pyieRrE Rl Y<st- r A6t PEACHT X t e ukes WpFepaf bohtaktor di ng

to the prqgedur%ag§§CEbp§Qriéb§3%MHldeﬁko&éct with a viscosity measured
B at 52 Mpa.s (52cps) .

2

N Example 3

A fluid catalyst reaction mixture was prepared
_ according to the procedure described in Example 1. A
15 total of 17.5 grams (0.0308moles) of lanthanum octanoate

obtained from Rhone-Poulenc was dissolved in 400 grams

(2.06 moles) of NEODOL™ 23 alcohol (mixture of Cj, and
C13 having typical hydroxyl number of 289 mg/gKOH) from

Shell Chemical Company at 100°C. To this mixture was
20 added dropwise 3.55 grams of an 85%w solution of '
phosphoric acid (0.0308 moles). After drying the

- catalyst mixture at 120°C under N, sparge to a water

content of <200 ppm, the reaction mixture was transferred
toa 3.79 L (1 gallon) autoclave system. The reaction

25 mixture was heated to 160°C, and 725 grams (16.48 moles)
of ethylene oxide was added over a 45 minute period. The
reaction mixture was then reacted with 1195 grams (20.6
moles) of propylene oxide at 160°C over a 3 hour period.
The reaction mixture was allowed to react for an

30 additional 30 minutes to consume all oxide feed. The

product mixture was an alkanol ethoxypropoxylate with a



15 total of 17.5 grans (0.0308npl es) of |anthanum octanoate obtained from .

, Rhone- Poul enc was dissolved in 400 grans (2.06 noles) of NECDOLTMIR3IUN 2005

al cohol 1 Xt of Cl12 and C13 havihg typical hydroxyl af . 289
rrg/gKO—I)&Er%%ﬁ%lghell Cheni cal Conpany at 100C. To this mixk;fd?g‘{l\’/\lg;s“zo added -

dropwi se 3.55 grans of an 85ow solution of phosphoric acid (0.0308 nples).
After drying the catalyst mxture at 120@4under N2 sparge to a. water

content of <200 ppm the reaction m xture was transferred tg/a/é.79 L (1
gal I on) aut ocl ay&a:$Yst&Mgel Baaheachiihe % AT iU kR 1Was ohead eshd . 0160C, and
725 granms (16.48 noles) of ethylene oxide was added over a 45 m nute

period. The re@etedPHiB&-ur BnRa¥SIhetf TR AR WIOR PTISUGE s {PE18 nol es)
of propylene oxjderat HRQUCIOUB! mBadub@ile REIdQAG c [hBsELRCLE ON PHxlUre was
allowed to react for an 30 additional 30 mnutes to consune all oxide feed. -
The product mnmwasireo valslyanadkkhabl peetmsiimtepdeyimgde with a 13 JUN 2005 WO
02/ 47817 @CT/EEQ%%@%@Q@i- 24 mean average adduct nunber of 8.0 noles of EO
and 10 nol es ysis of the reaction product by iodine nunber

showed no neasur abl édhﬁmbatahbst regagst iotherigtumgswae piépdresl cohol

propoxyl ate fornmed. 5 Ex le 4. A fluid catalyst. reagtion mxture was
prepared accor |%°gr(?lon %erg)ﬁggc%%?%éu eescér:elsﬁ:g& |er(1i arr}ﬁ?mnjf j;\ fotal of
3.64 grans (0. 006Dl @S)3 .68 baandahunm ceimeriest) e ofobhathaedud rarnakbane- Poul enc

was di ssol ved iq§§00 q% ]j 1 NEcquT4 25 %kg hol-gniéture of Cl2, Cl13, Cl4
and G s al kanoPesHaVThd 2™ JBPRRT TPy anpEr Brc2rs 1Y) from
Shel | Chefyi cal (gavmaury 28 HQQ%o1TQmi RESr &3 xcgyrca& \A@é @déﬁg Qﬁ@% e 0.74
grans of an 85%w sol ution of phosphoric acid (0.00 2" o es) . er drying
t he alkanols having a typical hydroxyl number of 276 mg/gKOH) T
‘ ‘\ from Shell Chemical Company at 100°C. To this mixture
was added dropwise 0.74 grams of an 85%w solution of
phosphoric acid (0.0064 moles). After drying the
15 catalyst mixture at 120°C under N, sparge to a water
content of <200 ppm, the particle size was determined to
have a median diameter of O0.7pm (0.7 microns) with
standard deviation of 0.3um (0.3 micfons). Horiba Laser
Scattering Particle Size Distribution Analyzer, LA-900

20 was used for the determination of particle size in the

range of 0.05 to 1000pum (0.05 to 1000 micromns).



15 catal yst mixture at 120C under N2 sparge to a water content of <200 ppm
the-particle si ze was determ ned to -have a nedi an di aneter of O. n?\ ltN.?DUS

m crons) W@ 02785t andar d devi ati on of 0.3m (0.3 microns). MOVERH/IHaSer
Scattering Particle Size Distribution Analyzer, LA-900 20 was®used for the
determ nation of particle size in the r_:é%ge of 0.05 to 1000m (0.0.5 to 1000
mcrons). 1 3 ,JUN 2005 |WD 02/4781,7 PCfFEP01/14:746 --f 25 CL AI' MS
1. A process for the preparation of a fluid rare earth phosphate catal yst
conposition conprising: a) providing a rare earth salt soluble in C9-C30
active hydrogen containing organic conpound at a 5 tenperature of |ess than
120C; b) adding and dissolving the rarepeartiy salt in a C9-C30 active

hydr ogen contai ning organi ¢ conpound ~thereby producing a rare earth/organic
. solution; and c) addi ng phosphoric acid to the rare 10 earth/organic
solution in a rare eargdbocealst o0 phosphefdatian dfmal aruidtied Ratkha range
of 0.7:1to 1.3:1 thereby producing the fluid rare, earth phosphate catal yst
conposi tion. 2.911?1?1'&%@'5‘%?’5&‘é?‘%ﬁ‘is*/ﬁ?é?neicﬁ“?ﬁésmar ratio of 15 rare
earth salt to phosphoric paehddifgi & tdee range ebi1t0s81dblo th kylc,3. The
process of claim1 or 2 wherein the phosphoric acid is a phosphoric acid
solution in a carcent ratdmyepncotheinrpeonganie wengindexicent to 85 wei ght

per cent in5 Zo'éetx%aetlegturéle' O'Eh%ggoggﬁ Pjou(a;ai m1l, 2 or 3 wherein the rare

b) adding and dissolving the rare earth salt in a

Cg-C3qg active hydrogen containing organic compound

" thereby producing a rare earth/organic solution; and

c) adding phosphoric acid to the rare '
10 earth/organic solution in a rare earth salt to phosphoric
acid molar ratio in the range of 0.7:1 to 1.3:1 thereby

producing the fluid rare earth phosphate catalyst

composition.
2. The process of claim 1 wherein the molar ratio of

15 rare earth salt to phosphoric acid is in the range of
0.9:1 to 1.1:1. '
3. The process of claim 1 or 2 wherein the phosphoric

acid is a phosphoric acid solution in a concentration in

% the range of 50 weight percent to 85 weight percent in
‘au% water.
4. The process of claim 1, 2 or 3 wherein: the rare

earth salt comprises a lanthanum salt.

5. The process of any one of the preceding claims

further'comprising adding a base that does not contain a
25 Group 1 or Group 2 of the elements of the periodic table

in an amount effective to adjust the pH of the

composition to a pH in the range of 5 to 8.



egf_bgi?@%t conprises a Tanthanumsalt. 5. The process of any-ene-of the. _.
preceding clainms further conprising adding a base that does not containm’'a '~
.25 -Goup 1 or Goup 2 of the elenents of the periodic table in an,drﬁbllllmm%
effective to adjust the pH of the conmposijéan to a pHin the range’of 5 to
B. 31-03.-2003 1 3 JUN 2005 26 6. The process of any one of t-he preceding
claims whereipn the,active hydrogen containing _organi g.co un is a C9-C30
primary nono- h%‘dri ?%Ef Enor-or A kayqypﬁgr?of. tg? égﬁf' g:euélgngoralﬁﬁe

preparati on ofwledeslrenchoxdceike agdimrigemicoathineny 8rggatccebnpbahag

or gani ¢ conpounds, _which conprises contact.in n_al kyl ene_oxi de reactant
conpri si ng onet®rd €30 FHEr2 W%@Ygﬁl&egl&ﬁafﬂ aRT ActyvenaPatogen

cont ai ni ng reag¢t ant | Si or. i nt.ai ni ng
organic corrpoﬂfffds, ﬁ‘%%éeé%%r%xgs%g‘nec rg%%g:ggggsgl é?l gggﬁ@gggf é%tllg\?e anount of
the fluid cataldeitsanpasitiven hydpaeed coythbieipgooeganat abyponadsof

clains 1 to 6. 8. .The process of claim 7 whertein the alkyl ene oxide
reactant conprEed B St S RE %ngalaﬁyPEEEXTS?ngi‘lé%SrﬁﬁﬂtﬁHE 2 to 4

carbon atons. &mphties RIPeRES B ndr REcin@l 81Wpeefknokhgeacki¥a ahydrogen
containing reactant is a C9-C30 primary al kanol. TOTAL P.06 27/05 '03 DI N
11: 33 [ Tx/ R% NRiGiMFghydregen containing reactant comprising one or
more active hydrogen containing organic compounds, in the

10 presence of a catalytically effective amount of the fluid
catalyst composition prepared by the process of any one
of claims 1 to 6.
B. The process of claim 7 wherein the alkylene oxide
reactant comprises one or more vicinal alkylene oxides
15 and has 2 to 4 carbon atoms.

9. The process of c¢laims 7 or 8 wherein the active

hydrogen containing reactant is a Cg-C3g primary alkanol.
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