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EARTH ALKOXYLATI ON CATALYST The present

pr epar i n§v@ao2/8e7 eart h catalyst useful in an al koxyl ati onPETEFPEEHL746
Background of the Invention Bm@ge vari ety of products useful, for

i nst ance,
and chemn ca

as no

rorton ¢ A

pared by the addition reaction

(al koxyl ation reaction) of ®bRgl ene oxi des (epoxides) with organic
conpounds having one or |10 nore active hydrogen atons. For exanpl e,

particul ar mention may berFRESsOby { BesAldAOh SLESYYRAE SEARG

al kyl substituted phenol

soxide with aliphatic al cohols or AuKSXYRARIEON SAEABYSTof 6 to 30 carbon
atonms. Such ethoxylates, and 15 to a | esser extent corresponding

propoxyl at es and conpounds contai ning m xed oxyet hyl ene and oxypropyl ene

*groups, are widely eﬂhﬁop@ésastnthQmﬂipnkﬂaéageﬁtt@c&wmxnnﬂsﬁ off connercial

cl eani ng fornul

exanpl e,
i nt er nedi at es f opradesspreparati on of polyurethane products

of the preparati al_ka thoxyl ate (represented by fornmula |1
bel ow) by addltlls)‘-’pc ooHd °§ é fvervion thylene oxi de nol ecul es (formul a

1) to a single aIkamoﬂamgbevutte(yomfnﬁrbd@ptBSupéﬂsbntﬁmktnndtbacequaélon

the 20

WO U2/ -47817 -

10

15

25

B Postrtone A kBt WBeHaE OPTRe o BPIEES ces

An illustration

2 PCT/LEPO1/1~7-G O R-CH .+ n.

nonionic surfactants, wetting ang emu151fy1ng a

solvent, and chemical intermediates, are prepared by the
addition reaction (alkoxylation reactiomn) of alkylene
oxides (epoxides) with organic compounds having one or
more active hydrogen atoms. For example, particular
mention may be made of the alkanol ethoxylates and alkyl-
substituted phenol ethoxylates prepared by the reaction
of ethylene oxide with aliphatic alcohols or substituted
phenols of 6 to 30 carbon atoms. Such ethoxylates, and
to a lesser extent corresponding propoxylates and
compounds containing mixed oxyethylene and oxypropylene
groups, are widely employed as nonionic detergent
components of commercial cleaning formulations for use in
industry and in the home. As another example, the
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
of a number (n) of ethylene oxide molecules (formula II)
to a single alkanol molecule (formula I) is presented by

the equation

LT

*159159+

wetting i1and enul sifying agents, solvent,

et hoxyl ates prepared by the reaction of ethylene

= ECHZ- CHZ- O-H |

S

P WO 02/ 47817 PCT/ EPO1/ 14746 PROCESS OF PREPARI NG A FLUI D RAREEGS??
invention relates to a process of



The present invention particularly relates to an al koxyl ati on reaction
catal ysed by the phosphate salts of one or nore of the rare earth el enents.
5 Al kyl eneOox#e7 addi ti on reactions are known to produce RCHEPAUEL746n Xt ure
.of various al koxyl ate nol ecul es having different nunbers of al kyl ene oxi de
adducts (oxyal kyl ene adducts), e.g. having different values for the adduct
nunber n in formula Il above. The adduct 10 nunber is a factor which in
many respects controls the properties of the al koxyl ate nol ecul e, and
efforts are nade to tailor the av age adduct numnber of a product and/or
the distribution of agduocl nwrhers—wi ¢l n_a_m;oﬁqu_}gtgzu@{pr_@ t's

i ntended service. 15 It is known that al cohol al koxylate produ€ts having a
‘narrow range al kyl ene okxi de adductIdistribution are prefigrred for use in
certain detergent fornulations (GB-A-1462134; Research Discl osure No.

194010) . Narrow rangerid griaknd! keyyhat &S fé&i@hﬁigrkgowlé&sb%@%n

‘particularly valuable as chem cal internmediates in the synthesis of certain
car boxyl at ed al k§Fepariaitiesr sepotiop ongsnedaby shecrhosphrtd lopltet hér

sul fates GB A 1553560) nodSuh- BAS7A2Te d55GhI hes,aR. 8l koxyl ati on process 25

catal ysed by phosphate salts of the rare earth elenents. These catal ysts
were typical ly preparkidypngdekinge anddifienusesoitdtnenané lnovar eceart h
conpound such as,laathanu [ sQdj h sphate or
3P04 Sol utton. Fha feoul Brne ok AryER S HEIsRa 0l Bid TRIRRRE
stabl e with a | ohgviteldififiefrent Howebhers of \AWIRYI2h@8dFide 3adRECEEPI |1 /1. 17G
often the reacti 1 re.p by_the al s led ta an increase
in the viscosi ty??))f}p%%?@ﬂrﬁ%ft l%rggg%:gg)lbo%' %3}%5% %Ogéj?%:%ﬁ??%o‘fage eSorforrmre.

US- A- 5057627 al sbheleaddidiesuabprotess fvhane aalIdl kpbphosphiat eddmcadded to a

5 | ant hanufg sol uf| f. 2-.e thangl and NECDOLTM 23 Al cohgl . . such a
system may produc‘ila“%z;e ol\K%ra %Iggg%gl ty %lxjtrh?uéa.nyl—ﬁ\?\g 8?,st(ﬁ%1§ter°g§t g%sts have
a slow reaction progerties ofdeberabkexitlntpr epdeevdecasnd ysifddtat apeovi des

i0 a | ow viscosi reactiqn systemwth faster reaction tinme. Sunmary of
the I nvention In&%%%gt?odé:r?égoﬁ Eﬁet%‘éelbar%% duck, BHFPSH ¢ e"’fé’riogluﬁ’rto i ded a
process for the gméfar atheodietrabhit i shareidizteannbepdhosidiaite acat al yst

conposition conprising: .a roviding a rare earth salt soluble in Cg-C30
active hydrogen Rontai nitr?)g tglfggﬁ?‘éu‘%‘br%o]m”g?dasr?’éﬁb%‘? ature of less than
120C; b) atidi ng and ditssial knpgnt tieat adle-dtaill b lkakis1bhbe ap2didR=Chavaagi ve

i ogen COTL L LA EOTDRUIG,d NS LRAUCI Aunre R LI or e o
in a rare earth podfetrmedpliozsphsei in acext a1l @eteabenti fotdiclaange of 0.7:1
Egnébgigigg?reby(égiﬁyf%%%iggg kggégééﬂckfg%f%s%%gtgophfg &ﬁ%g C%%%E¥3E
range alcohol alkoxylates are also known to be
20 particularly valuable as chemical intermediates in the
synthesis of certain carboxylated alkyl polyethers
(US-A-4098818) and of certain alkyl ether sulfates
GB-A-1553561) .
US-A-5057627 describes an alkoxylation process
25 catalysed by phosphate salts of the 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

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




In accordance with the present invention there is also provided a process
for the preparation of al kylene oxide adducts of active hydrogen contai ni ng
or gani ¢ 'w@02/¢smpounds, which conprises contacting an al KpCarEPooxi7de
reactant conprising one or nore vicinal alkylene oxides ' with an active
hydr ogen contai ning reactant conprising -wp.n2/~~sl _ g _ PCT/EPO1l/1~7~C
one or nore active hydrogen containing organic conpounds, in the presence

of 2 catal vt cal L. &f 6] e ATONL SuLDG b £8 2L ksl cCOmAYLLON

prepared by the process of t

resent 1 nvention de

accordance w th iéd pr esenimdnesent ionthderiesdasiftyr tlietherwoitidect aopr ocess

for Lhe brepar ati g, Gl gl kY815 xhdseaddicts of, 0! GRry. sptohurtie,

<al kanol s, whi ch conpri ses:

providing a rare earth

10 primary nonohges¢rilekangrocabsavhenpermtalkylphobphsté han AR th) a

addi ng and di sso

the rare earth salt in a_C9-C30 primary nonohydric

Vi
*al kanol solUti onia[”ﬁ B FUREPARGCE # e TathrRCRaRBR NBPRRY 023 15 ¢)
addi ng phosphor i £1 d6idh t Gudie o av8rearddy ddcaele s0hUlbPNviseskiidre earth
salt to phosphoric acid nmolar ratio in the range of 0.7:1 to 1.371 thereby
produci ng the fIBEW¥Re davsrephospaet Ccatdlalsfst haiiet AeshPkarrictizn d)
optional |l y addi ng; e base that does not contain a Goup 1 or Goup 2 of the
el enents of the periodic table in an anount effective to adjust the pH of
the catalyst in the alkaroldasirabppl to RYRPATENGe cotabysd Bhatamyorddep

contacting;an al £Yi&m%£gﬁd%%t?g§%5é@£%£%éeﬁi Qrg..tﬂn@a%\éeflofga | ignal

al kyl ene oxi des and having 2

carbon atons wth t ul rare earth

phosphat e cat al ysim¢n t he al kanol, thereby producing the al kyl ene oxide

adducts of pri

Mg YRRy G ghkanels, 30 In accordance with the present

invention there TS strit—further—provrded a process for the preparation of
al kyl ene oxi de adduct®n gfccagdangehyidtlogdre qomsanni AgvenWOXher#8iE - 5

PCT/ EP(11/ 1~7- 4G, oL 0l & acgr?%%%@gsfoMﬁ@.p%@ggﬁﬁgﬁgCeEtQpﬁg%wai;ﬁ%;‘;y' ene

oxi de reactant conprising e Oor nore vicin

ne oxi

active hydibgen ewmnthipliarphadacttahalysmpramgiosgtdre opmppisimgt i ve hydrogen
contai ning organic 5 conp .l h esence of a_cat ticall
aﬁ) %%&Sl’dlhg «I:l Priuﬁé %a%:t 5 flt s?%ﬁ%¥ %J ¥_‘

effecti ve anmount of t

e f rareé earth phosphaté ca Pt efaréd by the

process conprisifgtive HFMHnNGoat b8k Enf Hrdansal Eoﬁgbuﬂaea&rhthe active

hydrogen containing reactant at a tenperature of 10

ess than 120C, b)

addi ng and dissoT%WEﬁfﬁ?ﬂ¥QV%@31§§FtHh§%J¥ZQ°ﬁiphe active hydrogen contai ning
reactant thereby prodici NGdR1ind’ Bn@adt S EAMY EheOkHELOBarERhalt in a

20

25
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Cg-C3p 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
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
compounds, which comprises contacting an alkylene oxide
reactant comprising one or more vicinal alkylene oxides

with an active hydrogen containing reactant comprising



c) addi ng phosphoric acid to the rare 15 earth/organic solution in a rare
earth salt to phosphoric acid nolar ratio in the range of 0.7:1 to 1.3:1
t hereby pyvOdeeisig the fluid rare earth phosphate catal yst .pCbaaotjitptss on of
the Preferred Enbodi nents It has now been found that the al koxylation
reaction 20 carried out in the presence of jhe rare earth phosphate

catal yst conposition prepared by the process of the present invention
decr eases reactigplet(gme and i%.eas'her to handle., I.n the process of the

| ,
present invention ca f ITE S5 3Pe " EqF PSP hETPiTad "¥aLEPYLRLC | CWMYTLSed by

the steps conpri shngha)py=aiticdi b a eftaBybidANe eFrtbrsabt amd)ntadd ng and
dissolving the rare garth salt in a - C30, acti ve hydrogen contai ni ng
~organi ¢ corrpound,glfl rgf%%£@$315H55 egggﬁﬁl'b’r?wpﬁﬁﬁf}- RydFhe RH9CHTH Cbr

al kyl phenol , 30thergrgdafteriahlyitiBnad&ScE£30ePradpmiy nono- hydri c al kanol ;
then c) addj ng phosphoric acid to the rare earth/organic solution, or nore
‘oreferably 1o the rarg BEFPFafI&GIE: thWO PPRYRRY POEILAC thevegs 6

sol ution. It hasfbeehes yrhvigieB0hYplovadsthat dre pdephr-abl &n cod al yst
conposition can be prepared in the C9-C30 active ﬁydr ogen cont ai ni ng

organi ¢ conpound®WYHRR Pdepradurte of PHIFTRY aeurhydubs ghtkagiadsnol or 5
al koxi des (car boghpsihedmgdfidegss than 8). Wien the catalyst is prepared
according to the present invention, the rare earth phosphate is

substantial |y uniform)y dF¥98idéndi A TaEe stddidolsaRsy pagubhe airerCag&aparticl e

size of le t ha 1.Crons 10. nore pr.eferabl di um di_anet e
particles Z?e I eggﬁ%;%]%nﬁﬁny? f)iﬁ’l %?16%519fs|'haet &ttgFVéFggB’ﬁ%o%' 5t Ehan
conprising the digpe€sed rare earth phosphate salt and the al kanol has a
viscosity of less th 50 nPa.s (59 cgentipojse).,and is fluid. The term
"fluid" means havi ng%;}art iagjlﬁéélgv\%ﬁlghgf%s%g‘éﬂ%/ thEvE2ERICTRER G iith dy 2
relative positioflgwfihqutinaryepanahianiofalidrmesluanen Wheteeadi |y yiel d

to pressure. As the termnology is used herein, the "rare earth" elenents
are those of at oRYedyfiiiseds rageandrsly/abkamol 20luképpnts of the "l ant hanum

series" argsthose of @tomagdqﬂgbﬁﬁgsgﬂ&pc 7a’1r1;j]dt he %hgn} ide" elenents are
1. 1onally, the

those of atom ¢ nunbers 58 to Tr ad!tl on | ant hanum seri es has
further been di vedethiaitenolesviatiom Bara rany eaptbf satoniec ohempbosis7 to

533E  the "t erbi um.ga the1 25 Ak eUP1AT Al Ol WIDRL 5 . 83040, 5.1 3A,LRG
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
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
ﬁ 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 accordanée with the present invention there is
still further provided a process for the preparation of

alkylene oxide adducts of active hydrogen containing



group of atom c nunbers 67 to 71 (so naned not because yttriumis a nenber
of the group, but because yttriumis found with these elenents in nature).
I n gener awvotent] t he catal yst for the process of ' 30 theQUEReni74o
i nvention conprises one or nore of the phosphate salts of the rare earth
metals. In one preferred enbodi ment, the catal yst conprises one or nore
W O 112/-i 7817 PCT/EPQOL/ 1~7-1h of the phosphate salts of the |anthanum
series elenments. |n_another embodi nent, the catalyst conprises ane _or nore
of the phosphat&84tts“FP Sl'aﬁ?ﬁ%i‘d%m%ﬁ"eﬁfe%t??mﬁﬁt $Lﬁrﬂf’eﬁ<y fic

enbodi nent, the eaiatyséacify iRRPraBEny Ofic NBY enddle VheiphDSPhatiemal ts of
the el enments of the._ceri u'g]beart h roug}.} In still another specific
-enbodi ment, the CALAFYsYITOMR ASEIVE RYFTOFYR FTOREALLBY FREMRATM phosphat e

sal ts wherein theodbsisidytden cof mbe &8¢ veaddrReteshsa suist adaRily
corresponds_ to that 10 of a naturally occurring rare earth ore, for

‘exanpl e, nohazi t 8o BALRNasi e thee REEFARCE (3 Gt i Ghtre Yok catikemtiective
catalyst in a gi ¥RBuAPPdt Oald Euall thks #4PaeSshornhabl ¥a€oysti ns the
phosphate salts? of either one or a mxture of the rare earth elenments. In
one respect, 15 BFePRFehyY A BECERPP 3B b %at al ysts conprising in
catalytically effectiye amunti QRg r +APL e NR1RNASPABIE Saldm Of

el ements selected fromthe group Conprising cerium |anthanum

praseodym um ne88§HT Y dEaIeugensaatRa NfeaRidelt aitum telyreraginemoter bi um
and 20 yttegbi um Ly anot herpdgspect, catalysts conprising a catalytically
effective anount of one or nore of the phosphate salts of the ceriumearth
group el enents are papticudsiing pndf diseelvigy |tdiec apabysastit it simg a
catal yticall'y ef fgetl ¥ L QknOBEL L ADBLS ﬁa&'&%@&%’?@ SanRdlls of
el enments selected fromthe group consisting of cerium an nt'hanum are
consi dered nost PrEae? rearth/prgandrt felutixypednd preferred catal ysts
conprise a catalytic y i ; 0 f the phosphate
salts of | anthanum g%i M%Cir%%yn%%gr &EF'O%%SJ%Q{I%}? rggrgS’Légﬁés? t he conmer ci al
sources of 1i he raprctleberdasicemeoiusigenin & | sawomaaith saVerad pfosdheric

el enents. These f refiped wthout. sepatatin is.mxture into
di stinct el enent ggf& r@é%]gzl%ilq%%? gﬁa %%%%194;1E%0§'iﬁ 2‘:}?(355 n, the
use in the preseptodwmying itdre diluddxtrareseafti phosphapbatecshtdts. of sever al

rare earth eleme be preferred from standpoint of availability
and cost . Specifﬁggcr t é% ofet%e. Y %%;reérg%bod%meggs

It has now been found that the alkoxylation reaction

20 carried out in the presence of 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 fluid

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-C3p

active hydrogen containing organic compound, preferably

in a Cg-C3g primary mono-hydric alkanol or alkylphenol,
! 30 more preferably in a Cg9-C3g primary mono-hydric alkanol;

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

solution, or more preferably to the rare earth/alkanol



5 mxtures of rare earth elements include those known as bastnasite,
nonazite, xenotinme, didymum gadolinite and euxenite. The rare earth salt
useful tov@wadisse the fluid rare earth phosphate catal yst PCAEPIEHI MBI € i n
the Cg-C30 10 primary nono-hydric al kanol at a tenperature of |ess than
120C. Such rare earth salts can be, for exagple, halides, nitrates or
carboxyl ates of the rare earth elenents. Sone exanples of salts include
brom des, chlori ggfut¥%ﬁr§gteé?€agg ates ndsiorgz 1oatf%§md1§h;rpetﬁeare earth
salt is dissolved ihn e Cg- active rog Tomtarni ng organi ¢ conpound
at tenperatures dasthsblangeadfysanboepdsiteiperainme ppepard2QiG tthepr ovi de a
rare eart h/organ%c_ ol ution. g‘hé rare earth, salt mag%lnogti onal | y_be

-di ssol ved in wat &P~ P39 0?10 2 YEIEEEE o P Y HE DGR CSR%Q}H@ or
preferably al kanghenba: Qs QhoedehiBe S8 Fopddibanldr WRSLRE: afERMCy Lhi s
is not necessary, and it 1s preferably desirable to have as little water as
‘possi bl e i n5t he pikexibdes hicdemohusbentddnless thent B)s rare earth/organic
sol ution, phosphoric id OW. V.. r ., sal t

phosphoric acid nol ar@%‘?i%% %%S%gyggnié\ée %#é}fa?roérﬁﬁoa%?c: %,&&ﬁ%r% ptrﬂee?er ably
fromO0.9:1, to 1p3edenppirventsica;abhy nane jeanth mhogpbatehesfluid rare
earth phosphate cahalyaly LOMPoslilebdRyy LIPS ALC 2L LARNARS N aNY
formincludi ng concentrated formor ih an aqueous sol ution. e
concentration isan ¥:B24d GPahtRGIEER1dd/d8 76ss than pr phe(abdsors) ,t he range
of 50 percent to 80 percent hy weight in aqueous solution. The fluid rare
earth phosphat e BEF&IDEeE AP Be "SHEMBNATFYSt s RFFIGIER 3 Pake®d FER anount

to bring the 5 phl gf {heycatalyst ThO" g@%ﬁﬁﬁ&ﬁd@qt&eﬂgewgrg& $nkONg

as the base does not interfere wt ation reaction. SucC ase
typi cal |y does ndtispensad rarcGeaaphlpbrsithatp 2ldl emghthef atkmndletiagdiac
Tabl e, such as + + 4 +, +, +.etce. SAJ"ES i . oxi is 10
particularly prg?é??‘g%%tﬁ%f rlé%gsﬁc'l F%E '?n X %ar?'eé:s%oul %E?§2¥§%|gy£§édri ed to
a noi sture cont efitudd. | eBlze tthem 260updi pedws havigw ppirhgcbes vihieh

al koxyl at i reagt| 1.0 m I I X .0 rf tion. 15
The rare eggth p%%égg%téggé;}%ﬁdggglg@gty%%%oﬁn s%eegggg%gﬁyw%‘ﬂ%%ctaeri sed
by the formul a (EppéPHicop midreemass, | and wiareh egradilel giebd .tAs is wel |
recogni zed in thgrgggﬂréhe phosphate salts of the rare earth elenments
principally conprises raie earth elements in the 20 trivalent states and
have the fornul a LP04As Hoheversminbéogy ebentsedviesidion icheal'sare rdsertded to
enconpass dival en sal t.s and aval ent_.net al_ _sal [

net al et S n ich case
Thetneer ot olialEheE SFL SRR ok HESHRe Vi doo it an et v S Thar T,
when L is doval eellepenss 3o@rthe] “AantBazum asel Wdren dre shbebravadtenticp is 3

and q is 4. 1t (558 be expectad that gonerally.sha phgsphate gald, oatal yst
as prepared and as used Th te pr ent “FRveRt1on W tonstst esdent ally
of conpounds of themicrnuhizedsP®B. to 71. Traditionally, the lanthanum

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
yttrium 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 gsalts of the rare earth metals. In one

preferred embodiment, the catalyst comprises one or more



Further, the phosphate salt of rare earth elenents nmay be 30 in a dinmer or
trimeric formin which case nis 2 or 3 respectively. WO 112/ 7817 - 10
PCT/ EPOIMO 07478G I n addition to a catal ytically effectivepPamiERrnt/14046 t he
rare earth el enent conpounds, the catalyst for the process of the present
invention may al so suitably contain other _sybstances, including both those
which may 5 be introduced into the process as inpurities in the phosphate

salt catal yst asgef %a%héggﬁﬁiéMgéﬂlF”?%epgﬁos JﬂﬁmP%%¥9E§ %%eﬂgﬁﬁéy

catal yst activity. T ne or nore o phate salts™ o € rare earth
el enents are predananppheheenluatinient nickeucasalyeta chipedbakybneadt ymore

ef fective anount _ i gF;EHFg f.ficie t ronote the al koxyl ation
‘reaction or infl Sgngget & y enszaligﬁ gg g %uig I&J}asnt rdlebl? Fglﬁno?‘th]gn a
product. Althoughiuatkeecepeéeci Hmramidodiobnt at dhe statiad yistit comptigad dme t he

(O ti f b d 15 ft tal yst
Pn an amount of oF ReERioEGR Mheaste SR SARG e (P iRrPE SR Wiount

bet ween 0. 02 andcboiuni sacxdnsistered mar et plefeidsekranpean fagount bet ween

0.1 and 20 w is copsi.dered st preferred f or typical enbodinents. These
per cent ages are Fﬁg?gf"ﬁ%mbfnt&hee a\ké(isﬁhFo‘B?r’rsfr% RIHFHUREL8F TR in the

process nixture eekahivetdD pHespRitghbadt s agtidnes rhheOge s t & OBh el & NeF
conmpounds in tha hm’ xture. Sf:j'téSt anti al | great er (1uanti ties of catalyst,
e.g. up to | 0% w8 TRbT 2 &t HTEEr éu BT IHbIAE L YAS X TREPENIE heP Hittpter
the desiredo25 av€ragradhiylBnedurdangddsss Hrdeoref tthe akikexydate
product and the higher the desired rate of reaction, the greater the

requi red quanti t?‘og?zﬁ'é‘?al}il%ﬁt?naﬁ"?é:epré‘?@ﬂ?”f“?wéfﬂqq}ﬁni%eplaéf Y EPP YL ppl i ed
to processes utilizi nghancadkwanNg 0% devéLnPpdideatieachbanthss ﬁ\ilf@@ébs

conprises one or mpre vicinal alkylene oxides, particularly the |ower
al kyl ene oxi des SHYCADIE RRYFIRA dheyPhAsRRAtS Said (€2 ©§ eathangene 9

general, the al kyl gneroxé des 3L JBRF eaebhesh deddie fennyha reAF/%?e&Z/ -47817
- 11 RLR3\ % CCR2 R4 PCT/ EPO1/1-47G wherein each of the R, R2, R3

and R4 noi éfi es PESFREFRFRURDT P SP@ceaact r o taddadvstp eomBriting iof

hydrogen and al kyht 80 €1dé£61y RegEAnte WhbE RPUSRoPeCLBYLSRe OXi de, .
propyl ene oxide, or m xtures of ethylene oxide and propyl ene oxi de are nore

preferred, parti BAPEPRSLE hld swifcIFleBRBFat selasing APy sheeghgine oxi de

and propyl ene oXic8Rpr b Q8,09 HRASHAR! icRNRIaThii G, CRSEAIhAI Y Of
et hyl ene oxide are considered | 0 nost E(eferred from the standpoint' of
commer ci al oppor YGRFives Fapaniyem.pgadeléeivt, dvepxpsitmenepbbersyels, and

al so from the St§9999$ﬂ&npf ﬂﬂ“%ﬂyﬂ%%§rﬁégﬁgbéﬁ catalysts comprising a

catalytically effective amount of one or more of the
phosphate salts of the cerium earth group elements are
particularly preferred, while catalysts comprising a
catalytically effective amount of one or more of the

25 phosphate salts of elements selected from the group
consisting of cerium and lanthanum are congidered most
preferred. 1In a further respect, preferred catalysts
comprise a catalytically effective amount of one 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.



products having narrowrange ethyl ene oxi de adduct distributions. 15

Li kewi se, the active hydrogen containing reactants suitably utilized in the

process OO 02&78pT esent i nvention include those known in tRRETAPD/TGH6

reaction with al kyl ene oxi des and conversion to al koxyl ate products.

Sui tabl e cl asses of active hydrogen contarngng reactants include 20 (but

are not necessarily limted to) alcohols, phenols, thiols (mercaptans),

ami nes, pol yol S, pEar PRKY | ids 3%, 08 nealle M X K E $idde0t nvbht i 6h gﬁnerally,

but not necessarlly, the case that the active hydrogen noiety of the

reactant is of tRéXFe¥es -OfHthsePBPAPRatepPRblehtaf 2B veraheratm Qﬁ@t@en

sul phur or (subsghbtets o2ndbeaBi-B8LrPEAT LOSH tﬁ{é)@talﬁﬁﬁgg? genera' ly

-exists for use of hydroxyl-containing reactants. Mre preferably, the

active hydrogen- evailadpi gy eact &ﬁtﬂtcongpmsf%mébbyOéfSW@e nmor e

active hydrpgen goatalad ng: Gagpodnds 42X

“sel ected fromthe group consisti nggo)f—1 ?'/%n% 54 al fle Fyoljjésrgba“éhjag)shenol S

(including alkyl bsabs@ﬂ‘m,edlqﬂh@n@bs)xem@imerﬁﬂeiymanmal gadbbireiyr essied f or

the application 3.9f jhe present invention to the alkoxylation of prinmary

active hydrogen cont al ni ng conmpounds, that is, conpounds wherein the active
hydr ogen noi ety is atTlehedet eaatpr sahtyus@hbbrtcalpcmsduAe tke of weid tvaerecase
for al koxyl ation t uch Lh conmpoun axe re.l0,reactive,

and in sone casesg% %sﬂfrgé]n “Rorey rééc ﬁ/esolﬁ‘u%lehénpggge%% B0 t he

present inygnti ogrmgﬂ%aﬁﬁotmde%r §3RAAST Ntk seqnfRIUtaPd Lerids Yhan

conpounds. Moreover resent invention has been found to produce

rel atively broadlP8Rge a?"}ah éREeoRpyBhagdliet A hE bderof*a® it oduct s when

applied to secondafygand rhftrrta't%%yO?'CEéi‘Bo dagen € enRkaki 0% {/act ants. In

the process to prepare the cat al yst according to the present i1nvention, the
active hydrogen E&APERETFNg S@“@aﬁP{émEéﬁﬁo%ds%lﬁﬂJIldwéédﬁhbr@%dﬂ%:nt in the

20 al koxylation peasti@ds, TH¥$arkBe 2CLEYEL Ak QRUALEat @l yst is produced

"in-situ" of one of the reactants. Anong the suitabl e carboxylic acids,
particul ar Ihention rra"y‘rh%erﬁﬂf@déaéf:ht Aelhoh®- dﬂeﬁﬂpld'i%ialil}oi‘e?ﬁl @ d&ids, both

al i phatic (sat ur at gd a nsat ur at ed%J and aromatic. gem fic exarrpl es

i nclude lauric a8fdrY 31’ Og(?naeoﬂta 2HHF t TIHE Y c°§‘P8HP a%cid, oleic

acid, rosin aci dsempatidtnids aa dReandnyer €phidialant: &@mﬁerhtuhﬁiqbQﬁﬂ

observed that, i g rul e, carlczig I|c aci ds_undergaq al kg#l ation_in the
process of the prélefitt RASHt aF25e 30T BTNy SPOWF1aRe. oG ehe
sui t abl e ani nes, eaatm@a,m@m\a@eapt@anaayyhee rwmdzfvear i ABwNteS exORdaky and
tertiary aI kyl am HSS and wg]Teoz/ sm- 13 PCT/EPOL/ 1~7~ (> of__al kyl am nes
cont ai ni ng?bot h ZAFHB TR Dy o%ﬁaﬂFSuS%mpcé”gd RINPYPERTBREY 13 L nol

am ne and tripropanalagne cAsongrebheasthtsdle ddurels, Rowtien)| athireAki on

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

25 To this rare earth/organic solution, phosphoric acid
is added slowly in a rare earth salt to 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




made of primary, secondary and tertiary al kane thiols 5 having from9 to 30
carbon atons, particularly those having from9 to 20 carbon atons. Specific
exanpl es VP 0g¢istabl e tertiary thiols are those having a hiPghlBPobt-amehed
carbon chain which are derived via hydrosul phurisation of the products of
the 10 oligonmerisation of |ower olefins, particularly the diners, trimers,
tetraners and pentaners of propylene and the butyl enes. Secondary thiols
are exenplified By AheAtodHCt fe Ofartdie JBY o0pRLRENE | St PBBlehPer
substantial ly Iiﬂr%.ear ol i ggmrs %f aet%;\_l ene ag are pr oduceg)ebyetEe 6(0 15
process. Represéfftigtitvdn paunedys mplEien-limiting, exanples of thiols
derived from et hyl engQl i-gQuRr s+l Hde thesLLRERN o & ]ggn i §.products,
*such as 2decanethiol, 3- I(ﬁecanet?ﬁL ol , 4- dgjcarsl%t ﬁ?ol? %{ eca(r;lz'ea'?lh?(e)l :

3- dodecanet hi ol ,optideedAst hiehted-widdureblaisel in3aRlanwddc &webhing, the

5- dodecanet:hi ol ,_;2- e i,0l anet hi ol nd _

“8- oct adencgnet hi%}F,J}:)r%qt %geﬁig%tghceo c?r&%gﬁ)ﬁcﬁgi ﬁh%r%ad%t so,f Sr’ute:hasas

2-met hyl - 4-tri delcavetas the Paseuaiged hicyl dnaeefeypi ehtlh e epanedl it bon

term nal ol efins_by hydrosyl risation under .free-radical .25 cqnditions
and i ncl ude, forree%/catr%p 6, guggg«% TherhisP Tﬂﬁ g??%d%%%nce?"%a&fﬂ ﬁngroup P
2-met hyl - 1- t ri demar@xtduipok. eTheent cothalle (Eeatibdb®ntabbnd guedhy abydatxy) and

t he phenol s (i ncluding kyl - substituted henol‘%% ar referred cl asses of
active hydr ogencécdntcgi ’niaér‘i"g’rpé%dt ?ﬁtseséﬁ‘fg?m%lﬁ’r Qﬁ@?‘lﬁﬁelﬁr esent

i nvent i on. 100Anongpddte qpllerdly Spregetteedll ar nmenti on may be made of phenol and
al kyl -substituted phepols wherein each al kyl bstifuent. has from3 to 30
(preferably from3 tg[nhfofeéﬁfgb?ﬁ dt'gtere S%\Buggll?%i yE%(el fried7tac - 14

for exanple, p-hexdiphenel conoayl peness mhdacyb@wlprimﬂnx&bpb%@#iﬁ@d
di decyl phenol. Ac i ti c nono-hydric al cohols (al kanol si( orm a

clic aliph :
most preferred cPHs<hSs aﬁ&&&’iﬁ’s‘?n SRSt Par F9 BLRHRL 35 BPdre LBV kemel s,
al t hough secondagsyi@nghciohbi-aryridtddipl s are al so very suitably utilized in
t he process of the present invention. Preference can al so be expressed, for

reason of Both procesdp&rF6r fride RIRPRESRerel bl C¥ B oA REUPEDIRES, f or

al kanol s havi ng duiyaplY 8hhOadbe LD DbyALOES £ oMb C&.ﬁq;@%,) g,n))gl kanol s
considered nore preferred and C9 to C20 al kanol s consi dere st preferred,

i ncl udi ng m xt urdwendior dofis sucireascaxrth ellgmendf Qs aral wel0 akbkapoized As a
general rule, t anal.s a | ght in structure
dependi ng 15 onmﬁ]?l’%%n{%g%degﬁ%s@%%\ha%egeggggdlgﬁeﬁﬁ% %pa(rq%f ee(régg%:le further
exi sts for al karolemegdet artscipality clongrdaeer réhaneditperlesents min ethe
pr ef erabl y, great.er. n,.6 rcent. and t prefera greater_ than_70
percent ofthe no 1@%&%@5 gtr:gg%g I?dnglfrve?g rea?(g)ﬁrflu% gﬂf‘gn‘l'ca%tﬁgﬁvﬁﬁ’ the

structure. In angtdemterBOehiea i PrafRr encenbisdt ferefrdnphssf alval kanol
reactants in which greater than 50 percent, nore preferably greater than 60

percent and nmost™ SPAbPyaTf e e iR t7Oepat centtDf heMisheEdfes are of

branched carbon sid Waiieeeipes ghemddepedli sy RO HélanHft sugBnalkanol s as
reactants in al koxyl ation reactions I1s well recognized in the art.

Conmerci al |y avaiFLANiensPiPar eShat it VRSP hohd- AR akdfoBs2Pt eBar ed

via the oljsgomerisat,i andohmehhyl ena andvhhenbygdrof of mlatly Q@ @r oxidagion
and 30 hydrolysis of the resulting higher olefins are particularly
preferred. ExanplePLoOr*E6rRerciRat WeRrpdiolal ehal RRerIGRS SatEsCriRlYRe t he

NEODCOL Al cohol s,a5 ﬂ@@d@%@d4z§é7as used in the present invention will

consist essentially of compounds of the formula LPO,.

Further, the phosphate salt of rare earth elements may be
30 in a dimer or trimeric form in which case n is 2 or 3

respectively.



- 15 PCT/EP(11 /1-47~(~ trademark of and sold by Shell Chem cal Conpany,

i ncluding mxtures of C9, ClO0 and Cl1 al kanols (NEODOL 91 Al cohol),

m xt ur es WO 0EABIANd C13 al kanol s (NEODOL 23 Al cohol ), m xtramggpovi47@di2, C13,
Cl4 and C15 al kanols 5 (NEODOL 25 Al cohol), and m xtures of Cl4 and C15

al kanol s (NECDOL 45 Al cohol); the ALFOL Al ggh_ol S (ex. Vista Chem cal
Conpany), including mxtures of Cl0 and Cl12 al kanols (ALFOL 1012), m xtures

of Cl2 and Cl4 al kanqal s (ALFOL 1214), m xtures _qf CL6 and C18 al kanal s
(ALFOL 10 1618), andofrﬁ xafcﬁié:élogf %elé,cﬂ%lyaﬁ?dz E%ESHBF%‘%(%B@@E £620) ,
the EPAL Al cohol sh¢ Btdwd Ghemi edlemEapesouridaG! wieNgaBhX{4if 6%0fkn€l0 and
Cl2 al kanols (EPAL 1012),_ m.xtures of Cl2 and Cl4 al kanols (EPAL 1214), and

d
-mi xtures of Cl4,PtAEHhPICIEaPESAETE FEBAEIOMEPY 2H8°18uHAPIVERG TOL- L

Al cohol s (Uni on @adthi ite)qtHerc lsudisbgnex} Unes udfinGl 2ot £18h&d4 EnChay
al kanol s (TERG TOL-L 125). Al so verg suitable are the comercially
~avai | abl e al kano?P® 1 WF oy ERetRe RIQSHIT 6F ABPYEARLSS ot i ng fatty

esters, for exanphésphdte E@iandatAlpsOduLta1af 220 Bheet Qhi A dh-Gark! e
Conpany and the TA al cohols of Ashland G| Conpany. Anong the polyols,

particul ar ment i ¥y DETREREOPTt HRAE I AAtRG YPEORFR1VHES- hydr oxyl groups
and 9 or nore, preferghd o2 L2 ﬁgrgaéf)oéhc—_atp@f&plléﬂécbg%lﬁséeéﬁlrgﬂele%a}ﬁgne

include the al kyl ene glycols such as decyl ene glycol, pol ya
gl ycol ethers, stRH-hLlaneptsparenaregsitolimidiegirpectine sorthiresl inHagher

ol i gonmers and po&#f&ﬂf%ﬂgéﬂlgee@@E¥Ql§eQQﬁbdﬂt§oiY%{y aul éﬁﬂfLsﬁE? c@ghLve
bﬁytea te

hydrogen containing reactant is also very 30 suita koxyla
product of a prev? RPN EREal baxpiatbiPraceaes ippdpogent busttca thag

OO, D (B RERUEPOb st TaddBvi k1 FULENEh, GXATRLGS of both
speci fic al kyl ene oxi de reactants and specific active R rogen ‘cont ai ni ng
react ants suit abhEthaighuge spectféc presrittyl mfegrtehyat eis ewtt edikhcthe

a1 Kyl one. oxi de react Saf ARy Eh P ac P HEr B ke B eEREPR PaF e
necessari | 16 contwaee exf ithet ltetplgsenie of amovatabfshtcbepst .0y peecent nore
of the phothatebf“ﬂéf%H%f(% w), while an amount between 0.02 and 5% w is
considered more preferred and an amount between 0.1 and
2% w 1s considered most preferred for 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
quantities of catalyst, e.g. up 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 Cy range. In general,

the alkylene oxides are represented by the formula



the rare earth elenents of the present invention. The |0 catalyst is
applied in an anount which is effective to catal yse the al koxyl ati on

reacti onwWoOnN2/4#8iTrs of processing procedures, the al koxyl aPCOEPIERLHG Oon i N
the present invention may be conducted in a generally conventional manner.
For exanple, the catalyst 15 in the liquid;active hydrogen containing
reactant is contacted, preferably under agitation, wth al kyl ene oxi de
reactant, which is typically introduced in gaseous form at |least for the

| ower al kyl ene oxi des. Additional Iimhid active IRfdrogen contai ni ng
reactant can optionally 20 be added anyti \pepdre the addition of the

al kyl ene oxi de reactant. Thus, a concenirated catal yst reaction m xture can
-be made and a portion can be used as necessaryz_In preferred enbodi nents,

t he al kyl ene oxi de 25 reactant is et ene oxi de_qr propyl ene oxide or a

m xture of ethyl ene oxide and propyl%ne oxide. I a further preferred
~enbodi nent, the active hydrogen containing reactant is an al cohol, a polyol
or anot her hydro Qnt ai pi npeUN Thg reacthon is carried 30 out in
the presence’ of g%%g%grf%F%aE?ygg fectﬁvé Eﬁnﬁﬁg g? TRESEHFE Sar t h
phosphat e salt cotddwistuaiigpaerddcaed ofhmghieo grbeppeaseidtimyes®tion. In a

particularly preferred enbadinent, ethylene oxide is cantacted and WO
02/.i 7817 - 17 e%éﬁ%ﬁf%ﬁ?ﬁﬁﬂg%ﬁ S t%eﬁc %) ‘%%Fa’br‘i‘%%rﬁsﬁl kanol
in the presence ethyleat akite:abkypeldes tidnideandunii of ubte € ad@latsly 106

al koxyl ati on. Addihional I%@uig active hydroan contginin reactant can be
optional |y added®5t Rl PREPELFRS t B8 Pt GEE IO MPFRISHERT procedur es
descri be a bat chpamdeufaragerabsenyhidie qpresent csB¥RILADIY, i @ughkbie
applicable to a g&ﬂ%inuous progess. C)/eralltL the two reactants are utilized
in 10 quantiti esPXHiT RS ETRPEIEREr W t Ve PRC af MRk SEAUEEESr oduct  of

the desired neanca&isiatdmagesadducsl Ipnderethilenavesa@e atdlucdngnvebes of the
product is_not critical to tgi gﬁgrocess. Such products conmpnly have an

P
average adllict ntrHePusTSEREY SRR FHOMIREPOtRENCE N EEialor 15 greater.

| n general termsoppsatithitfilc@ edndopr eh& gt HIcRCOES al REPET AL 1L HrddsBESSSUr €S
for purposes of the present invention_are the sanme as in conventi onal

al koxyl ation red®F G Pethe®n thReS 2R IELc CintEe BREPFAHPR ®Lconvent i onal

catal ysts. A tenpes@aidts malviah heasdwImgdPaihi,cuhardyi & d@Rsk 120C, and
nost particularly at |east 130C, is typically preferred fromthe standpoint

of the rate of r IOt iRREl- e a tenperature less than 250C, particularly
l ess than %10C, and mMaklewd2epathlb cad@iley HyesegbRafod@0ids dipiaakhy

desirable to mnin ze degradation of the product. As is krnown in the art,
the process tenp@tdiahly d&Alpec8pit nibediosesg PEntheaesnry: ingrPAEOBUCh

factors into accoumiudeSHRREat RRSPREA GHY QSSUESS, radk idH &SSW &3 khetyeen 30
68.9 and 1034.2 kPa_g (10 and 150 psig), are Ereferred, wi th presSure being

sufficient to mePFtdiT e CRBVPYEION HiRIFIFEHYEBRE PTRM tactatable
substantial ly incidusdd %&'Qc%i@é?hydréggﬂp%6hﬂ§§ﬁin§K;¥£%¥gHE§ 1 £=8uge18
i g

Wien the active hydrogen containing reactant is a uid and the al kyl ene
oxi de reacthnt i PH PSPt APRBXFIEII DA 1d teRehos uRt et vopdeapdd: by

i ntroduci ng 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



al kyl ene oxide into a pressure reactor containing the 5 liquid active

hydr ogen contai ning reactant and the catal yst. Fox considerations of
process smdeoryI81the partial pressure of a |ower al kyl ene @xirdPor/egss ant is
preferably Iimted, for instance, to |l ess than 413.7 kPa a (60 psia),
and/or the reactant is preferably 10 diIu_tg w th an inert gas such as
nitrogen, for instance, to a vapour phase concentration of about 50 percent
or less. The reactjion can, however, be safely acconpljshed at greater

al kyl ene oxi de cONETHE Ao, t]@?eﬁf‘é‘ﬁpt?ﬁl‘eﬂl%ﬂégsﬂf A HRPYartetYpar ti al
pressure of al kypeneiexiage phehb1suiimbl @ieadkliosshskiowed o the art,
are taken to nmanage the risks of explosion. A total pressure of between
-275.8 and 758. 4 ®REPYYS040 and 110 psig), with an al kyl ene oxi de parti al
pressure between 103.p}c3@dcfidd. dakPan & (o ARHB0:08SF& - ths Rtilcavlshl y
preferred, while 20 a total pressure of between 344.7 and 520.5 kPa g (50
-and 90 psi @), wi®h ¢ FrrRyeeReinXeRblPArtq dhepprélsty 2 hiemerh PEAMagyand
344.7 kPa g (20 gid-R0pehGhenl SofPRBh RS %@Bﬁﬁdgreéﬂé%,_ HGdoBs
required to conplete a procéss according to 25 the present i nVeRtion is
dependent bot h ugkeraime thegrebive Aydosgdraticdetyhas attajelssd ¢ @ . e. upon

t he average al ky. :F'Q% i d nu ry of . 0 ) wel | as upon
the rate of theg oxry(é:tq?g%grggérfliorr?%v%s?(?ﬁttigg, t}q% %‘gr’én,f?ependent upon

t enper at ure, cataliyerylgdeni rgaahtold, mnataly @réohmariiecompotrdy sre Motrypi cal
reaction tj fo ferr enpogdi nen I t | kyl ene
oxide is g!aoggous%ealpcgt v%s’sggﬁagglgbﬂ%u%%fe gﬁsg%{hg%ﬁl %?%%e!‘l%sac&ggg’as t he
al kyl ene oxi de, iheheyprogesseatt tlom prefRI?2/ingtgZgiyon i%an REH ER@L/ 1~7- 4l
time is less tha [ S [ | ene. oxi de_| as.t he al kyl ene
oxi de, the typi cg?grr%%c%fl?%ﬁg\th?%ég?gg%[ sa}sn% haer{qéaﬁgucrg%&g%?desr' t he

et hoxyl ati on r eaddremvelras theenresapt etreention hhe peadutdund yar eirertabey

cooled. If desired, .catalyst can_be remgved fromthe_ final product., .

al t hough catal yst® r'—’letr%ﬁ’_vegL ?’é‘foﬁ f r%%%‘aes%arysletng Pﬁé&%r%%%%cgt o‘#)lstqﬁé%bl?:ég%nt

i nventi on. 1Cat al ysdducers dhes apylbedresmedndboy exd@npde;idyy fadttikat i on,
precipitation or ec?ll;racti on, A 10 nunbe\%rb cq‘ speci fic chem cal and physical
treat ment met hods A HEERTPSUMTt 553 A it 'at e renoval of catal yst
residues froma |iquimh phedpebceStcto tpeaiarentiei astaldeste onicaaidial the

al koxyl ati on prodktljct w th strong aci ds_.such  as pFo hori c_and/,or, oxalic
acids or with softd FS 5PGanfECRET AR sttth 38 TNRFIERE PRSDrC PE 1 R
120H;, contact w ddgalikalcompetial shsbhbddieshandehttatibonatidss contact with
zeolites sych as {%‘E‘S’Y zeolite or nord r confact with certain

eq”i te;
clays. Typfcally? H3treat FERTE S e fof u(f\nleagﬁya?ﬂ‘f? J3%h Gt
preci pi tation ofcdtlysal idspkoatatéde™ pi-aditai”. ofNoff@NYE Cetse Srdadtian@ii. on,
precipitation or centrifugation is r’rPst ef ficient at_ el evated tenperature.
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, rosgin acids,
tall oil acids and terephthalic acid. It has been
observed that, as a rule, carboxylic acids undergo
alkoxylation in the process of the present invention at a
30 relatively slow rate.

Among the suitable amines, particular mention may be

made of primary, secondary and tertiary alkylamines and



Al koxyl ation product m xtures prepared under the present invention are of

hi gh quality and have greater 25 stability, relative to the product

m Xt ur es Vo 02¢i8d7 or base cat al ysed al koxyl ati on reacti onsPCTHPOpIOduCt

m xtures prepared by the nmethod of the present invention have viscosity of

| ess than 50 Mpa.S (50 centipoise) and is fluid. The term"fluid" neans

havi ng particles which 30 easily nove and ]r?‘hénge their relative position

W thout a separation of the mass, and which readily yield to pressure. WO
(12/.17817 - 20 ofpetkEgbarings con;tail(nlm bhtl aryee and My dyeayéngrovivent i on

Is particularly Jgef wnigy ﬂ@u%%ﬂ%rt%h% 9hi 50! QY 't%%}ugéahﬁﬁmﬁ?é our ed

product relative to those of entional practice, bec

e neutral

‘salts do not pronot e AmoBg deles atiuittiadnd er ééepiénspmmﬂaefameMmOI wvay ¥eornm ng
[mpurities. FUrliitle ofNpRifBAP | A Hatl! En wr@{aolgy 872 ,@XLflgs £ he
mte 288 as"0 ed

reaction tenperature 1Is not

to using a typical

-basi ¢ cat abyst dwotings £KOH. 9 |tp t3fe qurboasstofst rmalpxlesléntrlanHQSeon 10

tenperature as mag;lpngggrgcg can Zg)e %%@P\llj\%%ﬁ‘g%ltl ?,%94 dati QQ.,

rate cer

The foll ow ng Exanp are provi

{Dlgge pr oduct .

arn speC|f|c

aspects of the prdsebiel heeniaxn ditolar ernothowd emndeithd @ hiighiyi ts broader

15 scope . COVPAI\%RATIC\Aed EXAMPLE
prepared by the OW ng proce

A | anth h d
e AR Fer ST s pr epar ed by

di ssol ving 10 grameosilbh@h 36Pibn mf2@Begpadiueis 26F daieoni zed water. A

second sol tion red b i.ssol vi 10. 64 gr.ans _of _sodj
or t hophospfiat e (Cﬁgﬂgg' %63)01?% g&(?w&raﬁ@g& Dt R S Al s F

ll§o| ution (at

room t enper at ure:')mm addedexts OpidtIRanRYer afd e tdnafs 25 FroplBens caride

d | ut t The 2 | t . m xt t
it onal 30 miTih EURFRUC, ARPERERY T B Fo S T Idar

d. for. an

dfaPat BY S it e

precipitate. Thq:rfddutces eakﬁlewasydmmlma@htlbneetid;m&sf Wikieh sllaetahtoilﬁec

dei oni zed water.. After drying, 7.4 a of solid was_ recovered as

powder. 30 An alk3&Ha P?b%orb‘%’b%e%fs q%ﬁlygg%raﬁn%’ée wWEHasd BVeEBﬁtO’F‘?\ventl on
was conducised ungdeicelsBe fRébEvsdiapioesdyheshy The mddad enaiexhge react ant

for this process WO 02/,17817 - 21  PCT/ EPf 11/1 17. 1G_enbodi nent
consi sted of et lﬁ?‘iaérﬁ’éeﬁx?ﬁ thirig Wé’r&é’ﬁflvérﬁ?d‘?gg@rﬁrt?olﬂléﬁﬁmﬁﬁsreact ant

consi sted of NEGRQJiudd AheohDhedNEQXHon snaikhMSEledRIvY, Ghahagkeplzed as a

m xture of primary, 80%]I | near (20% br anched) al kanol_s

decanethiol, 3-decanethiol, decanethlol 5-decanethiol,

3-dodecanethiol, 4-decanethiol, 5-decanethiol,

3-

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

hexadecanethiol, and 8-octadencanethiol, and the branched

carbon chain products, such as 2-methyl-4-tridecanethiol.

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-i-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,



5 having twelve and thirteen carbon atons (about 40% by nol C12 and 60% by
nmol C13). Initially, 3.0 grans of the powler prepared as descri bed above
was addedv@ 822307 grans of NEODOLTM 23 Al cohol, and the m PCOEPIWRE461cat ed
to 130C under 10 nitrogen sparge for 3 hours to drive off water. The
average particle size of the |anthanum phogphate conpound was approxi nately
10 um (10 mcron). The resulting slurry was transferred to a one-litre

aut ocl ave react int ai ned_under. ni trqgen at mosphere. The tenperature of
15 the reactor gﬁlogn%gﬁf“ B%F 8 B\gbse’fya?ipgjee&‘oﬁo Tﬁﬁg&%g’?’ﬁ%ﬂ &'QGWERH%I% en and
et hyl ene oxi de wasiytlipbenbdt andudeibdyll @hiehelreactor to a total pressure of
517.1 kPa a (75 psi aé %3}0. 3 i(P a _nitrggen and 206. 8 kPa a_et hyl ene oxi de
(45 psia nitrogen an@°36pSi 3L BIRAEHEFR GEHY e B hasinlst i(Bhkopols)

(et hoxyl ati on) cemwEaCedstPEEataly c1AGe bEOBaéc@éﬂBQ,egﬁr%EQ@ai‘\zﬁg
supplied on demand to maintain an essentially constant 517.1 kPa (75 psia)
-pressure. TenperBfuPEMAEY ndt Fanfifed adithongl secowdany gndstsriiane of

et hyl ene oxi de waxahakenavp QVES EReHuedadl y2ubi PO dH0UnS tndhgrbeasd or was
mai nt ai ned for an additional hour to consune unreacted ethyl ene oxide in

the system The Fr 6GGcPTRES hakiV et i®om PERBBFeRT Camndli@sbanal yzed by

GC- LC techni quesxprdsbedndrés ol SR80 LAVEE888: AGLEL  AUALET 204 6. 6. The
only observed by 30 products were pol yethyl ene géycol s (PEG in a quantity
r

of 2.0%w  VWODEreai 7vpkae B Ithel profget , 20or pidaplds 1having from
catal yst rgacti @nc@ XbUESr¥ES LV r ceqr dj t I i
1 t x SRar 6l o @% gb”%%%lk'&ﬁoﬁ.g {gg%éﬂger?% 0007

procedure. A total of 0.25 granms of | anthanum c ride hexa rate

nmol es) 5 was addedet oré56rgednmdic NEGDCL Ve 2Bamd phohsiabxéarqoof Cl2 and
C13 having typical hydroxyl nunber of 289 ng/gKOH) from Shell Chemi cal
Conpany (0. 773 ®SEESFredndinmeudicst fiighurest thererfs haghedsta BOGuumti|l a

clear, colourless ggl Hhiyon LRRAUCEdasTY LOLS A0 thyee vas P«
dropwi se 0. 16 grams%gof a 4%8\,2%/@/\/ aqueous sol u%i on of%%os’pﬁgri c acl 0. 0007
mal es). The cl eaay tel ofir bemsclsal ulvi erradaghbeah®th ted rli2QuEe UAGBEndi iy t r 0gen

sparge to [.enove er.unti sol ution_contai nji ng .c 200 m H20 was
obt ai ned. This W%h?elﬁggn‘%?(gnﬁeér &d °F'6 Fﬂgogg“%tﬁ'oé’frﬁggg‘?%‘é%tor system
and et hoxyl at ed fatrtbé5Cexhseorthma lkanohergaoeimt s fOGREAUReSréd: dhe

revio exanpl A total of 238 grams (5.41 nole of ethylene oxide wa
Paed over o b0 HERUES BEF PO fIEEER S CERDM VHAC Bt KERD! &0 TRy B

mean aver age addudt moetbprebérad)y7 fFeathe phadurd guveeuteowasna slightly
hazy, col ourl ess Iuig gréoduct vy\iﬂ,;h a Vi Scosi t% measured at 50 nPa.s
e Rl

(50cps). Viscosity AEUre W Ta (BFOBkIREI dAfid c68rReter. Exanple 2

25 A flui docat alsysticeaast i o nindtiee \WabopfapRt £ hrageeedbagrieide
procedure described, in Exanﬁlqtta][}oé%n A total of 2.19 grans (0.0038nples) of

~ g
| ant hanum oct an&&t8 8bf &F n TRAGEEMPE UL R N s Sgretsr vERPE P 066 grans
(0.814 nol es) obeNEERO, Tb2d lerRabliMyxtstes arChd, pdPckdB, arfel dnctd Cl15

al kanol s having a {fggg%og%/dr 0X Ithréllung%r of 276 0%g/ %ga-i) from Shel |
Cheni cal Conpany*& 7 thagz 70ppey ey (o) PG 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 hydroformylation or oxidation and

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

available alkanol mixtures include the NEODOL Alcohols,



100C. To this mxture was added dropw se 0.45 grans of an 85%w sol uti on of
phosphoric acid (0.0038 noles). After drying the catalyst m xture at 120C
under N2 WQar/¢g®B1To a water content of <200 ppm the react PEA/ERONIKEGr e Was
transferred to the autoclave system and ethoxylated at 165C. A total of
250 granms (5.7 noles) of ethylene oxide wag:added over a |20 minute period,
produci ng an al kanol ethoxyl ate having a nean average adduct nunber of 7.0.

The product m xture. was, a slightl h colourless fluid product with a
viscosity measur@fH s E/%a?’gg(%%]c%%x as%gr]rp%e'glﬁa | SP P ral yst reaction
m xture was prepaicithddeeonilkbgrés dhedr aggdune descaibadhian (Rxkeppl.eoll. A
15 total of 17.5 grans (0.0308npl es) of | anthanum octanoate obtained from

"Rhone- Poul enc waisl iiieddl, vadxtwrag oy rCyps afd. 063 mdlks)olbs (WEODOLTRA 23

al cohol (m xture of .Cl12 and C13 having typjcal hydroxyl nunber of 289
ng/ gKOH) from Sh%-'icfc’h@ﬁm E‘é?‘t%%a‘?é 21608 Fo4t AP M AUFETRAE 20 added

d i 3.s55 ) t j ' 0. .
A Lor aryirg i he s, 28 RRORTE) L PEst At RE Char Gt (o Tk °)

content of <200 pymoDdrhesr aaebhen) jMivHdine.Foasaleansier (@6 tvas@a3. 79 L (1
gal | on) aut ocl ave s%/_st m_ The reaction 25 m xture was_heated to 160C, and

725 granms (16. 48 ) GPTRERY) et HUEMEL*EBTREY Oberia WS faute
period. The reackijomdfi(bEsonarelf)en ficacked Wetl, 11 83 @M. (20,6, ol e)

of propyl ene oxi 60C over  a 3 ‘hour period. reac n-mxture was

al | oned to react (Aiworan23@) addikt@nad o30 ofighehasci @ sorsm®s ahlroxi de feed.
The product m xture was an al kanol ethoxypropoxylate with a WO 02/ . 47817

- 24 PCT/BEP(11 ¥618)7. 4@dnmantaves agfe Caddut snantefs of aBsehatsl é3LBOL EO and

10 nol es of PO Analysis of the reaction product by iodine nunber showed no
measur abl e ol ef i%‘?zco)s’uﬁz‘?r 5?‘@%.Aﬂ?@?@ﬁ/\dgtﬁ‘éﬂaﬁ?‘i"l%?Jcompa&ﬁ’époxyI ate

formed. 5 Exanpl#hdluding mixtures of Cqig and Cq, alkanols (EPAL 1012),
mixtures of Cj;p and Cyp4 alkanols (EPAL 1214), and
mixtures of Cy4, Cig and C1g alkanols (EPAL 1418), and

15 the TERGITOL-L Alcohols (Union Carbide), including
mixtures of Cj5, C33, C1g and Cqg alkanols (TERGITOL-L

125) . Also very suitable are the commercially 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. '

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 carbon 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.



A fluid catalyst reaction m xture was prepared according to the procedure
described in Exanple 1. A total of 3.64 grans (0.0064nol es) of |anthanum
oct anoat vQbr/&ished from Rhone- Poul enc was di ssol ved i n 50@CHRIEPOT/ 14786
NEODCLTM 25 al cohol (m xtures of Cl2, C13 Cl4 and C15 al kanol s having a
typi cal hydroxyl nunber of 276 nmg/gKOH) frigm Shell Chem cal Conpany at
100C. To this m xture was added dropwi se 0.74 grans of an 85%v sol uti on of-

phosphoric acid (0.00Q64, moles). After dryjing the 15 catalyst m xture at
120C under N2 spar gegfllétléeﬁ/a?%?’mpéberﬁ &t Lélf:Q%%c % %&?t?’éjr%esi ze was
determ ned to haeacaanedi amnd dpgeifc aktvd Mifdrodgdti Gaamtafindhgh st andar d

devi ation of 0.3m %O. 3m crpns@.de ri ba LaserhScatteri nﬂ’PFP{art icle Size
‘Di stribution AndISPEERREE AZGDER USEdLR or ¢ HF FEy AP F O A Sarticl e

size in the rangecetel. 98 tive 1:000Mm(Rt05nt0 1090 PALGARS) . WO 02/.17817 -
25 PCT/EPQ1/1.47~1> CL Al MS 1, A process for the preparation of a
“fluid rare’earth phoEphaPe RS Rt SOEnBEEr Erot B ndread L B A% ng a
rare earth salt cx@eblkeatbakig-{z A iave iy PRy AR AEnST gani C
compound at a 5 tenperature of |less than 120C, b) adding and dissol ving the
rare earth salt T5RC52E5- T8 BRITIL YA 66Bh2 el dithithly erggRree cdmfound

thereby produci R@gta1yatecempt i HPBHL oFOhotd 0 B ghospfdiBdsPNasRi¥Ori C
acid to the rare 10 earth/organic solution in a rare earth salt to

phosphoric aci d %6l ARTPaRRE-R rehaReTangE Bhe (PTegento inventicner eBie
produci ng fohe fldydivate; gagtin phosphahenshat Ypli GPHROYeFBR i v&-tJ he

process of claim1l wherein the nolar ratio of 15 rare earth salt to
phosphori c aci d 9asailiisehehe ambfeorsflazignireactyian, 3. The process of claim
1 or 2 wherein the phaspbppi Co@%l%d%s@nghﬂ?Q@Q&ﬂfe@C't(iile_s%Eﬂgkgf'aﬁirbr?‘_
concentration in the range of 50 wei ght percent to g5 wei ght percent in 20
water . 4. The piegcEssnoincthg uesentoingenherei ey e conduchedhinas t

c;mpri ses a | antuaauy $@| Lonvend{tn Al @G85S, O ALY Sk, Rie PLECEAINI
crarme 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 alkylene 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 propyvlene oxide. In a
further preferred embodiment, the active hydrogen
containing 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



further conprising adding a base that does not contain a 25 Goup 1 or

G oup 2 of the elenents of the periodic table in an amount effective to
adj ust tNeOpPH#B17 t he conposition to a pH in the range of BCTEP8I/14746\D

02/ 7817 - 26 PCT/EPULl/ 1~7.~1 6. The process of any one of the preceding
clainms wherein the active hydrogen contaLnipg organi c conpound is a C9-C30
primary nono-hydric al kanol or al kyl phenol. 7. A process for the
preparation of e jde ~ 5 ucts.. ct i d i ning
O gani ¢ compounds Amreh Ehng 2058 ot Sxinnzan ki cHE YRR BE%RELG 20,
conprising one aff MIALYWLGENah1 B kyt Bt i dRasuit t 8 an aptdyachydeogen
contai ni ng reactant conprising_one or nore active hydrogen contai ning
‘organi ¢ conpoundstkylekdone phedirinads 1damatapgtital pydrgdaesct i ve anount

of the fluid cat@dMstinG8BPeshti M PERP YL Qiohgﬁlﬁré’&ééé A a9y one of
clainms 1 to 6. 8 The process of claim?7 erein the al kyl ene 0Oxi de

‘reactant cdnpri sk tHfePEPCRBFe vi ci nal al kyl ene oxides 15 and has 2 to 4

carbon atoms. 9. A pr@Gessthoke ! BRALRRYALAR he Ak kyl @ne R4edgsadduct s of -
pri mary nonohydric al kanol s, which conprises: a) providing a rare earth

salt soluble in TREZAOPri FAEyPROPRIHY drivenaliranss seanably avppdigeble ©f | ess
than 20 120C b), adding.and gissolying the rare earth salt in a C9-C30

pri mary nonohydric al kanol solution thereby producing a rare earth/al kanol
solution; c) adding Pnesphdri Ehactwb tueadhentgr ar@suenkizgdlivanol sol ution

inarare garth QBN ri i . LAtLg 4 r 7.1
to 1.3:1 tﬁereby(i%!r% t&cfﬁggtﬁﬁgﬂf%{? regiree@%ggﬁ?ﬁaptlgs ﬁ%ft&;%glat%g&%}s{?{?‘%t he
al kanol ; d) optimprrducey afidihg dedised meamn dvesvevageomddiagt nuBbea. G oup 1

or Goup 2 of t el i odi l e I n amunt effectjve to
adj ust the pH o?ﬁ}%g%%gog%‘é%l /If—_)(lg( F%glg-]??%@’f Jz%noéaféﬁ%%?a% t he
al kanol to a pHta thie pangessf 5Suah rodndte) coombdraly | yyreamnnabkygleme oxi de
reactant conpri sj ne or nore vicinal alkylene oxides and _haying S 2 to 4
carbon atons Wi t%] Ehc% ?‘P{Tlf)ceirr %frletré%r’i%gpehggéﬁa?%ssca?}éﬁuﬁs "9 r%ot%é'a??anol ,

t her eby pruoduci mreaateral kyl ene oxi de adducts of primary nonohydric

al kanols. 10. A process _for_the_preparat.ion,of alkylene oxjde adducts of
?[n <=.E)rm§3 ; le ?Bclivéﬁc%ﬁe%ro

active hydrogen contairnPRg-organT e corauRas" Pr§E§5%ont act i ng

an al kyl ene oxi deempeaatantscanprpsesgnrese for porpoyée<i ol ykeast oxi des
with an active h%/rgvre%%ggncglnga' ni n reactant co risin one. of re active
hydrogen cont ai MiNg orgANFES coRpotiTes, 25 it R ‘g%é‘léje%%l Gt éggil'%l cally
ef fective anmpuntresfcttiba betwden 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. As 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 being sufficient to maintain the active
hydrogen containing reactant substantially in the liquid

state.



15 rare earth phosphate catal yst prepared by the process conprising: a)
providing a rare earth salt soluble in the active hydrogen contai ni ng

react ant v® 0z418¢hperature of | ess than 120C, 20 b) addi ngPemEPdl/s8¢t vi ng
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 earth/organic solution in a rare earth salt to phosphoric 25 acid
nolar ratio in the rgnge of 0.7:1t . 3: 1 thereby .produci he fluid rare
earth phosphate cata€§ .éh?/5?5&“3@%?§FE§EH.9&?5%?53&3 r?ﬂFggﬁg 18 a

A9 LAl &% Ah&1AHK &G Adndd AtiBe Ay eAb&ox ABE Sr 09 A&l sA&IvAbodr, A{ & . A{ & Al
. AU&. A&. A&L. Al h9y, Al h _ , . . .
’EF\gh}xsniCAY]c§¥58fo%§%%ﬂ(ﬁﬂ(ﬁﬂﬁaaﬁféﬁfgﬁﬁ]ﬁ%ﬁ%ﬁﬂQﬁﬂiEf]&&fEﬁfE%i%%]ca]c“a]
C;g] c’[‘a] /ca] cal C[allk@léﬁé C@lﬂ&]i&ﬁ:]cﬁ&&b&é]s@ﬁré Mactor containing tl]w.e | ca] ca]
~%c X[ EF/ zt o] e cal cal cal ca] cal caU] ca] cal ca] ca] cal ca] ca] ca] c*a]ca] ca]ca]c
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PH' i P {val gb] X] ] eakea)se] catsa]dlGaleal-¢8hs ab £ il ealred],calgéal cal cal ca
] calca] ca] caU] ca] ca] cal ca]ca] ca]calca]cali!llll'I"<"h""&# #o#q#r #HENSSSP&HRE
M ((((1) )} xsEed e} | Ref it apc dPvaF cal Bl eng xicde] €spehfeh] ] cal calc

a] ca] ca] ca] ca] calealeabrR] calaalLalrer] ¢akeahed! W3 1rdBs khh¥ 4/ 22205555-7_7
8(888889999: C, } :

.- {vql gb] X] | ca] éaPca] 683 ca] t&f) FiEd) c aPE4PE af e xetaPcafeaPEaf esd Y ca] ca]

ca] ca] caU;ga] caldigaleal xﬁ:@dl?aélrpaﬁ]rfeq:]tc%'aé such as nitrogen, for instance,
; ; ; BBBBBBBCCAC5CVDZEF>G?GHHHAI JJ! KMKNN&Ca Oy O wr nhc”cgll gb] X]]]ca] cal]ca]ca]c

a] ca] ca] ca] ca] c&Pcalyzedwa] i snjceareatsal éal celUjauta PO 8peaet] ¢al] ca] cal

cal] ca] cal] ca less. The reaction can, however, be safely accomplished
t 0O, PPv VWV WA XXXXXYYY#YSYPYYZ[ e\ 6] C ITNTTT11¢ upke [V] ca] ca] cal| ca] ca] ca

U] ca] ca] ca] ca] c&rcarealen] alivlegneoxd feaFenfen] vad]ical .c areakes] eatahU] ca] ca]
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(l:IJ]V\gI%]QSgﬂQ(C:J?RSSY~ftl§ ' éef?/] %}é' %%]pcaa tcia 1c Efg 8Fca c}?i tcWa T a]lg 3]' é a]_’uéglal]1 :(L:%] 7(:a] cal ca
] ca] cal] ca] cal] &&hcg] ¢h} capd o radicn] capcrpra} cajawaly>w8¥tgzCed( 2@aibz uoj d* X
& (V] eahoralloal eail cal oal eelsabenl eahe 3ol cale dhabonbeal opd 6l 2l ol
ca] caU] ca]ca] caU] caJca]caJcaJca] ca

Y_" En~zuoj d* X e 9oVhEesh] cvitl} cal cdlfiydsheabrafe adeod]icd] pakeaukeabeatexi cal ca
~a ER\i K- .
@ove ()oY Mooy SBort () TRl 20 Hhfies P Soe FoRRI 5 () -\ 3 < @

@0! Hs! 109& () - Ese1pPEE&E¥ad! - | 10%& ()- @' 10%& ()- @5 10%& ()- Y
109 ()-1 @VA-![1s-' 0% ()- S 1s-' 109%& ()-S .
e Shue ()- Sl it %@g/%e( et 3 ?B%Q‘C‘S’%ﬁeuas P05 SePEFOSBR 162 1

" &10%& () 281 0%& the- B188@hK ) inddhtion is dependent both upon the degree
of alkoxylation that is desired (i.e. upon the average
alkylene oxide adduct number of the product) as well as
upon the rate of the alkoxylation reaction (which iz, in
turn, dependent upon temperature, catalyst quantity 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 ig used as the alkylene oxide, the typical reaction



10 107109 ()- 91 6: 109 ()-My| VyZ8bCl!CY 109 ()-S | s109%& ()--![F

'109& ()-f!IVF ' 109& ()-f1Y 1 $100& ()-Z i KI$10%t & ()-ZVZ9 h

ZX9bCl | YaVQO 817 - | Y& 10% | & ()-! Y& 109%&' ()-! nY& 109& () PCF/EPLOEASE) - S
| GLOY& () - er4"910ty&' ()-f @O%& ()-9109%& ()- 10r'r' 10r'r’

10r' r' 'F1' 10% ' r' & () | AFT' 109 ()- ~%}] 96S4!! 10%pé& () -!9! 10%& () -
910%&' ()-!s %10%&'

1100} % () 104 B SIOISRR, GAEO MR ) YA O

101 6- &10%&' () - ! o—pms&m@/&l(lgylle@,e/ 8106&, (Jhé UWfi{dad! rehet 168@E {de s 16356

& ()-1dl + 10%& & ()- &LOYE () -
.--9(12)%&- () - o<uo4§<): \§ écgbq‘ 0%&' ()-g'H, " 109& ()-g! 9! 10%& ()-!>! 10%& ()-

>I109%& ()-)!dl + 10@Muﬁfdér 7 ek hbx F0841 ¢n) -reuki%®n( has been completed,

:'&10%&f() y;lO@’ ﬁ% 3§§/uég ig pregerably cooled. If desired, catalyst
can be removed from the final product, although catalyst
removal is not necessary to the process of the present
invention. Catalyst residues may be removed, for
example, by filtration, precipitation or extraction. A

10 number of specific chemical and physical treatment
methods have been found to facilitate removal of catalyst
residues from a liquid product. Such treatments include
contact of the alkoxylation product with strong acids
such as phosphoric and/or oxalic acids or with solid

15 organic acids such as NAFION H+ or AMBERLITE IR 120H;
contact with alkali metal carbonates 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 posgition without a
separation of the mass, and which readily yield to

pressure.
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impurities. PFurther, in a reaction mixture with
propylene oxide, the reaction temperature is not limited
to 125°C as opposed to using a typical basic catalyst
such as KOH. In the process of the present invention,

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

The following Examples are provided to further

illustrate certain specific aspects 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

(Na3PO4012H50) 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 additional 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
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nltlally, 3.0 grams of the powder prepared as

described above was added to 200 grams of NEODOL™ 23
Alcohol, and the mixture was heated to 130°C under
10 nitrogen sparge for 3 hours to drive off water. The

average 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 oxide 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
analyzed by 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.
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109 () - f 4151 6] @] bhhl 6H HOAHH S ba1 SAPYRAIT number of 289

mg/gKOH) from Shell Chemical Company (0.773 moles), and

the reaction mixture was heated to 80°C. until a clear,

colourless solution was produced. To this mixture was

10 added dropwise 0.16 grams of a 42.5%w aqueous solution of
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 H50
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
(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 octanocate

obtained from Rhone-Poulenc was dissolved in 166 grams
(0.814 moles) of NEODOL™ 25 alcohol (mixtures of Cq,,
30 C13, Ci4 and Cp5 alkanols having a typical hydroxyl

number of 276 mg/gKOH) from Shell Chemical Company at
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. After drying the catalyst mixture at 120°C under No

sparge to a water content of <200 ppm, the reaction

5 mixture was transferred to the autoclave system, and

ethoxylated at 165°C. A total of 250 grams (5.7 moles)
of ethylene oxide was added over a 120 minute period,
producing an alkanol ethoxylate having a mean average
adduct number of 7.0. The product mixture was a slightly
10 hazy, colourless fluid product with a viscosity measured
at 52 Mpa.s (52cps).
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 Cq5 and
Ci3 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 Ny 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
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A fluid catalyst reaction mixture was prepared
according to the procedure described in Example 1. A
total of 3.64 grams (0.0064moles) of lanthanum octanoate
, obtained from Rhone-Poulenc was dissolved in 500 mL of
10 NEODOL™ 25 alcohol (mixtures of Cy3, Ci3, Cq4 and Cig
alkanols having a typical hydroxyl number of 276 mg/gKOH)
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 N5 sparge to a water

content of <200 ppm, the particle size was determined to
have a median diameter of 0.7um (0.7 microns) with

standard deviation of 0.3um (0.3 microns). 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 1000um (0.05 to 1000 microns).
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1. A process for the preparation of a f£luid rare earth
phosphate catalyst composition comprising:

a) providing a rare earth salt soluble in Cg-C3g

active hydrogen containing organic compound at a
5 temperature of less than 120°C;
b) adding and dissolving the rare earth salt in a

Cg-C3p 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
20 watexr.

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.
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. he process of any one of the’ preceding claims

wherein the active hydrogen containing organic compound

is a Cg9-C39 primary mono-hydric alkanol or alkylphenol.

7. A process for the preparation of alkylene oxide
5 adducts of active hydrogen containing organic compounds,
which comprises contacting an alkylene oxide reactant
comprising one or more vicinal alkylene oxides with an
active hydrogen 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.
8. 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. A process for the preparation of alkylene oxide
adducts of primary monochydric alkanols, which comprises:
a) providing a rare earth salt soluble in Cg-Cj3y
primary monohydric alkanols at a temperature of less than
20 120°C;
b) adding and dissolving the rare earth salt in a

Cg9-C3p primary monohydric alkanol solution thereby

producing a rare earth/alkanol solution;
c) adding phosphoric acid to the rare
25 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;
d) optionally adding a base that does not contain
30 a Group 1 or Group 2 of the elements of the periodic

table in an amount effective to adjust the pH of the
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10. A process for the preparation of alkylene oxide
adducts of active hydrogen containing organic compounds,
10 which comprises contacting an alkylene oxide reactant
comprising one or more vicinal alkylene oxides with an
active hydrogen containing reactant comprising one or

more active hydrogen containing organic compounds, in the

presence of a catalytically effective amount of the fluid

15 rare earth phosphate catalyst prepared by the process
comprising:
a) providing a rare earth salt soluble in the

active hydrogen containing reactant at a temperature of
less than 120°C;
20 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
earth/organic solution in a rare earth salt to phosphoric
25 acid molar ratio in the range of 0.7:1 to 1.3:1 thereby

producing the fluid rare earth phosphate catalyst.



