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WD 2004/ 018096 PCT/ US2003/ 026257 PREPARATI ON OF RARE
EARTH PHOSPHATE CATALYSTS FROM CARBONATE SALTS AND

WA bliER140SE | N ALKOXYLATI ON REACTI ONS  Fi el d of p€®©S2003/026257
I nvention The application relates to a nethod of
ensuring the production of efficient |anthanum

9@@%@&& ¢at AlS tsn i LARGHSIE 2Reh1@Re Bkt furRbesSRhaiers aND
talysts (REPG ER b %EQ&MAVféﬁ‘%Qﬁ Alfsal nays

needed to ensuré the producti on cat ysts with

i E t%yity toward catalyzing a particular
—#§é£4§£;543§£ﬂ¥ﬁ3£3£¥b A method is provided for

ensuri nYePeRGlHa0n of reafdfded et of R HRR! ¥ Midlring the

phosphate catal ysts for al koxylation of organic

pPrassueds o ITied et devpliasam physdatigqgasa lysts
(IERHtAN C &
R Darshartie MRar s P rERl ity (e Oror Hons 9
Basitdanaice salts with a source of phosphate under

condition;P effective to produce the efficient rare

earth HELEPISHRES R YEaraSreds EowsarsdiLe e production
otefddiali1gnt o 3riq realitdh Ri@lvi fhashhale &:ﬂ@a@l?’ﬁrﬁ;{ a
provide an increased activity for the al koxylation
pagoriparled treadidcactivity of substantially the 20 sane
Sdﬁ%gbéySt produced when one or nore salts other than
—cafrbohate salts of the rare earth netals are sel ected
as the meatiantis Puidvdkiey fdie enpeirdasedr@ehiotiion fodr
t he _alkoxylatlon s at Ieast 1.5 tinmes, preferably 2

ehfifElent F5re Sedidy ARtRs Rf}orﬁé%la%&aﬂﬁ@sltysﬁ%f@%b| y 4
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cat al yst produced when one or nore salts other than
seladiomat @ssal t@&ﬁtaﬂﬁe Qrey @ ewrich qretairsite essldlectiedhe
s the reactant n.,one .aspect h hat e cat al yst
Ihoﬁﬁi“§§§ ac ﬁ?haﬁhﬁ%% ésﬁh %?%ia%§(¥ﬂé(Q9ﬁxﬁ; W%%e
carirele aspest with a source of phosphate under conditions

effective to produce the efficient rare earth metal
phosphate catalysts; wherein the efficient rare earth metal
phosphate catalysts provide an increased activity for the
alkoxylation compared to the activity of substantially the
same catalyst produced when one or more salts other than
carbonate salts of the rare earth metals are selected as
the reactant. Suitably, the increased activity for the
alkoxylation is at least 1.5 times, preferably 2 times,
more preferably 3 times, and most preferably 4 times the
activity of substantially the same catalyst produced when
one or more salts other than carbonate salts of the rare
earth metals are selected as the reactant.

In one aspect, the phosphate catalyst comprises a
lanthanum phosphate catalyst (LAPO). In another aspect,
the phosphate catalyst comprises a rare earth metal

selected from the group consisting of those having atomic
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30 the phosphate catal yst conprises a rare earth neta
sel ected fromthe group consisting of those having
wW@r@aiesosd WO 2004/ 018096 PCT/ US2003/ 026257 neaiyEsm03e6257
and 57 through 71. As used herein, the "rare earth
nmetal s" are those of atom c nunbers 39 and 57 through
numbdis 39 an@t hErtiaspest , 71he phospbdt kecata) ythe "rare

conprises a catalytically effectjve agpunt .of -0
earthh@et@l$ OVRFR) BRYFRUDE: 2B lBrnHB#%r%fggh%n%h%gpﬂ ¥%ugh

S$£t§n8£h§£e St, Seh&CHRIsHramt BeL 91 pup compissesla
cerium | a anum pr aseodym um neodym um

catayytmcam1ysaﬁﬁ¢¢UnVegaﬂ@hﬂhlQﬁ]onﬁyéﬁrbbﬁu léPBFGﬁ]

grouPﬁe Zégg;%%g@%¥%ngﬁoégeepﬁog ?5@8 sgfggpggt@léﬂéh? Of

selePhEaphabR §§ét§r@ﬁpeb©ﬂ3m551ﬁgleﬁtedriumn1ﬁhethgnump
consi sting of ceriumand | anthanum  one or n?re of the
prasphdymhame BaPEEMERM hEL LA RanGATTEFEHBNt S2ERL SH-E™

1) apRe of shhe Bhﬁ§paab@ sakts of
dySpFﬁe aht%gﬁ%ge s%gﬁe gegggﬁ?s ?atoﬁ1c nunbers 58-71);

phosphitieusrphesphatke cE%lomeeamthng@Ophogbhm?ét§alP@eoPr
nmetal s derived

rom nat ur rnneral L .an e
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groupalbhal s Rgr 8k eeesumebaet ednthamuneongr oupmore of the
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one Or nore rare ear I's wwth a vol une of

serﬂ@@t%ﬂem@nherWaaomhurnmmbbmsoﬁ@—éﬁbodwﬁémuUHt@@O@@@at§r
nore carbonate salts

b t
oo aronale o8 s o s e Catbonal s & e
mlnéf%ll§%%%5 Gee BrOMoA4%4ne s§p%tled s afl k@MoZ0%etre éﬁ%de

d from2%to 10%Pr. In another enbodi nent, & %
elemanhﬁnd§nmme@oﬁ§p@ ng&Ire Lo e NERE lc 56N SCeS G fgom the

grougl’clqgn\és\nlﬁwq%t %lfSE %%vg%&tfem LMY t@Uaninidasie , 1211901 um,
gadolinite and euxenite.

The conditions comprise mixing the one or more
carbonate salts of the one or more rare earth metals with a
volume of water to form a slurry. In one embodiment, the one
or more carbonate salts comprise the carbonates of the
following metals in the following quantities: from 8% to 15%
Ce, from 44% to 65% La, from 20% to 25% Nd, and from 2% to
10% Pr. In another embodiment, the one or more carbonate
salts are the carbonates of the following metals in the
following quantities: 12.5%w Ce, 59.3%w La, 22.4%w Nd and
5.8% Pr.

The conditions further comprise preparing an agueous
solution of from 5% to 15% phosphoric acid with agitation at
a temperature of from 25 °C. to 80 °C., preferably 25 °C.

The conditions further comprise either (a) adding the
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5.8% Pr. 30 The conditions further conprise preparing

an aqueous solution of from5%to 15% phosphoric acid
wWowah/osyvé ati on at  a tenperature of from 25 QPCT/USB03/026257

C., preferably 25 C. The conditions further conprise

ei ther (.a) adding.the 2 WO 2004/ Q18096 ; :
car b@@?/t@.sfddlﬁré?gﬁ%hec SBA% chlyorf ST REosRisSus actd
to pdidon dfehaspherii:a e, d ort,0 faiics 1a r@actddating the
m xture, or, preferably (b) adding the aqueous
aqueshiss piisrarhaicd acd & He &&t@o&rﬁd%@rsqttﬁ rSAURTderander

slur%ﬁ{r{ﬁl%c&q{lﬁgﬂr{é U &IdEAd 14 10, RIQAUCE A dieadd ikt ure.
m~X e.. e slurrying conditions preferably

conpriikge slaginydhigooatd i itcersp enstisrmldfy facompr2BeC. to

..100 C and over a slurryi eri Of ti f§icient

aglttad:%hﬁﬁré‘ tqﬁeé“pe&frtbjd:r?at%{gffﬁﬁ“ ﬁo%r ryin m;'zeofquood 0 o over
a siyFB iy fgom D JB nukRs sifr QY AU eSsoreferad y 30

m nutes. The nmethod preferably 10 further conprises
carlppwtiag tHee rastiydmarip@ured tof & igtqurksifigpn 10 minutes

erature effect] t fir 1S
o AERELRL® HESY 8 MOYER LRl s prkenanny
furtcondi ddgnsi f§ estd Mand cchesepsiat ot heifiust tswla dslurrying
fromthe reaction mxture and fo forman aqueous , . .
E TR 3| B T3 Cotfori S iR THeS 11151 AT E P rii ecting
the Second Slfdying Londid i onsroyaferabhyi €Y iSffective to

stirring at a tenperature of from25 C. to 80 C.,
separafertdpd yEB0s1C.solfdy fream Uoe easieson guisot e waEs to

referably 30 minutes, to ce. : o) ;
forr@l%ﬁr@qu e rr%?choonaé psfle %?%b‘?é/rg urst'ejhrg? h@?ﬁpﬁé@é Sk ids.
The CCs?@&érﬁkg éh@rrﬁﬂ@elairgﬂitsmomobﬁémm/blprﬁmMey f10L 25ing
, producing a cool e second slurry conprisin econd,
at aofPERST A stibj Tt ng° t He: J%‘_éc%(ﬁwdy%o'l et a0ty 50 c.,
for NEHGE 8l 6 ZhNgacandid | @nsn el dess| v rd fer ety ra igendtes, to
m xture, producing a neutralized second slurry
proconpra shegtaduseeadnedlworyds. The neutrali zi ng

K“?'zgi .Iile?_%e*ﬁ?cggagrfe%earballﬁllfoﬂPJg’tl_hseer %ﬁ‘:gisaéye@&osling the
heated second slurry, preferably to 25 °C, producing a cooled
second slurry comprising second solids; and, subjecting the
second solids to neutralizing conditions effective to
neutralize the mixture, producing a neutralized second slurry
comprising neutralized solids. The neutralizing conditions
preferably comprise adding aqueous NH4OH. The method
preferably further comprises cooling the neutralized second
slurry, preferably to 25°C, and collecting the neutralized
solids. The method preferably further comprises drying the
neutralized solids to produce a cake comprising the one or
more phosphate salts. The method also preferably further
comprises grinding the cake to produce a free flowing powder.

The application also provides a method comprising
reacting alkylene oxides and organic compounds comprising

active hydrogen in the presence of a catalytically effective
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preferably further conprises cooling the neutralized
second slurry, preferably to 25C, and collecting the

woewsogodeed solids. The nmet hod preferably fur€E82003/026257
conprises drying the neutralized solids to produce a
cake conprising the one or 30 nore phosphate salts.

The nmet hod al so preferably furth rlses rindin
aPRENtaRé PoCprbANEEcaStr-Ee FF&MFEgCBgﬁggﬁ T3fg according

tepghecebkeaoéhaometﬁgages 2n8eLN0Y16ABPbKSHBY peaeki-aBly
al kyl ene oxi des and organi ¢ conpounds conpri si ng

camprweehydeogenmpmetheCQneéeﬁééyéena eatadeyti ciAhpy

CS{LE5LAe, 3, 10,2004 013000 PLSRORAL 026°51, oot

€ accord
ch@aﬂ?@tfﬁygg@bmgynEEhOdSO6T%e akkmbeee mbméeSyplcally
preferably onpri se one or nore vicinal alky

OpRildeso $h§3cétHI9F|@8FPy eVEBCRPYE 5wﬁaﬁﬁlév Erom 0.067
ggﬁggaa%% 82 hogerived ﬁﬁotﬁé§l¥§beE¥p'%ﬁ%lﬁat§l9t99§lly

nmore, nore typica % W or “nore
eéfentmweeampphtabﬁyafcanbonasé sadt1d8sivmdoratelgst| ns

a er aspect, the cat ticall effec e,a gf
0y O oA re Baire AP T avEAFa Y 28 BCBhYe thntors
ofDRBreDE&chy Rosal kyphtam§. 685mt 0.52285t% w.30%0% or

nore, even nore typically fromO0.025 to 0.5 % w or

megre. Stated another way, if a quantity (x) of a
carbonake,ger uadeRaLa Y] oF urghXﬁEiEgr?x?aBEh or

| ant hanum'seri es net al 'S us and
csabenmﬁeqdamuwew(mpteﬂysheoiaaegaaEalyatewhachhlanot
onate derived,i cataly

1R BRRie seaTes Bonan: Peodi eHer arsifehe FOA thR. oppe

quBethegqkionr eakalyaedchyatihetcanbenatie- aeti vadbonate
cat al yst MA|| be 2/3 or |less, preferably ' or |ess,

dﬁ§ﬁ§e§réﬁeﬂéﬁﬁytfvC@Faﬂ§§§ ﬁhéez@tﬂ@acppéﬁrttﬁé same
ﬁ%&t 0 Behi eye t 2c3208 g%%%' r t%@t@tgétﬁohy

€ non- cér bonat e sa er| ved cat al
catalyzed by the carbonate-derived catalyst will be 2/3 or

less, preferably * or less, more preferably * or less the
reaction time required to achieve the same level of
catalysis by the non-carbonate salt derived catalyst.

The organic compound comprises active hydrogen.

In a preferred embodiment, the active hydrogen comprises a
primary active hydrogen. Suitably, the organic compound
is one or more compound selected from the group consisting
of alkanols, phenols, thiols, amines, polyols,'and
carboxylic acids.

In one aspect, the carboxylic acids are selected
from the group consisting of mono- and dicarboxylic acids,
both aliphatic (saturated and unsaturated) and aromatic.
In another aspect, the carboxylic acid is selected from

the group consisting of acetic acid, propionic acid,
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The organi ¢ conpound conprises active hydrogen. In a
preferred enbodi nent, the active hydrogen conprises a
w@eionmrsp@ct i ve hydrogen. Suitably, the organi BCT/US2003/026257
conmpound 25 is one or nore conpound selected fromthe
group consisting of al kanols, phenols, thiols, am nes,
butpolycdsidandalent boxyidc @mposiclachue bspect, athe,
carpoxyljc acids, are selﬁcted fromth

myc GOt APy P b aNe ca BBXYT EOLR1 QoS ESCABn Tosin

acidd ] phati Co{ atyl b edr anshiisat Us ad€0d, apsn2608BaELd, I N
anot her aspect, t he carboxylic acid is selected fTom

phenhkaepiolp 20k stPhglofaatdt i 2CBYl HC pFEPI oRFEhaeTvl g

acido S0L088 Qélﬁ’ﬂér?é%%?&f’%{’@%éfd butyric acid,

ic acid lauric acid, nyristic
aC| d praimttm@r aa:m_@lecs,t edid camatnak ;xmteefeera@lyd ar@sigilected
aC|ds tall oil acids, terephthalic acid, benzo

fromciRe IpPdnyTaReLFEIRE Of B +%?Eyac%%00%%?§¥fca & ertiary

alkVEIReCLY] 1 6na §£kglaﬁ£§é§né&n@&iﬁm?”@of@' hengcigy 10
anot her aspect e am nes preferab are sel ected

hydiw&mit@eog@@upscehsastNh@-@i @rbﬂﬁvy -eelondar yningdand

tri tlar% flkylanlnes and al kyl am nes contai ni ng both
%ﬁ?%% A" Rydr oxyl groups, such as

N N- dif nardsittyd ) - £&heaco) i neh anlls 10ré r sl opaad| supmeshe
I n anot her aspect, the thiols are selected fromthe
grogp o%n%%%%g. Af BFLBRIYmr oCeRERRAar 31 ahBT F&REY af yiane

thl@igaQ§Vlﬁ ?kémh§V£8936r@Q}ﬂoﬁoa§9m§ar%99t§&9ﬂ§rly those

particularly those having from carbon atons.
havither Brohe8t hool0i saabds ab®m$arwheheotheth@l@ért$a@y

thi ol suitabl ses._a,_, branche rbon_chajn
terﬁ%??%egh%?g y%?oggf#u?F¥aElonfo?u%ﬁ%gf%ro%mé §Se? The
bra®thg@nesiBahi 6Radh Hewete®l ef&nsydrpanl fauiastyohhef the
dimers, trimers, and tetramers and pentaners of
Progiehy| eRet BAJOLhEOBREYFaRES QheteERheC LRI SIS a

particularly the dimers, trimers, and tetramers and pentamers
of propylene and the butylenes. Where the thiol is a
secondary thiol, suitable secondary thiols are selected from
the group consisting of lower alkane thiols, such as 2-
propanethiol, 2-butanethiol, and 3-pentanethiols, and the
products of the hydrosulfurization of the substantially
linear oligomers of ethylene as are produced by the Oxo
process. Where the thiol is a primary thiol, suitable thiols
are selected from the group consisting of 2-decanethiol,
3-decanethiol, 4-decanethiol, 5-decanethiol, 3-dodecanethiol,
5-dodecanethiol, 2-hexadecanethiol, 5-hexadecanethiol, and 8-
octadencanethiol, 2-methyl-4-tridecanethiol, 1l-butanethiol,
l-hexanethiol, l-dodecanethiol, l-tetradecanethiol and
2-methyl-l-tridecanethiol.

In another aspect, the polyols have from 2 to 30

carbon atoms and from 2 to 6 hydroxyl groups. In one aspect,
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20 secondary thiol, suitable secondary thiols are
sel ected from the group consisting of |ower alkane
wa hioalsgodcuch as 2- propanet hiol, 2-butanet hi oPCT/ESIH03/026257
3-pentanethiols, and the products of the
hydrosul furi zati on of the substantially |inear
the Bbigeners ebiethylereoastaeegppagucedshyting Ofoa28ylene
process. Were the thiol is a prinmary thioILt suitablet
glycphpopsd RPéY3ekydras Hnlé’ﬁPtlhEtB%Ep cORsPLPERG o SPSCt s

- net.hi.ql wdecanet hbokrofpdeearatihiialhy, of ethylene
the §9g§§§ng%h%g%écgé odecanethigf? p5-dodecanetghiol,
glycdihepadegarethigdlycod- héeagéeaneohivelol ;ag@dgdecylene

oct adencanet hi ol 2-net hyl.- 4-t ki C i-0l
leCf-lbu%ﬁggHﬁ&P,e 50 YE: éx%%é{eﬁihé’p,e%% ?gglecgﬁe{pﬁiogly,lene
glychit et pdepaneind o1 yard, 2ragrbplllentr idgeaist kilglcerihe,

anot her aspect, the polyols have from2 to 30 carbon
and spoldtadd from 2 to 6 hydroxyl groups. In one aspect,

geY£%§2 é%o%%%%%g@&%@%@%@93£9%6%%énoﬁ@eaE%'%%heb%ed from

rom-t oup consisting of alkyl ene
the @iryee! &oahmdh.spﬁJrlygaldléyl];ﬂﬂaew@I wool ot lrdrky L 1avbaridttided
aspect, the po is selected.from.t.he 0
Phengaifs CETTFtig S %ty 6n e Uy AP 5t SVt ek g pere t0 30
(prerﬁ%@élbq_@/e fHHC Une &l AdpcHomd S Horeol , T etdydrene aspect,
g

ycol ,” triethylene glycol, propylene glycol, |

sui wwiireo pyicard 3yl 3ol se kg G iR FBh & T yEARUP gisRse g of P

and.sorhitaol._ . ot hen dihe phgngireie p-
methy Q&ﬁﬂ§§¢rﬁnﬁtﬁy%§%ﬁé§%5 Ebﬁgl tﬁ%%ﬂbf'phenol%gnd of ©
decylgidmsiybsirid Wietkd@l pitemails conpri sing al kyl

substituents having fromaone to 30 r ef er abl r.QmM

one ti& FORTCcEBONS GHPST gﬁi’zﬁ e s pect’” Os%lf{ al%l ene
or ﬁHF%F%éyéﬂf%f%ﬁfﬁﬁé%ﬁirﬁHﬁdJHdeihﬂhIKHﬁbfﬁIHEWiﬁg[from 1

nmet hyl phenol , p-‘et hyl phenol, p-hexyl phenol,
to HbmApenatops, deestprandl Taal @itdecy!t Ph&r 2% S

I A S AR S S
aspédﬂﬁnﬂhe alkanols comprise greater than 50 percent, more
preferably greater than 60 percent and most preferably
greater than 70 percent molecules having a linear (straight-
chain) carbon structure.

In yet another aspect, the organic compound is the
alkoxylate product of a previous alkoxylation of an active
hydrogen containing compound.

In a preferred embodiment, the alkylene oxide is
selected from the group consisting of ethylene oxide,
propylene oxide, and mixtures thereof.

In another preferred embodiment, the alkylene oxide

is ethylene oxide and the organic compound is a Cjp to C3g

primary alkanol. 1In this aspect, the catalyst preferably

consists essentially of salts having the formula LPOy4.
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to 30 carbon atons, preferably from6 to 24 carbon
atons, nore preferably from8 to 20 carbon atons. In
wW@rmtles9e aspect, the al kanol s conpri se great ePCT/HS2005®6257
percent, nore 20 preferably greater than 60 percent
and nost preferably greater than 70 percent nol ecul es
DetdiaMd@eddineairor{ st rai ght - chain) carbon structure. In

yet another aspect, the arganic_compound is t
al kodyiCae SHeotu PR @ RV PGS lﬁ%o@l“b%‘iﬁb‘%ﬁ‘fo an oUre
the S[%fdd(ﬁ:ti?o% hyEr 096 £00 3 HY Jith LR ydis a(LAPO’ s) and

eferred enbodi nent, the al Kyl ene oxide is selected
rard rammittheyranip tonsd 521 vt of (REAR/|ohavlbiGieare highly

ropyl ene oxi and mx t her not her
eff ?Jee%tr red Cegr(itoaglg‘fzrrle%q ,gjt]ﬁcéégf%yﬁ%n epejf(;cgflzed'4 eérle %’0 is
Spe @i fyd £, oxite mschddeinvgare L conpouint iz paticwla8kalt
primary al kanol-. In this aspect, the catalyst

of W%f@%’}a}ﬁm@d}p@iﬁge e%%%ﬁi“%ﬁq%/l"o‘fn%? % hJ%R/? n@agh%nate
sa1forqulia, L RO4, -6, W0 20044 018096 PG 45200 HLbbte

tall ed Description The present application pr ovi des
a netlhed dadalnssir econrel grpdiet il afhd Emtdmbubg) of

. phosphate catalysts (LAPQ s)_and _rar 0S
e1thef A55t%F (R Té,')lr?\lfﬁ’ﬁht Te llfeghefailﬁ‘%ﬁe f%%?%ﬁ% az?ﬁ‘a&seed
her&8h Al ¥17d Nor @b koxyleh i Qet PI OcessesthSpecof i sabhyc mimebers

met hod i nvol ves_selecting a_particular salt of, the
t

39 pndtharfurrordl af & capERl fre? bl thhank? YR pE c3r hohdt 62 1°

I 1=- t d wh i he .
enofaLbE F5pbll somcentsh pliojgenof ot o phegtaue

metel & here oneove af naxomie ohmbdres rad etlenetdhel €ments. As

sed herein, the "rare earth netals" ar S -
readfEhone ffpor a0 SenERatel Thrabgn i FRfahefofefh divided
intol Rt hapdm serégsthar grotipose otomt Onhembenbess birough

t hrough 71; the "l anthanide" netals are those gf
62, atbai CtaumbeRrsesgthfir ghghr7af atomic numbers 63 through

66, and the "yttrium earth" group of atomic numbers 67
through 71 (so named not because yttrium is a member of the
group, but because yttrium is found with these elements in
nature).

In one respect, 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, dysprosium, erbium, and
ytterbium. In another respect, 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
phosphate salts of elements selected from the group

consisting of cerium and lanthanum are considered most
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15 Traditionally, the I anthanum netal s have further
been divided into the "ceriumearth" group of atomc
woouber®Io7 through 62, the "terbium earth" grOUpPSWD3/026257
atom ¢ nunbers 63 through 66, and the "yttriumearth"
group of atom c nunbers 67 through 71 (so named not
prefBegause it br Fumthsrareepeer , obrelierr2d geoapysiyst comprise
because {ttrl umis found with these el enents

a capailotdralil 8A&SFESYEC BMOPRES efeRBE 85nm8§ee>?§n &88ed

phos %ateC%%§k¥SE§ %ﬂgpﬁb%%®%nbﬁ cakabkhtisCakhymelS ecibees 57-
nount one or nore of the phosphate salts of el enents

1) S(Slt&dtleduﬁrlthmft,he 2)5@@6@11}@010@#@@859% cedpilymts comprise a
l.ant,hanum pr.aseaqd neo yni u
Cata&éﬁ&ﬁaﬂﬁfﬁ’ %5&0% v)é méay DT 051 lﬁ)rrﬁemé)rrb}{ltl?%nre %n@ the
phos\bthta%feblsw_’[\tsl 6fa|%‘PJehQranH:@1%@ﬁ@fe. seatialsy sfiemeony | (Sitogis
catal ytically effective anount of one or m)re of the

numlqﬂr@s 5197 ) sallfs Séf Lilh @ NedheFmEaPes tar HFF IaERaR Sair &
expre s R tf'o?:u lc%[tla]YL y@ %f b1 S & 1@ty S SHHERI 3_L|nng

ytical ectrve anount of oné or nore of
catatmlqﬂlaszple&tfec&ajms apfougltevent s sel ected fromthe

group con istin f ceriu d | ant hanu r :

consN&’é‘Pé& nBdfeya 3@%@@4”&%9@65&?/ @§2(%%/ %f%cml
soud¥< &t @Ghe AR fdaithere reaRRE gaifcafanredtaadaalry sesreral

conprise a catalytically effective amount of one or

of iy e lmanive pidsitaterafiare ¢t ke Dedrtifshdth ¥ ent s
sepagqaataom £ hlnsbgr{ Sitfe Alvo iddidd teh_%mer?csor eEf@f red s

cat scorrprlsea 5 catalytically
rea®did eGihé/elﬁTmﬂltrnloftlmm arf noree mwfosdie whosphat ebalqweral

of the |anthanide series ment ato unmb
rarggayh qLpngnyy Wot%rpﬁ%ﬁedﬁ?é %r & ent]rkénce %%C%Qolnt of
ava%ﬁf’ﬁp F ! Ysdsc conprd snid o tof wujphasphatiectures
catalytically effective anounts. 10 Nat ur al

of mmr@ar’de esl aRHITEYS SiErvkids H1HeS @ GHEres I LT h e ot
minera F&L&s a8l eald.h egse%&m,alrﬁé’né:ﬂ@&' N SRVl ,

didymium, gadolinite and euxenite.

In addition to a catalytically effective amount of
the rare earth element compounds, the catalyst also may
suitably contain other substances, including both those which
may be introduced into the process as impurities in the
phosphate salt catalyst as well as those which may be added
to promote or modify catalyst activity.

The phosphate salt catalyst compounds are sultably

characterized by the formula Lp(POg)dq, wherein L is a rare

earth element. The phosphate salts of the rare earth elements
principally comprise rare earth elements in the trivalent
state and have the formula LPO4. However, the process
encompasses divalent metal salts and tetravalent metal salts,

in which case the subscripts p and g satisfy the relevant
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of the elenents. These ores are often refined w thout
separating this mxture into distinct elenents. For
wa hiog/o180e@son, the use of m xtures of the phosptiEUS2003/026257
salts of several 15 rare earth elenents may be
preferred fromthe standpoint of availability and
vale@Rst reSpagichistigxanehes dfs,suwibeablle imi xtimedsntofo rar 8 and
~earth elenents include thqse derived from natur4al
d isniZnerddld hes Endin &S 15 i PeTS5monaZt & Werioti e,

di dy BumoraadoLlnil eapdusienid enc20ake addith elehenas
catalytically effective anount of the rare earth

are e fffwniti veonpdadyst st Horcdhd weididlion mepctdwinsaily

ont ai n .ot her ,substances, incl udi ; i
e e e
atorddle mhoskhatg sal talgatlainestodsiavedda casintthasmpatiiscing one

may be added 25 to pronote or, nodify catal d%ﬁﬁ .
or mepid Wisinathe LindaHraeisas %t%WCt@éiﬁd}/ ShAstive
hyd%eﬁr@?&né/a[_ct%lhacr %tnﬁgizs%qlgfyoﬁ@eorf Ud 3 ARERM)bmpounds

Is ara earth el enent. The phosphate .
(e.$3l tsl @bhdlg mavescdar,t Hhel drmntagnings nEPadls c srpisy lic
,rare earth elenments in the trivalent 30 stat have
acigsye Eftd?rﬁjn?‘i%.o%v%%é?‘?r§ R e et s&oge?loﬁ@ptgogrgsésa% the
presiVal et AeiAla1sat ok tetdavuaiendr mimd ealtss  in
whi ch case the subscripts p and q satisfy the rel evant
pho goha & 0Rl 051 80D 6- HEC T/ asse 037 B 6257eRfA ency

[ el At NS R LA drbiodtitihd; Ihdlintlefa i Hrddithee

qis 2, is tetraval’ent pis 3 and g is 4.
catPhasiphbd epsaddrabnpouiwisl ofs £ heA raurantgdnt pieleneits earth

are effective catal ysts for the addition.reactions of
carkong e | Biret W& deds %@?&oﬁ%aﬁ"co %ooufncréa%eajilictn% JJ:na%lir[?vae
slufYHr ogere A pRasd cadly, iamadkylene, axdce peatdeatly

conprising one or nore vicinal alkylene oxides is
distbhtedtaed edregedet iAesSURRR Ry e ieRIEM COMTT3ihg

w15 O TBEE OF 0L OTPOU Rt Rk Sy
comprises one or more of Ce carbonate, Nd carbonate, and Pr
carbonate. A most preferred carbonate mixture comprises the
carbonates of the following metals in the following
gquantities: from 8% to 15% Ce, from 44% to 65% La, from 20%
to 25% Nd, and from 2% to 10% Pr. A preferred commercially
available carbonate mixture is Unical 76 (lot# R-1220), which
comprises metallic composition of 12.3%w Ce, 59.3%w La,
22.4%w Nd and 5.8% Pr.

An aqueous solution of phosphoric acid is prepared at
a concentration of from 5% to 15%. The water used in the
solution also is preferably distilled, most preferably
distilled and degassed. The solution is stirred rapidly at a
temperature of from 25 °C. to 80 °C., preferably 25 °C.

It is possible to either add the carbonate slurry to

the phosphoric acid or to add the phosphoric acid to the



10

15

20

25

30

10 acids, etc.) having one or nore active hydrogen
atons, in the presence of a catal yst conprising one
woeonwrsof the phosphate salts of the rare em€T1/ES2003/026257
el enments. In a preferred enbodi nent, the rare earth
phosphate catalyst is prepared as follows. A quantity
slur@fy.a maegaanlly, thecahbemnaioa ind xicirde liss aai:cﬂ@eidttootae

volunme of water, to forma slurr ter re,fer
slurry giidty (BgEdatidore afr & &CRRSF2 rﬁﬂ% F°Ind degas% 3&00

°C ﬁ«%dsweaﬁb' £ JA 1S e h GRS RONaLe | XY @ QR 8& at
ast La c rbonate and preferably conprises one or

carbopree eof aﬁaeca:euumjt @f Nd mearthriated, Lvard¢ Brogp 10 minutes

ar honat e. red onatg Jm
oﬁ‘ﬁﬂugc &S 1t t?ern%iegn‘a%& s T %t%hgs f ol ovmr)r%a%rr?gtogl pixture
is trhe feldiaw ne r@fartd ti~es:o o rmwltblico sk5%rGeg frrapmd44,%for

to 65% La, from?20% to 25% Nd, and from 2% to 10% Pr.
a peximdefadt rtddie GrRfECGLANT O SPATER & HarBdhard tfirxt ur e

typlcsﬁll’l{y Ao 6 { Pt HR220 ré’f@r%ﬁ)l%ﬁ LOHMHSIES The heat

| i'"c conposi tion of ‘1 3%wv La, 22.4%w

is mNdhcaredd,5.18% Fértlnésrlrajqu@omcémiaﬂi,l m%ft%mmw@ adixfure
repared at o centratlon of f.rom 5%.t 50 The

is athcg\‘ CS ‘?‘?Plt'héj Shitonh W SPT e eerraa fox

exan‘%!l% idd edg, nosfe pAfiRiAkide 30 1dietdd |aﬁﬁﬂ aj’h@rdegmfseiérred
he solution is stirred rapidly at a tenperature of

aga:frr dm Athec reeaes:@@rcvesm@f stpISipghey 1arg Sigddgd e th an
excess h&[ Scéﬂﬁéﬁfecra{]&?;h a%éérc{ ydf@clltl@?i thorﬂcp form

c acid to the
a sJZQQAf/ 018196 mﬁfﬂgsmoadmm wisl g rn}e,lrFtra@fr@rChkﬂty a2t he

CenglESPEr e 10, I3 e (g 4t SLALL LY 201 o

50 REr) Oﬁo@ffféﬁq@uﬁmﬁde@ttd %@Qﬁh&ﬁﬂ&i&éh@rd&ﬁm 80
The' period of tine typically is from 10 m nutes to
mingoes nutles, hertefiar AP @0 MGAItES e 4eactS o?hllowed to

cooinﬁ%L%é%m'€é$éﬁ%%¢ﬁgéﬁﬂkéf’é§£ﬁ¢ﬁé(251iﬁ¥3 TMElé%llds are

stirring rapi
filtered and treated with a solution of aqueous base in an

amount and at a concentration effective to neutralize the
mixture. A preferred aqueous base is NH40H, most preferably

10 N NH4OH.

The resulting slurry is stirred with heating for a
time and at a temperature effective to neutralize all acid.
Suitable temperatures are from 25 °C. to 80 °C., preferably
50 °C. A suitable time is from 10 minutes to 60 minutes,
preferably 30 minutes. The heat is removed and the mixture
is allowed to.cool to room temperature, for example 25 °C.
The solids are filtered and dried using any suitable drying
technique. 1In a preferred embodiment, the solids are dried
overnight at room temperature under vacuum, and then dried
further by heating under full vacuum for an effective drying

period. Suitable temperatures for this heating are from 25

10



10

15

20

25

30

a period of tine effective to consune all carbonate,
typically from1l to 3 hours, preferably 2.5 hours. The
whe@t/018036 r enoved, the stirring i s stopped, aneCT/lig2003/026257
reaction mxture 10 is allowed to cool, preferably to

roomtenperature, for exanple 25 C. The solids are
°C. fitdt 80 eUCandptbtarabnsi@rted Bgai drybngheerkedtvbhl vary

vessel wherejn the re diluted with a exXCcess o
depdERbRT Wrek or i6| SoMbEREREr arSt PrbteRly ofs FESR of o 10
houﬁéprﬁﬁefé_fﬁb!@#rua? r¥ouss St i Thedrakil eingi prained as a 15

temperature of from25 C. to 80 C., preferably 50 C. ,
colioptedonf 18 aRkat eSrewn@oupi AUty prefabphdl yearique,

i hut es h j Vv ' s Siss

T R N s Al R T
white pbedsol cdspaieinfidtered modetofatled mhosplaate salts of

sol ution of agueous base in an 20 anobunt and at a
the chatentratRof %??%Efive_to neutralize the nixture. A
pr ef ex r &g aOVEOUS] PRSEr # ScNHOHmemst HF ef 18 abbiyde A0 N
NHAOH. The resulting slurry is stirred with heatlng .
usefloinaant fhkoandabion reaperatur efethbelviecably effective

neutralize_all_aci . itab at,u :
omo St {BLLACsbhafchilee 28, S LA0L gL aToRL At o5, 2081 ng
compSuhtlobd 10eatbuke€sht ©LI6P1 ehaubespropyeéreabkydd0 The

m nutes. The heat . is renoved and the niﬁggr

. e i
catalyohel2fe 266PTHo7Y obth HRApRF&EETE, MFHRCExARDI L 50 more
timdBeasobidsvarec{pitered andrdpbed Hshog apyastivaple

drying 30 technique. I'n a preferred enbodi nent, t he
preferadsyafeonr keto bvermeghesatCkove aenpbeataine cadetyst
vacu and then dri fur [ I
S R R e R e L
moréeapelatucasal gstthbide heaihggcarkbofisdan 281468 My be used
2004/ 018096 PCT/ US2003/ 026257, C. to 80 C., preferably
to agheeveng EPVFH@SpéPiBHmﬁ@FPd6%¥yCBEBending upon t he
condi 41 008a1 PHt c8Y1 § 8 ok 81 §& 0mduh® 4P ahodhi Scarbonate

preferably 8 hours.” The resulting product is
derived salt typically is 0.01 percent or more by weight (%

w), more typically from 0.02 to 5% w, even more typically
from 0.1 to 2% w. These percentages are in terms of the
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 suitable.

In contrast, under the same conditions of reaction, a
catalytically effective amount of a carbonate salt derived
catalyst typically is 0.006 %w or more, more typically 0.013
to 3.33 % w or more, even more typically from 0.067 to 1.33
%W Or more. In a preferred embodiment, under the same
conditions of reaction, a catalytically effective amount of a
carbonate salt derived catalyst is 0.005 %w or more, more

typically from 0.01 to 2.5 %w or more, and even more

11



coll ected as a cake, ground using any suitable
technique, 5 such as a nortar and pestle, to produce a
wo c@a/ofdoomi ng of f  white powder conprising onePCI/USINE026257
of the phosphate salts of the rare earth el enents. A
catalytically effective anount of the powder is used
typiicdlay adeaxyd.@ itan Ir eact ican mokecat dlryta am:lsity pe:feff@o;maﬁe
10 amount i s an _amount suffjci ent to caus

embodi@eittai MAstE T difo ifdS & ndr
cata@.ly%@éaq %@S‘.’ﬂﬁ:tﬂ*&e anfRtnd Yot arf%‘iﬁ:kﬁﬁfa&réjlsl&tt Qdfiered

sent thod are 1.5 or nore tines as active,
catatlwmtcald \0 . DOE5 for et e asiest |51 cagrler dinem P -00Pmto

2. to 4 tines as actlvea t he 15 0
25 0.5 %
5 1. 25pre ardd ¥y Hon: &%ijrrb e %fi{}};%;% rar?eartoh "
or ®tal s. The nore active cat al yst nmade usi ng carbonat e
salts may be used to achieve a sav:ﬂ#qs in

cost Alﬁe@g{a@eﬂm,cﬂﬁ P égppé}@ﬁ e é?ro P onate c{erlved
cataqg}:%tc P%%erﬂ%#f’?%%ﬂ dy P LAlH s L0l dersent or
or nore b

, hore typically fromO0. 02
mixthor S%baw,usendn arot echiy picsdd Iquaroimy0. (it ©R%Ne SERsse
percentages are in terne

f the . vve' ht of {
10 a\'lle\‘{sétl b I:II’TVS trh%t ch be q:l'ﬁ 41%}]‘”1‘76 atl'llsveeC{ ?{)O t{a%raﬂ/ze a
read@&htu&ieﬁcﬁlﬁélesam@r&gﬁﬂiﬁmﬁﬂl I”H_Htgq §1911:10013:3: 213 ROIeA
that m xture. Substantially greater  quantjties 25 o

catadatsaum the ccarkgrateRpives GrrelYsr élatlsdake 2/3 or
lesssw tx?é) era kgfycﬂ»gn&F aslgg U the. sangs, condid i 0ﬂ§ss°fof the

r'eac catalytical ly eeffectlve anount of
reac@taurckrontairee sraéquxieasdvtecd acdralta\l*eysttm ypieal 1gvels @f 0Bg-2hysis
or nore, nore t

013 % w or nore,
15 by @%W%r@?@%ﬂ I ah oc?ﬁlb“f)%d? ?%t%%% 30 %v or nore.
In.a o &g r@ﬁk&wlrmm rotified hes tsanez edondi iy lense
of reaction, a catal yti cal ly effective am)unt of a
oxiges b@r@t@%ﬁtqﬂd dé} F i eePeRa Wil gs tha §L g (OBE 08¢ diY HrEeD

atofl® M8 SR o e P CRSh oy ahs Ry Condit GNSR:

carbonate derived phosphate salts of lanthanum or the rare
20 earth elements. 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 represented by the equation

o
R—OH + N\ —— R—0— (CH,~—CH,—0),—H

25 | I m

A large variety of products useful, for instance, as
nonionic surfactants, wetting and emulsifying agents,
solvents, and chemical intermediates, are prepared by the

30 addition reaction (alkoxylation reaction) of alkylene oxides

(epoxides) with organic compounds having one or more active

12
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typically from0.5to 1 %wor nore. In a nost
preferred enbodiment, under the sane conditions of
WO e@enisom a catalytically effective anpbunt 0PCEUS2003/026257

carbonate salt derived catalyst is 0.0025 %w or nore,

nmore typically from0.005 to 5 1.25 % w or nore, even
hydrﬁgne dodical Iy ddhond. 425 dde 0.putdbare afotmiecessarily

ternately, 1f a quantity (x) of a carbonate derived

limitoat dlystllidinal gverkykateseanh drkyhmitRfuh Serq apenol

tal or mxtu i s_used, i X
CtnoT 3RS SARPATCaTh ST S e T cof haaat o Het | ved
aliphat used donsns abyzeupst itasodd qrhemaes tdreisangron 6 to 30

conditions, then the reaction ¢c talgst b

carbeardorng - Herevetr tat al W13 1ok El%x%ﬁﬁ@Fess,
corr %ﬁgﬁﬁf@ y$}é§ogg%£€é§’aﬂ@”ébﬁﬁéﬁﬁﬁ@b&&nﬂéiﬁ&n@e@ﬁxéﬂ

e reaction ti required to achieve the sane_| evel

oxye@ﬁ¥bfmalaﬁ?Soi%pbg?ihenﬂOmﬁ@@@%onéf% whtelyeppRbeyed as
~catalyst. In e al koxylatipen

ot Gy Sk b PSS! L8 G PRAESRES, LR Hormunas
used 86t | VEAhYEr9U8Ad 2h0BBei Hohde Pheseddetbbncatatyses of

conprising one or nore_ carbonate derived ph hat
propghtne okifanvhbRuBRPoYOLhePFaAY&d2d ggF%%mg@gﬁgﬁgsfbgh%he

reparation o} | ag (3 esgnted b
erepBEEhirR FFI PBoY S by addh i1 on of o rbeber. (o of
embo@tiiyhese ﬁhedalhokgﬁatesptbduquBaare)uﬁ@fglsaﬁgp@nionic

al kanol nolecule (formula 1) is represented by the
surfaghaffém 0 R-OH + nU 30 R O (CH2- CH2-O)"- H gS [ 11

11 Acbacgsnyali ehy af kpxpuset snusebobssfminimstancehe
as nonionic surfactants, wettin

; , g and epul sifyin
quanagent of usskashes, (@adreRéftaal Pﬁité?’ﬁeg?/&%@&?éna?%a“ant
remap BEREI G SHF AT EoTene Bkrdes Laponidco) ot hoor gant
reac@@ﬁpo@ﬂd&eham@@ge@@@t@ran@pesa@ﬁPV@lu;%aeWEéacggg%?lgr
requires that further processing of the product be carried
out to recover the reactant. Moreover, the presence of the
unreacted material is often a disadvantage from the
standpoint of product quality and environmental concerns. For
instance, residual alkanol in a detergent alcohol ethoxylate
product contributes to volatile organic emissions during
spray drying of detergent formulations.

The rare earth phosphate salts are present in the
alkoxylation mixture in catalytically effective amount in
either (or both) homogeneous or heterogeneous form(s). The
catalyst has been found to be heterogeneous, or at least
essentially heterogeneous, in preferred embodiments. The
process, as a general rule, suitably is conducted using such
reactants and practicing under such processing procedures and
reaction conditions as are well known in the art for

alkoxylation reactions. Certain preferences may, however, be
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WD 2004/ 018096 PCT/ US2003/ 026257 hydrogen at ons.

Exanpl es i nclude, but are not necessarily limted to
wa@bdanmovet hoxyl ates and al kyl - substituted phenoi/US2003/026257

et hoxyl ates prepared by reacting ethylene oxide with

al i phatic al cohols or substituted phenols having from

exprOsif 3P SAFPON,BLPMBea HldiNy) gbBSceditie$ 0aad| esser
extent correspondi ng propoxyl ates and conpounds
condtiohdm@s ni ng m xed oxyethyl ene and oxypropyl ene groups,

are wdely_enplo I.oni eroent & ts
of cﬁrﬁ%’r c#%lf %?%2%?%%’ f%?%ungé&ﬁgd [ n%%dﬁ%ﬁgnd
appli8dtfe ppoeesdbe adilirdng reacilnlefe Oxpdepyeppeide)

oxi de wth pol yol s provides internediates r :
reachrepayRi FonCOTOBSFGar SPRanG Y BUURLS T H %—f#gﬁe%?%d"“des'

L pEn Beeal Koxyh ate pxpdyst snarfovsepaktasularly
partggﬁ?%%gg £§ﬁr%ac?ants.yPreferably, t he al koxyl ati on

thospr bnessentpi hbz6a rhegels Hukavieg, ofhanprehévedhyorogen

residual) active hﬁdro en react ant rena%n%gg Ln the. =
reacthnap protably AthigBefelB| the PESFEESI Otr t gAY e

. _qeith p tsnachass-ef r¥al vahlbeibgagtant aleylene
lHCngaugﬁgégtkgg%ﬁuﬁphgbgpéggegg?ng of the product ge
oxidear eh&dcoautrsaonetovel kohglabacPantucher e§iéEablfie

presence of th 0 unreacte tet| [ n
C1ashreaBuaREagder PATCHE" CPARABOLT: L8P -8 Sa8t qaari 15T
nece%@grgmyiﬁ@ﬁﬁ%@@ﬁko@oﬁQ@bﬁﬁlsEOphehbSBanmhioﬂesidual

al kanol' in a detergent al cohol ethoxylate  product .
men@@ptahbwbegmﬂ@e@ol@ﬂlW@léngﬁFP°§H#§§i5ﬁ§d€urﬁﬁé LhELyres

(
dryi ng of .dgter gente £0rmMibakkansi139 the keteveanyBrogen
therﬁﬁ%Sp 8 Srgz% d g&%’ﬁ%&sent in tﬁe%Salkox;lapion
moi d¥yX o & hien reatcaaytd dadl lof eheedbirve —abumiSt® et her

(or both), honbgeneous or heterogeneo f.qr. o The .
rePQ%%%ﬁﬁ%@1ﬁ§§Ib%€hCP%ﬁﬁﬁ“t5u%§uﬁgfgféé%%ggﬁg¥§%ﬁ”a?'g ’
amirl BASH £ 8RReN Al Y felrRegeregusierial Iy ebarsted for use of

enbodi nents. The 30 process, as a general rule, ,
hyisuivtasion tee rdoTit (RSt AR g VS Eh PGk drp active

hydfg§g§Jégﬂ¥£fH¥H§ SUGN PHOCLSSIiNG PIRCRAIIRS 131G f one or
more active hydrogen containing compounds selected from the
group consisting of alkanols, alkyl polyols and phenols
(including alkyl-substituted phenols) .

Preference can also be expressed for the application
of this invention to the alkoxylation of primary active
hydrogen containing compounds, that is, compounds wherein the
active hydrogen moiety is attached to a primary carbon atom.
As is often the case for alkoxylation reactions, such primary
compounds are more reactive, and in some cases substantially
more reactive, in the process of this invention than are the
corresponding secondary and tertiary compounds. Moreover, the
invention has been found to produce relatively broad-range
alkylene oxide adduct distribution products when applied to

secondary and tertiary active hydrogen containing reactants.
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reaction conditions as are well known in the art for
al koxyl ati on reactions. Certain preferences may,
wWhoweNes096 be 13 WO 2004/ 018096 PCT/ US2003/ 0262B(7T/US2003/026257

expressed for particular reactants, procedures and

conditions. Thus, for instance, the invention is

pr ef amabby thapphiiedie prabesyéscutichidsi, ngaarn igikpkene

oxi de (epoxide) 5 reactant which canprises ._ane or. nor
mentyiogi A& Q%%aég?e i s ONRar el TR AR S s s Both

aligHaoneng U A8 AnthdRiR Rarbitew)anny diege iidl peciiic
to G4 range. Likew se, the active hydrogen reactants
examgUietsaliineclwde iazedtdia adial pryesdenéic @rd d narigs acid,
i.nclude those known i.n,t .t fan ye QL awi th..
valeflfy BEie 1 GRS Hid r01%1\}1 gﬁsﬁ g%rlt(% a kfolxy l\g% eah:ld’
palmifQQUeis.d, SWiahtiec iasses «fc actiidje dtydnogenids, tall
reactants include (but are_not  necess ”rPL*{ Ilrritgd
i e C

oil taéald@rcdlﬁﬂ%o,htﬁ}?elﬂ& sa}C_JtChi ARz raYeRYZA S5
aci@gg'r%ﬂ b CRLRPXY] 4.6, B dg i ANGhdBREUNES] ¢ thereofarotonic

rally, but" not necessarily, the active hydrogen 15
acidicet ynadfe theqighctEnthd s hofert o feorvad - twhereian tele,

represents, either an o en ul fur, or_.(s ' ;
carho .l’lC =1 LH}%%I&%Oena ]%)grxla%rle%nerlélncteh(egg%gééa%% %‘:15 this
invéd idrs £10ra use pf i vdndravon eard .ai ni ng reactants. More

preferably, the active hydrogen-containing reactant
cons PFendeddentS HIiaP 6T BHES e Grord i@t MRS Tyt §gen e

cont ai.ni 0 ﬁ&%; I - fQWhes and of
madeco(!r?s%s%#%r%’f rg;{ ano?éf agrﬁ(;’% 1:;%1%/903{ Eﬂ a]%gl pheneosls °
alkyliancinet noprat doy +sybse il Eeich el is)drRref eediges cang- «
al so he expressed for the a i,cation _of- thi
NN, GHER e Lo ST KGR 38 [ o et e 05
hydr @Q@h@h%@iéﬁi%mmmfs, tdeatt iyl conpatids: may be
wherein the active hydrogen noiety is attached to a .
maderéFrapyinar honSaEoria TNARE i lelp he? Hshe figpiols having

Froft KOXY! 841 0N L &ACLL ORS, Mﬁim% £ 1608 WIS Ar€-om 8
nore reactive, and in sonme cases substantially
to 20 carbon atoms. Specific examples of suitable tertiary
thiols are those having a highly branched carbon chain which
are derived via hydrosulfurization of the products of the
oligomerization of lower olefins, particularly the dimers,
trimers, and tetramers and pentamers of propylene and the
butylenes. Secondary thiols are exemplified by the lower
alkane thiols, such as 2-propanethiol, 2-butanethiol, and 3-
pentanethiols, as well as by the products of the
hydrosulfurization of the substantially linear oligomers of
ethylene as are produced by the Oxo process. Representative,
but by no means limiting, examples of thiols derived from
ethylene oligomers include the linear carbon chain products,
such as 2-decanethiol, 3-decanethiol, 4-decanethiol, 5-

decanethiol, 3-dodecanethiol, 5-dodecanethiol, 2-

hexadecanethiol, 5-hexadecanethiol, and 8-octadencanethiol,
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nore reactive, in the process of this invention than

are the 30 correspondi ng secondary and tertiary
w@owpowgs. Moreover, the invention has been POUDR20DD026257

produce rel atively broad-range al kyl ene oxi de adduct

di stribution products when applied to secondary and

and EBEtbharMcaeti varbydr egaAancppbaiinktrg seabtasts. 14 WO
2004/ 018096 PCT/ US2003/ 026257 AHDE% t he %uitabéﬁ
2-meghyboiytirédaeprasthpgdt PEGMGEYnEREPOR ARG bePrGde - d&f

prep%2§9”E98m %gggghgﬁrQQéfhhg %ghg§drggh@fu§E&BE§thunder

urated and unsat ur at ed) aromatic. Specific
freeexadpkted cpadidecasetind acicdpdpr opronesaapile, Botyric
aci d, val eric_acid, .capraqic _aci l.auri ¢ _acid,
butaﬁﬁFP%Pic iES&?anﬁgpﬁPQVcHagpﬁ?chggpﬁgﬂécﬁd, ol ei c
teot r36kdanb@siiB1aahds 2 -tRlithy16i-tagidsankenepht.hal i c acid,

benzoi c acid, phenylacetic acid, toluic acid, acrglic

aci dAmasphabeybpéd vadisd, PersLeRiar BENGLiopr May| Bpcmade of

acid. Lt h egn_abse t o 8808 .rdheci k9 1
tho@ﬁrggyﬁpgc%ggﬁdg E%d%ré%agP& %y?gtign inbtﬁé pfogéggp =°
incofigkhise bO¥gNEhen qatycalisekathvekyeshgwenat glysgdng

t he suitabl e_am nes, articubir ne

ti,on be e
progh LBRENEly COdec oy &ndvE Va??gagﬁ§yg%¥ﬁeglggggbfthe
po13:K Yl Aahaes 1 Gent altinag shokl cAMhRO daBeny dnexyil ygoayps,

. 9., 15 N'Ndi (n-butyl)-ethanol am ne and
triethylepenollawode. PANHYG Shike Jdiceabl dipkperdene glycol,
particul ar nt i.on ma f  pLipary, secondary
tr%ﬁﬁ&?ﬁ@??ﬁaﬁgggf%an m%%igeﬁagﬁngor %g%?i to 30 carbon
at omghepanidotidiar | poathosenoayvieng foodnm-8ydroxd0 eadbshe

tons. Specifi | es_of .suitapl Lary 20
oheG 4 810 UEHECe RN X i gHISy Ch PARCRAd carBoR TERSF RS

c1aMich o rare tderd WA AR &R Uy ifzat i pefsashef the
products of the “oligonerization of |ower qlefins,

invparticoul &rona Héedinhens st Perdisu lafd el e e YaRg made
of BRESE G0E oL 68 by 1o over 58 Ksne thi Ak,
al16MC ks t2-treepaneathi lom 2reuttan&thi (@refamdd.y from one to
20) carbon atoms, for example, p-methylphenol, p-
ethylphenol, p-hexylphenol, nonylphenol, p-decylphenol, or
didecyl phenol.

Acyclic aliphatic mono-hydric alcohols (alkanols)
form a most preferred class of reactants, particularly the
primary alkanols, although secondary and tertiary alkanols
are also very suitably utilized in the process of the
invention. Preference can also be expressed, for reason of

both process performance and commercial value of the product,

for alkanols having from 1 to 30 carbon atoms, with Cg to Cpg
alkanols considered more preferred and Cg to Cpp alkanols

considered most preferred. As a general rule, the alkanols
may be of branched or straight chain structure, although

preference further exists for alkanol reactants in which

16



10

15

20

25

30

pentanethiols, as well as by the products of the
hydr osul furization of the substantially |inear
wobiogomess of ethyl ene as are produced by theP@rRUS2003/026257
process. Representative, but by no nmeans |imting,
exanpl es of thiols derived from 30 ethyl ene oligoners
gredtsd wderd B Ideamicamaare ghaife pidducissatesudthaas 60

2-decanet hi ol , 3-decanethiol, 4-d can h|oI 5-
Per%%ﬁhﬁéFhﬁ&S nﬁﬁﬁﬁﬁﬁﬁﬁrﬂ%ﬂa %? Rgientof the
e"'_’af‘ei;s&\ﬁe&@zcgﬁ:t—ml’ﬁmn ar!;darbon structure.
mol octa encanet ﬁ%l /018096

PCT/ US20@R 32625 Buidrab itlhd orodh chveth carisgre lehaish reactants

. products, .such_as net 4- can h Pri
in PH$8?¥&§Féopyp¥%3?F§on%ré%%reaagrqga %1%a or%fgﬁéyart
Comm¥rdiedrigsul fypizabilen uidefurds eeof ad p@&ha&gndlnﬁcbm:nfhydrlc

and i nclude, for exanple, 1 5 butanethio
a L kain qles AARAHR RS majoméﬂeﬂmf%ﬂrlzlat%%t rAdetdhetHipland the

hydLa Jg‘neyﬁre{ mentf ri.geg JEs ot YOS, resulting

I on may t hose having from 2
hlgméEG dyelf oy | greup@arSpeuﬂhriyex@m@ﬁ&;raduﬂlﬂﬂamgk§s of

kyl ne gl ycql.s. such as ethyl en | ycol r I
com AL L o eIy ottt BEREFERE hierad] pB¥! Goron.
Alcéﬁ%WQJkfkﬁﬁ@ngkCthe&ﬁ@r%olauQﬁraShQLEtEwemmtaﬂ)Gﬁﬂpany,

trlethylene gl ycol, propyl ene glycol,

inchhgioed , mikEngespyenbogl ydl a@@yééﬂjn%l g%rBN@QPOL o1
Th I hol th - d ydr

BIcghehol o THHOFART ngofg? E@m??ﬁﬁ P h o S ' ifonde 23

n1cBi b a1 888 Clal " i, 089%9 %CA@%’{Q ' (NEQDOL

25 R?E&*&i‘i ar , ABNk QR yARY l%g &ﬁge an%tf Nol kA Hf (NEoDOL 45

bstituted pheno rein eac al kyl

Alc@H@f’H t ugat ahasorf nowoene st 0 t38depaefkecdbland rasndney twista
20 20) carbon atons, for exanple, p-nethylphenol, £
Chewipyl pheRBRIY p- F}@S@Q‘Péﬁéﬁomlxﬁéﬁ??pﬁ’énﬁlO and Cjp alkanols

(AL OLefgigpenmlxtures o%e%%z L, %14 alkanols (ALFOL 1214),
mixtures of Cig and Cqg alkanols (ALFOL 1618), and mixtures
of C1g, C1g and Cpp alkanols (ALFOL 1620); the EPAL Alcohols,
trademark of and sold by Ethyl Chemical Company, including
mixtures of Cqp and Cjp alkanols (EPAL 1012), mixtures of Ci2
and C14 alkanols (EPAL 1214), and mixtures of Cy4, Cig, and
C1g alkanols (EPAL 1418); and the TERGITCL—L Alcohols,
trademark of and sold by Union Carbide Corporation, including
mixtures of Ci2, C13, Cj4, and C1g 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 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 2 or more,
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Acyclic aliphatic nono-hydric al cohols (al kanol s)
forma nost preferred class of reactants, particularly
wo b@4/02H9¢r i mary al kanol s, al t hough secondary BeUS2003/026257
tertiary al kanols are also very suitably utilized in
the process of the invention. Preference can al so be
preégpabsyeﬁ,téoBOreasbnno&tohstrSp¢@¢E$s @@amplﬂant@ctwdb

thef RORTISHS SHVCaTBORUHRORE, ST HERD § by Eoh, Jor SPYaTaF o
glyeonsiWexed-nor g1 prelier ned @@nggnéog£¥@oﬂlkﬂné|3

consi dered nost preferred. As a general _rule, the
polypkkvbere ghyceé etheranchedh ors sttaranicepaghycol,

==s SHRYERHE Rl Bl BPee R SE7 G0 Sotay btbase e ooYeol

triEEEﬁ¥E§@@3@D26857 ggyeatbneth@n §@rhetcbntﬂlghee oligomers

preferably greater cent and
andpP%i%@%ﬁ?y grE%?ePoi @r%e? %%tv%rytﬁ%ltﬁgiﬁcules

ar e théI5@%qvéSﬁ%@tagénCQ@hfa1§@w§O@e§&EyﬁﬁU{§ allde® very
general suitabil such al kanols as reactants 5

sultﬁbéykbkylalkgny&eéetp@ﬁ@ucé 9kl # pecoypizedl kaxyhetion of
an ﬁsﬁlv%qg égea anﬁvfn Igo | Xtyges of primary

1'k&ano are via the oligonerization
of etMgi§®@sa@ﬂ bh@lnﬂyﬁr@kiﬁlmdﬁutmml@rtowiﬁhtbéwfammﬂlar

hydrol ysis of the resulting her ol efi are
WltBaF@?%é%%@F§ %F@@@F?édofe&ah%|%ge%%fiﬁ %%Eﬁ%?ﬁ?a?Fyde

rea@¥§h£§b£§d355§89klﬁ1éEHE@@ h?&f& @ntegn%gggghg reactants

Al cohol s, trademark of and sold by Shell Chem ca
su1tbhban99r vael Udi hhenbxeaers @tocgsscno and Cl11

al kan NEODOL .91 . Al.coh , xt
al kan Tsp ?i%fff 3?%%%8#% ﬁ%?t%igilgé C§%15§¥%§gé%ant
is 6tAylend 6&5da|KankapQMEEEKinﬁe25rAhth@tmreaOﬁ ethylene

m xtures of Cl4 and Cl15 al kanols (NEODOL 45 Alcoholz ,
OXlﬁﬁeaa@FE£omyé@ﬁe|gXl??aa@ﬁaFReo@cghaesaverege@-g?%ta ning

reathgntcal gﬁ”@@@%hoﬂnchuﬁbmgoﬂ15£U£§§t9ércﬂ9d§8gyﬂlz
al kanol's (ALFOL 12 m Xtures of Cl2 and

conabkamogsc@mpﬁand12m4yhe pigsanes of €16abﬁﬁyt18ally
effgk%ggglgm 1%%8)raandeQ}%ﬁuﬁﬁgsphate salt catalyst.

In a particularly preferred embodiment, ethylene oxide is

contacted and reacted with a Cq to C3zp primary alkanol in the

presence of a catalytically effective amount of a catalyst
wherein the rare earth phosphate compounds consist

essentially of salts having the formula LPOy4.

In terms of processing procedures, the alkoxylation
reaction in the invention may be conducted in a generally
conventional manner. For example, the catalyst may initially
be mixed with liquid active hydrogen reactant. The mixture of
catalyst and liquid reactant is contacted, preferably under
agitation, with alkylene oxide reactant, which is typically

introduced in gaseous form, at least for the lower alkylene
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20 of Cl6, Cl18 and C20 al kanols (ALFOL 1620); the EPAL
Al cohol s, trademark of and sold by Ethyl Chem ca
w@eovpamspds i ncl uding m xtures of Cl0 and Cl2 aP®EINS1083/026257
(EPAL 1012), m xtures of Cl2 and Cl4 al kanols ( EPAL
1214), and m xtures of Cl4, Cl16, and C18 al kanol s
oxid&PALTHE I)demnich twtel FERA T GledctAlirdohas] @5t 4 kyesie rearek

con 3 20 35 SR D RLE O ORI 6| s,

( TER@hHGQle e HE2D) prflsfuned Wesdtid & ¥ dhenode of
comercially avail abl e al kanols prepared by the

operaiimti dhefimeaniridn yiocatalng aariicakels e¢s,a f or

exanpl OhgesCéO_ and TA products of Proctor and 30

e,
confda% k¥ é)ogn'pany and the TA al cohols of Ashland G|
Cbgpan%=Cﬁfﬁﬂyﬁ?lﬁs[H%Bhﬂﬁisqﬂuﬁﬂanm&ﬂthﬁﬂnpartﬂﬁﬁﬂyxer
nade o those having from2 to 6 hydroxyl groups d
complgfre ipyr £T 1133 Pkl P 80965 PEH o?%"}‘}oltz%rg%ﬁg well as
in J?:F]ﬁﬂ bl Y 2rd © 30 €88 bty AL AE - anePegid 1 1or &P 8Srmed as

ude the alkylene glycols such as ethylene glycol,
the ppopyd snels giawoled hexlyl elee gtafoplystanids deesdpele, or at
lycol , th ol yal kyl ene gl ycol e [ uc
lea%? e?%ﬁ%?e‘%g%gcjo‘ys,ot%f% ’et%}ltecf}lee %%%%%%e%r%% [harydrogen
conBhyeDlg Hpropyt enepgyLohlarly ipi qpyieney g yedtols and
gl ycerine, or sorbitol. H gher oligoners and &c;l. ner s

the gprefeCtpdl Yl hate at SXVET YL Sui bt e Thel Acktyetntended
to f%ﬂi@gt%ﬂe C@éﬁé N, AG AL A £ 1 Sn AL S LS dhe SEY tP! Y
the al koxy

at’e product of a previous al koxyl ation of
mecA&nasm acf | wpe hydi ogeni tohs dbal gy ednpvihdchPeprseospned of
or di nar kil]l] inthe art wll bhe famliar _wt
ohoSHF P iRt byl AU GTOBOTh SREIT KT e Bk He
alkéRatiaids Mgk $pecipaet el yel hyh ageatent &l Kbaglation
~ reactants suitable for use in the present process. 15
mixFRrps efBrY deP ERbd dPHRnt 5C1hel f KiferR i HRAF et arte

andi§ﬁ§?g¥|§f§t9f$9@i8ﬁ.pégpyéef@ 10X AR5 Pi i Xt B B Have

et hyl ene oxi de and propyl ene oxide and the active
beehydpageved ot asomagecases to be less active than the salts
in the hexagonal form. Preference has also been observed for
use of phosphate salts having a certain water content
associated with their crystal structure, particularly a water
content of greater than 5% w (e.g., 5-20% w), although the
amount of water contained in the phosphate salt is not
considered critical to the alkoxylation.

Overall, the two reactants are utilized in quantities
which 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 greater.

In general terms, suitable and preferred process

temperatures and pressures for purposes of this invention are
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reactant is an al cohol, a polyol or another hydroxyl

contai ni ng conpound in the presence of a catalytically
wQooa0iseed i ve anount of the rare earth phosphar@r/ssdom3/026257

catalyst. In a particularly preferred enbodi nment,

et hyl ene oxide is contacted and reacted with a d to
theCgempr baaiy abkuaptipnathalkprgiahtenofeactions between

catalytically, effective.anount_of. a al yst erepn
S AT TR AR s S L PO
tempé&@ﬂhka|by at sakks bavrag,tpertoenukallPed. 1kAstelps °cC.
of processing_procedures, t he al koxyl ation reaction
andj RoglkePpAleRBL oA iagthecashdisPedCi n aSgbHRLERLYY

pre?%?%%ﬁtf98ﬂltﬂengﬁ n%FB nfXgRPLEe LhecC gka£¥§Et§BM, while

Initially be mxe ['iquid active hydrogen
a tempetrahtireThé AbRt O€e of 3@ssatahy$icamdrlyqaﬂd °C. or
reactant is con act rahly agitation, |
Lesy NG R9FBnESOk LU P GHE. Chnl &b LEoFypreBi Py is
destbbodUE8Uni AigaseodsgkaHAL 1 8h b@aﬁhefgkoaﬁ@t|oﬂﬁfis known
al kylene 18 WD 2004/818096 PCT/ US2003/ 026257 oxi des.

in the sr8ertha WAPERSEhEcmBaERhHES and eat apysniaed for
glvgﬂnkésaﬁgn@gh nglﬁgeguéﬁu?g L9 be; ﬁEbtégébuhgathe

nvent 1 on se proce Ures deseri tch
node dhpeopeEnasploaritheresyentsprels. eqpaééyures between

applicable. to cont i puous process. The ca is
10 BRBLaSBouPLnr 4B BrrRBe DaRbR Brosely atiopectrryas, witn
preb@ﬁ@éuﬁéﬂngnsﬁhf§chéﬁ€'gorﬁéﬁhﬂﬁinaﬁhéehﬁt§§e h@drogen
iquid mxtures of the reactant and the product forned

rea§§anthéubsbéé§saﬂ%yCanrFb@ bhguidhateheal yst is

ool L. c0L 2y A0 gastossseptial Ly nsol Ubl gk Nuna ehe

the preferred ac Ive alning reac
alkp&ehecukﬁdéyreacpanﬂaﬁy algapoks ahﬁoxyhetpbﬂdmetSh@ﬁ

sui h Er alkgx Latlgn E i s |ntendege to limt
FRE§cBRETAFEEReOT ndBhEPORCLBY GhoCY HEBPy OB1 e b hanf s
pre@bu@peraht®8r kbntsiRehbeved 1hghidhgcPiesenG8rofeds
phosghate salts in_a hexagonal crystal structure in
reaggant and the catalyst. For considerations of process
safety, the partial pressure of a lower alkylene oxide
reactant is preferably limited, for instance, to less than 60
psia (0.4 MPa), and/or the reactant is preferably diluted
with an inert gas such as nitrogen, for instance, to a vapor
phase concentration of 50 percent or less. The reaction can,
however, be safely accomplished at greater alkylene oxide
concentration, greater total pressure and greater partial
pressure of alkylene oxide if suitable precautions, known in
the art, are taken to manage the risks of explosion. A total
pressure of from 40 to 110 psig (0.3 to 0.8 MPa gauge), with
an alkylene oxide partial pressure of from 15 to 60 psig (0.1
to 0.4 MPa gauge), 1s particularly preferred, while a total
pressure of from 50 to 90 psig (0.34 to 0.6 MPa gauge), with
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al koxyl ation m xture, particularly in al kano
al koxyl ation m xtures, may have a benefi ci al
w0 pdooesoee on reaction rate and adduct di striBCr/DUs2003/026257
Salts in the nonoclinic formhave been observed in
sonme cases to be less active than the salts 20 in the
an aﬂﬁ§§lﬁ@abxigén%af%@éﬁrﬁﬂégsﬁaé aFsorbrenpoobsebtedsior
use of phosphate salts having a certain water content
(0.l4assocPaBédvijpt av@el r éPysPRFideradtHPES BS?FFEE?QrIy
Dt regt 5% Wb Ee s » 2830 MY  to
aIth%ﬁ%h Sgﬁn ?g ?8 Ssméfgg%talﬁgd ?nsta 4,
the PRosphabge Sﬁlﬁepénd@htZBotbn&pdareuecdegrealOio t he
al koxyl ation, Overall, t reactants a [
AL kori QuaAn ERESTSni ehCar o CPBASREr AT RSB0 Syl 6P gnoR 1de
addu%gkﬂﬁ%békeoﬁfQHHCbreHuEE$ ageﬁbnﬁdagengoartﬁ@e&age of the
duct nunber he average adduct er of the
alkogyddmabnuseaotlonutwbapthSthﬂ§ prEBesdePsuERgouPon
ucts co y hav ayer.a ugl puaber i-Rahie) .
temp@ﬁﬁggreerﬁgng aﬁﬁgﬁgy gg&oggFaggegte?H I N Sengra
A tyb&b%&,r%ubtabhetam@ mbef@me@érmedcembodumapesauarégom 1
and pressures for purposes of this invention are 19
to 2ADh2EE4/-018096 PCT/ US2003/ 026257 the sane as in
C°”V{%&%?n@heaé%%&&%h%nr eagkiops hetweemn thepsamed,
reactants, enploying conventional catalysts. A
the toamypiercat prefefrahflyl eastcosded., Ifafesdarsr| gaaplysiscan be

an artic ri S ,
remqﬁﬁ%§%1 tg W%EP &4 ° wﬁ%tﬁgﬁéféﬁgpééﬁﬁﬁéﬁiﬁé%Fgal is
not Q{ecre%a:,catﬁyor&o whid @ rodsenpar atier ¢ nokn250nC. Cartalyss,

particularly 210 C. or_ less, and nDst %rtlcularly

resixhesCcmagy Qeeéf@mot")@@'cdﬁqry e¥emedEsi PabItd LG At ze
precﬁ%ﬂr@adcafd N Qf 08 RHABICT A ASindt rK BRIV e%ltfh.@: FHemical

e process tenperature can be optimzed for 10 given
and rpeqxﬁzanﬂs t rfesktimreg ts wt Hoalst dreye egradeomst to facllitate

rem%‘f?gle a%cﬁ%pagerl c res ure é)%g%u&e%,ruq‘%s prﬁ\p%gﬁhlo

tredMidhts include Contact of the alkoxylation product with
strong acids such as phosphoric and/or oxalic acids or with
solid 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 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
stability, relative to the product mixtures of acid or base
catalyzed alkoxylation reactions. In this regard, the
invention is particularly useful for the preparation of

colorless or less colored product relative to those of
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pressure being sufficient to maintain the active
hydrogen reactant substantially in the liquid state.
wazonhesnve he active hydrogen reactant is a |i gei™useed3/ 026257
the al kyl ene oxide reactant is a vapor, al koxyl ation
Is then suitably conducted by introducing al kyl ene
conoxhdeOhmlopﬁac@iessubecaeaetbhecm@mmimlngalhe ﬁqubﬂ
active hydrogen reactant and.the catal
ProEghei AEPLETD ORf R OEeeRS 2B sGk et 52 t T 5%%?Faff°rmln9
impREEsHEe of a lower al kylene oxide reactant is
preferably |limted, for instance, to |ess than 60
pS|a T@e4f¢#¥9Wngmﬂ$ﬂm@l@§r%%@tﬁwnvl@ﬁiwt#eﬁ@mﬁwer
1llus EQ ce %glgn lgg{ lgaésBQSPsaé nt roQSQ?négén but are
ance’ ase concen fon o
not p@h@@ﬂﬂe@rtdj essmlﬂ hﬁtt e]aﬁba@@r ca@ope’z5 however, be

safely acconplished at greater al kyl ene oxi de
E§éﬁﬁﬁ§eitration greater total pressure and greater
parti ﬁémtkpér?@ﬁ UL,eq 0f 5 A ké(é@ﬂ? Rt Le dfoSWiabl €ara1ysts

precautl ons, known in the art, are taken to manage
(LAPﬁésraBﬁsRDPOe&plDSSpﬁCtﬁNGbYHIWep¢ess@¢eu©in®r@nvﬂ316ty

to O MPa uge with 30 an
of L RRGRaRER et Rr (PaF CBrBeb UL or L] i RECT P 80" By gThe
fol(Bwingt RePe 4t MPas gatigeF romSwpath | €k akd Ya Py et er wetde
while a total pressure of from50 to 90 psig (0.34 to
derpvedpPa gauge), with 20 WD 2004/ 018096
P$§¢#§@QOS/O an al kyl ene oxide partial pressure
om20 to O pS|g (0.14 to 0.34 MPa gauge), is
chnsi dered norieeyreferred. The time required to
gnplete a process according to the invention is
deépendent botiFUpBH the degree of 5 al koxyl ation
desired (i.e.gatrpsripnitde average al kyl ene oxi de adduct
nunber of the product) as well as upon the rate of the
aPkoxyl at i on 3@&IFDH (which is, in turn, dependent
upon tenperat g, al yst quantity and nature of the
reactants). A typlca reaction tinme for preferred
efbodi nents icaflvygmtle LO to 24 hours.

G: carbonate
The following table reflects the time required to add
approximately 200 grams of ethylene oxide to a reaction
mixture containing an alcohol and the specified catalyst.
The entries in the table indicate the grams of ethylene oxide
that were successfully added to the reaction mixture at

various times.
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After the ethoxylation reaction has been conpl et ed,

the product preferably is cooled. If desired, catalyst
w@ 2004068096 enoved from the final product, althoR@inus2003/026257

catal yst renmoval is not necessary to the process of

the i nventi on.

Catal yst 15 resi dues may be renoved,

for exanple, by filtration, precipitation, or
—ext raction. A nunber of specific chemcal —and
Timshydi cal At reat méht et héds |havePbeen foind| to G
faetittage—Tenmgyat|of tgtystyresidueg fom g tijguidy
proquct. Such treatjments irclude contact of the
alikdxyl atioh producft with [20 stpong aci ds| suchL3as 18
phogphoric and/or oxalic adids or With solid organic
aci ds suéh as NAH ON H+ or |AMBERLI TE | R 12DH; nt act 33
vvi3ti atkat T Tneta—carbomatgs—angbircar 'U&)-yld €S, ntact s
with zeolites such as Type |Y zeolile or nofdenite;} or
cantlact with cerzaijh cl &ss.| Typikgally, such tresdnents
are 25 followed by filtratilon or precipitation of lthe
sdlilds from thet$rioductd? I|n many ¢ases fi|tration, 72
pregrprtatiom,; entrdfugattgy s nogi pfficient—at
elégvat edﬁFe per at ure. AIE|1<4oxyI ation|product| m xt ures
predar ed3gnger tée | presant| i nventifon are pf high 85
guallity andlhave greater 30 stability relhtive t the
prfoduct APxtures of| aci d or| baséO3¢at al §Zep 76 93
aig'\ xytattomreactipns g this regard, gy hp—Tnvention 5z
IS garticul arly useful for [the preparation| of
calgrl ess of less cplored groduct relatioe|to tdwse of
21 WD 2004/ 018096 PCT/1US2003/02625] conventional
priddt i ceblbecausklehe neiltdlal salbs do ho?| prottle
d adatTonyt l:‘dbLé?) rS—whi i ead tocotor —formy 117
inpyrities. |The Tol]l ow ng Bxanpl esfare proyided tg
furdfher 53iflustrate ceriis|n speeefi c asperts of tjhe
Lnvention bhut are ot intadnded tollimt its hroader
scide. Exanple 1 127 131
15 80 140 128 138
16 141 124
17 150 144 132
18 148 151
19 158 155 137
20 166 157
21 159 167 147 161
22
23 105 158 178 175 152 174
24 183 173 181 179
25 172 193 178 189 156
26 196 166 186
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Lant hanum and rare earth netal

(LAPO s and REPO s,

WO 2004018096 10 of

phosphat e catal ysts

respectively) were made using a

| ant hanum and rare earth netal PGRUSZ03626257

precursors. The following were the salts from which
the catal ysts were derived: Sanple: Salt: A nitrate
15 B: carbonate C. carbonate D:. carbonate E:
—catbprate——ecarboenate—20 carbgrate—TFhefollowng
TifGbi e refl edts the {ime Tequired tq add® approximately G
208 jgrans off ethylene OXp@g[ To a rgaction |[mM Xture 791
contiai ning an al cohol and the specilfied cafalyst. [The
ent?|i es ilA2the taBbe indicate tHA8Ygransl68B|et hylehe 197
—e*é:?«e' 25—that—werersueeessful-ly—addedtothe reaction

nmitlre at |various|times. P2 WD 20904/ 028896
PEJUSZ0037 026257 e A B C D GO 0O 000000 55,
1 22 13 18 |2 4 23 B4 33 3 51 47 39 56 432 38 6]/ 49
52M 49 72 |6 25 70|54 84 61 61 7 35 88 62|71 86838 50
+3—-H05—82—76 D492 105

32

33 201 191

34 200

35

36 200

48 133

55 138

58 145

61 153

64 170

75 183

78 191

85 200
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10 100 85 11 61 116 106 115 109 95 12 123 102 117 13
73 116 122 120 14 127 131 15 80 140 128 138 16 141
wad 20p4/01809d.50 144 132 18 148 151 19 158 155 13MCROSH6H026257
157 21 159 167 147 161 22 23 105 158 178 175 152 174
24 183 173 181 179 25 172 193 178 189 156 26 196 166

186 2% \WR 1200410 80O6: RET/ IS0 ARGR6Te JaEs A& D-3

EF G27 201 191 28 112 196 189 198 174 197 29 200
timegy nmoye Jprive Gigmn Bhe 3zabalyay deulved Brom3ethep
<4148 133 55 138

Example 2

A number of lanthanum and rare earth phosphate
catalysts were prepared for comparison of their catalytic
activity in alkoxylation reactions. The procedures used to
prepare the catalysts were as follows:
A. Lanthanum Phosphate Catalyst Prepared from Lanthanum
Nitrate (LAPO 1)

A supplier was instructed to prepare lanthanum
phosphate catalyst from lanthanum nitrate using the following
procedures:

Dissolve 20 grams (0.046 moles) of lanthanum nitrate

hexahydrate in 100 ml of N purged distilled H20O. Prepare an

aqueous phosphoric acid solution by dissolving 5.3 g of 85%

phosphoric acid (0.046 moles) in 50 grams of distilled H»O.

Add the lanthanum nitrate solution to the phosphoric acid
solution at 25 °C. in a 500 ml round bottom flask equipped

with overhead stirrer, reflux condenser, No sparge inlet and

thermocouple. Heat the white precipitate to 100 °C. for 3
hours. Remove the heat, stop the stirring, and allow the
reaction mixture to cool to 25 °C. Again filter and

transfer the solids to the reaction vessel. Add 100 ml of y2

degassed distilled H20 to the wet white powder, and stir the
slurry at 50 °C. for 30 minutes. Remove the heat and allow
the mixture to cool to 25 °C. Filter and treat the solids

with a solution containing 5 ml of 10N NH4OH dissolved in 100

ml of water. Stir this slurry at 50 °C. for 30 minutes.
Remove the heat and allow the mixture to cool to 25 °C.
Filter the solids and allow the filtered solids to dry
overnight at 25 °C. under vacuum. Dry the solids further by

heating under full vacuum at 50 °C. for 8 hours. Collect the
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58 145 61 153 64 170 75 183 78 191 85 200 24 WO
2004/ 018096 PCT/ US2003/ 026257 The catal ysts derived
wo cwacsavbonat e salts were 2-3 tines nore actiRET/UBBN3/ 026257

the catalysts derived fromother salts. Exanple 2 5 A
nunber of |anthanum and rare earth phosphate

prodatsl pst 8 weke, pgepadeditor acooparirsandopeshéier, producing
atalytic_ activity.in,al koxylation reactions. The

13. 755l 65 BsbioPolLBHpEr 8 Fhart At APyt aer e as

B. foll onsieAmatant PRosphEhesphateysat al yakpsr epared from
Lant hanum 10 Nitrate (LCAPO 1€ A supplier was
i nst racheded orpreparetnaphparbatepposphuct ¢BEBPyd) was

| Nt . . , .

oo e Sor 1 dobr v S0 o aas 8. Bkt o

312l anyhdAuaBnndbtase ofSahexabydratk carhBfatt nfixhdre

urged _distjlled . Prepare_an_.aqueous phospharic

oot BLREaSEF bt BROBS Lo Ss 4L 9L RGRE1428) of CBB5SBhBIpRAT Pe

meta¢idc(BoffEsPLeR) okN1505g(,a08, 05 odisl;i thedab2Qs,AQd ang
the lanthanumnitrate solution to the phosphoric acid

5.8%oPut A addeg to PA0A BOONpl droapdedodioniiladkHy0. A
equi pped 20 with overhead stirrer, reflux condenser,

SolﬂglegapaeaﬂﬂﬁgvsaHBOSPh@Fﬁﬁcaabﬂewaﬁeafepﬁée@hPVe

disBB?GEHEt ks §0,20858. nhop 3 (10egrfo1 BeMOYR bHBONRRt o N,
stop the stirring, and alﬁ 0

ow the reaction mxture t

degegekdt 6i26iCledgRbo Ebhteinandihransperitbe sehtdsohOflask
the reaction vessel. Add 100 ml of N2
equipped with overhead stirrer, reflux condenser, Ny sparge

inlet and thermocouple. The reaction solution was stirred
rapidly at 25 °C. at which time the aqueous rare earth
carbonate slurry was added over a 30 minute period. The
reaction mixture was then heated to reflux (~ 100 °C.) while
stirring rapidly for a period of 2.5 hours. Heat was removed
and stirring stopped. The reaction was allowed to cool to 25
°C. The solids were filtered and then transferred again to

the reaction vessel. 5000 ml of Ny degassed distilled H20

was added to the wet white powder, and the slurry was allowed
to stir at 50 °C. for 30 minutes. The heat was removed and
the mixture was allowed to cool to 25 °C. The solids were
filtered and treated again with a solution containing 100 ml

of 10N NHyOH dissolved. This slurry was allowed to stir at

50 °C. for 30 minutes. The heat was removed and the mixture
was allowed to cool to 25 °C. The solids were filtered and
allowed to dry overnight at 25 °C. under vacuum. The solids
were dried further by heating under full vacuum at 50 °C. for
8 hours. The product was collected as a cake, ground with a
mortar and pestle producing 286 grams of a free flowing off

white powder.
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25 degassed distilled H2Oto the wet white powder, and
stir the slurry at 50 C. for 30 m nutes. Renove the
wheat/od al | ow the mixture to cool to 25 C. FT/U82003/026257
and treat the solids wth a solution containing 5 n
of 10N NH4OH dissolved in 100 nl of water. Stir this
C. slurrRaat BHrth Pbosﬁﬁabbnﬂ&éalyse RenB%€0t B¢ heat and
allow the m xture to gg % E gter the solids
and af'l BWtRe FrFt BRE BPPEB FBedF9 aGV8Fni'ght Paepased in
theCsatiedgbnMagudm rRBEPY thexsebidsnf uytbenh Byne ReahieNdand the
under full vacuumat 50 C. for 8 hours. Collect the 25
rargDepglh/ 0a8b9BakeTNUSLO0S/ BR6257crpredudn Afea ledraatory
QL a pL.o ra
u5109 gﬂF@"EEP?%%FﬁEQE Qg B%%BE%S 5 %E%%%ge %% %a%e g%rth
caernambataaQapabpateﬁ bBEH@xlth3angdoﬁab6r&anlharbonate

catal y EPO 1) prepared accardin

CEhe TPoPl Bubiy gPboaaieba Bona8en 08268 Smolied) SoPia

neoa hguﬁaegkbgaéﬁenayar&kétaha 10btale%d phrae@-HAG Al 76
ot# R 1220), conSisting o metallic conposition

Car@pnﬁzeshMﬁC@tesg ?@@ﬁL@;XZ@rﬁwMﬁ&UZagd 050@%)mplwaé was

add%%ﬁ%g 5802890 nk NZ g%% %g glé%'éh % EZ A o%utlon of

ut’i on " of “aqueou orl aci repare&
aqu@b%%obﬁbegh$§§cgae£d8§4sH§E a&éd4§ %%blb&n§09% Bl o of
degassed distilled H2 conta ina 12 liter

85oréa@puom0fﬂé§km0éqa|pped2ﬁptmlovérﬁgadegassedrdlseﬁﬂmmd
condenser, N2 spar inl et and thernocouple. The
Hzorégéﬁﬁéﬁeéopntaoﬁoaasmétrppéé @sttaﬁuéﬂﬁsatezglepeéthth
me the agggous rare earth carbonate

oveiBE RaabaTEoE So30 h RETESPRETod2 TRES Ractist hd
the é%gﬁ 14as Eg?n ?S@E?gnt%oﬁgﬁkgé &gslgglgrgﬁeagpﬁdly at

stirrri g rap erro
25 Penomedwhanﬂ stiner the sguppad rilhe eeathi earvwatate slurry
owed to cool to.,25 20 C. .The solids were filtered

WasaﬁﬁdﬁﬁeﬂvFFaﬁsﬂérPéﬁuﬁﬁapﬁrFBd -t héPPedERFoROPed&fuTe was
theP0B@afbdot oN2edegasgeddpstl hegnk2O stirring rapidly for

a period of 3 hours. Heat was removed and stirring stopped.
The reaction was allowed to cool to 25 °C. The solids were
filtered and then transferred again to the reaction vessel.

500 ml of No degassed distilled Hp0O was added to the wet

white powder, and the slurry was allowed to stir at 50 °cC.
for 30 minutes. The heat was removed and the mixture was
allowed to cool to 25 °C. The scolids were filtered and

treated again with a solution containing 10 ml of 10N NH4OH

dissolved in 500 ml of water. This slurry was allowed to
stir at 50 °C. for 30 minutes. The heat was removed and the
mixture was allowed to cool to 25 °C. The solids were
filtered and allowed to dry overnight at 25 °C. under vacuum.
The solids were dried further by heating under full vacuum at
50 °C. for 8 hours. The product was collected as a cake,

ground with a mortar and pestle producing 32 grams of a free
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was added to the wet white powder, and the slurry was
allowed to stir at 50 C. for 30 m nutes. The heat was
wo eemoesdoand the m xture was all owed to cool POI/BRS2003/026257
The solids were 25 filtered and treated again with a
solution containing 100 m of 10N NH4OH di ssol ved.
flodbhg SERIryyivaspahdoned TioistéatalysSOwss &0ald8ted as
m nutes. The heat was renoved and the m xture was
REP@|2owed to cool to 25 C. The solids were filtered and

D. :"O: ?z@é G dh %%&%ge &Pl fat Uf‘d?EEEP’@Cy)U”} ulT:We

vaculthatpriclufes 118 pmragragheC prodectemested exactly
ol lected as a cake round with a npriar and. pestle
orodietii TP Sab gRareC ot 5o [ T3b.F I BRP RGOS CORFEESC With
the POMEET combo YO 20044 018096 PLHNSZHO31 §2625REPE. 1Rarehis
Eart h Phosphate Catalyst 2 (REPO 2) A mixed rare earth
catphpsphare ¢arbrgsedwas PEBPafed in the same manner as
. shthe rare earth

at e M xXture We aboratory 5

usi NgA plaret tsamgh epet pha car boral st wa s xtepered aa@cerding
earth carbonates was prepared by m xing, 3

to £RF| BRYCATBERAL BoClyURaPer 95987 (C oj‘FX‘F%ﬁF i 31-2 grams

(0.688banaL &) hyEr 84 Rc hdn@nic@fboReedyRidpk €ar heatifed instead
hydrate and 1.8 g of praseodym um carbonate_hydrate.

of ThesrafxteretiisnhosghapeoB8=hnres) Wass102hadE¥attB2200

evaﬂhatgé N2 ﬂﬁ?ﬁs§?d distilled HO A solution of
aqueous phosphoric acid was prepared by dissol ving

F. 16.5 GpofhaB5d MR 4 De 143t aby=s) (1APQ0B) M of N2

degassed distilled , HO contained in a 1000 m. round
bot t oh % | RESRCLYLT PpEd ﬁ??%grﬁg%rﬂé%%ss????%??dr%¥?%§ly

proB0RE8ESEhot Ner SPRRHRahithebh8Behdbe t et ADGOUPI eThibe
reaction solution was stirred rapidly at™ 25 C. at

catehiveh evakuahedagdebt8Ordre earth carbonate slurry
. Was added pyery apdd M DUl ecperi of, Thepheagtion

m xt = .) Wwhile

stirrTing papeedyréoin paragraph C was repeated exactly
producing another mixed rare earth phosphate catalyst with
the same composition of rare earth metals as in paragraph C.
This catalyst evaluated as REPO 4.

The foregoing catalysts were used to catalyze

alkoxylation according to the following protocol:
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a period of 3 hours. Heat was renoved and stirring

st opped. 20 The reaction was allowed to cool to 25 C
wab@4dopels were filtered and then transferr eRCHYS1003/026257

to the reaction vessel. 500 m of N2 degassed

distilled H2O was added to the wet white powder, and

Gdree i rpno waso al Femeithd cEwdlvat@atom b . LatioiaB3in or Rare

m nut es. The heat was rennved .nd the 'xture was 25

al | owed tZRIdbIE 2! v ed and

treated again with a sol ution contalnlng 10 M of 1ON

NHAOH dissolved in 500 mM of water. This slurry was

al | oned the $oiltowning0ERampdes30thinatbexyTheihaat waas

rempved and t tur e ma aII med to oI ) 25 C
con R hA8 re Bt o P e P B A ESRea TTa gy eRe oxiae
rea@t¥endi gbt ah135p§bcé@@eémbadmm5ht Ebass@kedsOWBeehylene

dried further by heating under full vacuum at C.
oxiflgr agdnghipsacrh¥ephydiiefcRasCBRERLBANEd Y88 Ch a4k @Onsmted

of %@?BBQ %BtﬁléoHB&tSNE@®@Lp§§tEetBéagmgkﬁgo%zS%%QﬁscﬂEmlcal
a free 27 \WD 2004/ 018096 PCT/ US2003/ 026257 f1 ow ng

Com@ﬁhymhbherpomeedzedhag eatmakystrewas 9vamaawed8@§ 1REPGr

Ear sphat e Ca aI Rl
(205, BERRRRES) { n°pAPAG EpA AELREr £ P BatRd SRAcTRyh §azbon
atoRis0dEHBb0E aoetbgrmauxeq ranhg eartByphesphatke .catal yst
with the sane conp05|t|on of rare earth netals as
REPC)1n1€ha$lyca0a5ygtamasoévahaapeddas EE@ﬁasedEas

Lan Phos hat taly (LAPO 2) A num
desERabRAnt BoRe: APgerdise. srunasearatsordr i O TeeT: A
NEORDRCeduUAesoHSEdwhiA cRahagr 8RBnCoexaeRkdt hatie31 a2 Ngr 8RB rge

(0.068 nol es) of |anthanum carbonate hydrate was used

fori Bsheads af 1he rar.e teadirhvphosphateei. xThee rethils ing

catal%st was eval u ted as bAPO 2. F. anthanum

Sluﬁﬁﬁsﬂ ﬁtEreﬁF£F§§€ (Eﬂpé 3 1§1Tﬁ8tﬁF B8Gur&arhor
maiP@bagkaPinGevasitepeathed 8%aphkYe. The temperature of the

reactor and contents was raised to 160 °C. A mixture of
nitrogen and ethylene oxide was then introduced into the
reactor to a total pressure of 75 psia (0.52 MPa) (45 psia
nitrogen and 30 psia ethylene oxide) (0.31 MPa nitrogen and
0.21 MPa ethylene oxide). Alkoxylation (ethoxylation)
commenced immediately. Additional ethylene oxide was supplied
on demand to maintain an essentially constant 75 psia

(0.52 MPa) pressure. Temperature was maintained at 160 °C. A
total of 200 grams of ethylene oxide was charged to the
reactor. The reactor was maintained for an additional 1 hour
to consume unreacted ethylene oxide in the system. Catalyst
activity was measured according to the amount of time it took
to consume 200 grams of ethylene oxide at the constant EO gas

pressures. The results are shown in the following Table:

29



produci ng anot her | ant hanum phosphate catal yst. This

catal yst evaluated as LAPO 3. G Rare Earth Phosphate
w@2a0aly®bve (REPO 4) The procedure in paragraph BECTES2003/026257

repeated exactly 20 producing another m xed rare

earth phosphate catalyst with the sanme conposition of

rare earth netals as in paragraph C. This catal yst

eval uated as REPO 4 The fore0| ng.ca al ere used

to catal yzeRegM Sy P4t C8R32 A &Y, &%wi ng

protocol : 28 VDZ@%&%?Q@@OIP@}Q@@M@?;ZS? Gener al

Prot ocol For the a anum or Rare Earth

Phosphat e Et hoxyI ati on Cat al ysts I n the f ol I ow ng

Exarmples—the——- Hattons—wer ut..t tfd ke
Met‘ﬂ;bgf%%%% pr oceé{ﬁ'\te%l ‘ét' zﬂekyle & oxitle relghet ﬁ
this process ernbodi ment consi st ¢dof met hyI emﬁilw_o@rﬂe

and the active |[hydrogen containiing reactant consi sted
of NEODOL 23 Allcohol (NEODOL isl|a trademark of @GH&P|

rent Conpany) Ghig@gt erizeqd as g 15 Xture gfg
Nltfégérrgé;/lit 80% I i near‘Ifg‘j (20% br anched), al kanol s havi ng
twel ve and thiriteen carbon atons (about 40% by nol
Cl2 and 60% by mpl—C13) lLniti-al IL\[ 0 l—'\ gHars of —the

o I LT]\/

CarlbeR@ie? prepared as des@ ilbed abgve " wlls Padded t 0425
grans (0.644 nmoles) of NEODOL 23 Al cohol |which had
been predried under a N2 sparge 15 for 2 lhours at 125

Carlébndioe drive of f{ wat EPCTHe resul|ting Oslaurrly was7
transferred to|a 500 m autoclaye reactor | mai ntai ned
under nitrogen |at nosphere. The tlenperaturg of the

CarbOaetor and content Rm@s J al sed [to 160 5C. |A m xdure of
ni trogen and etihyl ene oxi de was [t hen intrqduced into

the 20 reactor |to a total pressure of 75 pgsia (0.52

45—psta it 1030 psTa gt iyt gme oxigie)
Car%(gﬁ% éI\/Pa nitrggen an gb ? 21 MPa et hyl ene |oxi d?).
Al koxyl ation (gthoxylation)

Carbonate LAPO 3 0.5 36

Carbonate REPO 4 0.5 30

The carbonate derived LAPO and REPO catalysts
consistently demonstrated at least 1.5 times the catalytic
activity of the nitrate derived LAPO’s, typically from about
2 to about 4 times the catalytic activity of the nitrate
derived LAPO’s
Example 3

LAPO catalysts were prepared varying certain
parameters. The catalytic activity of the resulting
catalysts was then evaluated to determine the impact of those

parameters on catalytic activity.
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commenced i nmedi ately. Additional ethylene oxide was
supplied on demand to naintain an essentially
weongoeobe 75 psia 25 (0.52 MPa) pressure. TenpRCEUS2083/026257
was neintained at 160 C. A total of 200 grams of
et hyl ene oxide was charged to the reactor. The
A. reackernwasdmnpbaicaedil,et anaaddikijonal 1 hour to
consume unreacted ethylene oxide in the system |
Cat aRysiurayt ofi dpnkignpRasarbaracCondsg o ithdistilled
amount of ti |t 0 0 TR Of
H20 é’taﬁy:pgr?gagﬁdg%yataotﬁg&ggﬁn&%gr??'E%légg(soz'%%rggssur esg. OTlihe
HoRSUlt § ARG oshawn, 4 Ayt ke Jhaldeemidig thalle 2% WO
ez 018090 POT UR206a 035557 el ts of Gatal yst
A prAGUNEt ferid e Etioxy hals @t egfa NEODQL Ziddditaing 16.5 g
Source Catalyst Type wt. Cat. Time of EQ ( O.. ..
of 85dditEPO (Orifh3 makesle 18a400 ABOOL &' %ﬂ:?faq%%%b&%aﬁtellled
REPO 1 0.5 34 rbonate REPO 2 .0.5 27 r-bapat P
HZO-CS) ghf G W RPORF AT 2! aCff\lraooona o Cﬁ%ﬁ% ?%a%tor
0. 6. r bonat 530 . e Janat ;
equlé’é%'ché'qdl@ﬁﬁéhnuf Fsggggcn;gteg:l’ysl\?% lrcﬁoe-rl?;'i sﬁém Iy Stirrer

and dcﬁHE%%mfe&‘fJ?d afnd €astpdhar d IdBS ANerLAataladdd Gco the acid
activity of the nitrate derived LAPO's, typically from
solwhiat at2 2% Hbowrvelr t1mesintiecat WA i teaktian (wApheated

the nitrate derived,.LAPO s, .
to %O&a%_st Ol?/\p%g“%lf‘%spar grdq eva{:r%y&}cntglcg{é?{%ﬁiﬁepar asge(%oeorls?d and
the Bodatal pili€eaed] viTye afhite geisidd ivgre transferred to

the reaction vessel and treated with 500 ml of N2 degassed

distilled HpO at 50 °C for 30 minutes with rapid stirring.

The product was cooled and the solids filtered. The white
solids were transferred to the reaction vessel and treated

with a solution of 10 ml of 10N NH4OH dissolved in 500 ml of
distilled HpO. The mixture was stirred rapidly at 50 °C. for

30 minutes. The reaction mixture was cooled to 25°C, and the
product was isolated by vacuum filtration. The white solids
were dried overnight at 50 °C. using full vacuum. The white
filter cake was ground using a mortar and pestle producing
29.2 grams of product.

B. Reverse addition (LAPO 1B)

A catalyst was prepared according to the procedures described
in paragraph A in all respects except that the phosphoric
acid solution was added to the lanthanum carbonate slurry,

the latter being contained in the reaction vessel.
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catal ysts was then evaluated to determ ne the inpact
of those 15 paraneters on catalytic activity. 30 WD
WQ2MIBIBO96 PCT/ US2003/ 026257 A. Standard LARO/US2003/026257

Catal yst (LAPO 1A) A slurry of | anthanum carbonate
hydrate in distilled H20 was prepared by addition of

c. 31. 218 G6R I ASrOhbf GaIReRAIE 192200 IHPOOflA2
degassed distified HZO 5 A phosphoric acid solution_ |
was y&repéleédfﬂj'y Vchssﬁle@aﬁ@ @@ogdléfg 850RAPOL 3Pl fu3n

mol es | Qe Te oc,
all qué) t Sute?x%e%va acege i a ooo“%rﬁ 41TPigrsrsé_ér?eactor
insteEd rtpiedlom tdc s efdmkmrﬁiemsﬁf pd¥iadl et, overhead

D, Sddedas: PN B SR ety 5| 2, i "o 10)
hmozlrjgae%ahgleyg@%é %e\ﬁ@a%é?ﬁaé&%rdl%gl% Sf)arzaﬁgéra%h A in

e reaction m xture was cool ,
all prexhmttd idtezred. tiide W e suiase Welrlemty s eadags 1

e reacti on ves treated with 500 ml of N2
15"%@9%%% d%%ﬁ??%do% B CFor 30 ninutes with
E. rapidiigH rrdmige radbuddhedariaduat osslanotyed@ritide(LAPO 1E)
solids filtered. The white solids vvere transferred to

the regiaorSestdd REFPATShtaFOVIH o %cﬁacﬁai%‘?? Bgn
I | O
all ;dhe m%‘%%lre V\%lcg%lar%r) ﬁcﬁf%iaépl d%%’@ S%i%r Z‘xr’éé £e1E 0o

the maid est Jhe°Ceacténnl mixinuwkesas cool ed to 25C and
roduct was,. i Pz\)tlon The

i 1ORr E N . —sing full
VaCUlKncaT’i@ly\é}ttﬁasfpﬁé;ﬂre&a&ﬁ:dmﬁdm@um mesanngle 1 11‘1 all

nortar and gestl e Erodum n 29.2 grans, of product
respeves sexaelt t Foat (ErPAHE) 2@%@@5%?%*%6%@%%&&?%“@0‘
Ins@&ggrdéPQeEOtBQefffgﬁ &5 9§§ﬁr'@§9 chPapPpEagiaph A
respects except that the phosphoric ~acid

flls®j:e|<ﬁ| andwasiadded destheoédnt hanum carbonate slurry,

the Iatter being contained in the reagtion yessele

alkoxylation according to the general protocol outlined in

paragraph A, with the following results:

Catalyst Temp. Time Source/ Method of | Rate
type of of Temperature | Add’'n/ of EO
Add’'n Add’'n of NH,4OH Add’'n
(°C.) (min) Digestion Treatment (min)
(°C.)
Supplier |--- -- nitrate/ - 69
LAPO 1A 20 20 carbonate/ slurry to |35
100 acid/
yes
LAPO 1B 25 20 carbonate/ acid to 18
100 slurry/
yes
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The batch times for each carbonate derived LAPO was

approximately 2-4 times faster than the nitrate derived

material.

Surprisingly, the addition of aqueous phosphoric

acid to the carbonate slurry produced the mostactive

catalyst.The batch times for each carbonate derived LAPO was

approximately 2-4 times faster that the nitrate derived

material.

Surprisingly, the addition of aqueous phosphoric

acid to the darbonate slurry produced t he most active

catalyst.

pump acid to a slurry system than the reverse.

This is a positive finding as it is much easier to

The lack of

NH4OH treatment produced a very active catalyst; however, PEG

and other side products tend to be higher when this

neutralization step is eliminated.

Example 4

While all lanthanide phosphates will act as ethoxylation

catalysts, that activity generally decreases as the atomic

weight inc

reases.

The following experiment evaluates various

salts of cerium, praseodymium and neodymium, since these

lanthanides show greater overall activity for ethoxylation

than do the rest of the series.
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LAPO 1C 25 20 carbonate/ slurry to 37 25 acid/ vyes

WQ 2000180925 5 carbonate/ slurry to 24 100 aci dPCT/Y8203/026257
LAPO 1E 100 20 carbonate/ slurry to 42 100 acid/ vyes
LAPO I F 25 20 carbonate/ slurry to 24 100 acid/ no

were pPFpdREh @S HOrsfachcLod bpsat eyerdyad JARQ &S and

approxi mately 2-4 tinmes faster than the nitrate
were geg}uaied ned @l iwdeSurR | SRRyl StheRel AR iRFPecol -

aqueous phor | [ | y
P e D A e o D e G e
the omdeh cardonat el aerdry eskpaPGhavass . appiroxdatet elry el

times faster that the nitrate derived terial.,
FOl10Wt% v Tl §° THATSHRY | TEOF S i sotist MhosHO T 99 d

precutsbot hesdar bonat e fd AT Yo RIOHUS LD bt Dt #PSt mRCd t ed e
catalyst. This is a positive finding as it is nuch
lanthaagh ephesphpapralct iy tto oeRr¥§d syseemamdriye nitrate

reverse,, The | ack of t t u -
R e L T S s R S
and at etite tondeohi ghersaviens tt svenefy re¢peataloil step iBhis was
elimnated. 15 Exanple 4 Wi]e all |anthanid

€ .. .
done fmRPHATRSCURTT "Rt 2R Ritdxi atPordataraigeid, hitkrical
(orde ACLEVELY1 98PE5R | ve d8Ss0a5ES. as the atonic

A solution or slurry of the lanthanide salt was

prepared in 200 ml of Ny sparged DI water in a 1000 ml flask

equipped with an overhead stirrer, 250 ml pressure equalized

dropping funnel, reflux condenser, No sparger and thermo well.

For each experiment, 0.68 moles of the salt was used. For the
first experiment, this amounted to 31.2 g of lanthanum
carbonate (assumed m.w. = 458). The amount of acid was
adjusted depending upon whether the salt had the following
formulas (i.e. whether there are two atoms of In per molecule

or one atom of ILn per molecule):

Lanthanide Amount H3P04 Used Moles Lanthanide
Salt Formula (20m % excess) Salt
In2(X)3 0.143 0.068
LnY3 0.071 0.068

In the foregoing formulas, X = CO3, SO4 and Y= Cl-, NO3-,
acetate-.

A phosphoric acid solution was prepared by dissolving 16.5

g of 85% H3POyg 0.143 moles) in 200 ml of Ny sparged DI HpO.

The phosphoric acid solution was transferred to the addition

funnel. If the salt had the formula LnY3, only 8.25 g of 85%
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wei ght increases. The foll ow ng experinent eval uates
various salts of cerium praseodym um and neodym um
w@reemigobese 20 | ant hani des show greater over aP€T/US2003/026257

activity for ethoxylation than do the rest of the
series. Thirteeen | anthanide salts 33 WO 2004/ 018096

H3P0 P18 UPROAR Q26251 ¥ey enPreparLospist gut e $ievas used.
catal yst synthesis protocol and were eval uated each

The peeshd e sseoed eddiloxyl @t iwors paddeatote the vorderstofrred
cat al yst synthesis was random zed, as, was the der

Lantiggn et oagh TAHGH TBRHHTretit S0k RRRELGTE (s 10 Minutes

at 2% 0dd oW g tabl & i h Ghgani ZedyAC i &l €O Adlux (100 °C.)
| ant hani de precursor used, and general order of

for Achowrsy. Tostrrriuct Wahtdemien phiod phiaktered al 3¢ product
d f | ant ' b t
vas PRERTLEER TGN LAOL WA 3£ it blodd 4 O £aE! o

and LOf L dDE BSF 185 d oYL f Y repeat .a,biéfﬂé’r whH &h Wase 10

one to ensure there was no bias in the data from a
prodhecstoans cabolddrajet Of leveddapiot)cper sPextpredut was then

cakeSOULL O O SIA e 8,415 L TARRBLLS ol 8% o i of

ul | v, tigr °
ton HAESH pESLARERT A AL S IER g Ry 50 8 o .
The FORGEPSES . pNISPANGLE PG ENer e Wil Imea S10Fe @ACANd the
experinment, 0.68 noles of the salt was used. For the

prodfi¢t sfibkpeed menthe thiedupouRtedet®d dayed d&ﬁf@’%\‘h’k%ﬂ%ﬁ
carhonate = - e (of S
o PG eCL I I oL cile SR o chie

prodfiot | vab ngr 264 f bumihes £t .80 Whetderfuhereaanentiw a vacuum
atons of Ln per nolecule or one atomof Ln per

OVen npf B uf 8§ B Hafht ey Anotint PBEBHE Lo BT 1n fox

ther%éqggﬁﬂiQean§@§§i§0(ﬁ@Aﬁ.(20”1966XCGSS) Salt Ln2 (X) 3

0.068 LnY3 0.071 0.068 In the foregoing
Ther Aahabankde epBtssparanteyted) in Nog-following order:

1. Lanthanum Carbonate (as a standard)
2. Cerium acetate

3. Praseodymium chloride
4. Neodymium carbonate

5. Neodymium chloride

6. Cerium chloride

7. Lanthanum chloride

8. Lanthanum sulfate

9. Praseodymium acetate
10. Praseodymium carbonate
11. Cerium carbonate

12. Neodymium acetate

13. Lanthanum acetate
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acetate-. 25 A phosphoric acid solution was prepared
by dissolving 16.5 g of 85% H3P04 0.143 noles) in 200

waolo@fo18@6 sparged DI H20. The phosphoric aci dreoiusti06m26257

was transferred to the addition funnel. If the salt
had the fornmula LnY3, only 8.25 g of 85% 34 WO
2004/018096 PCT/ US2003/ 026257 H3PO4 (0.071 noles) in
0 m_ of N2 sparged DI H20O was used. , The phosphorlc
The @QHQ§M%ﬂt&PPOHrWé§C§&d@@St6h@h§aW@lﬁssﬂPrEéémP e 2.
| ant hani de salt/H20 m xture in equal portions over 15
mnutes at 25 C. The reaction m xture was heated to
Thef Inpsult80a€e) gBveor 13 libuer SolTlheippodabtlewas cool ed
and filtered. The product was then taken up into 500
m of H2O, added to reactor, and and m xed well for
Actiwd@yMoRutesidtisSPabthaafiler PMiisphatBecapblgutls Was
cooled and Tiltered produci. The product was then
Ethoxydiads amp ofnNECH0H @3 Af cpoland added to the reactor.
10 M of 10 10N NH4OH was added and m xed well for 30
‘mnutes at 50 C. The resulting product was cool ed,
Precurserplaita®upddctandttike typriodugt filtered. The
product was air dryed by letting air flow through
filtered powder overnight. Thereafter, the product
lanthé@Sndmiiedatur thekhahurO phosghaldl Bgvacuumin a vacuum
15 oven. The resulting catalyst was wei ghed and sent
lanthaml%ﬁarﬂoﬁ@ﬁﬁ@g&aﬁﬁh@naﬁlapy@ﬁ@h@‘c@@6 The | ant hani de
I I h rder:
lanth%%'%héﬁﬁég r%%ﬁgpéﬁngﬁgog ngZ Cerlunmacetate
lanthamd& aE@aseedthMHanhhophdephéteNeedynlun1carbonate

chloride 6. Ceriumchloride 7. Lanthanum
Lanthdit RO 980 LoDk ReRaRURTOGPRAEE 22

praseocdymium carbonate praseodymium phosphate 29

praseodymium chloride praseodymium phosphate 45
praseodymium acetate praseodymium phosphate 46

lanthanum nitrate lanthanum phosphate 75

neodymium carbonate neodymium phosphate 23
neodymium chloride neodymium phosphate 49
neodymium acetate neodymium phosphate 45
cerium carbonate cerium phosphate 39
cerium chloride cerium phosphate 50
cerium acetate cerium phosphate 39

lanthanum nitrate lanthanum phosphate 90

One lanthanide salt (cerium acetate) produced a catalyst
with similar activity as the comparable carbonate precursor.
However, none of the lanthanide salts produced a more active

lanthanide phosphate than lanthanide carbonate.

36



9. Praseodym um acetate 10. Praseodym um carbonate
11. Cerium carbonate 12. Neodym um acetate 30 13.
wao a0vtlssogen acet at e 35 WO 2004/ 018096 PCT/ US2008¢ DRSRB7026257
The et hoxyl ati on protocol was the sane as in Exanple
2. The results are given in the followng Table: 5
PAetkbvist pfobri¥anhets skanthani dacPhesphate Catabysts taet
Et hoxyl ati on of NEODOL 23 Al cohol Precursor Salt
many ﬁPQ&égFaE&PP§iF?Y(PFn?adTOtPaﬁPﬁaﬁaﬁ?ﬁP#PgtElFﬁﬁFﬁanum
deparRRA3PRaLR B8e LpnthanumycarBpratfclagehanyqLpRpsBRghent
26 | ant hanum sul fate | ant hanum phosphate 121
descriibsthhruaincétameahanthabemiphosphatavé4s5onbyl antihahomid

chl oride_l ant hanum phosphate 32 praseodym u . .
not b0 FBk Rl 8% L ALL5UYH GREpROLERE 8™ po  ipr BB agREdREd 0 the
follo&hhar cdeifasaseodym um phosphate 45 praseodym um

acet ate praseodyn um phosphate 46 |anthanumnitrate

| ant hanum phosphate 75 20 neodym um car bonat e

neodym um phosphate 23 neodym um chl ori de neodym um

phosphate 49 neodym um acet ate neodym um phosphate 45

cerium carbonate cerium phosphate 39 cerium chl oride

cerium phosphate 50 25 cerium acetate cerium

phosphate 39 | anthanumnitrate | anthanum phosphate 90

One | anthanide salt (cerium acetate) produced a

catalyst with simlar activity as the conparabl e

car bonat e precursor
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Persons of ordinary skill in the art will recognize

that many nodifications may be nade to the foregoing

W thout departing fromthe spirit and scope thereof.

The enbodi nent descrigeg Eeigin is meant to be

illustrative only and t be taken as

limting the invention, which is defined in the

foll owing claims. 37 WD 2004/ 018096 PCT/ US2003/ 026257
1. CcL A(\.lmemrsdl_ fox ol i rreedintiinp priodikiiorenf rare

earﬁ%flc ﬁggéﬁaﬁgrégtgf§§%spﬂgédgfﬁgéfgéﬁigﬁtéff5¥gan1c

OF ganr ¢~ conpounds
comp@ﬂmd$ﬁlg@ndsméﬁmédngomprﬁsiﬁ@ctant one or nore
carbonate salts of said 5 one or nore rare e

th ,
SelASERPE a7 CACTPAE AE CORACOBMNET S BORAT 65 5TF <0G F3Ld

one doSOHELE M re PEOSPhatersnger conditions effective to
produce said efficient rare earth netal phosphate

reac’aila@ysatsd wher el Mené deatberientsabte wathhaneearce of

pho%?%gs %?‘%ﬁ%ﬁt’:ﬁt al,%{étéloég Q%Pé’&gfvcf‘ Eﬁ%\?[@@go?gww ty

Ion conpare

effﬁ@béﬁamtra@élefafhﬁ ﬁ@ﬁ@lcph@.bylsat@r@@‘tmbﬁsmsn one or
nmore salts other than carbonate salts of sald rare

whegghR hs#et of ST hF £kl BRFRASAE R ATA 7 balRATRI2 DS FREALYSES
pro%&QOﬁn Oin&fééé%& Woer e pysabd é@i@ £akb Py 1BE 8bn dSmpared

p osp ate cat al yst conpri ses a | ant hanum seri es neta
to phbsphay eoEasabysantiaPly; the swke etatehestapeodared when

ome B SR8 Bug L e LR L T a8 Qe
carthrpeghls 7dre selected as said reactant.
2. The method of claim 1 wherein said rare earth metal
phosphate catalyst comprises a lanthanum series metal
phosphate catalyst (LAPO); or
wherein the rare earth metal comprises a metal selected from
the group consisting of those having atomic numbers 39 and 57
through 71.
3. The method of claims 1 or 2 wherein said catalyst
comprises a catalytically effective amount of:

one or more of the phosphate salts of elements
selected from the group consisting of cerium, lanthanum,
praseodymium, neodymium, yttrium, samarium, gadolinium,
dysprosium, erbium, and ytterbium; or

one or more of the phosphate salts of the cerium

earth group elements; or
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20 3. The nethod of clainms 1 or 2 wherein said

catal yst conprises a catalytically effective anount
woki4om®9or nore of the phosphate salts of el eP€nUS2003/026257

selected fromthe group consisting of cerium

| ant hanum  praseodym um neodym um yttrium

samabinéMorg&dald Rifudhe 2hodydprtesisantseidd Whemdddt s

ytterbium or one or nore of the phosphate salts of

selqqfed diiqiimthenrd 1P U GRSEISEid% é?,fp SR LISWG D AR SE
or .PCT/US2003/ 026257 one or nore of the phosphate salts
of elenents selected fromthe group consisting of
ceri wmeand mamcharfurhhe ghospaade merldsofof HéepHasyihanem
sal.ts of the |l ant hanurg | ements (atom c nunbers

elensaits, | (atuis IS o 70'1‘57119)H'e pHosphat e salts of the

| ant bari de neald &F alrMyiosphatenise InyreT $H8-lafbhanide
or yttrium phosphate. 4. The nethod of any of clains

seriesy altraal v skttt arunkers| @ 8elli ed % om nat ur al
m ner 'tﬁ%gﬂdép@%rtté.cm ar wherein said catalyst
or

conpri sées on nore phosphate salts of rare earth
4. el emates mebdrhioded ff reory et wlalims derdalwhemssirseladot eptal is
fro he roup consi sti.ng of bastnasite, .monazite,. .
derigsbini QYA L PRI Ve dhd U I s &in said
catdings iTeidigdr ife Ahofo i e phobpiieteidhisad bONeawy earth
nore carbonate salts conprise the carbonates of the

elenesiiowaig varbt T ihetHEk aHingtiay iemhtieiested rigiamgdghe
%.Ca. . 0 % . 2009 2506 Nek: .
grol,ggg d:’lc?mr%lcn‘]@czjbéé 35%1 Ok%‘l%ﬁrﬂa%@c%{ Liyn 408 20284 O Zr0 Nehaymium,

or wherein said one or nore
gadchirhicrmtand dusserartee t he 20 carbonates of the

o, (I THA D) D SRAS PNBLISSE S0 M o
mor®fcameraft £ 8 18s lednpiedeithesaldkbonates of the following
metals in the following quantities: from 8% to 15% Ce, from
44% to 65% La, from 20% to 25% Nd, and from 2% to 10% Pr; or
wherein said one or more carbonate salts are the
carbonates of the following metals in the following
quantites: 12.5%w Ce, 59.3%w La, 22.4%w Nd and 5.8% Pr.
6. The method of any of claims 1-5 wherein said
conditions comprise mixing the one or more carbonate salts of
the one or more rare earth metals with a volume of water to
form a slurry.
7. The method of claim 6 wherein said conditions
comprise preparing an aqueous solution of from 5% to 15%
phosphoric acid with agitation at a temperature of from 25

°C. to 80 °C., preferably 25 °C.
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condi tions conprise m xing the one or nore carbonate
salts of the one or nore rare earth netals wwth a
waoloesoed water to 25 forma slurry. 7. The PE€I/Hsmo®n626257
claim6 wherein said conditions conprise preparing an
aqueous solution of from5%to 15% phosphoric acid

8. W' thragi h@‘cbga ate aitepperahdie;af +heotaai t€onk0f8@ther
C., prefera 25 ¢ 730 39 WO 2004/ 018096

compE@EbUSﬁSﬂ&@OZ@EStar®onﬁhe seusy &b dhgi mAPeRéSr ei n
conditio urt her d t .
SOl“gCIlEf é)%é’&l}goﬁsc ol %n‘?}on %TC%p%Ios OC{{L‘ ﬁg%g?:nlq %‘[Et% E):%'

or produce a reaction mxture;, or 5 wherein the

conditions further conprise adding the gque
wherghds Hier icondditd oS e therh 6RFPE 1SSy lgﬂdg?le aqueous

di ons, I, |
e R TS e gt
conddadlonmg etfffeatdact iten pnoxiumee at reacdligny ymnfg“—ure

t enper at ur 0 t|v oduc lids; and
9. subj é&6 %&?ﬁjéf r secon% %@lng
coolq.(?ﬂ'cbmttﬂeon:%a@:flfcﬁ@tlm\é@:dr@ &@p@r aflersaiihd Itresttpesﬁtluisa
fromsaid reaction mxture and to form an aqueous

effesddomd t61 muodushpiizih$oddids’ @M%t solids. 15 10.
sub’j e Q)Fq[ haod ofeclal P wheng) i 3alf seeond, slgrdoidi® ions

con ons conprise stlrrlng at aterrperature of from
effelt iGe tiw 8lerG rtant @ ramiid € iar sHe atcdld de clorah saird yreadie on

il 3P (b b B GRS & OB SBCan( Sia g 0 said

flrégngglfagg second solids. 20 11. The nethod of clalm
10 further ceg£r|5|ng sué*ectlng the second s

10. neut G SIAHRDRA (T &f FORAE (5 hRG 28 W ing
conﬂ&o%se’c&{ﬁfééabé’éﬁ%ge'é‘:teheté}ﬁﬁ’éfa?ﬁhlzér@f from 25 °C

to 80 °C to produce a heated second slurry, the method
further comprising cooling the heated second slurry, thereby
producing a cooled second slurry comprising second sclids.
11. The method of claim 10 further comprising subjecting
the second solids to neutralizing conditions effective to
neutralize the mixture, preferably wherein the neutralizing

conditions comprise adding aqueous NH4OH.

12. A method comprising reacting:
an alkylene oxide,

in particular wherein the alkylene oxide comprises a
vicinal alkylene oxide, or

in particular whereiﬁ the alkylene oxide is selected
from the group consisting of ethylene oxide, propylene oxide,
and mixtures thereof;

and an orgaﬁic compound comprising active hydrogen,
in particular an organic compound comprising primary active

hydrogen, or
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conprising reacting: 25 an al kylene oxide, in
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vicinal alkylene oxide, or in particular wherein the

al kyl ene oxide is selected fromthe group consisting

of eidypeneioxige, ope (mylmnee codmieoun@Osahechext fres the

t hereof; and an organi oun co i.ng
groumy@®@@éﬁtlngn05aﬁi goPat/ aﬂ %?ﬁgﬁfcgg 8Unaﬁ££é¥’
cagtiyg, Hydrogen, or 40 WO
POlygggg/%@%08%9%%%?%%2003/026257 in particular one
nDrelmoppnunduéereth@daik@&YlﬁéegPé%%UEBngfsﬁlB@e%$ous
henol s, .t hi Bnd,
atkofyloggh elagtasctayS) BVasakiFan PR 4B, SoppOtind. o
prOdHﬁtpéft@cﬁ&@ylaﬂSor@aﬁikongpbund obmpniatngvene or
ydrogen cont ai ni.ng conp |cular an

moreopguf éCcé#ﬁ@@ﬁ§l€oWﬁPPsPM3r6ﬁea&FaHBﬁ ayefect Pm 1 to
a L Hae18l kapal 8 kavioag chiBenl atens3Omore
30 C%%Fggngg%g%g grgggeﬁab? from6 to 24 carbon atons,
prefﬁmablypfebmrabbp ﬂﬁonasbp@ a0oegrb&k atons, or 10 in
parti cul ar  a to_C30 pri

preséﬂcBaEFlgu 8fafyfically 38fPect|38 g%%%ﬁFﬁgf t he
in t% %%%%%% algf%$@ %Qy%akgﬁﬁy eGfF AV v@f a@loains ok the

he “met a I'm 12 whérein the catal yst
carbonmsics tss 1 te skaritieal loptefl ysal of kaw wf Heimst il -

p( PO4') q, 5 rticul | %%E’l% £
13. eartﬁhglgﬁgﬁp%'Fﬁa Egﬂﬁs r|pgg%81§2 %% ggka% f% +8LS
esse&eﬂlea\i@ri;t o‘@'s%{lod/s Hetiald ahghifermilzatly (R0 44en in | S

divalent pis 3 and qis 2, and when' L is tetraval ent
partddia} ambg ivheke#dl L is a rare earth element, the

subscripts p and g satisfy the relevant valency
relationships, that is, when L 1is divalent p is 3 and g is 2,

and when L is tetravalent p is 3 and g is 4.
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