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40 following table. The only observed by-products were polyethylene glycols.
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to contain Baz(PO:): as the major crystalline product, with much smaller amounts of crystalline BaHPO,

and Bas (OH)(POs )s also present.

An alkoxylation process in ‘accordance with the invention was conducted under the same general

procedures described for example 1, using as alkoxylation catalyst the barium phosphate prepared as
described above. At a reaction temperature of 155 °C, a total of 180 grams of ethylene oxide was taken up
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over a period of 2.8 hours. The product was analyzed by GC-LC techniques and found to have a mean
average adduct number of 7.1. The ethylene oxide adduct distribution of the product is presented in the
following table. The only observed by-products were polyethylene glycols.



45 50 55

EP 0 398 450 Bl ETHOXYLATE DI STRI BUTI ON Adduct Nunber

Concentration O 2.0 %v 5 1
0.6 %wv 2 0.8 %w 3 EP 0 398 4501BY %w 4 3.8 %w 5

8.3 %v 10 6 14.6 %v 7
20.1 %wv 8 . 20.1 %w 9 14.8 % 10 8.1 %w 15
11 3.3 %v 12 ETHOXYLATE B@frﬁté?umN 0.4 %v 14

0.2 % 15 0.1 w26 16

0.0 %v EXAMPLE 4 25 Barium
procedure. Barium hydroxid

dissofved in 3000 m of dis
Phosphoric acid (18.3 g of

the acid) was added dropw s
m nute period. A mlky whit
i medjately filtered throug
washed with 400 ml of distifled Whter
was then heated to 120 [err]] C under al2, e&

rmnohydrat : (4&@6\@, 2
tilledtwaten w tds%wirr
85%wW phosph¢ric Ga%w co
e to the barfi um 3%w oxi
e suspensi of fordhi#¥%ew Th
h a Buthner |funrf4%%¥o r
and 11-3%%r ed

va

under the sane general proc
‘al koxyl ation catalyst the
a reaction tenperature of

eXx

N
effect nore conplete dryness. Thed whi t ¢ sof Was
diffraction and found to contain_lerr] |as ﬂ ?ﬁBjO'
wi th much snaller amounts crysialline [ ’.Jwand
An al koxyl ati on process in jaccorgdance \u ?;5@‘“ nv

296

f tot@dof 1
B houy.sww The
GC- LC techni ques and found
et hyl ene oxi de adduct distribution of the pr oduct

fol |l ow The only observed by-products wer
45 5q%53§%gL——§ |

py the foll ow ng

7.6 mmol es) was

ng for two hours.

ht ai ni ng 158.5 mmol es of
He sol ution over a seven
b suspensi on was then 30
bcover a solid which was
to dryness. The solid
cuum for several hours to

hnal yzed by X-ray powder

~crystalline product,
[err] al so present. 35
enti on was conduct ed
pnpl e 1, using as

as described above. At

EO'granB of ethyl ene
product was anal yzed by
adduct nunber of 7.1. The
is presented in the 40

e pol yet hyl ene gl ycol s.

Barium phosphate was prepared by the following procedure. Barium hydroxide monohydrate (45.0 g,
237.6 mmoles) was dissolved in 3000 ml of distilled water and stirred for two hours. Phosphoric acid (183 g
of 85%w phosphoric acid, containing 158.5 mmoles of acid) was added dropwise to the barium hydroxide
solution over a seven minute period. A milky white suspension formed and remained as the suspension was

30

stirred for one hour. The mixiure was then filtered through a Buchner funnel to recover a solid which was

washed with 400 m) of distilled water and filtered to dryness. The solid was placed in a vacuum oven at 120

*C and 2.66kPa for several hours to effect more complete dryness. The

white solid product was analyzed

by X-ray powder diffraction and found to contain Bas(PO1): as the major crystalline product, with much

smaller amounts of crystalline BaHPO; and Bas (OH)(PO¢)s also present.
885

An alkoxylation process in accordance with the invention was conducted under the same general

procedures described for example 1, using as alkoxylation catalyst the barium phosphate prepared as
described above. At a reaction temperature of 155 °C, a total of 180 grams of ethylene oxide was taken up

following table. The only observed by-products were polyethylene glycols.
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over a period of 2.0 hours. The product was analyzed by GC-LC techniques and found to have a mean
average adduct number of 7.4. The ethylene oxide adduct distiibution of the product is presented in the
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The o B8 rved by-products were pol yethyl ene glycols. 45 50 55 EP O
398,.4 HOXYLATE DI STRI BUTI ON Adduct Number Concentration O

1. 8 % 1Bar|um phosphate wasopré]paréﬂ’ bg the following procedug éanéw h§drox|de monohydrate Q 0& g/tW
5.70 moles) was dissolved in 102 litres of distilled water and allowed to stir for 15 minutes. Phosphoric acid

(439 ¢ of 85%w phosphoric acid, containing 3.81 moles of the acid) was added dropwise to the barium
hydroxide solution over a seven minute period. A milky white suspension formed. The suspension was
stirred for three hours and then filtered through a Buchner funnel to recover a solid which was washed with
38 litres of distilled water, and filiered to dryness. The solid was placed in a vacuum oven at 120 *C and
2,66 kPa for several hours to effect more complete dryness. The white solid product was analyzed by X-ray
powder diffraction and found to contain Bas(PO4). as the only crystalline product.
An alkoxylation process in accordance with the invention was conducted under the same general
procedures described for example 1, using as alkoxylation catalyst the barium phosphate prepared as
.. described above. At a reaction temperature of 155 °C, a total of 180 grams of ethylene oxide was taken up
over a period of 3.25 hours. The product was analyzed by GC-LC techniques and found to have a mean
average adduct number of 7.8. The ethylene oxide adduct distribution of the product is presented in the
following table. The only observed by-products were polyethylene glycols. .
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Barium phosphate was prepared by the following procedure Barium hydroxide monohydrate (30.0 g,
158.4 mmoles) was dissolved in 3000 mi of distilled water and stirred for one hour. Phosphoric acid (12.2 g
of 85%w phosphoric acid, containing 105.6 mmoles of acid) was diluted with 200 ml of distilled water and
the resulting solution was added dropwise to the barium hydroxide solution over a seven minute period. A
milky white suspension formed. The suspension was stirred for five hours and then filtered through a
Buchner funnel to recover a solid which was washed with 1200 ml of distilled water, and filtered to dryness.
The solid was further dried in a vacuum oven at 120 °C and 2,66 kPa for several hours. The white solid
product was analyzed by X-ray powder diffraction and found {o contain Bas(PO:). as the only crystalline
product.

An alkoxylation process in accordance with the invention was conducted under the same general
procedures described for example 1, but at a lower temperature. For this example, 3.46 grams of the
barium phosphate prepared as-described above was added to 154 grams of the alcohol, and the mixture
was transferred to a 1000 ml autoclave reactor under nitrogen atmosphere. The autoclave and its contents
were then heated up to 155 °C under a constant nitrogen sparge to drive off water. The autoclave was
cooled to 130 °C for the alkoxylation reaction. A total of 256 grams of ethylene oxide was taken up over a
period of 2.16 hours. The product was analyzed by GC-LC techniques and found to have a mean average
adduct number of 7. The ethylene oxide adduct distribution of the product had a maximum of 19.2%w. The
only observed by-products were polyethylene glycols in a quantity of 0.8%w.

MPLE 7

EXAMPLE 8

Barium phosphate was prepared by the following procedure. Barium hydroxide monohydrate {(30.0 g,
158.4 mmoles) was dissolved in 3000 ml of distilled water and stirred for one hour. Phosphoric acid (122 g
of 85%w phosphoric acid, containing 105.6 mmoles of the acid) was diluted with 200 ml of distilled water
and the resulting solution was added dropwise to the barium hydroxide solution over a seven minute period.
A milky white suspension formed. The suspension was stirred for four hours and then filtered through a
Buchner funnel to recover a solid which was washed with 1200 mi of distilled water, and filtered to dryness.
The solid was further dried in a vacuum oven at 120 °C and 2,66 kPa for several hours. The white solid
was analyzed by X-ray powder diffraction and found to contain Bas(POa4); as the only crystalline product.

An alkoxylation process in accordance with the invention was conducted under the same general
procedures described for exampie 1, but applying a lesser amount of catatyst. For this example, 1.80 grams
of the barium phosphate prepared as described above was added to 156 grams of the alcohol, and the
mixture was transferred to a 1000 ml autoclave reactor under nitrogen atmosphere. The autoclave and its

13
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di ssol ygtrdedss 3EHE d | St | ed wat er an I rred for one nou

Phosphor irgr @6 bﬁlcés; %mah 8 a8dcriR3 ¥ ALAS P 41483, @@Itdchee%t@b B a&dﬁﬁm@mmrol es of
the ackg) pheRsnofkd hditf, ila YankdhirafoR which Rfupds siboud S09rby\Rdight, caiBuiAGort e weigR &t i Ng
sol b i paiuivasslt a6ipley@d.drme Pvilad RatibsOof 13lBCnd @5 forrxbuyifieRX AGRd BRbirsshbend 1@ piRdkEpharic even
M nut e adid tonbehiratibndichldijateditintiids SnrB[basls) oD 16.99% byreéight AidE22896 PEwWdgHD Fespeetvelyl | ' r ed
for f oend dnowithin tanidadhingsofittiel datenic Thet ilap wedity ot . Bapplicalie tof thecoaiparkiive bR®ovats a
sol i d Gtand® @smwell\esstadite mepalatidrP6FGhendliffapdnt datalyst bl thel pregentinyentiani] cdriesdoad ®Ck t O
dr y nes shosfitigeic anis| dotkcenizatiorf of 38% &y welghtagtside ottha/tganbings of Weh 4.493.023.0 [err] C and
2, 6@ kPa Theresdis\obthate emarrative Prperimants; eressptedl in the iollewing| tabies erelsgadiy- didipguisbwder
diffr aghle Bem thaep 9f dharpiocees <f dhin iayentioncMest najablyy weendh Bariem fiedrexide japdptigsbairct . 55
An al k F%{'BR%W frp dnireduced, intn: g repsiet id fuMeldr fafie of # e-nterremmms Ccd R dheed
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al coho PRn e ure was transferred to a 1000 m autocl ave reactor
under nrtrogen at rmsphere. The autoclave and its 13 EP 0 398 450 B1
contents were then heated up to 155 [err]C under a constant nitrogen sparge
to dgive off water. A mixture of nitrogen 200 kPa (2 bar) and ethyl ene

oxi de 200 kPa (2 bar) was introduced. Al koxylation commenced inmedi ately;
addi ti onal ethylene oxide was supplied on demand to maintain the 4 bar
total pressure. Tenperature was naintained at 155 C A total of 195 grans
of ethyl ene oxide was taken up over a period 5 of 3.62 hours. The product
was sanal yzed by GC-LC techni ques and found to have a nean average adduct

55
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nunber of 5.4. The ethyl ene oxide adduct distribution of the product peaked
at 20.9%wv. The only observed by-products were polyethylene glycols in a
quantity of 1.5%w. Conparative ERP9B4B0OBE A-E 10 A series of experinents
were carried out, to conpare the process of this invention with that of
U S. Patent No. 4,453,023. The general procedures of the exanples of U S
4,453,020 (particulardy thqse of exanple 6 of the patent) were followed to
prepare phosphoric pdd-prqnoted, barium al koxylation catalysts, and to use
t hese 15 pronoted chtal yst for ethoxylation of a higher carbon nunber
pri mary al kanol . Fof f the qeries of congparative experinents, 3.02
{grane of barium hyd aki ﬂeﬁrmnq,hy.gra{t e] vas a?ﬁ?ed_ tp 110 grans of the
NECDCL 23 Al cohol . §T{} sfnizgt-ur et wels thebteédd to J110 [®rr] C and mai ntai ned at
that tenperature agh (%nderz vacuum (66 Pa) for hne ur. After cooling,
phosphoric acid (0gpUb grars) was then added, svthatirring, to the mxture
for gpnparative exdleri ment {A. The ampunt of pH‘bsph(ﬁ;l c acid added 20 was
varied in the other cp nfarif{t i ve experinents ag) desggibed bel ow. The
resulting mxture wh u,Eat d a® 110 JeLrlC unq_-pr vatuum f or one hour,
cool ed, placed in ap ave ander  ni trogen here and cont act ed and
reacted with ethyl ehe o at a tenperature 14 * C. For conparative
expers ment A, the barium hydroxide catal yst af@l thdg phosphoric acid
pronoter were appliecgin alrelative nolar rati%® of B.6:1. Geater
quantities of phospheti@ adid were added in experinents B, 25 C, D, and E.
The quantity of phos% i Glaci & aQded gncexpe mentss C and D corresponds to
. the nolar ratio of 1.5 &ndthus t9 the stmchu,pmetr& of the formation of
~fhe #arium phosphate®err] |catal yst applied i K t he ®rocess of this
invention. For the process |which it describes and ﬁ‘lai ms, U.S. 4,453,023
teaches the use of a catsalwjst pronmpkern £.d., #phosphoric acid, in a
concentration which i ,-gp o] atzpub'%o%,b% wei ght, @&l cul ated on the wei ght
of 3% barium salt em# oBed){ Th& nBl ar Tat? os @ 3.@and 2.5 for experinments

A and B correspond to phosghoric acid concent or’rs (calculated on this
sane basis) of 15.8% byovvei ght and 22. 8% by gespectl vely, and are
wi thin the teachings ofgthdg patent. The nol ar j@of 1.5 applicable to

the conparative expefd ngn C and D (as well &b 8 g he preparation of the
di fferent catalyst ofotﬁeiresent i nventi on) ébr»g_leﬁ)ond to a phosphoric

acid concentration 01‘-33 %y weight, outside &f é teachi ngs of U. S
4,453, 023. 35 Th r&s ts of thes® conpara i e.:experl ments, presented
in the fol lowing tablf Jarg{ redifly i'tihgui sh-Hadl e from those of the
process of this inverignglMst™ ndt abl ¢, “when @ h§ fFar yum hydr oxi de and
phosfhoric acid conpeh _atsnare i ntroduced i t(pt,ne_; gctor in a nolar ratio
of 1.5, in experinments a:d D, the neutral |za':t'|on rgduct is Inactive as
.an al koxyl ati on cat al ysg. “ﬁt greater nol ar { atf oa n°exper| ments A and B,
Q,,he process does produce ar al koxyl ation pr{)dq,pt al t Bough one
Characterized by a diffgr t adduct 40 di st $o18 (¥n this case, a
broader and | ess peaked——ta%uct di stributi oni ? éw produced by practice
of the process of this ®nwgntion. 45 50 55 98 450 Bl [err]
Anal ysis by X-ray di ffr%c%ﬁon of the bariun}sfecte® f8rned under the
practice of the proceduge% des@r ﬁpe,g I {he exarrpl es of U S. 4,453,023
i ndi g@at ed the presence 8f' n>l§ar| um hydrogen p q@hat [err], barium carbonate
[err], and barium oxygen species including barium 0Xi de. These anal yses
failed to detect barium phosphate [err]. In conparative experinents C and
[err] the analysis indicated that for the inactive catalyst the barium
conpoundsAraiysis | kyt X-chy edifsation efl thy bafiunp @pecigenfdipeld ogren thehwragtitea biethe TFocdwsPLE 9
50 described in the examples of U.S. 4,453,023 indicated the presence of barium hydrogen phosphate

BaHPOs, barium carbonate BaCOs, and barium/oxygen species including barium oxide. These analyses

failed to detect barium phosphate Basz(PO+)2. In comparative experiments C and D, the analysis indicated

that for the inactive catalyst the barium compounds consisted essentially of barium hydrogen phosphate.

s6 EXAMPLE 9

Barium phosphate was prepared by the following procedure. Barium hydroxide (31.23 grams of Ba(OH)-
2+8H20, 0.098 moles) was dissolved in 500 grams of deionized water and added to a 1 liter reaction flask
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Bar i um phosphate was prepared by the follow ng procedure. Barium hydroxide
(31.23 grans of Ba(OH)- 2[err]0, 0.099 noles) was dissolved in 500 grans of
dei oni zed water and added to a EP 0 838450Bfacti on fl ask 15 EP 0 398 450 B1
fitted wwth a magnetic stirring bar, reflux condensor and dropping funnel.
The hazy sol ution was heated to 68 C and treated _dropw se over a 30 mnute
per i odfifgdiith & resgpeticistiringar, 7efit copdenser a9f dreepigg Pﬂ?'s gﬁ‘b?ﬂzlﬁ selgtion) wephegtsd o) es
of acu& Pna d'egé%ﬂrﬁp"ﬂ?" ol ‘b?ﬂ E‘@H‘e 'f°€ ‘”'"‘1a uf °é

maiof BRAMPROSRIORS xt ur e
Pt &) p qﬂ @f
ot e i
Nd t® p%ma yg P N, E) %d“‘@i;‘?"a H&; E%w% KPa)
rf % @aan@ rys@& oduct OWECIBGg a and 8.9

was ap
at 80 E;I aindbrPres

%v P (t %réﬁ&) 1 Bées W&&orﬂaﬁc@ﬁﬁfﬂ% Efﬁerﬁ&dwgsocaﬁled&ﬂuﬁ)w thWe%thyiah& sraR@i nder
presy rrﬁbbuowd Rohol W iofdl K2 §rta||n§’ﬂ 082 RIBIBS) Bf thé)alEHhBIOELABE B a\Waleh cdnfbt diARENL | ON
Was  Capprh,Skhs Qided t®h ohd RerliBaXEB] Theh 8.0 gitimston e bariutSHoEIhate Brepdrécdidescrifed Ot al

of 200 abbvg) was Fidéd] tHe IgactoPaSshaléd ankd pfacatl UnBd @l nitrofeneithidspitbre ahd Reatdf vith sty ent  of
120 pprm 15828, Adiate 6f@0 nd (perchrit b mold)uf emliensaxidd &rairs0 Jord nigéganwadddeda thar i um
phos phéadzetiop ipejpeaded] Aaptatl e8I dask @ldoudes)vats etydmle thyidé wes adead o presss mabkd ed and
pl aced raactorsncrarsani tb 190Q k2 (& barb Ipé eration mikiuneewdsatirred at 5% t € far iam gdditonal Héurfeer r] . A
m xt ur eonsimel@religted thmiane nxidehgndrtenegpoleskto 8% K¢l ene oxi de and 60 %m ni trogen was
added as Thheveragaethylene gxide @ddugiortmber of dheapirodyet of this Ripcespswas Teterminsd by GCOEC

et hy| emethedsiteiee 72Ps Thrddeet dishiyiensof the pradyrt jsipgesariedyip Hie falewingfebleased to 900 kPa
(9 bar). The reaction mxture was stirred at 155 [err] C for an additional
"Hour®t 0 consume unreact ed|et mmremmﬁimmamm)n hgn cooled to 25 * C. The
aver age et hyl ene oxi de addt —he dogct of this process was

det er% ned by GC-LC netho Qkéd Clwfgmge t%hﬂf t distribution of the

product is presented in the fol bow ng tabke%»w0

ETHOXYLATE DI STRI BUTI ON A duct Munber -@GBeent rlation O 2.1%wv 1
0.6 %v 25 2 0.9 %w 0.9 %v 3

1.7 % 4 3.1 %v 5 3 612 %y 6 ' 10.9 %wv 30

7 16.2 %w 8 410.0 o 31 %w | 17.1 %v 10

12.0 %v 11 6. 4| %v 352 12-2%W 12
2.7 g9 13 0.9 ¢ 14 :%:%N]ﬁ 0.1 %w 40
EXAMPLE 10 Bari um phosphafe vvas;prep red: o escrli bed in exanple 1 was used
to catal yze the al koxyl atijon of g2 45 jsecqplgr allkanol reactant. A total of
192.4 grams (1.07 noles) ¢f a nppxturg of ;ppedom nantly |inear secondary

al kanol s having el even angl twelyye carjoon gholyp (gbout 45% by nole [err] and

abo# 55% by nole [err]) S dr1bed t Ies§7tmn U450 ppm water and added to
a one liter autoclave und¢r nitjgogen jat nogpbgye. |After addition of 2.0
granms of the barium phosphate Gatal ysft togbks redctor, it was seal ed and
W 15 0.1 %w

EXAMPLE 10

Barium phosphate was prepared as described in example 1 was used to catalyze the alkoxylation of a
45 secondary alkanol reactant. A total of 192.4 grams (1.07 moles) of a mixture of predominantly linear
secondary alkanols having eleven and twelve carbon atoms (about 45% by mole C;; and about 55% by
mole Ci2) was dried to less than 150 ppm water and added to a one liter autoclave under nitrogen
atmosphere. After addition of 2.0 grams of the barium phosphate catalyst to the reactor, it was sealed and
heated to 170°C. A mixture of 40 %m (percent by mole) of ethylene oxide and 60 %m nitrogen was added
50 to the stirred reactor as the reaction proceeded. A total of 329 grams of ethylene oxide was added over a
194 minute period. The reaction mixture was stirred at 170 *C for an additional 41 minutes to consume
unreacted ethylene oxide, and then cooled to 25 °C,
The average ethylene oxide adduct number of the product of this process was determined by GC-LC
methods to be 6.7. The adduct distribution of the product in presented in the following table.
]
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heated to 170 [err]C. A nmixture of 40 %n (percent by nole) of ethylene

oxi de and 60 %mn nitrogen was -added so to the stirred reactor as the

of 3ePopoauso Bi et hyl ene oxi de was added over a
194 mnute period. The reaction mxture was stirred at 170 [err]C for an

reaction proceeded. A total

addi ti onal,

41 mnutes to consune unreacted ethyl ene oxi de,

to 25 C. The average ethyle

and then cool ed

he Qm@be(m@ugi—mgyn@m ¢f the product of this

process. was determ ned by Q& te-methody—tobe—6-—7—]The adduct distribution
of the product in present ed iAN%HNIPRY || o 55 16 EP 0 398 450
Bl ETHOXYLATE DI STRI BUTI ON |Adducto Nunmbg¢r 18.83mwcentirati on O 16. 8
Gy 1 ° 1.4 %w 2 S 0.4 % Bw ' 0.6 %w 4

0.7 %v 5 0.9 %y 10 2 0.4 %w 6

1.2 %w 7 1.6 %\ 8 3 2.61%¥w 9 2.9 %v 10
3.9 %w 15 ] 4 0.7 %w 5.1 %v 12

6.9 %y 13 8.8 % 14 S %8 o 15 10. 7 %w 16
9.9 %v 17 7.4 %v 18 8 12%Y o 19 2. 5% 20
1.0 %w 25 7 ‘“’!1 0.4 9%v EXAMPLE
11 30 Anot her ethoxylation process was |car rjse out wi th a secondary al kanol
reactant. In this case, thel bari pho{ phat;9 Xt al yst was that prepared as
descrisbed in exanple 2. For|this ,proce | rry of 2.0 granms of the

bari um phosphate in 200 gr of 44 he m ed ] s¢condary |inear al kanol s
(predried to less than 200 ppm wg4 er) @%& a one liter autoclave

reactor under nitrogen atno
iljo [err]C. A mixture of 40
Titroffen was added to the s
total of 342 grams of ethyl
The reaction m xture was ‘st
consune unreacted ethyl ene
ne oxi de adduct nunbe

Spher¢s Thel|r eafd;,ocp,wwas

tirregsreactor amedhe r¢
ene oxr de s addegwovel
rredi@at 170 [ eraq%Bwf or
oxi de19 and fhen Zo¥ved
r of @he pr¢ductt.@Fwt hi |

:

et hyl
&C 40 nmet hods to be 7.

1. Thé&! addu¢t di%t%wbut i

35 sealed and heated to

bf et hyl ene oxide in
pact i on proceeded. A

a 244 m nute peri od.
an additional hour to
o 25 * C. The average
process was determ ned
on of the product in

Another ethoxylation process was carried out with a secondary alkanol reactant. In this case, the barium’
phosphate catalyst was that prepared as described in example 2. For this process, a slurry of 2.0 grams of
the barium phosphate in 200 grams of the mixed C11/C12 ‘secondary linear alkanols (predried to less than
200 ppm water) was added to0 a one liter autoclave reactor under nitrogen atmosphere. The reactor was

sealed and heated to 170 *C. A mixture of 40 %m (per cent by mole) of ethylene oxide in nitrogen was

added to the stirred reactor as the reaction proceeded. A total of 342 grams of ethylene oxide was added
over a 244 minute period. The reaction mixture was stirred at 170 *C for an additional hour to consume

50

o5

presented inthe follow ng table. 45 50
EXAMPLE 11
30
35
\/ unreacted ethylene oxide, and then cooled to 25 °C.
40
45

17

The average sethylene oxide adduct number of the product of this process was determined by GC-LC
methods to be 7.1. The adduct distribution of the product in presented in the following table.



EP O 398 450- Bl OXYLATE DI STRI BUTI ON Adduct Nunber

25

0.3 %w

Comparative Experiment F

30

"~ 55 17 . Concentration

0 13.8 %wv 1 0.7 %wv 2 0.4 %v 3
0.7 % 4 ' 0.8 %v5 EP0398450H1 2 %v 10
6 1.6 %wv 7 2.2 %wv 8 3.1 %v 9
4.4 % 10 ., 6.1 %v_15 11
8.1 %v 12 10. 1 %v 13 oxyLATE DISTRIBUTION %] 14 11. 7 %v 15
9.8 %wv 20 _ 1t . 6.8 %wv 17
3.9 %v 18 1.8 ofy Adguct Number | Conggnizatien, (o0 0.3 %w 25
Corrparatl ve Experinent F 3p A prodessideeswcalri ed out under the same
pwcedures and conditions ¢f example 11, &7cewt flor the use of a potassium
hydr oxi de catal yst in plac¢ of tRe barHi umOFM@vsphelrte catal yst. This process
catal yzed by potassi um hydfoxi de3does |not 0gdA®¢ wilt hin this invention and is
provided only to illustrat¢ distfnctigns E&%®en|the invention and the
priop art with respect to gdduct5d| st r|i but!iof" of [t he product. Secondary
al kanol (15 grans) and ethyl ene Bxide (261§r°'é‘?'rs) were reacted for 360
m nutes at a tenperature of 150[ rr]Clin 2R 6 presence of 0.056 grans of
85% pot assi um hydroxi de at | 101 kpa (1 |at mg% ‘?ére EO partial pressure. The
product was characterized by an1 ver age e|oxi de adduct nunber of 6.4
and tead a broad range addu¢t di skri butji on hown in the follow ng table.
40 45 55  EP 0 398 450 B| ETHQYYLATE ;g%%ﬁ% |ON Adduct Number
Concentration O 16. 1 4w 5 11.6 %w 1
1.7 %v 14 1.7 %w
W, 15 9.8 %w
~ @ 16 6.8 %w

17 3.9 %w

18 1.8 %w

19 0.8 %w

20

A process was carried out under the same procedures and conditions of example 11, except for the use

of a potassium hydroxide catalyst in place of the barium phosphate catalyst. This process catalyzed by
potassium hydroxide does not come within this invention and is provided only tfo illustrate distinctions
between the invention and the prior art with respect to adduct disiribution of the product. Secondary alkanol
(15 grams) and ethylene oxide (28 grams) were reacted for 360 minutes at a temperature of 150 *C in the

35

presence of 0.056 grams of 85% potassium hydroxide at 101 kPa (1 atmosphers) EO partial pressure. The

product was characterized by an average ethylene oxide adduct number of 6.4 and had a broad range

adduct distribution as shown in the

40

50

65

folfowing table.
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A\

the group consi sting of ethyl ene18xi de fand b8y en
as claimed in claim?2, wherpin the actilve hy.dfegen
consi sts essentially of one|or mive conpountid ¥e| eg
consi sting of alcohols, phehols dRAd pollyol s422w A p
claim3, wherein the active hydrdgen cdnt ai f2 &Y r ea
essengsi al |y of 55 one of &%activie hy#iPden o
selected fromthe group congisti of &l kan avi
atons and al kyl - substit ut ed| phenQfs whdgrein} dh al
one to 30 carbon atons. 19 EP,Y 398 |450 §
30

Comparative Experiment G

To illustrate the importance of a relatively dry reaction system for purposes of the process of this
35 invention, a process was carried out under conditions and procedures similar to those described in example

10 using a secondary alkanol reactant which had not been predried. The alkanol reactant contained 7565

ppm water. No reaction was observed after 70 minutes contact between the ethylene oxide and the

secondary alkanol at a temperature of 170 *C. :
40 CIaims'

1. A process for the preparation of alkylene oxide adducts of active hydrogen containing organic
compounds, which comprises contacting and reacting an alkylene oxide reactant comprising one or
more vicinal alkylene oxides with an active hydrogen containing reactant comprising one or more active

45

effective amount of barium phosphate (Bas(POz)z).

hydrogen containing organic compounds, in the presence of a catalyst comprising a catalytically

A process as claimed in claim 1, wherein the alkylene oxide reactant consists essentially of one or

more alkylene oxides selected from the group consisting of ethylene oxide and propylene oxide.

50

A process as cléimed in claim 2, wherein the active hydrogen containing reactant consists essentially of

one or more compounds selected from the group consisting of alcohols, phenols and polyols.

55

A process as claimed in claim 3, wherein the active hydrogen containing reactant consists essentially of
one or more active hydrogen containing compounds selected from the group consisting of alkanols

having from one to 30 carbon atoms and alkyl-substituted phenols wherein each alkyl substituent has
from one to 30 carbon atoms.
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purposes of the process of this

invention, a process was carried out under conditions and procedures similar to those described in example

10 using a secondary alkanol reactant which had not been predried. The alkanol reactant contained 7565
ppm water. No reaction was observed after 70 minutes contact between the ethylene oxide and the

secondary alkanol at a temperature of 170 °C.

J
4 Claims

1. A process for the preparation of alkylene oxide adducts of active hydrogen containing organic

compounds, which comprises contacting and reacting an alkylene oxide reactant comprising one or

more vicinal alkylene oxides with an active hydrogen containing reactant comprising one or more active

45 hydrogen containing organic compounds, in the presence of a catalyst comprising a catalytically

sffective amount of barium phosphate (Bas(PO,)2).

A process as claimed in claim 1, wherein the alkylene oxide reactant consists essentially of one. or

more alkylene oxides selected from the group consisting of ethylene oxide and propylene oxide.

50

A process as cléimed in claim 2, wherein the active hydrogen containing reactant consists essentially of

one or more compounds selected from the group consisting of alcohols, phenols and polyols.

55 one or more active hydrogen containing compounds selecied from

A process as claimed in claim 3, wherein the active hydrogen containing reactant consists essentially of

the group consisting of alkanols

having from one to 30 carbon atoms and alkyl-substituted phenols wherein each alkyl substituent has

from one to 30 carbon atoms.
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EP 0 398 450 B1 5. A process as claimed in claim4, wherein the active
hydrogen containing reactant consists essentially of one or nmore [err]

pri mary nono-hydric al kanols. EP0A39348&Bts as clainmed in clains 1-5,

wherein the active hydrogen containing reactant consists 5 essentially
of prlnary noNo- hgdrlc al kanol s haV|ncharbon nupbers in the raﬂge from6

to 24,5 AProgesegect ﬁ'ﬁ?i'“tcﬁlé" 41Wborpia fhe agiyp hedragan, eqniaining cagptant sonsists sssepfalgf| v of
et hyl ene R4 gire G-Cap\Primany mane- %"cé" kaoked in claim6, wherein the act i ve

hydr ogen acont ai nin i GGt a}nt q%ns I StS tﬁssentla [ mary sgd
roce S as n ¢ ms whergin e hydro ns|
al kgn?se %\{lal Horpj ca%r?lﬁhﬁunfbg n%%‘ eggby qt?c'lu\éﬁ? 10 8.
Wproc esg g,l &aﬁ ;;% mg%,eﬁa&x "ecul es
of the pr| mary m)no- FIc Al kanol s are | near carbon structure. 9. A

procesg. ﬁ%ro%s@'agagmb@m%laﬁl EMwRereilhHe 'a8livE ngtr 8 Edntaining PadiBi¥eSisists Q@seﬁfﬁ‘lﬁ& ul es

are of | piieady mEdHy&HE akanols havird dakbeh Minfbersiihe AngY RAFS® 20.9ncdiiksié.Med i n claim 1,
whefeei n the barium containing catal yst conprises a major portion by weight

i n thes.fAarpiceds d3adldinksan ip R M akiRreinZgleatel than A0RI @ GRSHolétEles bthéPlmary mamyy one of
t he cl ai ngririd alidiols wie @f kst chrbén dvastirelm phosphate is present in an anount
between 0.2 and 5 per cent by weight, preferably 0.5 and 2 per cent by

wei ght9, Aglrevessadseckined inheainydl ghdrein freatert thane70% df thg ewvlecdert @e 10f lingar ednh ant .

12. 1A prggewe. as claimed in any one of the clainms 1-11, wherein the
tenperature is in the range of from90 25 [err]C to 250 Jerr]|C

pr ef erBbAyprocessps Ebﬂ‘eg’gr ‘F"]"(‘:‘t whereiithg earipm containing ogtalyplromRrses 3 MEICHPIHR by any
one of tH@grﬁf"él“th’"Pf um phasabftey ¢ he vvater content of the active hydrogen

"\dgont ai reacta | s bel ow %00 m Eate ri Uc e 1 Ei n verfahren
zur”He S ﬁne rrycH18 2{ QE gﬁ? ]e ent in an
ent hal te@eﬂta 2 5 O Nt F0L 2R T OB FEETAT 1 nger

ve hy ro en con ininy

und das zur- |on ngen el €3 kylen- OX|dreakt|onste|Inehners

unt ass&“ﬁl &s%g ’&@dn%' W'mﬁﬁﬂtﬁ’é@n rb i ﬁ\SFQngé%f ¥filep Vs ser -
35 258N ;' g il ne P assend el e ader ‘mehrere
aktlven V\assersto tende orgam sche Verbindung(en), in Gegenwart

ei nes 142k kakss8 (a8 citimedl I MG DRSS 1R diind I Widrbif T8 waleF EohidhiEof MBRERe iﬁgdrogen
Bar i unphesmpliig rdabiar (sHerbw2po ppta. Ei N Verfahren wie in Anspruch 1 beansprucht,
in dem der Al kyl enoxi dreaktionsteil nehnmer .i mwesentli- 40 chen aus

ei nemratkatansphicler en Al kyl enoxi den besteht, die ausgewdhlt ist (sind) aus
der Gruppe, die aus Ethylenoxid und Propyl enoxid besteht. 3. Ein Verfahren
Wi e i ri. ARigpereblen ZubHersteljong) edwt Alkyienoxitisddubten vankaklivea 'Wagéessiati enthekdndemndrgemi-t ende
Reakti o niﬁhe't rbinguhgen.rurifassand desin-Berdireng-keingen endhdas zercReaktionebringenegines Alkylen-

Ver bi ndufiifireaktionsieilgensiers, urpfpssengl pitpesar-nehrere Yiginglaliyleagxid(p), mit einegn pistiveie Wassetippe,

di e¥aus #pikenfisitenden Regidionstelinehmet umiEspad eine eries makiere aldiver-Wasse/glolf gnthallondgy e i n
Anspr uchorganisehen ¥ f"%‘ﬁq(e") A GRIRAVAR roingk (<EIplusRtonRa SEERSING fefne datpltinch avirkrame
Reakt i on¥engpan P H‘REQSP'T%B%%%PF@I i chen aus ei ner oder mehr er en aktiven

sterst f nt hal.t e de erb| ndu | St (SI nd)
ﬁs e A e oo
al kyI sub nt der %pnt i bis 30
Kohl enst o orre au we st . |h Verfahren WI ein Anspr uch 4 beansprucht,

in derg dgp V@Jﬁhke\i% Mﬁﬁcﬁtﬂe&nsﬁmkﬂ? 3h UENd6r RARK WaSRrstoh ShiniEhdEEreakidhs-

wesent | i @liRRméis wakdMitReR @6Y cifbR B nRRrefdh VEMIhEUAg h)méﬁéﬁt | ditPAbsdelvaniGQaidt) kanol en
besiseht . ag@er Grupds] die (R IAlkaNbIeR/ Phshdfeniuid FdybleABEdhIChen 1 bis 5 beansprucht, in
dem der aktiven Wasserstoff enthaltende Reaktionstei I nehner i mwesentli chen
aus prd. neEin &erishien Wi ini Apeptuchl dddacshlcht,Th derKabd akiveh WakssatolfenthaivhddcReaktions- von 6

bi s ei nswiirehradrlim mlesddtichen ok elexr oddr knphrerao aktisisnc\Whdsersinit brafaltenadbmarbindimg(en)

wesent | i ipdsteht, dielsusBivdiitlist (sind) ahs derGreripe.. diePgs Alkanolen mit 1 bis 30 Kohlenstoffatomen und

50 alkylsubstituierten Phenolen besteht, wobei jeder Alkylsubstituent 1 bis 30 Kohlenstoffatome aufweist.

5. Ein Verfahren wie in Anspruch 4 beansprucht, in dem der akiiven Wasserstoff enthaltende Reaktions-
tetinehmer im wesentlichen aus einem oder mehreren priméren einwertigen C1-Cgo-Alkanolen besteht.

85 6. Ein Verfahren wie in den Ansprlichen 1 bis 5 beansprucht, in dem der aktiven Wasserstoff enthaltende

Reaktionsteilnehmer im wesentlichen aus priméren einwertigen Alkanolen mit Kohlenstoffzahlen im
Bereich von 6 bis einschlieBlich 24, und der Alkylenox:dreaktlonstellnehmer im wesentlichen aus

Ethylenoxid besteht.
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"EP 0 398 460 Bl 7. Ein Verfahren wie in Anspruch 6 boansprucht, in dem der
aktiven Wasserstoff enthaltonde Reaktions- teilnehner i mwesontlichen aus
primaren ei nwertigen Al kanol en EP 0 38®8&80Btt of f zahl en i m Bereich von 8 bis
einschlieelich 20 besteht. 5 & Ein Vorfahron we in Anspruch 7

beansprucght, in dom nohr als 50% der Ml okU e der pri mar en ei V\%arhj en
Al kanolTe & Yerfahrenavig 8 Acsmpchshegnspaieht, i dem dar Adisn ﬁ&%m@ “?I?e\'}é%r aNPeh wi e
i n Anspr utefnelmerdm wesantiiehen aus Riméesp-ipuertioen plkanpignmit Keplengisiizaplpn i B9l VP Re gy e
Kohl enst oPif gipsehliefish 2309588t sen. 10 10. Ein Verfahren wie in Anspruche 1
.boansprucht, in dem der, Bar| ent hal t ende Ka a+| $6% Yor @0"3 b 84 QfimBroRn
Wi éhtasaﬁ'f‘e\{effg]'?? P8 AP uch febrca é?&ura %/&%1 | nw\}o% ahron wie in
k“lc’;e;gendei n&RYggen A'ﬁasf'ﬁf’?@@ﬁ?e'f‘@feg%? @gél}sprﬁc t, in dem das Bariunphosphat

in 15 i €in ZANs S GdRER pDan€ortbRl i dbFR WRénr \GRT 40 ANEMEEKUR, dmelidard Gewdo
vorl i egst', sﬁ \rl:,egt rMEOL% i ol Er_s Gew %‘%‘% dés aktiven Wasssrstoff enthal tenden

Reakf,j onsterl nehners. 12. Ei'n Verfahren wie in irgendei nemder Ansprlche 1
bi s 11 {OgRSVFEH wiel iR ARSHICHS 9 DeaRERREML M demNUdBEBaMING lonthiaitondd (KakalySatlyi aineB50  C,
VOr ZUgsWe g@gerstOewlohiBantsilGn Eong varDbribmgBosphstlonte®t. . 20 13. Ein Verfahren wie in
I rgendei nem der AnsprUche 1 bis 12 boansprucht, in dem der Wassergohalt des
akt i vemi\emoeHaikedfvie ingérabihem de Andinizke i bis 30 bednspeihi inglemrtiag Barmohorpiet inj egt .
Revend! cabierdengd zdischen0,p uod & G@wisowarzugsivese @5aund i2i @aw Yl verlisgh, berachget i ¢S
d' al coyl bGewich dexakiines Wasssrstpifenthakender Beaktiansipiinelieers. ' hydr ogans actif, qui
conprsnd la mse en contact et la r~action d un corps en reaction oxyde

~ d' al coylZFin Vadalperowarin irgandeiemotias Sngpricke 6;%11)‘3"?!“%‘%%{)1%‘1‘?5‘ Je demeaRrdlec un
corps en Bergieh yas P0G his @5R1 Gk vorryaswelss vanddR ifebisi k0 € ve¥%hr enant un ou pl usi surs

\~torrp6’ses or gani ques cont enant de 30 L' hydrogene .actif n e d un
cat al ysBufinc %‘n"’él@“ '@ﬁ@egﬂ'ag" Q@'&%dl??ﬁﬁﬁ?é ? e g?:re\ﬁ 8 %ﬁ%ﬁ%at e do
bar yum ( Badivesasserstest entijltengen 8'I§'°'§séq"b° mpr UrRVendP catdon 1, dans |oquel le

corps e rd(ﬁc iosn oxyde d' al coyl bno consi ste essentiell enent en un ou

pl usi eufS=Y 8% d' al coyl bne choisis dans | e groupe constitu6 par |'oxydo
95 g & 1a breB2 e dd8uubts QRYdR Aicoyiene (B chrhestRganliddohtenant de
re"?”d'gaﬁ Ffosrﬁspiﬁﬁ lpiTéB %ﬁahﬁ%@ﬁi&t&cﬂaagtéa@ﬁbmm{ 66158 1bn @Rction egtieoghbne
actif Con%'a%ﬁbngsc%ﬁlaltehﬁl U8 MBRNBlusRrsUbky@td dPAIATRABI GiSindu NIIELS 61 corpOioh iréactitans | e
groupe CORghdnbMEdel Plydiogihe 2dchiO Bdnfprenbri SunDBIE PRSiSurE torhséspargyhirjuss cekifbndnt den
procefd SQhyrbgbrd dcly 6 PisSantd @On Satalgbaursconp@nent urleequamitépeataytiqueiamtteificace de
cont.enant pAgphatd Jotbangi B @O k) consi ste essentiell ement on un ou plusieurs
conposeds contenant de |'hydrogbne actif choisis dans | e groupe constitud
par | es2.alungnakies sajania relendicaion30 datsolenus! ocomsreporiectien ofvde disleaiifsp Somisteoy | 65
dans | esquedestietdmmguen wubis plisiaussnaxydes stpjdoyiéng dieisia dens3e) IREREEOESTHS RABFP¥ARe. 45
5. Uss pr octtheieseodt dexyflendermsepyl@ol- cat i on 4, dans |equel |e corps en r6action
contenant de |'hydrogbne actif consisto essentiol|enent en F u Iucg' eurs
al canol & IR sel9n) "egﬁ"F'ﬁﬁ'P'i' @dapsleguel %’f@’."‘? 8" r4aRiop % 6‘1(’)1:’9? e

r evendi catcPRsifte epsagtieligmant on WiRyRlusiows CUPRIELS SHOIFHIAT [ GPURD FYETHE B 'gaco0:

\1/' h>r;gqr ogbriRe PBgnols etlespalyols:- consi st e essentilel |l nent on al canol s nonohydri ques
br "ES YAk 65, NOMDL R addn 3! QIE Bablf 10%dhl OR FsabdRbhishaf A3 SmydrdgBhedckAl | €
de 6 & §4’ Asﬁﬁsﬁﬁgt}&%@%en QE oE ] ﬁ%oé %Efg St Ao PRY4FOGEAE Rk RSO EEMS lo
consiste o%%p%igz uspar s dicdndieXyaft fby RBs de/ carbidie BY 186 BiRoIS Blosis| dans

revendi catdQibisina Q@éoslit%{lﬁioyie% d6 Q12150 ahhet §9GHoRE) cont enant de | ' hydrogbne

actif; 56 consi ste essentiellement en al canol s nmonohydri ques pri nairos
ayant dgs JdiiEsSsdibnad RUEIcdn @2ddad REuell BMrps 'oh Maction 2btenastaied'hdréiBne actif

I ncl usi vergrdste otdentiellement en un ou plusisurs alcanols monohydriques primaires en Ci-Cso.

6. Un procédé selon les revendications 1-5, dans lequel le corps en réaction contenant de I'hydrogéne

50 actif consiste essentiellement en alcanols monohydriques primaires ayant des nombres d'atomes de

carbone compris dans I'intervalle de 6 & 24, inclusivement, et le corps en réaction oxyde d'alcoyléne
consiste essentiellement en oxyde d'éthyléne.

7. Un procédé selon la revendication 6, dans lequel le corps en réaction contenant de I'hydrogéne actif
&5 consiste essentiellement en alcanols monohydriques primaires ayant des nombres d'atomes de
carbone dans V'intervalle de 8 & 20, inclusivement.
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EP 0 398 450 Bl & Un proc6d4 selon |a revendication 7, dans |equel plus de
50 % des nol ecul es des al canol s - nonohydri ques primaires sont d' une
structure carbonde |in6aire. 9P 0B9gpaseBild selon | a revendi cation 8, dans

| equel plus de 70 % des nol dcul es sont d' une structure 5 car bonee

| i n6ai re.. 10. Un proced4 selon |a revendication 1, dans |equel |e

cat al Pselt PrasHceprignt ladievandiesiiam7c SARsr lofme! phie d909¢ 1% Hesrijolayies de¢ pleandls sous

| a f or meMenohysiHarep Rafpalregisontdiing Fiyctugsarbpnée lipfair oced6 sel on Pune quel conque

d di ' -10, . d I I h h d est ~sent

dans. holt, s 38 B ity B Ssel oo 3 A 68 Rt S Po A0S 1 or ence

\@nt?e 0, BEMMF08r cent en poi ds, cal cul ee par rapport au poids du corps
t t t J . ti !

en regg bPBﬁSé&@ SSIoR 14 g;e\%‘ﬁﬂ.éanm fr & E%ﬁgféd A se%?f:on#ﬁan?[in?% %&xl.ep%d unt N

qguel congues : . enperature est conprise
IS d'g?r?\"s0 ﬁ&{eg'?\éﬁga ﬁc‘% %’g%&g gge , de preference entre 130 * C

et 5941, udprbckds SBlodPFuRE §ibiborfib Q85 lovernBiBatioH4OI 10BN gl % PHBIPRAS! U6 BarjupNEst 1- 12,
dans | edp8sent dané BRLYlantR coridHselohtrs Q1218 5Qdur RACSH s CRBreIBBMts e 0,51y ogbne
actif espout &hbénl RIdE,LalbulédQar RPEBH ad PoidsduZArps on fRctiédcddndibdelthydrbgene betit. M S*

12, Un procédé selon I'une quelconque des revendications 1-11, dans lequel la température est comprise
15 dans l'intervalle de 90°C & 250 ° C, de préférence entre 130°C et 180°C

13. Un procédé selon I'une quelconque des revendications 1-12, dans lequel la teneur en eau du corps en
réaction contenant de I'hydrogéne actif est inférieure & 200 ppm.
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