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ALKOXYLATION PROCESS

The present invention relates to the preparation of
alkoxylation products by the catalysed condensation
reaction of epoxides (alkylene oxides) and organic
compounds having at least one active hydrogen.

A wide variety of alkoxylation products prepared by
the condensation reaction of alkylene oxides with organic
compounds having at least one active hydrogen are of
industrial significance. The products of condensation of
an alkylene oxide, and particularly ethylene oxide or
propylene oxide or mixtures thereof, and an alcohol or a
phenol are well known surface active agents. Other
condensation products find application as solvents, and
functional fluids. Such alkoxylation products are
conventionally prepared by the reaction of at least one
active hydrogen compound with an alkylene oxide (epoxide)
in the presence of an alkaline or acidic catalyst. The
average oxyalkylene chain iength of such alkoxylation
products depends on the mole ratio of epoxide to active
hydrogen containing organic compound used and the reaction
results in a mixture of different compounds having a range
of oxyalkylene chain lengths and hence molecular waights.

It has long been recognised as desirable to control
the molecular weight distribution of alkoxylates in order
to be able to take best advantage of the properties of
alkoxylates with specific alkylene oxide chain lengths.
Acidic catalysts are known to tend to give narrower
molecular weight distributions than alkaline catalysts but
also promote side reactions which lead to the formation of
undesired by-products. The commonly used alkaline
catalysts are known to give broad molecular weight
distribution but few by-products and are generally the
alkoxylation catalysts used in industry today. Such
catalysts include the alkali metal hydroxides and alkoxides
and in particular sodium and potassium hydroxide.
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In recent years much attention has been focused on
developing catalysts which are as efficient as the alkali
metal hydroxides but give products with narrow molecular
weight distribution. United States Patent No. 4453023
describes a process which employs a catalyst comprising a
barium compound and a promoter selected from various oxides
and acids of phosphorus, carbon dioxide and oxalic acid.
International patent application publication number
W085/00365 describes use of an alkoxylation catalyst
comprising the reaction product of calcium oxide or calcium
hydroxide and an inorganic oxy-acid derivative with an
organic compound. European patent publication numbers
361616 to 361620 describe alkoxylation catalysts prepared
by reacting various Group IIA, IIIB and other metal sources
with an organic activator to give a composition which is
further reacted with a di or poly-valent metal or metal
containing compound such as divalent or polyvalent oxy-acid
salts. European patent publication number 361621 describes
the use of calcium sulphate as an alkoxylation catalyst.
European patent publication number 398450 describes the use
of barium phosphate as an alkoxylation catalyst.

In International Patent Application No PCT/AU 93/00174
we teach that salts of the Group Ia, IIa and the rare earth
elements with the oxy-acids of the Group IVb, Vb and VIb
elements may be used as catalysts in alkoxylation reactions
and that these catalysts give the desired features of a
narrow distribution of alkoxylation species and efficient
reaction rates. Such catalysts have been found to be very
effective in the preparation of both lower and higher
alkoxylates with narrow molecular weight distributions.
Moreover, when such catalysts are in the form of finely
divided solids they may be recovered by a suitable means
and recycled.

We have now found that the catalyst used in the
process taught in PCT/AU 93/00174 may be used in a manner
which facilitates their recovery and recycling while
maintaining their activity and narrow product molecular
weight distribution by supporting them on inert or active
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support material in the presence of alkoxylation reactants

and products.

Furthermore, we have now found that the rate of
reaction in the process taught in PCT/AU 93/00174 may be
increased, without loss of narrow product molecular weight
distribution, by the use of catalysts which have been
modified by introduction of hydrophobic groups.

Accordingly, the invention provides a process for the
alkoxylation of organic compounds containing at least one
active hydrogen which process comprises reacting said
organic compound with an alkylene oxide in the presence of
a catalytically effective amount of a catalyst comprising
the salt of at least one element chosen from a Group Ia or
Groep IIa or rare earth element and an oxy-acid of at least
oné eélement chosen fromoca Group IVb, Group Vb or Group VIb
element or mixtures thereof wherein said catalyst is
supported on an inert antactive support and/or comprises
hydrophobic groups. -ansz

The invention further provides an alkoxylation
catalyst comprising the salt of at least one element chosen
from a Group Ia or Group Ila or rare earth element and an
oxy-acid of at least one element chosen from a Group IVb,
Group Vb or Group VIb element or mixtures thereof wherein
said catalyst comprises hydrophobic groups and is
optionally supported on an inert or active support.

As used herein the term "rare earth element" includes
scandium, yttrium, lanthanum and elements of atomic numbers
58 through to 71 (the lanthanides).

The term "inert support" is used to mean a solid
support material which is essentially inert in the presence
of alkoxylation reactants and products. Inert support
materials may be chosen from the wide range of catalyst
supports known in the art for the support of catalysts
provided the support material is essentially inert in the

presence of alkoxylation reactants and products. The
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catalyst may be on the external surface of the support or,
in the case of a porous support, incorporated into the
support on the internal surfaces of the pores.
Alternatively the catalyst may be incorporated into the
matrix of a porous support material.

Suitable inert support materials may be chosen from
the wide range of inorganic material known in the art for
the support of catalysts provided the support material is
essentially inert in the presence of alkoxylation reactants
and products. Suitable supports may be chosen from
inorganic material such as, for example, porous and non-
porous alumina, silica, silica-alumina, titania, zirconia,
magnesia, diatomaceous earth and similar materials, inert
salts of Group IIa and rare earth elements, and mixtures
thereof. Other suitable supports include polymeric organic
materials such as, for example, polystyrene, polyethylene,
polypropylene, polyimide and grafted derivatives thereof.

Support materials can also be chosen from materials
that are active in the presence of alkoxylation reactants
and products, "active supports", provided that their
activity does not contribute to the formation of
undesirable products or by-products. However, these active
supports are not primarily chosen for their efficacy as
alkoxylation catalysts but they are primarily chosen on
their merits as supports. EXamples of such supports might
include weakly acidic or basic, simple or mixed oxides or
hydroxides such as magnesium oxide, active (gamma) alumina
or silica-alumina, or materials known to be active in the
alkoxylation reaction used in their active or partially or
fully deactivated form. Preferably these supports are
chosen from oxides, hydroxides or salts of Group Ila, Ila,
IVB, VB or VIB, rare earth elements or mixtures thereof.
Most preferably they are chosen from the oxides, hydroxides
and salts of Group IVB or mixtures thereof and their
mixtures with the elements of Group IIIB, including self
supported catalyst.
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The catalyst may be on the external surface of the
active support or, in the case of a porous support,
incorporated into the support on the internal surfaces of
the pores. Alternatively the catalyst may be incorporated
into the matrix of a porous support material.

The term "hydrophobic groups" is used herein to mean
an organic radical containing a C, to C,, saturated or
unsaturated, branched or unbranched, substituted or ,
unsubstituted hydrocarbon chain. Examples of such organic
radicals are those which may be derived from the so-called
fatty acids, fatty alcohols, fatty amines, fatty amides and
their synthetic analogues and homologues, and polymers
comprising carboxylic acid, alcohol, amine or amide groups,
alkylphenols and the thio analogues of such compounds
and/or polymers.

Eydrophobic groups may be incorporated in the
catalysts of the present invention by treatment of a
preprepared catalyst comprising the salt of at least one
element chosen from a Group Ia or Group Ila or rare earth
element and an oxy-acid of at least one element chosen from
a Group IVb, Group Vb or Group VIb element or mixtures
thereof with a precursor of an organic radical comprising
an hydrophobic group. Alternatively, hydrophobic groups
may be incorporated in the catalysts of the present
invention by preparation of the catalyst of the present
invention in the presence of a precursor of an organic
radical comprising an hydrophobic group.

Examples of precursors of organic radicals comprising
an acyl group include the C, to C,, carboxylic acids such as
acetic acid, propionic acid, butyric acid, pentanoic acid,
hexanoic acid, heptanoic acid, octanoic acid, nonanoic
acid, decanoic acid, undecanoic acid, dodecanoic acid,

tridecanoic acid, tetradecanoic acid, pentadecanoic acid,

hexadecanoic acid, heptadecanoic acid, octadecenoic acid,
nonadecanoic acid, eicosanoic acid, docosanoic acid, cis-9-
octadecenoic, tetracosanoic acid, 2-hexadecanoic acid, cis-

9-octadecenoic acid, trans-9-octadecenoic acid, trans-9-
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octadecenoic acid, 9,12-octadecadianoic acid, 9,12,15-
octadecatrienoic acid and 12-hydroxyoctadecanoic acid,
salts thereof including, for example, their alkali metal
and alkaline earth metal salts, their acid halide derivates
and their acid amide derivatives and mixtures thereof.
Further examples of precursors of organic radicals include
polymers functionalised with, for example acyl, hydroxy or
amine groups and derivatives thereof such as, for example,
the "HYPERMER" range of dispersants ("HYPERMER" is a Trade
Mark of Imperial Chemical Industries PLC).

Examples of precursors of organic radicals comprising
an alkoxy group include the C, to C,, alcohols such as
ethanol, propanol, butanol, pentanol, hexanol, heptanol,
octanol, nonanol, decanol, undecanol, dcdecanol,
tridecanol, tetradecanol, pentadecanol, hexadecanol,
heptadecanol, octadecanol, nonadecanol, 2-hexadecanol,
eicosanol, docosanol, tetracosanol, 2-hexadecanol, cis-9-
octadecenol, trans-9-octadecenol, 9,12-octadecadienol,
9,12,15-octadecatrienol, 12-hydroxyoctadecanol, mixtures
thereof and the alkali metal salts thereof.

Examples of precursors of organic radicals comprising
an amine group include the C, to C;, alkylamines such as
propylamine, butylamine, pentylamine, hexylamine,
heptylamine, octylamine, nonylamine, decylamine,
undecylamine, dodecylamine, tridecylamine, tetradecylamine,
pentadecylamine, hexadecylamine, heptadecylamine,
octadecylamine and mixtures thereof.

Examples of precursors of organic radicals comprising
a phenoxy group include phenol, C, to C;, alkylphenols,
their alkali metal salts and mixtures thereof.

Preferably the catalyst component of the supported
and/or hydrophobic catalysts used in the invention and in
the process of the invention are selected from compounds of
the general formula I:

M, (XO,) I

wherein:
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M is selected from the group consisting of Li, Na, K, Mg,
Ca, Sr, Ba, Sc, Y, La, Ce and Nd and mixtures thereof;

X is selected from the group consisting of Ti, Zr, Hf, Nb,
Mo, W and mixtures thereof;

m and n are selected to satisfy valency requirements, n
being typically 2.0 to 6.0 and m being typically 0.2 to
2.0. A1

Preferred values for M include K, Ca, Sr, Ba, La, Y
and Nd and mixtures thereof.

Preferred values for X include Ti, Zr, Hf, Mo, Nb and

mixtures thereof.

Preferred compounds of formula I which may be used as
the catalyst component of the catalysts used in the process
of the present invention include barium titanate, barium
zirconate, strontium titanate, strontium zirconate, barium
strontium titanate, lanthanum titanate, potassium lanthanum
titanate, yttrium titanate, lanthanum zirconate, lanthanum
hafnate, barium strontium titanate zirconate, barium
niobate, lzzthanum molybdate, neodymium titanate and

- calcium titanate.

More preferred compounds of formula I which may be
used as the catalyst component of the catalysts used in the
process of the present invention include lanthanum
titanate, barium titanate, barium strontium titanate,
yttrium titanate, lanthanum zirconate, barium zirconate,
lanthanum hafnate, barium strontium titanate zirconate and
neodymium titanate.

The supported catalyst used in the process of the
preser: invention may be prepared by any suitable technique
known in the art for the preparation of supported
catalysts. Such techniques include: preparation of the
catalyst in the presence of the support with incorporation
of the catalyst product onto the support or, in the case of
a porous support, into the pores of the support material;
deposition of the catalyst onto the surface of the support,
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or in the case of a porous support, into the pores of the
support material; impregnation of a porous support;
coprecipitation of support and catalyst; comulling of
support and catalyst; spray-drying; pelletisation or any
combination of such conventional art techniques.

The preparation of the supported catalyst can be
carried out in one or more steps. It may be preferred to
incorporate only one of the catalyst components in a
particular step. It may also be preferred to add a
catalyst component in portions over several discreet steps
and under differing conditions.

Control over granule size distribution of self
supported catalysts is desirable for méking industrially
useful, that is, suitable for use in particular plants,
catalysts. This control can be exercised by employing the
techniques well known to those skilled in the art of sol-
gel manufacture of mixed metal oxides such as those
described in Hubert-Pfalzgraf, LG, New Journal of
Chemistry, 1987, 11, p663 or Livage, J, and Sanchez, c,
Journal of Non-Crystalline Solids, 1992, 145, pll or
Livage, J, Sanchez, C, and Toledano, P, Mat. Res. Soc.
Symp. Proc., 1992, 272, p3.

The catalyst component of the supported and/or
hydrophobic catalyst of the present invention may comprise
from about 0.5 to 100% by weight of the total supported
catalyst. Preferably the catalyst component comprises from
10 to 60% of the total supported catalyst.

The process of the present invention may be applied to
alkoxylation using a range of alkylene oxides; Examples of
alkylene oxides include ethylene oxide, propylene oxide,
the butylene oxides, glycidol, epichlorohydrin, cyclohexene>
oxide, cyclopentene oxide and styrene oxide. The process
of the invention is particularly useful in ethoxylation
reactions using ethylene oxide and propoxylation reactions
using propylene oxide and alkoxylation using mixed ethylene
and propylene oxides. |
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The process of the present invention may be used in
the alkoxylation of a wide range of organic compounds
containing reactive hydrogen. Examples of such compounds
include alcohols, thiols, phenols, thiophenols, carboxylic
acids, amides and amines. Examples of alcohols which may
be alkoxylated using the process of the present invention
include primary and secondary C,-C,, straight and branch
chain alcohols, cycloaliphatic alcohols, glycols,
polyethylene glycols, polypropylene glycols, and polyhydric
alcohols such as pentaerythritol and glycerol.

Alcohols and phenols, including alkyl substituted
phenols, are preferred organic compounds containing
reactive hydrogen which may be alkoxylated using the
process of the present invention. Preferred alcohols
include C,-C,, alcohols with C,-C,, alcohols amongst those
most preferred. Preferred phenols include phenol and C,-C,,
alkyl substituted phenols such as, for example,
4-nonylphenol and 4-decylphenol.

The amount of catalyst used in the process of the
present invention depends to a large extent on the nature
of the catalyst used and the organic compound containing
reactive hydrogen and the alkylene oxide which are being
reacted. Hence the amount of hydrophobic and/or supported
catalyst used is that amount which is catalytically
effective in carrying out the alkoxylation reaction at the
rate and with the selectivity desired. Typically the
catalyst level may vary in the range of from 0.1 ppm to 25
percent by weight based on the weight of the organic
compound containing reactive hydrogen. Preferably the
catalyst is in the range of from 0.5 to 20% by weight of

the organic compound containing reactive hydrogen.

In a preferred embodiment the process of the current
invention for alkoxylation of organic compounds comprises
the steps of;

adding a hydrophobic and/or supported catalyst to the
organic compound containing at least one active hydrogen;

heating the reactor containing said organic compound;
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supplying alkylene oxide to said organic compound and
hydrophobic catalyst at a process temperature of between 50
and 250°C and at a process pressure above atmospheric
pressure; and isolating the alkoxylation products.

The process of the present invention may be carried
out using batch or continuous processing techniques. Batch
processing may be carried out in a stirrer equipped reactor
using conventional techniques for catalyst contacting and
separation. Continuous processing may be carried out using
any of the known techniques for contacting fluid reactants
with solid catalysts, such as, for example, a fixed
catalyst bed or a fluid catalyst bed.

One of the advantages of the supported catalyst and
the supported hydrophobic catalysts used in the process of
the present invention over prior art unsupported catalysts
is the ease with which they may be removed from the
reaction mixture during isolation of the reaction products
and the ease with which they can be incorporated into a
continuous processing facility. The ease of removal from
the reaction mixture of the supported catalysts used in the
process of the present invention greatly facilitates
product isolation and catalyst recycling in batch
processing operations.

A particular advantage of the supported catalygts and
supported hydrophobised catalysts of the current invention
are their recyclability. Many of the catalysts may be
recycled at least ten times without significant loss of
selectivity or activity.

The temperature which the process of the present
invention is carried out will depend upon a number a
factors including the heating and cooling facilities
aﬁailable in the reaction vessel and the pressure at which
the reaction vessel may be operated. However, in general,
a temperature in the range of from 50 to 250°C is
satisfactory and a temperature in the range of from 80 to
200°C may be preferred.
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The pressure at which the process of the present
invention is carried out will depend to a large extent on
the alkylene oxide used and the temperature at which the
reaction is carried out. However, preferably the process
of the present invention is carried out at a pressure above
atmospheric pressure. 1In practice a reaction pressure of
between 300 kPa and 700 kPa with an alkylene oxide partial
pressure of between 100 and 500 kPa has been found to be
suitable.

The reaction time required for the process of the
present invention is dependent upon the nature of the
reactive hydrogen compound and the nature of the alkylene
oxide used, the reaction temperature and pressure and the
catalyst and quantity of the catalyst used. 1In practice,
reaction times may vary from 15 minutes to approximately 20

hours.

Surprisingly, it has been found that certain
hydrophobic catalysts used in the process of the present
invention, including hydrophobic lanthanum titanate,
provide a reaction rate faster than that obtained using
lanthanum titanate and produce products having a molecular
weight distribution comparable with the narrow range
obtained using lanthanum titanate. Surprisingly, it has
been found that certain hydrophobic catalysts used in the
process of the present invention, including hydrophobic
lanthanum titanate, provide a reaction rate comparable to
that obtained with potassium hydroxide as well as producing
narrow molecular weight distribution products.

Surprisingly, it has also been found that certain
supported catalysts used in the process of the present
invention provide a reaction rate comparable to that
obtained with potassium hydroxide and produce products
having a molecular weight distribution comparable with the
narrow range obtained using a catalyst in the absence of a

support.
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The supported and/or hydrophobic catalysts used in the
present invention are in the form of solids. Therefore, in
batch processing, after the reaction has been completed and
the product cooled, the supported catalyst may be recovered
from the final product by any means suitable for the
removal of solids from a reaction mixture. For example,
depending on the particle size of the solid and the
viscosity of the product, the catalyst may be removed by
filtration, centrifugation, extraction or suitable like
means.

A supported hydrophobic catalyst for use in the
process of the present invention may be prepared by any
suitable technique known in the art for the preparation of
supported catalysts. Such techniques include: preparation
of the catalyst in the presence of the support with
incorporation of the catalyst product onto the support or
in the case of a porous support, into the pores of the
support material; deposition of the catalyst onto the
surface of the support, or in the case of a porous support,
into the pores of the support material; impregnation of a
porous support; coprecipitation of support and catalyst;
comulling of support and catalyst; spray-drying;
pelletisation or any combination of such conventional art
techniques. As hereinbefore noted, hydrophobic groups may
be incorporated in the catalyst of the present invention by
reaction of a preprepared catalyst, and hence a preprepared
supported catalyst, with a precursor of an organic radical
containing an hydrophobic group or by preparing the
catalyst, and hence the supported catalyst, in the presence
of a precursor of an organic radical containing an
hydrophobic group.

It should be noted, that although not essential for
the process of the present invention, the supported
catalyst used for the process of the present invention may
also contain other components including impurities
resulting from the preparation of the catalyst and
introduced components which may be added to promote or
modify catalyst activity and/or selectivity. For example,
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the supported catalyst used in the process of the present
invention may be treated with a reagent to introduce
hydrophobic sites on the supported catalyst and make it
more compatible with a hydrophobic organic compound
5 reactant containing at lest one active hydrogen.
Introduction of hydrophobic sites may be achieved by
treating the supported catalyst with a reagent which
incorporates hydrophobic groups such as hydrocarbon chains
onto the supported catalyst. Suitable reagents may be
10 chosen from those which will incorporate fatty alcohol,
fatty acid, fatty amine, fatty amide and the like radicals
onto the supported catalyst to make it hydrophobic in

character.

Surprisingly, the process of the present invention

15 provides molecular weight distributions for both lower and

higher alkoxylates that are narrower than those which would

be expected from alkoxylation reactions using conventional
alkali metal hydroxide catalysts.

The invention is now illustrated by, but not limited
20 to, the following Examples.

Example 1
Lanthanum titanate catalyst supported on diatomaceous

earth was prepared by the following procedure.

- A suspension of CELITE (17.4 grams, CELITE is the
25

trademark of the Manville Corporation) in lanthanum nitrate

solution (25.2 grams of La(NO,),5H,0, 0.0600 moles of La, in
1000 ml of deionised water) was vigorously stirred to allow

the solution to penetrate the CELITE and heated to 50°C.

Ammonia solution (100 ml, 28% w/w) was added to the mixture

30 over 15 minutes, followed by the addition of a solution of

titanium alkoxide (26.7 grams of Ti(OR), where R = 'Pr

4
(80%), R = "Bu (20%), 0.0915 moles of Ti) in isopropanol
(300 ml) over 135 minutes at 50°C, whilst maintaining

vigorous stirring.
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The reaction mixture was then heated at 50°C for an
additional hour, cooled and the white solid was isolated by
filtration and washed with deionised water. The solid was
then dried at 400°C for 16 hours to afford 34.1 grams of
white powder. ’

An alkoxylation process in accordance with the
invention was conducted by the following procedure. The
alkylene oxide reactant for this process embodiment
consisted of ethylene oxide. The active hydrogen
containing reactant consisted of NACOL-10-99 alcohol (NACOL
is a registered trademark of Condea Chemie) characterised
as a primary, linear alkanol having ten carbon atoms (>99%)
or PICOL-1095 alcohol (PICOL is a registered trademark of
Pilipinas KAO) characterised as a primary, linear alkanol
having ten carbon atoms (>95%).

Initially, 14.3 grams of the diatomaceous earth
supported lanthanum titanate, prepared as described above
and containing 7.15 grams of lanthanum titanate, was added
to 249 grams of NACOL-10-99 alcohol, and the mixture was
transferred to a two litre autoclave reactor maintained
under nitrogen atmosphere. The autoclave and its contents
were then heated at 100-110°C under vacuum with nitrogen
sparging for 80 minutes to drive off any water. The
mixture was then heated to 150°C and the autoclave
pressurised to 40 kPa with nitrogen. Ethylene oxide was
then introduced into the reactor to a total pressure of 400
kPa. Alkoxylation (ethoxylation) commenced immediately.
Additional ethylene oxide was supplied on demand to
maintain a pressure of 400 kPa and temperature maintained
between 150 to 160°C.

A total of 210 grams of ethylene oxide was taken up
over a period of 85 minutes. The reactor was maintained at
temperature for an additional 30 minutes to consume

unreacted ethylene oxide.

The product was analysed by GLC techniques and found
to have an average adduct number of 3.1. The ethylene
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oxide adduct distribution of the product is presented in
Figure 1.

Further ethoxylation of this product (323 grams) was
carried out following the above general procedure. A total
of 245 grams of ethylene oxide was taken up over a period
of 85 minutes. The reactor was maistained at temperature
for an additional one hour to consume unreacted ethylene
oxide. The product was analysed by GLC techniques to have
an average adduct number of 7.6. The ethylene oxide adduct
distribution of the product is presented in Figure 2.

Comparative Example 1la

Unsupported lanthanum titanate was prepared following
the procedure of Example 1, however, without the addition
of diatomaceous earth.

An alkoxylation process was carried out under the same
general procedures of Example 1 except for the use of
unsupported lanthanum titanate as alkoxylation catalyst. A
total of 249 grams of NACOL-10-99 alcohol and 7.10 grams of
the unsupported lanthanum titanate were used. At a
reaction temperature of 150-160°C, a total of 210 grams of
ethylene oxide was added over a period of 95 minutes. The
product was analysed by GLC techniques and found to have an
average adduct number of 3.0. The ethylene oxide adduct
wistribution of the product has been compared with that
from Example 1 in Figure 3. This comparison illustrates
that a narrow product molecular weight distribution and
activity has been maintained on supporting lanthanum
titanate on diatomaceous earth.

Comparative Example 1b _
An alkoxylation process was carried out under the same
general procedures of Example 1 except for the use of

diatomaceous earth as alkoxylation catalyst. A total of

249 grams of NACOL-10-99 alcohol and 7.15 grams of CELITE
were used. At a reaction temperature of 150-160°C, less
than 40 grams of ethylene oxide was taken up over a period
of 4 hours. This comparative example illustrates that the
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diatomaceous earth used to support lanthanum titanate in

Example 1 is "inert" under alkoxylation conditions.

Example 2

Lanthanum titanate catalyst supported on hydrous
titania was prepared by the following procedure.

A solution of lanthanum nitrate (5.4 grams of La(NO,),
.6H,0, 0.0125 moles of La) and titanium alkoxide (9.90 grams
of Ti(OR), where R = 'Pr (80%), R = "Bu (20%), 0.0340 moles
of Ti) in isopropanol (17.8 grams) was added to the hydrous
titania (5.40 grams). This mixture was tumbled to allow
the solution to penetrate the hydrous titania particles and
partially dried in air at 95-100°C. The semi-dry solid was
then exposed to ammonia vapour for 16 hours, resuspended in
water (100 ml) and filtered. The white solid was washed
with water (300 ml) and isopropanol (100 ml). The wet
catalyst was dehydrated in the presence of PICOL-1095
alcohol at 100-110°C under vacuum prior to carrying out the
alkoxylation reaction.

An alkoxylation process in accordance with the
invention was conducted under the same general procedures
described for Example 1, using as alkoxylation catalyst the
hydrous titania supported lanthanum titanate prepared as
described above. A total of 200 grams of PICOL-1095
alcohol and 12.8 grams of the "wet" hydrous titania
supported lanthanum titanate (51% w/w total solids
containing 47% w/w lanthanum titanate) were used. At a
reaction temperature of 155-165°C, a total of 170 grams of
ethylene oxide was added over a period of 43 minutes. The
product was analysed by GLC techniques and found to have an
average adduct number of 3.1. The ethylene oxide adduct
distribution of the product is presented in Fiqure 4.

Further ethoxylation of this product (141 grams) was
carried out following the above general procedure. A total
of 105 grams of ethylene oxide was taken up over a period
of 60 minutes. The product was analysed by GLC techniques
and found to have an average adduct number of 6.9. The
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ethylene oxide adduct distribution of the product is

present in Figure 5.

Comparative Example 2a

An alkoxylation process in accordance with the
invention was conducted under the same general procedures
described for Example 1 except hydrous titania was used as
alkoxylation catalyst. A total of 201 grams of PICOL-1095
alcohol and 3.45 grams of hydrous titania were used. At a
reaction temperature of 155-165°C, a total of 170 grams of
ethylene oxide was added over a period of 390 minutes. The
product was analysed by GLC techniques and found to have an
average adduct number of 2.1. This comparative example
illustrates that the hydrous titania used to support
lanthanum titanate in Example 2 has low activity under
typical alkoxylation conditions.

Example 3 _
Lanthanum titanate catalyst supported on hydrous

zirconia was prepared by the following procedure.

A solution of lanthanum nitrate (8.5 grams of La(NO,),
-6H,0, 0.0197 moles of La) and titanium alkoxide (15.5 grams
of Ti(OR), where R = 'Pr(80%), R = "Bu(20%), 0.0532 moles of
Ti) in ethanol (60 ml) was added to the hydrous zirconia
(8.90 grams). This mixture was stirred to allow the
solution to penetrate the hydrous zirconia particles and
partially dried in air at 95-100°C. The semi-dry solid was
then exposed to ammonia vapour for 16 hours, resuspended in
water (200 ml) and filtered. The white solid was washed
with water (500'ml) and then isopropanol (100 ml). The wet
catalyst was dehydrated in the presence of PICOL-1095
alcohol at 100-110°C under vacuum prior to carrying out the
alkoxylation reaction.

An alkoxylation process in accordance with the
invention was conducted under the same general procedures
described for Example 1, using as alkoxylation ca+*:lyst the
hydrous zirconia supported lanthanum titanate prepared as
described above. A total of 254 grams of PICOL-1095
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alcohol and 26.7 grams of the "wet" hydrous zirconia
supported lanthanum titanate (43% w/w total solids
containing 46% w/w lanthanum titanate) were used. At a
reaction temperature of 155-165°C, a total of 210 grams of
ethylene oxide was added over a period of 42 minutes. The
product was analysed by GLC techniques and found to have an
average adduct number of 3.0. The ethylene oxide adduct
distribution of the product is presented in Figure 6.

Example 4
Self supported lanthanum titanate was prepared by the
following pelletisation procedure.

Stage 1

Lanthanum nitrate (21.7 grams of La(NO,), .6H,0, 0.0501
moles of La) was dissolved in deionised water (300 ml) and
the pH of the solution adjusted to 2.9 with nitric acid. A
solution of titanium alkoxide (39.5 grams of Ti(OR), where
R = 'Pr (80%), R = "Bu (20%), 0.135 moles of Ti) in
isopropanol (70 grams) was added over 15 minutes to the
stirred lanthanum nitrate solution, allowing the
temperature to rise to 55°C. A solution of triethanolamine
(20.9 grams; 0.139 moles) in water (21 ml) was then added -
to the mixture and stirring maintained for 15 minutes at
55-65°C. This was followed by the addition of ammonia
solution (40 ml, 28% w/w) over 10 minutes. The mixture was
stirred for a further 20 minutes at 55°C, cooled overnight
and then centrifuged. The white precipitate was
resuspended in methanol (500 ml) and recentrifuged. This
procedure was repeated with isopropanol (300 ml). The
white solid was dried initially in a vacuum oven at 50°C
for 10 minutes then in a furnace at 200°C for 3 hours.

Stage 2

Using a die presser, a sample of the lanthanum
titanate isolated from Stage 1 was pressed to 2 tonne/mm’ at
ambient temperature for 5 mihutes, then heat pressed to 2
tonne/mm’ at 120°C for 15 minutes.
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An alkoxylation process in accordance with the
invention was conducted under the same general procedures
described for Example 1, using as alkoxylation catalyst the
pelletised lanthanum titanate prepared as described above.
A total of 150 grams of PICOL-1095 alcohol and 2.00 grams
of the pelletised lanthanum titanate were used. At a
reaction temperature of 155-165°C, a total of 125 grams of
ethylene oxide was added over a period of 96 minutes. The
product was analysed by GLC techniques and found to have an
average adduct number of 3.0. The ethylene oxide adduct

distribution of the product is presented in Figure 7.

In a further example, a sample of the lanthanum
titanate isolated from Stage 1 was heat pressed to 1
tonne/mm’ at 120°C for 15 minutes. An alkoxylation process
in accordance with the invention was conducted under the
same general procedures described for-Example 1, using as
alkoxylation catalyst this sample of pelletised lanthanum
titanate. A total of 151 grams-of PICOL-1095 alcohol and
2.00 grams of the pelletised lanthanum titanate were used.
At a reaction temperature of 155-165°C, a total of 125

- grams of ethylene oxide was added over a period of 112

minutes. The product was analysed by GLC techniques and
found to have an average adduct number of 2.9. The
ethylene oxide adduct distribution of the product is
presented in Figure 8.

Example 5
- Self supported barium titanate was prepared by the
following pelletisation procedure.

A solution of tetrabutyltitanate (30.6 grams, 0.0899
moles of Ti) in isopropanol (150 ml) was added dropwise
over 45 minutes to a well stirred solution of barium -
hydroxide (31.5 grams of Ba(OH),.8H,0, 0.100 moles of Ba) in
deionised water (100 ml) at 50-60°C. The resulting mixture
was heated at 50-60°C for an additional 20 minutes, the
white precipitate allowed to settle and the supernatant
liquid decanted. The precipitate was washed with deionised

water several times and dried at 400°C for 3 hours.
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Using a die presser, a sample of this dried barium
titanate was pressed to 5 tonne/mm’ at ambient temperature
for 15 minutes. The pelletised barium titanate was further
dried at 400°C for 4 hours.

An alkoxylation process in accordance with the
invention was conducted under the same general procedures
described for Example 1, using as alkoxylation catalyst the
pelletised barium titanate prepared as described above. A
total of 198 grams of NACOL-10-99 alcohol and 4.40 grams of
the pelletised barium titanate were used. At a reaction
temperature of 155-160°C, a total of 165 grams of ethylene
oxide was added over a period of 14.6 hours. The product
was analysed by GLC techniques and found to have an average
adduct number of 3.0. The ethylene oxide adduct
distribution of the product is presented in Figure 9.

Example 6 ‘

Hydrophobic lanthanum titanate was prepared by the
following procedure. Ammonia solution (100 ml, 28% w/w)
was added to a vigorously stirred solution of lanthanum
nitrate (25.2 grams of La(NO,;),.5H,0, 0.0600 moles of La) in
deionised water (1000 ml) at 47-58°C, over 15 minutes. A
solution of titanium alkoxide (46.1 grams of Ti(OR), where
R = 'Pr (80%), R = "Bu (20%), 0.158 moles of Ti) in
isopropanol (530 ml) was then added over 2 hours to the
resulting mixture at 58°C, whilst maintaining vigofous
stirring.

The reaction mixture was then heated at 58°C for an
additional 2 hours, cooled and the precipitate isolated by
filtration and washed with deionised water. The solid was
then dried at 200°C for 17 hours to afford 24.4 grams of a
white powder.

The preparation of lanthanum titanate as described
above was repeated, except the catalyst drying temperature
was varied.
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Alkoxylation processes were carried out under the same
procedures and conditions of Example 1 using these
catalysts dried at different temperatures.

Table:
Example 6 - Alkoxylation Time vs Lanthanum
Titanate Drying Temperature.

Drying Temperature (°C) 110 | 160 | 200 | 250 | 350

Alkoxylation Time 10 10 12 17 18
(min/mol EO)

Hydrophobic groups contained in the catalyst are
believed to be progressively displaced at drying
temperatures of 200°C and above, resulting in a decrease in
catalytic activity (Reference: Yoldas, BE, Journal of
Materials Science, 1986, 21, pl087).

Example 7

The lanthanum titanate prepared as described in
Example 6 (dried at 200°C) was further hydrophobised by the
following procedure. A slurry of a sample of the lanthanum
titanate (7.13 grams) in isoprdpanol (200 ml) was added to
a stirred solution of n-decanoic acid (13.0 grams, 0.0755
moles) in isopropanol (150 ml) which had been treated with
ammonia solution (5 ml, 28% w/w), under an atmosphere of
nitrogen. The mixture was then heated at 70°C for 3 hours,
cooled and the solid was isolated by filtration and washed
with isopropanol (100 ml). The catalyst obtained was used
directly in the alkoxylation process. Any residual
isopropanol was removed during the dehydration step of the
alkoxylation process.

An alkoxylation process in accordance with the
invention was conducted under the same general procedures
described in Example 1, using as alkoxylation the
hydrophobised lanthanum titanate. A total of 250 grams of
NACOL-10-99 alcohol (250 grams) and 7.59 grams of the
hydrophobic lanthanum titanate were used. At a reaction
temperature of 150-160°C, a total of 550 grams of ethylene
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oxide was taken up over a period of 59 minutes. The
product was analysed by gas chromatography and found to
have an average adduct number of 7.7. The ethylene oxide
adduct distribution of the product is presented in Figure
10.

Comparative Example 7a

An alkoxylation process was carried out under the same
procedures and conditions of Example 7 except for the use
of the lanthanum titanate catalyst isolated from Example 6
and dried at 200°C. This example is provided to illustrate
the distinction between the invention and "untreated"
lanthanum titanate with respect to catalytic activity.

A total of 250 grams of NACOL-10-99 alcohol and 7.17
grams of lanthanum titanate were used. At a reaction
temperature of 160°C, a total of 550 grams of ethylene
oxide was taken up over 89 minutes. The product was
analysed by GLC techniques and found to have an average
adduct number of 7.4. The ethylene oxide adduct
distribution of the product is presented in Figure 12. A
comparison of catalytic activity of the hydrophobised and
"untreated" lanthanum titanate catalysts is presented in
Figure 11.

Comparative Example 7b ©

Lanthanum titanate was prepared using titanyl sulfate
in place of the titanium alkoxide. This comparative
example illustrates that incorporation of hydrophobic
groups in the catalyst by the use of a hydrophobic titanium
alkoxide precursor increases the rate of alkoxylation
reaction.

Titanyl sulfate (36.9 grams of TiOSO,xH,0 containing
0.158 moles of Ti) was dissolved in deionised water (400

ml) by stirring the mixture over 2 hours.

Ammonia solution (100 ml, 28% w/w) was added to a
vigorously stirred solution of lanthanum nitrate (25.2
grams of La(NO,),.5H,0, 0.0600 moles of La) in deionised
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water (1000 ml) at 58-60°C over 15 minutes. The titanyl
sulfate solution was then added over 2 hours to the
resulting mixture at 60°C, whilst maintaining vigorous
stirring. The reaction mixture was then heated at 60°C for
an additional 2 hours, cooled and the precipitate isolated
by filtration. The precipitate was resuspended in ammonium
carbonate solution, refiltered and exhaustively washed with
water, followed by isopropanol. The solid was then dried
at 160°C for 17 hours to afford 24.9 grams of a white

powder.

An alkoxylation process in accordance with the
invention was conducted under the same general procedures
described for Example 1, using as alkoxylation catalyst the
lanthanum titanate prepared as described above. A total of
250 grams of NACOL-10-99 alcohol and 7.13 grams of
lanthanum titanate were used. At a reaction temperature of
160°C, a total of 210 grams of ethylene oxide was taken up
over a period of 84 minutes, corresponding to an
alkoxylation rate of 28 min/mol EO. This is in comparison
to a rate of 10 min/mol EO obtained with the catalyst
prepared from titanium alkoxide, as illustrated in Example
6. The product was analysed by GLC techniques and found to
have an average adduct number of 2.8. The ethylene oxide
adduct distribution of the product is presented in Figure
13.

Example 8

Another example of : hydrophobic lanthanum titanate
catalyst was prepared by the following procedure.

Titanium alkoxide (316 grams of Ti(OR), where R = ‘pr
(80%), R= "Bu (20%), 1.08 moles of Ti) was dissolved in
n-butanol (316 grams). The titanium alkoxide solution was
then added to a vigorously stirred lanthanum nitrate
solution (0.360 moles of La in 2L water) over 20 minutes,
allowing the temperature to rise to 60°C. The Ph of the
reaction mixture was maintained at 3 throughout the
addition. A solution of triethanolamine (167 grams) in

water (170 grams) was then added to the mixture and
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stirring maintained for 20 minutes at 55-60°C. This was
followed by the addition of ammonia solution (320 ml, 28%
w/w) over 10 minutes. The reaction mixture was allowed to
cool to ambient temperature. The white precipitate formed
was filtered and washed with deionised water, followed by
isopropanol. The wet catalyst was dehydrated in the
presence of PICOL-1095 alcohol at 100-110°C under vacuum
prior to carrying out the alkoxylation reaction.

An alkoxylation process in accordance with the
invention was conducted under the same general procedures
described for Example 1, using as alkoxylation catalyst the
hydrophobic lanthanum titanate prepared as described in
this example. A total of 248 grams of NACOL-10-99 alcohol
and 7.13 grams (100% actives) of hydrophobised lanthanum
titanate were used. At a reaction temperature of 160°C, a
total of 555 grams of ethylene oxide was taken up over a
period of 65 minutes (8.5 min/mol EO). The product was
analysed by GLC techniques and found to have an average
adduct number of 7.5. The ethylene oxide adduct
distribution of the product is presented in Figure 14.

Example 9
Self supported, hydrophobic lanthanum titanate was
prepared by the following coprecipitation procedure.

Titanium alkoxide (31.6 grams of Ti(OR), where R = ‘pr
(80%), R = "Bu (20%), 0.108 moles of Ti) was added to a
solution of lanthanum nitrate (17.3 grams of La(NO,),.6H,0,
0.0400 moles of La) in ethanol (175 grams). The mixture
was stirred for 2 hours and a clear Ti/La solution was
obtained.

The Ti/La solution was then added to a gently stirred

ammonia solution (800 ml, 3% w/w) over 75 minutes at

ambient temperature. The mixture was stirred at ambient
temperature for a further 60 minutes, then heated to reflux
over 60 minutes. The reaction mixture was cooled, filtered
and washed with water and ethanol. The wet catalyst was
dehydrated in the presence of PICOL-1095 alcohol at
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100-110°C under vacuum prior to carrying out the

alkoxylation reaction.

An alkoxylation process in accordance with the
invention was conducted under the same general procedures
for Example 1, using as alkoxylation catalyst the self
supported, hydrophobic lanthanum titanate prepared as
described above. A total of 255 grams of PICOL-1095
alcohol and 35.0 grams of the "wet" self supported,
hydrophobic lanthanum titanate (containing 18% w/w actives)
were used. At a reaction temperature of 160-165°C, a total
of 210 grams of ethylene oxide was added over a period of
45 minutes. The product was analysed by GLC techniques and
found to have an average adduct number of 2.8. The
ethylene oxide adduct distribution of the product is
presented in Figure 15.

Example 9a ,

The self supported hydrophobic lanthanum titanate
prepared and used as described in Example 9 was recovered
and recycled ten times in the alkoxylation process.

The catalyst was recovered from the alkoxylation
product by settling over 16 hours at 90°C followed by
decantation of the supernatant alkoxylation product. The
isolated catalyst was then reused in the alkoxylation
process under the same procedures and conditions of Example
9. The products were analysed by GLC techniques to
determine the average ethylene oxide adduct numbers and
adduct distributions which are presented in Figures 16-18.

Table:
Example 9a - Recycling of Self Supported Hydrophobic
Lanthanum Titanate

No. of RecYcles ' 1 5 10
Alkoxylation Time (min/mol EO) 23 26 25
Average EO Adduct Number 3.2 | 3.6 3.8

EO Adduct Distribution - Figure No. 16 17 18
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This example illustrates that self supported
hydrophobic lanthanum titanate can be recovered and
recycled whilst maintaining its activity and narrow product
molecular weight distribution.

Filtration time of a sample of the self supported,
hydrophobic lanthanum titanate in a C10 alcohol ethoxylate
(3EO0) medium was compared with filtration times of
catalysts prepared as described in Examples 4 (Stage 1) and
6 under identical test conditions. This further
illustrates the ease with which the self supported
lanthanum titanate can be removed from alkoxylation

products.
Example No Filtration Time (min)
9 60
6 485

4, Stage 1 300




WO 95/11212 | PCT/AU94/00645

10

15

20

25

30

35

27

CLAIMS

A process for the alkoxylation of organic compounds
containing at least one active hydrogen which process
comprises reacting said organic compound with an
alkylene oxide in the presence of a catalytically
effective amount of a catalyst comprising the salt of
at least one element chosen from a Group Ia or Group
IIa or rare earth element and an oxy-acid of at least
one element chosen from a Group IVb, Group Vb or Group
VIb element or mixtures thereof wherein said catalyst
is supported on an inert or active support and/or

comprises hydrophobic groups.

A process for alkoxylation of organic compounds
containing at least one active hydrogen which process
comprises reacting said organic compound with an
alkylene oxide in the presence of a catalytically
effective amount of a supported catalyst comprising
the salt of at least one element chosen from a -Group
Ia or Group Ila or rare earth element and an oxy-acid
of at least one element chosen from a Group IVb, Group
Vb or Group VIb element or mixtures thereof wherein
said catalyst is supported on an inert support.

A process for alkoxylation of organic compounds
containing at least one active hydrogen which process
comprises reacting said organic compound with an
alkylene oxide in the presence of a catalytically
effective amount of a catalyst comprising the salt of
a Group Ia or Group IIa or rare earth element and an
oxy-acid of at least one element chosen from a Group
IVb, Group Vb or Group VIb element or mixtures thereof
wherein said catalyst comprises hydrophobic groups.

A process for alkoxylation of organic compounds
according to any one of claims 1 to 3 wherein the
catalyst component of said catalyst is selected from

compounds of the general formula:

M, (X0,)
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wherein:

M is selected from the group consisting of Li, Na, K,
Mg, Ca, Sr, Ba, Sc, Y, La, Ce, Nd and mixtures
thereof;

X is selected from the group consisting of Ti, Zr, Hf,
Nb, Mo, W and mixtures thereof;

and m and n are selected to satisfy valency
requirements.

A process according to claim 4 wherein n is from 2.0

to 6.0 inclusive and m is from 0.2 to 2.0 inclusive.

A process according to any of claims 1 to 5 wherein
said catalyst component is chosen from barium
titanate, barium zirconate, strontium titanate,
strontium zirconate, barium strontium titanate,
lanthanum titanate, potassium lanthanum titanate,
yttrium titanate, lanthanum zirconate, lanthanum
hafnate, barium strontium titanate zirconate, barium
niobate, lanthanum molybdate, neodymium titanate and

calcium titanate.

A process according to any of claims 1 to 5 wherein

‘the alkylene oxide is selected from the group

consisting of ethylene oxide, propylene oxide and
mixtures thereof.

A process according to any of claims 1 to 7 wherein
said organic compound is chosen from the group
consisting of primary and secondary C, to C,, straight
and branched chain alcohols, cycloaliphatic alcohols,
glycols, polyethylene glycols, polypropylene glycols
and polyhydric alcohols.

A process for alkoxylation of organic compounds
according to any of claims 1 to 7 comprising the steps
of: )
adding a hydrophobic and/or supported catalyst to
‘the organic compound containing at least one

active hydrogen;
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heating the reactor containing said organic
compound;

supply alkylene oxide to said organic compound
and hydrophobic and/or suppdrted catalyst at a
process température of between 50 and 250°C and
at a process pressure above atmospheric pressure;
and isolating the alkoxylation products.

A process for alkoxylation of organic compounds

according to any of claims 1 to 7 claims comprising

the steps of:

adding said supported catalyst to said organic
compound containing at least one active hydrogen;
heating a reactor containing said organic
compound and supported catalyst;

supply alkylene oxide to said organic compound
and supported catalyst at a process temperature
of between 50 to 250°C and at a pressure above
atmospheric pressure; and

isolating the alkoxylation products.

A process for alkoxylation of organic compounds

according to any of claims 1 to 7 comprising the steps

of:

adding a hydrophobic catalyst to said organic
compound containing at least one active hydrogen;
heating a reactor containing said organic
compound and hydrophobic catalyst;

supplying alkylene oxide to said organic compound
and hydrophobic catalyst at a process temperature
of between 50 to 250°C and at a pressure above
atmospheric pressure; and

isolating the alkoxylation products.

A process for alkoxylation of organic compounds

according to any of claims 1 to 11 wherein the

catalyst is recycled.

A process for the preparation of a hydrophobic

catalyst which process comprises treating the salt of
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at least one element chosen from a Group Ia or Group
ITa or rare earth element and an oxy-acid of at least
one element chosen from a Group IVb, Group Vb or Group
VIb element or mixtures thereof with a precursor of an

organic radical comprising an hydrophobic group.

A process for the preparation of a hydrophobic
catalyst which process comprises preparing the salt of
at least one element chosen from a Group Ia or Group
ITa or rare earth element and an oxy-acid of at least
one element chosen from a Group IVb, Group Vb or Group
VIb element or mixtures thereof in the presence of a
precursor of an organic radical comprising an
hydrophobic group.

A process according to any of claims 1 to 14 inclusive
wherein the level of hydrophobic and/or supported
catalyst used is in the range of from 0.1 ppm to 25
percent by weight based on the weight of the organic
compound containing reactive hydrogen.

An alkoxylation catalyst comprising the salt of at
least one element chosen from a Group Ia or Group Ila
or rare earth element and an oxy-acid of at least one
element chosen from a Group IVb, Group Vb or Group VIb
element or mixtures thereof wherein said catalyst
comprises hydrophobic groups.

An alkoxylation catalyst comprising the salt of at
least one element chosen from a Group Ia or Group Ila
or rare earth element and an oxy-acid of at least one
element chosen from a Group IVb, Group Vb or Group VIb
element or mixtures thereof wherein said catalyst
comprises hydrophobic groups and is supported on an
inert or active support.

An alkoxylation catalyst according to claim 16 or 17
comprising compounds of the general formula I:

M _(XO0.) I
wherein:
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M is selected from the group consisting of Li, Na, K,
Mg, Ca, Sr, Ba, Sc, Y, La, Ce and Nd and mixtures
thereof;

X is selected from the group consisting of Ti, Zr, Hf,
Nb, Mo, W and mixtures thers:;

m and n are selected to satisfy-valency requirements.

An alkoxylation catalyst according to claim 18 wherein
n has a value from 2.0 to 6.0 inclusive and m has a

value from 0.2 to 2.0 inclusive.

An alkoxylation catalyst according to claim 18 or 19
wherein M is selected from the group consisting of K,
Ca, Sr, Ba, La, Y, Nd and mixtures thereof.

An alkoxylation catalyst according to claim 18 or 19
wherein X is selected from the group consisting of Ti,
Zr, Hf, Mo, Nb and mixtures thereof.

An alkoxylation catalyst according to any one of
claims 16 to 18 wherein said catalyst component is
chosen from barium titanate, barium zirconate,
strontium titanate, strontium zirconate, barium
strontium titanate, lanthanum titanate, potassium
lanthanum titanate, yttrium titanate, lanthanum
zirconate, lanthanum hafnate, barium strontium
titanate zirconate, barium niobate, lanthanum
molybdate, necdymium titanate and calcium titanate.

An alkoxylation catalyst according to any one of
claims 16 to 22 wherein said hydrophobic groups are
chosen from organic radicals containing from a C, to a
C,, saturated or unsaturated, branched or unbranched,
substituted or unsubstituted hydrocarbon chain.

An alkoxylation catalyst according to any one of
cl: =@ms 16 to 23 wherein said hydrophobic groups are

chesen from organic radicals containing from a C, to a

'C, saturated or unsaturated, branched or unbranched,

substituted or unsubstituted hydrocarbon chain.
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25,

26.

27,

28,

29.

30.

31.

32

An alkoxylation catalyst according to claim 16 or 17
wherein the catalyst is supported on an inert support
chosen from the group comprising porous and non-porous
alumina, silica, silica-alumina, titania, zirconia,
magnesia, diatomaceous earth and similar materials,
inert salts of Group IIa and rare earth elements and
mixtures thereof, or polystyrene, polyethylene,
polypropylene, polyimide and grafted derivatives
thereof.

An alkoxylation catalyst according to claim 16 or 17
wherein the catalyst is supported on an active support
chosen from the group comprising oxides, hydroxides or
salts of Group Ia, IIa, IVb, Vb, VIb, rare earth
elements or mixtures thereof, active (gamma) alumina
or silica-alumina.

An alkoxylation catalyst according to claim 16 or 17
wherein the catalyst is supported on an active support
chosen from the group comprising oxides, hydroxides
and salts of Group IVb or mixtures thereof and their
mixtures with the elements of Group IIIb including
self supported catalysts.

An alkoxylation catalyst according to claims 16 or 17
the catalyst is a self-supported catalyst.

A supported alkoxylation catalyst according to any of
claims 16 to 28 wherein the catalyst comprises from
0.5 to 100% by weight of the total supported
alkoxylation catalyst.

A supported alkoxylation catalyst according to any of
claims 16 to 28 wherein the catalyst comprises from
0.5 to 80% by weight of the total supported
alkoxylation catalyst.

Alkoxylation catalysts substantially as herein
described with reference to the Examples.
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32. A process for alkoxylation of organic compounds
substantially as herein described with reference to
the Examples.

33. A process for preparation of a hydrophobic catalyst
5 substantially as herein described with reference to
the Examples.
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