
EP 0 398 450 B1 Description This invention relates to an alkoxylation
process in which one or more alkylene oxides are reacted with one or more
compounds having active hydrogen atoms in the presence of a catalytically
effectively quantity 5  of the compound barium phosphate. In certain
preferred embodiments, the invention relates to processes for the
preparation of alkoxylate products having utility as nonionic surfactants.
A large variety of products useful, for instance, as nonionic surfactants,
wetting and emulsifying agents, solvents, lubricants and chemical
intermediates, are prepared by the addition reaction (alkoxylation
reaction) of alkylene oxides (epoxides) with organic compounds having one
or more active hydrogen atoms. For 10 example, particular mention may be
made of the alkanol ethoxylates and alkyl-substituted phenol ethox- ylates
prepared by the reaction of ethylene oxide with aliphatic alcohols or
substituted phenols of 6 to 30 carbon atoms. Such ethoxylates, and to a
lesser extent corresponding propoxylates and compounds containing mixed
oxyethylene and oxypropylene groups, are widely employed as nonionic
detergent components of cleaning formulations for use in industry and in
the home. As another example, the addition 15  reaction of propylene oxide
with polyols provides intermediates for the preparation of polyurethane
products. An illustration of the preparation of an alkanol ethoxylate
(represented by formula III below) by addition of a number (n) of ethylene
oxide molecules (formula 11) to a single alkanol molecule (formula 1) is
presented by the equation 20 [err] 25 A given alkoxylation process
typically results in the production of a mixture of alkoxylate molecules
having different numbers of alkylene oxide molecules, e.g., molecules
having different values for the adduct number "n" in formula III in the
above illustration. 30     The present invention particularly relates to an
alkoxylation process wherein the alkylene oxide addition reaction is
catalyzed by the compound barium phosphate, [err] Various compounds of
barium and of the other alkaline earth elements are known as alkoxylation
catalysts. For instance, it has been reported (e.g., in U. S. Patents No.
3,752,857, No. 4,134,854, No. 4,223,164, No. 4,306,093 and No. 4,239,917,
and in published European Patent Applications 0026544, 35  0026546, and
0026547) that certain compounds of barium, strontium, and calcium catalyze
alkoxylation reactions. U.S. Patent No. 4,210,764 describes the use of
cresylic acids to further promote alkoxylation catalyzed by barium
compounds. U.S. Patent No. 4,302,613 discloses catalyst systems which
combine barium and strontium compounds with co-catalysts such as calcium
oxide, calcium carbide, calcium hydroxide, magnesium metal, magnesium
hydroxide, zinc oxide and aluminum metal. 40     Strong acids, including
phosphoric acid, are also known as alkoxylation catalysts. Of particular
relevance to the present invention, U.S. Patent No. 4,453,023 describes a
process which employs a catalyst comprising a barium compound and a
promoter selected from the class consisting of superphosphoric acid,
phosphoric acid, diphosphoric acid, triphosphoric acid, phosphorous acid,
dihydrogen phosphate compounds, oxides of phosphorous, carbon dioxide, and
oxalic acid. 45    It has now been found that the compound barium phosphate
[err], is an effective catalyst for the addition reaction of alkylene
oxides with organic compounds having active hydrogen atoms. Accordingly,
the present invention is directed to 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
reactant comprising 50  one or more active hydrogen-containing organic
compounds, in the presence of a catalyst comprising a catalytically
effective amount of barium phosphate. It has been found that an
alkoxylation process catalyzed by barium phosphate has benefit in one or
more respects over conventional processes catalyzed by other barium
compounds. In one important respect, the process of this invention provides
a product having a distribution of 



55  alkylene oxide adducts which is distinguishable from the adduct
distribution of products of prior art processes utilizing barium and/or
phosphorus containing catalysts. Any alkylene oxide addition reaction
produces a mixture of various alkoxylate molecules having different numbers
of alkylene oxide adducts (e.g., the alkylene oxide adduct number n in the
illustration provided by formula III above). As is well known 2    EP 0 398
450 B1 in the art, the distribution of the different alkylene oxide adducts
in the product mixture is a factor which in many respects controls the
properties of the alkoxylation product, and efforts are made to tailor the
distribution of adduct numbers within a product to the product's intended
service. In certain preferred embodiments, the present invention relates to
a process characterized by enhanced 5  selectivity for the preparation of
particular alkoxylate mixtures, including valuable alkanol alkoxylate
mixtures, in which a relatively large proportion of the alkoxylate
molecules have a number of alkylene oxide adducts that is within a
relatively narrow range of values. For instance, in one such embodiment,
the invention is a process for the preparation of ethoxylates of alkanol
reactants which comprises contacting an alkanol reactant with an ethoxylate
reactant in the presence of an alkoxylation catalyst comprising a 10
catalytically effective amount of barium phosphate. The alkanol ethoxylate
product of such a process has an exceptionally narrow ethylene oxide adduct
distribution. The present invention centers upon discoveries associated
with the use in an alkoxylation process of a certain class of catalysts.
Apart from the use of such catalysts, the process of the invention is, as a
general rule, suitably conducted using such reactants and practicing under
such processing procedures and 15  reaction conditions as are well known to
the art for alkoxylation reactions. Certain preferences may, however, be
expressed for particular reactants, procedures and conditions. Thus, for
instance, the invention Is preferably applied to processes utilizing an
alkylene oxide (epoxide) reactant which comprises one or more vicinal
alkylene oxides, particularly the lower alkylene oxides and more
particularly those in the [err] range. In general, the alkylene oxides are
represented by the 20  formula [ERR] wherein each of the [err] moieties is
individually selected from the group consisting of 30  hydrogen and alkyl
moieties. Reactants which comprise ethylene oxide, propylene oxide, or
mixtures of ethylene oxide and propylene oxide are more preferred,
particularly those which consist essentially of ethylene oxide, or
propylene oxide, or their mixtures. Alkylene oxide reactants consisting
essentially of ethylene oxide are considered most preferred from the
standpoint of commercial opportunities for the practice of alkoxylation
processes, and also from the standpoint of benefits to be gained from the
use of the 35  invention to prepare products having unique alkylene oxide
adduct distributions. Likewise, the active hydrogen reactants suitably
utilized in the process of the invention include those known in the art for
reaction with alkylene oxides and conversion to alkoxylate products.
Suitable classes of active hydrogen reactants include alcohols, phenols,
thiols (mercaptans), amines, polyols, carboxylic acids, and mixtures
thereof. Preference generally exists for use of hydroxyl-containing
reactants. More preferably, 40  the active hydrogen-containing reactant
consists essentially of one or more active hydrogen containing compounds
selected from the group consisting of alkanols, alkyl polyols and phenols
(including alkyl- substituted phenols). Among the suitable carboxylic
acids, particular mention may be made of the mono- and dicarboxylic acids,
both aliphatic (saturated and unsaturated) and aromatic. Specific examples
include acetic acid, 45 propionic acid, butyric acid, valeric acid, caproic
acid, lauric acid, myristic acid, palmitic acid, steric acid, oleic acid,
rosin acids, tall oil acids, terephthalic acid, benzoic acid, phenylacetic
acid, toluic acid, acrylic acid, methacrylic acid, crotonic acid and maleic
acid. Among the suitable amines, particular mention may be made of primary,
secondary and tertiary 



alkylamines and of alkylamines containing both amino and hydroxyl groups,
e.g., N,N-di(n-butyl)- 50  ethanolamine and tripropanolamine. Among the
suitable thiols, particular mention may be made of primary, secondary and
tertiary alkane thiols having from 1 to 30 carbon atoms, particularly those
having from 8 to 20 carbon atoms. Specific examples of suitable tertiary
thiols are those having a highly branched carbon chain which are derived
via hydrosulfurization of the products of the oligomerization of lower
olefins, particularly the dimers, trimers, and 55  tetramers and pentamers
of propylene and the butylenes. Secondary thiols are exemplified by the
lower alkane thiols, such as 2-propanethiol, 2-butanethiol, and
3-pentanethiols, as well as by the products of the hydrosulfurization of
the substantially linear oligomers of ethylene as are produced by the Oxo
process. Representative, but by no means limiting, examples of thiols
derived from ethylene oligomers include the 3    EP 0 398 450 B1 linear
carbon chain products, such as 2-decanethiol, 3-decanethiol, 4-decanethiol,
5-decanethiol, 3- dodecanethiol, 5-dodecanethiol, 2-hexadecanethiol,
5-hexadecanethiol, and 8-octadencanethiol, and the branched carbon chain
products, such as 2-methyl-4-tridecanethiol. Primary thiols are typically
prepared from terminal olefins by hydrosulfurization under free-radical
conditions and include, for example, 1- 5  butanethiol, 1-hexanethiol,
1-dodecanethiol, 1-tetradecanethiol and 2-methyl-1-tridecanethiol. Among
the polyols, particular mention may be made of those having from 2 to 6
hydroxyl groups. Specific examples include the alkylene glycols such as
ethylene glycol, propylene glycol, hexylene glycol, and decylene glycol,
the polyalkylene glycol ethers, such as diethylene glycol, triethylene
glycol, propylene glycol, dipropylene glycol, tripropylene glycol,
glycerine and sorbitol. 10     The alcohols (both mono- and poly-hydroxy)
and the phenols (including alkyl-substituted phenols) are preferred classes
of active hydrogen reactants for purposes of the invention. Among the
phenols, particular mention may be made of phenol and of alkyl-substituted
phenols wherein each alkyl substituent has from one to 30 (preferably from
one to 20) carbon atoms, for example, p-methylphenol, p-ethylphenol, p-
hexylphenol, nonylphenol, p-decylphenol and didecyl phenol. is    Acyclic
aliphatic mono-hydric alcohols (alkanols) form a most preferred class of
reactants, particularly the primary alkanols, although secondary and
tertiary alkanols are also very suitably utilized in the process of the
invention. Preference can also be expressed, for reason of both process
performance and commercial value of the product, for alkanols having from
one to carbon atoms, with [err] alkanols considered more preferred and
[err] alkanols considered most preferred. As a general rule, the 20
alkanols may be of branched or straight chain structure, although
preference further exists for alkanol reactants in which greater than 50
per cent, more preferably greater than 60 per cent and most preferably
greater than 70 per cent of the molecules are of linear (straight-chain)
carbon structure. The general suitability of such alkanols as reactants in
alkoxylation reactions is well recognized in the art. Commercially
available mixtures of primary mono-hydric alkanols prepared via the
oligomerization of 25 ethylene and the hydroformylation or oxidation and
hydrolysis of the resulting higher olefins are particularly preferred.
Examples of commercially available alkanol mixtures include the NEODOL
Alcohols, trademark of and sold by Shell Chemical Company, including
mixtures of [err] alkanols (NEODOL 91 Alcohol), mixtures of [err] alkanols
(NEODOL 23 Alcohol), mixtures of [err] alkanols (NEODOL 25 Alcohol), and
mixtures of [err] alkanols (NEODOL 45 Alcohol); the ALFOL 30 Alcohols,
trademark of and sold by Vista Chemical Company, including mixtures of
[err] alkanols (ALFOL 1012), mixtures of [err] alkanols (ALFOL 1214),
mixtures of[err] alkanols (ALFOL 1618), and mixtures of [err]alkanols
(ALFOL 1620); the EPAL Alcohols, trademark of and sold by Ethyl Chemical
Company, including mixtures of [err] alkanols (EPAL 1012), mixtures of
[err] and [er] alkanols (EPAL 1214), and mixtures of [err] alkanols (EPAL
1418); and the TERGITOL-L 35  Alcohols, trademark of and sold by Union
Carbide Corporation, including mixtures of [err] 



alkanols (TERGITOL-L 125). Also very suitable are the commercially
available alkanols prepared by the reduction of naturally occurring fatty
esters, for example, the CO and TA products of Procter and Gamble Company
and the TA alcohols of Ashland Oil Company. Among the polyols, particular
mention may be made of those having from 2 to 6 hydroxyl groups and 2 40 or
more, preferably 2 to 30 carbon atoms. Specific examples include the
alkylene glycols such as ethylene glycol, propylene glycol, hexylene
glycol, and decylene glycol, the polyalkylene glycol ethers, such as
diethylene glycol, triethylene glycol, propylene glycol, dipropylene
glycol, tripropylene glycol, glycerine, sorbitol and pentaerythritol.
Higher oligomers and polymers of the polyols are also very suitable. The
active hydrogen containing reactant is also very suitably the alkoxylate
product of a previous 45 alkoxylation of an active hydrogen containing
compound. Thus, for example, advantages associated with the invention can
be realized by applying the invention to further ethoxylate an alkanol
ethoxylate which has previously been prepared by ethoxylation of an alkanol
ethoxylate in the presence of a barium phosphate catalyst or another
alkoxylation catalyst. Further examples of both specific alkylene oxide
reactants and specific active hydrogen containing so reactants suitable for
use in this invention are recited in the aforementioned U.S. Patents, the
relevant disclosures of which are incorporated herein by this reference. In
general terms, for purposes of the invention, the alkylene oxide reactant
and the active hydrogen reactant are necessarily contacted in the presence
of a catalytically effective amount of the compound barium phosphate, that
is, an amount sufficient to influence the activity and/or the selectivity
of the 55 alkoxylation reaction. It is critical to the invention that the
catalyst comprise a catalytically effective amount of the specific compound
barium phosphate, For purposes of this specification barium phosphate means
the compound of the formula [err], which has been referred to as tribarium
orthophosphate and also as barium tri- 4    EP  0 398 450 B1
orthophosphate. This compound is to be distinguished from barium
di-orthophosphate (also known as barium hydrogen phosphate and having the
formula [err]) as well as from other phosphate salts of barium. In this
regard, the process of this invention is also distinguished from prior art
processes which have used other catalysts comprising barium and/or
phosphate compounds. In particular, the process of this 5  invention is
distinguishable from that disclosed in U.S. Patent No. 4,453,023, wherein
alkoxylation is carried out in the presence of a barium catalyst selected
from the group consisting of barium alkoxides, barium phenoxides, barium
hydroxides and mixtures thereof, and a promoter which is suitably
phosphoric acid. X- ray diffraction analyses of the barium compounds formed
upon the combination of a barium compound and phosphoric acid as taught by
U.S. 4,453,023 indicate the presence of barium hydrogen phosphate, barium
10  carbonate and barium oxide. This analysis fails to detect a measurable
amount of barium phosphate. Although the catalyst described in U.S.
4,453,023 promotes alkoxylation, its alkoxylation performance, in terms of
process activity and selectivity, Is readily distinguishable from the
performance of barium phosphate in the process of this invention. Barium
phosphate for use in this invention is suitably synthesized by
neutralization of barium hydroxide 15  or oxide with phosphoric acid in an
aqueous medium. For instance, phosphoric acid, preferably in dilute aqueous
solution, may simply be added, preferably with mixing, to a solution or
slurry of barium hydroxide in water at room temperature. For formation of
barium phosphate In this manner, the barium compound and the phosphoric
acid are mixed in a molar ratio of 3:2, or, equivalently, 1.5:1, to
correspond with the stoichiometry of the formula [err]. It has been
observed that barium and phosphorus containing 20  products other than
barium phosphate may be formed during addition of the acid to the barium
base, if the local concentration of the acid exceeds that of the base in
the aqueous medium. Therefore, gradual addition of the acid to a
well-stirred aqueous base is preferred. It is also preferred to add the
acid at a rate sufficient 



to fully neutralize the base to barium phosphate before partially
neutralized salts precipitate from solution. It is considered desirable to
continue stirring of the mixture after neutralization in order to promote
crystalliza- 25 tion of the salt product. The product can be recovered by
precipitation. Preferred steps for recovery of the salt include isolating
by filtration, washing with water, and drying under vacuum. Essentially
complete drying is particularly preferred, e.g., under vacuum at elevated
temperature. Drying temperature is not critical, although temperatures
which allow for pyrophosphate formation (e.g., 600 [err]C) should be
avoided. The method for preparing barium phosphate as described above is
not critical to this invention, and 30 other methods will be apparent to
those skilled in the art. It has, however, been observed that the contact
between a barium base catalyst and a phosphoric acid catalyst promoter in
an alcohol solution, as described in U.S. Patent 4,453,023, is not suitable
for barium phosphate preparation. The presence of the alcohol appears to
inhibit full neutralization of the acid and the base, and instead favors
the production of partially neutralized species such as barium hydrogen
phosphate BaH([err]). 35     Barium phosphate is present in a
catalytically-effective amount in the alkoxylation reaction mixture of the
process of the invention, that is, in an amount which has a meaningful
influence upon alkoxylation reaction activity and/or selectivity. Preferred
for practice of the Invention is a quantity of barium phosphate which is at
least about 0.1 %w (per cent by weight), calculated on the weight of the
active hydrogen containing reactant. More preferred is the use of the
catalyst in a quantity which is between about 0.2 and 5 40  %w, while a
quantity of catalyst in the range from about 0.5 to 2 %w is considered most
preferred, particularly for processes involving mono-hydric alkanol and
ethylene oxide reactants. Substantially greater quantities of catalyst are
also suitable, for instance up to 10 %w, calculated on active hydrogen
reactant. As a rule, the higher the desired average alkylene oxide adduct
number of the alkoxylate product and the higher the desired rate of
reaction, the greater the required quantity of catalyst. 45    In addition
to a catalytically effective amount of the barium phosphate, the catalyst
for the process of the invention may also suitably contain other
substances, including both those which may be introduced into the process
as impurities in the barium phosphate catalyst as well as those which may
be added to promote or modify catalyst activity. In one particular respect,
it is suitable to apply in the process of this invention a catalyst which
comprises other barium compounds in addition to the specified barium 50
phosphate. However, since other compounds of barium which are known as
alkoxylation catalysts do not exhibit the activity and/or selectivity of
barium phosphate, it is considered preferable that the barium compounds
contained in the catalyst be predominantly in the form of barium phosphate.
In other words, in such a case, it is preferred that the compound barium
phosphate account for a major portion, by weight, of all barium compounds
in the catalyst. More preferably, the compound barium phosphate accounts
for as essentially all of the barium content of the catalyst. Most
preferably, the catalyst applied in the process of this invention consists
essentially of barium phosphate. 5    EP 0 398 450 B1 In general, such
specifications and preferences regarding barium phosphate relate to the
catalyst in the form in which it is introduced into contact with reactants
at the start of an alkoxylation process according to the invention. As is
known in this art, the initially introduced catalyst in an alkoxylation
process may be converted in whole or in part to other catalytically active
or inactive species during the course of the 5  alkoxylation. Thus, the
invention is considered to encompass an alkoxylation process carried out in
the presence of a catalytically effective amount of barium phosphate, as
well as a process carried out in the presence of catalytically effective
amounts of one or more other active substances to which barium phosphate
may be converted in situ in the alkoxylation reaction mixture. In order to
minimize the in situ conversion of barium phosphate to barium hydrogen
phosphate and other barium compounds which are not 10 effective for the
objects of this invention, it is desirable to maintain a substantially
neutral pH for the process 



reaction mixture. The catalyst, as well as the reactants, are preferably
substantially free of water. The presence of significant amounts of water
in the process (e.g., greater than 500 ppm water based on active hydrogen
containing reactant) has been observed to lower catalyst activity and to
change the alkylene oxide adduct 15 distribution of the product.
Preferably, water content is held below 200 ppm, calculated on active
hydrogen containing reactant. In a preferred mode of practice of the
invention, water is removed from a mixture of active hydrogen reactant and
catalyst, by heating under vacuum (e.g. a pressure less than 100 torr)
prior to contact with alkylene oxide reactant. In terms of processing
procedures, the alkoxylation reaction in the invention may be conducted in
a 20  generally conventional manner. For example, the catalyst may
initially be mixed with liquid active hydrogen reactant. The mixture of
catalyst and liquid reactant is contacted, preferably under agitation, with
alkylene oxide reactant, which is typically introduced, in gaseous form, at
least for the lower alkylene oxides. The order In which the reactants and
catalyst are contacted has not been found to be critical to the invention.
While these procedures describe a batch mode of operation, the invention is
equally applicable to a 25 continuous process. The catalyst may be either
soluble (either partially or completely) or insoluble in this liquid
reactant as well as in liquid mixtures of the reactant and the product
formed as the process is carried out. While it is not intended to limit the
scope of the invention to one theory or mechanism of operation, it is
believed that the presence of crystalline barium phosphate in the
alkoxylation mixture has a beneficial influence upon the 30 performance of
the catalyst, particularly on the reaction rate and the alkylene oxide
adduct distribution of the product. Overall, the two reactants are utilized
in quantities which are predetermined to yield an alkoxylate product of the
desired mean or average adduct number. The average adduct number of the
product is not critical to this process. Such products commonly have an
average adduct number in the range from less 35 than one to 30 or greater,
although the invention is also suitable for alkoxylation of reactants, such
as polyols, for which substantially higher average adduct number products
are often desired. In particularly preferred embodiments, the invention is
applied for the manufacture of ethylene oxide adducts of primary
mono-hydric alkanols in the carbon number range from 6 to 24, having an
average of between 1 to 15, more preferably between 2 and 12, oxyethylene
groups per ethoxylate molecule, and characterized by very 40 desirable
adduct distribution. In general terms, suitable and preferred process
temperatures and pressures for purposes of this invention are the same as
in conventional alkoxylation reactions between the same reactants,
employing conventional catalysts. A temperature of at least 90 [err]C,
particularly at least 120 [err]C and most particularly at least 130 [err]C,
is typically preferred from the stand-point of the rate of reaction, while
a temperature less 45  than 250 [err]C, particularly less than 210 [err]C,
and most particularly less than 190 [err]C, is typically desirable to
minimize degradation of the product. As Is known in the art, the process
temperature can be optimized for given reactants, taking such factors into
account. Superatmospheric pressures, e.g., pressures between 171 and 1201
kPa (0.7 and 11 barg), are preferred, with pressure being sufficient to
maintain the active hydrogen reactant substantially in the liquid so state.
When the active hydrogen reactant is a liquid and the alkylene oxide
reactant is a vapor, alkoxylation is then suitably conducted by introducing
alkylene oxide into a pressure reactor containing the liquid active
hydrogen reactant and the catalyst. For considerations of process safety,
the partial pressure of a lower alkylene oxide reactant is preferably
limited, for instance, to less than 400 kPa (4 bar), and/or the reactant is
55 preferably diluted with an inert gas such as nitrogen, for instance, to
a vapor phase concentration of 50 per cent or less. The reaction can,
however, be safely accomplished at greater alkylene oxide concentration,
greater total pressure and greater partial pressure of alkylene oxide if
suitable precautions, known to the art, are taken to manage the risks of
explosion. A total pressure of between 401 and 801 kPa (3 and 7 barg), 6  



EP 0 398 450 B1 with an alkylene oxide partial pressure between 1 and 4
barg, is particularly preferred, while a total pressure of between 451 and
751 kPa (3,5 and 6,5 barg), with an alkylene oxide partial pressure between
251 and 751 kPa (1,5 and 3,5 barg), is considered more preferred. The time
required to complete a process according to the invention is dependent both
upon the degree 5  of alkoxylation that is desired (i.e., upon the average
alkylene oxide adduct number of the product) as well as upon the rate of
the alkoxylation reaction (which is, in turn dependent upon temperature,
catalyst quantity and nature of the reactants). A typical reaction time for
preferred embodiments is in the range from 1 to 24 hours. After the
ethoxylation reaction has been completed, the product is preferably cooled.
If desired, catalyst 10 can be removed from the final product, although
catalyst removal is not necessary to the process of the invention. Catalyst
residues may be removed, for example, by filtration, centrifugation,
extraction, or the like. The fact that a high degree of removal of catalyst
residues can be accomplished by physical means suggests that the active
catalyst species is essentially insoluble in the reaction mixture. In
certain preferred embodiments, the level of catalyst residues and in some
cases the quantity of by- 15 products in the reaction product are reduced
by treatment of the alkoxylation reaction product with a material selected
from the group consisting of strong acids (particularly oxalic acid and/or
phosphoric acid), alkali metal carbonates and bicarbonates, solid organic
acids, zeolites (particularly Y zeolite and mordenite), and clays. The
products are contacted with one or more of such materials and then
filtered, preferably at elevated temperature, e.g., 100 [err] C. An aqueous
wash of the product at a temperature of about 125 [err] C has 20 also been
found to be particularly useful for removal of catalyst residues and
by-products. The process of the invention may be applied to the preparation
of products having very desirable alkylene oxide adduct distributions, and,
in many cases, products for which the adduct distribution differs
substantially from that produced by related prior art alkoxylation
catalysts. In addition, the process produces a product having a relatively
low content of unreacted (residual) active hydrogen reactant, that is a
relatively 25 low content of material for which the adduct number is zero.
A high level of residual reactant either represents a loss of valuable
reactant, or requires that further processing of the product be carried out
to recover the reactant. Moreover, the presence of the unreacted material
is often of disadvantage from the standpoint of product quality and
environmental concerns. For instance, residual alkanol in a detergent
alcohol ethoxylate product contributes to volatile organic emissions during
spray drying of detergent 30 formulations. Still further, the process of
the invention is capable of providing a product having a relatively low
content of polyalkylene glycols and other by-products. Moreover, the
polyalkylene glycol by-products which do result from practice of this
Invention are generally of a relatively high carbon number than the by-
products of conventional alkoxylation processes, and are more readily
separated from the principal alkoxylation products by physical means such
as filtration, centrifugation, and the like. 35     The following Examples
are provided to further illustrate certain specific aspects of the
invention but are not intended to limit its broader scope. EXAMPLE 1 40
Barium phosphate was prepared by the following procedure. Barium hydroxide
monohydrate (15.0 g, 79.2 mmoles) was dissolved in 1500 ml of distilled
water under stirring for one hour. Phosphoric acid (6.1 grams of 85 %w
phosphoric acid, containing 52.8 mmoles of the acid) was diluted with 100
ml of distilled water and the dilute acid solution was then added dropwise
to the barium hydroxide solution over an eight minute period. A milky white
suspension formed and remained. The suspension was stirred for two hours 45
and then filtered through a Buchner funnel, washed with 600 ml of distilled
water, and filtered to dryness. The precipitate was placed in a vacuum oven
at 120 [err]C at a pressure of 2,66 kPa for several hours to effect more
complete dryness. The white solid was analyzed by X-ray powder diffraction
and found to contain Bas([err] as the only crystalline product. An
alkoxylation process in accordance with the invention was conducted under
the following proce- 



50 dures. The alkylene oxide reactant for this process embodiment consisted
of ethylene oxide and the active hydrogen containing reactant consisted of
NEODOL 23 Alcohol (NEODOL is a registered trademark of Shell Chemical
Company) characterized as a mixture of primary, 80% linear (20% branched),
alkanols having twelve and thirteen carbon atoms (about 40% by mol [err]
and 60% by mol [err]). Initially, 2.50 grams of the barium phosphate
prepared as described above was added to 110 grams of 55 NEODOL 23 Alcohol,
and the mixture was transferred to a 500 ml autoclave reactor maintained
under nitrogen atmosphere. The autoclave and its contents were then heated
to 155 [err]C under a constant nitrogen sparge to drive off water. The
mixture was held at 155 [err]C for 10-15 minutes. A mixture of nitrogen and
ethylene oxide was then introduced into the reactor to a total pressure of
400 kPa (4 bar) 200 kPa (2 bar) 7    EP 0398450 B1 nitrogen and 200 kPa (2
bar) ethylene oxide). Alkoxylation (ethoxylation) commenced immediately.
Addi- tional ethylene oxide was supplied on demand to maintain an
essentially constant 2 bar ethylene oxide partial pressure. Temperature was
maintained at 155 [err]C. A total of 180 grams of ethylene oxide was taken
up over a period of 2.75 hours. The reactor was maintained at temperature
for an additional one-half hour to 5  consume unreacted ethylene oxide. The
product was analyzed by GC-LC techniques and found to have a mean average
adduct number of 6.9. The ethylene oxide adduct distribution of the product
is presented in the following table. The only observed by- products were
polyethylene glycols (PEG) in a quantity of 2.3% weight. 10
ETHOXYLATE DISTRIBUTION Adduct Number    Concentration 0             1.8%w
1            0.4%w 2            0.6%w 3            1.3%w 4            2.8%w
5            6.3%w 6            12.3%w 7            18.7%w 8
21.2%w 9           17.1%w 10           10.2%w 1 1           4.7%w 25
12             1.7%w 13            0.6%w 14            0.2%w 15
0.1%w 30 EXAMPLE 2 Barium phosphate was prepared by the following
procedure. Barium hydroxide monohydrate (20.0 g, 35  105.6 mmoles) was
dissolved in 3000 ml of distilled water with stirring for a few minutes.
Phosphoric acid (8.1 g of 85 %w phosphoric acid, containing 70.4 mmoles of
the acid) was diluted with 100 ml of distilled water and the dilute acid
was added dropwise to the barium hydroxide solution over a ten minute
period. A milky white suspension formed and remained as the mixture was
stirred for four hours. A solid was recovered upon filtration through a
Buchner funnel, washed with 1200 ml of distilled water, and filtered to 40
dryness. The solid was placed in a vacuum oven at 120 [err]C and 2,66 kPa
for several hours to effect more complete dryness. The white solid was
analyzed by X-ray powder diffraction and found to contain [err] 



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
45 described above. At a reaction temperature of 155 [err] C, a total of
180 grams of ethylene oxide was taken up over a period of 6.0 hours. The
product was analyzed by GC-LC techniques and found to have a mean average
adduct number of 7.5. The ethylene oxide adduct distribution of the product
is presented in the following table. The only observed by-products were
polyethylene glycols. 50 55 8    EP 0 398 450 B1 ETHOXYLATE DISTRIBUTION
Adduct Number    Concentration 0             1.1 %w 1            0.3 %w 2
0.3 %w 3            0.7 %w 4            1.6 %w 5            4.5%w 10
6            10.5 %w 7            18.9 %w 8           23.1 %w 9
19.2 %w 10           11.4 %w 15                                   11
5.0 %w 12            1.8 %w 13            0.7 %w 14            0.4 %w 15
0.2 %w 20                                    16             0.2 %w EXAMPLE
3 25 Barium phosphate was prepared by the following procedure. Barium
hydroxide monohydrate (5.0 g, 26.4 mmoles) was dissolved in 3000 ml of
distilled water and allowed to stir for one hour. Phosphoric acid (2.0 g of
85%w phosphoric, containing 17.6 mmoles of the acid) was diluted with 100
ml of distilled water and added dropwise to the barium hydroxide solution
over an eight minute period. A milky white suspension 30 formed and
remained as the suspension was stirred for four hours. The suspension was
filtered through a Buchner funnel to recover solid which was washed with
1200 ml of distilled water and filtered to dryness. The solid was placed in
a vacuum oven at 120 [err] C and 2,66 kPa for several hours to effect more
complete dryness. The white solid was analyzed by X-ray powder diffraction
and found to contain[err] as the only crystalline product. 35     An
alkoxylation process in accordance with the invention was conducted under
the same general procedures described for examples 1 and 2, using as
alkoxylation catalyst the barium phosphate prepared as described above. At
a reaction temperature of 155 [err] C, a total of 180 grams of ethylene
oxide was taken up over a period of 1.0 hour. The product was analyzed by
GC-LC techniques and found to have a mean average adduct number of 6.7. The
ethylene oxide adduct distribution of the product is presented in the 40
following table. The only observed by-products were polyethylene glycols. 



45 50 55    EP 0 398 450 B1 ETHOXYLATE DISTRIBUTION Adduct Number
Concentration 0            2.0 %w 5                                   1
0.6 %w 2            0.8 %w 3            1.7 %w 4            3.8 %w 5
8.3 %w 10                                     6            14.6 %w 7
20.1 %w 8           20.1 %w 9            14.8 %w 10            8.1 %w 15
11            3.3 %w 12            1.2 %w 13            0.4 %w 14
0.2 %w 15            0.1 %w 20                                 16
0.0 %w EXAMPLE 4 25 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 with stirring for two hours.
Phosphoric acid (18.3 g of 85%w phosphoric acid containing 158.5 mmoles of
the acid) was added dropwise to the barium hydroxide solution over a seven
minute period. A milky white suspension formed. The suspension was then 30
immediately filtered through a Buchner funnel to recover a solid which was
washed with 400 ml of distilled water and filtered to dryness. The solid
was then heated to 120 [err] C under a 2,66 kPa vacuum for several hours to
effect more complete dryness. The white solid was analyzed by X-ray powder
diffraction and found to contain [err] as the major crystalline product,
with much smaller amounts of crystalline [err] and [err] also present. 35
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 [err]C, a total of 180 grams of ethylene
oxide was taken up 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 40
following table. The only observed by-products were polyethylene glycols.
45 50 55 10    



EP 0 398 450 B1 ETHOXYLATE DISTRIBUTION Adduct Number    Concentration 0
2.0%w 1             0.5%w 2             0.6%w 3             1.3%w 4
2.9%w 5             6.4%w 10                                     6
11.5%w 7            17.4%w 8            19.8%w 9            16.6%w 10
10.7%w 15                                    11             5.5%w 12
2.6%w 13             1.2%w 14            0.6%w 15            0.3%w 20
16             0.2%w EXAMPLE 5 25 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 (18.3 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 mixture was then filtered
through a Buchner funnel to recover a solid which was washed with 400 ml of
distilled water and filtered to dryness. The solid was placed in a vacuum
oven at 120 [err] 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 [err] as the major crystalline product, with much
smaller amounts of crystalline [err] and [err] also present. 35     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 [err]C. a total of 180 grams of ethylene oxide was taken
up 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 distribution of the product is presented in the 40 following table.
The only observed by-products were polyethylene glycols. 45 50 55    EP 0
398 450 B1 ETHOXYLATE DISTRIBUTION Adduct Number    Concentration 0
1.8 %w 1             0.4 %w 2             0.4 %w 3             0.8 %w 



4             1.7 %w 5             4.0 %w 6             8.9 %w 7
17.8 %w 8            25.4 %w 9            19.7 %w 10            11.3 %w 15
11              5.0 %w 12             1.8 %w 13             0.6 %w 14
0.3 %w 15             0.2 %w 20                                     16
0.0 %w EXAMPLE 6 25 Barium phosphate was prepared by the following
procedure. Barium hydroxide monohydrate (1080 g, 5.70 moles) was dissolved
in 102 litres of distilled water and allowed to stir for 15 minutes.
Phosphoric acid (439 g 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 30
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
filtered to dryness. The solid was placed in a vacuum oven at 120 [err]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
[err] as the only crystalline product. An alkoxylation process in
accordance with the invention was conducted under the same general 35
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. 40 45 50 55 12    EP 0 398 450 B1
ETHOXYLATE DISTRIBUTION Adduct Number    Concentration 0             1.8 %w
1             0.3 %w 2             0.4 %w 3             0.8 %w 4
1.5 %w 5             3.5 %w 10                                     6
7.3 %w 7            13.9 %w 8            19.9 %w 9            20.4 %w 



10            15.5 %w 15                                    11
8.7 %w 12             3.9 %w 13             1.4 %w 14            0.5 %w 15
0.3 %w 20                                   16             0.0 %w EXAMPLE 7
25 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 (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 30 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 [err] C and 2.66 kPa for several hours. The
white solid product was analyzed by X-ray powder diffraction and found to
contain [err] as the only crystalline product. 35     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 [err]C under a
constant nitrogen sparge to drive off water. The autoclave was 40 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. 45 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 (12.2 g of 85%w phosphoric acid, containing 105.6 mmoles of
the acid) was diluted with 200 ml of distilled water 50 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 ml of distilled water, and filtered to
dryness. The solid was further dried in a vacuum oven at 120 [err]C and
2,66 kPa for several hours. The white solid was analyzed by X-ray powder
diffraction and found to contain [err] as the only crystalline product. 55
An alkoxylation process in accordance with the invention was conducted
under the same general procedures described for example 1, but applying a
lesser amount of catalyst. 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    EP 0 398 450 B1
contents were then heated up to 155 [err]C under a constant nitrogen sparge
to drive off water. A mixture of nitrogen 200 kPa (2 bar) and ethylene
oxide 200 kPa (2 bar) was introduced. Alkoxylation commenced immediately;
additional ethylene oxide was supplied on demand to maintain the 4 bar
total pressure. Temperature was maintained at 155  C. A total of 195 grams
of ethylene oxide was taken up over a period 5  of 3.62 hours. The product
was analyzed by GC-LC techniques and found to have a mean average adduct 



number of 5.4. The ethylene oxide adduct distribution of the product peaked
at 20.9%w. The only observed by-products were polyethylene glycols in a
quantity of 1.5%w. Comparative Experiments A-E 10 A series of experiments
were carried out, to compare the process of this invention with that of
U.S. Patent No. 4,453,023. The general procedures of the examples of U.S
4,453,020 (particularly those of example 6 of the patent) were followed to
prepare phosphoric acid-promoted, barium alkoxylation catalysts, and to use
these 15 promoted catalysts for ethoxylation of a higher carbon number
primary alkanol. For each of the series of comparative experiments, 3.02
grams of barium hydroxide (monohydrate) was added to 110 grams of the
NEODOL 23 Alcohol. This mixture was heated to 110 [err]C and maintained at
that temperature and under vacuum (66 Pa) for one hour. After cooling,
phosphoric acid (0.506 grams) was then added, with stirring, to the mixture
for comparative experiment A. The amount of phosphoric acid added 20 was
varied in the other comparative experiments as described below. The
resulting mixture was heated at 110 [err]C under vacuum for one hour,
cooled, placed in an autoclave under nitrogen atmosphere and contacted and
reacted with ethylene oxide at a temperature of 140 * C. For comparative
experiment A, the barium hydroxide catalyst and the phosphoric acid
promoter were applied in a relative molar ratio of 3.6:1. Greater
quantities of phosphoric acid were added in experiments B, 25 C, D, and E.
The quantity of phosphoric acid added in experiments C and D corresponds to
the molar ratio of 1.5 and thus to the stoichiometry of the formation of
the barium phosphate [err] catalyst applied in the process of this
invention. For the process which it describes and claims, U.S. 4,453,023
teaches the use of a catalyst promoter, e.g., phosphoric acid, in a
concentration which is up to about 30% by weight, calculated on the weight
of 30 barium salt employed. The molar ratios of 3.6 and 2.5 for experiments
A and B correspond to phosphoric acid concentrations (calculated on this
same basis) of 15.8% by weight and 22.8% by weight respectively, and are
within the teachings of the patent. The molar ratio of 1.5 applicable to
the comparative experiments C and D (as well as to the preparation of the
different catalyst of the present invention) correspond to a phosphoric
acid concentration of 38% by weight, outside of the teachings of U.S.
4,453,023. 35     The results of these comparative experiments, presented
in the following table, are readily distinguish- able from those of the
process of this invention. Most notably, when the barium hydroxide and
phosphoric acid components are introduced into the reactor in a molar ratio
of 1.5, in experiments C and D, the neutralization product is Inactive as
an alkoxylation catalyst. At greater molar ratios, in experiments A and B,
the process does produce an alkoxylation product, although one
characterized by a different adduct 40 distribution (in this case, a
broader and less peaked adduct distribution) than that produced by practice
of the process of this invention. 45 50 55 14    EP 0 398 450 B1 [err]
Analysis by X-ray diffraction of the barium species formed under the
practice of the procedures 50 described in the examples of U.S. 4,453,023
indicated the presence of barium hydrogen phosphate [err], barium carbonate
[err], and barium/oxygen species including barium oxide. These analyses
failed to detect barium phosphate [err]. In comparative experiments C and
[err] the analysis indicated that for the inactive catalyst the barium
compounds consisted essentially of barium hydrogen phosphate. 55 EXAMPLE 9 



Barium phosphate was prepared by the following procedure. Barium hydroxide
(31.23 grams of Ba(OH)- 2[err]0, 0.099 moles) was dissolved in 500 grams of
deionized water and added to a 1 liter reaction flask 15    EP 0 398 450 B1
fitted with a magnetic stirring bar, reflux condensor and dropping funnel.
The hazy solution was heated to 68 C, and treated dropwise over a 30 minute
period with a solution of 7.61 grams of 85%w phosphoric acid (0.066 moles
of acid) in 50 grams of deionized water. The resulting milky white mixture
was heated further at 80 [err]C for an additional two hours, then cooled to
25 [err]C and filtered using a medium porosity glass filter. The white
filter cake was washed several times with deionized water until the wash
was approximately neutral pH. The solid was dried under vacuum (11,8 kPa)
at 80 [err]C for 24 hours. Analysis of the product showed 63 %w Ba and 8.9
%w P (theoretical for [err] is 68.4% Ba and 10.3 %w P), with the remainder
presumably water. An alkoxylation process in accordance with the invention
was carried out for the ethoxylation of the 10 NEODOL 23 Alcohol. A total
of 200.2 grams (1.032 moles) of the alcohol, predried to a water content of
120 ppm, was added to a one liter autoclave. Then 3.0 grams of the barium
phosphate prepared as described above was added, the reactor was sealed and
placed under a nitrogen atmosphere and heated with stirring to 155 [err]. A
mixture of 40 %m (percent by mole) of ethylene oxide and 60 %m nitrogen was
added as the reaction proceeded. A total of 371 grams (7.4 moles) of
ethylene oxide was added as pressure in the 15 reactor increased to 900 kPa
(9 bar). The reaction mixture was stirred at 155 [err] C for an additional
hour 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 7.05. The adduct distribution of the
product is presented in the following table. 20
ETHOXYLATE DISTRIBUTION Adduct Number    Concentration 0            2.1%w 1
0.6 %w 25                                    2             0.9 %w 3
1.7 %w 4            3.1 %w 5            6.2 %w 6           10.9 %w 30
7            16.2 %w 8           19.0 %w 9           17.1 %w 10
12.0 %w 11            6.4 %w 35                                   12
2.7 %w 13            0.9 %w 14            0.2 %w 15            0.1 %w 40
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 [err] and
about 55% by mole [err]) 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 [err]C. A mixture of 40 %m (percent by mole) of ethylene
oxide and 60 %m nitrogen was added so 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 [err]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. 55 16    EP 0 398 450
B1 ETHOXYLATE DISTRIBUTION Adduct Number    Concentration 0            16.8
%w 1             1.4 %w 2             0.4 %w 3            0.6 %w 4
0.7 %w 5             0.9 %w 10                                      6
1.2 %w 7             1.6 %w 8             2.1 %w 9             2.9 %w 10
3.9 %w 15                                    11              5.1 %w 12
6.9 %w 13             8.8 %w 14            10.3 %w 15           10.7 %w 16
9.9 %w 17             7.4 %w 18             4.7 %w 19             2.5%w 20
1.0 %w 25                                     21             0.4 %w EXAMPLE
11 30 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 [err] secondary linear alkanols
(predried to less than 200 ppm water) was added to a one liter autoclave
reactor under nitrogen atmosphere. The reactor was 35  sealed and heated to
170 [err]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 [err]C for an additional hour 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 GCLC 40 methods to be 7.1. The adduct distribution of the product in
presented in the following table. 45 50 



55 17    EP 0 398 450 B1 OXYLATE DISTRIBUTION Adduct Number   Concentration
0           13.8 %w 1            0.7 %w 2            0.4 %w 3
0.7 %w 4            0.8 %w 5            1.2 %w 10
6            1.6 %w 7            2.2 %w 8            3.1 %w 9
4.4 %w 10            6.1 %w 15                                     11
8.1 %w 12           10.1 %w 13           11.6 %w 14           11.7 %w 15
9.8 %w 20                                      16            6.8 %w 17
3.9 %w 18            1.8 %w 19            0.8 %w 20            0.3 %w 25
Comparative Experiment F 30     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 to illustrate distinctions between the invention and the
prior art with respect to adduct distribution of the product. Secondary
alkanol (15 grams) and ethylene oxide (26 grams) were reacted for 360
minutes at a temperature of 150[err]C In the 36  presence of 0.056 grams of
85% potassium hydroxide at 101 kPa (1 atmosphere) 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 following table.
40 45 55    EP 0 398 450 B1 ETHOXYLATE DISTRIBUTION Adduct Number
Concentration 0            16.1 %w 5                                      1
1.7 %w 



2             1.6 %w 3             1.7 %w 4             1.7 %w 5
1.8 %w 10                                     6             3.5 %w 7
3.6%w 8            3.6%w 9            3.9 %w 10            4.1 %w 11
4.3 %w 12             4.4 %w 13            4.5 %w 14            4.5 %w 15
4.5 %w 20                                    16             4.4 %w 17
4.3%w 18            4.2 %w 19            4.2 %w 20             4.0 %w 25
21             3.7 %w 22             3.4 %w 23             3.3 %w 24
2.9 %w 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 [err]C. 40 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 effective amount of barium phosphate
([err]). 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 3. A process
as claimed 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. 4. A process as claimed in
claim 3, wherein the active hydrogen containing reactant consists
essentially of 55     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. 19    EP 0 398 450 B1 



ETHOXYLATE DISTRIBUTION Adduct Number    Concentration 0            16.1 %w
5                                     1             1.7 %w 2
1.6 %w 3            1.7 %w 4             1.7 %w 5            1.8 %w 10
6            3.5 %w 7            3.6 %w 8            3.6 %w 9
3.9 %w 10            4.1 %w 15                                    11
4.3 %w 12            4.4 %w 13            4.5 %w 14            4.5 %w 15
4.5 %w 20                                   16             4.4 %w 17
4.3 %w 18            4.2 %w 19            4.2 %w 20            4.0 %w 25
21             3.7 %w 22            3.4 %w 23            3.3 %w 24
2.9 %w 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 [err]C. 40 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 effective amount of barium phosphate
([err]). 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 3  A process
as claimed 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. 4. A process as claimed in
claim 3, wherein the active hydrogen containing reactant consists
essentially of 55     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.  



EP 0 398 450 B1 5. A process as claimed in claim 4, wherein the active
hydrogen containing reactant consists essentially of one or more [err]
primary mono-hydric alkanols. 6. A process as claimed in claims 1-5,
wherein the active hydrogen containing reactant consists 5      essentially
of primary mono-hydric alkanols having carbon numbers in the range from 6
to 24, inclusive, and the alkylene oxide reactant consists essentially of
ethylene oxide. 7. A process as claimed in claim 6, wherein the active
hydrogen containing reactant consists essentially of primary mono-hydric
alkanols having carbon numbers in the range from 8 to 20, inclusive. 10 8.
A process as claimed in claim 7, wherein greater than 50% of the molecules
of the primary mono- hydric alkanols are of linear carbon structure. 9. A
process as claimed in claim 8, wherein greater than 70% of the molecules
are of linear carbon 15     structure. 10. A process as claimed in claim 1,
wherein the barium containing catalyst comprises a major portion by weight
in the form of barium phosphate. 20  11. A process as claimed in any one of
the claims 1-10, wherein the barium phosphate is present in an amount
between 0.2 and 5 per cent by weight, preferably 0.5 and 2 per cent by
weight, calculated on the weight of active hydrogen-containing reactant.
12. A process as claimed in any one of the claims 1-11, wherein the
temperature is in the range of from 90 25     [err]C to 250 [err]C,
preferably from 130 [err]C to 190 [err]C. 13. A process as claimed in any
one of the claims 1-12, wherein the water content of the active hydrogen
containing reactant is below 200 ppm. 30 PatentansprlUche 1. Ein verfahren
zur Herstellung von Alkylenoxidaddukten von aktiven Wasserstoff
enthaltenden organi- schen Verbindungen, umfassend das in-Ber0hrung-bringen
und das zur-Reaktion-bringen eines Alkylen- oxidreaktionsteilnehmers,
umfassend ein oder mehrere Vicinalalkylenoxid(e), mit einem aktiven Wasser-
35     stoff enthaltenden Reaktionsteilnehmer, umfassend eine oder mehrere
aktiven Wasserstoff enthaltende organische Verbindung(en), in Gegenwart
eines Katalysators, umfassend eine katalytisch wirksame Menge an
Bariumphosphat (Baa(PO4)2). 2. Ein Verfahren wie in Anspruch 1 beansprucht,
in dem der Alkylenoxidreaktionsteilnehmer im wesentli- 40     chen aus
einem oder mehreren Alkylenoxiden besteht, die ausgewdhlt ist (sind) aus
der Gruppe, die aus Ethylenoxid und Propylenoxid besteht. 3. Ein Verfahren
wie in Anspruch 2 beansprucht, in dem der aktiven Wasserstoff enthaltende
Reaktions- teilnehmer im wesentlichen aus einer oder mehreren
Verbindung(en) besteht, die ausgew~hft ist (sind) 45     aus der Gruppe,
die aus Alkoholen, Phenolen und Polyolen besteht. 4. Ein Verfahren wie in
Anspruch 3 beansprucht, in dem der aktiven Wasserstoff enthaltende
Reaktions- teilnehmer im wesentlichen aus einer oder mehreren aktiven
Wasserstoff enthaltenden Verbindung(en) besteht, die ausgwAhlt ist (sind)
aus der Gruppe, die aus Alkanolen mit 1 bis 30 Kohlenstoffatomen und 60
alkylsubstituierten Phenolen besteht, wobei jeder Alkylsubstituent 1 bis 30
Kohlenstoffatome aufweist. 5. Ein Verfahren wie in Anspruch 4 beansprucht,
in dem der aktiven Wasserstoff enthaltende Reaktons- teilnehmer im
wesentlichen aus einem oder mehreren primaren einwertigen C1 -C3o-Alkanolen
besteht. 66  6. Ein Verfahren wie in den AnsprUchen 1 bis 5 beansprucht, in
dem der aktiven Wasserstoff enthaltende Reaktionsteilnehmer im wesentlichen
aus primaren einwertigen Alkanolen mit Kohlenstoffzahlen im Bereich von 6
bis einschliellich 24, und der Alkylenoxidreaktionsteilnehmer im
wesentlichen aus Ethylenoxid besteht. 20   



EP 0 398 460 B1 7. Ein Verfahren wie in Anspruch 6 boansprucht, in dem der
aktiven Wasserstoff enthaltonde Reaktions- teilnehmer im wesontlichen aus
primaren einwertigen Alkanolen mit Kohlonstoffzahlen im Bereich von 8 bis
einschlieelich 20 besteht. 5  &  Ein Vorfahron wie in Anspruch 7
beansprucht, in dom mohr als 50% der MolokUle der primaren einwertigen
Alkanolo Gino lineare Kohlonstoffstruktur aufwoisen. 9. Ein Verfahren wie
in Anspruch 8 beansprucht, in dem mehr als 70%  der Molsktle eine lineare
Kohlenstoffstruktur aufweisen. 10 10. Ein Verfahren wie in Anspruche 1
boansprucht, in dem der Barium enthaltende Katalysator olnen grbf~eron
Gewichtsanteil in Form von Bariumphosphat enthalt. 11. Ein Vorfahron wie in
irgendeinem der AnsprUche 1 bis 10 beansprucht, in dem das Bariumphosphat
in 15     einer Menge zwischen 0,2 und 5 Gow%, vorzugsweise 0,5 und 2 Gew%
vorliegt, berechnot auf das Gewicht des aktiven Wasssrstoff enthaltenden
Reaktionsteilnehmers. 12. Ein Verfahren wie in irgendeinem der Ansprlche 1
bis 11 boansprucht, in dem die Temperatur im Beroich von 90 0 C bis 250  C,
vorzugsweise von 130 - C bis 190 I C vorliegt. 20 13. Ein Verfahren wie in
irgendeinem der AnsprUche 1 bis 12 boansprucht, in dem der Wassergohalt des
aktiven Wasserstoff enthaltenden Roaktionsteilnehmers unter 200 TpM liegt.
Revendlcatlons 25 1. Un proced6 pour la preparation d'adducts d'oxydo
d'alcoylbne do composes organiquos contenant de l'hydrogans actif, qui
comprsnd la mise en contact et la r~action d'un corps en reaction oxyde
d'alcoylbne compronant un ou plusisurs oxydos d'alcoylbne vicinaux avec un
corps en reaction contenant do I'hydrogene actif comprenant un ou plusisurs
composes organiques contenant de 30     I'hydrogene actif, en prdsence d'un
catalysour comprenant une quantite catalytiquement efficace de phosphate do
baryum (Bas(P042). 2. Un procede selon la revendication 1, dans loquel le
corps en rdaction oxyde d'alcoylbno consiste essentiellement en un ou
plusieurs oxydes d'alcoylbne choisis dans le groupe constitu6 par l'oxydo
95     d'ethylans et I'oxyde de propylbne. 3. Un procede solon la
revendication 2. dans lequel le corps on reaction contenant de l'hydrogbne
actif consisto essentiellement on un ou plusiours composes choisis dans le
groupe constitue par los alcools, les phenols et los polyols. 40 4. Un
procedd solon la revendication 3, dans loquol le corps on r6action
contenant de l'hydrogbne actif consiste essentiellement on un ou plusieurs
composeds contenant de l'hydrogbne actif choisis dans le groupe constitud
par les alcanols ayant de 1 a 30 atomes do carbone et les phenols alcoyl6s
dans lesquels chaque substituant alcoyle a de 1 a 30 atomes do carbone. 45
5. Un procedd solon la revendication 4, dans lequel le corps en r6action
contenant de l'hydrogbne actif consisto essentiollement en un ou plusieurs
alcanols monohydriques primaires en C -Cao. 6. Un procedd salon les
revendications 1-5, dans loquel le corps on reaction contenant de
l'hydrogbne 50     actif consiste essentilellment on alcanols monohydriques
primaires ayant des nombres d'atomes de carbone compris dans l'intervalle
de 6 & 24, inclusivement, ot le corps en reaction oxyde d'alcoylbns
consiste essentiellement en oxyde d'4thylbne. 7. Un procede solon la
revendication 6, dans loquel le corps en reaction contenant de l'hydrogbne
actif 56     consiste essentiellement en alcanols monohydriques primairos
ayant des nombres d'atomes do carbono dans l'intervalle do 8 & 20,
inclusivement. 21 



EP 0 398 450 B1 &  Un proc6d4 selon la revendication 7, dans lequel plus de
50 % des molecules des alcanols - monohydriques primaires sont d'une
structure carbonde lin6aire. 9. Un procedd selon la revendication 8, dans
lequel plus de 70 % des moldcules sont d'une structure 5     carbonee
lin6aire. 10. Un proced4 selon la revendication 1, dans lequel le
catalyseur contenant du baryum comprend une portion majeure en poids sous
la forme de phosphate de baryum. 1O  11. Un proced6 selon Pune quelconque
des revendications 1-10, dans lequel le phosphate de baryum est pr~sent
dans une quantite comprise entre 0,2 et 5 pour cent en poids, de prtference
entre 0,5 et 2 pour cent en poids, calculee par rapport au poids du corps
en reaction contenant de l'hydrogbne actif. 12. Un proc6de selon l'une
quelconque des revendications 1-11, dans lequel la temperature est comprise
is     dans l'intervalle de 90 * C & 250 0 C, de preference entre 130 * C
et 190 * C 13. Un procedd selon l'une quelconque des revendications 1-12,
dans lequel la teneur en eau du corps on reaction contenant de l'hydrogbne
actif est inf6rieure b 200 ppm. 20 25 30 35 40 45 N0 65 22 *C   L  M   S*


