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(57) ABSTRACT

The invention relates to a method for manufacturing a poly-
oxyethylene alkyl ether acetic acid, including feeding oxygen
into a liquid phase containing polyoxyethylene ether having a
hydrocarbon group at the end (hereinafter, it may also be
referred to as a polyoxyethylene alkyl ether) and water, and
dehydrogenating and oxidizing the polyoxyethylene alkyl
ether in the presence of a platinum catalyst, in which the mass
ratio between the total mass of the polyoxyethylene alkyl
ether and the polyoxyethylene alkyl ether acetic acid and the
mass of water in the liquid phase ((polyoxyethylene alkyl
ether+polyoxyethylene alkyl ether acetic acid)/water) is
60/40 to 95/5.
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METHOD FOR MANUFACTURING
POLYOXYETHYLENE ALKYL ETHER
ACETIC ACID

FIELD OF THE INVENTION

[0001] The present invention relates to a method for manu-
facturing a polyoxyethylene alkyl ether acetic acid.

BACKGROUND OF THE INVENTION

[0002] A polyoxyalkylene alkyl ether acetic acid such as a
polyoxyethylene alkyl ether acetic acid is a polyoxyalkylene
alkyl ether compound having an end substituted with a car-
boxylic acid, and it is known as a surfactant that may be used
for cosmetics, an emulsifying agent, a solubilizing agent, a
dispersant, a gelling agent, a cleansing base, or the like.
[0003] Properties of a polyoxyalkylene alkyl ether acetic
acid can be adjusted by changing pH. As a polyoxyalkylene
alky] ether acetic acid has excellent resistance to hard water
and an aqueous solution thereof is stable against various
polyvalent metal ions such as calcium or aluminum and has a
mild action on the skin, it is expected to be applied for various
uses.

[0004] As a method for manufacturing a polyoxyalkylene
alkyl ether acetic acid such as a polyoxyethylene alkyl ether
acetic acid, a method of an organic chemical carboxymethy-
lation of a terminal hydroxyl group of a polyoxyalkylene
alkyl ether by reacting monochloroacetic acid to a polyoxy-
alkylene alkyl ether in the presence of a base such as sodium
hydroxide is generally used [hereinbelow, referred to as “car-
boxymethylation™].

[0005] InJP-A 62-198641, a method for producing a salt of
apolyoxyethylene alkyl ether acetic acid by dehydrogenating
and oxidizing a polyoxyethylene alkyl ether in an aqueous
solution using a noble metal catalyst in the presence of a base
such as sodium hydroxide is disclosed [hereinbelow, referred
to as “alkali neutralization oxidation”].

[0006] In JP-A 4-221339, a method for producing a poly-
oxyethylene alkyl ether acetic acid by dehydrogenating and
oxidizing a polyoxyethylene alkyl ether using a noble metal
catalyst in the absence of a base is disclosed [hereinbelow,
referred to as “non-neutralization oxidation”].

[0007] U.S. Pat. No. 5,495,045 discloses production of an
alkoxyalkyl carboxylic acid from an alkoxyalkanol in the
presence of a cerium salt. JP-A 61-293948 discloses produc-
tion of a carboxylic acid from a primary alcohol in the pres-
ence of a platinum catalyst. JP-B 2903187 discloses produc-
tion of a polyoxyethylene alkyl ether acetic acid by oxygen-
oxidization of R—O—(CH2CH20)n-H in the presence of a
catalyst containing platinum or palladium and bismuth or
lead. JP-A 54-079229 discloses a method for oxidizing poly-
oxyethylene ether by oxygen-oxidization of R—O—
(CH2CH2O)n-H in the presence of a platinum carbon cata-
lyst.

SUMMARY OF THE INVENTION

[0008] The present invention relates to a method for manu-
facturing a polyoxyethylene alkyl ether acetic acid by feeding
oxygen to a liquid phase containing a polyoxyethylene alkyl
ether having a hydrocarbon group at the end (hereinbelow, it
may be referred to as a polyoxyethylene alkyl ether) and
water, and dehydrogenating and oxidizing the polyoxyethyl-
ene alkyl ether in the presence of a platinum catalyst, in which
the mass ratio between the total mass of the polyoxyethylene
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alkyl ether and the polyoxyethylene alkyl ether acetic acid
and the mass of water in the liquid phase (i.e., total mass of
polyoxyethylene alkyl ether and polyoxyethylene alkyl ether
acetic acid/mass of water) is 60/40 to 95/5.

DETAILED DESCRIPTION OF THE INVENTION

[0009] The carboxymethylation in a conventional art has
problems below:

[0010] 1) monochloroacetic acid is unstable in water, and
thus undergoes decomposition during the reaction, and
[0011] 2)alarge amount of inorganic salts are generated as

side products in the reaction product, so that the inorganic
salts need to be removed by an operation such as washing
or the like.
[0012] The alkali neutralization oxidation of JP-A
62-198641 also has problems, for example, including:
[0013] 1) a carboxylic acid salt needs to be subjected to an
acid decomposition to obtain a polyoxyethylene alkyl ether
acetic acid as a free acid and a large amount of inorganic
salts derived from a base are generated as side products,
and
[0014] 2)astep of concentrating the polyoxyethylene alkyl
ether acetic acid is needed.
[0015] In the non-neutralization oxidation which does not
use a base, catalytic activity is lowered in accordance with the
progress of the reaction.
[0016] In particular, it was found out by the inventors of the
present invention that, when a polyoxyalkylene alkyl ether
acetic acid having an average added mole number of the
alkyleneoxy group of 6 mole or less is manufactured from the
starting material of a polyoxyalkylene alkyl ether that has
been manufactured by adding an alkylene oxide to an alcohol,
the reaction rate (also referred to as conversion rate) decreases
(cannot be improved any further).
[0017] Accordingly, the present invention provides a
method for manufacturing a polyoxyethylene alkyl ether ace-
tic acid which does not produce inorganic salts as side prod-
ucts and does not decrease in the catalytic activity according
to the progress of the reaction, but has a high productivity.
[0018] Provided by the invention is a method for manufac-
turing a polyoxyethylene alkyl ether acetic acid which does
not produce inorganic salts as side products or require a
complicated operation for concentration, but has high pro-
ductivity.
[0019] The inventors of the present invention found that, by
having the mass ratio between the total mass of the polyoxy-
ethylene alkyl ether and the polyoxyethylene alkyl ether ace-
tic acid and the mass of water in the liquid phase within a
pre-determined range, a significant increase in viscosity in
accordance with the reaction can be suppressed and side
production of an aldehyde compound can be suppressed so
that a polyoxyethylene alkyl ether acetic acid as an intended
product can be manufactured with high production efficiency,
and thus completed the invention accordingly.
[0020] In the present invention, the term “liquid phase”
means a liquid phase in every step including the time of
starting the reaction.
[0021] In the manufacturing method of the present inven-
tion, a polyoxyethylene alkyl ether acetic acid can be
obtained at a high effective concentration only by having a
process of filtering the catalyst after completion of the reac-
tion without requiring a removing operation of inorganic salts
or a complicated operation for concentration.
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[0022] In the manufacturing method of the present inven-
tion, a polyoxyethylene alkyl ether acetic acid can be
obtained efficiently as there is no decrease in catalytic activity
in accordance with the progress of the reaction.

[0023] When the polyoxyethylene alkyl ether acetic acid
obtained by the present invention is used for a body cleansing
agent composition, for example, an excellent effect in terms
of sense of use, foam generation, and a mild skin irritation
property, or the like is obtained.

[0024] The hydrocarbon group of the polyoxyethylene
ether having a hydrocarbon group at the end, which is used for
the manufacturing method of the present invention, may con-
tain analicyclic hydrocarbon group, an aromatic hydrocarbon
group, or the like in addition to an aliphatic hydrocarbon
group.

[0025] The polyoxyethylene alkyl ether is preferably a
compound represented by the following formula (I) or (III).
From the viewpoint of improving a production yield and a
reactivity, a compound represented by the following formula
(D is more preferable.

R—(CH,—O—CH,),—CH,0H @

[0026] In formula (I) and formula (II), R represents a
hydrocarbon group having 3 to 21 carbon atoms and n repre-
sents an average added mole number of an ethyleneoxy group
(CH,—O—CH,), which is a number of 0.1 to 30.

RYR?)CH—(O—CH,—CHS,),,—OH (11D

[0027] In formula (IIT), R' and R?, each independently,
represents a linear alkyl group having 1 to 20 carbon atoms,
total number of carbon atoms in R! and R? is 3 to 21, and m
represents an average added mole number of an ethyleneoxy
group (O—CH,—CH,), which is a number of 1.1 to 30.
[0028] R or the like in formula (I) can be suitably deter-
mined, according to intended performance, use or the like,
within the range as defined in the above.

[0029] R in formula (1) is a hydrocarbon group having 3 to
21 carbon atoms, more preferably a hydrocarbon group hav-
ing 5to 15 carbon atoms, even more preferably a hydrocarbon
group having 7 to 13 carbon atoms, and even more preferably
a hydrocarbon group having 9 to 13 carbon atoms.

[0030] As for the hydrocarbon group of R, a saturated or
unsaturated aliphatic hydrocarbon group having a linear,
branched, or cyclic structure is preferable. A linear or
branched alkyl group or alkenyl group is more preferable. A
linear or branched alkyl group is even more preferable, and a
linear alkyl group is even more preferable.

[0031] Examples of the linear or branched alkyl group,
which is represented as R in formula (I), include such as a
propyl group, a butyl group, a pentyl group, a hexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl group, an
undecyl group, a dodecyl group, a tridecyl group, a tetradecyl
group, a pentadecyl group, a hexadecyl group, a heptadecyl
group, an octadecyl group, a nonadecyl group, an eicosyl
group, and a heneicosyl group.

[0032] From the viewpoint of exhibiting the performance
as a surfactant, the aliphatic hydrocarbon group is even more
preferably a pentyl group, a hexyl group, a heptyl group, an
octyl group, a nonyl group, a decyl group, an undecyl group,
a dodecyl group, a tridecyl group, a tetradecyl group, or a
pentadecyl group, and even more preferably a nonyl group, a
decyl group, an undecyl group, a dodecyl group, a tridecyl
group, a tetradecyl group, or a pentadecyl group.

[0033] Examples of the linear or branched alkenyl group,
which is represented as R in formula (I), include such as a

Mar. 27, 2014

propenyl group, a butenyl group, a pentenyl group, a hexenyl
group, a heptenyl group, an octenyl group, a nonenyl group, a
decenyl group, an undecenyl group, a dodecenyl group, a
tridecenyl group, a tetradecenyl group, a pentadecenyl group,
a hexadecenyl group, a heptadecenyl group, an octadecenyl
group, a nonadecenyl group, an icocenyl group, and a heni-
cocenyl group. Linear or branched alkadienyl groups or alk-
atrienyl groups such as various octadecadienyl groups or
octadecatrienyl groups can also be used.

[0034] Examples of the aliphatic hydrocarbon group hav-
ing acyclic structure, which is represented as R in formula (I),
include such as a cyclooctyl group, a cyclodecyl group, a
cyclododecyl group, a cyclooctenyl group, a cyclodecenyl
group, a cyclododecenyl group, a 2-(cyclohexyl)ethyl group,
a 3-(cyclohexylpropyl group, a 2-(cyclohexenyl)ethyl
group, and a 3-(cyclohexenyl)propyl group.

[0035] Informula (I), nis an average added mole number of
an ethyleneoxy group (CH,—O—CH,), and from the view-
point of improving foamability or sense of use (for example,
rinse-oft property or slimy feeling) when used as a body
cleansing agent, it is preferably 0.1 to 20, and more preferably
0.2 to 10.

[0036] n is even more preferably 1.0 to 6.0, even more
preferably 2.0 to 5.5, and even more preferably 2.5 to 5.0.

[0037] When used as a body cleansing agent, from the
viewpoint of improving foamability or sense of use (for
example, rinse-off property or slimy feeling), R' and R? in
formula (III) are each independently a linear alkyl group
having 1 to 20 carbon atoms, preferably 1 to 18 carbon atoms,
more preferably 1 to 16 carbon atoms, even more preferably
1to 14 carbon atoms, and even more preferably 1to 12 carbon
atoms. A total number of carbons of R' and R? is, from the
viewpoint of improving foamability or sense of use (for
example, rinse-off property or slimy feeling) when used as a
body cleansing agent, 3 to 21, preferably 7 to 17, more pref-
erably 9 to 15, and even more preferably 11 to 13.

[0038] Specific examples of R' and R? in formula (IIT)
include such as a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a nonyl group, a decyl group, an
undecyl group, a dodecyl group, a tridecyl group, a tetradecyl
group, a pentadecyl group, a hexadecyl group, a heptadecyl
group, an octadecyl group, and a nonadecyl group.

[0039] Informula (IIT), m is an average added mole number
of an ethyleneoxy group (O—CH,—CH,), and from the
viewpoint of improving foamability or sense of use (for
example, rinse-off property or slimy feeling) when used as a
body cleansing agent, it is a number 1.1 to 30, preferably 1.1
to 20, more preferably 1.2 to 10, even more preferably 2.0 to
6.0, even more preferably 3.0to 5.5, and even more preferably
3.5t 5.0.

[0040] The platinum catalyst used for the manufacturing
method of the present invention is a catalyst containing plati-
num (Pt) as an active species from the viewpoint of catalytic
activity. From the viewpoint of improving durability of the
catalyst, a platinum catalyst supported on a support is prefer-
able.

[0041] From the viewpoint of improving durability of the
catalyst and improving handleability of the catalyst, the sup-
port is preferably an inorganic support. Examples thereof
include activated carbon, alumina, silica gel, activated clay,
and diatomaceous earth. Among them, activated carbon is
preferable.
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[0042] With regard to the platinum catalyst supported on a
support, the amount of supported platinum is preferably 0.1 to
15% by mass, and more preferably 1.0 to 10% by mass in the
solid matter of the catalyst from the viewpoint of suppressing
the viscosity increase of the liquid phase during the reaction
and improving the productivity of the polyoxyethylene alkyl
ether acetic acid.

[0043] From the viewpoint of suppressing the production
of an aldehyde and improving the productivity of the poly-
oxyethylene alkyl ether acetic acid, the platinum catalyst
preferably contains a co-catalyst component.

[0044] Examples of the co-catalyst component include
such as bismuth (Bi), lead (Pb), tin (Sn), gold (Au), ruthenium
(Ru), and palladium (Pd). From the viewpoint of suppressing
the production of an aldehyde and further improving the
productivity, it is preferable to contain bismuth or lead. It is
more preferable to contain bismuth.

[0045] When the co-catalyst component is contained, the
amount of supported co-catalyst component in the platinum
catalyst supported on a support is, from the viewpoint of
suppressing the production of an aldehyde and improving the
productivity, preferably 0.01 to 10% by mass, and more pref-
erably 0.5 to 3.5% by mass in the solid matter of the catalyst.
[0046] The content ratio of the platinum to the co-catalyst
component is, from the viewpoint of suppressing the produc-
tion of an aldehyde and improving the productivity, prefer-
ably 0.05 to 1.0, and more preferably 0.1 to 0.6 in terms of
co-catalyst component/platinum (in atomic ratio).

[0047] The platinum catalyst used for the manufacturing
method of the present invention is manufactured by a known
method in the field. For example, a method of impregnating a
support component such as an activated carbon in an aqueous
solution containing a pre-determined amount of platinum
(and, if necessary, a co-catalyst component such as bismuth)
and adsorbing the platinum (and the co-catalyst component)
on the support component can be applied.

[0048] After the adsorption, a reduction treatment is per-
formed using a reducing agent such as formalin, sodium
borohydride, or hydrogen. The platinum catalyst is obtained
by filtration and washing after reduction, and it can be used
for the reaction even when it contains water or after being
dried.

[0049] From the viewpoint of improving the productivity of
a polyoxyethylene alkyl ether acetic acid, the platinum cata-
lyst is preferably used such that the amount of platinum in the
catalyst is 0.001 to 2.0 parts by mass, more preferably 0.01 to
1.5 parts by mass, and even more preferably 0.02 to 1.3 parts
by mass relative to 100 parts by mass of the polyoxyethylene
alky] ether.

[0050] The dehydrogenating and oxidizing reaction of a
polyoxyethylene alkyl ether is performed by feeding, in the
presence of the platinum catalyst, oxygen to a liquid phase
containing a polyoxyethylene alkyl ether and water.

[0051] The dehydrogenating and oxidizing reaction can be
performed in a batch mode. For example, moreover, a circu-
lating fixed bed type reaction apparatus with a fixed bed
catalyst can be used, which has a structure as shown in FIG. 1
of JP-A 2008-94800.

[0052] At the time of the reaction, it is preferable not to add
a base from the viewpoint of suppressing the generation of
inorganic salts as side products.

[0053] Further, from the viewpoint of improving the pro-
ductivity and suppressing the production of an aldehyde, the
dehydrogenating and oxidizing reaction of a polyoxyethylene
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alkyl ether is preferably carried out under a condition of a pH
of 7 or less, more preferably a pH of 1 to 7, even more
preferably a pH of 2 to 7. The pH of the liquid phase at the
time of starting the reaction is about 7, and as the polyoxy-
ethylene alkyl ether acetic acid is manufactured inaccordance
with the progress of the reaction, the liquid phase gradually
becomes acidic and the reaction is progressed in the state of a
pH of 7 or less.

[0054] When no base is used at the time of the reaction for
the manufacturing method of the present invention, genera-
tion of inorganic salts as side products, which is a problem in
carboxymethylation or alkali neutralization oxidation corre-
sponding to a technique of the related art, does not occur.

[0055] In the manufacturing method of the present inven-
tion, the mass ratio between the total mass of the polyoxyeth-
ylene alkyl ether and the polyoxyethylene alkyl ether acetic
acid and the mass of water in the liquid phase (i.e., total mass
of polyoxyethylene alkyl ether and polyoxyethylene alkyl
ether acetic acid/mass of water) is 60/40 to 95/5 from the
viewpoint of suppressing the viscosity increase of the liquid
phase, suppressing the production of an aldehyde, and
improving the productivity. Preferably, it is 65/35 to 93/7,
more preferably 70/30 to 90/10, and even more preferably
75/25 to 85/15.

[0056] As described herein, content of water in the liquid
phase indicates the total mass including water contained in
other components such as a platinum catalyst as well as water
added for the reaction.

[0057] By adjusting the mass ratio between the total mass
of'a polyoxyethylene alkyl ether and a polyoxyethylene alkyl
ether acetic acid and the mass of water to be within the range
described above, not only the significant viscosity increase
according to the reaction can be suppressed but also the
production of an aldehyde compound as a side product can be
suppressed, and thus the polyoxyethylene alkyl ether acetic
acid as an intended product can be obtained at a high yield.
Although a detailed reason for obtaining such an effect
remains unclear, it is assumed that a state having a high
viscosity in which a water content is low and water forms a
continuous phase changes into another phase having a low
viscosity in which oil forms a continuous phase within the
above disclosed range of the mass ratio of the total mass ofa
polyoxyethylene alkyl ether and a polyoxyethylene alkyl
ether acetic acid to the mass of water.

[0058] In the manufacturing method of the present inven-
tion, the mass ratio between the polyoxyethylene alkyl ether
and water in the liquid phase (i.e., mass of polyoxyethylene
alkyl ether/mass of water) at the time of starting the reaction
is, from the viewpoint of suppressing the viscosity increase of
the liquid phase, suppressing the production of an aldehyde,
and improving the productivity, preferably 60/40 to 95/5,
more preferably 65/35 to 93/7, even more preferably 70/30 to
90/10, and even more preferably 75/25to 85/15. As described
herein, “at the time of starting the reaction” means the time
point at which oxygen is fed into the liquid phase containing
the polyoxyethylene alkyl ether and water in the presence of
the platinum catalyst.

[0059] In the manufacturing method of the present inven-
tion, the total mass of a polyoxyethylene alkyl ether and a
polyoxyethylene alkyl ether acetic acid in the liquid phase is,
from the viewpoint of suppressing the viscosity increase of
the liquid phase, suppressing the production of an aldehyde,
and improving the productivity, preferably 60 to 95% by
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mass, more preferably 65 to 93% by mass, even more pref-
erably 70 to 90% by mass, and even more preferably 75 to
85% by mass.

[0060] In the manufacturing method of the present inven-
tion, the mass of water in the liquid phase is, from the view-
point of suppressing the viscosity increase of the liquid phase,
suppressing the production of an aldehyde, and improving the
productivity, preferably 5 to 40% by mass, more preferably 7
t0 35% by mass, even more preferably 10to 30% by mass, and
even more preferably 15 to 25% by mass.

[0061] In the manufacturing method of the present inven-
tion, the total mass of the polyoxyethylene alkyl ether and
water in the liquid phase at the time of starting the reaction is,
from the viewpoint of suppressing the viscosity increase of
the liquid phase, suppressing the production of an aldehyde,
and improving the productivity, preferably 65% by mass or
more, more preferably 72% by mass or more, even more
preferably 80% by mass or more, even more preferably 90%
by mass or more, and even more preferably 95% by mass or
more.

[0062] In the manufacturing method of the present inven-
tion, as long as the content of water in the liquid phase is
within the above range, an organic solvent may also be used
in addition to water, if necessary. Examples of the organic
solvent which may be used include glycol ethers such as
dimethyl ether, diethyl ether, methyl ethyl ether, diethylene
glycol dimethyl ether, triethylene glycol dimethyl ether, and
propylene glycol ether, acetonitrile, and tert-butanol. From
the viewpoint of suppressing the productivity from decreas-
ing, the decreasing being due to removing an organic solvent,
the content of the organic solvent in the liquid phase is pref-
erably 50% by mass or less, more preferably 40% by mass or
less, even more preferably 30% by mass or less, even more
preferably 20% by mass or less, even more preferably 10% by
mass or less, even more preferably 5% by mass or less, and
even more preferably 0% by mass. Further, the total mass of
water and the organic solvent in the liquid phase is, from the
viewpoint of suppressing the productivity from decreasing,
due to removing an organic solvent, preferably 5 to 50% by
mass, more preferably 5 to 40% by mass, even more prefer-
ably 7 to 35% by mass even more preferably 10 to 30% by
mass, and even more preferably 15 to 25% by mass.

[0063] Feeding oxygen into the liquid phase can be con-
ducted by blowing oxygen gas or oxygen-containing mixture
gas (e.g., air) into the liquid phase. Alternatively, it may also
be performed by having a gas phase introduction of oxygen
gas or an oxygen-containing mixture gas and carrying out the
reaction under the atmosphere of those gases.

[0064] When oxygen-containing mixture gas is used, spe-
cific examples of the gas used in combination with oxygen are
preferably so-called inert gas such as helium, argon, or nitro-
gen. The oxygen concentration in the gas is preferably 10%
by volume or more, more preferably 20% by volume or more,
even more preferably 50% by volume or more, even more
preferably 70% by volume or more, and even more preferably
100% by volume.

[0065] The reaction temperature at the time of dehydroge-
nating and oxidizing a polyoxyethylene alkyl ether is, from
the viewpoint of improving the reactivity and suppressing
selectivity from decreasing, preferably 50 to 100° C., more
preferably 50 to 80° C., and even more preferably 60 to 80° C.
The reaction pressure may be any one of atmospheric pres-
sure and an increased pressure.
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[0066] According to the manufacturing method of the
present invention, a polyoxyethylene alkyl ether acetic acid
can be obtained at a high effective concentration only with a
process of filtering the catalyst after completion of the reac-
tion without requiring an operation of removing inorganic
salts or a complicated operation for concentration, compared
to a case in which carboxymethylation, alkali neutralization
oxidation, or non-neutralization oxidation, being conven-
tional, is applied.

[0067] When the compound represented by formula (I) is
used as a polyoxyethylene alkyl ether for the manufacturing
method of the present invention, it is possible to obtain a
polyoxyethylene alkyl ether acetic acid which is represented
by the following formula (II).

R—(CH,—O—CH,),—COOH an

[in the formula, R and n have the same meanings as defined in
formula (I)].

[0068] Further, regarding the manufacturing method of the
present invention, when a compound represented by the
above formula (III) is used as a polyoxyethylene alkyl ether,
a polyoxyethylene alkyl ether acetic acid represented by the
following formula (IV) can be obtained.

RYR?)CH—O—CH,—CH,),, ,—O—CH,—COOH (V)

[in the formula, R', R?, and m have the same meanings as
defined in formula (I1T)].

[0069] In the present invention, it is preferable that the
polyoxyethylene alkyl ether is manufactured by the following
step (1) and step (2):

[0070] (1) A step of adding ethylene oxide to an alcohol
having a hydrocarbon group with 4 to 22 carbon atoms in the
presence of an alkali catalyst to obtain a polyoxyethylene
alkyl ether represented by formula ().

[0071] (2) A step of decreasing the alcohol having a hydro-
carbon group with 4 to 22 carbon atoms, which is included in
the polyoxyethylene alkyl ether product mixture obtained
from step (1), to 3.0% by mass or less.

[0072] Hereinbelow, step (1) and step (2) are explained in
detail.

<Step (1)>

[0073] As for the alcohol having a hydrocarbon group with

4 to 22 carbon atoms which is used for Step (1), an alcohol
having a hydrocarbon group with 6 to 16 carbon atoms is
preferable, and an alcohol having a hydrocarbon group with 8
to 14 carbon atoms is more preferable from the viewpoint of
exhibition of the performance of the polyoxyethylene alkyl
ether acetic acid represented by formula (I) as a surfactant.
[0074] Specific examples of the alcohol having a hydrocar-
bon group with 4 to 22 carbon atoms include such as butanol,
hexanol, octanol, decanol, dodecanol, tetradecanol, hexade-
canol, octadecatnol, eiscosanol, and docosanol. From the
viewpoint of exhibition of the performance of the ether acetic
acid as a surfactant, hexanol, octanol, decanol, dodecanol,
tetradecanol and hexadecanol are preferable.

[0075] As for the hydrocarbon group, a saturated or unsat-
urated aliphatic hydrocarbon group having a linear, branched,
or cyclic structure is preferable. A linear or branched alkyl
group or alkenyl group is more preferable. A linear or
branched alkyl group is even more preferable. A linear alkyl
group is even more preferable.

[0076] From the viewpoint of improving the reactivity and
productivity, the reaction of Step (1) is performed in the
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presence of an alkali catalyst. Examples of the alkali catalyst
include such as sodium hydroxide, potassium hydroxide,
cesium hydroxide, magnesium hydroxide, and calcium
hydroxide. From the viewpoint of the reactivity and easy
availability, sodium hydroxide and potassium hydroxide are
more preferable.

[0077] The addition reaction in Step (1) may be conducted
in the same manner as Step (2) of Example 7, for example, and
a polyoxyethylene alkyl ether represented by formula (I) can
be obtained.

[0078] Meanwhile, in the manufacturing method of the
present invention, a commercially available product such as
EMULGEN 103, EMULGEN 106, or EMULGEN 108
manufactured by Kao Corporation may be used as a polyoxy-
ethylene alkyl ether of formula (I) instead of performing Step

(D.
<Step (2)>

[0079] In Step (2), from the viewpoint of improving the
conversion rate and suppressing the generation of an alde-
hyde, the alcohol having a hydrocarbon group with 4 to 22
carbon atoms, which is included in the polyoxyethylene alkyl
ether product mixture obtained from Step (1), is decreased
preferably to 3.0% by mass or less, more preferably to 0.01 to
2.8% by mass, even more preferably to 0.05 to 2.5% by mass,
even more preferably to 0.07 to 2.0% by mass, even more
preferably to 0.09 to 1.5% by mass, and even more preferably
to0 0.1 to 1.0% by mass.

[0080] Although the reason remains unclear for increasing
of the conversion rate by decreasing the alcohol having a
hydrocarbon group with 4 to 22 carbon atoms, which is
included in a polyoxyethylene alkyl ether product, to the
aforementioned range, it is assumed that chemical species
derived from an alcohol, containing no added alkylene oxide
chain, inhibit the catalytic activity.

[0081] As for the method of decreasing the alcohol having
a hydrocarbon group with 4 to 22 carbon atoms in Step (2),
distillation, column separation, extraction, or the like can be
mentioned. From the viewpoint of easy operability and
removal efficiency, distillation and column separation are
preferable. Distillation is more preferable.

[0082] As for the method of removing alcohol, it is prefer-
able that a removal method based on distillation operation is
applied.

[0083] The distillation operation is conducted by distilla-
tion of an alcohol with no added alkylene oxide, which has the
lowest boiling point, by heating to 150° C. to 250° C. under a
reduced pressure of several kPa to about 1 kPa. A polyoxy-
ethylene alkyl ether is obtained as a distillation residue in
which an alcohol not added with an alkylene oxide chain is
reduced.

[0084] The dehydrogenating and oxidizing reaction of the
polyoxyethylene alkyl ether obtained from Step (2) is per-
formed by, as described above, feeding oxygen into a liquid
phase containing the polyoxyethylene alkyl ether and water in
the presence of the platinum catalyst.

[0085] As an exemplary embodiment of the present inven-
tion, the following manufacturing method or use is addition-
ally described in the detailed description. However, the
present invention is not limited to those embodiments.
[0086] <1>A method for manufacturing a polyoxyethylene
alky] ether acetic acid by feeding oxygen into a liquid phase
containing a polyoxyethylene alkyl ether having a hydrocar-
bon group at the end (hereinbelow, it may be referred to as a
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polyoxyethylene alkyl ether) and water and dehydrogenating
and oxidizing the polyoxyethylene alkyl ether in the presence
of a platinum catalyst, in which the mass ratio of the total
mass of the polyoxyethylene alkyl ether and the polyoxyeth-
ylene alkyl ether acetic acid to the mass of water in the liquid
phase (i.e., total mass of polyoxyethylene alkyl ether and
polyoxyethylene alkyl ether acetic acid/mass of water) is
60/40 to 95/5, preferably 65/35 to 93/7, more preferably
70/30 to 90/10, and even more preferably 75/25 to 85/15.
[0087] <2> The manufacturing method described in above
<1>, in which the content of an organic solvent in the liquid
phase is 50% by mass or less, preferably 40% by mass or less,
more preferably 30% by mass or less, even more preferably
20% by mass or less, even more preferably 10% by mass or
less, even more preferably 5% by mass or less, and even more
preferably 0% by mass.

[0088] <3> The manufacturing method described in above
<1>, in which the total content of water and the organic
solvent in the liquid phase is 5 to 50% by mass, preferably 5
to 40% by mass, more preferably 7 to 35% by mass, even
more preferably 10to 30% by mass, and even more preferably
15 to 25% by mass.

[0089] <4>The method for manufacturing a polyoxyethyl-
ene alkyl ether acetic acid described in any one of above <1>
to <3>, in which the mass ratio between the polyoxyethylene
alkyl ether and water in the liquid phase at the time of starting
the reaction (i.e., mass of polyoxyethylene alkyl ether/mass
of water) is 60/40 to 95/5, preferably 65/35 to 93/7, more
preferably 70/30 to 90/10, and even more preferably 75/25 to
85/15.

[0090] <5>The method for manufacturing a polyoxyethyl-
ene alkyl ether acetic acid described in any one of above <1>
to <4>, in which the reaction is carried out under the condition
of a pH of 7 or less, preferably a pH of 1 to 7, and more
preferably a pH of 2 to 7.

[0091] <6>The method for manufacturing a polyoxyethyl-
ene alkyl ether acetic acid described in any one of above <1>
to <5>, in which the polyoxyethylene alkyl ether is a com-
pound represented by the following formula (I) and the poly-
oxyethylene alkyl ether acetic acid is a compound represented
by the formula (II):

R—(CH,—O—CH,),—CH,0H @
R—(CH,—O—CH,),—COOH an

in formula (I) and formula (II), R represents a hydrocarbon
group having 3 to 21 carbon atoms, preferably 7 to 13 carbon
atoms, and more preferably a hydrocarbon group having 9 to
13 carbon atoms and n represents an average added mole
number of an ethyleneoxy group (CH,—O—CH,), which is
a number of 0.1 to 30, preferably 0.1 to 20, more preferably
0.2 to 10, even more preferably 1.0 to 6.0, even more prefer-
ably 2.0 t0 5.5, and even more preferably 2.5 to 5.0.

[0092] <7>The method for manufacturing a polyoxyethyl-
ene alkyl ether acetic acid described in any one of above <1>
to <6>, in which the platinum catalyst is a platinum catalyst
supported on a support.

[0093] <8>The method for manufacturing a polyoxyethyl-
ene alkyl ether acetic acid described in above <7>, in which
the support is selected from activated carbon, alumina, silica
gel, active white clay, and diatomaceous earth.

[0094] <9>The method for manufacturing a polyoxyethyl-
ene alkyl ether acetic acid described in above <7> or <8>, in
which the support is activated carbon.
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[0095] <10> The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in any one of above
<7>10 <9>, in which the amount of supported platinum in the
platinum catalyst supported on a support is 0.1 to 15% by
mass, and preferably 1.0 to 10% by mass in the solid matter of
the catalyst.

[0096] <11>The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in any one of above
<1> to <10>, in which the platinum catalyst contains a co-
catalyst component.

[0097] <12> The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in above <11>, in
which the co-catalyst component is one or two or more kinds
selected from bismuth, lead, tin, gold, ruthenium, and palla-
dium.

[0098] <13> The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in above <11>or<12>,
in which the co-catalyst component is bismuth.

[0099] <14> The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in any one of above
<11>to <13>, in which the content ratio of the platinum and
the co-catalyst component is, 0.05 to 1.0, and preferably 0.1
to 0.6 in terms of co-catalyst component/platinum (in atomic
ratio).

[0100] <15> The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in any one of above
<1>10 <14>, in which the platinum catalyst is used in such an
amount that the amount of platinum in the catalyst is 0.001 to
2.0 parts by mass, preferably 0.01 to 1.5 parts by mass, and
more preferably 0.02 to 1.3 parts by mass relative to 100 parts
by mass of the polyoxyethylene alkyl ether.

[0101] <16> The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in any one of above
<1>to <15>, in which the reaction temperature is 50 to 100°
C., preferably 50 to 80° C., and more preferably 60 to 80° C.

[0102] <17> The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in any one of above
<1>to <16>, in which the total mass of a polyoxyethylene
alkyl ether and a polyoxyethylene alkyl ether acetic acid in
the liquid phase is 60 to 95% by mass, preferably 65 to 93%
by mass, more preferably 70 to 90% by mass, and even more
preferably 75 to 85% by mass.

[0103] <18> The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in any one of above
<1>10 <17>, in which the mass of water in the liquid phase is
5 to 40% by mass, preferably 7 to 35% by mass, more pref-
erably 10 to 30% by mass, and even more preferably 15 to
25% by mass.

[0104] <19> The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in any one of above
<1>to <18>, in which the total mass of a polyoxyethylene
alkyl ether and water in the liquid phase at the time of starting
the reaction is 65% by mass or more, preferably 72% by mass
or more, more preferably 80% by mass or more, even more
preferably 90% by mass or more, and even more preferably
95% by mass or more.

[0105] <20> The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in any one of above
<1> to <19>, in which the polyoxyethylene alkyl ether is
manufactured by the following Steps:

[0106] Step (1): a step of adding ethylene oxide to an alco-
hol having a hydrocarbon group with 4 to 22 carbon atoms,
preferably 6 to 16 carbon atoms, and more preferably 8 to 14
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carbon atoms in the presence of an alkali catalyst to obtain a
polyoxyethylene alkyl ether represented by formula (I), and

[0107] Step (2): a step of decreasing the alcohol having a
hydrocarbon group with 4 to 22 carbon atoms, preferably 6 to
16 carbon atoms, and more preferably 8 to 14 carbon atoms,
which is included in the polyoxyethylene alkyl ether product
mixture obtained from Step (1), to 3.0% by mass or less,
preferably to 0.01 to 2.8% by mass, more preferably to 0.05 to
2.5% by mass, even more preferably to 0.07 to 2.0% by mass,
even more preferably to 0.09 to 1.5% by mass, and even more
preferably to 0.1 to 1.0% by mass.

[0108] <21>The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in above <20>, in
which the alkali catalyst to be used in Step (1) is sodium
hydroxide or potassium hydroxide.

[0109] <22>The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in above <20>or <21>,
in which the alcohol having a hydrocarbon group with 4 to 22
carbon atoms, preferably 6 to 16 carbon atoms, and more
preferably 8 to 14 carbon atoms is decreased to 3.0% by mass
orless, preferably to 0.01 to 2.8% by mass, more preferably to
0.05 to 2.5% by mass, even more preferably to 0.07 to 2.0%
by mass, even more preferably to 0.09 to 1.5% by mass, and
even more preferably to 0.1 to 1.0% by mass by distillation
under reduced pressure, in Step (2).

[0110] <23> The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in any one of above
<1>to <22>, in which the polyoxyethylene alkyl ether is a
compound represented by the following formula (I) or (III)
and the polyoxyethylene alkyl ether acetic acid is a compound
represented by the formula (1) or (IV):

R—(CH,—O—CH,),—CH,0H @
R—(CH,—O—CH,),—COOH an

in formula (I) and formula (II), R represents a hydrocarbon
group having 3 to 21 carbon atoms, preferably 7 to 13 carbon
atoms, and even more preferably a hydrocarbon group having
9to 13 carbon atoms and n represents an average added mole
number of an ethyleneoxy group (CH,—O—CH,), which is
a number of 0.1 to 30, preferably 0.1 to 20, more preferably
0.2 to 10, even more preferably 1.0 to 6.0, even more prefer-
ably 2.0 to 5.5, and even more preferably 2.5 to 5.0;

RYR?)CH—O—CH,—CH,),,—OH (IIT)
RYR?)CH—(O—CH,—CH,),, ,—OCH,COOH (IV)

in formula (II1) and formula (IV), R' and R? each indepen-
dently represent a linear alkyl group having 1 to 20 carbon
atoms, preferably 1 to 18 carbon atoms, more preferably 1 to
16 carbon atoms, even more preferably 1 to 14 carbon atoms,
and even more preferably 1 to 12 carbon atoms, total number
of carbon atoms in R* and R is from 3 to 21, preferably 7 to
17, more preferably 9 to 15, and even more preferably 11 to
13, and m represents an average added mole number of an
ethyleneoxy group (O—CH,—CH,), which is a number of
1.1t0 30, preferably 1.1 to 20, more preferably 1.2 to 10, even
more preferably 2.0 to 6.0, even more preferably 3.0 to 5.5,
and even more preferably 3.5 to 5.0.

[0111] <24> The method for manufacturing a polyoxyeth-
ylene alkyl ether acetic acid described in above <23>, in
which the polyoxyethylene alkyl ether is a compound repre-
sented by the following formula (III) and the polyoxyethylene
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alkyl ether acetic acid is a compound represented by the
formula (IV):

RYR*)CH—(O—CH,—CH,),,—OH (IIT)
RYR?)CH—(O—CH,—CH,),,.,—OCH,COOH (V)

in formula (IIT) and formula (IV), R' and R? each indepen-
dently represent a linear alkyl group having 1 to 20 carbon
atoms, preferably 1 to 18 carbon atoms, more preferably 1 to
16 carbon atoms, even more preferably 1 to 14 carbon atoms,
and even more preferably 1 to 12 carbon atoms, total number
of carbon atoms in R! and R? is from 3 to 21, preferably 7 to
17, more preferably 9 to 15, and even more preferably 11 to
13, and m represents an average added mole number of an
ethyleneoxy group (O—CH,—CH,), which is a number of
1.1t0 30, preferably 1.1 to 20, more preferably 1.2 to 10, even
more preferably 2.0 to 6.0, even more preferably 3.0 to 5.5,
and even more preferably 3.5 to 5.0.

EXAMPLES

[0112] The following Examples are described as an
embodiment of the present invention. Examples are described
as an exemplification of the present invention and they are not
given to limit the present invention.

[0113] <Measurement of Content and Conversion Rate of
Polyoxyethylene Lauryl Ether Acetic Acid, Polyoxyethylene
Lauryl Ether Aldehyde>

[0114] The contents of a polyoxyethylene lauryl ether ace-
tic acid and a polyoxyethylene lauryl ether aldehyde in the
reaction mixture which has been manufactured by the reac-
tion were measured by conducting methyl esterification and
determined with gas chromatography (GC) under the follow-
ing condition, expressed as GC area % of the mole number of
added EO up to 10 moles.

[0115] The conversion rate was calculated based on the GC
analysis values of the polyoxyethylene lauryl ether which
remains in the reaction mixture and the manufactured poly-
oxyethylene lauryl ether acetic acid.

[0116] <Quantification of Lauryl Alcohol in Polyoxyethyl-
ene Lauryl Ether>

[0117] An ethanol solution of lauryl alcohol at a normal
concentration was prepared, and after GC measurement, a
calibration curve was established based on the area obtained
therefrom. Based on the calibration curve, the content of
lauryl alcohol in a polyoxyethylene lauryl ether was obtained
by an absolute calibration curve method.

[0118] (Conditions for GC)

[0119] GC apparatus; 6850 Series Il manufactured by Agi-
lent Technologies

[0120] Column; HP-ULTRA1 (25 m) manufactured by
Agilent Technologies

[0121] Detector; FID
[0122] Carrier; Helium gas, 1 ml./min
[0123] Temperature increase; temperature is increased

from 100° C. to 300° C. at 5° C./min, and thereafter main-
tained at 300° C. for 45 min.

[0124]

[0125] Using a pH controller, FD-02 Series B manufac-
tured by Fine, a pH electrode was inserted into the reaction
mixture, and by carrying out temperature correction with a
temperature correction electrode, pH was measured.

<pH Measurement>
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Example 1

[0126] To a glass round-bottomed flask (internal volume of
0.5 L) equipped with a gas inlet, a gas outlet, a thermometer,
a pH electrode and a stirrer including a Teflon (registered
trademark) crescent stirring blade (blade area of 12.8 cm?),
265 g of polyoxyethylene lauryl ether (i.e., a compound of
formula (I) in which R—CH,=lauryl group and n=4.6), 50 g
of water, and 28 g of water containing platinum-bismuth
catalyst supported on activated carbon (manufactured by
Evonik Degussa, 5% by mass of platinum-1% by mass of
bismuth in the catalyst solid matter, and 53% by mass of water
in the apparent catalyst) were added, respectively. The pH of
the liquid phase at 70° C. was 6.0 and the content of water in
the liquid phase was 20% by mass.

[0127] After nitrogen purging at atmospheric pressure,
temperature of the liquid phase was increased to 70° C. and
stirring was carried out for 15 minutes under a nitrogen atmo-
sphere.

[0128] After that, the introduction of nitrogen gas was ter-
minated and oxygen gas was introduced at a rate of 90
ml./min and performed a gas phase introduction. The liquid
phase was reacted for 7 hours under stirring at 400 rpm.
During that period, the reaction system maintained at a low
viscosity, and no increase in viscosity was observed. Further,
the pH of the liquid phase was 3.0 after the reaction for 7
hours.

[0129] After the reaction for 7 hours, nitrogen-purging was
performed and the reaction was terminated. The catalyst was
separated by filtration from the reaction solution and the
obtained reaction mixture was subjected to a gas chromatog-
raphy analysis. As a result, it was found that the conversion
rate of the polyoxyethylene lauryl ether was 70% and the
content of the intended polyoxyethylene lauryl ether acetic
acid was 64%. In addition, the production amount of the
aldehyde was 1.9%. The reaction conditions and reaction
results are shown in Table 1.

Example 2

[0130] The reaction was performed in the same manner as
Example 1 except that 232 g of polyoxyethylene lauryl ether
(i-e., a compound of formula (I) in which R—CH,=lauryl
group and n=2.9), 82 g of water, and 28 g of a water-contain-
ing platinum-bismuth catalyst supported on activated carbon
(manufactured by Evonik Degussa, 5% by mass of platinum-
1% by mass of bismuth in the catalyst solid matter, and 59%
by mass of water in the apparent catalyst) are added. The pH
of'the liquid phase at the time of starting the reaction was 5.8
and the content of water in the liquid phase was 30% by mass.
The reaction system maintained at a low viscosity, and no
increase in viscosity was observed.

[0131] After the reaction for 7 hours, the pH of the liquid
phase was 2.9. It was found that the conversion rate of the
polyoxyethylene lauryl ether is 64% and the content of the
intended polyoxyethylene lauryl ether acetic acid is 55%. In
addition, the production amount of the aldehyde was 3.7%.
The reaction conditions and reaction results are shown in
Table 1.

Example 3

[0132] The reaction was performed in the same manner as
Example 1 except that 296 g of polyoxyethylene lauryl ether
(i.e., a compound of formula (I) in which R—CH,=lauryl
group and n=4.6), 12 g of water, and 36 g of a water-contain-
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ing platinum-bismuth catalyst supported on activated carbon
(manufactured by Evonik Degussa, 5% by mass of platinum-
1% by mass of bismuth in the catalyst solid matter, and 59%
by mass of water in the apparent catalyst) are added. The pH
of'the liquid phase at the time of starting the reaction was 6.1
and the content of water in the liquid phase was 10% by mass.
The reaction system maintained at a low viscosity, and no
increase in viscosity was observed.

[0133] After the reaction for 7 hours, the pH of the liquid
phase was 3.2. It was found that the conversion rate of the
polyoxyethylene lauryl ether is 57% and the content of the
intended polyoxyethylene lauryl ether acetic acid is 49%. In
addition, the production amount of the aldehyde was 3.4%.
The reaction conditions and reaction results are shown in
Table 1.

Example 4

[0134] The reaction was performed in the same manner as
Example 1 except that 296 g of polyoxyethylene lauryl ether
(i-e., a compound of formula (I) in which R—CH,=lauryl
group and n=4.6), 34 g of water, and 36 g of a water-contain-
ing platinum-bismuth catalyst supported on activated carbon
(manufactured by Evonik Degussa, 5% by mass of platinum-
1% by mass of bismuth in the catalyst solid matter, and 59%
by mass of water in the apparent catalyst) are added. The pH
of'the liquid phase at the time of starting the reaction was 6.1
and the content of water in the liquid phase was 16% by mass.
The reaction system maintained at a low viscosity, and no
increase in viscosity was observed.

[0135] After the reaction for 7 hours, the pH of the liquid
phase was 3.0. It was found that the conversion rate of the
polyoxyethylene lauryl ether is 66% and the content of the
intended polyoxyethylene lauryl ether acetic acid is 59%. In
addition, the production amount of the aldehyde was 2.8%.
The reaction conditions and reaction results are shown in
Table 1.

Example 5

[0136] The reaction was performed in the same manner as
Example 1 except that 290 g of polyoxyethylene lauryl ether
(i-e.,acompound of formula (I) in which R—CH,=mixture of
lauryl group and myristyl group (75/25 (w/w)), and n=2.0),
15 g of water, and 36 g of a water-containing platinum-
bismuth catalyst supported on activated carbon (manufac-
tured by Evonik Degussa, 5% by mass of platinum-1% by
mass of bismuth in the catalyst solid matter, and 59% by mass
of water in the apparent catalyst) are added. The pH of the
liquid phase at the time of starting the reaction was 7.0 and the
content of water in the liquid phase was 11% by mass. The
reaction system maintained ata low viscosity, and no increase
in viscosity was observed.

[0137] After the reaction for 7 hours, the pH of the liquid
phase was 3.5. It was found that the conversion rate of the
polyoxyethylene lauryl ether is 49% and the content of the
intended polyoxyethylene lauryl ether acetic acid is 38%. In
addition, the production amount of the aldehyde was 6.9%.
The reaction conditions and reaction results are shown in
Table 1.

Comparative Example 1

[0138] The reaction was performed in the same manner as
Example 1 except that 70 g of polyoxyethylene lauryl ether
(average added mole number of 4.6), 275 g of water, and 8.6
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g of a water-containing platinum-bismuth catalyst supported
on activated carbon (manufactured by Evonik Degussa, 5%
by mass of platinum-1% by mass of bismuth in the catalyst
solid matter, and 59% by mass of water in the apparent cata-
lyst) are added, respectively. The content of water in the liquid
phase was 80% by mass. The reaction system had an
increased viscosity.

[0139] Afterthe reaction for 7 hours, the catalyst was sepa-
rated by filtration from the reaction solution and the obtained
reaction mixture was subjected to a gas chromatography
analysis. As a result, it was found that the conversion rate of
the polyoxyethylene lauryl ether is 8% and the content of the
intended polyoxyethylene lauryl ether acetic acid is 6%. In
addition, the production amount of the aldehyde was 1.4%.
The reaction conditions and reaction results are shown in
Table 1.

Comparative Example 2

[0140] The reaction was performed in the same manner as
Example 1 except that 170 g of polyoxyethylene lauryl ether
(average added mole number of 4.6), 157 g of water, and 21 g
of water containing platinum-bismuth catalyst supported on
activated carbon (manufactured by Evonik Degussa, 5% by
mass of platinum-1% by mass of bismuth in the catalyst solid
matter, and 59% by mass of water in the apparent catalyst) are
added, respectively. The content of water in the liquid phase
was 50% by mass. The reaction system showed an increased
viscosity.

[0141] Afterthe reaction for 7 hours, the catalyst was sepa-
rated by filtration from the reaction solution and the obtained
reaction mixture was subjected to a gas chromatography
analysis. As a result, it was found that the conversion rate of
the polyoxyethylene lauryl ether is 4% and the content of the
intended polyoxyethylene lauryl ether acetic acid is 5%. In
addition, the production amount of the aldehyde was 0.8%.
The reaction conditions and reaction results are shown in
Table 1.

Comparative Example 3

[0142] The reaction was performed in the same manner as
Example 1 except that 339 g of polyoxyethylene lauryl ether
(average added mole number of 4.6) and 24 g of a water-
containing platinum-bismuth catalyst supported on activated
carbon (manufactured by Evonik Degussa, 5% by mass of
platinum-1% by mass of bismuth in the catalyst solid matter,
and 30% by mass of water in the apparent catalyst) are added,
respectively. The content of water in the liquid phase was 2%
by mass. The reaction system maintained at a low viscosity,
and no increase in viscosity was observed.

[0143] After the reaction, the catalyst was separated by
filtration from the reaction solution and the obtained reaction
mixture was subjected to a gas chromatography analysis. As
a result, it was found that the conversion rate of the polyoxy-
ethylene lauryl ether is 36% and the content of the intended
polyoxyethylene lauryl ether acetic acid is 28%. In addition,
the production amount of the aldehyde was 5.3%. The reac-
tion conditions and reaction results are shown in Table 1.
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TABLE 1
(Aikyl Content of
Plutinum catalyst ether + alkyl ~ water in pH in Con- Content of  Production
(supported feeding amount of ether acetic liquid liquid phase version ether acetic  content of
amount relative to liquid phase (g) acid)/water phase At After rate*? acid*? aldehyde**
activated carbon) AEl AE2 AE3 water*! (massratio) (mass%) starting 7 hours (%) (GC area %) (GC area %)
Example 1 3% Pt—1%Bi 265 — — 65 80/20 20 6.0 3.0 70 64 1.9
2 5% Pt—1% BI — 232 — 99 70/30 30 5.8 2.9 64 55 3.7
3 3% Pt—1%Bi 296 — — 33 90/10 10 6.1 3.2 57 49 3.4
4 5%Pt—1%Bi 296 — — 55 84/16 16 6.1 3.0 66 59 2.8
5 5% Pt—1% BI — — 290 36 89/11 11 7.0 35 49 38 6.9
Com- 1 5% Pt—1% BI 70 — — 280 20/80 80 — — 8 6 14
parative 2 5% Pt—1% BI 170 — — 169 50/50 50 — — 5 4 0.8
example 3 3% Pt—1%Bi 339 — — 7 98/2 2 — — 36 28 5.3

AELI starting material polyoxyethylene lauryl ether(alkyl: C12, added EO mole number of 4.6, EMULGEN 106)
AE?2 starting material polyoxyethylene lauryl ether(alkyl: C12, added EO mole number of 2.9, EMULGEN 103)
AE3 starting material polyoxyethylene alkyl ether(alkyl: C12/C14 = 75/25(w/w), added EO mole number of 2.0, EMULGEN 102KG)

*ITotal amount of water including the amount contained in the plutinum catalyst
*2Conversion rate of polyoxyethylene lauryl ether (after 7 hours)
*SPolyoxyethylene lauryl ether acetic acid (after 7 hours)

*4Poly0xyethylene lauryl ether aldehyde(after 7 hours)

Example 6

[0144] <Step (1) and Step (2)>

[0145] Instead of performing Step (1), as the polyoxyeth-
ylene alkyl ether represented by formula (I), EMULGEN 106
(catalyst for ethylene oxide addition: potassium hydroxide,
addition product of 4.6 moles of lauryl alcohol/ethylene
oxide, and from a quantitative GC analysis, lauryl alcohol is
5.7% by mass) manufactured by Kao Corporation was used.

[0146] Using the polyoxyethylene alkyl ether as a starting
material, a distillation operation was performed under
reduced pressure and the residual lauryl alcohol was removed
by distillation. From the quantitative GC analysis of the dis-
tillation bottom, it was found that lauryl alcohol was 0.4% by
mass.

[0147] <Step (3)>

[0148] To a glass round-bottomed flask (internal volume of
0.5 L) equipped with a gas inlet, a gas outlet, a thermometer,
a pH electrode and a stirrer including a Teflon (registered
trademark) crescent stirring blade (blade area of 12.8 cm?),
265 g of the above polyoxyethylene lauryl ether (residual
lauryl alcohol: 0.4% by mass), 50 g of water, and 32 g of a
water-containing platinum-bismuth catalyst supported on
activated carbon (manufactured by Evonik Degussa, 5% by
mass of platinum-1% by mass of bismuth in the catalyst solid
matter, and 59% by mass of water in the apparent catalyst)
were each added. The content of water in the liquid phase was
20% by mass.

[0149] After nitrogen-purging at atmospheric pressure,
temperature of the liquid phase was increased to 70° C. and
stirring was carried out for 15 minutes under a nitrogen atmo-
sphere. After that, the introduction of the nitrogen gas was
terminated and oxygen gas was introduced at a rate of 90
ml./min and performed a gas phase introduction. The liquid
phase was reacted for 7 hours under stirring at 400 rpm. After
the reaction for 7 hours, nitrogen-purging was performed and
the reaction was terminated.

[0150] The catalyst was separated by filtration from the
reaction solution and the obtained reaction mixture was sub-
jected to a gas chromatography analysis. As a result, it was
found that the conversion rate of the polyoxyethylene lauryl

ether was 91% and the content of the polyoxyethylene lauryl
ether acetic acid as an intended product was 87%.

Example 7

[0151] <Step (1)>

[0152] Toa6 L autoclave, 2770 g oflauryl alcohol and 5.12
g of potassium hydroxide were added. After nitrogen-purg-
ing, a dehydration operation was performed under reduced
pressure at 110° C. After that, the temperature was increased
to 155° C. and 1930 g of ethylene oxide were slowly injected
under pressure After completing the injection under pressure,
the reaction was performed for 1 hour, and then cooled.
[0153] Based on the hydroxyl value of the product
obtained, an added mole number of ethylene oxide was 3.6
moles, and from the quantitative GC analysis, lauryl alcohol
was 8.7% by mass.

[0154] <Step (2)>

[0155] Distillation operation under reduced pressure was
performed using, as a starting material, the polyoxyethylene
alkyl ether obtained from Step (1) and the residual lauryl
alcohol was removed by distillation. From the GC analysis of
the distillation bottom, lauryl alcohol was found to be 0.2%
by mass.

[0156] <Step (3)>

[0157] The dehydrogenation and oxidization was per-
formed in the same manner as Example 5 except that the
polyoxyethylene alkyl ether (residual lauryl alcohol: 0.2% by
mass) obtained from Step (2) was used as a starting material.
[0158] As a result, the conversion rate of the polyoxyeth-
ylene lauryl ether after 9 hours was 90% and the content of the
polyoxyethylene lauryl ether acetic acid as an intended prod-
uct was 86%.

Example 8
[0159] <Step (1) and Step (2)>
[0160] In the same manner as Example 6, a polyoxyethyl-

ene alkyl ether in which the content of lauryl alcohol was
1.3% by mass was prepared using EMULGEN 106 as a
starting material.
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[0161] <Step (3)>

[0162] Further, the dehydrogenating and oxidizing reaction
was performed for 7 hours in the same manner as Example 6.
As a result, the conversion rate of the polyoxyethylene lauryl
ether was 85% and the content of the polyoxyethylene lauryl
ether acetic acid as an intended product was 83%.

Example 9
[0163] <Step (1) and Step (2)>
[0164] Inthe same manner as Example 6, a polyoxyethyl-

ene alkyl ether in which the content of lauryl alcohol was
2.3% by weight was prepared using EMULGEN 106 as a
starting material.

[0165] <Step (3)>

[0166] Further, the dehydrogenating and oxidizing reaction
was performed for 7 hours in the same manner as Example 6.
As a result, the conversion rate of the polyoxyethylene lauryl
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[0169] The catalyst was separated by filtration from the
reaction solution and the obtained reaction mixture was sub-
jected to a gas chromatography analysis. As a result, it was
found that the conversion rate of the polyoxyethylene lauryl
ether was 72% and the content of the polyoxyethylene lauryl
ether acetic acid as an intended product was 66%.

Example 11

[0170] The dehydrogenation and oxidization was per-
formed in the same manner as Example 7 except that Step (2)
of removing lauryl alcohol by distillation was not performed.

[0171] As a result, the conversion rate of the polyoxyeth-
ylene lauryl ether 9 hours after the reaction was 68% and the
content of the polyoxyethylene lauryl ether acetic acid as an
intended product was 59%.

[0172] The reaction conditions and reaction results of
Examples 6 to 11 are shown in Table 2.

TABLE 2
step (1) Process (3)
Polyoxyethylene lauryl step (2) Platinum
ether as a starting Content of catalyst
material lauryl (supported Polyoxyethylene Content of
Content of  alcohol after amount laury! ether/water pH in ether
Added lauryl distillation relative (mass ratio) atthe Reaction liquid phase acetic
mole number ether alcohol  operation to activated time of starting time At At Conversion  acid (GC
of EO (% by mass) (% by mass) carbon) the reaction (hr) starting  ending rate (%) area %))
Example 6 4.6 5.7 0.4 5% Pt—1% Bi 80/20 7 7.0 2.8 91 87
Example 7 3.6 8.7 0.2 5% Pt—1% Bi 80/20 9 6.9 3.2 90 86
Example 8 4.6 5.7 1.3 5% Pt—1% Bi 80/20 7 7.0 3.1 85 83
Example 9 4.6 5.7 23 5% Pt—1% Bi 80/20 7 7.0 3.0 80 77
Example 10 4.6 5.7 — 5% Pt—1% Bi 80/20 7 6.8 3.4 72 66
Example 11 3.6 8.7 — 5% Pt—1% Bi 80/20 9 7.0 2.9 68 59
ether was 80% and the content of the polyoxyethylene lauryl Example 12
ether acetic acid as an intended product was 77%.
[0173] To a glass round-bottomed flask (internal volume of

Example 10

[0167] To a glass round-bottomed flask (internal volume of
0.5 L) equipped with a stirrer including a gas inlet, a gas
outlet, a thermometer, a pH electrode, and a Teflon (registered
trademark) crescent stirring blade (blade area of 12.8 cm?),
265 g of polyoxyethylene lauryl ether (i.e., a compound of
formula (I) in which n=4.6: EMULGEN 106 manufactured
by Kao Corporation; from a quantitative GC analysis, lauryl
alcohol is 5.7% by mass), 50 g of water, and 32 g of a
water-containing platinum-bismuth catalyst supported on
activated carbon (manufactured by Evonik Degussa, 5% by
mass of platinum-1% by mass of bismuth in the catalyst solid
matter, and 59% by mass of water in the apparent catalyst)
were added, respectively. The content of water in the liquid
phase was 20% by mass.

[0168] After nitrogen-purging at atmospheric pressure,
temperature of the liquid phase was increased to 70° C. and
stirring was carried out for 15 minutes under a nitrogen atmo-
sphere. After that, the introduction of the nitrogen gas was
terminated and oxygen gas was introduced at a rate of 90
ml./min and performed a gas phase introduction. The liquid
phase was reacted for 7 hours under stirring at 400 rpm. After
the reaction for 7 hours, nitrogen-purging was performed and
the reaction was terminated.

0.5 L) equipped with a gas inlet, a gas outlet, a thermometer,
a pH electrode and a stirrer including a Teflon (registered
trademark) crescent stirring blade (blade area of 12.8 cm?),
265 g of a polyoxyethylene alkyl ether (i.e., a compound of
formula (IIT) in which total carbon number of R* and R?is 10
to 14, and m=5.0, product name: EMULGEN 705), 47 g of
water, and 33 g of a water-containing platinum-bismuth cata-
lyst supported on activated carbon (manufactured by Evonik
Degussa, 5% by mass of platinum-1% by mass of bismuth in
the catalyst solid matter, and 60% by mass of water in the
apparent catalyst) were each added. The pH of the liquid
phase at 70° C. was 6.6 and the content of water in the liquid
phase was 20% by mass.

[0174] After nitrogen-purging at atmospheric pressure,
temperature of the liquid phase was increased to 70° C. and
stirring was carried out for 15 minutes under a nitrogen atmo-
sphere.

[0175] After that, the introduction of the nitrogen gas was
terminated and oxygen gas was introduced at a rate of 90
ml./min and performed a gas phase introduction. The liquid
phase was reacted for 7 hours under stirring at 400 rpm.
During that period, the reaction system maintained at a low



US 2014/0088323 Al

viscosity, and no increase in viscosity was observed. Further,
the pH of the liquid phase was 3.0 after the reaction for 7
hours.

[0176] Afterthe reaction for 7 hours, nitrogen-purging was
performed and the reaction was terminated. The catalyst was
separated by filtration from the reaction solution and the
obtained reaction mixture was subjected to acid number mea-
surement. As a result, the acid number was found to be 58.
Based on the acid number expected from the hydroxyl value
(131) of the polyoxyethylene alkyl ether as a starting mate-
rial, the content of the polyoxyethylene alkyl ether acetic acid
was 58%.

1. A method for manufacturing a polyoxyethylene alkyl
ether acetic acid, comprising feeding oxygen into a liquid
phase containing a polyoxyethylene alkyl ether having a
hydrocarbon group at the end and water and dehydrogenating
and oxidizing the polyoxyethylene alkyl ether in the presence
of a platinum catalyst,

wherein the mass ratio of the total mass of the polyoxyeth-

ylene alkyl ether and the polyoxyethylene alkyl ether
acetic acid to the mass of water in the liquid phase (i.e.,
total mass of polyoxyethylene alkyl ether and polyoxy-
ethylene alkyl ether acetic acid/mass of water) is 60/40
to 95/5.

2. The manufacturing method according to claim 1,
wherein a content of an organic solvent in the liquid phase is
50% by mass or less.

3. The manufacturing method according to claim 1,
wherein the total content of water and the organic solvent in
the liquid phase is 50% by mass or less.

4. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein the mass ratio
of'the polyoxyethylene alkyl ether to water in the liquid phase
(i.e., mass of polyoxyethylene alkyl ether/mass of water) is
60/40 to 95/5 at the time of starting the reaction.

5. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein the reaction is
carried out under a condition of a pH of 7 or less.

6. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein the polyoxy-
ethylene alkyl ether is a compound represented by the follow-
ing formula (I) and the polyoxyethylene alkyl ether acetic
acid is a compound represented by the formula (II):

R—(CH,—O—CH,),—CH,0H @

R—(CH,—0O—CH,),—COOH an

in formula (I) and formula (II), R represents a hydrocarbon
group having 3 to 21 carbon atoms and n represents an aver-
age added mole number of an ethyleneoxy group (CH,—O—
CH,), which is a number of 0.1 to 30.

7. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein the platinum
catalyst comprises bismuth as a co-catalyst component.

8. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein a reaction
temperature is 50° C. to 100° C.

9. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein the polyoxy-
ethylene alkyl ether is manufactured by the following steps:
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(1) a step of adding ethylene oxide to an alcohol having a
hydrocarbon group with 4 to 22 carbon atoms in the
presence of an alkali catalyst to obtain a polyoxyethyl-
ene alkyl ether represented by formula (I), and

(2) a step of decreasing the alcohol having a hydrocarbon
group with 4 to 22 carbon atoms, which is included in the
polyoxyethylene alkyl ether product mixture obtained
from step (1), to 3.0% by mass or less.

10. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 9, wherein the alkali
catalyst used in step (1) is sodium hydroxide or potassium
hydroxide.

11. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 9, wherein the alcohol
having a hydrocarbon group with 4 to 22 carbon atoms is
decreased to 3.0% by mass or less by distillation under a
reduced pressure in step (2).

12. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein the mass ratio
of the total mass of the polyoxyethylene alkyl ether and the
polyoxyethylene alkyl ether acetic acid to the mass of water in
the liquid phase (the total mass of polyoxyethylene alkyl ether
and polyoxyethylene alkyl ether acetic acid/mass of water) is
70/30 to 90/10.

13. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein the mass ratio
of the total mass of the polyoxyethylene alkyl ether and the
polyoxyethylene alkyl ether acetic acid to the mass of water in
the liquid phase (the total mass of polyoxyethylene alkyl ether
and polyoxyethylene alkyl ether acetic acid/mass of water) is
75/25 to 85/15.

14. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein the content of
an organic solvent in the liquid phase is 10% by mass or less.

15. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein the content of
an organic solvent in the liquid phase is 0% by mass.

16. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein the total con-
tent of water and the organic solvent in the liquid phase is 10
to 30% by mass.

17. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein the total con-
tent of water and the organic solvent in the liquid phase is 15
to 25% by mass.

18. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein R in formula
() and formula (II) represents a hydrocarbon group having 9
to 13 carbon atoms and n is a number of 2.5 to 5.0.

19. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 1, wherein the content
ratio of the platinum and a co-catalyst component is 0.1 10 0.6
in terms of co-catalyst component/platinum (in atomic ratio).

20. The method for manufacturing a polyoxyethylene alkyl
ether acetic acid according to claim 9, wherein the step (2) is
a step of decreasing the alcohol having a hydrocarbon group
with 8 to 14 carbon atoms, which is included in the polyoxy-
ethylene alkyl ether product mixture obtained from Step (1),
t0 0.1 to 1.0% by mass.

#* #* #* #* #*



