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DESCRIPTION

Title of invention

ETHOXYLATION CATALYST AND MANUFACTURING METHOD THEREFOR

Technical Field

[0001]

The present invention relates to an cthoxylation catalyst and a manufacturing
method therefor.

Priority is claimed on Japanese Patent Application No. 2015-174742 filed in

Japan on Scptember 4, 2013, the content of which is incorporated herein by reference.

Background Art

(00021

Alkylene oxide adducts of an organic compound having active hydrogen or
derivatives thercof are widely used as solvents, surfactants, or various chemical
mtermediates.  In particular, alkylene oxide adducts obtained by adding an alkylene
oxide such as ethylene oxide or propylene oxide to alcohols, fatty acids, fatty acid alkyl
esters, amines, alkylphenols, or the hike are widely used as novionic surfactants.

For example, a fatty acid alkyl ester alkoxylate obtained by adding an alkylene
oxide to a fatty acid alkyl ester and an alcohol alkoxylate obtained by adding an alkylene
oxide to an alcohol are frequently used as a washing component of a detergent.

(00031

Examples of a method for manufacturing the alkylene oxide adduct include a

method in which an alkylence oxide is added to a fatty acid alkyl ester or an alcohol m the



presence of an alkoxylation catalyst.

In the sbove manufacturing method, 1t 1s known that the properties of the
alkylene oxide adduct to be obtained and the amount of by-products produced vary
depending on the alkoxylation catalyst.  For example, in a case where an alkaline

5 catalyst is used as the alkoxylation catalyst described above, it is possibie to obtain an
atkylene oxide adduct having a wide adduct distribution of alkylene oxide. In a case
where a solid metal catalyst is used as the alkoxylation catalyst described above, it is
possible to obtain an alkylene oxide adduct having a narrow adduct distribution of
alkylene oxide. Therefore, studies on alkoxylation catalysts are being actively

10 conducted in order to obtain a desired alkylene oxide adduct.

PTL I discloses an alkoxyvlation catalyst obtained by reacting at least one
compound selected from the group consisting of an alkaline carth metal salt of a
carboxylic acid, an alkaline carth metal salt of a hydroxycarboxylic acid, an oxide of an
alkaline earth metal, and a hydroxide of an alkaline earth metal with sulfuric acidin a

15 lguid dispersion medivm, It is described that the amount of by-products produced is
reduced in a case where the alkylene oxide adduct is manufactured using the alkoxylation

catalyst.
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(00057

However, in a case where an alkviene oxide adduct 1s manufactured using the
catalyst disclosed in PTL 1, there s a period (induction period) in which the alkoxylation
reaction hardly proceeds even when a reaction raw material and a catalyst arc added to a
reactor and alkylene oxide is introduced mto the reactor to bring the reaction raw
material and alkylene oxide into contact with cach other.  Therefore, there s a problem
in that the time required for the alkoxylation reaction becomes long.  Furthermore, the
catalyst disclosed in PTL 1 is a dispersion liquid and the handling property during
transporting and storing is not good.

[0006]

The present invention has been made in view of the above circumstances and an
object of the present invention is to provide an cthoxylation catalyst which has a shorter

induction period and which has an excellent handling property.

Solution to Problem

[0007]

As a result of intensive studies, the present mventors found that the following
ethoxylation catalyst is able o solve the problems described above,

That 1s, the present invention has the following configurstion.
[1] An ethoxylation catalyst having a BET specific surface area of 40 to 150 m%/g, the
catalyst including calcium sulfate particles including at least one kind of compound
selected from the group consisting of calcium sulfate 0.5 hydrate and type 1 anhydrous
calcium sulfate.
[2] A method for manutacturing an ethoxylation catalyst, the method inchuding a reacting

step of mixing at least one compound (A) selected from the group consisting of calcium
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salt of carboxylic acid, calcium oxide, and calcium hydroxide with sulfuric acid (Byina
solvent {C) to produce a reaction product of (A) and (B), then a separating step of
separating the reaction product from the solvent (C), and a drying step of drying the
reaction product separated in the separating step, in which the solvent {C} is an alcohol
having 1 to 6 carbon atoms, a molar ratio of (B} to (A) added to the solvent (C) is from
0.5 10 0.99, and a drying temperature in the drying step is less than 400°C.,

[3] The method for manufacturing an cthoxylation catalyst according to [2], in which the
drying temperature in the drying step is 50°C to 350°C.

[4] A method for manufacturing an ethoxylated reaction product, in which an ethoxylated
reaction product is obtained by bringing the ethoxylation catalyst of [ 1] and ethylene

oxide into contact with a fatty acid allkcyl ester or aleohol.

Advantageous Effects of Invention
0008]
According to the ethoxylation catalyst of the present invention, the induction

period is further shortened and the handling property is excellent.

Brief Description of Drawings

00097

FIG TAis a diffraction pattern obtained when carrying out X-ray diffraction
measurement on calcium sulfate which is a 0.5 hydrate,

FIG 18 is a diffraction pattern obtained when carrying out X-ray diffraction
measurement on calcium sulfate which is a type I anhydrate.

FIG. 1 is a diffraction patiern obtained when carrving out X-ray diffraction

measurement on calcum sulfate which is a dihydrate,
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FIG. 2 1s a diffraction pattern obtained when carrying out X-ray diffraction
measurement on a catalyst of Example 1.

FIG. 3 1s a diffraction pattern obtained when carrying out X-ray diffraction
measurement on a catalyst of Example 6.

FIG. 4 is g diffraction pattern obtained when carrying out X-ray diffraction
measurement on a catalyst of Comparative Example 3.

FIG. 5 is a diffraction pattern obtained when carrying out X-ray diffraction
measurement on a catalyvst of Comparative Exampile 4.

FIG. 6 1s a diffraction pattern obtained when carrying out X-ray diffraction

measurernent on a catalyst of Cornparative Example S.

Description of Embodiments

(0010}
{Ethoxvlation Catalyst)

The ethoxylation catalyst of the present invention (also referred to below simply
as "catalyst") is calcium sulfate particles including at least one compound selected from
the group consisting of calcium sulfate 0.5 hydrate (also referred to below simply as "0.5
hydrate™) and a type 11l anhydrous calcium sulfate (also referred to below as "type I
anhydrate").

The BET specific surface arca of the catalyst of the present invention is 40 to
150 m*/g.

(0011
<Calcium Sulfate Particles>

The calcium sulfate particles include at least one kind of compound selected

from the group consisting of a 0.5 hydrate (CaSO4 0.5 H20) and a type HI anhydrate
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{CaS04). Below, the at least one kind of compound selected from the group consisting
of a 0.5 hydrate and a type Il anhydrate is referred to as a "0.5 hydrate or the like".

Since the catalyst of the present invention is calcium particles including a 0.5
hydrate or the like, it is possible to shorten the induction period in the ethoxylation
reaction,

(0012}

In addition to the 0.5 hydrate and type HI anhydrate described above, calcium
sulfates are known to include calcium sulfate dihydrate (CaS04 ZH20, simply referred to
below as "dihydrate”) and type [l anhydrous calciom sulfate (CaS(y, also reterred to
below as "type 1T anhydrate™).

These change as the calcium sulfate 15 heated, absorbs moisture, or the like.

For example, according to the following reference literature, when dihydrate is dry
beated at 130°C, the dihydrate becomes a .5 hydrate and when further dry heated at
190°C, becomes a type I anhydrate. When the type [H] anhydrate is further heated, the
type I anhydrate becomes a type 1] anhydrate.  The type [ anhydrate casily absorbs
water vapor in the air and returns to being a 0.5 hydrate, while the type II anhydrate does
not easily return to being a 0.5 hydrate.

Toshio Takahashi and two others, "Manutacturing Test of Wood Gypsum Board
{6)", Forestry and Forest Products Research Institute mounthly report, Becember 1979,

(0013}

It 18 possible to determine whether the calcium sulfate particles inchude any kind
of the calcium sulfate, for cxample, by performing X-ray diffraction (XRD)
measurenment,

FIG. 1A 15 an example of an XRD pattern of a 0.5 hydrate.  FIG 1Bis an

example of an XRD pattern of a type L anhydrate.  FIG 1C 1s an example of an XRD



10

15

7

pattern of a dibydrate.  As described above, since the type I anhydrate ecasily absorbs
water vapor in the air and returns to being a 0.5 hydrate, the XRD pattern of the type I
anhydrate 1s considered to be the same as in FIG 1A,

(00141

It is possible to determine which kind of the calcium sulfates described above
are included in the calcium sulfate particles by performing XRD measurement of the
calcium sulfate particles to be determined and determining which of FIG. 1A, FIG 18,
and FIG. 1C the obtained XRD pattern is similar to.

For example, if an XRD pattern similar to that in FIG. 1A is obtained, it is
possible to determine that the calciom sulfate particles include a 0.5 hydrate or the like.
Similarly, if an XRD pattern similar to that of FIG. 1B is obtained, it is possible to
determine that the calcium sulfate particles inchude a type [l anhydrate, and, if an XRD
pattern similar to that of FIG 1C is obtained, it is possible to determine that the calcium
sulfate particles include a dihydrate.

[0015]

1t 18 possible to adjust the content of the 0.5 hydrate or the like in the calcium
sulfate particles by adjusting the molar ratio of (A) and (B} to be added to the specific
solvent {C), by adjusting the drying temperature in the drying step, or the like, in the
method for manufacturing the catalyst described below.

(0016}

It 1s possible to measure the content of the 0.5 hydrate or the like in the calcium
sulfate particles in the present invention, for examiple, by an apparatus using the XRD
measurement method (for example, "X'Pert PRO MRD apparatus”™ manufactured by
PANalytical).

In addition, the conditions of the XRD measurcment in the present invention are
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as described in the Examples.

(0017}

Here, if the 0.5 hydrate or the like is included in the calcium sulfate particles,
when XRI measurement is carried out, peaks specific to a 8.5 hvdrate or the like are
observed at 20 = 25 t0 26°, 29 t0 30°, and 32°.  The peak intensity of the peaks varies
depending on the content of 0.5 hydrate or the hke in the calciom sulfate particles.

In the calcium sulfate particles of the present invention, the peak mtensity of a
peak observed at 25 to 26° is preferably smaller than the peak intensity of a peak
observed at 29 to 30°.  Using such calcium sulfate particles further shortens the
duction period.

[0018]
<BET Specific Surface Arca>

The BET specific surface arca of the catalyst of the present mvention is 40 to
150 m%g.  When the BET specific surface area is within the above range, the induction
period is shortened.

The BET specific surface arca of the catalyst of the present invention is
preferably 50 to 150 m%/g, and more preferably 60 to 150 m¥/g.

The BET specific surface arca of the catalyst is adjusted by changing the kind of
the solvent (C}, adjusting the drying temperature, or the like, in the method for
manufacturing a catalyst described below.

o addition, the BET specific surface area in the present invention 18 measured
by the method described in the Examples.

(00191

The average particle size of the catalyst of the present vention is not

particalarly imited, but, for example, is preferably 1 pm to 100 pm, and more preferably
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The catalyst of the present invention 1s suitable as a catalyst for an ethoxylation
reaction from the viewpoint that the induction period is further shortened and it is casy to
obtain the effect of the present invention more remarkably.

It 1s possible to measure the average particle size by a method such as a laser
diffraction type particle size distribution measuring apparatus (SALD-3100,
manufactured by Shimadzu Corporation).

(00201
{Method for Manufacturing Catalyst)

In the method for manufacturing a catalyst of the present invention, at least one
compound (A) sclected from the group consisting of calcium salt of carboxylic acid,
calcium oxide, and calcium hydroxide is mixed with the sulfuric acid (B} in the sclvent
(C) to produce the reaction product of (A) and (B), and thereafter the reaction product is
separated from the solvent (C).

(00211
<Component (A)y>

Component (A) is at least one kind of compound selected from the group
consisting of calcium salt of carboxylic acid, calcium oxide, and calcium hydroxide.

(00221

Examples of calcium salts of a carboxylic acid include calcium acetates such as
calcium acctate anhydrate and calcium acctate monchydrate, calcium salts of carboxylic
acids having no hydroxy group such as calcinm formate, and calcium salts of
hydroxyecarboxylic acids such as calcinm lactate, calcium tartrate, calcium citrate, and
calciom malate.

Examples of the caleium oxide include calcium oxide and the like.
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Examples of the calciom hydroxide include calcium hydroxide and the like.

(0023}

As the component (A), a calcium salt of a carboxylic acid is preferable from the
viewpoint of further improving the catalytic activity and the like.  As the calcium salt of
a carboxylic acid, calcinm salts of a carboxylic acid having no hydroxy group arc
preferable, and among these, calcium acetate 1s more preferable.

Any onc kind of the component {A) may be used alone, or two or more kinds
may be used in combination.

(00241
<Component (B)>

Component (B} is sulfuric acid.  concentrated sulfuric acid or diluted sulfuric
acid may be used as the component (B).  Concentrated sulfuric acid {96% by mass or
more) is preferable as the component (B) from the viewpoint of stably exhibiting the
catalytic activity, and the like.

160257
<Component (Cy>

Component (C) i1s an alcohol having 1 to 6 carbon atoms.  The component (C)
1s used as a dispersion medium when manufacturing the catalyst of the present invention.

In the present invention, the component (A) and the component (B) are reacied
at a specific molar ratio in the component (C) to produce a reaction product, and the
reaction product is separated from the component () and then dried to obtain a catalyst
including calcium sulfate particles containing a 0.5 hydrate and the like and having a
specific BET specific surface area.

10026}

Examples of the component (C) include aleohols such as methanol, cthanol,
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2-propanol (IPA), 1-propancl, t-butanol, tert-butanol, T-pentanol, and 1-hexanol.
Among these, methanol, cthanol, and IPA arc preferable.

Any one kind of the component (C) may be used alone, or two or more kinds
may be used in combination.

It is possible to appropriately set the use amount of the component (C) to such a
degree that it 1s possible to disperse the reaction product of the component (A) and the
component (B), and it is possible to use 150 to 500 parts by mass with respect to 100
parts by mass of the component (A).

(00271

Examples of the method for manufactoring a catalyst of the present invention
melude a method provided with a dispersing step of dispersing the component (A) in the
compeonent (C) to obtain a dispersion, a reaction step of adding the component (B) to the
dispersion and mixing the component (A} therein to produce a reaction product of the
component {A) and the component (B), then a separating step of separating the reaction
product from the component (C), and a drying step of drying the reaction product
separated in the separating step.

[0028]

In the dispersing step, for example, using a reactor provided with a mixing tank
provided with a jacket and a paddle stirring blade provided in a stirring tank, the
component (C) and the component (A) are added to the stirring tank and stirred to obtain
a dispersion in which the component (A) is dispersed in the component {C).

The temperature condition in the dispersing step is not particularly limited, but
the temperature is, for example, a normal temperature (5°C t0 35°C). The temperature
mside the stirring tank 1s adjusted, for example, by passing a heating medium (for

example, water) at an arbitrary temperature through the jacket.
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The stirring time 1n the dispersing step is not particularly limited, and is the
peried of time for the component (A) to be substantially uniformly dispersed in the
component (C}.  Substantially uniform means a state in which it is possible to visually
judge that there are no tumps or the like of the component {A) and that the component
(A) is uniformly dispersed.

10029}

In the reacting step described above, the component (B) is added to the
dispersion obtained in the dispersing step, and the component {A) and the component (B)
are mixed to produce the reaction product of the component (A) and the component (B)
(that is, calcium sulfate particles which are the main catalytically active components).

The method for adding the component (B) in the rcacting step 1s not particularty
himited, but, for example, it is preferable to drop the component (B} into the dispersion
while stirring the dispersion in the stirring tank.

(00301

In the reacting step, the addition amounut of the component (B) added to the
dispersion 18 0.5 to 0.99 as the molar ratio of the component (B) to the component {A)
[molar ratio represented by component (BY/component {A), may be referred to below as
"B/A ratio"].

When the B/A ratio 1s within the above range, the mduction period is shortened
when the catalyst manutactured through the above reacting step is used for the
cthoxylation reaction.  In addition, calcium sulfate particles including a 0.5 hydrate or
the like are easily obtained as a reaction product of the component {A) and the
component (B).

Furthermore, in a case where the catalyst manufactured through the reacting step

described above 15 used in the ethoxylation reaction, an alkylenc oxide adduct having a
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narrow adduct distribution of alkylene oxide 1s easily obtained, and the production of
by-products such as high molecular weight PEG 1s casily suppressed.

The B/A ratio is preferably 0.7 to 0.98, and more preferably (.8 to 0.98.

(00317

In addition, in the reacting step, the mass ratio represented by [component (A) +
component {B)}/component (C) [may be referred to below as (A + BYC ratio] is not
particularly limited, but is preferably 1 to 1/3, and more preferably 1 to 1/2.5.  When the
(A + BYC ratic is the above lower limit value or more, the content of the components {A)
and (B) is not excessively small, and the reaction product of the component (A) and the
component (B} is casily obtained. When the (A + BYC ratio is the above upper Hmit
value or less, it is possible to casily carry out stirring and it is casy to ¢fficiently mix the
component {A) and the component (B).

(0032}

The temperature condition (that is, reaction temperature) in the reacting step is
preferably 10 to 70°C, and more preferably 10 to 60°C.  If the temperature condition is
less than the above lower limit value, there 18 a concern that the reaction between the
component {A) and the component (B) may be delayed and the production efficiency of
the catalyst may be lowered.  If the temperature condition exceeds the upper limit value
above, there is a concern that the catalyst activity of the obtained catalyst may be
lowered.

Adjustment of the reaction temperature is carried out, for example, by passing a
heating medium (for cxample, water) at an arbitrary temperature through the jacket.

[G033]

The stirring time {that is, the reaction time) 1n the reacting step is the period of

time during which the component (A) and the component (B) are able sufficiently react
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and the time during which it is possible to control heat generation accompanying the
addition of the compounent (B), for example, | to 2 hours.

(0034}

After the reacting step, an aging step may be provided tn which the reaction
product is stirred at an arbitrary temperature.  The teraperature condition of the aging
step is preferably, for example, 10°C to 70°C, and more preferably 10°C to 60°C.
Providing the aging step makes it possible to reduce the amount of the unreacted
component (A). In addition, the reaction product (calcium sulfate particles) is easily to
be obtained in the form of a 0.5 hydrate or a type HI anhydrate.  Furthermore, it 1s
possible to casily adjust the BET specific surface arca of the catalyst within the range of
the present invention.

The stirring time (that is, aging time) in the aging step is, for example, 0.5 to 4
hours.

[0035]

In the separating step, a separating operation for separating the reaction product
obtained in the reacting step trom the solvent {(C) is performed.  The separation
operation is not particularly limited, and examples thercof include known solid-liguid
separation methods.  Examples of solid-liquid separation methods include methods
using a filter, a filter press, a centrifugal separator, or the like.  As the filter, a suction
filter or a pressure filter may be used.

The temperature condition of the separating step is not particularly limited and,
for cxample, the lignid temperatare of the separation target (scparation target) is
preferably 10°C to 70°C, and more preferably 10°C to 60°C.

[0036]

The separating step may have a washing operation of washing the reaction
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product separated by the separating operation with a washing solvent.  Examples of
washing operations include a method for stirring the reaction product in a washing
solvent, and the like. Examples of the washing solvent include alcohels and the like
stmilar to the solvent (). As the washing solvent, methanol, ethanol, and [PA are
preferable,

The separating step may have only a separation operation, or may have a
separation operation and a washing operation.  [n addition, in the separating step, a
separation operation and/or a washing operation may be performed twice or more.

(00371

The method for manufacturing a catalyst of the present invention is further
provided with a drying step.

The drying step is a step of drying the reaction product separated in the
separating step.  In the drying step, the liquid component is evaporated from the
reaction product separated in the separating step.

The drying method is not particularly limited, and, for example, the drying may
be carried out by heating and/or reduced pressure, or the drying may be carried out in an
cnvironment of normal temperature and normal pressure (natural drying). It is possible
to carry out the drying using, for example, a known drying apparatus.  HExamples of the
drying apparatus include a drying apparatus provided with a beating and/or pressure
reducing mechanism.

The temperature of the drying step (that is, the drying temperature} is less than
400°C.  When the drying temperature is 400°C or higher, this tends to produce the form
of a type II anhydrate. The drying temperature is preferably 390°C or lower, more
preferably 380°C or lower, even more preferably 350°C or lower, particularly preferably

330°C or lower, and most preferably 300°C or lower.  When the drying temperature is
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the upper limit value or less, a catalyst including a 0.5 hydrate or the like is casily
obtained.  In addition, the BET specific surface arca of the catalyst 18 casily adjusted
within the range of the present invention.  On the other hand, the lower limit value of
the drying temperature ts not particularly linitted as long as it is possible to remove the
Hauid component from the reaction product, but the lower limit value is preferably 0°C
or higher, more preferably 10°C or higher, even more preferably 20°C or higher, and
particularly preferably 50°C or higher.  When the drying temperature is the lower limit
vahue or more, the time (drying time) reguired for the drying step is shortened.

The drying temperature is preferably 56°C to 350°C, more preferably 50°C 1o
330°C, and even more preferably 50°C to 300°C.

The drying time is not particularly limited, but is preferably 0.5 to 24 hours, and
more preferably 1 to 12 hours.

10038}

{Method for Using Catalyst)

The catalyst of the present invention is used in an ethoxylation reaction in which
ethylene oxide is added to an organic compound to obtain an ethoxylated reaction
product.  Examples of cthoxylated reaction products include fatty acid alkyl ester
ethoxylates and alcohol cthoxylates.

Methods of using the catalyst include a method m which an organic compound
as a starting material and a catalyst are added to a reactor provided with stirring blades
and stirred to disperse the catalyst m the organic compound, and then ethylene oxide 1s
mtroduced into the reactor and the organic compound and ethylene oxide are mixed.

00391

The organic compound as a starting material is not particularly limited as long as
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it is possible to ethoxylate the organic compound and examples thereot include fatty acid
alkyl esters {may be referred to below as {o) component) or alcohols (may be referred to
below as (B) component).

[0040]

As the component (&), a compound represented by General Fornmla (1) below is
preferable.

RUCOOR2 (1)

[Tn formula (1), R is a hydrocarbon group having 1 to 40 carbon atoms, and R'?
is a lincar alkyl group having | to 3 carbon atoms. ]

(00411

In formula (1), R'! has 1 to 40 carbon atoms, preferably 3 to 30, and more
preferably 5 to 21

R'' may be linear or branched.

R may be a satarated hydrocarbon group (alkyl group) or an unsaturated
hydrocarbon group such as an alkenyl group.

(00421

In fornla (1), R' is a linear alky! group having 1 to 3 carbon atoms, and more
preferably a methyt group having 1 carbon atom.

(00437

Examples of the component (o) include fatty acid methyl esters such as methyl
decanoate, methyl laurate, methyl myristate, and methyl oleate, mixtures thereot, and the
fike.

10044}

As the component (B}, a compound represented by General Formula (I1) below
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is preferable.

R¥CH (ID

[Tn the fornmila (IT), R*® is a hydrocarbon group having 1 to 40 carbon atoms. ]

(00457

In formula (1), R*® has 1 to 40 carbon atoms, preferably 2 to 30, more
preferably 6 to 22, and even more preferably 8 to 22.

R may be lincar or branched.

R* may be a saturated hydrocarbon group (alkyl group) or an unsaturated

hydrocarbon group such as alkenyl group.

Examples of the component (B) include higher aliphatic primary alcohols having

a saturated or unsaturated lincar hydrocarbon group having 8 to 22 carbon atorns such as
n-gctanol, n-decancl, n-dodecanol, n-tetradecanol, n-hexadecanol, n-octadecanocl, oleyl
alcohol, eicosanol, behenyl alcohel, nonanol, undecanol, tridecano! and the like;
branched alkyl primary alcobols such as 2-ethylhexanol and Guerbet type alcohols
having 16 to 36 carbon atoms; secondary alcohols such as 2-octanol, 2-decanol, and
2-dodecanocl: benzyl aleohol, and the like.  Among these, higher aliphatic primary
alcohols are preferable.

[0046]

A description will be given below of an example of the method for using the
catalyst of the present invention in a case of manufacturing a fatty acid alkyl ester
ethoxylate using the catalyst of the present mvention.

In the method for manufacturing a fatty acid alkyl ester ethoxylate using the
catalyst of the present invention, ethylene oxide is added to the component (o) in the
presence of the ethoxylation catalyst of the present invention.  Examples of the

manufactoring method include a method provided with a catalyst dispersing step, an
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addition reacting step, and an ethoxylation aging step.

(00471

The catalyst dispersing step described above is a step of dispersing the
cthoxylation catalyst in the component (o) which is the starting material.  In this step,
for example, using a reactor provided with a mixing tank provided with a jacket and a
paddle stirring blade provided in a stitring tank, the component (o) and the cthoxylation
catalyst are stirred in the stirring tank.

The mass ratio represented by (o) component/cthoxylation catalyst (may be
referred to below as "raw material/catalyst ratio”} s, for example, preferably 5 to 10,000,
mote preferably 10 to 2,000, and even more preferably 20 to 1,000, It is possible to
arbitrarily set the raw material/catalyst ratio according to the intended reaction time, but
if the raw material/catalyst ratio is small, it may be complicated to separate the catalyst
after the reaction.

[0048]

The teraperature condition in this step 15 not particularly limited, but is, for
example, normal temperatores (3°C to 35°C).  The temperature inside the stirring tank
is adjusted, for example, by passing a heating medium (for example, water) of an
arbitrary temperature through the jacket.

The stirring time in this step is not particularly limited and is the time for the
component (o} and the ethoxyvlation catalyst to become substantially uniform.

100497

The addition reacting step 1s a step of obtaining a fatty acid alkoyl ester
cthoxylate by adding cthylene oxide to the component (o). This step is performed by

bringing ethyviene oxide inte contact with a mixture of the component {0} and the
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ethoxylation catalyst under an arbitrary temperature condition.

In this step, the mtroduction amount of cthylene oxide with respect to the
compound to be ethoxylated (that 1s, the component (o)} is appropriately determined in
consideration of the molar number of the ethylene oxide added to the target product and,

5 for example, is preferably I to 100 times by mole, more preferably 1 to 80 times by mole,
and even more preferably 1 to 50 times by mole.

(0050}

The temperature condition (addition reaction temperature) of this step is
preferably, for example, 160°C to 180°C.

10 The pressure condition o this step is appropriately determined taking into
consideration the addition reaction temperature and is, for example, preferably 0.1 to 1
MPa, and more preferably 0.1 to 0.6 MPa,
[0051]
The ethoxylation aging step described above is a step of stirring the tnside of the
15 stirring tank at an arbitrary termperature after the addition reacting step.  Providing this
step make it possible to reduce the amount of unreacted component (o).
The temperature condition of this step is, for example, the same as the addition

reaction temperature,

(00521
20 Furthermore, as necessary, the catalyst or the like remaining in the fatty acid
alkyl ester cthoxylate may be removed.  Examples of methods for removing the catalyst

and the like include filtration and the like.  Alternatively, it 1s not necessary to romove
the catalyst or the like from the fatty acid alkyl ester ethoxvlate.
00531

25 In the method for using the catalyst described above, a description was given of
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a case where the fatty acid alky! ester ethoxylate 1s manufactured using the catalyst of the
present invention, but the present invention s not hmited thereto, and alcohol ethoxylates
may be manufactured using the catalyst of the present invention and using the component
() instead of the component (o).

[0054]

As described above, since the catalyst of the present invention includes calcium
sulfate particles including 0.5 hydrate and the hike and has & specitic BET specific
surface area, it is possible to shorten the induction period when manufacturing the
ethylene oxide adduct.  Furthermore, since the catalyst of the present invention is solid,
the handling property is excellent during transporting and storing.

In addition, according to the method for manufacturing a catalyst of the present
mvention, a reaction product obtained by reacting the component (A) and the component
(B} at a specific B/A ratio in the component {(C) is produced, and this reaction product is
separated from the component (C) and dried, thus, a catalyst capable of shortening the
mduction period in the manufacturing of the ethylene oxide adduct is manufactured.
Furthermore, according to the method for manufacturing a catalyst of the present
mvention, a solid catalyst with an excellent handling property during transporting and
storing is produced.

A shorter time is preferable for the induction period when producing ethylene
oxide adducts and it is most preferable to have no induction period.  In a case of
manufacturing a fatty acid alkyl ester cthoxylate or alcohol ethoxylate as described above,
for cxample, the induction period is preferably less than 1 hour, more preferably less than
30 minutes, even more preferably less than 10 minutes, and most preferably 0, that is,
there is no induction period.  Further, according to the catalyst of the present invention,

it is possible to obtain an cthylene oxide adduct having a narrow cthylene oxide adduct
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distribution as compared with a case of using an alkali catalyst or the ke, In addition,
the production of by-products such as high molecular weight PEG is also suppressed.
[Examples]

(005571

A detailed description will be given below of the present invention with
reference to Examples, but the present invention is not fimited by the following
description.

(0056}
{Raw Materials Used}
<Component (Ay>
Caleiurm acetate monohydrate: Tkoma Fine Chemical Co., Ltd.

[0057]
<Component (B3>
Sulfuric acid: special grade reagent (concentration 96% by mass), manufactured by
Kanto Chemical Co., Inc.

0058}
<Component (C)>
2-propano! (IPA): special grade reagent, manufactured by Kanto Chemical Co., Inc.
Methanol; special grade reagent, manufactured by Kanto Chemical Co., Inc.
<(C" component: Comparative Product of Compounent (C)>
Methyl laurate: Pastel M 12, manufactured by Lion Chemical Co., Lid.

(00597
<Starting Material for Ethoxylation Reaction™
Methyl laurate: same as above,

Methy! myristate: Pastel M 14, manufactured by Lion Chemical Co., Lid.
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Lauryl alcohol {1-dodecanol): special grade reagent, manufactured by Wako Pure
Chemical Industries, Ltd.

[0060]
<Catalyst Used in Comparative Examiple>
Sodium hydroxide: special grade reagent, manufactured by Wako Pure Chemical
Industries, Ltd.
Aluminum hydroxide magnesium: Kyowaad 300, manufactured by Kyowa Chemical
Industry Co., Ltd.

(0061}
(Exampie 1)

150 g of calcium acctate monohydrate and 525 g of IPAwerc addedtoa 1 L
separable flask and stirred using a Disper stirring blade to obtain a dispersion (dispersing
step).  As stirring conditions, the rotating speed of the stirring blade was 3000 rpm, the
stirring temperature was 20°C, and the stirring time was 20 minutes.

Thereatter, while continuing the stirring, 75 g of sulfuric acid (in terms of pure
content) was added to the dispersion using a dropping funnel at a constant rate over a
peried of 1 hour, and calcium acetate monohydrate and sulfuric acid were mixed to
produce a reaction product of both (reacting step).  The reaction temperature was 15°C
to 25°C.  In order to set the reaction temperature described above, the reaction was
carried out while adjusting the temperature of the water bath.  The molar ratio of
sulfuric acid to calcrum acetate monohydrate 15 0.9,

After the addition of sulfuric acid, stirring was continued for 2 hours (aging
step).  The stirring temperature (aging temperature} was kept at 20°C.

Subsequently, the reaction product was suction filtered using a filter paper {"No.
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5C" manufactured by Advantech Co., Ltd.) and separated from the IPA (separation
operation). 100 ¢ of the reaction product was placed n a beaker, 200 g of ethanol was
added to the beaker and stirred (washing operation).  Thercafter, a separating operation
and a washing operation similar to those described above were repeated twice, and then a
separating operation was performed to obtain a reaction product.  Finally, the reaction
product was placed in an electric furnace and dried at 50°C for 2 hours to obtain a
catalyst {(drying step).

Through the above, the catalyst of Example 1 was produced.

(0062}

{Examples 2 to 8, Comparative Examples 1 to 5)

Catalysts of Examples 2 to 4 and Comparative Example 4 were each produced in
the same manner as in Example 1, except that the drying temperaturces in the drying step
were set as shown in Table 1.

Catalysts of Examples S to 7 and Comparative Exanple 3 were cach produced in
the same manner as in Example |, except that the molar ratio of sulfuric acid to calcium
acctate monohydrate was changed as shown in Table 1.

The catalyst of Example § was produced in the same manner as in Example 1,
except that methanol was used instead of [PA in the dispersing step.

The catalyst of Comparative Example 2 was produced in the sare manner as in
Exampie 1, except that methyl laorate was used instead of TPA in the dispersing step.

The catalyst of Comparative Example | was manufactured by performing the
dispersing step, the reacting step, and the aging step in the same manner as in Example 1.
That is, the catalyst of Comparative Example 1 is a dispersion liquid including calcum
sulfate which is a reaction product of calcium acetate monohydrate and sulfuric acid.

As the catalyst of Comparative Example 5, a commercially available calcinm
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sulfate 0.5 hydrate (special grade reagent, manufactured by Kanto Chemical Co., Ine.)
was used.

[0063]

For cach example catalyst, the measurement of the XRD and BET specific
surface area was performed as follows.  Since the catalyst of Comparative Example 1 is
a dispersion liquid, these measurements are not performed.
<Method for Measuring XRD>

As the XRD measuring apparatus, "X'Pert PRO MRD" manufactured by
PAMNalytical Co., Ltd., was used.

The catalyst of each example was ground in an agate mortar, filled in an
aluminum sample holder, and measurement was carried ount under the following
conditions. The calcium sulfate types included in cach catalyst were identified from the
diffraction patterns of the obtained catalysts of each example.  Specifically, it was
identified that a 0.5 hydrate and the like was included in a catalyst for which a diffraction
pattern similar to that in FIG 1A was obtained and that a type 1T anhydrate was included
i a catalyst for which a diffraction pattern similar to that in FIG. 1B was obtained.

Here, none of the catalysts of the examples described above had a diffraction pattern
similar to that of FIG 1C.

Table 1 shows the wdentification results of the catalysts of cach example.  For
reference, the diffraction pattern of the catalyst of Example 1 is shown in FIG 2, the
diffraction pattern of the catalyst of Example 6 1s shown in FIG 3, the diffraction pattern
of the catalyst of Comparative Example 3 ts shown in FIG 4, the diffraction pattern of
the catalyst of Comparative Example 4 is shown in FIG. 3, and the diffraction pattern of
the catalyst of Comparative Example 5 is shown 1o FIG 6. It is understood that the

catalysts of Comparative Examples 3 and 4 include type Il anhydrates,
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10064}

<<Measurement Conditions>>
Scan axis: Gonio
Measurement range: 5.0 to 8.0 [°28]
X-ray output setting: tube current 40 mA, tube voltage 45 kV
Step size: 0.0170 [°28]
Step time: 24.13s
Irradiation width: 10.0 mm
Sample width: 10.0 mm
Emitting shtsize: 1.0
Light receiving slhit size: 0.1
Measurement temperature: 25 °C
Target: Cu
Spinner: yes
(00651
<Method for Mcasuring BET Specific Surface Area>
As an apparatus for measuring the BET specific surface area,
"BELSORP-max{[BELCAT" mamutactured by MicrotracBEL Corp., which is a
multi-point method BET specific surface area measuring apparatus was used.
Approximately 8.1 g of cach example catalyst was weighed and fitled in one of
two equal capacity sample tubes of the above apparatus and the other was empty.
Thereatter, the catalyst was cooled with liguid nitrogen to adsorb nitrogen to the catalyst,
and the BET specific surface arca was calculated from the difference from the empty tube.
The measurement conditions were as follows.

The measurement results of the BET specific surface arca of the catalyst of cach
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example are shown in Table 1.

100606}

<Measurement Conditions of BET Specific Surface Arca>
Pretreatment: 160°C, 60 minutes
Measurement mode: High precision (AFSM)
Adsorption temperature: 77 K
Measuring part device: Dewar bottle
Adsorbate name: nitrogen

[0067]

{Ethoxylation Reaction)

An ethoxylation reaction of a fatty acid alkyl ester (mixture of methy! laurate
and methy! myristate) was carried out using the catalyst of cach example.

480 g of methyl laurate, 160 g of methyl myristate, 2.5 g of cach example
catalyst, and 14 g of IPA as a reaction accelerator were added to a 4L autoclave provided
with a Max Blend blade, and the mixture was stirred at a rotation speed of 420 rpm.
Thereafter, nitrogen replacement was performed, and the temperature was raised to
180°C. Then, cthylene oxide (EO) was introduced until the internal pressure reached
0.5 MPa. At this time, when there 1s an induction period, the internal pressurce docs not
decrease from 0.5 MPa.  In this case, the introduction of EO was stopped and stirring
was continued under the above conditions until the pressure was lowered.  After that,
the introduction of EO was restarted when the internal pressure started to drop. The
time from stopping the introduction of EO to restarting was measured, and this time was
taken as the induction period.

Furthermore, the time to complete the mtroduction of all of an amount of 15

moles of EQ (1910 g) from the start of introduction of EG was measured, and this time
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was taken as the EO addition time.

The catalyst (dispersion hquid) of Comparative Example 1 was added to the
autoclave such that the solid content was 2.5 g.

0068}

Table | shows the induction periods and EO addition times of the cthoxylation
reactions carried out using the catalyst of cach example.

In addition, the EO addition activity of the catalyst was determined according to
the following evaluation criteria.  © was a pass.

Table 1 shows the evaluation results of the EO addition activity.
<<Evaluation Criteria for EO Addition Activity>>
o: The mdaction period is less than 30 minutes and the EQ addition time is less than 6
hours.
A: The induction period 18 30 minutes or more to less than 60 minutes, and the EO
addition time is less than 6 hours.
x: The mnduction period is 60 minutes or more, and/or the EQ addition time is longer than

6 hours,
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[0070]

As shown 1o Table 1, there was no mduction period in the ethoxylation reaction
using the catalysts of Examples 1 to 8 to which the present invention was applied.
Furthermore, the EQ addition time was 3.5 to 4 hours.

On the other hand, 1o a case where the catalyst (dispersion liguid) of
Comparative Example 1 was used, the induction period was 0.5 hours and the EQ
addition reaction time was 6 hours.

In a case of using the catalyst of Comparative Example 2 in which the BET
specific surface area does not satisty the range of the present invention, the induction
period was 0.5 hours and the EO addition time was longer than 6 hours,

In a casc of using the catalysts of Comparative Examples 3 and 4, which were
type Il anhydrates, the induction period was longer than 2 hours and the EO addition time
was longer than 10 hours.  In a case of using the catalyst of Comparative Example 5
which is a commercially available .5 hydrate, the induction period was longer than 2
hours and the EO addition time was longer than 10 hours.

From the above results, it was confirmed that the catalyst to which the present
mvention was applicd had a shorter induction period.  Furthermore, since the catalyst of
the present invention is a solid, it is excellent in handling property during transporting
and storing.

(00711
{Adpstment of Al-Mg catalyst)

Alaminum hydroxide magnesium hydroxide (Kyowaad 300, mamafactured by
Kyowa Chemical Industry Co., Lid.) with a chemical composition formed of 2.5 MgO
AlO5 oHoO was fived at 880°C for 3 hours as the firing zone passing tirae using a tunnel

type kiln to obtain a magnesinm-aluminum composite metal oxide catalyst powder,
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(00721
{Example 9}

400 g of lauryl alcohol and 1.2 g (0.3% by weight with respect to the alcohol) of
the catalyst of Example 1 were added to an antoclave, the mtertor of the autoclave was
replaced with nitrogen, and the temperature was raised while stirring.  Then, 280 g of
ethylene oxide (EO) was introduced while maintaining the temperature at 180°C and the
pressure at 3 atm, and a reaction was carried out.

[00731
(Example 10)

Acreaction was carried out in the same manner as in Example 7 except that 663 g
of ethylenc oxide (EOQ) was introduced.

100741
{(Comparative Example 6}

400 g of laurvl alcohol and 1.2 g (0.3% by weight with respect to alcohol) of an
Al-Mg catalyst were added to an antoclave, the interior of the autoclave was replaced
with nitrogen, and the temperature was raised while stirring.  Then, 280 g of cthylene
oxide {EO) was introduced while maintaining the temperature at 180°C and the pressure
at 3 atm, and a reaction was carried out.

(00751
(Comparative Example 7)

A reaction was carried out in the same manner as in Comparative Example 6
except that 663 g of cthylene oxide (EO) was introduced.

(0076}

(Comparative Example 8}

400 g of lavryl alcobol and 2.4 g of 30% sodium hydroxide aqueous solution
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{0.6% by weight of sodium hydroxide with respect to the alcohol) were added to an
autoclave, the interior of the autoclave was replaced with mitrogen, and the temperature
was raised while stirring.  Then, the water in the system was removed by stirring at
100°C and 40 mmHg for 20 minutes, 280 g of ethylene oxide (EQ)} was introduced while
maintaining the temperature at 180°C and the pressure at 3 atm, and a reaction was
carried out,

[0077]

{Comparative Example 9)

A reaction was carried out in the same manner as in Comparative Example 8
except that 663 g of ethylene oxide (EO} was introduced.

(0078}
<Method for Measuring Filtration Time>

550 g of the reaction product synthesized in Examples 9 to 10 and Comparative
FExamples 6 to 7 were placed ina t L capacity separable flask and then 0.01 part by mass
of aluminum sulfatc as an aggregating agent with respect to 100 parts by mass of the
reaction product, and 10 parts by mass of water with respect to 100 parts by mass of the
reaction product were added and mixed at 420 rpm using paddie stirring blades ata
temperature of 80°C for 1 hour to produce aggregates and obtain a mixed solution
mcluding the aggregates.

Next, an aqueous solution of T mol/L potassiurn hydroxide (special grade
reagent, manufactured by Kanto Chemical Co., Inc.) was added to the mixed solution to
adjust the pH to 7.0, and the mixture was cooled to 50°C.

Next, 200 g of the mixed solution was placed in a pressurized filter in which a

filter 123 B {(manufactured by 3M fapan Ltd., filtration precision 1 um) having a
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diameter of 4 om was mounted, pressurized with nitrogen to §.1 MPa, filtered, and the
aggregates were separated from the reaction product and a purified product of lauryl
alcohol ethoxylate was obtained.
The time required from the start of the filtration until the separation of the
aggregates was taken as the filtration time,
(00791
<Method for Measuring EO Adduct Distribution>
The distribution of the addition molar number of EQ (EO adduct distribution) in
the crude reaction product was determined by a high-performance liquid chromatography
(HPLC) method, and the resulis thereof are shown in the table.  The conditions of the
HPLC method arc the following measurcment conditions, and the EO adduct distribution
is calculated by the following calculation method.  The larger the value of the EO
adduct distribution, the narrower the distribution of the EQ addition molar number.
[GORO]
<Measurement Conditions of HPLC Method>
High Performance Liguid Chromatograph: manufactured by Hitachi, Ltd.
Columm: Inertsil C8 5§ Micro manufactured by GL Science (4.6 x 250 mm)
Mobile phase: acetonitrile/water = 60/40 (vol/vol), flow rate 1 mL/min.
Detector: differential refractive index detector L-7490 (manufactured by Hitachi, Lid.),
44°C
Injection volume: 200 ul.
Temperature: 15°C.
(00817}
<Calculation method>

The EO adduct distribution was calculated by the following equation.
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{{Area of maximum peak {(P1) derived from lauryl alcohol) + (total area of two peaks
before and after maximum peak P1)} + total peak arca

00821
<Metheod for Measuring Amount of Polymer Polyethylene Glyeol (High Molecular
Weight PEG)>

The content of the high molecular weight PEG in the crude reaction product was
measured by gel permeation chromatography (GPC) method, and the weight average
molecular weight was 10,000 or more as the high molecular weight PEG. The
measurement conditions of the GPC method are as follows.  The results are shown in
the table.

(0083}
<Measurement Conditions of GPC Method>
Colamn: Shodex Asahipak GF-310 HQ, manufactured by Showa Denko KK,
Detector: differential refractive index detector RID-10A, manufactured by Shimadau

Corp.



10084}
Table 2
Example Comparative Example
9 16 6 7 8 9
Identification results using XRD 0.5 8.5 ) i ) )
measurement hydrate | hydrate
BET Spec1ﬁc2 ISurface Area 109 109 152 152 ) )
fm/g]
B/A molar ratio 0.9 0.9 - - - -
Sulvent (C) PA IPA - - - -
Drying temperatare [°C] 50 50 - - - -
Induction period o o o o o 0
{h]
EG addition . q
4,:
fime [h] 0.3 1 1 1.3 1 1.5
EO addition
activity o o o 0 o 0
EO adduet
Evaluation distribution 78.1 77.8 81.6 80.5 60.7 40.9
[area %]
High molecular
Welght PEG 1 00 L <o | 03 04 | <001 | <0.01
amount
[mass%]
Filtration time 10 10 60 100 ] .
{seconds]
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[0085]

As shown 1n Table 2, in the cthoxylation reaction using the catalysts of
Examples 9 to 10 to which the present invention was applied, the amount of high
molecular weight PEG was reduced compared with Comparative Examiples 6 to 7 using
an Al-Mg catalyst, and it was possible to greatly shorten the filtration time.  In addition,
the EO adduct distribution of the ethoxylation reaction product using the catalysts of
Examples 9 to 10 to which the present invention was applied was as parrow as that of
Comparative Examples 6 to 7 using an Al-Mg catalyst, and was narrower than that of
Comparative Examples & to 9 using a sodium hydroxide catalyst.

From the above results, it was confirrued that the catalyst to which the present
mvention 18 applied makes it possible to reduce the amount of high molecular weight
PEG and to shorten the filtration time compared with a case where Al-Mg catalyst and
sodium hydroxide are used as a catalyst, and to obtain an alkylene oxide adduct of an

alcohol having a narrow EO adduct distribution.

Industrial Applicability
008061
According to the ethoxylation catalyst of the present invention, the induction

period 1s further shortened and the handling property is excellent.
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CLAIMS

1. An ethoxylation catalyst having a BET specific surface area of 40 to 150
m2/g, the catalyst comprising:

calcium sulfate particles including at least one kind of compound selected from
the group consisting of calcium sulfate 0.5 hydrate and type III anhydrous calcium

sulfate.

2. A method for manufacturing an ethoxylation catalyst, the method
comprising:

mixing at least one compound (A) selected from the group consisting of a
calcium salt of carboxylic acid, calcium oxide, and calcium hydroxide with a sulfuric
acid (B) in a solvent (C) to produce a reaction product of (A) and (B);

separating the reaction product from the solvent (C); and

drying the separated reaction product at a drying temperature of less than
400°C;

wherein the solvent (C) consists essentially of one or more alcohols each
having 1 to 6 carbon atoms, and

a molar ratio of (B) to (A) added to the solvent (C) in the reacting step is from
0.5 to 0.99.

3. The method for manufacturing an ethoxylation catalyst according to claim

wherein the drying temperature in the drying step is 50°C to 350°C.



