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moxmmoxq CATALYST AND METHOD FOR PRODUCING THZE
SAME, AND METHOD FdR PRolchlNG ATKYLENE' ome ADDUCT
USING THE CATALYST 3 - ’

FIELD OF THE INVENTIQN

The present invention relates to an a]koxylatnon catalyst and a method for
producing the same, and a methﬂ fb}' pr?slucmg an alkylene oxxde ‘adduct using
the catalyst. More particularly, the invention relates to an a]koxylatmn solid
catalyst comprising a metal oxide, and to a method for producing an alkylene
oxide adduct that is useful as a chemxcal material for a surfactant or the like.
ey 1*

BACKGROUND OF'THE INVENTION :

" A compound in which an alkylene oxide is added to an organic eompound
having an active hydrogen or to an ester is widely used as a chemical material
for surfactants, solvents, or the like. Particularly, those' obtained by
polya]kosxylatmg aleohol, fatty acid, fatty acid ester, amine, alkylphenal or the
like with an alkylene oxide such as gthylene ‘oxide or propylene oxuie have been
utilized as nonionic surfactants in a wxde range of application.

As such an alkylene oxxde ‘adduct; one havmg a narrow adduct distribution
has ‘many advantages, e.g: hlgh foamablhtx as compared with one having a
wide adduct distribution. As a method for obtaining an alkylene oxide adduct
havmg a narrow adduct dlstnhutlon,! those using a halide catalyst such as a
halide of boron, tin, antlmony, iron, or aluminum, or an acid catalyst such as
phosphoric acid or sulfuric acid are well known. However, in such a method
using an acid catalyst, sufficiently narrow adduct distribution cannot be
obtained, and a large amount of by-product such as dioxane, dioxolane, or
polyethylene glycol is produced. In ;addition, such an acid catalyst strongly
corrodes materials of equipment, .,

Accordingly, as a solid catalyst for producing -an alkylene oxide adduct
having a narrow adduct d1stzr1bu’cmng tho following composite oxides have been
proposed. . :

i

1) Japanese Pubhshed Upexarm'xed Patent Application No. (Tokkai hei) 1-
164437: A method for produmng an alkylene oxide adduct ‘having a
narrow adduct distribution uses as a catalyst a magnesium oxide in which
a metal jon such as aluminum is added. It discloses, for example, a



10

16

20

25

30

36

. | ) " . This Sheet Has Been Replaced
R || llllllllll

m,a%nesmm o:a@e catalyst contammg 3 wt, % of alummum

2 Japanese Pubhshed Unexammed Patent Apphcatwn No. (Tokkal h?l) 2
718 L % method for. produclng an’ alkylepe oxide adduct having a' narrow
adduct dlstnbutlon with a calcined hydrotalcite as a'catalyst is disclosed.
~ The calcinied hydrotalmte can be. obtained by calcining a natural or
gynthetic hyd.rotalcwe o
v e
8) Japanese Pubhshed Unexammed Patent Apphcatxon No ('!bkkm he:l) 7-

227540 A method ﬁ)f pmglgpmg qn alkylene oxide adduct with a
magnesium ox1de conta1mng zine, antunony tm, or the Like'as a catalyst

in which generation of a by-product (polrethylene glycol) is inhibited, is
disclosed. By using the Mg—Zn Mg-Sb or Mg-Sn composite oxide catalyst,
the amount of polyethylene glycol formed as a by-product can be reduced,
although the catalytic activity may be decreased as compared with a case
_ usmg a magnesium oxide catalyst in which aluminum is added. However,’
“the eﬁ'ect of mlubztmg polyethylene glyool formatmn is still insufficient.

4 Japanese Pubhshed Unexammgd Patent Apphcatxon No. (Tokkai hei) 8-

268919; A method for produpmg an a]kylene oxxde adduct having a
NAITOW adduct. dJstnbutxon useg as a catalyst an Al-Mg composite oxide
which is obtained by calcmmg aluminum magnesium hydroxide.

An alkylene o:pde adduct obtamed usmg each of the above-mentioned
catalvsts has a narrower adduct distijbution than that obtained with an acid
t;atalyst Moreover, genexjauon of a. by-product such as dioxane can be

| inhibited. Particularly, a composite; oxade of magnesium and aluminum has a

Iugh activity. However, the compos:te oxide catalyst cannot inhibit formation
of polyalkylene glycol as g by-prgduct J apanese Published Unexamined
Patent Apphcatzon No. (Tokkai he1) 7-227540 discloses a catalyst capable of
reducing the amount of polyalkylene ,g]yool formed as a by-product. However,

the effect of inhibiting pplyethylene glycol formation is still insufficient.

Moreover, it is a high molecular weight polyalkylene glycol with a molecular
weight of several tens of thousands that causes particularly difficult problems.
Eve_n a trace of high molecular weight polyalkylene glycol can cause problems
in polyalkoxylating. For example, removing catalysté may become difficult,

e
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and the etablhty of a prodw,zt cont?.lqmg the alkylene o:ude adduct may be
reduced. Moreover{ a. catalyst for pmducmg an alkylene oxlde adduct is
reqmred to have a sufﬁclenticatalytzc dctivity in practlcal use. '

| _SUMMARYOFTHEINVENTION e

Accordingly, it js an objegt of the present mventzon to provide a cata.lyst
W}th which an alkylene oxxde adduct-having a narrow adduct distribution can
be produced more advantageously from an industrial standpoint and a method
for producing the same, and a method for producing an alkylene oxide adduct
usmg the catalyst. Particularly, it is'an object of the present invention to
provide a catalyst with which an alkylena oxide adduct having a narrow adduct
distribution can be produced eﬁmentl_y while inhibiting formation of high

- molecular weight polyaikylene glycol. ",

15

20

25

30

35

As a result of eamest research wrth respect to an alkoxylation catalyst
suitable for production of an alkylene oxide adduct havmg a narrow adduct
distribution, the inventors have found that it is possible to achieve both hlgh
catalytic activity and m}ubmon of hxgh molecular weight ‘polyalkylene glycol
formation with a catalyst; prepared by add.mg a particular metal to a Mg-Al
composite oxide. : ¢

Thus, a first alkoxylatlon catalyst of the present invention comprises a
metal oxide containing magnesium, aluminum, and at least one metal selected
from the metals that belong'to groﬁp' VIA, group VIA, and group VI

The above-mentjoned metal added to the Mg-Al composite oxide is selected
from those elements that ’belong i gmup VIA (chromium, molybdenum, and
tungsten) group VIA (manganese, tedxmtlum, and ‘'rhenium), and group VI
(irop, cobalt, nickel, ruthenium, rhodium, palladium, osmium; iridium, and
platinum) in the periodic 'ta‘i;le according to a subgroup system.

The alkoxylation catalyst of th% present invention is obtained by adding

‘the meta] as a third eomponent to Mg-Al composite oxide containing

sunultaneously a basic site. of an oxygen atom adjacent to a magnesium atom
for activating an orgamc eomPound haying an active hydrogen, and an acidic
site of an aluminum atom for’ activating an alkylene oxide. Mg-Al composite
oxide has been conventmnally utﬂmed and it is a highly active catalyst with

which an alkylene oxide adduct h,.ivmg a parrow adduct distribution can be
_produced. Moreover, aooordmg to the present invention; formation of high

molecular weight polyalkylene oxlde glycol as a by-pmduct can be inhibited by

by
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the third componjent. Tluf pecapge the addition of the metal as a thud

component causes a stmctural cbange in the active site of the s1de reacpon
The structure of the acnve s1te in %he catalyst is changed for example, by
fo;'mmg a spmel-type structure that ).ncludes the third oomponent metal and
aluminum, t {

A second alkoxylation catalyst of the ptesent invention comprises a metal

| oxide containing magnesmm, aluminum, and M (M is at least one selected from

the metal elements other than magnesium and aluminum), The metal oxide
includes a spinel-type structure that contains aluminum and M.

" The metal oxide having the. spinel-type structure is represented, for
example, by a chemical formula MA1204 The metals belonging to groups VIA,
VIA, or VIl can be employedasM.butltlsnotpamcularlyhmted Two or
more types of elements also maybe u§ed as M.

The presence ‘of the above-mentmned spinel-type structure can be
confirmed by X-ray dlﬁ‘ractxon anﬂlysxs It is preferable that the catalyst
includes an oxide in which an X-ray dlﬁitactmn peak resulting from a rock-salt
structure of a magnex-mnn oxide is observed as well as an X-ray diffraction peak
resultmg from'a spinel structure.

Thus, by using at least one of the catalysts of the present invention, it is
possible to produce an alkylene oxide adduct having a narrow adduct
distribution eﬂ‘imently, while mhzbntmg formation of high molecular weight
polyalkylene glycol as a by-product. . Exrthermore, the method for producing

‘an alkylene oxide adduct according fn the present’ ‘invention comprises adding

an alkylene oxide to an organic oompound in the presence of the a]koxylatxon
catalyst of the present invention. .-

Furthermore, the method fo:r producmg an alkoxylation catalyst
comprising a metal oxide accordmg to the present invention comprises: forming
a precipitate containing elements of magnesium, aluminum, and at least one
element selected from the metal elements belongmg to groups VIA, VIA, and
VI from a mixed aqueous solution containing the elements; and burning the
precipitate at a temperature of 300 tn __;'000 C so as to obtain the metal oxide.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the adduct dlstnbutum of an EO adduct
obtamed according to Reactxon Example 1 using a catalyst of the present
invention,

-4

5
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Fxgure 2 n;‘ a graph showmg the adduct dnstn'butxon of an EO adduct
ebtamed accordmg to Re§cuon ?}xa;nple 2 usms a catalyst of the present
mventxon '

Fzgure 3'is & graph showmg the adduct dlstnbutmn of an EO adduct

obtained accordmg to R gaetmr%‘ggapp% t?g?& ing a catalys_t of the present

invention. :* !
Figure 4 is a graph showmg the - adduct distribution of an EO adduct

- obtained aeoordmg to Reaction Example 4 usmg a catalyst of the present

invention.

Figure 5 is a graph showing the adduct distribution of an EO adduct
obtamed aocordmg to’ Reaction Exa;nple 5 usmg a catalyst of the present‘
mvennon '

Figure 6 is a graph showing the adduct dxstnbutmn of an EO adduet
obtained according to Reactxon Example 6 \xsmg a catalyst of the present
m,ventmn '

Figure 7 is a graph showmg the adduct distribution of an EO adduct

obtained accarding to Co¥n13afat1‘ 5@3‘,’%‘{0? lﬂxample L

Figure 8 i is a graph the adduct distribution of an EO adduct
obtained according to Comparatwe Reaction Example 2. :

Figure 9 is a graph showing the adduct. dmmbutlon of an EO adduct
obtained acoordmg to Comparative Rg,actmn Example 3. AP

Figure 10 is a graph showmg the adduct d1str1but10n of an EO adduct

 obtained according to” Reaction Example 11 using a catalyst of the present

invention.

Figure 11 is a graph showmg the adduct distribution of an EO adduct
obtained according to Gomparatlve Reaction Example 4.,

Figure 12 is a graph showmg the adduct distribution of an EO adduct
obtained according to a reaction example using a KOH catalyst.

Figure 13 shows X-ray dlm'actwn patterns of catalysts obtained in
Examples 1, 3 and 4.

Figure 14 shows an X-ray dzﬂ”;actxon pattern of a conventlonal catalyst
obtained in Comparative Example 1
’ ’ v g v 1

DETAILED DESCRIPTION OF THE INVENTION
The catalyst of the pre!;ent invention wﬂl be described in detail as follows
As the metal of the tlurd component in the catalyst of the present
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mventmn, c'hrozmum, molybdenum, manganese technetmm, iron, oobalt nickel,
or ruthenmm is Prefembly used. . More preferably, chromium, manganese or
iron is used, and pamcularly preferably manganese'js used. A combination of
at ‘Jeast' two of the above-mentmned metals‘may‘ be also used as the' third
component.

In the catalyst of the present mventmn itis preferable that the ratio of each
metal is Wl,thm a range eqtqﬂe fo;' whlmeg formation of high molecular

- weight ? olyalkylene glycol as'a. by-p,roduct while maintaining high cata]yt:c

activity of Mg-Al composxte oxide. A pxeferable ratio of each metal is descnbed
below. . \

The atomic ratxo between magnesmm and alummum as shown by
All(l\'Ig-rAl)lspreﬁerablymtherangeofo lto 07 mare preferably 0.3 to 0.6.

The atomic ratio of the metal added as a third component with respect to
thetotalmetalsxspreferablymtherangeofOOSto 0.4, more preferably 0.1 to
0.25. If the amount of the third compoxent is too small, the effect of inhibiting
formatiop of high. molecular waght&polya]kylene glycol cannot be obtamed

_suﬂiclently On the other hand, if: the amount of the third component’ is

excesswely large, the catalytu; act:mt,y may be decreased

The catalyst of the present’ mvenmon can be obtained by a known method
for preparmg a multl-element composﬂ:e oxide, for example, by the
impregnation method or coprecipitation method. A process of preparing the
catalyst of the present mventxon by the ooprecxpxtatxon method is herein
described. _ \

According to the oopreclmtatmn method, first a mixed agueous solution

‘containing a metal eompoqnq such as mttate, sulfate carbonate, acetate or

chloride of each metal is prepared, and a ‘precipitant is added to the aqueous

solution. The preclpltate obtained by the addition of the precipitant is treated

by washing with water, drying, calclnmg, or the like g0 as to form a catalyst
comprising a compogsite oxide.

A particular example applymg ;he coprecipitation method to the present
invention is a method of forming e precayltate by dmppmg a mixed aqueous
solution containing metal compounds of magnesium, aluminum and a metal as
a third component with a preclpmant while adjusting the flow so that the pH of
the mixture solution falls in g predetennmed range. In this example it is
preferable that the pH of the mxxt:ure solutwn is adjusted within the range of 7
to }1 partleularly 8to 10. Ifthe _gpprempmatmn is carried out at a pITI not

N e b t
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within ‘the above-mentloned yange, metals may - be’ eluted Thus, an oxide

,cata]ysp havmg desu'ed eomposxtmn and crystal structure may not be obtained.

Preferable examples of the premgltant are - alkahne aqueous solutions,
particalarly alkaline aqueous. solutmnf containing a carbonate such as sodium
carbonate. Furﬂxermore, m ‘order‘to" mamtam the pH within the above-
mentloned range, it is preferable that the precipitant contams a hydroxide of
alkali meta} such as sodium hydmxxde .

From the composite hydroxide obtained as a precipitate, water soluble
salts are removed by‘washiiig With water, and then'it is dried. Thereaftey, it is
calcmed by heating at 300 to 1000 *C, preferably at 600 to 900 C, more
preferably at 700 to 906 C. Thus, a catalyst of the present invention
comprising a composite oxide can be,obtained. The heating temperature has
an influence on the change-of the sfyucture of the active site in the catalyst.
When the heating temperature is toq, Jow, the third component and aluminum
may not form a spinel structure, so that the active site in the' catalyst may not
be changed adequately On the Oth,?{ hand, when the heating temperature is
too high, sintering is famhtated and surface area is decreased, so that catalytic
activity may be decreased

Next, an organic oompound to WhJ.Ch alkylene oxide is added using a
catalyst. of the present invention L will be descnbed Such an organic compound
is pot particularly limited, as Iong as 1t canbe alkoxylated, but particularly used
is an organic compound having an active hydrogen or an ester. More

‘particularly, alcohols, phenols fatty pclds fatty acid esters, fatty amines, fatty

acid amides, polyols, or a mixture thereof are suitably used. ’Iyplcal examples
of them are illustrated in the fol]owmg

 As alcohols, it is preferable to gse a saturated or unsaturated primary or
secondary alcohol havmg 2 to 30 carbon atoms, more preferably a primary
alcohol having 4 to 24 carbon atoma, partmularly preferably a primary alcohol
having 6 to 24 carbon atoms. Furihermore, as phenols, it is preferable to use

- mono-, di-, or trialkylphenol, parmcularly a compound havmg 4 to 12 carbon
- atoms in an alkyl group. :

As. fatty acids, a ﬁatty acid 1avmg 8 to 22 carbon atoms, for example, a

saturated or unsaturated st:raxgl,;t «chain fatty acid obtamable by fat
'decomposmon of coconut oil, palm oil} palm kernel oil, scybeanoxl sunflower oil,

rapeseed oil, fish fat, or the like (e g capryhc acid, n-capric acid, lauric acid,
myristic acid, oleic aczd, or stearic aqd) or & mixture thereof preferably can be
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used. Furthermore, as fatt?' acul esters, 1t is ;Leferable o' use those produced
by esten.fymg the atj»ove—ment;oned fatty acids with an alcohol of alkyl group
having 1 to 4 carbon atoms (an alkanol havmg 1 to4 carbon atoms).

As fatty ammes, it is preferable to use @ primary fatty amine obtainable
from a saturated or unsaturated stt%ght—cham fatty acid or a’ compound in
wlnch nitrile is introduced into corresponding aliphatic aleohol. Furthermore,
as the fatty acid amides, it is preferable to use a derivative obtainable by
reaction between a saturat;ed or unsaturated straight-chain fatty acid and
ammonia or pnmary fatty amine.

- As the polyols, it is preferable to use polyethylene glycol or polypropylene
glycol having an average degree of ?olymenzatlon of 2 to 2,000, or glyoerol
sorbitol, or the like. i

On the other hand, in the present invention, it is preferable to use an
alkylene oxide having 2 to. 8 carbon atoms, particularly preferably ethylene
oxide, pmpylene oxide, or butylene oxide havmg 2 to 4 carbon atoms.

"In 'the followmg preferable oondmons ‘of reactlon in the method for

‘producing an alkylene oxide adduct according to the present invention will be
‘described.  The reaction temperature is preferably 80 to 230 C, more

preferably 120 to 200 C, most preferably 160 to 180 C. Although the reaction

pressure also depends on the reaction temperature, it is preferably 0 to 20 atm,

more preferably 2 to 8 atm. , Althﬁugh it also depends on the molar ratio of the

-alkylene oxide and the startmg material provided in the reaction, usually the

amount of the catalyst used is prefergbly 0.01 to 20 wt. %, more preferably 0.05
to 5 wt. %, of the starting material such as aloohol

The reaction operation is as follows. ' For example, starting material such
as aleohol and a catalyst are put in.an autoclave. After the substitution of
njtrogen gas for the air in the autoclave, an alkylene oxide is introduced into the
autoclave to cause reaction under predetermined temperature and pressure

‘conditions. The catalyst may be present in the reaction product depending on

its use, however, it is usually separatéd from the reaction product by filtering,
which is performed after adding water or a filter aid to decrease viscosity.
According to the present mvenuon, in a method for producing an alkylene
oxide adduct using the catalyst of §he present invention, an alkylene oxide
adduct havmg a very narrow addtict dlstnbutmn can be produced more
efficiently with high catalytic: actiyity, with a very small amount of high
molecular weight polyethylene glycol formed as a by-product. Particularly,
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because formation of high molecular weight polyalkylene giycol as a by-product
is mhlbmed, the eﬁgency of ﬁ}ﬁe&ng‘ ’gquﬂ; ¢an be improved, and also the
properties (e.g. st;abxhty in Lcw temperature) of a chemical product using the
obtamed alkylene oxide adduct as a material are lmproved

The present invention will be described below in more detail by way of
examples and comparative: examples, These examples are illustrative in
ne(:ure and should not be considered as _limiﬁn,? the present invention,

" To prepare a solution A, 68.03 g (0.265 mol) of magnesium nitrate
hexahydrate, 47.69 g (0.127 mol) of aluminum nitrate nonahydrate, and 24.33 g
(0.085 mol) of manganese nitrate hexahydrate were dissolved in 450 g of
deionized water. On the other hand 13.47 g (0. 127 mol) of sodium carbonate
was dissolved in 450 g ofdemmzed watey to prepare a solution B.

The solutions A and B ‘were dropped into a catalyst preparation vessel
previously supplied with 1,800 g of deionized water over a period of 1 hour,
while maintaining the pH of 9 with 2N-NaOH and the temperature of 40 C.
After completing the dropping, the mixed solution was aged for 1 hour. The
mother liquor was yemoved by filtration, and the precipitate was washed with 6
liters of deionized water and Spray-dz'ied and 30 g of a composite hydroxide was
obtained. The composite hydro:ude*,was calcined for 3 hours at 800 C in a
nitrogen atmosphere to obtain 19 g,of‘ a Mg-Al-Mn composite oxide cata]yst
(Mg :Al: Mn {by atomm ratip)} =0, 56 0 26 0.18).

To prepare a solution A, 68.03 g (0.2656 mol) of magnesium nitrate
hexahydrate, 47.69 g (0.127 mol) of aluminum nitrate nonahydrate, and 20.83 g
(0.085 mol) of manganese acetate.tetrahydrate were dissolved in 450 g .of
deionized water. On the other hand, 13.47 g (0.127 mol) of sodium carbonate
was dissolved in 450 g of demmzed Water to prepare a solution B.

After that, according to the same ;Jprocedure as in Example 1, 19 g of a Mg-
Al-Mn composite oxide catalyst (Mg Al Mn (by atoxmc ratio) = 066 : 0.26 :
0,18) was obtamed .

To prepare a solution A, 69.68 g (0.272 mol) of magnesium nitrate
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hexahydrate 61.06g (O 163 mol) of aluminum mtrate nonahydrate and 14.60 g

- {0 051 m01) of manganese m};rate hexahydrate were dissolved in 450 g of

demmzed water On the ot;he:r1 hand? 17. 26i g (0.163 mol) of sodium. carbonate
was dissolved in 1:50 gof demmzed water to prepare a solution B.

> After that, accordmg to the same procedure as in Example 1, 21 g of a Mg-
Al-Mn composxte oxide catalyst. (Mg Al : Mn (by atomm ratio) = 0.56 ; 0.34 :
0.10) Was obtained. : :

To prepare a solution A, 66.72 g (0.260 mol) of magnesium nitrate

' hexahydrate, 38.98 g (0.104 mol) of sluminum nitrate nonahydrate, and 29.82 g

(0.104 mol) of manganese 'nitrate hexahydrate were dissolved in 450 g of
dejonized water. On the other hand, 11.01 g (0.104 mol) of sodium carbonate
was dissolved in 450 g of deionized water to prepare a solution B.

After that, according to the same procedure as in Example 1, 18 g of a Mg-
A}-Mn composite oxide catalyst (Mg Al : Mn (by atomic ratlo) 0.56 : 0. 2%

'022)wasobtame¢ IR S

z
[

Examnleﬁ
To prepare a solutxon A, 57 26 g (0223 mol) of magnesium nitrate
hexahydrate 50.06 g (0133 mol) of alummum nitrate nonahydrate, and 35.60 g

. 089 mol) of chmxmum nifrate nonahydrate were dissolved in 450 g of

deionized water. On the other band, 2357 g (0. 222 mol) of sodium carbonate
was dissolved in 450 g of deionized water to prepare a “solution B.

. After that, accord.mg to the same procedure as in Example 1, 28 gofa Mg-
Al-Cr composite oxide catalyst (Mg : Al : Cr (by atomic ratio) = 0.50 : 0.30 : 0.20)
was obtained. '

To prepare a solution A, 6803 ‘g (0.265 mol) of magnesium nitrate
hexahydrate, 47.69 g (0.127 mol) of aljuminum nitrate nonahydrate, and 21.35 g
{0.085 mol) of ferrous chloride tetrahydrate were dissolved in 450 g of dejonized

‘water. On the other hand, 1347 g (0.127 mol) of sodium carbonate was

djssolved in 450 g of deionized water to prepare a solution B.
After that, according to the same procedure as in Example 1, 18 g of a Mg-
All-Fe composite oxide catalyst (Mg : Al : Fe (by atomic ratio) = 0.56 :0.26:0.18)
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was obtamed

Foflowingtl}e same procequre aém Ekample 1 except that 16.82 g (0.085
mmol) of manganese chlonde tetrahydi*ate was used as the manganese salt, 19 g
of a ‘Mg-Al-Mn eomposﬁe oxide catalyst (Mg Al:Mn (by atomic ratio) = 0, 56 :

0.26: 018)Wasobtalned RS SF LR
l T '._l ! '

'Examnle.ﬁ

Followmg the same prooedure as in Example 1 except that 20 49¢g (0 085

~mol) of manganese sﬂfate pentahydrate was used as the manganese salt, 19 g

of a Mg-Al-Mn composite oxide catalyst (Mg : Al': Mn (by atomic ratio) = 0.56 :
0.26 : 0.18) was obtained.

Example 9 : e
Followmg the same procedure as.in Example ]{ except that 9.77 g (0 085

| mol) of manganese caxbonate was used as.the manganese salt, 19 gofa Mg-Al-

Mn composite oxide catalyst (Mg Al Mn (by atomic ratlo) 0.56:0.26 : 0.18)

" "was obtained. : bbb

To prepare g ‘solution A, 31748 g (1. 24 mol) of magnesium mnitrate

‘hexahydrate, 222.55.g (0.593 mal) of aluminum nitrate nonahydrate, and 96. 9g
(0.396 mol) of manganese ;acetate tetrahydrate were dissolved in 600 g of
‘deionized water. On the other hand; 62 88 g (0.593 mol) of sodium carbonate

was dissolved in 500 g of deionized water to prepare a solution B.
The solutions A and B were dropped mto a catalyst preparation vessel

-prevmusly supplied with 480 g of deionized water over a period of 1 hour, while

mamtmmng the pH of 9 with 10N-NaOH and the temperature of 70 C. After
completing the dropping step, the mixture solution was aged for 1 hour. The
mother liquor was removed by filtration, and the precipitate was washed with
9.6 liters of dejonized water and spray-dried, and 92 g of a composite hydroxide
was obtained. The composite hydroxide was calcined for 8 hours at 800 C in
a nitrogen atmosphere to obtain 66 g.of a Mg-Al-Mn composite oxide catalyst
(Mg : Al : Mn (by atomic ratio) = 0.56; 0.26: 0. 18).
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2 Tb Prepare a solutmn A, 57 26 g (0.223 moal) of magnesium nitrate
héiahydrate and 66 80 g (0178 mol) of alumjnum  pitrate nonahydrate ' were
dlsqsolved in450g of demnlzed water. On the other hand 18 87 g (0.178 mol) of

6 sodium carbonate was dlssolve(il in* 45() B of demmzed ‘water to prepare a
solution B. : ;

After that, followmg the same procedure as in Example 1, 17 g of a Mg-Al

- composite oxide cetalyst (Mg Al by atomu, ratm) =0. 55? 0.444) was obtameq

10 Comparative Example 2
25 g of aluminum. magqes;un; hydronde with a chemical composition of
2.5Mg0-ALO, mH,0 KY OWAAD (reglstered trademark) 300 manufactured
by Kyowa Chemical Industry) was caléined in a mitrogen atmosphere at 800 T
for 3 hogrs, and 16 g of Mg-Al composite oxide catalyst was obtained.
15 ;
25gof hydrotaiclte witha chemxcal composmon of Mg,,Alz(OH)mC()g '4H20
(KY OWAAD (reglstered trademark) 500 manufactured by Kyowa Che;mcal
Industry) was calcined in a nitrogen atmosphere at 500 °C for 3 hours, and 18 g
20  of Mg-Al composite oxide catalyst was obtained.
Using each catalyst obtained in Examples 1 to 10 and Comparative
Examples 1 to 3, al]qlene oxide addition reactmns were carried out according to
the reaction evaluation’ method T.as descnbed below. The reactions are

25 referred to as Reacuon Examples 1 1610 and Qomparaﬁve Reaction Example 1

to 3, respectively. Furthermore, the catalytic activity and the amount of high
molecular weight polyethylene glycol (PEG) formed as a by-product in each
reaction” example were evaluated according to the respective methods as
described below, The evaluation-results are shown in Table 1.

30 Furthermore, using each catalyst cbtained in Example 1 and Comparative
Example 1, alkylene oxide addition reactions were carried out according to the
reaction evaluation method I as described below. The reactions are referred
to as Reaction Example 11 and Comparative Reaction Example 4, respectively.
The evaluation results of tl;é reactions are shown in Table 2.

356 ' i
Reaction Evaluation Method 1
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400 g of lauryl alcohol and 04 g qf a catalyst weye’ put in a 4-liter capacxty

~ aytoclave. The a1r in the autoclave Was replaced thh nitrogen ‘gas, and the

temperature was increased wlule shmng Then, while mamtalmng the
temperature of 180 T and the pressme of 3 atm, 663 g of ethylene oxide EO)
(average adduct molar number: 7) was introduced to cause reaction between the
lauryl alcohol and the BO. = - ’

" Reaction Evaluatzazz Metbod I

400 g of m,ethyl laurate 1.2 g of catalyst, and 0.12 g of 40 % KOH aqueous

replaced w1th ‘nitrogen gas, and the temperature was increased while stirring.
Then, while maintaining the temperat:ure of 180 C and the pressure of 3 atm,

494 g of EO (average adduct molar number 6) was mtroduced to cause reaction

between the methyl laurate and the l‘;O

Cata.lytchcbwty

In each of the above-mentmned reaction evaluation methods, the EO
supplying rate (gEOlmm) was converted into a value per unit amount of
catalyst after a Pomt when the temperature and the' pressure reached the .
predetermmed values (180 C and 3.atm, respecnvely) The obtained value
was used as ‘an evaluatxon measure of the catal,ytlc activity (the unit: [g-

EO/(min- & catalyst)]) The EO supplymg rate oorresponds to the amount of

EO consumed per unit time undgr the above-mentmned predetermmed

temperature ‘and pressure condxhons, During this measurement, the catalyst

concentration was a_d;usted to' _q low’level so that catalytx_c activity under the
control of chemical reaction rate can be evaluated accurately.

The Amount affﬂgb Molecular Weight PEG Formed as By-product
In each of the above reaction evaluation methods, the content of high

‘molecular weight polyethylene glycol having a molecular weight of at least

20,000 in the reaction product was; analyzed quantxtatlvely according to the
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Reactmn Examples 1 to 10 and Comparatwe Reactmp Emmples 1to 3.
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composlteque CaMAcww Amoumofﬂlgh Nioiecula
Cmal?st iy (Q-EOI(mh gwtn . Welght PEG Formed:
: o asBy-product (wL%)
Reaction ' | '
Example 1 Catalys_tgf Ex. 1 6.0 0.08
2 | Catalystof Ex.2 111 0.04
3 | Gatalystof Ex.3 86 . 0.09
' At [fenete el .
4 | CatalystofEx.4'' 111" "1 34 A 0.05
_5 Catalyst of EX. § 36 0.16
6 | Gatalystof Ex.6 30 0.20
7 | Catalystof Ex.7 6; 0.05
8 | CatahystofBx.8 | 45 002
? | camystorecs (b a7 il ], 008
_ 1’?_ Catalyst of Ex. 10 ‘92 ’ 0.04
compar . t .
Reachox?lve : _ . 1
Example 1 Catalystof - 57 053
Gomp. Ex. 1 oL |
2 | Catalystof 48 0.60° b
Comp.Ex.2 e .
3 Catalyst of &7 1,10
Comp.Ex. 3 _ _
_ oo v _
Teble2 . v - * L
Reaction Example }1 qrg;% (;?ﬁxpar??}\{e }{eflcuon Example 4,
Composite Oxide™™ - Catalytic Activity” Amomtolegh Molecular !
Oatalyst (G-EO/min-g-ca)) | Weight PEG Formed
ek ' ast-product (. %)
Reaction ' _ '
Example 11 Catalystof:Ex.} . a7 .08 ;
Reaction Catalyst of 5 )
{ Exampled4’ | ~ Comp.Bx.1. 19 058 '
i s .h
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As is aPparent from' the results in Tables 1 iand 2, formation of high

- molecular wejght polyethylene glycol asa by-product is inhibited when using

the catalyst of the present mventmn Parucularly ‘when using the catalyst of

~ Example 1 containing Mn, 1;.he amount of high molecular weight polyethylene
'glycol formed as a by-product is dectehsed to abont one tenth the amount of that

formed with the catalyst of Comparatlve Example 1, which was prepared
according to the same procedure but not containing Mn.

Furthermore, 1(: was confirmed that the 'ability of catalyst is influenced
depending on the type of the starting manganese salt. For example, the
acetate ‘is preferable with respect to catalytic activity, and the sulfate is

' preferable for inhibiting formation of high molecular weight polyethylene glycol
. asa by—product

In a multi-layered hydromde as a catalyst precursor before being calcined,
anions are believed to be taken in the guest layer having a layered structure
(while the host layer is metal hydrox;de) As a result, the anions influence the

- crystal structure of the catal;/st precursor.

With respect to the EO adducts obtained in Reaction Examples 1 to 6 and
11 and Comparative Reaction Examples 1 to. 4, EO adduct distribution was
measured by the HPLC method. The results are shown in Figures 1 to 11.
Furthermore, for the purpose of comparing the adduct distribution, alkylene
oxide addition reaction was carried ,out usmg a KOH catalyst as an alkali
catalyst according to the above-mentioned reaction evaluation method I. The
adduct distribution of the EO adduct pbtained by this reaction was measured in
the same way as mentioned above. The result is shown in Figure 12.

Furthermore, crystal structure:was investigated for each of the catalysts
obtained in Examples 1, 3 and 4,.and Comparative Example 1 by X-ray
diffraction. The results are shown in Figs. 13 and 14. As shown in Fig. 18, in
each of the Examples, formation of a spinel-type oxide comprising aluminum
and manganese (MnALOg) was confirmed. Furthermore, a peak resulting
from an oxide with a rock-salt strusture (MgO) was confirmed as well as a peak
resulting from a sxiinel-_type 'strueturg_.\__‘ On the other hand, as shown in Fig. 14,
only a peak resulting from a rock-galt stiucture of magnesium oxide was
observed in the Comparatwe Example.

Finally, it is understood that the invention may be embodied in other
specific forme without dePartmg from: the spmt or essential characteristics
thereof The embod:ments dlsclosed in tlns apphcatxon are to be considered i in
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all respects a? ﬂlustratwe and not restnctwe 80 tha? the. scope of the mventxon
being mdzcated by the appended dangs rather than by the foregomg descnpmon,
and all cha.nges wluch come vnthm the meamng and’ range of eqmvalency of the
clgums are intended to be embraéé“ *éﬁerg“ e
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1. An alknxylatlop catalysg oompnsmg a metal oxide oontammg magnesmm,
aluminum, and at ]reast one pietal selecbed from the ;netals that belong to group
VIA, group VIA, andgroup WI | _ i
2. The alkoxylatxon catalyst accorchng, to claim 1, wherein the metals that
belong to group VIA group VIA, and group VIII are chromium, molybdenum,
nqanganese, technetmm, 1ron, coba}t mckel and ruthenium.

i . ]
3. The alkoxylation catalyst accordmg to claim 1, wherein the metals that
belong to group VIA, group VEA, and group VIl are chromium, manganese, and
iron. : : R A

4, The a]koxylatlofl catalyst accordmg to claim 1, wherein the atomic ratio
betweeq ‘magnesium and aluminure as shown by A}I(Mg-l-Al) is in the range of
0.1t0 0. 7. . _

f . et i
5. 'The alkoxylatmn catalyst acmrdmv to clalm 1, wherein the ammlc ratio
between magnesmm and alummum as shown by All(Mg+Al) is m the range of
0.3to 0 6.

‘6, The alke:quatioh Catalyet accordmg to claim 1, wherein the atomic yatio of

the metal se]{ected from the metals that belong to group VIA, group VIA, and
group VI with respect to the total. cf magnesmm, aluminum, and the metals is
mtherangeof005t004

7, The alkoxylauon catalyst accoxdmg to clajm 1 wherein the metal oxide is
obtamed from a precipitate from & sqlution meludmg an aluminum compound,
a magnesium compound, and a compound of the metal selected from the meta]s
that belong to group VIA, group VIA, and group VHI assolutes. -

8. The alkoxylation catalyst accordmg to claim 7, wherein the ompound of the

‘metal is at least one selected from a nitrate, an acetate a sulfate, a chlonde,

and a carbonate.
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9. The a]koxylatx{on catalyst according to claim 1, wherein the metal oxide
inchudes a spmel-type styucture that contains aluminum and the metal selected
ﬁrom the metals belongmg to group VIA, group VlIA, and group VIL

10, An alkoxylatxon catalyst compr;smg a metal oxide oontalmng magnesium
and aluminum, wh the metal oxide further contams M (M is at least one
selected from the metal elements other than magnesium and alummum),
includes a spmel-type structure that contains aluminum and M. '
11, Amethod for producmg an alkoxylatxon catalyst comprising a metal oxide,
which comprises: _

forming a precipitate containing elements of magnesium, aluminum,
and at least one element selected from the metal elements belonging to groups
VIA, VIA, and VI ﬂ'om ‘a mixed aqueous solution containing the elements; and

burning the precipita{;e .ai a temperature of 300 to 1000 T so0 as to
obtain the metal omde

i ‘
12. Amethod for producmg an alkylene oxxde adduct, which comprises addmg

an a]kylene omde to an ‘organic compound in the presence of an alkoxylation

‘catalyst comprxsmg ‘a metal oxide containing magnesmm, aluminum, and at
‘least one metal selecbed from the metals that belong to group VIA, group VIA,

and group VAL

13. The method according to claim 12, wherein the metals that belong to
group VIA, group VJIA, and group VIl are chropmm, molybdenum, manganase,
technetmm n*on oobalt nickel, and ruthenium.
l .

14. The method ‘according to claim 12, wherein' the metals that belong to
group VIA, group VIA, gnd group ‘VI-are chromi_um;-,man'ganese, and iron.

‘ . .
15. The method aowrdmg to cla:m 12, wherein the atomic ratio between
}nagnesmm and ?lummum as shown b’y AII(M$+A1) is m the range of 0.1 tq 0, 7

16. The method aceordmg to claim 12, wherem the atomic ratio between
I‘nagnesmm and aluminum as shown by Al/(Mg-i-Al? is in the range of 0.3 to 0.6.
b R C .
’ i

¥ t
H .
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17. The method aocordmg to claim 12, wherein the atomic ratio of the metal
selected from the metalf that belong to group VIA, group VIA, and group VI
with respect to the total of magnesium, aluminum, and the metals is in the

ié o

.rangeof005t904_

4L, N

- 18, The method according to claim 12 wherein the metal oxide is obtamed

from a precxpxtatg from g solution mcludmg an aluminum compound a
magneszum compound, and a compound of the metal selected from the metals
that belong to group VIA, group VIA, and group VIl as solutes.

19. The method according to claim 18, wherein the compound of the metal is

at least one selected from a nitrate, an acetate, a sulfate, a chloride, and a
carbonate.

20. The method according to claim 12, wherein the metal oxide includes a

‘spinel-type structure that oontams aluminum and the metal selected from the

metals belonging to group VIA, greup VIA, and group VIL

-



